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BUOTEXHOJIOI'US 1 MUKPOBHNOJIOT'UA

VJIK 579.674
doi: 10.17223/19988591/45/1

H.P. E¢pumouxkuna, .b. Cenosa, C.A. llleBesieBa, B.A. Tyreabsn

Dedepanvblil UCCIE008AMENbCKULL YeHMP NUMAHUA, OUOEXHON02UU
u 6esonacnocmu nuwu, 2. Mockea, Poccus

TokcureHHbIE CBOHCTBA MUKPOCKONIMYECKUX I'PUOOB
Pabora Beinonnena npu nopuepxke Poceuiickoro Hayunoro ¢pounna (npoext Ne 18-16-00077).

Mukpockonuyeckue epubvl, unpuyupylowue pacmenus 6 Nepuoo eeemayui,
a MakdHce CenbCKOXO3AUCMBEHHYIO NPOOYKYUIO NPU XPAHeHUuu, Mo2ym nonaoams 6
nuujesvie NPOOYKMbL U KOpMA OIS HCUBOMHBIX U 3ASPAIHAMNG UX CEOUMU MOKCULHBIMU
Memabonumamu — MUKOmoxcunamu. Buoosoii cocmae u 0011 Kaxcoo2o u3 6uoos 8
KOMNJLEKCe BbIABIAEMBIX 2PUOOE MO2YN MEHAMBCS C USMEHEHUEM YCIL08ULL BbIPAUUBAHUA
WU XPAHEHUsl, 4Mo CONPOBONHCOACMCS USMEHEHUAMU 6 CHeKmpe MUKOMOKCUHOS.
Hapsdy ¢ uszeecmuvimu u KOHMPOIUPYEMbIMU 3ASPASHUMENAMU HMO20 POOA MO2YM
NOBLIUAMBCA YPOBHU COOEPHCAHUA paHee He YUUMbBIEAEMbIX MOKCUUHBIX 2PUOHbIX
MemaboIumos, Hy*cOarowuxcs 6 OalbHeliuemM UsyueHuu U OyeHKe ONACHOCMU UX
nosgnenus 6 npooykmax numanus. O630p nocesauer paccmompenuro epubos us pooos
Fusarium, Aspergillus u Penicillium, npedcmagumenu Komopwix Mo2ym npooyyuposams
KaK yoce pecnamenmupyemvle 8 npoOyKmax pacmeHueso0Cmed MUKOMOKCUHbL, Max u
npocrosupyemvie. B 0630p éxniouensv maxce 6uovl Alternaria spp., usyuenue komopuix
BbIABUILO YACMYIO BCMPEUAEMOCTb U WUPOKULL CHEKMP NPOOYYUPYEeMbIX MOKCUUHBIX
Memaboiumos, NoKa He HOPMUPYEMbIX 6 NUWEBbIX NPOOYKMAX.

KiroueBble cjI0Ba:  Muxkpockonuueckue epubvl;  MUKOMOKCUMbL,  NUljesble
npooykmui; Fusarium; Alternaria; Aspergillus; Penicillium.

OjHO¥ 13 HanboIlee aKTyalbHBIX MPOOJIeM o0ecTieueHHsT 0€30TTACHOCTH ITHIITH
SIBISICTCST OLICHKA 3arPsI3HEHUs! TIPOJIOBOIBCTBEHHOTO CHIPhS M TOTOBBIX TPOIYK-
TOB MHKPOCKOITMYECKUMU TUIECHEBBIMH IPUOAMU — TOTEHIIHATBHBIMH PO IICH-
TaMH MHKOTOKCHHOB. MUKOTOKCHHBI — pa3HOOOPA3HBIE 10 XUMHUYECKOMY CTPOEC-
HUIO BTOPHYHBIE METa00NUThI IPHOOB, 00IaIAr0Ie TOKCHYHBIMH IS YeJIOBEKa
U CeIIbCKOXO3sHCTBEHHBIX KHUBOTHBIX CBOMcTBaMU. [10sIBIICHHE MUKOTOKCHHOB B
MPOAYKTaX PACTHTEIBHOTO IIPOHCXOKACHHS MOXKET OBITH CBSI3aHO C MHKPOCKOIIH-
YECKMMH IpUOaMHU, KOTOPbIC HHOUIMPYIOT PACTCHUS B MIEPUOJ BETeTAIlMK U 3a-
TPSZHSIOT YPOXKal y)ke K MOMEHTY YOOPKH ((pUTOIaTOTreHHBIEC TPUOBI), UITH C TPH-
0aMu, KOTOPBIC PAa3BUBAIOTCS HA MPOAYKTAX MPH YOOPKE M XPaHCHUHU, OCOOCHHO
[IPH TOBBIIICHHOHN BIAXXHOCTH (TUIeceHH XpaHeHus1). Hamnuue TOKCUIeHHBIX TPH-
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00B 1 MUKOTOKCHHOB B CEITLCKOXO3STHICTBEHHBIX MPOMYKTAX COMPSHKEHO C OIac-
HOCTBIO Pa3BUTHSI MUKO30B 1 MUKOTOKCHKO30B — TSDKEJIBIX 3a00JIEBaHUH JIOICH 1
JKUBOTHBIX, BOSHUKAIONINX HE TOJHKO NP YIOTPEOICHUN MUMIEBHIX MTPOIYKTOB
U KOPMOB, MTOPAKCHHBIX PA3IMIHBIMU TOKCHHOOOPA3YIOIIUMHI MUKPOMHUIICTAMH,
HO ¥ IPU TECHOM KOHTaKTe ¢ HuMHU [ 1-5].

Hexotopsie Tspxenbie (GopMbl MHKOTOKCHKO30B H3BECTHBI CO CPEIHUX Be-
KOB W IIUPOKO PACIPOCTPAHCHEI B Pa3BUBAIOIINXCS cTpaHax. K HUM oTHOCHTCA
9ProOTU3M, CBS3aHHBIN ¢ ynoTpeOneHneM xieba, M3rOTOBICHHOTO U3 3€pHA, 3a-
paxkenHoro crniopeiabeit (Claviceps purpurea). B EBpone ato 3aboneBanue, co-
MIPOBOXK/IAOMIECECs] TAaHTPEHONH KOHEYHOCTEH, BO3HUKAJO JOCTATOYHO YacToO B
XIV-XVI BB. AMMeHTapHYI0 TOKCHUYECKYIO AJEHKHIO, KOTOpas Pa3BUBACTCS
BCJICAICTBUE YIOTPEOICHHS IEPEe3MMOBABIIIHX B TIOJIC 371aKOB, HH(PHUIIUPOBAHHBIX
HEKOTOpPBIMU BUAamu Fusarium, B Poccun B cepenuHe XX B. peTHCTPUPOBAIU
BO MHOTHX pErHOHax cTpanbl. ONpe/eeHHbIC BUIBI PUCa, KOHTAMUHHPOBAHHBIC
Penicillium citreoviridae u P. islandicum (<0KeNTOOKPAIICHHBIH PUCY), — IPUYH-
Ha MaccoBBbIX TOKCHK030B B Snonun B XVII B.

CaydaBmmecss BpeMsi OT BPEMEHH OTPABICHHS HE IPUBICKAIN IIHPOKOTO
BHUMAaHUsI UCCIe0Baresieil BIUIOTh 70 Havana 60-X IT. MPOILIOro Beka, KOraa
OBUTO OTMEUCHO HECKOJBKO BCIBIIICK T'MOCTH TOMAITHUX >KUBOTHBIX M IITHII,
CBSI3aHHBIX C KOPMJICHHEM CMECSIMH, COJACPIKAIIUME apaxuc, HHOUIIMPOBAHHBIN
Aspergillus flavus [6]. OTKpbITHE aIATOKCHHOB — TOKCHYHBIX META0OJIUTOB ITO-
ro rpuba, MOJIOKIIO HAYAI0 Pa3BUTHIO MUKOTOKCHHOIOTUH. OCHOBHOI IIENBIO
WCCIICZIOBAHUH OBIJIO BBISBIICHUE TOKCHYHBIX META0OJIMTOB Hamboyiee pacipo-
CTpaHEHHBIX TPUOOB U OICHKA [MOTCHIIMAILHON OMACHOCTH IONAIaHUsI X B MH-
IIEeBbIe TTPOAYKTHI M KOpMa JUIS KUBOTHBIX. K HacTosImeMy BpeMEeHH OCHOBHEIC
MHUKOTOKCHHBI, Ha00JIee YaCTO BCTPEUAIOIIUECs] B IPOAYKTaX paCTCHUEBO/ICTBA,
JIOCTATOYHO XOpoIo u3y4eHsl [7, 8]. VX copepikaHue periaMeHTUpyeTcs B 00JTb-
IIMHCTBE CTPAH MHUPA MyTEM BBEICHHS MPEICIBHO JOMYCTHMBIX KOHIICHTPAIIHI
COZIEpKaHNsI MUKOTOKCHHOB B CBIPhE M TOTOBBIX MPOIYKTaX, KOTOPBIE COTIIACO-
BBIBAIOTCSI MEXKY CTPaHAMHU B YCIOBUSX MEXIyHapoaHOH Toproiu [9]. Crincok
perIaMeHTHPYEMBIX MUKOTOKCHHOB BKJII049aeT: admaTokcnd Bl u ero merabomut
a(uatokcuH M1, MOSIBISFOLIUIACS B MOJIOKE CEIIbCKOXO3SHCTBEHHBIX KUBOTHBIX,
JIe30KCHHNBAJICHOI, TOKCHH T-2, 3eapaieHoH, ()yMOHH3HMHBL, TATYIHH U OXPaTOK-
CHH A, poaynupyeMsle rpudaMu u3 poaoB Aspergillus, Fusarium u Penicillium.

Mexmy TeM YHCIO TPHOOB, BCTPEUAIOIIHMXCS B TPOMYKTAaX PACTCHUEBOJ-
CTBa, HE OTPAHUYMBACTCS TPOAYIICHTAMU PETIAMEHTUPYEMBIX MUKOTOKCHHOB.
BunoBoii coctaB 00OHapyKMBaeMbIX I'pUOOB JTUHAMHYCH W 3aBUCHUT KakK OT 00-
IIETO COCTOSIHUSL OKPYKAIOIIeH CPeIbl, MOJBEPIKCHHON YCHIMBAIOIIEMYCSI BO3-
NCHWCTBUIO aHTPOIIOTCHHBIX W TEXHOTEHHBIX (aKTOPOB, TpaHCHOPMHUPYIOMINX
MOYBEHHBIC M PACTHTEIILHBIC YKOCUCTEMBI, TAK U MECTHBIX YCIOBHUI B PErHOHE
BBIPAIIBAHUS CEIIECKOXO3SHCTBEHHON KYIBTYpHI, €€ BUAA M COPTOBBIX 0COOCH-
HOCTEH, TPUMEHSIEMO arpOTeXHUKU U HCIOJIb3YEMBIX arpOXUMHKATOB, B TOM
grcie GyHrumunos. bompinoe BIMsIHNE Kak Ha pacTEeHHS, TaK M HA MUKPOMHIIE-
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TBHI OKa3bIBAIOT ITOTO/IHBIC YCIOBHS. Pe3kue koneOaHnus 1 aHOMaTbHBIC TIOTOIHEIC
SIBIICHUSI, IPOTHO3UPYEMOe I100albHOE TIOTEeIIEHHE KIIMMaTa MOTYT CYLIECTBEH-
HBIM 00pa3oM OTPa3HUTHCS Ha CTPYKType (UTOIMATOTCHHBIX KOMITIEKCOB. C m3-
MEHEHHEM COOTHOILIEHHs (PUTOMATOTEHHBIX BUIOB MOXKET HM3MEHSTHCS HaOOp
TOKCHYHBIX MeTa0OIUTOB B pacteHusx [10—12]. BrisBicHue TeHACHIUI B -
HaMHUKe (PUTOMATOTeHHBIX KOMILIEKCOB, U3y4eHHne (hakTopoB, CIIOCOOHBIX Tepe-
BECTH MHHOPHBIE TOKCHHOOOPA3YIOIIHE BH/IBI TPHOOB B pa3ps/] COIMYTCTBYIOMINX
WM JIUAUPYIOLINX, TMO3BOJAT MPEABUIETh YIPO3Y HAKOIUICHHUS TMOSIBISIOLIIXCS
MTOTCHINATBFHBIX MHUKOTOKCHHOB. B 3apy0exHOW JHTepaType MOSBIIOCH BEIpa-
KEHHUe «emerging mycotoxinsy. OAHUM U3 MEPBBIX €ro UCIoab30Bal M. Jestoi
(2008) [13]. On 060O0ImMA HaHHBIC O (y3anpoaudepruHe, OOBEPUIIMHE, SHHUA-
TUHAX U MOHUIU(GOPMHHE, TPOAYIIHUPYEMBIX HEKOTOPBIMH PaCIPOCTPaHEHHBIMH
BUAAaMHU Fusarium, W TIpU3Baj oOpaTUTh BHUMAaHHE Ha JalbHEHINEe H3ydcHHE
9TUX METa0OTUTOB KaK TOKCHUYHBIX KOHTAMHUHAHTOB PACTHTEIBHBIX MPOLYKTOB,
KOTOpBIE MOTYT IOMOJIHUTH CIIUCOK PEIIAMEHTHUPYEMBIX «TPaJULMOHHBIX» MU-
KOTOKCHHOB. BIIOCIIEICTBUM 3TO BBIpak€HUE PACIPOCTPAaHUIIN HA JPYTrUe MUKO-
TOKCHHBI, JUI KOTOPBIX HE ONPENEICHbI JOIYyCTUMbIE KOHIEHTPALMU U KOTOpPbIE
MOKa 3aKOHOJIATEJIbHO HE peryaupyrorcs. [lomyueHre HOBbIX TaHHBIX 00 9THX CO-
SIMHEHUSIX CTaJI0 BO3MOXKHEIM OJlaroaps MIMPOKOMY BHEIPCHHIO COBPEMEHHBIX
AQHAJIMTUYECKUX METOJI0B, OCHOBAaHHBIX Ha MPHUMEHEHUH BBICOKOI(P(EKTUBHOM
JKUJIKOCTHOM Xpomarorpaduu u macc-ciekrpomerpun [14—15]. K unciy smep-
JOKEHTHBIX MUKOTOKCMHOB B HACTOSAIIEE BPEMs TaKKe OTHOCITCSA TeHYya30HOBas
KHCIIOTa, TCHTOKCHH, aJbTEPHAPHON M €r0 METHIIOBHIN Adup, MUKO(EHOIOBAS
KHCJIOTa, IUTPUHUH, (hy3apueBast KUCIOTa, CTEPUTMATOIIMCTHH, YMOJIMH U acTep-
riaynun [10, 16, 17]. McTOYHUKOM 3MEpIKEHTHBIX MUKOTOKCHHOB MOTYT OBITh
MIPEJCTABUTEIN BUIOB Kak M3 ponoB Aspergillus, Fusarium n Penicillium, Tak
U BUJBI TPUOOB U3 ApYyTruX ponoB. [IoBEIIIeHHOE BHUMAaHUE HCCIIENOBATEICH B
MOCJIeIHeE BPeMs IPUBJIEKAIOT YaCcTO BCTpEUarolecs BUIbl Alternaria spp., Xa-
paxTepu3yonecs HabOpOM HECKOIBKUX TOKCHYHBIX METaOOJIHUTOB, TETEKTHPY-
eMBbIX B MPOAYKTaX. TOKCUKOIOTHYECKUE ACIEKThl TAKUX METaOOIUTOB aKTUBHO
H3y4aroTCsl.

OTnenbHOTO pacCMOTPEHUS 3aCITyKUBAIOT (PaKThl OOHAPYKEHHUS TPOILYIICHTOB
HOBBIX MUKOTOKCHHOB CPETH N3BECTHBIX BUIOB TOKCUTCHHBIX TPHOOB, IMEIOIINX
OTPaHUYCHHBIN apeasl pacIpOoCTpaHeHHs], YTO 3aTPYAHSAET OLUEHKY MOTEHIHAlb-
HOI'O pUCKa 3arpsA3HEHUS dTUMHM MHUKOTOKCHMHAMH IPOIOBOJIBCTBEHHOIO CHIPBSI.
K unciy MajaonsyueHHBIX OTHOCAT, B YaCTHOCTH, CHHTE3HPYEMBbIN SHACMUYHBIMHU
mramMMaMu Fusarium graminearum MAKOTOKCUH NX-2, KOTOPbIi 0OHapyKHBa-
10T B 3epHE MIIEHUIIBI TOJIBKO B 10)kHOM yacTu Kanazsl u ceBepHoii yactu CIIA
[18, 19].

OTtmeuast MHOrooOpasue U MIUPOKUIA CIIEKTP TOKCHYECKUX METa0O0IUTOB ILIEC-
HEBBIX TPHOOB M3 Pa3IMIHBIX CEMEHCTB U PONIOB, CIEAYET PACCMaTPUBATH TOKCH-
HOOOpa30BaHKE HE TONBKO KaK (DYHKIIMIO alaliTallid K YCIOBUSAM Cpellbl OOHTa-
HUSL, HO M KaK OTBETHYIO PEaKINio MeTaboImM3Ma TPHOOB Ha CHTHAIIBI, HCXOISIINE
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OT OKPYXKAarollel Cpelbl MPU CMEHE DKOJIOTMYEeCKOM HUIM. DUIOreHEeTHYECKUe
MCCIIeJOBaHMs TIOKA3bIBAIOT, YTO TOKCUICHHBIE CBOMCTBA (JOPMHUPOBAIUCE Y IUIEC-
HEBBIX TPHOOB B PE3yIIbTaTe JIIUTESIBHON YBONIOIHMH. Pe3ynbraTsl CeKBEHHPOBAHHS
reHOMOB 93 BUJIOB Fusarium NO3BOIIMIIN BBISIBUTh HAIMYKE I'€HOB, OTBETCTBEHHBIX
3a cuHTE3 26 TPYMIT BTOPUYHBIX METAOOIHTOB, AU(PQEepeHIHanns TOKCUTCHHBIX
CBOICTB B 3THX TakcoHax (py3apues mpoucxoauna Oomnee 90 miH net Hazan [20].

PacTuTenpHBIC MTPOMYKTHI SBISIOTCS OCHOBOW IHIIECBBIX PAIIIOHOB BCEX Ka-
TETOPHUI HACENICHUS, TIO3TOMY BOIIPOCHI HEOIArONPHUATHBIX MOCIEICTBUI 1S ve-
JIOBEKAa MPHU MX 3arpsS3HEHUH BTOPUYHBIMH META0OIUTAMU MHUKPOCKOTIMICCKUX
IpHOOB SIBISIOTCS IPHOPUTETHBIMH C TOUKH 3pEHHs O€3011aCHOCTH TIHIIH.

OOHapy»XeHHe HOBBIX M HEOCTaTOYHO M3YYEHHBIX IITAMMOB MUKPOMHIICTOB
1 YCHJIEHHE UX TOKCUTEHHBIX CBOMCTB TPeOyIOT H3y4YeHHst 0COOCHHOCTEN 1 9KOJIO-
THH SMEP/PKEHTHBIX MUKOITATOTEHOB JIJIsl 000CHOBaHUS S (EKTUBHBIX CIIOCOOOB
CHM)KEHHUS MX HEraTUBHOTO BO3/ICHCTBYS Ha OPraHM3M YelIOBEKa M KUBOTHBIX, B
TOM 9YHCIIe TyTEM pa3paboTKU M BHEAPEHHS KPUTEPHEB OE30TTIaCHOCTH ITHIIEBON
MPOIYKIUH, HOBBIX TEXHOJOTHI KOHTPOJS M MEp MPOQUIAKTHKH 3arps3HEHHUS
MTUIIEBOH MPOTYKIINH MUKOTOKCHHAMH.

Ta6mnuma 1 [Table 1]
OnTuMajbHbIe YCJIOBUS IUISl POCTa IleceHei
M HAKOIJICHUSI HEKOTOPBIX BUI0B MUKOTOKCHHOB
[Conditions for growth of molds and accumulation of certain mycotoxins]|

[Inecne- Poct nneceneit [Ipoaykins MUKOTOKCUHOB
BbIE TPHOBI [Mold growth] [Production of mycotoxins]
POTOB MHKOTOKC}/IHLI
[Fungi of [Mycotoxins] oC a pH oC a, pH
the genera]
AratokeHinl |0 43| 078 | 21112 | 12-37 | >0,82 |3,5-8,0
. [Aflatoxins]
Aspergillus Oxparokcua A
[Ochratoxin A] 8-37 >0,77 | 2,2-10,0 | 12-37 | >0,80 —
. Oxparokcus A
Penicillium [Ochratoxin A] 0-31 >0,80 | 2,1-10,0 | 0-31 >(,86 (5,6)
Jle3okcuHmBaIC-
HOJI, HUBAJICHO,
3capajicHOH 2426 | >0,90 | 2,4-9,5 | 2426 | >0,90 |2,4-9,5
Fusarium [Deox.ymvale-
nol, nivalenol,
zearalenone]
Dymommsun B, |y 35| 5088 | 5570 | 1330 | >0,92 -
[Fumonisin B ]

Ilpumeuanus. « —» —HEeT JaHHBIX [no data].
a_— aKTHMBHOCTb BOJIbI [water activity].

Haunbosee BakHBIMEH (DaKTOpaMH, CIIOCOOCTBYIOIIMMHU POCTY TOKCHT'CHHBIX
IUIECEHEH M HAKOIUICHHIO MUKOTOKCHHOB B TIPOAYKTAX, SIBISIIOTCS MTOBBIIICHHBIC
TeMIeparypa M BIaKHOCTh (Tabi. 1), Korjia MpOUCXOIUT YCUIICHHE aKTHBHOCTH
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OKHCJIUTENBHBIX ¥ THAPOIUTHUCCKUX (EPMEHTOB U CO3/IAI0TCS YCIOBHS IS pa3-
MHOXEHUsI MUKpoMuLeToB [21, 22]. OTHOCUTENIbHAS BIAXKHOCTbD, IIPH KOTOPOM
MIPAKTUYECKU HE IIPOUCXOAUT pa3MHOXKEHUS IuieceHei, cocrasiuser 14—15%.

BONBIIMHCTBO MHKOTOKCHHOB SIBISIFOTCSI CJIOKHBIMH OPTaHUYECKUMHU CO-
SMUHCHISIMH C Pa3TUYHBIMA XUMHUYCCKHUMH CTPYKTypaMmu; Tak, (DYMOHH3HH
B, — sro nponan-1,2,3-rpukapOoKcHibHbIA udbup 2-amuuo-12,16-1umern-
3,5,10,14,15-nentaruapokcunko3ana. Jlpyrue ¢GymMoHW3WHBI cepun B umeror
CXOJIHYIO CTPYKTYpY, OiHaKo pymonusun B, e runapokcunuposan no C-10, a dy-
MOHHM3MH B, He MMeeT TMapOKCHIbHOM rpynmbl 10 C-5 nosuiuu. [Toxpo6ro onm-
caHa CTPYKTypa aIaTOKCUHOB — JJAKTOKYMAPHHOBBIX COEIUHEHHH € 3IEMEHTHBIM
cocrasom C H O, C H O, C_H OuC_H O, B 3aBucuMoCTH OT CTPOEHHS
MOJIEKYIBI, XpOMATOrpaUueCKUX U (PIyopeclUpyIOLUIUX CBOMCTB OHH MOJpa3/ie-
JsroTes Ha agmarokennbl B, B, B,, G, G,, M|, M, u pan apyrux [4, 23].

HccnenoBanus B 001aCTH MUKOTOKCHHOJIOTHH BKITIOUAIOT ONpPEAETICHUE BUIO-
BOTO COCTaBa TOKCHHOOOPA3YIONINX TPHOOB, CTPOCHHUSI MUKOTOKCHHOB, HX PACIIPO-
CTpPaHEHUs MO reorpa(uuecKuM 30HaM, BBISBIEHHE MUKOTOKCHHOB U 3arpsi3HEH-
HBIX IMH CYOCTpATOB, a TakKe MEXaHM3Ma JACHCTBHS Ha YCIOBEKA M YKUBOTHBIX.

Hannune rpuGHBIX KOHTAMUHAHTOB ONPEAEISIOT KIACCHUECKUMU MHUKOJIO-
FMYECKUMU METOaMH, OCHOBAHHBIMU Ha BBIPAIlMBAaHUM MUKPOCKOIMYECKUX
rpuOOB Ha CEJIEKTUBHBIX MUTATEIBHBIX CPEAX C JOOABICHUEM PA3IMUHBIX AHTH-
OaKTepHalIbHBIX TIpenaparoB. Jist WISHTHPUKAIIMHA UCTIONB3YIOT MOPQOIOTHye-
CKHE MPU3HAKH U TECTHI (IMIMEHTOO0pa30BaHNe, CTPOCHNE KOHUANH U TU}, BTO-
pHUYHBIC METaOOHTHI), MTO3BOJISIONINE OMPEACTUTE POAOBYIO IPHHAIICKHOCTB,
OJIHAKO JUISl MOATBEPXKACHUS BUIOBOM NMPHUHAAICKHOCTH MX 4acTO ObIBAET He-
JOCTaTOYHO. bospmme HameKIbl BO3NIAraloTcs Ha OBICTPO Pa3BHBAIOIINECS MO-
JICKYJISIPHO-TEHETUUECKUE METO/Ibl TUATHOCTHKH.

Hecmotpst Ha IUTENFHOCTD U TPYAOEMKOCTh MUKPOCKOIIYECKUX U MOpdo-
JIOrn4ecKux uccnenoBanuii, meronsl JJHK-naeHTH(UKAIMY TOKA OTpaHUYEHBI B
MIPUMEHEHUH. JTO CBSA3aHO, B YACTHOCTH, C 0COOCHHOCTSMHE ITPOOOTIOATOTOBKH IIPH
Belgenennu rpubHoii IHK, Tpebyrolei ciennanbHbIX YCIOBUH IM3KCca HApYKHBIX
KJICTOUHBIX CTPYKTYP, KOTOpbIE Y TUIeCeHel Oomnee TpyOble M TUIOTHBIC, HEKEIH Y
Jpyrux MUkpoopranusmos. IIpu nocranoske xosmuectseHHOU TP yunteiBaroTcs
O0COOCHHOCTH Pa3HBIX THUIIOB KJIIETOK B COCTaBe (DMIAMEHTHBIX TPHOOB, BKIFOYAS
rU(Bbl, ACKOCTIOPHI U BET€TaTHUBHBIC CHOPBL. [10CKONBKY CIOpBI OBIBAIOT MOHO- WX
MYJIBTHHYKIICApHBIMHE, pe3ylbTaThl [IL[P MOTyT BBISBISATE OOJbIIIEE YHCIIO KOITHI
JHK, Hexxenu peabHOE KOIHMUYECTBO MPUCYTCTBYIOIIUX XKHU3HECTIOCOOHBIX (hopm
IUIeceHel B uccieayeMoi pode [24, 25]. Tlonbop u coepmencTroBanue JJHK-
METOI0B KOHTPOJISI HA HATWYME TOKCUTCHHBIX IPUOOB HEOOXOAUMBI ISl A/IeKBAT-
HOHM OIICHKH PUCKa 3arpsS3HEHHOCTH MHUINEBOH MPOTYKIIMH MHKOTOKCHHAMH, 00e-
CIIeueHus ee 6e30MacHOCTH U MPEeyNPEKACHUS MUKOTOKCHKO30B.

Hwxe npuBeneHsl cBEAEHUS O CBOWCTBAX OTAENBHBIX MPEACTABUTENIEH TOK-
CUTCHHBIX IPUOOB — MOTEHIUANBHBIX BO30yAUTENCH MUKOTOKCUKO30B, Hanbosee
3HAYUMBIX C TOUKU 3PEHHSI 0€30IaCHOCTH MTUIIEBBIX MPOIYKTOB H KOPMOB.
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Alternaria spp.

Pon Alternaria BuepBsle onucan B 1933 . Ha ocHOBe U3y4eHUs] MOP(HOIOTUU
KOHUWH, 00beINHSCT TPYHITy (PHITaMEHTHBIX TPHOOB, BXOISIINX B THI Ascomy-
cota, cemelictBa Dematiaceae, nepBOHAYAILHO U3BECTHBIX KakK Alternaria tenuis
n Torula alternate. Mopdonoruuecku rpubbl pona Alternaria GopMupyroT
OBICTPO PACTYyILUE cepble, KOPUUHEBO-UEPHbIC UM YepHble KoJoHMH. KoHuau-
odopsl Alternaria (2—6%20-50 HM) pacnoiIOKEHbI OJUHOYHO WM MaJCHbKHIMHU
rpynnaMu, npsMble UM U30rHyThie. Cropsl smtuncougHoit hopmsl (9—18%x20—
63 HM), 9aCTO ¢ KOHYCOBHUAHBIMHU WJIH IMTMHIPUICCKAMH KOHIIAMH, C TJIAJKON
MOBEPXHOCTHI0. XapaKTEepHbI Mpu3HaK A1 AnddepeHunanuu Bunos Alterna-
ria — HaJIYUe WIA OTCYTCTBUE IEMOYeK KOHUINI W UX 4ncio. Buapl, nmeromniue
10 1 Gonee KOHUIMI, U3BECTHBI Kak Longicatenatae, OT TPEX JIO MSTU KOHUIUN —
Brevicatenatae, Tonvko 1 ciopy — Noncatenatae.

Alternaria spp. — TIecHeBble TPHOBI, paCIPOCTPAHEHHBIC TIOBCEMECTHO, Xa-
PaKTepHU3yIOTCSI MHOTOOOpa3MeM BHIOB, YHCIO KOTOPBIX MpeBbmaeT 80 HamMe-
HoBaHMN. bomblas yacTe U3 HUX campo(UTHI, KUBYIIUE B ITOUBE, HA MOBEPX-
HOCTH pacTeHHH (KyCTapHHKOB, 3JIAKOBBIX M 3CPHOBBIX KYJIBTYp), B IHIICBOM
ceIpbe [26-28]. MHorue Buabl Alternaria spp. — pacTUTEIbHbIC ATOT€HBI, OHU
BEI3BIBAIOT 0OCCIIBEUNBAHNE TOBEPXHOCTEH JHCTHEB, MOCTIE YETO CIEAYeT Imopa-
KEHUE BHYTPEHHUX CTPYKTYp, CHIDKAIOIIEE HX XKHU3HECIOCOOHOCTh, KA9eCTBO U
MTUTATEIHHYIO IIEHHOCTD, YTO HAHOCHT YKOHOMHYECKUH yIIep0, MOTYT IopakaTh
3epHO U QpykThl [29, 30]. Buast AL alternata, Al. brassicicola, Al. chartarum,
Al stemphylioides, Al. dianthicola, Al. infectoria, Al. pluriseptata w Al tenuissi-
ma OTHOCSIT K ONIOPTYHUCTHUECKUM ITaTOr€HaM, CIOCOOHBIM BBI3BIBATH Y UMMY-
HOZETIPECCUBHBIX JIUI MUKOTHYECKHE KePATHTHI, PECIHPATOPHEIC 3a00JIeBaHNS,
BOCIAJICHUSI CUHYCOBBIX Ma3yX, sS3BeHHbIE KoxkHble MH(pekuu [31-33]. Kpome
TOrO, Al iridis ynmoMuHaeTcs Kak BUJI, BBI3BIBAIONINI aJJICPITHYCCKUE PEAKIUN Y
YeJI0BeKa.

OnTuManbHON TeMueparypoit pocta i Alternaria spp. spusiercst 25-28°C,
IIpU 3TOU TeMIeparype IPOUCXOAUT OBICTPOE Pa3MHOXKEHHE C 00pPa30BAHUEM Ce-
PO-0eIbIX KOJIOHHH, KOTOPEIE Ha 5-€¢ CYT CTAHOBSITCS YePHO-3€JICHBIMU C TTATMEH-
THUPOBAHHBIMU OJTMBKOBO-KOPUYHEBBIMU FH(aMu, KOHUANO(OpAMU U CLIOPAMHU.

Cropsl TpuboB pona Alternaria meTko pa3HOCATCS BETPOM, MOManas Ha IO-
BEPXHOCTb PACTEHUIl MM KOXKHBIC ITOKPOBBI YEJIOBEKA U KUBOTHBIX, HA CIU3U-
CTBIC 00OJIOUKH HOCA M JBIXaTeNbHBIX IMyTeil. IIpopacTanue crop compoBoxkIa-
eTcs BblAeTIeHUEM (PUTOTOKCHHOB, MUKOTOKCHHOB U IPyTUX METaboIuToB (Oomee
70), KOTOpBIE PACIPEACIAIOTCS Ha TPYIIIBI IO BO3ICHCTBUIO HAa PACTCHHUS, JEIIO0-
BeKa M KUBOTHBIX KaK MHUILEBbIE U KOPMOBbIE KOHTAMUHAHTHI [26, 34]. K HUM OT-
HOCATCS] TAKXKE dMEPIHKEHTHBIE MUKOTOKCHHBI aJbTepHAPHOI, MOHOMETHIIOBEIH
3(¢up anpTepHApUOIa U TEHYya30HOBAs KUCIOTA. MIX 0OHAPYKUBAIOT B OOJIBIINH-
CTBE MCCIIEIOBAHHBIX MTPOO 3ePHOBEIX IMPOTYKTOB, PACTUTEIHHBIX Macel, B TOMa-
TOIPOJYKTaX, BUHAX, (PYKTOBBIX cokax U kopMmax [13]. TenyazoHOBast KHCIOTA
ACCOIMUPYETCSI C ITHEBMOHMSAMH, CHHYCHTAaMH, IePMaTOMHIKO3aMH, (peorn(hoMu-
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KO3aMH ¥ WHBa3UBHBIMU MH(pEKIUAMU [27]. AnbTepHapHo3bl Hanbolee pacpo-
CTpaHEeHBbI B TPOMUYECKUX U CYOTPOITMYECKUX PErHOHAX.

TpanuimoHHbBIe METONBI WACHTU(GUKAIIMH TPUOOB pona Alternaria ocHoOBa-
HBI Ha OIpENeICHHH MOP(OIOTHUSCKUX XAPAKTEPHUCTUK KOJIOHHUI, BEreTaTHB-
HBIX TU(, KOHUIWHA, KoHUIHO(Op, ocoObeHHOCTel criopyisanuu. s TeTeKIuu
AIBTEPHAPUATOKCMHOB HCIIONIB3YIOT UMMYHO(GEPMEHTHBIH aHaln3, BBICOKOA(}-
(heKTUBHYIO KHJIKOCTHYIO XpOMaTorpaduro, ra3oByr0 Xpomarorpauro, macc-
CIIEKTPOMETPHUIO U JPYrHe METOABI BBISBICHUS MUKOTOKCHHOB [35, 36].

MonekymsipHast TEXHUKA HICHTHOHKAIN Alternaria spp. OpUCHTHPOBAHA B TIEp-
BYIO ouepeslb Ha aHanu3 crenuduueckux nocnenoparensHocreit ITS T u ITS 11 pe-
ruoHoB 5,8S r/IHK meronamu IT1P B paznmuuneix mogudukamusx, [1IPD, RAPD
u 1ip. [37]. JAns BBISIBIEHUS TOKCUT€HHBIX Al/fernaria B TUILEBBIX CyOCTparax pas-
pabotanbl MeTobl Ha ocHOBe [1L[P B peasbHOM BpeMeHH ¢ Habopamu IpaiiMe-
POB LIETIEBBIX TEHOB abTepHAPUATOKCHHOB [27]. Tak, METOIOM KOJTMYECTBEHHON
[P B peansroMm Bpemenu (I1LIP-PB) ¢ npaiimepamu, 1eTeKTHPYIONUME HAJHU-
Yyle TeHOB, OTBETCTBEHHBIX 3a cuHTe3 AM-TOKCHHA | M TEHTOKCHHA, YAeTCsl BbI-
siBUTh JIHK TOKCHTEHHBIX IITaAMMOB C BBICOKOH TyBCTBUTEIHFHOCTHIO — HA YPOBHE
4 nr rpubnoii IHK, 4TO COOTBETCTBYET MPUMEPHO 75 TEHOMHBIM 3KBUBAJIEHTAM
Alternaria [38].

Aspergillus spp.

[TepBoe ynmomuHanue o rpubdax pona Aspergillus matupyercs 1729 r., korma
CTPYKTYpPY CIOPOOOPa30BaHus Y HUX CPaBHUIIM C OKPOTJIEHUEM OCBSIILIEHHOH BO-
JIOW y KaTtoiaukoB (aspergillum), 9To U OTpa3MIIOCh B HA3BAaHUH dTOH TAKCOHOMH-
YECKOU IPyIIIbI.

Aspergillus spp. — TUIeCHEBbIE TPUOBI C CENTUPOBAHHBIMU TH()aMU, KOHHU-
aJbHbIE TOJIOBKHA OOHApPY>KUBAIOTCS B €CTECTBEHHBIX YCIIOBHSIX BHEIIHEH cpe-
IBI — Ha OIABIIMX JICTHAX, B XpAHSIMIEMCs 3epHE, KOMIIOCTE, CEHE M JPYTUX
pacTUTEeNbHBIX cyOCTpaTax, MOJABEPKEHHBIX THHEHUIO. [Ipu pocTe Ha mUTAaTEINb-
HBIX cpefax (GOpMHPYIOT pa3HOOOPa3HO OKpAIICHHBIC KOJIOHWH, YMEPEHHO HIIH
OBICTPO pacTylIMe, OT MIEPCTUCTHIX JO BaTooOpa3HbIX. [ (bl cenTupoBaHHbIE,
OecrBeTHbIe. KOHUIMEHOCTIBI TIIaIKOCTEHHEIC, XpyITkie. KoHnauaapHbIe TONIOB-
KH ¢ ¢puanuaamMm Ha MeTryiax (uHorna 6e3 metyn). KoHumuu mapoBuaHbIE, dII-
JUTITHYECKUE, TIIAJIKAE WK IepoxoBarsie [22].

Pon Aspergillus oTHOCUTCS K TUTLY Ascomycota, 3TO OAMH U3 CaAMBIX Paclpo-
CTpaHEHHBIX Ha 3eMJIe¢ MUKPOOPTaHW3MOB, OH BKIIOUacT Oonee 250 BUIOB, Kak
IOJIe3HBIX, TAK M BPSTHBIX JUIs YeJIOBEKA B 3aBUCUMOCTH OT BHIOBOM TPUHA K-
HOCTH U MMUTATEIBHOTO cyOcTpara. {ist amantaun B pa3HOOOPa3HBIX YKOIOTHYE-
CKUX HHIIAX acMepruiibl CHHTE3UPYIOT OECYHCICHHOE MHOXECTBO MeTaboiu-
TOB, YaCTh M3 KOTOPBIX IIMPOKO MCIIONB3YETCS YeTOBEKOM. TaK, B MEANUIIIHCKUX
LeJSIX MPUMEHSIOT Tpenapar JOBacTaTHH, IPOLYLUPYEMbIi A. terreus, ONUH U3
MIEPBBIX KOMMEPUYECCKH YCIICIIHBIX CPE/ICTB, CHIDKAIOMNX XOJIeCTepHH. bombimoe
YHCJIO AaHTUOMOTHKOB, MPOTHBOOIYXOJIEBbIX U AHTUMHKOTHYCCKUX ArcHTOB SIB-
JSIIOTCSL TIPOIYKTaMu MetabonmsMa Aspergillus. 1lTaMMBI acTiepruuioB BUIOB
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A. niger, A. oryzae, A. aculeatus, A. carbonarius NMIAPOKO UCIIOIB3YIOT B OMOTEX-
HOJIOTHH JJIsl IPOU3BO/ICTBA (DEPMEHTHBIX MPENapaToB U OPraHUYECKUX KHUCIIOT,
B TOM YHCJIE aMUJjIa3, INMOHHOMW KUCIIOTHI U 11p. [39].

B nenom sto obmupHas rpynmna MOYBEHHBIX CANpPO(PHUTOB, MPUHUMAIOLINX
ydacTHe B IpoIleccax IepepadOTKH MPHUPOAHBIX COSAWHEHUH M OpPraHWYECKHUX
otxon0B. K coxanenuto, nosuesHasi posb Aspergillus HeconocraBuma ¢ UX Hera-
THUBHBIM BO3IEHCTBHEM Ha CEIHCKOXO3SIHCTBEHHOE CHIPHE, IPUBOAAIINM K CEPh-
€3HBIM IMOTEPSIM U TIOpYE PAaCTUTEIbHBIX MPOAYKTOB. Kpome Toro, Buabl A. fu-
migatus, A. niger, A. flavus SBISIOTCS BO30YAUTEISIME 3200JICBaHUI YellOBEKa U
KUBOTHBIX [22, 40].

Acrieprmures — IIECHEBBIH MHUKO3, HaHOOIIee YacTO BCTPEUACTCs y TPy3dH-
KOB 3€pHOBBIX KYJBTYpP, MYKOMOJIOB, paOOTHHKOB IMMBOBAPEHHBIX 3aBOJIOB, KOH-
TaKTHPYIOIINX C 3aIUICCHEBEIBIM 36pHOM, COTPYIHUKOB OMOTEXHOJIOTUIECKAX H
(hapManeBTUYECKUX MPOU3BOACTB. Bapixanue crop rpuda conpoBOXKIAETCS WH-
(uUnIpoBaHNEM JICTOYHON TKAHH, TpOpacTaHHeM I'u(aMi KPOBEHOCHBIX COCYIIOB,
TpoMO03aMu, HEKPO3aMHu, TeMopparnueckuMu uHpapkramu. [lopaskeHune Jerkux
XapaKTEepHO TONBKO IUIS JIUI ¢ UMMYHOIC(HHUIUTOM, Y KOTOPBIX OHO MPOTEKAeT
KaK OCTpas MHeBMOHHUs. Y JleTeil Ha (JOHE XPOHUUYECKHUX IPaHyJIeMaTO3HBIX 3a-
0oJIeBaHUI TaKKe MOXKET Pa3BUTHCS JICTOUHBIN acriepruiuies. Bapixanue crop y
3/IOPOBBIX JIFOJIEH MOXKET COMPOBOXKIATHCS ACTIEPTHIUIC3HBIM CUHYCUTOM, PEXKe —
XPOHUYECKUMH TPaHyIeMaTO3HBIME BOCTIAJICHUSIME C PACIIPOCTPaHEHHEM THU( B
TKaHU U TOJIOBHOU MO3T [41].

B otnmume ot GonpIIMHCTBA (PUTOMATOTCHOB, BBHI3BIBAIONINX CHEIU(PHICCKIE
3a005IeBaHUs PACTEHUH, TPUOBI Aspergillus BISIOTCS ONIMOPTYHUCTHUECKUMU Ia-
TOT€HaMH, HE 00JIa1al0T N30UPATEIHHOCTHIO B OTHOIICHIH OpPTaHU3Ma XO3sIMHA 1
4acTO CTAHOBSTCA KOHTAMUHAHTAMU MUIIK. bonbmuHCTBO BUIOB Aspergillus spp.
O0HapyKUBAIOTCS B BHC IUIECCHH HA IIOBEPXHOCTH PACTHTEIBHBIX IPOTYKTOB,
3arps3HAsA UX Ha Pa3HBIX dTanax CeJIbCKOXO3SHCTBEHHOTO MPOM3BOACTBA — B MPO-
Iecce BRIpAIIUBaHus U cOopa ypokasi, IpH repepaboTke U XpaHSHUH 3epHA, OBO-
mieii, ceHa u kopMoB. [lopya conpoBokIaeTcsi U3BMEHEHHUEM CEHCOPHBIX CBOMCTB,
MUTMEHTaNeH, TOSBICHUEM TIPH3HAKOB THUEHUS U Jp. OCHOBHBIM HETaTHBHBIM
ACTIEKTOM 3arpsi3HEHHUs acTIeprijUIaMu SIBIISIETCS CUHTE3 UX BTOPUYHBIX MeTabo-
JINTOB — MUKOTOKCMHOB M HAKOTUICHNE WX B TIUIIIEBHIX MPOAYKTaX U KopMmax [42].

B 4uncii0 MUKOTOKCHHOB, MPOAYLUPYEMBIX TpubaMu poaa Aspergillus, kpome
PEMIaMEHTHPYEMBIX B ITHUILEBBIX NPOAYKTax aduarokcuna B, ero merabonura B
MOJIOKE JIAKTHPYIOIMX KUBOTHBIX aiarokcuna M, 0XpaTokCuHa A ¥ MaTyJlIuHa,
BXOJSIT CTEPUTMATOIMCTHH, ITHKIOMHA30HOBAs KUCIOTA, MEHUIIIIIOBAS KHUCIIO-
Ta, HIUTPUHUH U Jip. Hanbonee TOKCUYHBIMU SIBIISIOTCS a(IaTOKCUHBI M OXPaTOK-
cuH A [6, 42, 43].

