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Cubupckuil HaAYUHO-UCCTe008AMENLCKUL UHCIMUNYI CETbCKO20
xossiicmea u mopga Poccenvxozaxademuu (2. Tomck, Poccus)

MHOTI'OJIETHSISI IMHAMMKA COJIEP)KAHMS
I'YMHHOBBIX BEIIIECTB B BOJIAX HU3UHHOI'O BOJIOTA
B IO)KHO-TAEKHOM MMOJI30OHE 3AITIAJTHOM CUBUPU

HUccnenoBanus nposeneHs! npu gpunancosoil mogaepxke LI «Hayunsre
1 Hay4YHO-TIeJarorndeckue Kaapbl nHHOBaunoHHOH Poccum» (I'K Ne 14.740.11.0199).

Ilposedenvr uccnedosanus MHo2onRemuel OUHAMUKY COOEPHCAHUA 2YMUHOBBIX 8e-
wecms 6 800X MUNUYHO20 MEPPACHO20 HUSUHHO20 6OI0MA, BbINOIHEH KOPPENAYUOH-
Hulll U pakmopnbiti anarus. Ommeueno, Ymo 2na6HbIM NOCMABWUKOM OPAHUYECKUX
sewecme 6 DONLOMHBIX B00AX ABNACMCA 2YMYC MOPPAHOU 3aNexHCU, d KOTUHECTNEO 2yMUl-
HOBbIX 6eujecme Onpeoeniemcs CmeneHvl0 PasioxiceHus mopghos u 3a6ucum om euod
pacmenuti-mopghoobpazosameneil. Koppensyuonnviii anaiuz no3eonun yCmaHosums
APKO BIPAHCEHHYIO 3ABUCUMOCTIL MEHCOY KOTUUECBOM SYMUHOBBIX 8€UJeCE U OKUC-
JIUMENbHO-80CCMAHOBUMENLHBIM NOMEHYUAIOM MOPGAHOU 3aNexHCl; MECHAs CEA3b 8
omaoenvHvle 20061 OMMeUaemcs ¢ YPosHAMU DOTOMHBIX 600, G1AXCHOCHbIO Mmopga,
memnepamypou mopQanou 3anexcu u memnepamypou 6030yxa. B cesonnoil ounamuxe
COOEPAHCAHUA SYMUHOBBIX BEUJECTNE OMMEYEHO UX 3AKOHOMEPHOEe Y8enuyeHue moabKo
K KOHYY nepuooa gecemayuu (ageycm—cenmsaopys). Kax npasuno, 6 nepuodwv ¢ 6onee
BbICOKUMU MEMNEPANYPAMU 8030YXd NPOUCXOOUN HAKONIEHUE 2YMUHOBLIX Belecms
6 mopganoii 3anexcu 6010m, a nocmynienue ux 6 6o10mHuuvle 600bl 0CYUJeCMEIACMC
npu 8bINA0eHUU AMMOCHEPHBIX 0CAOKO8 U YEenuyeHulu YypoeHs 6010musix 600. Ilpo-
6COCHHbII AHANU3 MHO2ONEMHUX USMEHEHULl KOHYEHMPAYUU 2YMUHOBbIX Belecms 6
600aX HUSUHHO20 DONOMA He BbIAGUL CIMAMUCIIUYECKU SHAYUMBIX PASTUYUL, OOHAKO
OmMmeyeHbl HeKOMopoe YMeHbUleHUe KOHYEHMPayuu yno80KUCIOM U y8elueHue 2y-
MUHOBbIX KUCIOM. B pesynomame xo3salicmeenHoe UCnonb3068anue mopgsansix 6oiom,
usMeHeHue NPUPOOHO-KIUMAMUYECKUX YCA0B8ULL 8 COPOHY NOGBIUUEHUS MEMNEPAntypbl
6030yxa 6y0ym cnocobcmeosamy Y8eauieHu0 COOEPHCAHUsL OP2AHUYECKUX 8euecs 8
bonomublx 600ax, a maxaice 8 NOO3EMHBIX U PEUHBIX 800AX 3A00I0UEHHBIX MepPUmo-
puil, YXYOUEHUIO 2e0IKON02UYECKOL OOCTNAHOBKU PeUOH.

KuiroueBbie cioBa: d6onommuvle sKocucmemvl, yYCmouuu8ocms, O01I0MmMHble 800bl;
eymunosvie geuwjecmea,; 3anaonan Cubupo.

BBenenune

Iporuecchbl TpaHchopMaIMK OPraHUYECKOrO BEILIECTBA SIBISIOTCS OIHUM U3
[JIABHBIX 3BEHBEB OMOJOrMYEcKOro KpyroBopora. OHH 00ECHEUMBAIOT YCTOM-
9UBOCTh OMOC(hepsl B meaoM. OCHOBHBIMH MPOIIECCaMU TpaHC(HOPMAIIUU Opra-
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HAYECKOTO BEIIECTBA SIBIISIOTCS PA3JIOKEHUE C BBIIECTICHHUEM CO2 u CH4 H Ty-
MU(HKALYS, TPOIEcC 00pa3oBaHmst 0CO0OT0O Kilacca COSTUHEHHH — T'YMHUHOBBIX
1 ¢yapBoKuCIOT. OMHAKO 0 CHX IMOp CYIISCTBYET HEOJHO3HAYHOCTH B3IVIAIOB
Ha mpobieMy rymupukanuu. ECTh mpennonoxenue, 9to (QyIbBOKHCIOTHI Kak
0COOBIN KJIacC HE CYIIECTBYIOT. /laHHBIC COCAMHEHUS SIBISIFOTCS CYMMOH OO
MPOCTBIX HU3KOMOJCKYJISIPHBIX BEIIECTB, JIUOO OTHICIICHHBIMH OT T'YMHHOBBIX
KHCIIOT ()parMeHTaMH, T.€. «OOIOMKaMI» KaK CaMHUX TYMHHOBBIX KHCIIOT, TaK H
Pa3IUYHBIX TPUPOHBIX HU3KOMOJIEKYISIPHBIX coenuHenuii [1]. C yuetom 3Toro B
JTaHHOU paboTe HCIONB3yeTCsl TSPMHUH «TYMHHOBEIE BEIIECTBA», KOTOPHIH Xapak-
TEpU3yeT CyMMapHOE COACPKAHWE T'YMHHOBBIX KHCJIOT KaK KJIACC COCTHMHCHHI
Topda, HepaCTBOPUMBIX WA CIa00pAaCTBOPUMBIX B BOJE, M (YILBOKUCIOT KaK
BOJJOPACTBOPUMYIO (hPAKIHIO F'YMHHOBBIX KHUCIIOT [2].

['ymMuHOBBIC BemIecTBa B BOAHBIX PACTBOPAX BBHITIONHSIOT IEIBIH psii (PYHKITHI
(TpaHCHOPTHYIO, aKKyMYJSITUBHYIO, PETYISTOPHYIO, MPOTEKTOPHYIO), (yiIbBO-
KHCIJIOTHI JIETKO MUTPHPYIOT KaK B (hopMe CBOOOMHBIX KHCIIOT, TaK U B COCTaBe
Pa3IMYHBIX coenHeHNI. B HacTosIIee BpeMsl JaHHBIC [0 COACPIKAHUIO TYMUHO-
BBIX BEIIECTB B OOJIOTHBIX BOJAX MPEICTABICHBI B pa0OTax IEJIOTO psifa aBTOPOB
[3—6]. OnHako, HECMOTpsl Ha OOJIBIIOE Pa3sHOOOpa3He MaTepUANIOB, IMOCBAIICH-
HBIX TAaHHOMY HAIpaBIICHHIO, HEKOTOPHIE BOIPOCHI OCTAIOTCS J0 KOHIIA HE pe-
mieHHbIME. Tak, HarpuMmep, B OMYOJIMKOBAaHHBIX MarepuaiaX UMEIOTCS TaHHbIC
10 CONIEPYKAHUIO T'YMHHOBEIX BEIIECTB MPEUMYIIIECTBCHHO B BOJaX BEPXOBBIX 00-
JIOT, MIPAKTHYECKU OTCYTCTBYIOT JIaHHBIC M0 HU3MHHBIM Oonoram. B Hacrosimee
BpeMsI HE M3YUEHBI YCIIOBHS, OTPEACIIMIONINE BEICOKHE KOHIIEHTPAIINN TYMIHO-
BBIX BEIIECTB B OOJIOTHBIX BOJAX, MX MHUTPAIMIO M MPOCTPAHCTBEHHO-BPEMEH-
HYIO IMHAMUKY Ha YPOBHE KOHKPETHOTO OOJIOTHOTO MaccuBa. M3ydenue Bompoca
MUTPALUN OPraHUYECKUX BEIIECTB MPUOOpPETaeT 0COOYI0 BXKHOCTh B YCIOBHUSX
00pa30BaHMs TTOIBIKHBIX KOMIUIEKCOB TYMHHOBEIX M (DYIBBOKUCIOT C TSDKE-
JIBIMH METAJUIAMH, YTO JIOJDKHO YYUTHIBATHCS MPH Pa3MEIICHUU KPYITHBIX MPO-
MBIIIJICHHBIX OOBEKTOB Ha 3a00I0UYCHHBIX TEPPUTOPHSIX, IIPH TEPPUTOPHATIHLHOM
IUTAHUPOBAHHUU U POPMHUPOBAHIH CTPYKTYPBI BOIOOTBeAeHUsI. [loaToMy B paboTe
MIPEAIOIaracTcsl MPOBECTH aHAIN3 MHOTOJIETHUX HCCICIOBAHUN TUHAMUKHU TY-
MHUHOBBIX BEIIECTB B BOJAaX HU3UHHOTO 0O0JIOTA, @ TAKXKe YCIOBHHA U (DaKTOPOB,
OTIPEIEILIIONINX HX COAEpKaHNe B 3aBUCHMOCTH OT OCHOBHBIX ITOKa3aTeleH TpH-
POMHBIX MPOIIECCOB (PYHKIIMOHUPOBAHUS OOJIOT: BIAKHOCTH TOp(da, TeMIieparypa
3aJICKH, YPOBHH OOJIOTHBIX BOJ U OKHUCIHTEIEHO-BOCCTAHOBHTEIFHOTO TIOTCHITH-
aJia, KOJIMYEeCTBO aTMOC(EPHBIX 0CAIKOB, TEMIIEpaTypa BO3IyXa.

MaTepnam,I U METOAUKH HCCTICT0BAHUS

B kauecTBe MOJIEIBHOIO OOBEKTa MU3YUCHUsI COACPIKAHHS OPTaHHMYCCKHUX BeE-
IeCTB B OOJIOTHBIX BOJIaX OBLTO BRIOpaHO HH3MHHOE 00sI0TO «Camapay. OOBEKT
HCCIICIOBAHMS PACIIONIOKEH Ha I0ro-3amane TOMCKoit 00J1acTH U SIBISICTCS] TUITHY-
HBIM TS FOKHO-TAEKHOM 1moa30Hb! 3amaaHoi CHOUpH HU3MHHBIM 00JIOTOM, Xa-
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PAKTEPHBIM ISl PEYHBIX Teppac. BOJOTHBI MacCHB SIBISETCA YaCTHIO CIOKHOU
OOJIOTHOI CUCTEMBI, IPOTSHYBIIEHCS BAOIbL YCTyNa BTOPOil HaJMONMEHHOH Jie-
BoOepekHOU Teppackl p. bakuap. BoioTHast cuctemMa mojiesieHa Ha y9acTKHY JI0JH-
HaMH MEJIKUX PEK U py4beB, BIAJAIOIKX B . bakuap, U COCTOUT U3 HECKOIBKUX
ANIEMEHTAPHBIX OOJIOTHBIX MAacCHBOB, C(POPMHPOBABIINXCS B MOHIKEHHAX pe-
nbeda [6]. McTouHMKaMu MUTAaHUST HU3UHHOTO 00JIOTa SBIISIFOTCSL aTMOC(EpHbIE
OCAaJIK{ U TPYHTOBBIC BOJIBI BEPXHEH THAPOAMHAMUYIECCKON 30HBI. OTHAKO B TIEpH-
OJIbl ¢ U30BITOYHBIM YBIIAXKHEHHEM MOXKET HaOJI01aThCs OTTOK BJIard Ha OKPaWHBI
OoroTa, a TakKe BEpPTUKAIbHAS (PIIIBTPALNS B MOACTIIIAIOIINH TpyHT. Pasrpyska
MOJI3EMHBIX BOJI TPOUCXOIUT B MEPHO]I CIajla YpOBHEH Ha OoioTe.

HccnenoBanus mpoOBOIUITHCEH B TIpeesiaXx 0epe30B0-0COKOBO-THITHOBOTO OHO-
reorieHosa. TopdsHas 3a1ekp 0070Ta OTHOCUTCS K HU3UHHOMY THUITY, TOIISTHOMY
noaTuiry. CpeHss e MOITHOCTh COCTABIIAET 3—4 M, MaKCHUMaJIbHAs IITyOrHA — 110
5,5 m. TopdsiHast 3a51€Kb 0OJOTHOTO MacCHBa CIIOXKEHA TOMSHBIMU TUITHOBBIMH U
OCOKOBO-TUITHOBBIMH BHIaM# Topda [7].

MeTonuka uccieoBaHmii BKIIIOYaia aHAJIN3 MHOTOJIETHEH JTUHAMUKU COAEP-
JKaHUSI TYMHHOBBIX BEIIECTB B BOJAX HHU3MHHOTO OOJIOTa W yCIOBUH B 3aBHCH-
MOCTH OT OCHOBHBIX IOKa3aTejiedl MPUpPOIHBIX MPOLECcCOB (PYHKIIMOHUPOBAHUS
0oJIoT (TeMIiepaTypa Bo3Iyxa, aTMOC(EpHbIe OCaIKH, BIAKHOCTh Topda, Tem-
neparypa 3ajexH, YPOBHU OOJIOTHBIX BOJ, OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIH
MIOTCHIIMAN); JJISI OIEHKH TECHOTHI CBSI3M OCYIIECTBILUICS KOPPEIAIIOHHEIH
aHanu3. OLeHKa CTaTUCTHYECKN 3HAYMMBbIX TEHJACHIUN U3MEHEHUs CONIEePIKaHUS
TYMHHOBBIX BEIIECTB B OOJIOTHBIX BOJAX MPOBOIIIIACH C HCIIONH30BAHUEM KpH-
tepus [Tutmena. [paduueckue Marepuansl BEITOIHEHHI B mporpamme MS Excel,
JaHHBIC HA PUCYHKAX MPEICTABICHEI B BHJIC CPSAHUX apUPMETHUCCKUX BETHINH
MoKa3areysi ¢ JOBEPUTEIbHBIMU HHTepBaiaMu. CTaTUCTUYECKUI aHaTIN3 TaHHBIX
MIPOBOJIWIICS C ITOMOIIIBIO rporpammbl StatSoft STATISTICA 6.0.

Juisg ompeneneHust COAEP)KaHUS OPraHUYECKUX BEIIECTB MPOBOJMICS OT-
00p o0 BOJBI U3 CIEIMATLHONW CKBAKHHBI ITYOHMHOH 1 M, OpraHU30BaHHON B
TopdsiHOH 3anexu 0onoTa. OnpeneseHne ryMUHOBBIX BEIIECTB BBIIOIHSIIOCH B
COOTBETCTBUU C MeTONUKOH [8]. JIJisl OlleHKHM BIWSHUS HA COACpPKAaHUE OpTaHu-
YEeCKUX BEUIeCTB B OOJOTHBIX BO/AX MPOLIECCOB, IPOUCXOA[IINX B TOPQSIHOH 3a-
JICKH, TIPOBOIVIIMCH HAOIOAEHS 32 OKHCIUTEFHO-BOCCTaHOBUTENBHEIM (OBIT)
U TeMIIEPaTYPHBIM peKUMaMU 10 10-CaHTUMETPOBBIM CIIOSM JI0 MUHEPATIbHOTO
TPYHTa C MTOMOIIBIO CTAIMOHAPHO 3aJIOKEHHBIX TaTdukoB [9—10]. OT6op obOpa3s-
0B Top(ha Ha BIAKHOCTh MPOU3BOAMIICS B OIOKCHI TIO BCeil mIyOnHE TOp(SIHOM
3anexu cormacHo [[OCTy 11305-65. I'maponorunyeckue HaOMONeHUs Ha 00J10Tax
OBUIM BBIMOJIHEHBI B cOOTBETCTBUM ¢ [11]. HabmroneHus 3a OKMCINTEIBHO-BOC-
CTaHOBHUTEIBHBIM IIOTCHIMATIOM, TEMIIEpaTypol TOp(SHON 3aJexu, BIaKHO-
CTbI0, 0TOOP 00pa3I0B HA XMMUYECKUI aHAIIN3 U ONpe/eiIeHUe TYMUHOBBIX Be-
MIECTB MPOBOAMITUCH Pa3 B MeCsIl ¢ Mast 1o ceHTs0ph ¢ 2006 1o 2009 1. 3a mepuon
¢ 2002 no 2005 r. 6bUIN HCIIOIB30BAHbI PE3YNIBTAThl HUCCIICAOBAHUI, MPEACTaB-
JeHHbIe B pabotax [7, 12—15 u ap.]. B crarhe Takkxe HCIOIB30BAIUCH JTaHHBIE
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Pocrunmpomera mo temrepaTrype BO3AyXa M KOJIHIECTBY aTMOC(EPHBIX OCAIKOB
10 METEOCTaHIMN Y ¢. bakuap.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE

I'maBHBIM NOCTABIMKOM OPIraHUYECKUX BEIIECTB B OOJIOTHBIX BOJIAX SIBISICTCS
rymyc Top¢sHOit 3amexn. KomnaecTBO TYMUHOBEIX BEIIECTB OIPEIEISETCS CTe-
MIEHBIO PA3JI0KEHUs TOP(OB U 3aBUCUT OT BUA pacTeHUil-Tropoodpasoparenei,
MIPUPOTHO-KINMATHYECKIX yCcIoBUii. [IpoBeieHHbIe paHee NCCIenoBaHMs TTOKa-
3anu [7], uro Topd B 3a1eku HU3MHHOTO OosoTa Ha 46,8% u Oonee mpencras-
JIEH OpPraHUYeCKOW COCTAaBIISIONICH, COMCPKUT B CpeiHEM okoJio 394 r olriero
ymiepona (C ;) Ha 1 Kr cyxoro Toppa. Obuiee conepxaHue T'yMHHOBBIX KHC-
JIOT B HceneyeMbIX Topdax usmenseres ot 17,3 1o 22,5% or C o . Conepxanne
¢ymnbBOKHCIOT B TOphax B cpenHeM cocrasiser 17,3% or C . MuHnmanbHoe
coziepkanne (QyIbBOKUCIOT OTMEUACTCsl B TPUIOHHOM CIIO€ TOP(MSHOH 3aseku
C JIPEBECHO-XBOIOBLIM TOpoM. CrneayeT OTMETUTh, YTO T'YMHHOBBIE BEIIECTBA
B Topdax comepkarcs B MEHBIINX KOHIICHTPALHUIX, YeM (DyITEBOKHCIOTEI, 9YTO B
JaTbHENIIEeM ONpeessieT UX KOJMYECTBO M COOTHOIIECHHE B OOJOTHBIX BOJAX.
C miyOuHOH HaOMroIaeTcss CHUYKEHUE KOHIICHTpaI|K 0011ero yriepoaa 110 23%,
B IPUJIOHHBIX CJIOAX C YBEIHMUCHUEM CTEIICHU PA3IOKEHUsSI TOPPOB OTMEUaeTCs
YBEIMUEHHE IO MUHEPAIBHBIX BEMIECTB U COOTBETCTBEHHO 30JIbHOCTH TOP(OB.
B pesynbraTe cocTaB 60JI0THBIX BOJ] U COIEPKAHUE B HUX OPTaHUYIECKUX BEIIECTB
MIPEUMYIIECTBCHHO OTPENENIOTCS CTPOSHHEM TOP(MSHON 3aJexKH, TPUIeM Hau-
OoubllIee BIUSHIE OKA3bIBAIOT BEPXHUE CIIOM TOP(MSHOM 3aJIe3KH, KOTOPBIE XapaK-
TEPU3YIOTCSI BBICOKAM COZIEpYKaHUEM OOIIero yriepoaa. Breicokoe coneprkaHme
TYMHHOBBIX KHCJIOT B OOJIOTHBIX BOJaX OIpEeIseTCs IPUCYTCTBUEM PACTUTENb-
HBIX OCTaTKOB BaXTHl, XBOIIA, ApeBecHHBI U Jp. IlocTymieHne ¢yTbBOKHCIOT B
BBICOKHMX KOHI[CHTPALUSIX B OOJIOTHBIEC BO/BI IPOUCXOIUT IIPU HAKOIIJICHUH B TOP-
(hsTHOM 3aJIe)KU OCTATKOB TPaBSHOW PACTUTEIHLHOCTH M THITHOBBIX MXOB. Takum
00pa3oM, COCTaB OPraHUYECKOTO BEIIECTBA TOP(SIHOI 3anexu 6010Ta onpeess-
eT o01IIee KOIMUECTBO yIIepoaa, KOTOPOe MOKET TIOCTYIHTh B OOJIOTHBIC BOJIBL
AHanmu3 pe3ynbTaToB MOKa3all, YTO B PACTBOPEHHYIO (POpMY HEPEXOTUT TONBKO
HeOONbIIasl YacTh COACPIKAIINXCS B TOP(SIHOW 3aJEKH TYMHHOBBIX BEIIECTB,
Ipru4eM B OOJIbIIEH CTENEeHH MOCTYHAOT (PyIbBOKHUCIOTHI Kak 0ojee pacTBOpH-
MbIe coennHeHns. Ce30HHBIC U3MCHEHHS KOHIICHTPAILINH TYMHUHOBBIX BEIIIECTB B
OOJIOTHBIX BOJAX ONPENEINSIOTCS MPEUMYIIECTBEHHO MPUPOTHO-KINMATHUECKH-
MU YCIIOBHSMH.

Cremyet oTMeTUTS, uTO Nepuoa HabmoaeHuit 2002—2009 rr. xapaxrepusyercst
JOCTaTOYHO KOHTPACTHBIMH IT0 CTETIEHH TEIUIO- U BIaro00eCIedeHHOCTH yCIOBH-
sIMH ¥ BKJIto"aeT Braxkusie (2002, 2004, 2007, 2009), ymepenHo-Biaxubie (2005,
2008) u cyxue (2003, 2006) ronsl. Bo BnakabIe TOIBI CyMMa 0CaIKOB COCTaBHIIA
359458 mm. I'maporepmudeckuii Ko3pUIHEHT 3a UccIe yeMblil epuoa u3Me-
msutest ot 0,26 o 5,13. K manbosee temroodecnedeHHBIM MOKHO oTHecTH 2003
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u 2004 rr., cymma temmneparyp Beime 10°C B ator mepuon mocturana 2058 u
2045°C. XapakTepucTHKa TeMreparypHbIx ycnosuit B 20022009 rr. npeacTas-
neHa B Tabn. 1. B cpemnem 3a mepuwopa mccienoBaHHUA TeMIepaTrypa METPOBOU
Tonim TopdsiHOi 3anexu cocrasuna 11,5°C. B pesynbrare CIOXKHUBIIMXCS KITH-
MaTHYECKUX YCIOBHU aMILIUTYyAa KoneOaHuid ypoBHs 00snoTHBIX Box (YBB) no-
cturana 48 cm, a BIaXHOCTh Topda B cpeHeM cocTtaBuia 92%. Beicokue ypoBHH
OOJIOTHBIX BOJ] OTMEUAINCh B BECCHHHUH MEpUO, B JaTbHEUIIEM HaOII0Ianoch
CHIDKEGHHUE C IIEPEXOJIOM B JIETHE-OCEHHIOI MEXeHb. MCKIIIoueHHe COCTaBUIM
2002 u 2006 tT., T7IE K CeHTIOpIOo ObIII0 oTMeueHo ToBbIieHue YBB Ha 11 1 8 cm
OTHOCHTEJIBHO JIaHHBIX, TOJYYCHHBIX B aBTyCTE.

[IpoBenenHbIit aHATN3 ITOKA3aJ, 9TO OOJOTHBIE BOIBI XapaKTEPHU3YIOTCS Ooee
BBICOKMMH KOHIIEHTpauusMu QyabBokucioT (ot 33,8 no 137,9 mr/in) u HeOOmb-
UMK — T'YyMHUHOBBIX (0T 1,2 50 19,81 mr/n) (puc. 1, 2).
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Puc. 1. ConeprxaHue ryMHHOBBIX KHCJIOT B OOJIOTHBIX BOZIaX (IPH YPOBHE 3HAYMMOCTH
a=10%): V — maii, VI — utons, VII — utone, VIII — aBryct, IX — ceHtsidpb

Tab6nunpa 1
TemnepaTypHblii peskuM IPU3eMHOIO c10s Bo3ayxa B 2002-2009 rr.
10 JaHHBIM MeTeocTanuuu bakuap, °C

Tox
Moxasaren 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
CpenneronoBas 14 13 0,5 0,7 | —0,52 | 1,74 1,21 | 1,01
TeMIeparypa

Cymma Temmneparyp

1928 | 2058 | 2045 | 1913 | 1903 | 1762 | 1839 | 1733
Boimre 10°C
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Puc. 2. Conepxanne (ynpBOKHCIOT B OOIIOTHBIX BOAAX (IPH ypoBHE 3HaUNMOCTH o0 =10%):
V —maii, VI — utons, VII — utons, VIII — aBrycr, IX — ceHTs10pB

KoHneHTparust TyMUHOBBIX KHCIIOT B OOIOTHBIX BOJAX 3a HUCCICAYCMBIH Te-
PHOJ] M3MEHSIaCh HE3HAYUTENIBHO U cocTaBmia 7,5+ 1,3 Mr/i, B omnyme ot Qyib-
BOKHCIJIOT, COJIepyKaHue KOTOPBIX Oosiee BapuadbenbHo — 70,3+20 mr/i. B 2004 1.
OTMEYaeTCsl MAKCHMAJIbHOE COJIepIKaHNe TYMHHOBBIX KHCIIOT IPH CaMBIX BBICO-
KHX YPOBHSX OOJOTHBIX BOJ 32 MCCIEAYEMBbIH IEPHO U BBICOKUX TEMIIEpaTypax
Bo3ayxa. B 2006 r. cogep:kaHue TYMHHOBBIX KHCIOT B OONOTHBIX BOJaX MUHH-
MaJIbHO TIPH CaMBIX HHU3KHX YPOBHSIX OOJIOTHBIX BOA (CPEOHSII OTMETKA YPOBHS
3a BEreTallMOHHBIN mepuoj coctaBuna 28 cM). KonneHTparus (yl1bBOKHCIOT
¢ 2004 o 2007 . nocreneHHo yMmeHbIaigack. B 2004 1. conepxanue (yinbBo-
KHCIIOT OBUTO MakCUMaJIbHBIM. CHI)KEHHE KOHIIEHTPALUH B TOCIIEYIOIINE TOIbI
HaOTIOJICHUI OTMEUaIoCh Ha ()OHE TIOHW)KEHUS YPOBHEH OOJOTHBIX BOA. Dyiib-
BOKHCJIOTHI TI0 CPABHEHHIO C TYMHHOBBIMU KHUCIIOTAMH XOPOIIO PAaCTBOPUMEI K
JIETKO MUTPHUPYIOT KaK B (pOpMe CBOOOIHBIX KHCIOT, TaK M B COCTAaBE Pa3iImy-
HBIX COEJMHEHUHl, II03TOMY OBUIO OTMEUEHO, YTO KOHIIEHTPALUs ITUX BEIIECTB
B OCHOBHOM YBEJIMYHBACTCS MIPU MOCTYIUICHIH aTMOC(HEPHBIX 0CaIKOB U MTOBEI-
LICHUH YPOBHsI OOJOTHBIX BoA. B TeueHue rojga HaOMOgaeTCs ClIEAYOIast 3aK0-
HOMEPHOCTh H3MEHEHHSI KOHIIEHTPAINH OPTaHUIECKUX BEIIECTB B OOJIOTHBIX BO-
nax. OTMeYeHo, 4TO B 3UMHUIT IIEPUOJT IPOUCXOHUT YBEJINUCHNE KOHIICHTPAIUH
OpPTaHMYECKUX M MUHEPAIBHBIX BEMIECTB B OOJOTHBIX BOHAX. DTO MPOHCXOIUT
B pe3yJbTare KOHIIGHTPUPOBAHUS B YCIOBUAX 3aMEAJICHHOro BogooOMeHa. Co-
IJIACHO HMCCIIEJIOBaHUSM, ITPEJICTaBICHHBIM B pabote [16], B mporiecce mpomMep3a-
HUS TOPQSTHOMN 3aJI€KH IPOUCXOIUT YBEIMYESHUE KOHIIEHTPAIIMH HOHOB B BOJIE 32
CUET HEKOTOPOTO BEITECHEHHUS MX U3 3aMep3IIIero pacTBopa. BecHoil mpoucxomsr
B IIEPBYIO OYepe/b pa30aBiIeHHEe TaJbIMH BOJAMH M CHH)KEHHE KOHICHTpAIUH
OpPTaHMYECKHUX BEUICCTB B OONOTHBIX BOAAX. YBEIMUYCHUE COMACPIKAHHS OpTaHU-
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YECKUX W MHUHEPANBHBIX BEIIECCTB HAONIONACTCS, KaK MPaBUIIO, TOJNBKO K KOHITY
nepuoia BeretTaiuu (aBryct — ceHTsa0ps). UMEeHHO B 3TOT nepuos GopMHUPYIOTCS
Hanbosee OIaronpUsATHBIC YCIOBUS IS PA3IOKEHHS PACTUTEIBHBIX OCTATKOB H
MOCTYIUICHUSI OPraHMYCSCKUX BEUISCTB B BOIHBIN PacTBOP.

[IpoBeneHHBIN KOPPEIAIMOHHBIN aHAJIH3 MTOKa3al OTCYTCTBHE OTHO3HAYHBIX
3aBUCHUMOCTEH, K03()DUIIUEHTHI KOPPEISAIUH HE TOJIBKO OTIMYAIOTCS 110 BEIHYH-
HE, HO ¥ IMEIOT Pa3HbIi 3HaK (Tabm. 2). Tak, HanmpuMep, TUMUATHPYOIIUMH (pak-
TOpPaMHU KOPPEIIIIHOHHBIX 3aBHCUMOCTEH KOHIICHTPAIUN T'YMHHOBBIX BEIICCTB
B OOJIOTHBIX BOAAX C TEMIEPaTypoil TOP(SIHON 3aeKH, OKUCIUTEIHHO-BOCCTA-
HOBUTEIILHBIM TIOTCHIIMAJIOM B Pa3HbIC TOJbI SIBJSIFOTCS. YPOBEHb OOJOTHBIX BOJ,
TeMITepaTypa BO3IyXa WIN CyMMa aTMOC(EepHBIX 0caakoB. OIHAKO, KaK IPAaBUIIO,
COJIEPIKAHUE TYMUHOBBIX BEIIIECTB B OOJIOTHBIX BOJIAX OMPEACIISIETCS KOMILJICKCOM
(haKkTOPOB OKPYKAIOIICH CPEIbl.

Tabnuuma 2

Marpuna ko3¢ puuneHToB KOppeJIsiHH MeK/1y KOHIeHTpanueii 'yMHHOBbIX
BelIecTB B 00JI0THOI BoJe M T'HIPOMETE0POJIOrHYeCKMMH apaMeTpaMu

Konuenrpauus Toner
ITapamerp OpraHMYEeCKUX
BEWIECTB, MI/T | 2002 | 2003 | 2004 | 2005 | 2006|2007 [2008|2009
Temneparypa | - Tymunoseie | o 5 1 9> | —083 | 0,78 |-0,94| 033 [0,66| -
TopdstHON KUCJIOTBI
3aJICKU
(0-100 cn), °C| ymesoxucnoter | 0,72 | 0,97 | 0,83 | 0,32 | 0,38 |-0,30( 0,94 | 0,50
Tymunosre - |-0,74| —0,60 |-0,17| — |0,60|054| -
yEB’ cM KHCJIOTBL
OyneBokucnoter | 0,98 |—0,43| 0,86 0,30 |—0,55/ 0,82 | — -
Temmeparypa rgf;‘)’f;e 0,55 | 0,48 | 0,50 | 0,54 |-0,90| 0,64 |0,77| 0,43
Bo3AYXa, °C | o ppokucorst | — | 074 | — | 0,70 | 0.84| — |0,61]0,99
Anocheprse rg?ggf;w 034 | 0,38 | —0,50 | 0,31 [-0,44|0,55|0,44| 0,31
OCAIKIL MM | yyiipBokmenotsr | —0,64 | 0,70 | 040 | — 0,40 |0,90 (0,73 ] 0,15
[ymumosbie | o511 70 | 095 - 1036
OBH, MB KUCJIOTEL
®dynbBokuciorsl | 0,24 | 0,33 | 0,91 | 0,39 | 0,80
I'ymunoBbIE ~0.92]0,59| 0.89
Buaxuocts, % KHCJIOTBI
DynBBOKUCIIOTHI -0,89(0,56| 0,72

Ipumeuanue. 3HaKk «—» 03HaUYaeT, YTO KOID(DHUIUCHT KOPPENSAIMU 1O AOCONIOTHOW BEIMUYMHE
menblie 0,1. [TycTeie sueliki 03Ha4ar0T OTCYTCTBHE 0TOOPa 00pa3IoB M M3MEPEHHS IIOKa3aTescH.

Mexy TeM NpakTHYECKH B TEUEHUE BCETO Meprojia HaOIONAeTCs CPENHssA U
BBICOKAsI KOPPEILIIIIS MEXKITy TEMIIEpaTypoil TOP(SIHON 327K W KOHIICHTPAIIH-
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el TYMHUHOBBIX BEIIECTB, JUTsi 'YMUHOBBIX KUCIJIOT B OTJICIBHBIX CITydasX BbISBIIC-
Ha o0paTHasi 3aBUCHMOCTh HJIH e¢ OTCyTCTBHE. Kak oTMeueHo, Ha cofepikaHue
TYMHHOBBIX BEIIECTB B OOJIOTHBIX BOJIAX TAKXKE OKa3bIBACT BIUSHKIE YPOBEHB 00-
JIOTHBIX BOJ M CyMMa aTMOC(EpHBIX OCAJKOB, TEMIIEpaTypa BO3Iyxa. YBelInve-
HHUE TeMIIEPaTyphl BO3lyXa B IIEJIOM CIIOCOOCTBYET YBEIIMYCHHUIO B OOJIBIICH cTe-
MIEHHU KOHIICHTPAIMU (YIbBOKUCIOT U B MEHBIIICH CTEIICHH I'YMUHOBBIX KHCIIOT.

[MocTyruienne arMocepHBIX 0CaJKOB, B OJHOM cliydae, CIIOCOOCTBYET yBe-
JIUYCHHIO KOHIICHTPAIMK (YIbBOKUCIOT B OOJOTHBIX BO/IaX B PE3yJIbTaTe TPAHC-
(hopMaruy OpraHMYECKUX OCTATKOB M TIOCTYIIJICHHUS MX B PACTBOP IPH CHIDKCHUH
yYpOBHE#l OOJIOTHBIX BOJ, B JIPYrOM — MPOUCXOST pa3daBieHHe OOJOTHBIX BOJ
arMoCc(epHBIMH OCaJIKaMH M CHUKCHHE KOHIICHTPAIMH BEIIeCTB. BO BilaKHbIC
ro/bl HAOMIONACTCST BEICOKAS KOPPEAIHSI (PYIBBOKUCIOT C YPOBHIMHU OOJIOTHBIX
BOJI, TOTJIAa KaK B OCTaJIbHBIC TOBI KOA(Q(HUIIMEHT KOPPEIISAIHH JINO0 MEHSIET 3HAK,
0o 3Ta cBs3b ocnabenaet. [locTymienne arMocdepHBIX OCAJKOB OKa3bIBACT
MEHbIIIee BIMSIHUE Ha M3MEHEHHE KOHIIEHTPAIIMI T'YMUHOBBIX KHCIIOT. Kak moka-
3aJIH [IPOBEICHHBIC UCCIICIOBAHNS, PAKTUYECKU OCHOBHBIM (haKTOPOM, OTIpEIie-
JISTFOIIM KOJTMYECTBO TYMHUHOBBIX KHCJIOT B OOJIOTHBIX BOJAX, SIBISICTCSI OKHCIIH-
TENbHO-BOCCTAHOBUTEINBHBIA MOTEHIMAT TOP(sIHON 3aexu 6onoTa. BinaxHoCTh
Topda BIHIET HA COJCPKAHUE T'YMHUHOBBIX BEIICCTB MPEUMYIICCTBEHHO B CPE/I-
HHUE M0 BIAro00CCIIEUEHHOCTH TOAbl. MHOTHMMHU aBTOPaMHU OTMEYAETCsl TECHast
KOPPETSAIMOHHAS CBSI3b MEXKIy OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIM TTOTCHIIMA-
JI0M TOP(SHOMN 3aJIeKU U €€ THAPOTSPMHICCKIM PEKUMOM [17], B 4aCTHOCTH C
BIQXKHOCTBIO TOp(siHOH 3aiexH [ 18], 4To, o HalreMy MHEHHIO, KOCBEHHO OTIpe-
JeTsIeT KOHIIEHTPAIIMIO TYMUHOBBIX KHCJIOT B OOJIOTHBIX BOJIAX.

3akirouenne

Takum 00pazom, TopdsiHast 3aJ1€Kb SABISETCS MHOTOKOMIIOHEHTHOM CHCTEMOH,
IJIe OJIHOBPEMEHHO IPOTEKAIOT PEaKLUU OKUCIIEHUS M BOCCTAaHOBJIEHUS Pa3HOM
MIPUPOABI U C PA3HBIMHU CKOPOCTSIMHU. [IpoBENEeHHBIN aHaIU3 MHOTOJIETHUX W3-
MEHEHUH KOHIIEHTpAIlMd TYMHHOBBIX BEIIECTB B BOJAAaX HU3UHHOTO 0OJNOTa HE
BBISIBUJI CTAaTUCTHUYECKH 3HAYUMBIX TEHJEHIUH, OJHAKO OTMEYEHBI HEKOTOPOE
YMEHBIIICHHE KOHIIEHTPANUH (DYITFBOKHUCIOT M YBEIHUCHNE TYMHHOBBIX KHCIIOT.
KoppensiioHHbIN aHaIW3 MO3BOJMI YCTAHOBUTH SPKO BBIPAKEHHYIO 3aBHCH-
MOCTb MEXAY KOJIMYECTBOM I'YMHHOBBIX KUCJIOT M OKUCJIUTEJIbHO-BOCCTAHOBU-
TEJNBHBIM MOTEHIMAIOM TOP(MSHON 3aJeKU: MPHU MEPEeXoje OT OKUCIUTEIBHBIX
K BOCCTAHOBUTEJIbHBIM YCJIOBUSIM KOHIIEHTpalMs T'YMHHOBBIX KHMCJIOT BO3pac-
TaeT. TecHas CBsI3b B OTAEIbHBIC TOABI OTMEYAETCS ¢ YPOBHAMHU OOJIOTHBIX BOJ,
BIIQXKHOCTBIO TOp(a, Temreparypoit Top(sHOM 3a1ekKu, TeMITepaTypol BO3ayXa.
B ce3oHHOI AMHAMMKE COlepKaHUsl TYMHHOBBIX BEIIECTB OTMEUEHO UX 3aKOHO-
MEpHOE YBEJIMYCHHE TONBKO K KOHITY TIEPHOa BEreTanuu (aBrycT — CEHTIOPB).
Nwmenno B atoT niepuoa hopMupyrorcst Haubosee OJaronpusTHbIE YCIOBUS IS
Pa3iIOKEHUs] PaCTUTENIbHBIX OCTAaTKOB U IOCTYIJIEHHS OPraHUYECKHUX BELIECTB
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B BOJHBIH PacTBOP, YTO OOBSCHSACTCS] BEICOKOW MHKPOOHOJIOTHYECKOW aKTHBHO-
cThIO mporperoro 50—70-caHTUMETPOBOTO CJI0S U HHTEHCUBHOCTBHIO OMOXUMHYE-
CKHX IIPOIIECCOB B CHCTEME «TOPQsIHAS 3aJI€Kb — O0IOTHBIE BOABI. Kak mpaBmito,
B IIEPUO/IBI ¢ 00JICe BRICOKUMHU TEMIIEPATypaMK BO3IyXa IPOUCXOIUT HAKOIUICHHE
TYMHHOBBIX BEIIECTB B TOP(SIHOH 3aie)u O0JIOT, a IOCTYIJICHHE UX B OOJIOTHBIC
BOJIb OCYIICCTBIISICTCS MPH BBIMAJICHUN aTMOC(HEPHBIX OCAIKOB U YBEIUYCHHH
YPOBHS OOJIOTHBIX BOJI. TakuM 00pa3oM, X03sICTBEHHOE UCTIONIB30BaHUe TOphsi-
HBIX 0OJIOT, MTOBBIIICHHE TEMIICPATyPhI BO3AyXa OyIyT CIIOCOOCTBOBATH YBEIIHUC-
HUIO COICPKaHNs OPTaHNUECKUX BEIIECTB B OOJIOTHBIX BOJAX, a TAKKE B ITO3EM-
HBIX ¥ PEUHBIX BOJIaX peruoHa. [103ToMy MOHUTOPUHT COACPIKAHHS TYMHHOBBIX
BEIIECTB B BOZIaX O0JIOT 0000 BasKEH B YCIOBUSX MPHPOIHO-KIMMATHICCKUX H3-
MEHEHUI U U3yUYCHHU BOMPOCOB YCTOMYMBOCTH OONIOTHBIX IKOCHCTEM.
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LONG-TERM DYNAMICS OF THE HUMIC SUBSTANCES CONTENT
IN FEN WATER IN THE SOUTH-TAIGA SUBZONE OF WESTERN SIBERIA

In the given work the analysis of long-term humic substances content dynamics in
water of a typical fen has been carried out, the correlation and factorial analysis has
been executed. It is noted that the main supplier of organic substances in bog water
is humus of peat deposit, and the humic substances content dynamics is defined by a
degree of decomposition of peas and depends on the kind of plants. The correlation
analysis has allowed to establish strongly pronounced dependence between humic sub-
stances content and oxidation-reduction potential of a peat deposit, close communica-
tion in separate years is marked with levels of bog water, moisture of peat, temperature
of a peat deposit, temperature of air. Researches have shown that a complex of factors
of the environment defines humic substances content in bog water. The increase in air
temperature, as a whole, promotes an increase in the concentration of fulvic acid more
than humic acids. The receipt of atmospheric precipitation, in one case, promotes an
increase in concentration fulvic acid as a result of transformation of fossils and their
receipt in a solution at a decrease in levels of bog water, in other cases occurs rain
dilution of bog water and a decrease in concentration of substances. In wet period high
correlation fulvic acid content with levels of bog water whereas in other years the fac-
tor of correlation or sign changes are observed, or this communication weakens. Hu-
mic acids are less water-soluble than fulvic acid; therefore, the receipt of atmospheric
precipitation practically does not influence their concentration change. In seasonal
dynamics of the humic substances content, their increase only by the end of the period
of vegetations (August-September) is noted. As a rule, during the periods with high air
temperature there is an accumulation of humic substances in a peat deposit and their
receipt in bog water is carried out in a wet period and while an increase in bog water
level. The conducted analysis of long-term changes of humic substances concentration
in fen water has not revealed statistically significant tendencies, some reduction of ful-
vic acid concentration and an increase in humic acids, however, is noted. As a result,
economic use of peat bogs, changes of environmental conditions towards increases in
air temperature will promote a raise of organic substances content in water, ground-
water and river water, as well as deterioration of geoecological conditions of region.

Key words: mire ecosystems, stability; bog waters; humic substances;, Western
Siberia.
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CIIEHU®UKA OIIPEJEJIEHUSA OPTAHUYECKHUX BEIHIECTB
HNEJOTEHHOM NPUPO/IbI B IOUBAX TEXHOTEHHBIX
JJAHAUTA®TOB KY3BACCA

Paccmampusaromes 6onpocet, ceészannvle ¢ RPUPOOOT U C8OUCMBAMU OPSAHULECKO-
20 gewecmea noys, chopMUpOBAHHbIX HA OMBANAX KAMEHHOY20NbHbIX paspe306 Keme-
poeckoil obracmu. Tlokazano, umo KOMROHEHMHBIN COCMAG UCCTIEOYEMBIX NOUE UMEen
CILOJCHYIO CIMPYKMYPY U COCIOUM U3 8eWeCIM8 TUNO2EHHO020, OUOLEHHO20, Ne002eHHO-
20 U XeMo2enHo2o npoucxoxcoenus. [lpeonazaemces cnocob onpedenenus co0epuHcanus
Ne002eHHbIX OP2AHUYECKUX Beuecns 68 NoY6ax Omean08 KAMEHHOY2ONIbHbIX PA3Pe308.
Buisisnenvt ocobennocmu nakonnenus u pacnpeoenenus OpeaHudeckux eujecms ¢ no-
Y6AX UHUYUATILHOLL, OP2AHO-AKKYMYIAMUGHOU, OePHOBOU U 2YMYCOB80-AKKYMYISAMUGHOLL
cmaoutl nousoobpaA308anls 6 mexHoeeHuvlx aandwagmax Kyzbacca. Yemarnosneno,
umo 06pA308aHUe OPLAHUUECKUX 6EUEeCmE NeO02EHHOU NPUPOObL OCYUECBIICIN s He
MONLKO nymem eyMuuKayuy GUOSEHHbIX COCOUHEHULl, HO U NOCPEOCMBOM XUMUYECKO-
20 npespawyenusi npoOYyKnos AumozeHesd.

KunioueBsbie ciioBa: opeanuueckoe gewyecmeo nous; smopuo3emvl; cymyc, nedoeH-
Hble geuyecmaa; TUmMo2eHHble COCOUHEeHUsL.

BBenenue

W3BecTHO, uTO MpeoOpa3oBaHUE B MOYBAX OPraHHMUYECKHUX BEIECTB B I'yMH-
HOBBIC 00YCJIOBICHO Pa3BUTUEM PA3TMYHBIX OKUCIUTEIEHO-BOCCTAHOBUTEILHBIX
npotieccoB. ECii B €CTECTBEHHBIX OYBaX B Pe3yJbTare 3THUX MPOILECCOB MO-
CTYMAIOIINE OPTaHMYESCKHE BEIIECTBA UMECIOT OMOTCHHYIO IIPUPOJLY, TO B IIOUBAX
TEXHOTEHHBIX JIAHIIIA(TOB K 3TUM BellleCTBaM JI00ABIISIFOTCSI COSMHEHUS, HMe-
IOIIHE JIMTOTeHHOE mpoucxoxaenue [1]. JanpHelinee npeBpaiieHue BEHICCTB
JIUTOrEHHOW W OMOTEHHOM NMPHUPOIBI B PE3YJIbTaTe OKHCIUTEIbHBIX MPOLECCOB
MIPOMCXOAMT IO IBYM HampasieHusiM. [lepBoe M3 HUX — 3TO MEIOTCHHOE IIpe-
0o0pa3oBaHUe BEHIECTB, MM I'yMUDUKAIUS, TIOCPEICTBOM KOTOPOI 00pasyroTcs
ryMycOBbIe coenuHeHus [2]. BTopoe — 3T0 XuMHYECKOE OKUCIICHHE, WA XEMO-
reHHOE MpeoOpa3oBaHKe, B pe3ylibTare KOTOPOro He (POPMHUPYIOTCSI TYMYCOBbBIE
BEIIECTBA, HO M3 TaKUX MPOIYKTOB CIIOCOOHBI 00Pa30BBIBATHCS OPTaHHYCCKHE
COEIMHEHHUS1, CXOHBIE C TYMYCOBBIMH I10 CBOMCTBaM.

Y4uThIBas TaKy0 CHCHUGHUKY TPOLECCOB, MPOTEKAIOIINX B MOJIO/IBIX ITOYBAX
OTBaJIOB KAMEHHOYTOJIBHBIX Pa3pe30B, OPraHMYECKUE BEIIECTBA 110 UX MPUPOJIE
MOXKHO Pa3[elUTh Ha CICIYIOUINE TPYIIIbL: e0reHHbIC, OUOTCHHbIC, JIUTOTCH-
HbIE ¥ XeMOTreHHbIe. [Ipi 3TOM OpraHuYeCcKre COSTUHEHHUS IUMO2EHHOU NPUPOObL
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TIPE/ICTABISIIOT COOOM BEIIECTBa, 0OPA3yIONINECs B pe3ylbTaTe JINTOTCHE3a JOTI0-
YBEHHBIX 3TATOB Pa3BUTUS IOYBOOOpasyromux nopos [3]. OTu BemiecTBa B UC-
CIIeTyeMBIX TI0YBaX COACPIKATCS B apTIILIUTAX, AJICBPOJIUTAX, TECYAHNKAX, YIIIIX
U IPYTUX MIOPOAAX, OTCHINAEMbIX IPH (POPMUPOBAHNH TEXHOTCHHOTO JaHamadra.
Wupvu cioBaMu, H3HAYAIBFHO MPAKTHIECKU BCE COSTMHEHTISI, BXOJISIITHIE B COCTAB
OTCBITIAEMBIX TTOPOJI, MOYKHO OTHECTH K JIMTOT€HHBIM. B pe3ynbrarte neiicTBus ru-
MepreHe3a JJUTOTCHHBIC BEIIeCTBA MPeoOpa3yroTcs MO0 B XeMOTeHHbIE, THOO0 B
nefioreHHble coenHernss. CoOOCTBEHHO JIUTOTCHHBIC OPraHUYECKHE COSIMHEHNUS B
JIOCTATOYHO «B3pOCIOM» TexHOreHHOM stanamadTe (30—40 net) criocoOHBI coxpa-
HUTHCS TOJIBKO B IICHTPE KPYITHBIX TPAHYTIOMETPHUUCCKIX (DPAKIIUIA HITH B KAMHSIX,
IJIe TaK Jke, KaK U B HeIpax 3eMIIH, TPeo0IaaroT MpoIecchl BOCCTAHOBICHUS [4].

OO0pa3oBaHUE XeMO2EHHBIX OpeAHUYECKUX Gelyecg B TIOUBaX MPOUCXOAUT B
pe3yibTare XUMHYSCKUX MPEBPANICHAN COSTMHEHUH JIF000M MPUPOJIBI, IPOTEKa-
foimx 0e3 yyacTusi OMOTeHHBIX WIIM MEJOTeHHBIX MPOIEccoB. B moyBax 3TH Be-
IIecTBa, Kak MpaBUIIo, (POPMUPYIOTCS TIPH OKUCICHUN COCTUHEHUH JTUTOTEHHOMH,
OMOTeHHOW WJIM TEJOTeHHON Mpuponsl. BaxkHOW 0COOEHHOCTHIO XEMOTEHHBIX
BEIIECTB SBISICTCA TO, YTO MPeoOpa3oBaHne UX MPOMCXOIANT Yepe3 00pa3oBaHIe
LIEJIOTO Psiia YCTOMYMBBIX B JIAHHBIX YCIOBUAX COelMHEHUH. Mccnenyembie mo-
YBBI XapaKTEPU3YIOTCS MOBBIIICHHBIM COAEPKaHUEM XEMOTE€HHBIX OPTraHHIeCKUX
COEMHEHUH. DTO 00YCIIOBICHO TE€M, YTO JIMTOTCHHBIC BEUIECTBAa B CUIY HEIO-
CTaTOYHON Pa3BUTOCTH OMOTCHHBIX WM MEIOTCHHBIX MPOIECCOB B 3HAYMTEIHLHON
CTENeHHU NPeo0Pa3yOTCsl XUMHUUYECKUM ITyTEM.

B otmmume ot HEX, nedocennviMu coeOuHeHusMY CIEAYeT HA3bIBAaTh BEIIe-
CTBa, MpeoOpa3oBaHHbIE B pe3ylbTare JEHCTBHUSA 3JEMEHTApHBIX OYBEHHBIX
npormeccoB. K opranndecknM BeliecTBaM NEJOTeHHOHN MPHUPOIBI OTHOCITCS TY-
MyCOBBIE BellecTBa. POPMHUPOBAHUE ITUX BEIIECTB HAXOAMTCS B 3aBUCHUMOCTH
OT BCEX (PaKTOPOB IMOYBOOOPA30BAHISL, OTIPEACIIIONINX TPOTEKAaHNE TOYBEHHBIX
mporeccoB. B amOprozeMax paHHUX CTajuii BOJIIOLMH [I0YB STUX BEIIECTB IO-
pa3o MEHBIIE, 9eM B €CTECTBEHHBIX ouBax. [1o Mepe pa3BUTHS OUBEI HAKOTLIE-
HUE TIeIOTeHHBIX OPraHMYECKUX COSAMHEHUHN MPOUCXOIUT MEUIEHHO U 3aMETHO
BEIPA)KCHO TOJHKO HA JIEPHOBOU M TYMYCOBO-aKKYMYIISITHBHOM CTaIHSIX.

OCOOEHHOCTBIO TIENOTEHHBIX OPraHMYECKHUX BEIIECTB IOYB TEXHOTEHHBIX
TMaHImaPTOB SABISETCS TO, YTO 00Opa30BaHHEC MX BO3MOXKHO IPH BOBJICUCHUH B
ryME(UKAIMIO YIITUCTHIX YaCTHIL M MIPOIYKTOB X HEMOJIHOTO OKUCICHHS.

buozennvimu coedunenusmuy Ha3pIBAIOT TC OPTAHMYECKIE BEIIECTBA, KOTOPHIE
00pa3yloTcst B pe3yiabrare OMOJIOrMYEecKHX IporeccoB. DOpMUpPOBAHHE TaKUX
BEIIECTB, KaK MPABHIIO, MMPOMCXOIUT BHYTPH JKUBOU KICTKH [5], M MOITOMY K
OMOTeHHBIM KOMIIOHEHTaM OTHOCSAT JOBOJIbHO HMIMPOKHIA CIIEKTP pa3iuyHbIX Be-
IIECTB. DTO MOTYT OBITh HACEIIONINE TIOUBY YKHBBIC OPTaHU3MBI, HX TPOTYKTEHI,
BbIJICTISIEMBIE B TIPOIIECCE YKU3HEESTEILHOCTH, 8 TAK)KE OCTAaTKU OPTaHU3MOB, HE
YTPaTUBIINE aHATOMIYECKOTO CTPOCHHS.

Hcxons m3 3TOro, ciemayer OTMETUTh, UYTO I'yMycCOOOpa3oBaHHE B IOYBAX,
c(OPMUPOBAHHBIX Ha OTBaJaX KAMEHHOYTOJIBHBIX Pa3pe30B, BOSMOKHO HE TOJb-
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KO U3 BEIIECTB OMOTCHHOM TPUPOJIBI, TAKMX KaK JJUTHUH [6], HO M U3 XeMOTCHHBIX
MIPOAYKTOB OKUCIIEHHSI YTIIIUCTBIX YacTUIl, Hanpumep (heHosos [7].

KoMImoHEeHTHBIH cocTaB 00pa30BaBIIMXCS B TAKUX YCIOBHUAX TYMHHOBBIX Be-
IIECTB UMEET OUEHB CIIOKHYIO CTPYKTYPY, UTO OIPEAEIsieT HEOAHOPOAHOCTh UX
CBOWCTB M (QyHKIUH. [ToaTOMy U1 MOHMMAaHUS SKOJOTHUECKUX W TEXHOJIOTH-
YecKuX NpolieM MpHu PeKyJbTHBALUU HAPYIIEHHBIX 3eMelb HEOOXOMUMO YMETh
pasznuyarb OPraHnYEeCcKOe BEIIECTBO NIEIOTEHHOTO (TYMYC) W HETIEJOTEHHOTO TIPO-
HUCXOXKICHUS.

K cBoiicTBam, Omarojapsi KOTOPHIM MOXHO OTIIMYUTH Pa3IMYHbIE TPYIIIBI Op-
TaHUYECKUX COCIMHEHUM, OTHOCSTCS:

1. HeonmnnakoBasi yCTOMYUBOCTH K OKHCIICHHIO.

2. CriocoOHOCTB CBSA3BIBATHCS ¢ MUHEPAIBHOHN YacThIO MOYBHI.

3. CBOWCTBO OMpE/ENCHHBIX OPTAaHUYECKUX COCTMHEHUW W3BIICKATHCS WITU
OCaX/1aThCs B PA3IIMYHBIX PACTBOPAX.

MaTepnam,I U METOAMKH HCCTICT0BAHUS

OObekTaMu UCCIeN0BaHUH ObUTH BBIOPAHBI TOYBLI, C(DOPMUPOBAHHEIE HA OTBA-
nax OJpKepaccKoro KAMEHHOYTOIBHOTO pa3pe3a, pacloNloKEHHOTO B TOPHO-TACK-
Holi 30He Ky36acca. B HacTosiiiee BpeMst Ha TOBEPXHOCTH OTBajIa chopMHUPOBAHBI
9MOPHO3EMBI, OTHOCSIINECS, B COOTBETCTBHH C KIacCH(UKANNEH TIOUYB TEXHOTEH-
HBIX JIaHAWAPTOB [8], K THIIAM HUHUIMAIBHBIX, OPraHO-aKKyMYJIITHBHBIX, I€PHO-
BBIX U T'YMYCOBO-aKKyMYJIATHBHBIX. B mpodnine kaxmoro Tuma sMOpHO3eMOB IO
ryounam 0-10, 20-30 u 40-50 cMm oTOupanu 06pasibl MOYBbI, U3 KOTOPBIX BIIO-
CIICICTBUH YHASIIA PACTUTEIBHBIC OCTAaTKHU. [ cpaBHEHUs OBLTH OTOOpAHEBI U
IIPOAHAU3UPOBAHbBI 00PA3Ibl 30HAIBHBIX AEPHOBO-NTYOOKOMOI30JIUCTHIX MOUB, A
Taroke 00pa3Ibl YIUCTHIX YaCTHI] H CBEKEOTCHITAHHON BCKPBIITHON IOPOIHL.

[IpuHuMas BO BHUMaHHE TO, YTO BCE OPraHUUCCKUE COCAMHEHHUS MPECTaB-
JISTFOT cO00# BOCCTAHOBJICHHBIC BEIIECTBA C PA3IIUYHON CTEIICHBIO YCTOMYHBOCTH
K OKHCJICHUIO, ObUT pa3paboTaH croco0, MO3BOJSIOMINI JOCTATOYHO JOCTOBEPHO
OTIPE/ICIIUTH COZCPIKAHUE OPTaHWYIECKOTO YIIIEpOoaa B UCCIETyeMbIX mouBax [9].
Kpome storo, merogom M.B. TiopuHa onpenensnock coaepkaHue yriaepoaa BO
¢bpakum Gusndeckoi ruHbl. Takke metonom M.B. TropuHa B MomuguKanum
[HonomapeBoii u [110THHKOBOW OBLT OIpeesieH IPyNIOBOM COCTaB rymMyca, Co-
JIepKaIerocsi Bo ppakiuuu pusndeckoi riuHbI [10].

Pe3ysbTarsl Hcciie0BaHNus U 00CYy:KIeHe

HccenenoBanus MmoKasany, 9TO cpefHee Mo MPOQHIII0 Cofep)kaHue yIIepoaa B
MEJIKO3eMe HCCIeYEMBIX MOYB M3MEHSIETCs caeAyrommM obpasoM: ¢ 16,2% — B
MHHIIAILHOM YMOpHo3eMe, cHmkaeTes 10 11,3% B opraHo-akKyMyJISITHUBHOM, H
yBenuuuBaetcs 10 11,9 u 13,9% — B 1epHOBOM U I'yMyCOBO-aKKyMY/ISATHBHOM 3M-
Opuozemax (Tadu. 1). [TloBeIeHHOE COEpKaHKE YIIepO/Ia B UHUIIMATEHOM dMOpH-
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03eMe OOBSCHSCTCSI BHICOKHM COJEPKAHUEM YISl B I0YBOOOPA3yIOIIe MOpoJe.
B nocnenyromue ctaauu 3BOJIONUE [TOYB IPH (POPMUPOBAHUU OPraHO-aKKyMYJIsi-
THBHOTO U JIEPHOBOTO 3MOPHO3eMOB HAOJFONACTCS PE3KOE CHIDKEHHUE KOJIMYECTBA
OPTraHUYECKUX COCIMHCHUI JIMTOICHHOW HPHPOIBL. DTO BBI3BAHO PAa3BUTHUEM B
9TUX THIAX TOYB OHOJOTHYECKUX MPOIIECCOB, YTO COMPOBOXKIACTCSI OKUCICHHEM
YIJIMCTBIX BemecT. Jlanee Ha cTaauu GOpMUPOBAHUS TyMYCOBO-aKKYMYJISITHBHBIX
SMOPHO3EMOB CHOBA HAOJFOACTCSI YBEIMUYCHUE COJCPIKaHMS yriiepona. 1o 00b-
SICHSIETCS TEM, 4TO B HPOQUIIE TYMyCOBO-aKKyMYJISITUBHOTO SMOpHO3eMa XOTS U
COCYIIECTBYIOT OPraHMYECKHE BEIeCTBa Pa3IMIHON IPUPOJIbI, TEM HE MEHee Ha-
YHHAIOT HAKATUTMBATHCS COCMHEHUSI OMOT€HHOTO ¥ TIEJIOTCHHOTO ITPOUCXOMKICHHS.

Tab6numna 1
Pacuernoe u pakruueckoe (mo Tiopuny) coaep:xkanue rymyca
B IPaHyJIOMeTpHUYeCKHX (PpaKIusX MO4YB

Conepwanue Conepxanue rymyca, %
I'mybuna | ¢pusudeckoit B noqm:,)
TToura (TropH30HT), TJINHEI B B MGJIKO- | busnge- npu 100% | B mouse
oM MeITKO3eMe, 3eMe 110 Kol LIHHE rymMyca B |C y4eToM
o, Tropuny ¢busmye- KI'C
CKOM IIMHE

i 0-3 (An) 12 5,18 6,35 2,66 -

i‘;%‘;iz?mmo_ 3I5(AA)[ 48 3.84 6.62 321 -

15-57(A.) 56 0,86 1,32 0,74 -

JmcTai 57-118(B)) 63 0,79 1,07 0,68 -
Ny 0-10 21 24,92 7,12 1,47 1,73
Mrnumanbubii | —— 5735 20 30,96 5,66 1,15 135
ombproseM 40-50 22 28,72 6,35 1,37 1,61
Opraso- 0-10 23 22.05 17.84 4,03 4,74
AKKYMYJIS- 20-30 29 19,21 11,68 3,33 3,91
THBHBIH 40-50 31 16,98 9,99 3,14 3,69

SMOpHo3eM
rE— 0-10 29 19,66 18,08 5.14 6,05
20-30 30 23.65 15,70 4,74 557
oMbproseM 40-50 28 18,09 14,69 4,06 4,77
T'ymycoBo- 0-10 28 22,02 24,11 6,70 7,88
AKKyMyJ1si- 20-30 31 2523 18,77 5.86 6,89
THBHBIH 40-50 32 24,68 18,40 5,82 6,85
SMOpHO3EM

Takum 00pa3oM, ClieyeT OTMETUTh, YTO Pa3BUTHE MMOYBOOOPA30BATEIBHBIX
MIPOIIECCOB B SMOPHO3eMax COMPOBOKIACTCS YCIOKHEHHEM TIPHPOIBI OpTaHmde-
CKHUX BemecTB. [103TOMY IS OTIpeieNieH s COICPIKAHUS UX MIEOTCHHOW COCTaB-
JISTIOIIEH HEOOXOAMMO 00PAaTHTh BHUMAHUE TAKKe M Ha JIPYTHE X CBOMCTBA.

Haubonee BaxxHOW OCOOEHHOCTHIO, OTIMYAIOLICH T'yMYCOBBIE BEIIECTBa OT
JIPYTHX OPTaHUYECKHX COCIMHEHHU MOYBEL, SBISIETCS UX CHOCOOHOCTH IPOYHO
CBSI3BIBATHCS C MUHEPAILHON YacThIO, B YaCTHOCTH ¢ (pakiusimu meree 0,01 Mm
(pusudeckoii imHBI). [T03TOMY € y4€TOM TOTO, YTO MPAKTHYSCKU BECH TYMYC T10-
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YBBI COCPENIOTOUYCH B (pr3mueckol TiimHe [11], Hapsay ¢ TpaaUIIMOHHBIM OIIpeie-
JIEHHEeM ryMyca B MeJKO3eMe ObUIM MONyueHbl JaHHBIE TI0 COJIEPIKAHHIO TyMyca
BO (ppakiuu Gpu3ndeckoi DIMHBI (cM. Tabm. 1).

[Ipu ananuze MaTepuanoB BBISICHIIOCH, YTO COIEPIKaHUE TyMyca BO (PpakLuu
(U3MUECKOIl TIIMHBI €CTECTBCHHBIX ITOYB MCHBIIC 3HAYCHHI, MOTYUYECHHBIX MPU
aHanmze MenkozeMa 1o Triopuny. B cpeanem no npoduito, 3a UCKITIOYeHUEM OHO-
TCHHOTO TOPH30HTA A , COZIep)KaHHEe TyMyca OKa3anoch MeHble Ha 15%. Creno-
BaTeNbHO, BO (pakiuu Gpusndeckoi rmuHel cogepxxutcs He 100, a 85% rymyca,
YTO COIVIACyeTCsl C JAaHHBIMH, MOJYYCHHBIMHU JIPYTUMH HccienoBarensmu [12].
Bo3moxxHO, noo0HOE pacmpeniesieHne rymyca B TpaHyloMeTpudeckux (pax-
[USIX SBJSIETCS] 30HATBHOW 0COOCHHOCTRIO. [109TOMY ISl XapaKTePHCTHKH ITHUX
SIBIIEHUH TpensiaraeTcsi OTHONICHHWE KOJIMYECTBA TYMYCOBBIX BELIECTB B KaKOM-
00 TPaHyIIOMETPUYCCKON (PpaKIiu, IEPeCINTAHHOW Ha MEITKO3eM, K 00IeMy
KOJIMYECTBY I'yMyca B MEIKO3eME Ha3bIBaTh KOdQ@PUyueHmom epanyiomempuye-
ckoti cneyughuunocmu (KI'C) rymyca. D1oT KO3(QPHUIIMEHT MOXXHO TPUMEHUTH U
K APYTUM BEIIECTBAM, COIEPKaHUE KOTOPBIX B KAKOM-ITHOO0 TPaHyIOMETPUIECKOI
(bpakiym oTIIHYaeTcs OT APYroH, 6osee KPYITHOM.

C npumenenuem pacuera KI'C rymyca k ccieryeMbIM ouBaM ObUIH MOJTyye-
HBI CJICAYIONIHE TaHHBIC ITO COCPKAHUIO B HUX Tymyca (Tadi. 1). OueBuaHO, 4TO
cofiepkaHue rymyca B npoduse aMOpr0o3eMOB 3HAUNTENILHO MPEBBIIIAET TAKOBOE
B 30HAJBHBIX MouBaX. [lomoOHOE sSIBIEHIE OTMEUACTCS TAKKE M IPYTUMH HCCIIe-
JoBarensamiu [2, 11, 12]. D1o ¢Bs3aHO ¢ TEM, YTO PacueT rymyca Mo COAEp:KaHHI0
yriiepoaa BO Gpakiuy (pU3MIECKON TIIMHEI MO3BOJSET HE YIUTHIBAaTh OpraHuye-
CKHE BEeIIeCTBa OMOTeHHOW NPUPOJIBL, HE CBI3aHHBIE C MUHEPAJIbHOW YacThIO, a
TaKKe JINTOTCHHBIC BEIIECTBA, CIIOCOOHBIC COXPAHHUTHCS B IICHTpE Oonee KpyI-
HBIX TpaHyloMeTpuyeckux (pakuuii. OHaKo NOAOOHBIM pacueT He MO3BOJSET
OT/ICIUTH OPTaHUKY XEMOTCHHOHW MPUPOIBI OT MEIOTCHHOMN, MMOCKOIBKY, Oyaydn
MIPOU3BOJIHBIMU JIMTOT€HHBIX, XEMOTEHHBIE BEIIECTBA MOT'YT OBITh CBSI3aHBI C MU-
HEepaNTbHON YaCcTHIO M BCTPEUATHCS BO BCEX TPAHYIOMETPUICCKHUX (DPAKIIUSX.

CXOJICTBO BEIECTB XEMOTEHHON MPHUPOJIBI C BEIIECTBAMH MEIOTEHHOTO Mpo-
UCXOKICHUS He ciydaitHo. O0e 3TH TPYNIBI BEIIECTB SBIAIOTCS MPOLYKTAMH
AQHAJIOTUYHBIX, IPEUMYIIECTBEHHO OKUCIUTENbHBIX, MporeccoB. [loaTomy MoXk-
HO CYHTATh, UYTO B HIMOpHO3EMaxX XEMOTCHHBIC BEIIECTBA HAPSTY ¢ OMOTEHHBIMH
y4acTBYIOT B IIpolieccax rymycoodpasosanus [13, 14] u aBmisttorcst nomenyuans-
HO 2yMyco8blmu, WA npedcymycosvimit, seujecmeamu (I1I'B).

VYuuteiBasg 3t ocobenHoctu [II'B, cTaHOBUTCS MOHSATHBIM, YTO JJIS OMpe-
JICTICHNS TIGAOTEHHOM COCTABILIONICH OPraHUIECKUX BEIIECTB HEOOXOIMMO HC-
MOJIb30BAaTh CBOMCTBO TYMYCOBBIX COCAMHEHHUI PAcTBOPATHCS B KHUCIBIX WIIH
IIETOYHBIX pacTBOpax. MI3BeCcTHO, 9TO IO CIIOCOOHOCTH K PACTBOPEHUIO B Pa3IHI-
HBIX PacTBOpax MeJAOreHHbIE BEUIECTBA (TYMYC) JCST Ha TPHU KPYIHbIE TPYIIIIbI.
9710 ryMUHOBbIE KUCIOTHI (C, ), pACTBOPUMBIE TOJIBKO B ILETOYHBIX PACTBOPAX M
OCakK/[aeMbIe B KHCIIBIX PacTBOPax, ¢ymbBokucaore! (C, ), pacTBOPHMbIC KaK B
IIETOYHBIX, TaK U B KACIBIX PACTBOPAX, U TYMUHBI (CryM) — BEIIECTBAa, HEPACTBO-
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pumble nnm, Heruaponuzyemsie [10, 15]. [ToaTomy, OCHOBEIBasICH Ha TOM, YTO B
CBOEM Pa3BUTUH AMOPUO3EMBI CTPEMSATCS K KIIMMAKCHOMY COCTOSIHHIO, KOTOPOE
XapaKTepu3yeTcss HaOOpOM CBOMCTB, OTBEYAIOIMINX YCIOBHSM JAHHOM TPUPOI-
HO-KJIMMaTH4eCKOH 30HbI [4], MOXKHO MPEANOIOKUTH, YTO COOTHOIIEHHUE TPy
BEIIECTB NEeJOTeHHOI PUPOIHI B TOYBAX TEXHOTCHHBIX JIAHIMA(PTOB JOIHKHO CO-
OTBETCTBOBATh TAKOBOMY B 30HAJIbHBIX IOYBAX.

HccnenoBanms, mpoBOmMMEIE € OOpa3lamMy AEPHOBO-TIYOOKOIIOA30IHCTHIX
T04B, IOKa3anmy, 4ro coorHourerne C /C, B ropusoHTax, 000raleHHbIX OpraHu-
YEeCKHUM BelecTBOM (AJT), COOTBETCTBYET CPEHEMY COOTHOILICHHIO 3TUX (DpaKiui,
OTMEUaeMoMy B IMOpHO3eMax. ITO COOTBETCTBHE MO3BOMISET TOBOPUTH O CXOXKECTU
(OPMUPYIOIINXCS CHCTEM T'YMYCOBBIX BEIIECTB ITI0YB TEXHOTCHHBIX JIAHTIIA(TOB C
TaKOBBIMU 30HAJIBHBIX MOYB. 113 3TOTO ClielyeT, UTO OTHOILICHUE THAPOINU3YEMON U
HETHIPOIN3YEMOH JacTeil TYMYCOBBIX BEIIECTB B JCPHOBO-TITYOOKOIIOI30IMCTHIX
[OYBaX TaKKe JOKHO COOTBETCTBOBATh TAKOBOMY B 3MOpuo3emax. OnHaKo aHa-
JIH3, TIPOBOJMMBIH Ha COflepyKaHre HETHAPOIN3YEMON YacTH TyMYCOBBIX BEIIECCTB B
30HANBHBIX M10YBAX, IOKA3aJI, YTO COACPIKAHUE YITIEPO/a 3TOM IPYHIIbI COCTABISET
B cpermHeM 21% ot obmiero copepkaHus yriepoaa B ¢pu3udeckoil mmHe (Tadi. 2).
B T0 e BpeMs B oOpa3nax sMOpHO3EeMOB 3TOT IOKa3aTeb Koneonercest ot 68 1o
80%, T.e. B 3—4 pa3a mpeBIIIaeT 3HaYCHUS B ASPHOBO-TITYOOKOIIOA30IMCTHIX 0~
yBax. [IpeBblleHNE cofepKaHNs YIIICpOia HETUIPOIU3yEeMOro OCTaTKa B SMOPHO-
3eMax SIBIISICTCS CIIENICTBUEM €TO XEMOTCHHOM, a He TIeAOTCHHOM IPHPOJIBL.

Tabnuma 2
PacueTHoe COOTHOLIEHHE I'YMYCOBBIX BEIECTB B PA3JIMYHbIX MOYBAX

Conepxanue, %
Iy6
JIyOuHa C/ C +C +C C C B rymyca B
ITousa (TopH30HT), I g e rym ™ B MeJIKO3eMe
o Cpe | B dusnueckoii |B pusnuec-| C, +C + ¢ vaeTon
[JIMHE KOH TJIMHE +CryM };CFC

i 03 (Am) | 07 3.69 1,14 30.9 -
iepﬁiiiom _ [315AA)[ 04 3.85 1.68 436 -
Y A 15-57(A) | 03 0.77 0.10 13.0 -
30JIMCTas 10482 |57 118(B) | 0,2 0.62 0.07 113 -

y 0-10 0.9 4,14 2.82 68.1 0.70
HHg‘HHa“"HH“ 20-30 04 3.29 2.25 68.4 0.54
OMOpHO3EM 40-50 0.4 3,69 2,62 71,0 0,59
OpraHo- 0-10 0.5 10,37 7.54 72,7 1,64
AKKYMyJIATHE- 20-30 0.6 6.79 4,49 66.1 1.68
wpiii omGpuosem| 4050 0,4 5,81 3,72 64,0 1,68

; 0-10 0.8 10,51 8.00 76.1 1.83
ﬂeg“"‘“’m 2030 | 0.7 9,13 6,79 744 1,81
SMOpHO3EM 40-50 0.7 8.54 6.34 742 1,56
I'ymycoBo- 0-10 0.8 14,02 11,28 80.5 1,95
AKKYMYJTsi- 20-30 0.8 1091 8.44 77.4 1.98

- 40-50
THBHBIH 0,8 10,70 8,45 79,0 1,83
SMOPHO3EM
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JomycTtumM, 9To cofepikaHue HEeTUAPONN3YEMBIX ITEIOTCHHBIX BEIIECCTB B AM-
Opro3eMax COOTBETCTBYET TAKOBOMY B 30HAJIbHBIX TIOYBAX M COCTABISIET TAKXKe
21%. B TakoM ciy4ae HOIy4HUM, YTO COJIEpKaHNE XEMOI€HHBIX BELECTB, CBSI3aH-
HBIX B (PU3UUECKOM MIHHE SMOpH03eMOB, BapbupyeT oT 60 10 75% (Tadmn. 2). Ilpu-
MEHsISI IOTOOHYIO CXEMY PacueToB COACPIKAHHS TyMyca B MEJIKO3EME C YUETOM
KI'C, monyunm, 9T0 comepikaHie OPraHMIeCKUX BEIIeCTB IEeI0r¢HHOM TPUPOJIBI
B AMOpHO3eMax COCTABISET TOIbKO OT 0,5 10 2%.

[NonyueHHbIC TaHHBIC MOKA3BIBAIOT, YTO KOJCOAHUS COMCPIKAHMS T'yMYyCOBBIX
BemecTB B 30-CaHTUMETPOBO TOJIIE MPOPHISI IMOPHO3EMOB, 32 UCKITIOUCHUEM
WHUIHAJIBHOTO, He TpeBbimaT 0,05%, a Huxe — gocturatot Beero 0,25%. D1o
TOBOPHUT O TOM, YTO (DOPMHUPOBAHUE CHCTEMBI TYMYCOBBIX BEIICCTB B TPOMIIIIX
SMOpPHO3EMOB UJIET Ha BCEeX NIyOMHAax. VHTEHCHBHOCTH THX IPOIECCOB BBIpa-
JKEHA Uepe3 N3MEHEHHs COIEpKaHusI TyMyca B MeNko3eMe. Tak, B HHUIHAIEHOM
sMOpro3eMe 00pa30BaHKUE T'YMYCOBBIX BEIECTB OCYIIECTBISICTCS B PE3yJbTare
Pa3BHUTHUS XEMOTCHHBIX IPOIIECCOB. AKTUBHOCTB JTHX IPOLIECCOB 37I€Ch BO MHO-
TOM OTIPEEISIeTCS] KOMMYSCTBOM MOCTYIIAIOIIEro TeIlia U BIIard, O YeM U CBUJIC-
TENBCTBYET 3HAUNTEIFHOE YBEIMUCHHUE COIEPIKAHMSI TYMYCOBBIX BEIIIECTB B CIIOE
0-10 cM aToro smMOpuo3eMa 1o cpaBHeHUIo co ciaoem 20-30 cm [16].

Cremyet oOpaTHTh BHUMaHHE TakXKe HA TO, UTO PACCINTAHHOE HAMH COJepIKa-
HHUE ryMyca B BepXHel 4yacTi Ipo(UIIs MHUIHAILHOTO S3MOPHO3eMa COOTBETCTBY-
€T TAKOBOMY B HW)KHHUX TOPU30HTAX 30HAJBHBIX TOYB (Tadi. 1, 2). D10 maer oc-
HOBaHHE MPEIOI0KUTH, YTO PE3YIBTATOM BO3JCHCTBHS HA UCXOIHBIN CyOCTpar
XEMOTEHHBIX MPOIIECCOB SIBISICTCS BOBICUCHUE B (DOPMHUPYIOMINECS CHCTEMBI Be-
IIECTB JINTOTCHHOM TPUPO/IBI.

B oprano-akkymyiasaTHBHOM 5MOpHO3eMe, TIe K XEMOTCHHBIM IIPOIIECCaM JI0-
0aBIIIIOTCS ellie ¥ OMOTEHHBIE, CONIePIKaHUe TyMyca B 2 pa3a 00JIblIle, YeM B MHHIIU-
aIBbHOM SMOpH03eMe. ITa 0COOCHHOCTD ITOKA3bIBACT, YTO BEIYIIYIO POJIb B (POPMH-
POBaHUH CHCTEM T'YMYCOBBIX BEIIECTB B ATUX MOYBAX UTPAIOT UMEHHO OHOTCHHBIC
IpoLIeCcChl. B IepHOBOM M TyMyCOBO-aKKYMYJIATHBHOM AMOPHO3eMax I'yMyCOBBIH
npouIib XapaKkTepu3yeTcss PAaBHOMEPHBIM PACIIPEICIICHUEM C HE3HAUYUTEIbHBIM
TIOHIDKEHIEM COICPKaHuUs TyMyca B HIDKHEH yacTu npodwist. [lonoOnas kapTrHa
TOBOPHT O TOM, YTO (hOPMHUPYIOIIUECST CUCTEMbBI T'YMYCOBBIX BEIIIECTB yiKE Ha JaH-
HOM 3Tare 3BOTIONUH (PYHKIHOHUPYIOT KaK CHCTEMBI KITUMAKCHBIX TTOYB.

3akiouenne

Hcxons n3 Bcero BHIMICOMICAHHOTO, BEIICINM Hanboiee BayKHBIE 0COOCHHO-
CTH OpraHUYECKUX BEIIECTB MTOYB TEXHOT€HHBIX JaHIIa(TOB:

1. ®opMupoBaHue IMOPHO3EMOB COIIPOBOKIACTCS HAKOTUICHHEM B TIPO(UIIIX
MIOYB MEJOTeHHBIX U OMOTEHHBIX OPraHUYECKHUX BEUIECTB U YOBUIBIO BEIIECTB JIU-
TOT€HHOW MPUPOJIBI.

2. TeMITbl U XapaKTep HAKOIUICHHUS TIEJJOTeHHBIX OPTaHUYECKHX BEIIECTB CHH-
TEHCTHYHBI CTaIUSIM [TOYBOOOPA30BAHMS.
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3. Obpa3oBaHHEe OPTAaHMYECKUX BEIISCTB MEAOTCHHOH NPHPOALI OCYIIECT-
BIISIETCS HE TOJIBKO ITyTeM TYMHU(DHUKAIUKA OMOTEHHBIX COSIMHEHMIA, HO U TIOCpeI-
CTBOM XMMHYECKOTO IIPEBpALLEHHsI IPOAYKTOB JIUTOTEHE3A.
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SPECIFICITY OF DETERMINATION OF PAEDOGENIC ORGANIC
SUBSTANCES IN SOILS OF MAN-CAUSED LANDSCAPES OF KUZBASS

1t is known that transformation of organic substances to humus in soils is caused by
Red-Ox processes development. In case of natural soils as a result of these processes
incoming organic matter has biogenic nature, but in soils of man-caused landscapes to
compounds of lithogenic origin add to these substances. Later lithogenic and biogenic
substances conversion in the result of Red-Ox processes proceeds by two ways. The first
is paedogenic transformation or humification by which humus compounds are produced.
The second is chemical oxidation or chemogenic transformation in results of which hu-
mus matter is not forming, but organic substances like humus are able to be generated.

Component composition of humus formed in such conditions has complicated structure
which determines heterogeneity of its properties and functions. Therefore for understanding
ecological and technological problems when revegetating disturbed soils it is necessary to
know how to distinguish paedogenic (humus) and non-paedogenic organic substances.

Soils formed on the burrows of Olgerass coal-pit located in mountain-taiga zone
of Kuzbass were chosen as an object of research. In this time on surface of the burrow
formed embryosems related, in accordance with classification of soils of man-caused
landscapes, to initial, organo-accumulative, turf and humus-accumulative types. Sam-
ples of zonal sod-deep-podzol soils as well as coal particle and fresh capping rock were
picked out and analyzed for comparison.

A suggested method of definition of paedogenic organic matter content in soils of
burrows of coal-pits allowed registering that decreasing of lithogenic organic substanc-
es amount and accumulating of paedogenic compounds or humus take place in embryo-
sems. So, humus content in soils under consideration increased from 0,7% in upper lay
of initial embryosem to 2,0% on such depth in humus-accumulative embryosem. As cal-
culated humus content in the initial embryosem profile upper part corresponds to a simi-
lar one in lower horizons of zonal soils, it suggests that the result of chemical processes
influence on initial substratum is involving lithogenic substances in forming systems.

In turf and humus-accumulative embryosems humus profile is characterized by
equal distribution with slight decrease in humus content in lower part of the profile.
Such pattern indicates that forming humus substance systems on this stage of evolution
function as similar systems in climacteric soils.

Thus, emphasizing most important features of organic matter of soils of man-caused
landscapes, it is needed to distinguish the following: embryosems formation is accom-
panied by accumulation of paedogenic and biogenic organic substances and lithogenic
substances decreasing in soil profiles; rate and nature of paedogenic organic matter
accumulation are syngenetic to stages of soil-arising; paedogenic organic substances
formation proceeds both by humification of biogenic compounds and chemical conver-
sion of lithogenesis products.

Key words: organic matter of soils; embriozems, humus, paedogenic matter, litho-
genic substances.
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Cegepo-Kasrasckuii gpedepanvuviil ynugepcumem (2. Cmagpononw, Poccus)

TEOPETMYECKOE OBOCHOBAHHUE
JEHUTPUOULIUPYIOIEN CIIOCOBHOCTH
AKTHBUPOBAHHBIX JKHJIKMX CPE]

B TEXHOJIOT MU TIPOU3BOJCTBA MSICOITPOIYKTOB

Memoodamu MONEKYIAPHOLO MOOCTUPOBAHUSL U KEAHMOBO-XUMUYECKO2O AHANU3A MO-
JIEKYIL HUMPO30- U OKCUMUOZTIOOUHA NPOBEOEHA OYEHKA UX CIAOUTbHOCTU 6 PA3TUYHBIX
yenosusx. Paccmompena 603modcHocms npumenenus akmusupoBanHbIX HCUOKUX CPeo ¢
nokazamenamu akmuerou kuciomuocmu pH=10,5—11,2 ed. u ompuyamenvuvix 3Haue-
HULL OKUCTIUMETbHO-80CCIMAHOBUMENLHO20 NOMEHYUANA OISl (hopMuposanus onazonpu-
SAMHBIX YCA0BULL OIS BOGILEUEHUS HUMPUMA HAMPUSL 8 PEaKyUU YEemooopaz06anUs 6 Mol-
weuHol MKanu MAacHo2o coipbs. Ommeuaemcs 603MOACHOCHIb CHUICEHUS OCMAMOYHO20
HUMPUMAa HAmpusi 6 20MOBbIX MACONPOOYKMAX 3a CHem UHMEHCUPUKAYUU NPOYeccos
e20 mpancpopmayuu 6 OKCUO azoma, CMadUIU3AYUYU HUMPO30MUOTOOUHA U YTy UULeHUS
VCA0BULL COXPAHEHUS. OKPACKU 8 MeYeHUe CPOKA XPAHEHUst MACONPOOykmos. TIpocnosu-
PYemcs, umo UCnOIb308AHUE INEKMPOXUMUYECKU AKMUBUPOBAHHBIX PACCONO8 NPU UX
Ka8UMayuorHoU de3unmezpayuu 6y0ym uHmeHCUGUuyuposams npoyeccol hopmuposa-
nust ygema msconpooykmos. Ocyujecmenenue npoyecca NoCona Coipbsi 8 YCio8Usx 8d-
KVYMUPOBAHUSL U MEXAHUYECKOU 00pabomxu Msaca mymonuposanuem no360aum uUcKuo-
YUMb BEPOSIMHOCTIb OKUCTUMETbHBIX USMEHEHUT] U NPEOOMEPamun pacnao NUSMeHmos.

KitroueBbie ci10Ba: Humpo30oMuo2ioouH,; OKCUMUOLTIOOUH, AKMUBUPOBAHHBLE HCUO-
Kue cpeobl, SNeKMPOXUMUYECKAs, AKMUBAYUSL, KAGUMAYUOHHAS Oe3UHMe2PAayUsl, mym-
bruposanue.

BBenenue

[{BeTOBBIC XapaKTEPUCTHKU MSCOMPOIYKTOB 3aBHCAT OT COJCPIKAHUS U CTPO-
CHHsI TUTMEHTOB, BXOSINUX B TKAHU MSCA, UX XMMHUYECKUX U3MCHEHHI MOCIe
y0o0s1, a TaKKe OT METOOB U CIIOCOOOB OPraHMU3aIMH [OCOIa MICHOTO ChIPbsi. Bo
n30eKaHNE HEKEIIATEIbHBIX U3MCHEHHH IIBETOBBIX XapPaKTEPUCTUK MSICOTIPOITYK-
TOB BMECTE C IIOCOJIOYHBIMH KOMITOHEHTAMH BBOJISIT HUTPHUTBI, KOTOPbIE 00YCIIOB-
JIUBAIOT YCTOWYHMBYIO PO30BO-KPACHYIO OKPACKY MSICHBIX U3/ICIIHI.

MexaHnn3m 00pa30BaHusI [[BETA COJICHOTO Msica BeCbMa ClIoKeH. Po30Bo-Kpac-
HYIO OKPACKy MOXKHO TOJYYHUTb JIMIIb P PABHOMEPHOM BBEICHHH OKHCH a30Ta
B Bujie HUTpUTA HaTpusi. OOsA3aTeIbHBIM YCIOBUEM PEAKIMU [[BETOOOPA30BaHUS
SIBISICTCSI BOCCTAHOBIICHHUE HUTPUTA JI0 OKUCH a30Ta, YTO SBISETCS JTUMUTHPYIO-
M (HaKTOpOM CKOPOCTH Ipoliecca 00pa3oBaHUs HUTPO3OMHUOITIOOWHA.
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[IpoBeneHsl aHaTUTHYECKUE MCCICAOBAHUS CYNICCTBYIONINX JIUTEPATypPHBIX
JAHHBIX, MTATCHTHBIX HCTOYHUKOB, PE3YIBTATOB TEOPETUUCCKUX M IKCIICPHMEH-
TANbHBIX U3BICKAaHUN OTEUECTBCHHBIX M 3apyOeKHBIX HCCIIEOBATENEH, BRIICIC-
HBI OCHOBHBIC (DAKTOPBI, BIUSIONIUE HA MPOIECCH (POPMHUPOBAHUS U CTAOMIHU-
3aI[U¥ IIBETOBBIX XapaKTEPHCTUK MSICOMPOIYKTOB: TEXHOIOTHUECKUE YCIOBHS
mporecca 1nocojia, peuentypa u (pU3HKO-XMMHYECKHE CBOMCTBA MOCOJIOYHBIX
paccoioB, mapaMmeTpsl TepMooOpadoTKu. M3 BCell COBOKYIMHOCTH BBIICICHHBIX
(hakTOpOB 0COOBIN HAYYHO-TIPAKTHYECKUN MHTEPEC MPEACTABISIOT BO3SMOXKHOCTH
HaIPaBJICHHOTO PETYINPOBAHMUS IIPOIIECCOB IIBETOOOPA30BAHISI ITyTEM TOCTIDKE-
HUSI ONTUMAITBHBIX (PU3UKO-XHMMUYECKUX CBOWCTB PacCOIbHBIX Kommo3unuii (pH
U OKHCIIUTEIHFHO-BOCCTaHOBUTEIHHOTO NoTeHIana — OBII), mpuMeHseMbIx uis
MOCOJIa MSICHOTO CBHIPBS, & TaK)Ke TEXHOJIOTHYECKHE CIOCOObI HHTEHCH (DUKAITUH
IpoIiecca mocoJja 3a C4eT MEXaHMIeCKOH 00pabOTKH ChIPhSI.

[TepcniekTuBHBIE Oe3peareHTHbIE CIIOCOOBI PEryIMPOBaHUS BOCCTAHOBUTEIIb-
HBIX YCJIOBUH B MSICHBIX CHCTEMaX IPEIOKEHBI BEAYIIUMH YICHBIMA B 00JIACTH
MPAKTUYECKOrO MPUMCHEHHUS aKTHBUPOBAHHBIX KHUIKUX cucteM A.A. bopucen-
ko u JILA. bopucenxo [1, 2]. UccnenoBanusimu JI.A. Bopucenko ycTaHOBICHO,
YTO MPUMEHEHUE OMArHUYMBAHHS IIIPUIIOBOYHOTO U 3aJJMBOYHOTO PACCOJIOB U
WX CTpYHHOE BBE/ICHHE B MBIIICYHYIO TKaHb PSE CBHHUHEI TO3BOJISET MOTYIHTD
MPOIYKT C JIYYIIMMHU I[BETOBBIMH XapaKTEPHCTUKAMHU [0 CPABHEHUIO C TPaju-
nroHHOM TexHonorueit nmocoia msica NOR. Coderanvnie WHbEIMPOBAHUS OMar-
HUYEHHBIX PACCOJIOB C MOCICIYIONIMM TyMOIUPOBAHUEM ChIPbs B HAHOOJIBIICH
CTETIEHH YCHIIMBACT IPOIIECC MBETOOOPAa30BaHMS BETYMHHBIX H3IENUH, TTO3BO-
JISIET YAYYIIUTh OPTaHOJCNITUUECKUAE CBONCTBA TOTOBOTO MPOMYKTa, COKPATUTh
CPOK TOCOJa, YBEITUIUTH eTo BeIxof [1].

B paborax A.A. bopuceHko oTMedaeTcsl, YT0 NPUMEHEHHE IEN0uHOH pak-
MU MEKTPOoaKTHBUpOoBaHHOH Bonbl (I1]B) mpu mpou3BoncTBe Bap&HBIX KoIdac ¢
HCIIONB30BaHUEM O€JIOKCOAepKAIUX JOOABOK OJarOTBOPHO JIEHCTBYET Ha Mpo-
mecchl ux 1BeTooOpa3oBanus [2]. TeopeTrueckune MPEANOCHUTKA BO3MOKHOTO
YBEJIUUCHHSI HHTCHCUBHOCTH U YCTOHYUBOCTH OKPACKH MPOJYKTOB MPHU HCIIOb-
30BaHMN aKTUBHPOBAHHBIX PACCOJIOB CBSI3aHBI C MOACPKAHUEM ONTHMAIHHOTO
3HaueHMsl mokaszaresiss pH U OKHUCIUTENbHO-BOCCTAHOBUTEIBHOIO MOTCHIIMATA
CHCTEMBI, UTO OOyCIIOBIMBACT CO3JaHME ONArompHUATHBIX BOCCTAHOBUTEIHHBIX
YCIIOBUH B MSICHOH CHUCTEMeE, IPEMSATCTBYIOLINX HITH 3aJIep>KUBAIOLINX 00pa3oBa-
HUE METMHOIIIOONHA KaK HETIOCPEICTBCHHO, TAaK U 33 CUET YMCHBIICHUS aKTHB-
HOCTHU OKHCJIUTENIBHBIX (DEPMEHTOB.

PesynpraTe! ucciaenoBanumii B 00aCTH MPaAKTHIECKOTO IPUMEHEHHUS AIIEKTPO-
XMMHUYECKU aKTHBUPOBAHHBIX PACTBOPOB B KAUECTBE I[BETOPETYNISATOPOB B TEX-
HOJIOTHH TIPOM3BOACTBA HETHHOMBIIIEYHBIX MSCOTPOIYKTOB [3] moKazanu 1ere-
c000pa3HOCTh UCIOJIB30BAHUS PACCOIBHBIX KOMIIO3UIMA Ha OCHOBE IIEIOYHOM
(bpakIuu MEKTPOXUMHUECKHA aKTHBHPOBaHHOW BOABI (DX A BOIBI) C BBICOKUMH
nokazaressimu pH ans popmupoBanus 6osee cCTaOMIBHON OKPACKU MSCOMPOILYK-
TOB C ITOHIKEHHBIM COZICPYKAHNEM B HUX OCTaTOYHOTO HUTPHUTA.
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Lenpro uccrenoBaHus SBISIIOCH TEOPETHYECKOe 000CHOBaHHUE JACHUTPUDHU-
HUpyomIel crnocoOHOCTH aKTUBUPOBAHHBIX JKUAKUX CPEJl ITyTeM MOJIEKYISPHOTO
MOJICJIMPOBAHUSI M KBAHTOBO-XMMHYECKOTO aHAITN3a OKCH- U HUTPO30MHOTIIO0ONHA
MSICHOU MBIIIICUHON TKAHH.

Marepuajbl 1 METOANUKH UCCJIe0BAHUS

Teopernueckoe W3ydeHUE CBOWCTB OKCH- W HHTPO30OMHOIIIOOMHA OCY-
IIECTBISUTA METOIOM MOJICKYJIIPHOTO MOJCIMPOBAHMs B IMPOrPAMMHOI cpeze
HyperChem Professional 7.1 (pa3paboruuk Hypercube, Inc., CIIIA), cormacHo
peKoMeHaanusaM [4] u pe3ynbTaraM MPaKTHUECKOro arnpoOHpOBaHMs METOAa B
HCCIIEIOBATEIBCKIX pa0doTaxX pa3IndHbIX aBTOPOB [5—9]. JlaHHBIH MeToa Tpe-
mojiaraeT MOJCIUPOBAHUEC OPraHMYCCKUX U HEOPraHUYCCKHX XUMHUUECKUX CO-
SIUHECHNH B pa3IMYHBIX YCIOBHUAX C OI[CHKOW UX DHEPTETHICCKOTO COCTOSHUS U
XMUMUYECKOW aKTMBHOCTU. BO3MOXKHO MPOBEICHHE KBAHTOBO-XUMHYCCKUX pPac-
YEeTOB TAKUX CHCTEM METOIaMU MOJCKYISIPHOW MEXaHUKH M TUHAMUKHU C BBICO-
KO CTEICHBIO TOCTOBEPHOCTH.

Jns yCcTaHOBJIEHUS pacIpeleieHHs AIEKTPOCTATHUSCKOTO MOTEHIHANa Mo-
JICKYJ OKCHMHOITIOOWHA M HUTPO30MHOINIOOMHA MPOBEACH PacdeT YaCTHIHBIX
3apsJIOB Ha BBIICICHHOM reM-(hparMeHnTe Oenka MetonoM ZINDO/1 (momyamitu-
puueckuii meron) [4]. Metox ZINDO/1 siBnsieTcs BapuaHTOM METOAa YaCTUYHBIX
MpeHeOpEeKeHHH ¢ TUPPEepeHIIMATBHBIM ITEPEKPBIBAHIEM, aTallTHPOBAHHOTO JIJIS
MIPOBEACHUS PAacUeTOB MOJIEKYJI, BKJIFOYAIOIINX aTOMBI IEPEXOIHBIX IEMECHTOB.
ZINDO/1 1mo3BoJsieT BBIYUACIATh YHEPTETHKY U TEOMETPHUIO MOJICKYII, COIepIKa-
IIUX TIEPEXO/HbIC METAJLIbI.

Pe3yubTarsl Hcciie0BaHNus U 00Cy:KIeHe

C ydJeToM 0TMEYaeMOro MHOTUMH HCCIIETOBATEISIMU TTOJIOKUTEIHHOTO BIIHS-
HUSI aKTUBUPOBAHHBIX KHUIKUX cpe]l Ha ((OpMHUPOBAHKUE OKPACKU MSICOIIPOIYKTOB
MIPEACTABISCT HAYIHO-TIPAKTHICCKUN HHTEPEC aHAJIN3 XUMHUCCKOH aKTHUBHOCTH
MUTMEHTOB MBIIIIEYHON TKAaHH (HUTPO3OMHUOIIIOONHA), & TAKIKE MPOMEKYTOUHBIX
MIPOYKTOB WX 00pa3oBaHus (OKCHMHUOITIOOMHA) B TIEJITX 000CHOBAHUS MEXaHM3-
Ma I[[B€TOOOPa30BaHUs IPU UCHONb30BAHUH TAKUX aKTUBUPOBAHHBIX CPEJl B Kaue-
CTBE OCHOBEI PACCOIBHBIX KOMIIO3UITHH B TEXHOJIOTUU MSCOIIPOTYKTOB.

B karanore 6a3bl naHHbIX OenkoB Protein Data Base [10] BeiOpana monekyina
OKCHMHOTIIOONHA, cocTosmas U3 153 aMHHOKHCIOTHBIX OCTAaTKOB. [ OleHKH
XMMUYECKOH aKTUBHOCTH OKCHUMHUOITIOOMHA MPOBEJCHA TeOMETpUYECKasl ONTH-
MU3AIHSI MOJICKYIBI OelIKa B BOIHOM PacTBOPE METOAAMHU MOJEKYISIPHON Mexa-
Huku MM+ [4], koTOpas MO3BOJINIIA PACCUUTATh BEIUUMHY €€ OOIIel 3Hepruu
(E = —1863,875 xxan/mons), rpaauent (G = 0,09921 kxan/(mons-A)) u gumomns-
HbII MoMeHT (60,16 D).

W3BecTHO, 94TO TEM B MOJIEKYJIe MHOTIIOOMHA OKPYKCH HETIONISIPHBIM OCIIKOM,
Oraroymapst 4ueMy MpU NPUCOSIUHEHUH KHCIOPOJa KEJIe30 reMMa He OKUCIHSAEeT-
csi. Beuny runpodobHOCcTH Oenka [11] oH OyaeT oka3blBaTh HECYIICCTBEHHOE
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BIIMSHNE Ha MPOLECCH IPUCOSANHEHNS KUCIOopoaa. B aToit cBA3n manbHeimme
pacdeTsl ciaeayeT BecTH A (hparMeHTa OKCUMHUOITIOONHA, COCTOAIIEr0 U3 reMa
C TIPHCOEANHEHHBIM K HEMY KHCJIOpPOZIOM, a TakKe CBA3aHHOTO C HUM aMHHO-
KHUCJIOTHOTO OCTATKa FMCTHIUHA. AHAJOTUYHBIN MOJXOM BIOJHE NMPABOMEPEH U
TaKoke MCIIONB30BANICS APYTUMH aBTopaMu. Tak, Harmpumep, MpH UCCISJOBAaHUH
B3aMMOJICHCTBUS MUOITIOOUHA C JIaKTYJI030i1 aBTOPBI IPOBOAMIN MOJIEKYIISIPHOE
MOJICJIMPOBAHKE ¢ TeM-(pparMeHToM MuoTiioouHa [5].

Pacuet uacTH4HBIX 3apA70B B TeM-(hparMeHTe yKa3blBaeT Ha (JOpMHUPOBAHUE
JIOCTaTO4HO MPOYHOM CBA3H JBYXBAJIEHTHOTO JKeJe3a remMa ¢ Kucaopogom O, —
(opmupyercst 0051acTh ¢ U30BITKOM BIEKTPOHHOI mutoTHOCTH (puc. 1). OTpuna-
TEIBHBIN NEKTPOCTATHIECKUH TTOTEHIINAN OPHEHTUPOBAH B HAIPABICHUN IIPHU-
COEMHEHHOTO K TeMy KHUCIOpPOAA.

Puc. 1. Kapra pacnpeneneHus 3MeKTPOHHO MIOTHOCTH (pparMeHTa OKCUMHOTIIOONHA
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AHaNmOTHYHAs ONTUMH3ALNS TEOMETPHH HUTPO3OMHOTIOONHA ITO3BOJIMIIA
YCTaHOBUTh DHEPreTHYecKHue mapamerpsl cucteMbl E = —1785,635 kkan/mMoib,
rpaguent G = 0,09595 KKan/(MonL-A) W TUTIOJIBHBIN MOMEHT cucTembl 32,61 D.

B cpaBHEeHUH ¢ OKCUMHOITIOOMHOM KOH(OpMAIs HUTPO30MHOIIIOONHA UMeEeT

MEHBIIYIO SHEPTUIO U MCHBIEE 3HAYCHUEC JTUITOJIBHOTO MOMECHTA, XapaKTCPU3YIOIIC-
TO pa3sHOCTH IJIOTHOCTEH OTPULATCIIBHOI'O U IMOJIOXKUTCIBHOI'O IEHTPOB MOJICKYJIbBI.