AdnaToKCHHBI — TEPMOYCTONYMBBIC OPTaHUYECKHIE COSAMHEHUS, HE pa3pylia-
OIIHECS TIPH ABTOKJIABUPOBAHHH, II03TOMY IPOIIEIIINE TEPMUICCKYIO 00paboT-
Ky TPOJYKThI, IPUTOTOBJICHHbIE U3 3aINIECHEBEJIOTO ChIPhS, MOTYT SIBUThCS TPH-
YHHOW 3a00JICBaHUSL.
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IIpucyrcreue Aspergillus spp., nponynupyromux admarokcunsl B, B, G,G,
B ITUIIIEBOM CBHIPbE, ACCOLUUPYETCS C renaTOKaHIEPOTeHHBIM JIEHCTBHEM U TTOTO-
My 00yCIIOBITMBAET BBICOKYIO CTEIICHD PHCKA IS 370POBBSI JIIONEH. A(IaTOKCHHBI
MOTYT HAKAIUTUBAThCS B TAKUX CEIHCKOXO3SIMCTBCHHBIX KYJIbTypaX, KaK XJIOIOK,
apaxuc W IpyTHe OPEXH, KyKypys3a, Cosl, IMIIEHO, OBEC, PHC, IMICHUIIA, COPIO,
poxb, crieruu [1, 6].

[1o maHHBIM MOHUTOPHHTA 3aTPA3HEHHOCTH MUKOTOKCHHAMY OT€YECTBEHHOTO
IIPOJIOBOJILCTBEHHOTO 3epHa ypoxkaeB 2013-2016 rr., comepkanue auaToKCHHA
B, npesbimano MakCMManbHbIA 10mycTUMBIA yposeHb (MJIY) B 4% n3y4eHHbIX
naptuii [44]. ComtacHo exerogHsM otdeTaM CHCTEMBI OBICTPOTO pearupoBaHUs
TIPY TIOSBJICHUH OMACHOCTEH, CBSI3aHHBIX C IMHUIICBBEIMA IPOITYKTaMH U KOPMaMH
(The Rapid Alert System for Food and Feed, RASFF), B crpanax EBpocoro3a B
20162017 rr. Haubonee vyacto npepbiieHne MJ{Y 3TOro MHKOTOKCHHA BBISB-
JISUTK TIPH KOHTPOJIE OPEXOB, CYXO(PYKTOB U CIEIMH, UMIOPTUPYEMBIX U3 pa3-
JIMYHBIX PETMOHOB MHpa: aatokcuu B, oOnapyxkuBanu B apaxuce u3 Kuras,
Wnnun, CHIA, Erunra, B ¢uctamkax n3 Typuun, Upana, CIIA, B ¢pyHayKe n3
Typrun, AsepOaiipkana U boiwBum; B cymeHoM WHKUpe W3 Typluu, B mepiie
gy U3 Munum u B cneuusix u3 Mugonesun u Dduonuu [45, 46]. AdnaTokcun
M, obnapyxusamu B Typuuu, Aprentune, bpasunun v JIpyrux cTpaHax B pas-
JIUYHBIX BUJIaX CHIPOB U3 MOJIOKA KOPOB, KO3 M OBEIl B KOJMYECTBAX, MPENICTaBIIs-
FOIIUX CYIIECTBEHHBIA PHUCK JUIS 37I0POBbs NoTpeduTeneit [47, 48].

OxpaTtokCcuH A MOXET KOHTAMUHHPOBATh PA3HBIC BHUIbI MUILIEBBIX MPOIYK-
TOB — 3epHO, 0000BBIE, OBOIIH, KO(e, CYIICHbIE (PYKTHI, Pa3IMYHbIC BHJIBI Yas,
MMBO, BUHO, MSCO, CHEIMH, IIPU ITOM €ro coxuep:kanue Bapeupyer ot 0,1 1o
100 =Hr/r. B crienusx (B 4epHOM, KpacHOM M KalleHCKOM Tieplle, B TMHHE, Kap-
JaMOHE, KOpHaHJpe, KypKyMe) OXPaTOKCHH A BBIABISUIM HA YpOBHE OT 1 0
100 ur/r [49].

MOHUTOPUHTOBBIE UCCIIEIOBAHUS 3arpsA3HeHHs 3epHa B Poccuu mo3Bonuin
JIBRXJIBI BBISIBUTH 3arpsi3HEHUE MPoO0 MIeHUITB ypoxkast 2016 . 0XpaTOKCHHOM
A Ha ypoBHe, npeBbimatonieMm MJIY [50]. MccnenoBanne BUHOTpaIHBIX BUH,
notpebnseMblx B Poccum, mokaszano 3arpsisHEHHE 3THM MHKOTOKCHHOM 30%
uccaenoBaHHbIX 00pasuos (B konnyectse oT 0,14 no 0,64 MKr/i), npeumyiie-
CTBCHHO OXPAaTOKCHH A BBIABIISUIA B KPACHBIX MONYCIAIKHUX U JECEPTHBIX BH-
Hax [51].

OxpatokcuH A o0nmamaeT HEPPOTOKCHUSCKUMH, KaHIIEPOTCHHBIMHE, TEpaTo-
TeHHBIMH 1 HIMMYHOTOKCHYECKHMHU cBoiicTBaMu [52]. CIocoOHOCTBIO TPOIYIIH-
POBAaTh ATOT TOKCHH 00JIaIAt0T IPEICTABUTENN ponia Aspergillus, pacpocTpaHeH-
HBIC B PETHOHAX C TEIUIBIM HJIH YKAPKUM KIMMATOM, TOI/Ia KaK B 00Jiee XOIOMHBIX
KIIMMAaTHYeCKUX 30HAX OXPATOKCHHBI CHHTE3UPYIOT TpUOBI pona Penicillium.
[Tpuvem acnieprusuTbl BBIACISIIOT IBa TUIIA OXPATOKCHHOB — THIa A u B, mocien-
HUH 00ajaeT 3HAYUTEILHO MEHBIICH TOKCHYHOCTBIO0. B Tabm. 2 npeacraBieHb
W3BECTHBIE 1 HOBBIE MPOIYLIEHTHI OXpaTokcuHa A u adaTOKCHHOB poaa Asper-
gillus [22].
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Tabununa 2 [Table 2]
AduaTokcureHHble U 0OXpaToKcUreHuble Aspergillus spp., KOHTAMUHUPYIOLIHE MUY
[Aflatoxigenic and ochratoxigenic foodborne Aspergillus spp.]

A. turbulensis, A. cretensis, A. flocculosus,
A. ochraceus, A. pseudoelegans, A. ro-
seoglobulosus, A. sclerotiorum, A. steynii,
A. sulphureus, A. westerdijkiae, A. alber-
tensis, A. alliaceus, A. carbonarius,

A. niger, A. lacticoffeatus, A. sclerotioniger
A. arachidicoli (B u G), A. bombycis (B u G),
A. flavus (B), A. minisclerotigenus (B u G),
A. nomius (B u G), A. parasiticus (B u G),
A. parvisclerotigenus (B u G), A. pseudotama-
rii (B), A. ochraceoroseus (B), A. rambelli (B)

Bunpt Aspergillus spp.,
MPOAYLUPYIOIIUE OXPATOKCUH A
[Aspergillus spp. species producing ochratoxin A]

Bunst Aspergillus spp., mpoxyuupy-
rommue adaaTokcussl rpynm B u G
[Aspergillus spp. species producing
aflatoxins B and G]

HccnenoBanus Ha Hanuuue Aspergillus spp. MPOBOAAT MHKOJIOTMYECKHMU
METOJaMH{, OCHOBAaHHBIMU Ha BBIPAIIMBAHUN MHUKPOCKOITMIECKUX IPHOOB Ha MH-
TaTeNbHBIX Cpefax B yamkax IleTpu ¢ mocienyromyM aHaau30M MHUKpPO- U Ma-
KPOMOP(OIOTHYECKIX CBOMCTB KyNbTyphl. HecMOTpsl HA IIUTENBFHOCTE U TPY-
JOEMKOCTb MMKPOCKOIUYECKUX M MOP(OJOTMYECKUX HCCIEJOBAaHUN, HOBBIE
Metons! JIHK-naenTrdrKammm oXpaToKCUTEHHBIX U a(IaTOKCUTeHHBIX Aspergil-
lus spp. B IuIlle MEHEe PaclpOCTPAHEHBI U UCTIOIb3YIOTCS B OCHOBHOM JJISI Ha-
YYHBIX HCCIIeOBaHUH [24].

IIpennaratorcs BapuaHThl BUocnenuduueckoit kauectsenHoit [P amst mpo-
JYIIEHTOB oXpatokcuHa A (A. carbonarius, A. ochraceus, A. niger), KOTA4eCTBEH-
wvoit I[ILP nns A. westerdijkiae [53]. Jlns npoayleHTOB a(paaTOKCUHOB MOTYT
TaK)Ke UCIIOJIb30BaThCsl KauecTBeHHbIe Momudukarmu [11[P, mraBHBIM 00pazom ¢
Lenblo aerekuuu BuAoB A. flavus u A. parasiticus [54]. Kpome Toro, BbIsiBie-
HUE A. parasiticus MOXXET OCYIIECTBIATHCS B MynbTHILIekcHOH TP ¢ 4 mapamu
npaitMepoB, ammuduiupyromux reusl afiR, aflD, afiM, aflP (perynaTtopsl CUHTe-
3a aIaTOKCMHOB) ¢ BEJIMYMHAMHU aMITTHKOHOB 1032, 400, 538, 1025 bp coorser-
cTBeHHO. OmnucaHa mpolenypa NocTaHOBKH konudecTBeHHOH [IIIP B peanbHOM
BpPEMEHHU C OOpaTHOM TpaHCKpUIIMEH st feTekiuu 4. flavus [25, 55].

Fusarium spp.

Pon Fusarium cocTouT U3 OONBIIOTO YMCIa BUIOB MUKPOMHIICTOB, MHOTHE U3
HUX MPOIYLHUPYIOT IIMPOKUH CIEKTp OMOIOTHYECKH aKTHBHBIX BTOPUYHBIX MeETa-
OOJHITOB, B TOM YHCIIC MUKOTOKCHHOB. Dy3apHOTOKCHHBI BXOMIST B YHCIIO OCHOBHBIX
MHUKOTOKCHHOB, 3aTPS3HSIONINX 36PHO M 3¢PHONPOTYKTHI BO BCEX PETMOHAX BO3JIE-
JIBIBAHUSI 36PHOBBIX. SIBISIICH (DaKyIBTaTHBHBIME (DPUTOTIATOTCHAMH, Fusarium Mo-
T'YT KOHTAMUHHUPOBATh 36PHO CBOMMH METa0OIUTaMH KaK MPH BEreTaluy PacTeHUH
B TIOJICBBIX YCIIOBHSIX, TaK W IIPH XpaHEHHH 3epHA C BIAKHOCTBIO Oonee 13—15%.

I'pubsl pona Fusarium Ha NUTATENBHBIX CpelaXx 00pa3ylOT XJIONbEBUIHBIC
OBICTPOPACTYIINE KOJOHHH C TUIOTHBIM BO3IYIIHBEIM MUIleTHeM. [ n¢sr centupo-
BaHHbIE, OeclBeTHbIe. KOHMMEHOCIBI IPOCTHIE WM pa3BeTBIeHHbIE. KoHnano-
TeHHBIC KJIETKH — MOHOGHUaUAbl U nonuduanuasl. OOpa3yoT MaKpOKOHHIUH
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U MHUKPOKOHHJIWNH, MOTYT OOpa30BBIBAaTh XJIaMHUIOCHOPEL. Mophoiaoro-KymeTy-
pajbHbIe IPU3HAKU HA MUTATEIbHBIX CpelaxX JUisi MHOTUX BUIOB Fusarium Bech-
Ma ONM3KH U JOIMYCKAaloT HEOMHO3HAYHYIO MACHTH(UKANNIO. MOJICKyIIpHO-Te-
HETHYECKHE METOJbl JMArHOCTUKU C UCIOJIB30BAHUEM CIEIU(PUUHBIX JUIS BUIA
JAHK-MapkepoB MO3BOJISIOT yTOYHATH BHJIOBYIO NMpUHAMIEKHOCTE [44-51], a
JOTIONTHUTENbHOE ucnonb3oBanne JJHK-mapkepoB reHoB OMOCHHTE3a TOKCHHOB
JTAET BO3MOXKHOCTBH OILIEHHUTh TOKCHUTEHHOCTH [56-59]. B pe3ymbrare Bo3MOKHA
nepeuseHTU(UKAUS BUAOB. Tak, U30MI4T, paHee W3BECTHBIN Kak F. tricinctum,
13 KOTOPOTO OBIIT BEINEICH METa0OIHT, MOMYIHBIINN Ha3BaHUE T-2 TOKCHH, Ha
MOBEPKy oKazancs F. sporotrichioides. Bun F. tricinctum He OTHOCHUTCSI K YHUC-
JIy TpUXOTEICHIpoaynupyomux. Uzomar F. nivale, maBmmii Ha3BaHWE MHUKO-
TOKCHHY HUBAJIEHOJ, BEPOSITHO, ObUT OIIMOOYHO HIIEHTH(PUIMPOBAH, TOCKOIBKY
no3aHee BUA F. nivale ObUT UCKITIOUEH U3 poaa Fusarium ¥ TEIeph U3BECTEH Kak
Microdochium, Bxitodaromuii 18a Buna: M. nivale (cun. F. nivale) n M. majus
[60]. OTu uromaToreHsl, He 0Opa3yIOIIHE TPUXOTEIIEHBI, YACTO CBA3aHBI C THOE-
JIBIO IPOPOCTKOB M IPUKOPHEBBIMH THUJISIMU 3€PHOBBIX KYJIBTYD, HO MOTYT TaK-
K€ BXOIUTH B COCTaB (DUTOTIATOTEHHBIX KOMIIICKCOB, BHI3BIBAIOIINX TTOPAKCHIE
KOJIOChEB, U3BECTHOE O] Ha3BaHUEM (Py3apHo3 KOJI0ca — 3a00JIeBaHUS 36PHOBBIX
KYJBTYP, CONIPOBOXKIAIONIETOCS 3arpssi3HEHUEM 3epHa (y3aproTokcuHamu [60].

OCHOBHBIMU BO3OYIUTENSAMH (DY3apHUO3HOTO TIOPAKEHHS KOJIOCHEB SIBIISIOTCS
BUIbl F. graminearum w F. culmorum. Pa3euTtre 3a00JieBaHMs COITPOBOXKIACT-
csi HakoryieHHeM Jne3okcuHuBanieHona (JJOH) — mpencraButens TpUXOTELEHOB
tuna B. JIOH oGnagaer MMMyHOCYIPECCHBHBIME, HEHPOTOKCHYHBIMU U TEPATO-
TeHHBIMU cBOMcTBaMuU. F. graminearum u F. culmorum, Hapsay ¢ A€30KCUHUBAJIC-
HOJIOM, MOT'YT IIPOAYLUPOBaTh MUKOTOKCHH U3 APYTON XMMHUYECKOM IPYIIIbI — 3€-
apasneHoH. [ puOHOIT MeTaboIN3M CIIOCOOEH CMELIATHCS B CTOPOHY IMOBBIIIEHHOTO
00pa3oBaHMs 3eapajICHOHA IIPH Pa3BUTHH (Dy3apHeB Ha 3epHE B CIydae 3arasibl-
BaHMA ¢ YOOpKOil yposkast U3-3a TOXK/JACH U MPU XpaHEHUH BIAXKHOTO 3epHA. 3ea-
pasieHOH 00J1alaeT BHIPAKEHHBIM TOPMOHOMOTOOHBIM — 3CTPOTEHHBIM JICHCTBHU-
eM. XpOHNYECKOEe OTPaBJIEHHE MPUBOAUT K PAHHEMY CO3PEBAHHIO U OECILIOIUIO.
C 3eapajeHOHOM CBS3BIBAIOT CIy4au IPEXKIEBPEMEHHOIO [IOJIOBOTO CO3PEBAHUS
nereil B Ilyspro-Puxo u Benrpuu. IlomararoT, 4To OH MOXET CIIOCOOCTBOBAaTb
Pa3BUTHIO paka ek MaTku [6].

PernameHTBI cosiepKaHust IE30KCHHUBAICHONA U 3¢apalICHOHA B 3€pHE U 3€p-
HOTIIPOAYKTax ycraHoBieHbl B PO, ctpanax EBpomneiickoro cotoza u BTO (Kommc-
cueit «Konekc ATuMEHTapuyc).

3eapallicHOH epHOANIECKN OOHAPYKHUBACTCS B 3€pPHE, B YACTHOCTU B KYKY-
py3e, KoTopasi MOXKeT OBbITh MOpakeHa THUJIBIO B Moyarkax, oobraHo ot 0,1 1o
200 MKT/T mpoaykTa. 3eapaliecHOH TakKe OOHApYKWBAIOT B IIICHUIE, TIMEHE,
OBCE, COpPro, KyHXKyTe, CEHE, KyKypy3HOM CHIIOCE, KYKypy3HOM Macje U KpaxMma-
JIe U3 KyKypy3bl. MJIY B nponykrax nuTaHus 3eapajieHoHa B Poccuu coctaBuser
0,2 mr/kr (kpyma, myka) u 1,0 mr/kr (3epHo, oTpyOn). ConepkaHue 3eapajieHoHa
peraMeHTHpYyEeTCs B 3¢pHOBOM MPOAYKIMH B psife ctpaH mupa [6]. [Ipu ananm-
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3e O6osiee 300 mapTHil OTEYECTBEHHOTO 3epHA KYKypy3bl ypokaeB 1999-2016 rr.
3eapaJIeHOH 0OHapYKUBAJIU B CpeHEM B 7% MpoO, MpU 3TOM 4acToTa ero oOHa-
pyxenus B 2006 1. nocturana 21%, B 2015 . — 22% u B 2013 . — 100%. Conep-
JKaHUE TOKCHHA B KOHTAMUHHPOBAaHHBIX 00pa3uax Bapeuposano ot 0,005 mr/kr
110 0,315 mr/kr, HO He mocturano MY [44].

Jua Poccuiickoit @enepauun JJOH sBnsieTcst mpeBaIupyrOMIUM 3arpsisHUTE-
JIeM 3EpHOBBIX KYIBTYp. BBICOKHE YpOBHH €ro comepKaHus B 3epHE IIICHUIIEI,
BBIPAIICHHOM B IOXHBIX perumoHax crpasbl (B KpacHomapckom u CtaBpoIiofnb-
ckoM Kpasix) mociie 2014 1., cBS3BIBAIOT C paclpocTpaHeHueM (y3aprosa pac-
TeHUH. MOHUTOPHUHT 3arps3HEHUS STUM MHKOTOKCHHOM TMPOJOBOJICTBEHHOTO
3epHa B 2014-2016 IT. CBUAETETBCTBYET O TOM, 4TO B 30% MpoO IMIICHHUIEI OH
npucyTcTBoBal B Kosmdectse ot 0,05 1o 5,85 Mr/kr, B 6 % npob 3adukcupoBaHo
npebitierne MY (0,7 mr/xr) o naraoMy mokasareito [50].

[IpeBanuposanue IOH cpean MUKOTOKCHHOB, OOHAPYKUBAaEMBIX B 3€pHE paz-
HBIX CTpaH, 00yCIIOBWIIO IIUPOKUH MHTEpEC UcclenoBatenieil K F. graminearum
kak miaBHoMy mpoayueHty JJOH. B Hacrosimee Bpemst F. graminearum paccMa-
TpUBAETCs KaK KOMIUIEKCHBIN BuA (F. graminearum sensu lato), maddepeHnmpo-
BaHHBIN 10 MeHbIeH Mepe Ha 15 BunoB [61], OTHeNbHBIE TIPEICTABUTENN KOTO-
PBIX, KaK, HampuMmep, F. asiaticum, OTINYAIOTCS TMOBBIIICHHOH BCTPEYaEMOCTHIO
H30JISTOB, POAYLUPYIOIIUX HUBAICHON — €Ile OJMH MPeCTaBUTENb TPUXOTEeLle-
HOB THIIA B [62]. U3 npyTux dy3apreB HUBaJICHOJ CIIOCOOHBI MPOIYIIMPOBATH H30-
nsThl F. poae. Tokcuueckre CBOWCTBA HUBAJICHONIA MEHbIIIE H3yUeHbl B CPAaBHEHUN
¢ IOH. IlosiBistiroTcsT maHHBIC, YTO OH HE MeHee TokcuueH, yeM JIOH, u moxker
yCHUIIMBaTh HeraTuBHoe BozzeicTeue JJOH, eciau nmpucyTcTByeT B cMecH [63].

F poae obmamaet criocOOHOCTBIO TPOXYIUPOBATH HE TONBKO TPUXOTEIICHBI
tuna B (HuBaneHoN), HO U TPUXOTELEHBI THUMA A, B YACTHOCTH, AHALETOKCH-
cuuprieHon. 1o MEHEHUIO HEKOTOPBIX HCCIIEIOBATENEH, BOBMOXKHBIN BKIad I poae
B 3arpsI3HCHUE 3epHA MUKOTOKCHHAMHU HEJI0OLeHEH [64].

K unciry mMamon3ydeHHBIX MUKOTOKCHHOB (py3apHeB B HACTOSIIEEC BPEMS OT-
HOCSIT TPUXOTELIEHOBBIII MUKOTOKCUH TUMa A (30-aleTokcu-7a,15-Auruapokcu-
12,13-3IOKCUTPUXOTEKC-9-€H), CHHTE3UPYEeMbIH  OTACIBHBIMH  IITAMMaMHU
F. graminearum. PernonanpHasi monyJsnusi HoBoro xemoturna NX-2 chopmupo-
BaJIach B pPe3yJbTaTe TPAHCBUIOBOI ABOJIONNH BHIA, TPEICTABUTEIN KOTOPOTO
00BIYHO MPOAYLHPYIOT TpuxoTeueHsl Tuna B. [lokasaHo, 4TO mTaMMBI-IPOAY-
[EHTH MUKOTOKCHHAa NX-2 MOTYT 3aHMMAaTrh 3BOJIOIIOHHYIO HHUIIY, OTIHYHYIO
ot F. graminearum tuna B [65].

Hamnbonee W3BECTHBRIMH TPOAYIEHTAMU TPUXOTCLIEHOB THIIA A SBISIOTCS
¢unorenetnuecku onmuskue K F. poae Bunsl F. sporotrichioides w F. langsethiae,
oOpasyromre TOKCHH T-2, KOTOPBIi MMOYTH Ha TTOPSAO0K TOKCHIHEE TPUXOTEIICHOB
tuna B g mutekonuTaommx. OTH BUABI BCTPEUAIOTCsl 0OBIYHO B reorpaduue-
CKHUX 30HAaX C XOJIOJHBIM KIMMATOM.

I'pubBI MOTYT pa3BHBAThHCS Ha 36PHOBBIX KYJIBTYpax MpH MO3AHEM cOope ypo-
JKast WM TIePEe3UMOBABIINX TI0JT CHETOM. AJTMMEHTAPHBINA ITyTh OTPABJICHUS CBSI-
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3aH C ymoTpeOneHneM xieda, BBIIEIEHHOTO 13 (y3aprHO3HOTO 3epHa, CoaepiKa-
IIero MUKOTOKCHHBI. OTpaBieHUst TOKCHHOM T-2 CONPOBOXKAAIOTCS TOIIHOTOH,
PBOTO#, HEKPOTHIESCKIMHU HU3BSI3BICHUSAMH SI3bIKA U TIOTKH, TEMOPPAaTnIeCKUMHI
BOCITAJICHUSIMA MHOTHX OPI'aHOB.

B crpanax EBponsl oTMedaeTcsi TEHACHINS K YCHICHHUIO 3arpsI3HCHUS 3epHa
OJIHAM U3 CaMbIX TOKCUYHBIX CPEIH TPHUXOTEIICHOBBIX MUKOTOKCHHOB — TOKCHTHOM
T-2. Ilo nanabpiM HaydHOro oOBbETUHEHHUS IO BOMPOCAM, CBA3aHHBIM C IMHUIICH
(Scientific Co-operation on Questions relating to Food, SCOOP), gactoTa ero
00HApYKCHHS B 3€pHE MIICHHUIIEI, STIMEHS, OBCA, PXKU U KYKYPY3bI MOJKET COCTaB-
1tk 20% [66]. Cucremarnyeckuil aHanu3 3arpsisHeHus TokcuHamu T-2 u HT-2
OTEYECTBEHHOTO ITPOIOBOIILCTBEHHOTO 3epHA KyKypy3Hl B Tocieanue 10 et cBu-
JIETENBCTBYET O IIUPOKON PacpOCTPAHEHHOCTH 3THX KOHTAMMHAHTOB: 4acTOTA
oOHapyxeHus TokcuHa T-2 B 2008, 2012, 2013 u 2016 rr. cocTarisiia 44, 50, 100
u 33% cootrBercTBeHHO [44]. B Poccun u ctpaHax EBpasuiickoro skoHOMHYE-
CKOTO COI03a YCTAHOBJICH THTHEHUYECKUI PErIaMeHT cofep KaHusI ToOkcuHa T-2 B
3epHe U MPOJYKTax ero nepepadotku Ha ypoBHe 0,1 mr/kr, He Oonee.

BaxkHoli Tpymmoit (y3apHOTOKCHHOB SIBJISIFOTCS (DYMOHHU3WHBI, KOTOPbBIE
IPOAYLUPYIOT B OCHOBHOM (DUTONATOTEHHBIE BUABI F. verticillioides (cuH.
F. moniliforme), F. proliferatum, yacro oOHapyKuBaeMble Ha Kykypy3e. Haubo-
nee pacnpocTpaHeHs! Gpymonusunsl B1l, B2 u B3, u3 Hux ¢ymonusus Bl mpe-
BaIHMpyeT W Hambojee TOKCHYEH. DTH TOKCHHBI SBIISIOTCS JTHOJOTHYECKUMHU
areHTaMu 330(araJbHOI KapIIMHOMBI JTIOAEH, a TaKXKe BBI3BIBAIOT JICHKOAHIE(ha-
JIONIATUI0, MACCUBHBIE HEKPO3bl CEPACYHON MBIIICYHOW TKAHHW Y JIOIAAEH Npu
WCTIOJIb30BAaHUU 3arpsA3HEHHBIX KOpMOB [48]. Kykypy3a MOXeT ObITh COBMECTHO
nHbUIMpoBaHa F. graminearum v nponyleHTamMu GyMoHH3MHOB. Hanbouee Gia-
TONPHUSTHBIMHU YCIOBHSMHU [l MHPUIUPOBAHUs F. graminearum sIBISICTCS Te-
IUTasi U BIaYKHAS MOTONA Ha CTAIWU BHIOpACHIBAHWS HUTEBUIHBIX NMECTUKOB U3
MIOYATKOB KyKypy3bl. F. verticillioides cunbHee MOpaXkaeT MpU JKapKOH U CyXou
morozie, 0COOCHHO Tocie onbuieHus. O0nerdaeT HHOUITUPOBAHNUE MTOBPEXKICHUE
MIOYaTKOB HACEKOMBIMU. F. proliferatum ycnemnnee HHQUIUPYIOT MPU MEHBIINX
1o cpaBHeHUIo ¢ F. verticillioides Temneparypax [67].

@®ymonusunsl, Hapsay ¢ JJOH, toxcunom T-2 u 3eapajlcHOHOM, BXOIST B
TPYIIY HOPMHUPYEMBIX B MAIMIEBBIX MPOAYKTaX (y3apHOTOKCHHOB.

Kpome 3TuX MUKOTOKCHHOB, NMPEACTAaBUTENU poaa Fusarium TPOLyLUPYIOT
IpyTHE aKTUBHO N3ydaeMble TOKCHHBI, 3aTrPS3HAIONINE 3€PHO M 3¢PHOIIPOIYKTHI 1
OTHECEHHBIC K IPYIINE SMEpAXKEHTHBIX. Tak, F. proliferatum xpome (yMOHU3UHOB
MOXXET TPOAYIHPOBaTh (y3anporudeprH. Y 9acTo BCTPEUAIOUINXCS B HEKOTO-
PBIX peruoHax BUoB F. poae, F. avenaceum  F. tricinctum oOHapykeHa crioco0-
HOCTb MPOAYIIUPOBATH OOBEPHIINH, SHHUATHHBI I MOHHIHU(POPMHUH. ABTOPHI pado-
ThI [68], mpoananu3upoBaB 20 pacpOCTpaHEHHBIX BUIIOB Fusarium, COOOIMIH
0 YacTOH BCTPEUAEMOCTH CPEIH TPUOHBIX METa0OIHUTOB (Py3apHeBOIl KUCIIOTHI.
3TO BeIIeCTBO MPOIYLUPOBATIM U30JIATH BUAOB F. temperatum, F. subglutinans,
F. musae, F. tricinctum, F. oxysporum, F. equiseti, F. sacchari, F. concentricum,
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F. andiyazi. Kpome TOTO, (hy3apHEeBYIO0 KHCIOTY COBMECTHO ¢ (hyMOHH3MHAMHU
ouocuntesupoBanu F. proliferatum, F. verticillioides, F. fujikuroi v F. solani.

ABTOPUTETHBIM IICHTPOM 110 cOOpy MyOIMKyeMoi WHPOPMAIIUA O MUKOTOK-
cuHax B EBponetickom corose asisiercst EFSA (European Food Safety Authority),
KOTOPBIA 000011aeT, aHAIM3UPYET U MEPUOANICCKH MYOTUKYET HaKarTHBarOIIH-
€Csl JAaHHBIC M0 OLICHKE PUCKOB, CBSI3AHHBIX C TEM WJIM MHBIM MUKOTOKCHHOM, B
BuJe HaydyHoro MHeHus (Scientific Opinion) B cBoeM xypHaiie — EFSA Journal.
[y6nukyemast uHGOPMAIHSI CITYKUT HAyIHOU OCHOBOM MPH MOATOTOBKE PEryJIH-
PYIOIINX 3aKOHOB.

Ormpenenenue pofoBoit M BUAOBOI NMPUHAUICKHOCTU (y3apHeB, KaK M JPYTHX
BO3OyIMTENe MUKOTOKCHKO30B, 0a3upyeTcss Ha TPUMEHEHHH KaK TpPaJuIMOHHBIX
KyJIBTYpPaIbHO-MOP(MOIOrHUECKUX TECTOB, TAK U METOJIOB JCTCKIIMH HYKIICHHOBBIX
kucinot Ha ocHose [11[P-ananm3a u cekBeHnpoOBaHust TeHOMOB Fusarium spp. [69—71].

OcHoBHoil 3anaueii [1L[P-TecTupoBanus sBIsieTCs 0OHAPY>KEHHE KIIACTEPOB
T€HOB, OTBETCTBEHHBIX 32 IKCIPECCHIO (PYMOHHM3HHOB U APYTHX (y3apHOTOKCH-
HoB. [Tockonbky BugOCHenM(puIecKast UACHTH(UKAINS HE SBISIETCS OTPECIISIO-
M TPU3HAKOM TOKCHUTCHHBIX CBOMCTB (OIHU U T€ K€ TOKCHHBI MOTYT BhIpada-
TBIBATHCS PA3INYHBIMU BHAMU TPHOOB), OHA MOXKET CIIY>KUTb JIAIIb KOCBEHHBIM
MTOATBEPKICHUEM MPUCYTCTBUS TOKCHUTCHHBIX IITAMMOB B HCCIIEIyEMBIX 00pas3-
1ax MpoJ0BOJILCTBEHHOTO ChIpbs [71, 72]. Haubonee nuHpOpMaTUBHBIM MOAXOAOM
SIBISIETCST OOHAPYKEHHE U KOJMIESCTBCHHOE OIPEICIICHIE YPOBHEH TOKCHHIIPOIY-
LHUPYIOUIUX BUAOB Fusarium spp. U UX METaOOJIUTOB; 3TU JJAaHHbIE HCIOIb3YIOT
JUUISL BEISIBIICHHSI TaK HAa3bIBAGMBIX XeMOTHIIOB [73].

Penicillium spp.

Penicillium spp. — 5TO aCKOMHIIETBI, OTHOCSIIIAECS K Kiaccy Eurotiomycetes,
ceMelcTBy Trichocomaceae. 13 250 ouruaabHO MPU3HAHHBIX BUAOB TOJNBKO
HECKOJIBKO MIMEIOT ITOJHBIA ITUKJI Pa3MHOKEHHS, OHH TIPEICTABICHBI TPYIIION
Talaromyces wnu Eupenicillium. OcTanpHble yTpaTWiIM 3T NPU3HAKUA B IPO-
1ecce ABOJIOIMH U COCTABIISIOT YeThIpe TOATPYIIILI B cocTaBe pona Penicillium
(Aspergilloides, Biverticillium, Penicillium n Furcatum). Biverticillium ¢uno-
TeHETHYECKH CBS3aHBI ¢ Ipymmnoi Talaromyces, TOTHa Kak OCTalbHBIC TPH — C
Eupenicillium [74].

[TepBuuHbIM MecTOM OOWTaHMS T'pUOOB poma Penicillium sBISETCS TOYBA.
OT0 BecbMa N3MEHYMBBIIM M MOBCEMECTHO PACIPOCTPAHEHHBIN PO MUKPOMHUIIE-
TOB, 3HAYUTENbHAS 4YaCTh KOTOPBIX YCTOMYHMBO aCCOUUUPYETCS C nuien. Hekoro-
pble Buabl Penicillium spp. UCTIONB3YIOTCS B IPOU3BOJCTBE ONPECICHHBIX BUIOB
CBIPOB U MSICHBIX IIPOAYKTOB, BKJIIOYAsI CHIPHI C TOIXYOOH HIIH O€N0il TIeCeHbIo,
CBIPOKOITUEHBIE U CBHIPOBsIICHBIE Kon0acs! (Penicillium roqueforti, P. camamberti,
P. glaucum n np.). B TO 5xe BpeMsi TOKCUTEHHBIE TpHOBI pojia Penicillium sBASIOT-
Cs1 3arPSIBHUTEIISIMU MTUIIEBBIX TPOAYKTOB U KOPMOB, BBI3BIBAsI UX ITOPYY U KOHTA-
MHHAITHI0 MUKOTOKCHHaMH [75, 76].

Kak u y Apyrux TOKCUT€HHBIX MHKPOMUIICTOB, OCHOBHON PUCK BO3HHKHOBE-
HUs 3a00JIeBaHMI CBsI3aH C MOMAJJaHMEM MHKOTOKCHHOB Penicillium spp., B TOM
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qrciIe OXpaToKCWHA A u marynuHa. Hambosee yacto oTpaBieHuUs] 00yCIOBICHBI
ynoTpedieHreM NpPOIyKTOB, BEIPA0OOTAHHBIX W3 3arpsA3HEHHOTO U 3alljIeCHEBEB-
IIeTo CHIPhst. HanbombImmii prcK MUKOTOKCHKO30B COXPAHSIETCs B CTPaHaX C TPO-
MTMYECKUM KJIMMAaTOM, TJIe OTCYTCTBYET COOTBETCTBYIOIIEE TOCY/IapCTBEHHOE pe-
TYJIMPOBaHUE B 3TOH obnactu [74].

[pu KyJIBTHBUPOBAHUY HA ArapU30BAHHBIX MUTATEIBHBIX CPENAX MMCHUIMILIBI
(hOpMHPYIOT TTOCKHE OapXaTHCThIE KOJIOHHH, C PaJIMATEHBIMU OOPO3/IKaMH, OT ce-
POBaTO-3€JIEHBIX JI0 TYCKJIO-3€JICHBIX, C OSJION WM CepOoBaTON MU OJICTHO-KEITOM
nieprdepruaecKoi 4acThi0, MOTYT OKPAIIUBATh CPEAY B KPAaCHO-KOPUIHEBEIH, Kpac-
HBIH, JKEeThIN, TUMOHHO-KEITHIN 1BeT. [ bl cenTupoBaHHbie, OSCIIBETHEIE, KO-
HUJINCHOCIIH TIIAIKUE, MyTOBUAThIe, KOMIECTBO METyN BapuabdensHo. Konmmim
HIapPOBH/IHBIE, IIEPOXOBATHIE WU IVIAJIKHE.

Penicillium spp. OTHOCATCS K ONMIIOPTYHUCTHYCCKUM CanpoPuTaM, OHH He-
TpeOoBaTeNbHBI K MUTATEIFHBIM CyOCTpaTaM, CTpOrue adpoosl, CIIOCOOHBI pacTH
B IIMPOKOM AMama3oHe (PU3UKO-XMMHUYECKHAX MapaMeTPOB BIAKHOCTH, TEMIIC-
parypsl, pH cpensl, conep>xanust Bojbl, cojei, MeTauioB u Jp. [1o nmpupoaHbsM
HCTOYHHKAM M MECTy OOMTaHWS HEKOTOPHIC BUABI MEHUIMIIIOB M30UpaTEIbHBL:
P. expansum pa3BuBaercs B s10nokax, P. digitatum v P. italicum — B UIUTPYCOBBIX,
P. brevicompactum, P. chrysogenum — B Cyxux KopMax, P. roqueforti amantupo-
BaHBI K ChIpaM. DTO Me30(HIIbHbIE IPUOBI C ONTUMAIBHON TEMIIepaTypoii pocTa
25°C, HEKOTOpbIC BHJBI TICHXPOTOJICPAHTHBI, O0NIAAA0T CIMOCOOHOCTHIO PACTH
IpU HHU3KUX TEMIeparypax, KOHTAMHUHHPYS MPOMYKTHI JaXXe MPU XOJIOIMIIb-
HOM XpaHCHUHU. MeXIy TeM HeCKOIBKO BHIOB Talaromyces UMEIOT acKOCIOPEI,
YCTOIYMBBIE K HArPEBaHUIO, & IIOTOMY UX MOKHO OOHApyKHUTh B I1aCTEPU30BaH-
HBIX TPOJYKTaX, HAIpUMep B PPyKTOBBIX cokax [40].

Penicillium spp. —3T0 OBICTPO pacTyIIie IPHOBI, KOTOPbIE (HOPMUPYIOT OOJIb-
10¢ KOJIMYIECTBO 3K30CHOP, JIETKO PaCTIPOCTPAHSIEMBIX MO BO3AYXY; OHH — BaX-
HBIIl KOMITIOHEHT MPUPOHBIX OM0adp0o30Jieii, OTKY/Ia MOT'YT ITONaIaTh B IHIIEBBIE
cyocrparsl. [Ipu onpeneneHHOM ypoBHE BIa)HOCTH (@, > 0,80) HEKOTOPBIE BHIBI
KOJIOHU3HMPYIOT pa3iIMYHbIe OOBEKTHI, B TOM YHCIIE YIAKOBOYHBIE MaTepPHaIIbI, BbI-
3BIBas 3arpsi3HEHNE U TOpUy MpoaykToB [40].

Io cpaBHenuto ¢ ponamu Aspergillus v Fusarium, Penicillium sBASIOTCS Me-
HEe TOKCUTCHHBIMH TPHOAaMH, MHOTHE MIPOAYLMPYIOT TOKCHHEI TOJBKO B JTabopa-
TOPHBIX YCJIOBUSX M HE PEaJM3YIOT STH CBOMCTBA B IHILEBBIX NPOIyKTax. B He-
KOTOPBIX CIYYasX MUKOTOKCHHBI IIEHUIIMIUIOB HE CTAaOMIBHEI, 8 TAKHe BUIBI, KaK
P. roqueforti u P. camamberti, He 0671aa10T CHOCOOHOCTBIO CUHTE3UPOBATH BPEA-
HBIE METAa0OIUTEI, YTO OTPEeIIIeT X UCIIOIh30BAHUE B CHIPOMICIUH B Ka9eCTBE
3aKBACOYHOI MUKPOQIIOPBI IPH IIPON3BOJICTBE CHIPOB THIIOB POK(OpP 1 KamamOep.

OxpaTokcHH A ¥ TaTyJIWH, YPOBHH KOTOPBIX B MUIIEBBIX MPOIYKTAX PETYIH-
PYIOTCS 3aKOHO/IATeIILHO, SBIISIOTCS HanboJiee 3HaYMMbIMU MeTabouramu Peni-
cillium spp.

[NarynuH — npoayKT MeTaboJIM3Ma HECKOJIBKUX BHJIOB IUIECHEBBIX T'PHUOOB,
BCTPEUAIOIIUXCSI HA TIOBEPXHOCTH (PPYKTOB, BO (DPYKTOBBIX M3ICIHUSAX H JAPYTUX
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MTUIIEBBIX MPOAYKTaX. DTO BEIIECTBO 00JIaaeT KaHIIEPOTCHHBIMU H MyTareHHEI-
MU cBoiicTBamu. Cpenu npenactaBureseit poaa Penicillium HanOonee W3BECTHBI
MIPOIYLEHTH P. expansum — BO3OYAUTEITs KOPAYHEBOH THIUTH B I0JIOKaX, TPyIIax,
aiiBe, abpukocax, epcukax u Tomarax u P. urticae — BCTpevaroluiicss HHOTIA Ha
9THUX K€ TUIOAX W BBI3BIBAIONINY THHUEHNE [4]. AHanM3 3arpss3HEHHOCTH TaTYIH-
HOM HPOU3BOIUMBIX B CepOunt (ppyKTOBBIX COKOB MOATBEPAUII €r0 MPUCYTCTBHE
B 51,4% 11po0, cpeHee coliepKaHne TOKCHHA cocTaBmIo 4,3 MKI/KT, B 0,7% mipo0
BbIsBIIeHO TipeBbilienue MY — 0,05 mr/kr [77].

OxparokcWH A, TPOAYLHEHTOM KOTOPOTO TPEHUMYIIECTBEHHO SBISCTCS
P. verruculosum, yacto 0OHapy>KUBaIOT B KYKypy3€, 3epHe SUMEHs, OBCa, PUCA,
WU, COpro, MIICHHUIIB, B 000ax kode u B BUHOTpazae [52]. K unciy apyrux Bax-
HBIX MHUKOTOKCHHOB, aCCOLMUPYEMBIX C 3a00JIEBaHUAMU OT MUIIH, OTHOCATCS
OUTPUHUH, ICHATPEM A, IUKJIOIHA30HOBAasI M MEHUIMIUIOBAs KUCIOTHI, KCaH-
TOMETHUHBL.

K moTreHnmanipbHO TATOTeHHBIM TpubaM popa Penicillium OTHOCATCS BUIBI
P. brevicompactum, P. chrysogenum, P. citrinum, P. commune, P. decumbens,
P. expansum, P. purpurogenum, P. rugulosum n P. spinulosum. Tpu BUIa BBI3bI-
BAIOT NATOJIOTMYECKHE MPOLECCH Y *KUBOTHBIX: P. aurantiogriseum, P. griseoful-
vum, P. verruculosum. MHorue u3 5THX BUIOB ICHXPOTOICPAHTHEL, HX BBIACIISIOT
U3 pa3HbIX BUIOB NPOAYKTOB: P. citrinum, P. decumbens u P. spinulosum o0OHa-
PYXHBAIOT B 3epHE, opexax, 0000BBIX, CIICIUAX, B CBESKUX OBomax; P. brevicom-
pactum 4acTo BCTPEYAIOTCA B CYXHX MPOAYKTaX (3epHO, MyKa), a TaKkkKe B MAC-
HBIX MPONYKTaX, B SONOKAaX M APYTHX (PPYKTaX, XPAHAMINUXCS B XOIOAMIHHUKE.
P. commune npenMyIIeCTBEHHO HAXOAST B MPOU3BOJCTBEHHBIX TOMEIICHUIX Ha
CBIPOJCTBHBIX 3aBOAX, ICHUIIMUIEI TOTO BHJA BEI3BIBAIOT IUNIECHEBEHUE H TIOP-
4y ChIPOB. P. expansum — OCHOBHasI IpUYKHA MOPUYH (PPYKTOB (00K, KITyOHUKH,
BHHOTPAJA, TIEPCUKOB) U OPEXOB.

Jis BBIAETICHUS M KyJIbTUBUPOBaHUS IpHOOB posaa Penicillium UCHONB3YIOT
00IIeyIOTpeOUTENBHEIC arapoBBIe CPE/IBl, B TOM YHCIIE Cycio-arap, cpexy Yarme-
Ka, IIMLEPUH, HUTPATHBIN arap, ¢ MHKyOaluei moceBoB B TeueHHe 5—7 CyT mpu
25°C. lns uneHTH(HUKAIUN UCTIONB3YIOT MOP(HOJIOTHYECKHE TIPU3HAKU U TECThI
(murmeHTo00pa3zoBaHue, CTPOECHUE KOHUAMNA M TH(], BTOPUYHBIE METaOOIUTHI),
MTO3BOJISIOIINE OTIPEACITUTh POIOBYIO NMPHHAIICKHOCTD, OMHAKO JJIS TOATBEPXK-
JICHHSI BUJIOBOH CIIEIU(UUHOCTH UX OBIBAET HEJOCTATOYHO.

TpyaHOCTH B OIICHKE YaCTOTHI 3a00JIEBACMOCTH, OOYCIOBICHHOW BHAaMHU
Penicillium spp., CBsI3aHbI C HEJJOCTATKOM OBICTPBIX U YYBCTBUTEIBHBIX METOIOB
WX WACHTH(HUKAIIH, TOCKOIBKY TPaJUIMOHHAS JUATHOCTHKA TI0 MOPQOIIoTHye-
CKUM TPU3HAKAM 3a4acTyI0 MPUBOAUT K OLIMOKaM.