Puc. 2. Kapra pacnpeneneHus 31eKTpOCTaTHYECKOro MOTeHIana
B reM-()parMeHTe HUTPO3OMHOIIIOONHA

B npencTaBneHHOM Ha puc. 2 reM-(pparMenTe Ha0moaaeTcs GopMUpoBaHue 00-
JacTeld ¢ ere OoJIbIIeH EKTPOHHON INIOTHOCTEIO, HEXKEIN Y OKCUMHOITIOONHA, Ha
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KOHIIEBBIX YYacTKaX MHPPONBHBIX Korer rema. O0macTu ¢ IepUITOM IEeKTPOH-
HOW TUIOTHOCTH HAIPaBJIEHbI B CTOPOHY a30Ta MMHJIA30IbHOTO KOJIbIA TUCTUANHA
1 OTIPEIEIIIOT ISITYI0 KOOPANHAIIMOHHYIO CBS3b aToMa jkKelle3a B reM-(pparMente.

OO6nactu ¢ BBICOKOH AIIEKTPOHHOMN MIJIOTHOCTBHIO HAIMPABIEHBI B CTOPOHY IiIe-
CTOH KOOPIMHAIIMOHHOM CBSI3M aToMa jKelle3a ¢ OKCHIOM a3oTa. CremyeT oTMe-
THUTb, YTO 3apsij aroMma xeiue3a B HUTpozoMuornoodune (0,041) usmeHms 3HaK u
UMEeT MaJTbIi 3apsill, IPU ATOM aKTUBHBIM IIEHTP CMECTWIICS OT aToMa jKele3a K
aToMy KHCIIOPO/Ia OKCHJI a30Ta.

OOmacTn ¢ BBICOKOH AIIEKTPOOTPHIATEIHHOCTEIO (POPMHUPYIOTCSI Ha aTroMme
kucaopoaa okcuaa azora (—0,736), a Takxke Ha koHLEBbIX -COQO yuactkax I u
IV mupponbHbIX kouter rema (—0,705), uro XxapakTepu3yeT X KakK BHEIIHHE aK-
TUBHBIC [IEHTPHI T'eMa.

B mienounbix cpenax (mampumep, 11IB DX A-Bojbl) Takue NMEHTPHI OYIyT OT-
TaJKUBaTh OJHOMMEHHO 3apsKEHHBIE THIPOKCUIIbHBIC HOHBI U CTA0WIIN3UPOBATh
MTUTMEHT, TIPEOTBpAIas €0 OKUCICHUE T0 METMHOTIIOOMHA.

YCTaHOBIIGHO, YTO ONTUMAJIbHBINA YPOBEHb aKTUBHON KHUCIOTHOCTH AJISi 00-
pazoBanus HUTpo3omuontoonHa pH = 5,6 [12]. C moMoIipo mporpaMMbl paciera
KOJIMYECTBA OTPHUIIATENLHO U MTOJIOKUTENBHO 3apsKEHHBIX TPYII Oernka, pa3pado-
tTaHHOU npodeccopom A.A. bopucenko [13], ycTaHOBJICHO, YTO NMPHU YKa3aHHOM
3Ha4eHUU pH KONMUYEeCTBO OTPHULIATENHHO U TIOJOKUTEIBHO 3apsSHKEHHBIX TPYIII
MHOTIIOOMHA MPAaKTHUSCKH paBHO. [Ipy TaKuX yCIOBHUSIX TIIOOHH MOJEKYIHI (haK-
TUYECKH SIBIISICTCS DIEKTPOHEUTPATbHBIM U HE BIMAET Ha MPOIECC MPUCOSANHE-
HUS OKCHA a30Ta WIH KUCIOPOa K TeMy MHOTIIOOHHA.

[Ipu cMemieHnn aKTUBHON KHUCIOTHOCTH Cpe/bl B 0ONACTh CIA0OIIEIOYHbIX
sHayeHuit (pH = 7,0-7,5) koau4uecTBO OTPHUIIATEIHLHO 3apsHKCHHBIX TPYIIIT OeKa
yBennuuBaercs B 1,3—1,5 pa3a, 4To NPUBOAUT K MOIAPU3ALMH MOJIEKYJIbI Oelka.
CwMmemenne 3apsiga 0elka B OTPHIATENBEHYIO CTOPOHY NPHBOIUT K (hOPMHpPOBa-
HUIO DIIEKTPOCTATUYECKOTO OTTAKMBAHUS C OJHOMMEHHO 3apsHKeHHBIMH MOHA-
MU, YTO MPETOTBPAIIAET eT0 JaTbHEHIIee OKUCICHNE U CITIOCOOCTBYET CTaOMITH-
3aliy HUTPO30MHUOIIOOHHA.

B pamkax mpoBOIMMBIX HCCIICIOBaHUI, HAIPABICHHBIX Ha YCTAHOBJICHUE BO3-
MOYXHOCTH HAIpPaBICHHOTO PEryJIHpPOBaHUs CBOMCTB aKTUBHPOBAHHBIX KHUIKUX
Cpel, ¢ YIeTOM Pe3yabTaTOB MOJICKYIIPHOTO MOIETUpOBaHus (puc. 1, 2) mporao-
3upyercs 3h(HEeKTUBHOCTh MPUMEHEHHUS! aKTUBUPOBAHHBIX PACCOJILHBIX KOMITO3H-
U Ha OCHOBE KaTOJNUTA TIPH IPOU3BOACTBE MACOIIPOIYKTOB B KAUECTBE IIBETOPE-
TYIUPYOLIETo (haKTopa, BIUSIOIIETO Ha MPOLECCH (POPMUPOBAHUS UX OKPACKH.

PacTBOpel mOBapeHHON W HUTPUTHOW COJM, NPUTOTOBIICHHBIE HAa OCHO-
Be LB, obnagaror Beicokumu 3Hadenusmu pH (10,5-11,2 en.) u auskum OBIT
(-250+-300 MB). JlocTatouHo BBICOKHE ITOKa3aTesu pH cucTeMbl 01arornpHusTHO
BIUSIOT Ha (HOPMUPOBAHKE BOJOYIEPKUBAIOMIUX XapaKTEPUCTUK TOTOBBIX MsICO-
MIPOIYKTOB, TIPH 9TOM OOIMMH mMoKa3arens pH MBIIICYHBIX OENKOB MPU yCTaHO-
BUBILUXCS YCIOBUSAX HAXOJAUTCA HAa YpoBHE 5,5—6,0 €., UTO TaK¥Ke MOJIOKUTEIb-
HO CKa3bIBACTCSl HA MHTCHCUBHOCTH MTPOTEKAHMS PEAKITHiA IIBETOOOPa30BaHNS.
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3akir0ueHne

Pe3ynbrarsl MPOBEAECHHOTO MOJIEKYIISIPHOTO MOJCITMPOBAHHS M aHAIN3a OKCH-
U HUTPO30MHUOITIOOMHA TIO3BOJISIIOT MPOTHO3MPOBATh BO3MOXKHOCTH PEryIHpPOBa-
HUSL TIPOIIECCOB [[BETOOOPA30BAHUS B TEXHOJIOTHH MSICOIPOIYKTOB MIPH HCIIONb-
30BaHUU PACCOJBHBIX KOMITO3UIIMI C 3amaHHbIMU mokasareinsmu pH u OBIL, B
YaCTHOCTH HPH MUCIIOJIb30BaHUU aKTHBUPOBAHHBIX XKUIKUX CPE/L.

HanoxeHue JOMOTHUTEIFHOTO aKTHBUPYIOMIETO BO3ACHCTBUS MOCPEICTBOM
KaBUTAIMOHHOMW Jie3uHTerpanuu [14] B Oonplieit cTerneHu OyaeT nHTeHCHDUITH-
pOBaTh MPOLECChl (POPMHUPOBAHHUS IIBETA MSACOIPOLYKTOB. [Ipy KaBUTAIMOHHOI
00paboTke pacTBOpa MOBAPEHHOW W HUTPUTHOHN COJNM CYIIECTBEHHBIM 00pa3zoM
MHTEHCU(DUIIUPYIOTCS MPOIECChl UCCOIUALNK COJICH HA MOHBI, YTO B MPUCYT-
CTBUHM BOCCTaHOBUTEJEH (HAmpuMmep, JaKTO3bl) YCKOPUT 0Opa30oBaHHE OKCH/A
a30Ta U €ro B3auMOJIEHCTBUE ¢ MUOITIOOMHOM MBIIIEUHON TKaHU. HTCHCUBHAS
JIUCCOIMAIIAS HUTPUTA MPU KaBUTAIMOHHOW 00paboTKe Takxke OymeT crocoO-
CTBOBaTh €ro OoJiee MOJHOMY BOBJICHEHHIO B PEAKIMU [[BETOOOPA30BaHUS U CO-
KPAIICHHIO OCTATOYHOIO COJICPKAHHS B TOTOBBIX MSICOTPOIYKTAX, YTO YIyUIIUT
ux Ouonoruueckyro OezonacHocTs. OBII Takux paccosnoB HaxoAUTCs B 00IaCTH
OTPHIIATENbHBIX 3HAYCHUH MM OJIM3KO K HYIIIO, YTO Oy/IeT HHHUIMHPOBATh Ooliee
BEPOSITHOCTHOE MPOTEKAHUE BOCCTAHOBHUTENBHBIX PEAKIMHA U CIIOCOOCTBOBATH
CTa0MIIM3alMN OKPACKH TOTOBBIX MSICONMPOAYKTOB. [IprMeHEHHE IpU IMOCOJIe
MSICHOTO CBIPBSI TOTTOJHUTEIFHOTO MEXaHUUECKOTO BO3ICHCTBISI TYMOIUPOBAHU-
eM OyneT crocoOCTBOBaTh OoJiee paBHOMEPHOMY DPACIIPECICHHUIO TT0COIOYHBIX
UHTPEMEHTOB, B TOM YHCJIC M HUTPUTA HATPHS, 110 00bEMY MSCa U TOCTHKEHHIO
PaBHOMEPHOW OKPACKH [IEJIbHOMBIIICYHBIX MSICONPOAyKToB. Kpome Toro, rucro-
JIOTHYECKUMU HMCCIICIOBAHUSIMU YCTAHOBICHO [1], 4TO MHTEHCUBHAs MEXaHUYC-
ckasi 00paboTKa CIIOCOOCTBYET Pa3phIXJICHHIO CTPYKTYPBI MBIIICYHOTO BOJIOKHA,
YTO CYNICCTBEHHBIM 00pa30M OOJIETYHT JOCTYII IPOIYKTOB BOCCTAHOBICHHS HU-
TpUTa K MUODUOPUILUIAPHBIM O€JIKaM MBIIICYHON TKAaHH M TEM CAMbIM yCKOPHUT
00pa3zoBaHUEe HUTPO3OMUOTIOOKNHA. OTHOBPEMEHHO 00eCIeUCHUE BaKyyMUPOBa-
HUSL TIPH TYMOJIMPOBAHUH MSICHOTO ChIPbSI HCKIIFOUMT BEPOSTHOCTh OKHCIIUTEIb-
HBIX M3MCHEHUI U MPEOTBPATHT PACIa]] IUTMEHTOB. YCTAHOBJICHO, YTO B YCIIO-
BHUSIX BAKyyMa HUTPO30MUOITIOOMH OCTACTCs CTAOMIIBHBIM U HE TEpSIeT CBSI3aHHOM
OKHCH a30Ta B TEUCHHE HEOTPAHUUCHHOTO BpeMenu [15].

Pesynomamut uccnedosanusa Ovinu npedcmasnenvt asmopom Ha Medscoyna-
POOHOUL MONIOOeJCHOU Hayunou wikone «lluwesvle mexnonocuu u 6GuomexHono-
euwy (Tomcex, 18-22 urona 2012 e.), opeanuzosannoti @I'E OV BIIO «Hayuonans-
Hblll uccrnedogamenvckuti Tomckull 20Cy0apcmeeHHblil YHUBEPCUMEM» 8 PAMKAX
@I «Hayunvie u HayuHo-nedacoeudeckue Kaopvl uHHosayuouHou Poccuu na
20092013 200wy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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THEORETICAL JUSTIFICATION OF DENITRIFICATION PROPERTIES
OF ACTIVATED LIQUIDS IN MEAT PRODUCTS PRODUCTION

The main factors influencing the processes of forming and stabilizing meat products
color characteristics were established. They are technological conditions of meat
salting, formulation, physical and chemical properties of brines and thermal treatment
parameters.

There was noted the possibility of reinforcement regulation of color forming pro-
cess by achieving the optimum in physical and chemical properties of brine multicom-
ponents compositions (pH and redox potential) that are used for raw meat salting, as
well astechnological methods of salting process intensification by using raw stuff me-
chanical treatment. The most promising method of non-chemical regulation of reducing
condition in meat systems is the usage of activated liquid systems. Such types of liquids
are produced by electrochemical activation. During research work, the rating of oxy-
myoglobin and nitrozomyoglobin molecules stability in different conditions was stud-
ied by using molecular modeling and quantum-chemical analysis methods. Theoretical
study of oxymyoglobin and nitrozomyoglobin properties was conducted by means of
molecular modeling method in special program HyperChem Professional 7.1. To define
electrostatic potential distribution in oxymyoglobin and nitrozomyoglobin molecules,
the calculation of partial charges in isolated heme-fragment of protein was carried out
with the help of ZINDO/I method. There was examined a possibility of activated liquid
systems, with the level of pH=10,5—11,2 and negative level of redox-potential used for
favourable conditions creation in the process of color forming in muscular tissue of
meat with introducing nitrite sodium. There was noted a possibility of nitrite remains
reduction in meat products due to intensification of nitrite sodium transformation into
nitric oxide and nitrozomyoglobin stabilization and improving the conditions of color
preservation during meat products storage life. It is predicted that using electrochemi-
cal activated brines after their cavitational disintegration will intensify the color form-
ing processes in meat products. In addition, the intensive dissociation of nitrite sodium
under cavitational treatment will contribute to its introducing in color forming reaction
in the main quantity and reducing its remains in meat products. The same effect makes it
possible to improve the safety of meat products. The realization of meat salting process
under vacuum gauge and raw meat mechanical treatment by tumbling allows to exclude
the possibility of oxidation changes and to avoid degradation of meat colorants.

Key words: nitrozomyoglobin; oxymyoglobin,; activated liquid systems;
electrochemical activation; cavitational disintegration, tumbling.
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MUKPOBUOJOTUYECKHUE NECTULIUABI
KAK OBBEKT BUOTEXHOJIOTHYECKHUX PABOT B CIIIA

Ilpuseden Kpamkuil anaiu3 OCHOGHLIX HANPAGIEHUL HAYYHLIX U MEXHONI02UYe-
ckux pabom ¢ CILIA ¢ obnacmu 6uomexnonrocuu MuKpoOHbIX necmuyudos. B uucne
HOBBIX NePCNEeKMUBHBIX UCCIe)08AHULL HA36AHbL 8 NEPEYI0 ouepedb padomvl o Co3-
OGHUIO HOBLIX IKCHEPUMEHMATLHBIX WUMAMMOE MUKDOOP2AHUIMOG, AKMUGHBIX 8 ONi-
HOuleHUY 8PeOHbIX 011 Uelo6eKa U008. YraszauHvle pabomsl 6e0ymcs KAk Ha OCHOGe
mpancghopmayuu 2eHoMa MUKpOOP2AHUIMOS, MAK U C UCNOAb308AHUEM 2UOPUOU3A-
yuu wmamMmos, 061a0arwux patuuHbIMU NoAe3HbIMU ceotcmeamu. M3 mpaouyu-
OHHbIX HANPAGIeHUll YOeIsemcs GHUMAHUe NOUCKY U UOSHMUDUKAYUU GMOPUYHBIX
MUKPOOHBIX MemaboIumos, co8epuLeHCmae08aHUI0 MEXHOI02UU NPOU3B00CNEA U NPU-
MeHeHUsL MUKDOOHBIX ReCmuyuoos.

KuroueBbie clioBa: 6uonpenapamol,; 2ubpuouzayus; mMemaooiumol, mexHonio2us
npouzeoocmea epubos; npumeHeHue npenapanos.

MupoBoif PBHIHOK MHKPOOMOIOTHYECKUX IPENapaTroB, HCIIONB3YEMBIX IS
00pbOBI C BPEAHBIMU OpPTaHU3MaMH, UMEIOIIMMH 3HAYEHHE B CEJIbCKOM XO3s5H-
CTBE, MEIUIMHE U APYTHX cepax YeIOBEUECKOH AATCITLHOCTH, CTPEMHUTEIHEHO
pacTet, HecMOTps Ha I100alIbHbIe SKOHOMHYECKHUE MTpodaembl. 3a 5 et ¢ 2005 mo
2010 1. mpojaska MEKpOOHOJIOTHYECKHX TTECTUITUIOB BRIpOCia ¢ 672 MUIITHOHOB
JI0 OJTHOTO MWJIJTHAp/a JA0JIapoB. MUPOBBIM JTHAEPOM IO 00bEMY MTPOU3BOJICTBA
u accopTuMeHTy npenaparoB sBistiioTcs CLUA. [Tpranna munepcTBa He TOTBKO B
9KOHOMHUYECKUX U TEXHOJIIOTHYECKHX BO3MOKHOCTSAX CTPaHbI, HO U, INIAaBHBIM 00-
pa3omM, B OOIIECTBEHHOM MHEHHUH, KOTOPOE BCe B OOJBIICH CTETIEHH CMEIIAeTCsI
B CTOPOHY OOpBOBI 32 HKOJIOTUYECKH YUCThIE POAYKTHI U COXpaHEHUE OKpYKa-
rormeit cpensl. OOIEeCTBEHHOE MHCHHE OTPAKAIOT CPEACTBA MAacCOBOM HH(pOpMa-
LIUH, YTO 00ECIeYrBaeT BHUMAHUE ITPABUTEIbCTBEHHBIX OPTaHOB U CIIOCOOCTBYET
BBIJICJICHUIO COOTBETCTBYIOIINX PECYPCOB.

B nacrosimee BpeMsi OCHOBHYIO JIONIIO B 00IIeM 0ObeMe MPOM3BOJCTBA MHU-
KpoOHbIX ecTurunoB B CLLA 3aHIMAIOT pemapaTsl Ha OCHOBE OaKTepHil U TpH-
00B. Bech koMIuIeKC padoOT MO CO31aHUI0 U IPUMEHEHUIO MUKPOOHOIOTUYECKUX
CpencTB OOPHOBI ¢ BPEAHBIMH OpTaHM3MaMH BKIIIOYAET HAyYHBIC, TEXHOIOTHYE-
CKHe M KOMMepUecKHe aclieKThl. ba3oBbie nccienoBarenbckie padboThl B 00JIaCTH
Mukpoduomerozna BeayTcs B CLLIA B pa3nmuaHBIX HAPABICHHUAX C IIHPOKOH MEX-
JYHapOJIHOM KooIepanueil, KOTOpoil crocoOCTByeT MpaBOBOE MOJIOKEHUE YHU-
BEPCUTETOB, MMEIOMNX IMIHPOKHE BO3MOKHOCTH IPUBJICUCHUS B aCIUPAHTYPY
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TaTAaHTIMBON MOJIO/ICIKHU U3 PA3ITUIHBIX CTPAH MUpPA U 3aMEIICHUS TOMKHOCTEH B
HAy4HBIX U Y4eOHBIX YUPEKICHUSIX HA MEKIYHApOIHOW ocHOBe. HayuHas yacTb
paboT 1o paccMaTpuBaeMoi MpoodieMe B 3HAYUTEITBHOM YacTH MepeMeCTHIIACH Ha
MOJIEKYJISIPHBI YPOBEHb. YCIIEXU MOJEKYIIPHONH OHOJIOTHUHN CYIIECTBEHHO BIHUS-
FOT Ha pa3BUTHE MUKPOOHOIOTHIECKOTO HAIIPABIICHHS B PETYIISAIINN YUCICHHOCTH
BpEIHBIX JUIA YeJoBeka opraHu3MoB. [Ipexe Bcero uaeHTuGuKaus MUKpOOp-
raHU3MOB TpoBoauTCs Ha ocHoBe aHanm3a JJHK Ha Bcex sTamax mccrnenoBanuii
OT IEPBUYHOTO BBIJICIICHUS JI0 MPAKTUYECKOTO UCTIONIb30BaHus. bobIioe BHUMA-
HUE YIEISIeTCs] BCECTOPOHHEH OIIEHKE MEePCIEKTUBHOCTH MUKPOOPTAaHU3MOB IS
MIPAKTUYECKOTO UCTIONB30BAHUS C MO3UIMH AaKTUBHOCTH BO3/ICHCTBHSI HA LIEJIEBOH
0OBEKT U COITYyTCTBYIOIIUE BUJIBI, BOSMOYKHOCTH IIPOU3BOJICTBA, TPOTYKTHBHOCTH,
LUPKYISIUN B OKpyXarolei cpeae u T.A. OTOOp HaTHUBHBIX U30JIATOB M3 MPH-
pOBI Bce B OOJBIICH CTEIIEHU 3aMEIIAeTCsl SKCIICPUMEHTALHBIMU I TAMMAMH.
B CILIA BnepBbie ObLIN MOJIYYEHBI U UCTIBITAHBI TEHETHYECKH MOJU(PHUIINPOBAH-
HBIC IITAMMbI SHTOMOIIATOTEHHOTO Tpuba Metarhizium anisopliae, oTIMYarOIIu-
€csl TIOBBIIIEHHON MHCEKTUIMIHOW aKTUBHOCTRIO [1]. MccnenoBanus mo TpaHc-
(hopmanuy reHOMa MUKPOOPTaHU3MOB, TIPETHA3HAYCHHBIX JIJISI KCIIOJIb30BAHHMS B
OTKPBITHIX OMOIIEHO3aX, BCTPEUAIOT OmpesesieHHble TpynHocTH. OOIIecTBEeHHOE
MHeHue B CLIIA He roTOBO MOJIePKUBATh WIIH XOTS ObI HEHTPaJIbHO OTHOCHTHCS
K paboTaMm 1O MOJyYeHUIO TeHEeTHYeCKH MOIU(HUIIMPOBAHHBIX BUJIOB OpraHHU3-
MOB, TTIOCKOJIBKY €III€ HEJJOCTATOYHO MCCIIE0OBAHBI BO3MOXHBIE ITOCIIE/ICTBUS Ha-
CBILICHUS TPUPOJHBIX OMOLIEHO30B HOBBIMHU (hOpMaMHM JKUBBIX OPraHU3MOB. Tem
HE MEHEe BEAYTCS WHTECHCHBHBIE HCCIEAOBAHUS T€HETHKH MHUKPOOPTaHHW3MOB,
MMEIONIMX 3HAYEHHUE JJIsl MUKPOOUOIOTHYECKOTO PEeryIMpPOBAaHUS YHCICHHOCTH
BpenHbIX opranu3moB. Tak, B 2010 1. Obu1a 3aKkOHYEHA TIOJTHAS paclIupoBKa re-
HOMa JIByX BaXXHBIX /7151 OMOKOHTPOJISI BUJIOB SHTOMOIIATOT€HHBIX IPUOOB, BKJIIIO-
yasi Beauveria bassiana v Metarhizium anisopliae [1].

B nocneanue aecarts JeT akTUBU3UPOBAIUCH pabOThI M0 TMOPUAN3ALINN SH-
TOMOITATOT€HHBIX TPUOOB U IPHOOB-aHTArOHUCTOB [2—3]. DTO CTaI0 BO3MOXHBIM
C TIOSIBJIGHUEM Ha PBIHKE JOCTATOYHO OOJIBIIOTO acCOPTUMEHTa pepMeHToB, 00e-
CTICYMBAIOIINX TMOJYYCHHE TIPOTOILIACTOB TPHOHBIX KIETOK 0€3 CyIIECCTBEHHOTO
paspylIeHusi KJIETOYHBIX CTPYKTyp. KoHbIOTanus MpOTOILUIACTOB, MOITYYEHHBIX
W3 MUKPOOHBIX KIIETOK, OTHOCSIIUXCS K Pa3HbIM ITaMMaM WIJIM BHJaM, TI03BO-
JIieT KOMOMHUPOBATh IOJIE3HBIE CBOWCTBA W TE€M CaMbIM JIOCTHraTh HY>KHBIX
PE3yJIBTAaTOB B MPAKTHUECKOW PaboTe MO PEryJIsIui YUCICHHOCTH BPEAUTEIICH.
KoHnproranusi mpoToIiacToB paccMaTpuBaeTcsl Kak HauOoliee MepCIeKTUBHOE
HanpaBJICHUE B COBPeMEHHON OnorexHoyoruu [4]. B yucie nmpuopuTeTHBIX HC-
CJIEZIOBAaHUM CleyeT 0CO00 OTMETUTh MHIYKIHIO UMMYHHUTETa PacTeHUH Ha
OCHOBE SHJIO(UTHOTO COCYIIECTBOBAHUS YHTOMOIATOTCHHBIX IPUOOB B TKAHIX
CEJIbCKOXO3SMCTBEHHBIX pacTeHuid. Ha mpumMepe HEeKOTOpPhIX BHIOB PACTEHUH, B
YaCTHOCTH Ko(e, ObLIIO YCTAHOBIICHO, YTO MIPUCYTCTBUE B PACTUTEIBLHBIX TKAHIX
rpubOB, OTHOCAILIMXCS K pojam Acremonium, Beauveria, Cladosporium, Clonos-
tachys u Paecilomyces, o06ecrieunBaeT yCTOMYMBOCTh K PUTOHEMATOIaM, HACEKO-
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MBIM U (PUTOIATOT€HHBIM MHKpOOpTaHm3MaM [5]. MccnenoBanust, IpoBeICHHEIE
Ha XJIOMYATHUKE, [TOKA3aJIH, YTO SHTOMOIATOIeHHbIe rpubbl Beauveria bassiana
u Lecanicillium spp. 00eCTICUNBAIOT 3aIIUTY PACTEHUI KaK OT HACEKOMBIX, TaK U
OT BO30yauTENeH O0ose3He, BhI3bIBAEMBIX (PUTONATOrEHHBIMU ITPHOaMHU, OTHOCS-
mUMHCS K pofam Pythium, Rhizoctonia v Fusarium [6]. DTo HOBOE HalpaBlieHHE
paboT 3acmykuBaeT 0coOOOr0 BHUMAHUS JUIS PAa3BUTHsI MUKPOOHOIOTHYECKOTO
HanpaBJICHUs B 00pb0E ¢ BPETHBIMU OpPTraHU3MaMHU.

He ucuepnanu cebst U TpaaullMOHHbIE OMOTEXHOJIOIHYCCKUE HATIPABICHUS,
CBSI3aHHBIC C ONTHUMH3AIMEd MacCOBOTO IPOU3BOJICTBA MHUKPOOHOIOTHYE-
CKUX TECTUIUIOB U TEXHOJIOTMU UX MPAKTHUYECKOrO MPUMEHCHHS B ITOJIEBBIX
ycioBusX. B Hactosiiee BpeMs W3BECTHO NMpHOMH3UTENBHO 22 500 aKTHBHBIX
MHUKPOOHBIX METAOOIUTOB, MPOAYLHUPYEMbIX OAKTEPHUSIMHU, AKTHHOMHUIICTAMH
u rpubamu. Cpean HUX 0OHApPYKCHBI U OpTaHHYECKHE BEIICCTBA, CEIEKTUBHO
JCHCTBYIOIIUE HA ONPECIICHHbIC TPYIIbI BpSAUTEICH 1 BO3OymuTeneit 6oes-
HEN pacTeHWH U KUBOTHBIX. J[aHHOE HalpaBleHWE WHTEHCUBHO Pa3BUBAETCS
U sIBJSICTCS BeChbMa MepcreKTUBHBIM [7-9]. Eciaum B ciyuae OakrepHaabHBIX
reTepoTpodHBIX OaKTepuil mpormecchl GEepMEHTANNN B 3HAYUTEIHHOU CTCTICHH
YHHBEPCAJIBHBI M IOCTATOYHO XOPOIIO OTPadOTaHbI, TO JJIsI SHTOMOIATOTCHHBIX
rpubOB U TPHUOOB-aHTArOHHWCTOB TEXHOJOTMH MAacCOBOTO TPOM3BOACTBA Ha-
XOJISITCSL B CTaJIUM COBEpIICHCTBOBaHUs. [Ipo0ieMa B TOM, YTO IOJHOIICHHBIC
rpUOHBIC KOHUIUN MHIEIHATBHBIX IPHOOB MOTYT OBITH ITOJIyYEHBI TOJIHKO Ha
TBepaoM cyoctpare. LIupoko mpakTHKyeMbIii METOM ABYXITAIMHOTO KYIBTHBH-
poBaHUS TPUOOB HYXKTACTCS B ONTUMH3AIINH, TIOCKOJIBKY 3aTPyIHSICT MEXaHH-
3aIMI0 U aBTOMATHU3aIMIO MPOIIECCOB, JETaeT CIOKHOHN 3alUTy OT MUKPOOHOM
KOHTaMHUHAIIWHU, YTO CKa3bIBACTCS HA CTOMMOCTH M KadeCTBE KOHEYHOTO IPO-
nykra. TpyaHO cOCTaBUTh 0ObEKTUBHOEC MPEICTABICHUE O COCTOSIHUU TEXHUYC-
CKOTO 0(hOpMIIEHHS TIPOLIECCOB MPON3BOcTBA MuKoTIecTUIIoB B CLIA, kak n
B JIt000M JIpyroil CTpaHe, MOCKOJIbKY BCE HOBOBBEICHHS, K COKAJICHUIO, OTHO-
CATCS HAa ONPENIECIICHHBIX dTallaX K KOMMEpPUYECKON TallHe.

Hamu mpeayioxkeH HOBBIA BapHaHT MPOU3BOJCTBA MHIEIHUAIBHBIX TPpUOOB,
KOTOPBIN MPHUHIUIHAATGHO OTIMYAETCS OT CYIIECTBYIONIMX METOAOB. TexHo-
JIOTHYECKUI MPOLIECC BKIIOYAET JBa OCHOBHBIX Onoka. [lepBrlil 6ok obecrie-
YuBaeT MIyOWHHOE KYJIBTHBHpOBaHHME rpuba B (epMeHTEepe WIM Ha Kadalke.
OpUTrHHAIBHOCTE HOBOT'O TEXHOJIOTHUECKOTO IPOIEcca 3aKII0UeHa BO BTOPOM
0JIOKe, TIie MPOUCXOIUT HAHECECHUE KUJIKOW rpruOHON OMoMacchl Ha OyMasKHBIH
WM MaTepyaThlil JCHTOYHBIA HOCUTEIb, KOTOPBIH JBIKETCS COBMECTHO C BO3-
JYITHO-TTy3bIpyaToii JienTol. JIeHTa obecreunBaeT U30JSAIHUIO U MTOCIICAYONTY IO
a’palrio KaXKI0r0 HHOKYJIMPOBAHHOTO CIlI0si HocuTelsl. Hocurens mo Mepe uHO-
KyJSIIAA TPHOHBIM MaTepHaIOM YKIIQABIBAETCS TOCIEAOBATEIBHO CIOSMH HITH
(dbopmupyeTcs B BUaE pyioHa. MeToa MPUTrOeH MPaKTUYSCKU ISl BCEX BHUIIOB
MUIICTHATBHBIX TPHOOB KaK YHTOMOIIATOTCHHBIX, TaK U TPHOOB-aHTarOHUCTOB.
[ToMuMO BBICOKOH MPOAYKTUBHOCTH HOBOTO METOa HEMAJIOBAXKHOE 3HAUCHHE
IUTSL TIPOM3BOJICTBA UMEET M TO 0OCTOSTEIBCTBO, UTO HOBBIM METO Ha IOPSIOK
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COKpalaeT IPOU3BOACTBEHHBIE IIJIOLIAI1, TPOU3BOACTBEHHBIN LUK U yIIPOLIa-
T 3aIlIUTy MaTepHuaga 0T KOHTAMUHALIUU TOCTOPOHHEH MUKPO(IOPOIt B CpaBHE-
HUU C TPaJAULUOHHBIM JIByXATAllHBIM METOJIOM C MCIIOJIb30BaHUEM 3€pHA B Ka-
4eCcTBE MUTATEIILHOTO cyOcTpara. 3aTpaTsl BpeMEHH Ha MPOU3BOJICTBO €TUHUIIBI
MPOAYKLHHU C UCIIOJIb30BaHUEM HOBOI'O METOJa U IPUHATOIO B KAYECTBE CpaBHE-
HUS COKPAIIAOTCs 32 CYET pa3HOM CKOPOCTH CIIOpoHOoIIeHus rpu6os [10].

HemanoBaxHoe 3Hau€HUE UMEET TEXHOJOTUS MPAKTUUYECKOTO NPUMEHEHUS
MHUKPOOUOJIOTHUECKUX CPECTB, 0COOEHHO TEX, KOTOPBIE B CBOEM COCTABE B Kaue-
CTBE JICHCTBYIONIETO Havyasla UMEIOT KHUBBIE MUKPOOHBIE TIponaryisl. [IpoMermi-
JICHHBIE MITAMMBbl MUKPOOPTaHHU3MOB, MOMNaJAas B OKPYXKAIOLIYIO Cpeay, BCTY-
MAIOT B KOHKYPEHIHUIO C MPEACTABUTEISIME IUKOW MHKPOOHUOTHI M MOTYT OBITH
ObICTPO MHAKTUBUPOBaHbL. HeoOXoanMo npexycMaTpuBaTh ClielHaIbHbIE MEPHI,
9TOOBI 00ECTICUNTH [UINTEIBHYIO IUPKYILIINIO MTOJIE3HOTO OPTaHnu3Ma, BXOSIIIe-
r0 B COCTaB MUKpOOHOMIpenapara, ociie MomnajaHus ero B OKPYKarollyto Cpeay.
B sToM HampaBiieHuM NPOBOASTCS ClELUAJIbHbIE HCCIIE0BaHUs B BepMOHTCKOM
YHHUBEpCUTETE B ceBepo-BOCTOUHOM perroHe CIIA. D¢ pexkTHBHBIM 0Ka3aIoch
BBEJICHHUE B ITPETIapaTUBHEIC (POPMBI TOTIOTHUTEILHBIX KOMIIOHEHTOB, 00eCIIeun-
BAIOIIUX MUTAHUE MUKPOOPTaHU3MOB B MecTax NpuMeHeHus. I pubHble TpaHy-
JTUPOBAaHHBIE TIPETIaPaThl, 00CCIIEUNBAIOIINE TOTIOHUTEIHHOE IUTAaHHE TPHOOB,
ObLIN IPOBEPEHBI B MOJIEBBIX YCIOBUSIX. OlleHKA KOJTMYECTBA IPUOHBIX MPOMAryJ
B. bassiana B 1 T mOYBBI Yepe3 yac MOcCJe MPUMEHEHHS Tperapara mokasaia
Hanuuue 46+22 MHQEKUUOHHBIX eIuHML. Uepe3 JBe HeleNu 3TOT MoKa3aTelb
coctaBms 789+13. Yepes 1Ba MecsIa KOJIMISCTBO TPHOHOTO MaTeprasa CHU3H-
nochb 10 174417, HO mpeBBIIIANO UCXOIHBIN yPOBEHB TOUTH B 4 pa3a. B ciydae ¢
M. anisopliae yBennieHne Yncia WHOEKIMOHHBIX JIMHUI] Tprba ObLIO HE CTOJb
3HAUUTENBHBIM: Uepe3 yac nocie npuMeHeHus — 84+1 u uepes 2 Hegenu — 200+1
Ha | r mouBsl. Yepe3 1Ba Mecsla KOJIUUYECTBO IPUOHBIX MPONArysl MPEeBHIIIAIO0
UCXOIHBIN ypoBeHb B 2 pasa [11]. [Ipu oOpaboTke Hai3eMHON YacTH pacTeHUI
TpUOHBIC KOHUIUH CMEIINBAINCH C MEJIKOIMCIIEPCHBIM ITOPOIIKOM MOJOYHON
CBIBOPOTKHU, SIBJISIOLIMMCS JCIIEBBIM TOOOYHBIM IPOAYKTOM IIPOU3BOICTBA ChIpa
n xaszenHa [12—13]. [Ipu oOpaboTKe HA3EMHON YACTH PACTCHUH MpenapaTamMu
Ha OCHOBE CBIBOPOTKHU PEMPOAYKIUH I'pHOOB He HAOJIONANIOCh B CBSI3U C HENO-
CTaTKOM BJArd, OJHAKO >KU3HECTIOCOOHOCTh KOHUIWMH COXpaHsIach Oojee au-
TEJILHOE BPEMS B CPABHEHUU C KOHTPOJIEM, TJI€ UCHONb30BANCS KOMMEPUECKH
MUKOMHCEKTUIIU [14]. paHynmnpoBaHHBIE MHUKOMHCEKTHIIM/IBI, 00CCIICUYNBATO-
1€ JIOTIOJHUTENbHOE MUTAHUE TPUOOB, CYIIECTBEHHO YBEIUUUBAIOT LUPKYIS-
LMIO 3TUX MaTOI'€HOB B I10YBE, YTO AA€T BO3MOKHOCTb CHU3UTh HOPMBI pacxoja
IIpenapaToB U OHOBPEMEHHO IMOBBICUTH UX 3((EKTUBHOCTb. UTO KacaeTcs npu-
MEHCHHUS PaccMaTpHBAaeMON BO3MOKHOCTHU IUIsI OOPBHOBI ¢ OTKPBITOXKHBYIITUMH
YWICHUCTOHOTUMM, TO TpEMaparsl Ha OCHOBE CHIBOPOTKU MOTYT OBITh ITOJIC3HBI
C TOYKH 3pEHUS MPOMICHHS KU3HECIIOCOOHOCTH TPHOHBIX TIPOTATYI B IEPHOIBI
HEJIOCTAaTKa BJIary.

VIHTEeHCUBHOCTD HCCIEIOBATENBCKIX W TEXHOIOTHUSCKUX paboT 1Mo co3ma-
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HUIO HOBBIX M COBEPIICHCTBOBAHUIO CYIIECTBYIOIUX MHKPOOHOJIOTHYECKUX
IECTHI[UIOB TacT OCHOBAHME CHEIATh 3aKIIOYCHHUE, YTO MCIIOIb30BAHHE KOH-
BCHIIMOHAJLHBIX SJAOXMMHKATOB OYJET MPOJOJIKATh COKPAIIATHCS C KaKIIbIM
rogoM. IIpemapatsl, obnafaromre YyHUBEPCATbHBIM OMOIMAHBIM JEHCTBUEM,
OyJIeT 1esiecooOpa3Ho UCTIOIb30BaTh UCKIIOYUTEIIBHO B 3aKPBITHIX TIOMEIICHH-
sIX, TIe TpeOyeTcs MOTHOE YHUUYTOKEHHE BPEAHOTO BUAa. B OTKpBITBIX OHO- U
arpoOMOIIeHO3aX PEryJsAns YUCICHHOCTH BPEIHBIX JIJIS YeJIOBEKa BHIIOB Oy-
JIET OCYIECTBIIATHCS Ha OCHOBE CEJIEKTUBHO JEUCTBYIOMIMX OMOJIOTHYECKUX
CPEZCTB.

Pesynomamut uccnedosanus 6viiu npeocmasienvt agmopom Ha Medscoyna-
POOHOU MONOOeXCHOU HayyHou wkone «lluwesvie mexHono2uu u OGUOMEXHONO-
euuy (Tomcex, 18-22 uronsn 2012 2.), opeanuzosannoii @®I'E OV BI1O «Hayuonano-
Hblll ucciedosamenvekuul Tomckuil 20cy0apcmeentblil YHUSepCumenmy 6 pamrax
QLI «Hayunvie u Hayuno-nedazocuueckue kaopvl uHHosayuonHou Poccuu na
2009-2013 eoovy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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MICROBIAL PESTICIDES AS OBJECT
OF BIOTECHNOLOGICAL RESEARCH IN THE USA

The shortinformation related specific features and future prospect of biotechnological
research linked with microbial pesticides are summarized. The genetic manipulation
with microbial strains, search of active secondary metabolites, new approaches to
mass-production and application of formulations for control of pests are discussed.
Particular attention is spared to the new technology of production of mycelial fungi
and special formulations with nutrient substrata providing long term circulation of the
useful fungi in surroundings. Based on intensive development of biotechnological work
associated with microbial pest control author is made the conclusion that in the future
application of conventional chemical pesticides with universal biocide activities will
be intensive decreased. Pest control in the open natural and agricultural communities
will be realized based on selective biological formulations. Chemical conventional
pesticides will be irreplaceable only in closed facilities where is necessary to do
completely destruction of the pests.
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Hnemumym yumonoeuu u cenemuxu CO PAH (2. Hosocubupck, Poccust)

IF'EHETUYECKU MOJANPUIINPOBAHHBIE PACTEHUSA —
HNPOAYHEHTHI PEKOMBUHAHTHBIX BEJIKOB
MEJUIHUHCKOI'O HASHAYEHU A

Paccmampusaiomes cospemennvie 00CMudiCeHus 6 00IACMU UCNONb308AHUS 2e-
Hemuyecku MooUupUYUPoBanHuvlx pacmenul 01a HApabomxu peKoMOUHAHMHBIX bel-
K08 Meduyunckoeo Hasnavenus. Coenan akyeHm Ha npeumyujecmeax Ucnoib306aHUs
cucmem KCHPeccuu 2eHemuyecKu MOOUPUYUPOBAHHBIX PACMEHUL NO CPABHEHUIO C
Opyeumu cucmemamu. Ha Konkpemuwix npumepax o0CyxcOaiomcs nepcnekmugHoie
pacmumensHvle CUCHEMbl IKCHPeCCUuU 05t HaApAbOMKU peKOMOUHAHmMHbIX 6enkos. Pac-
CMOMPEHO COBPEMEHHOE COCMOSIHUE PLIHKA PEKOMOUHAHMHBIX OEIKO8 ¢ NPUMEHEHUEM
mpanczenHvix pacmenuti. Q6CyHcOaomces nepcneKmugbl co30aHUs «Cbe0OOHBIXY 6aK-
YUH, CO30AHHBIX HA OCHOBE 2EHEMUYECKU MOOUDUYUPOBAHHBIX PACMEHUL.

KuioueBble cii0Ba: mparnceennvie pacmeHus, OUONPOOYYEHmbl, pPeKOMOUHAHM-
Hvle Oenku; «CbedobHbIe) 8aKYUMHbL.

Pa3BuTne m coBepIIeHCTBOBAaHHE METOIOB MOJIEKYISIPHOW OMOJOTHH, TI03BO-
JUBIIMX MaHUITYTUpoBaTh ¢ Monekynamu JIHK BHe kieTku, a Takke METOI0B
KyJbTUBUPOBAHUS OTHENIBHBIX KJIETOK C BOCCTAHOBJIEHHMEM W3 HHMX LIEJIbIX pac-
TEHHI MIPUBENIO K CO3JJAHUIO HOBOTO HANpaBlICHHUS B OMOJIOTHU — T€HETHYECKOU
nHXeHepuu pacTteHui. C IOMOIIBIO METOJOB NeHETUUECKONH HHIKEHEPUHU CTallo
BO3MOXKHBIM BBIJICJIATh TEHBI, MPEICTABIISAIONINE HUHTEPEC, U3 JOOBIX OpraHu3-
MOB — BHPYCOB, MUKPOOPIaHU3MOB, )KMBOTHBIX, YEJIOBEKA — U [IEPEHOCUTH UX B
pactenus. PacteHusi, B reHOM KOTOPBIX IIEPEHECEHBI Uy>KePOJIHbIE TeHBI (TpaHcre-
HBI), IPHOOPETAOT CTATYC TEHETUUECKH MOITU(UINPOBAHHBIX, FIIH TPAHCTCHHBIX.

K HacrosieMy BpeMeHH BeIyIIUMH OMOTEXHOIOTHYECKHUMHU LIEHTPaMU MHUpa
Mouduirposano 6oinee 150 BumoB pactenuit. Co3naHbl TPAHCTCHHBIC PACTCHUS,
yCTOHuMBBIEe K repounuaam [ 1], HaceKOMbIM-BpETUTENSIM, BUpycaM U OOJIE3HIM
[2], pacTeHus: co cOaaHCHPOBAaHHBIM COCTABOM aMHWHOKHCIIOT W M3MEHEHHBIM
COCTaBOM KHUPHBIX KHCIIOT, IEKOPATUBHBIC PACTEHHS C M3MEHEHHOW TUTMEHTHOM
OKpackoi 1BeToB. KpymHeHmM ycriexoM B 001acTH TeHETHUECKOW HHKCHEPHH
SIBIISICTCST CO3/1aHuE MOJ pykoBoacTBoM mpodeccopa U. Ilorpukyca (IlIBeitna-
pHsl) HOBOTO COpTa puca, TOIYYHBIIETO Ha3BaHUE «3010ToN». OCOOEHHOCTh U
JIOCTOMHCTBO 3TOT0 pHca — MOBBIIIEHHOE COIep)KaHue MPOBUTAMUHA A, JKelle3a !
(homueBoit kuciaoThl [3]. Co3aHbl TPAHCTEHHBIC PACTEHUS, TIPUTOIHBIC IS OHO-
Jerpaslaliiy MOJTUMEPOB, JETOKCUKALIMHU TXKEIIIX METAJUIOB, JUISI OYUCTKH OKpY-
JKAIOIIEH Cpebl OT PA3IMYHOTO poja 3arps3HeHu [4-5].
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3a mocreaHee ASCSATUIETHE 3HAYMTEIHLHO BO3POC MHTEPEC K TPAHCTEHHBIM
pacTeHHsM Kak OMOIMpPOMYLICHTaM Pa3IUYHBIX OCIKOB MEAMIIMHCKOTO Ha3Hade-
uust. [Ipy moydeHnn peKOMOHMHAHTHBIX OCJIKOB aKTyaJbHBIM OCTAETCsI BOIIPOC
MOUCKA BBHICOKOA(P(EKTUBHBIX ¥ IKOHOMHUYESCKH BBITOJHBIX CUCTEM JKCIIPECCHH
JUIS UX HapaOoTKu. B Hacrosimee BpeMs s HapaOOTKH pPEKOMOWHAHTHBIX Te-
paneBTHYeCKUX OCIKOB, CyObEAMHINYHBIX BAKI[MH U PEKOMOUHAHTHBIX MOHOKJIO-
HAJIBHBIX AaHTUTEJ UCIOJIB3YIOTCS OaKTEPHH, IPOXIKH, & TAKIKE KYIbTYPhI KIETOK
HACEKOMBIX M MJICKOTIUTArONMX. KaXkaast U3 3TUX CUCTEM UMEET CBOU IPEHMYIIIE-
CTBa, OJHAKO 3TH CHCTEMBI HE JINIIEHBI U HEIOCTATKOB, CBA3AHHBIX C MMOCTTPAH-
CIIIHOHHBIMUA MOAU(DUKANUAME PEKOMOMHAHTHBIX OCITKOB, MPOIODKUTEIBHO-
CTBIO HapabOTKH MPOAYKTA, OTPAHUYIECHHBIM MPOITH(PEPATHBHBIM TOTEHIHATIOM,
BBICOKO# CTOMMOCTBIO KOMITOHEHTOB IS TIOJICPIKAHUS KYJIBTYPBI U T.]I.

HoBble mepCreKkTUBBI TONyYeHUsT PEKOMOMHAHTHBIX (papMarleBTHUECKUX OeI-
KOB OTKPBIBAIOTCS C HCIIOJIb30BAHUEM TCHETHUCCKU MOTUPHUIINPOBAHHBIX PacTe-
uuit. 1o oreHkam 3apyOeKHBIX SKCIIEPTOB, TPAHCTEHHBIEC PACTEHHUSI MOTIIN OBITH
OoJiee EMIeBHIM 1 0€30IaCHBIM HCTOYHUKOM PEKOMOMHAHTHBIX OCIIKOB 110 CPaB-
HEHHIO C TPAJUIHOHHBIME CHCTEMaMHt SKCIIpeccuu. [IpuBIeKaTeIbHOCTD pacTe-
HUI B KAYE€CTBE CUCTEM DKCIIPECCHH TSl HAKOTLICHUS PEKOMOMHATHBIX (hapMaIieB-
THYECKH IIEHHBIX OCIIKOB 00eCIIeunBaeTCsl MHOTUMH 00CTOsITeNbCTBaMu. [Ipexke
BCEr0, B PACTUTEJIBHBIX TKAHIX HET PHCKA 3arps3HEHIs PeKOMOMHAHTHOTO Oejka
MaTOTeHAMHM JKHBOTHOTO POUCXOKACHUS — BUPYCAMH M TIPHOHaMHU. PacTuTesns-
HBIC KJIETKU 00CCIICUHBAIOT MPABUIIBHYIO MOCTTPAHCISIIIMOHHYI0 MOAM(DUKAIIHIO
PEKOMOMHAHTHOTO 0€JIKa, XapaKTEePHYIO IS yKapHOTHYIECKUX KIIETOK, a TAKKe
ero cOopky u ¢onauur [6-7].

DKCIPEeCCHPOBAHHBIE B PACTUTEIBHBIX KIIETKAX PEKOMOMHAHTHBIE OSJIKH MO-
I'yT OBITh HANPABIICHBI B Pa3JIMYHbIC KOMIAPTMEHTHI PACTHTEILHON KIeTKU (Ba-
KYOJTH HJIH JIIOMEHBI SHIOIIIa3MaTHIECKOTO PETUKYIIIOMA), & TAKIKE B aroIIacT U
pa3IMYHbIC OpPraHbl pacTeHus (CeMeHa, KIyOHH, IUIOBI U T.11.). B pacTUTENbHBIX
TKaHSIX PEKOMOMHAHTHBIC OCJIKH MOTYT [UINTEIbHOE BpeMs (MECSIIBI M TOIBI) CO-
XPaHATHCS 0€3 KaKMX-TH00 M3MEHEHU I U CHIKSHUSI OMOJIOrMYeCKON aKTUBHOCTH
[8—11].

HoBble MeTobl arpoOUOI0rMIecKOro BO3IEIBIBAHMS XO3SHCTBEHHO BaXKHBIX
BHIOB PaCTEHHH, a TAKIKE CHCTEMBI CEMCHOBOJICTBA VISl TON MJIM WHOM KyJIBTYPBI
JICTIAF0T PACTCHUS TPUBICKATSIFHBIME JUIsI UCIIONB30BAaHKS B KauecTBe OHOda-
OpHWK OEITKOB MEUITMHCKOTO Ha3HAYCHHSI.

He moaseprasick TepM0o00pabOTKe, pacTEHHsI MOT'YT UCIIOIb30BAThCS B Kade-
CTBE TOTOBOTO MPOMYKTA IS IPOMUITAKTHKY U JICUeHHUs 3a00eBannii. Pactenmus,
B TKAaHSAX KOTOPBIX CHHTE3HMPYIOTCS M HAKAIUIMBAIOTCS PEKOMOMHAHTHBIC OaKTe-
pHaIbHBIE aHTUTCHBI, IPUBIICKATEIILHBI I MCIIOJIb30BAHUS B KAUECTBE BAKIIUH
Y TIOJIYYMJIH CIIEIIMaIbHOE HAa3BaHUE — cbedoOHble sakyunbl [12—17]. bonee Toro,
TPAaHCTCHHBIE PACTEHHSI IPEICTABISIOT YIOOHBIC MOAEIH JJIsl Pa3pabOTKH HOBBIX
QJIBTEPHATUBHBIX CIIOCO0OOB JIOCTAaBKH (IEPOPATEHO M HHTPAHA3aIbHO) PEKOMOU-
HAHTHBIX OEJIKOB B OPTaHM3MBbI TEIFIOKPOBHBIX.
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Ilepcnekmuensie cucmemsl IKCnpeccuu 0151 HAPAOOMKU PeKOMOUHAHM-
Hpix Oenkoe. K HacToseMy BpeMEHH pa3pabdOTaHbl TEXHOJOTUU MONTyYCHUS
TeHETHYECKH MOTU(PHUINPOBAHHBIX (TPAHCTEHHBIX) PACTEHHUH, B TECHOM KOTOPBIX
MIepEHECEHBI T'€HbI, KOANPYIOIINE pa3iIMYHble OCNKN s MEIUIMHCKUX 1eJIeH, B
TOM YHCIIE U OeTTKN YeToBeKa. Takie TeXHOJIOT N OCHOBAHBI HA TIPSIMOM HJTH BEK-
TOPHOM TIEpPEHOCE IENIEBBIX T€HOB B AJepHbII reHoM pacTteHusa. K Hacrosmemy
BPEMEHH TOIYYCHBI ICCSATKH BHIOB TPAHCTEHHBIX PAaCTEHHH, B TEHOM KOTOPBIX
MIepEHECEeHbl TeHbI AaHTUTCHOB PA3JIMYHBIX BO30ynuTeNedl HH(EKIIMOHHBIX 3a00-
JICBaHUH, pa3HOOOPa3HBIX TEPATIEBTHUCCKIX OCIKOB, MOHOKIIOHAHBIX aHTHUTE [§;
13—14]. OnHako OTHOCUTEIBHO HEBBICOKHI YPOBEHb HAKOILJICHUS IIETIEBBIX Oei-
koB (MeHee 1% ot obmero pactBopumMoro 6enmka — OPB) B TkaHsIX reHeTHdecKku
MOZIM(HIIMPOBAHHBIX PACTEHUI MOCIYKUJI OTIIPABHOM TOYKOH Uil pa3paboTKH
HOBBIX CHCTEM JKCIPECCHU.

B xadecTBe OHOI U3 TaKMX aJbTEPHATUBHBIX CHUCTEM 3KCIPECCHU paccMma-
TPUBAIOTCS GHeADePHbIe 2eHOMbL (N1ACMOMbY) XA0ponaacmos pactennii. [lomy-
YEHUE TPAHCIIACTOMHBIX PACTEHHI, T.€. PACTCHUH, B XJIOPOIJIACTHBII FEHOM KO-
TOPBIX OYAyT MEPCHECEHBI Ty>KePOIHBIEC TCHBI, CYIIUT MHOKECTBO TIPEHMYIIICCTB
10 CPAaBHEHUIO C SIAEPHBIMU TpaHC(HOPMAHTaMU. DTO BBICOKAsl 3KCIPECCHs Mepe-
HECCHHBIX T€HOB, BO3MOYKHOCTD ITOMUIIMCTPOHHOTO PErYIHPOBAHMS, YKOIOTHYE-
cKast 6€30MacHOCTb, CBA3aHHAsS C OTCYTCTBHUEM UYXEPOAHBIX T€HOB B TBUIBIIE,
OTCYTCTBHE BapHaOeIbHOCTH MO SKCIPECCHHU LIENEBBIX TEHOB, a TAKXKE M OTCYT-
cTBHE 3(PdeKTa yMONKaHUS TPAHCTEHOB y TPAHCIUIACTOMHBIX pacTeHHui. OHaKo
HEOOXOIMMO MOAUYEPKHYTh, YTO 3TH IMPEUMYIIECTBA HUBEIUPYIOTCS OONBIIUMHU
npobneMaMu, ¢ KOTOPBIMH CTAJIKUBAIOTCS MUCCIIEAOBATENH MPU MOMBITKAX Hepe-
HECTH TEHBI B IUTACTOMBI PACTCHUIA.

MOIIHBIM TOJTYKOM K PasBUTHIO TEXHOJOIMU TIOJyYeHHs DPEKOMOWHAHT-
HBIX OEJTKOB Ha OCHOBE XJIOPOIUTACTHOTO T€HOMa MOCITYXXHJIO COOOIICHHE O
CO3/IaHMM TPAHCILIACTOMHBIX PACTEHUI Tabaka C BBIXOJOM IIEJIEBOro Oelka
(Cry2Aa2-6emox u3 Bacillus thuringiensis) Ha yposHe 46,1% OPbB [18]. Ha oc-
HOBE XJIOPOIUIACTHBIX T€HOMOB B HACTOSIIIIEE BPEMsl MHTCHCUBHO PAa3BUBAIOTCA
TEXHOJIOTHH CO3IAaHHsI TPAHCIUIACTOMHBIX PACTEHUH T MHOTHX BHIOB — COH
[19], xsonka [20], canara [21] u np. Beero k HacToseMy BpeMEHHU MOJIIYYEHO
15 BUIOB TPaHCIUTACTOMHBIX PACTCHUH, Y KOTOPHIX YPOBEHBb HAKOTUICHUS TeTe-
POJIOTHYHBIX OCJIKOB COCTaBHII OT 6% Ui uHTephepoHa-ramma u 19% s un-
tepdepona-ansda gemosexa 10 33% IS HHCYTHMHOTIOAOOHOTO (haKTOpa pocTa
(IGF-1) uenosexka.

Cpenu IpyTHX albTepHATUBHBIX CUCTEM AKCIIPECCHH TeTEPOJIOTMYHEBIX OEIKOB
JUIs (hapMaKOJIOTHH CIIEAYET Ha3BaTh PSICKY, MOX, HEKOTOPbIE BU/IBI BOJOPOCIIEH, a
TakKe KIETKH TeHETHUECKN MOTU(PHUINPOBAHHBIX PACTCHUH, KyIBTHBHPYEMEIC B
CYCIIEH3UOHHOH KYJIBTYpE.

Packa (Lemna gibba — psicka ropbaras u L. minor — psicka Majiasi) — MHOTO-
JIETHEe PacTeHue, cpejia OOUTAHUS KOTOPOTO — MOBEPXHOCTH CTOSUUX MPECHBIX
BOJ. Psicka OTHOCHTCS K IIBETKOBBIM PACcTEHHSM, HO €€ TeN0 PeIylHpOBAHO H
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MPEACTABIECHO JUCTOBOM IUIACTHHKOW M KOpHEM. PsAcka sIBiIseTCS MpeacTaBUTE-
JIEM OIHOMOJBHBIX MOKPBHITOCEMEHHBIX PACTCHHH, M JUIS MEPEHOCa B €€ T'CHOM
qy’KEPOJHBIX TETEPOJIOTHIHBIX TEHOB MOTYT OBITH HCIIONB30BAHBI CHCTEMBI arpo-
OaxkTepuanbHOU TpaHC(hOpMALUK U METOABI OMOOAITUCTUKH.

Psicka mpuBekaeT BHIMaHHUE MCCIEAOBATENCH KaK MOTCHIIMAIBHAS BBICOKO-
3¢ peKTUBHAS CUCTEMA HKCIPECCHH IeTEPONIOTHUHBIX OENKOB Onaromaps cBoei
CIIOCOOHOCTH K OBICTPOMY HAKOILICHHIO OMOMACCHI, KOTOpasi CIIOCOOHA y/Bau-
BaThcs B TeueHne 24—48 u. [eneTndeckn Moan(UIIMpOBaHHAs PsCKa KaK MOTEH-
[UATBHBIN TPOIYIICHT (DapMaKOJIOTHYECKIX OCTIKOB MOXET OBITh MCIIOIB30BaHA
JUTSL YIOTPEOJICHHST HETTOCPECTBEHHO B CHIPOM BHUJIC HJIHM B BHJC BBHICYIIICHHOTO
npoxykra. [Ipr HanuIMy B TeHETHYECKOH KOHCTPYKITH COOTBETCTBYIONIUX CHT-
HAJIBHBIX [TOCIICIOBATEIIbHOCTEH PEKOMOMHAHTHBIN OCIOK MOXKET OBITh CEKPETH-
POBaH B KyJIETypalibHYIO cpey [22]. HeoOXoquMo OTMETHTh, YTO MOHOKJIOHAITb-
HBIC aHTHUTENA YCIIOBEKa, CHHTE3UPOBAHHBIC B TKAHIX PSICKH, MPOSBISUIN OoJice
BBICOKYIO aKTHBHOCTD ITPH CBS3BIBAHIH C COOTBETCTBYIONIHMH PELETITOPAMH IO
CPaBHEHUIO C X TOMOJIOTaMH, CHHTe3UpOoBaHHBIME B KiteTkax CHO-nmuHuu kie-
TOK SIMYHUKOB KATAHCKUX XOMSKOB [23]. Bim3ku k 3aBepiieHnto paboThI 1O CeK-
BEHHPOBAHHIO XJIOPOILIACTHOTO FEHOMA PSCKH.

3enenvtit mox (Physcomitrella patens) — eMUHCTBEHHBIN TIPECTAaBUTEIH MO-
X000pa3HbIX, TEHOM KOTOPOIO MONHOCTBIO CeKBeHHpoBaH [24]. Pa3paborana
MeTonuka Tpanchopmanuu P. patens [25]. [lepBbIM yCIIEIIHBIM PUMEPOM HC-
MOJIb30BAHUSI ATOTO BH/IA MXa B KAYECTBE CHCTEMBbI SKCIIPECCHU PEKOMOUHAHTHBIX
OCJIKOB SBISICTCS TOMYICHHE PEKOMOMHAHTHOTO YEIIOBEYECKOTO DPUTPOIIOITHHA
[26]. ®upma «Grenovation» (I'epmanust) pa3padaTeIBacT TEXHOIOTHIO HAPAOOTKH
OnoapManeBTHICCKUX OCIIKOB Ha OCHOBE P. patens B KJICTOYHOW CYCIICH3MOH-
HOU KYJIBTypE C IIPUMEHCHUEM OHOPEaKTOPOB.

[IpuBnekaTenbHOCTH 3TOTO BHAA MXOB B KaUeCTBE CHCTEMBI HKCIIPECCHH pe-
KOMOWHAHTHBIX OEITKOB COCTOHUT B TOM, YTO IO CPAaBHEHHUIO C pacTeHUsMU (par-
MeHTHI 9K30TeHHBIX /IHK MOTYyT OBITE HHTETpHPOBAHEI B €70 TCHOM IT0 MEXaHU3MY
TFOMOJIOTHYHON PEKOMOMHALINH, YTO HMCKIIOYACT BO3MOXKHOC WHAKTUBUPOBAHHE
B JaJbHEHIIEM HKCIIPECCHH MEPEeHECEHHBIX TeHOB (TpaHCTeHOB). P. patens pac-
CMaTpPUBACTCS KaK MEPCIEKTUBHBIA KaHIUIAT Ha «MOJIEKYIIIPHOE (epMEpCTBOY,
MTOCKOJIBKY B ATOHM CHCTEME DKCIIPECCHH OCIKU YKapHUOTHYECKOTO MIPOHCXOXKIC-
HUSI TIPETEPIICBAIOT MOCTTPAHCIIAIUOHHYIO MOTU(PHUKALIUIO ([IUKO3UIHPOBAHNE,
oOpa3zoBaHue TUCYIb(UIHBIX CBSA3EH U T.71.). Eciu MpoBOIUTh cpaBHEHHE OEITKO-
BOTO TPOAYKTA, CHHTE3UPYEMOTO B KIIETKAaX KUBOTHBIX U B KJIETKax P. patens, TO
MOCTICTHIE UMEIOT OYeBHIHOE TPEHMYIIECTBO, TIOCKOIBKY OTIAanaeT mpobiema
3apa)KCHUs KYJIBTYpbI MIATOTCHAMU )KUBOTHOTO TPOUCXOKACHUS. [IprBieKkaTess-
HOW CTOpPOHOU P. patens SBISETCA €II€ U TO, YTO €r0 MOYKHO NOAACPKUBATH B
BUJI€ CYCIIEH3UOHHOH KyJIBbTYPbI B KOHTPOIUPYEMBIX YCIOBUSX [26, 28].

Oonoknemounvte 3enenvie sooopocau (Chlamydomonas reinhardtii, Phaeo-
dactylum tricornutum, Tetraselmis suecica n Odontella aurita) paccMaTpuBaroT-
Cs1 KaK MepPCIIEKTUBHEIC aJIFTCPHATHBHBIC CHCTEMBI SKCTIPECCHH PEKOMOMHAHTHBIX
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oenkoB [29-30]. Haubonee mepcriekTHBHBIM BHIOM siBiisieTcst Chlamydomonas
reinhardtii, ToTydeHUEe pEKOMOMHAHTHBIX OEJIKOB y KOTOPOTI'O OCHOBAHO HA TPAHC-
¢dopmarm xmoporuractoB [31]. Oxomo 40% obbeMa KIETKH dTOTO pacTEeHHS 3a-
HHUMaeT OJIMH XJIoporutacT GonkIoro pazmepa. [lepsbie reHeTHYeCKH MO (UIIN-
poBaHHBIC Bogopociu Ha ocHoBe C. reinhardtii 6pun oirydeHsl B 1988 1. [32].
Wnterpanus GpparmenToB 3x3oreHHbIx JJHK B reHOM 3T0i Bogopocau mporekaer
IO MEXaHU3MY TOMOJIOTHYHOH pekoMOnHanuu. KiieTouHbIe Moy BOZOPOC-
JIel TOMOTEHHBI MO pa3Mepy KIIETOK, KJIETOUHasl Macca yIBaHUBaeTCs dyepe3 Kaxk-
nbie 4—8 4 kynbruBupoBanus [29]. J{ist kynsrusupoBanus C. reinhardtii BO3MOX-
HO HCIIOJIb30BaHKe OMOPEaKTopoB 0odbIINX 00beMOB (10 500 ThICAY JIUTPOB);
OoJiee TOro, CIIOCOOHOCTh CEKPETUPOBATH OCTIKH B KYJIBTYPAITBHYIO CPEIy MOXKET
CYIIECTBEHHO CHU3UTh CTOUMOCTb PEKOMOMHAHTHOrO Oenka [33].

Cycnensuonnbvie Kiemounvle Kyabmypsl HA OCHOBE TCHETHYECKH MOIH(pH-
LIMPOBAHHBIX PACTEHMII NMPUBJIEKAIOT BHUMAHHE HCCIIENOBarelied Kak IepCrek-
THBHBIC TTOTCHIMAIBHBIC CHCTEMBI U HApaOOTKU (papMameBTHIECKUX OCIKOB.
Takue KylnbTypbsl MOTYT OBITH IOJYYEHBI M3 PHIXJIBIX KaJUTyCHBIX TKAHCH, HHIY-
[IUPOBAHHBIX U3 TEHETHUCCKH MOAN(UIIMPOBAHHBIX IKCIUIAHTOB, THOO Ha OCHOBE
KOKYJIBTUBUPOBAHUS KIETOUHOU CycnieH3un u Agrobacterium tumefaciens [7, 34].
CremyeT OMYEPKHYTH, YTO TIOCIE OLCHKH POCTOBBIX XapaKTEPHCTHK M 0TOOpa
KJIETOYHBIX JIMHUI IO CHOCOOHOCTH HAKaIUIMBaTh PEKOMOMHAHTHBIE OEJIKH MOTYT
OBITH OTOOPAHBI MEPCIIEKTUBHBIC INHAH [UTS KYJBTHBHPOBAHUS B ONOpEaKTopax.

Pa3pabarbiBaroTCs KICTOYHBIE JINHUM JUIsl HAPAOOTKN PEKOMOMHAHTHBIX Oell-
KOB JITISI KOMMEPUYECKHX IeJIeii Ha OCHOBE KJIETOUHBIX KYJIBTYp MOPKOBH U pHCa
(mampumep, kommnanus «Protalixy, Uzpauns) [14]. Illupoko HCTIONB3YIOTCS IS
ATHX IIeJIeH KJIeTOYHbIe KyIbTyphl Tabaka [7, 35]. B 2006 r. B CLIA dupme «Dow
AgroSciences» OblIa BbIIaHa JIMIIEH3HS Ha CIIOCO0 MOJIy4YeHHs BaKIIMHbI ITPOTHUB
BO30yauTeNs Oone3Hn Herokacia (TiceBiouymMa, a3uarckas 4yMa Kyp) Ha OCHOBE
CYCIIEH3UOHHOHN KJIETOUHON KynbTyphl Tabaka [14]. IIpuBnexarensHol ocobeH-
HOCTBIO KIIETOYHBIX KYJIBTYP KaK CHCTEMBI AKCIIPECCHH ISl HApaOOTKH peKOMOH-
HAHTHBIX OEIIKOB 110 CPABHEHUIO C UCIIOJIb30BAHMEM JIJI 9TOTO IIEJIbIX PAaCTeHUI
SIBIIETCST TO, YTO KJICTOYHBIE KYJIBTYPHl MOXKHO YHHU(HINPOBATH IO POCTOBBIM
XapaKTepUCTHKaM, pa3MepaM M THIaM KIEeTOK. boiee Toro, kieTku BbIpaluBa-
IOTCSI B CTPOTO KOHTPOJIHPYEMBIX YCIOBHAX, IPH KOTOPBIX CKOPOCTH HAKOTUICHHS
MIPOAYKTa He OYJIET MEHATHCSI OT MAcCaka K Maccaxy.

CoBpeMeHHOe COCTOsIHNE PHIHKA PEKOMONHAHTHBIX 0€JIKOB MeIHIIMHCKO-
T0 HA3HAYeHHsI, MOJTYyYeHHBIX HA OCHOBE reHeTHYeCKH MOAH(HIIPOBAHHBIX
pactenmii. K HactosmeMy BpeMeHH YHCIO 3apyOCKHBIX (DHPM, CBSI3BIBAIOIINX
CBOIO JICSITEIBHOCTb C HapaOOTKOHl (hapMaleBTUYECKUX OEIKOB METUIIMHCKOTO
Ha3HAYCHUS Ha OCHOBE TCHETHUCCKH MOTU(HUINPOBAHHBIX PACTCHHUH, COCTABIIS-
eT okono nsatHaauaru [7, 8, 36]. Cpenu Takux ¢upm crenyer ormetuTs «Planet
Biotechnology», «kDow AgroSciences», «Protalix Biotherapeutics», «Medicagoy,
«Biolex», «Novoplant» u ap. JlesTenbHOCTh 3TUX (HUPM OCHOBAHA HA MCIOJIb-
30BaHMU TaKUX PAcTCHHH, KaK Tabak, JIOICPHA, PHC, MOIACOTHEYHUK, SIMEHB,
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ropox, Kykypy3a u Arabidopsis thaliana. Heo0XomuMo OTMETHTb, 94TO OOJIBIIAs
4acTh HapaOOTOK PEKOMOMHAHTHBIX OEIKOB OCHOBAHA HA MCIOJIB30BAHUM I'€HE-
THYECKH MOIU(DHUITMPOBAHHBIX PACTEHUH C SIIEPHOM TpaHCopmanuei, 1.e. Jo-
CTaBKOM Uy>KEpOJHOTO TeHa B SICPHBI reHOM pacTeHus. Takue (UpMBI, Kak
«Chlorogen» u «Bayer», 115 momydeHus] peKOMOMHAHTHBIX OEIKOB HCIIONB3YIOT
TPAHCIJIACTOMHBIE PACTEHHUS C TOCTABKON Uy>KEPOAHOTO T'eHa B XJIOPOILTACTHBIN
TEHOM pAaCTEHHs, a TaK)Ke METOJ arpOMH(IIBTPAINY, OCHOBAaHHBIA HA TPaH3H-
€HTHOH (BPEMEHHOI) SKCIIPECCHU UY>KEPOIHBIX TEHOB B PACTUTENBHBIX KJIETKaX.

PaccMoTpuM pa3nudHbIE CHCTEMBI KCIIPECCHH PEKOMOMHAHTHBIX OCITKOB Ha
OCHOBE T'€HETHYECKU MOIU(PHUIUPOBAHHBIX PACTCHUI ¢ TOUKU 3pEHMs KauecTBa
1 3 (HEKTUBHOCTH BBIXOJ]a PEKOMOMHAHTHOTO O€JIKa, UCTIONB3Ys IS CPAaBHEHHSI
HapabOTKy Takoro Oejka, Kak apOTHMHWH. ANPOTHHUH (TIOJIMBAJICHTHBIA UHIHU-
OWUTOp TMPOTEWHA3) OTHOCHUTCS K aHTU(EPMEHTHBIM IIperapaTaM, IpEeICTaBIsIeT
c0001 OHOLETIOUECYHBIH MOMUNENTH, coaepkamuil 58 amuHokucaor. [Ipume-
HSETCS B KAUECTBE MPETapaTa, OKa3bIBAIOIIETO aHTHIIPOTEOIUTHIECKOE, aHTH(DH-
OPHHOIUTUYECKOE ¥ FEMOCTAaTHYECKOe AEHCTBUE, UCTIONb3YETCS B MEAUIIUHE 00-
nee 40 jet. ICTOYHUKOM alpOTHHUHA SBJISIFOTCS OPraHbl (JIETKUE U JIP.) KPYITHOTO
poraroro ckota. PazpaboTtan croco0 nosyueHus: peKOMOMHAHTHOTO alpOTHHHUHA
C UCTOJIb30BaHuEM Saccharomyces cerevisiae [37]. Ha oCHOBaHMH CpaBHUTEIb-
HOTO aHaJM3a CHUCTEM 3KCIPECCHM Ha OCHOBE PACTUTENIBHBIX KJIETOK M TKaHEH
IUTsT HapaOOTKU alpOTHHUHA YCTaHOBJIEHO, YTO B TKAHAX Tabaka MpH SACPHOU
TpaHcopmanuu Hakamnueanoch 0,03% anporununa or OPb, B TkaHsX roLep-
sl — 0,1%, B cemenax kyKkypy3bl — 8,9%, B TkaHax psicku — 3,7%, a B TKaHsIX
tabaka npu arpouHduiasrpamu — 4,2% [8]. PekoMOWHAHTHBIN anpOTUHUH HE
OTJIMYAJICS TI0 KaUeCTBY OT COOTBETCTBYIOIIETO OENKa, BHIICICHHOTO M3 TKaHEH
kpymnHoro poraroro ckota [8]. Takue ¢pupmsl, kak «ProdiGene», «Medicago» u
«Large Scale Biology Corporation», HCIONB3YIOT KyKypy3y, JIOIEPHY U Tabak
JUIA TIOJTyYeHUsl PEKOMOMHAHTHOTO alpOTUHHUHA JJIS1 KOMMEPUECKUX LIEIeH.

Ilepcnexmuesl co30anus «Cve000HbLIX» GAKUUH HA OCHOGE 2eHEMUYECKU
Mooupuyupogannvix pacmenuil. BriepBble njest UCIOIb30BaHUS KIETOK pacTe-
HUH JI71s1 HApaOOTKH PEKOMOMHAHTHBIX aHTUTEHOB YCIIEITHO ObLIA peajn30BaHa B
1992 1. rpynmo#i uccienoBaresieit moja pyKoBOACTBOM JOKTopa Yapnza ApHT3eHa
[38]. brio ycranoBneno, 9yto moBepxHOCTHBIN HBsAg-anTuren Bupyca remnarura
B He TOnIBbKO HaKaIIMBAETCs B TKAHSIX TPAHCTEHHBIX pacTeHuUil Tabaka, HO U CIIO-
co0CH K caMOCcOOpKe B BUPYCOIOIOOHBIC YaCTHIIBI pa3MepoM okojo 22 uM. Ta-
KHE YaCTUIIbI ObUTH MICHTHYHBI PEKOMOMHAHTHBIM BHPYCONOMOOHBIM YaCTHIAM
HBsAg-anTirena, BeIICJICHHBIM M3 IMPOMBIIIJICHHOW PEKOMOMHAHTHOM BaKITHHBI
Ha OCHOBE JPOXOKEH, a Takke BUPYCONOAOOHBIM YAaCTHLIAM U3 IIJIa3Mbl KPOBU
OonmpHBIX BUpycoM renaruta B. Ha ocHOBaHMY MOMyYeHHBIX JaHHBIX CTAJIO OUe-
BUJIHBIM, YTO 4Y)KE€pOIHbIE OETIKU CTIOCOOHBI CHHTE3UPOBAThCS B KJIETKaX TPaHC-
TCHHBIX PACTCHUH B WX MPHUPOIHOM, UMMYHOJOTHYECKH aKTHBHOH (opme. D10
OTKPBIBAJIO HOBBIE BO3MOXHOCTHU HCIIOJIB30BAHUSI PACTEHUH Kak 0ojee JEeIIeBbIX
CHCTEM KCIPECCUH JUIS CO3AHUS PeKOMOWHAHTHBIX BAKITHH.
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CremyromuM MPUHIUITHAAIFHBIM IIIarOM B pa3paboTKe KOHIEINHN «Chero0-
HBIX BaKI[MH» HAa OCHOBE I€HETUYECKH MOAUDUIIUPOBAHHBIX PACTEHUH OBLIHN pa-
OOTHI IO CO3MAHUIO TPAHCTEHHBIX PacTCHHN KapTOQessl, IPOAYIHPYIOMNX Tep-
MOJIaOUIIBHBIN PHTEPOTOKCUH U3 E. coli [39-40] u B-cyObeanHuIly XoJiepHoro
TokcuHa [41].

TepmonaOuIbHBIN SHTEPOTOKCHH E. coli cocTouT u3 AByX dacteit: LT-A (dep-
menT) u LT-B (mearamep u3 pernentop-cBs3pBatonux noaunentuios). LT-B ces-
3BIBAETCS C pelenTOpaMH TaHIIIMO3UI0B Ha TIOBEPXHOCTH MEMOpaHbI ATTUTEIHO-
LIUTOB TOHKOIO KMILIEYHUKA MIIEKOIIUTAIOIIUX U TpaHcnoptupyer LT-A B KieTku
kumeyHuka. B snutenuonuTax LT-A BbI3bIBaeT H3MEHEHUE KJIETOYHOTO MeTabo-
nu3Ma B 00e3BOKHMBaHHE KIIETOK. Eciii 00e 4acTh TepMoIadiIbHOTO SHTEPOTOK-
CHHA OTAENUTH APYT OT JIpyra, To npeseHtanus LT-B OGenxoBoro xomruiekca Ha
MTOBEPXHOCTH AIIUTEIHOIMTOB OyIeT CTUMYINPOBATH CHIILHBIH HMMYHHEIH OTBET
CIIM3UCTON OOOJIOUKM KHUIIEYHUKA O3 MPOSBICHUSA KaKUX-THOO MPU3HAKOB 3a-
OoseBanusi. IMEHHO 3Ta 0COOCHHOCTPH ObLIa TIOJIOKEHA B OCHOBY MCCIICIOBaHHIA
rpynns! Yapnsza ApHriieHa [39] o co3qaHuio «CheJOOHBIX BaKIMHY. ABTOpaMU
OBLTO yCTaHOBIICHO, uTo LT-B, cuHTE3MpyeMbIii B TpaHCTEHHBIX PacTCHHSIX Taba-
ka u kaprodens, a Tacoke LT-B, BeiaeneHHbIi u3 E. coli, BBI3IBAIOT OJJHOTHITHbIE
HMMYHHBIE PEAKIIMH Y MBILIEH.

B nanbreiiimem LT-B-nocienoBareibHOCTh ObUTa ONTUMHU3UPOBAHA JJIST dKC-
MIPECCHN B PACTHTENBHBIX KIETKAX M MEPCHECCHA B TEHOM PAaCTEHUH KapTodes
[40—41]. B xmyOHsx kapTodens 6enok NpaBUIbHO COOMPAICS B OJIMTOMEPHI U Ha-
KaIUTHBAJICS B JTOCTATOYHO OONBINNX KOIMWYECTBAaX. Ha ocHOBaHMM KIIMHHYIECKUX
UCTIBITaHUN pekoMOHHAHTHOM LT-B-BakIMHBI yCTaHOBIEHO, UTO MOEAAHKUE OOPO-
BOJIBIIAMH CHIPBIX KITyOHEW kapTodens, cogepxkammux 0,3—10 mr LT-B, npuBoauiio
K 00pa30BaHMIO MYKO3HBIX U CUCTEMHBIX aHTHUTEN C BBICOKMMHU TUTpaMu [42].

Onupascy Ha NPOBEJEHHBIE K HACTOSIIEMY BPEMEHU MCCIEI0BAHUS, MOKHO
3aKJIIOYHUTh, YTO CHEAOOHbIE BAKIIMHBI HA OCHOBE TPAHCTEHHBIX PAcTEHU CIo-
COOHBI BBI3BIBATH 3AIMUTHBI UMMYHHTET, YTO OTKPHIBACT HOBBIC BO3MOKHOCTH
Ha MyTH CO3/IaHUs HEJOPOTUX U MPOCTHIX B 0OpallleHNH BaKIMH IIPOTHB UH(EK-
LIUOHHBIX OO0JIe3HEN XUBOTHBIX U 4desoBeka. [1o manueiM B. IOcuboBa u coasT.
[14, 15], oxoyio 1I€CTH AaHTUI'CHOB W aHTUTEN (IJI1 MACCUBHON MMMYHU3AINH),
MTOTYYEHHBIX Ha OCHOBE TEHETHUECKN MOTU(PHUINPOBAHHBIX PACTCHUH, JOCTHIIH
1-it 1 2-# (a3 KNIMHUYECKUX UCIBITAaHUI.

MexaHu3M UMMYHH3AIIMA CHEJOOHBIMU BaKI[MHAMH OCHOBAaH Ha aHTHICH-
MIPEJCTABISIONICH CITOCOOHOCTH MEPUTOHEATBHBIX MaKpO(aroB TOHKOTO KHIIeY-
HUKa MJICKOITMTAIONINX. B KHUIIIEUHUKE TyKEPOIHBIA OEJIOK, 00IaIatoii aHTH-
TeHHBIMH CBOMCTBaMH, pPACO3HAETCS CIEUUATbHBIMH M-KJI€TKaMHu, KOTOpbIE
LIMPOKO NPEACTABICHbI B TOJILE CIU3UCTOrO SNUTENHsI. M-KIETKH TPAaHCIIOPTH-
PYIOT 3aXBaueHHbBIN aHTUTeH K IEPUTOHEATbHBIM Makpodaram 1 B-numponuram,
HaXOIAMINAMCS B TUM(OHUTHBIX 00pa30BaHUAX TOHKOTO KHIIEYHHUKA (MEHEpOBBIX
Onsikax). B pe3ynbrare npe3eHTanny aHTUT€HA Ha TIOBEPXHOCTH aHTUTeH-TTPE/I-
CTaBJISFOIIIX KJIETOK MIPOUCXOANT aKTUBANUS T-THM(pOIIUTOB-XINIIEPOB, KOTOPHIE
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B COYCTAHHWH C aHTUTEHOM aKTHBHPYIOT B-mumMdbornutel. J{uddepeniuporannbie
B-kietku BbIXOmAT U3 JUMGOUIHBIX (DOJUTUKYIIOB CIU3UCTON OOOJOYKH M TI0-
CTYTAIOT Yepe3 OOIUIYI0 IUPKYISIHIO B ME3CHTPATIBHbIC TNM(PaTHICCKUE Y3IIbL,
[JIe TIPOUCXOIUT X CO3PEBAHUE U MPEBPALICHUE B IJIa3MATUICCKUE KIICTKH, CUH-
Te3upyronme crenuduieckue antuTena. [lmasmMarndeckne KICTKH CIIOCOOHBI
CHOBa MHIPUPOBATh K CIHM3HCTHIM O0OJIOYKAM JBIXATCIBHBIX MyTEH, JKENymn0d-
HO-KHUIIIEYHOTO W MOYEIIOJIOBOTO TPakToB. CEeKpeTOpHBIE IMMYHOIIIOOYINHEI [gA
TPAHCIOPTHPYIOTCS HA IIOBEPXHOCTH CIM3UCTHIX 000JI0UEK, TTIC OHH CBSI3BIBAIOTCS
C 9YKEpPOTHBIMH aHTUTEHAMH H MIPEISTCTBYIOT UX MIPOHUKHOBEHHIO B OPTAHI3M.
Cremyer OTMETHUTD, YTO MYKO3HAsI BAKIIMHALIUS CTUMYJIMPYET KaK UMMYHHBIH OT-
BET CIM3HUCTHIX 000IOYEK — MEPBOTO 3AIMUTHOTO Oapbepa Ha MyTH MaTOTCHHBIX
areHTOB, TaK U OOIIMI UMMYHHBI OTBET Opranu3Ma. Tak, Hampumep, OmucaHa
paboTa 1o H3yYeHUI0 UMMYHOT€HHOCTH CheTOOHOI BaKIIMHBI HA OCHOBE TPaHC-
TeHHBIX PACcTEHHI TOMAaTOB, dKcmpeccupyromux HBsAg-anturen Bupyca rema-
tuta B. Bputo moka3ano, 4To mpH mepopansHOM BBEICHHH MEIIIaM TOMOTCHATA
IUIOJIOB TPAHCTEHHBIX PACTCHHI TOMATOB YPOBEHb AHTUTEN B CHIBOPOTKE KPOBH
BO3pACTaJI IOCIIC BTOPOTO KOPMIICHHUS M OCTABAJICS BBICOKMM JI0 KOHIIA dKCIIEPH-
MeHTa. MyKO3HBIi HUMMYHHBIH OTBET (POPMHUPOBAJICS MOCIIE MEPBOr0 KOPMIICHHS
¥ OCTaBaJICsl BBICOKUM B T€UEHHE BCETO AKcnepuMenTa [43].

Co31aHbI TPaHCTEHHBIC PACTCHHUS HA OCHOBE MHOTHX BHIIOB, TAKHX Kak Ta0ax,
TOMATHI, canar-Jiaryk, Arabisdopsis thaliana n TypHeNC, B KOTOPbIC IIEPEHECECHBI
T'eHBI, KOHTPOJIHUPYIOIINE CHHTE3 PA3INUHBIX AHTUTCHOB U aHTUTEN. B HEKOTOPBIX
CITy4JastX aHTHT€HBI «CIIUBAIOTY C APYTUMH OCIKaMH JUIS YIPOIIECHUS MPOLIETy-
PBI IETEKIUH TPOAYKTOB IIEIEBOr0O T'€Ha, HAIIPUMEpP C TEHOM [B-IIFOKYPOHUIA3bI
(uidA). Tlo akTHBHOCTH (epMEeHTa OETa-TITFOKYPHHIA3bI MOXKHO JIETKO OIpelie-
JIUTh YPOBEHb HAKOILICHHUS IIEJICBOTO aHTHICHA B TKAHIX T'€HETUYCCKUA MOAH(U-
UPOBAHHOTO PACTCHUSI.

Jiist MEIUITMHCKUX TIeJIeH PaCTeHUS UCIIONIB3YIOTCS YSTIOBEUSCTBOM YIKE ThI-
cstum steT. OtHaKo ToNIbKO Ha pyOeske XXI B. ¢ TOMOIIBIO METOJIOB TeHETHYECKOM
WH)KEHEPHHU CTAJI0 BOBMOXKHBIM CO3/IaBaTh HOBBIC TUIIBI PACTCHUI, B TKAHAX KO-
TOPBIX MOTYT CHHTE3HPOBATHCS W HAKAILIMBATHCS OCIKU M3 Pa3IMYHBIX TeTEpo-
JIOTHYHBIX cucTeM. K HacToseMy BpEMEHHU CO3/IaHbl TPAHCTCHHBIC PACTCHUS, B
SIIEPHBIN U XJIOPOIUTACTHBIM TEHOMBI KOTOPBIX ITEPEHECCHBI TeHBI, KOHTPOIHPY-
IOIIME CHHTE3 COOTBETCTBYIOIINX PEKOMOWHAHTHIX OCIIKOB, BaXKHBIX B TEPAIHH
pa3IuuHBIX 3a00JieBaHuil. braromaps pa3BUTHIO METOIOB TEHETHUECKOW WHKE-
HepuH B nocieanue 20 JIET OTKPBUINCH HOBBIC MEPCIICKTUBBI CO3/IaHMsI BAKIHH
HOBOTO TIOKOJICHHS. BO3MOKHOCTH M30JMPOBATh TeHHI NATOTCHHBIX BHPYCOB H
OakTepuil, a TaK)Ke MAHUITYJIMPOBATh UMHU M TICPCHOCHTh B TEHOMBI JIPYTUX Op-
TaHU3MOB (HAIpPUMeEp, B TEHOMBI paCTEHHI) IPUBEIa K CO3JAHNI0 HOBBIX TCHETH-
YeCKH MOIU(PHUIMPOBAHHBIX OPTaHU3MOB, Y KOTOPBIX HAKATUTUBAEMBIN B TKAHIX
OEJIOK-aHTHUTCH CITY)KHUT «OIIO3HABATEILHBIM 3HAKOMY TIATOTEeHA U caM II0 cebe He
CIOCOOCH BbI3bIBATh OOJIe3HBb. bosee necsarka 3apyOeKHBIX (GUPM HCIONB3YIOT
PaCTHTENBHBIC CUCTEMBI SKCIIPECCUU IS HApaOOTKH PEKOMOMHAHTHBIX OEJIKOB,
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B TOM YHCJIe U OCIIKOB-aHTUTCHOB Pa3IMYHBIX BO30ymuTe el HH()EKITMOHHbIX 3a-
OoeBaHUil.

Pesynomamul ucciedosanus dvliu npedcmasiensl asmopom Ha Meocoyna-
POOHOU MONOOEAHCHOU HayuHOU wiKkoie «lluuesvie mexnonouu u OUOMexHOL0-
euuy (Tomcex, 18-22 urona 2012 e.), opeanuzosannoti @I'E OV BIIO «Hayuonans-
Hblil ucciedosamenvcekuil. ToMckuil 20Cy0apcmeeHHblil YHUSEPCUMEm» 8 PAMKAX

@I «Hayunvie u HayuHo-nedacoeudeckue Kaopvl uHHosayuouHou Poccuu na
20092013 200wy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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Tocyoapcmeennviil Hayunwlll YyeHmp NPUKIAOHOU MUKPOOUOTO2UU U OUOMEXHOIO2ULL
(noc. Obonenck, Cepnyxogckuii p-w, Mockosckas obnacms, Poccust)

BAKTEPHOIIMHOIIOJOBHOE BEIMECTBO Bacillus circulans
U CIIOCOB ETO ITOJTYYEHUS

HccnenoBanus BeIOTHEHBI IpH (hrHaHCOBOM noanepkke DLITT
«HarmonanpHasi cucTeMa XUMHUYECKOM M OMOJI0THnYecKoil Oe3omacHoctu PDy
Ha 2009-2013 rr. (K Ne 122-J1 u 55-11).

Hccneoosana 3asucumocmsv 6v1x00a OAKMEPUOYUHONOOOOHO20 AHMUMUKPOOHO2O
sewecmea, cunmesupyemozo wmammom Bacillus circulans Ck2u 6 npoyecce enyounno2o
KYIbMUSUpoS8anus, om 6uda UCMOYHUKA a30ma u yenepood 6 numamensvhot cpeoe. Ilo-
KA3aHO, YMO MO BeWecmeo HaYUHAen HAKANIUEAmMbCs 6 KYIbMyPANbHOU HCUOKOCU
nocne 18 u pocma npu 30°C, docmueas MaxcCuManbHuIxX 3Havenull nocie 2 cym uHkyoa-
YU WMamma, Ko2od 6 KJlemKax euje He 3aMemubl NPUsHAKU cnopooopasoéanus. [{is e2o
8b10€eNIeHUs U3 KYIbMYPATbHOU HCUOKOCIU Haubonee 3)PekmusHbiM OKa3aucsa Memoo
08YXPa3HO20 paszdeneHus ¢ NPUMEHEHUEM OP2AHUYECKO20 PACMBOPUMEN OUXIOPMend-
Ha. Yemanosneno, umo 3a nposigieHue aHmuMuKpoOHOU aKMUeHOCmu OaKmepuoyuHo-
1n0000H020 Gewecmaa omseeuaem nenmuo ¢ MoLeKyIapHou maccou 5—6 k/la.

KuioueBble c¢10Ba: mMuxpoopeanusmvl, OAKmepuoyunsvl u 0AKMepuoyuHonoooo-
Hble 6eujecmea,; aHMUMUKpOOHAs AKMUBHOCTb.

BBenenune

3a mocaeanue 30 et ObUIO BBIAEIEHO MHOKECTBO Pa3HOOOPA3HBIX aHTHOHO-
THKOPE3UCTCHTHBIX MUKPOOPTaHU3MOB, Ha KOTOPBIX HE JACHCTBYET OONBIIHHCTBO
U3BECTHBIX aHTUOMOTHKOB, II03TOMY ITOMCK HOBBIX aHTHOAKTEPHAIBHBIX BEIICCTB
C MEHBIIICH CTETICHBIO MPUBBIKAHKSI K HUM BO30yIUTEs el O0JIe3HEeH, YeM Y KilacCH-
YECKUX aHTHOMOTUKOB, SIBISICTCS aKTyaJbHOU 3ajaueil. JlocTarouHo oOmupHBIM,
HO eIlle MaJIOM3y4YCHHLIM HCTOYHHUKOM ITOTYYEHHS TaKOTO POIa CPEACTB MMEIOT
MIPEICTABUTEIN a3pOOHBIX criopodopMupyrommx oamumt [1].

Muxkpoopraausmel poaa Bacillus criocoOHBI CHHTE3HPOBATh AHTUOMOTHKH U
ouocypdakTanTsl [2, 3], 0aKTepUOLMHBI U 0AKTEPUOLIMHONONOOHBIE CYOCTaHIIUH
[1]. AHTUMHKPOOHYIO aKTUBHOCTH OAIIMJI YaIlle CBSI3BIBAIOT C TIPEICTABUTEIISIMHU
KJactepa BUIOB circulans-polymyxa [4, 5]. JlnutenpHOe BpeMsi CYUTANOCh, YTO
AHTHMHKPOOHBIC CBOMCTBA ATOM IPYIIITHI OAIMIIT 00YCIIOBIICHBI B OCHOBHOM ITPO-
JOYKIUCH MEeNTHIHBIX aHTUOMOTUKOB IIMPOKOTO CIIEKTPa MEHCTBHS [5], KOTOpbIE
CITOCOOHBI TIONABIIATH HE TOJNBKO PAa3IUUHBIC TPAMITOJIOKHUTEIBHBIC U TPaMOTPH-
naresibHble OakTepuu, HO U natorenHsie Tpubsl Candida albicans [6, 7]. OqHaxo
emte B 1998 r. Puiri et al. [8] uz Paenibacillus polymyxa BbIeNnIM HOBYIO HEHU3-
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BECTHYIO paHee 0aKTepHOIMHOIIO00HYI0 CyOCTaHITHIO ¢ MOJICKYJIIPHON Maccoit
okoiio 10 k/la, koTopast He ObLIa KJIACCHYECKMM aHTHOMOTHKOM TOJMMHUKCHHOM,
HO MHTHOHMpPOBaia POCT KaK TPaMOTPHUIIATEIBHBIX, TaK U TPaMITOJIOKUTEIEHBIX
MHKpoopraHu3MoB. OHa HMMesna HEeNTHAHYI HPHPOIy, Obula TepMOCTaOWIIbHA,
HEYYBCTBUTEIbHA K OPTaHUUSCKIM PACTBOPHUTEILIM, XEIaTopaM, K KHCIBIM 3Ha-
yeHusM pH, HO paspymianach B LIENOYHBIX YCIOBHAX. B mocnenyromem daxr
cunreza P polymyxa GakrepuonmHOB kiacca | (mantnOmotnku mo Kleienham-
mer) ObLT MOATBEPAKICH COTPYAHUKAMU YHUBepcuTeTa mrata Oraiio [9]. Crocob-
HOCTh K MPOAYKIMU OaKTEpHOIIMHOB OBLTAa OOHApY)KCHA M CPEIH ITIPEICTaBHTE-
neit B. circulans [10]. Tak, npu ompeeIeHHBIX YCIOBUSAX BBIPAIMBAHUS LITAMM
B. circulans 1580 Obu1 crtOCOOCH CHHTE3UPOBaTh OAKTEPHUOIIMH ¢ MOJICKYJISIPHON
maccoit 3,9 x/la [10], Ho TexHOJOTHSA €ro W3BJeYeHus: He oTpaborana. [lokazaHa
CIIOCOOHOCTH BBIZCTICHHBIX W3 MPUPOIBI INTAMMOB B. circulans X pocTy B pac-
THTEJIBHBIX OTBApaxX C OJHOBPEMEHHBIM HAKOIUICHHEM aHTHMHUKPOOHBIX BEIIECTB
MIUPOKOTO CIEKTpa aHTUMHKPOOHOTO JieHCcTBHS [11]. AKTHBHOCTH TIOJTYYaeMBIX
NP 9THX YCIOBUAX (PePMEHTATOB ObUIM HEBBICOKH, IOCKOJIBKY HH CPE/Ibl, HH yC-
JIOBUSI KyJTETHBUPOBAHIS 3TUX MUKPOOPTAHU3MOB CIIEIIHAIBEHO HE TTO0HPAITICE.

[pu BBIOOpE MITAaMMa-IPOYLIEHTA MOJIE3HBIX BEIECTB CEPhE3HOE BHUMAHME
yaensercs ero 6e3BpenHocTh. 3BeCTHO, UTO OaKTepHu TPYIILI B. circulans 6e3-
BpEHBI JUIsl )KUBOTHBIX U pacTeHuit [12]. OHu 0OHApYKUBAIOTCS B MUILEBApH-
TEJIFHOM TPAKTE HACEKOMBIX [13], KuIIeYHNKE TPHI3yHOB M HACEKOMOSTHBIX JKH-
BOTHBIX [14], BMecTe ¢ IpyruMHU MMOYBEHHBIME OallMIIJIaMH YCKOPSIIOT TPOLIECChI
MHUHEpaJM3alud OPraHMIeCKOro BemecTsa [15], CTUMYyIHpYIOT MUKPOOHYIO pH-
3ochepy [16]. Ha ocnoBe B. circulans BbllyckaeTcsl Ouompenapar KajauILUIaHT,
KOTOPBIN YCKOPSIET POCT KyJABTYpPHBIX pacTeHuit [17], a Takxke GepMeHTHBIH Tpe-
mapar AJsl Malepalui KOpMOB KHUBOTHBIX [18].

Lenpro nanHO# paboOTHI OBUTO HCCIIe0BaHUE (AKTOPOB, BIUSIONIMX HA MPO-
JOYKIHMIO ITaMMOM B. circulans GakTeprOIMHONOAO0HOTO BEUIECTBa U BBHIOOD
croco0a ero BRIACICHHUS ISl MOCIEAYIOMIEro N3y YeHNS.

Marepuajbl 1 METOANUKH UCCJIeT0BAHUS

Obvexm uccredosanus. B paboTe MCHONB30BaH BBIACICHHBIN N3 HACTOS CO-
nombl mtaMM Ck24, KOTOPBI IO COBOKYITHOCTH MOP(QOKYJIBTYpaIbHBIX H OHO-
xummdeckux (API 50 CHB, BioMerieux) cBoiicTB ObIT HICHTH(OUITUPOBAH KaK
Bacillus circulans 11. lllTamm xpanurcs B ['ocynapcTBeHHON KOJUICKIIUY TATOTEH-
HBIX MHKPOOPTaHU3MOB U KJIeTOUHBIX KyJIbTYp «I'KIIM — O6omneHck» (peructpa-
nuoHHBINA Ne 6861).

Tumamenvhvie cpedbl u yciogus Kyabmusuposanus. Pa3MHOKEHHE KIIETOK
mITaMMa OCYIIECTBISUIN Ha nuTarensHoM arape (Nutrient Agar M001, HiMedia,
India; Starch agar, Ref.1-283, Scharlau, EU; 'PM arap, ®5YH T'HI] TIMB,
. O6onenck, Poccust) mpu 30°C B Teuenue 2 cyt. IlepBuduHoe maccupoBaHue
KJIETOK IITaMMa OCYIIECTBIISIN B AHAJTOTHYHBIX YCIOBHSIX.
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B ombiTax mo nryOMHHOMY KyJIGTHBHPOBAHHIO OAWHOYHBIEC THITOBEIC KOJOHUU
mTaMMa MepeHOCHIN B TPOOUPKY CO CTEPUIIBHBIM H30TOHHYECKOM PacTBOPOM
XJIOPUCTOTO HaTpus (PHU3PaCTBOP) U CYCIICHIUPOBAIIN C UCIIOIH30BAHUEM BCTPSI-
xusarenst BioVortex V1 («Biosan», CE), opueHTHPYSICHh Ha MOIydeHUE 1 Mipa
B3BecH Kietok/1 mur mo cranaapry mytHoctd JI.U. TapaceBnya. MukpoOHO#
B3Bechlo (1%, oObeM/00beM) 3aceBasii KadanouHble KOOkl (00beM 750 M) co
100 mu1 mATATETBHBIX Cpel. 3a OCHOBY IMHTATEIBHBIX Cpejl ObLIA B3sTa MPOIHCH
B cocrase (I/1): ApOxKEeBOH sKCTpakT — 5,0; kamus (ocdar IByX3aMeIeHHbIH
TpexBoanbIi — 3,0; Harpus xmopun — 1,0; kamus xmopun — 1,0 m Maraust cymb-
¢at — 0,005 (pH 7,3-7,5).

Ha mepBomM 3Tane ucciieoBanmii K OCHOBE cpeibl oTeNbHO (110 0,5%) mobas-
JISUTH Pa3JInYHbIC HCTOYHUKY a30Ta: BHHHOKHCIIBIH aMMOHUH, CYIb()aT aMMOHUS,
XJIOPUCTHIN U IIaBEJIEBOKUCIIBIM aMMOHUM, COJISTHOKUCIIBIN THAPOIN3aT Ka3enHa,
MaHKpeaTudeckuii rugponusar peionoit myku (III'PM), rimyramar Hatpus u ap.
Bo Bcex BapmaHTax 3THX cpell B KadecTBE MCTOYHHUKA YIICPOAA MCIIOIB30BAIH
rmoxo3y (0,6+0,1%; Bec/o6beM). KonTponem Ob11 koMmepueckuit I'PM-0ynbon
(®BYH T'HII IIMB, 1. O6onenck, Poccust).

Ha BTOpOM sTare uccie0BaHui B KaueCTBE MUTATEILHON OCHOBBI HCIIOIB30-
BaJIN TIPOITHCH, BEIOPAHHYIO IO PE3ybTaTaM IEPBOTO dTaa, C JOMOTHUTESIHHBIM
BBEJICHUEM BMECTO IVIFOKO3bI JAPYTHX HCTOYHUKOB YIJIepojia — MOHO-, JIH-, TPH-,
OJIMTO- U TTOJIFCAaXapuIoB.

Wuky6arust Bcex BapHaHTOB MOCEBOB Iposofmiack mpu 29-30°C B konbax
Ha 750 M co 100 M cpenbl B TepMocraTupyemMoi kadaike («New Brunswick
Scientific», USA) mpu 130 06./mMuH B TeueHue 24-96 4. B mponecce nHkyOanuu
oTOupau mpoOsl KYJIETypaibHON KuakocTH (KXK), B KOTOPBIX onpeaensum KO-
YeCTBO XKMBBIX KJIETOK (YallleYHBIH MeTOJ), Hayauo oOpa3oBaHMs crop (MHKPO-
CKOTIMYCCKHUN METOM) M CHHTE3a OaKTEPHUIIUIHBIX BEIICCTB.

Memoo oyenxu anmumuxpobnoti axmuernocmu. llpu onpeneneHnu 6axkrepu-
nuaHol akTEBHOCTH TpoObl KK ocaxmamu B mukpodyre MiniSpain («Eppen-
dorf AG 22232y, Germany), 0cBOOOKJaJIi OT KJIETOK U 10 10 MKJI HAHOCHUIIN Ha
CBE)Ke3acesHHBIC Ta30HbI TeCT-MTaMMOB. C IeTbIo Ooee TOYHOH OICHKH OaKTe-
PHLIMIHON aKTUBHOCTH 3TUX TPOO MPOBOAMIN UX KOHILEHTPHPOBAHUE METOIOM
BBITIApUBaHMS B aHaim3arope BiakHoctHn MF-50 («Moisture Analyzer», Japan).
AHTaroHHCTHYECKAs AKTUBHOCTH BBIPAXKaaach B apOUTpaxHbIX enuHunax (AE),
oTHeCeHHBIX K 1 Mut miu 1 Mr nipoOkl: ogHa AE cooTBeTCTBOBaIa MAKCHMATTBHOMY
Ppa3BeIeHHIO, ITPU KOTOPOM ObLIa 3aMeTHA 30Ha MHIMOMPOBAHUS TECT-IIITaMMa.

Memoovl nonyuenusi aHmumukpoono2o eewecmsa. Brigenenue rpyobIx dKc-
TpakToB OaxTepuonmHonogooHoro Bemiectsa (BIIB) ¢ anHTUMUKpOOHO# aKkTHB-
HOCTBIO ITPOBOJIIIN M3 OSCKIIETOYHOTO CylepHaTaHTa U KiIeTo9HoH Macchl (KM),
KoTopble momyudanu uneHTpudyruposanueM KXK mpu 8000 06./MuH B TeueHHe
30 muH («Beckmann J2.2», Germany). IIpu otpaboTke crioco6a BeiieneHust bI1B
U3 CyNepHaTaHTOB MPUMEHSIIH METO/IbI COJIEBOW NpelunuTanyy (cyabdar aMmo-
HUS), COPOIIMU Ha TBEPABIX HOCUTENIAX (CHIIMKAreib, YToib, OKUCH ATIOMHHUS,
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a’POCHIT) C MTOCIIETYIOIINM SITFOMPOBAHIEM C HUX, a TAKXKE KUIKOCTHOTO pa3zesie-
HUS TIPU TIOMOIIM PacTBOpUTENel (AUXJI0pMeTaH, XJI0po(oM, TOIyo) U KOHIIEH-
TPHUPOBAHUEM IIEJICBOTO BEIIECTBA HA TPaHMIE paseia B HHTEP(Ha3HYIO IUICHKY
(MII). Ocaaxu KM BHawane pecycnenauposanu godasiaeHueM B 400-munnme-
TPOBBIN HEHTPH]YKHBIA cTakaH 1o | MII pu3pacTBOpa, Tajee CyCIeH3HIO0 Pa3Bo-
qunn S gactamu 80%-Horo sTanona (00bem/00beM) u ocne 30 MUH TiepeMenu-
BaHUs paszensui neHTpudyrupoanuem (4 000 06./mMuH, 10 MuH).

Juig ynaneHusi pacTBOpuUTeIel MoMydeHHbIe 00pa3ibl MexK(pa3HbIX TIICHOK U
CIIUPTOBBIC DITIOATHI JA0cyXa yrapuBanu npu HarpeBanuu g0 105°C. IMomydae-
MbI€ OCAJIKH C YYETOM MX MacChl PErHApaTupOBAIN B AUCTHUIUIMPOBAHHOW BOJIE
¥ CPaBHUBAIIA MEXILy COOOU IO TUTPY aHTUMHUKPOOHOW aKTUBHOCTH. [Ipu 3TOM
UCXOJHBIC U CEepUItHO pa3BeneHHbIe pacTBOpbl BIIB Hanocwu (mo 10 mkm) Ha
MTOBEPXHOCTH CBEKE3ACESIHHBIX T'a30HOB MHIMKATOPHBIX TPaMOTPHUIIATEIBHBIX H
IpaMIIOJIOKUTEIBHBIX OaKTepHil (B OCHOBHOM ITaMMsl Escherichia coli n Liste-
ria monocytogenes COOTBETCTBEHHO).

Oyenka monexynapuot maccol OAKTEPULUAHOTO BEIIECTBA MPOBOAMUIACH C
MTOMOIIIEI0 MeTO/Ia AekTpodopesa ¢ goxermicynbdarom Harpus (JACH/SDS) B
nonuakpuaigamugHom rene (ITAAT/PAAG) B kamepe ¢pupmer «Hoefer» (CLIA)
mo [larrepy [19]. B kauecTBe MapKepoB UCIOIB30BAIH (hapMaKOTICHHBIN HHCY-
nuH («OAO HarmoHansHbie OMOTEXHOIOTHIY, 1. O00eHCK, Poccust) u nu3onum
runpoxiopun («Reanaly, Hungary). B JiyHKH TTOJATOTOBICHHOTO TeNsl BHOCHIIH
uccieayemble 00pasipl 1 ykazaHHble Mapkepsl (1o 4 mxi). KoHuenTparus pas-
JIEJSIFOIIETo Testst coctapisiia 16,5%, kornenrpupytomero — 10%. ®opes Benu B
katoaaoM (100 MM Tpuc-HCIL, 100MM, 0,1% SDS, pH 8,25) u anognom (200 MM
Tpuc-HCI, pH 8,9) 6ydepax B kamepe JijIsl BEPTHKAIBHOTO JIEKTpodopesa yKa-
3aHHOHM ¢upmbl pu U = 125 V u I = 25 MA B Teuenue 4 u. Ilocnenyrouryio
(pUKCAINIO TIENTHI0B IPOBOIIIN B 5%-HOM pacTBOPE TIIyTapoOBOTO albICTHAA B
TeueHre 30 MUH C TPOMBIBKOI B IUCTHIUIMPOBaHHOU Boge. OKpacKy refisi mpoBo-
WK B pacTBope, copeprkauieM 25% asranona, 10% ykcycHoit kuciotsl, 0,001%
Kymaccu G250 u Bonst (10 500 mi), B Teuenue 30 MuH. ['enib 1anee oTMbIBaIH B
10%-HOM pacTBOpe YKCYyCHOM KucioThl ipu Temneparype 80°C B TeueHue 2 4 u
emte 30 MMH — JUCTHUTUPOBAHHOM BOJIOM.

Xpomamoepadghus. Jins paznenenus BIIB mo MeTomy TOHKOCIOWHON XpoMaTo-
rpadun (TCX) ucnonp3oBanuck monocku (30 x 150 Mm) antoMuHUEBOH (OIBTH,
oKpbITo# crnmkareiem mapku Silufol («Kavaliery», Czechoslovakia) [16], Ha nu-
HUIO CTapTa KOTOPBIX HAHOCHIUCH MPoObI (10 4 MKi1). Xpomarorpaduio mpoBo-
JIAITA B CUCTEME PacTBOPHUTENCH: OyTaHOI — YKCyCcHast Kucyiota — Boja (4:1:2,5)
MIp¥ KOMHATHOW Temriepartype. [1nacThHbI BbICYIIMBAIN, IPOCMATPUBAIH B Yib-
Tpaduonere u, IpH HEOOXOAMMOCTH, IIPOKPAIITHBATIH a3PO30JHHFIM HAHECCHUEM
pacTBOpa HUHTUAPUHA.

buomecmuposanue axmuenoii ¢ppaxyuu. buorectupoBanue >MeKTpodopeTn-
YecKd M Xpomarorpadudecku pasaeneHHbIX oopasios BIIB ocymecTisiiu 3a-
nuBKo# mactuHb! [TAAT pacriiaBneHHON arapoBoi B3BECHIO MITH YK€ HAKIIAIKON
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paspe3aHHbIX Ha Kycouks (1,5 x 0,5 cM) XpoMaTtorpaguueckux IMOJIOCOK Ha CBe-
JKUE Ta30Hbl MHJMKATOPHBIX KyIbTyp B yamkax [letpu. [Tocne 6—18 u nnkyOaruu
MMOCEBOB (PUKCHPOBAIM HAIWIHE W MECTa PACIIONOKEHHS 30H MHIHOMPOBAHUS
pocTa TeCT-IITaMMOB.

PesyabTarsl HccaeqoBaHus U 00CYKICHIE

Bbuto  ycraHOBNEHO, YTO TPU DIYOMHHOM KYJABTUBHPOBAHHU INTaMMa
B. circulans Cx24 B MUTATEIBHBIX CPElax, Pa3lIHUAIONIAXCS IO COCTaBy a30T-
COZIepKalllUX COeAMHEHUH, ypoBeHb HakomiaeHus bIIB 6bu1 pasmuuen. Tak, u3
TAHHBIX TaOa. 1 BUIHO, YTO €CIM B KAYECTBE MCTOUYHHKA a30Ta B COCTABE CPEIIBI
HCTIOJIb30BAIMCh THAPONU3AThl OCIKOB KHBOTHOIO MPOUCXOXKICHHS (Ka3eWH U
peiOHast myka), To BIIB He 00HapYKHBaIOCh, HECMOTPSI HA BECbMa BBICOKHE T10-
Ka3aTelll KOHIIEHTPAIMHU KUBbIX KieTok (3-8 x 10% KOE/mi) B KOK.

Takas jxe KapTHHa HaOMIONANACh W MPU KYJIFTUBHPOBAHUH B OyIbOHE C IIU-
TPaTOM aMMOHHS, HO YK€ B IMPUCYTCTBHU IIABEICBOKUCIOIO MU XJIOPUCTOTO
aMMOHHSI aHTUMHUKPOOHAsT aKTHBHOCTh CTaHOBWJIACH 3aMeTHOH. Jlyumme pe-
3yJIBTAThl 110 AKTUBHOCTH CYIEPHATAHTOB JABAIU CPEIbI, COACPIKAIIIE THOMO-
YCBHHY, MOUEBUHY, IIIyTaMaT HapTUs, TapTpaT U cyiabdar ammonus. Ha kierkax
OJTHOBPEMEHHO COpPOMPOBAIOCH BELIECTBO € Ooyiee 3HAYUTENBbHBIM 3(dexTom
Ha TPaMITOJIOKHUTEIbHBIE OAKTEpUH, U 3TOMY B OOJIBIICH Mepe CrocoOCTBOBAIIO
KyJIBTHBHPOBAHUE MITaAMMa B MPHCYTCTBHHM MOUYEBHHBI U DyTamara (Tadm. 1).
JanpHelmme mccieoBaHus IPOBOIIIH B CPEie C TapTPaToM, B IPHCYTCTBHH
KOTOPOTO Pe3yJIbTaThl OKa3bIBAIKCH Ooliee cTabmibHbIMU. [IpocThie MOHO- U [TU-
caxapH/Ipl 110 CIIOCOOHOCTH BIHSTH Ha CHHTE3 OaKTEPHUIIMIHOTO BEIIeCTBA ObUIH
MPAaKTHYCCKU PaBHO3HAYHBI (Ta0. 2). 13 4nciia CupTOB DIUIEPHH IPEBOCXOIUI
1-, 2-TIpomaHANON M HEMHOTO yCTyHal caxapuaaM. YacTHIHO THIPOTH30BAHHbIH
MOJIMCAXapUa IEKCTPHUH MO CHEKTPY M BEJIMYMHE aKTHMBHOCTU OKAa3ayCs JIydlle
JeKCTpaHa, Kpaxmaia, [eJUTION03bl U ee MPOM3BOAHBIX. HecMoTps Ha TO 4TO B
MPUCYTCTBUU CAHIMHA W TICKTUHA HAOIOIAJCS XOPOIIUH POCT KIETOK, 3TO HE
CII0COOCTBOBAJIO HAKOIUICHHIO OAKTEPHIIMAHOTO BelecTBa. HampoTus, ansruHar,
JIUTHYUH U TIOJTUBHHUITUPPOIIUIOH Ha (POHE BECbMa yMEPEHHOTO POCTa KYJIBTYPbI
CTHMYIIUPOBAJIN CHHTE3 aHTUMHUKpOOHeHTa. Cpenbl ¢ (PUKOIIIOM U XUTO3aHOM HE
JIAJTH TTOJIOKUTEIIBHBIX PE3YIIBTATOB.

[Ipu r1yOMHHOM KyJIBTUBHPOBAHHUH B CPEIE ¢ BUHHOKHCIBIM aMMOHHEM U
[IIOKO30M TIepBble MPU3HAKH CIIOPOOOpa30BaHUs C arperanueld KIeTok OTMe-
yatoTcs mociie 48 9 pocrta, a K 72 9 y)K€ BHJIHBI 3peJble CIIOPHI B CIIOPAHTHSX
U ocTarku KieTok (puc. 1). JloctarouyHO cXxoqHash KapTHHA HAONIIONACTCS U B
OTIBITE 10 KYJIBTUBHUPOBAHMIO IITAMMa C APYTHMH BapHaHTaMHU MUTATEIBHBIX
Cpel, KOTOPBIE COAepKaU CyTb(ar aMMOHHUS U TITyTamMat HaTpus. B aTux ycio-
BHSIX OAKTEpHUITUIHOE BEMIECTBO Ha 3aMeTHOM ypoBHe (100 AE/Mn) mosiBiisieTcst
muie mocne 18 1 pocra, mpomoikas HakarumBatbes B KOK Bmimots 70 3 cyT
WHKYOAIIHH.
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Tabnuma 1

AHTHMHKPOOHbIE AKTUBHOCTH 0eCKJIETOYHBIX (pepMEHTATOB M 00pa310B

0aKTepHONMHONMOJ00HOT0 BeIeCTBA U3 CYMePHATAHTOB U MOBEPXHOCTH

KJIETOK B 3aBHCHMOCTH OT HCTOYHHKA a30Ta B cpee
pocta B. circulans Cx2u Listeria monocytogenes

depMmeHTaThl BIIB u3 cynepnaranra BIIB uz KM
 ——— (AE/mn) (AE/Mn) (AE/Mn)
B CpeJie pocTa E coli L. monocy- E coli L. monocy- E coli L. monocy-

’ togenes ’ togenes ’ togenes
AMMOHHSI OKCaJlaT Craensr HO 50-100 HO 50 HO
AmMoHUS cyibgar 120000_ 10-20 {1600-3200| 100-200 |800-1600 36240000_
Awsvomms raprpar | oMb | 100 [1600-3200| 100400 | 1O LON
AMMOHHSL XJIOPHULL 50 HO 200400 50 100 200
AMMOHWUSI ITUTPAT HO HO HO HO HO HO
Kazenna ruponuzar| HO HO HO HO HO HO
MoueBnHa 100 10 800-1600 | 400-800 1600 6400
Harpns oryravar | 0 10 | 400-1600 | 400-800 | 1600 | 6400
[TenToH MsICHOH HO HO HO HO HO HO
Poibroit Myin HO HO HO HO HO HO
THJPOJIU3aT
TuomoueBrHa 50-100 HO 800 200400 |800-1600| 3200
T'PM-6ymson HO HO HO HO HO HO
(KOHTPOJIB)

Ipumeuanue. HO — akTHBHOCTD He 0OHAPYKHUBACTCS.

Tabnuma 2
CpaBHeHHe AaHTUMHKPOOHOIi AKTHBHOCTH CYNIEPHATAHTOB B 3aBUCUMOCTH
OT THIIA UCTOYHHKA YIJIepoa B cpeje KyJbTuBUpoBaHus B. circulans Cxk24

u AxtuBHOCTH (AE/MIT) K AxtuBHOCTB (AE/MIT) K
CTOHHMIK L Hcrounuk ymiepona L
yoiepoaa E. coli - mono- E. coli - mono-
cytogenes cytogenes
[roko3a 100-200 50-100  |Anbrumar® 100-200 10
ManHo3a 100-200 50-100  [Jexcrpun 100-200 100-200
DpykTosa 100-200 50-100 JlexcTpan 100 10
JlakTo3a 100-200| 50-100  |Kpaxman 100 10
Marnbsro3a 100-200 10-50 Ilemtrono3a MKI[** 200—400 10-50
Caxapo3sa 100-200 50-100  |Ilemmronoza TCX*** 100-200 10-50
Camuuua HO HO Ilemmromno3a, 100-200 10
THIPOKCHATHIL. d(DHD
Hpomammon |4 Ho  |Henmonosa, 200-400 | 10-100
METHIIOBBIN dhHUp
Inuuepun 100-200 10 TIBII-10%*** 100 10
®dukomn Sigma| 100 HO JIurHup***** 50-100 10
Tlextrn .
. . 50-100 HO XUTO3aH MIETOIHON HO HO
Himedia

* AnbruHOBasi KUCIOTA (

erva), Heltpanu3oBaHHas 10%-ubiM NaOH no 3nadenus pH 7.2;

**  MUKpOKpHCTaJuTH4eckas, (apmakorneiiHas; *** a1 ToHKoCHOitHOW Xpomarorpaduu;
*HA% moymBuHWIIHPpoUIoH M.M. 10 000 (Sigma); ***** B cocraBe npenapara «[lonudemna-
Ha» Ha OCHOBE JIMFHUHA — COPOCHTA MEIMIIMHCKOTO U BETCPHHAPHOTO HA3HAYCHUSL.
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24-30 4 pocta 48 4 pocta

72 4 pocra

Puc. 1. Mukpockonuueckas kapruaa npo6 KK B nporecce riyOUHHOTO KyJIbTHBHPOBAHUS
B. circulans Cx24 B cpezie Ha OCHOBE TapTpaTa aMMOHMSI M TIIFOKO3bL. Ma3ku
OKpallieHsl 110 [ pamy, IpOCMOTPEHbI IpH yBennueHun X 1250 B MUKpockore

mozemu Eclipse E200 («Nikony», China) nox nmMepcueit 1 o poBaHbI C HOMOIIBIO
npuctasku Mini See 1,0 («Media Info V.0.7.36 Beta», CE

Pesynbrarel madpbHEHIIMX MCCIETOBAHUMA 1O BBIIEICHUIO W KOJMYECTBEHHOU
OLICHKE OAKTEPUIIMIHOTO BEINECTBA B HEKOTOPHIX BApUAHTAX IUTATEIBHBIX CpPEI
npuBenieHbl B TaOl. 3. Kak ciemyer w3 mpejcTaBlIeHHBIX JaHHBIX, BCE HCIIONB30-
BaHHBIC HAMH TOJUCAXaPHIBI, KPOME JIMTHIHA, CIIOCOOCTBOBaH mpoaykimu BI1B
Y JIaXKe, Ha MePBbIA B3N, B OOJIBIIEH CTETIEHH, YeM B KOHTPOJIBHOU Cpefie ¢ TITHO-
KO30M. AHaNIN3 pe3yJabTaTOB ATUX OIBITOB HABOJIUT HA MBICIIb O BOBMOYKHOU COJTIO-
OWJIM3HPYIOIICH POJIM LIEIUTION03 W albI'MHATa, TaK KaK X HCIIOh30BaHUE TIPHUBO-
JJIO K OoJiee BBICOKOMY BBIXO/Y OAaKTEPHUIIMIHOTO BELIECTBA M3 CylEepHATaHTa I10
CpaBHEHHIO ¢ KoHTposieM. OO0 3TOM CBHETEIBCTBYET M XapaKTep pacipe/IeiCHHs
axtuBHOCTH BIIB Mexny knerounoi maccori KK n unTepdazHoil mieHkol, nomy-
yaeMoH 13 OECKIIETOYHOTO cynepHaranTa (tadm. 4). Tak, eciu B cpelie ¢ IIFOK030i
JI0J151 COpOMPOBAHHOTO Ha KJIETKaX OAKTEPUIIMIHOTO BelllecTBa cocTapisiia 29%, 1o
B Cpeliax ¢ JOOABJICHUEM IEIUTION03 U aIbIrMHOBOW KHCIIOTHI — OT 1,5 1o 13,5%. Io-
JIyYCHHBIC TAHHBIC HHTEPECHBI TEM, YTO JICMOHCTPHUPYIOT ITyTH YBEIMUCHHS BBIXO/IA
IEJICBOTO TIPOJTYKTa B KHUJKYIO (pasy ¢ UCITOIb30BAHUEM JIOCTYITHBIX MaTCPHAIIOB.

Kak nokazanu pe3yasraTsl anekTpodopesa (puc. 2) U TOHKOCIOWHOM XpoMaTo-
rpaduu 00pas3IoB, pacoJIOKEHHE TTOJIOC MENTHJIOB C AKTUBHOCTHIO TIPOTHB TECT-
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mramma E. coli B KOHTpoIe (POCT Ha TIIIOKO3€) U B OIBITE TIPH BHEIPANITMBAHUN Ha
Pa3IMYHBIX TUIAX LEJUIION03bI MPAKTHYECKN OJMHAKOBOE, YTO CBUJICTEIILCTBYET
00 X MOJICKYJIAPHOH HACHTHYHOCTH. [10 TaHHBIM OMOTECTUPOBAHHS B OIBITAX IO
TCX mnokazarens Rf nns Bcex o6pasnos cynepHaranta Obl1 paseH 0,7. Ilentun-
HbIe TTo70ckl BIIB 13 00pasioB cyrnepHaTaHTOB COOTBETCTBOBAIHM MOJICKYIIIPHOM
Mmacce okoio 5,0-5,7 k/la (puc. 2). B To e BpeMs y KOHTPOJIBHOTO 00pasiia, Bble-
JICHHOTO W3 KJIETOYHOH ITOBEPXHOCTH MPOAYIIEHTA, MOJICKYIISIPHBII BeC aKTUBHOM
(hpakuuu ObLT HECKOJIBKO BhIIIe — 0koto 6,0 x/{a (obpazen 2, puc. 2).

Tabnuma 3
KosimyecTBeHHBIE MOKA3aTeIH BbIX0/1a 0AKTEPHOLMHONOA00HOT0 BelecTBa
B. circulans Ck24, BbI1€JICHHOT0 METO0M ABYX(pa3HOr0 pa3aeaeHus
nmocJie KyJbTHBHPOBAHUS MPOAYLEHTA ¢ MOJHCAXapHAAMH

INoka3zarenu O6akTepuonHCcoaeprKaliell nHTepha3HON IIICHKH
HcTounuk AA* (AE/ CymmapHas AA CpaBHeHHE
yIepona MT), K (AE/mr), K C KOHTPOJIEM
B murarensHoit | Macea, L. mo- L. mo- L. mo-
cpene ME E. coli };gcz _- E. coli nocyto- E. coli nocy-
8 genes togenes
nes
AJbTHHOBAT 30 426 | 27 | 12780 810 >32 >3,75
KHCJIOTa
T'moxosa 54 74 4 3996 216 1,0 1,0
(KOHTPOJIB)
JIuraun 8 80 10 640 80 <6,24 <2,7
MeTuniemnonosa 140 69 2 9660 280 >2.4 >1,3
Henmonosa ns 16 320 | 40 | 5120 640 >1,28 | >2,96
TCX
Llemmronoza
MHUKPO- 26 492 31 12792 806 >32 >3,73
KPHMCTAIMYECKast

AHTUMHKpOOHAsi aKTUBHOCTb.

Tabnuna 4
Pacnpenenenne aHTUMHKPOOHOI AaKTHBHOCTH 0AKTEPHOLMHOIOI00HOI0 BellecTBA
B. circulans Ck24 Mexkny ;kuAKoM (pa30ii U KJIeTKAMU B 3aBHCHMOCTH
OT YIJIEBOJHOI0 cOCcTaBa hepMeHTATA

AA npotus E. coli (AE/mr) CopOupoBaHo
Hcrounuk yrepoaa B cpene
obpasuos bI1B u3 Ha [TOBEPXHOCTH
pocra I KM VI + KM KIETOK, %

AJIBruHOBast KMCIIOTA 12780 799 13579 5,8
MeTuniemnnono3a 9660 789 10449 7.5
MukpokpucTaianueckas 12792 200 12992 1.5
ISJLTION03a

[emmonosza st TCX 5120 800 5920 13,5
['mroko3a (KOHTPOJIb) 3996 1632 5628 29,0
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14,5 kda

5,7 kda

Puc. 2. TectupoBanue 06pa3oB OaKTEPHIIMIHOTO BEIIECTBA ITO0 JAHHBIM
JICH-TTAAT »snexrpodopesa u onpeaeneHus BeTHIHHBI
MOJICKYISIPHOTO Beca aHTUMHUKPOOHOH (paknu, TeHCTBYIOMETO
Ha mraMMmsl E. coli: 1 —mapkepsr (5,7 u 14,5 k/la); 2 — KOHTPONBHBIH 00pasery
(cpena c TITIOK03011), BBIICICHHBIN M3 KIIETOYHOI Macchl; 3 — TO JK€ U3 CyNepHATaHTa;
4 — onBITHBII 00pas3er U3 CylepHaTaHTa, OTyYeHHBIH IPH KyJIFTHBHPOBAHUI
B IIPHCYTCTBUH METHIIIIEILTIONO3EL, 5 — TO JKE€ C MUKPOKPUCTAITHIECKOH IIEITI0N030i1

Comnocrasienne pe3ynbsraroB TCX OakTepUIMIHBIX BENIECTB, IMOJYYCHHBIX
U3 KJICTOYHOM MacChl U CyIIepHATaHTa, TAKXKE yKa3bIBaeT Ha ux oriuuue. Ha mo-
JIOCKaX CHIIMKAressl Mocjie OKpacKW HUHTHUAPUHOM BBIABISUIMCH TisiTHA ¢ Rf 0,5
Juis obpasna u3 kiaetodHoi Maceel U Rf 0,7 — u3 cynepnaranra. B pesynsrare
OMOTECTUPOBAHUS Pa3pe3aHHBIX MOJOCOK crukarens (pparmeHTsl mo 0,5 cm)
nocsie TCX ObII0 YCTaHOBJIEHO, 4TO 00PAa3Ibl U3 KIIETOYHON MacChl OKa3bIBAITUCh
aKTHBHBIMH TIPOTUB L. monocytogenes, a 00pa3Ipl U3 CyIepHATaHTa — IPEHMY-
IIECTBEHHO NMPOTUB E. coli. DTH TaHHBIE TAIOT OCHOBAaHHUE ITPEAIoJIararb O CHH-
te3e B. circulans Ck24 JIByX MENTHIHBIX KOMIIOHEHTOB C HECKOJIBKO Pa3IMYHON
AHTUMHUKPOOHOI aKTHBHOCTBHIO.

B pesymsrare cpaBHUTENBHBIX MCOBITAHWH 10 BBIOOPY cItoco0a BBIACICHUS
0aKTEepHUIIMHOIIO00HOTO BELIeCTBa U3 OECKIICTOYHBIX CYNEpHATaHTOB B. circu-
lans ycTaHOBIIEHO, 9TO OOJiee MPEAMOUYTUTEIHHBIM OKA3aJICsI METO MTPEIUITNTA-
LMY LEIEeBO (hpakiuu ¢ MOMOIIBIO HEMOJIAPHBIX pacTBopuTeneit (tadi. 5). Te-
OpPETHUYECKON MPENITOCHUIKON IeIeCO00Pa3HOCTH BBIOOpA YKa3aHHOTO CIocoOa
SIBUJIOCH TO, 4TO OAKTEPHUOLIMHBI [T0 CBOCH MPHUPOJIC UMEIOT ad)(PUHHOCTH K THIPO-
(hOOHBIM PACTBOPUTEISIM, UTO MPEJIIOIATacT BOSMOXKHOCTh X COOpa Ha IpaHUIIe
pasznena a3 (Boma/pactBoputens). Juxiopmeran o0iajaeT HU3KOM TeMIepary-
poii kurienus (40°C), MEHBITUM YPOBHEM TOKCHYHOCTH 110 CPABHEHHIO C XJIOPO-
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(hopMOM, TOITYOJIOM, JIETKO YIAAJSIETCsl U3 PACTBOPOB U, OJIaromapst STOMY, IMEETCS
BO3MOXHOCTH JJII MHOTOKPATHOTO €ro Mcroib3oBaHus. Kpome Toro, o0paboT-
Ka cynepHaranTa JIXM mo3BossieT BeIICIUTh 10 94,6% 1eneBoi cyOCTaHIMU C
OJTHOBPEMEHHBIM CHIDKEHHEM B Hel (Ha 86% 1o Macce) KoJinyecTBa 0aiacTHBIX
BemiecTs (Tadim. 6).

Tabauma 5
BbIxobI 00pa31ioB 6aKTEPHOLHHOINOI00HOI0 BEIleCTBA B 3aBHCHMOCTH
0T cnocoda 00padoTKHU cynepHATaAHTa

Cnoco0 U CpeJCTBO BBIIEAEHUS Brixon, AE*/100 mu1 | ITorepu, AE/100 M
BricanuBanue Cynbdar aMMOHUS 48000 + 17000 Oxo10 52000
ot amBZ;‘(’gzﬁmﬁ 54000 + 8000 Oxono 46000
LopD TR Cunmarens 100/250] 72000+ 12000 Oxoo 28000
OKHCh aJTFOMUHUS 16000 +4000 Oxkomno 84000
Aspocuin A-300 43000 £ 9000 Okouo 57000
Xaopodopm 93000 =+ 15000 Oxoio 7000
Pasneneﬂnei B Jluxaopmerad 95000 = 11000 Oxoi0 5000
ABYX(pasHoli cucteme Toyor 75000 £ 6000 Oxo010 3600

* AE — apOuTpaxkHasi ¢IMHUIA AKTHBHOCTH B OTHOUICHUH E. coli.

Tabnuma 6
KoanuecTBeHHbIe MoKa3aTeH (ppaKkmOHNPOBAHNS CyIePHATAHTA
B. circulans Ck24 ¢ HCII0/1b30BAHUEM JHXJI0PMETaHA

Conepcarne cyxix AXTHBHOCTB 11poTuB E. coli, AE
O0pa3sibl BEIIICCTB
MI % AE/Mr CyMmmapHast % AE
CyrniepHaTaHT 850 100,0 30,0 3348 100,0
Bepxuss dasa 740 86,2 0,2 148 4.4
[IpomexyTouHas dasza 108 12.7 29.6 3200 94.6
Hwxasas daza 10 1.0 1.0 10 1.0

Takum oOpa3oM, criocoOHOCTh mTamMMma B. circulans Ck24 pou3BOANTE Oak-
TEPUIMIHOE BEIIECTBO HA MPOCTHIX TI0 COCTABY CPEAax MPU OOBIYHBIX YCIOBHUIX
a’pOOHOTO POCTa C BO3MOXKHOCTHIO €T0 U3BIICUCHHS MaJI03aTPaTHBIMHI METOaMU
JIeTIaeT 3TOT IITAMM TEXHOJOTMYEeCKH MEePCIEKTHBHBIM B Ka4eCTBE MPOMYIICHTA
HOBOTO aHTHOAKTEPHAIFHOTO CPEACTBA. B pesynbTrare BHITIONHEHHBIX HCCIIEIO0-
BaHMI OBLTH ONPEICIICHBI YCIOBUS IS TONyYSHHUS U O0Jiee IITyOOKOTO H3yUeHHS
€ro CBOMCTB M XUMHUYECKOH CTPYKTYPHI.

[Nony4eHHble HAMU JaHHBIC O BIMSHUHA HEKOTOPBIX IMOIUCAXAPHUIOB (JICK-
CTpPHH, KpaxMai) Ha BBIXOJ OaKTCPHINIAHOTO BEIIECTBA COTNIACYIOTCS C IIEPBEI-
MU paboTamu, IPoBOAUMBIMU ¢ Oakrepustmu B. circulans [20]. Cenenuil 06
3¢ (GEKTUBHOCTH IEJUTION03 B OTHOIICHUHM CHUHTE3a aHTHMUKPOOHBIX TEHTHIOB
B JIOCTYIHOU JIUTEpaType He 0OHapyxeHO. VIMeroTcst myOIuKanuu o0 CrioCcoOHO-
CTH OAlMIIT ATOW TPYIITBI BEIpadaThIBaTh (PEPMEHTHI, PACHICTIISIONINE CIIOXKHbIC
nonucaxapubl [21] u gaxke repOutuabl [22] BHE CBSI3U € MPOAYKIUEH aHTUMU-
KpPOOHBIX BEHIECTB. B 1memoM ke BOMPOC O MUTATENBHBIX NOTPEOHOCTIX IITaM-
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MOB-TIPOAYIICHTOB JUII MHKPOOHOTO CHHTE3a OaKTEPHOIIMHOB/OaKTEPHOIMHO-
MOJOOHBIX BEUIECTB, OCTACTCS MO-TMPEKHEMY HEsCHBIM. [10 MHEHHIO HEKOTOPBIX
nuccnenonareneit [1, 9, 10], mist akTHBHON MTPOAYKIIMH STUX BEIIECTB €CTh CMBICI
UCIIONIb30BaTh OSMHBIE M0 a30Ty CPEIbl, TAK KaK B 3TOM CIIydae CO3IAI0TCS Jyd-
IIMe YCIIOBHS JJISI UX HapaOOTKH, YTO JAaeT BO3MOKHOCTH OaKTEpUSM KOHKYpH-
POBaTh C IPYTMMH B OOIIEH SKOIIOTHYECKOM HUIIIE. DTa TOUKY 3PCHUS TOITBEPIK-
JaroT ¥ Hamw naHHble (Tabm. 1). [lo Bceld BUOUMOCTH, Takas 3aKOHOMEPHOCTb
MOXET KacaTbCsl U APYTHX BEIIECTB MOJ0OHOT0 posa [23].

W3BecTHa CBSI3b OMOCHHTE3a MENTHAHBIX aHTHOMOTHKOB THIIA ITOJMMHUKCH-
Ha U OyTHpO3MHA CO cropoobpa3zoBaHueM mponyueHTos [24]. o sToit npuuuHe
MIPOIYIICHTHI ATUX AHTHONOTUKOB OOBIYHO KYJBTUBHPYIOT B TeueHue 3—5 cyT. [1o
HAIIIUM JIAaHHBIM, OaKTEPUIITHOE BEIIECTBO Mtamma B. circulans Ck24 HaKaruiu-
Baetcs B KK eme o mosiBienus crop. Pesymprarsl OenmkoBoro amekTpodopesa
CBHUJICTEIBCTBYIOT O TOM, YTO BEJIMYMHA MOJICKYSIPHONH MAacChl aHTUMUKPOOHOM
cyocranuu Ck24 coctaBnseT 5—6 k/la (puc. 2), Torna kak y aHTHOMOTHKOB U3
rpymIbl TOITMMHUKCHHOB — okotio 1 k/a [8, 9, 25, 26]. B To e BpeMs OIy4eHHOe
OaKTepUIIMIHOE BEIIECTBO O BEIMYMHE MOJIEKYISIPHOM Macchl O0jiee COOTBET-
cTByeT OakrepuonHaM kiacca Il makroGakrepuii [27, 28], HO oTIIMYaeTCs OT HUX
OoJiee MUPOKUM CIIEKTPOM aHTUMHUKPOOHOTO JICHCTBHSL.

BriOpannbiii Hamu crioco0 M3BJIEYEHUsT 0aKTEPUOLUIAHOTO BEIIECTBA U3 CY-
MIepHATaHTa TP ITOMOIIH HETIOJSIPHOTO PACTBOPHUTEIIS TUXIOpPMETaHa OTINIACT-
sl IPOCTOTOM U AP PeKTUBHOCTHIO. IHTepdha3Has mieHka, cooupaemMast Ha rpaHu-
e paszmena ¢as, conepkut 6omee 90% meneBoro mpoaykra (cM. Tadm. 5, 6). Panee
OIMCAHHBIN CIIOCO0O BBIIENICHHS OAKTEPUOLIMHOB ObLT OCHOBAH HA HMCIIOJIb30Ba-
HuU xsopodopma [29], KOTOpHIid 00JIa1aeT CHIILHBIM HAPKOTHYECKUAM JICHCTBHEM.

3akiouenne

Takum 00pa3zoM, yCTaHOBIICHO, UTO JUIS IITyOMHHOTO KYJIBTHBUPOBAHHUS [ITTaM-
Ma B. circulans Ck24 1 HaKOMJICHUS OAKTEPUOIMHONIOJ00HOTO BEIIECTBA MOTYT
OBITH WCIIONB30BAaHBI POCTHIC CPENBI, BKIIOYAIONINE MIHEPATIbHBIE NCTOYHUKU
a30Ta, JPOXIKEBOI DKCTPAKT, COJIM, @ B KaUueCTBE UCTOYHHKA yIIepoja — OJIHIo-
wm nonucaxapuabl. [Ipu BeigeneHnn OaKTepHOIIMHOIOJOOHOTO BEIIECTBA U3
KyJIBTYypaJbHON JKHJIKOCTH 11e7eco00pa3Ho HMCHOJIB30BaTh METOJ| JBYX(a3HOTO
pasneneHus ¢ IpUMEHCHHEM Hanbonee 6e30macHoro auxiopMeTrana. bakrepmo-
uuHonoa00HOe BemecTBo Ck24, 00aaomiee MUPOKUM CIIEKTPOM aHTUMUKPOO-
Horo neiictBus, umeet o nanHbiM JICH TTA AT -anmekrpodopesa MoJeKyISIpHYO
Maccy okojio 6 k/la, 4To OTIIMYaeT ero OT U3BECTHBIX AaHTHONOTHKOB.
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BACTERIOCIN-LIKE SUBSTANCE Bacillus circulans
AND WAY OF ITS PRODUCTION

The development of antibiotic resistance is a key problem for a health care service.
An approach to solve it relies on limited and reasonable application of antibiotics
as well as on utilization of some other substances with more efficient mechanisms of
antimicrobial action. Low-molecular-weight peptides called bacteriocins kill cells by
making pores in cell walls irrespective of their antibiotic resistance. In this context,
of particular interest are some representatives of the genus of Bacillus, especially
of species circulans-polymyxa, producing bacteriocins and wide-spectrum activity
bacteriocin-like substances. However, production of the substances in sufficient
amounts for practical application is still doubtful.

Objectives of the research were to study factors that might influence production
of the bacteriocin-like substance Ck2th by newly isolated strain B. circulans, and to
select an appropriate procedure for isolation of the substance from fermentats to assess
then its properties.

The strain was proliferated and subcultured on nutrient agar at 30°C for two days.
An appropriate composition of nutrient broth for submerged cultivation of the strain
was selected using 750 ml flasks containing 100 ml of nutrient media. Bactericidal


Home
Машинописный текст
doi: 10.17223/19988591/18/6


Bakmepuouyunonoooonoe eéeuyecmeo Bacillus circulans 65

activity of the substance was determined by placing samples of desired volumes in
Petri dishes containing freshly seeded lawns of test strains of Gram-positive and Gram-
negative microorganisms. The activity was expressed in arbitrary units (AU) measured
for 1ml or Img of the sample depending on the level of dilution. Such methods as salt
precipitation (ammonium sulfate), solid carrier sorption (silica gel, carbon, aluminum
oxide, aerosil) and organic solvent two-phase separation (dichlormethane, chloroform,
toluene) were tested for isolation of active substances from fermentats. Molecular iden-
tification of the bacteriocin-like substance was performed by SDS PAGE followed by
5% glutaraldehyde fixation and coomassie staining. Before biological testing the gel
was washed, placed in a Petri dish and overlaid with melted agar containing test cells.
After incubation zones of inhibition of the growth of the test strain were fixed against
markers.

The dependence between the yield of B. circulans Ck2th and a type of nitrogen
and carbon source in the medium and time of submerged cultivation was determined.
The method of two-phase separation in the presence of dichlomethane was found to be
the most effective one to isolate the product from the culture fluid. A 5—6kDa peptide
was shown to be responsible for antimicrobial action of the bacteriocin-like substance,
making it quite different from all known antibiotics.

Key words: microorganisms; bacteriocins and bacteriocin-like substances;
antimicrobic activity.
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Unemumym npobrem xumuro-snepeemuueckux mexnonoeuii CO PAH (2. buiick, Poccus)

ONTUMMU3AIINS COCTABA CHHTETUYECKOM
[IFOKO30-AMMOHUMIHOM CPEJIBI IO BBIXOAY
ITAHOJIA JJIsI HITAMMA Saccharomyces cerevisiae Y-1693

Iokasana 3a6ucumMoCmv HAKONIEHUA NPOOYKMA Memaboiusma — IMAaHond —
wmammom Saccharomyces cerevisiae Y-1693 om cocmasa cunmemuueckoii enoKo30-
AMMOHUTIHOU Cpedbl. B onvimax 6apbuposanuce mpu napamempa. KOHYeHmpayus -
KO3bl, KOHYEHMPAYUs MOHO3AMEWEHHO20 hochama Kanus u KoHyeHmpayus cyiogama
ammonus. [is 8biAGIeHUs 83AUMOBTIUAHUA IMUX NAPAMEMPOE NOCIMPOEHO YPABHEHUE
pezepeccuu. Memooom HaumeHbUUX K8AOPAMO8 PACCUUMAHbI KOIPDuyueHmol ypas-
HeHus peepeccuul. AOeKk8amMHOCHb NOCMPOEHHO20 YPABHEHUSA NPOBEPEHA HA NPAKMU-
Ke NOCMAHOBKOU mpex OONOTHUMENbHbIX ONbIMOo8 U pacuemom Kpumepus Puuiepa.
Yemanosneno, umo ypasnenue pezpeccuu adekeamuo onuchléaen IKChepUMeHn ¢ 00-
cmogeprocmoio 95%. Ilo cocmasnennomy ypagnenuio paccuumansl pekomenoyemvie
KOHYEeHmpayuu MOHO3AMEWEHHO20 ochama Kaaus u cynbghama amMmoHus, Komopbsie
HE0OX00UMO BHOCUMB & cpedy ¢ U3BeCMHOU KOHYeHmpayuell 2noKko3vl. Pesynomamul,
NnonyueHHvle Ha MOOETbHLIX 2I0KO30-AMMOHULIHBIX CPeoax, Oyoym UCnonb3068ambl Ol
ONMUMU3AYUU COCIMABA NUMAMENLHBIX CPEO HA OCHOBE SUOPONUAMOE HEMPAOUYUOH-
HO20 HEOPEeBECHO20 PACUMENbHO20 CHIPbSL.

KuroueBsie cinoBa: Saccharomyces cerevisiae; numamenvhas cpeod; Onmumu3sa-
Yus,; ypasHenue pecpeccuil; d0ek8amHoCnb YPAGHEHUS.

BBenenune

Aurraiickuii kpail mpencraBisier co00i YHUKAIBHYIO MPUPOAHO-KIUMATHYECKYIO
30Hy 3arajHoi Cubupu. Bomnbie 00beMbl OTXOI0B CETTBCKOTO XO3SMCTBA M HAJIU-
YyKe 3eMeJIbHBIX YTOAWH, MO3BOJSIONINX BBIPAIIMBATH BO30OHOBIIEMOE IEIUTIONO-
30COIEPIKAILIEE ChIPE B 3HAUUTENIBHBIX KOJIMYECTBAX, CO3AAIOT MPEANOCHUIKU IS
pa3padoTKU M MCTIONB30BAHUS TEXHOJIOTMH WHTEHCUBHOW IMEpepadOTKH JIEIIEBOrO
TEIUTFOII030COAEPIKAIIETo ChIphsl. OIHUM M3 HaMpaBiICHUI NepepabOTKH TAKUX BHU-
JIOB PACTUTENBHOTO CBHIPbS SBIISETCS TIPOU3BOJCTBO OMO3TAHOIA, TTOMYUHMBILEE OCO-
0oe pazBuTHe 3a pyoexoM [1, 2]. Tak, nanpumep, B CILIA k 2012 1. 3armaHupoBaHO
CHU3UTH CTOUMOCTb OMO3TaHOIa U3 IMTHOLIEILTIOI03HOTO ChIphs ¢ 0,59 (1ieHa 2006 1)
10 0,28 nomrapos 3a ymtp. B mporniom Beke B CCCP Obuta co3naHa B yCHentHo
pasBuBasIach TUIIPOIUZHO-IPOAOKEBAS IPOMBIIIIEHHOCTh, IPEUMYIIECTBEHHO Tiepe-
padaThIBANIMCh XUMHIECKHE THAPOJIM3ATHI APEBECHOTO JIMTHOIEIUTIONO3HOTO CHIPHSI.
B nacrosmee Bpems B Poccun B pamMkax nporpamm Mo palydoHaaIbHOMY IPHPOIO-
TIOJIb30BAHUIO U CO3JaHUIO AJIBTEPHATUBHBIX UCTOYHUKOB SHEPIUM aKTUBHO IPOBO-
JUITCS] UCCTIEA0BAaHMS TI0 MOTYYeHUI0 OM03TaHOoMa COpaKUBAHUEM (DEPMEHTATUBHBIX
THAPOJIM3ATOB, TONYICHHBIX W3 OTXOMOB CENTLCKOXO3SICTBEHHOH ITepepabOTKH W
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OroMacchl OBICTPO BO30OHOBIISIEMOTO PACTHTEIBHOTO CHIPhsI, TAK HA3bIBAEMBIX HEP-
reTHYecKux pacTeHuid. [lomydeHHbIe 10 JaHHOMY Hay4HOMY HarpasieHuto B VH-
CTUTYyTE TIpo0OJIeM XuMHKo-3HepreTrueckux TexHonornii CO PAH (r. buiick) npenpa-
pHTEIIbHBIE Pe3yJbTaThl HCCIICOBAHUI MO3BOIMIM OOBENHHUTD COJIIOMY, TTIOZ0BBIE
000JIOYKH 377aKOB W POCCHHCKUI MICKAHTYC B OTHY OOJNBIIYIO TPYIITY [IEIUTIOI030-
COJIEPIKAILIETO CBIPBSI TSl OMOTEXHOIOTHUECKOH epepaboTKy B GroctupTsl [3—6].

W3BecTHO, UTO THAPOIM3ATHI SIBIIIOTCS CPENaMH, IDIOXO IPHUTONHBIMH IUIS
KHU3HEEATeILHOCTH JIPOXOKEH, TIOCKOIBKY B HHUX HEIOCTaTOYHOE COJIepIKaHue
a30THBIX M (POCHOPHBIX COCTMHEHHH, OTCYTCTBYIOT BUTAMHHBI I CTUMYJISITOPHI
pocTa. DTH BelIecTBa JOJDKHBI BHOCHTBCS B COCTaB Cpe/l JIOMOJIHUTEIBHO B OIl-
THUMaJHHOM KOJTHYECTBE.

JIst KaXKI0ro NCTOYHHUKA CBIPBS M CIOCO0a ITOTyYeHH s THIPOIN3aTa JIOIKHBI
OBITH OTIpe/IeNICHBI HEKOTOPbIe HOPMAaTHBEI BHECEHHSI IIUTATENIFHBIX coliei. Kpome
TOT'0, pa3Hble ITAMMBbI IMEIOT pa3Hble HOTPEOHOCTH B IMUTATENIBHBIX BELIECTBAX
1 00Ta7aroT Pa3InIHON TOJEPAHTHOCTBHIO K BPEAHBIM IIPHMECSM THIPOJIH3aTOB
(pypdypomny, okcumerundypdypoiy, GopmanabIeruay, TUTHOTYMUHOBBIM Bellle-
cTBaMm) [2, 7, 8]. Jlns obecrieueHust HOpMalIbHOU paOOTHI MTaMMa OUOTEXHOJIOTH-
YeCKHe XapaKTePUCTUKH THAPOIIN3aTa JOJDKHBI OBITh CTAaOMIIM3HPOBAHBI.

B cBs13u ¢ 9THM TIEPBOCTETICHHBIMA 33a9aMH SIBJISIOTCS] H3yUeHHE TTHTATENb-
HBIX MOTPeOHOCTEl BBHIOPAHHOTO IITaMMa CaXapOMHMIETOB M ONTUMH3AIHS CO-
CTaBa CHHTETUYECKOH ITFOKO30-aMMOHHUITHOM CPEeIbI 10 BBIXOY 3TaHOIA.

MaTepnaJn,l U METOAUKH HCCTICT0BAHUS

B pabore ucnonb3oBan mwramm Saccharomyces cerevisiae Y-1693, nony4eH-
HEII 13 Beepoccuiickod KoeKIny MpOMBIIUICHHBIX IITAMMOB MUKPOOPTaHN3-
MoB (T. Mocksa). On 6611 BeIACTCH U3 (pepmeHTepa KoTnacckoro LIBK Apxan-
TeNIbCKOM 00JIaCTH 1 MCIIOIB30BAIICS JUTS IPOU3BOICTBA 3TAHOJIA Ha THIPOIH3aTax
JpeBecuHbl. OCOOCHHOCTBIO MITAMMA SIBISIETCS €0 YCTOWYMBOCTH K BPEIHBIM
MIPUMECSIM TUAPOIIH3aTOB.

J171s1 BBIABIIEHNUS MUTATENBHBIX OTpeOHOCTel mrammMa Y-1693 0111 mpoBeIeHbI
9KCTIEPHMEHTHI C HCTIONB30BAHUEM CHHTETHYECKHX IITFOKO30-aMMOHHMIHBIX Cpell.
B kauectBe 6a30B0i HCIIOIBb30BANIACH CTAHAAPTHASI CHHTETHYECKas cpenia (Taom. 1).
COpaxuBaHUE TIPOBOJIFIIHM B aHAIPOOHBIX YCIIOBHSIX TIPH Temrieparype 28+1°C.

Tabnuma 1
Ba3oBblii cocTaB cuHTeTHYeCKOii cpensl [9, 10]

Kommnonenr cpenpt Konnenrpanws, 1/ 11
I'nroxo3a 20,00
(NH,),SO, 5,00
KH,PO, 0,80
MgSO,-7H,0 0,50
NH,Cl1 0,50
K _HPO, 0,15

JpoxokeBoit aBTosm3ar 1,00-2,00
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B skcnepuMeHTax BaphHPOBANM TPH MapaMeTpa (KOMIIOHEHTA MUTATEIbHBIX
cpen): KOHIEHTpalus Toko3bl, docdopa (B BUIe MOHO3aMelIeHHOTo ¢ocdara
KaJus) 1 a30Ta (B BUE cyibdara ammonus). Kpenocts Opaxek (00bEMHYIO JTOJFO
CIUPTA) OIPENEIISUTA apPEOMETPOM JUTSL CIIMPTa B AUCTHILIATE, MOIYYCHHOM MOCTIe
MPEABAPUTEIILHON TIeperoHKH crimpra u3 Opaxxku [11]. [TocKoIbKy KOHIICHTpAITUSI
cyOcTpara B ONBITaX WU3MEHsIACh, TO OMOCHHTETHYECKYI0 aKTUBHOCThH IITaMMa
OLICHUBAJIM HE MO KPEMOCTH TIOIyYeHHOU OpakKKH, a TI0 BBIXOAY JTaHOJA, BHIpa-
JKEHHOMY B IIPOIIEHTaX OT TEOPETHUCCKH BO3MOXKHOTO [12].

PesyabTarsl HccaeqoBaHus U 00CYKIeHAE

Ilo momy4eHHBIM SKCIEPUMEHTANBHBIM JaHHBIM B mporpamme Math CAD
OBIJIO COCTABIICHO YpaBHEHHE perpeccui. st COCTaBIeHHS ypaBHEHUS HCHOIb-
30BaH MACCHB JJaHHBIX, IIPE/ICTABICHHBIN B Ta0. 2. B 0bmieM Bujie 3aBUCUMOCTD
(YHKIMH OT TpexX TepeMEHHBIX MOYKHO IPEICTAaBUTh KaK

f(xx,x)=a,+a,-x +a, x,+a, x, + )

Fa, X Xy F A Xy Xy Qg Xy Xy F Ay X X X

B pesynbrate 00paboTKM METOIOM HAUMEHBIIUX KBaJPaTOB IKCIIEPUMEH-
TANbHBIX JaHHBIX OBUIN PACCUUTAHBI CIEAYIOMne KOd(DOUIMEHTH perpecCu:
a,=94,572; a, = -0,474; a, = 5,107; a, = 1,177; a, = 2,585-10%; a, = 3,218:10°;
a,=-0,192; a,=-3,117-10*. Torna ypaBHeHHe PErpecCHH MOXKHO 3aIMcarh clie-
JYIOIINIM 00pa3oMm:

S (xx,x,)=94,572-0,474 - x, + 5,107 - x, + 1,177 - x, +
+2,585-107x, - x, +3,218-107 - x, - x, —
—0,192-x, -x, =3,117-107* - x, - x, - x,.

2

Tabnuma 2
JKcnepUMEeHTAIbHbIE TaHHbIE, HCIOIB30BAHHbIE ISl TOCTPOEHUS
YPaBHEHHUs perpeccuu

No BapuanTa Konnenrpamms | Konmenrtparmms | Konuentpamus | Beixox stanona, %
° Bap rmoko3sl, 171 (x,) | KH PO, r/n (x,) |(NH,),SO,, r/n (x,)| ot Teoperuy. (y)
0 160,0 6.4 20,0 58,82+0,05
1 160,0 6.4 40,0 58,82+0,05
2 160,0 9.6 20,0 57,86+0,05
3 160,0 9,6 40,0 47,25+0,05
4 160,0 6,4 20,0 89,51+0,05
5 100,0 6.4 40,0 84,88+0,05
6 100,0 9,6 20,0 83,33+0,05
7 100,0 9,6 40,0 72,53+0,05
8 100,0 3.1 10,0 70,99+0,05
9 100,0 34 15,0 75,62+0,05
10 100,0 3.6 20,0 77,16+£0,05
11 160,0 3.2 20,0 54,97+0,05
12 20,0 0,8 5,0 95,00+0,05
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3aBHCHUMOCTb BBIXO/Ia dTaHOJIA OT KOHIICHTPAIMH TIIFOKO3bI, (hocdopa u a3ora
B COCTaBE MUTATEIIHHOM CPEIbl HOCUT CIIOXKHBIN XapakTep. Kaxpiid u3 mapame-
TPOB OKa3bIBAeT BIMSHHUE APYT Ha Apyra. [paduk QyHKIMH BBIXOAA IEICBOTO
poayKTa (3TaHOJA), COOTBETCTBYIOIIUI BBIXOAY dTaHoa 95% OT TeOpeTHUYECKO-
r0, TPEICTABISIET OO0 MOBEPXHOCTD, MOIYUYCHHYIO 110 YPABHEHUIO PETPECCHH
(puc. 1).

1

Puc. 1. 3aBUCMMOCTb KOHLIEHTPAIIMH [ITIOKO3BI (X,) OT KOHIEHTpalii MOHO3aMeIIEHHOTO
(ocdara kanus (x,) v cynbpara aMMOHus (x,) NP BBIXO/E dTaHONa 95%

JInst IpoBepKH aeKBaTHOCTH COCTABJIEHHOTO YpPaBHEHUs ObLIM IPOBEJICHBI
TPU JONOJTHUTEIBHBIX ONBITA (Ta0M. 3), B KOTOPBIX IPOU3BOJIBLHO BaPbHPOBAIUCH
uccieayeMble TapameTpbl. [Ipy 5TOM KOHIIEHTpAlMU MUTATeNIbHBIX CONEei U ITto-
KO3BI HE BEIXOAWIIH 3@ TIPEIEIIbl MACCUBa JAHHBIX, 10 KOTOPOMY HOCTPOECHO ypaB-
HEeHHe perpeccut (2).

Tabnuma 3
JKcNnepUMEHTAIbHbIE TaHHBIE, HCIOJIb30BAHHBIE /IJIsI MPOBEPKH aIEKBATHOCTH

Ne Konnenrpanus Konnentpars | Konnentpauust | Beixon stanona, %
BApUAHTA LIIFOKO3BI, I/1T KH,PO,, r/n (NH,),SO,, /1| OT TeOpeTHIECKOTO
1 97,0 0,8 5,0 47,62+0,05
2 97,0 32 20,0 76,194+0,05
3 90,0 9,6 15,0 68,60+0,05
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AZEKBaTHOCTH YpaBHEHHsI PETpecCHH MpoBepsuiachk Mo kpureputo dumrepa
(£). J1ng 3TOro BEIYMCISIINCH JUCIIEPCUS] PACUETHBIX JAHHBIX M JAUCIIEPCHUS IKC-
TIEPUMEHTAIBHBIX TAHHBIX: Dmp= 14891, D =146,01.

KomntiecTBo HE3aBUCHMBIX MEPEMEHHBIX B ypaBHeHHH N, = 8, KOITHIECTBO
SKCHEPUMEHTAIBHBIX TOUeK N, = 3.

PacuetHoe 3Hauenue kpurepust Purmiepa pasHo 1,02; umucio cteneHel cBo-
00161 OOMIBINEH TUCTICPCUH 2; YUCIIO CTEIICHEeH CBOOOIBI MEHBIICH JTUCIIEPCHH 7.

J1s Takoro KOJIM4YeCcTBa SKCIEPUMEHTOB U YUCEN CTeTeHeH ¢cBoOob! Tabnuy-
Hoe 3Hauenne kpurepus Oumepa (F) pasno 19,35 (mpu mocroseprocTH 95%)
[13]. Pacuetnoe 3nauenue kpurepus dumepa (F) pasuo 1,02. Tak kak pacder-
Hoe 3HaueHne Kputepus Pumepa (F) MeHbmie Tabmuunoro (F), T0 ypaBHEHHE
perpeccuy MOKHO CUUTATh aJIEKBATHO ONUCHIBAIOIINM 3KCIEPUMEHT C JOCTOBEP-
HOCTBIO 95%.

IToBepxHOCTH, H300pa’KEHHYIO HA PUC. |1 ¥ OTBEUAIOIIYIO YPAaBHEHHUIO perpec-
cu (2), MOKHO OoJiee HAIVISITHO TPEICTaBUTh B BUJIE MPOCKIIMH Ha TUIOCKOCTD
(x,, X,) IPH 33/IAHHBIX 3HAYEHHUAX X, (KOHLIEHTPALMH TIIFOKO3BI).

10 T T \
£2(30,2_%) 3/ L _
£240,%.3) T

£2(50,% 3) -
mmxm
£2(70 % _3)
20,63 |
£2(90,%_3)

3

Puc. 2. 3aBHCUMOCTH KOHIIEHTpAIMii MOHO3aMEIEHHOTO (hocara kanus (x,) oT cybpara
aMMOHHS (X,) IPH Pa3IMYHBIX KOHICHTPAIHMSX [IIFOKO3bI IS BBIXO/Ia 3TaHoNa 95%

CoracHo IPOEKIHAM COCTaBIeHa TaOIHIAa PEKOMEH/[YeMbIX KOHIICHTPAIHi
coseii azota u Qocdopa, KOTOpble HEOOXOTUMO BHECTH B THIPOJIM3ATHl PACTH-
TEIBHOTO ChIPBS, IIPH YCTAHOBICHHON B HUX KOHICHTPAIIMHU TIFOKO3bI (Tabm. 4)
JUTSL TOCTHOYKEHHS BBIXO/Ia 3TaHoda 95% 0T TeopeTHIecKoro.
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Tabnuma 4
Pexomenjiyemple KOHUEHTPAUMH MOHO3aMeLIeHHOTO0 ¢ocdara kamus (KH,PO,)
u cyabdara ammonus (NH,),SO,) npu ycranosiaeHnoi
KOHICHTPALIMH I[VII0KO3bI B THAPO/IU3aTe

Konnenrpanus nmoxossl, 171 | Konnentpanus KH PO, r/n | Konnentpanus (NH,),SO,, r/n
30,0 1,2+0,2 8,0+0,2
40,0 2,3+0,2 9,0+0,2
50,0 3,0+£0,2 12,040,2
60,0 4,0£0,2 15,0+0,2
70,0 5,8+0,2 18,94+0,2
80,0 7,7+0,2 11,24+0,2

Taxum 00pa3zoM, JaHHbIE Ta0JI. 4 TTO3BOJISAIOT ONPENEIUTH HEOOXOAUMBIE KOJU-
YeCcTBa MOHO3aMEIIEHHOTO (hocdara Kaus U cylbdara aMMOHUS T BBEICHHS
B TUAPOIU3HYIO cpeay. Hampumep, A JOCTHIKEHHUS BBICOKOTO BBIXOA 3TaHOJa
B THJIPOJIM3AT C KOHIIGHTPAIMEH TITFOKO3bI 35 T/71, B COOTBETCTBUU C TaOII. 4, clie-
nyer suectu KH,PO, — 1,7+0, 2 r/n u (NH,),SO, — 8,5+0,2 r/n. [Ipu orcyrcrBun
MIPUBEICHHBIX MUTATEIBHBIX COJIEH MOKHO BHOCHTB JPYyTHe, MePeCUnThIBas Ha
cogepxkanue Gocdopa u azora B BemecTse [12].

3akirouenne

[TokazaHa 3aBUCHMMOCTh HAKOIUIGHHs STaHOJA INTaMMOM Saccharomyces
cerevisiae Y-1693 oT cocTaBa CHHTETHYECKON TITFOKO30-aMMOHUWHOM cpenbl. Jlis
BBISIBJICHUS] B3aWMOBIUSHUS KOHIIGHTPALUU TJIFOKO3bI, MOHO3aMEIIeHHOTO (hoc-
(ara xamust U cynb(aTa aMMOHHS TIOCTPOCHO YpaBHEHHE perpeccuu. MeTomom
HAaUMEHbBIIUX KBaJpPaToOB paccUUTaHbl KOI(D(UIUEHTHI ypaBHEHHS PErpecCuu.
AJIeKBaTHOCTb IIOCTPOEHHOI'0 YpaBHEHHUs [IPOBEPEHA Ha IPAKTUKE IIOCTAHOBKOM
TpeX JONOJHUTENBHBIX OMBITOB U pacyeToM KpuTepusi Puiiepa. YCTaHOBIECHO,
YTO YpPaBHEHUE PErpecCUH aJ€KBAaTHO ONMCHIBAET 3KCIIEPUMEHT CO CTaTUCTHYe-
CKOH 3HAYUMOCTBIO 95%.

[To cocraBneHHOMY ypaBHEHHUIO pACCUUTAHbBI PEKOMEHYEMble KOHLIEHTPALUU
MOHO3aMelIeHHOoro docdara Kanus U cylbhara aMMOHHS, KOTOPbIe HEOOXOAUMO
BHOCUTB B CpPEAY C U3BECTHOM KOHLEHTPALMEN ITIIOKO3bI. Pe3ynpTarsl, MoIydeH-
HbIE Ha MOJICNIBHBIX IJIFOKO30-aMMOHHUUHBIX cpefax, OyIyT MCIOJIb30BaHbI IS
ONTUMU3ALMY COCTaBa MUTATEIbHBIX CPEJ Ha OCHOBE TUAPOIU3ATOB HETPaAULHU-
OHHOT'O HEAPEBECHOTO PACTUTEIHHOTO CBIPhs (OTXO/I0B 3J1aKOB 1 OMOMACCHI POC-
cuiickoro Muckanryca [ 14]).
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ETHANOL YIELD OPTIMIZATION OF THE SYNTHETIC GLUCOSE-AMMONIUM
MEDIUM COMPOSITION FOR THE Saccharomyces cerevisiae Y-1693 STRAIN

One of the ways of processing unconventional non-wood plant raw materials is pro-
duction of bioethanol. Since hydrolyzates are media that are hardly suitable for yeast
life activity due to insufficient content of nitric and phosphoric compounds, nutrient
salts must be additionally introduced into media compositions at an optimum quantity.
The work is aimed at studying nutrient demands of Saccharomyces cerevisiae (Y-1693
strain) saccharomycetes and optimizing the synthetic glucose-ammonium medium com-
position by ethanol yield.
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Three parameters were varied in the experiments: glucose level, monosubstitut-
ed potassium phosphate concentration, and ammonium sulphate concentration. The
dependence of the metabolism product accumulation, ethanol, by Saccharomyces
cerevisiae strain Y-1693 on the synthetic glucose-ammonium medium composition was
consequently demonstrated. To reveal the mutual influence between those parameters
using Math CAD software, a regression equation was formulated. By the least square
method, the regression equation coefficients were computed. Using the regression equa-
tion, a function graph for the desired product yield (ethanol) was plotted which cor-
responds to the ethanol yield of 95% of the theoretical one and represents a surface.

The adequacy of the constructed regression equation has been validated in prac-
tice by conducting three more experiments and calculating the Fischer s criterion. The
regression equation has been found to describe adequately the experiment with 95%
confidence. The recommended concentrations of monosubstituted potassium phosphate
and ammonium sulphate which should be added to the medium with the known glucose
level were calculated by the formulated equation. The results obtained on model glu-
cose-ammonium media will be exploited to optimize the composition of nutrient media
based on hydrolyzates of non-traditional non-wood plant raw materials.

Key words: Saccharomyces cerevisiae; strain; nutrient medium,; optimization; re-
gression equation, equation adequacy.
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BEPMUKY.JIBTYPA KAK BO3OBHOBJISIEMbII UICTOYHUK
KHUBOTHOI'O BEJIKA U3 OPTAHMYECKHUX OTXO10B

OOHUM U3 BAJICHEUWUX HANPAGTIEHULl 8EPMUK)ILINYPLL SAGISACMCS GbIPAUUBAHIE
buomaccol 00xcOesbix uepsell U UCNOIb308AHUEe IMO20 80300HOBIAEMO20 buopecypca
07151 NOTYYeHUsl 8bICOKOKAUECTBEHHBIX OEIKOB0-8UNMAMUHHBIX KOPMOBLIX NPEMUKCO OJIs
NMUYeso0Cmad, HCUSOMHOBOOCMEA u pvlb08odcmea. B 0b30pe npusedenv ocHogHble
Memoobl NONYUEHUsL U3 OUOMACCHL Q0NHCOEBHIX UepBell NPenapamos HCUGOMHO20 OelKa
U pe3ynbmamyl NPUMEHeHUs. UX 8 Ka4eCmee KOPMOBbIX NPEMUKCO8 NPU BbIpaAUUEAHUY
PA3IUYHBIX 8UO08 CENbCKOXO3AUCIBEHHBIX ACUBONHBIX.

KuitoueBble CJI0Ba: 6epMUKYIbNYDA; PEYUKIUHS OPSAHUYECKUX OMX0008; KOPMO-
6ble NPEMUKCDL.

Bo MHOrux crpanax mupa Hay4dHbIe COOOIIECTBA CEro/Hs HAXOJSTCS B TO-
HCKE HOBBIX TEXHOJIOTHUH, KOTOPHIC JIOJDKHBI OBITh 3KOHOMHYECKH >KH3HECIIO-
COOHBIMHU, SKOJIOTHYECKH JPY>KECTBEHHBIMU U COLUAIBHO MpHEMIIEMbIMU. Tex-
HOJIOTHSI BEPMHKYIBTYPBI COYEeTaeT B ceOe BCE ITH JIOCTOMHCTBA M KayecTBa
OJTHOBPEMEHHO.

B nocnepnee pecarminerne XXI B. MPOU30LUIM UCTUHHO PEBOJIOIMOHHBIE
Hay4HbIe MCCIIeIOBaHUS B OOJIACTH BEPMUKYIBTYPBI, HA OCHOBE KOTOPBIX pa3pa-
0OTaHBl COBPEMEHHBIC BEPMHTEXHOJOTHH I PEIICHUS psia SKOHOMHUECKHX,
COLIMAJIbHBIX, KOJOTHUYECKUX U MEUIIMHCKUX MPOOIEeM, KOTOPbIE SBISIOTCS TJI0-
OaJTbHBIMHU BBI30BAMHU JUISI COBPEMEHHOTO OOIECTBA.

B HacTosimiee Bpemst J0kIeBble (KOMIIOCTHBIE) YEpPBU CTald IMPHUBICKATH
0co0oe BHHMaHHWE UCCIICAOBaTelNeH, MpeANpUHIMATENICH U TIPAKTUKOB B CBS3H
C BO3MOKHOCTBIO UX CaMOI'0 HIMPOKOTO XO31CTBEHHOTO MCIOIb30BaHUs B pa3-
JIMIHBIX ETIX:

— nepepaboTKa ¥ PeUUKIMHT MyHULIUTIAIBHBIX, arpOIPOMBIILIIEHHBIX W TPO-
MBIIJIEHHBIX TBEPJIBIX OPTraHOCOACPIKAIMIMX OTXOJ0B C MOMOIIBIO TEXHOJIOTHUH
BEPMUKOMITIOCTUPOBAHUS, MMO3BOJISIIOIIEH MOIy4YaTh M3 OPraHUYECKUX OTXO/I0B
BBICOKOKa4eCTBEHHBIC OMOYI00pEHUS, TOYBOTPYHTHI U MEJIMOPAHTHI;

— 00paboTKa M PEUUKIUHT MYHUIUIAIBHBIX, arpONPOMBIIIIEHHBIX U TPO-
MBINUICHHBIX KUJIKHX OTXOMOB (CTOYHBIX BOJ) C IMIOMOIIBIO TEXHOJIOTHH BEPMHU-
¢uneTpanny;

— OYUCTKA XMMHWYECKH 3aTrPS3HEHHBIX 3eMEeIlb C TTOMOMIBI0 TEXHOJIOTUN BEp-
MHUpEeMEANALUH JUIA YITyUIIeHUs UX (PU3HMYECKUX, XUMUUECKUX U OMOJIOTHYECKUX
CBOICTB,;

— COXpaHEHHUE WU YAYy4IlIeHUE MII00PO/IUs TIOYBHI U BhIpallluBaHUE «0e3 XH-
MUY 0€30ITaCHON CEeIIbCKOXO3SHCTBEHHOM MTPOMYKITUH, UCTIONB3YS BEPMHUKOMITO-
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CTBI M OMOTIpenapaTbl Ha UX OCHOBE, IPU MHHUMAJIBHOM TIPUMEHEHUN MUHEPAITh-
HBIX yIOOPEHUI U arpOXMMHUKATOB UIIU MPH UX OJHOM HCKIIOYCHUM,

— BBIpallMBaHUEe OMOMACCHI JIOKICBBIX UEPBEH M HMCIIOIH30BAHHUE ATOTO BO-
300HOBIIsIEMOTO OHOpecypca IS Oy UCHUS:

a) BBICOKOKaYEeCTBEHHBIX OCJIIKOBO-BUTAMHHHBIX KOPMOBBIX MPEMHUKCOB ISl
NTHIIEBOJICTBA, YKUBOTHOBOJICTBA, PHIOOBO/ICTBA;

0) mpemnaparoB OHOJIOTHYECKH aKTHBHBIX BEIISCTB IS HYXKJ COBPEMEHHOM
BEpMU(PAPMAICBTUKH, BEPMHUKOCMETHKH U BEPMUMETUIINHBI;

B) CBIPBS JJIs1 HEKOTOPHIX MPOMBIIUICHHBIX TIPOU3BOACTB MPH TOJIYICHUH pe-
3HMHBI, CMAQ30YHBIX CPECTB M OHOICTPAIUPYEMbIX JIETEPTEHTOB.

Breperie Lawrence u Millar B 1945 1. [ 1] Ob1J10 TOKa3aHO, YTO JOK/ICBBIC Yep-
BHU COZIEpIKAT JOCTATOYHBIC KOJINYECTBA OCIIKA, KOTOPBIH MOXKET UCIIOJIb30BATHCS
B KauecTBE KOpMa JIJIsl )KMBOTHBIX WJIM HCTOYHUKA KOPMOBOTO Oenka. B mocieny-
FOIIHE TOIbI OBLIH IPOBEICHBI MOJTHBIC UCCIICIOBAHNUS TKAHEH TOXKICBBIX YEPBEH,
KOTOpBIC MOJATBEPAMIN 3TO 3aKitoucHHUe. [lepBblie yCIenTHpIe OIBITHI IO KOPM-
JICHUIO JKMBOTHBIX OBUTH OCYIICCTBICHBI HA IBIILIATAX U MOPOCATAX-COCYHKAX
[2]. HekoTopbie BHIBI JOKICBBIX UepBEU-AIMUTCHKOB, TAKUX Kak Eisenia fetida,
Perionyx excavatus, Eudrilus eugeniae u Dendrobaena veneta, ucnonb3yrorcs
JUTS TIepepabOTKHU psijia OPraHUYECKUX OTXONOB, TakuxX kKak OCB, HaB03 KUBOT-
HBIX, MMUIICBbIC OTXO/bl U OPTaHUYCCKUE TPOMBIILUICHHBIC OTXO/BI B BEPMUKOM-
MOCTBI, U MOTYT TaKXe NMPUMEHSITBCS B Ka4€CTBE HCTOYHHKOB KOPMOBOTO OEJIKa
[3]. B HacTosIiee BpeMs 3Ta TEXHOJIOTHS IIHPOKO MCIIONIB3YeTCsl BO MHOTHX CTpa-
HaX C IENbI0 TIOJTYYCHUS U3 HU3KOICHHBIX OPraHWYECKUX OTXOJOB JIBYX BHIIOB
BBICOKOIIEHHBIX XO3SHCTBEHHO IOJIE3HBIX MPOIYKTOB: BBICOKOIYMYCHPOBAHHOTO
OpPTaHWYECKOTO yA00peHUs (BEpMHKOMITOCTA MJIH OMOTyMyca) U OEIKOBO-BUTA-
MHUHHOU KOPMOBOW JOOABKH U3 OMOMACCHI I0KAEBBIX YepBeil [4].

MHoro4rcieHHbIE HCCISIOBAaHMSI KOMIIOHCHTOB TKaHEHW Pa3IMYHBIX BHJIOB
JOXKICBBIX YepBeil MOKa3aiu, 4To OOIIHMIA COCTaB TKAaHEH JTOXKICBBIX YepBEil Cy-
MIECTBEHHO HE OTIIMYACTCS OT TAKOBBIX JUISl MHOTHUX TKaHEH MO3BOHOUHBIX JKH-
BOTHBIX. CIIEKTp HE3aMEHHMbIX aMHHOKHUCIOT B TKAHSX JIOXIEBOTO YEPBsI SIB-
JIIETCSl CPAaBHUMBIM C TAKOBBIM M3 JIPYTHX B HACTOSIIEE BPEMS UCIIOIb3YyEMbIX
UCTOYHHKOB. [10 conepaHnio He3aMEHIUMbIX AMUHOKHCIIOT OHU COOTBETCTBYIOT
KOpMaM JIJIs )KHBOTHBIX, IITHIIBI MIIH PHIOBI, KOTOPBIEC PEKOMEHIOBAHbI KOMUCCHSI-
Mu @AO u BO3, 0COOEHHO ¢ TOYKHU 3peHHS COAEPKAHUS TU3MHA U KOMOWHAINH
METHOHHUHHTIIUCTEUH ¥ (eHHATAaHUH+THPO3UH, KOTOPHIC BCE SBISIOTCS OYCHb
Ba)KHBIMU KOMIIOHEHTaMH KMBOTHBIX KOpMOB. KpoMe TOro, TKaHu J0XKIEBOTO
YepBs COJIepXKAT JUTMHHOIETIOYCYHBIC )KUPHBIE KUCIOTHI (MHOTHE U3 HUX KHBOT-
HbIE, HE UMEIOT pyOlla, HE MOTYT CHHTE3UPOBATh) H COOTBETCTBYIOIICE KOJH-
YECTBO MHHEPAIBHBIX BemecTB. OHU TaKKe COAEPIKAT PsiJi BATAMHHOB, OOTaThI
HUKOTHHOBOHN KHCJIOTOH U SIBJSIFOTCS IICHHBIMH KOMIIOHEHTAaMH JUIsSi XOPOIIUX
KopMmoB [2, 5-12].

MHorue BUIIbI TOXKICBBIX YePBEH MOXKHO BBIPAIIIMBAT HA PA3IMYHBIX OPTaHH-
YECKUX OTXOJIax, MpeBpanias ux B OHomMaccy depBei, Ipu4YeM MOCICIHSS MOKET
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cocTaBATh 10 10% OT MCXOHOM Macchl 0TX0MOB. UepBH MOT'YT OBITh OT/ICJICHBI
OT cyOcTpara MEXaHHYEeCKUM CIIOCOOOM M IepepaboTaHbl B CyXHe BEPMUKOpPMa
IUTSL )KUBOTHBIX, KOTOPBIE 3aT€M OyIyT MCIONB30BAHBI KaK OCIKOBO-BUTAMHUHHAS
KOpMOBas 100aBKa.

KomnocTHI# yepBs E. fetida — Hanbolee yHUBEPCATBHBIA BHIT IOXKICBOTO Yep-
Bsl, HCTIOJIb3YEMBbIil [Tl CAMBIX PA3IMYHBIX Lienieil. OH XapaKkTepu3yercsi ObICTPhIM
POCTOM M KOPOTKHM IMKJIOM JKU3HH, JIETKO aJalTHPYeTCS K CaMbIM Pa3IUIHBIM
BHUJIaM OPTraHUYECKHUX OTXOJIOB, TUIOMOBUT H II03TOMY HPEIIIOYTUTENICH JIJIS BEPMHU-
KyJBTYpEL. DTOT BUII YepBEH BBIpaOaThIBACT JIMITA3bl — (PEPMEHTHI, PACIIICTUIIONINE
JKHPBI, YTO 0YCHb BAXKHO MPU YTUIU3ALUH THAIIEBBIX OTXOO0B. J{Jisl KyIBTHBHPOBa-
HUSI B ICKYCCTBCHHBIX YCIIOBHSIX KOMIIOCTHBIX UepBeil Buna E. fetida HeoOXOMIMBI
CII/IyIOIIIUE YCIIOBUS: TeMIlepaTypa cyocTpara xxuzHeooutanus — 20-28°C; prnax-
HOCTBH cyOcTpara xu3HeoouTanus — 70—-80% OT IOTHON BIArOEMKOCTH; 3HAYCHHS
pH cpenpl nuieBsix cyocTpaToB B AuanasoHe ot 5,0 no 8,0; perymapHoe 100aB-
JICHUE OpPTaHWYECKUX MaTepUaliOB; HACBHIIICHHE KHCIOPOIOM BO3AyXa CyOcTpara
xu3HeoOuTanus. CoOroeHNe JaHHBIX YCIOBHNA CIIOCOOCTBYET aKTUBHOMY POCTY
U pa3MHOKCHHUIO TOKAEBBIX UEePBEH PH MaKCUMAIEHOM TOTPEOICHIH KOpMa, ITO
MIPUBOJMUT K YCKOPEHHIO MepepadOTKH OpraHNYeCcKOr (hpakLMu OTXO0B, YBEIUYe-
HUIO BBIXO0/1a BEICOKOKAYECTBEHHOTO BEPMHUKOMIIOCTA M OMOMACCHI YePBEH.

JoxneBble yepBU, OTOOpaHHBIE C TIOMOIIBIO CEMApUPOBAHMA, COJACPIKAT Ya-
CTHIIBI TIOACPIKUBAIOIIETO CyOCTpaTa M BEPMUKOMITOCT Ha CBOHMX TeJax M Helle-
pEeBapeHHBIC MAaTEPUAIbI B CBOMX KHIIeYHUKaX. ClieIOBaTeIbHO, IIEPBast CTYICHb
BCEX METOJIOB 00pa0OTKH OHOMACCHI JIOXKIEBBIX YePBEH JTODKHA COCTOSTH B MIPO-
MBIBAaHHU JOXKJICBBIX YepPBEil BOJOMN, YTOOBI MOJTHOCTHIO YBAKYHPOBATh OCTATKH
OTXOJIOB M3 MX KHIeyHHKa. CIIeTyIOIMM TarioM 00paOdoTKH SBIISIeTCs OJIaHIIH-
POBKa B KUILALIEH BOJE.

Pazmmanabie MeTonpl 00pabOTKH JOKAEBBIX YepBei Ha KOPM IS KHUBOTHBIX
ObLTH pa3paboTaHbl MHOTUMHE aBTOpaMH. M3 GMOMACCHI TOKIEBBIX YSPBEil MOTY-
YafoT NMAacTOOOPa3HbIA MPOAYKT WIIH CYXyI0 MYKY, KOTOPBIC SIBIISIOTCS TIpUEMIIe-
MBIMH UIS PAa3JIMYHOTO UCIIOIB30BAHMS B KQUECTBE KOpMa JJIsl Pa3InYHBIX JKH-
BOTHEIX [13]:

branwuposanue. OT0T METONI COCTOUT B 00pabOTKE JOXKIEBBIX YepBEH B KH-
IIAIICH BOJIC B TEUCHUE OTHOM MUHYTHI, 3aTeM J100aBistoT 30%-Hyto MaToKy BMe-
cte ¢ 0,3%-ubIM copbarom Kanus. [loaydeHHbIH TacTo00pa3HbI MPOTYKT MOXKET
XpaHHUTBCS TIPH KOMHATHOH TeMIeparype HEONpeIeNIeHHO J0JTO0, TaK Kak poCT
JTPOXOKEH U MIIECEHH 3aTOPMOXKEH.

Obpabomka Mypasvunoil Kuciomou — TONyYCHHE MacTOO0pa3HOro Mpo-
JyKTa U3 OMOMacchl JOXKJEBBIX YepBeil: 00paboTka 6uomaccel uepseit 3%-Hoi
MYPaBBHUHOW KHUCJIOTOM € TOMOT€HH3allEi, 3aTEM TOMOI'€HAT OCTAaBIISIOT Ha
OTIPENIEIEHHOE BPEeMs M, B KOHEYHOM CHUETE, MOJIY4YaeTCs OYCeHb CTaOMIIbHBIN
MIPOIYKT.

Ilonyuenue cyxozo nopowika, unu eepmumyku. Cyxasi 6enxoBasi BEpMUMyKa
13 JOKICBBIX YepBel MOKET OBITH TIOyYCHA C IOMOIIBIO OJAHIIMPOBAHUS UX B
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KUIISIIEH BOJie B T€UCHHE | MUH M TIOCIIEAYIONIEH €CTECTBEHHON CYIIKH Ha BO3-
JyXe U pa3MalibIBaHus B MOPOIIOK. J[pyroi THII CyX0il BEpMUMYKH MOXKET OBITh
MIOJTYYEH C ITOMOIIBIO OBICTPOTO 3aMOpPaKUBAHMS OMOMACCHI TOXKICBBIX YEPBEH,
ee MMO(GUIN3aUK U Pa3MalIbIBaHUsI B MOPOIIOK. Eille ofuH crocod moimyueHus
BEPMHUMYKH COCTOHT B 00pabOTKe UepBeil B alleTOHE B TEUCHHE | U ¢ TTOCIIeyTo-
UM BBICYIINBaHUEM B CYHMIMIBHOM IIKady npu temmeparype 95°C u usmenbue-
HHEM B MOpoIoK. Takyke BO3MOXKHO TIOCie ONaHIIIMPOBAHUS YepBEi B KHUIISIICH
BOJIC BHICYIIIMBATH UX B CYIIMILHOM IIKaQy mpu Temieparype 95°C u uamensiarhb
B TIOPOIIIOK.

Bce 31 crtoco0Obl IO3BOJISIIOT MOMYYaTh XOPOIIUI OEIKOBBIN MPOIYKT, KOTO-
PBIHl MOXKET HCIIONB30BATHCSI B KA4eCTBE OEIKOBO-BUTAMHHHOTO IPEMHKCA IS
JKHBOTHBIX. TakuM 00pa3oMm, mpernapar KOPMOBOTO )KUBOTHOTO OEJKa U3 TOXKIe-
BBIX YePBEH MOKET OBITH MOTyUEH JIOOBIM M3 BEIIICOMMCAHHBIX METOIOB, BEIOOD
KOTOPOTO OIPEACIISIETCS TUIIOM MOAKAPMIMBAEMBIX JKUBOTHBIX WU PHIOBI.

[lepBBIe nCTBITAHUS IO KOPMIICHUIO PHIOBI TOXKICBBIMH YEPBSIMH OBLTH TIPO-
BezieHb! Tacon ¢ cotp. [14]. beiio mokaszaHo, 4To POCT Gopenau Npu KOPMICHHH
TOJIBKO JIOKJCBBIMU UepBsiMU BUJOB E. fetida, Allolobophora longa v Lumbricus
terrestris L. ObUI CpaBHUM C TaKOBBIM JUISl PHIOBI, KOTOPYIO KOPMHJIA KOMMEp-
YECKUM OCTIKOBBIM TperapaToM. Peiba, KoTopyio KOPMHIIH 3aMOPOKEHHBIMH J10-
JKIICBBIMU YepBIMU A. longa u L. terrestris, pocia Tak >Ke W JaXe Jy4Ile PhIObI,
KOTOPYIO KOPMIJIM KOMMEPUYECKIMHU KopMaMu 1t popenu. Ha monuo#t auete u3
CyOIMMHUPOBAHHOTO MOPOIIKA J0XKAEBBIX uepBell E. fetida (opens pocna MeHee
aKkTUBHO. [Ipu 3TOM UCIOJIb30BaHUE MACCHI YepBE, OITAHIITMPOBAHON B KHITAIICH
BOJIE JI0 3aMOPaXUBAHUs, CTUMYJIMPOBAJIO POCT PHIOBI. BO3MOXKHO, 3aMOpakuBa-
HUE YAAJSII0 CIU3b, KOTOPYIO STOT B Y€PBEH BBIACIICT IS 3AIIUTHI OT XUIITHBIX
OTHI 1 MiTeKoruTaonux [ 15]. OgHako MyKa U3 BRICYIICHHBIX JI0XK/ICBBIX YEPBEH,
MoJTy4eHHas U3 4epBeit E. fetida, KOTOpbIe HE TIOBEPTAINCH OIAHITUPOBKE B KH-
nsimeil Boze, MOIIa 3aMEHSITh PBIOHYI0 MyKY OT 5 10 30%, uTO He BIHAIO Ha
CKOpOCTh pocTta ¢openn. bruto mokazano, uro Twianust 7ilapia BeIpamuBaiach
JIy4IIe MpH UCTIONIB30BAHUU KOPMa, COEPIKAIeTo OENIOK JI0KAESBOTO YepBs BHIA
P. excavatus wnu E. eugeniae, 4eM KopMa ¢ 100aBlIieHHEM PBIOHOM Myku [16].

O mepBbIX UCIBITAHUSIX MO OIICHKE CKOPOCTH POCTA IBILIAT Ha OeKe MoK Ie-
BOro uepBs coobmanm Harwood [17] u Sabine [2]. OHE CpaBHIIN HCTIOJIL30BAHUE
BEPMHUMYKH C MSICHOM MyKOU U He 00HAPYKIJIA 3HAYUTEIBHON PA3HHIIBI B POCTE HA
JIeTax, COIePIKaIINX dTH UCTOYHUKH Oerka. O MOJOOHBIX pe3ylibTaTax cooOmaii
Mekada c cotp. [8] u Taboga [9]. Jin-you ¢ cotp. coobianu, 4To UbIUIATA, KOTO-
PBIX KOPMUITH JOKICBEIMU YEPBSMH, MPUOABILUTH B Bece OBICTpee, UeM IBIIIIATa
Ha JIPYTHUX JueTax (BKJIo4as pelOHYI0 MyKY). Beipociiue Ha GrnoMacce uepBeii 1bl-
TUIATa UMENTU OOJBIITYIO MACCy MBIIIIIBI TPYAKH U MTOTPEOIIsUTH MeHbIIe kopMma [ 18].

Harwood [17] u Sabine [2] mokasaiu, 4TO B ONBITaX MO KOPMIICHUIO CTApTO-
BBIX CBMHEH WM TPOW3BOAWTENCH >KHBOTHBIC, KOTOPHIC MONyYaay JOTOJHUTEIHHO
KOPMOBO# OCITOK J0XKICBOTO YEpPBsi, POCIIH TaK JKE XOPOIIO, KaK M KMBOTHbIC, BbI-
pamieHHbIe Ha KOMMEpPUYECKUX KopMax. Jin-you ¢ coTp. coolmanm, 9To Ha KopMax
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C JIOTIOMHEHUSMH OeTKa MOKAEBBIX UepBel MOPOCSTa POCIH JIydIlle, YeM Ha KOM-
MepuecKux kopmax. bornee Toro, BBeieHHE B PallMOH KHMBOTHBIX O€IKa JTOMKIEBBIX
YepBeil MpuBOIMIIO K OoJIee paHHE! Teuke y CBHHOMATOK, YBEINUCHUIO COTTPOTHB-
JIIEMOCTH >KUBOTHBIX K 3200JIeBaHUSIM ¥ CHIDKEHHUIO HHIIUIEHTHOCTH uapeii [19].

[MurarenpHas IeHHOCTH YepBel E. fetida oOycIIOBICHA TPUCYTCTBHEM B HAX
KaK BBICOKOKAQU€CTBEHHBIX OEJIKOB, TAK M1 MUHEPAJIbHBIX KOMIOHEHTOB, YTO 00Y-
CIIOBITUBACT BO3MOYKHOCTB HX HCITOJIH30BAHIS B KAUECTBE BUTAMHUHHO-OCITKOBOM
KOPMOBOHM JT0OaBKH AJisi )KUBOTHBIX. KpoMe TOT0, OAHMM M3 HOBBIX CIIOCOOOB
MIPUMEHEHHUST BEPMUKYJIFTYPHI B KA9€CTBE KOPMOBOU TOOABKH UISl )KUBOTHBIX H
PHIOBI SIBIIIETCS CKapMITMBAaHUE YePBEIl HEMOCPEICTBEHHO ¢ CyOCTpaToM Oe3 mpu-
MEHEHHS MPOIEAypHI OTneneHus uepseil. [lokazaHo, uTo mo0aBieHNE B palvioH
JIOMAIIHeW NTHILIbI, CBUHEH U PBIOBI MAacChl YepBel BMECTE C BEPMUKOMIIOCTOM
B 03e, He npesplmatonied 10% or Maccbl KOMMEPUYECKOro KOpMa, HO3BOJSET
3aMEHATh PBIOHYI0 MYKY. [loxeBblie uepBH E. fetida conep:kaT MUKPOIJIEMEHTHI
Fe, Cu, Mn, Zn u T.71., a TAK)XKe BUTAMHUHBI KOMIUIEKCOB A U B, ¢pepMeHTHI, aHTH-
OMOTHKHU U T.II. DTU (PAKTOPHI BBI3BIBAIOT Y Kyp-HECYIIEK YBEJIUYCHUE SHIICHO-
ckoctu [20].

B kocmuueckoll mporpamMme BEPMHUKYJIbTypa MHOTO JIET HCIOJB3YETCs Kak
KOMIIOHEHT 3aMKHYTOW DKOJOTHYECKOH CHCTEMBI KOCMHYECKOTO armapara JUis
PELMKIIMHTa OPTaHUYECKHUX OTX0A0B. Jl0K/IeBbIC UEPBH SBISIFOTCA YIOOHBIM 00b-
eKTOM JUISI KOCMHYECKUX SKCIIEPHMEHTOB Onarofapsi HeOONbIINM pa3Mepam, Ko-
POTKOMY IIMKITY MHJMBHUIYaJTIbHOTO Pa3BUTHS, BHICOKOH MJIOAOBUTOCTH, a TAKKE
BBICOKOMY YPOBHIO OMOKOHBEPCHH OPTaHUYECKHX OTXOIOB B YIOOpEHHE U KH-
BOTHBIHM 0enok. B ycoBUSX MPONOMIKUTENBHBIX KOCMUYECKUX AKCTICAUIIUN 10~
JKIIEBBIC YePBH MOTYT UCTIONB30BATHCS ISl yTHIIN3AINN U PSIUKINHTA OpTaHde-
CKHX OTXOJIOB JKU3HE/ICATEIbHOCTH KOCMOHABTOB, ITUIIEBBIX OTXO/I0B, OMOMACCHI
OTMEPIIUX BOIOPOCIHEH, HEIUTION03bI U APYTHX OpPTaHHYECKUX KOMIIOHCHTOB
3aMKHYTOH CHCTEMBbl KOCMHYECKOTO amnmapara. [loiydaemblii B pe3ynbrare xu3-
HENEesITeTHHOCTH YepPBEel BEPMUKOMITOCT B AIBHEHIIIEM MOXET OBITH HCIONB30-
BaH KaK MOJHOLEHHBII UCKYCCTBEHHBIN I'PYHT AJISl BRIPAIlMBAHUS PACTUTEIBHOM
MIPOMYKINH, A TaKKEe BHEIPAIIUBAHUS PACTECHHN, HEOOXOMUMBIX JJIS TIPOBEICHHUS
HaOIOIEHMIA 32 MX COCTOSHHEM B YCJIOBUSX JICHCTBUS KOMIUIEKCa (haKTOPOB KOC-
MHYECKOTO TOJIeTa.

BepMmuTexHosiornu, OCHOBaHHbIE Ha WCIOJIB30BAaHUU BEPMUKYIBTYDPHI, SB-
JISTIOTCSI KOJIOTHYECKH APYKECTBEHHBIMHU, SKOHOMHYECKN BBITOIHBIMHU, TaK KaK
CaMU KOMITOCTHBIE YEPBH SIBIIOTCS OBICTPOPACTYIIUM U BO3OOHOBIISIEMBIM pe-
CypcoM, a BCe KOHEUHBIC U MOOOYHBIC MPOTYKTH BEPMHUTEXHOJIOTHH SBIISIOTCS
OnozerpaiupyeMbIMH U XO3SIICTBEHHO MOJIE3HBIMU U IICHHBIMHU.

B 3aximouenue ciemyer ckasarb, YTO BEPMUKOMIIOCTHPOBAHHE OPTaHOCO-
JIEPKaIINX OTXOJ0B MOXKHO M HYXKHO HCIIONB30BaTh JJISl PELICHUS] HEKOTOPBIX
9KOJIOTHIECKUX, IKOHOMHUECKHUX U CONMATIBHBIX MpoOiaeM. PenukiuHT oprano-
COJIEpIKalIMX OTXOJI0B Ha MecTaxX MX 00pa3oBaHHs HE TOJIHKO 00ECIEUHUT CHU-
JKCHHE Harpy3Kd Ha IMOJUTOHBI M MYCOpPHBIC CBAJK{, HO TO3BOJIUT ITOTydaTb
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BBICOKOIICHHBIC OPTaHUIECKIE YI0OPEHNUS, HCIIOIb30BaHIE KOTOPHIX OYIET CI1o-
co0CTBOBaTh BO3BPAIECHUIO U3BIMAEMBIX C YPOXKAIMH CEIbCKOX031CTBEHHBIX
KYJIBTYP U3 3€MJIM 2JIEMEHTOB IMUTAHUS IS IOAJIEPKaHUsl M BOCCTAHOBIICHUS €€
MJI0ZI0POJINS, @ TaKkKe KOPMOBOTO KMBOTHOTO Oelika. DTa TeXHOJIOTHS JTOJIKHA
CTaTb TEM HHCTPYMEHTOM, C IOMOIIbIO KOTOPOTO BO3MOKHO OyJI€T OUYMCTUTD OT
OpraHUYeCKUX 3arpsi3HEHUN BOJY, 36MIIIO U BO3IYX.

Pezynomamut uccnedosanusa Ovinu npedcmasnenvt asmopom Ha Medcoyna-
POOHOU MONOOEAHCHOU HayuHol wiKkone «lluwesvie mexnonozuu u 6UOMeEXHONO0-
euuy (Tomcex, 18-22 urona 2012 e.), opeanuzosannoii @I'E OV BI1O «Hayuonans-
Holll uccrnedogamenvckuti Tomckull 20Cy0apcmeeHHblil YHUBEPCUMEM» 8 PAMKAX
QLI «Hayunvie u HayuHo-nedacoeudeckue Kaopvl uHHosayuouHou Poccuu na
2009-2013 200wy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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VERMICULTURE AS RENEWABLE SOURCE
OF ANIMAL PROTEIN FROM ORGANIC WASTE

Today the global scientific community searches for a technology which should be
economically viable, ecologically sustainable and socially acceptable. Vermiculture
technology combines all these virtues and qualities together. One of the major direc-
tions of vermitechnology is cultivation of earthworm's biomass and use of this renew-
able bioresource for production of high-quality fodder premixes for poultry, dairy and
fishery industries. In the review the basic methods of nutritive feed materials (vermime-
al) production from earthworm's biomass and results of their application as fodder
premixes are described.

Vermicomposting of organic wastes is necessary to be used to solve some ecologi-
cal, economic and social problems. Organic wastes recycling at the place of their for-
mation will provide decreasing the load that is put on landfill sites and refuse dumps
and will allow to get valuable organic wastes, the usage of which will favour the return
of food elements extracted from the soil together with agricultural crops in order to
maintain and restore its fertility, as well as fodder animal protein. This technology is to
become an instrument with the help of which it will be possible to clean water, soil and
air from organic pollution.

Key words: vermiculture; organic wastes recycling; fodder premixes.
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C.H. Yaunues', T.I1. ZKnisakosa?

I Cubupckuti 2ocydapemeennviti meouyunckuil ynugepcumem (2. Tomcx, Poccust)
2 Cubupcrutl HayHHO-UCCIEO08AMENbCKULL UHCIMUMYM CELbCKO20 XO35AUCMEd
u mopga Poccenvxozaxademuu (2. Tomck, Poccus)

COBPEMEHHBIE METO/IbI HOBBIIIEHWS MUIIEBOM
IEHHOCTH CEJIbCKOXO31iiCTBEHHOM MMPOAYKIIUU

Baoicnetiwum ghakmopom, srusiowum Ha CoCmosHue 300p06bs HAYUU, ABIAEMCS
Hapywerue NUMaris, 8 nepeyio ouepedb deduyum 6 NPOOYKmMax opeaHo-MuHepaibHblx
KOMNLEKCO8, UMAMUHOS U (YUMOXUMUYECKUX COeOUHEHUN. DMU HAPYWEHU ABTAIOMCA
NPUYUHOU PA3BUMUSL ATUMEHMAPHO-3ABUCUMBIX 3aD0Nesanull. Viyuwenue nokazame-
Jietl npoOyKmo8 NUmanusi N0 CoCMmasy MUKPOHYMPUEHMO8 U CHUMCEHUI) KOHMAMU-
Hayuu 9K30MOKCUHAMU ABTACMCA 8AHCHEUUUM DNEMEHMOM NUWES0U 6e30NACHOCIU.
Cywecmsyem ps0 no0xo008 05 peweHus Smou npobiemul.: 0602auyeHie 20mo8uix npo-
O0YKMo8 0euyumublmMu MUKPOHYMPUEHMAMU TUOO NpUMeHeHue ux 8 gude ouonozude-
CKU aKMUBHbIX 000AB0K K Nulye; 8KII0OUeHUe 68 PACMeHUs OONOTHUMENbHBIX KOIUYECmE
MUKDOIIEMEHMOB8 NYMEM UX BHEKOPHEBOU NOOKOPMKU UIU NOCPEOCTNEOM SUOPONOHHBIX
mexuono2ull 01a pe2yiayuu OuoCUHme3a onpeoeseHHblx MUKPOHYMpPUeHmos, o6uoobo-
eaujerue pacmeHutl, 6KIOHaAIOUjee Memoobl 2eHHOU UHMCEHEPUU, CENEKYUU UTU NpUMe-
HeHue onpedesieHHblX CYOCmanyull 05 pe2yiayul OUOCUHMe3a pacmeHuamu Heooxoou-
MbIx coeounenutl. Teopemuyeckoll OCHOBHOU 07l pa3sumus Ou00bo2aujenus A61Aemcs
HYMPUOMUKA (WOHOMUKA), CONACHO KOMOPOU MUKDOIIEMEHIN ABTIAEMCA CUSHATIOM ULU
cybempamom, CMUMyIUpyIOUUM pio OUOXUMUYECKUX NPOYecco8 6 pacmumenbHou
KJIemKe, KOmopble MO2ym pe2yiuposamsCs Ha 2eHOMHOM, MPAHCKPUNYUOHHOM, MPAHC-
JIAYUOHHOM U MEMADOTUYECKOM YPOBHAX. H3Menenus Memaboiusma pacmenuil maxice
603MOJCHO OOCMUYL 6 Pe3VIbMame NPUMEHEHUs HEKOMOPBIX PeSYIAMOPOs NPUPOOHO2O
NPOUCXOHCOEHUSA, 8 MOM YUCTE HA OCHOBE 2YMUHOBbIX Bewecms mopga.

KuroueBble c10Ba: HapyuieHue numanus, umonympuermol; MUKpPOHYMpUeHmbol,
buoobozaujenue, azpomexHoiouil.

[To nanabIM BeemupHo#t opranmszanmu 3apaBooxpanenus (BO3), ocHOBHBIM
(baxTopoM, omnpenensronmM Ha 52-55% 310poBbe HalMH, SBISIOTCS COLMAIIb-
HO-DKOHOMHYECKHE YCIOBHS U 00pa3 XHM3HH, B TEPBYIO OYEpeab — KadeCTBO
MUTaHMsS, YTO CYLIECTBEHHO Oojiee 3HAYMMO, YeM DKOJIOrHYeckass oOCTaHOBKa
(20-25%), renetndeckas mpeapaconokeHHocTs (18-20%), ypoBeHb pa3BUTHS
cucTeMsl 31paBooxpanerus (8—12%). Jlokazano, uto 80% 3aboneBaHuii cBI3aHO
C HapylLIeHUsAMHU uTanus, a 41% HenocpencTBeHHo umMu nerepmunupyercs (Es-
poreiickoe peruonaibHoe 6ropo BO3, Konenraren, 2003). HeynuButensHo, 4To
QIMMEHTapHO-3aBUCUMBIE (3aBHUCSIINE OT (PaKTOpa MUTAHUS), WIIH XPOHHICCKIE
HeHH(EKIMOHHBIE, 3a00JIeBaHIs UMEIOT Bce Ooliee MIMPOKOe PACIpOCTPaHEHHUE.
K nanmpiM 3a007€BaHUSIM OTHOCSTCS B IIEPBYIO OYepeh OKUPEHHE, CaXapHBIN
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quabeT U pyrue MeTaboarnueckue 3a00IeBaHusl, IMMYHOAE(DHIIUTHI, OCTEOIIO-
po3, MHOTHE JTOOPOKAaueCTBEHHBIE M 3]I0KAYECTBEHHBIC OIYyXOJH, 3a00JeBaHUSI
CEePACUIHO-COCYTUCTON CHCTEMBI H JKEITYTOYHO-KHUIIIETHOTO TPAKTA, BKIFOYAs TUC-
0aKTepHo3bl, B 3HAYUTEIILHOM CTENIEHH MaToJI0r sl OepeMeHHoCTH. Bricokuii ypo-
BEHb 3a00JICBAEMOCTH BIJICUET 32 COOOI MOBBIIIEHHE CMEPTHOCTH M CHI)KCHIHE
poxnaemoctu. Hapyiienus nutanusi B OOJBIIMHCTBE CTPaH MHpa B HACTOSILEE
BpEMsI CBSI3aHBI HE ¢ Ae(DUITITOM OCHOBHBIX KOMIIOHEHTOB IHIIH — MAaKPOHYTPH-
eHTOB (OeJIKOB, yIMIEeBOAOB, JHMIK/OB): HA MEPBbIN IUIaH BhIILIA TpolieMa Tak
Ha3bIBaeMOM malnutrition — KaYeCTBEHHON HEMOJIHOLIEHHOCTU ITATAHUSA — HENO-
CTaTka MUKPOHYTPUEHTOB — BUTAMUHOB, MHKPODJIEMEHTOB, (PUTOXMMUYECKUX
coennHeHNH (OMONTOTHYECKN aKTUBHBIX BEIIECTB PACTHUTENHLHOTO MPOHMCXOXKIC-
HUS), UTPAIOIIUX BAXKHEHUIIYIO POJIb B JKU3HEACATEIBHOCTH opraHusma. JlaH-
Has npoOiieMa B mmoiHOW Mepe kacaercs U Poccun. 1o manaeiv HUW mutanws
PAMH, y 60-80% HaceneHuUs BBISBISCTCA KPYyINIOTOAUYHBIH Je(QUIIUT BUTAMUHA
C, y 50-60% — BuramunoB E u rpymmsr B, y 30% — Buramuna A, y 70% — ¢o-
JTUEBOU KUCIOTHI. [10OJIMTUITIOBUTAMUHO3 COYeTaeTCsl ¢ JeUIIMTOM CelleHa, ona,
JKeJe3a, KaIbIsl, ITHHKa, pTopa U IPyTuX Makpo-  MUKPOdIEMEHTOB. B memom,
HapyIlIEHUs MUTAaHUs OTMeUaroTcs npaktudecku y 100% poccusiH, onpeensis Ha
75% pHCK MpeXIEeBPEMEHHOW CMEPTH (B Pa3BHUTHIX 3apyOEKHBIX CTpaHaX ATOT
MoKaszarejb He TpeBbimaet 36%).