[Nommazuerii moaXon ¢ MpIMEHEHNEM KOMIDIEKca (DEHOTHITHIECKUX U TeHe-
TUYECKHX aHAJIN30B MO3BOJISIET HE TOJIBKO MOITBEPAUTD IPUHAICKHOCTH K OTIpe-
JETICHHOMY BHIY, HO M OIIPEICIHTh XapakTep TOKCHHOOOPAa30BaHUS IHIICBBIX
u301sTOB Penicillium spp. J17st 3TOM 1ieTH ONICaHbl U PEKOMEHIYIOTCSI METOIUKH,
omwmparonrecs Ha 3Hanus o nocnegosarenbHOcTIX [ TS-pernona r/IHK, mockomns-
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Ky (hyHIZaMEHTAIbHBIC HCCICIOBAHNS B OONACTH MHUKOJIOTUH W TAKCOHOMHH TI0-
3BOJIWUIM TIOJIYYUTh OOLIMPHYIO EKTPOHHYI0 0a3y manHbIX (GenBank; BOLD)
00 3TO# pa3HOpPOIHOHN (HIIoTeHeTHYeCKOH Tpymme rpubos [78]. s nerekmmm
TOKCHI'€HHBIX IITAMMOB HCIIOJNB3YIOT TaKHe IIeJIeBbIe MOCJIeI0BATEIbHOCTH, KaK
TeHBI TIONUKETa3 CHHTA3bI, TIOJUTATAKTYPOHO3El U PSAA IPYTHX CICIH(OUICCKUX
(hepMEHTOB, IPOAYKIIUS KOTOPBIX ACCOLIUUPYETCSI C TOKCHHOOOPAa30BaHUEM Y CO-
OTBETCTBYIONIMX BUAOB Penicillium spp. [79-81]. OnHako Ha TaHHOM 3Tarle Me-
TOANYECKHE PEKOMEHJALNU 10 MOJIEKYISIPHON AUAarHOCTUKE TPUOOB 3TOTO poja
KpaifHe HeJ0CTaTOUHBI IS UCTIOIB30BAHUS B IIUIIEBOH MHUKOJIOTHNL.

Takum 06pa3oM, GOJNBIINHCTBO MUKPOMUIIETOB — MPOIYLIEHTOB MUKOTOKCHU-
HOB CTIIOCOOHBI Pa3MHOKAThCS M HAKAIUTMBATh META0OIUTEI B IMUPOKOM JIHAITa30-
HE yCJIOBUM OOUTaHMS 3THX MHKPOOPTaHU3MOB, IOBCEMECTHO PACIpPOCTPAHEHBI
U aJanTHpPOBaHBI K HEOIATOMPISITHEIM Bo3aeHcTBuAM. [losToMy co3manme Ham-
JISKAIUX YCIOBUI NMPOU3BOACTBA M XPAHEHHsI CEILCKOXO3SIHCTBEHHOTO CHIPhSI
1 BEIpaOaThIBAEMBIX M3 HETO MPOIYKTOB SIBISIETCS HEOOXOANMON YacThIO CHCTE-
MBI oOecreueHHs 0e30MacHOCTH M CHIDKEHMS PUCKA BOSHUKHOBEHMS IMHUILEBBIX
MHUKOTOKCHKO30B. YTIYOJCHHBIC HCCIICTOBAHUS IO JaHHOU MPOoOIeMe TO3BOIIT
peumnTh Borpockl TuddepeHIMpOBaHHOIO HOPMUPOBAHUS M THTHEHNYECKOH pe-
[IAMEHTAINH TUICCHEBBIX TPHOOB M HOBBIX BHIOB MUKOTOKCHHOB B ITPOIOBOJIB-
CTBEHHOM CBIPbE M IHUILEBBIX MPOIYKTAX.
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Natalia R. Efimochkina, Irina B. Sedova, Svetlana A. Sheveleva, Viktor A. Tutelyan

Federal Research Center for Nutrition, Biotechnology and Food Safety, Moscow, Russian Federation
Toxigenic properties of mycotoxin-producing fungi

Microscopic fungi that infect plants during the growing season and agricultural
products during storage can get into food and animal feed and pollute them with their
toxic metabolites — mycotoxins. The species composition and proportion of each species
in the complex of fungi may vary with changes in growing or storage conditions, which
is accompanied by changes in the spectrum of mycotoxins. In addition to known and
controlled pollutants of this kind, the levels of previously unaccounted toxic fungal
metabolites may increase, requiring a further study and assessment of the risk of their
occurrence in food. The review is devoted to the consideration of fungi from the genera
Fusarium, Aspergillus and Penicillium, whose representatives can produce mycotoxins
both already regulated in plant products and predicted. The review also includes species
Alternaria spp., the study of which revealed a frequent occurrence and a wide range of
produced toxic metabolites, not yet normalized in food.

Most mycotoxic fungi can multiply and accumulate toxic metabolites in a wide
range of habitats of these microorganisms. We showed that microorganisms are
extremely widespread in nature, and under favorable conditions with high humidity
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and optimal temperature (See Table I) can affect various food products, animal feed and
vegetable resources causing significant economic damage. Since it is difficult to identify
toxin-producing fungi contaminating different substrates including food products and
animal feed, mycotoxinology studies are conducted in accordance with a strict procedure
including detection of species composition of fungi and their distribution by geographical
zones, and determination of substrates contaminated with mycotoxins, as well as the
composition of mycotoxins and the mechanism of their action on humans and animals.

The paper presents data on the properties of toxigenic fungi of the genera Aspergillus,
Alternaria, Fusarium and Penicillium, the most important from the point of view of food
and animal feed safety. A special attention is paid to the problem of detecting producers
of emerging mycotoxins among these fungi (See Table 2), which include fusaproliferin,
beauvericin, enniatins, moniliformin, tenuazonic acid, tentoxin, alternariol and its
methyl ether, mycophenolic acid, citrinin, fusaric acid, sterigmatocystin, emodin and
asperglaucid (Gruber-Dorninger C et al., 2017, Jestoi M, 2008, Fracyman S et al., 2017,
Serrano AB, 2015).

The review discusses the problems and prospects of applying the methods of DNA-
identification of toxigenic fungi, touched upon in works of Gagkaeva TYu et al., 2017,
Stakheev AA et al., 2018, Dupont J, 2010, Gromovykh TI et al., 2014, Rodriguez A
et al., 2011. We enumerate the difficulties that prevent a widespread introduction of
PCR- diagnostics including the specifics of fungal DNA extraction, peculiarities
of qualitative PCR for multinuclear cells of filamentous fungi, and the necessity to
differentiate inactivated and viable mold forms. We showed that molecular methods
of micromycete identification should be improved in order to search for target DNA
sequences and markers which correlate with mycotoxigenic strains in the studied
substrate. An important part of the research was to identify mycotoxin biosynthesis
genes and evaluate their expression. Selection and improvement of DNA methods
of food control for toxigenic fungi are needed for adequate risk evaluation of food
contamination with mycotoxins, ensuring its safety and preventing mycotoxicosis.

The paper contains 2 Tables and 81 References.

Key words: microscopic fungi; Fusarium,; Alternaria; Aspergillus; Penicillium;
mycotoxins; food products.
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Population structure, resource potential and diagnostic
features of raw materials of Saussurea controversa DC."

The life form and the ontogenesis of the perspective medicinal plant Saussurea
controversa DC. (Asteraceae) are described. The species is considered as polycentric,
perennial, summer-green, herbaceous polycarpic half-rosette plant with rhizome.
The aerial part of the plant includes the polycyclic rosette vegetative and elongated
generative shoots. In the ontogenesis, four periods and nine ontogenetic states
are distinguished. The ontogenetic and vital structures of four populations were
studied in the vicinity of Efremkino village (Republic of Khakassia). Populations are
incomplete with accumulation of virginal individuals and predominance of individuals
of intermediate and high classes of vitality. Analysis of the distribution and resource
research in the population with the highest density and area makes it possible to classify
the species as the 3rd category of resource species due the necessity to observe the
regime of sustainable use. The diagnostic features of the S. controversa's raw material
are the structure of the middle vein of the leaf which includes a large number of vascular-
fibrous beams and the abaxial epidermis containing stomata of the anomocytous type
and 4 types of trichomes.

The paper contains 3 Figures and 27 References.
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Introduction

Genus Saussurea DC. of Asteraceae family includes 350-410 species accord-
ing to various sources [1, 2]. Many of them are widely used in Siberian, Chinese,
Indian, Mongolian and Tibetan traditional medicine [3], and are characterized
by a high content of terpenoids and flavonoids [4-7]. For example, S. controver-
sa DC. has been used in folk medicine for a long time: the decoction was used
against glaucoma, pulmonary diseases, as a hemostatic, antirheumatic and for
gastrointestinal diseases; water infusion of roots was drunk against headache and
as a hemostatic agent for uterine bleeding. Fresh leaves have a wound-healing ef-
fect, especially with purulent wounds; ethereal root extract exhibits antibacterial
activity. Vitamin C, caffeic acid, flavonoids, rubber, triterpenic saponins are found

" The paper was translated by the authors.
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in the aerial parts of S. controversa plants [8]. The raw materials of this species are
the leaves collected during the flowering period.

Currently, researchers of Siberian State Medical University are investigating
the ability of medicine from S. controversa to positively influence bone repair
processes in osteomyelitis. Leaves of S. controversa contain a large number of
different biologically active substances (BAS): flavonol glycosides-quercetin-7-
O-a-L-rhamnoside-3-O-B-D-glucoside, quercetin-3-O-B-D-diglucoside-O-a-L-
rhamnoside, rutin and others; oxycinnamic and oxybenzoic acids - chlorogenic,
cinnamic, syringic; phenylpropanoids - syringin, syringorezinol; macronutrients:
Ca, K, Mg, P[4, 9]. The polysaccharide complex is represented by water-soluble
polysaccharides, pectin substances and hemicelluloses [4]. These BAS are mo-
lecular carriers of antioxidant, membrane protective, antimicrobial, anti-inflam-
matory, and immunomodulating activity [10]. Thus, the raw material of this type
is a promising candidate for the development of plant-based products that are
effective in the pathologies of bone tissue, including infectious genesis [11].

Saussurea controversa is a boreal mountainous Ural-Siberian species with a dis-
junctive geographical range. The species is common in the Urals; it is marked on the
eastern limit of the Ural fragment of the range near Chelyabinsk and near Kamensk-
Uralsky. The Siberian part of the range covers the south-east of Western Siberia
(Tomsk Region, Novosibirsk Region, Kemerovo Region, Altai Republic), the south
of Eastern Siberia and the north of Mongolia [12]. The species grows mainly in the
forest area on the meadow-steppe, gravelly, stony slopes of different exposures, in
the forests, on the meadows, sometimes rises to the subalpine zone. S. controversa
confines to specific habitats while forms abundant populations [13]. This suggests
that the species can be attributed to the category of resource species, and its harvest-
ing is permissible. S. controversa is planned to be included in the pharmacopeia
[11]. Therefore, it is important to assess the state of natural populations as well as
to screen the approximate reserves of this species to provide the pharmacological
industry with high-quality raw materials and to conserve the natural habitats.

Collection of medicinal plants often cause depletion of their populations and
lead to species extinction and biodiversity reduction [14, 15]. To avoid local ex-
tinction of medicinal plants, one should cultivate target species or conduct har-
vesting with rules of sustainable use [16, 17]. It is possible after investigation
of plant life history and population ecology [18-20]. The aim of this work is to
estimate the state of natural populations, to assess the resource potential of S. con-
troversa, and to identify the diagnostic features of this type of raw material for
further use in medicine.

Materials and methods
The description of the life form and the study of the ontogenesis of

S. controversa were carried out in the field. We dug, examined, and laid in the
morphological herbarium all the individuals from counting plots for further
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study in the laboratory [21, 22]. In total, about 350 specimens of individuals in
all ontogenetic conditions were collected in the studied habitats. We additionally
studied specimens stored in the P.N. Krylov Herbarium (TK).

The material for the study of the ontogenetic and vital structure was collected
in the Republic of Khakassia (Shirinsky district, vicinity of Efremkino village (N
54.4669527°, E 89.445091°) in four populations (P) of S. controversa under differ-
ent environmental conditions in 2017 (Table 1). We consider that a coenotic popula-
tion is the one located within the limits of a sustainable biocenosis. The ontogenetic
structure of populations was considered as the percentage ratio of groups of indi-
viduals at different ontogenetic states for which ontogenetic spectra were compiled.
For the compilation of these spectra, the assessment of vitality and the calculation of
the density of populations in plant communities, transects were laid in a regular way
and divided into counting plots of 1/16 to 1 m? depending on the density of popula-
tions. We analyzed the vitality structure according to the method of YA Zlobin [23,
24]. We selected characters that most fully revealed the vitality of the individual.
Then, limits of the intermediate class were determined, so the individuals were di-
vided into 3 classes of vitality (a - high, b - intermediate and c - low).

On the basis of the division into classes, histograms of the vital spectra were
constructed. The following indicators were taken from each individual: the num-
ber of leaves, the length and width of the leaf blade, the length of the stem, the
caudex dimensions (length and width). To assess the vitality of S. controversa,
we used features of virginal (sterile fertile) individuals: length, width of the leaf
blade, and the number of leaves. The intermediate class of vitality was distin-
guished by establishing the upper and lower limits of each of the features used to
assess vitality.

Table 1
Habitat characteristics of Saussurea controversa

Altitude,

Phytocenosis features
m / exposure

Left bank of the Belyi Iyus river. Edge of the birch-aspen forest
(Betula pendula Roth + Populus tremula L.). Motley grass
meadow. TPC = 100%. Slope angle = 3°. Rubus saxatilis L.,

Vicia cracca L. and other species prevail in the herbal cover
Right bank of the Belyi Iyus river. Edge of the larch

forest (Larix sibirica Ledeb.). TPC = 70%. Slope
angle = 2°. Both Fragaria vesca L. and Carex

duriuscula C.A. Mey. prevail in the grassy cover
Left bank of the Belyi Iyus river. Edge of the birch and larch

forest (B. pendula, L. sibirica). TPC = 80%. Padus avium
Mill and Salix sp. are in the undergrowth. Slope angle =~ 2°.

Carex pediformis C.A. Mey. prevails in the grassy cover
Right bank of the Belyi Iyus river. Edge of the birch and

4 749 / NW larch forest. TPC = 60%. Slope angle = 7°. S. controversa
and Bupleurum multinerve L. prevail in the grassy cover

1 580/SE

2 624 /NE

3 527/NE

Note. TPC - Total projective cover.


https://ru.wikipedia.org/w/index.php?title=Bupleurum_rotundifolium&action=edit&redlink=1
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The key plot for the calculation of resource indicators was laid in P4. 100 virginal
specimens were collected and weighed in fresh and dried state, and then the
coefficient of drying of the raw material was calculated. With the help of the
Garmin ETREX 10 GPS navigator, we measured the area of the key plot. By
extrapolating the mean yield (dry mass of virginal individuals per 1 m?) to the
obtained area of the population, we calculated the biological reserves of raw
materials in this population.

The study of diagnostic features of S. controversa’s raw materials was carried
out on dried material collected in 2016 and 2017 in various geographic locations:
1) Irkutsk region, vicinity of Nizhniy Cochergat village (N 52.1353794°,
E 105.2810168°); 2) Republic of Khakassia, vicinity of Mendol village
(N 54.290370°, E 89.660009°); 3) Krasnoyarsk Region, vicinity of Ingol Lake
(N 55.545632°, E 88.860249°). In the laboratory of structural and molecular
analysis of plants (TSU), 90 temporary preparations of the adaxial and abaxial
epidermis of the leaf were prepared, as well as cross sections of 70 um in thickness
through the leaf blade and leaf stalk. We clarified preparations with glycerol and
examined using Zeiss Lab Al with a 5-megapixel color photo/video camera
Axio Cam ERc 5s. Description of the epidermis was carried out according to the
classification by NA Aneli [25]. The stomatal index was calculated by the formula:

I =Nx100%/(N,+N),
where N_ is the number of stomata on the area unit, V, is the number of main cells
of the lower epidermis per unit area.

Results and discussion

We consider S. controversa as the polycentric perennial summer-green
herbaceous semi-rosette polycarpic plant with polycyclic rosette vegetative and
elongated generative shoots. The underground shoot system is represented by
a short rhizome forming epigeogenically after the pulling of the basic part of
the rosette shoot into the soil by the taproot or adventitious roots. Young adult
individuals sometimes form elongated rhizomes from the buds on maternal
rhizomes. These rhizomes are situated under the soil surface at the depth of
5-10 cm. When their apical buds reach the soil surface, the above ground parts
of individuals are formed. Such individuals correspond with the immature
and virginal individuals of the seed origin. As a result, the clone including the
vegetative progenies forms after their separation from maternal individuals. Four
periods (latent, pre-fertile, fertile, and post-fertile) and nine ontogenetic states —
seedlings (s), juvenile (j), immature (im), virginal (v), young fertile (f1), middle-
aged fertile or mature (f2), old fertile (f3), subsenile (ss), and senile (s) were
distinguished in the ontogenesis (Fig. 1). The marks of ontogenetic states are the
following: the presence of cotyledons, the length and width of the primary or
secondary taproot, the presence, number and size of adventitious roots on the
rhizome; the degree of necrosis of the secondary taproot and rhizome, the number
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and location of rosette vegetative and semi-rosette (elongated) generative shoots,
the number, size and shape of the leaves, the number of anthodia in a complex
inflorescence.

Fig. 1. Ontogenesis of Saussurea controversa with seed origin
(s - seedling; j - juvenile; im - immature; v - virginal; gl - young fertile;
g2 - middle-aged fertile; g3 - old fertile; ss - sub-senile; s - senile)

Seedlings (s) are characterized by the presence of two obovate cotyledons,
about 5 mm long and 4 mm wide.

Juvenile individuals (j) have 2-3 true lanceolate leaves of juvenile type,
2-3 cm long and about 1.5 cm wide. It is characterized by loss of connection
with the seed.
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Immature individuals (im) are distinguished by the presence of traits and
properties, transitional from juvenile plants to adults. An individual at this state
has 2-3 leaves of lancet-shaped form (as in an individual at the juvenile state), and
is also characterized by the presence of the adult leaves (narrower, obtuse, not
heart-shaped at the base; 5 cm long and 2 cm wide).

Virginal individuals (v) are characterized by the appearance of basic features
that are typical of adults (adult leaves, shoots, and root system). The processes of
senescence are almost not expressed.

Young fertile individuals (f7) are distinguished by the appearance of the first
generative organs. The number of anthodia in the inflorescence is about 7; the
process of growth prevails over senescence (necrosis of the secondary taproot,
adventitious roots and rhizome is not expressed). The number of leaves is about
6, they are 5.5 cm long and 2.5 cm wide.

Middle-aged fertile (mature) individuals (f2) are characterized by balancing
the processes of growth and senescence. Rhizome starts branching by forming
shoots from lateral buds. The number of shoots is 2-3 in average. There are about
8 leaf plates, their average length is about 7 cm and width is 2.5 cm. The number
of anthodia is about 8-9.

Old fertile individuals (f3) are characterized by the predominance of senescence
processes over the new growth. Generative function, root and shoot formation
processes decrease sharply. The degree of necrosis of the rhizome is expressed
moderately. The evidence of this state of individual is a great number of “stumps”
being the remnants of last year’s generative shoots.

Sub-senile individuals (ss) are distinguished by predominance of the
processes of senescence over the growth, the absence of generative shoots, and
the simplification of the aerial parts to the immature state. The degree of necrosis
of the rhizome is significant. When an individual consists of several shoots, its
fragmentation sometimes occurs by splitting into separate particles.

Senile individuals (s) are characterized by the extreme simplification of the life
form and the manifestation of juvenile features of the organization. New growth
is completely absent.

Reproduction in S. controversa populations is supported both by the seed and
vegetative methods. The fruit is single-seeded achene.

According to the average population density of S. controversa, relatively
favorable conditions can be judged for the growth of this species (Table 2).
Lower density of individuals is observed in P1 and P3. Ecological conditions of
habitats and competition of related species do not contribute to successful seed
reproduction of individuals.

Populations of S. controversa are incomplete. Spectra are bimodal (P1-P3)
or with three “peaks” (P4). Virginal individuals predominate in all populations.
Secondary “peaks” fall on subsenile (P1, P2), juvenile (P3) and the old fertile
ontogenetic states (P4) (Fig. 2). In P3, there is also an accumulation of old
fertile individuals (a third-degree “peak”). This indicates that seed reproduction
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in populations occurs irregularly, and the species is characterized by “waves of
renewal”. The predominance of virginal individuals in populations with high
abundance, apparently, is a consequence of vegetative propagation.

Table 2
Density of Saussurea controversa populations
P n M=ESE ST S?
1 6 2.840.4 1.0 1.0
2 28 123.4+0.9 4.9 24.5
3 40 1.3+0.4 2.6 6.6
4 29 113.6+0.8 4.2 17.7

Note. n - Sample, M — Mean, SE - Standard error, SD - Standard Deviation, S? - Dispersion.

Pl P2

E
z

Percentage
o & ¥
Percentage

L9 0.9 L
B - - .

s 8
e
Y
o
o w3k

= j im v il 2 3
= o Ontogenetic state

P3 P4

Percentage

19.4

=.!

f 7
Ontogenelic state

0
101 s 55 58

r 18
D;,, o W = 0

im v fl 2 3 55 5
Ontogenetic state

Fig. 2. Ontogenetic spectra of populations of Saussurea controversa
(P - Population, s - seedling; j - juvenile; im - immature; v - virginal; gl - young
fertile; g2 - middle-aged fertile; g3 - old fertile; ss - subsenile; s - senile)

Senile individuals are represented only in P2. This indicates that the ecological
conditions of the habitat are quite favorable, since the senile individual is
characterized by the ultimate simplification of the life form, and survival in adverse
conditions is difficult for it. Blooming fertile individuals were not detected; there
are interruptions in flowering, which also contributes to the irregularity of seed
production. Single blooming middle-aged fertile individuals were noted only in P2.

There is predominance of individuals of the intermediate class of vitality in
P1 and P3 (Table 3 and Fig. 3). Despite the low density of these populations,
indicating the high level of competition at the state of seedling fixation, the more
adult individuals reach average size and do not experience oppression from one
another.
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Table 3

Borders of vitality classes for features of virginal individuals of Saussurea controversa

20 4

Vitality class
Character low | intermediate high
Pl1
Length of the greatest leaf blade, cm >7.0 10.11-7.10 <10.2
Width of the greatest leaf blade, cm >3.54 4.92-3.55 <4.93
Number of leaves >2.28 2.27-3.97 <3.98
P2
Length of the greatest leaf blade, cm >9.81 10.53-9.82 <10.54
Width of the greatest leaf blade, cm >3.12 3.38-3.13 <3.39
Number of leaves >2.01 2.33-2.02 <2.34
P3
Length of the greatest leaf blade, cm >8.66 10.93-8.67 <10.94
Width of the greatest leaf blade, cm >3.18 3.96-3.19 <3.97
Number of leaves >1.88 2.43-1.89 <2.44
P4
Length of the greatest leaf blade, cm >9.21 10.11-9.22 <10.12
Width of the greatest leaf blade, cm >2.78 3.03-2.79 <3.04
Number of leaves >2.11 2.41-2.12 <2.42
P1 P2
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Fig. 3. Vitality structure of populations of Saussurea controversa
(P - Population, vitality classes: a - High, b - Intermediate, ¢ - Low)
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P2 is characterized by the predominance of individuals of high vitality class.
Consequently, the maximum ecological density of this population has not yet
been reached. Habitat conditions contribute to successful competition with other
species in this phytocenosis and propagation of seedlings.

In P4 (key plot), individuals of both high and low vitality classes prevail. This
suggests that in this population the maximum ecological density has been reached
for the species, habitat resources are used most fully and efficiently, and the size
is reduced in some individuals. This is a case of intraspecific competition.

The area of the key plot is 2666 m?. Interest in the quality of medicinal raw
materials are the most abundant adult (here virginal) individuals. With a population
density of 113.6 pcs/m? and a share of virginal individuals of 45%, the biological re-
serve of raw materials in the key plot was 56 kg. It is obvious that a one-time collec-
tion of such a quantity of raw materials from this population is unacceptable since
this will lead to irreversible changes in its composition and size. We assume that the
frequency of harvesting should be no less than 3-4 years, and we recommend har-
vesting 25% of adult (virginal) individuals of the population. Thus, one time in 3-4
years from the key area one can get 14 kg of dry raw material. At the moment, it can
be argued that S. controversa belongs to the 3rd category of resource species. Strict
observance of the regime of sustainable use is necessary for the harvesting of such
species [26]. Raw material of S. controversa can also be obtained on plantations
since the results of a long-term introduction experiment with this species conducted
in the Siberian Botanical Garden of Tomsk State University indicate the possibility
of its successful cultivation in the south of Tomsk Region [27].

The anatomical structure of S. controversa leaves indicates xerophytization.
The leaves on the abaxial side are densely covered with trichomes which form
white-felt fluff. The outer walls of the cells of the adaxial epidermis are thickened
and covered with a thick layer of wrinkled cuticle. Hypostomatic dorsoventral
leaves have a single-rowed well distinguishable palisade and 5-6-rowed spongy
mesophyll (Fig. 4, 4).

In the spongy mesophyll, the intercellular spaces are placed. There are 4 types
of trichomes on the abaxial epidermis:

1) Long 2-cell scrawny trichomes consisting of one small cell at the base and
the second main long cell. These trichomes make up the pubescence on the ab-
axial epidermis (Fig. 4, 4, F);

2) 2- and 3-celled capitate trichomes (Fig. 4, A);

3) 4-celled trichomes with three rounded cells at the base with inclusions and
one apical long plague-shaped cell (Fig. 4, C);

4) multicellular fragile trichomes with pedestal or barrel-shaped base consist-
ing of 4-7 cells (Fig. 4, E).

The collateral conductive bundles are reinforced from the upper and lower
sides by sclerenchyma strands. Up to 14 conductive bundles passes in the leaf
stalk. The main vein of the leaf on the underside is reinforced with collenchyma
(Fig. 4, B).
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Fig. 4. Anatomical structure of the leave of Saussurea controversa

(A. Cross-section through the leaf blade Saussurea controversa (x 10): 1 - Cuticle,
2 - Adaxial epidermis, 3 - Palisade mesophyll, 4 - Intercellular spaces, 5 - Spongy mesophyll,
6 - Abaxial epidermis, 7 - Covering scrawny trichome, 8 - 4-celled trichomes with inclusions,
9 - Capitate trichome; B. Cross-section through the leaf stalk (a -x 5): 1 - Xylem, 2 - Phloem,
3 - Parenchyma, 4 - Collenchyma, 5 - Sclerenchyma of vascular fibrous bundles; C. 4-celled
trichome with inclusions (x 40); D. Adaxial epidermis epidermis (x 40); E. Abaxial epidermis

(% 40): 1 - Stomatal apparatus, 2 - Pedestal base of trichome;
F. Stomatum on the adaxial epidermis (x 100): 1 - Nucleus, 2 - Main cell of the epidermis,
3 - Accompanying cells of stomata, 4 - Sniffing cells of stomata, 5 - Stomatal crack,
6 — Capitate) (Photo was made by MN Shurupova, 21.11.2018)

Cells of the adaxial and abaxial epidermis of the leaves are curtain-walled of
the 1% order (Fig. 4, D, E) while the main cells of the adaxial epidermis are much
larger (3-4 times) than the abaxial (Fig. 4, D, E). The stomata are anomocytic,
multidirectional, wide-oval shaped, 23.6 + 0.2 and 19.3 + 0.2 pum in length and
width (Fig. 4, F), respectively. The stomatal index is 25.8 + 0.6%.

Conclusion

Saussurea controversa belongs to polycentric perennial summer green
herbaceous semi-rosette polycarpic plants with rhizomes. Reproduction occurs
both by seeds and clone. Four periods and nine ontogenetic states were distinguished
in ontogenesis. Populations of this species in the Republic of Khakassia are
incomplete with the accumulation of virginal individuals and the predominance of
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individuals of the intermediate and high classes of vitality. Saussurea controversa
should be attributed to the 3rd category of resource species, harvesting of which
requires strict adherence to the regime of sustainable use. The diagnostic features
of the S. controversa raw material are the structure of the leaf stalk with a large
number of vascular fibrous bundles, and the abaxial epidermis containing the
stomata of anomocytic type and trichomes of four types.

References

—

. Lipshits SYu. Rod Saussurea DC. [Genus Saussurea DC.]. Leningrad: Nauka Publ.; 1979.
282 p. In Russian

2. Flora of China. Vol. 20-21. Wu ZY, Raven PH and Hong DY, editors. St. Louis: Science
Press (Beijing), Missouri Botanical Garden; 2011. 894 p.

3. Chik WI, Zhu L, Fan LL, Yi T, Zhu GY, Gou XJ, Tang YN, Xu J, Yeung WP, Zhao ZZ,
Yu ZL, Chen HB. Saussurea involucrata: A review of the botany, phytochemistry
and ethnopharmacology of a rare traditional herbal medicine. J Ethnopharmacology.
2015;172:44-60. doi: 10.1016/j.jep.2015.06.033

4. Avdeeva EY, Reshetov YE, Shurupova MN, Zibareva LN, Borisova EA, Belousov MV.
Chemical analysis of bioactive substances in seven siberian Saussurea species. AIP
Conference Proceedings. 2017;1899(1):050001-1-050001-7. doi: 10.1063/1.5009864

5. Rastitel 'nye resursy Rossii: Dikorastushchie tsvetkovye rasteniya, ikh komponentnyy sostav i
biologicheskaya aktivnost’. Sem. Asteraceae (Compositae). Rody Echinops—Youngia [Plant
resources of Russia: Wild flowering plants, their component composition and biological
activity. Family Asteraceac (Compositae). Genera Echinops-Youngia]. Vol. 5, Pt. 2.
Budantzev AA, editor. St. Petersburg, Moscow: KMK Publ.; 2013. 312 p. In Russian

6. Shurupova MN, Kukushkina TA, Petruk AA, Shchetinin PP. Content of biologically active
substances in the raw materials of some siberian Saussurea species. AIP Conference
Proceedings. 2016;1772:05000801-05000806. doi: 10.1063/1.4964578

7. Pogodin IC, Luksha EA, Predeyn NA. Khimicheskiy sostav rasteniy roda Saussurea DC.,
proizrastayushchikh na territorii Sibiri [The chemical composition of plants of the genus
Saussurea DC., growing over Siberian region]. Khimija Rastitel 'nogo Syr’ja. 2014;3:43-
52. doi: 10.14258/jcprm.1403043 In Russian

8. Bystrushkina EV, Alekseeva LI, Bystrushkin AG. Biochemical diversity of Saussurea
from high altitudes of the Urals. Turczaninowia. 2012;15(2):114-119. In Russian, English
Summary

9. Avdeeva EY, Shults EE, Skorokhodova MG, Reshetov YaE, Porokhova ED, Sukhodolo IV,
Krasnov EA, Belousov MV. Flavonol glycosides from Saussurea controversa and
their efficiency in experimental osteomyelitis. Planta Medica International Open.
2018;5:¢24-¢29. doi: 10.1055/5-0044-100799

10. Wang YF, Ni ZY, Dong M, Cong B, Shi QW, Gua YC, Kiyota H. Secondary metabolites
of plants from the genus Saussurea: chemistry and biological activity. Chemistry and
Biodiversity. 2010;7(11):2623-2659. doi: 10.1002/cbdv.200900406

11. Avdeeva EYu, Saprykina EV, Slizovskiy GV, Krasnov EA, Stepanov MYu, Pechenko VG.
Study of biochemical activities of extracts of Saussurea controversa DC. and Filipendula
ulmaria (L.) Maxim. in experimental osteomyelitis. Bulletin of Siberian Medicine.
2016;15(2):5-12. doi: 10.20538/1682-0363-2016-2-5-12 In Russian, English Summary

12. Naumenko NI. On sectoral floristic borders in the Southern Trans-Urals. Vestnik Udmurtskogo

universiteta. Seriya Biologiva. Nauki o Zemle = Bulletin of Udmurt University. Series

Biology. Earth Sciences. 2016;26(2):71-80. In Russian


https://doi.org/10.1016/j.jep.2015.06.033
https://doi.org/10.1063/1.5009864
http://dx.doi.org/10.1063/1.4964578
https://doi.org/10.14258/jcprm.1403043
https://doi.org/10.1055/s-0044-100799
https://doi.org/10.1002/cbdv.200900406
https://doi.org/10.20538/1682-0363-2016-2-5-12

Population structure, resource potential and diagnostic features 45

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Shurupova MN, Zverev AA. Conservation categories and rarity types of siberian

Saussurea  species. Int J Environmental Studies. 2017;74(5):724-731. doi:
10.1080/00207233.2017.1283937

Ghimire SK, McKey D, Aumeeruddy-Thomas Y. Conservation of Himalayan medicinal
plants: Harvesting patterns and ecology of two threatened species, Nardostachys
grandifiora DC. and Neopicrorhiza scrophulariiflora (Pennell) Hong. Biological
Conservation. 2005;124(4):463-475. doi: 10.1016/j.biocon.2005.02.005.

Schippmann U, Leaman D, Cunningham AB. A comparison of cultivation and wild collection
of medicinal and aromatic plants under sustainability aspects. In: Medicinal and Aromatic
Plants: Agricultural, Commercial, Ecological, Legal, Pharmacological and Social Aspects.
Vol. 17. Bogers RJ, Craker LE, Lange D, Bogers RJ, Craker LE and Lange D, editors.
Netherlands: Springer; 2006. 309 p.

Cunningham AB, Brinckmann JA, Schippmann U, Pyakurel D. Production from both
wild harvest and cultivation: The cross-border Swertia chirayita (Gentianaceae) trade.
J Ethnopharmacology. 2018;225:42-52. doi: 10.1016/j.jep.2018.06.033

Van Wyk AS, Prinsloo G. Medicinal plant harvesting, sustainability and cultivation in South
Africa. Biological Conservation. 2018;227:335-342. doi: 10.1016/j.biocon.2018.09.018
Dyke FV. Conservation biology. Foundations, concepts, applications. Dordrecht: Springer
Netherlands; 2008. 477 p.

Elzinga CL, Salzer DW, Willoughby JW. Measuring and Monitoring Plant Populations.
CreateSpace Independent Publishing Platform; 2015. 492 p.

Castle LM, Leopold S, Craft R, Kindscher K. Ranking tool created for medicinal plants at
risk of being overharvested in the wild. Ethnobiology Letters. 2014;5:77-88. doi: 10.14237/
ebl.5.2014.169

Rabotnov TA. Structure and method of studying coenotic populations of perennial
herbaceous plants. Soviet J Ecology. 1978;9(2):99-105.

Zaugolnova LB, Smirnova OV. Age structure of ceno-populations of perennial plants and
its dynamics. Zhurnal Obshchei Biologii. 1978;39(6):849-858. In Russian

Zlobin YuA. On the levels of plant vitality. Zhurnal Obshchei Biologii. 1981;42(4):492-505.
In Russian

Zlobin YuA, Sklyar AA, Klimenko AA. Populyatsii redkikh vidov rasteniy: teoreticheskie
osnovy i metodika izucheniya [Populations of rare plant species: theoretical bases and
methods of study]. Sumy: Universitetskaya kniga Publ.; 2013. 439 p. In Russian

Aneli NA. Atlas epidermy lista [Leaf epidermis atlas]. Tbilisi: Metsniereba Publ.; 1975.
108 p. In Russian

Fedorov NI, Zhigunova SN, Mihaylenko OI. The methodical approaches to the control of
the dynamic of the resource herbs of the Republic of Bashkortostan. Izvestia of Samara
Scientific Center of the Russian Academy of Sciences. 2011;5(3):113-115. In Russian
Sviridova TP. Biological features of Saussurea controversa DC. (Asteraceae) when
introduced in the south of the Tomsk Region. Vestnik Tomskogo gosudarstvennogo
universiteta = Tomsk State University Journal. 2012;356:176-178. In Russian

Received 05 December 2018, Revised 15 February 2019;
Accepted 12 March 2019, Published 21 March 2019

Author info:

Shurupova Margarita N, Cand. Sci. (Biol.), Assoc. Prof., Senior Researcher, Department of Botany,
Institute of Biology, Laboratory “Herbarium”, Tomsk State University, 36 Lenin Ave., Tomsk 634050,
Russian Federation.

E-mail: rita.shurupova@inbox.ru

Parshina Evgeniya P, Student, Department of Botany, Institute of Biology, Tomsk State University, 36
Lenin Ave., Tomsk 634050, Russian Federation.

E-mail: zhenya.parshina.96@mail.ru


https://doi.org/10.1080/00207233.2017.1283937
https://doi.org/10.1016/j.jep.2018.06.033
https://doi.org/10.1016/j.biocon.2018.09.018
http://dx.doi.org/10.14237/ebl.5.2014.169
http://dx.doi.org/10.14237/ebl.5.2014.169
http://journals.tsu.ru/biology/en/
mailto:rita.shurupova@inbox.ru
mailto:zhenya.parshina.96@mail.ru

46 M.N. Shurupova, E.P. Parshina, Ya.E. Reshetov et al.

Reshetov Yaroslav E, Postgraduate Student, Department of Pharmaceutical Analysis, Siberian State
Medical University, 2 Moskovskiy Tr., Tomsk 634050, Russian Federation.

E-mail: ferroplex2013@yandex.ru

Krasnobaeva Alina A, Student, Pharmaceutical Faculty, Siberian State Medical University, 2 Moskovskiy
Tr., Tomsk 634050, Russian Federation.

E-mail: alina.the.unicorn@qmail.com

Avdeeva Elena Yu, Cand. Sci. (Pharm.), Assoc. Prof., Department of Pharmaceutical Analysis, Siberian
State Medical University, 2 Moskovskiy Tr., Tomsk 634050, Russian Federation.

E-mail: elenaavdeev(@yandex.ru

Belousov Mikhail V, Dr. Sci. (Pharm.), Professor, Department of Pharmaceutical Analysis, Siberian State
Medical University, 2 Moskovskiy Tr., Tomsk 634050, Russian Federation.

E-mail: mvb63@mail.ru

For citation: Shurupova MN, Parshina EP, Reshetov YaE, Krasnobaeva AA, Avdeeva EYu, Belousov MV.
Population structure, resource potential and diagnostic features of raw materials of Saussurea controversa
DC. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiva = Tomsk State University Journal of
Biology. 2019;45:34-46. doi: 10.17223/19988591/44/2


mailto:ferroplex2013@yandex.ru
mailto:alina.the.unicorn@qmail.com
mailto:elenaavdeev@yandex.ru
mailto:mvb63@mail.ru

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 45. C. 47-68

VK 582.57:581.331:502
doi: 10.17223/19988591/45/3

B.H. T'ogun, C.B. [lo3opoBa, T.B. Apxunosa

Mockosckuil nedazoeuueckuil 2ocyoapcmeennvlil yHueepcumem, 2. Mockea, Poccus

Aunapomonoduus y Aegopodium podagraria L.
(Apiaceae) B MockoBCKO# 00/1acTH

Paccmompenwt ocobennocmu nposasnenus anopomMoHoIyuu y OTUHHOKOPHESUUHO20
MpasaAHUCmMo20 noauxapnuueckozo pacmenus Aegopodium podagraria. Bwisagneno,
umo y A. podagraria é npedenax o0HolU 0cobu obpazyromca 08a Mund Yeemrkos —
oboenonvie U MulYUHOYHbIe, KOMOPble UMEIOM CMPYKMYPHble U pasmephble OMAUYUsL.
B mouiuunounvix yeemxax nabnrooaemcs nonnas pedyKyus 2uHeyes, om KOmopo2o
ocmanuch monbkKo CMuionooul, 8blnoaHAOWUe GyHKyuy Hekmapnukos. Propanvhvie
eounuyvl y A. podagraria — 0eolinbie 30HMUKU, COCMOAUUE U3 NPOCMBIX 30HMUKOB.
Cungnopecyenyuu 0aHHo20 6uUOa NPeOCMABLEHbl KUCIIAMU UL MEMmeaKamu U3
0601IHbIX 30HMUK08. [Ipocmble 30HMuKU MO2YM 6KII0YAMb MONILKO 000enonble YeemKu
(na enasHom nobeze y MOWHO pa3gumMuvIX ocodell ¢ pazeemeieHHbIMU NAPAKIAOUAMU),
o0boenonvie U MulYUHOUHbIE Y8emKU (NOCNeOHue 6ce20d 6 YeHmpe 30HMUKO8) WU
MONbLKO MblYUHOYHbIE YGemKU (Ha nobe2ax camblX 6blCOKUX NOPSAOKOG GemGLeHUs).
Obcyxcoaromes npudunbl 6bIAGIEHHBIX PA3MEPHBIX pA3IUYUll 000enonviX YEEmKos
8 MEePMUHANLHLIX OBOUMBIX 30HMUKAX U OB0UHBIX 30HMUKAX Ha nobdezax Il nopaoka
8emee s, MbIYUHOYHBIX YBEMKO8 8 080UHBIX 30nmuKax Ha nobezax Il u 11l nopsaokos
6emeneHus.

KuaroueBsie ciioBa: anopomonosyusi; Aegopodium podagraria; cungnopecyenyusi.

BBenenue

AHIPOMOHORIIMS — BUJ TOJIOBOH MuddepeHraniuy BETKOBBIX PacTCHHH,
MIpH KOTOPOH KaxKiass 0coOb oOpasyeT JiBa MOP(HOJIOTHIESCKH Pa3IUYHBIX THIIA
LBETKOB: THIYMHOYHBIC M 00O0CIMOJble. AHAPOMOHOAIHS — CPABHUTEILHO HEva-
CTBI BapHaHT MOJOBOH SKCIPECCHHU, BCTPEUACTCS MPUMEPHO Y 2% IIBETKOBEBIX
pactenuii [ 1, 2]. Yae Bcero nanHas hopma mojaoBoil qudQepeHmanim pacipo-
CTpaHeHa y MpeJICTAaBUTENICH TAaKUX CEMEHCTB, Kak Apiaceae [3, 4], Araliaceae [2,
5], Fabaceae [6], Poaceae, Solanaceae [7]. B npenenax cemelicTBa Apiaceae MHO-
THMH HCCIIEIOBATEISIMU BEISIBIICHBI OOIINE 3aKOHOMEPHOCTH TIPOCTPAHCTBEHHO-
IO B3aUMHOIO PACIOJIOKEHUS] 00O0CTOJBIX M THIYMHOYHBIX I[BETKOB: C BO3pac-
TaHUEM MOpsIIKa Mmodera, Ha KOTOPOM 00pa3yeTcs 30HTHK, YBEININBACTCS OIS
TBIYMHOYHBIX [[BETKOB M COOTBETCTBEHHO CHIDKACTCS JIOJISI 0OOCTIONBIX [[BETKOB
[8—10]. ITo MHEeHUIO TIENOTO psijla WCCaeI0BaTeNel, COUeTaHne aHAPOMOHOIIIHH
U MOCJIEIOBATEIbHOCTU [IBETCHUS [IBETKOB B JIBOMHBIX U MPOCTHIX 30HTHKAX Ha
moOerax pa3HoTo MOPsIIKA BETBICHUS 00CCIIEUNBAET BEICOKYIO HOII0 KCEHOTaMHUH
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Yy MHOTHX TIPECTaBUTEIICH TaHHOTO CEMEUCTBA B yMEepeHHOM Tosice CeBepHOro
nonymapus [10, 11]. HecMoTpst Ha MHOTONETHHE U PA3HOCTOPOHHHUE HCCIIEA0BA-
HUSI TIOJIOBOTO TTOMUMOp(hU3Ma TIpeCTaBUTENeH ceMeiicTBa Apiaceae, 0CTaIOTCA
HEPEUIeHHBIMM MHOTHE BOIPOCHI TOJNOBOW nu(depeHuanuu BUI0B ITOro ce-
MEWCTBA.

B xauectBe oObekTa HaAmMX HccleNoBaHUN BblOpaHa Aegopodium
podagraria L. (CHBITh OOBIKHOBEHHAsI) — MHOTOJIETHEE TPABSHHUCTOC IITMHHO-
KOPHEBUIIHOE MONUKaprnuueckoe pacrenue [12]. A. podagraria — eBpomneicko-
CUOMPCKHUI OOpeanbHBIN BHJI. Apeall BHJIa OXBaThiBaeT BCIO EBporry, 3a HCKITIO-
yeHueM Kpaitnero Cesepa u roxHoil yactu, KaBkas, Manyio A3uio, HEKOTOpbIE
paiionsr Cpenneid Asun u Cubupu. B EBporie 4. podagraria taroteer raBHbIM
00pa3oM K MIHUPOKOJIUCTBEHHBIM JIecaM, OJHAKO JIOBOJIBHO YACTO BXOJMT MOJ MO-
JIOT CMETIaHHBIX, XBOIHO-IITMPOKOIMCTBEHHBIX M XBOWHBIX JIECOB, JOXOIS JI0 Ce-
BEPHOH OKpauHbI MaTepuKa.

B nmoctymHO# HaM IUTEpaType NMEIOTCSl HEMHOTOUYHCIICHHBIE CBEICHUS O CTPYK-
Type cunpropecuenuit A. podagraria. Ilo nanaeiM T.B. Kysnenosoit u A.K. Tu-
MoHuHa [13], dropanbHasi eMHUIA Y JaHHOTO BU/a — JIBOWHOW 30HTHK, Mapakiia-
JIM HEMHOTOYHMCIICHHBIE U HEePa3BETBJICHHbIE, a CHH(IOPECUEHIUS PE/ICTABIACT
cO00# 3aKPBITYI0 KUCTh WM JTUXa3Wi U3 JBOMHBIX 30HTHKOB. /IaHHBIC O TIOJIOBOM
mipdepeHunanuu A. podagraria A0BOIbHO (pparMeHTapHbl. COIACHO CBOJKE
P. Knuth [8], TepMuHasbHbIC TBOWMHBIC 30HTUKH 00pa3yroT 00O0CMOJbIC I[BETKH, B
TO BpeMsl KaK JIBOMHbIE 30HTHKH Ha 1Mo0erax BTOPOTO MOPS/IKA BKIFOYAIOT KPaeBbIe
000enoJIbIC IBETKHU U IIEHTPaNIbHBIC ThraiHOYHBIC ITBeTKHU. b.K. [umkuH [ 14] coo0-
IaeT 0 TOM, uTo y A. podagraria TepMUHAIILHBIA TBOWHOM 30HTHK 00pa3yeT ceMeHa
(BKITFOUAET 00OEIOIIBIC IIBETKN ), OOKOBBIC 30HTHKH 0OJIee MEJIKHE U OOBIKHOBEHHO
OecrutofHble (cofepskar ThlunHOuHbIe 1BeTKH). [To nanueM J. Korta [15], momumo
000€TIONBIX I[BETKOB, B 30HTHKAX BCTPEUAIOTCS M THIYMHOYHBIC IBETKH. CoOTacHO
naHHbIM A. Wroblewska [16], 107151 TBIMUHOYHBIX IIBETKOB YBEIUYUBAETCS MIPU BO3-
pacTaHuU MOpsiIKa odera, Ha KOTOPOM OHH 00pa3yroTcst, oT 5,7% B TEPMUHAIBHBIX
JBOMHBIX 30HTHKAX 10 48,3% B ABOMHBIX 30HTHKAX Ha MOOErax TPETbEro Mopsii-
Ka. HeomHO3HaYHOCTD TaHHBIX JIUTEPATYPHI O TIOJIOBOH Au(hepeHIHAIIN TaHHOTO
BUJIa U OTCYTCTBUE CBEJICHUI O CTPYKTYPHBIX U Pa3MEPHBIX Pa3IUUMUsIX THIYMHOU-
HBIX U 000CTIONBIX IBETKOB Y A. podagraria ONPeaenuii ek paOOTH — BBIIBICHUE
OCHOBHBIX 3aKOHOMEPHOCTEH 10510BOM anuddepenimanu A. podagraria.

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

Nzydenue ocobeHHOCTEH M0JI0BOM AuddepenHumanuu 4. podagraria npoBo-
JITE B a3y MaccoBoro mBereHus Buga B 2016 1 2017 IT. B €CTECTBEHHBIX YCIIO-
Busax MockoBckoii obnactu (MctpuHckuit paiion, okp. 1. [TaBnosckas Cnobona,
55°48'52"N, 37°05"16"E).

MeI Benen 3a psiioM uccnenopareneit [13] ucnonszyeM eUHYI0 TEPMUHOIIO-
THIO ¥ CHCTEMY 0003HAUCHHS TSI BCEX 30HTHKOB B IpeieNiaX CHHMIOPECIICHITHH
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y mpencTaBuTeNieil ceM. Apiaceae: MPOCTON 30HTHK; CIIOXHBIN, WIH JBOHHOH,
30HTHUK, COCTOSIIIMI U3 POCTHIX 30HTUKOB; TEPMHUHAIBHBIN TBOWHON 30HTHK 3a-
KaHYMBAeT IIABHEIH MOOET.

Js BbIsIBICHUSI 0COOCHHOCTEH cTpoeHus cuHduopecuenuuit A. podagraria
3aKJIaIBIBAIA TPAHCEKTHI B MECTaxX MAcCOBOTO MPOM3pAcTaHus Buaa. B paifone
uccnenoBanus A. podagraria n3ydeHa B COCTaBe JIECHOTO CyXOJI0JIbHOTO PAa3HO-
TPaBHO-CHBITEBOTO JTyTa. B KOHIlE akKTHBHOTO IIBETEHHUS BHIA, KOTJa BCE 30HTH-
KM Ha 1mo0erax pasHbIX MOPSAJKOB MOJHOCTHIO C(HOPMHUPOBAHBI, Y KaXa0i 0co-
OW Ha TPaHCEKTE TTOICYUTHIBAIH YHCIIO JBOMHBIX 30HTUKOB Ha 1mo0erax pa3Horo
nopsiika BeriaeHus. Y 10 ocobeil ¢ kaxmoil TPaHCEKTHI, BHIOPAHHBIX CiIydaii-
HBIM 00pa30M, YUUTHIBATH CIEAYIOIINE MapaMETPhl: YUCIO JBOMHBIX 30HTHKOB
Ha mo0erax pa3HOro MOpsiJKa BETBICHUS, UX TUAMETD, JUIUHY UX JIyueH, YUCIIO
MIPOCTHIX 30HTUKOB B COCTABE JBOWHBIX 30HTHKOB, THAMETP MPOCTHIX 30HTHKOB,
JUTHHY IIBETOHOYKEK, YUCIIO 000CMOIBIX U THIYMHOYHBIX I[BETKOB B IIPOCTHIX 30H-
THKax. V3MepeHne MeTpHIeCKIX MPU3HAKOB MPOBOAWIIN C TIOMOIIBIO JIMHEHKH
co mIKaJol feneHust 1 MMm. 3alokKeHO NATh TpaHCeKT. [lomyyeHHble AaHHBIE C
Pa3HBIX TPAHCEKT OOBETUHIIIN I COCTABICHUS 00OOIICHHOM XapaKTePUCTUKU
CUETHBIX U METPUYECKHUX [TOKa3aTeseil 30HTHUKOB Ha Moderax pa3sHoro nopsaka y
pasHbIX ocobeii. Beero uccienoBano 50 TepMUHATBHBIX 30HTHKOB, 100 TBOWHBIX
30HTHKOB Ha moberax Il mopsinka BeTBieHus 1 S0 JBOMHBIX 30HTUKOB Ha moderax
M1 mopsinka BeTBIeHUs y 50 pa3HbIX 0COOCH.

B cBsi3u ¢ Tem, uto uBeTku A. podagraria XapakTepu3yOTCsS YETKO BBIPaXKEH-
HOU MPOTAaHAPHEH W HEOTHOBPEMEHHOCTHIO I[BETCHHS IIBETKOB B 30HTHKAX Ha
noberax pa3HOro MOpPsAKA BETBICHUS, cOOP LBETKOB Ul ydeTa pPa3MEpoB pas-
JUYHBIX 9acTeH I[BETKA HEBO3MOXKHO IPOBOIHTEH OJHOKPATHO M OTHOBPEMECHHO
B 30HTHKAX Ha Moberax pasHoro nopsjka. [loaTomy noctynanu ciegyommm oo-
pasom. Jlo Hauaa BETEHHs ATUKETHPOBAIN 5 0c00eH, BEIOPaHHBIX CITydalHBIM
myTeM. 3aTeM B HayaJie [IBETCHHUS MEPBBIMH COOMPATH I[BETKH, HAXOISIIHECS
B MYXXCKOH (haze pa3BUTHA, HOPMHUPYIONIUECS B JBOHHBIX 30HTHKAX Ha ToOere
I mopsinka BeTBeHMs. B mpenenax NBOWHBIX 30HTHKOB BBIOMPAIIU TPU KPACBBIX
MIPOCTHIX 30HTHKA, UX IIBETKU (PHKCHPOBAIH B MapJICBbIC MEIIOUKH U TIOMEIIIATH
B YKCYCHBIN QJIKOTOJIb JUIS XpaHEHUs. B kaMepalbHBIX YCIOBHUSIX Y ITHX IIBET-
KOB B THIYMHOYHOW CTAHH Pa3BUTHS W3MEPSUIN TTapaMeTphl BEHUUKA W aHIPO-
nes. Jlanee aHAJIOTMYHBIM O00Pa30M MOCTYMAald C [BETKAMH, HAXOISAIIMMUCS B
MIECTHIHOH (paze pa3BUTHI, KOTOPEIE TaKkKe (POPMUPOBAIIICH TaM K€ B TBOWHBIX
30HTHKaX Ha moberax | mopsijika BeTBieHUs. B kaMepaibHBIX YCIOBUSX Y 3THUX
[IBETKOB B TICCTUYHON CTaIUH Pa3BUTHS U3MEPSITH apaMeTphl BEHUNKA U THHE-
1est (K ’TOMY BPEMEHHU TaKUE [IBETKU OOBIYHO YK HE MMENU THIYMHOK U MBUTbHU-
KOB, KOTOpBIE TIOJICHIXAJIA ¥ HE COXPAHSIINCH B IBETKe). [lanmpHeliniee cpaBHeHIe
MapaMeTpOB BEHYHKA Y I[BETKOB, COOPAHHBIX B THIYMHOYHYIO U MECTUIHYIO (ha3bl
Pa3BUTHS, TTOKA3aJI0 OTCYTCTBUE TOCTOBEPHBIX PA3THIHHN IT0 H3yJaeMbIM ITPH3HA-
kaM. [TorToMy mosrydeHHbIe BBIOOPKH 00beTuHSIIN 17151 00001IeHHOH XapaKTepu-
CTHKY BEHYHKA U €T0 JacTell y IBETKOB IBOMHBIX 30HTHKOB Ha 1moderax | mopsiika
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BETBIICHHS. AHAJIIOTHYHO TIOCTYIAH C IIBETKAMH, 00Pa3yIOINUMHUCS B TBOWHBIX
3oHTHKaxX Ha moberax Il u III mopsaxos BerBieHus. OqHAKO OOBEIUHEHUE BbI-
OOpOK MPU3HAKOB I[BETKOB HA Pa3HBIX JTallax IIBETCHHS IIPOU3BOIMIH TOJIBKO B
mpejeax JBOWHOTO 30HTHKA Ha ToOerax OIHOTo MopsiiKa BeTBIeHHs. Takum 00-
pa3oM, OBUIH TONYYEHBI CPETHHE 3HAYCHUS CIICHYIONINX ITapaMeTpOB IIBETKA B
JBOWHBIX 30HTHKaxX Ha moOerax pasHoro Mopsiika BETBJICHUS: JUAMETP BEHYH-
Ka, AJIMHA U LIMPUHA JIENIECTKOB, JUIMHA THIYMHOK, JJIMHA U HIMPUHA [IBUIbHUKOB,
JUIMHA ¥ BBICOTA a0aKCHAJIBHOTO CTHJIOTIONUS, JJIMHA 3aBsi3U, JJIMHA CTOJIOWKA,
nuaMeTp peutblia. [locinennne Tpu MpU3HAKA OMPENCIBIIN TOIBKO Y 000CTIOIBIX
1BETKOB. PasMepbl dacTeil 1BeTKa M3MEPSITU C TOMOUIBIO CTEPEOCKONUYECKOTO
mukpockona «buomen MC-1» ¢ okymsip-MukpomMeTpom Tipu yBeinaennu 20 unm
40 B 3aBUCHMOCTH OT BEJIMYMHBI U3MepsieMoro oprana. Mopdonoruyeckue oco-
6enHocTH M3ydeHB! y 100 000€mobIX IBETKOB B TEPMUHATIBHBIX JBOHHBIX 30H-
tukax, 100 060emnonbIX HBETKOB B JBOMHBIX 30HTHKAX Ha rnoberax Il BeTBneHHs
1 200 TBIYMHOYHBIX [[BETKOB B IBOWHBIX 30HTHKaX Ha rmoberax 1 u 111 mopsinkos
BETBIICHUS Y 25 pa3HbIX 0COOCH.

JlarHbIe 00pabOTaHBI METOIAMHU BapUAIMOHHOMN cTtarucTuku [17]. s kax-
JIOTO M3y4aeMOro NpU3HaKa ONpeAessuid Mpeesibl BapbUpOBaHMUA (min—max),
cpeanee apudmernueckoe 3HaueHue (M), omuOKy cpemnero (m). CpaBHeHHE
CpeaHUX apu(METHUECKUX MPOBOAMUIH C TMOMOMIBIO f-KpuTepusi CThIONEHTA.
CpaBHeHUE IOJIy4YEHHBIX PE3yJbTaTOB 3a JBa I'OJa MCCIIEAOBAaHUS HE BBISIBHIIO
HAJIMYUS CTATUCTUYECKH 3HAUUMBIX PA3IMYUN 10 BCEM M3y4aeMbIM MapaMeTpam,
YTO IMO3BOJHMIIO B JaJbHEUIIEM OOBEJIMHUTH JaHHBIC JJIsi 000OMICHHON Xapak-
TEPUCTUKHU LIBETKOB M COLBETUH AaHHOTO BUAA. Pe3ynabraThl BEIYMCICHUH MIpe-
cTaBJIeHBI B Ta0m. 1, 2.

Moposorus IBETKOB OMHUCAHA COMIAcHO «ATnacy...» [18]. [lnsa ompenene-
HUS KayecTBa IBLIbIBI MCIIOAB30BAJIIM METOJ OKpAlUBaHMs ALETOKAPMUHOM.
JJ1s IpUrOTOBIIEHHUS TIPpenapaToB MbUIbLIBI HCIIONB30BAU 110 5 Hauboee 3pebix
MBUTFHUKOB M3 KaXJ0ro BeTka. C Kakaoi ocoOm Opaiu mo 5 IIBETKOB U3 pas-
HBIX YacTed JBOWHBIX 30HTHKOB, PACIOJIOKEHHBIX Ha MoOerax pasHbIX MOpSI-
koB. [Ipenapar n3yvanm nog Mukpockornom «bromen-5» npu yBenumdennn 16x10.
[Moncuét nputblieBbIX 3€peH npoBoawin B 30 mojsax 3peHus. B kaxIoM IBETKe
uccienosamu mo 300—500 meUIbIEBRIX 3epeH. Beero nzyuena meuibna 250 odoe-
MOJIBIX [[BETKOB B TEPMUHAJIBHBIX JBOWHBIX 30HTHKaX, 250 000€mobIX IBETKOB
B JBOMHBIX 30HTMKax Ha mooOerax Ha roOerax II BerBienus u 500 TBIUMHOY-
HBIX IIBETKOB B JIBOMHBIX 30HTHKax Ha moOerax II u III mopsinkoB BeTBIeHUS Y
50 paszHbIX ocobei. OmnpesesieHre pa3MepoB TBUIBIEBBIX 3€PEH OCYIICCTBISIIH
Ha TeX JKe Mpernaparax, U3MepeHue MPOBOIMIN € TIOMOUIBIO OKYJISIP-MHUKPOMETpa
npu yBenuueHuu 16x40. M3ydeHa mblIbIla 000CTONBIX U THIYMHOYHBIX IIBETKOB
10 TpeM IMpHU3HAKAM: SKBATOPHAIBHBIA JHUAMETP U TMOJISApHasl OCh (PEepTHIBHBIX
MBUTBLEBBIX 3€PEH, MKM; (DePTIILHOCTE IBUTBITEL, %0.
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Pe3ynbTarsl Hcciaeq0BaHNus U 00CYy:KIeHIe

A. podagraria, xak 1 ApyTHe MpeACTaBUTENN cEMECTBa Apiaceae, HHTEpecHa
Ha0OpOM IPUCTIOCOONICHUH JUIsl OCYIIECTBICHUS] KCEHOIaMHU W TpeoTBpallie-
HUS WJIH 3HAYUTEIHHOTO YMEHBIICHUS BEPOSTHOCTH aBTOTAMHH, YTO TIPOSIBIISICT-
csl, HaIpUMep, B HAJIMYUH TI0JIOBOTO MoauMopdu3ma B Gpopme aHIPOMOHOSIIUH.
Hame BHIMaHWe B mepByr0 OdepeAb MPHUBJICKIN TaKHe OCOOCHHOCTH ITOJIOBOH
mpdepentmannu y A. podagraria, Kak Hamu4ue Pa3HbIX TOJOBBIX THITOB I[BET-
KOB M MX MPOCTPAHCTBCHHOE PACIONIOKCHUE B MpE/eNax OJHOM 0coOM, aHan3
U3MCHEHUIA Pa3MepOB 000CTOIBIX M THIYMHOYHBIX IIBETKOB B 3aBUCHMOCTHU OT UX
pacronokeHHsT Ha TOOerax pa3Horo MOpsIKa.

Hamm wccnenoBanus nokasany, uto cuH(uopecueHums y A. podagraria
MIPEACTABIACT COOON 3aKPHITYIO KHCTh M3 JABOMHBIX 30HTHKOB, KOTOpPHIC 3aKaH-
YHMBAOT [VIaBHBIHA 1 OokoBbIe 1odery Il mopsiika (mapakiaany Hepa3BeTBICHHEIE)
WA METENKY W3 JBOHHBIX 30HTHKOB (MapakiaIud pa3BeTBICHHBIE). B mocien-
HEeM Cily4yae JIBOWHbBIC 30HTHKH 3aKaHYMBAIOT TJIABHBIA M OOoKoBble moberu I u
1T mopsiakoB. JIpyruMu ciioBaMH, B €CTECTBEHHBIX YCIOBUSX MOCKOBCKOH 00-
nactu 'y A. podagraria BcTpedaercs JiBa TUIa 0co0eil B 3aBUCHMOCTH OT CTe-
MIEHU pa3BeTBIcHHUs cuH(IOpeceHuu: 1) ocoOu ¢ JTBOWHBIMH 30HTUKAMH Ha
IIaBHOM U OokoBbIX nmoOerax Il mopsiaka; 2) ocodu ¢ ABOMHBIMU 30HTHKAaMM Ha
m1aBHOM H O0koBbIX moberax I u 111 mopsakoB. B o6oux cirydasx diopambHast
enuHua y A. podagraria npenctasisieT o060 IBOIHHOI 30HTUK, KOTOPBII OyaeT
COBEPIICHHBIM B OTKPBITHIM. OOEPTKU M 00EPTOUKH y TPOCTHIX U TBOWHBIX 30H-
THKOB OOBIYHO OTCYTCTBYIOT. [IpOCThIe 30HTHKH, BXOJSIME B COCTaB JBOMHBIX
30HTHKOB, Y JAHHOTO BHJIA MOTYT OBITH OTKPHITHIMH WM 3aKPBHITHIMH. Je7o B
TOM, 4TO Y A. podagraria, KaK W LEJNOTO psla MpeacTaBuTeneii TpuObl Apicae
cemelicTBa Apiaceae, B MPOCTHIX 30HTHKAX MOXKET IPUCYTCTBOBATH TEPMHUHAIIb-
HBIi IBETOK [12]: y A. podagraria TepMUHAIIBHBINA IIBETOK NPUCYTCTBYET B YACTH
MIPOCTHIX 30HTHKOB, TOTA KaK B IPYTUX OH OTCYTCTBYET. TepMHHATLHBIN IIBETOK
y A. podagraria BcTpedaercsi y HanOosiee KPYIHBIX M CHIIBHBIX 3K3E€MILISPOB,
MIpUYeM TJIaBHBIM 00pa3oM B JABOMHBIX 30HTHKaX Ha IVIaBHBIX rmo0erax, a B €To
npezesnax — B nepudepuieckux IpoCThIX 30HTHKAX. B nanbHelieM BbIielIeHHbIE
JBa THTIA 0co0elt A. podagraria 10 CTENICHH Pa3BETBICHHOCTH CHH(MIOpECIICH-
Ui MBI Oy/IeM paccMaTpUBaTh OTAENBHO JPYT OT JPYyra, HOCKOJIbKY MHOTHE HX
Mop(hoMeTprUeCKre TIOKa3aTelln OyIyT 3HAYNTEIILHO Pa3indarhes (cM. Tadi. 1).

Oco0u ¢ ABOMHBIMH 30HTHKaMH Ha TJIAaBHOM U O0KOBBIX roderax 11 mopsiaka —
Hamboee MUPOKO PacIpOCTPaHEHHBIN BapHaHT y A. podagraria B N3y9eHHBIX
HaMM yCIIOBHUSIX, KOTOPBIN BCTpedaeTcst npuMepHo y 98% ocobeit. Xapakrepu-
CTHKa MOP(OMETPHICCKHUX MOKA3aTelIeH 30HTUKOB PAa3HBIX THIIOB 0COOECH Ipe-
ctaBneHa B Tabn. 1. Cundriopecuenius y ocodeil JaHHOTO THIA TMPEACTaBIseT
co00M KHCTh W3 JIBOWHBIX 30HTHUKOB. [JIaBHBIN 1MOOET 3aKaHUUBACTCS KPYITHBIM
TEPMHUHAIBHBIM JBOMHBIM 30HTHKOM. Ha rmaBHOM mobere MoxeT (OopMUPOBATH-
cs1 oT 1 710 7 GOKOBBIX 1MOOETOB (TTApaKITAIUCB), TAKIKE 3aKaHYHBAIOLIUXCS JIBOM-
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HBIMH 30HTHKAaMH. AHAIIN3 JaHHBIX TIOKa3bIBACT, YTO YaIlle BCETO BCTPEUAOTCS
ocodu ¢ 2—4 NBOMHBIMHU 30HTHKAMH Ha OOKOBBIX MMOOErax W 3HAUYUTEIBHO Pexe
pacipoCTpaHeHbI APyTUe BapuaHThl 0coOeii — ¢ 1 mim 5—7 30HTHKaMu Ha moderax

II nopsinka BeTBIEHUSI.

Ta6numa 1 [Table 1]
Mopdomerpuueckue nokazarejau NPOCTbIX U ABOHHBIX 30HTUKOB
Ha noderax pasHoro nopsiaka y Aegopodium podagraria
[Morphological features of umbels and umbellets on shoots
of different orders in Aegopodium podagraria)

[Portion of male flowers in umbellets], %

IIpusHak [Morphological features] | Min-max | Mtm
Ocobu ¢ 3oaTuKamu Ha noberax I u Il mopsaxos

[Individuals with umbels on shoots of the first and second orders]

TepmuHanbHbIE JIBOMHBIE 30HTUKHU [Terminal umbels] n=25
JlnaMeTp ABOMHOIO 30HTHKA, CM [Diameter of umbels, cm] 10,0-11,0 | 10,5+0.4
JlmmHa Jrydei TBOHHOTO 30HTHKA, CM [Length of rays of umbels, cm] 2,5-5,0 4,6+0.4
Uucino ABOMHBIX 30HTHKOB, IIT. [Number of umbels, psc.] 1 1
Uwucno mpoCcThIX 30HTUKOB B JIBOWHOM 30HTHKE, IIT. 20-24 23,0407
[Number of umbellets, psc.]
JluameTp mpocToro 30HTHKA, ¢M [Diameter of umbellets, cm] 1,3-2,5 2,3+0,2
JlnHa 1iBeTOHOXKEK, cM [Length of pedicels, cm] 0,5-1,0 0,8+0,04
YmcIno IBETKOB B IPOCTHIX 30HTHUKAX, IIT.

9 — :t

[Number of flowers in umbellets, psc.] 14-30 20,1+1,0
Jlo71s TBIYMHOUHBIX [[BETKOB B POCTOM 30HTHKE 0-9.7 23+1.0

JIBoitnbie 30HTHKH Ha moderax Il mopsiaka [Umbels on shoots of the second order] n=50

JlnaMeTp ABOMHOIO 30HTHKA, CM [Diameter of umbels, cm] 5,0-7.0 6,3+0,2
JlnuHa srydeit 1BOMHOTO 30HTUKA, cM [Length of rays of umbels, cm] 1,7-3,5 2,6+0,2
Yucino ABOMHBIX 30HTHKOB, IIT. [Number of umbels, psc.] 1-7 3,340,1
YucIo npocThiX 30HTUKOB B IBOWHOM 30HTHKE, IIIT. 18-25 21.740.6
[Number of umbellets, psc.]
JlnaMeTp IpoCTOro 30HTHKA, CM [Diameter of umbellets, cm] 0,8-1,4 1,2+0,1
JlmmHa 1iBETOHOXKEK, cM [Length of pedicels, cm] 0,2-0,7 0,540,05
YKCI10 BETKOB B IPOCTHIX 30HTHKAX, IIIT.
[Number of flowers ir? umbellets, psc.] 12-29 19,2+1,0
I[onf{ TBHIYUHOYHBIX I_IB‘eTKOB B IIPOCTOM 30HTHKE 153-969 | 527419
[Portion of male flowers in umbellets], %
Oco6u ¢ 3orTHKamMu Ha oberax I, 11 u 11l mopsaxoB
[Individuals with umbels on shoots of the first, second and third orders]
TepmuHanbHbIE IBOHHBIC 30HTUKH [Terminal umbels] n=25
JluameTp JBOMHOTO 30HTHKA, cM [Diameter of umbels, cm] 10,0-10,5 | 10,3+0,2
JlnHa Jiydei 1BOHHOTO 30HTHKA, CM [Length of rays of umbels, cm] 2,3-5,0 4,5+0,4
Urico ABOWHBIX 30HTUKOB, IUT. [Number of umbels, psc.] 1 1
Yucno npocThIX 30HTUKOB B IBOWHOM 30HTHUKE, HIT. 20-24 22.5£0.4
[Number of umbellets, psc.]
Jmamerp npocToro 30HTHKA, cM [Diameter of umbellets, cm] 1,0-2,5 2,0+0,2
JlmnHa 11BeTOHOKEK, cM [Length of pedicels, cm] 0,3-1,0 0,74+0,05
YucIo LBETKOB B MPOCTHIX 30HTUKAX, IIIT.
[Number of flowers in umbellets, psc.] 18-32 24,9+1,0
J1071 TBIYMHOYHBIX [[BETKOB B MPOCTOM 30HTHKE 0 0
[Portion of male flowers in umbellets], %
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OxoHuanue Tabna. 1 [Table 1 (end)]

IIpusHak [Morphological features] | Min-max | M+m
JIBoitHbIie 30HTHKH Ha moderax Il mopsiaka [Umbels on shoots of the second order] n=50
JlnaMerp ABOMHOIO 30HTHKA, CM [Diameter of umbels, cm)] 4,0-5,5 4,6+0,3
JlmHa Jiydei IBOHHOTO 30HTHKA, CM [Length of rays of umbels, cm] 1,5-2,5 2,1+£0,2
Uwcio IBOWHBIX 30HTUKOB, IIT. [Number of umbels, psc.] 5-8 6,8+1,0

Uwuco mpoCcThIX 30HTUKOB B JIBOWHOM 30HTHKE, IIT. 19-23 21,0£0.1
[Number of umbellets, psc.]
JluameTp mpocToro 30HTHKA, cM [Diameter of umbellets, cm] 0,5-1,5 1,0+0,07
JlmnHa 11BeTOHOXKEK, cM [Length of pedicels, cm] 0,2-0,8 0,540,05
YmcIno BETKOB B POCTHIX 30HTUKAX, IIT.
[Number of flowers il’f) umbellets, psc.] 15-30 21,121,0
Jlo7s TBIYMHOUHBIX [[BETKOB B IPOCTOM 30HTUKE
[Portion of male flowers in umbellets], %

JIBoiinbie 30aTHKH Ha moderax 111 mopsinka [Umbels on shoots of the third order] n=50

0263 | 92+1,5

JlnaMeTp ABOMHOIO 30HTHKA, CM [Diameter of umbels, cm] 3,032 3,14+0,07
JlmmHa Jrydeit TBOHHOTO 30HTHKA, CM [Length of rays of umbels, cm] 0,3-1,5 0,9+0,08
Yucio ABOMHBIX 30HTHKOB, IIT. [Number of umbels, psc.] 2-6 5,6£1,0

Uwucio mpocThIX 30HTUKOB B JIBOMHOM 30HTHKE, IIIT.
p A ’ 10-12 | 11,0+£0,7
[Number of umbellets, psc.]
JlrnaMeTp IpocTOro 30HTHKA, cM [Diameter of umbellets, cm] 0,3-1,2 0,940,08
JlmmHa 11BeTOHOXKEK, cM [Length of pedicels, cm] 0,3-0,6 0,4+0,07
Uwucno 1IBETKOB B IPOCTHIX 30HTUKAX, IIIT.
" P ’ 4-12 9,140,6
[Number of flowers in umbellets, psc.]
Jlomst TBIMMHOYHBIX LIBETKOB B IMTPOCTOM 30HTHKE
. . o 100 100
[Portion of male flowers in umbellets], %
Ipumeuanue. Min—max — MUHAMAIIbHBIC 1 MaKCUMaJIbHbBIC 3HAUCHHUS TIPU3HAaKa, M — cpenHee
apu(pMeTHIECKOe 3HAUCHUE MPU3HAKA, M — OMMOKA CPEIHEr0 apu(pMETHUSCKOTO 3HAYCHUS,
n — 00beM BBEIOOPKH.
[Note. Min-max - Minimum and maximum values of the feature; M - The arithmetic mean; m - The
arithmetic mean error; n - Sample size].

TepMuHaTBHBIC ABOHHBIC 30HTHKH Ha TIIABHOM TI00ere — camble KPYITHBIC U3
30HTHKOB Bcell ocobu, umeror auamerp ot 10,0 mo 11,0 cMm u coctosT u3 14—
30 mpOCTHIX 30HTHUKOB, PACIIONOKEHHBIX B 3—4 kpyra. J[mmHa mydell TBOWHBIX
30HTHKOB TIOCTENIEHHO YMEHbBINAETCs OT Nepuepru K LEHTPY 30HTUKA U Bapbu-
pyet ot 2,5 10 5,0 cm.

[IpocThie 30HTUKH B COCTaBe TEPMUHAIBHOTO JJBOWHOTO 30HTHKA MOTYT (hop-
MHPOBaTh THIYUHOYHBIC BETKU. Y A. podagraria THIMAHOYHBIC IIBETKH PacIio-
JIaratoTCs TOJBKO B LIEHTPE MPOCTHIX 30HTHKOB U OKPY>KEHBI MepudepruiecKuMu
000€eIoNIbIMKA TIBEeTKaMH. JlOJISI THIYMHOYHBIX IIBETKOB B MPOCTHIX 30HTHKAX Ha
[JIaBHOM To0ere HezHauuTenbHa — 2,3% — M HAXOAUTCS B NPSAMON 3aBUCHMOCTH
OT YHCJIa JJBOWHBIX 30HTHKOB, 00pa3yeMbIX 0COOBIO.

B Hammx mccienoBaHusSX BBISIBICHO J[BA TUIIA 0COOEH B 3aBUCMMOCTH OT Ha-
JIUYHS WM OTCYTCTBHUSI TBIYMHOYHBIX IIBETKOB B TIPOCTHIX 30HTHUKAX HA IJIABHOM
noGere: 1) TBIYMHOYHBIEC LIBETKA OTCYTCTBYIOT B MMPOCTBIX 30HTHKAX TEPMHUHAIb-
HOTO 30HTHKA. Takue 0coOM XapaKTepu3yrTCs Bceraa o0pa3oBaHUEM HECKOIb-
kux (3—7) ABOHHBIX 30HTHKOB Ha moOerax Il mopsiaka. 2) TelYMHOUHBIE IIBETKH
BCTPEYAKOTCS B MPOCTHIX 30HTHKAX TEPMHUHAILHOTO 30HTHKA. B JaHHOM ciydae
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Ha ocoOu GopMupyroTcs 1—2 TBOWHBIX 30HTHKA Ha Toderax Il mopsaka. MHbIME
CJIOBaMH, MPH YBEJIMUYEHUH yuciia OOKOBBIX MoOeroB Il mopsinka ymeHbliaetcs
BEPOSITHOCTH 00Pa30BaHMS THIUWHOYHBIX IIBETKOB B IIPOCTHIX 30HTHKAX TEPMHU-
HAJBHOTO 30HTUKA. B ciiydae GpopMupoBaHUs THIYMHOYHBIX [[BETKOB B MPOCTHIX
30HTHKaX OHH Bcerna OyayT pacroiaraThCsl B IICHTPE IPOCTOTO 30HTHKA, a TI0-
CJIEZIHHE BCTPEUAIOTCS UCKIIIOYUTENBHO B LIEHTPE ABOWHBIX 30HTHKOB.

JIBoliHbIe 30HTHKHM Ha OOKOBBIX mMoOerax Il mopsiaka MeHbIIE, YeM TEpPMHU-
HaJbHbIE JIBOMHBIE 30HTUKU (CM. TaON. 1): quamerp mepBbIX BapbupyeT OT 5,0
10 7,0 eM. Cpeassist JuIMHA JIy4Yel U 4Kcilo NPOCThIX 30HTUKOB MEHbILIE, YEM aHa-
JIOTUYHBIE TPU3HAKHA Y TEPMUHAIBHBIX JBOWHBIX 30HTHKOB. [Ipu 3TOM mpocThie
30HTHKH PacIoiararoTcsi 0OIYHO B 2—3 Kpyrax B ABOMHBIX 30HTHKaX Ha moderax
I nopsinka. CrienoBarenbHO, BCE U3yUEHHBIE TIOKA3aTENN Y IBOWHBIX 30HTUKOB Ha
noberax Il mopsijika MEHbIIE, YeM y TEPMUHAIIBHBIX JIBOMHBIX 30HTHKOB.

ThIUMHOYHBIE I[BETKM B JBOWHBIX 30HTHKaX Ha moOerax Il mopsaka Takxke
pacnosararoTcs B LIEHTPE NPOCTHIX 30HTUKOB. OZHAKO YUCIIO UX BO3pacTaeT pu
nepexoie oT nepudepruuecKkux MNPOCTHIX 30HTHKOB K LIEHTpalbHBbIM. Tak, eciu
CpenHsS OIS THIYMHOYHBIX I[BETKOB B MEPU(PEPHUISCKUX MPOCTHIX 30HTHKAX CO-
cTaBisieT 26,2%, TO y UEHTPalIbHBIX MPOCTHIX 30HTUKOB OHA YBEJIWYHBACTCS 10
63,1%. Tem He MeHee HAOMIONACTCSI OUCHD BEICOKASI CTETICHD BAphHUPOBAHIS yda-
CTHsI THIMMHOYHBIX IIBETKOB B IBOWHBIX 30HTHKaX Ha mooerax Il mopska, koTopas
3aBHCHT OT YHuclia O0KOBBIX ToOeroB Il mopsinka, kotopsie 00pa3yeT 0cooOb. [Ipu
(hopMHUPOBAHUN OJHOTO—/IBYX JBOHHBIX 30HTHKOB Ha OOKOBBIX MOOErax y oco-
OU OIS THIYMHOYHBIX IIBETKOB 3HAYUTEIFHA U MOXKET JAOCTUTATH 97%, TIpH 3TOM
LEHTpaJbHbBIE MTPOCThIE 30HTUKU MOTYT COCTOSTh UCKJIFOUUTENIBHO U3 THIYMHOY-
HBIX IIBETKOB. MHas cutyarust Habmrogaercst y ocobelt, 00pa3yromux HeCKOIBEKO
(3—7) nBoitHbIX 30HTHKOB Ha moOerax Il mopsaka BeTBieHUsA. Y TakuxX ocoOeit
y4acTHe ThIYMHOYHBIX I[BETKOB 3aMETHO HMKE M COCTABIISIET B cpeanem 45,2%.

[TogBoast UTOT BBIIIECKa3aHHOMY, MOXKHO KOHCTAaTHPOBAaTh CIEAYIOIINE 3a-
KOHOMEPHOCTH, MPOSIBILIOIINECS B 0COOCHHOCTSIX CTPOCHHUS CHH(MIOPECIICHITHIA
ocobelt A. podagraria, korja 00pa3yroTcs JBOWHBIE 30HTHKH TOJIBKO Ha TIoOerax
II nopsinka BeTBIEHUA:

1. Cpennuil [uaMeTp JBOWMHBIX 30HTHUKOB, JJIMHA WX JIy4el, oOliee YUcIio
LBETKOB B HUX YMEHBILAIOTCS 110 MEPE YBEJINYEHUS OPSI/IKA 30HTHKA.

2. CpenHuil AMaMeTp MPOCTHIX 30HTUKOB, JUIMHA LIBETOHOXKEK, 00IIee YUCIO
LIBETKOB B HHUX TaKXK€ YMEHBLIAIOTCS 10 MEpEe yBEJIMYEHHUS MOpsAKa JIBOMHOIO
30HTHKA, a TAKXKE 10 Mepe MPUOTIIKEHUS UX K LIEHTPY JBOWHOTO 30HTHKA.

3. Jlosid THIYMHOYHBIX LIBETKOB HAIPSIMYIO 3aBUCUT OT MOIIHOCTH Pa3BUTHS
ocobu U yrciaa 00pa3yeMbIX €l0 ABOMHBIX 30HTUKOB Ha noOerax Il nopsaka: npu
YBEMTMUEHUN Yrciia OOKOBEIX T00eroB Il mopsimka 9UCIO THIMUHOYHBIX IIBETKOB
B IIPOCTHIX U ABOWHBIX 30HTHKAX Ha [TIABHOM U OOKOBBIX OOErax MUHHUMAJIBHO.

PaccmotpuM Teneps 0cobu, y KOTOPBIX CTENCHb pa3BETBICHUS CHH(]IOpec-
ueHnuu gocturaet 11 mopsaka BeTBICHUS U IBOMHbBIE 30HTUKH PaCIOiIararoTcs
Ha noberax He Toibko 11, Ho u I mopsikoB BeTBiteHus. [loist Takux ocoOeit B
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W3YYCHHBIX TONMYISIHAX A. podagraria He3HAUYNTENbHA U COCTABISIET OOBIYHO
2%. Y 3THX oco0eit HaOMIOIaI0TCsl BCE TE e 3aKOHOMEPHOCTH M3MEHEHHs Ma-
paMeTpoB MPOCTHIX U ABOMHBIX 30HTHKOB, YTO y paHee PaCCMOTPEHHBIX 0COOei
TOJIBKO C JIByMs MOPAIKaMH BETBIeHUS cuH(opecieHnud. OQHaKko UMEIOTCs U
HEKOTOPBIE OTIIMYHS, CAMBIC TIIABHBIC U3 KOTOPHIX 3aKITIOYAIOTCS B CIICTYIOIIEM:

1. ITpocThie 30HTUKK TEPMUHAIBLHOTO IBOMHOTO 30HTHKA HUKOTa HEe 00pasy-
IOT THIYMHOYHBIX IIBETKOB.

2. Jlonst TBIMMHOYHBIX IIBETKOB B JIBOMHBIX 30HTHKaX Ha moOerax Il mopsaka
BETBIICHHS HEBeNHKa (B cpenHeM 9,2%) u MeHee BapnadOenpHa, YeM OIS THIYH-
HOYHBIX LIBETKOB Y 0CO0€H ¢ ABYMsI MMOPSIKaMU BETBICHHS CUH(IOPECUEHIINH B
AQHAJIOTMIHBIX 30HTHUKAX.

3. [Ipocteie u ABOIHBIE 30HTUKK Ha ToOerax III mopsaka BETBIEHHUS COCTOST
UCKITIOYATENHHO U3 THIYMHOYHBIX [IBETKOB.

[lepeuncnenHbple OTIIMYMS HAMIPSIMYIO CBSI3aHBI C YBEJIMYCHUEM CTETICHU pa3-
BETBJIICHHOCTH cuH(]IIopecueHun y A. podagraria. Beie ObU1o TIOKa3aHO, YTO
y4acTHe THIYMHOYHBIX I[BETKOB B MPOCTBHIX M JIBOMHBIX 30HTHKAaX 3aBUCUT OT
MOIIHOCTH Pa3BUTHS 0COOEW M 4yuclia 00pa3yeMbIX €ro MapakiajneB (1moOeros
II nopsinka BerBieHus). Ocobu ¢ pa3BEeTBICHHBIMU MAPAKIAIUSIMUA U IBOMHBIMH
3oHTHKaMu Ha moOerax 1l mopsiaka BeTBIEHUS JTOTHUECKHU MPOIOIKAIOT TaHHYIO
3aKOHOMEPHOCTb, MOCKOJIBKY Y TaKUX 0COOEH YMCIIO TBOMHBIX 30HTHUKOB Ha IO-
oerax Il mopsiyika, Kak MpaBUIIo, TOCTATOYHO 0OJbIIOE (0T 5 70 8 1IT.).

CpaBHeHHE TOJYYEHHBIX HAMHM 3aKOHOMEpPHOCTEH B3aWMHOIO MPOCTpaH-
CTBEHHOTO PACIIOJIOKEHHS THIYMHOYHBIX M O00OCTIONBIX IIBETKOB C MMEIOMINMHU-
csl B JIUTEpaType JaHHBIMU MOKA3bIBAET clienyrolee. JJoBOIbHO HEOKUJAaHHBIMH
BRIVISAAT AaHHble A. Wroblewska [16] o ToM, 4TO B IBOMHBIX 30HTHKAX Ha I10-
6erax Il mopsiika BeTBIEHUs AOJIS TBIYMHOYHBIX IIBETKOB cocTaBnseT 48,3%. 1o
HAIIUM JaHHBIM, €CIIH Y 0co0elt A. podagraria IMEIOTCS TBOMHBIC 30HTHKH Ha
noGerax III mopsiika BETBIEHHS, TO OHH COCTOAT MCKIIFOUUTENBHO U3 THIYMHOY-
HBIX [IBETKOB. UHCTO TEOPETHUCCKH MOXKHO TIPEIIIONOKNTE, UT0 Y A. podagraria
BO3MOXHO 00pa30BaHKe JIBOMHBIX 30HTUKOB Ha moberax [V mopsaka BeTBIeHuS,
OJTHAKO TakuX JaHHBIX A. Wroblewska He MIPUBOAMT U B HAITUX MCCIIEOBAHUSIX
Takux ocoOel He BbIsiBieHO. [103TOMy (hakT Takoi BBICOKOH JOIH 00OEMOJIBIX
[IBETKOB B JIBOMHBIX 30HTHKax Ha moOerax III mopsiika BeTBIICHUS MOKa 00BsC-
HUTb HE TPEACTaBISIETCA BO3MOXKHBIM.

Mopdonorust 000enojibIXx M THIYUHOYHBIX IBETKOB Yy Aegopodium
podagraria. lsetku A. podagraria, kak 1 UBETKU OONBIIMHCTBA MPEICTABUTE-
nel cemeiicTBa Apiaceae, TOCTPOCHBI OTHOCHTEIEHO OJHOOOpa3Ho. Oboermorpie
LUBETKU A. podagraria nomHble, IUKINYECKHE, 4-KPYTOBbIE, C S-UJICHHBIMH (OKO-
JIOIIBETHUK M aHJPOIICH) WU 2-4ICHHBIMH (THHEIeH) KpyraMu. OKOJIOIBETHHK
JIBOMHOMW, IPUKPETIJIEHHBIN, KaK U TBIYMHKH, K BEpXHEH YaCTH 3aBs3H.

L[BEeTOHOXXKHM OUCHB JITHHHBIE (B HECKOIBKO Pa3 MPEBBIIIAIOT [UINHY YaIICuKH
Y BeHuuKa), anuHou ot 0,5 10 1,0 cM, HepaBHbIE B ITpe/enax MPOCTHIX 30HTHKOB.
Hanbonee nuimHHABIE IBETOHOKKH XapaKTEPHBI [T KPaeBBIX IIBETKOB, Hanboiee
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KOPOTKHE — JJ151 LIEHTPaJIbHbBIX LIBETKOB IIPOCTHIX 30HTUKOB. L[BETOHOXKKH TOHKHE,
roJible, TNIaJK1e, Y KpaeBbIX IIBETKOB OHM OTKJIOHEHHBIE, y IEHTPAJIbHBIX IIBETKOB
MIPOCTBIX 30HTUKOB — IIPSIMOCTOSUHE.

OxoJiouBeTHuK. Yamreuka HezaMeTHa. BeHunk omagaromuii, oOpa3oBaH U3
IIATH CBOOOMTHBIX, OCITBIX, 00PaTHOSUIICBUIHON (DOPMBI JICTIECTKOB, C HECKOJIBKH-
MU CEKPETOPHBIMU KaHaJIaMH, KOTOPbIE BETBATCA. J{nameTp BeHUHMKa 000CTOIBbIX
IIBETKOB BapbupyeT OT 2,8 10 4,3 MM U 3aBUCHUT OT MOJIOKEHUS IIBETKA B TIPOCTHIX
Y JIBOMHBIX 30HTHKAX HA MOOErax pazHoro Mmopsjka BETBICHHS.