B kadecTBe OnHON M3 OCHOBHBIX NPUYMH Je(HUINTA MUKPOHYTPHEHTOB B
MUIIE PACCMATPUBAETCS MPOTPECCUPYIOIIEE CHIDKEHHE UX YPOBHA B MPOJYKTaX
CEITECKOTO XO3AUCTBA, MPEIHA3HAYCHHBIX KaK IS TOTPEOJICHNS YSIOBEKOM B Ha-
TypaJIbHOM BHJIe 100 mocie nepepadoTKU, Tak U AJISl HCIOJIb30BaHUS B KAYECTBE
KOPMOB B JKHBOTHOBOJICTBE. TaK, ypOBEHB KaJBIIHSL, JKelie3a U MarHus B PSJC pac-
TUTENBHBIX KYJIBTYp CHU3HJICS K HACTOSIIEMY BPEMEHH, 110 cpaBHeHuto ¢ 1914 .,
ooiee yeM B 10 pa3. Tombko 3a mociennue 30 JeT coluepkaHue kenes3a, mar-
Hus, pochopa, BuramuHa C yMEHBIINWIOCH B TAKUX MOMYJSPHBIX QPYKTax, KaKk
siomoxu, Ha 40-60%. B cBOIO 0Yepens, ACPUITUT MUKPOHYTPHEHTOB B KOPMOBBIX
KyJIbTypax He TOJBKO MPUBOAUT K PA3BUTHIO LIEJIOTO Psia TSHKENbIX 3a00JIeBaHUH
CEITbCKOXO3SHCTBEHHBIX KUBOTHBIX, CHIDKCHHIO MHTEHCHBHOCTH POCTa, PEIpo-
JIYKTUBHOM aKTUBHOCTH, HO W SIBJISICTCS] IPUYUHON YMEHBIICHHS X KOJIUYCCTBA
B KOHEYHBIX MPOMYKTaX KHBOTHOBOJACTBA, IPETHA3HAUCHHBIX IS TTOTPEOICHIS
yenoBekoM. Tak, 3a Te e 30 JieT comepkaHue Keye3a, BATAMUHOB TPYIbl B B
rOBAAMHE U NTHYbEM Msice ynaso Ha 30—70%, a BUTaMuH A yKe IPaKTUUECKH He
onpenensercs [1].

B 3HaumTensHOW CTENeHM NaHHAs TEHACHIMS CBsI3aHAa C MAaCCOBBIM BHENIpE-
HUEM MHTEHCHBHBIX TEXHOJIOTHI MPOU3BOJICTBA CEIbCKOXO3IHCTBEHHOM MTPOIYK-
UM C IPUMEHCHNEM XUMHYIECKUX YIOOpPCHUH, TIECTHIINIOB, PA3IHNIHBIX CTUMY-
JIITOPOB pOCTa, TOPMOHOB. Vcronb30BaHue OT0OHBIX TEXHOJIOTHIA, HECMOTPSI Ha
MIOBBIIICHUE TIPOAYKTUBHOCTH, BEIET HE TOMBKO K CHIDKCHHIO YPOBHS MUKPOHY-
TPUCHTOB B TOJyYaeMbIX MPOIYKTaX MUTAHHS, HO M K UX KOHTAMUHAI[UH TOKCH-
YECKUMH COCANHCHUSMH. V3BECTHO, UTO OCHOBHYIO YacTh TaKHX YK30TOKCHHOB
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YEIIOBEK MOMyYaeT MMEHHO ¢ TuIIel — mopsaka 80% comeil TsHKeNbIX METAIIOB U
HUTPATOB, 95% SMOXUMHUKATOB U paJUOHYKINA0B. Tak, naxe B Poccun, rae npu-
MEHEHHE MOIOOHBIX CPENCTB CYIIECTBEHHO HIDKE, UeM 3a PyOeKOM, B CpemHEM
OKOJIO TOJIOBUHBI OCHOBHBIX IHIIEBBIX HPOAYKTOB (XJI€OOOYIOUHBIX H3MENUi,
KPYTI, Yasi, CIMBOYHOTO MAacia, TBEPIBIX CHIPOB, PHIOOIIPOIYKTOB, MSICHBIX H MO-
JIOUHBIX KOHCEPBOB), OpaKyeTcs 1o MokasaTensaM Oe3omacHocTu. B kauecTse elie
OHOW TIPUYIHMHBI CHIDKCHUS TIHIIICBOH IIEHHOCTH MPOIYKTOB CIIEAYET Ha3BaTh Oyp-
HOE pa3BUTHE HOBBIX arpEeCCUBHBIX TEXHOIOTUH MepepadOTKU ChIPhs U IPOU3BOJ-
CTBa TOTOBOM MPOAYKIIMH, MACCOBOE TIPOM3BOICTBO PAGHHUPOBAHHEIX IIPOTYKTOB.

INoBbimenne copepxkanus AeGUIUTHBIX MUKPOHYTPUEHTOB B MPOAYKTAX MH-
TaHWS W CHIDKCHHWE YPOBHS WX KOHTAMHHAIIMM PacCMaTPUBACTCS B HACTOSIICE
BpeMsl B KaUeCTBE BaXHEHIINX 3JIEMEHTOB KOHIEMIMK 0€30IaCHOCTH MUTaHUS
[2]. B Poccun takxke Ykazom Ilpesunenta PD ([Ipukaz Ne 120 ot 30 stHBaps
2010 r.) yrBepxkaeHa JloKTpHHA IPOAOBOJILCTBEHHOI Oe3omacHocTu Poccuiickoit
Oenepannn. CorracHO 3TOMY ITOKYMEHTY, OCHOBHBIMHU 3aladaMH, CTOSIIIMHU
nepes arponpOMBIIITICHHBIM KOMIUIEKCOM U IMHINEBOM MPOMBIIUICHHOCTHIO, SIB-
JISTIOTCSL TOCTIDKEHUE TIPOIOBOJILCTBEHHON HE3aBUCHMOCTH CTPAHBI 32 CUET TO-
BBIIIICHUS Y/IEIBHOTO BECA OTEUECTBEHHON CENIbCKOXO3SICTBEHHOM MPOTyKINH,
CBIPbSI M TIPOIOBOJILCTBHS, a Tarkke obecrieueHne 0e30MMacHOCTH U KauecTBa I10-
TpeOIsIeMbIX MUIIEBLIX MPOAYKTOB, B TOM YUCIIC M YBEIUUCHHS COACPKAHUS B
HUX Je(OUIUTHBIX MEKPOHYTPHEHTOB.

Jist peleHust 3TuX 3a/1a4 B HACTOAIIEE BpeMs UCIIONb3YIOTCS CIEAYIOIUE Me-
TOANYIECKHE TTOIXO/IBI:

1. OGoramenue (fortification) roToBbIX HPOAYKTOB BUTAMUHHO-MHHEpAJIb-
HBIMH KOMIUTEKCaMH (IIPEMHUKCAMH) ¥ (UTOXUMHICCKAMH COCTHHEHUSMH JIHOO
UCIIOJIb30BAaHUE JJAHHBIX KOMIIOHEHTOB B (pOpME KOHLIEHTPATOB — OMOIOTMYECKU
akTUBHBIX J100aBOK (BA/JI) k mumie [3]. [TlomoOHbIe IpoAyKTHI, Hanpumep, B CILIA
notpednstoT okoso 70% HaceneHus, B To BpeMs Kak B Poccuu — He 6omee 10—-15%.

2. [lpumeHeHne arpoTeXHOIOTHH, 00CCTICUNBAIONINX BKIIOUYCHHE B MIUTAHUE
pacTeHUil JOMOMHUTENBHBIX MHKPO3JIEMEHTOB. B KOHTEKCTE TpaAMUIMOHHOI
arpoHOMHHU TTUTAHUE PACTCHUH OO0YCIOBICHO MOOWMIM3aIWeH, BKIIOUCHHEM WU
YCBOCHHEM HE3aMEHHMMBIX (JIMMUTHPYIOIINX) JIEMEHTOB, a TaKKE UX BIMSHU-
€M Ha POCT pacTeHHs, Pa3BUTHE, PEHPOAYKIHIO W aTaNTaldi0 K OKpyKaromei
cpene. sl BBICIIMX pacTEHUN HE3aMEHUMBIMH SIBISIIOTCA 17 SJIE€MEHTOB, U3
KOTOPBIX 14 — MHUHEpaIbl, KOTOPBIC PACTCHUE B OCHOBHOM IIONTyYaeT U3 TOUBBIL:
Ca*, NO,, Fe*", Fe*', Mo%, SO, Cu*, PO,*, Ni*’, NH, Mg*, Mn*", Zn*,
Cl, K, B** [4]. MukpoaeMeHTbl MOT'YT IIPHCYTCTBOBATh B PACTCHUSIX B MOHH-
3UpOBaHHON (hopMe OO B BUJEC OPraHOMHHEPATbHBIX KOMIUIEKCOB, B MEPBYIO
odepesib ¢ OeITKaMHu, SIBJISSICh KOMIIOHEHTaMH ()epMEHTOB (METaJIO(EPMEHTOB),
BUTaMHUHOB, TOPMOHOB, JbIXaTEIbHBIX MUTMEHTOB. D(P(EKTh TAKUX COCTUHEHHH
TIPOSIBIISIFOTCST B KOMIUICKCHOM PETYIISITOPHOM BO3JCHCTBHH HAa METaOOIU3M pac-
TEHHUS, B TOM YHCJIE U Ha IPOLecC OMOCHHTE3a MU TaK HAa3bIBAEMBIX BTOPHUHBIX
PACTUTEIHHBIX MHTPEIUCHTOB (METAO0OIUTOB) — (PUTOXUMHUYECKIX COCTUHEHUI
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(phytochemicals), ¢putonyTprenToB (phytonutrients). JlaHHBIC COeMHEHUS HE
WUTPAIOT KU3HEHHO BAKHON posid B MeTabONU3Me pacTeHUH M MpeaHa3HAYEHBI
JUTSL IOBBIIICHUS X PE3UCTEHTHOCTH K HEOJIATONPHSTHEIM (PaKTOpaM OKpY Karo-
e cpenbl OMOTHYECKON 1 abnoTH4ecKoi mpuposl. B To ke Bpemsi MHOTHE U3
ATUX COCIMHEHUH KpaiHe 3HaYMMBI JIJIs1 oprann3Ma denoseka [5]. Tak, mmpoko
M3BECTHA BBICOKAs aHTHMOKCHIAHTHAsi aKTMBHOCTh OnodnaBoHOnn0B. [lepcrex-
THUBHBIM SIBIISICTCS MPUMEHEHUE JJIsI TPO(UITaKTHKN M TOBBIIICHUS d(P(eKTHB-
HOCTH JICYCHHUSI CaxapHOTro JAradeTa OPpraHuvYecKUX COEAMHEHUH BaHAaAUA — MU-
KpPO3JIEMEHTA, TPOSBIISIONICTO CBOWCTBA MHCYJTMHOMUMETHKA [6]. O0Cy)KIaroTcs
MEPCIIEKTUBBI UCTIONB30BAaHUS (PUTOHYTPUEHTOB JIJIs MOBBILICHUS (DYHKIIMOHAIb-
HOI aKTHBHOCTH TOJIOBHOTO MO3Ta YeiioBeka [7]. B 1emom, 0kos10 oIOBHHBI BCEX
JIUIICH3UPOBAHHBIX JIEKAPCTBEHHBIX CPEACTB, 3aPETHCTPUPOBAHHBIX B MUPE JI0
2007 r., sBAsieTCS MPOAYKTAMHU PACTUTEIHLHOTO MTPOUCXOKICHHS JIMOO WX CHHTE-
THueckuMu aHanmoramu [8]. B Poccun ypoBeHb moTpebiaeHust MHOTUX (DUTOHY-
TPHUEHTOB PETIIAMEHTHPYETCS, B YaCTHOCTH, PEKOMEHIAUSIMH, pa3paboTaHHBIMH
HUWU Tluranus PAMH [9].

3aBHCHUMOCTH MEXIy YPOBHEM TOTPEONECHHS paCTEHHEM MUKPOAJIEMEHTOB U
00pa3oBaHUEM B HUX OIPEJEIICHHBIX (PUTOXUMUYECKHX COEIMHEHHH M3BECTHA
naBHO. Tak, pacTeHHS — «CYNEpKOHIIEHTPATOPBD) MapraHiia ¥ MEIH — OTIHYa-
IOTCS TTOBBIICHHBIM YPOBHEM BUTaMUHOB C U rpymibl B; koOanbTa — BUTaMuHa
B,,; Mapranna, Meau, MOnMOIeHa, K0OasbTa — NIMKO3U/IOB; MEJU H XpOMa — BH-
tamuHOB K, C, KapOTHHOWOB; MapraHiia, Meau, XpoMa, HUKeJsl — JyOHITbHBIX
BEIIECTB M aHTOLIMAHOB; XpoMa M BaHaaus — monucaxapuaos [10, 11]. Pacope-
JieJieHue MUHEPAJIoB U (PUTOHYTPUEHTOB B PACTEHUU TAKXKE UMEET CrIeHUu(pUKY B
3aBUCUMOCTH OT €T0 OpraHa u TKanu [12].

U3BecTHO, 4TO MOTpebIeHNnEe pAaCTEHHEM MUKPOIJIEMEHTOB COCTaBIIsIeT He 00-
nee 1% oT comeprkaHus UX B IOYBaX. J{JIs1 TOBBIIIEHHST yPOBHS MHHEPAJIOB B pac-
TEHUH UCIIOJIb3YeTCA, HAlPpUMEp, TaKas METO/IMKa, KaK ONPBICKUBAHUE JIUCTHEB.
Tak, B ®UHIAHINKA TOZOOHEIN MOIX0] 00OTaIlEeHUs MMIIEHHUIIBI CEJIEHOM I103BO-
i 3a 14 neT yBeJIMYuTh YPOBEHb NOTPEOICHHS 3TOr0 MUHEpaja HaCEICHUEM C
25 no 124 MKr/neHs, a oboraiieHue CEJICHOM KOPMOBOMW TIICHHIIBI — TOBBICUTH
€ro cojiepkaHue B Msce ckoTa. [1o00HbIe TEXHOIOTHH pa3padOTaHbl TAKKe H
JUTS 00OTameHusI KOPMOB MOJTUOJICHOM, HUKEJIeM, IIMHKOM, HoaoMm [13]. B pamkax
MOJJOOHOT0 MOJXO0AA CIENyeT paccMaTpuBaTh M Pa3lUYHbIE THAPOIOHHBIE TeX-
HOJIOTUH MIPOpAIIUBAHUS CeMsIH. TaK, MMOKa3aHo, 4To 00OoTameHne MUTaTeIbHOM
cpentbl ceneHoM B gopme SeO,”> cTUMyNIHMpYeT B MPOPOCTKAX OPOKKONH U JyKa
cunTte3 MetmiceneHoucrenHa (MeSeCys) — HeOenKOBOW aMUHOKHCIIOTHI, 00J1a-
JIarolieil y 4eJoBeKa BhIpakKeHHBIM XEMOIIPOTEKTUBHBIM JieiicTBueM [14].

[IpumeHenne pacTeHHH, COAEP)KANINX IOBLIIICHHBIE YPOBHU OIpPEICICH-
HBIX (PUTOXUMHUYECKUX COCAMHEHUH, B CENbCKOX03IMCTBEHHON MPAaKTHKE TaK-
e pacmpocTpaHeHo. Takne KOMITOHCHTHI pallMOHA, MOJYJYHBIINE Ha3BaHHE
(uTOreHHble KOPMOBBIE N00aBKU ((UTOreHUKH, phytogenics, GUTOOHOTUKH),
MPOSIBJITFOT AHTHOKCHUJIAHTHBIM U aHTUMHUKPOOHBIN 3(h(DEKTHI, CTIOCOOHBI YiTy4d-
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mIaTh BKYCOBBIE KauecTBa M, COOTBETCTBEHHO, MTOEHAEMOCTh KOPMOB, OJaro-
MPUSATHO BIUAIOT HA (PYHKIIMIO JKEIYJA0YHO-KHUILIEYHOTO TpakTa. B nemom oHun
MpeTHa3HAUYEHBI IS MOBBIMICHUS MPOXYKTHBHOCTH MOTOJOBLS XHBOTHBIX H
NITUL, CTUMYJIALMHA BOCIIPOU3BOJICTBA, YAYUILIEHUS MOTPEOUTETHCKUX CBOWCTB
nponaykiuu [15]. Cnenuduka npuMeHEHUs B )KHBOTHOBOJICTBE (PUTOICHUKOB
aKTUBHO OOCYXKJaeTcsl B CIENUaTU3UPOBAHHOW 3apyOekHOU JUTeparype Ha-
yuHas ¢ 2000 . laTepec Kk HUM CBsI3aH C OrpaHWYCHUEM Ha NMPUMEHEHHE B
CeJIbCKOXO3SIICTBEHHOM MpaKTUKe psAJla CHHTETHUYECKUX aHTUOMOTHUKOB U CTH-
MYIISTOPOB POCTa, BBEJACHHBIM B cTpaHax EBpocoro3a B 1999 1., emre 6onbnmmm
y)KecToueHneM Takux TpeboBanuii B 2006 T. U mepcreKTUBaMu JadbHEHIIero
3arpera moJOOHBIX MPenapaToB BO MHOTUX rocynapcTsax [16]. duroreHuku, B
OTJIMYHE OT TAKUX CPEICTB, MOTYT IPUMEHSATHCSA Y 310POBBIX JKUBOTHBIX MPaK-
THYECKHU B TCUCHHUE BCEH MX XKU3HU, a HE TOIBKO OTPAaHUICHHOE BPEMS B COOT-
BETCTBUU C ONPEJCICHHBIMU MOKa3aHUsIMU. OJHUM U3 Hanboyiee U3BECTHBIX
(bUTOTEHUKOB SIBIISICTCS TpaBa TUMbsiHA (Thymus vulgaris) [17]. Uccnenora-
Husimu, nposeneHHbIMU CHOHUUCXuT Poccenbxo3zakageMHH COBMECTHO ¢
Borannueckum cagom ToMcKOro rocymapcTBeHHOTO yHUBepcuTeTa (T. ToMcK),
MOKa3aHo, YTO CBOMCTBaMHU (PUTOTEHUKOB oONazaeT TpaBa KOMEEYHUKA ajlb-
nuiickoro. [Ipu mpuMeHEHHN Y MOJIOYHBIX MOPOCST MX THOETHh OT KEIyJ0dU-
HO-KUIIEYHBIX 1 OPOHXO0-JIETOYHBIX 3a00J1eBaHUI CHU3MIIACH IO CPABHEHUIO C
KoHTposieMm Ha 12,4% [18].

3. PazpaboTka 1 BHEJIpEHUE arpOTEXHOJIOT M, HAlPaBIECHHBIX Ha H3MEHEHHE
MeTabomm3Ma pacTeHUH ¢ IENBI0 PErYISIUN YPOBHS BKIIOUCHUS CONEPIKAIINX-
Csl B IOYBE MAaKpO- M MHUKPOIJIEMEHTOB U TpaHCHOpMaIK UX B OUOIOCTYITHbIE
JUTS OPTaHN3Ma YeJIOBEKa M )KHBOTHBIX OpPraHOMHHEPAIbHBIE KOMIUIEKCH U (H-
TOXUMHUYECKHE COCJUHEHMs. DTO HampapBjieHHe, MOMydYuBIIee Ha3BaHUE OUO-
oboramenue (biofortification), akTHBHO peanusyetcst MexTyHapOIHbIM HHCTH-
TYTOM HU3yueHHus npoOieM nutanus (BallMHTTOH) B paMKax MeXIyHapOIHOU
nporpammbl «Harvest Plus» [19]. OcHOBHBIMH TEXHOJIOTHSIMH OHO0OOTAIICHHSI
SIBJIIFOTCS CO3JIaHNE TeHETUYECKH MOAU(DUIIMPOBAHHBIX TNOO BHIBEJCHHBIX ITy-
TEM CEJICKIIUH HOBBIX COPTOB PACTCHHN, OTINIAIONIUXCS TIOBBIIICHHBIM COMIEP-
JKaHUEM OIpe/IeICHHBIX MUHEPaJIOB, BATAMUHOB U JPYTUX (PUTOHYTPUEHTOB, &
TaK)Ke M3BICKAHME METOAOB PETYISNNN CHHTE3a PACTCHUSMH JaHHBIX MHKPO-
HYTPHUEHTOB.

Buooboramenne paccmMarpuBaeTCsl B HAcToOsAIIee BpeMsl Kak Hamboliee
MepPCIEKTUBHOE, TIEPEIOBOE U HIKOHOMUYECKH ONpaBJaHHOE HaIllpaBJIeHHE I10-
BBIIICHHS KQYECTBEHHBIX ITOKA3aTENIEH CEIbCKOXO3AMCTBEHHOW NMPONYKIUU B
MEePBYIO O4epe/b 3a CUeT JIMKBUJAIUHU AePUIUTa TAKUX HYTPUEHTOB, KaK Ka-
POTHUHOMIBI, JKeJIe30, HO M IIMHK B paIlioHe MUTaHHs Ooliee MOJTOBUHBI Hace-
JIEHUs 3€MHOTO I1Iapa, MPOKUBAIOIIETO MPEUMYIIECTBEHHO B Pa3BUBAIOIIUXCS
ctpanax [20]. BuooboramieHne pacTeHH KeJIe30M paccMaTpHUBaeTCs Kak pe-
aJbHBINA MyTh TUKBUAALMH jKeJIe301€PUIUTHBIX COCTOSHHUM, B TOM YUCIE aHe-
MU, BBISABIsIEMBIX, coracHo naHnHeiM WHO (World Health Organization), y
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41% >xermwH u 27% nereit [21]. Kpome Toro, nMeroTcest JaHHbIC, YTO IPOBUTA-
MHUHBI U BUTAMUHBI, 00pa3ylolIfecs B paCTeHUSIX, OJBEPTHYTHIX Pa3IMYHbIM
MeToJlaM 0H000OoTaleH s, UMEIOT OOJIBITYI0 OMOIOCTYITHOCTD JUISI OPTaHU3Ma
4yeJloBeKa. DTO MOKa3aHo, B YACTHOCTH, /U1 BUTaMuHa A, oOpa3syrolierocs B
OpTraHM3Me YeJIOBEKa M3 €ro IPOBUTAMUHA, CHHTE3UPYEMOTo B «0Mo000TammeH-
HBIX» PSAAOM MHHEpanoB OaHaHax [22]. YcBoeHHe IIMHKA U3 MIIEHUIBI, OUO-
000TaIEeHHON ATUM BaXHEHIIIMM MHKPO3JIEMEHOM, Y KCHIIUH ObLIO Ha 2,7—
5,7 Mr/neHs BbllIe (CyTouHast HopMma 12 Mr), yeM Ipu NoTpedIeHUH 0OBIYHON
mmeHUs [23].

B uenom, B HaydHOM MHpE YKPENHIOCh MHEHHE, YTO Takoil mMeToj obecre-
YCHHS YeJIOBEKAa BUTAMHHAMH SBISICTCS, O€3yCIOBHO, TEPCICKTHBHBIM [24].
[TepcriektuBam OGHoOOOTaNIEHHUs] TPOYKTOB MUTAHUS LIMHKOM, JKEJIEe30M, Kapo-
THHOHJIAMH, TOKO(EpOIIOM, MMOTMHEHACHIIIICHHBIMI XKUPHBIMA KHUCIOTaMH, MTaH-
TOTEHOBOM KHUCIIOTOW (BUTAMUHOM B,), aCKOpOMHOBOM KUCIIOTOM, IITyTaTHOHOM,
(onmeBol KUCIOTOM, BUTAMUHOM B, MOCBSIIEH ClieNMaIbHbIA BBITYCK KypHa-
na «Physiol Plant» B 2006 ., a BBOIHAsI CTaThsi HOCUT BEChbMa ONTHMUCTUYIHOE
Ha3Banne «HoBas spa B nccienoBaHUN MeTadONIM3Ma PaCTEHUH OTKPBIBACT OJie-
CTSILIUE MEePCIIEKTUBBI I OM000O0TaIIeHns U MUTaHus yesnoBeka» [25]. buoobo-
TamieHNe PacCMaTPHBACTCS TaKXKe KaK METOJ MTOBHIIICHNS PE3UCTCHTHOCTH pac-
TEHUH K pa3InYHbIM BUJaM a0MOTHYECKOTO CTpecca: OBBIIIEHHON TeMIeparype,
Y®-00mydeHnio, BO3pacTaromeMy YPOBHIO aKTUBHBIX (hOPM KHCIOpO/a U a30Ta,
pa3iIMYHBIM KOHTAaMHHAHTaM [26].

Teopernaeckum 6azncom s pa3pabOTKU TAKUX TEXHOJIOTHH SIBISICTCS KOH-
Lenysi, NOJIy4YHBIIAs Ha3BaHWE HYTPUOMHUKA (MOHOMHKA). B pamkax HyTpHo-
MHUKH HYTPHEHT-MHHEpaJ PAacCMaTPUBAETCS KaK CHTHAJIBbHAs MOJCKyNa JHOO
cyOcTpar, MHULIUUPYIOIUH KOMIUIEKC OMOXMMHUYECKHUX MPOIECCOB B KIIETKaX
pacTeHHs, KOTOpEIe, B CBOIO OUepe/lb, MOTYT PETYIHPOBAaThCS HA TCHOMHOM,
TPAHCKPUIITOMHOM, IPOTEOMUYECKOM (B TaHHOM clly4ae OMOCHHTETUYECKOM) H
METa0O0NNIeCKOM YPOBHAX. TakuM 00pa3oM, HyTPHOMHKA ITO3BOJISICT BEISIBIISTD
WHTErpUpOBaHHbIe (YHKIHUU M B3aMMOOTHOIICHUS HYTPHEHTOB-MHUHEPAIOB Ha
PA3NNYHBIX HEPAPXUICCKUX YPOBHAX — MOJCKYSIPHOM, KICTOYHOM, OPTaHHOM
U MakpoypoBHe [27].

BonpmmmHCTBO pa3paboToOK 1o OMOOOOTAIICHHUI0, TPOBOAMMBIX a paMKax
KOHIIENIIUU HYTPUOMHUKH, HAIIPABJIEHO, B KOHEYHOM CYeTe, Ha MOAU(PHUKALIUIO
OEITKOBBIX KOMIIOHEHTOB TPAHCIIOPTHBIX CHCTEM MHHEPAIOB U MeTayutogep-
MEHTOB, YYacCTBYIOIIMX B OMOCHHTE3€ ONpEACIICHHBIX (PUTOXUMHUYECKUX CO-
enuHeHui. M3BeCTHO, YTO MOCTYIUIEHHE MIHEPAIOB B PACTCHHS OCYIIECTBIISI-
eTcs Kak myTeMm auddys3un, Tak ¥ ¢ TOMOUIBIO CHIEU(PUIHBIX TPAHCIOPTHBIX
cucteM. Takue BBICOKOA((EKTUBHBIC TPAHCIIOPTHBIC CHCTEMBI ONHCAHBI, Ha-
npumep, s Fe?" [28]. 1715t pacTeHus OHU HCKIIOYUTEIBHO BaXKHBI, ITOCKOIBbKY
JTUMHUTHPYIOT CHHTE3 (pepMEHTAa HUKOTHHAMHHCHHTETA3HI, KaTalH3HpyIOIIe-
ro oOpa3oBaHNe HUKOTHHAMUHA, UTPAIOIIETO BaXXKHEHIIYIO pOJib B TOMEOCTa-
3e JKele3a W IIMHKa y BeICIIUX pacTeHudt [29]. B Mexanmu3me aeicTBHUS Takux
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TPAHCIIOPTHBIX CHUCTEM JJISI KATHOHOB BEIYIIYIO POJIb UTPAET CEeMEHCTBO Oel-
KOB TOJICPAaHTHOCTH K MeTajuiaMm (metal tolerance proteins, MTPs), xoTtopbie
UACHTH(OUINPOBAHEI BO MHOTHX PACTEHUSIX M SBISIOTCS CIICHUUIHBIME IS
Zn*, Mn*" u Fe*" [30].

Hyrtpmommka pacTeHnii akTHBHO Pa3BHBAETCS BO MHOTHX CTpaHax, B TOM
gucie B Kutae, rae ¢ ee MOMOIIbIO B HACTOsIIee BpeMs cBepIaeTcst «Bropas
3eJICHasl PEBOIIOIISY, KOTOpast Oa3upyeTcs Ha MPUMEHEHUH PAaCTEHHUH, aTanTH-
POBaHHBIX K MOYBaM C HU3KHUM IIogopoaueM. IlepBas mogoOHas «peBOIOLH»
npoucxoamiia B 1960-¢ TT., 1ETbI0 KOTOPOH OBLIIO (OPMHPOBAHUE BBICOKOTO
IJIOIOPOAUS TIOUB, U OHA XapaKTEePHU30BaJIaCh MACCOBBIM U I10{4aC HEOMPaB/IaH-
HBIM IPUMEHEHHEM MHUHEpaNbHBIX ynoOpenuid. [locnencTsus ee ObUIM BechMa
neuansHel — B 2010 r. B 13 u3 29 npoBuHILUiI CTpaHbI MOYBa, OIarofapsi MOBbI-
IICHHOMY COZIEPKaHMIO B HEH a30Ta, OKa3ajach MPAKTHUECKH HE TPUTOTHON IS
semuienenus [31]. B nacrosiee Bpemst B Kurtae akTHBHO TIPUMEHSIETCS METOJIO-
JIOTHsSI «OMOOOOTANICHHS» B paMKax YIIOMSHYTOW MEXIyHapOIHOU IIPOTpaMMEI
HarvestPlus, konkperno — ee moamporpaMmMmbl HarvestPlus China. OcHoBHBIE
MIPOEKTHI, OCYIICCTBISIEMBIC B CTPaHE B COOTBETCTBHU C ITOH MOANPOTrpaM-
MOM, — pa3paboTka METOJ0B O0OTaIleHUs] PACTCHUN OHOMOCTYIHBIM KEJIE30M
(4 mpoexTa), IMHKOM (1 MPOEKT), MPOBUTAMHHOM A — KapoTuHOHIaMH (2 Tpo-
ekra) (http://www.harvestplus-china).

W3menenne merabonm3Ma pacTeHHH BO3MOKHO TaKKe B PE3yabTare BO3-
JIEHCTBUS PA3IUYHBIX PETYISTOPOB MPUPOIHOTO MPOUCXOKICHHSI, B YACTHOCTH
Ha OCHOBE TYMHHOBBIX BEIIECTB TOp(a. DTH COSAWHEHUS 00IaqaroT CBOICTBA-
MU TOHYAWIINX PETYIATOPOB OMOXUMHYECKUX M (PU3UOIOTHUYECKUX MPOLECCOB
B PAaCTHUTENBHOHN KJIETKE, YTO MPENNONaraeT MHUPOKUH CHEKTP MPOSBICHUS WX
(hU3HONOTHYECKOM aKTUBHOCTH, B YACTHOCTH BO3MOXKHOCThH YCHJICHUSI OMOCHH-
Te3a B PACTCHHAX OMOJIOTWYCCKH aKTHBHBIX BemiecTB [32, 33]. [lomoOHBIE 3-
(hexThl OMOJIOTMYECKN AaKTUBHBIX TYMHHOBBIX COEIMHEHHUI MO3BOJIAIOT paccMa-
TPUBATh MIPUMEHEHHE MIPENapaToB Ha UX OCHOBE B KaYECTBE OAHOTO U3 METOIOB
ouooOoraimenus. bonee Toro, mogoOHBIN MOAXO/ MO3BOIUT MOIYYaTh MPOTYKTHI
pacTEHHEBOACTBA, JINIICHHBIE HEAOCTATKOB, CBOHCTBEHHBIX TCHETHYECKH MOJIU-
(UIMPOBAHHBIM KYJIBTypaM, U, TEM CaMbIM, IPUOIH3UTh UX IO Ka4eCTBEHHBIM
XapaKTEepUCTHKAM K DSKOJIOTHYECKHM TIpoxykram. Hamboree memecooOpasHO
MPUMCHSATh TaKHE TEXHOJOTHHU JJIsl BHIPAIIMBAHUS 3€PHOBBIX KYJBTYp, IIHPOKO
HCTIONIB3YEMBIX HE TOJNBKO JIISI IPOM3BONICTBA XJI€O00YTOUHBIX H3/IENUi, HO U B
Ka4yecTBE 3€JICHbIX KOPMOB /IS )KUBOTHOBOACTBA. Tak, B MCCIEIOBAHUSAX, TPOBE-
nerabix B CuOHUWUCXuT, mokazaHo, 4To 00paboTKa BETreTUPYIOIINX PACTCHUM
IIIEHHUIBI PacTBOpaMu Ipenaparos Topda B Mansix go3ax (0,01-0,0001%) mo-
3BOJISICT YBEIMUHUTE cofiepkanue Oenka B 3epHe Ha 15%, a cOop Oenka ¢ rexrapa
—Ha 18%. IIpu 06paboTke ceMsH 03UMOM pKU OCEHBIO Mepe;] T0CEBOM IHO0 Bec-
HOU BBISIBJIICHO TOBBINIEHUE cofepkanus Ha 15-22% B 3eneHoN Macce comepika-
Hus BuTamuHoB E, B, B,, B, 1aHTOTEHOBO! KUCIIOThI, HUAIMHA, KAPOTUHOUJIOB.
B xone coBMecTHBIX uccaeaoBaHuil ¢ TOMCKHM roCy1apCTBEHHBIM YHUBEPCUTE-
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TOM BBISBIICHO, YTO MaJIble O3Bl ITHUX MPENapaToB CIIOCOOCTBYIOT MOBBIMICHHUIO
B 4—6 pa3 poCTOBOTO UHJIEKCA KIETOK KYyNbTYyphl KHSDKUKA CUOUPCKOTO (Atragene
sibirica L.) ¥ yBEITMYCHUIO KOJIMYECTBA PASHOBUAHOCTEH (DUTOXMMHUYECKUX CO-
€IUHEHUH, CHHTE3UPYEMbIX JaHHBIMU KIeTKaMu [34].

Takum 0Opasom, B HacTosIIEee BpeMs pa3padOTaHbI U yCHENTHO IPHMEHSIOTCS
TEXHOJIOTUH MOBBIIIEHHS MUIIEBON IEHHOCTU NPOAYKTOB uTaHust. Hanbombimii
MHTEpEC MPEICTABIAIOT Te U3 HUX, KOTOPbIE OCHOBAHBI HA PETyNAMN MeTabo-
JI3Ma KJIETOK PACTEHUH MOCPEACTBOM HAPABICHHOTO U3MEHEHUS OTPEOIeHUs
UMM HyTPUEHTOB — MHKPO3JIEMEHTOB. VICTIoIb30BaHNe TAKNX TEXHOJIOTHil TI03BO-
JsieT 000TaTUTh PACTEHHUS, IPeTHA3HAUCHHBIE KaK /ISl HOTPEOICHUs UeIOBEKOM,
TaK ¥ JUIs UCTIONB30BAaHMA B KaueCTBE KOPMOB CEIbCKOXO3SIHCTBEHHBIMH JKHBOT-
HBIMH, OPTaHOMHHEPAIFHBIMU KOMITIEKCAMH, BUTAMUHAMH, (QUTOXMMHYECKUMH
COCJTMHECHHUSAMH, 00IaIAI0NIMMH IIUPOKKUM CIIEKTPOM Onooruueckux 3¢dexros,
CIOCOOCTBYIOIIMMHU CHHXXEHHUIO YPOBHS aJIMMEHTapHO-3aBHCUMBIX 3a0071€BaHUH
U CMEPTHOCTH OT JAaHHBIX MaTOJIOTHIA.

Pesynomamut uccnedosanus 6viiu npeocmasienvt agmopom Ha Medscoyna-
POOHOU MONOOeXCHOU HayyHou wkone «lluwesvie mexHono2uu u OGUOMEXHOLO-
euuy (Tomcex, 18-22 uronsn 2012 2.), opeanuzosannoii @®I'E OV BI1O «Hayuonano-
Hblll ucciedosamenvekuul Tomckutl 20cy0apcmeenublil YHUSepCumenmy 6 pamrax
QLI «Hayunvie u Hayuno-nedazoeuueckue kaopvl uHHosayuonHou Poccuu na
2009-2013 eoovy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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MODERN METHODS OF INCREASING
AGRICULTURAL PRODUCTS NUTRITIONAL VALUE

One of the basic factors defining the health of a nation is nutrition quality. Mal-
nutrition, the deficiencies of vitamins, organo-mineral complexes, phytochemicals, is
common in a great number of countries and is a cause of “alimentary-dependent”
diseases — obesity, diabetes, pathology of heart and gut and oncological diseases. In
Russia, the problem of malnutrition is acute.

The main reason for micronutrients deficiency in food is a result of their decreasing
in agricultural products because of extensive manufacture technologies. The ameliora-
tion of food products for micronutrients content and contamination decreasing is one of
the most important elements of food security.

There are several approaches to solve this problem. One of them is fortification of
ready food products with deficient micronutrients (conventional food) or their applica-
tion in a form of dietary supplements (nutraceuticals). The next approach is application
of agrotechnologies, providing fortified plants with an additional quantity of microele-
ments by means of out-of-roots treatment or by means of hydroponic technologies.

The definite elements in plants are known to participate in the synthesis of vitamins,
organo-mineral complexes and phytochemicals which play an important role in pre-
venting diseases and increasing host functional activity. The plants with an increased
level of some phytonutrients are applied as well in agriculture as food additives —
phytogenics. One more way is to develop and apply agrotechnologies to change plants
metabolism for regulating microelements in plants. This direction, biofortification, in-
cludes conventional selective breeding, genetic engineering or application of definite
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substances for regulating plants biosynthesis of some micronutrients. The theoretical
basis of biofortification methodology is plants nutriomic (ionomic). According to nu-
triomic, a microelement as a signal or a substrate stimulates a number of biochemical
processes in the cell that can be regulated at transcriptional, translational or metabolic
levels. Plants nutriomic is implemented, for example, in China, where the problem of
carotinoids, zinc or iron in_food products is very crucial. The change of plants metabo-
lism is possible as a result of some natural origin regulators application, including peat
humic acids. The treatment of vegetating wheat with these substances solutions was
shown to increase the protein amounts in grain, the level of E, B, B, B5, B, B, and ca-
rotenoids. In experiments, these substances increased the growth index and the variety
of phytochemicals of plants cells in culture.

Key words: nutrition disturbances; phytonutrients; biofortification; micronu-
trients, agrotechnologies.
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Hogocubupckuii 2cocyoapcmeennwiil acpaphwiil yHugepcumem (2. Hosocubupck, Poccus)

TEHJAEHIIUMU PA3BUTHSA BUOTEXHOJIOI' NN
MHUKPOBHBIX CPEJCTB 3AIIATHI PACTEHUH B POCCUA

Paccmompenvt  ocHosHble meHOeHyUU pazeumus OUOMEXHONO2UU MUKPOOHbIX
cpeocms 3auumsl pacmeHull 8 UCIMOPUHECKOM, HAYYHOM U COYUATILHOM ACHEeKMAX.
Obcyscoenvl Karouesvle MOMEHMbl paspabomku GUONPenapamos 011 KOHMPOIs Yuc-
JIEHHOCHU HACEKOMBIX-PUmopazos u pumonamozernwlx opeanusmos. Ommeuenvl nep-
CHEKMUBbl CO30aHUA U NPUMEHEHUs OUONPENnapamos Ha OCHO8e NPUPOOHBIX WUIMAMMOS
MUKPOOP2AHUZMOS.

KuroueBblie ciioBa: 6uomexnonozus; duonpenapamol, MUKpOOp2aHu3msl; 6aKyio-
BUPYCHL, CPEOCMBA 3AUWUNTBL PACTIEHUI.

Pactenusi, sBNSIONIMECS OCHOBOM CENbCKOXO3IHCTBEHHBIX U JISCHBIX DKOCH-
CTEM, TTOJIBEPraroTCs MMOCTOSIHHBIM aTakaM HaceKOMBIX-(pHUTO(aros u ¢uromnaro-
TeHHBIX MHUKPOOPTaHU3MOB. JIJIsl 3aIUTHI PACTEHHI HCIOJB3YIOTCS Pa3InIHbIC
CPE/ICTBa W METOIBI, M3 KOTOPHIX HanOoliee pacIpoCTpaHEHBl XUMHUYIECKHE TIe-
cruiuabl. HecMOTpst Ha BBICOKYIO A((EKTUBHOCTh B MOJABJICHUHN YHUCICHHOCTH
BPEIHBIX OPTaHU3MOB, XHMUYECKUE MTECTHIIUABI OTHOBPEMEHHO BIHSIOT HA TI0-
JIC3HBIC HEIIENICBBbIE 00BEKTHI, BRI3BIBAIOT PA3BUTUE PE3UCTCHTHOCTH y (puTO(Haros
1 (pUTONATOreHOB, YTO MPUBOIUT K HEKEIATEIHFHOMY YBEINICHUIO HOPM pacxoaa
necTuuaoB. [locTeneHHoe HAKOIUICHHE CHHTETHYSCKHX XMMHYCCKUX CPEICTB
3aIIUTH PACTCHHUH B II0YBE, BOZOEMaX, PACTUTEIHHOHN MPOIYKIIHH OTPHUIIATEIEHO
BJIMSICT HA 3I0POBHE YCIIOBEKA M KMBOTHBIX. JKOJOTHUCCKU OS30MACHOM aibTep-
HAaTUBOH XMMHUYCCKUM IIECTHIHAAM CIIy>KaT OMOJIOTHYECKHE Iperaparbl, CO3-
JIAHHBIC HA OCHOBE MPUPOJHBIX MUKPOOHBIX areHTOB PErYJSIIUU YHUCICHHOCTH
¢uToaroB u ¢uronaroreHoB. Hauano pa3BUTHIO OMOTEXHOJIOTHH MHUKPOOHBIX
CPEJICTB 3allUTHI pacTeHH ObLIO monokeHo emie B XIX B. B paboTax u3BECTHOTO
poccuiickoro yueHoro V.M. MednukoBa, IepBOro B MUpE CO3JIABIIETO OMOJIOTH-
YeCKHil mpernapar Ha OCHOBE BBIICIICHHOTO UM U3 IPUPOIBI SIHTOMOIIATOICHHOTO
rpuba Metarhizium anisopliae (Metsch.) Sor. [Ipuopurer Poccun B OnoTexHO-
JIOTHHU TIPOU3BOJICTBA MUKPOOHBIX CPEJICTB 3aIUTHI PACTCHUI IPU3HACTCS U CO-
BPEMEHHBIMH 3apyOe:KHBIMU yueHbIMU [1]. M3-32 HeooeHKH psiaa pakTopoB U
HEOCTaTKa 3HAHWU MPOU3BOJCTBO M MUCIIOJIB30BaHUE HTOTO Mpenapara B 3alluTe
pactennii oT puToharos yepes HECKOIBKO JIET MpeKpaTmiock. MHTepec K uccie-
JIOBAaHHSIM TI0 DHTOMOIIATOIeHHBIM Ouonpemnapatam B Poccun Bo3poc B 40-¢ IT.
XX B., a k 1960-M TT. pazpaboTaHbl OTCYECTBCHHBIC OaKTEpUABHBIC MperapaThl
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Ha ocHoBe Bacillus thuringiensis (Bt) — «/lenapobanmiuima» U « JHTOOAKTEPUHY,
MIPOU3BOICTBO KOTOPBIX OBIIIO 0cBOeHO bepackum 3aBoioM GHorpernaparos, B Ha-
crosiee Bpems — [10 «Cudouodapm» (r. bepack, HoBocubupckas 06:.). [Tozxke
HAYaIUCh PaOOThI IO OMOTEXHOIOTHH MUKPOOHBIX CPEIICTB 3AIUTHI PACTCHUHN OT
0oJie3HEl Ha OCHOBE NMPHPOJHBIX MTAMMOB OaKTepUil U TPHOOB-aHTATOHHCTOB
¢uronaroreHoB. [lepBbIM TpHOHBIM IIperapaTtoM, pa3padOTaHHBIM Ha OCHOBE
Trichoderma viride (lignorum) (BU3P, Cankr-IlerepOypr), cran «Tpuxomep-
MUH», a 0akTepuanbHbM — «[lnanpusy (epBoHavanpHOe Ha3BaHue «Pr3oruiany)
(MuacTtuTyT reHetnku u utosiornd AH Pecryonuku benapych) Ha ocHOBe Pseu-
domonas fluorescens.

Yro kacaercsi pa3pabOTKH OHOIPENapaToB Kak albTEPHATUBBI XMMHUYIECKUM
repOuraaM, To B Poccuu OHU MOKa HAXOISITCS HA YPOBHE HCCIICIOBAHUI TIPU-
POAHBIX MUKPOOHOIOTHIECKUX ar€HTOB PETYISIINH YUCIICHHOCTH COPHBIX pacTe-
HUH, COCPEJOTOYEHHBIX BO BeepoccuiickoM HayqHO-HCCIIeI0BaTeNbCKOM HHCTH-
tyTe 3amuThl pactenuit (BU3P, r. Cankr-IletepOypr) [2].

KitroueBbIME BOIIPOCAMU OMOTEXHOJIOTUH MUKPOOHBIX CPEACTB 3aIHUTHI pac-
TEHHUH OT BpeauTeNeH U O0JIe3HEH SIBIISIOTCS: BRIOOP HauOoJIee MPUTOHBIX arcH-
TOB OMOJOTMYECKOW PEryIsilui YHCICHHOCTH (UTO(PAroB u (HUTOMATOTCHOB,
MEXaHNU3M HMX B3aWMOAECHCTBHS C BPEIHBIMU BHJIAMH M OKPY)KAIOLIEH CPENOu,
CIOCOOBI MPOU3BOJICTBA U (hopMa Mpenaparos, NOBbIIIEHUE 3()(HEKTUBHOCTU UC-
MIOJTH30BAHUS B CEITBCKOM H JICCHOM XO03siiicTBe. OTMETHM TaKKe, YTO OCHOBOM
9THX MPEIaPaTOB SIBJSIFOTCS KK )KUBBIC KYJIBTYPbl MUKPOOPTaHU3MOB, TaK U MPO-
JTYKTBI HX MeTa00JIM3Ma (TOKCHHBI, (PEPMEHTHI U JIp. ).

Dumomonamozennvie npenapamol. VI3 SHTOMONIATOISHHBIX OMOMpENapaToB
Hamboiee pacrpoCTpaHCHBI OaKTepHATbHBIC — HA OCHOBE CIIOP M TOKCHHOB JH-
TOMOINATOTeHHOI OakTepun Bf. IlepBblil OTEUeCTBEHHbIM OakTepUanbHBIA WH-
cextunm «/lenapodanmumny pazpadoran B 1953 1. npodeccopom MpkyTckoro
rocygapcTBeHHoro yHusepcurera E.B. Tananaessim. B 1949 1. B ouare macco-
BOTO pa3MHOKeHHUs1 cuOupckoro menkonpsga E.B. TanmamaeB Beimenun Oakre-
puto Bt subsp. dendrolimus, xoTopas mociykuia ocHOBOH npenapara. B B1U3Pe
BCKOpe ObLT pa3paboTan Ouomnpenapar « JHTOOAKTEpUH» Ha OCHOBE Bt subsp. gal-
leriae, BBIIENIEHHON W3 TyCeHUI] UenHON orHeBkHU. [Tozke B kauyecTBe X03s5€B
Pa3HBIX TTOIBUIOB B¢ OBUIH BBIIBICHB HACCKOMBIC HE TOIBKO OTPSAA UEITyeKPHI-
JIBIX, HO U JIBYKPBUIBIX, M JKECTKOKPBUIBIX, YTO MPUBEIO K pa3lelicHHI0 OakTe-
pun Ha aroBapuanTsel A, B, C u mp. [Ipu 5TOM KaXkIbIif MTaTOBaApUAHT, aKTUBHBIH
TOJIBKO JUISL OTIPEICIIEHHOTO KPyra HAaCEKOMBIX, OTIIMYAJICS 110 GopMe OeIKOBOro
KpHCcTaIa §-dHIOTOKCHHA KaK OCHOBHOTO AEHCTBYIOMIETo Havaia. Tak, TOKCHY-
HBIU JUIs TYCEHHII KPUCTAJT UMEET OUIMUPAMUIATBHYIO (POPMY, @ TOKCUYHBIN ISt
JMYUHOK JKYKOB — XapaKTEpU3yeTCsl TUIACTHHYATOH (hOPMOIl B BH/IE KBAIpaToB,
MPSIMOYTOJILHUKOB U POMOOB.

[TomMuMO YyITOMSIHYTBIX BBIIIIE OHOIIpEnIapaToB « IHTOOAKTEpUH» U «/leHnpobda-
uwuHy», B Poccun paspadoransl npenapatsl «Jlenuponuny (BHUMU «buoxum-
MaIIpoeKT, I. MockBa) Ha ocHoBe Bt subsp. kurstaki n «BUTOKCHOAITMIIITHHY
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(BTB) (co3man Bo Bcecoro3HOM WHCTUTYTE CEINBbCKOXO3SMCTBEHHONH MHKPOOHO-
JIOTUU) Ha OCHOBE Bt subsp. thuringiensis, KOTOpbIE UCIONb3YIOTCSI B HACTOSIIEE
BpEMsI B CEJILCKOM H JIECHOM X03s1licTBax. B coorBercTBuM ¢ HazBaHueM bTh co-
JEPKUT HApsAy ¢ OETKOBBIM DHIOTOKCHHOM [3-9K30TOKCHH. DTOT TOKCHH HYKJIEO-
THJIHOM TPUPOJIBI, KaK MPABUIIO, Ipoayupyercs Bt subsp. thuringiensis. Conep-
YKaHHE JIBYX MUKPOOHBIX TOKCHHOB B TIperapare paciupsieT CIeKTp ero JIeiHcTBusI.

Kak ocHoBa rpuOHBIX OHONpenapaToB BaKHBI MPEACTABUTENN YHTOMOIIATO-
TeHHBIX I'pUOOB U3 0TAENoB Zygomycota u Deuteromycota napcrsa Fungi [3].
B Poccuu pazpaboraHsl nipenaparbl Ha OCHOBE S3HTOMO(PTOPOBBIX TpruOoB Coni-
diobolus obscura (panee Entomophthora thaxteriana) u Conidiobolus thromboi-
des (panee E. pyriformis = E. virulenta) [4, 5], oHaKO OHU HE HAIILIH ITUPOKOTO
MIPUMEHEHUs B 3aIIUTE pacTeHuil. bomblee 3HaYeHHE B OMOTEXHOJIOTUH MUKPOO-
HBIX CPEICTB 3alIUTHl PACTCHUI MMEIOT YHTOMOIIATOTCHHBIC TPHUOBI, BXOISIIIIIE
B otaen Deuteromycota. BonbIIMHCTBO HECOBEPIICHHBIX IPUOOB — Mapa3UTOB
YICHUCTOHOTHX — OTHOCHTCS K pojaM Beauveria, Isaria (OviBmuii pon Paecilo-
myces), Metarhizium, Lecanicillium (panee Verticillium). Ha ocHOBe 5TuX rpu0oB
co3llanbl poccuiickue npenaparbl «bosepun» [6] n «Beprummmumny [7], apdek-
TUBHBIC B 3aIIUTE TEIUIMYHBIX KYJIBTYP OT COCYIIUX BPEIUTEIICH.

K kareropmm MUKpOOHBIX CPEICTB 3aIIUTHI PACTEHHH OTHOCST TaKXKe TPYIIITY
BHUPYCHBIX SHTOMOIATOT€HHBIX MpenapaToB. MIX 0CHOBY COCTaBISIOT OaKyJIOBH-
PYCHI KaK BBICOKOCTICIN(UIHBIC IPUPOTHBIC PETYISTOPHI YHCICHHOCTH HACEKO-
MbIX. Pon Baculovirus npencrasned rpynnamMu A u B. B rpynmy A BXoasT BUpycChl
simepHoro monmaapo3a (BAIT) ¢ JIHK-comepkamum mano9KoBHIHBIM BHPHOHOM.
Bupuonsl pacrionaratorcsi B 0IKOBOM MaTpHUKCe Tak, 4TO (POPMHUPYIOTCS MHOTO-
TpaHHUKH, Ha3bIBaEMBIC TIONMAApaMu. B rpymiy B BXoasT BUpyCHI — BO30ynuTe H
rpanynesa (BI'), ommyaromuecs ot BAII Tem, 4To 0OAMHOYHBINA BUPHUOH MOMEIIEH
B OCITKOBYIO Karicyiy (TpaHyiy).

Bo Bropoi#i nonoBuHe XX B. pOCCHHCKHMH HCCIIEIOBATEISIMU BBIJEIECHBI U
AICHTU(UITUPOBAHBI 0aKyJIOBUPYCHI psilia HACEKOMBIX, B ToMm uucie BAII ka-
ITyCTHOM COBKH, HEMAPHOTO ILEIKONPsa, HIETKONPsJa-MOHALIEHKH, PHIKEro CO-
cHoBoro mumibinuka (PCII), a taxxke BI' s07J0HHOW TUIOMOXKOPKH, KaITyCTHOM
OETSTHKY, JIyTOBOTO MOTBUIbKA, 03UMOW COBKH, CHOMPCKOTO KOKOHOMpAa [8, 9].
Ha ux ocHoBe pa3paboTaHbI OTEUeCTBCHHBIC MIPENapaTsl MO O0IMUM Ha3BaHHEM
«Bupunb» («Bupun-KC» npoTHB kamycTHOM coBKH, «Bupun-/{unpuon» npoTus
PCII, «Bupun-I'SI[1» npoTuB s0I0HHON TUTOI0KOPKH U Jp.). [To accoptumenTty
aTHX Onomnpenaparos Poccus 3aHuMana muaupytoniee nojioxeHue B mupe. OnHa-
KO B IaHHBINA MIEPUOJT HET HU OJHOTO 3apETUCTPUPOBAHHOTO poccHiickoro «Bupu-
Ha», YTO OTpakaeT HeOIArONMPUATHYIO TCHCHIIUIO B OMOTEXHOJIOTUN BUPYCHBIX
SHTOMOIIATOTEHHBIX IIPENapaTroB, 00JaNalOIINX CAMOW BBICOKOW CTEMICHBIO HKO-
JIOTHUYECKON 6€30MacHOCTH.

buonpenapamot npomue o6one3neil pacmenuil. Baxxnast poiib B TIOJaBICHAN
pa3BuTus OONe3HEW pacTeHUi MPUHAAIEKUT rpudbaM-anTaroHuctam. [ pudsl 00-
JIaAl0T LIUPOKUM CIIEKTPOM AHTarOHUCTHYECKUX CBOWCTB — TUIEpHapa3sUTU3-



Tenoenyuu pazgumun 6uoOmMexXHONO2UU MUKPOOHBIX CPEOCHE 95

MOM, KOHKYpPEHIIMEH 3a MHUTATEIbHBIN CyOCTpat, IPOAYIHPYIOT aHTHOHOTHKH H
JpyTye BelleCTBa, yrHeTAIOIINE JKH3HEIeSTeIbHOCTh (PUTOIIAaTOreHoB. bosbiiH-
CTBO TPHOOB, HCIIONB3YEMBIX B OMOTEXHOIIOTHH CPEICTB 3aIIHUTHl PACTCHHUH OT
OoJe3Hel, OTHOCUTCS K HECOBEPLICHHBIM Ipubdam.

[TepBbIit oTeuecTBEHHBIN OHOTIpenapaT MPOTUB OOJIE3HEH pacTeHUH CO3/aH B
60-e rr. XX B. B BU3Pe Ha ocHoBe rpubda Trichoderma viride (lignorum). I'puOsbt
9TOTO PoJia MOTYT MOAABISATH Pa3BUTHE (PUTOMATOTCHOB ITyTEM IIPSIMOTO Tapa3u-
THPOBAHUS, HO MPEBAJIMPYET aHTArOHM3M 3a CYET MPOAYLMPOBAHUS pPsijla aHTHU-
OMOTHKOB (BUPUANH, TIHOTOKCHH U 1p.). [lo3aHee, BKIIoUast COBpEeMEHHEIH Tie-
puoz, OblIa pa3paboTaHa cepusi penapaToB Ha OcHoBe Trichoderma harzianum,
T. koningii, T. asperellum u op. [10, 11]. B mocnemHee Bpems penaparsl, coaep-
xarue rpuobl pona Trichoderma, 3aperucTpupoBaHbl 1O Ha3BaHUSIMHU «[mo-
knaaue» U «Crepaudar (BU3P u 3A0 «Arpoduorexnomnorus, T. Mocksa). Kpyr
PUOHBIX AHTArOHUCTOB, UCIIONB3YEMbIX JUIS CO3JAHUSI OTCUCCTBEHHBIX OHOTIpE-
MapaToB B 3alllUTe pacTeHUH, pacmmpsercs. Paspadboranbl npenapar «Bepmuky-
JieH» Ha ocHOBe Penicillium vemiculatum n «XeToMuH» Ha OCHOBE TPHOOB poja
Chaetomium (BHUU macnnanbIx KynbeTyp, T. KpacHomap).

KoukypeHiuio rpuOHBIM TIpernapaTaM, KOHTPOIHPYIOIUM YHCICHHOCTh BO3-
Oyaurenei OoJie3Hel pacTeHHUH, COCTABIISAIOT OaKTepHaIbHbIC. B 0OCHOBE HCITONB-
30BaHMs OaKTepHAIBHBIX NPENApaToB MPOTHB OOJIE3HEH PACTEHUIT TaKKe JICKUT
MEXaHN3M aHTHOMO03a, PErYANPYIOMNi B3aNMOOTHOIICHIE MUKPOOPTAHI3MOB B
npupose. VMCTOYHUKOM MONyYeHUsT MTaMMOB OaKTepHH-aHTarOHHCTOB CITY)XKaT,
Kak TIPaBWJIO, CYNPECCUBHBIC IMOYBH. B HacTosmiee Bpemst OakTepHalbHEIC TIpe-
naparsl IpOTHB OoJie3Hel pacTeHHil Oojee pacrpoCcTpaHeHbl, YeM TpuoOHble. Mx
OCHOBOW SIBJISIFOTCSI OaKTEpUH JIBYX pooB — Pseudomonas v Bacillus.

CarnpoduTHBIE TICEBIIOMOHAIBI, 3aceisIolne pu3ochepy, SBISIOTCS ecTe-
CTBEHHBIMH PETYISTOpaMH (PUTOTATOTeHHBIX MHKPOOPTaHU3MOB: Pseudomonas
fluorescens, P. putida, P. aureofaciens n npyrue Buiabl. JlaHHBIE HecopooOpa-
3yIOIIie OaKTEepUU XapaKTePH3YIOTCS OBICTPBHIM POCTOM, MPOMYLHUPYIOT aHTH-
OMOTHKH, OaKTEPHOLIMHBI U CHAEPO]OPHI, a TAKKE POCTOBBIE CTUMYIISTOPBL. DTH
CBOICTBA O0YCIIOBIIMBAIOT 3aUTHBIN 3P (EKT IICEBIOMOHA]] OT (PUTOITATOTCHOB,
a TaKk)Ke CTUMYIUPYIOT poCcT pacteHuit. Cpean aHTHOMOTHKOB, IIPOYIIMPYEMBIX
TICEBJIOMOHA/IaMH1, O0OHAPYKEHbI (peHa3HH- | -kapOOHOBAsI KUCIIOTa, TIPOU3BOIHBIC
(roporTronuHa, THPPOTHUTPUH K Jp. CHHTE3UpyeMble IICEeBJOMOHAIaMH CHJIe-
podopbl 00pa3yroT cTaOMIIbHBIC KOMIUIEKCHI C TPEXBAJICHTHBIM JKEJIC30M: CBSI3bI-
Basi HOHBI TPEXBAJICHTHOTO JKeJie3a B MOYBE, CUACPOPOPHI JHIIIAIOT MHOTHE BHIIBI
(UTOTIATOTCHHBIX TPHUOOB HEOOXOAMMOTO AIIEMEHTAa MUTAHUS, YTO TPHBOIUT K
OCTaHOBKE MX Pa3BUTHSL.

Ha BOo3MOXHOCTB HCITONB30BaHUS OaKTepuit p. Pseudomonas niis oIaBICHUS
Oonesneii pacrenuii oopatuiu BHUManue emie B 1939 . E.®. bepezosa u A.H. Ha-
ymoBa. Ho tonbko B korire 80-x rr. XX B. A.H. [lepedutiok (MHCTHTYT reHETUKH
u nutonorun AH Pecnybnuku Benapycs) paspaboran Ouonpenapar «Ilnanpus»
Ha ocHOBe P, fluorescens mtamma AP-33. BriocnencTBiun pocCHHCKUMH YICHBIMH,
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paboTaronMu B pasHBIX pernonax Poccum, Bimouass Cubupb, co3qaHbl Tpera-
paThl Ha OCHOBE MECTHBIX IITaMMOB P, fluorescens u P. aureofaciens, Hanpumep:
«IIceBnobakrepuH-2» (MHCTHTYT OMOXMMHU W (U3UOIOTUHM MHKPOOPTAHHU3MOB
PAH, r. ITymmno, MockoBckas 00:1.), «Arar-25-K» (TOO «B1O-bU3 u Ko, 1. Mo-
ckBa), «bunopam» (MacTuTyT renetrku u nutosiorud CO PAH, . HoBocuGupck),
«buoBaiic» (OO0 «Ilnanta-ITmocy, . Tomck) u ap.

N3 a’poOHBIX cIOpooOpasyroIIuX OaKTepuii HANOOJIbIIICe 3HAYCHHUE KaK OCHO-
Ba OuornpenapaToB NpoTUB OoJe3Hell pacTteHuit umeeT Bacillus subtilis. baxtepun
B. subtilis siBnsitoTCst Hanbolee MPOILyKTUBHBIMU U3 pojia Bacillus o cuHTE3y aH-
THOUOTHKOB, KOTOPBIE IOIABIISIIOT POCT (PUTOMATOTCHHBIX MHUKPOOPTaHU3MOB. Psi-
JIOM POCCHICKHX aBTOPOB BBIZIETICHBI pa3HbIC IITAMMEI KyJIETYpBI 3TOH OaKTepu,
MOAABIISIONINE (PUTOMATOTCHHBIC MUKPOOPTaHU3MBbI, YTO MPHUBEIIO K CO3MAHUIO ac-
COpTHMEHTa OHoTIperniapaToB Ha OCHOBE B. subtilis. Tlociie mepBoro 3aperucTpupo-
BaHHOTO B Poccun npenapara «bakrodut» (I'HL] npuknagHOil MEUKkpoOHOIOrUY,
noc. Ob6onenck, MockoBckas 0011.; [10 «Cudbouodapm») mosiBrmich «duroctmo-
pun» (bamxoprocran), a Takxe «Anupus-by u «I'amaupy» (BU3P).

[Ipumepom mpemaparta, pazpadbotanHoro B Poccnn Ha 0CHOBE CIIEITHATII3HPO-
BaHHOTO THIlepIapa3uTa GUTOMATOICHHBIX TPHOOB, MOXKET CITY>KUTh « AMIICIIOMU-
nuHy (paspadotan O.b. Haraneunoii n JI.A. [TyzanoBoii — KITAY u CK3HMMCuB,
r. KpacHozap), 10CTaTO4HO MIMPOKO MCIIONIB3YyEMBbIH B TEIUTMYHBIX XO35HCTBAX B
koHIIe XX B. OCHOBA 3TOr0 OMOJIOTHYECKOTO (DYHTHIIUIA — MHKHUANAITBHBIN TPUO
Ampelomyces quisqualis, B €CTECTBEHHBIX YCIOBHAX MapasHTHPYIOMMH HA MH-
LENTUH, KOHUIMSX U KICHCTOTENAX MYIHHUCTO-POCSHEBIX TPHOOB — Erysiphe spp.,
Sphaerotheca spp., Podosphaera spp.

[Ipu BBIOOpE areHTa OMOKOHTPOIIS JIJISl CO3JIaHHUS BCEX MHUKPOOHBIX CPEICTB
3alUTHl PACTCHUN Ba)KHA CEJICKIUS UCXOMHBIX IITAMMOB HAa BHPYJICHTHOCTH,
MIPOAYKTUBHOCTD, CIOCOOHOCTh CHHTE3MPOBAaTh (DEPMEHTHI WM TOKCHHEL Pe-
3yJIBTaTOM TaKOrO OTOOpA SIBISIETCS INTAMM, IPEBOCXOMISIININ 110 Ka4eCTBY dTa-
JIOHHBIE KYJTBTYpBI TPOAYIIEHTA Tpemapara, HeoOXOIMUMOTo sl POU3BOJCTBA.
Baxken monbop ONTHMANbHOW MHUTATENBHOU CPENbI IS KYJBTUBHPOBAHHS OHO-
JIOTHYECKUX areHToB. KynsTHBHpOBaHME B JKUIKOH MUTATENBFHOMN cpere (TTyOonH-
HBII C110Cc00) UCTIONB3YIOT, KaK MPABUIIO, JJIsI OTyYeHHs OaKTepHaIbHbIX Mpera-
paToB, U B OIIPEACICHHOH CTeTIeH TPpUOHBIX. | pHOHBIE MpenapaTsl NOIyJaioT He
TOJIBKO TTyOWHHBIM, HO M MOBEPXHOCTHBIM, a TAKXKe [TyOHHHO-ITOBEPXHOCTHBIM
KyJIBTHBHPOBAHNEM. JTO CBS3aHO C TE€M, UTO OJIaCTOCHIOPHI TPHOOB, OTydacMble
B DNIyOMHHOU KYIIBTYpE, HE CTOJb XKH3HECIIOCOOHBI H aKTHBHBI, KAK KOHUJIUH, 00-
pasyeMble rpubaMu Ha TTOBEPXHOCTH IHTATENLHOU cpeabl. B mocmennue romsr
OoJiee MOMYJISIPHBIM CTaJl CIIOCO0 MTOBEPXHOCTHOTO KYJIBTUBHPOBAHHS IPUOOB Ha
CHIMyYnX cyOcTparax. [71aBHONH 0COOCHHOCTBIO MPOM3BOICTBA BUPYCHBIX YHTO-
MOIIATOTCHHBIX MPENapaToB SBISICTCS] HAKOIUICHUE BUPYCHOM OMOMACChl Ha JKU-
BBIX HACEKOMBIX C MOCICAYIOMNM H3BICUCHHEM OaKyITOBHPYCOB M3 MOTHOIINX
ocobeli, 4To OoJiee TPYI0EMKO, HO SKOHOMHUYECKH BBITO/IHEE M3-3a MAJIBIX HOPM
pacxoa BHPYCHBIX WHCEKTHIHIOB. TeXHONOTHS pa3sMHOKCHHS OaKyJIOBHUPYCOB
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Ha KYJIBType KIETOK HACEKOMBIX M3ydJanack B Poccuy HaumHas co BTOpOi mOIIO-
BUHBI XX B., OJJHAKO ITPAKTHYECKOTO BOTUIOIIEHHUS 3Ta TEXHOJIOTHUS HE MOITydHIa
13-32 SKOHOMHUECKOH HerenecooOpazHocTH. OTMEUeHHBIE 0COOCHHOCTH TOIY-
YeHHs OMOIIPErapaToB ONPEIENIAIOT BOSMOKHOCTD UX TIPOM3BOJICTBA B YCIOBHSAX
KPYITHOTOHHAXHOTO JIN0O MAJIOTOHHAYKHOTO PETHOHAIBHOTO (B OHoaboparopu-
SIX WIN CHENMANU3UPOBAHHBIX (upMax) mpousBoacTa. 110 «Cubbuodpapm» —
enuHCTBeHHOE B Poccum mpemmpusitre i KPYyMHOTOHHA)KHOTO IPOW3BOJCTBA
6uomnpenaparos. [ToMumo 3TOro nmeercst cerb 6HoONAOOPaTOPH U HEOOIBIINX
¢upM I PErHOHAIBHOTO MAaJOTOHHA)KHOTO TIPOM3BOACTBA OHMOJIOTHYCCKUX
CPE/CTB 3aIUThl pacTeHHH. KoHIenus MajJoTOHHaXKHOTO ITPOU3BO/ICTBA, Ipe/I-
JIO)KEHHAsI OKOJIO 25 JIeT Ha3a BeAYIIMMH YUEHBIMH U Mo epKanHast MuHCeNb-
x030M PO, crirpasna 3Ha4nTEIbHYIO POJIb B PA3BUTHH OMOTEXHOJIOT UM MUKPOOHBIX
CPEJICTB 3aIIUTHI pacTeHUH. B To BpeMs ObUT pa3paboTaH psii TEXHOIOTHYESCKIX
periaMeHToB OHOIpenaparoB ¢ YCKOPEHHO! perucTpannei i Ipor3BOJICTBA B
yCIIOBUSIX OHMonabopaTopuii, 4ToO TIPUBENIO K YCHIICHUIO UCIIOJIh30BaHUsS OHOIIpe-
[aparoB B 3amuTe pactenuid. OHOBpEMEHHO ObLIN pa3padoTaHbl U MPEUI0KEHbI
crienraibHple (hePMEHTATOPHI JIJIST MATIOTOHHAKHBIX MIPOU3BOJCTB B OHoadopa-
topusix [12]. Hexotopsle 6uonpenaparsl, Takue kak «bakroponenuna»y (BHUN
CeJIbCKOTO X03s1iicTBa U MuKpooOuonoruu, Cankr-IlerepOypr), Ha ocHOBe Salmo-
nella enteritidis, TaTOreHHO! JUI TPBI3YHOB, IPOU3BOIMINCH UCKITIOYUTEIBHO B
aTuX ycnoBusx [13].

B npousBoicTBe npenapaToB BaKHBIM 3aBEPIIAIOIINM TAIIOM SBIISETCS MPHU-
TOTOBJICHHUE TIpenapaTuBHON hopMbl (HopMyIsiius eicTByomero Hadaia). [Ipe-
naparuBHas popMa TECHO CBSi3aHA C TEXHOJIOTHEH NPUMEHEHHs1 OHOoITpenapaToB
1 CO CpOKOM X XpaHeHus. OT TOro, HACKOJIBKO OHa OYyAET CII0COOCTBOBATH PO-
SIBJICHHIO TIOTEHIMAaja IITaMMa-NpoJAYLeHTa, 3aBUCUT U 3(P(EKTHBHOCTb MH-
KkpoOHoro nipenaparta. CoBpeMEeHHBIC Pa3paO00TUNKHA OHOTIPENIapaToB YUYUTHIBAIOT
HEOOXOMMOCTh ONTHMH3AIMU NperapaTuBHON (OPMBI, YTO HEJOOLEHNUBAIOCH
Ha MEPBEIX JTallax Pa3BUTUSA OMOTEXHOJIOTHU. Kpome Toro, HeoThemieMas 9acThb
TEXHOJIOTHYECKOT0 Mpolecca MONTyYeHUs] OMONpenaparoB — X CTaHAAPTH3ALMS
1 OLICHKA KauecTBa. be3 3Toro HeBO3MOXKHO WX PallMOHANBEHOE HCIIONB30BAHHE B
OMOJIOrHYeCKON 3aIUTE PACTCHUIL.

XOTs TIIaBHBIM IIPEUMYIIECTBOM OHOIIPENapaToB SIBISICTCS BEICOKASI CTETICHB
9KOJIOTHYECKOH 0e30MacHOCTH, UX d3PPEKTUBHOCTD HE BCEra COM3MEpUMa € d-
(DEKTHBHOCTHIO XUMHUYECKHX MECTHUIIUIOB B CBSI3H C OONBIICH 3aBHCHMOCTBIO
OT TEeMIIePaTyphl, BIQKHOCTH, HHCOIALUUH. J{JI1s yCTpaHeHUs 3TOr0 HE0OXOAMMO
JanpHeHee N3yIeHne MEXaHu3MOB B3aMO/ICHCTBUS OMOAreHTOB ¢ MHIICHBIO
U C OKpY)XaIoIIeH Cpefor Juls YCHJIEHUsS aKTHBHOCTH JICHCTBYIOIIEro Havaja
[14]. [lepcreKTHBHBI TaK)Ke HCCIEOBAHUS M pa3paboTKa OMompenapaToB IO-
muQyHKIMOHAIbHOTO AeiictBus [15, 16]. Tak, pa3paboTraHa TeXHOJIOTHs MOTY-
YCHUSI KOMIUICKCHBIX IPETapaToB cepuu «XuTtozap bro», B KOTOPBIX KICTKH
MHUKPOOOB-aHTAaroHUCTOB B. subtilis u T. viride UMMOOUIN3YIOT Ha XUTUH-XU-
TO3aHOBBIX HOCHUTEISX. [IpencTaBisieT Takke WHTEPEC BBIABICHHOC JCHCTBHE
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Bt Ha ¢uTOmAaTOreHHBIC TPUOBI, YTO MOXKET PACIIUPUTH O0JACTh MPUMEHEHUS
Bt-nipeniapatoB B cilydae HAIPaBIEHHON celeKIuy mTamMMoB [ 16]. 3acoyxuBaer
BHUMAaHUS U pa3paboTKa MPErapaToB Ha OCHOBE OUUIIICHHOTO M aKTHBHPOBAHHO-
ro ’Hj0TOKCUHA Bt [17].

B Poccun, sBustonielicss poJMHON MEPBOr0 B MHUpPE MHKPOOHOJIOTHUYECKO-
ro Ipernapara Jiis 3aliuThl PACTCHHH, EPUOANICCKU TIPOUCXOIUT BO3pACTAHHE
WHTEpeca K HCCIICIOBAHISIM U pa3paboTke OWoIpenaparoB s KOHTPOJS YHC-
JIeHHOCTH GUTOaroB U (HUTOMATOTEHOB. DTO CBA3aHO, C OMHON CTOPOHBI, C TEM,
9TO €CTh OCO3HAHUE HACTOSTEIHHON HEOOXOMMMOCTH TIepexo/a Ha IKOJIOTHICCKH
0e30MacHbIe CPEICTBA 3aIIUTHI PACTCHUH, C APYTOM CTOPOHBI, IOMUMO HAyYHBIX
U TIPOM3BOJICTBEHHBIX ITPOOIEM CO3MaHUS M IPAMEHECHHUS ONOTIPETIapaToB CyIIe-
CTBYIOT COIMATIbHO-9KOHOMHUYECKHe. [1o1beM B IPOU3BOJCTBE U UCTIOIH30BAHIH
OMOJIOTHYECCKUX TPETapaToB Ui 3aIllUTHl PACTCHUI, KOTOPHIM IPOUCXOIUI B
Poccun B 80-¢ rr. XX B., cMeHMJICS Ha pyOeke BEKOB CHaJ0M U3-3a W3MEHEHHH
B COITMAIHO-TIOUTHYECKOM 00ycTpoiicTBe obIecTBa. B mociemaue roasl 00b-
€M TIPOU3BOJICTBA MUKPOOHBIX CPEJCTB 3AlIUTHI PACTCHHUH CTaJl YBEIUUUBATHCS,
HO eIl HE CTONb OBICTPBIMH TeMnaMu. /111 HHTCHCU(DUKAIINH TPOU3BOCTBA H
MPUMEHEHHsI OMOJIOTHYECKUX TMPENnapaToB HEOOXOMUMBI JAajbHEHIINE HCCIIEI0-
BaHUs 110 0TOOPY HanboJIee MPUTOIHBIX aT€HTOB OMOJIOTHYECKON PETYISIIH YHC-
JeHHOCTH (puTodaros, pa3paboTke TEXHOJIOTUH UX MPOU3BOACTBA, MOBBIIICHHIO
9(pPEKTUBHOCTH WCIIONB30BAHISI B CEIECKOM U JIECHOM X03stiicTBe. OZHUMH U3
po0ieM, TOPMO3AIINX PA3BUTHE OHOTEXHOJIOTUH MUKPOOHBIX CPEJCTB 3alUTHI
pacrennii B Poccnn, siBisieTcst Gropokparndeckast u (PMHAHCOBAs CIIOKHOCTD TO-
CYIapCTBEHHOH perucTpaiiu OUOoIpenaparoB, a TAKKE OTCYTCTBHE JIbTOT MIPOH3-
BOJUTEISIM HPOIYKITHH, UCTIONB3YIOMIAM JJIsl 3aIUTHl pacTeHUN OHOTIpernapaThl.
[Ipu moanepxKe rocynapcTBa HayqHbIC JOCTIIKCHUS POCCHUCKUX YUEHBIX B 00-
JIACTH OMOTEXHOJIOTUH MHKPOOHBIX CPEIICTB 3aIUTHl PACTCHHUI OYIyT yCIIEIIHO
peau30BaHbl U MOCIYXAT JaTbHEUIICH SKOJIOTH3AINN PACTCHUEBOICTRA, YTO B
KOHEYHOM UTOTE 00ECICUNT YIyUIICHNE Ka9eCTBA KU3HU U 30POBHSI YETIOBEKA.

Pesynomamut uccnedosanus 6viiu npeocmasienvt agmopom Ha Medscoyna-
POOHOU MONOOeXCHOU HayyHou wkone «lluwesvie mexHonozuu u OGUOMEXHOLO-
euuy (Tomcex, 18-22 uronsn 2012 2.), opeanuzosannoii @I'E OV BI1O «Hayuonano-
Hblll ucciedosamenvekuul Tomckutl 20cy0apcmeenublil YHUSepCumenmy 6 pamrax
QLI «Hayunvie u Hayuno-nedazoeuueckue kaopvl uHHosayuonHol Poccuu na
20092013 eoovy (TKNe 12.741.11.0112 om 14 mas 2012 2.).
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TRENDS OF MICROBIAL PESTICIDES BIOTECHNOLOGY
DEVELOPED FOR PLANT PROTECTION IN RUSSIA

The article is devoted to formation and development of Russian research in microbial
pesticides for pest insect and plant disease control. Historical, scientific and social
aspects have been briefly reviewed. Great Russian microbiologist Elie Metchnikoff was
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the first who proposed to use natural entomopathogenic fungus Metarhizium anisopliae
as a basis of microbial insecticide for plant protection. This discovery began the era of
microbial pesticide biotechnology all over the world. In Russia, a new wave of interest to
ecologically safe microbial pesticides has been arose in the middle of the XX century due
to the organization of All-Russian (then All-Union) Institute for Plant Protection (Saint-
Petersburg). First of all, bacterial insecticides based on Bacillus thuringiensis (Bt)
were developed, tested and registered for commercial use, including Dendrobacillin®
(Bt subsp. dendrolimus) and Entobacterin® (Bt subsp. galleriae). Later, Lepidocid®
based on Bt subsp. kurstaki and Bitoxibacillin® based on Bt subsp. thuringiensis were
developed. Now these two microbial pesticides are widely used for plant protection in
agriculture and forestry. Due to two bacterial toxins contained in Bitoxibacillin® it is
active both for Lepidopteran and Coleopteran insects. Fungi causing insect diseases
are also important for microbial control. In 1960—1980, Russian researchers developed
the fungal insecticides based on Conidiobolus obscura and Conidiobolus thromboides,
although these pesticides were not widely used. Microbial insecticides based on fungi
of Beauveria and Lecanicillium genera are of more interest for plant protection,
especially in greenhouses. Baculoviruses as the most ecologically safe natural agents
of microbial insect control were actively studied by Russian scientists in the second
half of the XX century. The viral insecticides based on nucleopolyhedroviruses of
Mamestra brassicae, Lymantria dispar, Lymantria monacha and Neodiprion sertifer
as well as based on granulovirus Cydia pomonella, Pieris brassicae, Pyrausta
sticticalis, Agrotis segetum and Dendrolimus sibiricus were developed and registered
in the 1970-1980. However, no Russian viral insecticides have been presented so far
in Russian Catalogue of registered pesticides for commercial use. As to microbial
pesticides for plant disease control, the first one based on Trichoderma viride was
developed in Russia in the middle of the XX century. Later, bacterial pesticides based
on Pseudomonas and Bacillus genera started to compete with fungal ones. The first
bacterial preparations were Planriz® based on P. fluorescens and Bactophyt® based
on B. subtilis. Together with other bacterial fungicides, such as Pseudobacterin-2®
and Phytosporin®, these biotechnological products are widely used for plant disease
control in Russia. The microbial pesticides are produced not only by large-scale
factories but also by small firms and biological laboratories as well. The conception
of small-scale regional biotechnological production proposed by research leaders and
supported by the government at the end of the last century helped to intensify the use of
microbial pesticides in agriculture. In order to improve the biotechnological products,
the further research in selection of natural agents, their interaction with targets and the
environment and formulations of microbial agents should be carried out. Governmental
and financial support could supply successful realization of Russian achievements
concerning the biotechnology of microbial pesticides for plant protection in agriculture
and forestry.

Key words: biotechnology, biopesticides; microorganisms, baculoviruses; plant
protection.
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A.IO. AcTamenkoB

Lenmpanvuvii Cubupcxuii bomanuueckuii cao CO PAH (2. Hosocubupck, Poccus)

HNOIIYJIAIMNOHHAS CTPATET'US Polygala tenuifolia Willd.
Pab6ota BeimonHeHa npu ¢puHaHcoBoi nogaepxkke PODU (rpant Ne 08-04-98008).

Hana sxonozo-pumoyenomuueckas xapakmepucmuxa mecm obumanus P. tenuifo-
lia. H3yuenvr mopghocenes ocobetl u OHMO2eHeMU4ecKds Cmpykmypa yeHononyiayuu
MO0 BUAA 8 PASTUYHBIX IKOIO20-PUMOYEHOMUUECKUX YCIOBUAX. YCMAHOBNEHO, YUMo
6 x00e pazeumust y 0cobeil nociedo8amenbHo CMEeHAIomes 0se (hazvl Mopghozenesa:
nepsuyHwlll nobee, nepsuunbvlil Kycm. Ilonyuennvle dannvie no onmozenesy ocobell u He-
KOmopbiM 0CODeHHOCMAM OU0N02UU BUOA NO3BONAIOM CMOOCTUPOBAMNb XAPAKMEPHbII
onmozenemuyeckull cnekmp. Pesynbmamel no usyuenuro oHmo2eHemu4eckol cmpyK-
Mypbl YEeHONONYAAYUL C NPUMEHEHUEM KOMNIEKCHO20 N00X00a Oaion B03MONCHOCHIb
oyeHums cogpemenHoe cocmosnue yerononyaayui ¢ Pecnyonukax Xaxacus u Toiea.
Vemanoenen mun nonynayuonnoii cmpamezuu P. tenuifolia.

KuaroueBble cnoBa: P. fenuifolia; onmoecenes;, onmozenemuueckas CmpyKkmypd,
OYEHKA COCMOSAHUSA,; NONYIAYUOHHAS CIPATNERUS.

BBenenune

[MonmynamuoHHYI0 CTPAaTETHio BUIA LEIeCO00pPa3HO paccMaTpUBaTh B MIHPO-
KOM CMBICIIE KaK JUANEKTHUCCKOEe €IMHCTBO TMOTEHINI 1 To3uimid Buga. CoBo-
KyIIHOCTh CBOMCTB BHJA B IpeeiiaX apeaja XapaKTepU3yeT dKOJIOTMYeCKHE W
(PUTOLIEHOTHYECKIE MMOTCHINH, @ UX IMPOSIBJICHUE B PA3HBIX CUTYalUIX OICHU-
BaeT no3uiuu Buja [1]. B HacTosIIee BpeMst THIT CTPATeTUH XapaKTepU3yeTCs Ha
OPTaHM3MEHHOM U TIOITYJISIIHOHHOM YPOBHSX.

Ha ocHOBaHUY M3y4YEHHBIX YACTHBIX MPU3HAKOB OHUOJOTHH BHIOB (0COOCH-
HOCTel OMOMOpP(BI M OHTOTEHE3a, CTPYKTYPhI IIEHOMOMYJISIINA U crtoco0a ux
CaMOTIOJICPKAHUS, TFIOTHOCTH [IEHOTIOMYJISIIIMK) BBIICICHBI THITBI TIOIYJISIIH-
OHHOI1 cTpareruu. OHM Ha3BaHBI IO JOMHUHHUPOBAHHUIO OJHOTO W3 MHTETPAITh-
HBIX CBOWMCTB BHJIa: KOHKYPCHTHOCIIOCOOHOCTH, PEaKTUBHOCTH M TOJICPAHTHO-
crm [2, 3].

Lenb paboThl — M3y4UTh YaCTHBIC TIPU3HAKH OMOJIOTHU U YCTAHOBHUTH THUII 10-
MyJSIIMOHHON cTpareruu P. tenuifolia.
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Marepuajbl 1 METOANUKH UCCJIET0BAHUS

OOBEeKT HUCCIENOBAaHUS — HWCTOJA Y3KONUCTHBIN (Polygala tenuifolia, cem.
Polygalaceae (Lindl)). 3T0 MHOTONIETHEE, MOIUKAPIIUYECKOE, CTEPHKHEKOPHEBOE,
KayZekcooOpasyromee, HEMapTHKYIHPYIOiee, CHMIIOANAIBHO HapacTaomee
TPaBSHUCTOE PACTCHUE C OPTO- U KOCOOPTOTPOITHBIME TOHKUMHE O0€3pP03ETOUHBIMHU
MOHOIUKIHICCKIMH MOHOKAPIIHMICCKIMH TCHEPATHBHBIMH U 0€3p03eTOUHBIMH
BEreTaTUBHBIMU TI0OeraMu. Pa3sMHOMKEHUE U CAMOTIOICPIKAHNE IEHOMOMYIISIIHIA
OCYIIECTBIISIETCS] TOIBKO CEMEHHBIM ITyTeM [4].

Apean P tenuifolia BocTouHO-a3uaTckuil [5]. Jmama3oH TolepaHTHOCTH
BHJIA 110 YBJIQXKHEHHUIO HAXOMUTCS B Tipenenax 42—61-i cTyneHu SKOJIOTHIeCKON
mKaisl [6]. Oxonorndeckuit ontumyM P, tenuifolia nexut B npeaenax 46—60-i
CTYTIEHH, YTO COOTBETCTBYET CPEITHECTEITHOMY, JIyTOCTEITHOMY U CyXOIYTOBOMY
yBrnaxkHenuto. Micxoms uz aroro, P. fenuifolia MOXHO OTHECTH K DKOJIOTHYECKOM
rpyIie KcepoMe30(hHUTOB.

P, tenuifolia npeanodnTaeT B OCHOBHOM JIOBOJIBHO OoraTbie U O0TaThie MOYBBI
(11-14-5 crynienn) [6]. Ho enmMHUYHBIC SK3eMITISIPBI MOTYT PacTH Ha HeOOTaThIX
U ke ¢1a003acoIeHHbBIX T0YBaX. DTOT BHJ] BBIICPKHUBACT 3HAYUTEILHYIO TaCT-
OWIHYIO HArpy3Ky. YMEpPEHHOE OOWIINE BHA XapaKTePHO LIS COOOIIeCTB, MOI-
BEPXKECHHBIX CJIa0OMy MM YMEPEHHOMY BbInacy. Equnuuno ocobu P. tenuifolia
BCTpPEUAIOTCS B COOOIIECTBAX, HAXOMAIINKCS HA CTAANH MMoIycOost. J{namna3oH To-
JICPAHTHOCTH TI0 OTHOIICHHUIO K MACTOMIIHOM IErPeCcCUr HAXOIMUTCS B MpeaeIax
OT 2-i1 10 8-# CTyNeHH SKOIOTUIECKON MITKAIIBI.

B Xakacuu BuJ 00BIYEH ISl PACTUTEIBHBIX (POpPMAIIUA HACTOSIINX KAMEHH-
cThIX creneid. [1o Teo00TaHNYECKUM OMTUCAHHUSAM JTa00paTOpUH SKOJIOTHH U (H-
touenonorun LICBC CO PAH (Llentpanbubiit Cubupckuii 60TaHUYECKUi caj
CO PAH) (180 omwmcanuii, cienaHHBIX ¢ TeppuTopun PecnyOnmuk Xakacuu u
ThIBBI) U COOCTBEHHBIM JaHHBIM P. fenuifolia BXOIUT B COCTaB 371aKOBO-KOBBLIb-
HBIX U TTOJIBIHHBIX, )KUTHAKOBBIX M YHEBBIX (DOPMAIINf HACTOSIINX CTEMEH, a TaK-
e MPOM3PACTACT B COCTABE PACTUTEIBLHOCTH JIYTOBBIX creneill. B Tyse pacter B
MHUKPOTIOHIDKEHHUSX TBEPIOBATOOCOKOBEIX COOOIIECTB HACTOSIINX CTETeH, pen-
KO MPUCYTCTBYET B PACTHTEIBHBIX COOOIIECTBAX JYTOBBIX U CyXUX cTemnei [7].
B cremnsix 3abaiikanbs, kak otmedaer M.A. PermukoB [8], BU BCTpedaeTcst B )KHUT-
HSIKOBO-KOBBUIBHBIX, MSTIMKOBBIX, & TAK)KE TOHKOHOTOBBIX M MIXKMOBBIX CTEIISIX.
P. tenuifolia BXomuT B cOCTaB PaCTUTENEHOCTH KPYITHOPa3HOTPABHO-3JIAKOBBIX U
KyCTapHUKOBBIX (00OOBHHKOBO-3JIAKOBBIX) CTEIEH W MOXET MPHUCYTCTBOBATH B
TPaBOCTOE BOCTPEIIOBHIX, PA3HOTPABHO-3TAKOBEIX M OCOKOBEIX (¢ Carex pedifor-
mis C.A. May) ITyroBbIX CTEIEH.

UccnenoBanmst mMpoBOANMIIN B €CTECTBEHHBIX YCIOBHSIX Xakacuu U TyBbl. OH-
TOreHeTHYeCKasi cTpykrypa teHononysiiuid (L[[1) u3yuanacs ¢ npuMeHeHUEM
MOITYISAIIHOHHO-OHTOTEHETHYECKOTO TIOIX0a 10 OOIMICIPUHITEIM METOIHUKAM | 1,
9, 10]. XapakrepucTuka CTPYKTypbI IICHOIOMYJIALUI daHA C HCIOJIb30BAHUECM
pa3IMUHBIX JeMorpaduyecKux Nokaszaresel: uajueke BospactHocT LIT «eb-
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tay [11], uaaekc 3hdekTuBHOCTH «oMmera» [12], MHIEKC BOCCTAaHOBICHUHU «IBY
[13]. Ilpu ananuze tuma LII onupanuck Ha Ki1accHU(UKAIMU, NPEIIOKEHHbBIE
A.A. YpanoBeim, O.B. CmupnoBoii [14] u JI.A. X KuBotrosckum [12]. JIlnarnoctu-
Ky COCTOSTHHS IICHOIOMYJISIIUI IPOBOIUIIU C HCIIONIBE30BAHUEM 0aJJIOBOM OI[CHKH
OpPTraHWU3MEHHBIX U MOMYJISIIUOHHBIX MTPU3HAKOB [ 15]. Beibopka ocobelt B kax 1o
LEHOMONYJISIMY COCTaBmiIa He MeHee 30 IK3eMIUIIPOB (HAXOISIINXCS B CPEIHE-
BO3PACTHOM T'CHEPATHBHOM OHTOTCHETHUYECKOM COCTOSIHUH). Kaxmpii mpusHak
pa3duBaJICs HA MATH KJIACCOB C OMMHAKOBBLIM OOBEMOM 110 PAaBHOMEPHOM IIKAle,
3aTeM KaXJA0My Kiaccy mpucBauBaiics Oamr (tadbmuna). Hanmensimuit 6amn co-
OTBETCTBOBAJI HAUMEHBIIINM TOKa3areysiM. [1ooKeHne Kaka0il UcCie0BaHHON
LT oenuBanock B 6amrax COOTBETCTBEHHO BEITMUHMHE KaXKIOTO IPH3HAKA.

[NonyueHHbIE OHOMETPUYCSCKHE MTOKA3ATENH ISl 0COOCH U JIPYTUX IEMEHTOB
LICHOTIOYJIAIINH 00pabaThIBAINCh CTATHCTIHYCCKH P ITOMOIIH TTakeToB «Excel»
«Statisticay: onpenesuIi CPeAHIO apupMETHIECKYT0, €€ OIMINOKY, MUHUMAJIbHbIE
U MaKCHMalbHbIE 3HAUYCHMS Tpu3HaKa. CTaTHCTHYeCKas 3HAYMMOCTBH Pa3lIHIHid
CPEIHMX 3HAYCHHI OIPECIUIACh C IMOMOIIIBIO [TOKA3aTeNsl HAMMEHBIIEH CyIlle-
CTBEHHOM pazHocTH mpu 95%-H0oM ypoBHE 3HaunMocTH (p = 0,005). Cratuctiue-
CKast 3HAYMMOCTb Pa3JINYUil CPEIHUX 3HAYCHUI PH3HAKOB, KOPPEIAIHOHHOE B3a-
AMOJICWCTBHE W THAITa30H WX BapbUPOBAHMS OBUIN pACCUYMTAHBI HAMH paHee [16].

Koaddunment penponykrusnoro ycunus (P/y) onpeaensim kak OTHOLICHHE
OroMacchl penpolyKTHBHOM cepbl pacTeHHs K 0011ei nomacce ocodu. Twurr mo-
MYJISIUOHHOM CTpaTeruu BUIa YCTAHOBJICH COTNIACHO MPEICTABICHUSAM O THIIAX
noseaennst O.B. CmupnoBoii [3].

Lenononynauuu P. tenuifolia uccnenoBaHbl B CIEAYIOIIUX CTEMHBIX CO00-
mectBax Xakacuu: LI 1 — kxpymHOAEpHOBUHHASI OBCEI[OBO-KOBBUIbHAS CTEIh
(Stipa capillata L., Helictotrichon desertorum (Less.) Nevski, Koeleria cristata
(L.) Pers. s. str., Carex pediformis C.A. May), o011ee IpOSKTUBHOE MOKPHITHE
(OIIT) 65-70%, mpoextuBHoe mokpeiTue Buaa (I1I1) 2-3%, okp. o3. beng,
FOTO-BOCTOYHAS IKCMO3UIMs 1mojororo ckioHa . Kpytsak, [upuHckuii paifoH.
LI 2 — MenKoIepHOBUHHAS KHUTHIKOBO-THUITYAKOBAsI KPYITHOKAMEHUCTAsI CTEIIb
(Festuca pseudovina Hackel ex Wiesb., Agropyron cristatum (L.) Beauv., Carex
pediformis), OIIII 25-30%, I1I1 5-8%, okp. c. bopoauHo, BepiIMHA KAMEHUCTO-
ro yBaina, orporu Kocunckoro xpedra, borpanckmii paiton. III1 3 — kpynHOIEp-
HOBUHHAsI OBCEIIOBO-uneBas Iyropas ctenb (Achnatherum sibiricum (L.) Keng
ex Tzvelev Helictotrichon desertorum, Carex pediformis, Festuca pseudovina),
OIIIT 65-70%, III1 1-2 %, oxp. c¢. bopoauHO, HIKHSSA YacTh CKJIOHA, BOCTOY-
HBI MakpockioH KocuHckoro xpe0Ta, borpanckuii paiion; Teissr: LIIT 4 — pas-
HOTpAaBHAasl 371aKOBO-TIOJIBIHHAS CEIISITMHEIUIOBAst KAMEHHCTas CTenb (Selaginella
sanguinolenta (L.) Spring, Artemisia frigida Willd., Potentilla acaulis L., Dra-
cocephalum thymiflorum L., Elytrigia geniculata (Trin.) Nevski, Polygala tenui-
folia, Achnatherum sibiricum, Helictotrichon desertorum), OIIIT 70-75%, T1I1
2-3%, neBblit Oeper p. Auall, BOCTOYHBII CKJIOH OTPOTOB AJAIICKOTO HAarophbs,
KsB3bumbckuii paiioH.
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Pe3ynbTarsl Hcciaeq0BaHNus U 00CYy:KIeHIe

Onrorenes P. tenuifolia omucan B ycIoBUSX XaKacHH B THITYAKOBO-OBCEIIO-
BO-KOBBUIBHOM cooO1iecTBe. MccienoBanus 1mokasaiy, 4To OHTOTEHE3 0coleil
MPOCTOM, HETOIHBIN, OTCYTCTBYFOT OCOOM MOCTTEHEPATHBHOTO TepHoaa (SS—S)
[4]. B xone pa3BuTus y 0cobeit mocneaoBaTeIbHO CMEHSIIOTCS ABE (ha3bl MOpQo-
reHe3a: MepBUYHBIN MOOeT ¥ IepBUYHBIN KyCT. [IpopacTanue ceMsH HaJI3eMHOE.
B (aze nepBuuHOro nodera ocodbu HapacTaloT MOHOIIOANANIBHO. B naHHO# (ase
pacTeHHsT HaXOIATCS 10 FOBEHMIIFHOTO OHTOTCHETHYECKOTO cOCTOosTHMS. [Ipomon-
KHUTENBLHOCTH (pasel coctaBisier 1-2 roga. Kayneke popMupyeTcst B MMMaTypHOM
COCTOSHHU. B 3TOM cocrossHMM TimaBHBIH mober ormupaeT. OcoOM HapacTaroT
cuMIToananbHo. daza NepBUYHOrO KyCTa HAYMHACTCS B IMMATypPHOM COCTOSTHHIH
Y TIPOJIOIKACTCS IO CMEPTH 0COOU. Y MOJIOBIX PACTCHHUH KayJeKC KOMITAKTHBIH,
cnabo pa3BeTBIEHHBIN C OOJNBIINM YHCIOM PE3UI0B PA3HOTO MOPS/IKa U BO3pac-
ta. Hapactanme KycTa mpOHWCXOAWT 3a CUET MOOEroB BO30OHOBICHHS. BOKOBEIE
moOery pa3BOPauUBAIOTCS M3 [TOYCK BO30OHOBICHHUS, KOTOPbIE (OPMHUPYIOTCS B
nasyxax YellyeBHIHBIX JINCThEB B 0a3alibHOM yacTu mobdera. OcoOu 3alBeTaroT
Ha 3—4-ii rox. B3pociele ocobu mpeAcTaBisitoT co00i XOPOIIO pa3BUTHIHM KyCT ¢
OOJIBIITUM YHUCIIOM TIOJIETAr0IIMX 1Mo0eroB. Kaymeke B3pociblXx 0coOeil KOMITAKT-
HBIH, COCTOSAIINI U3 pe3uIoB pasHoro mnopsjaka. C BO3pacToM B IIpolLecce BeT-
BJICHHS OCOOM TIPUHUMAIOT YYacTHE TaKXKe U crisiime modku. Ocodu craperot 6e3
SIPKO BBIPAXKEHHOT'O pa3pylIeHUs] KycTa U Kayaekca. Haumbosee mpoaoKkuTels-
HBIH 110 BPEMEHH Pa3BUTHSI — T€HEPATUBHEIN 1epuo/, oH coctasisiet 4—7 net. [lo
nojicueTaM OHToreHe3 ocobeit P. tenuifolia nintcs e 6onee 10 net.

OnmHIMHA U3 OCHOBHBIX OMOIOTHYECKIX 0COOCHHOCTEH 3TOTO BH/IA SBISTIOTCS
HEeperyJIsipHOe BO30OHOBJICHHE U HHU3KAs 3PPEKTUBHOCTH CEMEHHOTO Pa3MHOKE-
Hus. Hamu mopcumrana moteHIuanbHas cemeHHas npoaykruBHocth (IICIT) y
3pEIBIX TCHEPATUBHBIX PACTCHUN B U3yUCHHBIX IIEHOMOMYIAusax. OHa HAXOAUT-
cs B mpenenax ot 46+2,20 no 76+2,40 cemszauarka/0coOb.

[Nony4eHHbIC TaHHBIC IO OHTOrEHE3y OCOOEH U HEKOTOPHIM OCOOCHHOCTSIM
OMOJIOTHH BHAA IO3BOILTIOT CMOICTHPOBATh XapaKTEPHBIH OHTOTCHETHYECKHI
cnekTp (XOC). XOC P. tenuifolia omHOBEPIIMHHBINA IEHTPUPOBAHHBIA ¢ HU3KOH
JIOJEH MOJIOABIX BETETATHBHBIX PACTCHHH C MHKOM Ha 3PENBIX T'€HEPAaTHBHBIX
0C00sX ¥ HE3HAYUTEIILHOM JT0JIel paCTEHHI CTapOro TeHEPATUBHOTO COCTOSHHS.

Bo Bcex M3y4eHHBIX IICHOMIOMYIISINSIX OHTOTCHETHUECKUI CIEKTP HETOITHOY-
JIeHHBIH, ogHOBepIIUHHBIN: B {11 1, 2, 4 OH IIeHTpUPOBAHHBII (MK B CIEKTPAX
TIPUXOUTCSI HA TPYIIy CPEAHEBO3PACTHBIX T€HEPATUBHBIX pacTeHwit; 55, 56 n
41% cootBetcTBeHHO), B LII1 3 — neBocTOpoHHUN (ITMK MPUXOTUTCS Ha MOJIO-
Iple TeHepaTHBHEBIE pacTeHus; 53%) (puc. 1). Hakormrenune cpemHeBO3pacTHBIX
TeHEPATUBHBIX PACTCHUN B IIEHOMOMYIISIHMIX CBSI3aHO C IPOJOIDKUTEIILHBIM pa3-
BHTHEM 0c00eH JaHHOW OHTOreHeTHYecKor rpymibl. B I 3 gons Momonsix re-
HEPATUBHBIX PACTCHHUI HECKOJIBKO OOJIBIIE 3PENbIX TEHEPATUBHBIX, YTO, IO BCCH
BHANMOCTH, UMEET BPEMEHHBII XapakTep.
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OHTOTeHETHYECKHE COCTOSHUS

Puc. 1. Onrorenerndeckue crekrpsl P, tenuifolia

Bo Bcex neHonomynanusax oTMedeHa HHU3Kas J0JIs MpereHepaTuBHbIX 0co0ei
WJIM OHU OTCYTCTBYIOT BOBce. HeperyispHoe ceMeHHOE BO30OHOBJICHUE, HU3KHUE
3HaueHust [ICIT u ObICTpbIe TEMIIbI Pa3BUTHS MPUBOAAT K CHUXKEHHIO JIOIH MO-
JIOZIBIX PACTEHUH. DKOJIOTO-(DUTOIIEHOTHUYECKUE YCIOBUS TAKKe HEOIAroNpHsTHO
BIIUSIOT Ha UX pa3BuTHe. Tak, B jyroBoil crenu LIII 3 3a cuer nomuHMpoBaHus
Achnatherum sibiricum W HaKOIICHUS BETOIIW 3aTPYJAHECHO Pa3BUTHE MOJOIBIX
pactenuil. Hanmuuue BeTomM MpensTCTBYET YCIEUIHOMY Mepexoay ocobeil B mo-
CIIEIYIOIIE OHTOTEHETHYECKHnEe COCTOSTHHUSA. OTpUIaTelbHOEe BIUSHHUE, TTOMUMO
JIEPHOBHUHHBIX PAaCTEHH, yCUIMBAETCS U KAMEHHCTOCTBIO cyOcTpara. Hanpuwmep,
LI 2 B 3a1epHOBAaHHOM KPYITHOKAMEHHUCTOM COOOIIECTBE MOJIO/IBIC PACTCHHUS OT-
CYTCTBYIOT BoBce. OJTHAKO MPHU HEKOTOPBIX ONArONPHUSTHBIX (PUTOLEHOTHYECKUX
MHUKPOYCJIOBHSIX, HAIPUMEDP JOTIOJHUTEILHOM YBII&XKHEHHUH B COOOIIECTBE C yya-
ctueM cessarunesusl (LI 4), MoykeT MpuBeCTH K HAKOTUIEHHEO MOJIOJIBIX PaCTeHUH.