JlemecTkM MMEIOT JOBOJBHO CBOCOOpa3sHOE CTPOCHHE: U3 Y3KOTO KOPOTKOTO
HOTOTKa OHU PACIIUPSAIOTCS B IJIACTUHKY JIENIECTKA, 3aT€M BHOBb CY>KHUBAIOTCS U
CY’)KEHOH YacTblO 3armOaroTcsi BHYTPh LBETKA, MPOM3BOIS BICUATICHUE JBYIO-
nacTHHIX. JIEecTKH ¢ KOPOTKUM HOTOTKOM, TOPU30HTANIbHBIC, TOJbIE, TIIaIKUe.
JlyiiHa jierecTKoB 000eTONBIX IIBETKOB BapbupyeT oT 1,1 10 1,8 MM, uX mupuHa —
ot 1,3 10 1,6 MmM.

[Nomagmsiroriee GONBIIMHCTBO HCCIIENOBATECH OMUCHIBAIOT IIBETKU Y BUIOB
30HTHYHBIX KaK aKTHHOMOpP(HBIC UM 3UTOMOpP(]HBIE (BCIEACTBUE YBEIHMUCHHS
JICTIECTKOB y KPaeBBIX IIBETKOB MTPOCTHIX 30HTUKOB). OIHAKO aKTHHOMOP(HHOCTD
LBETKOB A. podagraria, Kak W LEJIOTO psiia APYTHX NPEACTaBUTENEH, MPOsBIIAET-
Csl ICKJTIOYHUTENIFHO B OCOOCHHOCTSIX CTPOEHHS OKOJIOI[BETHHKA U aHApores. Tem
HE MeHee B 1IeJIOM LBETKU A. podagraria MOXXHO OXapaKTepH30BaTh KaK 3UTO-
MOp(hHBIC, YIUTHIBasi 0COOCHHOCTH CTPOCHUS THHEIIEes.

AHnapoueii. AHApPOIEH COCTOUT U3 5 TEIYMHOK, YEPEAYIOLIUXCS C JIEIECTKaMH,
rarIoCTEMOHHBINH, CBOOOIHBIA. THIYMHKY MIPUKPETUICHBI K BEPXHEU YaCTH 3aBS3H
CBOMMH OCHOBaHHSIMH. ThIYMHOYHBIE HUTH JJIMHHBIE, TOHKHE, TOJIbIe, TIIaKUE,
CBOOONHEBIC, paBHEIC, B OYyTOHE 3aTHYTHIE BHYTPH IIBETKA, B (PYHKIIMOHUPYIOMICM
COCTOSIHUU CJIETKa W30THYTHI BHYTPh. THIYMHKU B Hadaje IIBETCHHUS PaBHBI 110
JUTHHE JISTIECTKaM, TT03/IHEeE — 3HAUNTEIBHO AIHHHEE UX. J[JIiHa TEYHHOK Y 060e-
MOJIBIX I[BETKOB BapbupyeT OT 1,8 10 2,8 MM U Takke 3aBUCHT OT TOJIOKEHHS
IIBETKOB B JIBOMHBIX 30HTHKAX Ha MOOETax pa3HOTO MOPSIIKA BETBICHHS.

[IbUTbHUKY B OYEPTaHUU DJUTUNITHYECKUE, KAYAIOLUeCs, KENThIE, TPUKPEILIs-
FOTCSI CHMHHOW CTOPOHOMN B CBOEW cpenHer yacTH, aiuuHou oT 0,43 mo 0,57 MM n
mmmpusoi ot 0,40 1o 0,48 MM y 060€noNbIX IBETKOB. TeKH NMbUTLHUKOB CONMKEH-
HBIC (Pa3IeNCHBI OUYCHDb Y3KUM CBSI3HUKOM).

LBeTkn nporanapuueckue (IepBbIMU CO3PEBAIOT U BCKPBIBAIOTCS MBUILHUKH,
ro3aHee co3peBaeT runenel). [IbubHUK 4-THEe3IHbIN, pACKPBIBACTCSI HHTPOP3HO,
rHe3/1a cOMKEHBI TOMAapHO B /1B TeKH. [IbUTBHUKHU OMajarolue BCKope Tocie
pacKpbIBaHMsI BEHYHMKA LBETKOB.

puibua. [Tembiessie 3epHa 3-60p0O3AHO-0POBBIC, AITUIICOUIATBHBIE, CIIEeT-
Ka C)KaTble C IKBATOpa, B OUEPTAHUU C MOJI0CA — TPEYTOIbHO-OKPYIVIBIE, C BOTHY-
TBIMU CTOpOHaMH. [loysgpHast OCh MBUIBLEBBIX 3€peH Y 000CMONBIX 1IBETKOB Ba-
peupyer ot 26,3 mo 35,0 MKM, axBaTOpHaNbHbIN auaMeTp — ot 15,0 1o 20,0 MKM.
@DepTUIBHOCTh MBUIBIBI BHICOKAst U COCTaBIseT B cpenHeM 83,8%. CremneHs ee
(epTUIBLHOCTH HE 3aBUCHT OT ITOJIOBOTO THIIA I[BETKA.
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I'mueneii. ['MHENE CUHKAPIIHBIN, C IBYTHE3MHOM 3aBS3bI0, COAECPIKAIICH B
Ka)XJTOM THE3/I¢ [0 OJHOMY Pa3BUTOMY aHATPOITHOMY CEMsI3a4arKy. 3aBsi3b, KaK U
y OpYyTHX MpeAcTaBUTENel ceM. Apiaceae, oOpa3oBaHa IBYMs IUIOJOIHCTHKAMHI
U MPUPOCIIUME K HUM OCHOBAHUSIMU YAIIICITUCTUKOB, JICTICCTKOB U THIYUHOK, ITPH
HE3HAYUTEIFHOM YYaCTHH OCH, TIONYHI)KHSS, TaK KaK BCE YACTH IBETKA IIPHUKpE-
IUICHBI K HEil HUXKE MOJCTONONEB, COCTABISIOIINX BEPXYIIKY 3aBS3H, JJIHHOW OT
1,3 mo 1,6 mm.

Cruionues — 1Ba, CBOOOJHBIC, IIMHHBIC (IIPEBBINIAIOT MMOYTH B 2 pasa IIHHY
3aBsI31), TOHKUE, HUTEBUIHON (POPMBI, TOJIBIC, OCTAIOTCS Ha 3aBSI3H U COXPAHSIOT
CBOIO (hOpMY MOCIIE OTIBETAHUS IIBETKA, JNTUHO# 0T 2,5 110 2,9 MM. B 3aBucumocTu
OT CTaIUH Pa3BUTHS [BETKA CTHIIOINY MEHSIOT CBOE IMPOCTPAHCTBEHHOE PaCIIO-
JIO)KEHHE OTHOCHUTENIFHO BEPTUKAILHON OCH IIBETKAa. B HENMaBHO pacKpBIBIIEMCSI
[BETKE (THIYMHOYHAS CTAIMs PAa3BUTH) CTIJIOAWH OYCHb KOPOTKHE, pacrojara-
FOTCsI TTApaJUIeIbHO IPYT IPYyry, mpsMocTosyre. [locie omaaeHus: MbUTbHUKOB
(TTecTHYHAS CTAMS Pa3BUTHS) CTHIIONNH 3aMETHO YIUIHHSIOTCS, OTKJIOHSIOTCS Ha
CIIMHHYIO CTOPOHY MEPUKApPIUEB. 3aBsI3M B MMOMEPEYHOM CEUCHHU MOIYKPYIIION
(hopMBI, C 5 HUTEBUIHBIMHE CJTa00 BBICTYTTAIONUME peOpaMH.

Prutbiie BepxyleuHoe, He3aMETHOE, IIPOCTOE, MONTYIIAPOBHIHOES WUIIH TOJIOB-
9aroe, TojIoe, IIaIKoe, MPSIMoe (PacIiooKeHO 110 BEPTUKAIEHON OCH CTHITOINS),
auametpoM oT 0,15 no 0,18 mm. CTHiioauu COBEPIIEHHO HE3aBUCHMBI JPYT OT
JpyTa ¥ IPUKPEIUITIOTCS K 3aBsI3H 110 BHYTPECHHEMY Kparo IIEJH 0 e€ BepXyIIKe,
CIBUHYTHIC (3aHUMAIOT HETEPMUHAILHOE MOJIOKEHHE).

Hexrapuuku. HekTapHUKM BHYTPHIIBETKOBBIC, NMPHYpPOUYECHBl K THHEIICIO.
[MoacTon6ust (CTUIIOOINH, KEIEIUCTHIN TUCK) TPEICTABIIFOT COOO0 pacIIupeH-
HYIO 9aCTh CTHJIOJHS B MECTE MPUKPEIUICHHS €T0 K 3aBsI3H, KOHIHUYECKOH (hOPMEI,
BBIMOJHSIIOT (DYHKIIMU HEKTAPHHUKOB. J[TMHA aaKCHATbHBIX CTUIIONOIEB BapbH-
pyert ot 0,60 o 0,70 mm, BeicoTa — ot 0,60 10 0,75 MMm.

Cruionoauu B mpezenax OJIHOTO IBETKA OTIMYAIOTCS IO pa3Mepam: Oolee
KPYIHBIC CTHJIONMOANH XapaKTepHBI ISl aJaKCHANBHBIX IUIOJONHUCTHKOB (00-
PAIICHHBIX K HECYIICH IIBETOK OCH), 00Jiee MEJNKHE CTHIIOMOINH BBISIBICHBI Y
a0aKCHABHBIX TUIOJIOJIUCTUKOB (0OpalIEHHBIX K KPOIOIIEMY JIUCTY IBeTKa). Tak,
JUTHHA a0aKCHAILHOTO CTUJIOONUS COCTaBIsIeT B cpenHeM 0,65 MM, a aakCHallb-
moro — 0,58 mm (p = 4,2x107), BeicoTa abakcuanpHoro cronoans — 0,63 mm,
agakcuanbHoro — 0,58 mm (p = 0,016).

BosBpamasice k cimMMmeTpun IBETKOB A. podagraria, HEOOXOIUMO OTMETHTB,
YT0 OCOOCHHOCTH TMPOCTPAHCTBEHHOTO PACIOIOKEHHS JBYX IUIOJONHUCTUKOB
OTHOCHTEIHHO DJICMEHTOB OKOJOIIBETHHKA ¥ AHAPOILES HE IO3BOJITIOT CUH-
TaTh I[BETKU aKTHHOMOP(HBIMU. B TpaHCBep3aabHOM MIOCKOCTH Yepe3 IBETOK
A. podagraria, Xak ¥ 'y MHOTUX JIPYTUX TIPEACTaBUTENCH ceM. Apiaceae, HEBO3-
MOXKHO MPOBECTH IUIOCKOCTh CHMMETPHH, MMOCKOJIBKY TPH 3TOM, BO-IICPBBIX,
OTCEKAIOTCSl HECHMMETPHYHBIC YaCTH JBYX JICTIECTKOB M YAIICIHCTHKOB, & BO-
BTOPBIX, aJIaKCHAaJIbHbIC 1 a0aKCHAIbHBIE CTHIIOMOANH PA3IHYAIOTCSI CBOMMU Pas3-
Mepamu. EMMHCTBEHHAS TIOCKOCTH CHMMETPHUH MOYKET OBITH IPOBEICHA TOJIBKO B
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MeMaHHOW TUTOCKoCTH. ClienoBaTeNbHO, IBETKU A. podagraria clneayeT CUuTaTh
MEIMaHHO-3UTOMOP(HBIMH.

ToIYMHOYHbIE IBETKH. THIYMHOYHEIC I[BETKM — B OTIWYHE OT OOOEMOJIBIX
LIBETKOB — HEMOJHbIE, UKIMYECKUE, 3-KPYyTOBbIE, OKOJIOIBETHUK W aHIPOLEH
KOTOPBIX MATHYICHHBIC. CTPYKTYPHBIX pa3IHudil MEXIy 00OCTIONBIMHA U THIUH-
HOYHBIMH 1IBETKaMu A. podagraria 1o 0coOEHHOCTSIM CTPOEHHUSI OKOJIOIIBETHH-
Ka W aHJpOIlesl He BBIABICHO. B THIYMHOYHBIX IIBETKAX HAOIIONACTCS PEILyKITHS
THHELEes, YTO BBIPAXKAeTCs B OTCYTCTBHU IUIOJOJIHMCTUKOB M 3aBs3u. OMHAKO B
TBIYMHOYHBIX I[BETKAX COXPAHSIOTCS CTUJIOMOINU KaK CTPYKTYPHBIC DJIEMEHTHI
THHELes, KOTOPBIE He MOJBEPIVIMCH PEAYKIIUH B CBA3H C TEM, YTO OHH BBITTOTHSIIOT
(hyHKIMK HEeKTapHUKOB. Kak 1 y 000€mobIX BETKOB, B THIYMHOYHBIX IBETKAX
BBISIBJICHBI JIOCTOBEPHBIE Pa3MEpHbIE Pa3indus a0aKCHAIbHBIX U aJaKCHAIIbHBIX
CTHWJIOIIOJTUEB; TaK, JUIMHA a0AKCHAIBHOTO CTHJIONOMUS B CPEJHEM COCTAaBIISICT
0,56 MM, a agakcuansHoro — 0,50 (p =0,001). Kpome Toro, BBISBIEHBI pa3MepHbIE
paznugus MeKIy 000CTOIBIMA U THIYMHOYHBIMH IIBETKAMHU T10 Py MPU3HAKOB
OKOJIOIBETHUKA, aHAPOIIEsl.

CpaBHeHue 000eno0JbIX IBETKOB B TEPMUHAJBHBIX JBONHBIX 30HTHKAX
U ABOIHBIX 30HTHKAX Ha molerax Il mopsinka BerBiaenus. Ilo MHOrUM H3y-
YEHHBIM MTPU3HAKAM I[BETKa (IapaMeTpaM OKOJIOIBETHHUKA, aHIPOIISs H THHEIEs )
000€T0JIbIE [IBETKH, PACTIONIOKEHHbIE B TEPMUHAIILHBIX ABOMHBIX 30HTUKAX, BCET-
Jla TOCTOBEPHO KpyITHEe, YeM 00O0CIOJIbIe IIBETKH, Pa3BUBAIONIMECS B JBOWHBIX
30HTHKaxX Ha noderax Il mopsaxa BeTBneHus (cM. Tabmn. 2). HbBIMU cI0BaMH, IpU
YBEJIIMYCHHUHN TTOPs/IKA BETBICHHS TI00era, Ha KOTOPOM (DOPMHUPYIOTCS JBOMHBIE
30HTHKH ¢ 000EMOJIBIMU LIBETKAMH, TTapaMeTphl OCIEeIHUX YMeHbInatoTcs. Vc-
KITFOYCHUE COCTABIISIOT IMapaMeTpPhl MBUIBILI U CTENICHH e¢ (DEepPTUIIbHOCTH: pas-
MepBbI MBUTBIIBI U 10JIS1 OKPAILIEHHBIX IBUIBLIEBIX 3epeH HE 3aBUCEIH U OBbUIH MPH-
MEPHO OJIMHAKOBBIMH Yy O0OCTIOJNBIX IIBETKOB B JIBOMHBIX 30HTHKAX HA TJIABHOM
nobere u noderax I mopsiika BETBICHUS.

CpaBHeHne 000eno0/bIX U THIYMHOYHBIX IBETKOB B IBOMHBIX 30HTHKAX
Ha noderax II m ITI mopsinkoB BeTBJIeHUsI. BOJIBIIMHCTBO UCCIEI0BAHHBIX
MPU3HAKOB TBIYUHOYHBIX I[BETKOB MEHBIIIE, YeM y 000CTIOIBIX I[BETKOB, pa3BH-
BaIOIIMXCA B ABOWHBIX 30HTHKaX Ha mobOerax Il mopsinkoB BeTBiieHus. OnHaKo
JIAHHBIE Pa3JIUYMs HE BCET/a JOCTOBEPHBI, 32 UCKIIOYCHUEM JUTHHBI CTHUIIOTO-
qusi. OOpaTHYIO CHUTYallMi0O MOXKHO BHJETh MO TaKOMY HpPHU3HAKy, KaK JJIUHA
MBUTEHUKOB, KOTOPBIE JOCTOBEPHO KPYITHEE Y THIYHHOYHBIX IIBETKOB, 4eM y 000-
enoibix. UHTEpecHO OTMETUTh TOT (DaKT, 4To creneHb (PepTHUILHOCTH MBLUIBIBI
000€TONBIX M THIYMHOYHBIX I[BETKOB TAK)KE JOCTOBEPHO HE Pa3lIMYaliuCh, Kak
Y TIapaMeTpsl MBUIBIBI U3 3TUX LBETKOB. OTCYTCTBHE JOCTOBEPHBIX PA3IUYUil
B pa3Mepax 4acTtei 000erobIX IBETKOB Ha moderax Il mopsakoB BETBICHUS U
THIYMHOYHBIX [[BETKOB Ha rnoberax 11 u Il mopsakoB BeTBIEHUS, BO3MOXKHO, CBSI-
3aHO C MEHBIIIMMHU U3MEHEHHUSMHU B pa3Mepax IIBETKOB IPH MEePEeXojie OT 0OEeToB
II mopsinka k moberam III mopsiika BETBICHUA, YeM MPHU MEPEXOAe OT TIIaBHOTO
nmobera k moo6eram II mopsiyika.
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Tabnuma 2 [Table 2]
Mopgdomerpuueckue nokazarejau 000emo/bIX U THIYMHHOYHBIX IIBETKOB
B JIBOIiHBIX 30HTHKAX Ha noderax pasHoro nopsiaka y Aegopodium podagraria
[Morphological features of perfect and staminate flowers in umbels
on shoots of different orders in Aegopodium podagraria)

TeraumHOUHBIC
O6oenobie
LIBETKU B
LBETKU B
O6oenoJbie 30HTHKAX Ha
30HTHKAX Ha
[IBETKHU B moberax Il u
TEPMHUHAIIb: noderax 111
[Ipusnaku p r II nopsinka P T1opALkos

[Morphological features]

HBIX 30HTHKaX
[Perfect flowers
in terminal um-

[Perfect flowers
in umbels on
shoots of the

[Staminate flow-
ers in umbels
on shoots of

bels] n =100 the second and
second order] .
- 100 third orders]
n n =200
Auaverp Bentuka, Mm 400£0,09 |10,090| 2.93:0.09 | 0.644 |  2.84+0.09
[Corolla diameter, mm]
£ 10,729
Jlmiia JenecTKOB, MM 1,63£0,04 |7,612| 120£0,04 |0,026| 1,20+0,06
[Length of petals, mm]
t 5,783
[lIupuna nenecTkos, MM
[Width of petals, mml] 1,47+0,03 | 4,217 1,23+0,05 0,990 1,18+0,03
t 6,371
HMHa TLISHHOK, MM 2,6140,04 |4,892| 2,14+0,09 |0,350| 2,09+0,09
[Length of stamens, mm]
t 5,372
HJmHa IBLTEHUKOB, MM 0,52+0,01 |5,557| 044+0,01 |5,527| 0,53%0,01
[Length of anthers, mm]
t 0,461
U_[I/IpPIHa TBIJIBHUKOB, MM
[Width of anthers, mm] 0,44+0,01 2,373 | 0,42+0,01 1,789 0,44+0,01
t 0,374
JlnmrHa nossipHoOi ocu
MIBUPIEBBIX SCPCH, MEM | 35 540,47 1,979 31,120,51 | 0,161 | 31,0+0,58
[Length of the polar axis
of pollen, mem]
t 2.011
DKBaTOpUAIILHBIN THAMETP
TEIBIEBHIX SEPCH, MKM 18,4£0,36 (0,748| 18,8035 0,518 | 18,5+0,36
[Equatorial diameter
of pollen, mem]
t 0,258
PepTHILHOCTS MHLTL LI 83,84343 |1,741| 7424437 |2,059| 84,3427
[Fertility of pollen], %
t 0,115
JlinHa abakcHaibHO-
1O SHHIOTOATLE, MM 0,71£0,01 | 4,344 | 0,64+0,01 |3,084 | 0,56+0,02
[Abaxial stylopo-
dium length, mm]
t 5,439
BricoTa abakcuaibHO-
TO CTHIIOTIOAHA, MM 0,68+0,02 [2,191| 0,63+0,05 |0,184 | 0,62+0,02

[Abaxial stylopo-
dium height, mm]
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Oxonuanue Tabn. 2 [Table 2 (end)]

OBoemonbie TbraMHOYHBIE
Ob6oenonsie TBETIH S S
LBETKH B 30HTHKaX Ha 3OI%THKaXHHa
TEPMHUHAIb noderax FI(I) EE)F; ) OH
IIpusnaku i . II nopsika . HOPSIIKOB
. t t i -
[Morphological features] ?;;?f:c(i}g)ﬁ(:r)s( [Perfect flowers [S;f:I;Lnifl]i(I;V
in terminal um- in umbels on on shoots of
shoots of the
bels] n =100 d ord the second and
secorl 10 5 Oer] third orders]
n- n =200
t 2,808
?gf:r;‘ f;‘;’ifl“mﬁ‘nlf 14240,03 [4,540| 121£0,04 | — -
%f;{?;ﬁ;"gﬁ;’f;} “ﬁ 2,74+0,04 (26,282 1,63+0,02 | - -
Jnamerp pbuiblia, MM _ _
[Diameter of stigma, mm] 0,17£0,04 14,698 0,14+0,01

Ipumeuanue. t — 3Ha4eHus Kputeprs CTHIONCHTA IIPH CPABHEHUU CPEIHUX apH(PMETHUSCKHX
rokasareiieil 000€moIbIX [[BETKOB B 30HTHKax Ha moberax I u II mopsiaka (), 060€mobIx HBeT-
KOB B 30HTHKax Ha noberax II mopsiaka ¥ TEIMUHOYHBIX [[BETKOB (**), 000€MONBIX IBETKOB B

Fkok

30HTHKaX Ha moderax | ¥ ThraMHOYHBIX 1BeTKOB (7). n — 00beM BbIOOpKH. [Ipouepk o3Ha4aeT
OTCYTCTBHE TaHHBIX. CTaTHCTUUECKU 3HAYMMBbIC 3HaUeHHs KpuTeprst CThroieHTa (7) BBIICICHBL
MOy KUPHBIM IPUPTOM.

[Note. t - values of Student’s t-test when comparing the mean value of perfect flowers in umbels on shoots
of the first and second orders (*), perfect flowers in umbels on shoots of the second order and staminate

Hxk

flowers (), perfect flowers in umbels on shoots of the first order and staminate flowers (). n - Sample
size. A dash indicates the absence of data. Distinct differences of values of Student’s t-test (¢) are shown
in bold].

CpaBHeHue 000eno0JbIX IBETKOB B TEPMUHAJBHBIX IBONHHBIX 30HTHKAX
U THIYMHOYHBIX IBeTKOB Ha mobderax II u III mopsiakoB BeTBJeHHs. 3a uC-
KIFOYCHUEM Pa3MepOB IMBUILHUKOB M TIBUIBIEI, a TaKke ee (HepTUIIBHOCTH, BCE
OCTaJIbHBIE [TapaMETPbI THIUMHOYHBIX LIBETKOB BCET/Ia JOCTOBEPHO MEHbIIIE, YEM
AHAJIOTUYHBIC MPU3HAKKA 00OCTIONIBIX I[BETKOB Ha TIIaBHOM mobere. OTCyTCTBHE
pasnuuuii B pa3mMepax MbUIbHUKOB B 00OCTONBIX LBETKAX M THIYMHOYHBIX IIBET-
Kax, 10 HalleMy MHEHUIO, BPSJ] JIM MOXKHO CBSI3aTh C UMEIOITUMHUCS B JINTEPATY-
pe TunoTe3amu, OOBACHIIOMIMMHU HAJIHMYUe Pa3Inuuid pa3MepOB OKOJIOIBETHHKA,
AHZPOIIES ¥ TUHEIES y IIBETKOB AMAIIMYHBIX WIIM THHOAMAIIMYHBIX pacTeHui [19,
20]. B ciay4yae aHAPOMOHOZLUYHBIX BUOB 00OETOJIbIE IIBETKH U UX YaCTH, KaK
MPaBWIIO, KPyITHEE, YeM ThIYMHOUHBbIe. OCHOBHOE 00BSICHEHUE 3TOMY — PACIIONO-
JKEHHE TeX U JPYTUX Ha molerax pasHoro MmopsjkKa BETBICHUS, YTO MPUBOIUT K
pa3Hoii cTeneHn 00eCIIeueHHOCTH TUTATEIbHBIMA BEIIeCTBaMHU. B 3TOM ke Kpo-
eTcs HaOmoaaromuiics mepexoa 000eMobIX IIBETKOB B 30HTHKAX Ha mo0erax Hu3-
KHUX TIOPSIZIKOB BETBJICHUS K THIYMHOYHBIM WJIM WHOT/IA JIa’Ke CTEPHIIBHBIM IIBET-
KaM B 30HTHKaX Ha moderax BHICOKHX MOPAIKOB BeTBIeHHs. Cle10BaTeNbHO, IPH
niepexojie oT modero I mopsiaka k moderam 111 mopsika BeTBICHUS HAOTIONACTCS
3aKOHOMEPHOE U MOCJIEI0BAaTEIbHOE YMEHBIIEHUE Pa3MEPOB IIBETKOB, 33 UCKIIO-
YEHHEM JIJTUHBI ¥ TUPUHBI TIBUTBHUKOB, Pa3MEPOB MBLIBIIBI M €€ PePTHILHOCTH.
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AHaNMM3Upys TOJYYCHHBIC JIAHHBIC O Pa3MEPHBIX PA3IUYUAX 00OCTONBIX U
THIYMHOYHBIX IIBETKOB B JTBOMHBIX 30HTHMKAX Ha MoOerax pasHOro mopsjaka BeT-
BIICHHS, HEOOXOMMO YUUTHIBATh OT/IEIBHO JIBa acrekTa: 1) cpaBHeHHe 000ero-
JIBIX [BETKOB Ha M0OErax pa3HOro MOps/IKa BETBICHUS U 2) CpaBHEHUE 000emo-
JIBIX Y TBIYUHOYHBIX [BETKOB Ha ITOOErax OHOTO U Pa3HOTO MOPSIKOB BETBICHHUS.

PaccmoTrpum cHadamna pa3nuuus B pa3mMepax 000enoibX IBETKOB, GOPMHUPY-
FOIITUXCS B IBOMHBIX 30HTHKAX Ha IMoOerax pasHoro mopsjaka BeTBieHus. K 0oib-
IOMY COXKaJICHHUIO, MPUXOAUTCS KOHCTaTHPOBATh, YTO MHOTHE HCCIIEI0BATEIH,
3aHUMAaBIIHECS W3ydeHHEeM MOP(GOIOrHYESCKHX OCOOSHHOCTEH IIBETKOB IpeI-
CTaBUTENeH ceM. Apiaceae, KpaliHe PeKo MPUBOAAT CTATUCTUYECKUE JAHHBIE O
pa3IMUusaX MapaMeTpoB IIBETKOB M MX YacTeil B 30HTHKAX Ha MoOerax pazHoro
nopsaka. B nmureparype oOmien3BecTHbIM (DaKTOM CUUTAETCS YMEHbIIEHUE pa3-
MEpOB IBETKOB U WX COCTABJISIONIUX IIPH YBEITUYCHHUH TTOPSI/IKA BETBICHUS T10-
0eroB, Ha KOTOPBIX OHU 00Opasytotcs [8, 21, 22]. PaccMarpuBasi IpUYHHBI TAKUX
TOCJEeIOBATENFHBIX M 3aKOHOMEPHBIX M3MEHEHUH pa3MEPOB IIBETKOB, MHOTHE aB-
TOPBI CBA3BIBAIOT UX C HEOJMHAKOBBIMH YCIOBHUSMHU JIJIsl POCTA U Pa3BUTHSA LIBET-
KOB B II€JIOM Ha TI00erax pa3Horo MOpsiiKa BETBICHUS, KOTOPBIE B CBOIO OYepelb
MIPUBOJAAT K OPUTHHAIBHBIM OCOOEHHOCTSIM IIBETEHUS] MHOTHX MpEICTaBUTENEH
ceM. Apiaceae. IMCHHO OTJIMYHMS B CTEIICHU JOCTYIHOCTH 3JIEMEHTOB MTUTAHUS
00yCJIOBIMBAIOT pa3MepHBIE Pa3Indus 000ETOJbIX IBETKOB, PACIIONATAIOIIIXCS
B Pa3HBIX MO IOJIOKEHUIO MPOCTHIX 30HTUKAX B COCTABE JABOWHBIX 30HTUKOB Ha
no0ere 0JJHOTO TOPsI/IKAa BETBJICHUS U 00OETOJIBIX [[BETKOB B IBOMHBIX 30HTUKAX
Ha IIaBHOM mo0ere u moderax | mopsijika BeTBiIeHUs. MOXKHO MTPEIIONI0KUTh, YTO
CTEINeHb Pa3MEPHBIX pa3Iuunii Oy/IeT OTIMYAThCS TPH MEPEX0/Ie MEXKIY JIBOMHbI-
MU 30HTHKaMH Ha TJIaBHOM 1obere u Ha rmoberax Il mopsjika BeTBICHUsI, C OTHOMN
CTOPOHBI, ¥ 1BOMHBIME 30HTHKamu Ha moOerax Il u Il mopsakoB BeTBieHUS —
¢ npyroii. [To Bceld BUIMMOCTH, HANOOJIEE YETKO pa3MEepHBIC Pa3iINyHsl IBETKOB
MIPOSIBIIAIOTCS MEX/y JBOWHBIMU 30HTHKAaMU Ha I1aBHOM 1tobere u Ha noderax 11
MOpsi/IKa BETBIICHUS, YeM MEXTy JBOWHBIMU 30HTHKamu Ha mooderax Il u III mo-
psaaxoB BeTBiaeHHA. OJIHAKO BBICKA3aHHOE MPEATNONIIOKEHUE HYKIIAETCs B DKCIIe-
PUMEHTAIILHON TIPOBEPKE Ha JIPYTHX NPEACTABUTEIAX ceM. Apiaceae, y KOTOPhIX
LBETKU OIHOTO TMOJIOBOTO THUMA (JOPMUPYIOTCS B 30HTHKAX Ha MoOerax pasHoro
(ITI-V) mopsijika BETBIICHUS.

AHaM3y pa3MepHBIX Pa3inuuil 000EMONBIX U THIYUHOYHBIX I[BETKOB y TIpeJ-
CTaBUTEIICH Pa3HBIX CEMEHCTB TaKXKe MOCBAIIEHA HEMHOTOUNCIICHHAS TUTEpaTypa.
Psn uccnenosareneii [23, 24] KOHCTaTUPYIOT, YTO 000EMONBIC IIBETKH, pacoara-
Folecs Ha moderax HU3KOTO IMOPs/IKa BETBIICHUSI, KPYITHEE THIYMHOYHBIX IIBET-
KOB, (POPMHUPYIOMIMXCSA Ha TIOOErax BBICOKOTO MOpsAKa BeTBiIeHHs. [lomyueHHbIe
HaMH JIaHHBIE TTOTHOCTHIO MOJTBEPKIAI0T UMEIOIUECS B INTEPATYPE CBEACHMUS.
Oco0EHHO OTYETIUBO pa3MEpHBIC Pa3IUYMs ABYX MOJIOBBIX THIIOB [[BETKOB IIPO-
SIBIISTFOTCSI, €CITM CPABHUBATh YCPEAHECHHbBIE TAHHBIC TI0 BCEM 000CTOIBIM IIBETKAM
(1a rmaBHOM noOere 1 Ha noderax Il mopsiaka BeTBICHHS) U THIMMHOYHBIM LIBET-
kaM (Ha moberax I u 111 mopsiakoB BeTBieHMs1). OHAKO B TAaHHOHN CHTYyalluu 00-
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Hapy>XEHHBIC pa3sMEepHBIC Pa3IH4isi 00yCIOBICHBI, KaK HaM IPEICTABISIETCS, He
MOJIOBBIM JTUMOP(U3MOM IIBETKOB, 8 UCKIIOUUTEIBHO PA3JIUYHON Tomorpadueii
JIBYX THIIOB I[BETKOB Ha rmo0erax pa3HOTO IMOpsaKa BeTBIeHUsI. HamHOTO MHTE-
pecHee pacCMOTPETh CUTYAIUIO, KOT/Ia 000ETIOJbIe ¥ THIYMHOYHBIC IIBETKU OTHO-
BPEMEHHO PACIOJIOKCHBI B IBOMHBIX 30HTHKAX Ha MOOETE OJHOTO MOPSIKA BET-
BJICHUSI, YTO BCTpeyaercs y A. podagraria. VI3 IpuBeIEHHOTO BEIIIIE aHATIH3a ICHO
BHIHO, YTO THIYMHOYHBIE [[BETKH MCHBIIIE 000CTIONBIX I[BETKOB, HO P3N ATH
HEIOCTOBEPHBI, KOorma 00a THMA I[BETKOB PACIIOJIOKEHBI B Mpeenax TBOWHBIX
30HTHKOB Ha moberax II Broporo mopsiika BeTBiieHUs. TeM He MEHee 371ech, Ha
HAIIl B3IJISI, OISITh TVIABEHCTBYIOIYIO POJIb UTrpaeT Tornorpadus BeTKoB. Jeno B
TOM, YTO TEIYMHOYHFIE I[BETKH BCET/A PACIIONAraroTCs B IIEHTPE IPOCTOTO 30HTH-
Ka, TI0JTy4asi MEHbBIIIC MIUTATEILHBIX BEIIECTB JJIsl CBOSTO POCTA U PA3BHUTHS, YeM
KpaeBbIe 000CIONBIC I[BETKH.

AHau3 UMEIOIINXCS HEMHOTOUUCICHHBIX JIUTEPATYPHBIX JNAHHBIX O CPaB-
HEHWH Pa3MEpOB IBUIBIIEI O0OCTIONBIX W THIYMHOYHBIX IIBETKOB y IPEACTABH-
Teneil ceM. Apiaceae MmokasbIBaeT cieayroiiee. HaM W3BECTHBI TOJBKO JAHHBIC
M.J. McKone u C.J. Webb [25], koTopble TIOKa3aiu, 4T0 00bEM MbIIBIICBBIX 3¢-
peH oboenonbix UBETKOB y Lignocarpa diversifolia (Cheeseman) J.W. Dawson u
Gingidia harveyana (F. Muell.) J.W. Dawson 10cTOBEpHO OOJIBIIE, YEM Y THIYH-
HOYHBIX [[BETKOB. K cokaseHuto, aBTOpbI HE yTOYHSIOT, PACIONAraloTCsl I 000¢e-
IOJTBIC ¥ THIYMHOYHBIC IIBETKH B 30HTHKAX Ha MOOETax OJHOTO WIH Pa3sHOTO II0-
PSIKOB BETBJICHUS, COOOINAs TOIBKO, YTO THIYMHOYHBIC IIBETKH PACIIOIAratOTCs Y
9THX BHOB B IIEHTPE MPOCTHIX 30HTHKOB.

BoiBOABI

1. OcHoBHas (uopanpHast equHuna y A. podagraria mpeacTaBiser coboit
JIBOMHON 30HTHK, COCTOSIIUIA M3 MPOCTHIX 30HTUKOB. CuH(IOpecHeHIus Y
A. podagraria B 3aBECHMOCTH OT CTEIICHH Pa3BETBICHHOCTH MOXET OBITH TIPE-
CTaBJICHA 3aKPBITON KHCTHIO HJIM METEJIKOU M3 TBOMHBIX 30HTHKOB.

2. A. podagraria 0OTHOCUTCS K @aHIPOMOHORIINIHBIM PAaCTEHHSIM, Y KOTOPHIX Ha
OJIHO¥ 0COOM BCTPEUAIOTCsI IBA MIOJIOBBIX TUIIA IIBETKOB — THIYMHOYHBIC K 000€TI0-
neie. [lepedncnennpie ABa THIIA IIBETKOB MOTYT BCTPEUAThCS B Mpeeax Kak ofl-
HOTO MPOCTOTO U JBOMHOTO 30HTHKA (Ha moOerax HU3KUX MOPSIKOB BETBICHUS)
WM UCKITIOYUTENEHO THIYWHOYHBIE IIBETKH MOTYT IIPHHUMATE YIacTHE B (POPMU-
POBaHHU MPOCTHIX U JABOMHBIX 30HTHKOB (Ha OOErax caMbIX BHICOKHX IOPSIKOB
BETBIICHMS). THIYMHOYHBIC IBETKH, C€CIH OHU BXOISIT B COCTaB JIBOWHBIX 30HTH-
KOB, BCET/Ia 3aHUMAIOT IIEHTPAJILHOE TTOJI0KEHUE B MPOCTHIX 30HTHKAX. B mpene-
JIaX ABOMHBIX 30HTHKOB YMCIIO TRIYMHOYHBIX I[BETKOB YBEIHUHBACTCS IIPH IIEpe-
XOJIC OT KPAaeBbIX MPOCTHIX 30HTUKOB K IIEHTPAIBHBIM. YYaCTHE THIYUMHOYHBIX U
000€MONbIX IBETKOB B 00PAa30BaHUH MPOCTHIX 30HTUKOB HATIPSMYIO 3aBHCHUT OT
MOIIHOCTHU pa3BUTUs ocobelt (popmupoBanue nmoderos II u 111 mopsiaxoB BeTBIIE-
HUS1) ¥ CTETICHU Pa3BETBICHHOCTH CHH(IOpecIieHITH (00pa30BaHue pa3BETBIICH-
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HBIX MapaxiajneB). MUHUMAaIbHOE y4acTHE ThIYMHOYHBIX [IBETKOB (MHOT/A IaXe
UX TMOJHOE OTCYTCTBHUE) XapaKTePHO ISl JIBOMHBIX 30HTHKOB, PACIIOIIOKESHHBIX
Ha IJIAaBHOM IT00eTe Y MOIITHO Pa3BHTHIX 0COOCH W Y 0CO0CH C pa3BeTBICHHBIMHI
napaKiIausIMu.

3. Y A. podagraria 4eTko BBIAEISAIOTCS JIBa MOJOBBIX THIIA IIBETKOB — 000€TI0-
JIBIC U THIYMHOYHBIC, KOTOPBIC XapaKTEPH3YIOTCSl HE TOJIBKO Pa3IUnYHON CTPYKTY-
POif, HO U OTPAXKAIOTCS B Pa3MEPHBIX OTIUYHMSIX IPAKTHYSCKH BCEX YacTeH [IBETKA.
Oooermonbie UBETKH y A. podagraria Bcerna KpymHee, YeM ThIYUHOYHBIC [IBETKH.
DT0 MpOSIBIISIETCS B IApaMeTpax BEHYHKA M €r0 YacTei, JUTMHBI THIYMHOK U Iapa-
MeTpax cTiiaononus. MCKIIFoueHne COCTaBISIFOT TOJIBKO TaPaMETPh MbLIHHUKOB,
KOTOpBIE PUMEPHO OJIMHAKOBOTO pa3Mepa y 000CIObIX U THIYHHOYHBIX [IBETKOB.
B TBIMMHOYHBIX [[BETKAX OTMEYACTCS MOJHAS PEIYKIHUS IUIOJOIUCTUKOB, 33 UC-
KJIFOUCHHEM OJIHOM MX CTPYKTYPHOI YaCTH — CTHIIOIIOIHEB, KOTOPBIE COXPAHHIIHCh
B THIYMHOYHBIX [IBETKAX M3-32 BBIIOIHICMON MU (PYyHKIIUH HEKTAPOBBIICIICHNS.
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Vladimir N. Godin, Svetlana V. Dozorova, Tatyana V. Arkhipova

Moscow State Pedagogical University, Moscow, Russian Federation
Andromonoecy of Aegopodium podagraria (Apiaceae) in Moscow region

In Apiaceae, hermaphroditism and andromonoecy are the most common sexual
systems, especially in the northern hemisphere. The available literature contains little
information about the structure of synflorescences in Aegopodium podagraria L. and
the peculiarities of its sexual expression. The main aim of our research was to identify
the sexual differentiation in perennial rhizomatous herb 4. podagraria.

We observed natural populations near Pavlovskaya Sloboda village (Moscow region,
55°48'52"N, 37°05'16"E) in 2016 and 2017. We used standardised terminology and
designation system for all umbels within the synflorescence in Apiaceae representatives
[Kuznetzova TV and Timonin AC, 2017]: simple umbel; compound or double umbel
composed of simple umbels; terminal double umbel ending the main shoot. We studied
the structure of synflorescences in 50 4. podagraria individuals selected at random. For
that, we investigated 50 terminal umbels, 100 umbels on shoots of the second order of
branching and 50 umbels on shoots of the third order of branching. 8 quantitative traits
of each individual characterizing the structure of umbels and umbellets were studied.
The degree of andromonoecy was calculated as the percentage of staminate flowers in
the terminal umbel and in one representative umbel of each shoot of different orders.
The morphological features in 25 different individuals of 100 perfect flowers in terminal
umbels, 100 perfect flowers in umbels on shoots of the second order and 200 staminate
flowers in the umbels on shoots of the second and third orders of branching were
analysed. 11 quantitative traits of each individual characterizing the structure of flowers
of different sex types on shoots of different orders were studied. The sizes of flower
parts were measured using a stereoscopic microscope with an eyepiece micrometre
with x20 or x40 magnification depending on the size of the measured organ. The
morphology of the flowers was described according to the “Atlas....... ” [AlA Fedorov
and ZT Artyushenko, 1975]. To determine the quality of pollen, we used the method
of acetocarmine staining. The sizes of pollen grains and the quality of pollen from
perfect and staminate flowers were analysed according to three quantitative traits in
50 different individuals selected at random. To produce pollen, 5 most mature anthers
from each flower were used. For each individual, we took 5 flowers from different parts
of double umbels located on shoots of different orders. The pollen was studied under
the microscope with magnification of 16x10. Pollen grains were counted in 30 fields of
view. 300-500 pollen grains were examined in each flower. In total, we studied pollen
of 250 perfect flowers in terminal double umbels, 250 perfect flowers in double umbels
on shoots of the second order of branching and 500 staminate flowers in double umbels
on shoots of the second and third orders of branching in 50 different individuals. The
pollen of perfect and staminate flowers was studied according to 3 characteristics:
equatorial diameter and polar axis of fertile pollen grains, um, and pollen fertility, %.
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We found that the main flowering units of 4. podagraria are compound umbels
that are composed of umbellets. Our data allow us to determine that synflorescences
of A. podagraria are racemes or panicles composed of compound umbels. According
to our records, the remaining branches repeat the pattern of the main axis and produce
lateral umbels up to the third order. Umbellets in 4. podagraria can have terminal
flowers (in large and branched individuals) or lack terminal flowers (in unbranched
individuals). The compound umbels can be terminal and lateral. We showed that up
to 8 compound umbels are produced per individual. The umbels bear 18-25 umbellets
with 4-32 flowers each. We conclude that a clear size gradient is observed between
the umbels. The terminal umbel is dominant. Terminal umbels [@ 10-11 cm] are
always bigger than lateral umbels [@ 3-7 cm] of the second and third orders of
branching (See Table 1). Individuals are clearly andromonoecious, producing up
to 4000 flowers with 20% of them being staminate. Umbellets can have marginal
hermaphrodite flowers and central staminate flowers. Staminate sterile flowers are
located in the centre of the umbellets and more frequently in the inner umbellets of
an umbel. Finally, our results suggest that with the increasing order of branching
the number of outer perfect flowers declines and the proportion of staminate flowers
increases leading to completely staminate umbellets in the centre of the umbels and
to completely (functionally) staminate umbels in the highest order of branching. In
this research, we established that two types of flowers (hermaphrodite and staminate)
are clearly different in structure and size. Both types of flowers are zygomorphic,
cyclic and 4-circular, with double perianth. The gynoecium of hermaphrodite flowers
is bicarpelate and united, two styles that are fused at their base forming a nectar-
secreting disc (stylopodium). In staminate flowers, we registered a total reduction
of styles and carpels except for stylopodium that produces nectar. Perfect flowers
and their parts are bigger than staminate flowers except for the size of anthers
that are equal in those types of flowers (See Table 2). We found that the sizes of
hermaphrodite flowers and their parts (except for the sizes of anthers and pollen
fertility) regularly decrease in the direction from terminal double umbels to double
umbels on shoots of the second and third order of branching. A similar situation is
observed in staminate flowers located in double umbels along shoots of the second
and third order of branching. We assumed that the differences in degree of nutrient
availability determine the size differences of hermaphrodite and staminate flowers,
which are located in different position of umbellets in the composition of double
umbels on a shoot of the same order of branching and in double umbels on shoots of
different orders of branching.

The paper contains 2 Tables and 25 References.