Bo Bcex mccrnenoBaHHBIX HEHOMOIYISIUSX YCTAHOBICHA HE3HAYUTENbHAS
YUCJIEHHOCTh CTApPbhIX T€HEPATUBHBIX PACTEHUH, YTO CBSI3aHO C OTMUPAHHUEM Ya-
CTH 0COOECH 3pEJIOT0 TEHEPATUBHOTO COCTOSHUS U OBICTPBIMU TEMITAMHU CTAPCHHUS
0co0eli CTaporo reHePaTUBHOTO COCTOSHHSL.

[TnoTHOCTH OCOOEH B IICHOMOMYJISIIUSX MEHSETCS B 3aBUCHMOCTH OT CTe-
MIEHU 3aJIepHOBAHHOCTH M KaMEHUCTOCTH cyOcTpara. [Ipouspacranue ocoOeit
P. tenuifolia B coo01ecTBax ¢ BHICOKHM IPOCKTUBHBIM MOKPHITHEM CHHIKACT MX
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IUIOTHOCTh. B KpyMHONEPHOBHHHBIX COOOIIECTBAX, HAIPAMEP B OBCEIIOBO-KO-
BeutbHOM (LIIT 1) u B oBceroBo-uneBoM (LIIT 3), mpu OIIIT 70% cpenusisi miaoT-
Hocts P. tenuifolia cocrasmser 4,50-8,50 mt./m?. Takas ke IIOTHOCTH OCOOEH
(8,80 mt./m?) ipu BicokoM OTIIT (70-75%) oTMedeHa U B CENSATHHEUIOBON Ka-
menuctoit crenu (L1 4).

PazpexeHHOCTh (PUTOIIEHO3a HA CTEMHBIX y4acTKaX JAeT BO3ZMOXHOCTb 0CO-
0siM P, tenuifolia yBenmauBarh CBOXO CPEIHIOO IUIOTHOCTH. Tak, B LII1 2, B xpymn-
HOZICPHOBHHHOMN JKUTHSIKOBO-TUITYAKOBOM KpyNHOKaMEeHUCTOH ctemnu, npu OIIII
25-30% mI0THOCTD BHIA yBeIUUnBaeTcs u coctasmsier 12,30 mr./m>.

OHTOreHeTHYECKas CTPYKTYpa U3yUEHHBIX IIEHOTOMYNIALINN HopMabHas. Lle-
Homomymsinuu 3peinbie. Uuaeke Bo3pactHocT (A) Haxoaurtes B mpenenax 0,37—
0,40, unnexc a¢pdexruBHocTH () — 0,83-0,90.

KommnekcHbIi ToaX0n, TPUMEHSIEMBIH IS OIIEHKH COCTOSHHS IICHOIIOITYIIS-
LIUH, TTO3BOJISIET HE TOJIBKO OMPEACTUTh «CAMOYYBCTBHE», HO M OTIOCPEIOBAHHO
MIOKa3aTh PA3IIMIHBIC MEXaHU3MBI (PYHKIIMOHUPOBAHUS U YCTOHUMBOCTH IICHOTIO-
IYJISIIAH.

[lpuanMas BO BHUMaHHE YPOBEHb BapbHPOBAHHS W CHIY KOPPEILIIIMOHHBIX
cBsi3el mpu3HaKoB [16], a Taike Onomornyeckue 0COOEHHOCTH BUJIA, AJIsI OLCHKH
COCTOSTHHS [ICHOTIONY/IAIIMY B Ka9eCTBE OPraHM3MEHHBIX MPU3HAKOB HAMH OBLIH
BBIOpaHBI PENpogyKTUBHOE ycuiue ocodu (P/y), moTeHnuambpHas ceMeHHast TPOAyK-
tuBHOCTH ([ICIT/0c00B), OnoMacca 0coOH, YHCIIO TEHEPATUBHBIX TOOETOB, JTHHA
nobera. B kayecTBe MOMYJSIMOHHBIX MPU3HAKOB OBUIM B3SITHI: IJIOTHOCTH 0COOEH
Ha 1 M2, IPOEKTUBHOE MOKPBITHE BH/A, T0JIs 0cobeit Mosonoit ppakiiu (j—g1), moms
oco0eii renepatuBHOH (ppaxunu (g2—g3), uHaekc BoccranoBnenus (IB) (Tadnuua).

BajuioBble oleHKH BeJIMYMHbI NPU3HaKoB P. tenuifolia

T — bayuer
pH3 I Il 111 IV v

P/, % 1,75-3,00 | 3,01-4.25 | 426-5,50 | 5.51-6,75 | 6,76-8,00
TICIT Ha 0co6b <46,00 |46,01-55,00{55,01-65,00]65,01-75,00]  >75,01
buomacca ocobu, r 0-0,13 0,14-0,43 | 0,44-0,73 | 0,74-1,03 1,04-1,33
Uucio 106eros, Wt 4,75-6,00 | 6,01-7.25 | 7.26-8,50 | 8,51-9,75 | 9.76-11,00
JluHa noGera, oM <11,00 | 11,01-11,25 | 11,26-12,50 | 12,51-13,75 | >13.76
[notrocts ocobei 2,00-4,01 | 4,02-6,01 | 6,02-8,01 |8,02-10,01 | 10,02-12,01
BHUA, IT./M
T Buna, % <3.10 | 3.01-425 | 426505 | 5,066,75 | 6.,76-8,00
Is 0-0,02_| 0,02-0,04 | 0,04-0.06 | 0.06-0,08 | 0,08-0.10
Tlons j—g1, % 2351’0000’ 32,00-37,00 | 38,00-43,00|44,00-49,00| 50,00-56,00
Tlons g 2-g3, % <47,00 |47,00-52,00{53,00-58,00|59,00-64,00|  >65,00

Pe3ynbrarhl OIIEHKH COCTOSHUS LEHONONYsiui P. tenuifolia o opraHus-
MEHHBIM IIPU3HAKaM [0Ka3aJd, 4TO OOJIBLIOE YHCIIO OPIraHU3MEHHBIX IIPU3HAKOB
MOJOKUTEIBHO KOppEIUpyeT ¢ buomaccoit ocodbu [16]. Hamu ycraHoBneHo, 4To
MaKCHMaJIbHasi OMoMacca pacTeHUH JOCTUIaeTCs B CEISITHHEIUIOBOM COOOLIECTBE



Ilonynayuonnaa cmpamezusa Polugala tenuifolia Willd. 107

kamenucroi crerm (LT 4) (5 6amioB), a MuHUMaNbHOE (1 OayT) — B JKUTHSKO-
BO-THUITYAaKOBOM KpyrHOkaMeHucToM coobmiectse (LT 2) (puc. 2). Ha Bepunne
yBaJIa, U3-3a OTCYTCTBHS BETOIIH, & TAK)KE B YCIOBHUSAX IMOCTOSHHOTO BBIYBaHUS
(BeTpoBOii 3po3un), ocobu umeroT Huzkue 3HadeHus. Ocranbpubie L1 HaxoasTes
B TIPOMEIKYTOYHOM TTOJIOKCHHH.

1 1 o
10 ! 1 A2
9 3 9 3
8 4 8 4
7 5 5
6
1
1 _L[H4
9 3
8 4
5
6 6

Puc. 2. Ouenka coctostHUs eHOONyIsinuit P. tenuifolia, Garisl.
OpraHu3MeHHbIe IPU3HAKH: | — PETIPOIYKTHBHOE yCHIINE 0CO0H;

2 — nmoteHnuanbHas ceMeHHast npoxykruBHOCTh (IICIT/0co6p); 3 — Gnomacca
0cobu; 4 — 9UCII0 reHepaTHBHBIX M00eroB; 5 — jumHa nobera. [lomymsunoHHbe
HPHU3HAKHU: 6 — IUIOTHOCTh 0CO0EH MIT./M?; 7 — POSKTHBHOE MOKPHITHE BUJIA,
8 — MHAEKC BOCCTAHOBIICHUS;, 9 — 10711 0cobelt Mononoit dppaxunu (j—gl);
10 — nonst ocobeit renepaTuBHOM Qpaxunu (g2—g3)

Haubonbmme 3nauenus (4, S 6amioB) npu3HaKa «IJHHA TOOeray J0CTUTa0T-
Cs1 Ha CKJIOHAX TOpP B (PUTOIIEHO3aX C BEICOKMM OOIIMM MTPOCKTHBHBIM MTOKPHITHEM
65-75% B Xakacuu u Teise (LII1 3, 4) (puc. 2). MakcumanbHasi JUIMHA PaCTECHHMA
(5 GamoB) oTMEYEHA B OBCEIIOBO-uneBOM coobtectse B Xakacuu (L1 3). YV oco-
Oeif, pacTyluxX B TaKUX COOOIIECTBAX, U3-3a HEJOCTATKa COJTHEYHOTO CBETA BbI-
TSATUBAIOTCS B [UTMHY ITOOCTH.

MuHMMaJbHbIE TTOKa3aTeNu JaHHOro npu3Haka (1 0ayn) okazanuch Ha Bep-
muHe KameHuctoro ymama (L[I1 2) B pa3peXeHHOM >KUTHSKOBO-THITIAKOBOM
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KPYITHOKaMEHHCTOM COOOIIECTBE. B MPOMEKyTOUHOM TOJIIOKEHUH IO JTAHHOMY
MIPU3HAKY HAxXoAsATcsa ocolu, uccaenosanusie B LT 1.

Ywciao reHepaTuBHBIX 100ETOB P tenuifolia 3aBUCHT OT aKTHBHOCTH ITOYEK
BO300HOBIICHUSI. MaKCUMaJIbHOE UX YUCIIO PEANN3yeTCsl B OBCEI[OBO-KOBBIIBHOM
cO00IIeCTBEe Ha CKIIOHE F0r0-BocTOUHOM kcno3ummu (LT 1). B II1 2 gucio mo-
OeroB munuMasnbHoe (1 Oamt). Pasmuuuns storo mpusHaka no kputeputo CTbro-
JICHTa HETOCTOBEPHBI, OMHAKO MOJKHO TIPEIIIONOKNTE, UTO HA CHIDKCHUE 3HAUe-
HUM JaHHOTO MpPU3HAKa BIUSIOT PA3pEKEHHOCTh (PUTOLEHO3a U HEOCTATOUHOE
YBIIQ)KHEHHE.

B coobuiecTBax ¢ BBICOKUM IMPOEKTUBHBIM MOKpbITHEM TpaBoctos (LT 1, 3,
4) ycraHOBIIEHA OTPHUIIATEIIbHAS KOPPEISAIIUOHHAS CBSI3b MEXTy Ko3(dHImeHTOM
penpoaykrusnoro ycuius u OIIT (r = —-0,22—(—0,31)) [16]. MakcumaibHble 3Ha-
geHus (5 0anIoB) 5TOTO NMpH3HAKA OKA3AIHCh B COOOIIECTBE C HU3KUM MPOCK-
TUBHBIM NOKpbITHEM 25-30% (LIIT 2), a MUHUMAaNbHbBIE 3HAYEHHs TPU3HAKA — C
BBICOKMM MPOCKTUBHBIM MOKpBITHEM 70-75% (LI 3, 4).

MaxkcumanpHOE 3HA4YeHHE IMOTCHLUAIbHOM CEMEHHON MPOAYKTUBHOCTH
(5 6amToB) oKa3aockh B OBCEOBO-KOBBUTBHOM coobmiecTBe (LII1 1). B mpomexy-
TOYHOM TIOJIOKEHHUH 10 JAHHOMY IPU3HAKY HaXoAATcs 0coOu, u3ydennslie B LII1
3 u LI1 4. MunumanbsHoe 3HadeHue (1 6amr) ycranosieno B 11T 2.

OrneHKa COCTOSIHHS LEHOMOMYSINH MO0 COBOKYITHOCTH OPraHU3MEHHBIX TPH-
3HAKOB IT0Ka3aJa, YTO HANOOJBIINE 3HAYCHUS TI0 CyMMe 0aJlIIOB OKa3aJIiCh y 0CO-
Oeii, MpoU3pacTaIoINX B OBCEII0BO-KOBBUILHOM coodmiectse (LIIT 1) (18 6amnoB).
Pactenus, nccnenoBaHHBIC B YCIOBHSAX JKHUTHSKOBO-THITIAKOBOTO COOOIIECTBA
(LIIT 2), uMeroT mo COBOKYIMHOCTH 0aJUIOB caMble HU3KUE mapameTpsl. OCTaib-
HBIC IIEHOTIOITYIISIINH HAXOIATCS B TIPOMEKYTOYHOM TTOJIOKEHHH.

[To cOBOKYIMHOCTH MOMYIALUOHHBIX TPU3HAKOB HAHOOJIbIIEE 3HAYCHHE 10
CyMMe 0aJlsIOB YCTaHOBIICHO JUIS IICHOMIOMYJISIITNH, n3ydeHHbIX B Xakacuu (111
1 u 2) (17 6amnoB), Heckonbko HUXke (16 OamnoB) — B TeiBe LII1 4. Munumaib-
Hble 3HaueHus (10 6amroB) okazanuch B L{I1 3. Takoe moyokeHHe IEHOTIOITY-
JISIUY HY>KHO PaccMaTpHUBaTh HE KaK KPUTHYECKOE, a KaK BPEMEHHOE COCTO-
ssare. HecMoTpst Ha TO 9TO BCe MPU3HAKH MOMYIANNNA UMEIOT MAUHUMANbHEIC
3HaYeHUs, B Hel MaKCUMaJbHOE KOJUYECTBO MOJIOJION reHepaTUBHOM IPYIIIbI
pacTeHui.

Bo Bcex mneHononysnusax npeodiagaeT rpymnna reHepaTUBHBIX 0cobeil (cM.
puc. 1). MOXXHO TPEeAIONOKUTh, YTO (PUTONECHOTHICCKUE YCIOBHUS, B KOTOPBIX
Obutn u3ydensl Bce LI, He OKa3bIBalOT OTPULIATETILHOTO BIHMSHUS HA JaHHYIO
rpymiy ocodei.

WHpexcsl BOCCTAaHOBIIGHHS U INIOTHOCTb 0COOEH 3aBUCAT OT OMOIOTHUYECKUX
0COOCHHOCTEH BUIA U 3KOJIOTO-(PUTOIICHOTHYECKOTO OKPY)KECHUSI.

Ha ocHOBaHMM M3y4EHHBIX YaCTHBIX MPU3HAKOB OHMONOTHH BUa (0COOEHHO-
cTeil OnoMop(bl M OHTOTEHE3a), CTPYKTYPhI M JeMOorpadpuu EHOMOMYISAIUN Y
P. tenuifolia ycTaHOBIEH TUI NOMYJIAIMOHHON cTpaTeruy. THII cTpaTeruy Ha3BaH
10 JOMUHHUPOBAHHIO OJJHOTO M3 HHTETPATBLHBIX CBOUCTB BUAA.
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Ocobu P. tenuifolia MpOSBISIOT YepThl THIIMYHOTO ToJiepaHTa. [lom moine-
paumuocmuio, Beneq 3a O.B. CMmupHOBoii [3], mOHUMAaeTcs CIOCOOHOCTh U~
TENBFHO CYIIECTBOBATH Ha TEPPUTOPHH 32 CIET MAKCUMAIBLHOTO CHIDKCHHUS YHEP-
UM KU3HEHHOCTH. TonepaHTHOCTh P. tenuifolia TpOSBISIETCS B COBMECTHOM
MIPOM3pacTaHNH BHAA B COOOIIECTBAaX KPYITHOIEPHOBUHHBIX CTEICH, a TakkKe B
CIIOCOOHOCTH CyIIECTBOBATH B IIeH03ax ¢ pa3nuyHbiM OIII1. TonepanTHOoCTh 00e-
CIIEUMBACTCSI TAKIMH O0COOCHHOCTSIMU Pa3BUTHS 0cO0CH, KaK: OBICTPOE pa3BUTHE
oco0eil B IpereHepaTUBHOM, PACTSIHYTOM FeHEPATHBHOM MEPUOAX U OTCYTCTBHE
MIOCTTeHEePaTUBHOTO Tieprosa. TonepanTHOCTE P fenuifolia Ha TOMYIAIOHHOM
YPOBHE HPOSIBISIETCS B (POPMUPOBAHUK HOPMAIBHBIX HETIOJHOWICHHBIX, 3PEIIBIX
C ICHTPHUPOBAHHBIM OHTOTCHETHYCCKUM CIIEKTPOM ICHOTIOMYISINN C BBEICOKH-
MU HHJEKCaMHU BO3PACTHOCTH U (PPeKTUBHOCTH. OHTOTCHETHUECKUE CIICKTPBI
n3ydeHHbIX LI coBmagarT ¢ XJIOpopraHu4ecKuMu coeAuHeHusAMH. [ITOTHOCTH
ocobeii P. tenuifolia 3aBucuT 0T cTenenu 3aaepHoBanHoctd u OIIIT coobuiecTBa.

3akirouenne

OnTtorenes ocobeii P. tenuifolia, n3yuyeHHBIH B yCIOBUAX XaKacwu, — Ipo-
CTOM, HENOJHBIM, NPONOJIKHUTEIbHOCTh I€HEPAaTUBHOIO IEPHO/a COCTaBIISIET
4-7 netr. VM3yueHHbIe HEHOMOMYJISAIUN B Pa3IMYHBIX 3KOJIOro-(puUTOLCHOTHYE-
CKHX yCIIOBUSIX Xakacuu U TbIBbl HOpMaJlbHbIE, 3peJible, HEIOJHOWIEHHBIE, C
npeoOnagaHueM MOJIOAOI U CpeHeBO3pacTHOM reHepaTuBHON (pakuueil. On-
TOTCHETHUYECKUE CTIEKTPHI N3yUCHHBIX IEHOMOMYIISAINI IPUOIIKAIOTCS K XapaK-
TepHOMY CHEKTpy. OIeHKa COCTOSHUS IICHOMOMYISAIUN 0 KOMIUIEKCY MpU3Ha-
KOB TIO0Ka3ajia, 9YT0 HamOOJbIlce 3HAUCHIE OPTaHU3MCHHBIX U TOMYIISIIHOHHBIX
MPU3HAKOB U HAMJIy4YIlEe COCTOSHUE IICHOMOMY/ISIIMU OKa3aJuCch B XaKacUU B
KpPYITHOJIEPHOBUHHOM OBcenoBo-koBbUTbHOHM ctenu (IIIT 1). B Hamxymmem co-
CTOSIHUU TI0 OpPraHU3MEHHBIM NPU3HAKAM HAXOAATCS 0COOU, MCCIEAOBaHHbIC B
MEIKOJIEPHOBUHHON KUTHSIKOBO-TUITYAKOBOW KpymHOKameHucTon creru LIIT 2.
Ocobu P. tenuifolia B ycnoBusix Xaxacuu 1 TyBbI IPOSBISAIOT TOJCPAHTHBINA THUII
MOIYJIALLMOHHOM CTpaTeruu.
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POPULATION STRATEGY OF Polygala tenuifolia Willd.

An aggregate of species features within the area characterizes ecological and
phytocoenotic potencies and their manifestation in different situations determines
populational strategy. The aim is to study individual characters and establish a type of
Polygala tenuifolia populational strategy.

P, tenuifolia, this is a perennial polycarpic taproot, caudex-forming, not
particulating, sympodially growing herbaceous plant with ortho- and plagi-orthotropic,
rosetteless monocyclic, monocarpic generative and rosetteless vegetative shoots.
Propagation and self-reproduction of coenopopulations is only by seeds. Plants were
studied in Khakasia and Tyva.

The ontogenesis of P. tenuifolia is simple and incomplete, individuals of
the postgenerative period are absent. In the process of development two stages
of morhogenesis, primary shoot and primary bush, alternate successively. The
characteristic ontogenetic spectrum of P. tenuifolia is one-peaked, centered, with
a small portion of young vegetative plants with a maximum on mature generative


Home
Машинописный текст
doi: 10.17223/19988591/18/11


Honynayuonnas cmpamezusa Polugala tenuifolia Willd. 111

individuals and a minor portion of old generative ones. In all studied coenopopulations
the ontogenetic spectrum is incomplete with members, one-peaked: in CP 1, 2 and 4 — it
is centered (the peak falls on the group of middle-aged generative plants (55%, 56% and
41%, respectively), in CP 3 — left-side (the peak falls on young generative plants (53%).
Accumulation of middle-aged generative plants in coenopopulations is connected with
extended development of the given ontogenetic group individuals. In CP 3 a portion
of young generative plants is somewhat greater than that of mature generative ones,
which is of a temporal nature. A small portion of pregenerative individuals and old
generative plants is noted in all coenopopulations.

Ontogenetic spectra of the studied coenopopulations agree with the characteristic
spectrum. The ontogenetic structure of the coenopopulations is normal. The coeno-
populations are mature. The index of age (4) is within 0.37-0.40, that of efficiency
(w) — 0.83-0.9. The density of individuals in the coenopopulations changes depending
on a degree of turfness and substrate rockiness. The density of P. tenuifolia individuals
decreases in the coenopopulations with high projective cover.

The assessment of the coenopopulations status by a complex of characters showed
that the best status was in Khakasia in large turf oat-feather grass steppe (CP1). The
worst status was of individuals from small turf wheat grass-sheep's fescue large-stony
steppe (CP2).

P. tenuifolia individuals exhibit a tolerant type of populational strategy in Khakasia
and Tyva.

Key words: P. tenuifolia; morphogenesis, coenopopulations; ontogenetic structure;
assessment of coenopopulations status, population strategy.
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H.A. Haymenko, H.A. ExumoBa, T.A. KorkoBa
Kypeanckuii 2cocyoapcmeennviii ynueepcumem (2. Kypean, Poccus)

Roemeria refracta DC. (Papaveraceae) —- HOBBIM AJIBEHTUBHBIN
BUI ®JIOPBI CUBUPHU

HccnenoBanue nposeneHo B pamkax Tembl HVP naboparopun «I'epOapuii
u 60TaHUYeCKUi My3ei» npu KypranckoM rocy1apcTBEHHOM YHUBEPCUTETE
npu nozuepxke [ocynapereeHHoro sxonornyeckoro ¢ponia Kypraunckoit ooinactu.

Bnepevie 6 ceson 2011 e. na meppumopuu Kypearnckoii obnacmu ommeueno mecmo-
Haxodcoenue pedkoeo aosenmuenozo suoa Roemeria refracta DC. (Papaveraceae),
Makcona upamno-cpeoneazuamcrko2o muna apeaid. O3HakomieHue ¢ Mamepualamu
2epbapnvix Koiekyul bomanudeckux yupexcoenutl Poccuu u onybnuxosannuix oamn-
HbIX nokaszano, umo 0ns meppumopuu Cubupu, Ypanra u 3aypanvs pamnee smom 6uo
He npugoouncs. Buecme ¢ mem enewinee cxoocmeo R. refracta ¢ ecmpeuarowumucs
Ha paccmampueaemMol meppumopuu Mmakice 3aHOCHbIMU GUOAMU MOS0 ceMeucmed
(Papaver rhoeas u Glaucium corniculatum) moeno 6vims npuuunol owubox 6 onpede-
JleHuu U nponyckos npu coope eepbapnvix koanekyuil. IlockonbKy npu ucnonvzosanuu
yenoeo psaoda onpederumensHulx madiuy pecuonaivHulx « @ropy u «Onpedenumeneiy
R. refracta onpedensiemcs negepHo, OJis IM0O20 MAKCOHA HAMU NPUBOOUMCST KDAMKAsL
MOp@onocuueckas Xapakmepucmuka U npeoiazaemcs OUXOmoMudeckutl Kaod Ol
onpeodenenusi pooog cemeticmea Papaveraceae ¢nopwr 3aypanvs. Ilpusedenvt xapax-
mepucmuxa mecmonaxodcoenust R. refracta (55°43°20,7 "c.ut., 64°38°25,576.0.), no-
MEHKAAMypHas yumama ¢ YKa3auuem OCHOBHbIX CUHOHUMOG U XAPAKMePUCmuKa 00-
wezo pacnpocmpanenus. Cobpannbviil eepbapHbwiil Mamepual Xpanumesi 8 KOLIeKYuu
nabopamopuu «lepbapuii u 6omanudeckuti myseii» npu Kypeanckom eocydapcmeen-
HOM yHUgepcumeme.

KiroueBbie ciioBa: adsenmusnbvie 6uobl, cemeticmso Papaveraceae; gnopa; Ypan;
3aypanve; Cubupe.

BBenenune

IOxHoe 3aypanbe — paBHUHHAs TEPPUTOPHS, OXBATHIBAIOIIAS FOTO-3aMaIHBIH,
[0 TIPEHMYIIECTBY JIECOCTEITHOW cekTop 3amamHo-CHOMpckoi HU3MEHHOCTH B
rpanunax Kypranckoid obmacTu U comnpeneibHbIX ¢ Hell pailoHOB cocenHuX 00-
nacteid Poccnn m Kazaxcrana. CreneHb (proprCTHYECKON M3YYEHHOCTH PETHO-
Ha JI0OCTATOYHO BBICOKAs: Ha MPOTSHKEHUH OoJiee JIBYX CTOJICTHH 3/1ech paboTaiun
MHOTHE (PIOPUCTHYECCKUE, OOTAaHUKO-reorpaduieckre u re000TaHUIeCKHE JKC-
neaunuu. Bmecte ¢ TeM HOBbIE (DIOPHCTUYECKHE HAXOIKU Ui 3TOW TEPPUTO-
puH — sBIeHUE OOBIYHOE. TaK, TONBKO 3a TOCIIEAHUE JBA NCCATHIICTHS CIHCOK
JUKOPACTYIINX COCYAMCTBIX PACTCHUH, BBISBJICHHBIX B TPAaHHUIIAX HEOOJIBIION 1O
momagu Kypranckoit oonactu (71,3 Thic. KB. kM), yBenuuuics Ha 25% u cocra-
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Bua Ooiree 1260 BujoB [1]. B gucie Beaymux NpuYrH MOMOJHEHHUS PETHOHAIb-
HOTO (DIIOPUCTUYECKOTO CIMCKA CIEAyeT Ha3BaTh HE TOJBKO aKTHUBHU3ALUIO (hII0-
PHUCTHYECKUX UCCICIOBAaHNH, B pe3ybTaTe KOTOPBIX yIAeTCs OOHAPYKUTH paHee
«TPOITYIIEHHBIE» BUBI, HO U SIBICHUE MHBA3UU UY>KEPOJIHBIX BHUJIOB PacTEHUH,
JOCTOBEPHO OTCYTCTBOBABIINX Ha JAHHOW TEPPUTOPHH B TIPOIIIIIOM.

AKTyaJIbHOCTb IIPOBOAUMOrO HaMM JAETAIBLHOTO (DIOPUCTUYECKOTO UCCIEI0-
BaHMA Tepputopun HOxHOTO 3aypanbs ¢ UCIIOIB30BAHHEM METOIa KOHKPETHBIX
¢uop [2] B coueTaHuu ¢ A€TaIbHBIM MapIIPYTHBIM HCCIEIOBAHUEM OIpEIeIIsieT-
CsI IIUPOKUM CIIEKTPOM IIPUMEHEHUS PE3yIbTaToB (PIOPUCTHICCKHUX PabOT B IPO-
rpamMMax, CBSI3aHHBIX C OLIEHKOM ¥ MOHMTOPUHIOM OHOJIOTMYECKOrO pa3HooOpa-
3ust [3]. OcoOyro 3HAYMMOCTh HMEIOT HAXOJIKH HOBBIX JUIS PETHOHA UYKEPOTHBIX
BUJIOB. [l07151 aIBEHTUBHOM (DpaKIK B CLIEKTPE pacCMaTpuBaeMOil perioHaNIbHOM
¢mopsl ceromus coctanisieT Oomnee 18% [4], mpu 9TOM CKOPOCTH HHBA3UH 3aMETHO
BO3poOcCia; 3a nocneanue 15 ner Bnepsslie B KOxHOM 3aypaibe ObLIO OTMEUEHO
ooiee 30 3yKeHO(DHUTOB.

B nanHoi paboTe MbI MPUBOJUM CBEACHUS 00 OJHOM 3amMedaTeNbHON (Iio-
pPUCTHYECKOW HaxoIKe BHIA, JOCTOBEPHO HE OTMEUABIIEIOCS paHee B PErHo-
He. B xone uccnenoBaHus pacTUTEIBHOTO MOKPOBA BAOJb HKEIE3HOLOPOKHOTO
nootHa Mexay crannusiMu OxyHeBka (moc. CocHoBka) u TBepapln Ha Tep-
putopun Kapranonsckoro paitona Kyprauckoit obmactu 01.07.2011 r. Hamu
ObUTO OOHAPYKEHO HECKOJBKO IBETYIINX H IUTOAOHOCAIINX PACTCHHU ceMeii-
cTBa Papaveraceae, mpou3pacTaoIUX OAUHOUYHO U HEOOIBIINMU TPYIIIAMU Ha
MIeOHUCTON OTCHITNKE MO CKIOHAM JKEIC3HOMOPOKHOW HACHIIA M Ha OOOUYMHE
MPOXOJAIICH MapajIebHO >KENEe3HOAOPOKHBIM TYTSAM aBTOMOOWJIBHOHN J10-
poru. l'eorpadmdeckne KOOPIUHATH TEPBOH TOYKH MECTOHAXOKICHUS BHIA
55°43°20,7” c.m., 64°38°25,5” B.A. K kene3HOZOPOKHON HACHIIIU C CEBEPHOM
CTOPOHBI MTPUMBIKAET OOIUPHOE TPOCTHUKOBOE OOJIOTO ¢ HEOONBITMMH ydacT-
KaMu c(harHOBOH CIIIaBHHBI M TOTUOILIETO B pe3yabTaTe BHIMOKaHHs 0epe30BOTo
Jieca B IISHTPaJIbHOW YacTH, C ora — 0epe30BO-COCHOBBIH 3€JICHOMONIHBIH JieC U
CBIPOW Pa3HOTPABHO-3JIAKOBBIN JYT ¢ MPOIUICIIMHAMH OeCKUIBbHULEBBIX (Puc-
cinellia tenuissima) conoHnoB. CiieZlyeT MOM4epKHYTh, YTO B YKa3aHHOM MECTO-
HaXOXKJCHUH, HEOJHOKPATHO MOCEIIABIIEMCS] HAMU B TIPEXKHHUE CE30HbI HAaunHAast
¢ 1994 r., 31! pacTeHHsI C APKO-KPACHBIMH U3/1aJIeKa 3aMETHBIMH IIBETKAMH OBLITH
oOHapy>XeHBI IeHCTBUTENBHO BIepBbIe. [0 psaay mpu3HaKoB HalJIeHHbBIE pacTe-
HUS TIEPBOHAYATIHLHO OBLIM OMIHOOYHO ompenesieHbl kak Glaucium corniculatum
— BHJI, U3pe/IKa OTMEUaeMblii B cX0KuX MectooOuTanusx [Tosomxns (TataperaH,
Camapckas u CaparoBckas oonacth) [5, 6], FOxnoro Ypana (OpenOyprckas 00-
nacth U bamkoprocran) [7, 8] u 3anagnoit Cubupu (Anraiickuii xpaii, bapna-
yibckuid Quiopuctuieckuii paiion «®@mopel Cubupuy») [9]. Ilpn BHUMaTETLHOM
paccMOTpeHHHu repOapHOro Marepuasa Bce COOpaHHbIE HK3EMILIAPHI, MepefaH-
HbIC Ha XpaHeHHe B 1abopatoputo «['epbapuii u 6GoTanndeckuit My3sei» nipu Kyp-
TaHCKOM TrOCYJapCTBEHHOM YHHBEPCUTETE, OBbLIM MPABUIBHO JUATHOCTUPOBAHBI
Kak Roemeria refracta (puc. 1).
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Puc. 1. Roemeria refracta DC. Kypranckas o6:1., Kapramonsckuii p-H,
Mexy cranuusiMu OxyHeBka (rioc. CocHoBka) u TBepapli, Ha meOHe
BJI0JIb Jkelie3HogopoxkHoi Hackimu. 01.07.2011 (poro H. Haymenko)

Jlyis aTOorO BHJA, BIEPBHIC HAWJICHHOTO B Ypano-CHOMPCKOM PErHOHE W He
yuteHHoro Bo «®nope Cubupu», HUKE MPUBEICHBI: HOMCHKIIATYpHAS IIUTATa C
yKa3aHHEM OCHOBHBIX CHHOHHUMOB, KpaTKoe MOP(OIOTHIECKOE ONHMCAHNE U Xa-
PaKTEepUCTHKA PACTIPOCTPAHEHUSI.

Roemeria refracta DC. 1821, Reg. Veg. Syst. Nat. 2: 93; M. [lomos, 1937, ®m.
CCCP, VII: 597; Kopuunosa, 1961, ®n. Kazaxcrana, 4: 150, puc. XX, 6; Tpe-
ThskoB, 1988, bot. xxypH. 73, 6: 907; ['ybanos, ["an6omnn, 1989, Gnopa Xanras:
112; Mocskus, 1991, Ykp. 60T. kypH. 48, 2: 56; Mocsikun, 1992, Ykp. 00T. KypH.
49, 3: 93; Muxees, 1993, bor. xypn. 78, 5: 116; Eroposa, 2001, ®n. Boct. EBp.
10: 208. — Glaucium refractum Stev. ex DC. 1. cit. — R. rhoeadiflora Boiss. 1885,
Diagn. ser. I, IV: 7; Unbunckuit, 1934, Copn. pact. CCCP, 111: 16.

Onnonernee pacrenue 10-30 (zo 50) cM BBICOTOIl ¢ MPSAMOCTOSYUM Pa3BET-
BJICHHBIM ITOOETOM, OIMYIIEHHBIM OCIBIMH OTCTOSIIMMH TIPSIMBIMU BOJIOCKAMH.
JlucThst ouepeHbie, 0€3 MPUIMCTHUKOB, IPUKOPHEBBIC U HIDKHHUE CTEONCBbIC HA
Yeperikax, BEpXHUE CHITINEe, HeKpyIHbIe (JIo 5—6 cM JITUHOK), IeprcTo pacce-
YEeHHbIE Ha JTMHEWHO-ITPOIONTOBATHIC JIOIbKH, 3aKPyTJIEHHbIE WIIM BHE3AITHO 330-
CTPEHHBIE, C MATKUAM ITUITHKOM Ha KOHIIE. By TOHBI 00paTHO-SHIICBHIHONW ()OPMBI,
MOHUKAOIIME, C ONMAJAIOIIMMK MPH PACIYCKAHUU I[BETKA IByMs YallCIHCTH-
KaMH, HETYCTO MOKPBITBIMK OCJIbIMH IICTHHKAMHU. BeHYuK KpymHbId (5—6 cM B
JIMaMETPE), JICTIECTKU IIUPOKHE, SPKO-KPACHBIE, ¢ YETKO OYEPUYCHHBIM TEMHO-
ITyPITyPHBIM ISITHOM y OCHOBaHHS (TP CYIIKE IISITHO YepHEET), TEIYUHKHU C (H-
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OJICTOBBIMU HUTSIMH M OXPSTHO-XKCATHIMU NBUTEHUKAaMU. 1Mo — cTpydIxoBHIHAS
KOopoOoOUKa, BCKpbIBaromascs 3 (4) CTBOPKaMH, TIOYTH TOJIBIMH WU MOKPBITHIMH
PEIKUMHU TIPIPKATEIMU BBEPX HAIIPABICHHBIME HIPSMBIMH BOJIOCKaMH. Peibiia ro-
JIOBYATHIC, C MJIOTHBIMHU MIAPOBUIHBIMU MyYKaMH HPAMBIX O€NbIX HIETUHOK, HaJl
KOTOPBIMH CJIETKA BO3BBIIIAIOTCS] OCTEBUIAHBIC OKOHIAHUS CTBOPOK.

DTOT BUJ UMEET apeajl UPAHO-TyPAHCKOTO THIIA, OXBATHIBAIOIUH ITyCTHIHHbIE
u crenHble oOacti Upana n Cpenneit Aznn, KaBkasza, Boctounoro 3akaBkasbst
u [larectana, oTkyaa Bua Ob1 onucan no cobopam Cresena [10], BeposiTHO B Ka-
YeCcTBE 3aHOCHOTO, Ha foro-3amaje nocturaiomuii CpenmsemMaoMopbst (JluBan u
Cupust). B o0nacTit OCHOBHOTO pacipoCTpaHeHUs BUJI PUYPOUEH K CYyXUM KaMme-
HHUCTBIM CKJIOHAaM, BCTPEYAETCs Ha PyACpPaTbHBIX MECTOOOUTAHHSX, B IIOCEBAX H
Ha 3ajnexax [11, 12]. B 3akaBka3be BUJ ABISETCS PETUKTOM KCEPOTEPMUUYECKOTO
stana panHero rojoueHa [13, 14]; 8 CraBpomnonsckoMm kpae u UHTyImIeTHN BHE-
ceH B peruoHanbHbie «KpacHble kauru» [15]. Kak peakoe 3aHOCHOE «IIPUIOPOK-
HOe» pacTeHme Roemeria refracta HauWHACT MPOHUKATh HAa CEBEP: OTMEUCHA B
MocxkoBckoii u MBanosckoit obnactax Cpenneit Poccun [16], y ct. Peibarkoe B
Cankr-IlerepOypre [17], B IByX IyHKTaxX Ha Tepputopuu bemopyccuu u B Ykpa-
uHe B okpecTHOCTsIX Kuesa [18]. Ha BocTouHOM H3I1eTe apeasa Kak 04eHb PEeAKHUM
aZIBEHTUBHBIN BHJT TPUBOAMUTCS JIJIsl HATOpbhs XaHrail Ha 3amaae Monrommn [19].

[To HamMM 1aHHBIM U TyOIUKAIMSIM, YIOCTOBEPEHHBIM TepOapHbIMU MaTepU-
anamu, Ha Teppuropun FOxHoro 3aypanbs u FOxuoro Ypana BcTpedaercs 7 aj-
BEHTUBHBIX BHJIOB U3 IISITH POJIOB ceMmeiicTBa Papaveraceae, U3 4ncia KOTOPBIX
JIUIIIB JIBA BHUJIA YKa3aHbl BO «Drnope Cubupuy» [9]. Kitrod 1utst onipesiesieHus poioB
cemeiictBa Papaveraceae ¢ mepedHeM BHJIOB, 3aperHCTPUPOBAHHBIX Ha paccMa-
TPHUBACMOM TEPPUTOPUH, IPUBEIICH HIDKE.

1. ITnox — snMnTudeckas Ui IpoJ0iIroBaTo-sifiieBuIHast KOpoOoUuKa, BCKPbI-
BAIOIIASICSI OTBEPCTHUSAMH IO TUCKOBHIHBIM 3BE319ATO-TOTACTHEIM PHUIBIIEM. —
Pon Papaver L. (Maxk).

Ha copupix Mecrax FOxxuoro Ypana u 3aypanbs Ha Tepputopun Kypranckoi,
Tromenckoii [1, 4] u YenstOunckoit [20] obnacteil mpeacTaBieH Tpemsl BUIAMHU:
IIMPOKO KYJIBTUBUPYEMBIMH U H3pelKa YXOAAIIMMHU U3 KyIBTYpHl P. pseudoori-
entale (Fedde) Medw. u P. somniferum L.) u BUIOM, peIKUM B KayecTBE JEKO-
PaTUBHOH KyJIBTYpPBI, HO TOCTATOYHO PETYISIPHO OTMEYAEMBIM Ha PyIEpaTbHBIX
MEeCTOOOUTAHUSX B/IOJIb OPOT U B HACEICHHBIX MyHKTaX (P. rhoeas L.).

— [lmox — BRITSHYTAsT CTPYYKOBUAHAS KOPOOOUKA, BCKPBHIBAIOIIASICS CTBOPKA-
MU. Pbuiblia He TUCKOBUAHBIE. — 2.

2. Yarmreuka KONIMAYKOBHUIHASI, BEPETCHOBHUIHO CY)KAIOMIAsICS KBEPXY, U3 IBYX
CPOCHIMXCS YalIeTUCTUKOB, IPU PACKPHIBAHNY 1IBETKA OTaJIal0INX BMecTe. BeH-
YUK JKEITHIM, WHOTJA OCIbId WIIM OpaH)KeBbIA. PacTeHus: 63 MICYHOTO COKa. —
Pon Eschscholzia Cham. (Qumonbuus).

B 3aypanbe mmpoko KyIbTHBUPYETCS JEKOPATHBHBIA OAHOJICTHUIA BUI| CEBE-
POaMepHUKaHCKOTO MPOUCXOKACHUS, U3PENIKa YXOIAINUN U3 KYIbTyphl U OTMEUae-
MBI Ha COPHBIX MECTaX B HACEJICHHBIX MyHKTaX, — E. californica Cham.
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— Yamreuka 3aKkpyIiieHHas, pacIIMpsIONMasics KBEpXy, U3 NBYX CBOOOIHBIX
YaIIeTMCTUKOB, OMAJAIOINX MPU PACKPBIBAHHUU IBETKA pa3liesibHO. PacTeHus ¢
MJIEYHBIM COKOM. — 3.

3. MHoOrojeTHIe, CUIIFHO PAa3BETBICHHBIC PACTCHHS C OPAHIKEBBHIM MIICUHBIM
COKOM, OOMJIBHBIM BO BCEX YaCTIX pacTeHus. LIBeTku xenToie, Menkne (JIemecTKu
10 1 cM miuHOM), cOOpaHbl B MHOTOIIBETKOBBIC IIIUTKOBUAHBIE colBeThs. Kopo-
0ouKa CTPYIKOBHIHAS, OMHOTHE3IHAS, 110 4 (5) ¢M UTMHOH, paCKPBIBACTCS ABYMS
CTBOPKaMH OT OCHOBaHUs K Bepxylike. CeMeHa TEeMHO-KOPHYHEBBIC (0 MOYTH
YEepHBIX ), C KPYIHBIM OenbiM apuiuitocoM. — Pox Chelidonium L. (Uuctoren).

B 3aypasbe moBceMeCTHO Ha HAPYIICHHBIX MECTaxX OJN3 JKHUIIbs, HHOTIA KaK
COpPHOE pacTeHHE BCTpevaeTcs alBeHTUBHBIN BuI Ch. majus L.

— OpHOJIETHHE PAacTEHHS ¢ OTHOCHTENILHO C1a00 Pa3BETBICHHBIM OOETOM U
KPYIHBIMH OMHOYHBIMHE IIBETKAMH KPACHOTO FIIH OPAHKEBO-KEJITOTO I[BETA: JIe-
MECTKH JI0 4 CM JITTMHOM C TEMHBIM IISITHOM Y OCHOBaHUs. MIICUHBII COK JKENITHIH,
0OBIYHO 3aMETHBIM TOJBKO MPH MOBpEXKIeHHH KopHed. [1noapl Oojee MIMHHBIE,
BCKPBIBAIOTCS OT BEPXYIIKU K OCHOBaHUI0. CeMeHa uepHsble, 0e3 apuiuioca. — 4.

4. JIncThst OMHAKABI IEPHCTOPACCEUCHHBIC Ha IIMPOKKE BRIEMYATO-KPYITHO3Y0-
YaThle M0 KPar NONbKH. JIeecTKH KpacHbIe, ¢ TEMHO-ITYPITYPHBIM IISITHOM Y OC-
HOBaHHMs, HJIM OpaHkeBo-kenThie. KopoOouka oueHb umHHAsA, 15-20 (1m0 25) cm
JUTMHOM, TYCTO MOKPBITasl MPIKATBIMH BOJOCKaMH. PhUiblie 6€3 OCTEBHIHBIX
okoHuauui. — Pon Glaucium Hill (Mavok).

Juisa TToBomxkbs [6], FOxuOTO Ypana [8] u tora Anraiickoro kpas [9] npuBo-
JITCSI peAKUE 3aHOCHBIN BUA G. corniculatum (L.) Rudolph. Bropoii Bun sToro
pona (G. flavum Crantz), BcTpedatommuiics Ha Tepputopun Esponeiickoit Poccnn,
Ha Ypane u B Cubupu He HaiijneH. B IOxxHoM 3aypanbe mpeicTaBUTENH poja
Glaucium He OTMEUCHBI, HO BEPOSITHOCTh X HAXOJKH Ha BTOPUYHBIX MECTOOOH-
TaHUSAX JJOCTAaTOYHO BHICOKA.

— JIucThst OJJHAKTBI-IBAYK/IBI IEPHICTO PACCEUCHBI HA JIMHEHHBIC 10u. JlermecT-
KU KpacHBIE, C TEMHO-ITypITyPHBIM IISITHOM Y OCHOBaHMs. KopoOouka TpexcTBop-
yarasi, 4-5 (1o 7) cM JUTMHOM, C MIAPOBUIHBIM PBUIBIIEM, HAJ KOTOPBIM ClIErKa
BBICTABIIIOTCS OCTHCTBIE OKOHUAHHS CTBOPOK; TMOKPHITA PEIKUMH MPHKATHIMH
BOJIOCKaMH JI0 TIo4TH Toioil. — Pox Roemeria Medik (Pémepus).

B 3aypanbse ormeuen onuH u3 1BYX BeTpedarommxcsi B Poccun BunoB (R. re-
fracta), He CTOUT cOpachIBaTh CO CYETOB M BEPOATHOCTh HAXOAKH BTOPOIO TaKCO-
Ha (R. hybrida (L.) DC.), pactipocTpaHSIOMErocst Mo MpUIOPOKHBIM MECTOOOH-
tanuaM Cpenneil A3un u rora EBponeiickoit Poccun.

3akirouenne

®rnopa HOxuoro 3aypanes u FOxHOoro Ypana Bkitouaer 7 aBeHTHBHBIX BU-
JI0B ceMelicTBa Papaveraceae, onqun u3 kotopsix (Chelidonium majus) B mocien-
HUE JCCATHICTUS [IIMPOKO PACCEIIUIICS 10 BTOPHYHBIM MECTOOOUTAHUSIM U BHE-
JPSIeTCsI B JIECHbIE COOOIECTBA, TPH BU/IA [IIUPOKO KYJIBTHBUPYIOTCS, HO H3pe/IKa
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OTMEUAIOTCSl KaK YXOIsIme M3 KylnbTypbl (Eschscholzia californica, Papaver
pseudoorientale, P. somniferum), onun Bun (Papaver rhoeas) oT4acTH pacrpo-
CTpaHSETCs KaK CIIOHTAHHBIN BUJ — KCEHO(MUT, OTIACTH — YXOIUT U3 KyIBTYPHL.
Hawubonee peakue st paccMaTpuBacMOil TEPPUTOPUH PyIEPaTbHBIE MAKOBBIE —
orMeuaembiii B [ToBomkbe, Ha FOxxHOM Ypaste u rore AnTaiickoro kpast Glaucium
corniculatum v HOBBIUA BuA Qruopsl FOxHOrOo 3aypanes Roemeria refracta. Jlo-
CTaTOYHO BBICOKA BEPOATHOCTH HAXOMOK B PACCMAaTPHBAEMOM PETHOHE €IIe ABYX
IIMPOKO PACHPOCTPAHCHHBIX BUJIOB CEMEHCTBA, IPUYPOUYCHHBIX K PyAepaIbHbIM
Mecroobutanusm, — Glaucium flavum v Roemeria hybrida.

Cremyer OTMETHTh, YTO TIOBCEMECTHO Ha COPHBIX MECTaxX U 3aJie)Kax Ha Tep-
putopun HOxHoro Kasaxcrana R. refracta dopmupyet 3ddekTHbie B NEepHO
uBeteHus 3apociu [12]. He uckiroueHo, 4to B pe3yabTare HaTypaiu3alui B yC-
JIOBUSX KapKOTO M OTHOCHTENBHO CYXOTO JICTHETO CE30HA, B TOCIEAHUE TOABI
CTaBIIETO XapaKTePHBIM UIS JIECOCTEITHOIO 3aypasibsi, TOT aJBCHTHBHBIN BUJI,
BIIEpPBBIC OTMEYEHHBIH y Hac B ce30H 2011 1., B 0003puMoM OymyIieM BITOJTHE
MOXET CTaTh OOBIYHBIM U [UIsl BTOPHYHBIX MecTooOuTanuii Kypraunckoii o6mactu.
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Roemeria refracta DC. (Papaveraceae) —- NEW ADVENTITIOUS
SPECIES OF THE SIBERIAN FLORA

The Southern Trans-Urals is a flat area covering the south-western, predominantly
steppe sector of the West Siberian lowland in Kurgan region borders and surrounding
areas of the neighboring regions of Russia and Kazakhstan. The part of alien species in
the Southern Trans-Ural region comprises more than 18% of the whole flora. In the last
15 years, 30 species never reported for the territory before have been found.

The rare adventitious plant Roemeria refracta DC. (Papaveraceae), taxon
belonging to Iran and Central Asia type of areal, was first recorded in Kurgan province
(55°43°20, 7 “N, 64 °38°25, 5" E) in summer 2011.

The areal of R. refracta covers desert and steppe regions of Iran and Central Asia,
Caucasus, Eastern Transcaucasia and Dagestan (locus classicus). In the southwestern
part it reaches the Mediterranean region (Lebanon and Syria), in the east — Mongolia.
In the main areal the form is confined to dry rocky slopes, ruderal habitats, and fields.
In the Caucasus, R. refracta is a relict xerothermic taxon of an early Holocene phase,
which needs to be protected and included to the regional “Red Book” of Stavropol
Territory and Ingushetia. R. refracta begins penetration to the north as a rare adventive
plant along road sides: it has been recorded in Moscow and Ivanovo regions of Central
Russia, in St. Petersburg, on the territory of Belarus and nearby Kiev in Ukraine.

The wide inspection of different herbarium collections and data published has
shown that this species had not been described for Siberia, the Urals and the Trans-
Urals before. However, the resemblance of R. refracta with two other species (Papaver
rhoeas and Glaucium corniculatum) introduced to the area could lead to confusing
omissions in determining species for collections. Since lots of keys and checklists
in regional Floras determine R. refracta incorrectly, we give a brief morphological
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characteristic and suggest a dichotomous key to genera of Papaveraceae family for
Trans-Urals Flora.

The adventitious flora of the Southern Trans-Urals and the Southern Urals includes
7 species of the family Papaveraceae, one of which (Chelidonium majus) has been
widely scattered across secondary habitats and forest communities in recent decades.
It includes three species which are widely cultivated, but rarely recorded as departing
from the culture (Eschscholzia californica, Papaver pseudoorientale, P. somniferum)
and one species (P. rhoeas) is distributed partially as a spontaneous alien plant,
partially derived from the culture. The rarest ruderal poppy, Glaucium corniculatum,
has been recorded in the Volga region, the Southern Urals and the south of the Altai
Territory along with a new species for the Southern Trans-Urals region, R. refracta.

The collected herbarium of species is stored in the collection of the Laboratory
“Herbarium and Botanical Museum” at Kurgan State University.

Key words: adventitious species; Papaveraceae family, Flora; Urals; Siberia.
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Kpacnospckuii cocydapcmeennviti nedacoeudeckuil YHUeepcument
um. B.II. Acmagpvesa (. Kpacnosapck, Poccus)

Rumex stenophyllus Ledeb. (Polygonaceae Juss.) B CPEJJHEH CUBUPU
Pa6ora Beinonxena npu ¢punancosoii mogaepkke PODU (rpaut Ne 110498100 p-cubupb-a).

Ipu uccnedosanuu groper Kpacnospcka 6vin natiden 3anocHbill 6u0 — Rumex
stenophyllus Ledeb., ykazanua na komopuwuii 8 psade usoanuii no ¢uope Kpacrnoapckoeo
Kpas [6, 7] ne umerom noomeepcoenus eepoapHvimu oobpazyamu. Bnepsevie nyoiuxy-
10MCs OaHHbLE 0 MECOHAX0HCOeHuU 3mozo euda 6 Tyee no mamepuanam Kpacnosp-
CKO20 KPAego2o Kpaeseouecko2o My3esl.

KuroueBsie ciioBa: Rumex, Polygonaceae; Cpeonsisi Cubups.

BBenenune

Rumex stenophyllus Ledeb. oTHOCUTCS K TUIOBOW CEKIIMU M MOACEKIMU POAa
Rumex, TIpeICTaBUTEIIN KOTOPBIX HApSTy C METHOKPAHHBIMI BHYTPEHHUMH JIH-
CTOYKAMHU OKOJIOIIBETHHKA UMEIOT JIICTOUYKH C 3yOIlaMu, HE TEPEXO/SIIUMH B -
TUHOBUIHBIC OKOHYAHMSA [1]. DTOT BUI PUHAICKUT K TPYIIE BUIOB U3 PA3HBIX
TMIOJICEKIINIA, 00JAAFOIIUX KOPOTKO3yOUaThIMU BHYTPECHHIMHE JIMCTOYKAMU OKOJIOI-
BeTHHKA. /[0 HemaBHETO BPEMEHH OH OIMH IMPEICTABILUT ATy TPYIITy B CHOHPCKOM
¢nope [2]. [Tozanee nosBUIUCH ykazaHus |3, 4] o pacnpocTpaneHnu Ha tore Kpac-
HOSIPCKOTO Kpasi BUJIa ¢ ToI00HBIM NIpU3HaKkoM U3 nojcekiwn Obtusifolii Rech. fil. —
R. obtusifolius L. s. ., BKJII04aro11ero, Hapsity C TUIIOBBIM, U subsp. sylvestris (Lam.)
Celak., wiu Rumex sylvestris (Lam.) Wallr. DTOT BH/ XapaKTepu3yeTcsi Y3KOsHIie-
BUJIHBIMHU, OOBIYHO OYCHb KOPOTKO3yO4YaThIMU B HIKHEH MOJIOBUHE BHYTPCHHUMHU
JIFCTOYKAMH OKOJIOI[BETHHKA C 1—3 sKeNTBauKaMu; JOBOJIHHO METKUMH IUIONaMH (10
2 MM JJIMHO#T); IIPOJ0JTrOBaTO-SIMIICBUTHBIMU C OOJIee-MEeHee CEepALICBUIHBIM OCHO-
BaHMEM IDTACTUHKAMH MTPUKOPHEBBIX W HIDKHHUX CTEOJICBBIX JIMCTHEB.

R. stenophyllus oTINYaIOT MIMPOKOSHIICBUIHBIC BHYTPEHHHE JINCTOYKU OKO-
JIOI[BETHHUKA, BCEI/Ia CHAOKCHHBIE JKEIBAYKOM, C HEPAaBHBIMHU TPEYTOJIBHBIMHA 0~
BOJIbHO KPYITHBIMH 3yOIIaMH, PACIOIOKEHHBIMH IOYTH 10 BCEH MOBEPXHOCTH
JIUCTOYKA M JOCTUTAIONMMHU 1/5 mupuHbl ero HepaccedeHHou yactu (0,5—-1 Mm
JUINHOIT); Oosee KpymHbIe MIOAB! (2—4 MM JUIMHON); y3KOJAHILETHbIE, TUHEIHO-
JIAHIIETHBIC, ¢ KJIMHOBUIHBIM FUIH YCEUCHHBIM OCHOBAHUEM IUIACTHHKH TTPHKOP-
HEBBIX U HIKHUX CTEOJICBBIX JIUCTHEB.

Marepuajbl 1 METOANUKH UCCJIe0BAHUS

R. stenophyllus mokazan st CHOUPCKHX PETHOHOB, B KOTOPBIC BXOIUT TEP-
puropust Kpacuosipckoro kpasi [1, 5], 0JHaAKO OTHOCHUTEIBHO €r0 HaXOXICHHS BO
(iope 31O TEPPUTOPUN UMEIOTCSI IPOTUBOPEUHBBIC IAaHHBIE.
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s topel roxxkHOM wacTu KpacHosipckoro kpast Buj puBoawics H.M. Map-
TBAHOBBIM [6]: OKp. c. Ycunckoro, ropsl [llaman u Bopyc, a takke M.®. Enuza-
preBoii [7. C. 26]: «k tory ot nep. O3Ha4eHHON» (JIOTIOTHUTEIHLHO K yKa3aHUSIM
H.M. MaprtbsiHOBa 1 O cchlTKOM Ha Hero). OnHako B ['epOapusx MUHYCHHCKOTO
My3es 1 TOMCKOTO TOCyIapCTBEHHOTO YHHBEPCHUTETA MaTepPHal IO dTOMY BHIY
OTCYTCTBYET, HET €ro AJsl 3TOH TepPUTOPUU U B KOJUIEKIUH boTaHHYecKkoro uH-
ctutyta um. B.JI. Komaposa CO PAH (LE).

JILM. Yepennun, HecMoTps Ha ykazanue H.M. MaprbsHoBa, HE BKIIIOYHI
R. stenophyllus Bo ¢nopy roxxHOU yacTn KpacHOSpCKOTO Kpasi, Tak Kak MOCYUTAl,
YTO 5T MECTOHAXOXKACHUS «HE CBOMCTBEHHBI AaHHOMY BUIY» [8. C. 44]. Oue-
BHIHO, TI0 ATOH X NMpHWYIHHE BHUI HE NMpuBoAmWicS B «OmpeaenuTene pacTeHIH
tora KpacHosipckoro kpas» [9].

JI.W. Kamnna [2], TiaTensHO U3y4HBINAsS MaTepuai KpynHermux ['epbapu-
eB Poccun (boranndeckuit uncrtutyt um. B.JI. Komaposa, LE; Tomckuii rocy-
JmapcTBeHHbI yHUBepcuTeT, TK; KpacHosipckuii rocyqapCcTBEHHBIN WHCTHUTYT,
KRAS), ne yxazana ero s Cpeaneit Cudupu (KpacHosipckuii kpait, Xaxacus u
Tyga), Ho ipuBena (Briepsbie) 1t Boctounoit Cubupu 6e3 yTouHeHHS XapaKTepa
€ro HaXOXACHUSL.

DTOT eBpa3uaTCKUi BUJ B €CTECTBEHHBIX (COJOHIIEBATHIX H OOJIOTHCTHIX) (H-
TOLIEHO3aX BCTpeYaeTcs B CTENHOM U JIecOCTeNHOM 30Hax EBponelickoii Poccuu u
SamajgHoi Cubupw, a Takke Ha Jlaneaem Boctoke [1, 10]. EcrecTBenHbIC MecTa
o0HuTaHUs yKa3blBatoTCsl Taxke At FOxxHoi Bypstuu [11], uTo BojgHe 3aKOHO-
MEpPHO, TaK KaK BCce ITyHKTHI cOopa B 3TOM perroHe [2, kapta 135] pacmonoxeHbl
o mepuQepur IEeHTPaNIbHOA3UATCKON UacTu apeana, 3axoasiiero B Cubups u3
MoHronbckoit Jlaypuu, r1e BUj] 00OMTaeT B KOPEHHBIX COOOIIECTBax Ha COJIOHIIE-
BaTbIX NMPUOPEKHBIX JTyrax u rajednuxax 12, 13].

XopoIro U3BeCTHO, 9TO R. stenophyllus sBisercs pynepalbHbIM PACTCHHEM,
OOHTAIOMINUM Y JIOPOT U B HACEJICHHBIX MYHKTaX. JTO OTMEUalOT MHOTUE OTeUe-
CTBEHHBIC W 3apyOeKHBIC aBTOPHI. ECTh CBHIETENbCTBA O €ro 3aHOCE B JPYTHE
30HbI Poccun n BHerpomuueckue crpassl [1, 14]. Kak aqBeHTHBHOE pacTeHHE
(ToBOJIBHO peko) BU BeTpeuaeTcst B BocTounoit Cubupu — Ha tore MpkyTckoit
obmactu [15].

B T'epbapuu KpacHOSpCKOTO KpaeBOTO KpaeBEAUECKOTO My3esl HaXOISTCS
2 repbapHbIx o6pasna u3 TyBel: Ypsiaxaii, Yakyns (1eBblii Oeper p. Yiayr-Xem),
Haiigeno Hemuoro. 12.08.1915. I'Il. Muxmnamesckas. Cenennst 00 3TON e€IuH-
CTBEHHOH Haxojke IMyOnuKyeTcsl BHepBble. [1ouTH MOMyBEKOBbIE WHTEHCHBHBIE
¢dmopucTHueckue rccnenoBanus B TyBe, mpoBoanMble coTpynHukamu [epdapus
Hentpansaoro cubupckoro Ooranmveckoro caga CO PAH (NS) c cepeauns
60-x rT. XX B. IO HAaCTOSIIIIEE BpEMsI, HE TIOATBEPIMIIN CYIIIECTBOBAHIS Ha €€ Tep-
putopuu R. stenophyllus. Bun He BritoueH Bo ¢uopy PecmyOnuku Teia [16] u
BPSIII JTH [IEIECO00Pa3HO ITO eNaTh 0e3 JOTIOIHUTEIBHBIX JaHHBIX.

[To coobmenuto H.B. Crenanosa [17], R. stenophyllus Obli 0OTMEUEH B OKpeCT-
HOoCcTax KpacHospcka. B I'epOGapun Cubupckoro ¢enepalbHOTO YHUBEPCUTETA
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(KRSU) xpansites 3 repbapHbIx jimcra: Jep. bazanxa, 0004rHa TOpOTH y TIOBO-
pota ¢ Tpomnsl Ha TpamIiuH. 18.09.1990 (2 sx3emmuisipa); BOau3u nep. bazauxa,
nonuHa pyd. Kamrak, mo tpore. 9.09.1991 (1 sx3emmuisp). OgHako Npy aibHEH-
IeM 00CIeA0BAHUY ITOTO MeCTa BUJ 00JIbllle He ObLI HalJeH, TO3TOMY B CIIUCOK
pactenwuii rora Kpacnosipckoro kpas [ 18] He BKiIroUeH.

R. stenophyllus oOnapy>xxeHn Hamu: r. KpacHosipck, yi. bpsiHckas, a. 632, BOIH-
3u OenzozanpaBku. 12.06.2011. [Momynsmwmst Bitodana 23 MOJIO/AbIE TeHEPATHB-
HbIEe 0co0M (cTaans OyTOHM3AILUH), PACHIONOKEHHBIE BJIOJb Orpajibl 31aHUs, 3a-
Humaemoro OO0 VK «llentpxwuicepBucy» (crpaBa OT BXOJa Ha MPOTSHKEHUH
6 M), 3 0ocobu — HAPOTUB BXOJIa BO JIBOP, a Takxke 13 ocobeit — Bo ABOpeE 3MaHUS
BIOJIb OTpassl (1o 00e CTOPOHEI OT BXO/Ia Ha TPOTSDKEHHN 15 M).

Cobpannble 00pasubl R. stenophyllus xpansatcs B [epbapun um. JL.M. Ye-
penuHAa KpacHOSIPCKOTO TOCYIapCTBEHHOTO MEJarormieckoro yHHBEPCUTETa
um. B.II. Acragresa. lyonets! nepenans! B I'epbapun boTaHHUECKOT0 HHCTUTY-
ta uMm. B.JI. Komaposa, Tomckoro rocygapcrBennoro yauBepcurera, Kpacuosip-
CKOTO KPaeBOTr0 KPaeBeIUECKOTO My3esl.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE

Xots Tity6okoe usydeHue ¢uopsl Kpacnosipcka [19] He BbISIBUIO BUJ, 3a(UK-
CHpOBaHHAs MOITYJISILUS OTIPECIICHHO HE SIBISICTCS HOBOCEIOM. DTO MOATBEPXK-
JIAl0T ¥ €€ YUCIIEHHOCTh, U HaJM4YHe MPOLUIOrOAHUX MOOEroB ¢ XOpOoILIo CoXpa-
HuBIIUMUCS TIogamu (10 SK3eMIIIIpoB).

Habmonenue 3a nomymnsimuend 6.07.2011 (cragusi co3peBaHus MIIOJOB) MOKa-
3aJI0 3HAYUTENHEHOE COKPAICHNE YNCIa ee 0co0ei 13-3a YOOPKH TEPPUTOPHH OT
copHsikoB. COXpaHWIKMCh BCE PACTEHUs BO IBOPE U TOJIBKO 7 — 3a orpaaoi (cpe-
JIM YHUUTO)KEHHBIX U 3 pacTeHWs, BRIKOTIAHHBIC Ji1s TepOapust). 15.08.2011 Obuto
oOHapyKeHO TOJNBKO 8 ocobeld Bo 1Bope (110 00e CTOPOHBI OT BX0O/a) U 3 — BJOJb
orpajasl 3nanus (cmpasa oT Bxoma); 22.09.2011 — 7 pacrenuit Bo nBope u 1 —
BJIOJIb OTPaJIbl (CIIpaBa OT BXOZa), BCE OOMIIBHO TUIOMOHOCSIIHUE (CTaaUs 3PeIIbIX
TIJIOJIOB).

[Mockonbky mwionsl R. stenophyllus pactipoCTpaHsIIOTCS BETPOM, YeMY CIOCO0-
CTBYIOT JJOBOJIGHO ITUPOKHE KPBUIOBHIHEIC 00pa30BaHUs HA BHYTPEHHHX JICTOY-
KaX OKOJIOIIBETHHKA IIPH ILIOJAX, MOXHO JIOIMYCTUTH YCIICITHOE UX pacceeHHe.
OjtHaKO 10 KiIacCU(HUKAIIAN aJIBEHTHBHBIX pacteHuit [20] R. stenophyllus na Tep-
putopun KpacHosipcka B HacTosiiiee BpeMst MOKHO OTHECTH: 110 CIOCOo0y 3aHO-
ca — K KceHo(huTaM — HelipeTHaMepEHHO 3aHECEHHBIM BHIaM; IT0 CTETICHH HaTypa-
JIM3aIMU — K KOJIOHO(UTaM — BHIaM, OTPaHUYHUBAIOIIMM CBOE PAcIpOCTPaHEHHE
MecTaMH 3aHoca (BU He ObUT 0OHAPYKEH Ha MPUJICTArOIIEH TeppuTOpun). SIBHAs
TEHAEHLUS K PACIIMPEHHIO IUIOAJM OOMTaHMS BHIA B MecTe 3aHoca (BbILIEY-
Ka3aHHOC MECTOHAXOXK/ICHHWE) OTPAHNIMBACTCSI aHTPOIIOTCHHBIM BO3ICHCTBHEM.
JanpHeiie HaOMIONCHNS 32 MTOBEJICHUEM BHJA IIOMOTYT CKOPPEKTHPOBATh €ro
CTpATETHIO U PEIINTh BOMPOC O BKITFOUeHNH BO (iopy Cpenneit Cubupn.
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3akir0ueHne

R. stenophyllus B TedeHUE MPOIUIOrO BeKa HEOAHOKPATHO (PUKCUPOBAJICS HA
tepputopuu Cpenneil CHOMpH B aHTPOIIOTEHHO HapyIIEHHBIX COOOMIECTBaxX B Ka-
YeCcTBE 3aHOCHOT0, HO HE HAaTypaJN30BaBIIEroCs BHUJA.

B nponecce HaOmoneHMS 32 BUIOM B IOIYJIILHMH, OOHAPY)KCHHOH B YCIOBHSX
r. KpacHosipcka B BererannoHHsIi neproy 2011 1., mpou3011L10 3Ha9UTENEHOE CO-
KpallleHHe YHCICHHOCTH 0c00ei BCIEACTBIE aHTPOIIOICHHOTO BO3ICHCTBHSI.

TpeOytoTcst JTONMOIHUTENBHBIE NaHHBIE Ui BKIOYEHUs R. stenophyllus Bo
¢dopy Cpenneit Cubupu.
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Rumex stenophyllus Ledeb. (Polygonaceae Juss.)
IN THE MIDDLE SIBERIA

During research of the flora of Krasnoyarsk city there was found Rumex stenophyllus
Ledeb. which belongs to the standard section and subsection of Rumex genus whose
specimens alongside with entire inner folioles of perianth have leaflets with short teeth not
passing into setaceous endings. This species is shown in “Flora of the USSR and “Flora
of Eastern Europe” for regions which include the territory of Krasnoyarsk kray, but, as
well as indications of Siberian authors, it has no confirmation with herbarium samples.

R. stenophyllus is an Eurasian species, in natural (solonetzic and marshy)
phytocenosis it is found in steppe and forest-steppe zones of European Russia and
Western Siberia, and also in the Far East. Natural habitats are specified also for
southern Buryatiya which is quite regular as all points of gathering in this region
are located on the edge of central Asian part of the area overstepping Siberia from
Mongolian Dauria where the species dwells in the native communities on solonetzic
coastal meadows and pebbles.

At the same time R. stenophyllus is a ruderal plant. It was obviously gathered
as an alien plant repeatedly in different areas of Middle Siberia: in Tuva by
G.P. Miklashevskaya (1915, the Herbarium of Krasnoyarsk regional museum of local
lore); in the outskirts of Krasnoyarsk by N.V. Stepanov (1990-1991, the Herbarium of
Siberian Federal University, KRSU), and also possibly in the Western Sayan Mountains
by N.M. Martyanov.

The particular species was found out by us near a filling station in 63a Bryanskaya
St, Krasnoyarsk, on June 12, 2011. The number of population (36 individuals) and the
presence of last year s sprouts with well kept fruits (10 individuals) are the evidence of
its naturalization. The supervision over the population during the vegetative period has
shown significant reduction of its members number (up to 11 individuals).

According to classification of adventitious plants by F-G. Schroider (1969),
R. stenophyllus nowadays on the territory of Krasnoyarsk can be attributed according to
the way of drifi to xenophytes, and according to the degree of naturalization to colonophytes
(naturalized plants). The obvious tendency to expansion of the area of habitation of the
species in a place of drift is limited by anthropogenic influence. The collected samples of
R. stenophyllus are kept in L.M. Cherepnin Herbarium of V.P. Astafyev Krasnoyarsk State
Pedagogical University. Duplicates are passed to Komarov Botanical Institute, Tomsk
State University and to the Krasnoyarsk regional museum of local lore.

Key words: Rumex,; Polygonaceae; Middle Siberia.
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O.I1. bauypa
Hncemumym sxonoeuu pacmenuii u scueomuvix YpO PAH (e. Exkamepunbype, Poccust)

BYPBIA MEJBEb (Ursus arctos L.) CEBEPHOI'O YPAJIA
B IIO3THEM HEOILUIEMCTOIEHE U TOJIOIIEHE

Onucanvl pacnpocmpanerue u UsMeHeHUue pasmepHviX Xapakmepucmux Kocmel
o6ypoco meogeosa na Cegeprnom Ypane 6 meuenue no3one2o HeONNelCmoyeHa u 2oJo-
yena. Ilokazano, umo 6ypelli Meo06edb Ha BOCMOUNOM CKIOHe 0OUMAn 6 meyenue éce-
20 N030HE20 HEONNEUCMOYeHAa U 20I0YeHd, d HA 3aNAOHOM CKIIOHe OMCYMCMeEosd 6
nepuoo MakcuManbHo X0n100HOU cmaouu no3one2o nHeonielicmoyena. Ha peyenmnvix
sbiOOpKax 36068 6YP02O Med8eOsi 8bisBIeH NOL0BOU OUMOPhU3M 6 pazmepax 3y606 P4/
u P/4, M1/ u M/1. B nepesoii norosune nozonezo neonueticmoyena na Ceseprom VYpa-
Jie obumanu meoseou ¢ 04eHb KPYNHbIMU 3y6amil, pasmepbl KOMOPbIX CONOCMABUMbL C
maxogvimu y no3oHeneoneticmoyernoswvix U. a. priscus 3anaonoii Eeponvi. B meuenue
6MOPOTL NONOBUHBL NO3OHE20 HEONNEUCTIOYEHA U, BOSMONCHO, PAHHEZ0 20/I0YeHd PA3-
Mepbl 3y006 U HudCHell yerrocmu 0ypozo medseos na Ceseprom Ypane nocmenenno
ymenvwaromea. Hauunas co cpeonezo zonoyena 6ypulii me0gedv umen cospemenuvle
pasmepbl.

KuroueBblie cioBa: 6ypuiil medsedn; Ceeprnulii Ypan, neonieicmoyen, 2010yeH.

BBenenune

Ha Tepputopuu Ypana B mo31HEM HEOILICHCTOIICHE OOUTAIHM TPU BUIA POJa
Ursus: 6omemoit (U. spelaeus) v manbiit (U. savini) NeMEpHbIA MeIBean U Oy-
peiii menBeab (U. arctos). Ha CeBepHoMm Ypaiie UMEIOTCS HaXOAKHU JIBYX BHJIOB
JTaHHOTO pojia: OOJBIIOTO TMemepHOoro u Oyporo mensenei. CHHXPOHHBIX HAaXO-
JIOK KOCTEH 3THX JIByX BHIOB B OJHOM MECTOHAXOXKICHHH HET. BeposiTHO, Me-
CTOOOWTAHMS ITHX JIBYX BHIOB B MO3HEM HEOIUICHCTOIICHE HE TTEPEKPHIBAIUCE.
OcraTku GOJIBIIOTO TMEIIEPHOTO MEBEsI HAICHBI TOJIBKO B MECTOHAXOKICHUSIX
3amafHOTO CKJIOHA. DTOT BUJ UCUE3ACT C JaHHON TEPPUTOPUH B CEPEIIHE MO3-
HEro HeoruieicTonena. bypelii MeaBeab SBISCTCS OJHUM W3 BHIOB, YCIIEIIHO
MIePEKUBIINX TII00ATBHBIC TIEPECTPOUKN KIIMMaTa Ha TPaHMIC HEOIUICHCTOIIeHA
U TOJIOICHA. DTO JICNACT €ro YIOOHBIM 00BEKTOM JIJIsS U3yUCHUST U3MCHEHHS Pa3-
MEpHBIX XapaKTepUCTUK Ha (pOoHE IIOOATBHBIX MEpecTpoek Kiammara. Pacmpo-
CTpaHEHHUE U U3MEHYHUBOCTh PA3MEPHBIX XapaKTepUCTUK Oyporo measens Ha Ce-
BEpPHOM YpaJie B TIO3]THEM HEOIUICHCTOIICHE IPaKTHYEeCKH He U3ydeHbl. B padote
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N.E. Ky3pMHHOI ONMUCaHbl OCTATKH TIO3THETOJIOIEHOBOTO Oyporo MenBeis W3
MECTOHAXOXIeHUH 3anajHoro ckiiona CesepHoro Ypaia [1]. B nacrosiee Bpe-
M1 OTIFICAaHBI HOBBIE MECTOHAXOXKICHUST Ha BOCTOYHOM CKiIoHe CeBepHOTo Ypama
[2-5], B KOTOpBIX HalAEHBI KOCTHBIE OCTATKH OypbIX MeJBe/eil. AOCOMIOTHBIE U
OTHOCHUTEJBHBIC JaTHPOBKU TTOKA3BIBAIOT, UTO T€OJOTUIECKHUI BO3PACT OTIOXKE-
HUH, COJIepIKaliMX OCTaTKH OyphIX MeJBe/el, OT Havyajla MO3/AHEero HeorieHcTo-
[IEHAa JT0 KOHIIA TOJIOIEHA. DTO MO3BOJSIET PACCMOTPETH PAcIpOCTPAHEHHE U H3-
MEHEHHE Pa3MEPHBIX XapaKTEePUCTHK Oyporo MeJiBe st Ha JIAHHOH TEpPUTOPHH Ha
MIPOTSHKEHIH OUCHB JUTUTEIFHOTO TIepHOa BPEMEHH, KOTOPBIN BKIFOYAET B ceOs
W MIepHOoJI II00ATBHBIX KIMMaTHYECKHX IIEPEeCTPOEK.

MaTepnam,I U METOAUKHU HCCTICT0BAHUS

Ha CeBeprom VYpazne uckomaemble OCTaTKH Oyporo MeaBe[sl H3BECTHBI U3
19 mMecronaxoxaeHni (Tadm. 1, puc. 1). Bce 3TH MecTOHAXOXKIEHUS, KPOME O~
HOTO (CTOsIHKA BBI30Bast), MpeACTaBISIOT COO0IT KapCTOBBIE MOJIOCTH.

Tab6numna 1
Abco1i0THOE (B YMC/INTEJIe) H OTHOCUTEIbHOE (B 3HAMEHAaTe/1e) KOJIUYeCTBO
0CTaTKOB 0yporo meaBels B MecToHaxo:xkIeHusaX CeBepHoro Ypana

CKIIoH MecToHaxoXICHIE Bpemennoii nitepsan
A B C D E F
Crosinka bri3oBast 1/0,8
MenBexbs nemepa 3/0,1
’E Kanunckas nemepa 1210/64 | 1128/43
g VHBHHCKas memnepa 181/16
8 [Tucanssnii Kamenn-3 61/18
3 JsipoBarsiii Kamenb
6/15
(p. Buiepa)
I'por Apka 20/13
Kuimme Coxona (packon 1) 25/4 27/12
JKunume Coxona (packom 2) |338/15
YconbleBckas nemepa 62/7
= laitranckas nemepa (packon 1) 8/1
2 [MlaiiTanckast mewepa (packor 2) 2/0,7] 2/0,7 [ 115721
Z YepemyxoBo-1 (packomn 1)
g YepemyxoBo-1 (packor 4) 3/0,1 | 5/0,8
m Ilemepa Kaksa-4 4/0,5
I'por BypmanToBo (packor 1) 8/17 18/8
I'por bypmanToso (packor 2) 40/4
Ilemepa Jluces 43/11
Tlentepa YimMuHCKas 38/25 | 486/70

Marepuaisl o OypoMy MeIBEIr0 ObUTH CIPYIIHPOBAHBI B HECKOJIBKO XPO-
HOJIOTUYECKHUX BBIOOPOK. MaTepuaibl U3 OTIOKCHHUH, Ui KOTOPBIX MOJYYCHBI
3anpe/iesbHble PaJHOyIICPOIHBIC JaThl M JaTHPOBKA MMPOM3BOIMIACH HA OCHO-
BaHHU MOP(HOJIOTUH KOPSHHBIX 3yOOB KOMBITHOTO JISMMHHIA M Y3KOYEPEITHOM T10-
JIeBKH [6], ObUTH 0OBETUHEHBI B OJTHY BBIOOPKY (A).
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Puc. 1. Kapra mecronaxoxnenuii Ha CeBepHOM Ypaie, I1e HaiiieHbl KocTH Oyporo MeaBess:
1 — Crostaka beizoBas; 2 — I'pot Apka; 3 — Kanunckas nemiepa; 4 — MeaBekps nerepa;
5 — YubuHcKas nemiepa; 6 — [Iucannsiii Kamens; 7 — [pipoBatslii Kamens;
8 — Ymmunckas nemepa; 9 — I'pot BypmanToso; /0 — Llaiiranckas nemiepa;
11 — Yconbueckas nemepa; /2 — [emepa Uepemyxoso-1; /3 — [lemepa Jluces;
14 — INemepa XXunnme Cokomna; /5 — [emepa Kaksa-4

Ota BRIOOpKA XapaKTEPH3YeT paclpoCTpaHEHUE M pa3Mephl Oyporo MeaBers
B MEPBOM MOJOBUHE TO3HEro uiekcToneHa (ot 127 mo 57 Teic. net Ha3an). Ma-
TEpHAITbl U3 OTIIOKEHUH, JUTSI KOTOPBIX UMEIOTCSI paInoyIiiepoaHbIe [6] u apxeo-
JIOTHYECKUE 1aThl, 00bEUHSITUCH B BBIOOPKU COMIACHO KIIMMAaTOCTpaTurpaduye-
CKUM IO/Ipa3/IeJeHNUsIM I03JHET0 HEOIIEHCTOLEHa U TOJIOLIEHA!
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B — KoHell HEBBIHCKOTO (KaprMHCKOTO) MEKCTAIHAIBHOTO ITOTEIUICHHUS —
33000-24 000 net Ha3ax;

C — MakcuManpHasl CTaaus MOJSPHOYPATBCKOTO (CapTaHCKOTO) cTajauaia —
24000-17000 met Ha3asm;

D — BrOpas monoBHHA MOISAPHOYPAIBCKOTO CTaaHalla, WM MO3THEIICTHUKO-
Bbe, — 17000-12400 ner Hazax;

E — cpennnii rononen — 8 000-2 500 ner Hazaz;

F — nmo3nnuii rononen — 2 500-200 net Hazaz.

Ocrarku Oyporo mMeziBenst B MECTOHAXOKICHISIX TIEPBOH ITOJIOBHHBI TTO3THETO
HEOIICHCTOLICHA TIPE/ICTABIIIIOT COOOH B OCHOBHOM H30JIMPOBAHHBIE 3yObl U €/1U-
HUYHEIC ()parMeHTHI KOCTEH MTOCTKpaHHAIBHOTO ckenera. Haxonku 6yporo menBe-
Jisl B MECTOHAXOXKJICHUSIX HEBBSHCKOTO MEXKCTauana MmpeaCTaBIeHbl MOJIOYHBIMH
3ybamu, (hparMeHTOM pedpa U OOIBIION OEpPIIOBOM KOCTH M3 OTJIOKeHUH Yepemy-
X0BO-1-4 1 HIDKHEW YemocThio U3 cTosHKM beioBas [7]. B marepuanax BTopoit
TIOJIOBUHBI TIOJISIPHOYPATBCKOTO CTaauana MecToHaxoxkaeHnit Kaksa-4, [llaiitan-
ckast 1 MeJBexbsl Melepbl IPUCYTCTBYIOT €IMHUYHBIE MOJIOYHBIE pe3ibl, (par-
MEHT IDICUYEBOH KOCTH U Yeperna. MHOTrouncIeHHbIE TOIOIECHOBEIE OCTaTKH Oyporo
MeJIBe/is HalileHbl MIPAaKTHYECKH BO BCEX MECTOHAXOXKACHUIX KaK 3arajJHOro, TaK
¥ BocTouHOTO cKiioHa CeBepHoro Ypaia (tabim. 1). Hanbosplee KomudecTBoO Ha-
XOJIOK BCTPEYEHO B apXEOJOrMYECKHUX MaMATHUKAX. Cpeid OCTAaTKOB MPeo0IaiatoT
(parMeHTHI 3yOHBIX PAIOB BEPXHEH M HIDKHEH YETIOCTH, a TAKKE H30JIHPOBAHHEIC
3yObl. @parMeHThbl KOCTeH MOCTKPaHUATIBHOTO CKeJIeTa eAMHUYHBL.

s onrcanus pa3MepHBIX XapaKTePHCTHK Oyporo MeABEIs OBLTH B3SITHI H30-
JIUPOBaHHbIE 3yObl U HIYKHUE YEIIIOCTH U3 O0bEIMHEHHBIX 110 BPEMEHHBIM TIEPHU-
omaM BBIOOPOK. {1 cpaBHEHMST OBUTH MPHUBICYCHBI PEIIEHTHBIE MaTEPHAIBI IO
Oypomy Mmeasento ¢ Teppuropun CesepHoro Ypana. [IpoMepsiance TOIbKO KOCTH
B3pOCTBIX JKUBOTHEIX. V3MepeHne MPON3BOAMIOCEH JIEKTPOHHBIM ITAHTCHITHP-
Kynem ¢ ToyHocTeio 70 0,1 MMm. Bee mpomepsl B Tabnuiax npuBEACHBI B MHJI-
mumetpax. [Ipn aHamm3e pasMepHBIX MPU3HAKOB MCTIONB30BAIHNCH METOIBI CTaH-
JApTHOM OMMCATENbHON CTATUCTUKU: CpeiHee apudmeTnueckoe (M), ero ommodxa
(m) u cTaHmapTHOE OTKIIOHEHHE (G).

Craructudeckas 3HaYUMOCTh OILEHHMBAJach ¢ MOMOIIbIO t-kpurepus CTbio-
JIeHTa ¥ aucnepcrnonHoro ananusa npu p < 0,05 [8]. PacueTsr nmpousBoaniucs ¢
nomoibto nakera nporpamMmsel StaSoft STATISTICA 5.5.

PesysabTarsl HccaeqoBaHus U 00CYKIeHIE

Pacnpocmpanenue 6ypozo meoseosn na Cesepnom Ypane
6 no30Hem HeonelicmoyeHe u 20aouene

B nHacrosimiee Bpemsi MelBelb HACESET MPEHMYIISCTBEHHO TaeKHBIC HIIH
CMelllaHHbIE PABHUHHBIEC ¥ TOPHBIE JIeCa, HO MOKET 3aXOAUTh B TYH/APY U BBICOKO-
ropHsle jeca [9].
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B marepnanax mnepBoi ITOJIOBHHBI MO3JHETO HEOIUIEHCTOLIEHA KOJIWYECTBO
OCTaTKOB Oyporo MeJBe/is CYIIECTBEHHO BhIIIE, YEM B MaTepraiax BTOPOU MOJIo-
BHHBI TIO3JTHETO HeorutercToreHa (cM. Tair. 1). 9To MOXKeT CBHIIETEILCTBOBATH O
JIOBOJIBHO BBICOKOM YMCIIEHHOCTH MEJBE/IS B 9TO BPEMsl, YTO, BEPOATHO, CBA3AHO
C OTHOCHUTEIILHO OoJiee TEIUTBIM U OJIATONPUSATHBIM KIIMMATOM B 3TOT IEPHOJ H,
KaK CJIEJCTBHE, HATMYKMeM OOJBIINX IJIOUIa el IECHON pacTUTEIbHOCTH, YEM BO
BTOPO¥ MOJOBHHE MTO3AHETO HeorutericTonena [ 10].

B marepuanax BTOpOIl MOJIOBHHBI MMO3/IHEr0 HEOIUIEHCTOLIEHa HAWICHBI aU-
HUYHBIC OCTATKU. Takue peKue HaXOKX MEIBEsl B MaTepHaiax BTOPOH MOJIOBH-
HBI TIO3JJHETO HEOTUICHCTOIICHA YKa3bIBAIOT HA OYEHb HU3KYIO YUCICHHOCTh BU/IA B
MIPHUPOJIC B ATO BPEMS, YTO OOYCIIOBIICHO XOJIOIHBIMU KIMMATHYCCKHUMH yCIIOBHSI-
MH, KOTJIa IPUTO/IHbIE (JIECHBIE) AJISt MEABESI MECTOOOUTAHUS COXPAHSITUCDH JIUIIb
o 6eperam pek [10, 11]. Ha 3amagHOM CKIIOHE B ITEpHOJ] MAKCHMAJIBHO XOJIOJHOM
CTaJUU MO3[HETr0 HEeOIUIeHCTOIleHa OcTaTKu Oyporo MeniBens He HaiileHbl. JTo
MOJKET YKa3bIBaTh Ha KpalHE HU3KYIO YHCIEHHOCTh 3TOTO BUJA 3/1€Ch B JTAHHBINA
nepuoj] IM00 Ha TO, YTO ATOT BHJI 3/IeCh He obuTai. B To Bpems Kak Ha BOCTOYHOM
CJIOHE OyphIi MeJIBeIb OOUTAN B TEUCHHE BCETO IMO3/THETO HEOTUICHCTOIICHA.

B matepuanax cpenHero u mo3iHero rojoleHa HailieHbl MHOTOYHCIICHHBIE, a
B OTJICJIBHBIX CIy4asX M OYeHb MHOTOYHCIICHHBIC OCTATKU Oyporo mMeaBes (CM.
tabn. 1). K coxxanenuro, Mbl IpakTHUECKH HE paciiojiaraéM Marepuajami, JaTu-
pPyeMbBIMU paHHHUM TosorieHoM. OHAKO, BEPOSITHO, B CBSI3H C YBEITUUCHHUEM ILIIO-
211 TAeKHBIX JIECOB B 3TOT MEPUOJ] YUCIEHHOCTh Oyporo MeBe/s Obliia Takoi
JKe BBICOKOM, KaK B OoJiee IMO3THHE TIEPUOJIBI FOJI0ICHA.

B HacTosiiee BpeMsi Ha 3amajHOM M BOCTOUHOM ckioHax CeBepHOro Yparna
Oypblii Me/IBe/Ib — IOBOJIBHO MHOTOYHMCIICHHBIH BU [ 12—14].

Pazmepnvle xapakmepucmuku 6ypozo meoeeos na Ceseprom Ypase
6 n030HeM HeonelicmoyeHe u 20710ueHe

Jnst memepHOro MezBess XapaKTepeH XOPOIIO BBIPaKEHHBIN IMOJOBOH /-
MopdusMm [15]. JIyst olleHKH CTENeH! BBIPAKESHHOCTH IMTOJIOBOTO TUMOP(HU3Ma Y
Oyporo mMezBes B pa3Mepax KOPEHHBIX 3yOOB ObUIN IIPOMEPEHbI PELIEHTHBIC BbI-
00opku ¢ CeBepHOTo Ypalia 3BECTHON IMOJIOBOW NMPUHAICKHOCTH (Ta0I. 2).

IonoBoit tumophusm BelpaskeH B pasmepax P4/ u P/4, M1/ u M/1 (puc. 2).
VY camioB 3tu 3y0sl Oosee amunHHEbBIE (p < 0,05). HecMoTpst Ha TO 4TO cpenHue
3Ha4YeHHs IPU3HAKOB PA3JINYaAIOTCs, CYIECTBYET JJOBOJIBLHO 3HAYUTEIbHAS TPAHC-
rpeccus (puc. 2). Pazmepbl 0CTaIbHBIX KOPEHHBIX 3y0OB y CAMOK U CaMIIOB CXO/I-
HBI (Tabm. 2). CreoBareibHO, HEMb3s ¢ TOJTHON YBEPEHHOCTBIO Pa3ieiuTh UCKO-
maeMble BEIOOPKH T10 TToJTy. Bo BCex MckomaeMbIX BEIOOPKAX MPUCYTCTBYIOT 3yOBI
oT ocobeil o6oux nosuos (puc. 3). Ilpu cpaBHEHNH TaKUX BBIOOPOK HEOOXOAUMO
oOpararh BHIMaHHUE HE TOIBKO HA CPeJHHE 3HAYCHHS, HO M HAa pa3Max M3MEH-
YMBOCTH IPU3HAKOB. Pazinnums MexXIy HCKOIaeMbIMH BBIOOPKAMH CUHTAJIHCH
3HAYUMBIMH, €CITH OBIIH CMEIIEHBI TIPEeNTbl N3MEHIHBOCTH MTPU3HAKOB OTHOCH-
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TENBFHO APYT ApYyra M Pa3IHdus X CPEAHUX 3HAUCHUN ObLIH OOJBINE pas3THIHi
CPEIHHUX MEXIY PELEHTHBIMUA BEIOOPKaMHU CaMIIOB M CAMOK.

Tabnuma 2
Pa3mepsnl 3y60B penieHTHOr0 Gyporo measeasi Ha CeBepHoMm YpaJse, MM

Cam1ibt Camku
[pusnak | n* lim Mtm | o n | Lim Mtm | o
P4/

JlrHa 13 12,8-16,3 [15,15+0,27/ 099 | 8 12,7-15,2 114,33 £0,30( 0,84
lwpuna | 13 7,7-139 [11,42+0,39] 141 8 10,4-12,3 |11,61+0,22] 0,62
M1/

JnrHa 12 19,5234 |21,68+£0,34| 1,16 | 9 17,7-21,8 [19.92+0.41| 1,24
[lupuna | 12 11,4-17,0 [15,75+0,44] 1,52 9 13,7-16,0 115,07 +0,23] 0,70
M2/

Jnvna 6 31,7-339 [32,75+0.38/ 094 | 5 29.3-34,5 [31,084+0.89]2.00
upuna | 6 162-18,9 [17.45+044| 1,09 ] 5 16,2-17,6 (16,90 +0,25] 0,55
P/4
JnrHa 12 11,2-13,2 112,26 £0,18] 0,61 9 10,4-12.4 [11,52+£0,22] 0,66
[Iupuna | 12 6,6-8, 7,14+0,141049 | 9 6,0-7,6 6,76 £ 0,19 | 0,57
M/1
Jraa 11 22.0-24,6 [22,98+0,29/ 096 | 9 20,4-22,8 [21,734+0,23]0,70
Hlupuna | 11 10,7-12,0 |11,21+0,14] 048 | 9 9,8-11,3 [10,50+0,15]| 0,45
M/2
JlmuHa 12 20,8-24,2 [23,03+0,32| 1,10 [ 7 19,8242 122,37 +£0,53] 1,41
[Iwupuna | 12 11,4-15,9 (13,93 +0,32] 1,11 7 11,7-14,3 113,33 +0,31/ 0,83
M/3
Jrnaa 8 15,6-20,0 |18,19+048]| 1,37 | 4 16,2-19,6 17,95 —

upuna | 8 12,8-16,2 14,03 +0,40]| 1,13 | 4 12,1-14,2 13,33 —

* n — o0beM BbIOOpKH; Lim — HanOoblIee 1 HaNMEHbIIIee 3HAYCHUS TPU3HaKa; M +m — cpen-
Hee 3HaYCHHUE U ero OIINOKa; G — CTAaHAAaPTHOE OTKIOHCHHUE.
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Puc. 2. Pa3mepsl KOpeHHBIX 3y00B caMIIoB (/) 1 caMOK (2) peIeHTHOTO
Oyporo menBens Ha CeBepHOM Ypaie
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Puc. 3. Pa3mepbl KOpeHHBIX 3y00B Oyporo MenBens B MO3IHEM IUICHCTOLICHE,
rojoieHe u coppemeHHoctd Ha CeBepHoM Ypaie: / — nepBasi MOJIOBHUHA MTO3IHETO
IUIeficToLeHa; 2 — CPEAHUH TONOLeH (3amaaHblid CKIIOH); 3 — MO3IHUI TOJIO0LECH
(3amagHBIN CKIIOH); 4 — MO3IHUI TOJOEH (BOCTOYHBIH CKIOH); 5 — COBPEMEHHOCTD, CaMIIbI
(BOCTOUHBIH CKJIOH); 6 — COBPEMEHHOCTb, CAMKHU (BOCTOYHBIN CKJIOH)

[pu ananu3e nmapaMeTpoOB HMIKHUX UYENIOCTEH TaKKe HEOOXOIUMO MOMHHUTB,
YTO BEIMYNHA HEKOTOPHIX U3 HUX CHIIBHO 3aBUCHT OT MTOJOBOM MPHHAIICKHOCTH
Y MHIUBUJIYyaJIbHOTO BO3pacTa 0co0ei, BBUIY UETO UX HCIIOIb30BAHUE B KAUECTBE
OCHOBBI JIJISI CPAaBHEHHUSI Pa3JIMYHBIX BEIOOPOK 3aTpyaHUTENBHO [16]. bonee npu-
TOJIHA JIJIs 9TOM 1eNU JIIMHA aJIbBEOJISIpHOTO psifa 3yoos (P/4 — M/3).

Tlo30nuii naeticmoyen. B TIO3HENIICHCTOIICGHOBBIX Marepuaiax MPUTOIHBIX
JUTSL IPOMEPOB HIXKHUX YEITIOCTEH HET, II03TOMY aHATM3UPOBAIUCH Pa3MEPhI U30-
JIUPOBAHHBIX 3y0OB Oyporo MeaBe/Is.

AHanmu3 mpoMepoB IoKasaj clieayromniee. B Havajge MO3MHEro IUieicToneHa
pa3Mepbl KOPeHHBIX 3y00B y Oyporo MeaBess Ha CeBepHOM Ypase ObUIM 3HAYH-
TEJNBbHO 0OJIbIIIE, YEM B TOJIOLIEHE U COBPEMEHHOCTH (puc. 3, Tadi. 3-5). Pazmepbt
3y00B OypoTo MeBEIs U3 CTOSIHKH bbI30Bast (HEBBTHCKUI MEKCTaIMAN) COBIIA A~
FOT C TAKOBBIMH Y ME/IBE/ICH MIEPBOI MTOJIOBUHBI TO3IHETO TUIeicToIeHa [7].

NsmenunBoCTh JUIMHBI M/2 y Tio3HETIIeHCTOTIICHOBOTO Oyporo mensenst Ce-
BEpHOro Ypalsia yKIaJbIBacTCs B Mpeebl U3MEHYUBOCTU TakoBoro y Ursus a.
priscus, OTIMCAHHOTO IS KOHIIA CPEIHETo — TO3HEro IDIeHCToIeHa 3armaHoil
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EBporer [17]. BeposTHO, ypaJIbCKOTO MO3IHEIUICHCTOIICHOBOTO Oyporo MeaBest
MOYKHO TaKXe OTHECTH K JAaHHOMY TOABHILY.

Tonoyen. Paznuuus CpeqHUX 3HAYEHUN MPU3HAKOB B CPEIHErOJOLICHOBBIX,
MIO3/IHETOJIOLICHOBBIX U PELIEHTHBIX BbIOOpKax CeBepHOro Ypaja He NpPEeBbIIaloT
MEXKITOJIOBBIC Pa3IIUYMs 110 ATHM NIpU3HAKaM (Tadi. 2-5).

Tabnuma 3
Pa3mepsb! uepenos u 3y60B BepXHHUX yenrocTeii Oyporo measenst Ha CeBepHoM Ypaiie
B I03/IHEM HeOoIlIeliCTOEeHEe U roJIoleHe, MM

[IpusHak Bribopka n Lim M+m c
1 2 3 4 5 6
Yepen
Jnuna pana | Tosuuuit roouet, 13 434631 | 52,16+ 128 | 4,63
MO_]'[}[pOB 3alaIHbIN CKJIOH
amseo- | COBpEMEHHOCTE, 7 49,1-55,1 | 50,94+096 | 2,50
HﬂpHaﬂ BOCTOYHBINU CKJIOH
P4/
Cpepenii rononen, 17 143-17,0 | 15,730,220 | 0,81
3araadbIvu CKJIOH
Honuu ronotex, 12 13,1-15,5 | 14,67+£0,22 | 0,75
HHI/IHa 3araIHbIN CKJIOH
[To3aHuii rojaoneH,
¢ 16 133-162 | 1507022 | 0,89
BOCTOYHBINU CKJIOH
CoBpemeHHOCT®, 21 12,7-163 | 14.83+0,22 | 1,00
BOCTOYHBIN CKJIOH
Cpenun ronouer, 15 11,0-152 | 1237031 | 1,21
3anmaaHbIvu CKJIOH
Toazuui ronoue, 14 10,6-13,3 | 11,63+0.25 | 0,92
I_L[I/IpI/IHa 3anmaaHbIvu CKJIIOH
[lo3gauii ToI0IEH,
¢ 16 103-12,7 | 1154022 | 0,87
BOCTOYHBIN CKJIOH
CospemerKoCTs, 21 774139 | 11,49+025 | 1,15
BOCTOYHBIN CKJIOH
M1/
HepBaﬂ II0JIOBUHA
HOHETO 5 236272 | 2562060 | 1,35
HCOIINICUCTOLICHA,
BOCTO‘{HLHZ CKJIOH
Cpenun ronouer, 32 18,7244 | 2134+025 | 1,40
I[J'[I/IHa 3araaHbIvu CKJIOH
Toazuui ronoue, 25 183241 | 21,24m027 | 134
3anmaaHbIvu CKJIOH
To3zaui ronoue, 20 19,523,5 | 21,42+023 | 1,03
BOCTOYHBIN CKJIOH
CospemerKocTs, 21 17,7234 | 2092+0,63 | 1,47
BOCTOYHBINU CKJIOH
[lepBast momoBrHa
Ilupnna [1O3/HETO 5 18,2-20,3 19,5+ 0,38 | 0,86
HCOINICUCTOLICHA,
BOCTO“IHLIi;I CKJIOH
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Okonuanue Tabma 3

1 2 3 4 5 6
Cpenmuii ronones, 30 13,8-17,6 | 15,77+0,19 | 1,02
3araIHbIN CKJIOH
Toszami ronoues, 25 12,5-18,4 | 1565+0.24 | 1,20
H_[I/IpI/IHa 3aHaﬂHEH/I CKJIOH
Tosnuui ronouen, 20 15,0-184 | 16,07+020 | 0,91
BOCTOYHBIN CKJIOH
Cospemennocts, 21 114-17,0 | 1546+027 | 1,26
BOCTOYHBINU CKJIOH
M2/
Cpennuii ronouen, 13 22,0-38,1 3325+ 1,14 | 4,11
3araadbivu CKJIOH
Toszwui ronoue, 7 29,0363 | 32,15+0,98 | 2,59
I[J'II/IHa 3araIHbIN CKJIOH
[lo3aHuii rojaoneH,
¢ 12 30,0-35,5 | 3228044 | 1,53
BOCTOYHBINU CKJIOH
Cospemennocts, 1 29,3-34,5 31,99v0,50 | 1,67
BOCTOYHBIN CKJIOH
Cpenuuii ronouen, 15 142-19,6 | 17,29+036 | 1,41
3anaaHbIvu CKJIOH
Tosmemii rononen, 10 152-184 | 16,69+0,35 | 1,11
]_L[I/IpI/IHa 3anaaHbIvu CKJIIOH
[lo3gauii Toao1eH,
¢ 1 15,7-18,5 | 17.25+025 | 0,85
BOCTOYHBIN CKJIOH
CospemerkocTs, 1 162-18,9 | 1720+027 | 0,89
BOCTOYHBIN CKJIOH

Tabnuma 4

Pa3mepsl HHKHUX YestocTeii Oyporo Menseasi Ha CeBepHoM YpaJie B roJioLeHe, MM

[Ipusnak Brioopka Lim M+m 9
,Zlgm{a o3 Huit Tononex, 3ananubii ckimon | 7 | 108,9-115,1 |111,2+ 0,76 | 2,00
Syp:;;o Tlo3Huii TonoleH, BOCTOUYHBIN ckiloH | 14 | 102,9-116,1 | 108,85+ 1,2|4.,41
(C —M/3) CoBpeMEHHOCTh, BOCTOUHEIN CKiIoH | 15 | 97,4-121,2 109,39+ 1,7 6,48
Timna Tlo3aHuii TOJI0IIEH, 3aHaAHbII CKJIOH | 5 29.3-33,1 |31,23+0,71]1,59
Ilo3aHuM TOJI0IIEH, BOCTOYHBIN CKIIOH | 21 249414 |32,18+0,95]4,36
JMACTEMBL ™ C O BpeMeHHOCT, BOCTOUHBIH ckioH | 16 | 29,1-40,5 |34,87 + 0,91 3,64
Tmusa ITo3aHuii TOI0IEH, 3aHaHbIi CKJIOH | 6 77,7-82,6 179,58 +0,71[1,74
P/AM/3 TTo3aHuii roI0IIeH, BOCTOYHBIN CKIIOH | 14 71,2-87.3 78,06 +1,16[4.,35
B CoBpEMEHHOCTbh, BOCTOUHEIN CKIIOH | 21 69,3-81,3 |75,65+0,77[3,53
Bericora Tlo3aHuii rosolieH, 3anaaHblid CKIOH | 7 40,4-48,7 |43,76+1,07|2,82

YEJOCTH

nepen P/4 Tlo3mHuit ronoLeH, BOCTOYHBIN CKIIOH | 11 37,1-46,9 (41,81 +1,07|3,54
Bricora [To3aHui TOI0IEH, 3amaaHbli CKI0H | 9 38,1-47,3 142,07+0,92[2,76
yemoctu | 1103IHUI rOJIOIICH, BOCTOUHBIN CKJIOH | 20 33,2-46,8 139,98 +0,86]3.,83
nepen M/1 | COBpEMEHHOCTb, BOCTOUHBIH CKIOH | 9 33,3-46,6 |38,09+1,69(5,08
Bhicota Cpemauii TOI0IeH, BOCTOUYHBIA CKIOH | 5 453-582 48,88 +£2,44|545
CeITOCTH TTo3auuii roaoeH, 3anaaaeii ckiaon | 11 41,7-57,2 |51,11 +£1,4314.,75
cioc Tlo3aHui TOJI0IIEH, BOCTOYHBIN CKIIOH | 18 42.3-61,1 49,04 £1,31]5,57
3a M/3 CoBpeMeHHOCTb, BOCTOUHbINA ckiioH | 9 | 38,5-59,6 [45,94 +2.34]7,03
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Tabnuna 5
Pa3zmepsnl 3y0oB HH:KHHX YesntocTeii Oyporo Measens Ha CesepHoM Ypauie
B I103/IHEM HeOILIelicTOLeHe U roJIoLeHe, MM

TpusHak | Bribopka | n | Lim | M+m | o
P/4
CpenHuii ToI0ICH, 3aaJIHbIA CKIOH 9 10,7-14,4 112,70+0,42(1,18
[To3aHui TOI0IEH, 3aMaJHbIA CKIOH 8 11,9-13,8 112,82+0,23[0,64
ARMEE [ st ronouen, Boctoumbiii cknon | 21| 10.4-13.8 |12.0220.21]0.96
CoBpEeMEHHOCTD, BOCTOYHBIN CKIIOH 21 10,4-13,2 |11,94+0,16[0,72
CpeiHu# ToJI0lIEH, 3aNaHbIH CKIOH 8 5,9-7,7 |16,75+0,22 |0,66
[upuna [To3aHuii rosoeH, 3anaaHblid CKIOH 9 6,9-8,2 | 7,30+0,12 0,36
[To3aHui ToJI0IEeH, BOCTOYHBIN CKIIOH 22 5,9-7,7 | 6,79+0,11 |0,50
COBpEMEHHOCTbh, BOCTOUYHBIN CKIIOH 21 6,0-8,1 6,98+0,12 [0,55
M/1
CpenHuii TOI0ICH, 3aIaIHBIA CKIOH 34 20,9-25.5 [23,59+0,17]1,00
[To3aHuH TONOIEH, 3aMaJHbIA CKIOH 16 21,6246 [23,35+0,2210,90
Hmana [To3mHuii Toto1IeH, BOCTOYHBIN CKIIOH 29 20,2-25,4 |22,88+0,26|1,41
COBpEMEHHOCTh, BOCTOUHBII CKJIIOH 20 20,4-24,6 [22,42+0,23|1,05
CpeHuii TOIOICH, 3aITaIHBIA CKIOH 36 9,97-12,8 |11,36+0,12[0,73
ITuprsa [To3HuM TOJIOIEH, 3ana HbIA CKIOH 18 7,3-11,9 [10,82+0,26[1,12
[To3aHui TOa01IeH, BOCTOYHBIN CKIOH 28 9,0-12,6 |11,15+0,15[0,80
CoBpEMEHHOCTD, BOCTOYHBIN CKJIOH 20 9,8-12,0 [10,89+0,13]0,58
M/2
CpeqHuii roNoNeH, 3ana Hbli CKIOH 18 21,6-29,0 |23,92+0,40|1,70
Tinsa Tlo3aHui roJI0IeH, 3anagHbIi CKIIOH 9 21,7-26,7 [23,80+0,51]1,52
[To3aHuUM TOJIOIEH, BOCTOYHBIN CKIIOH 16 21,2-252 | 23,1+0,3 [ 1,2
CoBpeMEHHOCTD, BOCTOYHBIN CKJIOH 19 19,8-24,2 122,78+0,28[1,23
Cpemgauii TOI0IeH, BOCTOYHBIN CKIOH 24 11,9-16,5 [14,12+0,23| 1,11
Iluprsa TTo3aHuii TOIOIEH, 3aa HbIi CKIOH 9 13,0-15,9 114,18+0,33[1,00
[To3aHul TOIOICH, BOCTOYHBIN CKIOH 15 12,0-15,8 | 13,9+0,2 [ 0,8
CoBpEMEHHOCTbh, BOCTOYHBIN CKIIOH 19 11,4-15,9 [13,71+£0,24|1,04
M/3
CpeHui ToNoIeH, 3anaiHbli CKIOH 21 16,7-21,1 |18,90+0,28| 1,26
Tmuka Tlo3aHui TOIOIIEH, 3aHaHbIH CKIOH 14 15,9-21,1 |18.88+0,47[1,77
TTo3aHMI roJI0IIEH, BOCTOYHBIN CKIIOH 39 14,9-22.6 118.23+0,28[1.,75
CoBpEMEHHOCTbh, BOCTOYHBIN CKIIOH 12 15,6-20,0 |18,11+0,40[1,37
CpenHuii TONOIEH, 3aMaJIHbIA CKI0H 20 12,9-15,6 114,06+0,17[0,74
Iluprsa TTo3aHuMi TOIOIEH, 3ana HbIH CKIOH 13 13,3-15,7 114,36+0,22(0.81
[To3aHui TOJI0ICH, BOCTOYHBIN CKIIOH 38 12,0-16,4 113,70+0,17[1,08
CoBpeMEHHOCTD, BOCTOYHBIN CKJIOH 12 12,1-16,2 113,79+0,31[1,09

CrieioBaresibHO, Ha OTPE3Ke BPEMEHH «CPEIHUI TOJI0IEeH — COBPEMEHHOCTh»
pa3Mepsl KOPEeHHBIX 3yOOB M HIDKHEH democTn Oyporo mensens Ha CeBepHOM
VYpasie cylecTBEHHO HE M3MEHSUIMCh. He BBISABICHO Takke pasyinuuii Mewxy
TOJIOIIEHOBBIMH BBHIOOPKAaMHU 3aIaTHOTO U BOCTOYHOTO CKIOHOB CeBepHOro Ypa-
na (cM. Tabn. 3-5). B Hactosimee BpeMs Ha CeBepHOM Ypasie 0OOMTaeT MOABU
U. arctos arctos. CnenoBaTenabHO, TIOABHIOBOH CTaTyC CPEIHETOJIOIEHOBOTO H
MI03THETOJIOLIEHOBOTO OypbIx MenBeneit CerepHoro Ypana takxke U. arctos arctos.

B nnmHe anpBeonsApHOTO psina KOPEHHBIX 3yOOB MEXy TOJOLEHOBBIMU BBI-
Oopkamu paznu4uii HeT. HeT Taioke pa3nnyuii B BRICOTE HIDKHEH YETIOCTH TIepej
M/1 n 3a M/3.
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CormocTaBiieHrE pa3MepoB TOIOLICHOBOTO OypOTro MEBEIS C TAKOBBIMH C APYTHX
TepPUTOpPUIL OKa3aso crueaytomiee. s cpeauero rojoneHa Ha CpeHeM Ypane us-
BECTHA OJTHA HWKHSS YEITFOCTh Oyporo measess [ 18], pasMepsl KOTOPOH He BBIXOIAT
3a mpe/esbl N3MEHUYHUBOCTH TapaMETPOB HIDKHUX YENIFOCTEH CHHXPOHHBIX MEIBEICH
CesepHoro Ypana. Pazmeprs! KopeHHBIX 3y0OB U aJbBEOIISIpHAS UTHHA MOJISIPOB 3a-
METHO MEHBIIIE, YEM y CUHXPOHHOTro Oyporo mensens [Ipubantuku [16]. Bo Bcex
CITydasiX pa3indusi CPETHUX CTATUCTHYECKH 3HAYUMEI (t > 2,5; p < 0,05) u mpeBbI-
LIAI0T MEXKIMOJIOBbIE pa3nuuusi. Pa3Mmepsl xe 3yO00B PELEHTHBIX OypbIX MeBenei
CesepHoro Ypaiia He OTIIMUAFOTCS OT TAKOBBIX y MenBenei [Ipubantuku.

ComnocraBneHue pa3MepoB 3y00OB MO31HErononeHoBoro oOyporo measenas Ce-
BEPHOIo Ypajia ¢ TAKOBBIMH y CHHXpOHHOro Menseas Cpeanero u KOxHoro Ypa-
Jla He TI0Ka3aJI0 pa3inuyuii Mex 1y Humu [18].

3akirouenne

Bypslit MesiBeb B TO3IHEM HEOIJIEHCTOIICHE Ha 3aMMaJHOM ckiloHe CeBEepHOTro
VYpana oOuTan B HEBBSIHCKUH MEKCTaIuall M IO3IHEICTHIKOBE, a HA BOCTOU-
HOM — B TEYEHHE BCETO MO3/IHEr0 HeolulelicToleHa. Bo BTopoil onoBuHe 1031-
HETO HEOIUICHCTOIIeHA BIUIOTH JI0 PAHHETO TOJIONeHa OyphIif MeIBEIbh OBLT OUYCHD
penkum BuoM Ha CeBepHOM Ypaiie. B ronoreHne ero MokHO OTHECTH K KaTero-
PUY MHOTOYMCIIEHHBIX BUOB.

B nepsoii nonoBuHe no3aHero HeorutelicroneHa Ha CeBepHOM Ypane oOuTa-
i Oypble MEABEAN C OYEHB KPYITHBIMH 3y0aMu, pa3Mepbl KOTOPHIX COIIOCTaBHU-
MBI C TaKOBBIMM MO3JHEHEOIUIeHcTOLeHOBRIX U. a. priscus 3amagHoil EBpomnsl.
B TeueHne BTOpOI MOJTOBUHBI MO3IHETO HEOIUIEUCTOLEHA U, BOBMOXHO, PAHHE-
O TOJIOIEHA pa3Mepsl 3y00B U HIDKHEH uenmtocTu Oyporo measeas Ha CeBepHOM
VYpane nocreneHHo ymenblatoTcs. Co CpefHero rojoueHa U J0 COBpEMEHHOCTH
mapaMeTphbl HUKHEH UeNIIOCTH U KOPEHHBIX 3y00oB Oyporo Mensens Ha CeBepHOM
VYpane ocraBanuck Hem3MeHHBIMU. B 3anannoit EBpore mpoiiecc n3mensuanus
Oyporo MeaBe/Isl JO COBPEMEHHOTIO COCTOSTHUS 3aBEPILIIICS B KOHIIE CPETHETO ro-
noriena [16], a B SIkyTuu — B Te ke cpoku, 4To U Ha Ypaue [18].
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BROWN BEAR (Ursus arctos L.) OF THE NORTHERN URALS
IN THE LATE NEOPLEISTOCENE AND HOLOCENE

The article describes the distribution and changes of brown bears size characteristics
in the Northern Urals during the Late Neopleistocene and Holocene. The material from
19 localities has been used in this work.

The materials of the first half of the Late Neopleistocene include more significant
quantity of brown bears remains than the materials of the second half of the Late
Neopleistocene. This fact reflects a rather high number of bears in this period that
is probably due to a relatively warmer and more favorable climate in this period.
Individual remains of brown bear bones were found in materials of the second half of
the Late Neopleistocene. Such rare bear remains in materials of the second half of the
Late Neopleistocene indicate a very low number of this species in nature at this time
due to cold climate conditions when suitable (forest) habitats for bear preserved only
along the river banks. On the western slope during the maximum cold stage of the
Late Neopleistocene brown bear remains were not found. While on the eastern slope a
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brown bear lived during the whole Late Neopleistocene. In the materials of the Middle
and Late Holocene numerous brown bear remains were found. Unfortunately we do not
almost have the materials of the Early Holocene. Probably, due to the increase in taiga
forests area in this period the brown bear number was as high as in the later periods
of the Holocene.

There is sexual dimorphism of brown bear in size of P4/ and P/4, M1/ and M/I.
Teeth of males are longer than teeth of females. Despite the fact that average values
characteristics differ, there is quite a significant transgression. There are fossil teeth
from individuals of both sexes in all samples. When we compared these samples, we
took account of average values as well as the range of variability attributes. The
differences between fossil samples were considered significant if limits variability
characteristics of these samples were shifted relatively to each other and the differences
of their average values were greater than differences of average values between male
and female samples.

An analysis of the dimensional characteristics of the brown bear showed that in
the first half the Late Neopleistocene in the Northern Urals there lived the brown bear
with very big teeth whose dimensions are comparable to those of U. a. priscus from
the Late Neopleistocene of the Western Europe. During the second half of the Late
Neopleistocene and possibly early Holocene the size of teeth and mandible of brown
bear reduced gradually. Parameters of the mandible and the teeth of the bear remained
constant from the Middle Holocene to the modernity.

Key words: brown bear; the Northern Urals; the Neopleistocene, the Holocene.
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Hnemumym cucmemamuxu u sxonocuu scusomuvix CO PAH (2. Hosocubupck, Poccus),
Tocyoapemeennviil npupoonulii 3anoseonux « Tueupexckuily (2. bapnayn, Poccus)

BHYTPUT'OAOBASI JMHAMUKA OPHUTOKOMIIJIEKCOB
CPEJITHETOPHI IEHTPAJIbHOT'O AJITAS

Ilpoananuzuposansl pe3yibmamvl MApWpymHelX y4emos nmuy 6 CpeoHe2opbsx
Lenmpanvroeo Anmas, nposedennvle ¢ dexabps 1998 no nosope 1999 e. Ilpusedervl
KPAMKAsl Xapakmepucmuka Ce30HHbIX USMEHEHUTl 6 HACeNeHUU NMUY U AHAIU3 KPY2llo-
200UYHOU OUHAMUKU OPHUMOKOMIIEKCO8. YCMAaH06IeH0, Ymo HauboIbuee CyMMapHoe
obunue nmuy u 6uU0080e HO2AMCMEO XAPAKMEPHO 05l NemHe20 Nepuood, HaAUMeHb-
wee — 0na 3umuezo. Paznuuue noxazameneil smux nepuodos 6 cpednem cocmagisen
no cymmapromy obunuro 0o 17 pasz. Hucio écex ecmpeueHuvix u QOHOBbIX U008 8
amu nepuoodvl paziuuaemcs 00 8—18 paz. Menee éceco no cymmapromy o6unuw u
8UO0B0MY DO2AMCMBY PA3TUYACMCSL HACENEHUe NMUY 6€CEHHUX U OCEHHUX NEPUOOS.
Omobpadicenue 2000601 YUKIUYHOCIIU UMEHEHUL OPHUNMOKOMNIEKCO8 CPEOHe20pUll
Lenmpanvroeo Anmas na ocHoge K0P huyueHmos cxo0cmea NoKA3a10, Ymo KoH@puy-
Payus 200UYHO20 YUKLA 20pa300 6onee OU3KA K OKPYICHOCIU, YeM 6 OPY2UX PeSUOHAX,
8CIe0CmBUe PACNONONCEHUSL PALIOHA UCCTE008AHULL 8 MENHCZOPHOL KOMIOGUHE.

KuitoueBble €J10Ba: OUHAMUKA HACENCHUS, OPHUMOKOMNIEKCbL, CPeOHe2opbs Len-
mpanoerHo2o Anmas.

BBenenue

N3yuenue BHYTPUrog0BOi IHHAMUKI OPHUTOKOMILIEKCOB IOCTAaTOYHO TPYHO-
emko. [lyOnukanuii, MOCBSIEHHBIX BBISBICHUIO MPOCTPAHCTBEHHO-BPEMEHHOM
HEOHOPOIHOCTH NTHYHETO HACETICHUS U ONPEACILIIONINX e¢ (PaKTOPOB CPEIIBI C
HCIOJIH30BAHUEM CIIEHUATM3UPOBAHHOIO MaTEMaTHYECKOT0 anapara B IIeJIOM I10
Poccuu u conpenensabiM cTpanam, HeMHOTO [ 1-9]. [Ipu aTom ananu3 BHyTpHro-
JIOBOH TUHAMHUKH OPHUTOKOMILIEKCOB C TIOMOIIbI0 HEMETPUYECKOTO HIKAJINPOBa-
Hus eauHAYeH [1, 5] u g0 cux mop He mpoBeneH He TonbKo It LlenTpansHOoro
Anrtasi, HO U Jyist AnTasi B LIETIOM.

Lens paboThl — OTpa3UTh 0COOEHHOCTH BHYTPUTOJOBOW AMHAMHUKH Haceie-
HUS OTUL cpeaneropuii LlenrpansHoro Anras.

MaTepnam,I U METOAUKH HCCTICT0BAHUS

COop marepuana nposejieH ¢ nekadps 1998 mo Hos6ps 1999 1. (Ha3BaH B pa-
00Te y4eTHBIM TOJIOM) B OKPeCTHOCTsIX C. YcTb-Kokca (PecmyOnuka Anrail) Ha
MOCTOSIHHBIX MapiipyTax [10] B ceMH MECTOOOUTAHUAK: CPEIHETOPHBIX JIHCT-
BEHHHUYHO-0EPE30BbIX M JIMCTBEHHUYHBIX JIECaX, FOPHO-IOIMHHBIX Oepe30BbIX
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Jiecax, CpeIHETOPHBIX CKJIOHOBBIX CTEIISX, TOPHO-TOJMHHBIX CEHOKOcax (1o 3a-
JekaM), KpyImHOM TOpPHO-IoNUHHOM mocenke (Yctb-Kokca) u Ha p. Karyns. 3a
Bpems pabot 3apeructpupoBano 120 BujoB nrun. CyMMapHas TpOTSKEHHOCTb
MapIIpyToOB cocTaBmia okosio 950 kM. Pe3ynbTaThl y4eTOB YCpEAHEHBI 3a KaxK-
IyIO TIOJIOBHHY MECSIa, MX pPAacCMAaTPHBAIH KaK OTACIBHBIA BapHaHT NTHYBETO
HaceneHus. Bcero mpoananusupoBaHo 168 Takux BapuMaHTOB HACENEHHS MTHLI.
AHanM3 pe3yabTaToB yYETOB BEINOJMHEH C HCIOJB30BAHHEM ITaKeTa MporpamMM
0aHKa IaHHBIX JJA0OPATOPUHU 300JI0THUECKOT0 MOHUTOpHHTa MHCTUTYTa cucTeMa-
THKH 1 YKOJIOTHH YKUBOTHEIX CuOmpckoro otaeneHus Poccuiickoil akageMun HayK.
CBenieHHs IO CE30HHBIM SIBJICHUSIM IIpupob! 3a 1998—1999 rr. coOpanb! aBTOpOM
n 1.B. KamikaHn, cocraButesieM (eHOJIOTHUECKUX Pa3esioB JIETOMUCH TPUPOJIBI
rOCyZIapCTBEHHOIO IPUPOIHOTO OrochepHoro 3anoBeannka «KaryHckuid.

Orenka BHYTPUTOIOBON AMHAMHUKHA OPHUTOKOMILICKCOB IIPOBEICHA IT0 MaTPH-
uam koadpdunuentor cxonacraa I1. Kakkapa [11] B Momudukanum s Kojauye-
CTBEHHBIX IMPU3HAKOB [ 12], paCCYMTAHHBIX JUIS K&KIOTO U3 CEMU MECTOOOUTAHUH
no 24 Bapuantam. JlanpHeimas o0pabOTKa OCHOBaHAa Ha METOAAaX HeMeTpHue-
CKOTO IKanupoBaHus. [Ipn 3TOM chermaHo AOMyIIeHHue, YTO MEpPhI CXOICTBA OT-
paXaroT B3aUMHOE PacIOJIOKEHHE pacCMaTPUBaeMbIX 00BEKTOB (BapUaHTOB Ha-
CENICHHsI) B HEKOEM MHOTOMEPHOM (paKTOPHOM IpocTpaHCTBe. B memonb3yemoit
JUIA aHaIlM3a IporpaMMe 00bEKThI IPEACTABISIOTCS TOUKaMU Ha riockoctu [10].

Hazanus nrun naner mo A.M. MBanoBy [13], 3a MCKIIOUEHHEM MacCKHUPO-
BaHHOU Tpsicory3ku (Motacilla personata Gould), yepnozo6oro nposna (Turdus
atrogularis Jar.) u cenoronoBoro nierna (Carduelis caniceps Vig.), KOTOPBIX MBI,
Beaien 3a JI.C. Crenansinom [ 14], cuutaeM caMOCTOSITEIIBHBIMU BUAMHU.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE
Ce3onnble usmenenus OpHUMOKOMNIIEKCO8

Hns Hacenenusi ntun cpenHeropuii [{eHTpansHoro Antasi BeISABICHO 8 ce-
30HHBIX MMEPHONOB [15]: OTHOCUTEIBHON 3UMHEH cTaOdmiIu3anuu (¢ Aekadps 1o
CepEeUHBI SHBAPs); 3UMHUX KOYCBOK (C CEpPEIMHBI SIHBAPS 10 CEPEIHHBI (heBpa-
JIs1); TIPEABECEHHUX KOYEBOK Ha (JOHE MpHJIeTa W Havyaja mposieTa (C CepenHsbl
(eBpas 10 KOHIIA MapTa); MaCCOBOTO BECEHHETO IMPUIeTa U MpojeTa (ampeib);
rHEe3/10BaHMs Ha ()OHE OKOHYAHUSI TPHUJIETA, MPOJIETa U MECTHBIX MepeMEICHU
(c Mas 70 cepeluHbI UIOJs); MOCIETHE3I0BBIX KOYEBOK (C CEpPEIMHBI HIONS 10
KOHIIa aBrycTa); OTJeTa ¥ OCEHHETO MpoJjieTa (¢ Hadaia CeHTSOps 10 CeperHbI
OKTSIOpsT); OKOHYAHHUSI OCEHHETO MPOJIeTa U MPEA3UMHUX MUTPAIHid (C CepeIrHbI
OKTSIOpS 710 KOHIIA HOsIOps). Jlanee mpuBeieHa KpaTkasi XapaKTepUCTHKA OPHUTO-
KOMIIJICKCOB 00CJICIOBAHHBIX MECTOOOUTAHHUI B COOTBETCTBHU C BBISBICHHBIMHU
CE30HHBIMH MEPHOIAMH.

Jlucmeennuuno-oepesoswvie neca. [IIOTHOCTh HACEIICHHS MITHIL B 9TOM MECTO-
OOHMTaHWH B CPEJJHEM CYIIECTBEHHO U3MEHSETCS JIMIIb B 3UMHE-BECEHHUE CE30-
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HbI (Tabmuma). CaMblii HU3KHIA CPEHECE30HHBIN MOKa3are)ib OTMEUYCH B TICpH-
o7l 3uMHel crabunm3anuu. Jlanee B IepHOIbl 3MMHUX U MPEIBECEHHUX KOYCBOK
cyMMapHOe obmime koiebnercss Ha ypoBHe 132—172 ocobeit/km?. BecHoit oHO
BO3pacTaeT B pe3ynbTare mpuiera u nponeta ntull (1o 290) u Ha 3TOM ypOB-
HE COXpaHseTCs, BKItodas nepuoy rueznoBanus (297). [Ipuuem B Hauane ampe-
JIs1 YBEIMYCHUE TIPOUCXOMUT 3 CUCT MPUKOUYCBKH IMOCTOSHHO BCTPEUAIOIIUXCS
3UMYIOIIUX BUJOB (cBUpHUCTENb — Bombicilla garrulus (L.), uedetka — Acanthis
flammea (L.), ononoBuuk — Aegithalos caudatus (L.), nononzens — Sitta euro-
pea L., caerupb — Pyrrhula pyrrhula (L.) u cotixa — Garrulus glandarius (L.)), a B
Mae — 3a CUEeT [POJICTa U MPUJIETa MEPEJICTHBIX MTHIL (B OCHOBHOM JIECHOTO KOHb-
Ka — Anthus trivialis (L.), TOpUXBOCTKU-JIBICYIIKH — Phoenicurus phoenicurus
(L.), cnaBxu-3aBupyuku — Sylvia curruca (L.), neHo4eK: TeHbKOBKU — Phyllosco-
pus collybita (Vieill.) n 3apandku — Ph. inornatus (Blyth), 3s6nuka — Fringilla
coelebs L. n ueueBunibl — Carpodacus erythrinus (Pall.)). YBenuueHnue mioTHOCTH
HaCEJICHHUS B HavYaJie OKTAOPS (IIepHOJ OTICTa U OCEHHETO TIPOJIETa) OMpeIeIsIeT-
sl IPUKOYEBKOM 00MbIoi cunuisl (Parus major L.), OOBIKHOBEHHOH 1 CaZl0BOM
OBCSIHOK (Emberiza citrinella L., Em. hortulana L.).

B cpenHeM o ce30HaM YKCIIO BCTPEUCHHBIX BUIOB MEHSETCsI OT 9 110 41, U3 HUX
9-30 ¢oHoBEIX. B X01m01HOE BpeMst royia ux MeHsIe Beero (9—16, 9—12 (hoHOBBIX),
a B Teruioe — HauOoublnee konuuecTBo (2441 Buna, 20-30 GoHOBBIX). B uncne
JHICPOB TI0 OOMNINIO 3aperrcTpupoBano 13 BumoB nrurl. Hambonee xapaxrepeH
nyxysik (Parus montanus Bald.), nmpeoOiagaronmii moytu Bce CE30HHBIE TEPHO-
61, KPOME MacCOBOTO BECEHHETO TPIJIETA U IIPOJIETa, TIE €ro 3aMeIIacT OoJbIast
cununa. J{omst myxJska MEHbIIEe BCEro B MEPUOJ 3UMHHX U MPEABECCHHHUX KOue-
BOK, THE3IOBAHHS M YBEIMUMBACTCS B TIO3THETICTHUE, OCCHHIE U 3UMHHE TIEPUOJIBI
(c 10-17 no 30-50%). bonblas cuHMIA KaK JUAEP OTMEUEHA TaKKe MPU 3UMHUX
KOUEBKaX, OTIeTe 1 oceHHeM mporere (10-21%). 3uMyrormue BUIBI (CBUPHUCTEND U
yeyeTka) npeodnagaroT o oomiuio B iepsbie Tpu nepuona (11-60%), a momnonzeHb
9acTO — NPH 3UMHUX M MOCJIETHE3IOBBIX KOUEBKAX, OTICTE, OCEHHEM IIPOJIeTe H
ero oxonuaHuu (10-15%). IlepeneTHble NTULBI B YUCTIE TUAUPYIOLUIMX OTMEUECHBI
B BECEHHE-JICTHHE ITEPHOIBI. DTO YePHO300bIH P03, 310K, TCHFKOBKA, YCUCBHU-
1a v 3apHuyka. x monu B 910 Bpems coctaBisitoT 10-17%. Kpome toro, B uuncie
JIHICPOB 3apETHUCTPUPOBAHEI OTIOJIOBHUK (IIEPHO OTHOCHTEIBHOM 3UMHEH cTabu-
JU3alMU 1 MIPEABECEHHHUX KoueBOK) u teron Carduelis carduelis (L.) (mepuox ot-
HOCHTEITLHON 3UMHEH CTaOMITH3AIINH ), 10JIsI KOTOPBIX cocTaiseT 10—13%.

bepesosvie neca. B otnnuune oT TMCTBEHHUYHO-0EPE30BBIX JIECOB CaMblil HU3-
KHH YpOBEHb CYMMapHOTO OOWJIHS O CPETHECE30HHBIM MOKa3aTesIM XapaKTe-
pEH B 9TOM MECTOOOUTAHUH IS MPEABECEHHETO meproa (42 ocobeit/km?) n3-3a
OTKOUCBKH 3UMYIOIINX BUIOB (CBUPHUCTENS, YCUCTKH). MaKCHUMalbHBIE TTOKa3a-
TEJU TUIOTHOCTH CBOMCTBEHHBI JIJIsI MACCOBOTO BeceHHero npuiera (347, 3a cuet
3s10JTHKA, JIECHOTO KOHBKA, NepsObl Turdus viscivorus L.) 1 TIOUTH HE CHIKAIOTCS
B rHe3710Bo¢ BpeMs (337, B OCHOBHOM 3a CUET TEHbKOBKH, TOPUXBOCTKH-JIBICYIII-
KH, cepoid MyxolloBkH — Muscicapa striata (Pall.), uedeBunpl). Jlanee cymmapHoe
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OOMITHE TITUI] YMEHBIIIACTCS BILIOTH 10 OKOHUYAHHS OCCHHETO TIPOJIETA H TIPEI3UM-
Hux murpauuii (140) BcnencTue 0TkOYEBOK NTHILL. B nepros 3uMHel cradunusa-
[IUH TUIOTHOCTH HACEIEHHS BBIIIE, YeM BO BPEMs OKOHYAHUS OCEHHETO IPOoJeTa
0 MPUYUHE MACCOBOH MPUKOYEBKU 3UMYIOIIUX NTHIL (CBUPUCTENS U YEUETKH).

Oo6usne, BUI0BOE M GoHOBOE GOraTCTBO HACEeJIeHUs MITHI
cpenneropuii LlenTpajbHOro Anrasi B cpeiHeM MO Ce30HHbIM NepPUOIaM,
ocodeii/km?, wim 0co6eit/10 kv GeperoBoii iuHuN (PeKa), i YMCJI0 BUI0B

Mectoobu- Iepuon
ramue I il 11 [\ % VI VII [ VII
f;:;ﬁegepe 71; 172; | 132, | 200; | 297; | 237; | 271; | 221
15;11 9;9 15;12 | 24;22 | 41;30 | 25;20 | 26;21 16;12
30BBIE JIEca
bepezosbie 188; 123; 42; 347, 337; 243; 213; 140;
neca 148 14;10 | 12;10 | 28;22 | 45.33 | 26;17 | 22:18 12;9
JIucTBeH- 228; 415; 145; 167; 148; 249; 192; 88;
HHUYHBIC Jieca 14,10 17:11 19;13 | 24;22 | 23,17 | 29;25 12;12 12:8
CeHOKOCHI 56; 38; 45; 320; 211; 241; 148; 3;
(1o 3anexam) 9:9 5.5 6.5 30,26 | 34;19 | 30:24 14;8 4;2
Crenn 32; 78, 80; 224; 550; 702; 145; 53;
6;5 6:5 11;8 18;15 | 26;19 | 25;17 | 16;14 9;6
Kpymubrit 685; 692; 717, 776; 1138; 1174, 1407, 920;
TOCETI0K 14:13 15:15 16:;13 16:15 27:19 21:19 22:16 14:12
Pexa Karymb 5; 5; 10; 106; 225; 98; 4; 11;
1;1 1;1 4:4 14;10 18:8 149 6;1 54

Ipumeuanue. 1 — oTHOCUTENIFHON 3UMHEH cTabmnuzanmy; 11 — 3umHEX KoueBok; 111 — mpen-
BECCHHHX KOUEBOK Ha (pOHE IpUIIeTa U Hadaja rmpojuera; [V — MaccoBoro BeCEHHETo mpuiera u
mposera; V — rHe3/10BaHUs Ha (DOHE OKOHYAHMS MPUIIETA, IPOJIETAa U MECTHBIX MEPEMEIICHHH;
VI—nocnerunes3nosbix koueBok; VII — otnera u ocennero nposera; VI — okoHuaHust 0CEHHETO
MIpoJIeTa U MPEeI3UMHUX MUTPAIHi.

B cpemnem mo ce3oHaM BHIOBOE W (POHOBOE OOTaTCTBO HACEICHMS IITHIl M-
HseTcs oT 12 no 45 u 8§-33, npuuemM HauOONbIINE 3HAUYSHHUS, KaK B TIPEIBITYIIHX
necax, XapaKTepHBI IS TEIIOTO BPEMEHH Tof[a, a HAUMEHBIITHE — XOJIOIHOTO. B Oe-
PE30BBIX, KaK U B JIMCTBEHHUYHO-O0SPE30BBIX J€CaX, XOPOIIO BHIPAKCHA CE30HHAS
CMeHa TIpeodIaJaloyX BUAOB. B uncie muiepoB 1mo oOmimio 3a BeCh TO OTMEUCH
21 Buz. Yamie Bcero npeoOiagaeT, Kak v B JIMCTBCHHHYHO-0EPE30BBIX JecaX, MyX-
JISIK, a Takoke OoJbIast cHHUIA. [Ipu 3TOM 10715 IIepBOTO BHIA YBEIHMIUBACTCSI C TIe-
pHoa MOCIErHe310BbIX KOUEBOK JI0 KOHIIa yueTHoro rofa (¢ 16 no 34%). Yuactue
OOMBIIION CHHUIIEI B CpefHeM ocTaeTcs cTabmibHbIM (10%), MUIIe mpu OCeHHEM
omiere yBenumuusaercs (10 18%). IIpu 3ToM B mepHos! 3UMHEH cTaOMIH3aU U
KOUCBOK, a TAK)KE OKOHYAHHS OCCHHETO IPOJIETa B YUCTIC JIHICPOB OTMEUCHEI 3H-
MYIOIINE BUJIBI, JOJISI KOTOPBIX B HAYaJIe rojia COCTaBIseT 56—66, a B koHIle — 21%.
Co BpeMeHH MaccOBOTO BECCHHETO IMPWJIETA M MPOJeTa J0 OKOHYAHHS OCEHHETO
mpoJieTa B HACEJICHUHU MTHI[ MPeoOIaaaloT NepeieTHbIe BUAbL. Tak, B UX COCTaBe
3aperHCTPUPOBAHBI 3I0JTUK, 3apHUYKA U 3elieHast ieHouka (Phylloscopus trochiloi-
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des (Sund.)), Ha momo KoTOphIX mpuxomuTes 12-38%. Kpome Toro, o oTiensHbIM
MepHOIaM JTUIUPYET eIlIe MIECTh BUIOB. TaK, MOMOI3eHb OTMEUCH MIPU 3UMHHUX KO-
geBkax (11%), Bopor (Corvus corax L.), 0OBIKHOBEHHAsI OBCSHKA M CHETHPH — Ha
MpeaBeCeHHNX KoueBKkax (BMecTe 44%), uepHO300bIi IPO31 — BO BPEMSI MaCCOBOT'O
BeceHHero npmiera u mpojera (10%), OTIoIOBHHK — B TIEpHOJ OKOHYAHHS OCEHHETO
IposeTa U npea3uMHuX Murparuii (18%).

Jlucmeennuunvle neca. JlnHaMHUKa TIOKa3aTeleii CyMMapHOTO OOWMIIHS TITHII
JIUCTBEHHUYHBIX JIECOB 110 CE30HHBIM IIEPHOIAM 3aMETHO OTIINYACTCS OT TAKOBBIX
JIMCTBEHHUYHO-0EPE30BbIX U OEPE30BBIX JIeCOB. B cpeHeM 1o ce30HaM HauboIIb-
[IMEe 3HAYCHUSI CBOMCTBEHHBI 3MMHHMM KoueBKaM (415 ocobeii/km?) BCieCTBUE
MacCOBO# TTPUKOUEBKU CBUPUCTENS, KaK U B OEPE30BBIX JIecaX B KOHIIE sSHBAps,
IJe uX HeMHOro. Jlanee moka3arenu IIOTHOCTU HACEIEHUs] M3MEHSIOTCSl HEeHa-
MIPaBJIEHHO, JOCTHUTAs MAaKCHMAIBLHBIX 3HAYCHUH B MEPUOJ ITOCIETHE3TOBBIX KO-
YEeBOK 3a CYET YePHO3000Tr0 Jp03/a, 3apPHUYKH, TOPUXBOCTKU-JIBICYIIKH, CEPOH
cmaBku — Sylvia communis Lath. (145-249). B nepuon OKOHUaHHUS OCEHHETO
MPOJIeTa U MPEA3UMHUX MHUTPAIMH CyMMapHOE OOMIIHE ITHUI] 31€Ch MUHIUMAIEHO
(88). BcnencTBue MaccoBoi MPUKOUEBKH CBHPUCTENS BO BpeMsl 3UMHEH CTaOwITH-
3allMU TIOTHOCTh HAcelleHUs yBenuyuBaercs (228).

Junamuka BUIOBOTO M (DOHOBOTO OOTAaTCTBa TaKKe OTIMYACTCS OT OCTaNb-
HBIX JIECOB, TIOKA3aTENH IS KOTOPBIX HIDKE TAKOBBIX, YEM JJIsl OEPE30BBIX JIECOB.
B cpeanem o cezonam uncio BUI0B MeHsieTcs oT 12 1o 29, u3 aux 825 Bxomsar
B (oHOBEII cocTaB. C Hayaia roja M BIUIOTh JIO TOCJIETHE30BBIX KOYEBOK ITH
MTOKa3aTeIH yBEININBArOTCs. OIHAKO YNCIIO (POHOBBIX BHIOB B MEPUOA THE3/IO0-
BaHus MeHble (17), ueM B nipeapLayieM nepuoae (22).

B nucTBEeHHMYHBIX Jiecax peoOIajaroT o OOWIHIO JIeBATh BUIOB. Hanboiee
XapakTepHa U3 HUX copoka (Pica pica (L.)), npeoOnagaromiasi MoYTH BECh IO C
puMepHO paBHBIM ydacTaeM (13—-16%). Jlumb B meprnos THE3M0BaHHS €€ 00JIhb-
me (21%). Kpome Toro, ¢ mepuosa MacCOBOro BECEHHETO IMpUJIETa M IpoJieTa
JTUIUPYET eIle U ITyXJISIK, 10l KOTOPOTO BEINIC HA THE3OBAHUH B TIEPHOJ OTIIETa
u ocenuero mposiera (20 u 28%). Bo BpeMs 3uMHel cTaOUIM3allMd U 3UMHUX
KO4eBOK Oombine Bcero cBupucteist (52 u 80%), ygacTue KOTOporo K Imeproaam
MOCJIETHE3/IOBBIX KOYEeBOK yMeHbIaercs (1o 17%). Kpome toro, B cocrase nu-
JepoB oTMeueH pOuHHUK (Turdus pilaris L.) BO BpeMs IPEABECEHHUX KOYEBOK,
OTJICTa ¥ OCEHHETrO MPOJICTa, OKOHYAHHSI OCEHHETO MpPOJIeTa U MPEI3UMHHUX MU-
rpammit (10-12%), Oomnpimast cHHUIA — B TIEPHOJ IPEIBECEHHNX K04eBOK (31%),
rae3noBanus (18%), otnera u ocennero mposera (25%), OKOHUAHUSI OCEHHETO
mpoJyieTa U npea3uMHnX murparmi (16%). M3peaka mpeobiaagaror 4epHO3005IiH
Jpo371 (MaccoBBIM BECEHHUH MPUIIET U mpoJeT — 22%), moneBoit Bopobeit (Passer
montanus (L.), rHe3noBanue — 11%), cepas cnaBka (THE3I0BaHHE H ITOCIETHE3/I0-
Bble KO4eBKH — 17 u 14%), 0OBIKHOBEHHAs1 OBCSHKA (OKOHYAHHE OCEHHEro Mpo-
JIeTa U NpeA3uMHue Murpauuu — 24%).

Cenoxkocwi (no 3anexcam). [lepBole Tpu neprosaa (3UMHsS CTaOMITU3AIMS, 3UM-
HUE ¥ MPEBECEHHUE KOYEBKH) CyMMapHOe OoOMIIMe NTHIL KojeOiercs oT 38 1o
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56 oco0eit/kmM* B CBsI3M ¢ KOUEBKAMH MECTHBIX BHJ/IOB, B OCHOBHOM BPaHOBBIX M
OOBIKHOBEHHO# OBCSIHKH. BO BpeMsi MacCOBOTO BECEHHETrO MPHUIIETa U MpoJieTa
IUIOTHOCTh HaceJaeHUs yBeamuuBaeTcs 10 320 ocobeit/km? (B OCHOBHOM 3a CUET
OJIEBOTO JKaBOpOoHKA — Alauda arvensis L.), 3aTeM yMEHBIIAETCS B TIEPHO]] THE3-
noBaHus — 10 211, Bo3pacTasi BO BpeMsl ITOCJIETHE3IOBBIX KOYEBOK J10 241 (0OBIK-
HOBEHHAsI W CaJoBas OBCSHKH, MOJEBOW BOPOOEH), M K KOHILy YYETHOTO Toja
yMeHbIIaeTcst 10 3 ocobeil/km?. B cpefiHeM 1Mo ce30HaM YKCIIO BHIOB MEHSETCSI
oT 4 110 34, u3 Hux 2—26 BXOAAT B (JOHOBBIN COCTaB.

B gucine munepoB mo oOmMio 0OTMEUCHO ABEHAANATh BUoB. Hambonee gacto
B X COCTaBe 3aperucrpupoBana yepnas Bopona (Corvus corone L.), B OCHOBHOM
B TIEPHOA 3UMHEH CTaOWIN3alyy, 3UMHUX W TPEIBECEHHUX KOYEBOK, OKOHIAHFI
OCEHHETO MPOoJIeTa U MPEA3UMHUX Murparuii — 17, 25, 12 u 43% COOTBETCTBEHHO).
Kpowme Hee, Taxoke OOBIKHOBEHHAsI OBCSIHKA, KOTOpast IpeoOIagaeT B IIEPHOIBI 3HM-
Hell cTaOWITH3aliy, 3MMHUX KOYEBOK, MACCOBOTO BECEHHErO IPHJIETa, MpojieTa U
omera, oceHHero nposnera (19, 42, 10 u 18%). B Becenne-neTHue nepuos B Uucie
JIUJIEPOB OTMEUEH TOJIEBOH KaBOPOHOK (36—60%), THE3/10BaHMS — cafoBas OBCSIHKA
u Geperosas nactouka (Riparia riparia (L.)) (Bmecte — 60%). Kpome Toro, moneBoii
JKaBOPOHOK TpeodIiaaeT mo OOWIIHIO B IEPHOJ MACCOBOTO BECEHHETO MPUIIETa U
MIPOJIETa, TIOCIETHE30BBIX KOUEBOK U OTIIETa U oceHHero mpoera (60, 36 u 13%).
CazioBast OBCSIHKA JIMJUPYET MPU OTIIETE, OCEHHEM IMPOJIETE U 110 OKOHYAHUH OCCH-
HEro IpoJjera, Npea3uMHUX Murpanusax (52 u 43%). [lomumo Ha3BaHHBIX BUJIOB B
COCTaBe JIUICPOB OTMEUCHBI BOPOH — B MEPHOIbI 3UMHEH CTaOWIN3ALMU U TPE/I-
BeceHHUX KoueBOK (11 u 18%), ce0rooBhIi MIEroi U yedeTka — 3SMMHEN cTaOWIIi-
3aiuu (BMecte — 32%), IIeToll U COpoKa — MpH 3UMHHX KoueBKax (BMecte — 27%),
a TaxKe TTOCIECHUI BU — Ha MTPEIBECCHHUX KOUEBKAX W 10 OKOHYaHUH OCEHHETO
mponera (51 u 13%), 6anodan (Falco cherrug Gr.) — Ha IpeIBECEHHUX KOYEBKaX
(12%), momeBoit Bopobeit — BO BpeMst IMOCTIETHE3T0BEIX KOUeBOK (12%).

Cmenu. B cpefiHeM 1o ce30HAM caMble HU3KUE MOKa3aTeIn CyMMapHOTo 00u-
JIFSI CBOMCTBEHHBI HAaYaly U KOHITY ydaeTHoro rofa (32 u 53 ocobeti/km?). OCHOBY
COOOIIIECTB COCTABISIFOT OCEUIbIC U 3UMYIOIIUE BHUIBI — BPAHOBBIC, OBCSIHKH U
porarslii xkaBopoHOK (Eremophila alpestris L.). HeckonbKko BbIIIE MIIOTHOCTh HA-
CEJICHUS B NMEPUOABI 3UMHUX U IPeABECEHHUX KoueBOK (78 u 80) B OCHOBHOM
3a cuet ropka (Fringilla montifringilla L.), psOuHHUKA ¥ OBCSIHKH [0/17IEBCKOTO
(Emberiza godlewskii Tacz.). C nmepuozia MacCOBOTO BECEHHETO MpHJIeTa BIUIOTh
JIO TTOCJIETHE3IOBBIX KOUEBOK CyMMapHOE OOMIINE YBEINYMIOCHh BTpoe (¢ 224 1o
702 ocobeii/kM?), 4TO CBSI3aHO C TIPUIETOM MEPeNeTHBIX BUI0B (iepenen — Cotur-
nix coturnix (L.), yepHOTONOBBIA YeKkaH — Saxicola torquata (L.), kameHka Oe-
nanthe oenanthe (L.), caoBasi OBCSIHKa | JIp.), & 3aT€M U C BBUIETOM MOJIOJBIX (B
OCHOBHOM Y KaMEHKH, Ca/I0BOI OBCSHKH, TIOJIEBOTO BOPOOLs). B mepmox otiera u
OCEHHETO MpoJieTa IJIOTHOCTh HaceIeHUs yMeHbInaetces (o 145) 3a cuer otiera
OOIBIIICH YacTH MEepEeIeTHRIX M MPUKOUYEBKH MECTHEBIX BHIIOB (COpOKa).

B cpennem mo cezoHam BHIOBOE OOraTcTBO KoJieOneTcs B mpezesax oT 6 10
26 BUJOB, U3 HUX 5—19 (hoHOBBIX. Kak U B nipeapyIyIieM MeCTOOOUTaHHH, 371€Ch
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OTMEUCHBI CaMble HU3KME 3HAYCHMS OOIIero yrcia U GOHOBBIX BUIOB. B umcie
JUIUPYIOUIHMX 10 OOWITHIO 3aperucTpupoBano 14 BumoB. CocTaB ux Hanboee u3-
MeH4uB. Tak, 31ech He OTMEUEHO BIIa, KOTOPBIH OBI peobiaaal B TCUCHHE BCETO
roma. B mepBeie Tpu nepuona (3UMHsSI CTaOMIU3AIINS, 3UMHHE U MPEIBECEHHIE
KOYEBKH) ¥ B KOHIIC YIETHOTO rojia (OKOHYaHIE OCEHHETO IPoJIeTa U IpeI3uMHIe
MUTPALIUK) B UX YUCIIC 3UMYIOIIIE BUIbI — POTaThIil )XaBOPOHOK, FOPOK, OBCSHKA
Tomesckoro (30-93%). Takxke TONBKO B TIEPBBIA M TOCIEAHUM TTEPHUOIBI TIpe-
oOnagaer oObIkHOBEeHHAs OBCsiHKA (17 1 29%). BecHOH, 1eTOM U OCEHBIO JIH]HU-
PYIOT KaMEHKa U cajioBasi oBcsiHKa (BMecte 58—81%), nocturas MakcuMallbHBIX
3HAUCHHUH OOWJIMS B MEpUOA THe3noBaHus. M3penka B 4ymcie TUACPOB OTMEUCH
moJieBoi BopoOeit (Iepro/Iibl 3MMHEH CTa0WIIN3allii, MAaCCOBOTO BECCHHETO TIPH-
JeTa ¥ MpoJieTa, MOCIerHe3I0BbIX KoueBokK — 25, 12 u 13%), copoka (mepuon
3uMHeH ctabunmzanyn — 15%), pIOMHHUK (3UMHUX KOYEBOK — 31%), KOHOTIISTHKA
(Cannabina cannabina (L.), nmociaerne3noBeix ko4eBok — 10%), cu3blii roiayob
(Colomba livia L.) n ckBopent (Sturnus vulgaris L., 0TaeTa U 0OCEHHETO MPoJeTa —
10 u 28%), cenoronoBslil meroa (OKOHYAHHUS OCEHHETO MPOJIeTa U MPEA3UMHUX
Murpauuii — 25%,).

Kpynnwuit nocenok. J{isi OpHUTOKOMIUIEKCOB HACEICHHBIX MTYHKTOB XapaKTep-
HBI TIOCTOSIHHO BBICOKHE TIOKA3aTelIr CyMMapHOro oomius. B cpexmem mo ceso-
HaM KOJIMYECTBO NTHUI[ YBEIUYUBACTCS C Ha4anaa YIETHOTO rofa J0 IMOCIICIHErO
nepuona (¢ 685 mo 1407 ocobeii/km?), a B KOHIIE Toaa — yMeHbImaeTcs (10 920).
Bricokast TUIOTHOCTh HACENCHUS MITHII, IO CPABHEHUIO C JIPYTUMH MECTOOOUTA-
HUSIMH, B TCUCHHE TONIa OOBICHACTCS AOCTYITHOCTHIO M OONBIIAM KOJIHMYECTBOM
KOPMOB, B OCHOBHOM aHTPOIIOTCHHOTO TPOMCXOMKICHHS, 2 TAK)KE HATUYHUS YKPbI-
THi. B 1esioM XapakTtep IWHAMHKH CyMMapHOTO OOWJIMS CXOJIGH C TaKOBOH B
JIPYTHX OTKPBITBIX Ouoromnax. IIpu 3ToM B MOCeNKax B BECCHHE-JIETHEE BpeMs
CYIIECTBCHHOE YBEIMUCHHE ITOKa3aTeNeH IIPONCXOIUT KaK 3a CUeT MpUiIeTa mepe-
JICTHBIX BUJIOB, TaK U 3a CUET BHLJICTA MOJIOJIBIX Y OCEIJIBIX BUIOB (CHU3bIN rOIyOb,
JTOMOBBIN — Passer domesticus (L.) — u nioneBoit BopoObn). B mepnoj otiiera u
OCEHHETO MPOJIETa YBEINICHUE CYMMAapPHOTO OOWJIMS MITHIl CBSI3aHO C MUTPAI-
OHHBIMH TIOIBIYKKaMH (CKBOPEI], CaI0Basi OBCSHKA, MACKHPOBAHHASI TPSICOTY3KA),
a TaKKe C MPUKOYEBKON OOJIBIION CHHUIIBI U3 JICCHBIX MECTOOOUTAHUN. YMEHb-
[IEHUE TIOTHOCTH HACEJICHUS NTHI] B KOHIIC TO/Ia CBS3aHO C KOUCBKAMHU U Iepe-
pacrpeaeIeHieM MECTHBIX BUJIOB IITHII.

B cpennem mo cezonam HanmOOINbIIEe YHCIIO BUIOB 3a(UKCHPOBAHO B MTEPUO-
JIbl THE3JIOBAHMS, [TOCICTHE3IOBBIX KOUEBOK U OTJIETa, OCEHHEro mpoiera (21-27,
16—-19 — hoHOBEIX). B ocTanmpHOE BpeMs 3TH ToKa3are)n Hroke u 03k (14-16,
12—15 — ¢oHOBBIX). B uncne nuaepoB Mo OOMIUIO 3apETHCTPUPOBAHO MSTh BU-
noB. Becs ron mpeobnamaeT cusblii roy0b, ydacTiHe KOTOPOTO BBIIIE B IIEPBEIC
YeTBhIPE Ce30HA — 3UMHEH CTaOMIM3aIIUuH, 3UMHUX U TPEABECEHHUX KOUYEBOK, Mac-
COBOTO BECEHHeETO mpmieTa u mnposeta (32-49%), a B meproas! THE3TOBAHUS U
MOCJIETHE3/IOBBIX KOUEBOK MeHblle Ha 18-24%. B cocTaB nmuiepoB Takke BXOJAT
BOPOOBHY — MOJICBOW U IOMOBBIN. [Ipu 3TOM ¢ TIeproa 3UMHEH CTa0MITU3aIUuH 10
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MacCOBOTO BECCHHETO IPHJICTA U IIPOJIETa BKIIOYUTEIHFHO U B IEPHO OKOHUAHHS
OCEHHETO TposeTa U MpeA3UMHUX MUIpanuii npeodnagaer nonesoit (19-28%),
THE3JJ0BaHMS, TOCIETHE3I0BEIX KOUEBOK U OTJIETA, OCCHHETO IPOJIETa — TOMOBEIH
BopoOeii (61, 78 1 21%), a SMMHHUX KOUEBOK, MACCOBOTO BECEHHET0 IPUJIeTa, Po-
JIeTa ¥ OKOHYAaHUSI OCCHHETO MpoJieTa, MPEeA3UMHUX MHUTparmid — 06a Bunxa (33,
39, 42%). Kpome Toro, BO BpeMsi 3UMHE CTaOUIM3aIMH, OTJIETa, OCEHHETO Mpo-
JIeTa ¥ OKOHYAHUS OCEHHETO MPOJIeTa, MPEA3UMHNX MUTPAIIIH B YHCIIC JHICPOB
orMeueHa 6ounbias cuauua (13—18%), a B mocieaHuit mepuo — 1 OOBIKHOBEHHAS
oBcsiHKa (10%).

Pexa Kamyno. B niepuoj; IpeIBECEHHUX KOYEBOK, M0 CPABHEHUIO C 3UMHEH
cTabuim3anueil ¥ 3MMHAMHU KOYEBKaMH, CYMMapHOE OOMJIME B 3TOM MECTOOOH-
TaHuM yBenuuuBaercs (¢ 5 10 10 ocobeit/km?) BCIeACTBHE MPOCTPAHCTBEHHBIX
nepemeniennit onsniku (Cinclus cinclus (L.)) m BopoHa. [layiee MIOTHOCTh Ha-
CEJICHHSI BO3PACTAET B JIECATh pa3 B MEPUOJA MACCOBOTO BECEHHEIO NMpHIIETa U
mposiera (106), a mOTOM erie BABOE — BO BpeMsl THe3noBaHUs (225) B cBs3M C
mposieToM OeperoBoii JIACTOUKM U TiepeBo3uuka (Actitis hypoleucos (L.)). Hanee
cyMMapHoOe oOWJIMe BHOBb YMEHbINaeTcs BiBoe (98), a 3areM BO BpeMs OTJIETa,
OCEHHETO IponeTa — eme B 25 pas (4). B nepuoa okoHYaHUS OCEHHEro MpoJe-
Ta OHO Bo3pacTaet moutH Brpoe (11). YBennueHne cyMMapHOTO OOMIIHSI B KOHIIE
rojia CBs3aHO C MPUKOYCBKOH OJISIIKH.

B paccmarpuBaemMoM ypodumIiie BUIOB €Ile MEHbIIE, YeM B mocenkax. [lo ce-
30HaM BHJI0BOE OOrarCTBO YBEJIMYHBAETCS C Hadyajla roja BIUIOTH JO MEpUOia
rHe3moBanus — ¢ 1 10 18 BumoB (¢ 1 10 8 (POHOBBIX), JIHMIIH B TIEPHO MACCOBOTO
BECEHHEro npuieTa u npoiera GoHoBbix BUaoB Oomnbiie (10). Co BpemeHu mo-
CIICTHE3I0BBIX KOYEBOK 0OOIIIee YHCIIO 3aPETHCTPUPOBAHHBIX BHI0OB YMEHBIIACTCS
(c 14 10 5), a hoHOBBIX — cHauana cokpamaercs (¢ 9 10 1), a TOTOM BHOBB yBeJH-
YHUBACTCS PU OKOHUYAHUH OCEHHETO MPOJIETa U MPEA3UMHNX MHUTPAIHAX (10 4).

B uucne nuaepos mo 000 OTMEUEHO CeMb BUIOB. B mepuoibl 3uMHeii cra-
OWMIM3aIu, 3UMHHX 1 TIPEIBECCHHUX KOUEBOK, OKOHYAHUSI OCCHHETO MPOoJIeTa U
MpeA3UMHUX MHUrpaiui npeobnagaer onsnka (51-100%); npeaBeceHHUX Koue-
BOK ¥ MACCOBOTO BECEHHETO TIPHJIeTa, TIpoJieTa — Kpsikea (Anas platyrhynchos L.,
25-40%), a Taxke B MOCIENHUI U3 Ha3BaHHBIX NEepuoJoB — ropHas (Motacilla
cinerea Tunst.) 1 MackupoBaHHAs TPsCOTY3KU (BMecTe 49%). [Ipu rHe3n0BaHH
Y MOCJIETHE3/IOBBIX KOueBKax OoibIie Bcero OeperoBoit nactouku (79-83%), a B
MOCTICTHUN TIEPUO OTMEUEH B YHCIIE JHACPOB emie u nepeBo3dnk (10%). B me-
PHOI OTJIETa U OCEHHETO MpojeTa abCOMIOTHO MpeobiafacT OONbIIOi Kpoxasb
(Mergus merganser L., 85%).

Utak, A OTACTBHBIX MECTOOOWTAHMU, KaK U B CPEIHEM II0 TEPPUTOPHH,
HanOOIBIINE CyMMapHBIe TOKA3aTeIN HACEICHHUS IITUII IPHUCYIIN epHOTy THE3-
JoBaHMs Ha (pOHE OKOHYAHHS IPUIIETA, MPOJIETA U MECTHBIX MEPEMEIICHU;
HaMMEHBIINE — IS TIepHoIa 3UMHEH CTaOWIM3aliy, KOTJa B MHHUMAJIHHOM
KOJIMYECTBE OCTAIOTCS JIMIIb MOCTOSHHO BCTPEUAIOIIUECS U 3UMYIOIIHUE TITHUIIBL.
Paznmume mokasareneil ATHX MEPHONOB B CPEIHEM COCTABIACT MO0 CYMMapHOMY
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obwmto 710 17 pas. Ynucno BceX BCTPEUCHHBIX M (POHOBBIX BUJIOB B ATH ITEPHOJIBI
pasnmuaercs g0 8—18 pas. [lpeobnagaromuye BUABI COBNAAAIOT JIMIIb YACTUYHO
(110 KpYIIIOTOAMYHO BCTPEUYAIOIIMMCS BHJIAM ), HO JTOJIS JTUIESPOB IEPHOJIa 3SUMHEH
cTaOWiIM3aluy BBIIIE, YeM TEpUo/ia THEe3I0BaHUs Ha (JOHE OKOHYAHUS MpHIIETa,
[IpoJIeTa 1 MECTHBIX nepeMenienuii Ha 29—34%.

BecenHue u oceHHUE MEPUOBI TOXKE PA3TUYAIOTCS 10 CYMMAapHBIM ITOKa3are-
JISIM, HO MEHBIIIE, YeM JICTHUH W 3UMHHUU. [Ipr 3TOM B OOJIBIIMHCTBE MECTOOOH-
TaHU, KaKk U B CPEIHEM 10 TEPPUTOPHHU, 3TO CE30HBI MACCOBOIO BECEHHETO MPH-
JIeTa, poJieTa | OTIeTa, 0OceHHero mposieta. OJHaKO Ha pekax OOJbIe pa3IHdus
HaCeJICHUS B MEPUOJIbI MPEIBECEHHUX KOYEBOK M OKOHYAHUS OCEHHETO MPOJIeTa,
Mpe3UMHUX MHUTpaluii. B cpennem mmo Teppuropuu 3HaueHus B 1,2—2 pasa 00ib-
11I€ BECHOM, YeM OCEHBIO.

B niennom muist Hacenennst nTur cpeaaeropuii LlearpansHoro Anrast, Kak v moj-
MOCKOBHBIX CMEIIaHHBIX JIECOB, JecocTend [Iprnodbs u rokHOU Taiiru CpenHero
Vpana [1, 2, 5], HauOoJbIINE MTOKA3ATEIH, XapaKTEPU3YIOIIHE HACEICHHE TITHII,
MIPOCIIeKEHBI [T JIETHETO MEePUO/a, HAMMEHbIINE — 3MMHET0, MEHEee BCEro pas-
JINYAIOTCSl BECEHHUE M OCCHHHUE TIeprobl. [Ipr 3TOM i1t MeCTOOOUTaHHH CyITn
pasHATCS MOKa3aTeI MAacCOBOTO BECEHHEro MpujieTa, MpojieTa U OTJIeTa, OCEH-
HETO TIPOoJIeTa, a JUIsl BOJAHBIX COOOIIECTB — MPEJIBECCHHUX KOUEBOK Ha (pOHE Ha-
yaJia mpoJieTa 1 MpuiieTa, a TakyKe OKOHYaHHUS OCEHHETO MPoJieTa U MPEI3UMHUX
MUTpaLUn.

Buympuzoooeas ounamuka oprumoKomMnieKcos

st oToOpakeHHsI TOJ0BOY IUKIMYHOCTH PA3BUTHS IPUPOIBI, U B YACTHOCTH
JKU3HU NTHUL, TIOJNB3YIOTCS HE MPSMOK, a 3aMKHYTOW JTUHHUEH B Kpyr. OAHAKO JUIs
HACEJICHUS ITHUI] 3TO MOPOXKAACT WIUTIO3UIO PAaBHO3HAYHOCTH OTIIMYNH TIEPHOIOB
THE3/I0BOT0 U 3UMHET0 BPEMEHH T'0/la, a TAK)KE OCCHHUX M BECEHHUX MHTPALIUH.
B neiicTBUTENFHOCTH CXOACTBO BECEHHHX M OCEHHHX IEPHOIOB MOXKET OBITH
OONBIINM, YTO HEM30EKHO MPUBOIUT K HEPABHOMEPHOMY KPYrOBOMY OTOOpaske-
HUIO M3MeHeHnH Hacenenus nruil [ 1]. KpyroBsie cxembl MOKa3bIBaOT, 9TO PABHO-
yAAJIEHHOCTH TOJIIOCOB IMarpaMM yKa3bIBaeT Ha UMEIOMIUECs Pa3Inius B CTPYK-
Type HaceJeHHUs 1Mo ce3oHaM. COMmKEeHNe KaKuX-Iu0o TOOCOB (B pe3yibTaTe
VIUTOLIEHHS MU CHKaTHsI) COOTBETCTBYET CXOJACTBY CTPYKTYPBI MPUOIMKEHHBIX
YYacTKOB AWATPaMMBI, 1 HA00OPOT — yAaJIeHHE MOJIOCOB IPYT OT JIpyra CBUJE-
TEJNbCTBYET O Pa3Nn4MAX. BBHIKIMHMBaHUE y4yacTKa JUarpaMMbl yKa3blBaeT Ha
OIM30CTh KOMITOHEHTOB BHYTPHU KIMHA W UX CYIIECTBEHHOE OTINYHE OT IPYTHX
Y4aCTKOB.

Hecmotpst Ha mocTaTogHO OIH3KHE WITH MAIOPa3ININMBbIE 3HAUCHHS CyMMap-
HBIX TIOKa3aTesiell OPHUTOKOMILIEKCOB (IUIOTHOCTh, BUJIOBOE M (pOHOBOE Oorar-
CTBO) BECCHHHUX U OCCHHHUX IIEPHOJIOB, COCTAB WX HACEIICHHS BECbMa Pa3JIMucH,
YTO W TIOKa3all aHAJIU3 OPHUTOKOMIUIEKCOB C MOMOIIbIO KOA(PPHUIIMEHTOB CXOM-
CTBa W BBIBICHUS Ha UX OCHOBE KPYIJIOTOAWYHOW TMHAMHUKH HACEICHUS IITHII.



Buympuzo0ogas ounamurxa opHumoKomMnieKcos 147

Kongurypanms kpuBOi TOMUIHOTO IUKIIA H3MEHEHHI OPHUTOKOMIIICKCOB BCEX
00CIIeIOBaHHBIX JIECHBIX MeCTOoOOMTaHui cpenHeropuii LlentpanbHoro Anras
nMeeT GopMmy, OIM3KYHO K OKPYKHOCTH, YTO B OOIIEM BHJEC OTpa)kaeT Malioe
CXOZACTBO Kak JITHUX W 3UMHHUX, TaK U BECEHHMX M OCEHHUX BapHaHTOB Hace-
JICHWsI TITHIT MeXay coboi (puc. 1, A). OpHUTOKOMIUIEKCHI CEpEIMHBI M OKOH-
YaHMUA BECHBI, JIeTa M Hadala OCEHH OTKPBITBIX MECTOOOUTAHHM OTINYAIOTCS OT
OCTaJILHOW COBOKYITHOCTH TIOSIBJICHHEM BECHOW W MCYC3HOBEHHEM K KOHITY JIeTa
WJIM B Hauaje OCEHH MepeNieTHhIX U JOCTATOYHO MHOTOYMCIIEHHBIX BUIOB (T10JIe-
BOH >KaBOPOHOK, KAMEHKa, TIEperiesl, YepHOTOJIOBBIA YeKaH U ap.). I3MeHenus B
OOJbIIeH YacTH OCTaBLIETOCs rofia MOCTETNEHHBI, U MT03IHEOCEHHNE OPHUTOKOM-
IUIEKCH HACTOJIBKO OTIMYAIOTCS OT MO3IHE3NMHHX, HACKOIBEKO PAaHHE3UMHHE OT
panneBecenHux (puc. 1, ). CocTaB 3TUX BapHaHTOB HacelleHUs! cOIMKAET Mo-
CTOSIHHOE TIPHUCYTCTBHE YEPHOH BOPOHEI 1 COPOKH, 8 B CEHOKOCAX, KPOME HUX, — U
BOpoOHa. B kauecTBe yCTOWYMBBIX MOCETUTENEH B 3TH MEPUOJIBI CIIelyeT Ha3BaTh
3UMYIOIHX 3[I€Ch POTATOTO KaBOPOHKA, OBCSHKY [ O/IIEBCKOTO, UEUETKY, a TAaKXKe
KOYYIOIIMX B TIOMCKaX KOpMa CHErups, MMOJIEBOr0 BOPOObs, CEOT0JIOBOTO IIETIa
1 OOBIKHOBCHHYIO OBCSHKY. OTHOCHTENBEHO BBICOKHE ITOKA3aTeN CYMMAapHOTO
OOMIJIHA ¥ BHJIOBOTO COCTaBa B THX MECTOOOUTAHUSAX OMPEACISIIOTCS OIU30CThIO
MocesKa M TpeodimaganneM cBOOOIHBIX OT CHera y4acTKoB. IIpeOriBaHme Bpa-
HOBBIX B ATHX YPOUHMIIAX MOYTH KPYIJIBIA rojl 0OYyCJIOBJIEHO JOCTaTOYHOCTBHIO
KOPMOB, B TOM YHCJIC B CBSI3M C HUCIIOJIF30BAaHUEM STHX YPOUHII MO IMacTOMUIIa,
Y MeCTaMU CBAJIKH MHIIEBBIX 0TX0A0B. ONrcaHHbIE U3MEHEHHS MPEICTAaBUMBI B
BHZIE OKPYKHOCTH C BEIKIIMHUBAHHEM BapHAaHTOB HACEICHHS C arpeJist IO aBryCT
(CEHOKOCHI) HITH C arpest O CepeIuHy CEHTAOps (CTenu).

OueHp OXOKa Ha MPEABIIYIIHNE H3MEHCHUS THHAMIKA HACSIICHHS IITHUIT TI0-
cenkoB (puc. 1, B). IIpu aTom Oomnbliias 4acTh ToJa TaKXke onpeaesnseTcs nocre-
MIEHHOCTHIO M PaBHO3HAYHOCTHIO M3MCHEHHH, a BECEHHE-JIETHEE «BBIKIMHUBA-
HHUE» CBS3aHO C MOSBICHUEM U MOCIEAYIOUINM HCYE3HOBEHHEM MAaCKHUPOBAHHOM
TPSICOTY3KH M OTYACTH CKBOPIIA, a TAKKE YBEINYCHHEM OOWINS y TOMOBOTO BO-
poOBsl U YMEHBILIEHHEM Y CU30TO TOIyO0st, OONBIION CHHMIIBI, TIOJIEBOTO BOPOOBS
U COPOKH BCIICICTBHE TIepepacipeieneHus no manamadTam. [lonobHas muaaMu-
Ka — YaCTHBI Ciy4ail paHee pacCMOTPEHHOro Tura. B nocenkax oTnudaronmecs
BapUaHTHI MPEICTAaBUMEI B BUJE «IIETIOYKI» OTKIOHEHHH OT OKPYXHOCTH, UTO
OTpeeNsIeTCss MHTEHCUBHOCTBHIO BECEHHE-JIETHUX MUTPAIHA.

Heckonbko nHas AMHAMEKA MTPOCIIEKECHA B HACENICHUN NITHII pek (puc. 1, I).
31ech HaceNeHUe XO0JIOHOTO Nepruoja (C CepeluHbl OKTAOPS 10 CepeUHbI Map-
Ta) OMpEACIIETCS HAIMYAEM SIUHCTBEHHOTO 3UMYIOIIETO BUIA — OJIIKU — H
MIPEJICTAaBUMO B BHUJIE «ILIEMIOYKW» IMOCIEAO0BATEIbHO OTXOAAIMX Npod. CmeHa
00NIMKa OCTANbHBIX BAPHAHTOB HACENICHHS IITHII B TEUCHHE TO/la OMUCHIBACTCS
OKPY>KHOCTBIO.

HccnenoBanne KpyrioroqnYHON JTUHAMHKHM COOOIIECTB MTHIl CPETHETOPUI
HenTpanpHoro Anras MO3BOJMIIO JOMOIHUTH OOIIYI0 CXeMYy NpEeACTaBICHUH O
CTeU(HKe TOANIHBIX IUKIOB H3MEHUYNBOCTH OOINKA OPHUTOKOMILIECKCOB.
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Puc. 1. BapuaHThI C€30HHBIX IIUKIIOB HACETICHUS MITHII JIECOB (A4), OTKPBITHIX
MecTtoobuTtanuii (5), mocenkoB (B) u pek (/) B CpaBHEHUH ¢ (CHOIOTHYCCKIMHU CE30HAMHU.
Ce30HHbIEC IEPHOJIBI HACEICHUS MITHIL: @ — OTHOCUTEIBHOW 3UMHEH CTAaOMITH3aINHT;

6 — 3UIMHUX KOYEBOK; g — IPEIBECEHHNX KOYEBOK Ha (JOHE MpHUIIETa U MPOJIETa;

2 — MacCOBOTO BECEHHETO MPHJIETa U MPOJIETa; 0 — THE3I0BaHUS Ha POHE OKOHYAHUS
MPHJIETA, IPOJIETa M MECTHBIX MEPEMEICHHN; e — IOCIETHE3JOBBIX KOYEBOK; JiC — OTIICTa
¥ OCEHHETO MMPOJIETAa; 3 — OKOHYAHUsI OCCHHETO TPOJIeTa M MPEI3UMHIX MUTPAIUii.
deHonornyeckne cyoce30HbI: / — IEpBO3UMBE; 2 — ITyOOKast 3uMa; 3 — IMPEe/IBECEHbE;

4 — iepBOBeCeHbE; J — IecTpasi BeCHa; 6 — rojiast BeCHa; / — 3eJIeHasi BeCHa; § — MPeIeThe;
9 — neto; 10 — HavanmbHAs OCeHb; /] — TITy0oKas oceHb; /2 — npenasumbe; [-XII — mecsib

Panee nmokaszano, 4To 1S FOra €BpOIEMCKON YaCTH JIECHOM 30HBI U TOPHBIX
AHAJIOTOB FOKHOW TalirW Ypasia 3aMKHYTblE KpHBBIE AMHAMUKU OOJNMKa Hace-
JIeHWsI B OOJBIIIMHCTBE OOCIICIOBAHHBIX MECTOOOWUTAHHUN OTPaKaIH B IEPBYIO
oyepesib Pe3Kne OTIINYMS 3UMHUX U JIETHUX OPHUTOKOMIUIEKCOB OTHOCHUTENIBHO
OoJBIIeH OIM30CTH BECEHHUX U OCCHHUX [ 1, 5]. Bin3ka oKpy)KHOCTH TOJBKO M3~
MEHYHMBOCTH COOOIECTB NTHILl YPAIbCKUX MOCENKOB [5].

Coueranne (hparMEHTApHOCTH 3aJETAHUS CHEXHOTO MOKPOBA, ITIOCTOSHHOTO
HaJIM4YUsl KOPMOB, B TOM YHCIIE aHTPOINOI€HHOTO MPOMCXOXKACHHUS, U PaCIOO-
JKEHHS 00CIIeZIOBAHHONH MEKTOpHOW KOTJIOBHHBI B CTOPOHE OT OCHOBHBIX ITyTCH
MUTpaAi TpeAonpeaAesStoT TOAUYHBIA IIMKJI U3MEHEHUS] HACeJIeHUs MTHIl 00-
CJIEZIOBAaHHBIX MECTOOOMTAaHMHU, Topazno Ooliee OMM3KUN K OKPYKHOCTH, Y€M B
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Apyrux 06CJI€,[[OB3HHLIX peruoHax, MOCKOJIBKY CXOACTBO BECCCHHHUX M OCCHHHX
BAPUAHTOB OPHUTOKOMILJICKCOB cpezu{eropnf/i HaMHOI'O MCHBIIC.

3akirouenne

HawubomnbIiee cymmapaoe 00MIMe M BUIOBOE OOraTCTBO ITHUIL XapAKTEPHO LIS
JIETHETO TIepro/ia, HanMeHbIIee — 3UMHETo. MeHee BCEro Mo ATHUM MOKAa3aTeisiM
pa3nuyuaeTCcsl HACEIEHHEe NTHUIl BECCHHUX M OCEHHHMX NEepHOIoB. Pacmoioxenue
paiioHa HccieIoBaHUK B MEKTOPHOM KOTIIOBHHE 00YCIIOBHIIO KOH(UTYPAITHIO TO-
JMYHOTO [UKJIA M3MCHEHHMI HACEJICHUs ITHUI] 00CICOBAHHBIX MECTOOOHMTAHHUH,
ropaszio 6osee OIU3KYIO K OKPYKHOCTH, Y€M B JIDYTHX 00CJICIOBAHHBIX PETHOHAX.
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THE INTRAANNUAL DYNAMICS OF ORNITHOCOMPLEXES
OF THE CENTRAL ALTAI MIDDLE-MOUNTAINS

For revealing seasonal and intraseasonal dynamics of bird communities in the Cen-
tral Altai middle-mountains there was conducted a cluster analysis of the dates collect-
ed in Ust-Koksa (Altai Republic) on constant routes in seven biotopes from December
1998 till November 1999. The estimation of intraannual dynamics ornithocomplexes
was carried out on matrixes of P. Zhakkar coefficients of similarity with modifications
for the quantitative characteristics calculated for each of seven biotopes on 24 variants
and based on not metric scaling methods.

The analysis of bird communities of separate biotopes, as well as on average on the
territory, according to seasonal periods revealed earlier has shown that the greatest
total abundance of birds, species and background richness of birds are typical of the
period of nesting on the background of termination of arrival, flight and local movings;
the least — for the period of winter stabilization. The distinction of indexes of these
periods, on average, amounts the abundance in total up to 17 times. The number of
all encountered and background species during these periods differs up to 8—18 times.
Prevailing species coincide only partially (by yearlong round meeting species). The
spring and autumn periods differ in total indexes too, but it is less than in summer and
in winter. Despite close enough or slightly different total indexes values of ornithocom-
plexes (abundance, species and background riches) in spring and autumn periods, the
structure of their communities is rather distinguished, as the ornithocomplexes analysis
showed by means of similarity factors and revealing a yearlong round dynamics of bird
communities on their basis.

The configuration of a year cycle curve of ornithocomplexes changes of all sur-
veyed forest biotopes has the form close to a circle that, in a general view, reflects small
similarity of both summer and winter, and spring and autumn variants of bird communi-
ties among themselves. Bird communities’changes of open biotopes are presented in the
form of a circle with a wedge of variants of the communities of a warm season, which
is connected with occurrence in the spring and disappearance of flying and enough nu-
merous species by the end of summer or in early autumn. Changes in the rest of a year
are gradual. Ornithocomplexes dynamics of villages and rivers is a special case before
the considered type, where different variants are presented in the form of a «chainy of
deviations from a circle that is defined by the intensity of spring-and-summer migra-
tions (in villages) or by the presence of a wintering species — dipper water ouzel in riv-
ers (from the middle of October till the middle of March). Thus, a combination of snow
cover bedding fragmentariness, constant presence of forages, including that of an an-
thropogenous origin, and the arrangement of the surveyed mountain hollow away from
the basic ways of migrations predetermine a year cycle of bird communities changes of
the surveyed biotopes much closer to a circle, than in other surveyed regions.

Key words: dynamic of bird communities, ornithocomplexes, middle-mountains
of the Central Altai.
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!Buonoeuueckuti uncmunmym Tomckoz2o cocydapemeennozo ynueepcumema (2. Tomck, Poccus)
2Tomckuil 2ocyoapcmeennbiil nedazoeudeckutl ynusepcumem (2. Tomck, Poccus)

PEI'YASALUSA POCTA U PA3BBUTUS PACTEHUM
Brassica oleracea L. C IOMOIIBIO KOPPEKIINN
COJIHEYUHOI'O U3JIYUYEHUSA

Hccenosanue BoioHeHO IpH GuHaHcoBo nopnepxke OIIT «Hayunsre
U Hay4qHO-IIeJarorMyeckue Kaapbl MHHOBaLMOHHOU Poccuny Ha 2009-2013 rr.
(TK Ne I1283 ot 23.07.2009).

Uzyuanu 3asucumocmov pocma u pazeumus pacmenutl 6e10KOUAHHOU KANYCHbl
copma Touxka om Koppekmupogannoeo coaneuno2o usiyyenus. Iloxazana ounamuxa
cmpykmypel nobeza u opeanuzayuu omocuHmemuecko2o annapama pacmeHull npu
¢opmuposanuu paccaovl. Buvisigneno cmumynupyroujee oelicmeue IOMUHECYEHMHO20
uzyuenus @QryopecyeHmmblx nieHoK 8 KPAcHOU odnacmu CneKmpa na pacmsdiceHnue
JIUCMOBOLL NOBEPXHOCMU, HAKONAEHUe CYXoul duomaccel u xaopoguina a. Omcymemeue
JIOMUHECYEHMHO20 UTYYeHUs Y NIeHOK Ul e20 HeCMAadUIbHOCHb 80 8PEeMeHU CHOCOO-
CMBOBANU YBENUYEHUIO YUCTA APYCO8 Y PACMEHUIL.

KuarwueBsbie cioBa: Brassica oleracea L.; ¢nyopecyenmmuvie nienxu, KpacHwlil
ceem; cuHull cgem, (homocunmemuiecKue NUSMeHmMyl, YUcmas nPoOyKMuGHoCmy ¢ho-
mocunmesa, mopgozenes.

BBenenue

B Hacrosimiee BpeMs B IPAKTHUKE PACTEHHEBOJCTBA MIMPOKO HMPUMEHSIOT
(ryopecIieHTHBIE TOMUMEPHBIC TUICHKH, BRICTYIAIONINE B KAYECTBE CEIICKTHB-
HBIX (PUABTPOB comHeuHOro u3nydeHus [1—4]. Taxkue IuIeHKH 3a CUET BBEJE-
HUS B UX COCTaB (POTOMOMHHO(OPOB MPeoOpa3yioT 4acTh IITHHHOBOIHOBOTO
YO-u3nydyeHus B KpacHyro oOnacth cnekTtpa [5—7]. Mcnonb3oBanue ¢yopec-
[EHTHBIX TUICHOK B 3alUIICHHOM TPyHTE OOCCIIEUNBACT YCKOPEHHE IPOIIEeC-
COB JKHM3HE/IESTEIbHOCTH PAaCTEHHH W MOBBINIEHHE MX MPOJYKTUBHOCTH [2, 3,
8]. HammMy MHOTONETHHMH HCHBITAHHSMH B BETETAIIMOHHBIX COOPY)KEHISIX
1 J1a0OpaTOPHBIX (UTOTPOHAX, MOKPHITHIX MOAU(UIIMPOBAHHBIMH IUICHKAMH,
OBLIO IMOKA3aHO TMOBBINICHHE XO3SHCTBEHHON MPOAYKTUBHOCTH PACTEHUI OTHO-
CHUTEJIbHO KOHTPOJIBHOTO MOKPBITUS. PacTeHus, BbIpalieHHbIe MO MOIU(HIH-
POBaHHBIMH HOKPBITHSIMA, OTIIMIAUCh OT KOHTPOJIBHBIX OBICTPBHIM Pa3BUTHEM,
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BBICOKHMM YpOXKaeM M KadecTBOM TUTONI0B [ 1—4]. OcTaeTcst OTKPBITHIM BOIIPOC 00
ONTHUMAJIbHON BETMYMHE KOPPEKIMH COTHEYHOTO U3NyUEHUS JJI1 ONTUMH3AINH
KU3HEAEATEIbHOCTH pacTeHuid. IlpeacraBiseT HMHTEpec MOUCK MEXaHU3MOB
JEHCTBHSI CMEIIAaHHOTO CBETOBOTO MOTOKA HA PACTEHHUS MPHU ONTUMHU3ALUU HUX
CBETOBOI'0 PEXMMa BbIPAIIMBAHUS.

Lenp uccnenoBanus — U3y4eHHE BIUSHUS KOPPEKIIMU COITHEYHOTO M3ITYYCHUS
Ha POCT U Pa3BUTHE CEIIbCKOXO3SHCTBEHHOU KYJIBTYpHI Brassica oleracea L.

Marepuajbl 1 METOAUKH UCCJIET0BAHUS

B cBa3u ¢ onTHMM3annel YCIOBHW BBIPAIIMBAHUS CEIBCKOXO3AMCTBEHHBIX
KyJIBTYyp B YCIOBHSIX 3aIIMIIEHHOTO TPyHTa W3ydain Mopdodusznonornyeckue
OCOOCHHOCTH PacTeHHH OelIOKOYaHHOH KarycThl (Brassica oleracea L.) paHHe-
cnenoro copra Touka (cemeiicTBo Brassicaceae) mpu ucmosnb30BaHUH iryopec-
IEHTHBIX IUICHOK.

J71st KOppeKLUU COTHEYHOTO U3y4eHUs ObUTH BHIOpaHbI CTAaOMIN3UPOBAH-
HBIC ¥ HECTAOUIM3UPOBaHHBIC (DIIyOPECIICHTHBIC IUIEHKH C Pa3HONH WHTCHCHB-
HOCTBIO JIIOMHHECIIEHTHOTO U3JIy4eHUs B KpacHOH obnacTu ciekTpa (tadm. 1).
Hannuue crabmnmsaTopa oOecrieunBalio coxXpaHeHUE (PU3NKO-XUMHUYECKUX U
ONTHYECKUX CBOWCTB IUJICHKH, & CIEI0BATENbHO, U ITTUTEIBHOCTh BO3ICHCTBUS
KpacHoi obnactu crekrpa. TemmnuKku-KapKacel I0MAAbI0 B OCHOBAaHUU | M?
OBLITU MOKPBITHl HEMOJU(DULIIUPOBAHHON MOTUITUICHOBOH TJIEHKOH (KOHTPOJIb)
u payopecneHTHBIME TIeHKamMu TonmuHoN 0,120 MM JrabopaTopHbIX 00pa3-
1oB, npeaoctaBineHubix B.C. Paiinoit (kana. xuMm. Hayk, JOLEHT Kadenpsl op-
TaHMYECKOW XUMHH TOMCKOTO TOCYZapCTBEHHOTO IIEJaroTHYeCKOr0 YHUBEp-
CUTETAa), U3TOTOBJICHHBIX C MPUMEHEHUEM MOoIUMepHON kommosuruu [9, 10].
OiryopecrieHTHEIE TICHKH OT IOBEPXHOCTH IPyHTA paclojaraiich Ha paccTo-
saun 0,6 M, Hag pacteHussMu — ot 0,4 10 0,6 M B 3aBUCUMOCTH OT CpPOKa HX
BETeTaINN.

dorodu3nyeckue XapaKTEPUCTUKH IIJIEHOK PAcCCUUTaHbl MO CIEKTpam,
MOJIYYCHHBIM Ha criekTpomeTpe «AvaSpec 2048» (Avantes, Hunmepnauapl) u
akyctoontuueckom crekrpomerpe «Ksapu 3102B» (Poccus) mo metoaukam,
npencTaBieHHBIM B [7]. OCOOEHHOCTBIO (DIyOpeCIeHTHBIX (OTBITHBIX) MJICHOK
SIBIIIETCS UX CIIOCOOHOCTH mpeoOpa3oBbiBaTh okoyio 1% mnaparomein YO-A-
pajauanyy B H3JIyYCHHE KPAaCHOU 00JIACTH CIIEKTpa ¢ MAKCHMYMOM 615 u 626 HM
[11] ¢ uHTEHCUBHOCTHIO H3Iy4YeHus oT 3,9 10 20,6 OTH. €. B 3aBUCUMOCTH OT
TUIA U KOJIWYESCTBAa BBEACHHOTO B COCTaB (DIIyOPECHECHTHOH MICHKH JTIOMHHO-
(hopa. diryopeciieHTHBIE MIIEHKH 10 CPABHEHHIO ¢ KOHTPOJIeM (HEMOAUPUITUPO-
BaHHOM IUIeHKOH) nponyckaoT YP-A- nu YO-B-uznyuenue Menbiie Ha 5—-10%
3a CUET ero MOMIOMICHHS, OTPAKEHUS U PACCEUBAHUS YaCTUIIAMU JIIOMUHO(Opa,
a Taxke MpeoOpa3oBaHus €ro B KpacHBIN CBET. IHTerpanbHOE CBETOIIPOITYCKa-
HUe (pIyOpecleHTHBIX MJIEHOK MEHBIIE, YeM y KOHTPOJIbHOM IJIEHKH, BCETO Ha
0,33-0,98% (Tabm. 1).
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Tabnuma 1
DoTopu3nyecKne XapaKTEPUCTUKH MOTU(PHIIMPOBAHHBIX MJIEHOK /ISl TETJIHIL

HnrencuBHOCTD [Ipomyckanue naeHKaMu
JIOMHMHECUEHT- | MHTErpaib- |ypexrpoMarHuTHOro H3mydeHus, %
Bapuant | Crabunu- HOTO M3MIyde- | HO€ NPONYC- ™V yamason, um | DAP, M
TUICHKH 3aTop HMSI, OTH. €]I. KaHHue,
(nmsa poHE % 290-330 | 320400 | 380-710
HM
KonTpons - - 93,6 67,1 72,6 82,9
D-16 T622 20,6 (626) 93,2 50,5 57,3 63,5
o-15 T622 5,2 (626) 94,0 56,4 66,0 71,9
o-14 - 5,9 (626) 94,0 61,1 69,3 77,4
@-13 - 3,9 (626) 94,2 56,0 65,0 71,1
@-10 T622 17,6 (615) 93,8 59,1 74,4 79,0
-8 T622* —*F 75,1 49,8 63,6 68,9
*T622 — TuHyBUH 622; ** — CHHUN KpaCUTEIb.

B nporecce KyJabTHBUPOBAHUS PACTEHUH U3YHalld HAKONIEHUE OUOMACCHI U
cmpykmypy nobeza (Cyxyr OHOMaccy | JUIUHY o0era, KOJIMIeCTBO SIPYCOB, TLIO-
11316 JIUCTA BTOPOTO sIpyca, CYMMapHYIO IUIOIIA/Ib JIUCTOBOH MOBEPXHOCTH, Y-
CTYIO IPOAYKTUBHOCTE (hotocuHTe3a). Codepacanue xnopopuinos a u b (Xna u
Xnb) u kapomunouoos (Kap) onpenensinu cnekrpoporomerpudecku B 100%-HbIx
AIIETOHOBBIX PKCTPAKTAX PACTUTEIFHOTO MaTepHaa, pAaCCIUTHIBAS IO (OPMyTaM
[12]. Cmpyxmypuyro opeanusayuio me3oghuiia uydanu no Mmeroguxam [13], ams
Yero BBICEUKH M3 JIMCThEB 00MIeH Mmion@anpio 3,8 cM? (GUKCHPOBAIIM STAHOIIOM,
a 3areM Manepuposanau B 2,0-3,5 monb-3kB/1 HCI mpu Temneparype He BbllIe
90°C. Cycnien3un marepara JTIOBOJIMIN J0 5 MII ¥ TTOJICYMTHIBAIH YHCIIO KIETOK
B kamepe ['opsieBa (He MeHee 16 kamep BapuanTa). Jlajgee paccuUnTHIBAIMN o0LIee
YUC0 KIemoK Ha eMHUILY TUIONIA 1 JIMCTa (CM?) U IIeNIbIN JIKCT.

Craructuueckast oOpaboTka BbIMONHEHa B mporpamme StatSoft STATIS-
TICA 6.0, a moctpoenue rpadgukoB — B nporpamme MS Excel 2003. [lanHbIe
MIPEJICTABIICHbI B BUJIE CPETHUX apr(PMETHUECKUX 3HAYEHHH pOCTOBHIX (n = 50) u
OMOXUMHUYECKHX (N = 5) mapaMeTpoB ¢ IBYCTOPOHHUMH JIOBEPUTEIHLHBIMU HHTEP-
Basiamu. [Ipu cpaBHEHUH TPYIIIT paCTEHUH, pa3INYarOLIUXCS 110 YCIOBUSAM BbIpa-
[IMBaHUS, BBIIBIIIN CTATUCTHICCKH 3HAYMMBIC OTIIMYHUS H3yUCHHBIX ITapaMeTpPOB
[0 CPaBHEHHIO C KOHTpoJeM ¢ y4eroM t-kputepusi CreroneHrta mis 95%-Horo
ypoBHs 3HaunMocTH [14]. Kpurnueckuil ypoBeHb 3HAUMMOCTH TIPHU MPOBEPKE
CTaTUCTUYECKHUX I'MIIOTE3 B HCCIIeJOBAaHUH PHHUMAaIICS paBHbIM 0,05.

PesysabTarsl HccaeqoBaHus U 00CYKIeHIE

B xome wuccnenoBaHus YCTAaHOBUJIM 3aBHCUMOCTH MOp(oreHesa pacTeHUi
Brassica oleracea L. oT 1eWicTBUSI KpaCHOTO CBETa Pa3IUYHON WHTCHCUBHOCTH,
MOJyYEHHOTO TPU JIOMUHECIEHIUH JIFOMUHOGOpa, U paadanuu B odmactu YO
¥ cyMMapHO# (horocuHTeTHYeCKH akTHBHOU paauarun (PAP) (cm. tadm. 1). [o
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IMHAMHKE POCTOBBIX ITOKa3aTeel pacTeHHI OIEHUBAIN CKOPOCTH TIPOXOXKACHHS
HAYaJIbHBIX ATANIOB OHTOTE€HE3a U ONTUMYM YCIOBHHU [ (POPMUPOBAHUS TEXHH-
YECKHU 3PENION paccaabl KayCThL.

B pesynbrare ucciieoBaHusl yCTaHOBHIIM, YTO HA HAyaJIbHBIX 3Tanax pa3BU-
THS TIPEUMYIIECTBO B POCTE TOMydaidu pacTeHust noj mieHkamu ®O-13 u d-10.
Pactenust xamyctsl Ha 20-¢ cyT uMmenu Oombinyio JuinHy mobera Ha 15 u 21%
COOTBETCTBEHHO (puc. 1). B To ske BpemsI yBeIHUYCHHE YHCTa SPYCOB IIPOUCXO-
o nof TieHkamMu @-10 u @-16 Ha 20 u 30% COOTBETCTBEHHO, 110 CPAaBHEHHIO
¢ KoHTposieM. HanbGosee GnaronpusiTHbIE yCIOBHS JiIsl (QOPMUPOBAHHS CyMMap-
HOU JTMCTOBOM MOBEPXHOCTU pacTeHUi co3naBanu mieHkH O-10, O-14, O-13 u
@-16 (B 2 pa3a, Ha 40, 38 1 22% COOTBETCTBEHHO OOJIBIIIC KOHTPOJIS), TOT/IA KaK
noj ieHkoil d-8 orMeuanu MHrUOUPOBAaHUE PACTSHKEHUS JTMCTOBOM MTOBEPXHO-
ctr Ha 20% 10 CPaBHEHUIO C KOHTPOIBHBIMHU pacTeHusAMH. [TogoOHBIe pocTOBEIE
peakiuy npu aJaiTaliy PACTEHUH K YCIOBUAM M0 TUIGHKaMU OBbUIH COMPSIKEHBI
C MHTEHCUBHOCTHIO U criekTpoM m3nyuenns KC, ypoBuem npomyckanns OAP u
Y®-usiryuenus.

[MonmoxwurenbHbIil 3dekt neiicTBust ycnoBuit noxa mieHkamu O-10 u d-16,
MO-BUJIUMOMY, OBbLIT CBsi3aH ¢ 0oJiee BHICOKOW MHTEHCUBHOCTBIO KPACHOTO CBETa
(KC) u Oosee HU3KOM MHTCHCHBHOCTHIO YD-A, Torna Kak OTPHUIATSIILHBINA d(-
ekt O-8 MOKHO OBUIO OOBICHUTH OTCYTCTBUEM JIIOMUHECIICHTHOTO U3ITyUYCHHS
n 0oJiee HU3KOM MHTEHCUBHOCTHIO M3yueHust AP (cm. tadm. 1). [Ipu aTom ort-
Medanu O0onbinyro 3ddekrnBHOCTh KopoTkoBosHOBOro KC ¢ mimHoi 615 HM,
10 CpaBHEHHIO ¢ 626 HM. YMeHbIIeHHe mpoiryckanus B oomactu GAP B psy
00CYX/1aeMBbIX TUIEHOK COIPOBOXKAAIOCH TAK)KE€ CHHYKEHHUEM CTHMYJIHPYIOLIETO
a¢dexTa oT npuMeHeHHs TUIeHOK. HaOnroaeMblil B HaIlleM SKCIIEPUMEHTE CTH-
myaupytoumit s ekt aerictBus KC Ha pocT JMCTOBOM MOBEPXHOCTH KaIlyCThl
cornacyeTcs ¢ JaHHBIMU IS JPYTUX BUAOB pacteHuit [4, 15-19].

[ocnenyromue HabmONEHNs 32 Pa3BUTHEM paccajibl KallyCcThl TIOKa3all yBe-
nIgeHre aOCOMIOTHRIX Pa3MepoB modera ¥ JICTOBOW MoBepXHOCTH. Ha 23-1 cyT
AKTUBHBIN POCT (YUCIIO APYCOB U MOBEPXHOCTH JIMCTHEB) CTAOMIILHO Oobecreyu-
BaJy ycioBus moj TuieHkod ®-10, Torma kak moj mieHkod ®-8 poct moberos
MO-TIPeKHEMY TOPMO3WIICA (MaJleHbKasi IUIOIIAAb JUCTbEB, KOPOTKUH TOOer)
(puc. 1). 3ameUIeHHBIA POCT PACTSHKEHUEM TPU YBEIMUCHHHM CHUHEH o0iacTh
(CC) cnekrpa AP (mnenka @-8) conpoBoxkaancs CHIKEHHUEM HaKOIIJICHUS CY-
X0# Omomaccel (puc. 2), 9To OTMEUAIH U IpyTrue aBTops [ 15—18].

B nporiecce panpHeiiiero pa3BuTrs KoJeOaHNs BHEITHUX YCIOBUH U3MEHSITU
POCTOBBIE PEaKIIMK PACTEHUI B OTBET Ha JACHCTBHE KOMIUIEKCHON COJTHEYHOM pa-
JUAllMY B 3alUIIEHHOM TpyHTe. Hanbonee OGnaronpusTHbIe YCIOBUS UL pOCTa
nucTa co3naBanuch moa wieHkamMu ®-10, ®-13 u d-15, garo BeIpakanoch B ak-
TUBHOM PaCTSIKEHUU JTUCTOBON MOBEPXHOCTH (pHUC. 1) M HAKOTUIEHUH OHOMACCHI
(puc. 2) y 33- u 35-1HEBHBIX PaCTCHHI.

3a nepuof ¢ 33-x 1o 35-e CyT pacTeHus KammycThl (OPMUPOBATH 7-sIpYyCHBII
mo0er, ONTUMAJILHBIN JIJIsl paccalibl Ha CTaIUN TeXHUYecKoi 3penoctu. K 35 cyr-
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KaM PaCcTeHHsI XapaKTephu30BaIMCh Oomblied amuHoi modera (P-13) wiu 6oib-
muM 9uciioM sipycoB (D-14 u @-8) (puc. 1), HakaruMBaIKM OOIBIIYIO CYXYIO
ouomaccy (d-10, @-13, O-15 u D-16) (puc. 2), popMupys OONBIIYIO TOBEPX-
HOCTb JIUCTHEB. [Ipy 3TOM HAMOOJNBIIYIO [UIONMAb JTHUCTOBBIX [UIACTHHOK UMENH
pacteHusi, Beipocire noj ieHkoi @-10 (B 2 paza Oombiiie KOHTPOIIA).

W3 Bcero BBIMIEU3IIOKEHHOTO CIIEJOBANIO, YTO KOPPEKIUS COTHEYHOTO U3ITY-
yeHus B oomactu YO u KC obecrneunBania onTUMaIbHBIN poCT (UIHMHA 1ooera,
YHCIIO SIPYCOB, IIONIA (b TIOBEPXHOCTH JINCTHEB) PACTEHUI OEITOKOYaHHOM KaIry-
CTHI copra Touka 1o CpaBHEHUIO C KOHTPOJIEM.

IonoxutensHblit 3¢p¢dext neicTBus Ha (GopmupoBaHue (GoTOCHHTEIUPYIO-
el MOBEPXHOCTH PACTCHHI OKa3bIBajl0 OONBITHHCTBO BAPHAHTOB HCCIIEAYyE-
MBIX IUICHOK. YBEJINYEHHE CyXOl OMOMACCHI ONpe/IeIIsIN yCIOBUs O/ IUIeHKa-

mu ®-10, ®-13, O-15 u O-16.
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Puc. 1. PocToBsie mapaMeTpsl pacTeHHid OEITOKOYaHHO! KaIrycThl copta Touka,
BBIPAIICHHBIX TI0]] PA3THIHBIMH (IIyOPECIEHTHBIMH IUICHKAMH.
* CTaTUCTUYECKU 3HAYMMBIC OTIHYHS OT KOHTpoIs (p < 0,05)
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Puc. 2. Cyxas Guomacca 1 YMCTasi IPOYKTUBHOCTb (DOTOCHHTE3A pacTeHHU
KaIlyCThl, BBIPAILIEHHBIX M0 ()ITyOPECIEHTHBIMHU TOIUITUIEHOBBIMH ILIEHKAMU

[Ipu aTOM, OTHAKO, YLUCMAA NPOIYKMUBHOCHb (POMOCUHMEe3d PACTSHUN KaITy-
CTBI TIOBBIIIAJAch 3a nepuoa ¢ 30-x mo 35-e cyt y BapuantoB ®-10, ©-14, O-15
u @-8 coorBercTBeHHO Ha 75, 28, 22 u 18% 1o cpaBHeHMIO ¢ KOHTposieM. [ lien-
ka @-10 cozgaBana ycioBusi, B KOTOPBIX PACTEHUS Pa3BUBAIUCH HA MPOTHKEHUH
BCETO 3KCIIEPUMEHTA JIydllle, YeM 10/l 0OBIYHOW TOJIMATHIICHOBOH IUICHKOH, 1O
BCEM MapameTpam U K 33-M cyT obecnieunBasia pOpMUPOBAHUE Paccaabl TEXHHU-
YECKOU 3PEIIOCTH.

OnTHyeckre CBOMCTBA JHMCTHEB ONPEACISIOTCS aHATOMHUUYECKUM CTPOSHUEM
TKaHEHl JIMCTa, COCTOSHUEM IMUIMEHTHBIX CUCTeM. [ XapaKTepHUCTUKU opra-
HU3auu (POTOCHHTETHUYECKOTO anmapara HCIoIb30Balld pa3Mephl JIMCTOBOM T10-
BEPXHOCTH, O0IIIEe YNCIIO KIICTOK MApCHXMMBI B SIMHHATIE TUIOIIAH U B IIETIOM JIH-
CTe W COJIepKaHUe 3eJIEHBIX M KENThIX MUTMEHTOB ()OTOCHHTE3a, PACCYUTAHHOE
Ha eIMHUILY IUIOLIA/IN JINCTA U ThICAYY KJIETOK.

Usydenue mezocmpykmypsl AUCTa KalyCThl MPOBOIMIN Ha 2-M sipyce. [lpu
HCCIJIEZOBAaHUM PACTEHUM YYUTHIBAJIM, YTO KPOME BO3pacTa LEJIOr0 PAacTEeHHs
CYILIECTBYET BO3PACT KOHKPETHOTO JIMCTA, TaK KaK MIPUPOCT PACTEHMS OCYIIECT-
BisieTcs MeramepaMu. KakIplif HOBBIHM JIMCT KUBET «CBOEH KHU3HBIOY, T.€. C MO-
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MEHTa TOSBIICHHS OH IPOXOANT BCE CTaIUM pa3BUTHA. OIHAKO HA eT0 (OPMHUPO-
BaHUE OKAa3bIBAIOT JCUCTBUE KaK JOHOPHO-AaKLIENTOPHBIE OTHOMICHUS C JPYyTUMHU
CTPYKTYPHBIMHU dJIEMEHTaMH T00era, Tak u (hakTophl BHEIIHEH cpernsl. JJoHop-
HO-aKILIENITOPHbIE OTHOIIECHUS] MOXKHO PAacCMaTpUBaTh Kak (PaKTOp PHIOTCHHOU
perymsiu Mopgorenesa. OHI TOIICPKUBAIOTCS 32 CUCT MEePEpacpeiCICHIs B
pacTeHuu npoaykToB (POTOCHHTE3a U (PUTOTOPMOHOB. B sKcIiepruMeHTe aHAIN3U-
POBAII MOJIOION aKTUBHO pacTyiui (3-u cyT) u 3aBepiuuBimii poct (10-e cyT)
JIUCT BTOPOTO sipyca.