Key words: andromonoecy; Aegopodium podagraria; synflorescence.
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Lenmpanvhuwiii cubupckuti 6omanuueckuii cao CO PAH, o. Hosocubupck, Poccus

KosinyecTBeHHBIN aHAIH3 JIOKAJIBHBIX LeHO(10p
crenHoii 300b1 CeBepHoro Ka3zaxcrana

HccnenoBanye BEIIOIHEHO B paMKax FOCYJapCTBEHHOIO 3aaHuUs
HenTpansroro cubupckoro 6oranudeckoro caga CO PAH (Ne roc. perucrpanuu
AAAA-A17-117012610052-2), a TakxKe NpH YaCTHYHONW (MHAHCOBOI MOIEPIKKE
Poccutiickoro ¢onna pyHnamMeHTansHbIX uecaenoBanuii (mpoekt Ne 16-05-00908).

Ilpogeden Konuuecmeennbvlil AHAAU3 JOKATbHLIX YEHOPIOp mpex OCHOBHBIX
MUNo08 pacmumenbHOCMU  OPEHUPOBAHHBIX ~MeCMOOdUMAanuil Ha Mpancekme 6
wupomnom Hanpaeienuu uepes cmenuyio 3ony Ceesepnoco Kazaxcmana. s
OYeHKU cmeneHu cxo0cmea / pasiuuus JOKATbHLIX YEHOPIOp UCHOTb308ANUCH
noxasamenu 6cmpedaeMocmu u akmueHoCmu udos. Ilpumenenvt memoouxu pacuema
koappuyuenma Cepencena—Yexano6cko2o, KIACMepHO20 AHAU3A U  HENpsAMOLL
DCA-opounayuu. Ilonyuennvie OaHHble CEUOCMENLCMEYION O  3HAYUMETLHOU
000COONEHHOCU CIMENHBIX IOKATbHBIX YEeHOpIop om aechblx u 1y2oebix. [lociednue
08€e XOpOwio pauuaoncs ¢ yuenom akmueHoCHu Ud0s, m.e. 6oee He KaueCmEeHHbIM
BUO0BBIM COCIABOM, A (PUMOYEHOMUUECKOU POTbI0 KOHKPemHbIX 6u008. Ha doneomuom
epaduenme cmenuvle YeHOpIopbl NOKA3LIBAION HAUOOIbULUE PA3TUYLSL MeXHCOY COOOU.
Beposimno, ona necnvix u 1y208bix yeHoGaop paznuya MaKpoKIuMama HUGeIupyemcs
JIOKAbHBIMU IKONO2UHECKUMU Y CAOBUAMU.

KuroueBbie ¢ii0Ba: 6uopaznoobpasue; yeHohaopa, opourayus pacmumeibHOCmu;
AKMUBHOCb BUOOB.

BBenenune

[omnep:xanue 6nopasHOOOpa3Usl ECTCCTBCHHBIX YKOCHCTEM — OfIHA U3 aKTy-
QIBHBIX 3a/1a4 COBPEMEHHOCTH KaK Ha PETHOHAIBHOM, TaK M Ha IUIAHETAPHOM
ypoBHe [1]. Haubonee 3ppeKTHBHBIM METOIOM pEIICHHUS ITOM 3a7a4u SBISIETCS
nmaHIaQTHRIA MOJX0/, KOTJa Ha ONPENCIICHHON TePPUTOPUH TIPEIMETOM OXpa-
HBI SIBIISIETCSI BCS COBOKYITHOCTH OKOCHCTEM, OOBEIMHEHHBIX MaKpOKINMATHUe-
CKUMH YCJIOBUSIMH U OOIIHOCTBIO JUTOICHHONH OCHOBBI U 3aKOHOMEPHO CMEHSI-
IOIUX APYT APyTa B COOTBETCTBHH C PA3HOCTSAMH penbeda U HAPSHKEHHOCTHIO
JIOKAJIbHBIX JKOJIOrHYecKuX (aktopos [2, 3]. s oNTUMHU3AIUN PErnOHATIbHON
OXpaHbl He0OX0MMa WH(POPMAIIUS HE TOIBKO 00 00IIeM BUIOBOM M 3KOCHCTEM-
HOM pa3HOOOpa3uK OMPECICHHON TEPPUTOPHH, HO U O BKJIA/IE KOHKPETHBIX KO-
CUCTEM B COBOKYITHOE OHMOpa3HOOOpa3ue.
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JpyruM acrekToM ONTUMH3ALUH TEPPUTOPHATHHON CHCTEMBI 0C000 OXpaHs-
€MBIX MPHUPOIHBIX TEPPUTOPHI B CIydae HIMPOKO PACIPOCTPAHCHHBIX OMOMOB
SIBTSICTCST OIICHKA WX TOMOTCHHOCTH / TETEPOTEHHOCTH Ha JOJTOTHBIX W IIHPOT-
HBIX TpajucHTax. [Ipy 3HAYUTENBHOW MPOTSHKCHHOCTH OMOMa BIOJH OIHOTO U3
9THX TPAIUEHTOB, OCOOCHHO B CIydae OTCYTCTBHUS SIBHBIX OaphepoB (KPYIHBIC
BOJTHBIC apTEPUH, TOPHBIC COOPYKEHUSI U T.II.), BO3MOXKHBI /[BA OCHOBHBIX CIICHA-
pust. JInbo OCHOBHBIE XapaKTEPUCTUKN OMOMa OCTAIOTCSI HEN3MEHHBIMHU Ha BCEM
MPOTSHKEHUH TPAJUCHTA U JIF00ast TEPPUTOPHUS BHYTPH ITOTO apeaiia OyneT pernpe-
3CHTaTHBHOM JJIs1 BCero OMoma, TM00 XapaKTepUCTHKU OMOMa WM OTICNIbHBIX €T0
KOMIIOHEHTOB OyIyT CYIIECTBEHHO MEHSATHLCS BIIOJb TPAIMEHTa, TaK YTO JUIS CO-
XpaHeHHs pa3HooOpa3usi 3KOCKCTEM OMOMa TOTPEeOyeTCsl HECKOIBKO KITFOUEBBIX
YYaCTKOB, Pa3JIMYHBIX [0 TeorpaduuecKoMy MOJI0KEHHIO.

Crenrot 6rom CepepHoli EBpasum mpereprienn HanOosee 3HAYUTENBHYIO aH-
TPOIIOTCHHYIO TpaHC(HOPMAIIHIO Ha MPOTSDKCHUH MOCICAHUX JBYX CTONCTHi [4—
6]. BeieacTBre 0CBOCHUS IENMHHBIX M 3aJI€KHBIX 3€MENb B CEPEIIHE IPOIIIIOTO
BEKa HEKOI/Ia CIUIOIIHOM apeasl paBHUHHBIX CTerei, 0COOCHHO B CEBEPHOW 4acTH
30HBI, Pa30UT Ha MHOKECTBO HEOOJNBIINX (BParMEHTOB, Pa3eIICHHBIX OOITHPHbI-
MU namHsMy. TpanchopMalyy, a TO U TOJTHOMY YHHYITOKEHHIO, TIOIBEPIIIHCEH HEe
TOJNBKO 30HAJIFHBIC THUIBI PACTUTEIHFHOCTH, HO M BECh JAHAMA(THBIN KOMILIEKC,
BKJIIOYAsT PACTHTEIBHOCTh MHTPA30HANBHBIX MecTooOuTaHui. COXpaHeHUE I0-
CIICTHUX YYaCTKOB MaJIOHAPYIICHHBIX CTEIHBIX JAHAMA(TOB M pecTaBpaIys cTe-
e — MePBOCTEIICHHBIC 331a4H IIPUPOI0OXPAHHOM IS TEILHOCTH — JIOJDKHBI OBITh
OCHOBaHBI Ha BCECTOPOHHEM HCCIIENOBAHUN CTPYKTYPHI CTEIHOTO JaHAIIagdTa,
€ro MPOCTPAHCTBEHHOMN OpraHU3aLUK U reorpaprueckoi N3MEHUHUBOCTH [4].

Lenp nccrenoBanust — CpaBHUTENBHAS OLEHKA IICHO(IOP pa3IUIHBIX THIIOB
PACTUTEIBHOCTU PEHHUPOBAHHBIX MECTOOOMTAHHMH CTEHMHOW 30HBI CEBEpHOro
KazaxcTana ¢ mOMOIIBIO0 KOTMIECTBEHHBIX METO/IOB.

Marepuajbl 1 METOANUKH HCCJIeT0BAHUS

CpaBHUTEIHHBIA aHATHN3 TIEHOMIIOP SBISAETCS OMHIM U3 METOOB HCCIIEIOBa-
HUS PACTUTENBHBIX COOOIIECTB, KOTOPBIN MTO3BOJSET YCTAHOBUTH CTENIEHb U3Me-
HEHHS WX (IOPUCTHYECKOTO COCTaBa B 3aBUCHMOCTH OT HKOJIOTO-IIEHOTHYECKOM
00CTaHOBKHM U MOKa3aTh CXOACTBO M CBOEOOpasue pasHbIX LeHo(I0p, pa3BUBato-
IIUXCSI B CXOJHBIX KITMMaTHIeCcKuX yeioBusx [7—10]. [lox neroduiopoit monnma-
eTcsi 00bEAMHEHHUE TIONHBIX TEPPUTOPUATBHBIX COBOKYITHOCTEH BHIOB PACTEHHIA
(OITOPUCTHYECKH U 3KOJIOTHYECKH OJHOTHITHBIX PACTUTEIBHBIX coodOmecTB [11].
[To onpenenenuro B.I1. CenenvHukoBa [12], neHodiopa mpeacrasnsier coboit
KOMIIJICKC BHIOB, C(HOPMHUPOBABIINXCS U JUTUTEIFHOE BPEMsI COBMECTHO pa3BUBa-
FOLIUXCS B ONPEACTICHHBIX IKOJIOTO-IIEHOTHUECKUX YCIOBUSIX.

Hamu uccnenosanus nposogwinck B crenHoi 3oHe CeBepHoro Kaszaxcrana,
B PaBHUHHBIX yCIOBHSAX KpaifHero tora 3amagHo-Cubupckoil paBHuHBI. Ecre-
CTBEHHBIM PACTUTEIBHBIN TOKPOB UCCIEI0BAHHON TEPPUTOPUHN XAPAKTEPUIYETCS
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JIOBOJIBHO YaCTBIMHU «OCTPOBKAMM» JICCOB, BKPAIUICHHBEIMU B (POHOBYIO CTEITHYIO
PacTUTEIBHOCTh OOraTopa3HOTPABHO-ICPHOBUHHO3IAKOBBIX cTerneil [13]. B Ha-
CTOsIICe BPEMs OCHOBY JIaHIMIA(Ta COCTABIAIOT MAaXOTHBIC 3€MIIM M 3aJICKH
pa3IMYHOrO BO3pacTa. EcTecTBEHHAs paCTUTEILHOCTh COXPAHWIACH B BUJIE He-
OONBIINX U30JIMPOBAHHBIX «OCTPOBKOBY. Hamu 00ciie1oBaHO 4eThIpe KIFOYEBBIX
y4acTKa, OTHOCUTEIHLHO PABHOMEPHO PACIIPEICIICHHBIX B IIMPOTHOM HAIpaBIic-
Huu 110 Tepputopun CesepHoro Kazaxcrana: 1 — okpecTHocTH (0Kp.) ¢. Kapaba-
neik Kocranaiickoii 0611.; 2 — okp. ¢ AdanacseBka CeBepo-KazaxcTaHckoil 00i1.;
3 — okp. ¢. XKanteip AKMOIMHCKO# 0011. 1 4 — oK. ¢. Bockpecenka [laBonapckoii
0011. O011ast MpOTsHKEHHOCTh TpaHcekTa cocTaBmiia okoio 1000 km (puc. 1).
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56 (- 5 f 56
PoccUA
Russia]

A RN

KASAXCTAH Gﬂ;; (‘D\‘

54

Kazakhstan Z
$ 5 [Kazakhstan] 553
52 S \ 52
(0]
AcTaHa
[Astana]
60 64 68 72 76

Puc. 1. PacnionoxxeHue KiII04eBbIX y4acTkoB Ha Tepputopun CeepHoro KazaxcraHa.
[Tudpamu B kpyrax 0003HaYEHbI KIIIOYEBbIE YUaCTKH; XKUPHOH JIMHUEH — ceBepHas
I'PaHULA CTEITHOM 30HbI; ITyHKTUPHOM JIMHUEN — rocyapcTBenHas rpanuua Poccun

[Fig. 1. Geographical position of key sites in Northern Kazakhstan. Key sites
are marked by numbers in circles; bold and gray dotted lines reflect the northern
ranges of the steppe zone and the state border of Russia, respectively]

Bce yuacTku pacmosiokeHbl MPUMEPHO Ha OIHOW HIMPOTE, 32 UCKIIOYEHU-
€M TPETBETO, PACIIONIOKEHHOTO IokHee. OTKIOHEHHE OT OOIIel HampaBiieH-
HOCTH TPaHCEKTa B JJAHHOM CJy4yae BbI3BAHO JByMsI OCHOBHBIMHU IPUYHHAMHU.
Bo-nepBbIX, Ha IWKUPOTE OCTAJIBHBIX YYaCTKOB B JAHHOM JOJITOTHOM HMHTEpBaje
pacnonaraercs KokueTaBckast BO3BBIIIEHHOCTb, B PACTUTENILHOCTA KOTOPOU yiKe
MIPOSIBJIAIOTCS JIEMEHTHI BEICOTHOM MOSACHOCTH. BO-BTOPBIX, K CEBEpPY OT BO3BbI-
LIEHHOCTH BCS TEPPUTOPHSI IPEJCTaBIEHA aHTPOIIOT€HHO TPaHC(HOPMUPOBAHHOM
pacTuTenbHOCTEI0. Hebompimne (hparMeHTHl €CTECTBEHHOTO PACTUTEIHHOTO TI0-
KpOBa B PaBHUHHOM pelibede MpecTaBleHbl TOJIBKO K IOTY OT BO3BBIIIEHHOCTH,
7€ ¥ BEIOpaH KITIOYEBON YIAaCTOK. PacTHTENFHOCTE KITIOUEBBIX yJaCTKOB Ha Jpe-
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HUPOBAaHHBIX MECTOOOUTAHMSX IIPEICTABICHA COUCTAHNEM CTEIIeH Ha TUIAKOPHBIX
MO3UIMSIX U JIECOB B 3amauHax penbeda. OcTenHeHHbIe TyTra, J0BOJIBHO Pa3HOO-
OpasHbIe B CHHTAKCOHOMHYECKOM OTHOIICHHUH [ 14], pacrionoxeHsl 1o nepudepun
JIecoB, MO0 000COOICHHBIMU MacCHBaMH B HEOOBIINX M HEITYyOOKUX 3arajiu-
HaX. OCHOBY 3THX COOOIIECTB (OPMHUPYIOT KOPHEBHUIIHEIC IyTOBO-CTEIHEIE, JTIy-
TOBBIE U JIYTOBO-JIECHbIE KCepoMe30(pUThl U Me30(UTHI, CTEIHBIE IEPHOBHUHHBIC
3JIaKM OOBITHO 3aHUMAIOT MTOAYMHEHHOE MonokeHne. OOMINe IECHBIX «OCTPOB-
KOBY» MpHUAaeT JaHamadTy B EeJIOM JIECOCTETHONW OOJIHUK, OJJHAKO, B OTIUYHE OT
JIECOCTEITHOM 30HBI, TJIE JIeca IPEACTABIISIIOT 30HATBHYIO PACTHTENHLHOCTS [9, 15],
3/1€Ch OHHM BCTPEUAIOTCS TOJBKO B MHTPA30HAJIBHBIX YCIOBUAX (B JOKOMHAX, 3a-
MaJnHax W JOPYTHX MOHIDKCHHAX penbeda). OCHOBHBIME JIeco00pa3oBaTeIsIMU
BBICTYNAIOT Betula pendula v Populus tremula. XapaktepHoit 0COOEHHOCTBIO Jie-
COB CTEITHOW 30HHI SABIISETCS MPEoOIafaHie B TPABSIHOM SIPYCE JIyTOBO-CTEITHBIX
Y CTEIHBIX PACTEHUH MPH MPAKTUYECKH TTOJTHOM OTCYTCTBHH JIECHBIX ME30(UTOB.
B sareparype momoOHbINA TaHIMa(T MONydnT Ha3BaHUE KOJOYHOH ctern [16]
WJTY JIOKHO# ntecoctenu [17].

CpaBHeHme eHOGIIOp MPOBOIMIOCH TPAHCEKTHBIM METOIOM, IITHPOKO HC-
MoJIb3yeMbIM B 1mopo0HbIX padorax [10, 18-21]. CpaBHMBamUCh JOKaJIbHbIC
EeHO(IIOPHI CTETHBIX, JIECHBIX W JYTOBBIX COOOMIECTB HA YETHIPEX KIFOUCBBIX
yudacTkax — Bcero 12 menogmuop. CoctaB neHodaop onpenensics Mo CHUCKaM
BHJIOB, OTMCUCHHBIX B T€000TaHMUECKUX OMHCAHUIX coodmecTB. B ocHOBY pa-
00TbI IOIOKeHO 224 onncanus (60 onucanuii crenei, 84 — necos u 80 — Iyros),
BBITIOJTHEHHBIX aBTOpaMu cTarhil B 2016 1., 37 onucanuii cTemnei, BHITOIHEH-
Heix H.A. JlynenoBoii B Te e cpoku. OnucaHus BHIOTHSUIMCH Ha TUIOMIAIKAX
pasmepom 100 m2. O6paboTka MaTepraia MpOBOIUIACH C HCITOJIL30BAHUEM ITPO-
rpammsl IBIS 7.2 [22]. [lnsg cpaBHEHUs! LEHO(IOP NPUMEHSUICS KOA(PPULIUEHT
Cepencena—Yexanosckoro [23]. [ns kaxkmoro Buaa u3 12 mcciaemoBaHHBIX I1e-
HOQIIOp MOICUYUTHIBAIIUCH BCTPEUAEMOCTh B IIPOLIEHTAX U aKTUBHOCTb, KOTOPAs
paccunThIBaIach Kak KOpEeHb U3 TIPOU3BEICHUS BCTPEYAEMOCTH Ha CpeIHEe Mpo-
eKTUBHOE TIOKphITHE [24]. B cpaBHUTENbHOM aHaU3€ HUCIOJIB30BAINCH BHJIbI,
nMerone BerpedaeMocth 20% U BBINIe W aKTUBHOCTH BhImie 10 XOTsS OBl B 011~
HoO neHodmnope. [Ipu BbIeIeHIH XapaKTePHBIX BUI0B IIEHO(GIOP TPUMEHSIIUChH
KPUTEPUH, IPEIIOKEHHBIC HEMEIIKMMH Te000TaHnKaMu [25, 26] mist auddepen-
LUPYIOUIUX BUAOB: AuddepeHIupyomuii BUA JOIKEH UMETh BCTPEUaeMOCTh
Oosee yeM B 2 pasza m OZHOBpEMEHHO Oonee ueM Ha 20% BHIIIE, YeM B JPYTHX
CHUHTaKcoHax dToro panra. Hempsmas DCA-opauHanys u KJIacTepHbId aHAIN3
MPOBOIWIIHCH ¢ Ucniofb3oBanneM nakera PAST 2.14 [27]. [Ipu npoBeaennn kia-
CTEpHOTO aHaJKM3a U HEMPSMO SKOJIOTHYECKOH OpIMHAIIMY B pacdeT He MPUHU-
MAaJIACh BUBI JIECHOTO JAPEBOCTOS, TAK KaK UX YUET IPHUBEIN OBl K pe3koMy 000-
coOJICHUIO JIeCOB Ha TpaduKax U JACHApOorpaMMax. Y4eT TOJIbKO MOJMOIOTOBBIX
BHJIOB B JiecaxX MO3BOJIMI OOJiee NEeTalbHO MPOAaHATH3UPOBATh B3aHMOOTHOIIIE-
Hus ueHodaop.

Jlaruackue HazBanwms pactennii mpuseaeHs! o cBoake C.K. Uepenanosa [28].
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Pe3lebTaT]>l HCCJIeA0OBAHUA

BunoBoe pasHooOpasue 30HaIBLHON TIeHOIIOphI cTene (245 BUIOB), MOy
YEHHOM IyTeM 00beAMHEeHHS YeThIpeX JOKAIBHBIX IIEHO(IIOP, CYIIECTBEHHO Ipe-
BBIIIIAET COOTBETCTBYIOIIME ITOKa3aTenu ayroBoii (208 BumoB) u siecHoi (198 Bu-
J0B) neHoduiop. JlecHas u ayrosast IeHO(MIOPH! ONM3KU IO OOTaTCTBY BUAOB MIPU
HEOOJIBIIIOM TIPEBOCXOJICTBE TICHODIIOPHI TyroB. CXOHBIE COOTHOIICHHS HAOIIO-
JIAI0TCS M IIPU CPaBHEHUH JIOKAJIBHBIX HieHo(uiop (Tabi. 1). Hanssicmme nokasa-
TENU OTAMYAIOT CTEMHYIO IIEHO(IOpY caMOro IOKHOTO ydacTka. st ecHoi u
JIyroBOH IIeHO(IIOp caMble BHICOKHE MTOKA3aTelI OTMEYEHBI JJIsl BTOPOTO y4acTKa.

Ta6numa 1 [Table 1]
BuaoBoe 6orarcTBo JIOKaJbHBIX LIeHO(I0p
[Species diversity of local coenofloras]

KitoueBble ygacTku
[Key siés] ! 2 3 4
Ilenodiopsl [Coenofloras]
Crenu [Steppes] 129 142 153 126
Jlyra [Meadows] 113 135 123 125
Jleca [Forests] 109 139 103 102

CBoeoOpa3ue cpaBHHBaeMbIX IEHO(DIOP MOAYSPKHBACTCS YUCIOM BHJIOB,
BCTPEUEHHBIX TOJILKO B OJIHOW M3 HUX. TOJBKO B CTEMHBIX IeHOMIOpax oTMeue-
HO 109 BUIOB, uTO cocTaBisieT 44,5% oOT 00IIero BUIOBOTO pa3HOOOpa3usl cTel-
HOU 1IeHO(IophL. J[0oMs BHIOB, OTMEUEHHBIX TOJIBKO JJISI JIYTOBBIX WU JICCHBIX
nerodiop, ropazao ke (14,6 u 13,1% coorBercTBeHHO0). CBOCOOpa3me CTEN-
HOU IEHO(IIOPb! O0YCIIOBIEHO MPEUMYIIECTBEHHO Kcepoduramu (Eremogone
koriniana, Erysimum hieracifolium, Senecio ferganensis, Seseli ledebourii n np.),
HE BCTPEYAOIIMMUCS B HHTPA30HAIBHBIX 00JICe BIAKHBIX MECTOOOUTAHHUSX, TIC
JIOKAITU3YETCsI JIECHasi M JIyroBasi pacTuTelbHOCTh. OCOOCHHOCTD JIYTOBOH Iie-
HO(MIIOPBI CBsI3aHA MPEUMYIIECCTBEHHO C COPHBIMU BHIAMU, XapAKTEPHBIMHU LIS
nactount (Cynoglossum officinale, Dracocephalum nutans, Echium vulgare, Pic-
ris hieracioides, Rumex confertus), a Takke C PACTEHUSIMH CBHIPBIX 3aCOJIEHHBIX
nyroB (Alopecurus arundinaceus, Artemisia laciniata, Cenolophium denudatum,
Hordeum brevisubulatum, Juncus atratus, Plantago cornuti, Ptarmica impatiens,
Sonchus arvensis, Stachys palustris, Veronica longifolia). Jlecunas nenodiopa ot-
JIMYAeTCs yUaCTHEM JIEPEBbEB U KyCTapHUKOB (Betula pendula, Lonicera tatarica,
Malus baccata, Rhamnus cathartica, Salix bebbiana, S. caprea) v BUIIOB TiepeyB-
NaXKHEHHBIX Mectoooutanuil (Filipendula ulmaria, Carex omskiana, C. riparia).
BoJIBIIMHCTBO M3 OTMEUEHHBIX BHIOB BCTPEYAIOTCS TOJIBKO B OJHOW-JIBYX JIO-
KaJbHBIX EHO(IOpAaX MM e UMEIOT HEBBICOKYIO BCTPEYaEMOCTh BO BCEX JIO-
KaJIbHBIX [IEHO(IIOpax OJHOTO THITA PACTHTEILHOCTH.

Bonee nndopMaTHBHBIM MPECTABISAETCS aHAINU3 IIEHOMIOp MO BCTpeYaeMo-
CTH BUJIOB, KOI/]A B KAYECTBE XapPAaKTEPHBIX PACCMATPUBAIOTCS T€ BH/IbI, BCTpEUa-
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€MOCTh KOTOPBIX B OJTHOM M3 THIIOB IICHO(IIOpP TOCTOBEPHO BHINIE (OoJee YeM B
2 pa3a u oAHOBpeMeHHO Oosiee ueM Ha 20%), ueM B ocTanbHBIX. B 3TOM ciydae
paccMaTpHUBANINCH TOJIBKO BHIBI, BCTPEIAEMOCTh KOTOPBIX XOTS OBI B OTHON W3
JIOKaJbHBIX LIeHO(IIop paBHA uiau 6osee 20%.

[Ipex e Bcero oOpamaet Ha ce0si BHUMaHUE OOJIBIIAS TPYIIIA BHJIOB, HMEIO-
IIMX BBICOKYIO BCTPEYAEMOCTh BO BCEX MCCIICIOBAHHBIX JIOKATBHBIX IIEHO(PIOpax
(20 BunoB). I'pymma oOpa3oBaHa COBOKYITHOCTBIO JIYTOBBIX (Astragalus danicus,
Bromopsis inermis, Elytrigia repens, Stellaria graminea) nu 1yroBo-cTenHbIxX (Ar-
temisia pontica, Carex praecox, C. supina, Festuca rupicola, Filipendula vulgaris,
Fragaria viridis, Galatella biflora, Galium ruthenicum M 1ip.) BUIIOB, a TaK)Xe BH-
JIOB C IIMPOKOH aMITIUTYIO0H 1o (aktopy ysiaxuenus (Calamagrostis epigeios,
Phlomoides tuberosa, Poa angustifolia). Cnenyromas no oobemy (17 BHIOB)
rpymma o0beANHSIEeT BUIBI, PACTIPOCTPAHEHHEIE IT0 BCEMY TPAHCEKTY B JICCHBIX H
JYTOBBIX IIeHO(Iopax. B Hee BOILIM JHArHOCTUYECKHUE BUJBI JIYTOBOTO Kiacca
Molinio-Arrhenatheretea R. Tx. 1937 (Galium boreale, Sanguisorba officinalis,
Vicia cracca), nopsiaka necHsix nyroB Carici macrourae—Crepidetalia sibiricae
Ermakov et al. 1999 (Hieracium umbellatum, Lupinaster pentaphyllus) n npyrue
BU/IbI, OOBIYHBIC B JIECAX M MMEIOIIIE OITUMAJIbHBIC YCIOBHUsI OOMTAHMUS HA OITYIII-
kax (Filipendula stepposa, Inula salicina, Kadenia dubia, Serratula coronata, Se-
seli libanotis), a Taxxke KycTapHUK Rosa majalis M TIOIPOCT OCUHBI — OOBIYHBIE
KOMITOHEHTHI JICCOB M OIYIICYHBIX JYTOB. JIJISI CTEMHBIX IEHO(MIIOP BBICOKYIO
BCTPEYAEMOCTh, TOCTOBEPHO MPEBBIMIAIONIYI0 BCTPEUAEMOCTh ITHX K€ BHIOB B
eHO(IOpax IPYTHX THUIIOB PACTHTEIHHOCTH, MOKA3ald OCHOBHBIC TOMHHAHTHI
CTEIHBIX co001ecTB (Stipa capillata u S. zalesskii) v TUTMYHBIE KCEPOPUTHI, TAKUE
Kak Artemisia nitrosa, Helictotrichon desertorum, Seseli ledebourii, Sisymbrium
polymorphum, Verbascum phoeniceum u np. Bcero BBICOKOKOHCTaHTHBIX BHJIOB
creneii okazanoch 10. [19Te BUIOB XapaKTepHBI IS TYTOBBIX M CTEIHBIX IEHO)-
Jop. DTO MPEUMYILECTBEHHO BHJIBI CTEMHOTO Kiacca Festuco-Brometea Br.-Bl.
et Tx. ex So6 1947, oObI4HBIC HA OCTENMHEHHBIX Nyrax (Euphorbia microcarpa,
Galatella angustissima, Potentilla canescens, P. humifusa, Stipa pennata). s
JYTOB TaK)Ke OTMEUCHO IIATh XapaKTepHBIX BUAOB. Tpu u3 HUX (Rumex thyrsiflo-
rus, Taraxacum officinale n Thalictrum simplex) BcTpedaroTcst BO BCEX JIYTOBBIX
neHodiopax, a Silaum silaus w Stipa tirsa 0TCyTCTBYIOT B BOCTOYHO# dacTu Ce-
BepHoro Kazaxcrana. JlecHbIM 1ieHO(IIOpaM CBOMCTBEHHBI TOJIBKO YETHIPE XapaK-
TEPHBIX BUJIA, U3 KOTOPBIX JBa (Betula pendula v Populus tremula) — TOMAHAHTHI
JPEBECHOTO sipyca U J1Ba — TpaBsHUCTbIe Me3oduthl (Rubus saxatilis u Solidago
virgaurea).

CpaBHeHHe 1eHO(IIOp MO BCTPEYACMOCTH BHJIOB IIOKA3aJi0 HAJTUYUE OOJIb-
0¥ TPYIIIBI BUIOB, BRICOKOKOHCTAHTHBIX BO BCEX IIEHO(IOpax. XOpoImo mpo-
CJIC)KUBACTCS TAKIKE BHICOKOE CBOCOOPA3Ue CTEIMHBIX IEHO(IOP H COBOKYITHOCTH
JICCHBIX U JIyTOBBIX. JIyTOBBIE U JIeCHBIE TIEHOMIOPHI IO OTACTHHOCTH 00JIaal0T
HEOOJBIIUM YHCIIOM XapaKTEPHBIX BUAOB. [IOMHMO pa3iu4us MO THUIIAM PacTH-
TENFHOCTH, TIPOCIECKUBAIOTCS HEKOTOPBIE N3MEHEHHSI BO BCTPEUYACMOCTH BHIOB
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Ha JONTOTHOM rpaaueHte. Takue Bunsl, Kak Cerasus fruticosa, Lathyrus tubero-
sus, Silaum silaus, Stipa tirsa, Veronica prostrata, Xanthoselinum alsaticum n
Ip., OTCYTCTBYIOT B BOCTOUHOH YaCTH TPAHCEKTA, TOTHA KakK Artemisia abrotanum,
A. glauca, Glycyrrhiza uralensis n Veronica spicata IOSBISIOTCS TOJIBKO 371€Ch.
71 MHOTHX BUZIOB OTMEUACTCsl CMEIICHHE HX B 00JIee BIIaKHBIE MECTOOOUTAHHS
10 Mepe MPOJBILKEHHUS C 3amaja Ha BOCTOK. Tak, Artemisia austriaca, A. dracun-
culus, Achillea nobilis n Festuca valesiaca B 3amajJHON 9acTH TPaHCEKTa Xapak-
TEPU3YIOT CTEIHBIE IEHO(IIOPHI, @ HA BOCTOKE YaCTO BCTPEUAIOTCS BO BCEX THIIAX
ueroduop. Adonis wolgensis u Scorzonera purpurea Ha 3amane IPUCYTCTBYIOT
TOJIBKO B CTEIHBIX [EHO(IIOPax, a Ha BOCTOKE — IIPEUMYIIECCTBCHHO B JIyTOBBIX.
Achillea asiatica, Lathyrus pratensis, Ranunculus polyanthemos, Trommsdorffia
maculata n Vicia cracca Ha 3amnajie XapakTepHBI JUIsl BCEX THUIOB IIeHOQIIOp, a
Ha BOCTOKE — MPEUMYIIECTBCHHO FJIH MCKIIOUUTEIBHO /ISl JIECHBIX H JTyTOBBIX.
AHAOTHYHBIA TPEH/T CHUKEHHS BCTPEYAEMOCTH B CTEIIHBIX IIEHO(IIOpax ¢ 3ama-
Jla Ha BOCTOK HaOIomaeTcs U Uil HanOoee pacpoCTPaHEHHBIX KOPHEBUIITHBIX
3nakoB Calamagrostis epigeios n Poa angustifolia.

Heb6omnpoe urcio BUOB MOKA3aJI0 BEICOKYIO BCTPEIAEMOCTh TONBKO Ha Of1-
HOM WJIM JIByX KIIFOYEBBIX yyacTKax. Tak, /Ui JECHBIX IEHO(IOp MBYX KpailHUX
3aMagHBIX YYAaCTKOB C BHEICOKOM BCTPEYaEMOCTBIO OTMEUCHH Betula pubescens
u Carex disticha, nist BTOPOro KJIIOYEBOTO y4YacTKa BBICOKOH BCTPEUaEMOCTBIO
B COCTaBe JICCHOH W JYroBoi IeHo(Iop omuyarotcst Brachypodium pinnatum,
Campanula bononiensis, Melampyrum cristatum u Vicia sepium. Taxxe s
Ka)KIIOU M3 JIOKAIBHBIX CTEITHBIX IICHO(IIOP XapaKTepHBI TPyHIbl u3 5—10 BUaOB,
HMEIOIIIX BBICOKYIO BCTPEUAEMOCTh TOJIBKO B COCTaBE IaHHOM 1ieHO(pmopbl. VH-
TEPeCHO pacipesenenue BUioB Falcaria vulgaris v Peucedanum morisonii. Ecnu
MEPBBIN BCTPEUACTCS B COCTaBE BCEX IIEHOMIOP MEPBOrO U TPETHETO KITFOUCBBIX
YYacTKOB, TO BTOPOIl BUJ IMEET aHATOTHIHYIO BCTPEUAaeMOCTh Ha BTOPOM H YET-
BEPTOM KITFOUEBBIX y4acTKaX.

[Nomumo mpocToro cpaBHeHHs 12 HCCIEIOBAaHHBIX IIEHO(IOP IO TPHUCYT-
CTBHIO U BCTPEUACMOCTHU BUJIOB, HAMH HKCIIOJIb30BaHbI PACUETHBIC TOKA3ATESIIH —
ko3 dunment CepeHceHa—UeKaHOBCKOTO, MOKA3bIBAIOIINN CTEIIEHb CXOJICTBA/
pa3uyus CpaBHUBAEMBIX (IOpP M aKTHBHOCTDH BH[A, OTPAKAIOIIAs, MO BBIpaXKe-
Huto b.A. lOprieBa, crenens npeycrneBanus Buaa B coodrmiectse [29]. B tadmn. 2 B
BHUJIC TIOJTyMATPHIIbI IPEICTABICHBI PACUCTHBIC 3HaYCHUS KodhdunneHTa CepeH-
ceHa—YeKaHOBCKOTO JJIS BCEX UCCIECIOBAHHBIX IEHO(IIOP.

Ha monrotHoM rpajueHTe HanOobIIee CX0ACTBO OOHAPYKUBAIOT JICCHBIC 11e-
HOGIOopHL. KoaddummeHT momapHoro cxojcTBa Mexy HUMU u3Mensiercs ot 0,90
10 0,76. Camble BRICOKHE 3HAUCHHS KO(PPHUIIUCHTA TOTYYCHBI MEXKY JABYMS 3a-
MaIHBIMU IIEHO(IIOpaMH, a TaKXKe MEKIY JABYMS BOCTOUHBIMH, UTO MOAYSPKUBA-
eT pa3iuyusi JIECOB Ha JOJTOTHOM rpaaueHTe. OIHAKO MUHUMAIILHOE 3HAYCHHE
ko3 dunmenta s gecHbIx reHodop (0,76) 0OTMEYEHO MEX Ty KpallHUM 3aria/l-
HBIM U KpallHUM O)KHBIM ydacTKamu. JIyroBble IEHO(IOPHI MOKA3bIBAIOT MPO-
MEXYTOYHbIC 3HaueHHs Kodpdummenta cxoactsa (0,83-0,71). Kak u B cimyyae
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JIECOB, HAUOOJIbIIICe 3HAYCHHE OTMEYACTCS MEXK/TY JBYMs 3aa{HBIMH y4acTKaMU
(0,83), omHaKo BOCTOYHBIE YUACTKH MMOKA3bIBAIOT U cpenHue 3HaueHus (0,74).
MunumanbHOe 3HadeHue kodddummenta (0,71) momydeHo i KpaitHero H0KHO-
ro ydactka u yuyactka 2. Camble Hu3kue 3HaueHus ko3 ¢unuenra (0,74-0,53)
XapaKTepU3yIoT cTenHble eHo(Iopsl. Kak u [uis 0CTalbHBIX TUIIOB PACTUTEIb-
HOCTH, HanOoJbIINe 3HaYeHHs1 KOd(HUIIMEHTa pacCUUTaHbl I JIBYX 3aIlaHBIX
teHodop. MUHUMAIBHOE CXOJICTBO JUIsl CTEHHBIX [EHOMIOP OTMEUYCHO MEKILy
3amaJiHBIMK ¥ KPAHUM F0XKHBIM, @ TAKXKe MEX1y KpailHUM 3ara/IHbIM U KpaitHUM
BOCTOYHBIM y4aCTKAMH.

Ta6numa 2 [Table 2]

CpaBHeHue ueHodJiop no kodppuunenty Cepencena—dekaHOBCKOro
[Comparison of coenofloras using Serensen-Chekanovskiy Index]

Ileno-
(bJ'IOPH necl | mec2 | nec3 | nec4 | myrl yr 2 ayr 3 nyr4 |crens 1 |crens 2|crens 3|crens 4
[Coeno- | orst 1] | Horest2) | forest3] | forest4] | fmeadows 1] | [meadow 2] | [medow 3] | meadow 4] | eppe 1| steppe 21| [steppe 3] | [seppe 4
floras]
nec 1
[forest 1]
nec 2
[forest 2]
nec 3
[forest 3]
nec 4
[forest 4]
L1079 10,71]0,66 | 0,65| 1,00

[meadow 1]

mWr2 107810.81/0,65(066| 0.8 | 1,00

[meadow 2]

myr3 1070(0.61]068|0.62] 0,78 | 0,71 | 1,00

[meadow 3]

1yr 4 166910,66|0,65(0,79] 0,74 | 0,71 | 0,74 | 1,00
[meadow 4]
crernb 1
[steppe 1]
cTens 2
[steppe 2]
crensb 3
[steppe 3]
crens 4
[steppe 4]

1,00

0,90 | 1,00

0,76 10,79 | 1,00

0,7910,80 (0,82 | 1,00

0,4410,37(0,44(0,44| 0,56 | 0,45 | 0,60 | 0,54 | 1,00

0,4910,45(0,5310,52| 0,64 | 0,57 | 0,64 | 0,64 | 0,74 | 1,00

0,3010,25(0,41{0,35| 041 | 0,29 | 0,46 | 0,41 | 0,53 | 0,61 | 1,00

0,39 0,36 0,46 0,51 | 0,49 | 0,40 | 0,53 | 0,63 | 0,63 |0,74 | 0,73 | 1,00

[pu cpaBHeHNH KOAPDUIMEHTOB CXOCTBA MEXKIY IIEHO(IOpaMH Pa3THIHBIX
THIIOB PACTHTEIHOCTH HAHUOOJBIINE BEIMYMHBI MOJNYYCHBI Ul JICCHBIX H JIy-
roBeix nenodmop (0,81-0,61). Lienodopa jiecoB KpailHETO 3aMaJHOTO y4acTKa
oOHapyKUBaeT OOJIbINE CXOACTBA C IICHO(IIOPO JIYTOB ATOTO K€ yUaCTKa, YeM C
JICCHBIMU IeHO(IOpaMK Ha BOCTOKe. Takas jke 3aKOHOMEPHOCTh HAOIOaeTCss U
Ut ydactka 2. Camasi 1)KHas lieHo(IIopa JIECOB BO BCeX CIydasx UMeeT Kodphu-
LUCHTHI CXOJICTBA C JICCHBIMU IICHO(IOPAMH BBIIIIE, YeM C JIYTOBBIMH, a KpalHss
BOCTOYHAs JIeCHas IieHO(IIopa Oke 10 Kod3(h(OHUITMEHTY CXOJCTBA K JIyraM TOTO
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K€ KIIFOUEBOTO YJacTKa, YeM K JiecaM KpalHero 3amamHoro ydacTka. JlyroBbre
1eHo(IopBI BO BCeX cilydasx oOHapyKUBaJIK OOJIbIlIee CXOJCTBO C IIeHOpIOpaMu
JIECOB, UeM ¢ reHodaopamu creneil. Camble HU3KKE 3HAYCHHUS KOAPPHUIIMESHTA OT-
MEUEHBI JUISl CTENHBIX IIeHO(Iop B cpaBHeHUU ¢ tecHbIME (0,25-0,53).

B menom xoapdumment CepeHceHa—YeKaHOBCKOTO ITOKa3bIBACT BBICOKOE
CXOJICTBO JICCHBIX IICHO(IIOP MEkKTy COO0I U pa3sHOOOpa3re CTEIHBIX 30HAIBHBIX
neHodop. Jlyroseie meHO(IOPHI MOKA3BIBAIOT OOJBIIEE CXOJICTBO C JICCHBIMH,
HEXKENIU CO CTeHHbIMU IieHodopamu. 1o KiIroueBbIM yyacTkam Hanbojee KOH-
TPACTHBI IICHO(IOPHl PA3TUIHLIX THIIOB PACTHTEIHLHOCTH Ha IOKHOM yYacTKe.
st KpaliHero BOCTOYHOTO y4acTKa OTMEYASTCs HAUOOJbIIIEE CXOACTBO JICCHBIX,
CTEITHBIX 1 JTYyTOBEIX IIeHo(Iop. [IpociexxnBaercs pa3sHUIla MEX Iy IEHOpIOpaMu
BCEX THUIIOB PACTUTEIBHOCTH HA JOJTOTHOM TPAIHEHTE, IIe HanOOJIbIINe 3HAUC-
HUS Kod(pUITIeHTa OTMEUEHBI TS IBYX 3aMalHBIX YIacTKOB. He MeHee oTueTn-
Bas pa3HHIIA HAOIIONACTCS M MEXKIY 3alaHbIMU M KPAHHUM F0XKHBIM y4aCTKaMU
JUTS TIEHO(ITOp BCEX TUIIOB PACTUTEIHHOCTH.

AKTHBHOCTH BUJa MO3BOJIICT YYUTHIBATH HE TONBKO (DAKT €ro MmpUCYyTCTBHUS
B COCTaBE OTIPEICICHHON IICHO(IOPEI, HO M CTENCHB €r0 «IPEyCIeBaHID», KOC-
BEHHO OTPAXKAIOMIYIO KaK ONTUMAILHOCTD YCIOBHI CYIIIECTBOBAHUS JIJIsI JAHHOTO
BHZA, TaK U €TO (PUTONCHOTHIECKYIO 3HAUUMOCTb. [l0oKka3aress akTHBHOCTH BHA
3aBUCHT OT BCTPEUACMOCTH U CPEIHEr0 OOWIHS BUAA B ONPEICICHHOM THUIIEC CO-
obmiectBa win nanamadra. [TockombKy ISl ONEHKH BCTPEYaEMOCTH W OOWIIHS
UCTIOJIB3YIOTCSI PA3IMYHbIC IIKAIBI ¥ IOAXO0/IbI, TOKA3aTe)Ib AKTUBHOCTH HE HMEET
Pa3sMEpPHOCTH M U3MEHSETCSI B Pa3IMYHBIX TIpe/esiaX, B 3aBUCHMOCTH OT BEIOpaH-
HBIX IIKaJI. B Hamiem ciydae BCTPEYaeMOCTh PAaCCUMTHIBATIACH B MPOICHTAX, a
O0MITHE OIIEHMBAJIOCH TI0 BETMYMHE IIPOCKTUBHOTO ITOKPHITHS BHAA B (PUTOIICHO-
3e, TAKKE BBIPaKEHHOH B mporieHTaXx. COOTBETCTBEHHO MPEENIbl HU3MEHUYMBOCTH
TOKa3aressi akTUBHOCTH B HareM cirydae coctasmiu ot 0 o 100. 3a moporoBoe
3HAUCHWE HAMU MPUHST MOKa3aTeiab akTUBHOCTH 10. Buabl ¢ MeHbIICH aKTHB-
HOCTBIO PACCMATPUBAIUCH KaK MaJIOAKTHBHBIC U HE BKIIOYCHBI B aHanm3. Cpas-
HEHHE BHUJIOB IO MOKA3aTeJII0 WX aKTHBHOCTU B COCTAaBE ICHO(IOP Pa3IUYHBIX
THUIIOB PACTHTEIHFHOCTH TIOKA3aJI0, YTO CPEIHIOI0 aKTHBHOCTE Oobiie 10 XOTs OB
B OfiHOM Turie nieHo(op umeroT 20 BiIOB. 113 HUX HET HU OTHOTO, KOTOPHBIH MPO-
SIBIISLT OBI BBICOKYFO aKTHBHOCTB BO BCEX THIAX IeHOGIIOp (Tad. 3).

B crensix BBICOKYIO aKTMBHOCTh MMEIOT 3 BuJa KOBbUIeH (Stipa capillata,
S. pennata w S. zalesskii). BctpedaeMoctb Stipa pennata Ha Jyrax Jaxe BBIIIE,
YeM B CTEISIX, HO Ha JIyraX OH HHKOTJA HE JIOMUHHPYET U aKTUBHOCTH €ro Oojee
Hu3Kasg. HanOospiieil akTHBHOCTBIO Ha JIyrax OTJIHYAOTCS 5 BHIOB: Bromopsis
inermis, Filipendula stepposa, Galatella biflora, Glycyrrhiza uralensis,
Peucedanum morisonii, mpuaeM BBICOKYIO aKTHBHOCTH OHH MPOSBIISIIOT HE BO
BCEX JIYTOBBIX IIeHO(IIOpax, a, Kak npaBmio, Ha 1-2 yyactkax. Hu oquH u3 atux
BH/IOB HE OTHOCHUTCS K BHIAaM JYTOBBIX IIEHO(IOP, BBIICICHHBIM IT0 TIOKa3aTeIio
BBICOKOH BcTpeuaeMocT. OHU OOBIYHBI M B IPYTUX THIAX HEHOMIOP B IIMPOKOM
WITH y3KOM Teorpa(puiecKoM Iuarna3one, HO IMEHHO Ha JIyraX BBICTYHAIOT JOMH-
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HaHTaMH, a B JICCHBIX U CTEITHBIX (PUTOIICHO3aX CHIDKAIOT cBoe oOmmme. Hanboms-
[IYI0 aKTHBHOCThH B JIeCaX MMEIOT 6 BUJIOB: JOMUHHPYIOIIUE BUJBI JIPEBOCTOS
(Betula pendula v Populus tremula), ocoxu Carex praecox u C. supina, KOTOpbIe
YacTo SIBISIIOTCS JIOMUHAHTAMH TPABSIHOTO SIPYCa OCTEIMHCHHBIX JIECOB, JIyTOBO-
necHou B Rubus saxatilis, OOWIBHBIA B HWKHEM sIPyCe JIECHBIX COOOIIECTB,
U KycTapHUK Rosa majalis. BbICOKOW aKTHBHOCTBIO B CTEIHBIX U JIYTOBBIX CO-
obniectBax otnuyatorcs Festuca rupicola, Filipendula vulgaris w Fragaria viri-
dis, a B IECHBIX U IIYTOBBIX — Artemisia pontica, Calamagrostis epigeios u Poa
angustifolia.

Ta6numa 3 [Table 3]
Pacnpenesienne 3HaueHUii aKTUBHOCTH 110 JIOKAJIBLHBIM LieHOd10pam
JUIA BBICOKOAKTHBHBIX BU0B
[Distribution of activeness values for highly active species among local coenofloras]

KimroueBbie
Y4YacTKH Crenu [Steppes] Jlyra [Meadows] Jleca [Forests]
[Key sites]
Cpen- Cpen- Cpen-
. HsA HsIA HASA
Bubr [Species] 1123 |4 [Aver- 112|134 [Aver- 11234 [Aver-
age] age] age|
Stipa zalesskii 49131]12|35] 31,75 100 [0 [ 1 025 [0]0]0]O 0
Stipa capillata 2128124 113] 21,5 10091 2.5 0/0]0]0 0
Stipa pennata 201181021 4 14 101 9 {11] 6 9 2/10]0]0 0,5
Glycyrrhiza 02( 0618 8 2016/42] 15 |olo|3]4]| 1,75
uralensis
Bromopsis inermis| 2 | 9 | 3 | 8 5.5 17111261 | 13,75 |13 |13]1 4,5
Peucedanum of2t]of1] 8 Jo30 022 13 |o|9olo|o| 45
morisonii
Filipendula 02/ 1lofo| 033 |7 21]8 |10 11,5 |9o|9|1]4]| 575
stepposa
Galatella biflora | 3 | 5|55 45 11110115/ 7 1 10.75 1919 (519 8
Betula pendula 010[0]O 0 2121211 1,75 |70176|77|71| 73,5
Populus tremula 0]J]0[/0]0 0 1[3[5]5 3,5 |22]13|31]15]| 20,25
Carex praecox 161 8 | 5110] 975 |2[1[3]14 5 18] 8 |21/23] 17,5
Rubus saxatilis 0[{0[0]O0 0 0[11]01]0.2] 3,67 20|27 8|8 | 15,75
Rosa majalis 0,210,210 |1 0,5 51511219 7,75 117/13/9 |11] 12,5
Carex supina 51614 (8] 575 1210143 225 |84120/15] 11.75
Fragaria viridis 18119 1 |11 12,25 |32130|26|26| 28,5 |8 |51 |5]| 4,75
Filipendula 2014 1110| 13,75 [17/29|20| 11| 19,25 |10| 7| 4|6 ]| 6,75
vulgaris
Festuca rupicola 1 12412928 205 [21]115/31] 1 17 9|8 ([11]2 7.5
Calamagrostis | 151 5 | 5| 7 |40(37|39|55| 42,75 |23]33|20|40| 335
epigeios
Poa angustifolia |02 5|1 |3 3 36[18[13(24| 22,75 [14[11[12]20] 14,25
Artemisia pontica | 15114 6 | 5 10 191 6 (26(12] 15,75 [11[10]11/11]| 10.75

Ilpumeuanue. PamxaMu BbIJCJIEHBI TPYIIbl BBICOKOAKTUBHBIX BUOB Ul COOTBETCTBYIOIIMX
neHoIop.
[Note. Groups of highly active species for the corresponding coenofloras are in frames].
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Taxum 00pa3oM, aHaM3 PaclpenesICHUs BHICOKOAKTHBHBIX BUJIOB ITO3BOJIMI
BBIJICJIUTH IPYIIIBI BUJIOB, XapaKTEPHBIE JUIs Ka)k/I0T0 U3 TPEX THIIOB PACTUTEINb-
HOCTH, @ TaK)Ke IPYIIBI BUIOB, O0BbEAUHSIONINE CTEITHBIC IICHOQIOPEI C JIyrOBBI-
MH U JYTOBBIE C JIECHBIMH.

MeTonoM KJIacTepHOrO aHaIM3a C HCIOIB30BAHUEM MeToia Yopaa IOCTpoeHa
JIEHpOrpaMMa JUIst JIOKAIBHBIX IIEHOMIIOP ¢ yUETOM BCTPEIaeMOCTH BUIOB (pUC. 2).

341 21 23 44312

@®

150 4

300

Igstance

750 1

1050

Puc. 2. JleanporpaMma cXoACTBa / pa3IH4us JIOKAIBHBIX IEHOMIOp C y4ETOM BCTPEYAEMOCTH
BUOB (MeTon Yopaa). 31ech U anee TPeyrolbHUKAMU OTMEUEHBI CTEITH, KPYKKaMHU —
nyra, a kBajparamu jeca. [{nhpamu 0003Ha4eHBI HOMEPA KITFOYEBBIX YIaCTKOB
[Fig. 2. Similarity dendrogram of local coenofloras based on species occurrence (Ward’s method).
Hereafter, steppes are marked by triangles, meadows by circles, and forests by squares.

Key sites are numbered]

Ha camoM HU3KOM ypOBHE B HEW BBIICISIOTCS JBa KiIacTepa — CTEIHBIX Iie-
HO(IIOp ¥ 00BEIMHEHHBIN KJIacTep JyroB U jecoB. Ha ciemyromneM ypoBHe 00b-
CIIMHCHHBIN JTyTOBO-JIECHOW KIIACTEP pas3jeiseTcs Ha 2 KiacTepa JyrOBBIX W
MPEUMYIIECTBEHHO JIECHBIX IeHO(op. Jlanee Kax/plil U3 KJIACTEPOB JEIUTCS
o reorpaduveckoMy MPUHIIKAIY C BBIICICHUEM KJIACTEPOB 3aIIaIHBIX JIECHBIX U
JyroBhIX IeHo(uIop. Ha aToM e ypoBHE 000COOJICHHBIN KIacTep cTenel pasje-
JISIETCSl Ha JIBA KJIacTepa BOCTOYHBIX U 3allaHBIX Y4acTKOB. JeHIporpamma ui-
JFOCTPUPYET OOIBIIYI0 000COOIIEHHOCT CTEIHBIX IEHO(IOP M OTHOCHTEIBHYIO
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01M30CTh JIYTOBBIX U JIECHBIX. Bee rccneoBanHbIe IeHO(IOPHI OKA3bIBAIOT pas-
JIMYUS] B CBSI3U C UX TeOrpapuUIeCKUM MONOKCHUEM, 00JIce OTUCTIUBBIC B CITyYac
CTEITHBIX IIEHOQIIOP.

DCA-opauHanus JIOKaJIbHBIX IIEHOMIOp O BCTPEYaeMOCTH TakXKe MOKa3aia,
YTO CTEIHBIC IIEHOPIOPBI XOPOIIO 000COOICHBI B MPOCTPAHCTBE JBYX MEPBBIX
OCeif, B TO BpeMsl KakK JIyTOBbIE H JIECHbIE 00pa3ytoT o0mmuii MmaccuB (puc. 3).
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Puc. 3. DCA-opanHaIys JIOKJIbHBIX HEHO(IOP 110 BCTPEYaeMOCTH BHI0B
[Fig. 3. DCA-ordination of local coenofloras by species occurrence]

Ecmu mpoBecTH KJIaCTEPHBIN aHATU3 U HETIPSIMYEO OP/IHMHAIHMIO JIOKATBHBIX I1e-
HO(JIOP C yY4eTOM aKTUBHOCTH BHJIOB, TO KAPTHHA TIOJIYYaeTCsl HECKOIBKO HHASI.
JenaporpaMma ¥ B 3TOM ClIydyae MOKa3bIBaeT 00JIee TECHYIO CBSI3b MEXKIY COO0i
JIECHBIX M JYTOBBIX IIEHO(IIOP, HO Ha OOJiee BHICOKOM YPOBHE CXOJCTBA pasiie-
JICHUE JICCHBIX W JIYTOBBIX IICHO(IOp mpoucxomuT 6onee otueriuBo. Ha camom
BBICOKOM YPOBHE 000COOJISIFOTCS KJIAacTephl 1O reorpaudecKoMy IMOJIOKSHHIO
(puc. 4).

Ha cxeme opauHanuu 1eHO(IOPhl pa3iHYHbIX THIIOB PACTHTEILHOCTH TOXKE
XOPOIIO OTACISIFOTCS JPYT OT Apyra, MPH 3TOM JYTOBBIC IICHO(IOPHI 3aHHUMAIOT
MIPOMEKYTOYHOE TIOJIOKEHNUE MKy CTEITHBIMH U JIECHBIMU (pHC. 5).
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Puc. 4. JleniporpamMma cXozcTBa / pa3anyus JTOKAIbHBIX
EeHO(IIOP ¢ YIETOM aKTHUBHOCTH BUIOB (MeToa Yopaa)
[Fig. 4. Similarity dendrogram of local coenofloras based on species activeness (Ward’s method)]
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Puc. 5. DCA-opauHaIyst JOKaIbHBIX IEHO(IOP M0 aKTUBHOCTH BHUIIOB
[Fig. 5. DCA-ordination of local coenofloras by species activeness]
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Takum 00pa3oM, KIIaCTEPHBIN aHAIN3 B HETIPSIMAsT SKOJIOTHUECKAsT OPIUHAIIIS
MOKa3ajJM, YTO CTEMHbIE LHEHO(IOPHI CYIECTBEHHO OTINYAIOTCS OT JYTOBBIX U
JIECHBIX, CXOIHBIX MEXIy COOOH IO BHIOBOMY COCTaBy. J[Be mocieaHue meHo-
(ropBI AOCTATOUHO YEeTKO AU (HepeHIUPYIOTCs, €CIIU HCIOIb30BaTh OKA3aTeNb
aKTHBHOCTH BHUJIOB, T.€. JICCHBIC W JTYTOBEIC IIEHOMIOPH! TIPU W3BECTHOH OOIITHO-
CTH BUJIOBOTO COCTaBa PA3IMYAIOTCS 110 JOMHHAHTAM M aKTUBHBIM BHJIAM.

O06cyxneHne pe3yIbTaTOB HCCJIETOBAHMUS

B pamkax HacTOSIIEro MCCICAOBAHHS Mbl HE CTABHJIM IIEJIBI0 MAKCUMAJIBLHO
TIOJTHO BBIABUTH COCTaB JIOKAJBHBIX IeHO(mop. OmHAKO OIHOBPEMEHHBIH cOOp
MaTepHaoB 10 SMHON METOIUKE U OJIHUM KOJUICKTHBOM HCCIEIOBaTeNeii ode-
CIICUMJT XOPOIIYI0 CPABHUMOCTH TONYYEHHBIX JAaHHBIX. Heckompko Oompimee Ko-
JIMYECTBO BKJIFOUCHHBIX B aHAIIM3 CTEMHBIX onucanuii (97 no cpaBHeHuto ¢ 84 st
necoB u 80 IS JIyTOB) HE PHBOINT K CYIIECTBEHHOMY HCKaKEHHIO PE3yIIETaTOB
HCCJICIOBaHMs, XOTsI, BO3MOXKHO, SIBJISICTCSL OMHOM M3 MPUYMH OTHOCHUTEIHHO BBI-
COKOTO BHJIOBOTO pa3HO00pasust CTemHoH reHodmopsl. Hapsmy ¢ aTiM ecTs U psin
€CTECTBEHHBIX (PAKTOPOB, OOBSICHIIONINX BHIOBOE OOTaTCTBO 30HAJBHBIX CTEIICH.
B ecrectBeHHOM, HEe TIPeoOpa30BAaHHOM YEIIOBEKOM JaHAMIA(TE, CTEIH 3aHMMa-
JIM TVIABEHCTBYIOIEE MOJIOKCHUE B IUIAKOPHBIX YCIOBHSX, BCTPEUAsCh B IIHPO-
KOH aMIUTUTY/E JIOKAJIbHBIX AKOJIOTHUYECKUX (PaKTOPOB. ITO pa3HOOOpasme MecT-
HBIX YCJIOBHH, PAaBHO KaK W ILUIONIA[b, 3aHMMAaeMas CTCITHBIMU (PUTOIICHO3aMH B
na"mmadTe, CocoOCTBOBAIM MOJICPKAHNIO BHICOKOTO BHIOBOTO pa3HOOOpa3us
crerneil. 30HaNbHBIC KIMMATHYCCKUE YCIOBHS ONArompusITHbI KaK IJIsl BUIOB JIy-
TOBO-CTEIHBIX, TaK M /I HACTOSIINX CTEIHBIX KcepoduToB. Beicokoe BHmOBOE
00rarcTBO 30HAJBHBIX CTEMEH CeBepa CTEIHOM 30HBI HAIILIO CBOE OTPAXKECHHE JIAXKEe
B X HANMEHOBAHUH — OOTaTOPa3HOTPaBHO-IEPHOBUHHO3IaKoBEIe crerH [ 15]. Jlec-
HBIC COOOIIIECTBA B 30HE CTEICH HAXOMAITCS HA CEBEPHOM TIpe/iesie PacipoCTpaHe-
HUSI JICCOB B PABHUHHBIX BHYTPHUKOHTHHEHTAIBHBIX paiioHax. OHH MPUypPOYCHBI
K CTPOro OMPEeTICHHBIM MECTOOOUTAHUSIM M MMEIOT SCTECTBEHHO (parMeHTH-
POBaHHBII apeall, COCTOSIIMN M3 MEJKUX H30JHPOBAHHBIX YIACTKOB («KOJKOBY).
OrpaHu4eHHas IUIOMIA b, H30JIIIUS HEOONBIINX YIACTKOB U Y3Kasl KOJIOTHUESCKAs
aMIUTUTY/Ia TIPUTOIHBIX YCIOBHH CYIIECTBOBAHHS OTPAaHUYMBAIOT Pa3HOOOpasme
BUJIOB B COCTaBe JICCHBIX c000IIecTB. JIyroBas 1meHo¢opa mo moka3areiro BUIO-
BOTO pa3HOOOpa3Hs 3aHUMACT MIPOMEKYTOUHOE TTOJIOKEHUE, IPUOIMKASICH Ooee K
JIecaM, HeXKEITH K CTersiM. B 9TOM HaxX0UT CBOE OTPaKEHHE TOMOJIOTHUECKAs U KO-
JIOTHYECKast OJIM30CTh JIECOB M JIyTOB CEBEpa CTEITHOM 30HBI, T7IC JICCHOM U JIyTOBOM
THITbI PACTUTEIBHOCTH SIBITIOTCS. HHTPA30HAIBHBIMHE, TPUYPOUCHHBIMU K 3aria id-
HaMm perbeda ¢ Ooree OIArONPUATHBIMHU YCIOBUSMHU YBIIAXHEHHS TI0 CPABHEHHIO
C IUIOCKMMH BOJIOpA3[eiaMH, 3aHATHIMU CTEIsIMH. JIOBOJBHO 4YacToO JyrOBbIC W
JIECHBIE COOOIIIECTRA CBA3AHBI TAKKE SIMHCTBOM CYKIIECCHOHHOTO IpoIiecca, Korma
TI0JT BO3/ICHCTBHEM TIaJIOB U BhIIIAca MPOMCXOIUT COKPAIICHHUE JICCHBIX MACCUBOB H
3aMEHa WX BTOPUYHBIMH JUTATEIHHO TIPOM3BOJHBIMH JTyTaMU.
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CBocoOpasue CTermHOH IIeHO(IOPHI MOJUEPKUBACTCSI COBOKYITHOCTHIO BHIIOB,
BCTPEUAIOIIUXCS HCKITFOYUTEIIFHO HITU MPEUMYIIIECTBEHHO B €€ COCTaBe. JTa co-
BOKYIHOCTh B CTEIISIX IPENCTABICHA HACTOSIINMHU KCEPOUTAMHU H TaJOTOJIe-
paHTHBIME BUIaMU (Artemisia nitrosa). JlecHas ieHO(IOpa OTIINIACTCS BHICOKUM
MTOCTOSTHCTBOM HJTH MCKJIIOYUTEIIFHBIM YIaCTHEM BHIOB APEBECHBIX U KyCTapHU-
KOBBIX H3HEHHBIX (popM. KpoMme Toro, ToiabpKo B cocTaBe 3TOH HEHOGIOPHI OTME-
YeH psijl BUJIOB TIEPEYBIAXXHEHHBIX MecTooOuTanuii (Filipendula ulmaria, Carex
omskiana, C. riparia), NPUCYTCTBUE KOTOPBIX CBS3aHO C MCKIFOYUTEILHBIM Pac-
MIPOCTPaHEHHUEM JICCOB B 3amaguHax penbeda. B cmydae miyOokux 3amaauH mpu
OJIM3KOM K TIOBEPXHOCTH 3aJICTAaHUU IPYHTOBBIX BOJI IICHTPAIILHYIO YaCTh 3ama -
HBI 3aHIMAET HU3MHHOE OOJIOTO, SIIEMEHTHI (PIIOPHCTHUECKOTO COCTaBa KOTOPOTO
MIPOHUKAIOT IO TIOJIOT Jieca, HeIOCPEICTBEHHO KOHTAKTUPYIOIIETO ¢ OOJOTHBIM
coobmecTBoM. CrienuuKy JIyroBO# meHO(IOPHI COCTABIISIFOT BUBI JIYTOB 1TACT-
OMIIIHOTO MCIIOJIb30BAHUSI M TATOTOJICPAHTHBIC PACTEHUS CBIPBIX JIyroB. [Ipu aTOM
ropasio 0oJbIlas COBOKYITHOCTh BHJIOB SIBJISICTCS OOIIEH IS JISCHOHM M JTyrOBOM
neHo(dIop B oIMYKE OT LHEHO(IOPHI cTeneid. DToT 00K 00pa30BaH BUAaMHU Ha-
CTOSIIIIMX U JICCHBIX JIYTOB, a TaKKe BUJAaMHU JIECHBIX OITyIIeK. B ompenenennoi
Mepe MOXKHO TOBOPHUTH O €IUHOM JIECO-JIyTOBOM (IOPHUCTHUCCKOM KOMILICKCE,
XapaKTEepHOM ISl MHTPAa30HAIBHBIX MECTOOOWTAaHWH PaBHHHHOW YacTH CeBepa
cTernHoi 30HbI. OCHOBHBIC Pa3lIUyuUs MEKIY JIYTOBOM M JIECHOH meHodiopamu
BBISIBIJIMCH TIPY aHAJN3€¢ aKTHBHOCTH BUJIOB, T.€. CBSI3aHBI CO CTPYKTYPOIl H J10-
MUHAHTaMHU COOOIIECTB.

Bonbmioi 610k BUIOB SBISIETCS OOIIUM TSI BCEX UCCIICIOBAHHBIX TICHOQIIOP,
OTpaxkas MX 30HANBHYIO crieruduky. JJaBneHne 30HATBHOTO OKPYKEHUs HA WH-
Tpa30HAJIbHBIE KOMIUICKCHI, 0COOCHHO TPH HEOONBIION pa3MEepHOCTH yJacTKOB
MOCTICTHUX, TPUBOIUT K MPOHUKHOBEHUIO JIyTOBO-CTEIHBIX BHIOB C IIHPOKOM
9KOJIOTHYECKOHN aMIUTUTYIOH O MOJIOT JIieca, T OHM HEPEAKO SBIIIOTCS TOMH-
HaHTaMH ¥ cyOoMuHanTaMu coobects (Calamagrostis epigeios, Carex supina,
Poa angustifolia n np.).

Bce uccienoBannbie MEHO(IOPHI MMOKA3all CYINICCTBEHHBIC M3MCHEHUs Ha
JONTOTHOM IpajiveHTe. B HanOompImei cTenenn pa3nnans JOKATBHBIX IICHO(IOp
MIPOSIBUJIMCH JIJISI cTerieil. PaHee aHaIOrMYHBIN Pe3yibTarT MOIYYeH IPH CPABHEHUH
JIOKAJILHBIX IIEHO(II0p JiecocTernHoi 30HbI CeBepHOi A3uu [10]. Yuurteias, 4yTo
OOJIBIIMHCTBO KIIFOUEBBIX YIACTKOB PACIIONIOKECHO HA OTHOM MIMPOTE U B CXOHBIX
MTOYBEHHO-TPYHTOBBIX YCIOBHUSIX, OCHOBHBIM (DAaKTOPOM, OMPENCISTIONINM pas3-
JIMYUE yYaCTKOB HA JOJTOTHOM IPAJUCHTE, BBICTYIIACT CTECICHbh KOHTHHECHTAIIb-
HOCTH KJIFIMaTa, BHEIPAKAIOIIASCS B BO3PACTAHUHM KOHTPACTa CE30HHBIX TEMIIE-
patyp ¥ yMCHBIICHUH BIaroo0eCIeueHHOCTH MecTooOuTaHuit. JIsl HEKOTOPBIX
BHIOB, UMCIOIIHX 3alaJHbIe OO BOCTOUHBIC TPAHUIBI apeaioB Ha TPAHCEKTE,
9TH TPAHUIBI MOTYT OBITH 00YCIIOBICHBI HCTOPUYCCKUMHE ITpudrHamMu. OHAKO B
OONBIIMHCTBE CIy9aeB HAOIIOMACTCS PeaKunsl pacTeHH Ha W3MCHEHHE KINMa-
TUYECKUX YCJIOBHMA. DTO MOATBEPIKAACTCS U (PAKTOM TOTO, YTO MHOTHE BUJBI B
HaIpaBJICHUH C 3aIaja Ha BOCTOK MEPEXOIAT U3 COCTAaBA CTEIHBIX LEHO(IOP B
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JIYTOBBIC MITH JTaXKe JICCHBIC JIMOO0 YBEIIMYMBAIOT BCTPEYAEMOCTh B O0Jiee Me30(HT-
HBIX IIeHO(IIOpaX, CHIYKAS €€ B CTEIHBIX. J[pyrumu cioBamu, 31ech HaOMonaeTes
W3BECTHOE TMPaBUIIO 30HATBHON cMeHbI cTaruil [30] — TOIbKO B HANpaBICHUH C
3amajia Ha BOCTOK B CBSI3M C IPOJBIKCHHUEM BHYTPHh KOHTHHEHTa. Ponpb Biaro-
00ECTICYCHHOCTH MECTOOOMTAHWH B U PEpEeHITHANNA JIOKAIBHBIX IeHO(I0p
MOAYCPKUBACTCS. U MUHUMAIbHBIMU 3HAUCHUAMH KOA(D(UIIEHTOB CXOACTBA IS
BCEX JIOKAIBHBIX IIEHO(IIOp TPETHETO KITFOUEBOTO yYacTKa, PAaCIIONOKEHHOTO FOXK-
HEE OCTAIBHBIX B 00JIe€ 3aCyIUIUBBIX YCIOBHUSIX. 30HATIBHBIC CTEIHBIC COOOIIIe-
CTBa 3TOTO YJacTKa IPEICTABICHBI Ooliee KCepOPHUTHBIMH BapHaHTAMH CTEIICH,
KOTOPBIC XapaKTePU3YIOTCS HH3KOW BCTPEYAEMOCTBIO WM OTCYTCTBHEM psifa
JIYTOBO-CTEIHBIX ME30KCEPO(UTOB U BUAOB, IIPHYPOUCHHBIX IPEUMYIIIECTBCHHO
K 00ratopasHOTPaBHO-ICPHOBHHHO3IAKOBBIM HACTOSIIIUM cTersM (Artemisia la-
tifolia, A. pontica, Carex praecox, Fragaria viridis, Phleum phleoides, Stipa pen-
nata v ip.). MeHblas, o CPAaBHEHUIO ¢ 30HATBHBIMU CTEITHBIMHE [IEHO(PIOpaMHU,
qyBCTBUTEIBHOCTD JIECHBIX W JIYTOBBIX IEHO(MIIOP K M3MEHEHUSM Ha TOITOTHOM
rpajiueHTe OOBICHACTCS KOMIICHCUPYIOIUM BIUSTHHEM MECTHBIX YKOJIOTHYECKUX
YCIIOBHH B MHTPA30HATIBHBIX MECTOOOUTAHUIX. B CBSI3M ¢ HAKOIJICHHEM CHeETa U
AKKyMYJISIIUCH TaJIBIX BOJ B IEPUOJ] CHETOTASIHUS 3aauHbI TIOICPKUBAIOT 00-
Jiee ONArONPHSITHBIA PEKUM YBIAKHEHUS, KOTOPBIA CHUXKaeT 3hdekT ycumieHus
KOHTHHEHTAJbHOCTU Ha IIUPOTHOM TPAHCEKTE.

[NomMumo 0OIMMX KIMMAaTHYECKUX TPEHAOB, Ha ITOKA3aTEIH JIOKAIBHBIX IIe-
HO(IIOp BIHSIIOT MECTHBIC YCIOBHSI KOHKPETHBIX KITFOUEBBIX y4acTKOB. Tak, Iuis
BTOPOTO KITIOUYEBOTO YYacCTKa BCE JIOKATBHBIC IEHO(IOPH XapaKTepH3YIOTCS
Oonee Me30(UTHBIM COCTaBOM. TONBKO UIS 3TOr0 Y4acTKa OTMEYEHA BBICOKAs
BCTPEUAEMOCTb B COCTaBE JICCHOM M JYTOBOH IEHO(IOP HACTOSIINX ME30(H-
TOB: Brachypodium pinnatum, Melampyrum cristatum u Vicia sepium. 9T naH-
HBIE XOPOIIO COTIACYIOTCS ¢ TeOrpaMueCKUM MOJIOKCHUEM Y9acTKa B JTOIHHE
p. UM o mpaBomy Oepery. Ha BocToke yuactok rpanuynt ¢ KokdyeraBckoit
BO3BBIIICHHOCTHIO. YUHTHIBas IpeoOiaaroniee 3amaaHoe HapaBIeHIe BETPOB,
p. MM MOKHO paccMaTpuBarh Kak JTOTOIHUTEILHBIN HCTOYHUK aTMOC(HEPHOTO
yBIaXHEHHs. Hannane HU3KOTOPHOTO MOAHSATHS HAa BOCTOKE MPUBOINT K MOAB-
€My M OXJIQXICHHIO BO3IYIIHBIX MAcC HaJl TPPUTOPUCH ydacTKa, 4To 0OecIeuu-
BaCT YBEIMUCHHUE KOIUIECTBA aTMOCPEPHBIX 0cankoB. COBOKYITHOCTH 3THX BO3-
JICVCTBHI CO3/IaCT MECTHBIC YCIOBUSI MOBBIIICHHON BIaro00eCIeUeHHOCTH, TaXe
10 CPaBHEHHIO C OoJIee 3aMma HO PACTIONOKEHHBIM YIaCTKOM, UTO M OTPakKaeTCs
B COCTaBe JIOKAJIBHBIX IIeHO(I0p. Pacnpenenenie HEKOTOPBIX BUIIOB B JIOKAJIb-
HBIX IIeHO(IIOpax, Kak, Hanpumep, Falcaria vulgaris v Peucedanum morisonii,
HE UMEET SIBHOHN KOJIOTHYECCKOM HHTEPIIPETAIIMH H MOXKET OBITh BBI3BAHO BO3/ICH-
CTBHEM CIyYaifHBIX JINOO HE YITCHHBIX B HACTOSIIIEM HCCIICTOBAHUH (DAaKTOPOB.

Pasnuuus TOKaNbHBIX EHO(IOP MOKA3bIBAIOT, YTO, HECMOTPSI Ha BBICOKUE
K02(D(OUITMEHTHI CXOICTBA, KaXKIast U3 HUX XapaKTePU3yeTCs] KaueCTBCHHBIMH H
KOJMYCCTBEHHBIMY OTIMYUSIMH U BHOCUT YHUKAQJIBHBIA BKJIAJI B 00IIEe Pa3HO-
obpasue crenHoTo OMoMa CeBepHoro Kazaxcrana.
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English Summary

Nikolay N. Lashchinskiy, Marina P. Tishchenko, Andrey Yu. Korolyuk

Central Siberian Botanical Garden, Siberian Branch of the Russian Academy of Sciences, Novosibirsk,
Russian Federation

Quantitative analysis of local coenofloras
in the steppe zone of Northern Kazakhstan

The steppe biome became one of the most anthropogenically transformed biomes
during the last two centuries. Nowadays, it is a landscape of small “islands” covered
by natural vegetation and surrounded by vast areas of ploughed land. Conservation
and restoration of natural steppe vegetation is one of the main tasks for conservation
activity. It should be based on a good scientific understanding of steppe landscape
structure and geographical variability. The main aim of this research was to compare
floristic composition of different vegetation types on well-drained habitats in the steppe
zone of Northern Kazakhstan with quantitative methods. Our research was carried
out in the steppe zone of Northern Kazakhstan. The four key sites were established
along an almost 1000 km-long transect between 53°27' and 51°33' N and 61°51"' and
76°41' E (See Fig. I). At least 60 relevés were made for three main vegetation types,
namely steppes, meadows, and forests at each site. Based upon these data, we compiled
12 species lists for three vegetation types in each of the key sites. These lists were
compared using Serensen-Chekanovsky similarity index (Serensen, 1948) and species
activeness measure, calculated as a square root of the product of species occurrence and
abundance values (Malyshev, 1973). In addition, cluster analysis and DCA-ordination
were accomplished using the PAST 2.14 program (Hammer, Harper, Ryan, 2001).

Inthisresearch, we found out that zonal steppe flora is more diverse in terms of species
composition in comparison to intrazonal forest and meadow floras (See Table 1). The
characteristic species of the steppe flora which occur mainly or exclusively in steppes
are true xerophytes. A small group of characteristic species of the forest flora consists
of trees and shrubs. For the meadow flora, such species are widespread meadow plants
together with few species tolerant to salinity. The largest proportion of similar species
is typical of forest and meadow floras. In a certain sense, it is possible to speak about
two floristic complexes, one of the zonal steppe flora and the other of the intrazonal
forest and meadow flora. Our results show that the most pronounced differentiation
between forest and meadow floras is demonstrated by a species activeness comparison.
In other words, these floras mainly differ in community structure and dominant species
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(See Table 3). In course of our research, we revealed well-pronounced differentiation
between steppe, forest and meadow coenofloras by cluster analysis and DCA-
ordination (See Fig. 2-5). Differentiation was more pronounced if we took species
activeness into account. We discovered that there are changes in species composition
of all the local floras along a longitudinal gradient from the periphery to the center of
the continent. These changes are more obvious for the local steppe floras than for the
others. The main reason for these changes is that of diminishing habitat humidity. In
case of intrazonal habitats, local humidity buffers regional climate changes and leads
to a higher similarity between local forest and meadow floras. Many species are shifted
to moister habitats in eastward direction. These shifts are also connected with higher
climate aridity and continentality in the continent inner part. It is vitally important to
create a net of landscape-level protected areas, more or less equally distributed along a
longitudinal gradient for the effective steppe biome conservation and restoration.

The paper contains 5 Figures, 3 Tables and 30 References.

Key words: biodiversity; coenoflora; vegetation ordination; species activeness.
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KopkoBblie B3auMo1eiicTBUS U CIIEKTPAJIbHbIE XaPAKTEPUCTUKHI
MIO-PUTMA Y YeJIOBeKa NMPHU HAGJII01eHUH, TPOU3HeCeHU
U MBICJIECHHOM BOCIPOM3BeJIeHUH HeIMOIUOHAIBLHOIO CJIOBA

HccnenoBanue BBITOMHEHO NpH nojiepxkke rpanta PODOU Ne 18-013-00758.

H3syuenvl  cnekmpaivhvle — XAPAKMEPUCMUKU — MIO-pUMMA U KOPKOGble
83AUMOOeCTNBUA HA YACIOMe dIMO020 PUMMAy IOHOULell nPU HaOII0OeHUU, NPOUSHECEeHUU
U MBICIEHHOM — BOCHPOU3BEOCHUU — HEIMOYUOHANLHO20 — cnogd.  Obnapyicervl
Cmamucmu4ecky 3HayuMble NO CPAGHEHUI0 C (POHOM UMEHEeHUs] CHeKMmpalbHOU
mowrocmu DII na wacmomax mio-pumma 8 YeHmpaibHuix 0o1acmsx Kopuvl. Xapakmep
IMUX UZMEHEHULL 3A8UCUN O YACTOMbL PUMMA. HA OOHUX YACMOMAax HabLoo0aemcs
pocm cnekmpanvHoti mowpocmu I3, na opyeux — cHudcenue. ObHApY*CEHO MaK#ce
yeunenue ypogHell KOPKOBbIX Cs3ell Ha Yacmome Mio-pumma Mexicoy YeHmpaibHblMu
U JNOGHLIMU, YEHMPALLHLIMU U GUCOYHLIMU, YEHMPATbHBIMU U  3AMbLLOYHLIMU
30HAMU KOPbL HA IMANAX NOO20MOBKU U 6bINOAHEHUS KOMMYHUKAMUBHO20 OetCmBUSL.
Tonyuennvie Oannble CEUOEMENLCMBYION O MOM, YIMO MIO-PUMM 6KIIoYaenm pso
uacmom, KOmopwvle UMEIOm pAa3Hoe (QYHKYUOHANbHOe 3HAYeHue U Ompaxicaiom
AKMUBHOCIb PAZHLIX HEUPOCEMEeBblX OCYUWLISMOPOS. YCMAaHO8IeHO, YMo KOPKOGble
63AUMOO0CLICMEUsL U CNEKMPATbHbIE XAPAKMEPUCMUKU MIO-PUMMA OMIUYAIOMCS NPU
HaOMoOeHUU, NPOUSHECeHUU U MbICIEHHOM B0CNPOU3BEOCHUU HEIMOYUOHALLHO2O
cnoaa.

KitoueBble €J10Ba: KOMMYHUKAMUBHbIE 3EPKANbHbIE HEUPOHbl; NPOUHECEHUE
CIL08; MIO-PUMM, KOPKOBble 83AUMOOCCMEUSL.

BBenenune

N3yyeHnne ponu 3epKajabHbIX HEHPOHOB B KOTHUTUBHBIX IpOLIECCaX SIBISAET-
Csl aKTyaJbHOM HayYHO-NPAKTUYECKON MpoOIeMoil, NMerolel BaXKHOE 3HAUCHHE
JUI TIOHMMAaHUsSI COLIMAIBHOIO MOBeleHHs denoBeka. CommacHo MoIysspHOi B
HacTosiIiee BpeMs runorese [1], 3epkanbHble HEHPOHBI MOTYT CIYXKHUTh HEHpO-
HaJBHON OCHOBOM JIJISI HHTEPIPETAINH JICHCTBHUH, TIOPaKaTeILHOTO 00YUYCHHUS 1
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UMUTAIIH TOBEICHHS APYTUX Jrofei. BayKHBIM acTieKToM yKa3aHHOH IPOOIEMBI
SIBIISICTCS IOUCK HAJISKHBIX MapPKEPOB aKTUBALIMU STUX HeHpoHOB. OcoObIil uHTE-
pec B 3TOM TIIaHE TIPEICTABISIET TaK HA3BIBAEMBIN, MIO-PUTM dacToTol 8—13 ',
KOTOPBIN PErHCTPUPYETCS B IEHTPAIBHBIX 00JaCcTAX KOPBI M HE MOJABIIACTCS MIPH
3pUTEIHHOW M CITyXOBOW CTUMYJSIIIMU [2]. YCTaHOBIEHO, YTO NEMPECCHUST STOTO
pUTMa, KaK M aKTHBAllUsl 3ePKAJIIbHBIX HEHPOHOB, HAONIOAAETCS HE TOJNBKO IPU
BEITTOJTHEHUH YEJIOBEKOM KaKOTO-JIMOO JNEHWCTBHSA, HO TAaKKe IPH HAOIIONCHUN H
MBICIIEHHOM BOCIIPOM3BEJICHUU 3TOro AeiicTBus [2, 3]. Bmecte ¢ Tem nmpoBeneH-
HBIC MCCIICJOBAHUS Al HEOAHO3HAYHBIC pEe3yNbTaThl. B 4acTHOCTH, B OMBITAX
¢ mapamienbHoit peructpauueit 93" 1 ®MPT-ckannpoBaHreM Mo3ra npu Ha-
OJIOIEHUH XBaTATEIBHBIX IBIKEHHUH IOATBEP>KACHA CBSI3b ICIPECCHN MIO-PUTMA
C aKTHBAIMel CHCTEMBI 3epKaJIbHBIX HEHPOHOB y uenoBeka [4]. OgHako Apyrue
aBTOPHI [5] pH U3YUCHUH IEKTPUICCKOW aKTHBHOCTH MO3Ta B IIEHTPAIBHBIX U
3aTHIJIOYHBIX OTBEICHUSIX NPU HAONIOICHUH 32 «OMOIOTHYECKUMIY JIBHXKEHUSIMU
(pykamur) 1 HEOMOIOTHICCKUMH JBIDKCHUSMHE (KaJTCHIOCKOTMIECKH TBIDKYIIH-
MHCSI CTUMYJIaMHU) IPUXOZST K BEIBOAY O TOM, YTO TIOIaBJICHUE MIO-PUTMA HE SIB-
TsieTcsl IeUCTBEHHBIM CPEICTBOM M3yUCHHMSI aKTHBHOCTH 3€PKaJIBHBIX HEHPOHOB.
Ha ocHoBe moiryueHHBIX JaHHBIX ATH aBTOPHI [5] yTBEPKAAIOT, YTO MOJABIICHUE
MIO-pPHTMa MOKET OBITH HCIIOJIB30BAHO KaK MHAWKATOpP aKTHBAINHU 3€pKAIBHBIX
HEHPOHOB uenoBeka, Ho 3(dekT cnaldblif, HEHAJAESKHBINA U JIETKO CMEIIUBACTCS C
MTOAABICHUEM 3aTBUIOYHOTO alb(a-puT™a.

Kpome TOro, HexoTopble ucciemoBareian [6] BBIACISIOT B MIO-PUTME JIBa
noyinana3ona: 8—10 u 10-12 I'm, xoTopble, IO MX MHEHHUIO, (QyHKIIMOHAIEHO
paznuyarotcs. [1o gaHHBIM 3THUX aBTOPOB [6], HU3KOYACTOTHAS COCTABIIAIONIAS
Mro-put™Ma (8—10 I'1r) mposiBiseT «Hecnenu(pUIECKyr0» JeCHHXPOHU3AIUIO, pe-
TUCTPUPYEMYIO MIPH Pa3HBIX JABIKEHHSIX, B TO BPeMsl KaK BHICOKOYACTOTHAS CO-
craBistromast (10—12 I'iy) mposiBisieT «crenupuaecKyroy JIeCHHXPOHU3AIUIO, KO-
TOpasi OTYETIIMBO pa3jinyaeTcs MPH JIBUKECHUAX MaJbIIeB PYKH U CTYIHU. B psne
uccienoBaHui 00Hapy)keHa 3aBHCUMOCTh PEAaKTHBHOCTH MIO-PUTMAa OT WHIUBH-
IyaJbHBIX ocoOeHHOcTell yenoBeka [7—10]. B wacTHOCTH, Tpu HAOIIONCHUH H
BBITTOTHEHUH JIBIDKCHUN pyKaMy U3 22 37T0pOBBIX HCIBITYEMBIX 3HAUUTEIHHEIC
M3MEHEHHSI MOIIHOCTH MIO-pUTMa OOHAapyXeHbl y 18 — Bo Bpems JBWKEHUS U 'y
11 — BO BpeMsi IPOCMOTpa U300PAKCHHUN JBMKCHHS. Y 8 HCIBITYEMbIX 3TH W3-
MEHEHHs HaOIIoJauch B 000MX ciydasx. B OONbIIMHCTBE CllyyaeB U3MEHEHUs
MOITHOCTH MIO-PUTMa BO BPEeMsI IBIKEHHS CBSI3aHBI C YMEHBIIIEHUEM €TO aMILTH-
Tynbl. OTHAKO Yy 2 UCTIBITYEMBIX OHU CBSI3aHBI C YBEJIMYEHUEM U Y 9 — ¢ yMEHbIIIe-
HUEM aMILUTUTYIbl MEO-PUTMa BO BpeMsl HaOmroneHus [9].

Nzyuenue mro-put™a npu noarotoBke [11] u Beimonnenuu [12, 13] peueBbix
JCUCTBHH MOKA3aJI0, YTO «KOMMYHHUKATHBHBICY JBIKECHHS COTIPOBOKIAIOTCS Ta-
KHMMH K€ U3MEHEHUSIMH €0 aMIUTUTY/AbI, KaK U Apyrue nBumxeHus. [loatomy He-
KOTOpBIE MCCIIEI0BATENN CUUTAIOT [14], 9TO MIO-pUTM MOKHO HCIOIB30BaTh KaK
MoKa3arellb CCHCOMOTOPHOM MHTETpalliy PEYH, a H3MEPEHHUS MIO-PUTMa LEJIeCO0-
Opa3Ho MPOBOJIUTH HE TOJBKO B ab(da-, HO U B OeTa- auana3onax yacrtor [15, 16].
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Bce aTH naHHBIE YKa3bIBAIOT HA HEOOXOJAMMOCTH JAIBHEHIINX HCCIIEeI0Ba-
HUH, HaNpaBJICHHbIX, B YaCTHOCTH, Ha M3y4YEHHE 3aBHUCHMOCTH PEaKTHBHOCTH
MIO-PHTMA OT BHJIA BBIITOIHSIEMBIX JICHCTBUN U HHIUBUIYAILHBIX 0COOCHHOCTEH
YeloBeKa, Ha BhISICHEHUE (PYHKIIMOHAIBHON 3HAYMMOCTH PA3ITUYHBIX YaCTOTHBIX
COCTABJISIFOIINX 3TOTO PUTMA.

Lenp uccienoBanust — MU3y4eHHUE KOPKOBBIX B3aMMOJIEHCTBHIA HA YACTOTE MIO-
pYTMa ¥ CIIEKTPATLHBIX XapaKTEPUCTHK STOTO PUTMA Y YEJIOBEKa Ha Pa3HbIX ATa-
nax JIeATeJIbHOCTH, CBA3aHHON ¢ HAONIOIEHUEM, IPOU3HECEHUEM U MBICJICHHBIM
BOCIIPOM3BEACHUEM HEIMOIIMOHAIHLHOTO CIIOBA.