Hamu uccnenoBanus nokasanu, uto Ha 20-e CcyT pa3BUTHs y PacTEHUH BCeX
BapHaHTOB Ha4YMHAI (POPMUPOBATHCS JIUCT 3-TO sipyca, TOr/a Kak JHCT 2-To sipyca
HaXOJWJICS Ha CTaAUU pacTshkeHUs. CBUIETENIbCTBOM aKTUBHOTO PacTsKEHHUs 110-
BEPXHOCTH MOJIOJIOTO JIUCTA CITY>KUJIO YMEHBILIEHHE KOJUYECTBA KIJIETOK B €INHU-
LI€ IOBEPXHOCTH U B PacyeTe Ha JIMCT ONBITHBIX PACTEHUH IO CPABHEHUIO C KOH-
TposieM (puc. 3), CBsI3aHHOE C MPEBBIIIEHUEM CKOPOCTH PACTSKEHHUS KIIETOK HaJ
HX JieJieHueM B 3ToT nepuoa. OnHako B Bapuante ®-8 OTMETHIIM YMEHbILEHUE
JIUCTOBOW TIOBEPXHOCTH M KOJIMYECTBA KJIETOK OTHOCUTEIBHO APYTHX OIBITHBIX
BapUaHTOB, YTO, BEPOSITHO, OIIPENEIIATIOCH TOPMOKEHUEM IIPOLIECCOB KaK PacTs-
KEHUS, TaK U JIeICHUS! KIIETOK.

AHaToMO-MOp(HOTOTHIECKHE UCCISIOBAHISI POCTa JICTA BTOPOTO sipyca Io-
Ka3alu OOILIyI0 TEHIEHIMIO B U3MEHEHHUU CTPYKTYpPHl Me30(HIUIa, CBHICTEINb-
CTBYIOLIYIO O CXO)KHX IIpoLeccaX, IMPOUCXOJAIIUX B HEM I10J] KOHTPOJIbHOU U
OTBITHBIMH TJIEHKAMH M 3aBUCHMBIX MPEXJE BCETO OT 3HJOTCHHBIX (PaKTOpOB,
Cpenr KOTOPBIX MOXKHO BBIICITUTH (PU3HOJIOTUIECKOE COCTOSHHE JHCTA, aKTHB-
HOCTb KOpPHEH U COCEIHUX JIUCTheB. Tak, B paHHUE NEPUOJIbl OHTOTEHE3a, Koraa
(oTocHHTETHYECKAs TPOXYKTUBHOCTh OTPaHWYCHA, & MOTIIOTHTENbHASI H MeTa-
Oonuyeckasi JesTENbHOCTh KOpHEH elle cinabasi, GOpMUPYIOTCA MEIKUE JIUCThSL.
BricTpoe u 0OnnbHOE MOCTYIUIEHHE aCCHMIIIATOB M KOPHEBBIX METa0OIHTOB B
(hopMUpYIOIINE TUCThA, a TAKIKE aKTUBAIHMsI COOCTBEHHBIX OMOCUHTE30B OIpeie-
JIAIOT pa3Mepbl JTUCTHEB.

B xone ¢opmupoBanus iucTa B TeueHHE 7 CYT IUIOMIAb €r0 MOBEPXHOCTH
yBenuumiack B 3—4 pasza B 3aBUCUMOCTH OT BapuaHTa. OHOBPEMEHHO YBEJH-
YUBAJIOCHh 00IIee YHUCIO0 KIETOK Me30(uijia B JIUCTE, YTO CBUAETEIBCTBOBAJIO O
MIPOJTIOJKAFOIIEMCS] KJICTOYHOM JICJICHUH B MAJMCaIHON TKaHW. [1om0OHBINA BbI-
BOJI HANpPAIIWBAETCSI UCXOJ M3 U3BECTHBIX JIAHHBIX O HEOIHOPOJHOCTH POCTO-
BBIX IPOLIECCOB, CBA3aHHBIX C Pa3HOU MPOJOKUTENBHOCTBIO AETIEHUS U PacTs-
JKEHUs pa3IMyHbIX TKaHel jucrta [20]. Panblne Bcero 3akaHuMBaeTCs JeJIeHUE 1
pacTshkeHHE KIICTOK AIHICPMHUCA, 3aTeM I'yO9aTod MapeHXUMBI H B ITOCIICTHIOIO
oyepe/ib — JeNieHHE KJIETOK MaluCcaJHON MapeHXUMBbI U PAaCTsDKEHHE UX B BBICOTY.

VY OIBITHBIX pacTEeHUH AOCTOBEPHO YBEIMYUBAIOCH KOJIMYECTBO KJIETOK Me-
30¢uia B JUCTE MO0 CPABHEHMIO C JINCTOM KOHTPOJIbHBIX PACTECHHA. AKTHBAIIHS
KJIETOYHOIO JIEJIEHUS JIMCTa, O-BUAMMOMY, IPOM30LLIA BCIEICTBUE YMEHbIIE-
HUS UHTEHCUBHOCTH Y®-H3JIy4eHHUs] ONBITHBIMHU IUJIeHKaMu. BaxHocTe Y®-
W3IIYYEeHHS U PETYJSIIIUU pOCTa JIMCTa TOKa3aHa rpynmnon aBTopos [21, 22].
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HeiictBue YO-b-uznydenus Ha pacTeHre 00yCIIOBINBACT YTONIICHHUE JIUCTa, KO-
TOpOE CHIKAeT MpOHUKHOBeHUEe YD-b BHYTph TUCTa U TAKUM 00Pa30M 3allHIa-
eT ()OTOCHHTETHYCCKH aKTHBHBIC KIETKH ME30(HLIa.
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PACTEHUH KaIlyCTbl, BBIPOCIINX MO/ Pa3HBIMH (IyOpPECLEHTHBIMHU IICHKAMH

HccnenoBaHne NUHAMUKU NMUTMEHTOB (OTOCHMHTE3a B JIUCTBSAX 2-TO sipyca
pacTeHui KalyCThl BBIIBIIIO 3aBUCHMOCTB MX YPOBHS OT BO3pacTa JIMCTa U YCIIO-
Buil ocBeleHus oA (pIyopecleHTHBIMY IeHKamu (puc. 4). Haubonee aktus-
HBII ¥ TPOJOIDKUTENBHBIN POCT JIMCTA PH 100AaBIEHUN HI3KOIHEPTeTHIECKOTO
U3Iy4eHus KpacHoil obmactu cnekrpa (mox mieHkamu @-10 Ha 3-u cyt u @-15 Ha
10-e cyT) cCOMPOBOKIAICS COXPAaHEHHEM COJIEPKAHUS (POTOCHHTETHYCSCKUX TIHT-
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MEHTOB B €MHHIIE TUIOLIAIU JICTA HA YPOBHE KOHTPOJIS, YTO CBUJETENBCTBOBA-
70 00 UX JOHOJIHUTENBHOM CHHTE3e de novo. bonee paHHee 3aBepIlIEHUE POCTa
JIICTA U CHU)KEHHE B HEM COJIEP)KaHM 3€JEHBIX U KEIThIX TMTMEHTOB IIPU CHU-
KEHUH MHTETpajibHOrO n3nyueHus 3a cueT YO u AP (nmox ruenkoit @-8) Morio
YKa3blBaTh HA CTAPEHUE JIUCTA, a MOSABIECHHUE CIEAYIOIIETO Apyca — Ha OlepeKa-
IOLIEE Pa3BUTHE PACTEHUIL.
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Puc. 4. Conepxanue MMrMeHTOB (POTOCHHTE3A B JINCTBSIX 2-TO sipyca 23—35-THEeBHBIX
pacTeHUi KamyCThI, BRIPOCIIHX I10]] Pa3HBIMHU (DITyOpeCIeHTHBIMH IIJICHKAMHI

Pacuer coneprkanus porocuHTeTHYSCKUX MUTMeHTOB Ha 1 000 KiIeToK moka-
3aJl, 4TO IO/ BCEMHU BapuaHTaMH (DIIyOpECUEHTHBIX TUIEHOK CO3JJaI0TCs YCIOBUS,
OJaronpusATHBIC ISl CHHTEe3a XJIa, ONHAKO PAa3THYHBIE MOAM(UKAIINH TIIICHOK
HEOJHO3HAYHO BJIMSIIOT Ha TOT MpOIecC. YBEIMUeHNEe NHTEHCUBHOCTH JIIOMU-
HECIICHTHOTO HM3Jy4YeHHUs C JUIMHOW BOJHBI 615 m 626 HM COOTBETCTBEHHO /0
17,6 u 20,6 otHOCcuTenbHBIX eauHMUIL (TUIeHKH D-10 u D-16, cM. Tabn. 1) npuso-
JIAJIO K TIOBBIICHHUIO YPOBHS XJla M KapoTHHOHIOB B pacuere Ha 1000 kierok
MOJIOJIOTO JIUCTa. B mpoliecce pocTa jHMcTa COXpaHSUICA MUTMEHT-CTUMYIUPY-
ot 3¢ (GeKT IIOMUHECIISHITNH ¢ JUTMHON BOJIHBI 615 HM. MHTEpecHo To, 4To
JUISL MOJIOZIOTO JIUCTA UMEIIO 3HadueHue He Tonbko KC, HO M ypOBEHb KOPOTKO- 1
JUIMHHOBOJIHOBOTO Y®-U3j1yueHusl. YMEHbLIEHUE JOIM 9TOr0 U3J1yueHus (IJIeH-
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ka ®-13 u ®-8) oOycIIOBIMBAIO aKTUBHBIA CHHTE3 (POTOCHHTETHYCCKUX ITHT-
MEHTOB B MOJIOZIOM JIHCTE.

B mpomiecce pocta nucta mox rmieakoi ®-8 mporcxoanno 3HAYUTENTFHOE CHH-
xeHue (B 1,5-2 pasza) IMIMEHTOB Kak B €JMHUIIE IIOIIAAHN JICTA, TAK U B pacueTe
Ha 1 000 KIIeTOK, 1T0 CPaBHEHHIO C APYTUMH HUCCIIETyEMBIMHU TNIEHKaMH. JTO MOT-
J10 OBITH CBSI3aHO C OoJIee paHHUM 3aBEPLICHUEM POCTa JIUCTA, a CJIEA0BATENIBHO,
C €0 CTapeHHEM.

Jis KapOTMHOMOB M3BECTHA 3alUTHas (PYHKIUS XJIOpo(MILIOB OT (HoTo-
OKHCJICHUSI, BCIEACTBUE ATOTO UX YPOBEHb MOXKET CITY>KUTH WHIAUKATOPOM (OTO-
3amuThl porocuHTeTHUecKO hyHKImu. ITox minenkoit @-10 mpu JOCTATOUHO BbI-
cokoM ypoBHe YD-A n AP HakarmBaeTcsi CTAaTUCTUIECKY 3HAYNMBINA YPOBEHB
KapoTHHOUAOB B pacuere Ha 1000 kieTok, 4To 00YyCIOBIMBAET U MOBBIIIEHHBII
ypoBeHb Xia 1 XJb, a ClIeI0BaTeIbHO, H (POTOCHHTETHICCKYIO aKTHBHOCTH JIU-
cTa 2-ro Apyca Oosee JIuTeabHOE BpeMs. IloryueHHBIE pe3yabTaThl CONIACyOTCs
¢ gaHHbBIMH [23].

ITo nuTepaTypHBIM JaHHBIM CYIIECTBYET HECKOJIBKO MPENONIOKEHUI O BO3-
MOXXHBIX MEXaHHM3MaX NEHCTBUS KOPPEKIMU COJTHEYHOTO M3Iy4eHHUs (iyopec-
LIEHTHBIMU IJIEHKAMHU Ha POCT U pa3BUTHE pacTeHUil. Bo-mepBhiX, yBenuueHue
nonu KC B cBeTONMOTOKE MOBBIIIAET CHHTE3 TUTMEHTOB [ 19]. Bo-BTOphIX, yBEH-
yeHue Jonu BosaekcTaytomero KC Ha xsopoduin yBeTu4nBaeT HHTCHCUBHOCTD
¢dorocunTesa [19, 8]. B-TpeThbux, MPOUCXOJUT CBETOBOE HACKHIIICHUE PEaKIIHMA
y pacTeHHi 3a CueT yBEIMYEHHs KOJHUECTBA MOJE3HOH PHEPrHM B pe3yibrare
npeoOpazoBanus Y®-paguanuu JIOMHHOGOPOM B IUICHKE U Xjopoduiuiom [5],
CTUMYNUpYIOIei nporecc (oToCUHTe3a. B-4eTBEpTHIX, B PETYNSILUN yUacTBY-
ot crenupudeckue poropenentopsl KC ¢ mMHON BOTHBI MPUOIU3UTEIHLHO
600 uM [24].

Hcxons u3 mpeAcTaBIeHHBIX BEIIIE PE3YIBTATOB UCCIeOBaHUN MOp(doreHesa
KaIyCTbl, MOKHO TOBOPHUTB O BIIMSIHUU BCETO0 CKOPPEKTHPOBAHHOTO COJHEYHOTO
W3Ty4eHUs Ha pacTeHue. KoppeKus COMHETHOTo H3IMYUICHUS cpa3y 0 HECKOIIb-
KHUM NapameTpaM (MHT€HCUBHOCTh YD-A- u YO-B-uznydenus, PAP u usmyue-
HUS B KPACHOM 00JIACTH COJIHEYHOTO CITEKTPa) 00yCIOBIMBAET N3MECHEHIE NHTCH-
CHUBHOCTH POCTOBBIX MPOIECCOB, KOHTPOJIUPYEMBIX HECKOJIbKUMH dHJOTC€HHBIMU
PETYIATOPHBIMU CHCTEMaMH — (POTO- ¥ TOPMOHAIIBHON CHCTEMaMH, UX B3aNMO-
nelictBreM. B cBsI3U ¢ 3TUM OONBIIYIO PONb B afaNTallud PACTEHUI KaIyCThl K
KC n Y®-A-u3nydeHuro Ha YpOBHE POCTOBBIX U OHOXHMMHUYECKUX OTBETOB Pac-
TEHUI MOXKET UTPaTh COBMECTHOE ACHCTBUE PETYISATOPHBIX (DOTOPELIEIITOPOB Ce-
MericTBa puroxpomoB (phy A—D) u kpunroxpomos (cry 1-2). [TonTeepxaenuemM
JAHHOTO TIOJIOXKEHUSI MOTYT CIIy>KHTh Hallli 0oJee paHHHUE UCCIIEJOBAaHUS CBETO-
BBIX MYTaHTOB MOJICNILHOTO pacteHust Arabidopsis thaliana (L.) Heynh sxoruna
Landsberg erecta [25-27], npencraBuTenst Toro >xe ceMeiictBa Brassicaceae, kak
u Brassica oleracea L. B mabopaTOpHBIX YCIOBHSAX TP HCHONB30BAHUH JIAMIT
BUJUMOTO M YIBTPa(UOIETOBOTO M3IYHYEHUH MOX (IIyOpeCUEeHTHOH IJICHKOH
®-10 moka3zaHo, 4TO NPH HApPYyIISHUH CHHTE3a puToxpoma B y pacTeHnii MmyTaH-
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Ta hy3 OBUI CHW)KEH YPOBEHb (DU3HOIOTHYECKIX OTBETOB HAa JICHCTBHE KPACHOTO
CBETa HU3KOW MHTEHCUBHOCTHU, & KOMIICHCATOPHBIE MEXaHU3MBI 33 CUET PabOTHI
¢uToXpoMa A W KPHUIITOXPOMHOW CHCTEMBI y MyTaHTa ObUTH Maliod3()()EeKTHBHBI
[25]. Y pacrenuit sy3, KynbTUBUPOBAHHBIX 107 (PIyOPECHEHTHOM IJICHKOH, TOp-
MOYKEHHE TIPOIECCOB POCTA, Pa3BUTHS U yMEHBIICHNE CEMEHHON MPOIYKTHBHO-
CTH OBUIM CONPSKEHBI C YMEHBILIEHHEM COIEPKaHUS PETYIATOPOB POCTa 3eaTu-
Ha, HHAOIHI-3-yKcycHoU U abcim3oBoit kucioT (MYK u ABK) u ¢ yBenmudenuem
YPOBHS CBA3aHHOW (HOpMBI IIUTOKUHUHOB (prOO3Ma 3€aTHHA) MO0 CPABHEHUIO C
muKuM tatioM Ler [25]. B orcyTctBHE oTopernientopa Kpuntoxpoma 1 y MyTaH-
Ta y4 OTMEYEHO YMEHBIICHUE JMCTOBOM MOBEPXHOCTH U €€ OMOMACCHI, IPH ATOM
camxanock conepxxanne MYK u 3earnna otHocurensHoO Ler. Tlomyuennsie nan-
HBIE CBUAETEILCTBOBAIM, UYTO U3Iy4eHHE, NMPOIIeAiee yepe3 GIyopecleHTHYIO
mwieHKy ®@-10 ¢ MAaKCHMYMOM JIFOMUHECIICHTHOTO HU3Iy4eHHs B 00J1acT 615 HM,
OKa3bIBaJl PETryJSITOPHOE JEHCTBHE HA CKOPOCTh POCTOBBIX pEaKluil uepes ak-
THUBALHUIO (PUTOXPOMOB M KPHIITOXPOMOB, U3MEHSIONINX TOPMOHAIBHEIN OamaHc
pacTeHuil. DT ke rpynmsl (HOTOPELENTOPOB OTBEUAIOT 3a MOTIIONIEHHE JIyuei
3eneHol (3C) gacTu ciekrpa [26, 27], Hecylel HauOOJBIIYIO YaCTh YHEPTUH B
CIIEKTPE COIHEYHOI'O CBETA.

CoracHO HaHHBIM JPYTHX aBTOpoB, YO oka3piBaeT ocHOBHOE (84%) wHTH-
Oupytoliee JeicTBUE HAa POCT MOJOIBIX JIMCThEB apaOUAONCHca TOMA MPSIMbIM
COJIHEUHBIM H3NyueHHeM [28]. M3MeHeHuss MOPQOIOTHH pacTCHUH MOTYT OBITH
CBsi3aHbl ¢ YO-UHAYIMPOBAaHHBIMU W3MEHEHUSIMHU B COZEp)KaHUM (DITaBOHOMJIOB,
KOTOPBIE SIBIITIOTCS SHAOT€HHBIMHU PErYIATOPaMH CKOPOCTH TPAHCIIOPTa U OKUCIIE-
HUsI (PUTOTOPMOHA MHJOIMITYKCYCHOM KUCIIOTHI [29], a ciefnoBaTenbHO, FOMEoCcTa-
3a ayKCWHA, Ha M3MEHEHMS KOTOPOTO YKa3aHO B Hamlel padore ¢ muieHKoi YD-10
[25]. OTpunarensHas KOppessILUs MEXIY coaep)kaHueM (IIaBOHOUIHBIX TIHUKO-
3HJIOB ¥ BHICOTOH M OTHOCHUTEIILHBIM POCTOM TIOKa3aHa Jist Betula pendula [30].

3akiouenne

CKpUHHUHT POCTOBBIX PEAKIIMI pacTeHUI OeIOKOYaHHOW KamycThl copta Tou-
Ka, BBIPALICHHBIX MOJT (PIyOpEeCIIEHTHBIMU IJICHKAMHU C Pa3HBIMH CIIEKTPaMH Mpo-
myckaHus (Tabi. 1), mokasai, 4To HanboMbIIas cyxas onomacca (OpMHUPOBAIIACH
B YCJIOBHUSIX CO CHIDKEHHOH aosieli YO U CTaOWIBHBIM M3IIyY€HHEM B KPacHOM
obactu criektpa (P-15, P-16, D-13 u P-10). DdhdekTuBHOCTD aganTauu pac-
TEHUH K MEHSIOIIUMCSI yCIOBHUSM OCBEIIEeHHs ObLIa 00yCIOBIeHa JTa0MIbHOCTBIO
(OTOCHHTETHYECKOTO armapara, KoTopas oOecledrBaia PacTeHUSIM aKTHBHBIN
poct u pasButue. YBenmuuenue nonu KC mon ¢iyopecueHTHbIMU MJIEHKaMU B
IpUCYTCTBAN YD-M3ITydeHrs MIPUBOIAWIO K IIOBBIIMICHHIO CONEPKAHUS KapOTH-
HOMJIOB U XJa B pacuete Ha 1000 KJIETOK JIMCTa pacTeHUs KalyCThl, a CHIKe-
Hue noau YO (290-330 HM) B CBETONMOTOKE Ha (pOHE OOMNBINEH HHTEHCHBHOCTH
®OAP u 3aryxaromeit kpacHoii gocBeTkd (P-13 u ®-14) — k pocTy uncaa ApycoB.
J7s mony9eHus paccaibl KaIryCThl TEXHHIECKOU 3peIoCTH Oblla peKOMEHI0BaHa
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(ryopecuienTHas TuieHka Mapku @-10, XxapakTepu3yomasics JIOMUHECIICHITEH B
KpacHOHM 00JIaCTH CIIEKTpa U CHIbKeHneM nponyckanus YO. Hanbonee cradbuib-
HBII 3 EKT TPOSBISIICS TIPH BRIPANIMBAHWN PACTCHUH 10| TUICHKOW C MaKCHMY-
MOM JIFOMUHECLIEHTHOTO U3Iy4eHust 615 HM. OnHaxo 3¢ (heKTUBHOCTE 3TOM IUIeH-
KH B PETYIAILNH POCTA MOIVIa OBITH CBSI3aHA HE TOJBKO C YBEIHYCHHEM KPacHOU
00JIaCTH CHEeKTpa, HO U OOJbIIeH gosel Bcex o0nacTeil BUAMMOTO CIeKTpa (CM.
tabmn. 1, mponyckanne @AP 1o cpaBHEHHIO ¢ IPYTUMH ONBITHBIMH IUICHKAMH).
BosMoxHO, coxpaHeHne BbICOKOTo ypoBHS GAP B COTHEUHOM H3JTy4eHUN YMEHbB-
1aJI0 HETaTUBHEIE JeHcTBUs YD-u3mydyeHus, npexae Bcero YO-b.

B kadectBe MexaHu3Ma IEHCTBHSI KOPPEKTHPOBAHHOTO (IyOpeCLeHTHON
TUICHKOH CONTHEYHOTO HM3IYYCHUS Ha MOp(OTeHe3 pacTeHHH BBICTYIAIOT (OTO-
PETYASTOPHBIE CUCTEMBI pacTeHUil, cocTosue U3 (HOTOpelenTopoB CEeMEUCTB
KPUIITOXPOMOB U (pUTOXpOMOB, mortomaromux cootBerctBeHHo CC, 3C n YD-A
u KC. B cuctemy TpaHCIYKIIMH CBETOBOTO CHTHAJIa MOXKET BOBJIEKATbCS TOPMO-
HanbHEIA KoMInTekc, coctosmui n3 UYK, ABK u nuroknanaoB. Kommencamus
HEraTUBHOTO JeiicTBUsl YD-U3yueHs] BO3MOXKHA TakKe Yepe3 WHAYKLIHUIO CHH-
Te3a (OTONMPOTEKTOPOB ((PIABOHOHIOB, KAPOTHHOHJIOB).

Ucnonn3oBanue (GpiayopeclieHTHBIX MJICHOK MO3BOJISET LENeHANPABICHHO U3-
MEHSThH CIEKTPAJIBHBIA COCTAaB COTHEYHOTO CBETA, YTO MOJKET CIY)KUTHh Ba)KHBIM
HWHCTPYMEHTOM B HCCIIEIOBAHUU 0COOEHHOCTEH (hOTOPETyIsIIUY PaCTEHH B ecTe-
CTBEHHBIX yCIOoBHAX. OCOOCHHO NEPCIIEKTHBHO TaKOe HANpaBIeHUE MCCIeIOoBa-
HUH B CBSI3U C BOBMOXKHOCTBIO OBICTPON peann3alnu pe3ylbTaToB Ha MPaKTHKE.
B xagecTBe Mozmemny It OHOJIOTHYECKOTO TECTUPOBAHMS YCIOBHH TOX (ryopec-
LEHTHBIMH TUICHKAMH MOXKET OBITh MCIIONB30BaHbl PACTEHUS, KYIbTUBUPOBAHHUE
KOTOPBIX BOCTPEOOBAaHO paCTEHHEBOACTBOM. B KadecTBe OT3HIBUMBOIT CBETOKYIIb-
TYPBI MOXKHO HCIIOJIB30BaTh KAIlyCTy, TAK KaK KIMEHHO 3Ta KyJIbTypa B YCIOBHUAX
3amagHoi Cubupu TpeOyeT MpUMEHEHHS PaCcCaJHOTO CIoco0a BhIpAIIUBaHUs, a
MONTyYeHHEe paccajbl TEXHUUECKON 3pesIOCTH MPOBOAAT B 3alIMIIEHHOM IPYyHTE.
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REGULATION AND DEVELOPMENT OF Brassica oleracea
PLANTS GROWTH WITH THE HELP OF SUNLIGHT CORRECTION

Now scientists study the agriculture technologies that increase plants productivity
and regulate their vital activity. It is especially crucial for food crops. In agricultural
practice there has been recently found application of fluorescent films luminescent in
the spectrum red area due to UV radiation absorption by luminophor loaded into their
structure. The optimum size of solar radiation correction for optimization of plants
development is not investigated. Search of action mechanisms of the mixed light
stream on plants is of interest. In this connection, the purpose of research was study-
ing influence of solar radiation correction on growth and development of an agricul-
tural crop of cabbage.

In the experiment we studid the influence of solar radiation correction on growth
and development of Brassica oleracea L. plants Tochka variety depending on the type
of used fluorescent films. Experimental films differed in spectrum, intensity and lumi-
nescence stability, which were defined by type and quantity of inserted luminophor. We
applied fluorescent films luminescent in spectrum red area with maxima in wavelengths
615 nm and 626 nm and radiation intensity in the range from 3,9 to 20,6 relative units.

As a control we used plants growing under a not modified film. Growing energy of
sprouts, linear and quantitative growth parameters and biomass accumulation were
estimated. The content of photosynthetic pigments was defined by a spectrophotometric
method. The analysis of growth and biochemical parameters of plants was carried out
during vegetation period after 20-35 days.

Production process of plants was substantially determined by the intensity of pho-
tosynthesis. First of all, it’s the formation of photosynthetic apparatus itself (leaves
area, amount of the leaf mesophill cells and content of photosynthetic pigments), sec-
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ondly — productivity of photosynthesis (dry weight, net productivity of photosynthesis).
Biomass accumulation occurred at the expense of substances synthesized in the process
of cell division, shoot expansion and increase in the number of storeys. In the process
of the experiment a stimulatory action of red light on expansion of leaves surface and
stem, content of chlorophyll a was found. Red light promoted development of cabbage
plants and increased their dry weight. The increase in luminescent radiation intensity
with wavelength 615 nm and 626 nm accordingly to 17,6 and 20,6 relative units (films
@-10 and ®-16) resulted in an increase of Chl a and carotenoid level in counting on
thousand cells of a young leaf of the second storey. In the process of leaf growth
the pigment-stimulating effect of more short-wave luminescent radiation (615 nm)
remained. The reduction of the part of short- and long-wave UV radiation in total
solar flux (films ®-13 and ®-8) caused active synthesis of photosynthetic pig-
ments in the young leaf and cell division in the process of leaf growth.

The obtained data allow recommending F-10fluorescent film for increasing produc-
tivity of Brassica oleracea L. plants Tochka variety.

Key words: Brassica oleracea L.; fluorescent films, red light; blue light; photosyn-
thetic pigments; net photosynthesis productivity; growth and plant development.
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AHAJIN3 TPAHCKPUIIIIUU TIJIACTUAHBIX TEHOB
Hordeum vulgare B TEMHOTE

HccnenoBanus BBIIOIHEHEI IpH (pHHAHCOBOU noaaepskke PODU
(rpanTbl Ne 11-04-90806-m06_cT, 12-04-90716-M00 _cT).

C nomowbo Memooa run-on mpancKpunyuu u3yiena mparckpunyus 16 niacmuo-
HbIX 2EHO8 6 NEPBbIX IMUONUPOBAHHBIX Tucmbax siumenst (Hordeum vulgare L.). Ananu-
3upyemvle eeHbl OMHOCAMCS K PYHKYUOHANLHO-PANUNHBIM SPDYRNAM 2€HO8 NIACTOMA.
Ipesicoe 6ceco amo 2etvl, NPOOYKMbL KOMOPLIX BLINOIHAION NEPEOCMENEHHYIO POIb
ons peanuzayuu pomocunmesa: 2envl pomocucmem 1, I, een 6onvuoii cybvedunuywl
PE®DK, AT® cunmemasnozo komniexca — atp — u cyoveounuya F HAJJOH niacmoxu-
HoHoKcudopeoykmazvl — ndhF. Cpedu eenog «0omawine2o X033Ucmeay Ovblia u3yieHa
MpaHcKkpunyusi 2ena, kooupyiowe2o ff cyoveounuyy PHK-nonumepasvr baxmepuanvro-
20 muna (rpoB), eenvt 168 u 23S pubocomnoti PHK (rrnl6 u rrn23); eenvot mPHK-1y
u mPHK-Tup (trnE-Y). B pe3ynomame npoeedeHHbIX UCCie008aHuUll HaMu NOKA3aHA
oughpepenyuanvras mpaHcKpunyus NIACMUOHBIX 2EHO8.

KitroueBble cJ10Ba: SUMeHb, NIACMUOHbLE 2eHbL; FUN-0R MPAHCKPURYUSL, SIMUOTAYUS.

BBenenue

Juig peanu3anuy OCHOBHOM DHEPreTHUECKOW (PYHKIIMH CBETa PACTEHUSAM He-
00xoauMo chopMHUpoBaTh (HOTOCHHTETHUECKHH armapat. Oco0oe BHUMaHKE TPH-
BJIEKAeT MPOIECC PETYNALNU TPAHCKPUIIIUK B CBS3U C TEM, YTO TPAHCKPUIIIIHS
SIBIISIETCSI TIEPBBIM JTAIMIOM SKCIIPECCUY TEHOB M OT HEE 3aBUCUT HE TOJIHKO KOJIH-
yecTBO UHAMBUAYanbHbIX MPHK, HO 1 HakorsieHue 6ejKa, 4To MpsiMo BIMSET Ha
TPEBpAIICHNE dTHOIIACTOB B XJIOPOILIACTHI U MEPEXO]] ATHOIMPOBAHHBIX pacTe-
HUH K aBTOTpohHOMY NuTaHHI0. Cpeu MHOTOYHCICHHBIX METO/IOB HMCCIIEA0BA-
HUS, TTO3BOJISIIONINX OIEHUBATh OTHOCUTEIIBHOE CONIEp)KaHNe WHIMBHTYalIbHBIX
PHK B kjeTke, MOXHO BBIJICIUTh METOA MUKpOUHIOB, [II{P B pearbHOM Bpeme-
HU, HO3EPH- U JOT-THOpUIN3allii. EJMHCTBEHHBIH METOM, JIEMOHCTPHUPYIONITUI
BKJIaJ] TIpoliecca TPAHCKPHUIILUHU B peryasuuio cogepxxanus MPHK u nossossto-
[N OTPEACTUTh CKOPOCTh TPAHCKPHIIIIMKA T€HOB, — METOJI IUN-0oNn TPAHCKPHII-
uuu [1]. JaHHbI METOJ OCHOBaH Ha CIIOCOOHOCTH M30JMPOBAHHBIX OPraHEN B
TEUCHHNE HETPOJOHKUTEIHFHOTO BPEMEHH OCYIIECTBISITH TPAHCKPHUIIIIHIO TEHOB.
B namem uccnenoBaHuu ¢ MOMOILIBIO METOJA Tun-on TPAHCKPHIILIMK OIIEHHBA-
J1ach TPAHCKPHITIIHS TJIACTUIHBIX TEHOB IMMPOPOCTKOB STAMEHSI.
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Marepuajbl 1 METOANUKH UCCJIET0BAHUS

Jns aHanm3a SKCTIPECCHH TUTACTHIHOTO TEHOMa SIIMEHS Ha YPOBHE TpaHC-
KPHITIUH HAYaJIbHBIM 3TATIOM SIBIISICTCS BBIZICIICHUE XJIOPOILIAcToB. [Ipu Beigene-
HUH XJIOPOIUTACTOB MCIIOIB30BANN CTYIEHYATHIH rpagueHT mnepkoia (40 u 70%),
KOTOPBIii IIO3BOJISIET OYMCTHUTh XJIOPOIUIACTHI OT AP M MUTOXOHAPHIA M OTJCITUTh
WHTAKTHBIC XJIOPOTUIACTHI OT pa3pylIeHHBIX. i janpHeimed paboTel Opaiu
5x107 XJIOPOILIACTOB LISl KAXKIOTO BapUAHTA.

[omcuer KommuecTBa XJIOPOILIACTOB MPOM3BOIIIN HAa MHKpOcKore Micros
MC 100 (ABcrpus) B kamepe PozenTans—@Pykca. CuHTE3 MEUEHBIX TPAHCKPUII-
TOB B XJioporuiactHoM Jm3are, JIHK-PHK rubpuansanuio n Skcno3uimio Hek-
JIOHOBOW MEMOpaHbI C PEHTT€HOBCKOM TIEHKOW MPOBOAMIM COIIACHO METOIUKE
TpoBeIeHuUs run-on ananusza [ [-3].

[Mocne rubpunn3anyu pagnoakTHBHBIC CHTHAJIBI OTCKAHHPOBAIU H OLU(PO-
Banu, ucrosb3yst Phosphorimager Typhoon Trio (ckanep Typhoon TRIO+ Vari-
able Mode Imager ¢ makerom nporpamm Typhoon Scaner Control) u ImagerQuant
TL Control Centre («GE Healthcarey, CIIIA).

Pe3ysibTarsl Hcciie0BaHNus U 00CYy:KIeHe

Hamu mpoananmsnpoBana TpaHCKPUITIHUS 16 ITACTHIHBIX TEHOB SIMEHS, OT-
HOCSIIMXCS K (YHKIMOHATBHO-PA3IHUYHBIM TPYIIIaM TeHOB IUiacTtoma. [Ipexie
BCET0, TO TCHBI, MPOXYKTHl KOTOPHIX BBIIONHSIOT TEPBOCTEIICHHYIO POJIb IS
peanuzanuu (HOTOCUHTE3A: TeHbl GoTocucteMs! I — psa (psad u psaB), porocu-
cremsl 11 — psb (psbA, psbD u psbK), ren 6oinbiioi cyosenuauibl PEOK (rbel),
AT® cunTerazHoro koMiuiekca — atp (atpB) u cyorenununa F HAJIOH mnacrto-
XUHOHOKCHUIOPEIYKTa3bl — ndhF.

Cpenu TEHOB «JIOMAITHEro XO3sMCTBa» OblIa M3y4YeHa TPAHCKPHIIMS I'eHa,
koaupyromero ff cyorenuaniy PHK-nomumepassr 6akrepuanbHOro THmA (rpoB),
renbl 16S u 23S pudocomuoit PHK (r7nl6 n rrn23); renst TPHK-Ilmy u TPHK-
Tup (trnE-Y) u np. IlogpoOHOE oNMCcaHUE aHATM3UPYEMBIX TCHOB TIPUBEICHO B
crarbsx Kravtsov et al., Zubo et al. u Bork [4-6].

PanmoaBrorpadsl THIIIYHOTO OTBITA, MTOTYyYSHHBIE B XO/IE rUN-0N SKCIIEPIMEH-
Ta C IJIACTHIAMHE 3 TIEPBBIX JINCTHEB STHOIMPOBAHHOTO STUMEHSI, I HHTEHCUBHOCTD
TPAHCKPHIIIINH, BRIPA)KCHHAS B YCIOBHBIX €IMHUIIAX, TIOKa3aHbI Ha puc. 1, 2.

PanmoaBrorpaMma pesyasTaToB run-on TPAHCKPUIIMK HO3BOJISET BBIACIUTD
TPU YCIOBHBIE IPYIIIBI TEHOB C BEICOKOM, CPEAHEN M HU3KOM TPAHCKPUITLIHOHHON
aKTHBHOCTBIO. Tak, K rpyIie reHaM ¢ BBICOKOH TPaHCKPHUIIMOHHOW aKTHBHO-
CTBIO MOJKHO OTHECTH TCHBI, IIPOAYKTHI KOTOPHIX BBITOTHSAIOT HE TOJNBKO IEPBO-
CTEIIEHHYIO pOJIb JUIs peali3aliy mpolecca (OTOCHHTE3a U KOIUPYIOT OeKH
tdorocucremsr 11 (psbA u psbD), 6onbinyto cyobenuaniy PEBOK (rbel) nu ATO-
cuHTa3y (atpB), HO ¥ TEHBI «JJOMAIIIHETO X035HCTBA, KOJUPYIONIHE PUOOCOMHBIH
oenok (rrnl6) u Tpancnoptayto PHK (trnE/trnY).
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ndhA | ndhA | petL | petL | rpl33 | rpl33 rpsl6 | rpslé
5 rrn23 | rrn23 | atpB | atpB | trnE-Y | trnE-Y | rpoB rpoB
psbK | psbK | rbcL | rbcLl | ndhF | ndhF | rrnl6 | rrnl6
psaA | psaA | psaB | psaB | psbA pshA psbD | psbD

Puc. 1. Paguorpamma pe3ynsTaToB run-on TPaHCKPUIIUK: A —
parorpaMma pesyJbTaToB run-on TpaHCKpUMIIUK; b — cxema
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Puc. 2. IHTEHCUBHOCTH TPAHCKPHUIIINU IITACTUAHBIX TEHOB TYMCHSA

B rpymmy co cpemHeilt TpaHCKpUOIIMOHHOW AKTHBHOCTBIO MOXKHO BKITHO-
yuTh TeH Qotocuctemsl [ (psaB), ren psbK, xomupyromuii K-cyonenunuiry
(3,9 x[la) dporocucremsl 11, u rersr pudocoMHubIX OenkoB (r7n23 u rpsl6). Cpe-
U TCHOB, MPOSIBISIOIINX HU3KYI TPAHCKPHUIIMOHHYK aKTHMBHOCTb, MOXKHO
BBUICTUTE TeHbl, koaupytoume F (ndhF) n A (ndhA) cyobeqmanier HAJIH-
IJTACTOXMHOHOKCHIOPENYKTa3bl, 'eH L cyObennnuibl nuroxpoma b f (petl) u ren
pubdocomuoro 6enka L33 (rpl33) (puc. 2). TpaHCKPHITITUOHHAS aKTHBHOCTH JIBYX
T€HOB 3THOJIMPOBAHHBIX JTHUCTHEB SIUMEHS — psad U rpoB — B TeMHOTE HE MPOsIB-
JISUTACh.
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3akir0ueHne

Takum 0Opa3om, B pe3ysibrare NPOBEICHHBIX HCCIISIOBAHUI HA ATHOINPOBAH-
HBIX HPOPOCTKAX SIUMEHS HAMU TOoKa3aHa AupdepeHIranbHas TPaHCKPHUITIHS
TUIACTU/THBIX TeHOB. M3 16 aHaIM3MpyeMbIX T€HOB HauOOJIbIIas HHTEHCHBHOCTb
TPAHCKPHUIIIMH OTMEYCHA IS TCHOB, KOJUPYIOMIHX O0eku (potocuctemsl 11 (pshA4,
psbD u psbK), 6onbyto cyosenunuity PEOK (rbel), ATO-cunrassl (atpB), pu-
0ocomHbIe Oenku (rrnl6, rrn23 u rpsi6) v rensl Tpancnioptaoit PHK (trnE/trnY).

Jlumepamypa

1. 3ybo A.0., Kysueyos B.B. llpuMeHeHHE METO/Ia TUN-0n TPAHCKPUIIIUU JUIS U3YYCHUS pe-
TYJSIIUH DKCIPECCUH IuTacTHIHOro reHoma // dusnonorus pacrennit. 2008. T. 55, Ne 1.
C. 114-122.

2. E¢pumosa M.B., Kysneyos B.B., Kpasyoe A.K. u dp. OCOOEHHOCTH 3KCIPECCHHU IUTACTHIHOTO
TeHOMa U pa3BUTHUs pacTteHuit Arabidopsis thaliana ¢ HapyIICHHBIM CHHTE30M OpacCHHO-
crepouioB // @usnonorus pacrenuii. 2012. T. 59, Ne 1. C. 32-39.

3. 3v60 A.0., Ambypenro M.B., Kpasyos A.K. u op. OTIeneHHbIC OT PACTCHUMN JTUCThS SITYMCHS
KaK 3KCIEPUMEHTAIbHAS MOJICIb JUISl H3yUYCHHUS PErYJISALNUN LIUTOKUHHHOM TPaHCKPHUIILIHN
TIacTUIHBIX reHoB // @usnonorns pacrenuid. 2009. T. 56. C. 609-618.

4. Kravtsov A.K., Zubo Y.O., Yamburenko M.V. et al. Cytokinin and abscisic acid control plastid
gene transcription during barley seedling de-etiolation / Plant Growth Regulation. 2011.
Vol. 64. P. 173-183.

5. Zubo Y.O., Yamburenko M.V., Kusnetsov V.V, Bérner T. Methyl jasmonate, gibberellic acid,
and auxin affect transcription and transcript accumulation of chloroplast genes in barley //
J. Plant Physiology. 2011. Vol. 168, iss. 12. P. 1335-1344.

6. Bock R. Structure, function, and inheritance of plastid genomes // Topics in Current Genetics.
Vol. 19. 2007. R. Bock (Ed.): Cell and Molecular Biology of Plastids. P. 29-65.

Iocmynuna 6 peoaxyuio 21.07.2011 2.

Tomsk State University Journal of Biology. 2012. Ne 2 (18). P. 166170
doi: 10.17223/19988591/18/17

Marina V. Efimova' 2, Alexander K. Kravtsov?, Viktor V. Kusnetsov?

!Biological Institute of Tomsk State University, Tomsk, Russia
*Timiryazev Institute of Plant Physiology of the Russian Academy of Sciences, Moscow, Russia

THE ANALYSES OF PLASTID GENE TRANSCRIPTION
Hordeum vulgare IN DARKNESS

Experiments were performed with the leaves of barley plants (Hordeum vulgare
L.). The seeds were germinated in soil in the climate-controlled chamber in darkness
at 20-22°C.First true leaves detached from 6-day-old seedlings were used. The age
was counted from the moment of seedling emergence above the soil surface. Plastid
isolation and run-on transcription in plastid lysates were performed as described
Zubo and Kusnetsov, 2008. Etioplasts were isolated from etiolated plants under dark
green light and purified in the discontinuous gradient of Percoll (40 and 70%). In
vitro transcription was run for 10 min at 25°C in the lysates of 5 x 107 chloroplasts
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in buffer. Fragments of the tested genes (1 ug) were loaded on the nylon membrane
Hybond-N* (Amersham Pharmacia Biothech, England) in two replications. After their
hybridization with ¥P-labeled RNAs produced in the reaction of run-on transcription
in vitro, radioactive signals were scanned using Phosphorimager Typhoon Trio* (GE
Healthcare, USA).

The rate transcription of 16 chloroplast gene was analyzed. First of all, genes,
product which plays supreme role in photosynthesis realization — photosystem I — psa
(psad and psaB), photosystem Il — psb (psbA, psbD and psbK), gene of large sub-
unit of Rubisco (rbcL), ATP synthase complex — atp (atpB) and F subunit NADPH of
plastochinon oxidoreductase — ndhF. Among «housekeeping» genes the transcription
of gene, which code P subunit of plastid bacterial-type RNA polymerase (rpoB), 16S
and 23S rRNA genes (rrnl6 and rrn23), also tRNA genes — Gly and Tir (trnE-Y) was
investigated.

The results obtained showed that the rate of chloroplast gene transcription in the
first barley leaves was significantly dispersed. The highest transcription was marked
to genes, which coded protein of photosystem II (psbA, psbB and psbD), large subunit
of Rubisco (rbcl), ATP-synthase (atpB), ribosomal proteins (rrnl6, rrn23 and rpsi6),
also tRNA genes (trnE/trnY).

Key words: barley; plastid gene; run-on transcription method, etiolation.
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PEAKIAA MIUTMEHTHOM U AHTUOKCUIAHTHOM CUCTEM
PACTEHHUI HA 3ATPAAI3HEHUE OKPYKAIOIIEMN CPE/IbI
r. KAJIMHUHI'PAJIA BBIBPOCAMU ABTOTPAHCIIOPTA

Pabora BeinonHeHa npu (GUHAHCOBOM MOICPIKKE BHYTPEHHETO IPaHTa
PI'Y um. . Kanra Ne 01-004-09.

H3yuena peakyus nuemeHmHoOU u AHMUOKCUOAHMHOLU CUCTEM pacTeHUll pumoyp-
boyenoszo6 2. Kanununepaoa na 3aepsasHenue okpyxcaroujeli cpeobl 8b10pOCaMiL asmo-
mpancnopma. Ilokazano npesviuiernue oH0B020 COOEPHCAHUA KAOMUS 8 PACUMENb-
Hblx npobax e. Kanununepaoa u 6blA61eHa NONOHCUMENbHAS KOPPENAYUOHHAS CBA3b
MeNHCOY €20 COOePHCAHUEM 8 PACMEHUAX U UHMEHCUBHOCIBIO OBUNCEHUS ABMOMPAH-
cnopma. Buisignensl 6bicoKas OMpUuyamenbHas KoppersiyuoHHAas Céa3b Mexncoy cooep-
orcanuem Cd 6 pacmenusx u ux AHMUOKCUOAHMHBIM CIIANYCOM U ROTONCUMETbHAS KOP-
penayus mexncoy cooepocanuem Cd u nakonienuem anmoyuarnos. Ilpusedenvt oannvie
N0 COOEPHCAHUIO POMOCUHMEMUHECKUX NUSMEHINOB 8 PACEHUAX 8 YCL08UAX AMMO-
mexunozennoeo 3aepasnenus. CHudCceHue aHmuoKCUOAHNMHO20 CIAamyca u aKmueHOCmu
domocunmemuuecko2o annapama — CUMIIMOMbL HeYO0BILEeMBOPUMETbHOL0 COCMOAHUSA
pacmenuil 6cnedcmaue CUIbHO20 paspyulaiowe2o 0elcmeus asmomooUIbHbIX NONNIO-
Manmos. AKmugHoe HaKonjieHue aHMOYUAHO8 8 BAKYOIAX KAEMOK MONCEm NOGbICUNb
apghexmusrnocmes aHMUOKCUOAHMHOU CUCTEMbL 8 NPOYECCaX HeUmpanu3ayuu npooyK-
MO8 OKUCTUMENLHO20 CIMPeccd U CHOCOOCIMBO8AMb NOBBIUUEHUIO YCIMOUYUBOCIIU PAC-
menuil K 0eticmauio Kaomus.

KuiroueBble cil0Ba: mexnoeennoe 3azpsasHerue; Kaomuil, GumoypooyeHosvl, aH-
MUOKCUOAHMbBL,; OUOUHOUKAYUSL.

BBenenune

B nmocnennue necATHIETHS OTMEIAIOTCSA POCT TOPOAOB M BO3pACTaHKE THIOIIA-
nel ypOaHM3MPOBAHHBIX TEPPUTOPHH, YTO CO3AaET MHOTHE KPU3UCHBIE SKOJIOTH-
geckue npooiaeMsl. B mpeznenax ropogos HaOIIOAIOTCS CyMMapHOE BO3AEHCTBIE
OOJIBIIIOTO YMCIIa HETaTHBHBIX (PaKTOPOB, a TAK)Ke MAaKCUMaJIbHast KOHIIEHTPAIHs
XMMHYECKNX BEIIECTB, NPUBOAIIASA K YXYAIICHUIO YCIOBUH JKH3HN HACEJICHNUS.
Tak, Hanmpumep, aTMoc(epHbIi Bo31yX I KannHHHIpasa Mo cocTaBy 3arpsi3Hs-
IOMUX BEMIECTB SBIACTCS THUINYHBIM IUISI COBPEMEHHBIX TOPOAOB C Pa3BHTOI
TPAHCIIOPTHOHN MH(PpaACTPpyKTypoil. YenbHbIH BeC BEIOPOCOB OT TOPOJICKOTO aB-
TOTPAHCIIOPTa B CyMMapHOM aHTPOMOT€HHOM BBIOpOCE BPEIHBIX BELIECTB CO-
crasisieT 83,8%, npesblas 6oee ueM B 6 pa3 BIOPOCHI OT CTAI[OHAPHBIX HC-
TOYHHKOB [1].
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HccnenoBanus pa3iimyHbIX ypOOIKOCHUCTEM TIOKa3bIBAtOT [2, 3], uTo ais 3¢-
(heKTUBHOTO YIIPaBIEHHUS Ka4eCTBOM TOPOJICKOM cpeibl HeoOXOAMMO 00anaTh
JIOCTaTOYHOW WH(pOpMaIeil 00 3K0IOro-pU3NOIOTHUSCKOM COCTOSHUH TOPOI-
CKUX (PUTOLIEHO30B, MO3BOJISIONIEH OLEHUTh (DYHKIIMOHAJIBHBIA BKJIA/J KaXJI0TO
BHJa B M3MCHEHHE KAauecTBa CPEAbl B HAMPABICHUN €¢ YIydIIeHHsI. B cBs3u ¢
9TUM OIIEHKA BIMAHUS BBIOPOCOB aBTOTPAHCIIOPTA HA COCTOSIHUE TOPOJCKUX IKO-
CHICTEM B HACTOsIIEe BPEMs IIPHOOPETACT UCKITIOUUTEIHHO BaXKHOE 3HAYCHNE.

Cpenu mpoKOro CreKTpa UCCIeTyeMbIX KOMIIOHEHTOB YPOOIKoCcUCTEM 00ITb-
Io¢ BHUMAaHHE OTBOAWTCS M3YUCHHIO COCTOSHUS TPAaBSHUCTHIX M JIPEBECHBIX
HACaXJeHH. YCTaHOBIIEHBI BHICOKHE YPOBHU KOPPESIMOHHBIX CBA3CH MEXKIY
MOP(OIOTHIECKUMH U (HPU3HOTOTHICCKUMHE TTapaMeTpaMy IPEBECHBIX PAaCTECHUH
U TOKCHKOJIOTHYECKUMHU Harpy3kamu [4]. TlokazaHo, 4TO IpeBEeCHbIE PACTEHHS
001a1afoT BBICOKOM UyBCTBUTEIHHOCTBIO K AaHTPOMOTEHHOH HAarpyske, OITOMY
MOTYT CIIY>KUTh aJIeKBaTHBIMH WHAMKATOPAMU COCTOSHHUS YPOOIKOCUCTEMBI [4].
B xauecTBe TMarHOCTHYECKUX MPH3HAKOB, HECOMHEHHO, JTOJKHBI HCIIONB30BATh-
csi Haubosiee YyBCTBUTEIbHBIE K SKOJOTHUECKUM BO3JEHCTBHSIM HH(POPMATHB-
HbIe (YHKIIMH W TPOLECCH Ha BCEX YPOBHAX OpPraHU3aINU PACTEHHHA: KIETOU-
HOM, TKaHEBOM, OPTaHU3MEHHOM U 3KOCUCTEMHOM. J[1si paHHEH NHarHOCTHKH
COCTOSIHUSI PAaCTCHHU YPOOIKOCUCTEM MOTYT OBITh HCIOJIB30BaHBI (DPHU3HOJIOTO-
OMOXMMHUYECKHE XapaKTEPUCTHKH aCCUMUIMPYIOLUIMX OPraHOB, KOTOpPbIE B 3HA-
YUTENFHON Mepe ONPEACIIIIOT POCTOBEIC M PEIPOAYKTUBHBIC TIPOIECCHI, a TAKXKE
HauboJiee YyBCTBUTENBHBI K DKOJIOTHYECKUM M3MEHEHHSM OKpYI)Karomlel cpebl
[5]. M3BecTHO, YTO OMHUM W3 OMOXMMHUYECKHX IMOKa3aTeIe peakinu pacTeHUN
Ha U3MeHeHue (PaKkTOPOB BHEIIHEH Cpelibl, CTEIEHN UX aJanTallli K HOBBIM DKO-
JIOTHYECKUM YCIIOBUSM SIBIISICTCS COACPIKAHHUE XJIOPOPUILIOB 1 KAPOTHHOHUIOB —
[IaBHBIX (OTOpELenTopoB (POTOCHHTE3UpYIOIIEH KiIeTki. Kpome Toro, ypoBeHb
BOJIOPACTBOPUMBIX aHTHOKCHIAHTOB, aHTOIIMAHOBBIX IMUTMEHTOB, 00JIaIAI0IINX
Pa3HOCTOPOHHUM JAEUCTBUEM Ha (PU3MOJOTHYECKHUE MPOIECCHl B PACTUTEIBHBIX
KJIETKaX M, KaK B [TOCJICTHEE BPEMs CINTAIOT, YIACTBYIONINX B CHCTEMHO PHO0-
PETEHHOU YCTOWYMBOCTH PACTEHUH K CTPECCOBBIM (PAKTOPaM, TAKKE MOXKET OBITh
HCTIOJIH30BAaH JIJISl OIEHKU MX (PHU3UOJIOTHYESCKOTO COCTOSHUS [6, 7].

Lenp HacTosiIel paboOThl — OLIEHKA BIMSHUS BHIOPOCOB aBTOTPAHCIOPTA Ha
COCTOSTHHE PAacTCHHH W OIpEeICHHE €T0 BKJIaJa B 3arps3HEHHE OKpY)Karomei
cpenpl I. Kanununrpasa.

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

Paiion uccienoBanus — 6 MOCTOSHHBIX MPOOHBIX TUIOMIAJIOK HA TEPPUTOPUHU
. Kamuauarpaga (MY 1-11Y6), pacriolio)KeHHBIX B MPUIOPOKHBIX 30HAX (710 5 M
OT JIOPOXKHOTO IMOJOTHA) HA OCHOBHBIX aBTOMATUCTPANISAX OOIACTHOTO IEHTPA.
[IpoGHbIe TUTOIIA KK OBLITH Pa30UTHI C YIETOM OIEHKH OOIIEro COCTOSHUS TOPO/I-
CKO# cpebl U HAaXOIWJIKNCh B PAa3HBIX paiioHax ropopa. KOHTpOIbHBIN y4acTok
pacronaraicsi Ha 3HaYATSIILHOM YIaJCHHH OT TOPOJACKOH 4uepThl (Oonee 40 kM)
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Ha Tepputopun «Hanmonansnoro mapka Kyprmickast kocay. [lo xmmaTmaecKiM
YCIOBUSIM PacCEUBAHUS BPEIHBIX BElIeCTB TeppuTopus «HammonansHoro mapka
Kyprickas koca» OTHOCHTCS K 30HE ¢ HU3KHM ITOTECHITHAIOM 3aTrPsI3HEHUS aTMOC-
(bepsl, HOHOBBIC KOHIICHTPALIUH 3arPS3HSIONINX BEIISCTB HA KOHTPOJILHOM Y4acT-
ke He npesbitratot [TJIK a1 atmochepHoro Bo3ryxa HacelneHHbBIX MecT (Kodhdu-
nUeHT 3Konoruveckoit curyauuu 0,8) [1]. Crenens 3arpszHeHus: aTMOC(HEpPHOTO
BO3/yXa MPOOHBIX y4acTKoB I. KanuHUHTpama onpesenseTcs: BeIOpocaMu Oomee
200 mpOMBIIIICHHBIX NpeanpusaTuii ropoaa, TOLl, KOTeIbHBIX, HO HAUOOIBIIHH
BKJIQJ B €TO 3arps3HEHIE BHOCUT aBTOTpaHCHOPT. C y4eTOM KOMIUIEKCHOM OIIeH-
KH COCTOSTHHSI OKPYIKalOIllel TOPOJCKON Ccpesibl YPOBEHb 3arpsi3HEHHs Ha Ipoo-
HbIX ydyactkax UY'1, Y4, VY5 onenuBaics kak yMEPEHHO 3arpsi3HEHHBIN, Ha
WY 6 — 3arps3aennsiit, UY2 — rps3usblit, Y3 — oueHsb rps3ublii [8].

Jlyis OGMOTEOXMMHYECKOTO arpoOMpOBaHUsl OBLTH HCIIOJIh30BaHBI HaubOoliee
pacrpocTpaHEeHHbIE B TOPOACKUX JIaHAIIA(TaX BUIIbI IPEBECHBIX U TPABIHUCTHIX
pacTeHuii: enb oObIKHOBeHHasi (Picea abies (L.) Karst.), numa cepaneBuHas
(Tilia cordata Mill.), onyBanuuk snekapctBeHHbld (Taraxacum officinale Webb.),
MTOJIOPOXKHUK OoJbinoii (Plantago major L.).

C6op Marepuana (kopa, XBOsI, JHCThsI) MIPOBOIUIICS B TEUCHHE BEreTalllOH-
Horo reprona (MroHb — utoib) 2009 . O0pasibl OTOMPAIMCH HA HIDKHUX BETKaX
B3POCIJIBIX JIEPEBBEB C YKa3aHHEM MecTa 0T0opa, BU/a, HaMeTpa iepeBa, BEICOTHI
B3sTHS MPoOBI. OTOMpaach cCMemaHHas Mpoda ¢ JIePeBbEeB OJHOTO BHUIA. Bhie-
JIEHUE CpeiHe MpoOBI MPOBOMIIOCH B CyXylo noroay B coorserctBun ¢ [OCTom
27262-87 «Kopma pacTUTEIBHOTO TIPOUCXOKICHHS. MeTobl oToopa pod» [2].
[Ipo6sl pacTenuit BeicymmBany npu +65°C 10 MOCTOSHHOTO Beca. BricyieH-
HBIC PACTCHUS U3METBIAIN B MEIBHUIIC U3 HEPKaBEIOMICH CTAIN U MPOITYCKaJIH
yepes 0,25-muuumMerpoBoe cuto. Cyxue o0pasisl (5 ) 0305711 B My(enbHOM
TIeYH TIPU TIOCTETIEHHO BO3pacTarolieil temmneparype ot +25 1o +450°C B Tedenune
1,5 4, nocnemyromue 2 4 o3oneHue npooaunau npu +450°C. 3omy pacTBOpIM B
20 mn cmecu konnenTpuposannbix kucaor HCl m HNO, (3:1), 3arem pas6apisiu
(1:20) nemonmzupoBaHHOH Bomo# [9]. KoHLIEHTpalMIO KajMUsl B PACTUTEIBHOM
Marepuaye ONMpeACILIH METOIOM aTOMHO-a0COPOIMOHHON CIIEKTPOCKONMN Ha
npubope Varian AA 240 FS (CILA).

OreHKa YpOBHS 3arpsi3HeHHs aTMOCchepHOro Bo3ayxa (1o koneHTparmu CO)
Ha MPOOHBIX YYaCTKaX MPOBOIUIACH C YIETOM UHTCHCHBHOCTH M COCTABA TPAHC-
MTOPTHBIX IOTOKOB, KOA(Q(PHUIINECHTOB, YUUTHIBAIOIINX a3PALNI0 MECTHOCTH, BIaX-
HOCTh BO3/IyXa, CKOPOCTb BETpa, 3aMeJICHUE JBI)KEHUS TPAaHCIIOpTa Ha CBETO-
(opax u nepeceyeHnX yaui. Vcnonp30BanHast METOANKA MTO3BOJISIET PACCUUTATD
CpeHMI JHEBHOU BBIOpOC yrapHoro rasa [10].

KonmnuectBeHHoe ompesernenue xiopodwnia a U b, KapOTUHOUIOB OBLIO
[IPOBE/ICHO CIEKTPOPOTOMETPHYECKH 0Oe3 NpeIBAPUTEIBHOIO pa3JelieHus B
100%-H0i1 arleTOHOBOI! BEITSHKKE C TTOCIEIYIONIIM PAcueToM 0 (hopMyie Xoib-
Ma — Berriireiina [11]. KoHIIeHTpaIii0 aHTOIMAHOBBIX ITMIMEHTOB OIPEICIISLIIH
CTIIEKTPO(POTOMETPUICCKH B 1%-HOM COJSTHOKHCIIOM BOTHOM KCTPAKTE TIPH JJTH-
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He BoIHbBI 510 HM, IpeBapUTEILHO TOMOTeHAT eHTpudyrupoBam mipu 4 500 g
B Teyenue 30 MuH. J[j1st BHECEHHSI IOMIPABOK Ha COIEPKaHUE 3€JICHbIX ITUTMEHTOB
OTIPEAEISUTH ONTUIECKYTO TUIOTHOCTD MOTYYEHHBIX AKCTPaKTOB mpu 657 HM. Co-
Jep)KaHHe CYyMMBbI aHTOIIMAHOB PACCUUTHIBAIN MO LUAHUIAUH-3,5-TUTTHKO3HITY
[12]. IToryornieHre JaHHBIX MATMEHTOB OIpeelsuih Ha criekTpodoromerpe « CD-
2000» (3A0 «OKbB CITEKTP», Poccus).

MaccoByr KOHIIGHTPAIUIO aHTHOKCHIaHTOB (AOA) B HccieyeMbIX 00pas-
1aX, S9KBUBAJICHTHYIO KBEPLETHUHY, OTPEACIISUIA aMIePOMETPHUECKUM METOI0M
Ha nipuoope «lIger Ay3a 01-AAA» (HITIO «XumaBromarukay, Poccus) mo me-
toguke S.M. Smmna [13]. ConepxaHue UCCIEAyeMbIX BEIIECTB MPUBEIACHO Ha
rpamMM CyXoro Beca. B xome nccnenoBanus ObI10 0TOOpaHO M IPOAHATN3UPOBAHO
378 npoO. AHanu3 NPOBOIWICSA B TPEXKpPATHOM Ononorudeckoii (n = 3) U He Me-
Hee YeM B TpeX aHAMTUIECKUX MOBTOpHOCTX. [lomyduenHsie nanusie oopadoTa-
HBI CTATUCTUYCCKH U MPEJICTABICHBI B BUJIC CPEIHIX apU(PMETUICCKUX 3HAUCHHIA
U UX CTaHJAPTHBHIX OMMO0K. CTaTHcTHUeCKast 3HAYNMOCTD Pa3IHIui MEKIY Ba-
puaHTaMu OIpeessiin ¢ momoibto f-kpurepust Cteionenta (p < 0,05). Koppens-
UOHHBIN aHANN3 MTPOBOAWIN ¢ TOMOIIbI0 Kputepus [Tupcona. Crarnctudeckast
00paboTKa pe3yabTaToB U MOCTPOCHUE TPa(UKOB BBHIIIOIHEHBI B Iporpamme Stat-
Soft STATISTICA 8.0 m MS Excel 2003.

PesysabTarsl HccaeqoBaHus U 00CYKIeHIE

Teppuropus r. KanmuHuHTpama XxapakTepu3yeTcs pa3InIHbIM YPOBHEM 3arpsi3-
HEHUsl, CTeNeHb KOTOPOro Ha MPOOHBIX ydacTKaxX OLIEHHWBAJIACh IO ITOKa3aTelsiM
WHTEHCUBHOCTHU JBIDKCHUS aBTOMOOWILHOTO TPAHCIIOPTa M YPOBHIO 3arpsi3He-
HUSI aTMOC(EPHOTO BO3/yXa OTpabOTaHHBIMU ra3amu (1o koHueHTparmu CO).
B 1abn. 1 mpuBeneHs! pe3yIbTaThl KOMIUICKCHOM OIICHKH aTMOTEXHOTEHHOTO 3a-
IpsA3HEHUS TPOOHBIX TUIOMAMOK I. KanuHUHIpasa u Uit CPaBHEHUST — KOHTPOJIb-
HOTO ydacTka ((oH).

HawnGonbmee 3arpssHeHne aTMOC(EepHOTO BO3/lyXa BBISBICHO Ha OCHOBHBIX
aBTOMarucTpaisix r. KamuauHrpama ¢ BEICOKOW HHTCHCUBHOCTHIO JIBHKCHISI aB-
toTpaHcriopra. CyMMapHas OLleHKa 3arpy»KEHHOCTH YJIUI] aBTOTPAHCIOPTOM Ha
MPOOHBIX YYacTKax TOKa3aia, 9TO HU3Kasl HMHTCHCUBHOCTH JBMKCHUS aBTOTpPaH-
criopta HaOJto1aIach TOJBKO Ha KOHTPOJBHOM yyacTke (168 aBT./u), cpeaHss
WHTEHCUBHOCTHh — Ha Y1 (252 aBT./4), BeicOKas — Ha Y5 (840 aBr./4). OnieHka
YPpOBHS 3arpsa3HeHus: arMmocgepHoro Bo3ayxa (mo konueHntpauuu CO) nokasana
npessiienne IJIK - okwicu yriepona (5 mr/m?) Ha Bcex MY 3a HCKITIOUCHHEM
koHTposibHOTO (1,9 Mr/M®) 1 UV (3,5 mr/m®). MakcuMasbHBIi YPOBEHb HHTCH-
CUBHOCTH JIBWKCHUS aBroTpaHcropra 1784—1794 aBt./4 u 3arpsS3HeHHs] aTMOC-
(epHOTO Bo3IyXa 0TpaboTaHHBIME TazamMu 36,4—39,6 mr/m® Habronancs Ha 1TY?2
u Ny3.

AHanmu3 JaHHBIX 10 COACPXKAHMIO KAJIMHs IMOKa3al, YTO B PACTUTEIHHBIX
npodax T. KaquHUHTpaga BBRIIBICHO 3HAYNTEIHHOE MPEBBIIICHUE €ro (POHOBOTO
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ypoBHS. MUHUMAIBHOE COJICpKAHNE KaJIMUsI Y HCCIICyEMbIX PACTCHHIA HAOIIO-
nanock B ipodax Kypickoit kocel (koHTpouib). ConepikaHue KaJMusi B JTUCThAX
JUTBI 1 XBoe i cocTtaBuio 0,17+0,01 MI/Kr cyXoi Macchl, B TUCThIX OJlyBaHYH-
ka — 0,1540,01 mr/kr, B aucthax nogpopoxkuauka — 0,35+0,03 mr/kr. Conepxkanue
KaJIMHsI B KOpe MBI ¥ ek cocTaBmiio 0,2—0,22 +0,01 mr/kr.

Tabonuma 1

OneHKa aTMOTEXHOT€HHOT0 3arpsi3HEeHHsI NPOOHBIX YYACTKOB
r. Kasununrpana u ¢ponosoro (koutpoas) [1, 14]

Konnenrpanusi| Bsidpoc 3a- YpoBeHs 3a-
Kommnekcnas
3arpsI3HIIO- TPA3HSIOLINX WHTencus- TPSA3HEHUS
OLICHKA COCTOS-
[IUX BEIIECTB | BEIIECTB HA | HOCTb JBHKE- | aTMOC(EPHOTO
Ne 1Y HUS OKpYXKaro-
B 10 M OT mpo- | ydacTke aBTOMa- | HAS aBTOTPaH- | Bo3ayxa (1o . N
. ieif roposIcKoi
e3Keil yacTH, | TUCTpau, T/To1)/ | CIopTa, aBT./d | KOHIIEHTPALHN
TTIK** KM*H* CO), mr/m? CPEIBL, 3OHBI
Don <1 <50 168 1.9 OTHOCHUTEIBHO
(K) yucTas
nyl 1-1,5 0-100 252 3,5 YMeperio
3arpsi3HEHHAs
ny2 34 300-400 1784 39,6 Ipsi3Has *
ny3 23 200-300 1794 36,4 Ovete
rpsi3Has
ny4 34 100-200 1374 28,1 YMepetitio
3arpsi3HCHHAs
nys 23 300-400 840 17,3 YMEpero
3arpsi3HEHHAs
nvye 1,5-2 100-200 1224 25,1 3”5:;’18“'

* 3arpsisHCHUE, IPEBBIIAIONICE [CHCTBYIOIINE HOPMATHBBL.
** Cymma HOpMUpOBaHHbBIX (0THeceHHBIX K [1/IK) cpeqHerooBeIx KOHIIEHTPAIIUH OCHOBHBIX
3arps3HSIONINX BEIIECTB (IbUIb, IBYOKUCH CEPBI, OKKCh YITIEpPOa, OKHCIIBI a30Ta, YIJIEBOIO-

pozBI).
**% CyMMapHBIH BEIOpPOC 15 IPHOPUTETHBIX 3aTrpS3HSIONINX BEIISCTB B BO3AYIIHEIH OacceiiH
r. Kanununrpana.

MakcuMalibHOE HaKOIIGHHE KaMUs HaOII0NaIOCh y pacTeHUi Ha MpoOHOM
YYacTKe ¢ BBICOKAM YpPOBHEM 3arpsi3HEHUS aTMOC(EPHOTO BO3AYXa BBIXJIOIAMH
aBrorpancnopra (M1Y2): KkoHIIeHTpalusi HOHOB KaJMUS B JIUCTHIX U KOPE JIMIIBI
CEp/ILIEBHU/THOM MPEBBIIIAIa aHAJIOTUIHBIN TIOKa3aTeh B KOHTpose B 4 u 4,3 pa3sa,
B XBOE€ M Kope enn 0ObIkHOBeHHOM — B 3,4 u 3,1 pa3a coorBercTBeHHO. Cozep-
JKaHNEe WOHOB KaJMUS B JINCTHAX OJYBaHUYHMKA JIEKAPCTBCHHOTO U ITOJOPOKHIKA
Oonbioro Ha Y2 B cpenHem ObUIO BhIIIE KOHTPOJIBHOTO YpoBHS B 4,3 1 2,7 paza
(puc. 1).

VY IpeBeCHBIX PACTCHUIT JIUIIBI CEPALICBUIHOMN U €T OOBIKHOBEHHON HAHOOIb-
IIee HaKOIUICHNE KaJMUs HaOIIOIaloch B KOpE: Y COCHBI COJCpyKaHMe KaaMus B
cpenHeM ObLI0 BhImIE Ha 25%, y munsl — Ha 45% MO CPaBHEHHUIO C €ro CoAepKa-
HHUEM B JIUCTHSAX U XBOEC TAHHBIX PACTCHHH.



176 I-H. Yynaxuna, I1.B. Macnennuxos, JI.H. Ckpuinnuk, M.H. Beccepescnosa

0,8

0.6

Konuentpaims Cd, Mr/kr
W

R =

Fo

K ¥yl ny2 nvs3 1vy4 I1ys 1nve
VdacTKu B3ATHA NIpod
OEns 0OBIKHOBEHHAA, XBO:A B Ens 00sIKHOBEHHAA, KOpa
BJIuna cepaueBHIHAA, JIHCThA B JIuna cepaueBHAHAA, KOpa

B OnyBaH4YHK NeKaPCTBEHHBIL, THCThA B IlomopomxHNEK OOIBIIOH, IHCThA

Puc. 1. KoHueHTpauus HOHOB KaJMUs B HcclIeayeMbIX pacTeHusax Gonosoro (K)
1 3KCHEpUMEHTaIbHbIX y4yacTkoB (1Y 1-11Y6) ¢ pa3nuuHbiM ypoBHEM
ATMOTEXHOTCHHOTO 3arpsi3HeHus. JIaHHbIC NPEACTABICHBI B BUE CPEIHUX
apu(METHUECKNX 3HAYCHUH ¥ UX CTaHAAPTHBIX OLINOOK

donoBOE comepKaHWE KaAMHUS B JIMCTBSAX MOJOPOXKHMKA OBLIO BBINIE B
2,3 pa3a O CpaBHEHHUIO C €r0 COJEpKAHUEM B pacTeHHAX onyBaHuuka. Cozaep-
JKaHHWE KaJMUsl B JIMCThsIX ofyBaH4MKa cocTaBmwiio 0,15+0,01 MI/KT, B JHCTBAX
nogopoxuuka — 0,35+0,03 mr/kr. B ropoxckoil uepte pacTeHus! MOJOPOKHHUKA
HaKAIUTIBAIN KaJMHUI B MEHBIIEH CTENeHH, YeM PacTeHHUs! OAyBaHYHKA, HO CO-
Jeprkanu 6onee BbIcokuit ypoBeHb Cd. B IHMCTBSX OfyBaHUMKA €0 COAEpIKAHHE
coctaBuio 0,65+ 0,04 mMr/kr, B mHCThAX TogopoxkHuKa — 0,94 +0,06 Mr/KT.

YCTaHOBNIEHO, YTO 3arpsiI3HEHUE MPOOHBIX YYACTKOB ra3000pa3HBIMU aBTOMO-
OMIBHBIMHU TIOJUTIOTAHTAMH OKa3bIBaeT BIHMAHHE Ha MUTMEHTHYIO CHCTEMY Jpe-
BECHBIX M TPABAHUCTBHIX pacTeHuil. C pocTOM aTMOTEXHOI€HHOTO 3arps3HEHUS
Ha TMPOOHBIX y4YaCTKAaX B MCCIEAYEMBIX PACTEHHUSIX HAONIONANOCh YMEHBINCHNE
coziepkaHus o0mero (GoHaa 3eNeHbIX MUTMEHTOB MO CPABHEHUIO ¢ (DOHOBBIMU
YCIOBHAMH. B IHCTBAX JIUIBI HA yYacTKE ¢ MAKCUMAJIBHBIM YPOBHEM 3arps3He-
HHsI aTMOC(EPHOro Bo3ayxa oTpaboTaHHbIME Tazamu (39,6 Mr/M?) comepxaHue
xyiopoduiuia a u b ObuTo HIKE B 2 1 3,7 pasa, B XBoe e — B 1,5 u 1,9 pasa, B
JTUCTBSIX ofyBaHuuka — B 1,3 u 1,8 pasa, B nmucTbax nopopoxHuka — B 1,4 u 1,5
pa3a 1o CpaBHEHHIO ¢ KOHTPOJIEM COOTBETCTBEHHO (Tabd. 2). [Ipu atoM B pacrte-
HUSIX HAONIONAN0Ch CHUKEHHE YPOBHA Xyopodunia b B OoiblIel CTeNeHH, YeM
xnopoduina a, 0 4eM CBHAETEIbCTBYET COOTHOLIEHHE CIEKTPANbHBIX (HOpM 3e-
JICHBIX IUTMEHTOB. B ycnoBusix MakcuMansHoro 3arpsisHeHust (M1Y2) B nmuctesax
munsl a/b yBenmaninoch Ha 90%, B TUCTBAX OyBaHUHMKA M XBOE €ITH — B CPEITHEM
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Ha 30%, B TUCTBAX MOZOPOKHUKA TTOKa3aTeNb a/b He IMEN JOCTOBEPHBIX Pa3iii-
4uii 1o cpaBHeHuUIo ¢ poroMm. Kpome 3T0r0, Ha TaHHOM y4YacTKe B PaCTHTEIBHBIX
TKAHSIX, 32 NCKJIFOUCHUEM JINIIBL, HAOIIONAI0Ch CHIKCHNE BEJIMIMHBI OTHOLICHHUS
CYMMBI 3€JICHBIX TIUTMEHTOB K CyMMe >KeNThIX Ha 13—-80%.

Tabnuma 2
Coneprxanne MJIACTHIHBIX MUTMEHTOB B PACTEHHSIX (OHOBOTO U IKCIIEPUMEHTAIBHBIX
Y4AaCTKOB € Pa3JIUYHbIM YPOBHEM aTMOTEXHOTE€HHOTO 3arpsi3HEHUS

Bunel pacrenuit

No IV Ens Jluna OnyBaH4HK [Tonopoxuuk

- 0OBIKHOBCHHAS CepLICBUIHAS JICKAPCTBEHHBIN 00JIBIION
Coneprkanue xjopoduiia a, Mr/t
douH 1,91+0,12 2,24 £ 0,20 5,51+0,21 2,71 £ 0,11
nyi 1,44 +£0,11%* 1,41 £0,11* 4,71 £0,22 2,21 +0,10
ny2 1,32 +0,10% 1,12 +0,09* 4,12 +0,21* 2,11 +0,12%
nys3 1,51 £0,12% 1,21 £0,11* 421 +0,22%* 1,91 +0,13*
ny4 1,42 +£0,11%* 1,13 +£0,12% 4,24 £0,21* 2,12 +£0,14*
nys 1,41 £0,12* 1,23 +0,11* 4,13 £0,23* 2,01 £0,12%
ny6 1,43 +0,13% 1,24 +0,12% 412 £021% 2,02 £0,12%
Coneprkanue xjopoduiuia b, mr/t
don 1,37 + 0,08 1,56 0,1 2,89 +0,12%* 1,19+ 0,08
nyl1 1,11 £ 0,08 0,75 +0,05* 2,17 +£0,12* 0,99 + 0,04
ny2 0,71 £ 0,05* 0,42 +0,04* 1,64 +0,1* 0,78 £ 0,05*
nys3 0,82 +0,05* 0,54 +0,04* 1,54 +£0,1* 0,73 £ 0,04*
ny4 0,79 = 0,06* 0,44 +0,03* 1,61 £0,11* 0,8 +£0,04*
nys 0,75 +0,05* 0,49 +0,03* 1,61 +£0,1* 0,75 £ 0,04*
nye 0,78 + 0,05* 0,49 +0,03* 1,62 +0,1* 0,76 + 0,04*
ConeprkaHre KapOTHHOM/IOB, MI/T

don 2,59 +0,19 0,58 £ 0,03 1,11 £0,09 0,84 = 0,05
nyi1 1,72 £0,12* 0,52 + 0,03 0,91 £ 0,08 0,63 + 0,04
ny2 1,76 £0,13* 0,18 +0,01* 1,36 £ 0,1* 0,72 + 0,04
nys3 1,51 £0,12% 0,25 +0,02* 1,25+ 0,1 0,69 + 0,03
nv4 1,55+ 0,11* 0,21 +0,01* 1,28 £0,1 0,64 + 0,04
nys 1,11 £0,1%* 0,21 £0,01* 1,29 + 0,09 0,71 + 0,04
nye 1,54 +£0,12% 0,22 +0,02* 1,3+0,1 0,69 + 0,03

* CTaTUCTHYECKU 3HAYMMbIC PA3jIMyKs [0 COJCPKAHUIO MUTMEHTOB MEXKIy (DOHOM H 3arpsi3-
HeHHBIMH ydacTkamu (p < 0,05).

B pabote oleHHBaNUCh YPOBEHb HEKOTOPHIX aHTHOKCHUAAHTOB — OMOXUMUYE-
CKHX MapKepOB CTPECCOBOTO COCTOSIHUSI PACTCHHUN — M HX CyMMapHasi aHTHOKCH-
JaHTHas aKTUBHOCTh. B KaduecTBe TaKuX MapKepOB HCIOIb30BAINA KapOTHHOUIbI
U aHTOIMAaHOBBIC MUTMEHTHI. [10Ka3aHo, UTO ¢ yBETMUCHUEM CTEIICHHU 3arpsi3He-
HUsl aTMoc(hepbl TPOOHBIX YYACTKOB COJEpKAHUE aHTOIMAHOB B HUCCIEIYEMBIX
pPaCTEHHSX YBEIHMUMBAIOCH. B yCIOBHAX MakCHMAaJIbHOTO 3arpsi3HEHUST aBTOMO-
OunpHBIMU BhIXJIONaMu (M1Y2) ypoBeHb aHTOIMAHOB ObLT BhIIE (POHOBOTO: B
XBOE€ €JIM W JHUCThIX JUMBI — B 2,2 1 8,9 pasza, B MUCThAX OAYBaHUYMKA W TOJ0-
poxnuKa — B 4,2 u 4 pa3za COOTBETCTBEHHO (puc. 2). B HakomieHnn KapoTHHOU-
JIOB y MCCIIEyEMBIX PACTEHHUH BBISIBICHA BUIOCIICIIN(PUIHOCTD: B aHAIIOTHIHBIX
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yenoBusx (MY 2) B XBoe eNv v ICTHSX JIUIBI KX COIEP KaHNe YMEHBITAIOCh B 1,5
u 3,2 pa3a, B pacTeHUsIX OJAOPOKHUKA H3MEHAJIOCHh HE3HAYUTENBHO, a B JIUCThAX
OJIyBaHYHKa JICKAPCTBEHHOTO MX YPOBEHb OBLI BhINIC B 1,23 pasa 1o cpaBHEHHIO
C KOHTPOJIBHBIM (CM. Ta0I. 2).
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B OnyBaHYHK NeKapcTBEeHHBIH ETTogopoKHUK O0TBIIOH

Puc. 2. ConeprkaHne aHTOIIMAHOB B HcCIeAyeMbIX pacTeHusAX Gorosoro (K)
1 9KCHIEPUMEHTAIBHBIX y4acTKoB (1Y 1-11Y6) ¢ pa3nuuHbiM ypoBHEM
aTMOTEXHOTCHHOTO 3arpsi3HCHUS

OneHka CyMMapHOH aHTHOKCHJAHTHOH aKTUBHOCTH PACTEHUH TOPOACKOM
Cpenbl B YCIOBUSAX aTMOTEXHOTCHHOTO 3arps3HEHMS ITOKa3aja, 9To COACpIKaHIe
BOJIOPACTBOPHUMBIX aHTHOKCHUAAHTOB CHIKAJIOCH C YBEIMYEHHEM HHTEHCUBHOCTH
JBIDKCHUST aBTOTPAHCIIOPTA M POCTOM YPOBHSI 3arpsI3HEHUST aTMOC(HEPHOTO BO3-
Jqyxa oTpabOTaHHBIMU razaMu. B ycloBHsAX MUHUMAaIbHBIX aHTPOIIOT€HHBIX Ha-
TPY30K CO CTOPOHEI aBTOOPO’KHON TEOTEXHUIECKOH CHCTEMBI YPOBEHD BOAOPAC-
TBOPUMBIX aHTHOKCHJIAHTOB ObLJ1 3HAYUTEIHHO BBIIIE AHTHOKCHIAHTHOTO CTaTyca
pacTeHHif TOPOACKHUX (HUTOICHO30B. B yCIOBHAX MaKCHMAIBHOTO 3arps3HEHII
aBTOMOOMIIbHBIMU BbIxJonaMu (MY?2) aHTHOKCHIaHTHBIN CTAaTyC B MCCIIEAYEMbIX
pacTeHusx ObUT HUKE (POHOBOTO B XBOE €U M JIMCThX JIMTIBI B 7,4—7,8 pasa, B
JHUCTBAX OyBaHYMKa — B 4,8, B IUCThSIX TOJOPOXKHUKA — B 6,3 pasa (puc. 3).

Kak moxa3pIBaloT pe3ynbTaThl HAIIMX HCCICIOBAaHWH, YPOBCHB 3arps3HCHUS
Bo3ayXa B I. KanuHuHTpane XxapakTepu3yeTcsi BRICOKMM COJIEpKaHUEM B HEM OC-
HOBHBIX TIOJUTIOTAHTOB, HEOIATONPHUATHO BIMSIONINX Ha 340pOBhE denmoBeka. Ha
CETOJHSIIHUI JeHb CaMbIM 3HAUUTENbHBIM MCTOYHHUKOM 3arpsi3HEHHsS BO3IYII-
HOTO OacceifHa M HETaTUBHOTO BIHMSHUS Ha OKPYKAIONIYIO CPEeNy, B TOM YHCIIe Ha
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[TOYBY U 3€JIEHBIC HACAYKICHHUS, SIBJSIETCS] ABTOTPAHCIIOPT, 00JIa1aI0IINI HU3KUMH
IKCIUTYaTal[HOHHO-TeXHUYCCKUMHU XapaKTepucTukamMu. KaluHUHTpaa 1Mo 3TOMY
[TOKa3aTes 0 BXOAUT B CITUCOK TOPOIOB, IIe€ BHIOPOCHI aBTOTPAHCIIOPTA MPEBbI-
marot 6osee 50 Teic. T/Tox [8].
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Puc. 3. CozneprkaHue BOZOPACTBOPHMBIX aHTHOKCHIAHTOB B MCCIIEIyEMbIX PACTCHHUSAX
¢donosoro (K) u skcnepumenTanbHbIX yuyacTkoB (MY 1-11Y6) ¢ pa3nuyHbIM ypOoBHEM
aTMOTEXHOTCHHOTO 3arpsi3HEeHUS

JlepeBns, KyCTapHUKH W TPABSHUCTHIE PACTECHUS Pa3JCIUTEIBHBIX IOJIOC
TPAHCIIOPTHBIX MarucTpajedl W Npuieraroliye K JA0poraM Y4YacTKH HaXOISTCS
TI0JT COBOKYITHBIM BIIMUSTHUEM TMPOMBIIIJIEHHBIX ¥ TPAHCHOPTHBIX dMHCCHU, TIO-
BBIIIEHHBIX PEKPEAlMOHHBIX HArpy30K B MECTaX HEPErYJIHPYyeMbIX MepexooB,
TIPUMEHEHUS] aHTUTONIONIEAHBIX cpeacTB [15]. Onenka ncciuemnyemMbIx pacTeHHM,
MIPOU3PACTAIOLINX BOIM3M TPAHCIIOPTHBIX MarucTpaiei r. Kanununarpana, ceue-
TEJIBCTBYET O PA3IMYHOM MX COCTOSIHUH, KOTOPOE OIpe/eiseTcs: Kak (pakropamu
BO3/ICHCTBUS BEIOPOCOB, TaK M YPOBHEM MOATOTOBKH TOPOACKHX IMOYBOTPYHTOB,
YCTOMYMBOCTBIO 3€JICHBIX HACAKICHUH. Beite/icTBHE MOBBIIICHHBIX BEIOPOCOB aB-
TOTpaHCIOpTa GUKCUPYIOTCS MOOYpEeHHEe TUCTOBBIX TUIACTHHOK, Pa3peKEHHOCTD
KpOH, OoJiee paHHEe MOXKEITCHHE W OIaJ]aHHue JINCTBHI JIEPEBbEB, CHUKCHUE Jie-
KOpPATHUBHBIX Ka4ecTB B LeoM. KoMIiekcHOe 3arpsi3HeHHe MOYB TPAHCIIOPTHBIX
MarucTpaieil TSOKEJIBIME MeTalllaMH, He(TernpoayKTaMH, eCTUINIAMH, aHTH-
TOJIONICIHBIMU CPEJICTBAMU U T.II., U3MEHEHHE (PU3UUYECKUX MapaMeTpOB IOYB
(TUTOTHOCTH, a’paIliy, BOJOYACPKUBAOIIEH CIIOCOOHOCTH), BIMSHAE BUOpAIUH,
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ANEKTPUUECKUX U MaTHUTHBIX TTOJICH OTPHIATEIFHO CKa3bIBAIOTCS HA COCTOSHIH
JPEBECHBIX M TPABSHUCTHIX PACTCHHIA.

[IpoBeneHHbIe HAMH HCCIEIOBAHUS MOKA3BIBAIOT, YTO BHEICOKHH ypOBEHb 3a-
IPSI3HCHUSI aBTOMOOWJIBHBIME TTOJUTIOTAHTAMHU CIIOCOOCTBYET CHUIKECHHIO IIPO-
[IECCOB HAKOIUICHUS (POTOCHHTETHUYECCKHX NMUTMEHTOB, M3MCHSET COOTHOIICHHE
UX CHEKTPATbHBIX (OPM B UCCIICAYEMBIX PACTCHUSX €M OOBIKHOBEHHOU, JIHITBI
CEepICBUIHON, OMyBaHUHMKA JEKAPCTBEHHOTO W TIOJOPOXKHUKA Oosbmioro. [lom-
JIFOTAHTBI CIIOCOOCTBYIOT OCIA0JICHUIO MIPOLIECCOB HAKOIUICHUS XJopodmuia b B
OOJIBIIICH CTETICHH, YeM XJIOPO(PHIUIA ¢, YBEIIMIUBAIOT COOTHOIICHUE a/b (B -
CTBsIX TIOOPOXKHMKA [TOKA3aTeNb ¢/b HEe UMeNl JOCTOBEPHBIX PAa3IIHUHil IO CpaB-
HEHUIO ¢ (OHOM). B pacTUTENBHBIX TKAHSX, 32 MCKIIOYCHHEM JIMIBI, TIOKa3aHO
CHIKCHHE BEJIMYMHBI OTHOIICHHSI CYMMBI 3€JICHBIX MUTMEHTOB K CYMME JKEIThIX
(13-80%). CxommbIit XapaKkTep peaknuy MATMEHTHOM CHCTEMBI APEBECHBIX pac-
TEHHIA Ha aTMOTEXHOT€HHOE 3arpsa3HeHUe OTMEUEH paHee B psjie pador [5, 16, 17],
B KOTOPBIX TAaKKe OTMEUACTCS, YTO BHICOKHH YpPOBEHDH IOJUTIOTAHTOB BBI3HIBACT
TOPMOYKEHHE U pa3pylleHrne (HOTOCHHTESTUISCKUX TUTMEHTOB U TOJIBKO HIPH Clia-
0OOM HEMOBPEXKIAIOIIEM BIMSHAN HAONIOMACTCS CTHMYIISINS WX HOBOOOpa3oBa-
Hust. COmIacHO MPUHIIMITY MHOKECTBEHHOCTH aJalTalllil OHa peain3yeTcs TeM
s deKTHBHEE, YeM OOJIbIIIe UMEETCS IEPBHYHBIX MPUCTIOCOOUTEIHHBIX PEaKIuit
[18]. Onnako, Kak TIOKa3aJIM HAIM UCCIIEAO0BAaHMS, UX OJIHOBPEMEHHOE BKIFOUCHHE
OTPAaHWYMBACTCS B YCIOBHUIX aTMOC(EPHOTO 3arps3HEHNS SHEPTeTHISCKUMHE BO3-
MOXKHOCTSIMH pacTeHuil. CHI)KCHUE HAKOIUICHHS (POTOCUHTETHYCSCKHUX ITUTMEHTOB
U WX IECTPYKIIHSI, HECOMHEHHO, TIPHBOJT K N3MCHEHHIO aKTHBHOCTHU (DOTOCHHTE-
THYECKOTO aIapara, CKOPOCTH HAKOIUICHUST ACCUMIJISITOB M BCICACTBHE 3TOTO — K
CHIDKEHHIO COZEPKaHNS BOOPACTBOPUMBIX aHTHOKCUIAHTOB. CHIDKCHUE aHTHOK-
CHJIAHTHOT'O CTaTyCca PaCTCHUI B KOHEYHOM MTOT'E OTPAXKACTCS Ha UX POCTE U MPO-
IOYKTHBHOCTH U MOXKET ITPUBECTU K paHHEH THOCITH PaCcTUTEIFHOTO OpraHu3Ma.

B ominume oT XJIOpOQHIIOB M BOJOPACTBOPUMBIX aHTHOKCHUIAHTOB aHTO-
[UaHBl PEarupyloT Ha aTMOTEXHOTCHHOE 3arpsi3HeHHe mHade. C yBeIHICHHEM
CTETICHH 3arpsi3HEHUsI aTMOC(Ephl UX YPOBEHb B HCCIIEIYyEMBIX PACTCHUSX YBE-
JTHUYUBACTCS. AKTHBAIMS WX OMOCHHTE3a MOKET OBITh BBI3BAaHA HAKOIUICHHEM
MeTaboNMuTOB (hoToNMU3a (CYHEPOKCHIHBIN paIuKall, MEPEKUCh BOAOPOJa U CHUH-
IJICTHBIA KUCIIOPOJ) BCIICACTBUE JCHCTBUS Pa3IHUHBIX (POTOCCHCUOMIN3ATOPOB,
HanpuMep pubodIaBuHa WK €ro ISPUBATOB, YPOBEHb KOTOPHIX BO3PACTAET MO/
JIeCTBUEM TTOJLTIOTaHTOB [19].

DiraBOHOMI-TIEPOKCHIa3HAS CUCTEMa, JIOKATM30BAHHAS B BAaKyOISIX KIIETOK,
MOYKET OKa3bIBATh CYIIECTBCHHYIO IIOMOIIb B 3AIUTE KICTKH OT OKUCIUTECIHLHOTO
cTpecca. B oTimume ot Apyrux akTHBHBIX BUOB KUCIOPOJA MEPEKUCH BOIOPO/IA
crabmipHa. HecMOTpst Ha OTHOCHTENBHO CNa0yl0 TOKCHYHOCTD U JJaKe TOJB3Y B
HEHTpaau3aluy BUPYCOB M OAKTEPHIA, B IPUCYTCTBUU CYTIEPOKCUIHOTO PAIHKaIa
(O?) nepekuch HHIYIHPYET 00pa30BaHNUE BHICOKOPEAKTHBHOTO M'HAPOKCUILHOTO
panukana. Takum oOpas3oMm, Hefitpanusauus H,O, aHTOIMAHOBBIMM MHUIMEHTA-
MU TI03BOJISIET N30€KaTh CHIEHOTO OKHUCIHTENLHOTO CTPEeCca, BO3HUKAIOIIETO B
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pesymsrare IeHcTBUS aTMOC(EpHBIX MOTIOTaHTOB. CIIOCOOHOCTh aHTOITMAHOB
paspyuiaTh CyNnepoOKCHAHBIM pajuKall 1Mo TUIY (IaBOHOJIOB (Hamu4ue cBOOOJ-
HBIX THAPOKCHIIBHBIX TPYIIT OMPEIeIsIeT PEaKIIHOHHYIO CTIOCOOHOCTE) TI03BOJIS-
eT UM (YHKIHOHUPOBATh KaK SHAOI€HHBIM aHTHOKCHJIAHTaM, YMEHBIIAIOUIIM
KHCIIOPOIHO-PAHKATIBHYI0 TOKCHIHOCTD, OTIOJHATH WJIM KOMIICHCHPOBATH He-
JIOCTATOK TAKUX YHIOTEHHBIX aHTHOKCUIAHTOB, KaK TIIFOTATUOH, (JIaBOHOJIbI UITH
ackopOar [6], BBICTyIIasi B KAUECTBE JIOHOPA AIIEKTPOHOB JUIS TEPOKCHIa3HOM pe-
akuuu [20]. Kpome 3T0r0, ypoBeHb aHTOIIMAHOBBIX MUTMEHTOB MOXKET MCTIOJIB30-
BaThCs B KQYeCTBE MHIMKATOPA WK JUIsl onpesesieHus ypoBHs O U aKTHBHOCTH
cynepokcunaucmyTassl (COM) [20].

OnarM 13 HanboJee TOKCHIHBIX 3aTPSI3HUTEINEH OKPY KaIOIIeit CpeIbI SBISIET-
cs kagmuid [21]. Ins kagMus XapakTepHbI BBICOKasi OABMYKHOCTD B IOYBEHHOM
pacTBope 1 OBICTpOE TOCTYIUICHHE B pacTeHmst. HakarnmBasich B opraHax M TKa-
HSX, KQJIMUH HETaTUBHO BJIMSAET HA MHOTHE CTOPOHBI METa0OIM3Ma, a TakkKe Ha
MIPOAYKTUBHOCTH pacTenwnii [22]. B wacTHOCTH, 11O/ BO3ACMCTBHEM BHICOKHX KOH-
LEHTpAIUil 3TOr0 MeTallIa Y pacCTeHUN 3aMEeIISIOTCS pOCT U Pa3BUTHE, HapyIla-
eTCs BOAHBIA 1 MUHEPAJIBHBIH 00MEH, H3MEHSIETCSI HHTCHCHBHOCTD (DOTOCHHTE3a
u aeixanus [23, 24]. Kagmuit cioco6cTByeT Takke U30bITOUHOMY 00pa30BaHHIO
akTUBHBIX (hopMm kuciopona (ADPK) v BOSHUKHOBEHUIO OKHCIMTEIBHOTO CTpecca
[23, 25].

AHaNM3 JTaHHBIX O COACPYKAHUIO KaIMFS ITO3BOJIMII BEISBUTH ITOJIOKUTEITH-
HYI0 KOPPEJALUOHHYIO 3aBUCHMOCTh MEXJY €r0 COJepPKAHUEM B PACTUTEIILHBIX
TKaHAX UCCIECAYEMBIX PACTCHHH M MHTCHCHBHOCTBHIO IBIKCHHUS aBTOTPAHCIIOPTa
(r = 0,7-0,88). Boicokasi KoppensalnOoHHas 3aBUCUMOCTh CBUIETENILCTBYET O 3HA-
YUTETFHOM BKJIaJe aBTOMOOMIEHBIX BEIOPOCOB B TIPEBEINICHUE (DOHOBOTO YPOBHS
KaaMus B pacTeHHsx ypOoduroneHo3oB I. Kanununrpana. [lpucyTcTBue uoHOB
KaJMUsI B KOPE PACTCHUH CBUIETENBCTBYET 00 aKTUBHOM €T0 YUaCTHH B TpaHCTpa-
HUYHOM TIEpEHOCE M HAJIMYMU JIOKAJIbHBIX UCTOYHUKOB aHTPOIIOTEHHOTO 3arpsi3-
Henusl. Tak, HarpuMep, CpeaHerooBoe nepemenieHue kaamust ¢ 1996 mo 2000 .
HaJ| Tepputopucii Kanuuunrpaackoit obnactu npessicuio 50 Mxr/m>ros. Bapbu-
poBaHKe aO0COTIOTHRIX 3HAUYCHUH BBIMIAICHUS KaIMHUS ¢ aTMOC(EPHBIMHU OCaTIKaMHU
o gaaasiM HELCOM B 1999-2000 rr. cocraBuiio ot 2 g0 218 mxr/m*to [26].

Hns 3amuTel oT m30eiTka ADQK B KiteTke cymecTByeT MHOTOKOMITOHEHTHAS
AHTHOKCHJIAHTHAs CHCTEMa, BKIIOYAIOIIasi BBICOKOMOJEKYJSPHbIE W HHU3KOMO-
JeKYJSIpHBIE aHTHOKCUAAHTHL. K BBICOKOMOJICKYISIPHBIM aHTHOKCHIAHTAM OT-
HOCHUTCA Psii (DepPMEHTOB, Cpeid KOTOPBIX OCHOBHAs poiib B »nuMuHAun ADK
npuHamiexut CO/. HuzkomonekyIspHbIe aHTHOKCHAAHTEI MIPEACTABICHEI pa3-
HOOOpAa3HBIMU BEIIECTBAMH, K YUCITy KOTOPBIX OTHOCSTCS U (DEHOJBHBIE COEH-
Henus [27]. CHmKeHNe ypOBHS BOJIOPACTBOPUMBIX aHTHOKCHIAHTOB W HAJIHYNE
BBICOKOW OTPHILATENLHONW KOppesimMOHHOM cBsi3u (r = —0,91) mexny conepxka-
HrueM Cd nu AOA B pacTHTEIBHBIX TKAHSX MO3BOJISIFOT MPEAIIOIOKHTh, YTO B 3a-
BHCHUMOCTU OT MHTEHCHBHOCTH CTPECCOBOTO BO3ACUCTBUS BKIIOUAIOTCS T€ WM
WHBIC KOMIOHEHTHl aHTHOKCHIAHTHOW CHCTEMBI 3alINTHL. [IpH HU3KMX KOHIICH-
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TPAIMIX KaJMHS «3aITyCKaeTCs» HU3KOMOJIEKYIIpHAs KOMIIOHEHTa, & IMCHHO —
yBEJIMYCHHE CHHTEe3a (DEHOIBHBIX COEIMHEHHH, a TPU O0Jiee BBICOKOH — BBICOKO-
MOJICKYJIsIpHast, KOTa Bo3pacTaeT akTHBHOCTE COJ] 1 CTHMYIHPYIOTCS TPOIIECCHI
HAKOIUICHHUS aHTOLMAHOBBIX MUTMEHTOB. AKTHUBAIIMsI HAKOTJICHUS aHTOIIMAHOBBIX
MTUTMEHTOB B YCIOBHUIX TOKCHUECKOTO ICHCTBUS KaIMHs, & TAKXKE BHICOKAsI TIOJIO-
JKUTETbHAsI KOPPESIMOHHAs 3aBUCUMOCTh MeXay coaep:kanuem Cd u Hakore-
HHEM aHTOIIMAaHOB B Bakyolsix (r = 0,92) uccnenyeMbIX pacTeHUH MTO3BOJISET OT-
HECTH uX OMOCHHTE3 K HeCleU(PHUUECKUM MEeXaHu3MaM aIanTallii PacTeHUN K
BBICOKMM KOHIICHTPAIIMSIM METaJlIa, a X CoJepyKaHHe UCIIONB30BaTh B KAUSCTBE
TECTa, XapaKTePHU3YIOIIETo PEaKkIuio PACTEHUI Ha YPOBEHB 3arps3HEHUs TepPpH-
TOPHUI MOHAMU KaJIMHSL.

Bosnbioe paznooOpasue 3arpsA3HAIONIMX BEIIECTB, IPUCYTCTBYIONINX B TOPOJI-
CKHUX DKOCHCTEMaX, 3aTPYyIHICT PEIIeHHe BOIpoca 00 HX SKOTOKCHKOJIOTHICCKON
olieHKe. B mocnenHue roapl 3HAYUTENILHOE BHUMAaHHUE YIesseTcsl pa3paboTke u
BHEIIPEHMIO B MPAKTHKY KOHTPOJIS KaUueCTBA MIPUPOJHBIX CPET METOIOB OMOTECTH-
poBaHus 1 OMOMHAMKAIMK. Haim uccinegoBanus Mokas3aiy, 4To Kopa JAPEBECHBIX
pacTeHUH JHUIBI U €M HAKAIUTMBACT MAKCHMAIbHOE KOMMYECTBO MOHOB KaJMUS
[0 CPABHEHUIO C BEreTaTUBHOM YacThIO PACTEHUH M ee MOXKHO HCIIOJIb30BaTh B
KagecTBe Hamboiee IMOAXOIIIErO TeCT-00beKTa I OHMOMHIMKAIIMN 3arps3He-
HUS KaIMHUEM TOPOACKHX TeppuTopuil. Cpeu TpaBIHUCTBIX PACTEHUH B KauecTBe
paCTeHUI-WHINKATOPA 3aTPsI3HEHHUS KaIMUEM TOPOICKHX IIOYB TIOIXOMUT II0J0-
POXHUK OOJBIION. {151 KOMIUIEKCHOH DKOTOKCHKOJIOTMYECKOM OIIEHKH COCTOSI-
HUS ypOOPHUTOIIEHO30B HEOOXOMMO COBMECTHOE IIPUMEHEHHE OMOJIOTHYCCKHX U
(PU3UKO-XUMHUYECKUX METO/IOB aHanmu3a. Mcrnonb3yss OMOXMMHUYECKUE TIOKa3aTeln
pacTeHnii, Takue KaK SHIOTCHHBII YpOBEHbh aHTOIMAHOBEIX IINTMEHTOB, BOIOPAC-
TBOPUMBIX aHTHOKCHAAHTOB, COJepKaHne (POTOCHHTETHYECKUX TUTMEHTOB, MOXK-
HO 3()()EKTUBHO OIIEHUTH COCTOSIHHE YpOO(MHUTOIICHO30B M CTEIICHb BIHMSHHUS Ha
HUX aBTOMOOWJIBHBIX MOJUTFOTAHTOB, BKIIIOYAsi HOHBI KaJIMUSL.

3akirouenne

3arpsi3HeHHE TOPOICKOII cpe/ibl BEIOpOCaMu aBTOTPAHCIIOPTA IPUBOIUT K CHU-
YKCHUIO HAKOTUICHHSI (POTOCHHTETHYECKUX MUTMECHTOB U MIX JIECTPYKIINHU, CHIDKE-
HUIO CKOPOCTH HAKOIUICHUSI aCCUMHJISITOB U BCJIEACTBUE ITOTO — K YMEHBILICHUIO
COZIEp’KaHUS BOJOPACTBOPUMBIX AHTHMOKCHIAHTOB Y HCCIEIYyEeMbIX pacTEHUil.
CHIDKEHHE aHTHOKCHJAHTHOTO CTaTyca PacTeHUH U aKTUBHOCTH (DOTOCHHTETH-
YECKOro amrapara — CUMITOMBI HEYJOBJIETBOPUTEIBHOTO COCTOSHUS PacTEHUM
BCJIEACTBUE CUIIBHOTO Pa3pyIIAIONIEro AeiiCTBUS aBTOMOOMIBHBIX OJITIOTAHTOB.

[loxazano mpeBbIIeHHE (OHOBOTO CONEPKAHUS KaaMHS B PACTUTEIHHBIX
npodax . KaauHUHTpaga U BBIABICHA MOJOXKHUTENbHAs KOPPEISILUOHHAS CBA3b
MEXJly €r0 COIep)KaHUEM B PACTEHUSIX U MHTEHCUBHOCTBIO IBUYKEHUs aBTOTPaH-
cnopra. OTMeueHa BBICOKAsI OTPHULIATEIbHASL KOPPEIALUOHHAS CBSI3b MEXIY CO-
nepskanreM Cd B pacTeHHSX M UX aHTHOKCHIAHTHBIM CTaTyCOM U TTOJIOKHUTEIbHAS
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Koppensius Mexay coaepkanueM Cd M HAKOTUIGHWEM aHTOIIMAaHOB. AKTHBHOE
HAKOIUICHHWE aHTOLIMAHOB B BAKYOJISIX KJIETOK MOYKET MOBBICHTH 3(pPEeKTUBHOCTD
AHTHOKCHJIAHTHOW CHCTEMBI B TIPOIECCaX HEHUTpaIM3AINH MPOAYKTOB OKHCIIN-
TEJIBHOTO CTpecca M CHOCOOCTBOBAThH MOBBIIICHUIO YCTOWYMBOCTH PACTEHUH K
JEUCTBUIO KaJMUS.
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This work was carried out with the support of IKSUR grant (project Ne 01-004-09)

The atmospheric air of Kaliningrad on a compound of pollutants is typical for
modern cities with the educed transport infrastructure. A specific weight of exhaust
from a municipal motor transport in total anthropogenic atmospheric emission is
83,8%, exceeding more than in 6 times exhaust from stationary sources. Researches
of city phytocenosis plants have shown, that the efficient control quality of an urban
environment requires the sufficient information on an ekologo-physiological state of
the city phytocenosises, allowing to estimate the functional contribution of each plant
to change of quality of an urban environment to a direction of its enriching. In this
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connection, the assessment of influence of motor transport exhaust on a state of urban
ecosystems gets now exclusively great value. The authors identified six permanent
sample plots in the city of Kaliningrad, sites were located in roadside areas (up to
5 meters from the road) on the major highways of the regional center. Sample plots
were divided based on an assessment of urban environment and were in different parts
of the city. Control site was located at a considerable distance from the city limits
(40 km), in the «National park Curonian Spity. To the biogeochemical test were used
most commonly in urban landscapes species of trees and herbaceous plants: spruce
(Picea abies (L.) Karst.), tillet (Tilia cordata Mill.), dandelion (Taraxacum officinale
Webb.), waybread (Plantago major L.). Collection of material (bark, pine needles,
leaves) was carried out during the growing season (June-July) 2009. In plants, the
authors determined the content of chlorophyll a and b, carotenoids spectrophotometry
without prior separation of the 100% acetone extract. The authors determined the
mass concentration of antioxidant (AOA) in the samples, equivalent to quercetin,
amperometric method on the device «Color Yauza 01-AAA» («Himavtomatika», Russia)
by the method of Yashin Y.1. This article analyses the pigment and antioxidant systems
reaction of city phytocenosis plants of Kaliningrad in the conditions of environmental
pollution by motor transport exhaust. The authors determined excess of the background
content of cadmium in Kaliningrad plants and positive correlation between its content
in plants and intensity of locomotion of motor transport and revealed the high negative
correlation communication between content of Cd and the antioxidant status of plants
and positive correlation with the anthocyanin content. This article contains date
the content of photosynthetic pigments in plants in the conditions of environmental
pollution by motor transport exhaust. Depression of the antioxidant status and activity
of the photosynthetic apparatus are symptoms of an unsatisfactory state of plants,
owing to strong destructive action of automobile pollutants. The active accumulation
of anthocyans in vacuoles of cells can raise efficacy of antioxidant system in processes
of neutralization of products of oxidative stress and promote rising of plants resistance
to cadmium action.

Key words: fechnogenic pollution; cadmium; city phytocenosis; antioxidants;
bioindication.
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HEKOTOPBIE ITOKA3ATEJIA COCTOSIHUS " KUBOTHBIX
M3 PASHBIX NONYJISILIUIA KPACHOM MOJIEBKH
(Clethrionomys rutilus Pall.) TOPHOT'O AJITAS

Pabora BeImOIHEHA IPU YaCTHYHOH (pruHAHCOBOH Mo Iepxke POOU
(rpanTsl Ne 98-05-03166; 98-05-03183).

Buisenen edunwviii cnekmp cmpykmypHo-@yHKYUOHATbHBIX HAPYUWEHULL 8 Ie2KUX, Ne-
YeHU, NOUKAX, cele3eHKe U KPOGU KPACHOU NOAeBKU U3 08YX pationog I oprozo Anmas,
OMHOCUMBIX K 30HAM PAOUAYUOHHO20 U XUMUUECKO20 3A2PA3HEHUs PAZTUYHO20 YPOGH.
Taoicecmv Hapywienutl 4 KOIUYECms80 ux nposieieHuUll 6 UCCie008aHHbIX PALlOHAX Pa3-
nuyaromest. Pezynomamul uccnedoganus 0arom ocHo8anus NPeOnoiazanb, 4mo Guisie-
JleHHble NAMON02UU 68 3HAUUMENbHOU CIeNneHy AGIAIOMCI Pe3YAbMamom 8030eltiCmausl
PAOUAYUOHHBIX (DAKMOPOE U, BOMOICHO, 3A2PAZHEHUL CPeObl HECUMMEMPUYHBIM OU-
Mmemuneuopasunom. B koneunom umozce smo npueooum k napyuienuio comeocmasa op-
2AHUBMA, YMO NPOSIGIACMCA 8 8UOe BOCNATUMENbHBIX NPOYECCOB 8 PASTUUHBIX OPSAHAX
U HeKOMOPOM U3MEHeHUU MUHEPATbHO20 0OMeHd.

KuoueBble cioBa: [opuvlii Anmaii; Kpachas noneska; neyeHv, necKue; NOYKu,
KpOBb, XUMUYECKUe 1eMeHMbl.

BBenenue

CocrostHUE 3/10pOBbS KMBOTHBIX KaK OTpakeHHE (yHKIIMOHAIBHBIX MPOIEC-
COB, TMPOUCXOJISIINX B OpPraHU3Me, MOKET OBITh OJHUM M3 HaubOosee d(PeKTHB-
HBIX [TOKa3arelel UX peakiuii Ha U3MEHsIoInecs yClIoBys cyiecTBoBanus. Oco-
OyI0 3HAYMMOCTh HCCIIEC[IOBAaHUE ITUX MPOILIECCOB MPHOOPETAET B COBPEMEHHBIX
YCJIOBHSIX MHOYKECTBEHHOTO 3arpsi3HEHUS CPEIbl, IPUBOSIIETO K MepeHarpsKe-
HUIO aJIaNTAlHOHHBIX BOBMOKHOCTEH OMOCHCTEM U PAa3BUTHIO MATOJIOTHYECKUX
sBiieHuH [1]. OneHka cOCTOSHUS MOIYIISIMI KUBOTHBIX Ba)KHA KaK M10Ka3aTelb
COCTOsIHHSI OMOpa3HOOOpa3wsl.

Lenb nccienoBaHus — aHAIN3 COCTOSHUS JBIXaTEIbHOM, BBIICIUTEIBHOH CH-
CTeM, MeYCHH M KPOBH, XapaKTEPU3YIOIIUX B [[EJIOM 3[0POBbE KUBOTHBIX B pa3-
JIMYHBIX NMOMYJSIIUsAX kpacHoi nonesku (Clethrionomys rutilus Pall.). B ocHOBy
PpaboTHI TTOJIOKEHBI MaTEPHAITBI, COOpaHHBIE B IBYX paiioHax [opHoro Antas. Oba
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paiioHa HaxOJISATCS B 30HE PACCEHBaHUs PAKETHOTO TOTUIMBA U O] BO3JICHCTBAEM
3HAYUTEJIBHOTO BIMSHUS PaJUallMOHHBIX (PaKTOPOB, HO OTIUYAIOTCS XapaKTepoM
¥ YPOBHEM JIOKQJILHOW aHTPOIIOTeHHOW Harpy3ku. KomIuiekc nmpoBeeHHBIX pa-
00T, B TOM YHClIc 1 OMOMHIUKAIMOHHOTO OJI0Ka, ObLI CBSI3aH C OILICHKOM COCTO-
SIHASL CPEJIbl B pallOHAX pacCeMBaHUsSl PAKETHOTO TOIUIMBA — HECHMMETPHYHOTO
mumetwiruapaszuia (HAMI).

MaTepnam,I U METOAUKHU HCCTICT0OBAHUS

Jis OLIEHKH COCTOSIHMSI OpraHU3Ma >KUBOTHBIX HCIIOJIB30BAIMCh PE3YJIBTaThl
THCTOJIOIMYECKUX UCCIIEI0BAHUI NIEYEHH, JIETKUX U [10YEK, JaHHbIE O COAEP KaHUI
B TYIIKaX IOJIEBOK XUMHYECKUX DIIEMEHTOB, O COCTOSHUM OEJION KPOBHU >KHUBOT-
HBIX.

COop Matepuaia ocyuiectsieH B JeTHui nepuoa 1999-2000 rr. O1inoB xu-
BOTHBIX TPOBOJWJICS KUBOJIOBYIIKAMH IO CTaHAApTHOM Mmeronuke [2, 3]. Bei-
OOpKYy COCTaBMJIM MBOTHBIC Pa3HOTO IoJa U Bo3pacTa. Y OTJIOBJICHHBIX KH-
BOTHBIX U3bIMAJIUCh BHYTPEHHUE OpraHbl — JIETKUE, IIOUYKH, [IEUYeHb, CEIe3EHKa.
l'ucTonoruueckuii aHamu3 OpPraHoB OCYIIECTBISUICA Ha Kadenpe maraHaTOMHUH
CubI'MY kaun. men. Hayk KHO.M. ITanepoBeiM. ConepkaHue XUMHUYECKUX dJie-
MEHTOB B TYIIKaX dKMUBOTHBIX 0€3 JKEIYJOUYHO-KUIIEYHOTO TPaKTa OMpPEeIsoch
METOIIOM aTOMHO-3IMHCCHOHHOH CIIEKTPOCKONHMH Ha 0a3e 1abopaTopuu MOHUTO-
pHUHTa OKpY>Karolel cpeabl XUMUYecKoro ¢akyinbsreTa TOMCKOTo Tocy1apCcTBEeH-
HOTO YHUBEpPCUTETA.

CrartucTuyecKuil aHanu3 BBHIIONHEH Ha ocHOBe mporpaMm StatSoft STATIS-
TICA 6.0 u Excel ¢ npuMeHeHHEM TTapaMETPHUYSCKUX U HElapaMeTPUIEeCKUX
MetozioB: kpurepun CrbrogeHTa, Kommoropoa—CmupHoBa, MaHHa— YHUTHH,
KOppensaLuoHHbIN ananu3 CnupMena. J[anHble Ha puc. | npeacTaBieHb! B BUAE
cpeaHell apupMeTHIeCKoid, OIMOKU CpeIHEH, TOBEPUTEIBHBIX HHTEPBAJIOB.

ITo pa3HbIM MTOKa3aTensiM uccaenoBano 117 moneBok.

XapaKkTepucTHuKa pailOHOB MCCIIEJOBAHUS:

— Yoiickuii paiton. MccrienoBanns MpoBOAMINCE B OKpecTHOCTX Toc. Ceil-
Ka, TJe pacroyiaraercs 30J10Toio0bIBatolee npeanpustue. [IpoexTHas npousBo-
JUTEITHHOCTh TpeAnpusThs coctaisier g0 100 Teic. T pynsl / Toa. Tepputopust
XapaKTepu3yeTcs Kak pallOH TEXHOTEHHOTO TSHKEIOMETaUINYEeCKOTO 3arpsi3HEHUS
3eMenb [4]. B peanbHbBIX JTaHAMAPTHO-TCOXUMHUYECKIX YCIOBUSAX paiioHa 30I10-
TOZ00BIBAIONIETO MPEANPHUITHS 30HATBHBIE OPEOJIBl TEXHOTEHHOTO 3arpsi3HEeHUs
BBITSIHYTHI B HAIIPABJIEHUU OCHOBHBIX BOAHBIX ¥ BO3AYIIHBIX MUTPALMOHHBIX I10-
TOKOB Ha paccTosiHre 5—10 kM. OCHOBHBIMH 3arpsA3HUTENSIMUA OKpYIKarolien cpe-
1ol seisitorest Cu, Zn, Pb, Cd [5].

— Typouakckuii paitoH. Matepuaibl coOOpaHbl B C€BEpO-3aMlaHOI yacTu mpa-
BOOEpEKbs MOMUHBI TeTenkoro 03epa, B OKPECTHOCTSX Toc. ApTeidart. Teppuro-
pusl He UMeeT NEHCTBYIOIIUX MPOMBIIUIEHHBIX TPEANPHUATHNA U ABJISETCS 30HON
OT/bIXA.
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Puc. 1. ComepxaHne XMMHUECKHUX 3JIEMEHTOB B TYILIKaX KPACHBIX MOJIEBOK
¢ Tepputopuii [opHOTO Anras: / — >KUBOTHbIE 0€3 MATOJIOTUH B JIETKHX;
2 — )KUBOTHBIE C TIATONIOTHAMH B JIETKHX

PesyabTarsl HecaeqoBaHus U 00CYKIeHIE

HccnenoBanue THCTOJNIOTMYECKOTO MaTepualia BBISBHIIO DI IPOSBICHUH
MAaTOJIOTMIECKUX IPOIIECCOB B OpraHax: XpPOHHUECKOE BOCIAJICHUE JIETKUX, T10-
paxkeHHe nedeHH B (hopMe XPOHHYECKOTO TelaTuTa, XpOHUYECKOe BOCIAJICHUE
MOYEK U IpyTue OTKIOHEeHNU:. [Ipn 3TOM mogocTphle XpOHHYECKIE BOCTIAIUTEIh-
HBIE TIPOIIECCHI B JIETKUX MPOSIBIISIOTCS B BUIE XPOHHYECKOTO OPOHXHTA, OPOHXO-
ITHEBMOHHWH, TTHEBMOPHOPO3a. Y KUBOTHBIX C XPOHUYECKUM TEMATUTOM HAOIIO-
Janock noctoBeproe (p<0,05) yBennueHne B ME3eHTEpUATbHBIX (OpPBIKEEUHBIX )
mMdoy3max MUTOTHYECKOH aKTUBHOCTH JHM(OUIHBIX KIETOK, CIIOCOOHBIX K
JeneHnto (Mumgo6aacToB, MpoauM(oOIacToB), a TaKXKe yBEIHMUCHUE B 2 pasa
JIONN 3pEeJbIX IUIA3MAaTHISCKUX KIETOK. DTO TO3BOJSIET TOBOPUTH O HATHIHU Y
psilia JKMBOTHBIX C I'€HaTHTOM BBIPAXXEHHOTO MMMYHHOTO OTBETa CO CTOPOHBI
mM(Ooy3IIoB, a TaKKEe O BO3ZMOKHOM ayTOMMMYHHOM XapaKTepe BBISIBICHHOTO
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XPOHMUYECKOI'0 renarura. Pe3ynbraTsl ncciaeoBaHUs THCTOJOTHYECKOro Mare-
pHuaia )KMBOTHBIX M3 ABYX PalOHOB IMOKa3aJiy B LIEJIOM HAJIMYUE €AMHOTO CIEeK-
Tpa NATOJIOIMYECKUX HIPOLECcCOB. BbIABIEHHBIE OT HOPMAJIbHOIO COCTOSIHMS
OTKJIOHEHUS Kak B nepBoM (1. Ceiika), Tak U BO BTopoM (1. ApThIOam) ciyya-
SIX HE UMENH CIEMU(PHIECKOro XapaKTepa U IPEICTABICHB BEIPA)KEHHBIMH B
pPa3HO# CTeneHH BOCHAIUTEIbHBIMU Mpoueccamu. OJHAKO B MPOIEHTHOM OT-
HOILIEHUHU IPOSIBIEHUSI [1aTOJIOTMUYECKUX [TPOLIECCOB Y MOJIEBOK U3 OKPECTHOCTH
n. Celika peTUCTPUPOBAIUCH 3HAYUTEIBHO PEXe, a CTENEHb BBIPAXKEHHOCTH
¥X ObUIa HECKOJNBKO ciadee, YeM Yy KUBOTHBIX M3 OKPECTHOCTH II. ApThIOAI.
Tak, HarpuUMep, XPOHUYECKOE BOCHAICHHE OPOHXOB PErUCTPUPOBAIOCH Y TO-
JIeBOK NepBo# rpynmsl B 37%, a Bo Bropoii rpynine — B 100%. BocnanurtenbHbli
mpoliecc JTIOKaIU30BaICsad B OPOHXaX KPYMHOTO Kajaubpa, IpU 3TOM y MOJIEBOK
[epBOM IpyNIbl, B OIMYUE OT BTOPOH, OTCYTCTBOBAJIHU SIBJIEHUSI OCTPOTO WM
MepeHeceHHoro panee ieBpura. [lopaxkeHue neyeHu B opMe XpOHUUECKOTO
rernaruTa y >KMBOTHBIX NEPBOU rpynisl BbsiBIEHO B 50% ciryuyaeB npotus 83%
BO BTOPO, MPU ATOM B MIEPBOM CIIyudae MOJTHOCTHIO OTCYTCTBOBAIM U3MEHEHHS
B (hopME MOPTO-TIOPTANBHBIX CETIT, YTO PErHCTPHPOBATIOCH Y JKHBOTHBIX BTOPOM
rpynnsl B 33% cinydaeB. YacToTa XpOHHYECKOTO BOCTIAJIICHUS TIOYEK Y JKUBOT-
HBIX IepBOH Ipynmsl coctaBuia 37,5%, npu 3TOM HOJIHOCTHIO OTCYTCTBOBaja
JIBYCTOPOHHSIS JIOKaJIu3anus npouecca. Bo BTropoii rpymme >KuBOTHBIX 4acTOTa
XPOHUYECKOI'0 BOocHalieHus nouex — 66,6%, a IByCTOPOHHS JIOKaIU3aLus Ipo-
necca peructpupoBaiach B 33% cimydaeB. CKJIEpO3 CTPOMBI CEJNE3EHKU y KH-
BOTHBIX IIEPBON IpyIIibl peructpuponaics B 37,5% npotus 83,3% Bo BTOpOI.
Taxum 006pazom, MoKazaTed COCTOSTHUS 30POBbs )KMBOTHBIX B 30HE OT/IbIXa HA
TenenkoM o3epe 3aMETHO XyXKe, UeM B pailOHE TEXHOTEHHOTO TSKEeJIOMeTaJlJIU-
4eCcKoro 3arpssHenus. [logTBepKAeHHEM 3TOTO SBISIOTCS IOCTATOUHO BBICOKHH
nokasarenb (10,2%) JoUMITTIaHTAIIMOHHOM T'HOETH )KHBOTHBIX U U3MEHEHHUE CO-
CTOSIHUSL CIIEPMATOreHe3a — BCTPEYaeMOCTh CIIEPMAaTO30MI0B C aHOMAaJIbHBIMU
rojoBKamu Bapeupyet ot 14,5 no 24,7% [6].

EnuHblii crieKTp BBISBIEHHBIX MATOJOTHYECKHX TPOLIECCOB B OpraHax >Ku-
BOTHBIX U3 JBYX PaliOHOB yKa3bIBa€T Ha TO, YTO NPUYMHON MX BO3SHUKHOBEHUS
SIBISAIOTCS (DAKTOPBI, ACUCTBYIOLINE HA TEPPUTOPUU 000MX pailoHOB. TakoBBIMH,
MIPEIIOIOKUATEIIEHO, MOTYT OBITB 3arpsi3HeHHE OKpyskatomier cpenst HJIMI (Tep-
putopus ['opHOro AnTast OTHOCUTCS K paiioHaM MaJleHus! CTYNEHEeH KOCMUYECKIX
pakeT U pacceuBaHUsI TOILIMBA) U pajralnoHHoe BoseiicTeue. HAMI smisercs
BBICOKOTOKCHYHBIM KCEHOOMOTHKOM, BBI3BIBAIOLIUM pPa3BUTHE MATOJOTHH opra-
HOB JIbIXaHUS U KPOBETBOPEHMs, HEPBHOM U CEPAECUHO-COCYIAUCTON CUCTEM, JKe-
JyI0YHO-KUIIeYHOTo TpakTa. Cpeaneronossie npoiusbl HAMI Hag anralickumu
TEPPUTOPUSIMH COCTABIIIOT €XKEroaHO Oojiee 2,24 1. B pesynbrare momnoOHOTO 3a-
TPSA3HEHUS COIepIKaHUe ATOTO BelecTBa B moyBax [opHoro Antas npu poHOBOM
sravyennu 0,175 mr/kr nocturaer 15,4 T1J1Y, B Tom uunciie 'y 6eperos Temnerkoro
o3epa [7]. BersiBiena cBs3p Mexay 3arpsisHenuem noussl HAMI u wactoroii uu-
(hekMoHHBIX 3a00IeBaHui [§].
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UsBectHO, uTO TepputTopusi PecnyOnuku Antail HEOJHOKpPATHO TOABEpTra-
JIaCh PaJIMOAKTUBHOMY 3arpsi3HEHHIO MIPHU MPOBENEHUH UcIbITaHNi Ha Cemurna-
JATUHCKOM TIonuroHe. Ha 3HAYMTENBFHON TEpPUTOPHH PECITyONMKH BBIIBICHEI
OCTaTOYHbIE JIOKAJbHBIE 3arpsS3HEHHUs IMOYBEHHOTO MOKPOBA JOJITOXKHUBYIIUMHU
paauon3oTonaMu 1ie3ust, cTpoHius, wrytonus [4, 9, 10]. Ilo manaemm B.E. Kan
[9], ynenbHas akTMBHOCTbH 1L1€3Hs B TIOUBE OKpecTHOcTH 1. Celika BapbuUpyeT OT
22 1o 95 Bx/kr, uto B 3 pa3a BbIlIe (POHOBBIX 3HAUCHHUH 1O pecmyOnuke. Ycra-
HOBJICHO, YTO KOJMYECTBO BBINAJAIONINX PAAUOHYKIUI0B HAMIPSIMYIO 3aBUCUT OT
KOJIMYECTBa BhIMafaromumx ocaakos [11, 12]. YkazanHO¥ 3aKOHOMEPHOCTH COOT-
BercTBYIOT naHuble E.H. Mibunckux u ap. [10], cormacHo KOTOPHIM TUIOTHOCTb
ocanka *’Cs oT m1o0anbHBIX BBHINMAACHUH, pacCUUTaHHAS IO CPEIHETOA0BON HH-
TEHCUBHOCTH aTMOC(EPHBIX 0CAJKOB HA TEPPUTOPHH 1. ApThidai (2,68 KbK/M?,
i 72 MKu/kM?), HECKOJIBKO BBIIIIE, Y€M Ha TeppUTOpuH 1. Bepxussa-blubipra
(2,44 xbr/M?, unmu 66 MKu/xm?), pacnionokerHoro B 15 km ot 1. Cetika. Imerotcst
nanubie, yTo 60—70% cymMMapHO 103bI 00MydeHUs HaceneHus PecryOnuku An-
Tall CBSI3aHO C BO3/IEWCTBHEM pajioHa, ITpu 3ToM YHolickuil u Typouyakckuii paiio-
HBI OTHOCSTCS K HEONIAronpusTHIM TepputopusiM. Hanbosee HampsbkeHHast 00-
CTaHOBKa M0 pajJioHy HaOmonaercs B TypouakckoM paiione, rae 80% HaceneHHs
TIO/IBEPIKEHA €T0 BO3ICHCTBHIO BBIIIIE HOPMUPYEMOTO TTokazatess [4].

[Toxa3zarenu KpoBU KUBOTHBIX [OpHOTO AnTas TakkKe MOTYT CBHJIETEILCTBO-
BaThb O PAIMAIIOHHOM HEOIArOTOTyYHH TEPPUTOPHH. VI3BECTHO, YTO KOIMUIECTBO
TUM(POLUTOB M DO3MHO(PHUIOB YBEITUYMUBAETCS C MOBBIIICHUEM PalUAllIOHHOTO
BO3MICHCTBUS, a MAJOUYKOSACPHBIX H CETMEHTOSICPHBIX HEHTPODUIIOB — yMEHB-
maetcs [13—17]. B uenom, nmokaszareian KpOBH y UCCIIEIOBAaHHbIX )KUBOTHBIX [op-
HOro Autast ¥ 30HbI YepHOOBUTBCKOW aBapyH BIIOJIHE COU3MEPHUMBI (TaOIHIIA).

T'emaTosi0rHYecKHe MOKa3aTe M nepudepuueckoii KpoBu
MeJIKUX MJiekonutamux (M £ n / n)

TopHblit Anraii Paiion YADC*
Pannannonno-
ITokazarenn . ®doHOBBIC
. Ceiika 1. ApTeI0amt 3arps3HEHHBIC
TEPPUTOPHUU
TEPPUTOPHU
+ +
JIeMKOIUTEI, THIC./MJI 7’321 00’32 4’503 90’22 5,42+0,3 2,0-1,63
[Tanouxosiiepubie 1.40+0,24 1,57+0,22
Herpobuisl, % 5 23 26202 1.9-24
Cermenrosiiepubie | 22,00£5.15 22,03£1.62
HenTpohuibl, % 10 32 29,7208 31.9-198
SosurobHEL, % 2’0030'3 : 1’75;20’16 24403 24174
Basodmbi, % 2,502:0,85 1,36120,25 B 3
JImmdonmtsr, % 72’4(1)?):5’61 70’()2;3’55 29,9+0,9 57,5-55,2
MownomuTsl, % 2’401:‘;)0’34 3’72;:20’28 5,4+0,2 5,2

* lannbie E.U. HUcaesoit, C.O. Bsizoa [14].
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3akir0ueHne

[IpoBeneHHbIe UCCnenOBaHUS COACPKaHUS B TyIIKaxX KUBOTHBIX B, Al, Ti, V,
Cr, Mn, Fe, Ni, Cu, Zn, Mo, Sn, Ba, Pb nokasanu, 4To 1mMoJieBKH U3 OKPECTHO-
creit . Celika ommuatores (p<0,05) OT KHUBOTHBIX U3 OKPECTHOCTEH M. ApThI-
Oam GoNbIIMM ypoBHEM cojiepkanus B, V, Zn u Menpmum — Al. JKuBoTHBIE ¢
BBIPQKEHHBIM MPOSBICHUEM MaTOJIOTMYECKHX MPOIECCOB B JIETKUX OTIMYAIUCDH
OT 37I0POBBIX KUBOTHBIX MEHBIIINM coziepkanneM B opranmsme V, Cr, Cu, Zn, Bu
oonbmM — Al (em. puc. 1). OOpamaer Ha ce0st BHUMaHUE TOT (haKT, 4TO BCE Mepe-
YHCJIEHHBIE 2JIEMEHTHI, KPOME aJIFOMUHUS, OTHOCATCS K 3CCEHLIMANbHBIM. BoLsaBiie-
HO TaKKe, YTO Yy MOJIEBOK C MATOJOTHYECKUMH OTKIOHEHUSMH B TIOUYKaX YPOBEHb
COZIep KaHMsI CBUHIIA B OpraHU3Me OBbUI BEIIIE, UM y )KUBOTHBIX 03 HapyIIICHHH.

N3BecTHO, YTO MOCTYIJICHHE KU3HEHHO HEOOXOJUMBIX 2JIEMEHTOB B Opra-
HU3M HaXOJIUTCS NOJ KOHTPOJIEM FOMEOCTaTUYECKUX MeXaHU3MOB. OJIHAKO IIPU
BOCIIAJIUTENIbHBIX Mpoleccax, MHPEKUHUAX, CTPecce MPOUCXOIUT HapylLIeHHE
oOMeHa psiia XHMHYECKUX DJIEMEHTOB B OPTraHU3ME JKMBOTHBIX W YEJIOBEKA.
Hampumep, npu BocnajIUTENbHBIX MpoOlleccax 3HAYUTENBHO CHUKAETCS BCACHI-
BaHHE Zn B KUIIEYHHKE; Ha oOMeH Cr 3aMETHOE BIHSHHUE OKA3bIBAIOT CTPEcC
1 UHQEKIUH, YTO COMPOBOXKIAETCS MOBBIIICHHBIM BBIBEJCHUEM JJIEMEHTA U3
opranusMa. be3ycioBHO, OMHIM W3 BemynuX (aKTOPOB, BIUSIONINX Ha OOMEH
BEIIECTB B OPTaHU3Me, SIBISIETCS] COCTOSHUE MUIIEBAPUTEIHHOTO TPAKTa, B 4acT-
HOCTH TOHKOTO KUIIIEYHHKA, I71€ IPOUCXOIUT BCACHIBAHNE OCHOBHBIX JIEMEHTOB.
Bocnanurenshbie, aucrpoduyeckue u arpopuueckre HW3MEHEHHs CIU3UCTOH
000JIOYKH KHUIIIEIHHKA HEM30€KHO COMPOBOXKIAIOTCS HAPYIICHUSIMH BCACHIBAHNS
XUMUYECKUX 31eMeHTOB [ 18].

B npupoasbIX nomyssiuax MEIKHUX MIIEKONUTAIOUIMX MCCIEJ0BAHUSA COCTO-
SIHUS TTUILIEBAPUTEIBHOTO TPAKTa KUBOTHBIX MPOBOIATCS JOBOJIBHO peako. Kak
MOoKa3aJId HalllM IPEIbIIYyIHe UCCIIEI0BaHNs, B 30HE XUMHUECKOI0 U pajlaliioH-
HOTO 3arpsI3HEHUSI CPEAbI TPOUCXOAAT 3aMETHBIC HAPYIICHHUS B CTPYKTYPE CTEHOK
KHIIICYHUKA JKUBOTHBIX | ero (pyHKIMoHUpoBanus [19].

Takum 00pa3oM, eCTb OCHOBaHHS IPEAIOATraTh, YTO BBISBICHHbBIE TATOIOTHH
Y KUBOTHBIX B 3HAYUTEJIBHOM CTENEHU SBJISIOTCS PE3yJabTaTOM BO3IEHCTBUS pa-
JUAIMOHHBIX (DAaKTOPOB U, BOBMOXHO, 3arps3HeHuit cpeast HJIMI'. B xoHeuHOM
WTOI€ ATO MPUBOAUT K HAPYIIEHUIO TOMEOCTa3a OpraHu3Ma, 4To MpOsBIISETCS B
BHJIE BOCIAIUTENBHBIX MPOIECCOB B PA3IUYHBIX OPTaHaX U HEKOTOPOM H3MEHe-
HUW MHHEPaJILHOTO OOMEHA.
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SOME HEALTH INDICATORS OF VARIOUS RED-BACKED VOLE
(Clethrionomys rutilus Pall.) POPULATION GROUPS OF GORNY ALTAI

The objective of the research is to analyse the condition of respiratory and excretory
systems, liver and blood which generally characterises the health of the red-backed
vole (Clethrionomys rutilus Pall.) various population groups. The research is based on
the data obtained in two regions of Gorny Altai (the settlement of Seika of the Choisky
region and the settlement of Artybash of the Turochaksky region). Both regions lay
within the zone of propellant dispersion and is exposed to the considerable influence of
radiation. The settlement of Seika and its surroundings are polluted with the emissions
of a gold-mining company.

Histology analyses are indicative of pathological processes in animals’ organs:
chronic pneumonia (chronic bronchitis, bronchopneumonia, pneumofibrosis), liver
involvement in the form of chronic hepatitis, chronic nephritis, sclerosis of splenic
stroma. The revealed disorders in both cases are not of specific character and consist in
inflammation processes. But pathological processes with red-backed voles from Seika
surroundings are much less frequent and somewhat less heavy than with voles from the
settlement of Artybash. Thus, chronic bronchitis is registered with 37% of voles from the
first group and with 100% of voles from the second group. Liver involvement is recorded
with 50% in the first group against 83% in the second one. The frequency of chronic
nephritis with the voles of the first group is 37,7%, with only one kidney involved. In
the second group the frequency of nephritis is 66,6%, with 33% of cases when both
kidneys were involved. The sclerosis of splenic stroma within the first group is 37,5%
and 83,3% respectively. Thus the health indicators of animals within the recreation
zone of the Teletskoye Lake is considerably worse than in the region of anthropogenic
pollution with heavy metals.

The same range of pathologic processes with the voles of the two regions can be
explained by similar conditions existing on the territory. The presumable reasons are
environmental pollution with ADH (the territory of Gorny Altai is within the area of
rocket stages falling and propellant dispersion) and radioactivity. The blood analyses
of animals inhabiting Gorny Altai also give evidence of unfavourable radioactive
situation of the region.

Key words: Gorny Altai; Clethrionomys Rutilus (Pall.); liver; lungs; kidneys;
blood; chemical elements.
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QUATERNARY GLACIATION IN NORTHERN CENTRAL ASIA

In Central Asia, Pleistocene glaciations occurred in two climatic regimes: arid
regions where annual precipitation was <150 mm, and more humid regions where it was
greater. In the former, the precipitation controlled the ELA and size of the glaciers; in the
latter it was temperature. Temperatures are less variable spatially than precipitation,
and therefore the glaciers of the arid regimes have a wide range of ELAs. This leads to
highly local, idiosyncratic glacial chronologies because of local rain-shadow effects as
well as nuances in the pattern of moisture distribution by storms affected by topography
and the jet stream. However, southern Siberia appears to have followed the global
pattern of glacial advances, while the complexities are largely farther south.

Mountain glaciers in arid Central Asia are important in and of themselves because
their meltwater is necessary to sustain some communities through dry seasons when
rainfall is slight. Furthermore, glaciers are commonly associated with ice-dammed
lakes that can rupture to release dangerous outburst floods downstream. However,
because of their widespread distribution in Central Asia, the most significant role for
glaciers may be as a warning system for climate change and a signal for the degradation
of permafiost and consequent release of greenhouse CH, into the atmosphere.

Key words: quaternary glaciation; paleoclimate; paleo-precipitation; climate-
change.

Introduction

Glaciers develop in response to many climatic forcing functions, especially
winter precipitation and summer temperatures. However, summer cloudiness,
wind speed and humidity all play important if commonly secondary roles in
modifying the loss of ice (ablation) from the glacier’s surface. Topographic factors
such as shadowing by ridges also may be important.

Glaciers (fig. 1) grow when the accumulation of ice exceeds the ablation.
Because for many glaciers summer temperatures are the dominant factor in
ablation, and because temperatures decrease with elevation about 6.5°C km™!
(environmental lapse rate), except in polar regions glaciers are preferentially
found in mountains today. At high elevations, accumulation exceeds ablation and
the glacier grows. As the ice thickens, it also flows downslope to lower elevations
and higher temperatures. There, ablation exceeds accumulation and the glacier
melts. Thus the glacier exists in a dynamic state, balancing accumulation and loss.
If accumulation increases, the glacier will advance downslope; if it is reduced, the
glacier will melt back and appear to retreat upslope. The elevation or altitude at
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which accumulation balances ablation is known as the equilibrium line altitude, or
ELA. This is an important parameter characterizing glaciers (fig. 2).

Fig. 1. Photograph of the South Cascade Glacier in retreat, Cascade Mountains.

The landscape has been modified by repeated glaciation. The steep cliffs above the lateral
margins of the glacier were produced by glacial erosion and mark the height of the glacier
during the Ice Age. Ablation zone is the darker part of the glacier near its terminus,
where light-toned snow has melted. View to SE. Photograph: Kurt Parker, 2007
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Fig. 2. Schematic cross section of glaciated mountain showing
the ELA for glaciers of two sizes
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The ELA represents a loosely characterized long-term average of the actual
elevation of equilibrium, which fluctuates daily and seasonally and on longer time
scales as well. In late summer this line is easy to see on a glacier, because above it
the snow is preserved and appears white, but below it darker bare ice is exposed.

In Central Asia the fundamental observation that must be explained is the high
variability in the ELA from place to place, on length scales of 500 km or less.
This is quite unlike, for example, the Sierra Nevada in California (USA) in which
the ELA rises systematically with latitude for hundreds of km [1]. This lack of
systematic behavior in some places, and with it the lack of asynchronism of the
local LGM, was noted by [2], but it has taken years of careful dating of glacial
deposits by many different researchers to confirm.

In this paper, the response of glacial ELAs to climate is discussed first. Then,
examples of dated glacier systems from northern Mongolia, southern Siberia, and
the Kyrgyz Tien Shan are summarized. Finally, some implications for modern
climate-change studies are discussed.

Climate and glacier dynamics

Climate is long-term weather and, on long time scales, the common short-term
annual or decadal oscillations in weather tend to average out. It is this average
that is indicated by the ELA. Climate has fluctuated throughout the Quaternary
Period, and on a wide range of time scales. Some climatic changes have led to
expanded high-latitude ice sheets, and in these times the eustatic sea level is
lowered accordingly. Along with lowered sea levels, the ratio of 130 and '°O in the
remaining seawater is changed because the lighter '°0 is preferentially evaporated.
The isotopic ratio from fossils in marine sediment cores reflects the changing sea-
water values, and the oscillations in the fossil oxygen are interpreted as climatic
changes (fig. 3).

Along with growth and decay of the high-latitude ice sheets, mountain glaciers
advance and retreat — but not necessarily all in synchrony with the polar ice, or
with each other [2]. This is probably because of local or regional changes in
weather systems and the jet stream: climate cannot be well-characterized by
simple global averages. The southern border regions of Siberia, and Central Asia
to the south, are locations in which the variability of paleo-precipitation especially
was pronounced, with strong effects on the glacial landscape.

Given this complexity, how can we use the glacial record to infer anything
of value concerning paleoclimate? We first must understand how glaciers form
and behave under the influence of climate, and how to ‘read’ geologic deposits
and landforms to learn the distributions of vanished glaciers that occupied the
landscape in more favorable times.

Glaciers commonly, but not always, erode the landscape on which they are
found. The erosion is strongest near their heads, where the ever-increasing mass
drives the ice downward onto the bed and sides of the glacier, grinding away
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the rock. Below the ELA, the load — lightened by ablation from the top of the
glacier — is lessened, and the flow lines are up and out from the base of the glacier.
This upward and outward flow of ice carries with it the rocky rubble that was
eroded from its sides and base by the glacier, and this material is deposited as till
along the sides of the glacier, forming lateral moraines, and at the snout, forming
end or terminal moraines (fig. 4).

Lateral moraines are found only below the ELA. Therefore, the ELA of long-
vanished glaciers can be estimated from the highest elevation of the moraines it
left behind when it melted away. The highest lateral moraines can be seen just
inside the mountain front in Figure 4, and from this observation it is possible to
infer a local paleo-ELA of ~2400 m asl.

In the Hoyt Agaya Uul (Fig. 4), the Pleistocene moraines have not been eroded and
their highest occurrence can be identified in the field to within a few meters or tens
of meters, but commonly lateral moraines often occur within steep mountain valleys
where preservation is poor. Here the highest lateral approach cannot be used to find the
paleo-ELA, and other techniques must be employed. The ELA can be also estimated
by from the toe and headwall altitudes, or from the areas of the accumulation and
ablation zones. In both these approaches, the elevations (or areas) are ratioed.

2l 2 @ s [T

0 0.05 0.10 0.15
Age, millions of years

Fig. 3. Climatic record of the past 200,000 years, from oxygen isotopic
data for planktonic foraminifera. Marine oxygen isotope stages (MIS) 1-6, defined
by these data, are shown in the horizontal bar above the curve and by color bands below
the curve itself. Even-numbered stages are considered to be glaciations; odd-numbered
stages are interglaciations. 8'*0 is a measure of the ratio of oxygen isotopes *O and '°O
(relative to modern seawater) and increases in sea water when evaporation lowers sea
level, and thus when continental ice caps are large. Warm intervals of low ice-sheet
volume are indicated by & *O<0 (yellow); cold seas and high glacial volume are indicated
by positive values (dark blue). Inset shows & '*O data for deep-water foraminifera [3]
for the past 5 Ma. Sea level began dropping gradually towards the end of the Tertiary
Period (2.6 Ma) and began oscillating more strongly as the Ice Age intensified during the
Pleistocene. The expanded curve fits into the gray bar at the left-hand side of the inset
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Fig. 4. NASA-ASTER Digital Elevation Model 30-m shaded-relief image showing
moraines in the Hoyt Aguy Uul, a range in the Mongolian headwaters of the Little Yenisei
River (Shishhid Gol) that is presently unglaciated. Lateral and end (terminal) moraines
are indicated. End moraines mark the downhill limit of a glacier. “Stage 2a” refers
to the relative age of a moraine, and does not refer to an MIS. End moraines for this valley,
and for the valley to its north, were never deposited because the glacier flowed into
a larger south-flowing outlet glacier draining the Sayan ice field during the Pleistocene.
In contrast, the probably coeval end moraine marked “glacier limit” is well-developed
because the glacier was isolated (not flowing into another glacier) and stable
for some time. Courtesy of J. Batbaatar

The ELA typically occurs about halfway between the toe and the headwall,
or where about % of the area of the former glacier is at higher elevations. The
values are empirically found and differ from climate to climate [4], but where the
behavior of the ELA is well understood, the Toe-Headwall Altitude Ratio (THAR)
[5] or the Accumulation-Ablation Area ratio (AAR) [4—6] can “predict” the ELA
within about 100 m for individual glaciers [1]. Where the lateral moraines are
well-preserved, the agreement among all three techniques is within this limit.

The ELA has received some much attention because, if it can be recovered for
past glaciers, something about the paleoclimate can be inferred. This is because pairs
of summer temperatures and winter precipitation values at ELAs for existing glaciers
have been compiled for different regions. Figure 5 shows the curve for China. Before
exploring this curve, it is good to note that it steepens under arid conditions. In
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addition, since the curve can vary from region to region (at a given time), it may also
vary from time to time (at a given place) as conditions there change. Consequently,
modern curves may not be perfectly applicable to bygone ages.

5.0
4.0
3.0

2.0

Lo

e
(=

I
—
(=3

Temperature, °C

1
[
(=]

T

1

£an

=3
T

1
-
=3

T

Y

I A ! J
500 1(;00 1500 2000 2500 3000

Precipitation, mm yr-1

Fig. 5. Average annual temperature T and precipitation P at ELAs in western China
(red circles) and Europe (solid black triangles) [7]. The boxes and colored arrows show that
for a glacier in western China an increase in P (A = 450 mm yr!, ~450 to ~900 mm yr')

that would be required to counteract a 2°C increase in T, if the ELA was unchanging.

In general, it is summer temperatures and winter precipitation that control ELA, but
in western China the precipitation peaks in the autumn and winters are commonly dry,

clear and cold. The curve given for the Alps is poorly defined for glaciers with P<750 mm yr!
precipitation. Furthermore, there is considerable scatter about the trend lines such
that even if T is well-known, recovered P values are only accurate
to about £150 mm yr! (1 o, at P~1000 mm yr')

Figure 5 shows that the temperature and precipitation co-vary at the ELA such
that ELAs for different glaciers can be achieved by different pairs of temperature
and precipitation, but not by all possible pairs — that would fill the plane of fig. 5,
and instead the data are distributed along a curved line. If one value can be
estimated independently, the other can then be inferred. Because temperatures
are less spatially variable than precipitation, and therefore the y axis can be
expressed in terms of elevation, calculated from temperature using an assumed
lapse rate. More usefully, the change in ELA between two glaciations can be
related to the change in precipitation, once allowance has been made for regional
differences in temperature between the two times. Differences for precipitation
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at a given elevation have been estimated a number of different ways — for
example, palynology can be used to estimate paleo-precipitation — and thus paleo-
temperatures and not just paleo-precipitation can be estimated from paleo-ELAs.

We can describe the relationship between the change in temperature and ELA
at two times, i and j, as a function of precipitation:

T P
1y ~1; = SL(EL4 - ELA)- f(ELA4 - ELA)- f(B-R) ()
where z is elevation (km), ELA is in km, fis a factor describing the mutual depen-
dence of temperature and accumulation at the ELA. Some values given for f are
~0.003°C mm™' [8], and ~0.008°C mm! for arid ranges [7]. 07/0z is the adiabatic
lapse rate (e.g., ~6.5-8.5°C km™") and 0P/0z is the change in P with elevation at
the ELA (mm km™).

If 0T/0z is known, the y axis in fig. 5 can be converted from T to elevation of
the ELA. In this case, the change in precipitation over time can be inferred from
the rise or fall of the ELA between two sets of moraines in a chronosequence.
Temperature decreases for the northern Tibetan Plateau during the LGM have
been estimated at 7-9°C [7]; depending on the modern value of P, these tem-
perature decreases at the ELA correspond to an unrealistically large precipitation
reduction if the ELA is to remain fixed. Therefore, the ELA drops in elevation,
with the effect that the change in T there is reduced, as is the required change in P.

This raises an important point. In humid conditions (e.g., P > 500 mm yr'),
OT/OP has a low value. In very arid conditions (P < 150 mm yr '), however, 07/0P
is much greater. This means that, for arid conditions, ELA is insensitive to tem-
perature, but very sensitive to even small changes in precipitation. In contrast,
temperature is a much bigger factor controlling ELA in more humid regions.

Why is this? The answer involves sublimation of ice to water vapor due to
direct heating by the sun instead of by the air. This can occur even at sub-freezing
temperatures such as characterize high-altitude mountains. It requires 740 cal g™
deg! to sublime winter accumulation at 0°C, compared to only 80 cal g! deg™
to melt it, a factor of ~9 less. Therefore, for P = 125 mm yr, 9250 cal cm™ is
required for sublimation if the ice already at 0°C. The amount of energy available
from sunlight depends on latitude, time of year, cloudiness and, to a lesser degree,
elevation (because thinner air at high elevations absorbs less radiation), but in the
Altai Republic about 90 kcal cm™ are available at the ground surface, of which
80% is reflected by snow. Assuming 50% cloud cover during summer months,
about 9000 cal cm™ is available for ablation — a close match.

If precipitation falls much below 150 mm yr!, for accumulation to balance
sublimation the temperature must fall greatly, because it requires only 1 cal g
deg™! to warm the ice to 0°C. This explains the steepness of the curve in Figure
5 for hyperarid regions. Because of the adiabatic lapse rate, this means that in
general the ELA must rise precipitously. If the temperature changes, on the other
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hand, only a small adjustment in ELA is necessary to restore equilibrium. In other
words, ELA is highly sensitive to precipitation, but not temperature for arid con-
ditions. If precipitation increases, insolation is no longer capable of ablating the
whole mass of ice, and ELA will drop until adiabatically rising air temperatures
impart enough heat to melt the ‘excess’ ice. The air acts as an ‘infinite’ source of
heat, but the transport to the ice is linearly proportional to the temperature con-
trast between the ice and air, and it also depends strongly on wind speed and the
aerodynamic roughness of the ice. Thus, in less arid conditions the ELA is mostly
sensitive to air temperature, not precipitation.

Modern annual precipitation in Central Asia ranges from <75 mm (e.g., west-
ern Tibet, Gobi Desert) to 200 mm (Gobi-Altai range, Mongolia) to 400 mm (Say-
an Range, Siberia) to more (Kyrgyz Front Range, near Bishkek). It appears that
glaciation is strongly preconditioned by aridity and therefore, in continental cores
glaciation is highly sensitive to rain-shadow effects and changes in storm tracks.
The theory presented above suggests that glacial advances should have different
histories from place to place in Central Asia today, and also in the past.

Discussion in the next section focuses on differences in glacial chronologies
where there are dated moraine sequences. It is not intended to be an exhaustive
review, but to illuminate different history from place to place.

Glacial conditions in southern Siberia

Advection of moisture. Moisture is delivered to Central Asia in two main ways:
low-pressure cyclonic distances carried along the jet stream, and southern moisture
brought north by the Monsoon (fig. 6). The jet stream varies seasonally, and so do
the tracks of surface westerlies bearing moisture. Displacement of the jet stream
during the Pleistocene was likely associated with changes in precipitation patterns.

‘N
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Fig. 6. Moisture advection in Asia [9]. a) Summer, the jet stream (West—East arrow)
is to the north over southern Siberia and moisture is transported north by the Monsoon
(North-directed arrows). Much is blocked by the Himalaya. b) In winter, the jet
stream is shifted southwards and spilt by the Pamir. Cold air moves south from the thermal
high-pressure cells over Siberia. Tibetan plateau is shown in gray
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The summer jet stream passes over southern Siberia, but low-pressure
disturbances bring little regional precipitation because the path from distant oceans
is so long. Yet, orographic precipitation is common. Moisture transported north by
the Monsoon is blocked by the Himalaya and the region of the Altai Republic is
little affected. Orographic precipitation occurs from both sources, however, aided
by recycling, including recycling of water made available by melting permafrost.

In winter, the jet stream is shifted southwards and spilt around the Pamir.
Cold air moves south from the thermal high-pressure cells over Siberia, and
precipitation reaching northern Central Asia is limited. During the Pleistocene,
the jet stream was typically farther south than today, split more often, and the
Monsoon was weaker, resulting in greater aridity.

The decreased precipitation resulted in some Pleistocene glaciers being in
the precipitation-dominated regime discussed above, and others being in the
temperature-dominated regime. The regime changed not only between modern
and Pleistocene climate, but also within the Pleistocene.

Glaciers in southern Siberia

The Altai and Sayan mountains of southern Siberia and northern Mongolia
were extensively glaciated during the Pleistocene (fig. 7). In particular, the
northern parts of both ranges were covered in the Pleistocene by large ice sheets.
The purpose here is not to supply a full review of the literature on glaciers in this
area, but to refer to studies for which chronologies have been developed.

In the Sayan, the oldest well-preserved moraines date from the global LGM
or a little after, around 1620 ka ('°Be) [12]. Glaciers from the Sayan crossed and
blocked the Little Yenisei River (Shishhid Gol), impounding a lake that drained
repeatedly [13]. “C and Optically Stimulated Luminescence (OSL) dates from the
lake sediments [9], including new and unpublished dates, support the '°Be ages
but also suggest the presence of an earlier lake at ~40 ka. The highest shorelines
associated with the ~20 ka glaciers are at 1710 m, but there are higher ones up
to ~1825 m that are heavily eroded and must date from an earlier glaciation with
larger glaciers and a deeper dam [13]. Thus, the global LGM was only the most
recent of multiple glaciations with large glaciers —and the local LGM was actually
earlier than the global one.

This is an example of asynchronous behavior of mountain glaciers in Central
Asia compared to the advances and retreats of the high-latitude ice sheets [2]. It is
possible that the earlier piedmont glaciers of Jarai Gol terminated and floated in
the lake (‘Ledoyoms”), leading to a disorganized and distributed end moraine that
was covered by silt during the ~20 ka advance.

Twenty recent and unpublished '’Be dates from the Sayan in southern Siberia,
just across the border from Darhad Basin, support the ~20 ka age of the last large
Sayan ice cap and its outlet glaciers.
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Fig. 7. Distribution of Pleistocene (blue) and modern (black) glaciers in southern
Siberia [10, 11]. The Russian Altai is in the upper left
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Fig. 8. View of the piedmont moraines (16-20 ka, '°Be: [12]) from the terminal
moraine of the Jarai River, draining into Darhad Basin Mongolia. Photograph was
taken looking east. The location is shown by the red box in the inset index map
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In the Kyrgyz Republic, parts of the Tien Shan are more arid than the Sayan,
while the northern part of the Front Range near Bishkek receives more precipitation,
probably because the moisture-bearing storms are diverted to the north by the
wedge of high mountains, leaving the interior ranges in a rain shadow. In the
Ala Bash area, south of the large inland lake Issyk Kul, the Pleistocene glaciers
reached the piedmont, but not recently (fig. 9) [14]. The local LGM glaciers at
~18 ka (''Be) were little more extensive than the modern ones.

3.4+0.3 ka
18+1.3 ka

.

Fig. 9. Ala Bash, Tien Shan, Kyrgyz Republic. Dates shown are '°Be exposure ages.
The MIS 5 dates on the right are for the local LGM left-lateral moraine; the younger
dates to the left are for LIA and global LGM moraines, respectively, both found in the
cirque and not on the piedmont like the local LGM moraines to the right. The ELA for
the global LGM advance here was only ~50 m lower than for the LIA advance.

The location is indicated by the red square in index map [14]. Photography: S. Thompson

The ELA trends from north to south across the Kyrgyz Tien Shan (fig. 10)
show the effects of the rain shadow, both today and during the Pleistocene [14].
Essentially, the Kyrgyz front ranges on the northern flank of the Tien Shan block
many moisture-bearing storms from crossing southwards to the central Tien Shan
and the Tarim Basin beyond. The pronounced discordance in the trends can be
attributed to relative changes in precipitation. Especially, the local LGM saw
a dramatic rise in ELA into the rain shadow, consistent increased aridity then,
and consistent with the model presented in this paper. The observations can be
explained if LGM precipitation in the core of the Kyrgyz Tien Shan crossed the
150 mm yr! threshold, while in other areas precipitation exceeded that value.

The "Be dates were compiled in [12] and are compared in Figure 11. In the
Sayan (Darhad Basin), there are two sets of moraines that date from ~20 ka
and ~40 ka, and both of the glaciers that left them impounded lakes that left
silt sediments yielding similar OSL ages. The Sayan, even in the Pleistocene,
probably received more precipitation [12] than the 150 mm yr! regime threshold.
In contrast, the Ala Bash is closer to the threshold today and possibly dipped
below it during the global LGM [14].
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square in the right center of the index map shows the location of Darhad Basin;
yellow box in left center shows the Kyrgyz Tien Shan
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In any case, the global LGM glaciers are little larger than the modern ones, in
contrast to those from earlier in the last 100,000-yr glacial cycle, which extended
beyond the range front (figs. 9, 10) [14]. Figure 11 shows, for the moraines dated
in [14], the global LGM moraines are under-represented in the Kyrgyz Tien Shan
compared to in the Sayan, and even the ~40 ka moraines are less prominent in
Tien Shan than in the Sayan.

Recently, we have discovered moraines in the Gobi-Altai ranges of the Gobi
Desert, in Mongolia (fig. 12).

older 3345'm
moraine

Fig/ 12. Moraines in the Gichigniy Nuruu, Gobi Desert, Mongolia. Index map with red
square shows the location of the Gichigniy Nuruu in the Gobi-Altai range. a) Preliminary
'Be ages (~7 ka) suggest that the largest moraines date from the mid-Holocene Altithermal
and over-ride a more weathered, older moraine. Preliminary ages for the younger, higher
moraines are ~1.6 and 2.0 ka, probably dating from the Little Ice Age (LIA). The highest
deposits of the LIA moraine (and hence the ELA) are at 3345 m asl. The cirque is eroded
into a mesa covered by a Pleistocene ice cap. View is to the south. b) Sampling for "Be
on the “Altithermal” moraine. ¢) View NE from the LIA moraine at the older moraine
sequence. A total of five advances are represented. Photographs by. J. Batbaatar

Dating them confirmed their unweathered appearance, which suggested a low
age: the largest moraine dates from ~6—7 ka, a time when Mongolia is thought
based on lake high stands to have received more moisture than today. This, too, is
in accordance with the theory presented above. Today, the annual precipitation in
the Gobi Altai is about 200 mm, close to the 150 mm yr! threshold. It appears that
it may have been greater during the Altithermal, leading to advancing glaciers. In
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contrast, during the global LGM it is likely that the Gobi was colder and drier than
today, dropping under the 150 mm yr ' precipitation threshold, and causing the LGM
ELA to rise above the Altithermal ELA, to near the 3600-m top of the Gichigniy
Nuruu (‘Nuruu’ = massif or range), instead of lowering as it seems to have done in
southern Siberia. The young “Gichigniy Nuruu” moraines burying an older undated
one whose weathered appearance is similar to global LGM moraines from nearby
in the Central massif (Otgon Tenger, Khangay Nuruu). Thus, as at Ala Bash, the
arid global LGM appears to have been too dry to support low-elevation glaciers
compared to the climates that preceded and followed, it. Climate-change studies.

The growth and decay of glaciers is in response to climatic changes, primarily
in temperature and precipitation, but also to cloudiness, wind, and airborne dust.
Despite this complicated picture, alpine glaciers are important in climate studies
in Central Asia because they are widespread — there are ~6000 modern glaciers
in Kyrgyzstan alone. Therefore, even though inferences from single glaciers may
be uncertain, together they present a spatial record of climate parameters that is
different from and complementary to records from point sources, such as ice or
lake-sediment cores. In addition, mass balance can be inferred from glacier extent,
making regional measurements of hundreds or thousands of glaciers feasible.
Thus, they form an important repository not only of paleoclimatic information,
but also information regarding modern climate change.

Implications of aridity for climate-change studies... Although it is certainly
true that glaciers respond to changes in temperature by advancing or retreating, in
very arid regions such as are found today in much of Central Asia, their sensitivity
to precipitation changes is much greater. Therefore, it is necessary to consider the
amount of precipitation before using the advance or retreat of a glacier as evidence
for global warming or cooling. Because warm air holds more moisture than cold air,
glaciers in arid regions may well advance in the face of increasing temperature, if
warmer storms bring more moisture to the accumulation area. Thus, glacier advance
or retreat alone is insufficient to determine the sense of climate change, yet anecdotal
accounts of singular advancing glaciers is commonly used in popular discussions of
climate change as evidence that the climate as a whole must be cooling.

Importance of meltwater to populations... In arid regions glacial meltwater
has been acknowledged to be critical is sustaining populations through the dry
seasons. Thus the advance or retreat of glaciers in and of itself is important to
consider. However, in the long run it is long-term aquifer recharge, and hence
precipitation itself, that is most critical, since arid communities commonly mine
water with wells and karez. Because glaciers are dynamic repositories of water,
their loss is primarily of short-term importance.

Outburst floods and retreating permafrost... Glaciers often are associated
with marginal lakes that are dammed by the glaciers themselves. When such
glaciers retreat, ice-dammed lakes are likely to generate outburst floods that can
be damaging to populations downstream. In both the above cases, the glaciers
themselves are of fundamental interest; however, glaciers are also of interest
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because they can be used, where P>150 mm yr!, to help study temperature
changes in remote areas far from gauges, or between gauges. In Arctic Canada,
Alaska, and Siberia, this is of great importance, because warming conditions
will be associated with retreat of permafrost northward. Among the numerous
environmental impacts this may have, one stands out: permafrost is thought to
trap (‘sequester’) large amounts of CH,, a potent ‘greenhouse’ gas. Liberation into
the atmosphere is a kind of forward feedback mechanism, potential increasing
further global warming and degradation of permafrost, followed by the liberation
of still more CH,, in a vicious circle. Monitoring alpine glaciers is thus not only
of scientific interest, but also of practical importance.
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Lenmp wemeepmuunvix ucciedosanuti Yuusepcumema Bawunemona, CILIIA
YETBEPTUYHOE OJIEJEHEHUE B CEBEPHOM YACTHU HEHTPAJIbHOI A3UH

OOHUM U3 BAXCHEUWUX HANPABTEHULL YeMBEPMUYHOU 2e0N02UL AGNAENCs U3YUeHUe
C1ed08, OCMABNIEHHbIX OPEGHUMU ONle0eHeHUAMU. XOmsl, Ha 832150 A8Mopd, XPOHOLO-
eusl onedenenull Ha toce Cubupu u3yueHa 6 3HAUUMEIbHO MeHbulell CIeneHuy, Yem 6
Opyeux pationax Hautell nianemol, ce200Hs OHA NOCNENeHHO NPOACHACMCA U HAYUHAem
cmanosumscsi 6onee noHumaemou ucciedogamenimu. Ha Anmae pazsumue uemeep-
TMUYHBIX ONeOCeHEeHULl U UX XPOHON02Usi NOOOOHBI MoMYy, umo umeem mecmo 6 Casauax,
HO OMAUYHBI OM MO20, YMO NPOUCXOOULO 8 DONee T0JCHBIX U 3ACYUTUBLIX 0ONACTAX
Lenmpanvrot Azuu. Omauuus 00YCL06871€Hbl 0COOCHHOCMAMU NACOKTUMAMUYECKUX
YC0BUTL 80 GHYMPEHHUX PANOHAX OAHHOU MEPPUMOPUU, 0COOEHHO 8 cUNePAPUOHBIX
obnacmsx, e0e 6 meuexue NieUCMoyeHa cpeoHe200060e KOIUYECME0 ammochepHbix
ocaokos cocmagino ecezo okono 150 mm.

B nnane sxonocuueckoco npocnosa 6ajicno, 4mo Ha 0CHO8e U3yueHUs c1edos Opes-
HUX OnedeHeHull U BOCCMAHOBNCHUS NANEOIAYUONOSUYECKUX NOKA3amenell MOJICHO
npo6ooUms OnpedeneHHvle IKCMPanosyuu ¢ OauHbiMu no kaumamy. Ipexcoe ece2o
nocpeocmeom aHanu3a NOIONCEHUS, OCMABIEHHBIX 8 KPAeBOU 4acmu OPeGHUX 1eOHUKOS
KOHEYHbIX MOPEH U IEOHUKOBBIX YUPKOS 8 0ONACTU UX NUMAHUSL 603MOICHO PEKOHCIPY-
Uposams NONOJCEHUe SPAHUYbL NUMAHUSA IMUX T1eOHUK08. A omclooa — eviiimu Ha no-
Kazamenu, 06yCI08IUBAIOWUE NONOACEHUE IMOU SPAHUYDLL: KOTUYECNEO AMMOCHEPHbIX
0CAO0K08 U meMnepamyphblil pexcum. B ceeme cospemennbIX usMeHeHull Kiumama no-
JIyHeHue makux nokazamenet KpaiHe 6axcHo 0Jis CHAMUSL UMEIOWUXCS PA3HO2IACULL 8
nJIaHe COOMHOWEHUSL OAHHBIX 00 0OWUX, YCPEOHEHHBIX U KOHKDENHbIX, MECHHbIX, YCI0-
BUAX PA36UMUS ONe0eHeHUsl, d MAKJCe PA3HOUMeHUll 8 CONOCMABIeHUU noKkasamenel
OUHAMUKU IEOHUKOS (8 npoyecce ux npoOGUIICEHUs. U OMCMYNAHUL) U X004 memnepa-
myp. B eunepapuonvix ycnogusax onu mocym 0uime UHEEPCUOHHBIMU. NOBbILUEHUE MeM-
nepamypvl MoJCem Npueecmu K Y8enuieHuo 0CaoKko8 U NPOOSUNCEHUIO TEOHUKO8, KAK
9MOo CAYUUIOCH 8 nycmuine 100U 6 2onoyene 6 maxk HA3bLIBAEMblll bICOKO-MEPMATbHBIL
nepuod. BulsicheHue 6cex 0cobeHHOCmel mako2o pood NOMONCeNm UCCIe008amenim 60-
Jiee 0emanvHo 6HUKHYMb 6 NPoYecc 01e0eHeHUs, Iydiie NOHAMb €20 3AKOHOMEPHOCIU
u nocmpoums 601ee HAOEeICHYI0 OCHOBY IKONO2UHECKO20 NPOSHO3A.

KaroueBsie ciioBa: yemgepmuunoe onedenenue; NAIeOKIUMAMULECKUE YCA08US,
naneociAYUONIoUIecKUue NOKA3ament; IKON0SUYeCKULl NPOSHO3.

IHocmynuna 6 pedaxyuto 15.12.2011 2.
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SPECIFICITY IN DEVELOPMENT OF GLACIATION IN THE
HIGH MOUNTAINS OF SIBERIA — AN ECOLOGICAL ASPECT

Glaciation in the High Mountains of Siberia has been notable for its specificity and
characterized by the interaction of glaciers and permafrost. The combined activities
of these agents determine development of such ecological phenomena as cryogenic-
glacial systems (CGS). It requires an individual approach to each of the landforms
and sediment bodies to determine if they can be interpreted as the relics of ancient
glaciations. Most types of the CGS may be observed today along the mountainous
belt surrounding Siberia from the south and east. They represent the key to estimate
ecological situation and to reconstruct Quaternary environments because the range of
climatic differences along this belt today is comparable to the range of climatic changes
between Pleistocene glacial and interglacial conditions. All over the Pleistocene,
the continental climate promoted spreading of permafrost under arid conditions in
Siberia (‘cryoaridization’). Under such conditions, glaciers developed only within
the high mountains as valley forms. Consequently, glacial activity was inseparably
linked with cryogenic ice bodies; icings were the most active agents among them. The
latter occupied great areas and were comparable with the glaciers both in ice. Thus,
ecological analysis on the base of study of CGS must take into account the specificity.

Key words: permafrost; glaciation, ecological analysis, cryogenic-glacial systems.

Introduction

Looking at the relief map (fig. 1), it is obvious that the high mountain belt
surrounding Siberia from the south and east (here referred to as the ‘Siberian
Mountains’) represents a wide range of environments. It was the region, where,
at the end of the 19" century, Peter Kropotkin [26], a famous Russian researcher,
first collected material for establishing his Glacial Theory. However, for a long
time glaciological and palacoglaciological phenomena from many mountain
regions of Siberia were not studied in any detail. Reliable reconstructions of
the Pleistocene glaciation were based on the only superficial geological survey,
which had been completed in the 1960—1970s and eliminated the last blank areas
from the geological maps. However, lack of knowledge did not allow the proper
identification of the relics of former glaciations formed under continental climatic
conditions dominated by low precipitation, which prevailed in the heart of the
Eurasian continent.
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Until today the discussion revolves around the longstanding debate between
adherents and opponents of A.I. Voeikov [20]: this famous 19th century Russian
climatologist claimed that it was impossible for great glaciers to form in the heart of
Siberia because of'its dry climate. From the very beginning of the debate many famous
scientists took sides, with such celebrite as J.D. Cherski [30], supporting Voeikov’s
point of view, whereas V.A. Obruchev [27], a renowned researcher of Siberia, did not
agree. The debate continues, and the discussion in respect to the ancient glaciation in
the inland regions of Siberia is as topical now as ever; a large body of data shows this
today, e.g. the recent sweeping generalizations [4, 5, 10-12, 14-16, 18].

The reason yielding the debate is considering the events in Siberia from the
point of view of Alpine scientific school which did not give in detail development
of glaciers under conditions of permafrost whereas at present the scientifically
substantiated fact is that all glaciers in Siberia are very cold and situated in the
area of cryolithozone. All-in-all, the first palacoglaciological reconstructions were
largely influenced by the classical European model and did not always take into
account the specific environmental conditions of the Siberian Mountains. One
reason for this is that the study of Quaternary phenomena largely focused on
Northwestern Siberia, where the environment resembles that of northern Europe.
In addition, glaciological investigation of modern glaciers in Siberia began in
the Western Altai, i.e. in the most humid Siberian region, with its relatively mild
climate and accessibility for people.

As a result, the Alpine palaeoglaciological concepts were widely transferred
from Europe to the mountainous regions of Siberia, and for a long time, the
similarity of the European and Siberian palaeoglaciological schemes was thought
to form a firm basis for subsequent investigations. Because of their lesser
accessibility the East and Northeast Siberian Mountains were studied much
later and less intensively than those of the West. New information for the region
only appeared in the 1970-80s with the next stage of scientific development and
economic activity in Siberia.

Then, together with detailed evaluation of geological material, numerous
data were collected during geocryological mapping and a general survey of
glaciers, icings and ground ice at the area of all over Siberia. Eventually, towards
the beginning of the 1990s this research included all the formerly neglected
regions [15, 16, 22, 24, 25, 32, 34]. All these data have demonstrated that the old
palacoglaciological schemes have to be corrected, as the new data obtained at the
present-day glacial and cryogenic objects should be taken into the consideration.
Evidently, the Quaternary events in the Siberian Mountains did not coincide with
their Alpine and other European equivalents, and some of the landforms and
sediments previously considered to be of glacial origin were found to have been
formed by non-glacial processes.

Overall, the development of glaciation in Western Eurasia (the Alpine scheme)
was found to be differed fundamentally from that of the mountainous regions
of Siberia [14, 32, 34, 35]. An important point is that the glaciological and
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geocryological investigations throughout Siberia [22, 24] have demonstrated that
high moisture availability, and in turn, high snow accumulation volumes, which
are usually associated with the development of glaciers, are not required for the
formation of cryogenic ice. On the contrary, a continental climate promotes the
freezing of rocks and prevents the development of glaciers. Both processes have
occurred in the Siberian Mountains, against a background where the atmospheric
circulation throughout the entire Quaternary acted according to the same principle
[15-17]. Unfortunately, the original lack of exchange between glacier and
permafrost research resulted in some major disagreement.

Some investigators, who promoted the view that cryogenic ice prevailed in
Siberia during the Quaternary, underestimated the role of glaciers (e.g. [23, 29]).
Whereas others (e.g. [4, 5]), did not considered thoroughly the permafrost and
postulated giant ice sheets covering most of Siberia. After having studied both
modern and ancient glaciation, as well as permafrost, along the entirely mountain
belt surrounding Siberia for many years, the present author would not agree with
such extreme points of view. Glaciation must be seen as a development of different
glacial and cryogenic ice agents, which can shape the valley morphology either
individually, in turn, or in combination [15-17, 32-33]. In order to reconstruct
and assess the events across the region during the Quaternary, the study of former
glaciation must include the interaction of both the geocryological and glacial
processes through time. The present author wants to emphasize that in the case of
ignoring such an approach, researchers loose much of important information, and
it leads to distortion of the true picture of glaciation.

Materials and methods of research

In respect to the Siberian mountain areas, standard methods of studying
modern glaciers and reconstructing the extent of former glaciation from landforms
and deposits are not always applicable. The reason is the interdependency of
permafrost processes and formation of glaciers that intimately interacted in
Siberia throughout the Pleistocene. To unravel the situation the present author
has successfully applied a system approach by studying interaction of permafrost
and glacial processes completely in the frames a cryogenic-glacial system (CGS).
Glaciers in the Siberian Mountains are important, but they are not the only
members of the CGS. The latter can include different forms of ice that may be
regarded as ‘glacial phenomena’ in a broad sense [8, 46]. Some non-glacier agents
of the permafrost genesis can become very active. Icings, for example (fig. 2),
are not so infrequently comparable with glaciers both in volume of ice and in the
volume of geological work they can achieve, although the processes involved
are different. The original glacial landforms and deposits can be significantly
modified by these processes. Thus the ice bodies consisting of the CGS should be
considered as with respect to the water-equivalent mass, also with regard to the
cold storage concentrated in those bodies [14—17, 32, 33]
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Chukchi
mountains

Fig. 2. Icing reworking the Pleistocene trough in the valley of Adicha River, Eastern Yakutia
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In order to use a system approach [1, 13], the main units of the CGS and their
modes of geological work have to be first defined. Environmental diversity in the
Siberian Mountains ranges from rather humid to extremely continental, and from
relatively warm to extremely cold conditions (the coldest point in the Northern
Hemisphere is situated in North-eastern Siberia). Most types of the CGS may
thus theoretically occur in the Siberian Mountains. The principal characteristic of
the CGS (see below) in this case becomes their cold storage capacity. Five main
types of the CGS can be distinguished, based on differences in their temperature
regime.

The main indicators of glacial environments used herein are as follows: (a) the
temperature regime of glaciers and the surrounding rocks, and (b) the appearance
or disappearance of icings and ground-ice phenomena in the non-glaciated
areas. Glaciers, icings and ground ice control the geologi cal work of the CGS.
These phenomena also clearly show, by their appearance or disappearance, the
conditions of their development. Therefore each of them, and especially their
peculiar combination, can serve as good indicators of glacial environments. It is
very important to take in account such a situation because all glaciers in Siberia
are in the permafrost area at present, and more so that they were under conditions
of deep freezing during the Pleistocene cooling.

Background of permafrost development and glaciation in Siberia

Ifto look again at the relief map (fig. 1), the high mountainous belt surrounding
Siberia in the south and east consists of numerous ranges characterized by many
similar features. The ranges reach from the Altai through Trans-Baikal area to the
Chukchi Peninsula. The highest mountains are found in the southwestern part of
the belt, in the Altai, where many ranges exceed 3000 m above sea level, and a
few peaks even above 4000 m (the highest point, Mount Belukha in the Katunskiy
range, reaches 4506 m). In the Sayan Ranges many mountains reach 3000—3300 m,
and the highest peaks of Transbaikalia are close to 3000 m. In Northeast Siberia
the highest point (Mount Pobeda, Cherskiy Range) reaches a height of 3003 m.
On the Chukchi Peninsula the mountains are lower; they are close to the 2000 m
level (lower boundary of ‘high mountains’), though do not exceed it. All in all,
the Siberian Mountains are characterized by a certain morphological uniformity.

Being situated in a relatively homogeneous climate and environment, most
of them underwent a single complex of exogenous processes. At present, most
of the mountain belt is under the influence of the Siberian Anticyclone, and the
main feature of this area is a continental environment with low temperatures.
Due to the westerly winds, precipitation can reach the inland regions of Siberia
only from the Atlantic and West Arctic, warmed by the Gulf Stream. Monsoons
from the Indian Ocean are blocked by the ranges of Hindu Hush and Himalayas,
whereas moisture from the Pacific cannot penetrate deep into the inland regions;
it meets Circumpolar Aerial Transfer’ resistance from the west and has been
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blocked up by the Gobi Desert as well. So, in Siberia the Pacific only affects
the coastal zone of the Russian Far East and very narrow shore stripe along the
Northeast Siberian terrain. As a result, trend of cryoaridization (‘gradual increase
in climatic continentality at a background of lowering air temperature’) has been
appeared along the described mountain belt (fig. 3).

Fig. 3. Moisture-bearing air flows and cryoaridization trend along the Siberian Mountains

The evidences (fig. 4) showing distribution of polygonal ice wedges in Asia
(their presence clearly demonstrates very cold continental climatic conditions)
confirms this fact, because these wedges appear only under conditions when
permafrost temperature has been lowered up to some —3°C [19]. Against this
background, parts of the mountain belt are differentiated by a gradual change
in temperatures and by differences in the distribution of precipitation. The
southwestern part of the belt is still accessible for rather humid air masses and
receives relatively abundant moisture. The reason is that under the present,
interglacial conditions the warm Gulf Stream reaches the coast of Northwestern
Siberia and influences the climate of the entire West Siberia. Cyclones formed
under the influence of the Gulf Stream pass over the West Siberian Lowland and
reach the western and northern slopes of the Altai-Sayan mountain system. As a
result, the ranges of the West Altai receive about 2000 mm of annual precipitation;
about 1000 mm/a are typical for the Northeast Altai and West Sayan ranges, and
even the northwestern part of the East Sayan Ranges. Further to the east, and also
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to the inland part of the Altai-Sayan terrain, the humid air masses are exhausted,
and precipitation decreases sharply, to only a few hundreds of mm/a. In those parts
of the belt that cover thousands of square kilometers, the annual precipitation is in
the order of 250-400 mm/a in the foothills, only increasing to some 500-700 mm/a
in the high mountainous zone. In the intermountain depressions, precipitation can
even decrease to 100200 mm/a. The average annual air temperatures along the
belt are everywhere below zero; they drop from —3 to —5°C (in the southwestern
part of the belt) to —15 to —17°C (in the north-eastern part of the belt). As a
consequence, permafrost phenomena occur everywhere and appear as permafrost
with the temperature significantly higher than that of the ice wedge formation in
the southwest of the belt, and, towards the northeast, the permafrost gets more
severe, including very low temperature frozen rocks. Only a narrow zone in the
relatively moist West Altai is characterized by sporadic permafrost, whereas most
of the Altai mountain terrain is characterized by discontinuous permafrost that
grades into continuous permafrost on the north coast of Lake Baikal.

Distribution of polygonal ice wedges

=essss  Atter Vasil'chuk Y.K., 2006.

= = = After Koreisha M.M., 1997.
= ==+« After Vtiurin B.l., 1975.

%/ The most southern RIW occurrences

Fig. 4. Distribution of the polygonal ice wedges is shown as generalized
after different authors with the added of the present author

Cryogenic ice along the belt ranges from small seasonal forms in the Altai to
large, long-lived, perennial bodies within the mountainous terrain of Northeastern
Siberia [3, 19, 21-33].

Investigators usually asses the annual temperature difference between the
Pleistocene cold and warm stages as some 8—12°C [2, 7, 8]. Together with other
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climatic parameters this means that the magnitude of the present-day climatic
differences found along the mountain belt surrounding Siberia in the east and south
is similar to the variations that occurred during the Pleistocene as a result of the
cold/warm periodicity.

In such a situation, significant modern glaciation exists in the opposite ends
of the belt, supported either by low temperature (the northeast), or by abundant
precipitation (the southwest). In the coldest regions of Northeastern Siberia, the
longest glaciers, which flow down from the mountains from a height of about 3000
ma.s.l., reach 10 km in length whereas the total glaciation in this region occupies an
area of about 380 km?. Under similar climatic conditions on the Chukchi Peninsula,
but with mountains of the lesser height, there are only a few small glaciers. In the
middle of the belt, the adverse environment only allowed the development of very
few small glaciers. They occupied an overall area of about 20 km? in Transbaikalia,
although many ranges there include peaks of 2000 to 3000 m. An area of about
30 km? is covered by modern glaciers in the Sayan Ranges, although some of
the mountains in these ranges reach beyond 3000 m. The most extensive modern
glaciation is restricted to the highest and most humid Altai Ranges; where the
glaciers reach more than10 km in length and altogether cover an area of more than
900 km?. The ablation periods of the modern glaciers are very short; ranging from
75 to 120 days within the Altai mountain terrain, and decreasing to 50-60 days at
the glaciers of Northeastern Siberia, and the long periods without any runoff are
characteristic of the entire Siberian Mountains [24].

Glaciation as development of cryogenic-glacial systems
and its specificity in Siberia

General positions

Combined development of glaciers and permafrost requires designing the
special approaches to studying those phenomena. In order to understand both the
underlying processes of the CGS and their difference in geological work in the
Siberian Mountains, the principles of how a CGS functions must be considered. As
any geological system, each CGS requires energy, initial material and information.
They are used by the CGS to undertake geological work and heat-mass exchange
with the environment. The results of activity of the CGS are seen as (a) landforms
and deposits produced by the CGS, and (b) transformed material of the CGS with
its remaining energy, and (c) new information. First of all input information for
the CGS must be estimated. Like in any system [1, 13], it represents the totality of
laws that control the development of the systems, whereas the information carriers
(the material of the CGS, reworked rocks and landforms) eventually demonstrate
characteristics which show the degree to which these laws have been applied.

The material of the CGS is its specific bedrock — ice, which composes its
main elements, the ice agents, and can be transformed from the solid into the
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liquid state and back and also can absorb a certain quantity of other rocks. The
geological effect of the CGS depends on the quantity and turnover of its material,
which is controlled by its energy resources. If a CGS has been represents only a
glacier, its energy is usually estimated through the kinetic component consisting
of the potential energy of the ice mass. However, in the case of the Siberian
environments, for the geological work the CGS can also use the transitions of the
materials from solid bedrock (ice) into the melt (water) and back. In other words,
in the case of the Siberian CGS not only the kinetic energy of the ice agents, but
also their thermodynamic energy must be taken into account.

The latter is very important for understanding the specific glaciations in the
Siberian Mountains. For example, if glaciers are morphologically similar, but
energetically differ from one another, they will carry out different geological
work. On the other hand, with icings, no motion of these ice agents can be
observed, although they can achieve intensive geological work. Weathering is
sharply increased within ‘icing glades’ (vegetation clearings formed along icings
and covered by specific “icing alluvium”), and streams are deflected by icings.
The result is a specific planation effect that causes widening the icing glades and
filling of the valleys with particular deposits [25, 32, 33]. What is important,
the trough after icing reworking looks much differently and it has to be taken in
account in the case of carrying out palacogeographical reconstructions (fig. 5).

Winter

Fig. 5. A glade (IT) left by a recent icing (I) in the Pleistocene trough in the valley
of Taldura River, Central Altai
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It should be noted that the development of any Siberian CGS follows certain
common patterns. In order to form the CGS, its initial material (moisture) must first
be evaporated from the ocean where the water vapour receives terrestrial and solar
heat and, after that, is moved to the Siberian inland via atmospheric circulation.
Due to the Circumpolar Aerial Transfer, moisture, in order to reach the Siberian
interior, can be taken only either from the Atlantic, or from the Western Arctic,
warmed by the Gulf Stream. Little moisture can ever reach most areas of the
Siberian Mountains. Consequently, moisture supply must have sharply decreased
during the Pleistocene cold stages, when the Gulf Stream did not operate, and, in
addition, ice sheets in Northwestern Eurasia intercepted the remaining moisture.
This mechanism caused a continental climatic environment to develop in the
Siberian Mountains throughout the Quaternary. Therefore, the limited volume
of moisture that reached the Siberian interior regions may be notwithstanding
minor variations, conditionally considered as a constant; or, in other words,
as insignificant. Another constant characterizing the CGS is the altitude of the
Siberian Mountains, which has not changed principally during the Pleistocene.
Thus, if the different Siberian CGS are considered as being equal in volume to
their substance, the regime of the CGS, as well as their role in geological work,
are mainly determined by their internal energy.

This means the state of the Siberian CGS is mainly determined by cold storage
acquired firstly from the atmosphere and, secondly, by the additional quantity of
cold storage resulting from freezing of the substrate (when the CGS are within the
permafrost zone). It is generally considered in geographical-geological studies that
the greater cold storage in any geosystem, the lesser is the energy and its effect of
exogenous processes. Above all, this is because of a habitual approach to estimate
activity of exogenous agents from the point of view of their kinetic energy, when
there is very restricted surface drainage for most of the year. However, in the
Siberian Mountains, under the limited precipitation over most of the area, annual
runoff volume per unit area is small anyway. In contrast, significant cold storage,
in spite of the overall low energy resources of the CGS, results in active erosion/
accumulation processes yielded by the different ice agents. In fact, investigations
by Serebryanny et al. [28] have demonstrated that greater geological work is
carried out by frozen cold-base glaciers that are slowly moving, than by warm
glaciers that move more rapidly. Anyway it concerns mountain-valley glaciers.

Principals of organization and types of the cryogenic-glacial systems

When observed as a whole, the Pleistocene environments in the Siberian
Mountains have been distinguished in that the dominant members of the CGS
during the cooling were the glaciers which increased then significantly. They were
mainly valley glaciers, and became reticular forms during their maximal advance
in the Late Pleistocene when they reached inter- and sub-mountain depressions
and lowlands and formed large piedmont ice fields. Even then the glaciers were
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still connected with valleys and acted as members of the mountain valley CGS.
At times, the glaciers dominated and filled all the valleys, with other elements of
the CGS playing only a subordinate role.

At other times, the glaciers retreated and the non-glacial elements took
over, actively reworking landforms and rocks left by the glaciers. In the latter
case the glaciers are considered as the dominant in providing the environments
in which the other elements of the CGS developed. Icings are the most active
subdominants of the CGS in the Siberian Mountains. They took advantage of (a)
the great cold storage accumulated by the CGS, and (b) climatic continentality,
and (c) environments produced by the glaciers. Icings can be located directly on
glaciers, abutted against glaciers or located at some distance from glaciers [31].
The glaciers and icings in such a situation are closely related via processes of
their heat-mass exchange. Icings are not ice streams, but they act by growth and
decay and through their melt water, and also through weathering. Firstly, intensive
summer weathering occurs at the contact of icings and rocks. Secondly, there is
a winter ‘heat impact’ of water forming the icings when it spreads through the
frozen rocks of the icing glade — an effect comparable to boiling water being
poured on bedrock in summer. Thirdly, the icing body acts as a dam forcing
streams towards the banks, enhancing erosion. As a result, lateral erosion prevails.
Fourthly, a talik (thawed rock) develops under the icing, which acts as a thermal
insulator, and numerous small streams running under the icing will rework the
valley specifically. Fifthly, due to the migration of streams forming under the
icing, icings can move over the valley. As a result, wide, level icing glades are
formed in the course of time, changing the former trough morphology (fig. 5).

It is along this pathway that in spite of low snow accumulation in most of the
Siberian Mountains, redistribution of snow under the influence of wind sometimes
causes formation of large snow-banks within the valleys. As members of the
CGS, the snow-banks are of only local importance. Their erosion/accumulation
activity is restricted to an increase of weathering along the snow-rock contact and
washing-out of weathered debris from the snow-bank bed.

This process can yield pseudo-icing and pseudo-glacier landforms that must
be taken into consideration, especially in regions that were not subjected to any
Pleistocene glaciation. For example, at present, large wind-formed snow-banks
often occur in the Chuckchi Peninsula at altitudes significantly lower than the
climatic snow line and even the moraines of the maximal glacier advance, though
annual precipitation in the region is only about 300 mm. This impresses at a
background of low-temperature permafrost.

In respect to underground ice it should be noted that as an element of the CGS
it has been also of subordinate significance. Its geological work is to turn uncon-
solidated rocks into a consolidated mass, to participate in cryogenic weathering,
and to develop some forms of micro relief. The main significance of underground
ice is redistribution of the material of the CGS and indicating the state of the CGS.
According to Vtyurin [21], the total mass of underground ice in Siberia exceeds
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that of any other kinds of ice. Consequently, the presence or absence of certain
types of underground ice is a clear indicator of the current state of the CGS.

On the whole, the revealed structure of CGS in the Siberian Mountains pro-
vides to distinguish a few types of such systems which characterize modern en-
vironments and equivalent environments in past. The different types of CGS are
distinguished by their temperature regime. The same principles underlie many
classifications of glaciers and permafrost. Although limited temperature data are
available for the Siberian Mountains, they are able to provide well-distinguished
features of the CGS. Besides, there is another way to establish the character of the
CGS in such a situation: to use certain ice agents as indicators. These agents must
be the most stable, and traces of their activity also have to be well expressed in
landforms and sediments.

In the Siberian Mountains it is possible to follow the succession of the CGS,
from one type to the other, by appearance (or disappearance) of different types of
icings and ground ice (first of all — ice wedges) in front of the modern glaciers and
along the Pleistocene troughs. Since all glaciers in Siberia are in the permafrost
area and frozen rocks undelay them, we named all the systems as ‘cold CGS’.
However, taking in account that some of them are in the area of polygonal-ice
wedges, whereas the others are outside of that (fig. 4), two subtypes — ‘cold” and
‘moderately cold’ are also distinguished. As to the CGS which form under mild
climatic conditions with abundant snow alimentation and not so low air tempera-
ture, they do not occur in Siberia; they appear in Caucasus and to the west of
it — we name them as ‘warm CGS’. In order to understand the difference, the
first unit to be considered is the so-called ‘warm CGS’ which occur at the area
with temperate climate characterized by some oceanic features. Glaciers included
in this type of CGS are in an isometric temperature state close to 0°C when ice
formation proceeds mainly in the warm firn zone; they dominate both in volumes
of ice and in volume of geological work. As this CGS can accumulate little cold
storage, the other elements are weakly expressed. The glaciers owe their exis-
tence to a high volume of snow precipitation. Snow accumulates cold storage in
the free atmosphere and communicates it to the developed glaciers. Runoff from
such glaciers occurs all the year round because they lie on an unfrozen base; the
rocks in front of the glaciers freeze seasonally only. In Asia, at present this type
of the CGS is well presented in Caucasus where periglacial zone has been charac-
terized by luxuriant vegetation represented by wood of deciduous trees and lush
grassland which can ascend almost to the glaciers (fig. 6-1). However the very
elevated peaks are partly able to gain into the permafrost area [Mux] even in this
case (fig. 6-11). The development of this type of CGS is impossible in the Siberian
Mountains, because cryoarid environments prevailed there.

In the West Altai which is the most humid and warm part of the Siberian
Mountains, all glaciers lay, nevertheless, on the frozen rock and temperature of
their bodies is significantly below 0°C. It has been established [Aiz] by drilling
the glaciers on the slopes of Mt. Belukha (4506 m).
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Taking in account that glaciers of Altai Mountains are outside of the area of
polygonal ice wedge distribution (fig. 4), and in front of the glaciers continuous
permafrost can be changed into island discontinuous permafrost, the sub-type of
the CGS which occurs at that area has been named as the ‘moderately cold CGS’
(fig. 7). In this case the glaciers are significantly colder than those of the first unit,
and their bodies represent a massif of cold ice (with temperature below 0°C).

Cold firn, and firn-ice, and ice zone characterizes ice formation at the glaciers
in such a case by dint of development of super-imposed ice. Winter runoff is
then absent, and part of the autumn runoff is intercepted by annually forming ic-
ings which can possess large-size bodies. The icings actively rework the primary
glacial relief, but only in spring and summer because they are still seasonal phe-
nomena; they are able to occupy areas up to 10 km? (and even more) where they
cut forms of glacial micro relief, widen the valleys and change the composition
of sediments [31, 33]. At present the CGS of this type are widespread in the Altai
Mountains. When very cryoarid conditions prevailed during the Pleistocene cold
stages, this type of CGS disappeared in Siberia and the merely ‘cold CGS’ take
their place. Relict icing glades in front of the former glaciers confirm this fact.

So, the next unit is the ‘cold CGS’ which prevail at the area with continental
severe climate. The glaciers in this case include masses of cold ice frozen signifi-
cantly (sometimes more than ten degrees below 0°C), caused by downward freez-
ing. Today this type of CGS is widespread from the right-bank upper reaches of
the Yenissei River to the Chukchi Peninsula. They differ only in the degree of cold
storage capacity; southern and northern parts of the area of the cold CGS distri-
bution may be then distinguished. On the whole, in this type of CGS the glaciers
and ground around are deeply frozen. In summer the surface of the glaciers is not
infrequently without snow cover. Ice formation proceeds at the glaciers in such a
situation due to the well-developed ice zone. As other main indicators of this type
of the CGS, large perennial icings and repeatedly ice wedges have been appeared
demonstrating freezing of rock at a temperature of as low as some —3°C (fig. 8).

A scheme of the cold CGS development, when glaciers and cryogenic ice
agents found in front of the modern glaciers, as well as along the troughs of the
Pleistocene glaciers, are caused by continuous low-temperature permafrost, has
been presented on fig. 9-1. Runoff from the glaciers, which lie on the very frozen
bed, is restricted to the warm season and a significant part of this water is inter-
cepted by near-glacier icings (fig. 9-1I), whereas different generations of polygo-
nal ice wedges are revealed at the area around glaciers (fig. 9-11I) . Reworking the
sediments and landforms by icings in the Pleistocene troughs is very intensive in
such a situation: major glacial and fluvio-glacial landforms (including lateral and
terminal moraines, high terraces etc.) have been become very clearly expressed
as most of the small-scale landforms have been removed by icing erosion. At
present, the first perennial icings and repeatedly ice wedges appear in the Siberian
Mountains within the right-hand upper reaches of the Yenissei River, in the East
Sayan Ranges, Northern Mongolia included.
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Fig. 8. Azarova’s Glacier in the Kodar Range (II) and polygonal ice
wedges around, Trans-Baikal region
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Fig. 9. A scheme of the cold CGS development (I) and its equivalent in the area of Obruchev’s
Glacier (II) and different generation of polygonal ice wedges (III) around, Eastern Yakutia
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These ice phenomena trace from here along some 50°N to the Middle Amur
River (North-east China) and further in northeastward direction. At the map of
distribution of the polygonal ice wedges (fig. 4) a large southward projection has
been formed then [6, 19], where these ice agents reflect low snow accumulation
and deeply frozen bedrock [31,33].

Shallow segregation ice beds not infrequently characterize this area even in its
southern part (fig. 10). In spite of that such environments belong to the enough
southern area, in latitude about 50°N, the cold CGS characterize their features
evidently. The modern glaciers occur at this area, but they are little in this part of
Siberia, because the cold storage in their bodies is still not so great. The glaciers
lie at the slopes of the mountains that can be enough high reaching a height of
some 3000-3500 m; they are not covered, usually, by snow in summer and ex-
ist due to their alimentation by superimposed ice. Different icings occur around
them in the valleys. It should be emphasized that at present the cold CGS appear
already in so low latitudes and cover most of the Siberian Mountain terrain.

Fig. 10. Segregation ice formed in the bottom of the Darhad intermountain
depression, Northen Mongolia

From the same CGS in the northern part of their area, the southern cold CGS
differ only in the degree of cold storage capacity and by the lesser size of the ice
bodies. What is interesting, the left-bank upper reaches of the Yenissei River are
characterized today by the moderately cold CGS, whereas the relict Late Pleis-



226 V.S. Sheinkman

tocene landforms left by the CGS of the merely cold type (former icing glades,
ice-wedge pseudo-morphs) occur in the periglacial zone of the former glaciers
therein, in the inner parts of the West Sayan Ranges (fig. 11), and the analogous
ice-wedge pseudo-morphs are revealed even in the Gobi Desert [9]. However they
disappear in the Altai Mountains, i.e. this area was relatively less cold even during
the Pleistocene cooling.

Pseudo-morphs after
polygonal-ice wedges

Fig. 11. Pseudo-morphs formed after polygonal ice wedges in the body
of the Late Pleistocene basal moraine and fluvial-glacial alluvium
in the left-bank upper reaches of Yenissei River

Since the difference between the southern and northern part of the area of the
cold CGS distribution will be in the degree of thawing bedrock and in ice ablation,
there are a few tens of small glaciers in Trans-Baikal region, restricted to moun-
tains of about 3000 m a.s.l., whereas glaciers on the slopes of comparable moun-
tains in Northeastern Siberia have developed dendritic forms and reach 10 km in
length. Permafrost in Northeastern Siberia is frozen to — 10°C and below, and ic-
ings formed along the Late Pleistocene troughs therein Siberia may occupy many
tens of km? (fig. 2).

It should be borne in mind that the different types of the CGS during the Pleis-
tocene changed the distribution of ice volume in different parts of the Siberian
Mountains. Today the Altai Ranges support the largest glaciers, surrounded by
not so large icings; however, during the Late Pleistocene these glaciers advanced
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and reached 70 km in length and surrounded by great icings. In Northeast Siberia,
the present-day glaciers are less extensive than in the Altai, but they are surrounded
today by giant icings; the largest of which occupy areas up to 100 km?. During the
Late Pleistocene, the Northeastern Siberian glaciers were twice as long as those in
the Altai, although they were initiated from mountains about 1000 m lower than
the Altai ranges. The greater cold storage of the CGS in the Siberian Mountains
provided the maximum volume of glaciation then. The same features concern the
Kamchatka Peninsula, which is a special region neighboring to Siberia. It has very
peculiar environments due to surrounding by the seas of the Pacific. At present the
CGS there resemble the situation in the better wormed and moistened part of the
Siberian Mountains — West Altai because the peninsula projects out into the sea and
receives abundant precipitation, like most of the Russian Far East. However during
the Pleistocene cold stages, the shelf sea between the peninsula and the continent
was frozen, and the peninsula became a part of the giant frozen continent. As a
result, although the highest point of Kamchatka (Mt. Klyuchevskaya) reaches an
altitude of 4750 m, Late Pleistocene glaciers on the peninsula reached only a few
tens of kilometers in length, very similar again to the situation in the Altai Ranges.

Such features add details to the complete picture of glaciation. More so that
this picture allow us to analyze productively the modern situation and obtain a
reliable base for ecological prognostics (fig. 12).

Fig. 12. A way to fulfill the task of ecological prognostics on the base of studying
the spatial changes on landscapes and CGS along the Siberian Mountains
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Conclusions

The present-day climatic differences found along the mountain belt surrounding
Siberia in the east and south is similar in magnitude to the variations that occurred
during the Pleistocene cold stages. The reason is that the general circulation pattern
of the atmosphere did not radically change during the Quaternary. It was the
lowering of temperatures that mainly controlled the development of environment
yielding glaciation. The latter represented the close interaction of glaciers, icings and
underground ice, the totality of which clearly reflected the environmental changes.
The relation of the different ice agents is a reliable indicator for the state of the
glaciation. It demonstrates that the Quaternary glaciers in the Siberian Mountains did
not reach the final form of their development, the ice sheet. Instead, they had been
mainly confined within their troughs, and only during the maximal advance did the
glaciers reach the piedmont areas and form ice fields at the foot of the mountains.

It should be emphasized that in the Siberian Mountains the CGS of the cold
types prevail at present and certainly they dominated during the Pleistocene cold
stages. Therefore most of the ice agents, which can be observed in the Siberian
Mountains today in frames of specific cryogenic-glacial systems, were much
more frozen during the Pleistocene cold stages. As a result, glacial sediments
and landforms underwent significant reworking by other elements of the CGS,
among which icings were the most active. Hence, comparison with Alpine types
of glaciation requires special adaptations for the Siberian Mountains, because of
they are yielding by very different environments. Anyway the researchers, who
study the modern and ancient glaciation, as well as the landforms and sediments
formed by ice agents, must take into account the specificity in the development of
the CGS under continental climatic conditions of Siberia, where close interaction
between glacial and cryogenic ice phenomena is not only an exotic peculiarity of
this area. This is the characteristic feature in development of glaciation.

So, it should be ever considered that the glaciers and the other ice bodies
around are not only a repository of water-equivalent mass but also a repository of
cold storage that controls the behavior of the complete CGS. To make an objective
evaluation of any glacial events is impossible if to ignore such a feature. This
has an important bearing on the scenario which has been assumed as a basis for
ecological prognostics.
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CHHEIIUD®UKA PAZBUTHUSA OJIEJEHEHUSA
B BBICOKOI'OPBE CUBUPH - IKOJTOTI MUECKHW ACITEKT

Tpunyunuanvrvim omauduem onedeHenus 8blcOKo2opHbix paiionoe Cubupu aeus-
emcesi mo, Ymo OHO XAPAKMEPU3Yemcs MeCHbIM 83aUMOOetCmauem 1008 1eOHUKOB020
U Mep3NOMHO20 NPOUCXONHCOCHUS U KOHMPOTUPYEMCSl He MONbKO OANAHCOM CHEICHO20
numanus. B snauumenvnoii mepe (popmuposanue n1edoswix 0opazosanuii 30ech 3a8uctim
om 3anaca xon100d, HaKanaueaemozo ux mexamu. Bee neonuxu ¢ Cubupu pacnonosicernvl
6 00nacmu KpUOIUMO30HbL. Yoice NOIMOMY UX pazeumue umeen NPUHYUNUATbHBIE OM-
YU OM mex 1eOHUKO8, KOmopbie QopMupyiomes ne 001acmu MHO2ONeMHeMeP3IbIX
NOPOO U pACCMaAMPUBAIOMCsL C NO3UYUL MPAOUYUOHHOU ATbNULICKOU HAYYUHOU WIKObL.
Dopmupyemvie 6 pezynomane 63auMoOeucmsus 1b008 1eOHUKOBO20 U MEP3NIOMHO20
npoucxoxcoenusi KpuocenHo-ensayuanvivle cucmemsl (KI'C) onpedensitom ¢ Cubupu
KOMOUHUPOBAHHOE 2€01102UYeCKoe B8030eUCmBUe YMUX 16008, COBMECIHO UM NooYe-
peono obpabamuisarouux 0oauHsl. Bee smo umeem bonvuioe 3nauenue 6 niane dKono-
2uueckoll oyenku meppumopuu. B oannom ciyuae maxas oyenxa mpebyem npogeoenus
aHanu3a IKOCUCMeMsl ¢ NO3UYUL peanu3ayu Xon00a Kak ¢honoeozo pecypcd, ubo o
ucnonvzyemes KI'C 0ns ceoezo pazsumus. B amotl cumyayuu HyJ’CHbL ROOX00bl K U3-
VUEHUIO ON1e0eHeH s, NPUHYUNUATLHO OMIUYHbLE O MeX, YN0 NPUBLIYHO UCTONb3YIOM-
€51 ¢ no3uyuLl mpaouyuoOHHoOU AnbnuticKot HayYHOU WKOIbL.

Bonpoc smom ommnio0b ne 6€306udnblll, NOCKOILKY UMeem u HaAyYHoe, U NPAKmu-
yeckoe 3uauenue. Tax Kaxk cnedvl TEOHUKOS XOPOulo NOOOAIOMCsl Pacuupposre, oHu
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HEPeoKo UCNONb3YIOMCS 8 NPOSHOCIUYECKUX CYCHAPUAX UIMEHEHUll OKpyJcaiowell
cpedbl nOCPeoCcmeom IKCMpanonsyull 6 ghopmame «Om NPOWIOSO K HACMOSWEMY U
om nacmosiwyezo K 6yoywemyy. Imo omHOCUMCs U K COBPEMEHHbIM, U K Yemeepmuy-
HbILM npoyeccam u mpebyem uHOUSUOYAIbHO20 NOOX00d K uyueHuro ¢opm perveda u
OModICeHUT, UHMEPRPeMuUpyeMblX KaK peaukmul onedenenus. bnacooaps momy, umo
6 copax Cubupu cospementvie 06CMAHOBKU OYeHb PAZHOOOPA3HbL U NPEOCMABNAION
wupokuil cnexkmp yenosuil, donvuurncmeo munoe KI'C 30ece ecmpeuaemcs u ce2o0ms.
Boonv eoprozo obpamnenus, oxatimnaoweco Cubups ¢ 102a u 60CMoKa, 4emko npo-
credcusaromes ux nepexoovl uz oonoeo muna KI'C ¢ dpyeotl, ompadicas mem camvim
Xapakmep okpyicaiowjeti cpeobl U COOMEEemMCcmayouux 00Cmanogox.

Uzyuenue makux o6cmanosok nocpedcmeom ananuza KI'C cysicum karowom K npo-
6€0eHUI0 NATE02e02PaAPUUECKUX PEKOHCMPYKYUTL, MAK KAK 8001b 20PHO20 0OpaMieHUs
Cubupu sicno npocnesicusaemcsi maxoe ssjienue, KaK Kpuoapuousayusi — NOCmMeneHHoe
oxnagcoenue meppumopuu Ha Qone ycunenus KOHMuUHeHmMAarbHocmuy Kiumamd. Bo
6peMsi NAelCnOYeHOBbIX NOXONOOAHUT IMO SGTEHUEe NPOCLENCUBATOCH U 80 BDEMEHU —
10 Mepe nepexooa om MediCIeOHUKO8bs K JICOHUKO8bI0. Bce amo cozoaem naodeschyro
0asy 0151 OYeHKU IKONOSUYECKO20 AHANU3A U3YYACMbIX MEPPUMOPUIL.

Cmambs HanUCAHa Ha OCHOBe QOKAAOA A8Mopd, NPeOCMAasieHH020 um Ha Meoicdy-
HapooHotl kongepenyuu ‘Natural environment of Arctic and Alpine areas: relief, soils,
permafrost, glaciers and biota as indicators of climatic changes’; Tomck — Axkmpy —
2011 a.

IHocmynuna 6 pedaxyuro 17.01.2012 2.
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