Marepuajbl 1 METOANUKH UCCJIeT0BAHUS

B wuccnemoBaHMAX ydYacTBOBANM JOOPOBOJNBIIGI, MPAKTHUECKH 3I0POBBIC
toHom (32 uenoBeka) B Bo3pacte oT 18 mo 23 ner (cpenuuit Bospact 21 + 1,6
JIeT), yJamrrecs TOMCKHAX BY30B, IpaBIId. Bee nenpiTyeMble panu HHOOPMHPO-
BaHHOE COIIaCHE HA y4yacTHE B JAHHOM MCCIIEIOBAHUH, KOTOPOE OJOOPEHO KO-
MHCCHEH TI0 OHOATHKE brHoIornueckoro HHCTUTyTa TOMCKOTO TOCYIapCTBEHHOTO
yauBepcurera (. Tomck, Poccus). [ns pemenns NoCTaBICHHBIX 3a/1a4 IPOBeE/ie-
HBI TPH CEpUH SKCIIEpUMEHTOB. B miepBoii cepun («HaobmoneHue») UCIbITyeMbIi
HaOMIOan 3a ONMepaTopoM, KOTOPBIH 0€33ByYHO OAHUMH I'yOaMHU NPOU3HOCHII
cioBo «Pa3y, korma cTpenka ceKyHaoMepa Ha 3KpaHe MOHUTOpA TepeceKaa Je-
nenus 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 u 55 c. Beero crpenka cekynaomepa
coBepmrana 5 060poToB. B Xome sKCmieprMeHTa oneparop pacroyiaraics 3a CTo-
JIOM, Ha KOTOpOM Ha paccTostHu 40—50 ¢M OT UCHBITYEMOI0 HaXOAUIICS MOHUTOP
KOMIIBIOTepa. VICTIBITYeMBIi TIPH 9TOM HaXOIUIICS CIICPEIN U CIpaBa Ha PaccTos-
Hun 70-80 cM OT HETo U cIeaus TONBKO 3a ero rydoamu. Bo Bropoit cepun («IIpo-
W3HECCHUE CJIOBa») HCIBITYEMBIH CaM BBITIONHSUT YKa3aHHYIO JEATEIBHOCTD, a
B TpeTbelt cepun («MBICIEHHOE BOCIPOU3BEACHHUE CIIOBAY») — B YKa3aHHBIE MO-
MEHTHI BPEMEHU MBICIIEHHO MPOM3HOCHII TO K€ CJIOBO. IIpu mpon3HeceHnn win
MBICJIIEHHOM BOCIIPOM3BEICHUH CI0BA UCIIBITYEMbII 3aHUMAaJ MECTO OIepaTopa U
CIIC/TIIT 32 IBIDKEHHUEM CTPEJKH CEKYHAOMEpa Ha AKpaHe MOHUTOpA.

Iepen BBIMONHEHNEM ACATEIBHOCTH U B IIPOIIECCE €€ BBITIOJIIHEHUS PETUCTPU-
poBaiu D3I" MOHOTIIOJISIPHO € TIOMOIIBIO 24-KaHaJIbHOTO 3HIIehanorpada-aHaim-
3atopa «QHuedanan-131-03» (pupma «Menukom», I. Taranpor, Poccus) B 106-
veix (F3, F4, Fz, F7, F8), uenrpanpubix (C3, C4, Cz), Bucounsix (T3, T4, TS5,
T6), remennsix (P3, P4, Pz) u 3arbuiounsix (O1, O2) oTBeneHUsIX MO cUCTEME
«10-20%». B xauecTBe pedepeHToB ucmonp3oBany oteaeHns Al m A2. C nensio
UCKITIOUCHUS apTe(aKTOB, CBA3aHHBIX C JBHXKCHUEM IVIa3 M MBIIICYHON aKTHB-
HOCTBIO, peructpupoBain DO u OMI" mprmn men u n6a. [Ipu BBOjIE aHao-
roBBIX curHanoB B OBM uactora quckperusanuu cocranisiia 250 I'n. C nensio
M3y4YeHUST KOPKOBBIX CBA3el Ha yacToTe MIo-puT™Ma D3I mpeaBapuTeTbHO (QIIIh-
TpoBau. [ 3TOro NpUMEHsIN onocoBoi GuisTp barrepBopra 20-ro nopsaxa
¢ ko3 purreHToM nopasieHus dactot Beime 13 I'm He menee 80 ab u yactot
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Hke 8 I'ip He menee 40 ab. [Ipu 00paboTKe MoTydeHHBIX TAaHHBIX ITOJICUYUTHIBA-
JI1 MaKCUMaJIbHbIE 3HAYEHUS KPOCCKOPPEISIIMOHHBIX (PYHKIUH U OLEHKHU CIIeK-
TPaJbHOW MOIIHOCTH Ha KOPOTKHX (1,5 C), MUIICHHBIX apTe(akToB, OTpe3Kax
3anucu D21 3a 3 ¢ (don) u 1,5 ¢ (31an MOATOTOBKH) 10 TIEPECEUEHUS CTPEIKOI
CEKYH/IOMEpa COOTBETCTBYIONIETO JETCHUS U CPasy IOCIE YKa3aHHOTO COOBITHS
(oran BeimonmHeHUA JeiictBus). [lonyueHHsle 3HaueHUs kod3(duumeHToB Koppe-
JIAUUM U OLIEHKH CHEKTPaJbHOM MOLIHOCTH YCPEAHSUIM OTAEIBbHO IS KajkKIOoro
JTarna AesATeNbHOCTH, JUIsl KaXKIOM CEpUH U 110 BCeM HCIbITyeMbIM. [Ipu nmoacuete
KPOCCKOPPEILSIIMOHHBIX (DYHKITHI ONMIPATUCH Ha CYIIECTBYIOIIIE PEKOMEHIAIIH
[17] o ToM, 4TO MaKCHUMaJbHBII BPEMEHHOM CABUT TOJIKEH ObITh HEe OoJiee OHON
JeCATON UTHHBI peaNn3aliiy, KOTopasi BEIOHpanach OOJbINe WIH paBHOH JeCATH
nepuonam mro-putma (1,5 ¢). Ins onucanus crektpa MomHoctd D21 npume-
Hs TipeoOpa3oBanue dypre. PacueT criekTpa BBITOIHEH C alllPOKCHMAITUEH
Ha nenble TapMoHuku (8, 9, 10, 11, 12, 13 '), 4TO MO3BOIMIIO CYHIECTBEHHO
YIPOCTHUTH TIOCIEIYIONIYI0 CTaTUCTHIECKYI0 00paboTKy M CpaBHHUTEIHHEIN aHa-
nu3 pe3ynsraroB. [lpu craructTuyeckoit 00pabOTKe TaHHBIX UCTIOIB30BAIH MAKET
«MatLab v6.5», HermapaMeTpruecKnil TMCIICPCUOHHBIN aHAIU3 ¥ KpuTepuit Buii-
KOKCOHA JIs CBSI3aHHBIX BHIOOPOK.

PesyabTarsl HccaeqoBaHus U 00CYKICHIE

B uccrnenoBaHMsX Ha >KMBOTHBIX MPH U3YYEHHHM AKTHMBHOCTH 3€PKabHBIX
HEHPOHOB IIMPOKO HUCTIONB3YETCS METON PETHCTPAIIH UMITYJIBCHOW aKTHBHOCTH
9TUX HEHPOHOB C MOMOIIBIO MHTpalepeOpalbHBIX AEKTPoaoB. OHAKO TIO 3TH-
YECKUM COOOpaKEHISIM B HAOMIONEHHUAX Ha JIIOASX STOT METON HE MPUMEHSIETCS.
[ToaToMy B HACTOSIILIEM MCCIEJOBAHUU JUISL ATHX LIEJIei UCTIONb3yeTCs AIEKTPO-
sHnedanorpaduIeckrii METO, a B KaYeCTBE MAPKEPOB aKTHBHOCTH 3€PKAITBHBIX
HEHPOHOB UCCIIEAYIOTCS CIIEKTPaIbHbIE XapaKTEPUCTUKU MIO-PUTMA U KOPKOBBIE
B3aMMOJICHCTBHUS HA 9aCTOTE 3TOTO PUTMA.

[IpoBeneHHbIe UCCIENOBAHUS TO3BOIMIN OOHAPYKUTh CTAaTHCTUYECKH 3HA-
YUMBIE W3MEHEHHSI CIIeKTpanbHON MomHocTH DD Ha yacToTax MIO-pHTMa Ha
pa3HBIX 3Tamax BBIMOJIHAEMON AesaTeIbHOCTH. OKa3aloch, YTO XapakTep ITHX
W3MEHEHMIA 3aBUCUT OT YacTOThl puTMa. B dacTHocTH, B cepun «HaOmroneHuey
Ha JTare BBIOTHEHHS JeicTBUsA B 0TBeJeHUH C3 00HAPYKEHO CTaTHCTUYECKH
3HaunMoe (p<0,05) mo cpaBHEHUIO ¢ (HOHOM CHIKEHHE CIIEKTPAIBHON MOIITHOCTH
O0OT na vactote 8 I'1, a Ha yactore 10 I'il B TOM ke OTBeAeHHH HAOII0MAETCs
crarucTruecku 3HaurmMoe (p<0,05) MmoBbIMICHHE CIIEKTPaIbHOW MOIIHOCTH DI
(puc. 1).

B cepun «Ilponsnecenue cioBa» Ha stamne «llogroroBka» Ha gactore 9 I'il
oOHapyKeHO cTaTrucThdecky 3HaunMoe (p<0,05) nmo cpaBHEHHUIO ¢ (POHOM CHHKE-
HHUe crekTpanbHoi MomHocTH D3OI B orBenennu C4, a Ha gactore 12 I'm B Tom
JKe OTBEJICHHU OOHAPYKEHO CTAaTUCTUYECKH 3HAYMMOE 110 CPAaBHEHHIO ¢ (DOHOM
(p<0,05) noBeIIIeHUE CHIEKTpaIbHON MoHOCTH DI (pHc. 2).
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Puc 1. 3aBucumocTs U3MEHEHHH ceKTpanbHOi MomHocTH D21 B oTBeIeHNN
C3 Ha pa3HbIX dTaNax AEATEIEHOCTH, CBSI3aHHON C HAaOIIONEHHEM
3a ISHCTBHUSAMM OIEPaTopa, OT YaCTOTHI MIO-PUTMA
Tlpumeuarue: Ha OCH OPAMHAT OTIOKEHBI 3HAYCHHS CIIEKTpaibHON MotHocTH D3I B MKB?
[Fig 1. The dependence of changes in the spectral power of the EEG in the C3 lead at different stages

of activity associated with monitoring the operator’s actions on the frequency of the mu rhythm.
On the Y-axis - The EEG spectral power in pV2. *The correlation coefficient values in relative units]
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Puc. 2. 3aBucumocTb u3MeHeHUH criekTpaibHoi MomHocTH D31 B orBenennu C4
Ha pa3HbIX dTarnax JAesiTeIbHOCTH, CBSI3aHHON C IPOM3HECEHUEM CIIOBA, OT YAaCTOThI MIO-pUTMA
Ipumeuanue: Ha OCH OpPJMHAT OTIIOXKEHbI 3HAYEHUS CIIEKTPabHOM MotHOCTH DI B MKB?
[Fig. 2. The dependence of changes in the spectral power of the EEG in the C4 lead at different stages
of activity associated with monitoring the operator’s actions on the frequency of the mu rhythm.
On the Y-Axis - The EEG spectral power in pV?2. *The correlation coefficient values in relative units]
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AHamM3 KOPKOBBIX B3aUMOJICHCTBUI MO3BOIIII OOHAPYKHUThH NIPHU HAOIIOHE-
HUH, IPOU3HECCHUH U MBICIIEHHOM BOCIIPOM3BEICHUH CJIOBA CTATUCTUYECKH 3Ha-
gumoe (p<0,05) o cpaBHeHHIO ¢ HOHOM yCHIICHHE YPOBHEH KOPKOBBIX CBSI3CH Ha
YaCTOTE MIO-PUTMA MEX/Ty LIEHTPAILHBIMH 1 JIOOHBIMHU, LIEHTPAIbHBIMU U BHCOY-
HBIMH, IICHTPAJTGHBIMU W 3aTBUIOYHBIMH 30HaMH KOPHI Ha dTarax IOATOTOBKU H
BBINOJTHEHUS JEUCTBHS, a TAK)KE HA 3Talle BHIOIHEHNS ACHCTBUS 110 CPABHEHUIO
C TIOATOTOBKOW. XapakTep M3MEHEHWU ypOBHEH KOPKOBBIX CBSI3€H OTIIMYACTCS
IpY HAOIIOACHUY, IPOU3HECCHUN U MBICIIEHHOM BOCIIPOHM3BEICHUU CloBa. Tak,
HarpuMep, B cepunl «Habmonenney oOHapy»KeHO YCHICHHE KOPPEIALIUH MEXITy
orBeneHusamu F3 u C3 Ha 3Tane MoAroToBKU IO cpaBHEHHIO ¢ (poHOM (puc. 3, 4),
a TaKke ycuieHue Koppemsiuuii Mmexxay orBeneHusimu F7 u C3 Ha sTame BBITIOIN-
HEHHMs JIEUCTBUA 10 cpaBHEHUIO ¢ (poHOM (puc. 3, B). YcuneHue koppemsiuuii Ha
4acTOTE MIO-pUTMAa HaOIONAETCsl Takke MeKAy orBeneHusMu C3 u C4 Ha srtarne
BBINOJTHEHUSI KOMMYHUKAaTUBHOIO JICHCTBUS 110 CPAaBHEHHUIO C €T0 MOATOTOBKOM

(puc. 3, C).
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Puc. 3. 3aBucUMOCTh KOPKOBBIX B3aUMOACHCTBUI Ha YaCTOTE MIO-PUTMA
OT 3Tarna BBIIOIHAEMOH JIesTeNbHOCTH B cepun «Habmonenuey»
Tpumeuanue: Ha OCH OPJMHAT OTIIOKEHBI 3HAYCHHST KOIPPUIIHEHTA KOPPEIISILUK B OTH.E/I.
[Fig. 3. The dependence of cortical interactions at a frequency of mu rhythm at the stage of the
activities performed in the “Observation” series. *The correlation coefficient values in relative units].

B cepun «llpousHeceHue cioBay OOHAPYKEHO CTATHCTHUYCCKH 3HAYUMOE
(p<0,05) o cpaBHEHHUIO ¢ (POHOM YCHIICHHE KOPPEISAIHMA MEXIy OTBEICHUSIMH
F8 u C3 na sTane noAroToBku k aeiicTButo (puc. 4, A), a TakxKe MEX/Iy OTBEACHU-
simu F8 m C4, C3 u TS5, C3 u Ol Ha Tare BIoNHEHHS neiicTBus (puc. 4, B). Ha
JTare BBIIOJIHEHUS EeHCTBUsI HaOmonaeTcs cratuctuiecku 3Haunmoe (p<0,05)
10 CPAaBHEHMIO C ITATIOM ITOJTOTOBKH YCHIICHHE KOPPEILIIINN MEKITy OTBEACHUS-
mu Cz u C4 (puc. 4, C).

B cepun «MpICIeHHOE BOCIIPOHU3BEACHUE» OOHAPYKECHO CTaTHCTHYCCKH 3HA-
yumoe (p<0,05) mo cpaBHEHHUIO ¢ (OHOM YCHIIEHHE KOPpENALUH MEeXIy OTBe-
nenusimu Fz u C3, F7 u C4, C3 u T6 Ha sTarne noAroToBKM KOMMYHUKAaTHBHOTO
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neictBus (puc. 5, A), a Takxke Mexy orBefeHusMU F7 u C3 Ha 3Tare BbIOI-
HeHUs aedcTBus (puc. 5, B). Ha srane BbIoMHEHUs JeicTBUs 0OHAPYKEHO CTa-
TACTHYeCKH 3HaYnMoe (p<0,05) 1o cpaBHEHHIO C 3TANlOM MOJTOTOBKH YCHIICHUE
koppensuii Mmexay orseaeHusiMu F7 u C4, Czu C4, C4 u TS (puc. 5, €).
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Puc. 4. 3aBucUMOCTb KOPKOBBIX B3aUMOCUCTBUI Ha 4aCTOTE MIO-PUTMA

OT ATara BHIMOJIHAEMOM JesiTeIbHOCTH B cepuH «IIponsnecenue ciosay»
[Fig. 4. The dependence of cortical interactions at a frequency of mu rhythm at the stage of the activities
performed in the “Pronunciation of the word” series. *The correlation coefficient values in relative units]

JucniepcMoHHBIN aHanu3 BBISBUI BIUsSHUE (axTopa «Buja aesarenbHOCTH»
Ha CIIEKTpaJIbHbIE XapaKTEPUCTUKU MIO-PUTMa M KOPKOBbIE B3aUMOJCHCTBUSA Ha
4acToTe 3TOr0 PUTMA MPHU HAOIIONECHUH, IPOU3HECEHUH U MBICIEHHOM BOCIPO-
W3BEICHIH HEAIMOIIMOHAIRHOTO cioBa. OKa3ajaock, UTO BIISIHHAC TOTO (akTopa
3aBHCHUT OT 3Talla BBIOIHAEMOH JeaTeNnbHOCTH. Tak, ecnu Ha sTane «Iloaroros-
Ka» B oTBeneHNH C3 BIMSHHE HCCIETYEeMOTo (akTopa MPOSBHIOCH TOJIBKO Ha
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gacrorax 8 u 13 I'm (p = 0,0004 + 5,25-1077), To Ha Tane «BvInonHeHus a€ii-
CTBHSD) B TOM e oTBeieHnn DDI' — Ha Bcex yactorax Mio-put™a ot 8 mo 13 I'ip
(p=0,012+1,05-1077). Ecu Ha stane «IToaroroBka» uccieayeMslii pakTop oka-
3bIBaeT craructuiecku 3Haunmoe (p = 0,048+6,29-107) BiausHue Ha OONBIINH-
CTBO KOPKOBBIX CBsizel (20) MeXIy NEHTPAIBHBIME H JPYTUMH 30HAMH KOPBI, TO
Ha dTarne «BpInoIHeHne eHCTBUY KOIMYECTBO TAKUX CBSI3CH CHIKACTCS BIBOE.
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Puc. 5. 3aBUCHMOCTH KOPKOBBIX B3aHMOJICHCTBHI Ha 9aCTOTE MIO-PUTMA
OT JTara BBIMOJIHAEMOH JesITeTbHOCTH B cepui « MBICIEHHOE BOCIIPOU3BEACHUE)
[Fig. 5. The dependence of cortical interactions at a frequency of mu rhythm at the stage of the activities
performed in the “Mental reproduction” series. *The correlation coefficient values in relative units]

Takum 00pazoM, MPOBEACHHBIE HCCIIETOBAHUS TO3BOIMIN 00HAPYKUTH B LIEH-
TpaJBHBIX 30HAX KOPHI IPH HAOMIONEHNUH, TIPON3HECCHUH W MBICIIEHHOM BOCIIPO-
W3BEJICHUH HEAMOIIMOHAIBHOTO CJIOBA CTATUCTUYECKH 3HAYUMbIE M0 CPAaBHEHHIO
¢ (OHOM M3MEHEHHsI CIeKTpallbHOW MomHOCTH DD Ha YacToTax MIO-pUTMa
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Ha JTanax HNOATOTOBKM Y BBIIOJHEHHUS KOMMYHHKAaTUBHOrO JeiictBus. [Ipuuem
Ha OJJHMX YacTOTaX MIO-pUTMa HaOJFOAaeTCs TOBBIIICHHE CIIEKTPaTbHONW MOII-
Hoctu DOl HAa APYTUX — CHUKEHHUE. JTH JJAHHBIE CBUACTEIHCTBYIOT O TOM, YTO
MIO-PUTM BKJIIOYAET B ce0s psAJ YaCTOT, KOTOPbIe UMEIOT pazHoe (DYHKIIHOHAIb-
HO€ 3HaY€HHE U OTPa)kaloT aKTUBHOCTb Pa3HbIX HEHPOCETEBBIX OCLWIIATOPOB.
[o-Bugumomy, oOHapykeHHOE Ha HEKOTOPBIX YaCcTOTaX CHUKEHHE CIIEKTPalib-
HOW MOIIHOCTH MIO-PHTMa OTpa)kKaeT aKTUBAIMIO 3E€pPKaTbHBIX HEeHpoHOB [18].
[TonmyuyeHHbIE Pe3yNbTaThl TOATBEPXKAAIOTCA M HEKOTOPBIMH JIUTEPATYPHBIMH
TaHHBIMH. B 9acTHOCTH, Hammune (YHKIHMOHAJIBHON pPa300IIEHHOCTH MEXKIY
Huzko4acToTHEIM (8—10 ') 1 BeicokouacToTHbIM (10—12 T'1r) moanuanasoHamu
MIO-pUTMa [6], TO1aBIIeHNE MIO-PUTMA MTPH ayJINOBU3YaTbHOM MIPEIBSIBICHUH Pe-
4yeBbIX cUrHanoB [19], mpu nmoaroroBke [11] u BemonueHun [12, 13] peueBbix
JIEWCTBUI paHee OTMEYaIu U IPYyTHE UCCIIETOBATENH.

Hapsiny ¢ oTuM npoBeieHHbIe HCCIIeJOBaHUS TO3BOIMIN OOHAPYKHUTH CTaTU-
CTUUYECKU 3HAYUMOE YCUJIEHHE YPOBHEH KOPKOBBIX CBA3EH Ha 4acTOTE MIO-pPUTMA
MEXy LEHTPAJIbHBIMUA U JIOOHBIMH, IIEHTPAJIbHBIMU U BUCOYHBIMH, IIEHTPAIb-
HbIMHU M 3aTbUIOYHBIMM 30HAMHU KOpBl Ha 3Tanax IOATOTOBKU U BBINOJIHEHUS
KOMMYHHMKATUBHOTO JIEUCTBUS IO CPaBHEHUIO ¢ ()OHOM, a TAaK)Ke Ha dTare BbI-
TOJTHEHUST JEHCTBUS IO CPABHEHUIO C MOJATOTOBKON. BeposTHO, 3TO ycuieHue
KOPKOBBIX CBsI3€il 00yCIIOBJIEHO Nepeaavyell CUTHAIOB U3 3PUTENBbHOM, CIIyXOBOH
¥ COMAaTOCEHCOPHOW 30H KOPBI B BEHTPAILHYIO 00JIACTh IPEMOTOPHON KOPHI [3]
1 OJNM3KO PacIoOKEHHYIO K Hell 30Hy bpoka, B KOTOPOH MpennoIoKUTENbHO Ha-
XOMISTCSl KOMMYHHUKAaTUBHBIE 3epKaiibHbie HelpoHbl [20]. [lomydennsie naHHBIC
TaK)Ke CBUJIETEIILCTBYIOT O TOM, YTO OOHAPYKEHHBIE U3MEHEHUs CIEKTPAIbHOMN
mormHOocTH DI Ha YacToTax MIO-pUTMa M KOPKOBBIX B3aWMOJICHCTBUN HA Ya-
CTOTE ATOTO PUTMA OTIIMYAIOTCA NIPU HAOMIOICHNUH, TPOU3HECEHUH W MBICTIEHHOM
BOCIPOM3BEICHUH CIIOBA. DTU JaHHbIE CBUETEIILCTBYIOT O TOM, YTO yKa3aHHbIE
BH/Ibl KOTHUTUBHOM JESITEIBHOCTH 00€CIIeUnBAIOTCS pa3HbIMU (DYHKIMOHATIHHBI-
MU CHCTEMaMH, KOTOPBIE BKIFOYAIOT B KAYECTBE 0013aTEILHOTO KOMITOHEHTA IO~
CUCTEMY KOMMYHHKATUBHBIX 3epKaJbHBIX HEHPOHOB.

BriBoabl

BrinoiHeHne KOTHUTUBHOW JIESITETbHOCTH, CBSI3aHHOHM C HAOIIIOIGHUEM, TTPO-
W3HECCHNEM W MBICICHHBIM BOCIPOM3BEACHHUEM HEIMOIIMOHAIBHOTO CIIOBA, CO-
IIPOBOXKIAETCSI:

1) u3MEeHEeHUeM CIeKTpaibHON MomHOCTH DD Ha YacToTaX MIO-pUTMA; Xa-
pakTep 3TUX U3MEHEHHH 3aBHCUT OT YacTOThI PUTMA, a TakKe OT BHUJA U dTara
BEITTOJTHSIEMO IeSTETLHOCTH;

2) ycuiieHueM KOPKOBBIX CBSI3€i Ha 4aCTOTE MIO-PUTMa MEXKIy LIEHTPaIbHbI-
MU H JOOHBIMH, IEHTPATFHBIMHA U BUCOUYHBIMH, IICHTPATGHBIMHU U 3aTHUIOYHBIMA
30HaMH KOPbI; XapaKkTep ATUX U3MEHEHUH 3aBUCUT OT BHJIA U ATala BHIOJIHIEMOMN
JeSATEIFHOCTH.
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Cortical interactions and spectral characteristics
of the mu rhythm in humans during observation, pronunciation
and mental pronunciation of non-emotional words

The study of the role of mirror neurons in cognitive processes is an important
problem of modern psychophysiology. Therefore, an urgent task is to search for and
study EEG correlates of the activation of mirror neurons. The aim of the research was
to study the cortical interactions at the frequency of the mu rhythm and the spectral
characteristics of this rhythm in humans at different stages of activity related to
observation, pronunciation and mental pronunciation of a non-emotional word.

The studies involved volunteers, practically healthy young men (32 people)
aged 18 to 23 years old (average age 21 + 1.6 years), students of Tomsk universities,
right-handers. All subjects gave informed consent to participate in this study, which
was approved by the Commission on Bioethics of the Biological Institute of Tomsk
State University (Tomsk, Russian Federation). Three series of experiments were
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carried out for the task. In the first series (“Observation™), the subject observed the
operator, who uttered the word “Raz” silently with his lips, when the stopwatch on
the monitor crossed the divisions 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 s.
Total stopwatch hand made 5 turns. During the experiment, the operator was located
at the table, on which at a distance of 40-50 cm from him was a computer monitor.
The subject, at the same time, was in front and to the right at a distance of 70-80 cm
from him and watched only his lips. In the second series (“Speaking the word”), the
subject himself performed the indicated activity, and in the third series (“The mental
pronunciation of the word”), at specified points in time he also mentally pronounced
the word. During the pronunciation or mental reproduction of the word, the subject
took the place of the operator and followed the movement of the stopwatch hand on
the monitor screen. Before and during the execution of the activity, the monopolar
EEG was recorded using the Encephalan-131-03 24-channel encephalograph-analyzer
(Medicom company, Taganrog, Russia) in the frontal areas (F3, F4, Fz, F7, F8 ) central
(C3, C4, Cz), temporal (T3, T4, TS5, T6), parietal (P3, P4, Pz) and occipital (O1, O2)
leads by the “10-20%” system. The leads A1 and A2 were used as referents. To exclude
artifacts associated with eye movement and muscle activity, EOG and EMG of the
neck and forehead muscles were recorded. The sampling rate of EEG recordings
was 250 Hz. To study the cortical connections at the frequency of the mu rhythm,
the EEG was pre-filtered: a 20-order Butterworth bandpass filter with a frequency
suppression factor above 13 Hz at least 80 dB and frequencies below 8 Hz at least 40
dB). When processing the obtained data, we calculated the maximum values of cross-
correlation functions and spectral power estimates for short (1.5 s), devoid of artifacts,
EEG recording periods before 3 s (background) and 1.5 s (preparation stage) with the
stopwatch of the corresponding division and immediately after the specified event
(stage of execution). The obtained values of the correlation coefficients and spectral
power estimates were averaged separately for each stage of activity, for each series and
over all subjects. When calculating the cross-correlation functions, we complied with
the existing recommendations (Bendat SJ and Piersol AG.) that the maximum time
shift should be no more than one-tenth of the length of the implementation, which was
chosen to be greater than or equal to ten periods of mu rhythm (1.5 s). To describe the
EEG power spectrum, a Fourier transform was used. The spectrum was calculated with
an approximation for integer harmonics (8, 9, 10, 11, 12, 13 Hz), which made it possible
to simplify the subsequent statistical processing and comparative analysis of the results.
In the statistical processing of data, the MatLab v6.5 package, nonparametric analysis
of variance, and the Wilcoxon criterion for related samples were used.

The conducted research allowed to detect in the central areas of the cortex when
observing, pronouncing and mentally pronouncing a non-emotional word, changes
in the spectral power of the EEG, which are statistically significant compared to the
background, at mu rhythm frequencies during the preparation and execution of the
communicative action. We found that the nature of these changes depends on the
frequency of the rhythm. In particular, in the “Observation” series, at the stage of
performing the action in lead C3 compared to the background, a decrease in the spectral
power of the EEG at a frequency of 8 Hz is statistically significant (p <0.05), and at a
frequency of 10 Hz in the same lead there is a statistically significant (p <0.05) increase
in the spectral power of the EEG (Fig. 7). In the series “Pronouncing the word” at the
“Preparing” stage at a frequency of 9 Hz compared to the background, the decrease
in the spectral power of the EEG in lead C4 is statistically significant (p <0.05), and
at a frequency of 12 Hz in the same lead it was found significant compared to the
background increase in the spectral power of the EEG (p <0.05) (Fig. 2). The obtained
data indicate that the mu wave includes a series of frequencies which have different
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functional importance and reflect the activity of different neural oscillators. Apparently,
the decrease in the spectral power of the mu rhythm observed at some frequencies
reflects the activation of mirror neurons. Analysis of cortical interactions allowed
to detect statistically significant (p <0.05), in a series of observations, pronouncing
and mental pronouncing of a word compared to the background, enhancement of
cortical connections at the mu rhythm frequency between central and frontal, central
and temporal areas of the cortex at the stages of preparing and executing an action,
as well as at the stage of executing an action in comparison with preparation. The
nature of changes at the levels of cortical communication is different in the series of
observation, pronunciation and mental pronunciation of the word. For example, in the
Observation series, there was an increase in correlations between leads F3 and C3 at
the preparation stage compared with the background (Fig. 34), as well as increased
correlations between leads F7 and C3 at the stage of performing the action compared
with the background (Fig. 3B). An increase in the level of correlations at the frequency
of the mu rhythm is also observed between leads C3 and C4 at the stage of executing
a communicative action compared to its preparation (Fig. 3C). In the “pronunciation
of the word” series, we observed statistically significant (p <0.05), compared with the
background, increased correlations between leads F8 and C3 at the stage of preparation
for action (Fig. 44), as well as between leads F8 and C4, C3 and T5, C3 and O1 at the
stage of performing the action (Fig. 4B). At the stage of performing the action, there
is a statistically significant (p <0.05), compared with the preparation stage, increase in
the correlation between the Cz and C4 leads (Fig. 4C). In the “Mental Pronunciation”
series, there was a statistically significant (p <0.05), compared with the background,
amplification of correlations between leads Fz and C3, F7 and C4, C3 and T6 at the
preparation stage of the communicative action (Fig. 5A), as well as between leads F7
and C3 at the stage of performing the action (Fig. 5B). At the stage of performing
the action compared to the stage of preparation, the increased correlations between
the leads F7 and C4, Cz and C4, C4 and T5 (Fig. 5C) were statistically significant
(p <0.05). Probably, the observed enhancements of cortical connections are due to the
transmission of signals from the visual, auditory and somatosensory zones of the cortex
to the ventral region of the premotor cortex and, close to it, the Broca zone, in which
there are apparently communicative mirror neurons. Dispersion analysis revealed
a statistically significant (p <0.05) influence of the “type of activity” factor on the
spectral characteristics of the mu rhythm and cortical interactions at the frequency of
this rhythm when observing, pronouncing and mentally pronouncing a non-emotional
word. We established that the influence of this factor depends on the stage of the activity
performed. So, if at the stage of “Preparation” in lead C3, the influence of the studied
factor manifested itself only at frequencies of 8 and 13 Hz (p = 0.0004 + 5.25 - 107),
then at the stage of “Execution” in the same lead, EEG at all mu rhythm frequencies
from 8 to 13 Hz (p = 0.012 = 1.05 - 107). If at the “Preparation” stage, the factor
under consideration has a statistically significant (p = 0.048 + 6.29 - 107) effect on the
majority of cortical connections (20) between the central and other areas of the cortex,
then at the “Execution” stage, the number of such connections decreases twice.

The results show that the spectral characteristics of the mu rhythm and cortical
interactions at the frequency of this rhythm depend on the type and stage of the performed
activity, and that the types of cognitive activity associated with observation, pronunciation
and mental pronunciation of the word are provided by different functional systems that, as
a mandatory component, include a subsystem of communicative mirror neurons.

The paper contains 5 Figures and 20 References.

Key words: communicative mirror neurons; pronunciation of words; mu rhythm;
cortical interactions.
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Kpviuckuii pedepanvrvlii ynusepcumem um. B.U. Bepuadckoeo, 2. Cumgeponons, Poccus

Bo3pacTHasi ZuHAaMuKa U TONOrpausi peakTHBHOCTH
HHIMBHUAYAJIbHOro Mo-putma I3I' y nereii 4-14 jer

Pabora BemonHeHa npu puHAHCOBOMH Mo Iepkke [IporpaMmbl pa3BUTHS
KpsiMckoro denepansaoro yausepcutera uM. B.1. Beprasckoro na 2015-2024 rr.

HUccnedosanue nocesuyeno usyyenuro nammepHo8 peakmueHoCmu UHOUSUOYATbHO
onpedenennozo mio-pumma OOy  Oemeil credylowux GO3PACMHBIX SPYNN:
«OOWKOMbHUKUY (4—6 nem), «mnaowue wronbHuxu» (7—10 nem), «noopocmruy
(11-14 nem) 6 ycrogusx peanusayuu CAMOCMOSMETbHBIX OGUINCEHUL C NOMOUbIO
KOMNbIOMEPHOU Mbllul, d MAKdHCe CUHXPOHHOU UMUMAYUU, 3PUMENbHO-CIYX080M U
CYX0BOM BOCHPUAMUU AHATIOSUYHBIX OBUIICEHUT, BbLINOIHAEMbIX OPYUM YET0BEKOM.
B uccnedosanuu npumsn yuacmue 121 ucnvimyemwiii 6 6o3pacme 4—14 nem.
Jucnepcuonnviil ananu3z paznuyull @ aMnIumyoe Mio-pumma 6 CUmyayuu 6blNnOIHeHUs.
0embMu  CAMOCMOAMENbHBIX — OBUNCEHULL € NOMOWbIO  KOMNLIOMEPHOU  Mbliu
NPOOEMOHCIMPUPOBAT 3HAYUMYIO OECUHXPOHUZAYUIO MIO-DUMMA NPEUMYUJeCEEHHO
J1eBONOIYWAPHOLL TIOKATUZAYULU 8 YEHMPATLHBIX U 6EPXHENL0OHBIX KOPKOBLIX NPOEKYUSIX,
a maxaice 8 MeMEeHHbIX OMBEOEHUSX KAK 16020, MAK U npago2o noxyuiapuil. [Ipu smom
6eIUYUNA OeCUHXPOHU3AYUY YBEIUHUBANACL C 803pACMOM. B cumyayuu cunxponnoi
UMUMayUU OBUICEHUL OPY2020 Yel08eKa HAON00ANach OONOIHUMENIbHASL K 8bI36AHHOL
cobCmBeHHbIMU  08UIICEHUAMU Oenpeccust Mio-pumma 6 aokycax P3 u Pz monvko
6 epynne noopocmixos. Cumyayus 3pumenbHO-CIyX08020 BOCHPUAMUS OBUICEHUL,
BbINOTHACMBIX OPYSUM  HeI0BEKOM, BbI3bIBANA 3HAYUMOE NOOABNIeHUe MIO-PUMMA
UCKTIOYUMENbHO 8 meMeHHblX omeedenusix. Ilpu crayxosom eocnpusmuu O8UdNCeHUll
MBIUBIO, GBINOIHAEMBIX OPYSUM YET0BEKOM, NOOAGIEHUe MIO-PUMMA HAOII0OAIOCH 6
memernnvix omeedenusix P3, Pz u P4 maxoice ucKaouumenvpHo 6 epynne noopocmros.

KuarwueBsbie cnoBa: demu; DI mro-pumm; Ogudicenue;, umMumayus OBUNCEHUs,
nabniodenue.

BBenenue

K macrosmemMy BpeMeHN H3BECTHO, YTO HAOMIOACHUE 3a ICHCTBUSMH, BBIION-
HSIEMBIMU JIPyTUMHU JIFOJbMU, BBI3bIBAET Yy HAOMIONATENS U3MEHEHHUS B aKTUBHOCTH
TOJIOBHOTO MO3Ta, CXOIHBIE C TEMH, KOTOPBIC UMEIOT MECTO IIPHU CAMOCTOSTEIIh-
HOM BBINOJIHEHUH aHAJIOTUYHBIX AercTBuil [1, 2]. Paa uccnenosareneii [3, 4] mo-
JIararoT, 9To 00IaCTU KOPHI, AEMOHCTPUPYIONINE CXOAHBIC MAaTTEPHBI AKTUBAIIUI
JUIS YCJIOBUU BBITIOJIHEHUS U HAONIONEHUS JNEHCTBUM, MOTYT SIBJIATHCS YacCThIO
TaK Ha3bIBaeMOMW «3epKabHOI» cucTeMbl Mo3ra (3CM), kotopasi obecrieunBaeT
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MMIUIMIUTHOE TIOHUMaHUE LieNiell, JeKalluX B OCHOBE aKTYaJbHOIO MOBEICHMUS
KOHCTEeU(UKOB. B Mo3re uenoBeka «3epKajabHbIE) CBOICTBA BBISIBICHBI B CIIEAY-
FOITUX 00JTACTSIX KOPBI: MPEICHTPAILHOW N3BHIIMHE, 3aJTHEH YaCTH HIKHEH J100-
HOU M3BWJIMHBI M POCTPATbHON YacTH HIDKHEH TeMeHHOH nombku [5]. JlaHHbIE
PETHOHBI SBISIOTCS YaCThIO CIOXKHOM CETH, MOITYYarOIIed BXOABI OT 3pUTEIbHON
KOPBI OTIOCPEI0BAHHO Yepe3 BEPXHIOI0 BUCOUHYIO 00po3ay [6], KoTopas y4acTBy-
€T B TIPOLIECCax BOCHPHUATHS ONOIOTHIECKOTO IBIDKEHNA [7].

B nocnenHue roasl akTUBHO MPOBEPSAETCS FUIIOTE3a, COMIACHO KOTOPOI Koppe-
JIATOM Ipouecca aktuBauuy 3CM MOXeT BBICTYIIATh PeaKLUs AeCUHXPOHU3ALNN
Mio-puT™Ma D3I, KoTopast UMeeT MECTO KaK MPH BBHIIOJIHECHUU CAMOCTOSTEIBHBIX
IBIDKCHUH, TaK U TPU HAaOMIONCHNHN, MBICICHHOM IIPEICTABICHUN W WMHTAINH
JIBWOKeHUH npyrux jiroaei [8—10]. B cBa3u ¢ TeM, 4yTO Ha MIO-pUTM, IPHUHAJIE-
JKAIUH K CEMEHCTBY aib(a-pUTMOB M PETUCTPUPYEMBIH HAJl CEHCOMOTOPHOM
KOpOH, MOXET 4aCTUYHO HAKJIAbIBATHCSI OTHOCUTEJIBHO MOIIHBIA 3aThUIOYHBIN
anb(ha-puT™M, KOTOPHIH MOIYIHPYETCS 3PUTCIBHBEIM BHUMAHHAEM, HACTOSTEIHEHO
PEKOMEH/TyeTCsl pacdeT MHIUBH/IYalbHOTO YAaCTOTHOTO JUAra3oHa MIO-PUTMa B
COOTBETCTBUH C €T0O TNIAaBHBIM (DYHKIIHOHAJIHHBIM CBOWCTBOM — MECHHXPOHH3A-
1Meil B OTBET Ha COBEPIICHHE CaMOCTOSITeIbHOTO ABxkeHus [11, 12]. Jlonmonxu-
TeJIbHAsS CIIOKHOCTD CBsI3aHa ¢ TeM, yTo DI -akTUBHOCTh, paccMaTprBaeMast Kak
MIO-PUTM, MOXET JAEMOHCTPHUPOBATh PA3IUUHYIO TOIOJIOTHIO (DOKYCOB AECUH-
XPOHU3AIMU U WX YaCTOTHBIE COCTABIIAIONINE B 3aBUCHMOCTH OT OCOOCHHOCTEH
9KCIIEPUMEHTANBHON 3a/1aud U YaCTH Tela, C TIOMOIIbI0 KOTOPOI OCYIIECTBIACT-
csl peanbHOE (MM BOOOpakaemoe) aBrokeHue [13].

B psine pabot nokaszano, 4To XoTsl (hoKyc HauOObIIEH MOLITHOCTH MIO-PUTMA B
YCIOBHSAX ABUTATEIHFHOTO MOKOSI HAXOAWUTCS, KK TPABIJIO, HAJ 00JIACTSIMH KOPEI,
COOTBETCTBYIOIIUMHU LEHTpalbHbIM JToKycaMm D3OI (C3 u C4), makcumaibHas pe-
aKITHS €TO IECUHXPOHU3AINH U Y A€TEeH, U Y B3POCIBIX MOXKET OBITh 3HAYUTEIHEHO
CMEIICHA B CTOPOHY TEMEHHBIX OTBeAeHUH [14]. B oTAEIBbHBIX HCCIIENOBAHUIX
IIPOU3BOJIBHBIE JABMKEHMSI HUCHBITYEMBIX CONPOBOXKIAINUCH IOAABIEHHEM MIO-
pHUTMa B MapUETAIbHBIX U (PPOHTANBHBIX OTBeAeHUAX [15, 16]. B uactHOCTH, 00-
HapyXeHBI 2((PEKTH aKTHBAIIH MTAPUETATHHOTO KOPTEKCa B 3aa9ax, BKIIOUAT0-
UX B ce0s IaHUPOBAHKE U OCYIIECTBICHHE ABIbKeHul [17, 18], npencrasnenue
nBwkeHuit B yme [19, 20] u HaOnrofeHre 3a nBrxkeHusMU [21, 22]. JlanHble dak-
TBI OOBIYHO OOBSICHSIIOT TEM, UTO TEMEHHAS KOpa aKTUBHO BOBJICUEHA B IIPOLIECCHI
3pUTENBHO-MOTOPHON MHTErpaluy IpU peaju3aluy JBU)KEHUH, HalpaBIEHHBIX
Ha 00beKT [23, 24]. [ToMHMO 3TOT0, UMEIOTCS JaHHBIE O TOM, YTO PEaKIHs Mojia-
BJIEHUS MIO-PUTMA HOJOKUTEJIBHO KOPPEJIUPYET C YPOBHEM OKCUI€HAIIMU KPOBHU
B IPEMOTOPHBIX U MApUETAIBHBIX YUaCTKax Kopbl [25]. JluHaMuKa peakTHBHOCTH
MIO-pHTMa OTpakaeT 3(Pp(HEeKTHI TECHHXPOHU3AINH B OTHOCUTEIHHO IITHPOKO pac-
IpeAerIeHHON (PPOHTO-apUEeTaANbHON CETH, 00ECIICUNBAIOIICH OCYIIECTBICHUE U
KOOPJIMHALIMIO CJIOKHBIX MOTOPHBIX IIJIaHOB. B cBA3M ¢ 3TUM BblAEICHUE €IUH-
CTBEHHOTO MCTOYHMKA MIO-NIOJOOHON aKTHBHOCTH HE BCETJAa OKa3bIBAETCS 000-
CHOBaHHBIM; OoJIee 11eNIeco00pa3Ho aHAIU3HPOBATh d(H(HEKTHI IECHHXPOHU3AIHH
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O0I' B quana3oHe 4acTOT MIO-pUTMa C YIETOM TakkKe Mpe(pOHTATBEHBIX U apH-
eTaJIbHBIX oOnacteit Kopsl [14].

B cirygae paGoThI ¢ IETHPMHU MPUXOTUTCS YIUTHIBATH TAKKE U TOT (AKT, YTO
YacTOTHBIN Juana3oH DO -akTHBHOCTH, COOTBETCTBYIOLIEH MIO-PUTMY Y B3pOC-
JIBIX, HAXOMUTCS B 00JacTH 00jee HU3KHUX YacTOT, HapacTast IO CTAHAAPTHHIX Be-
JIMYMH 110 Mepe B3pocieHus. Kpome Toro, MIo-puTM y AeTel, Kak MpaBuiio, IMeeT
OOMBIITYIO AMILTUTY/Y IO MPUYMHE MEHBIIUX TOJIIMHBI KOCTEH Yeperna U compo-
TUBJICHUS TKaHe# [26, 27].

W3BecTHO, UTO MHAMBHIYANbHAsT BapHaOEIFHOCTh YaCTOTHBIX HHTEPBAJIOB B
JauarnaszoHe anbda-puTMma, HauOoJIee YyBCTBUTEIBHBIX K BBIMOJHAEMBIM KOTHH-
THBHBIM M MOTOPHBIM 3a/1a4aM, BecbMa Bbhicoka [28]. Mcxoas u3 sToro, mpea-
CTaBIIICTCS 1IeTIeCO00pa3HBIM MPEABAPUTEIHLHOE BBIJICICHUE TaAKUX HHTEPBAJIOB
C TeM, 9TOOBI HAOMIONATh N3MEHEHHSI MOITHOCTH PUTMOB UMEHHO B TOW 4acTOT-
HOM moJsioce, KoTopas HauOosee peakTUBHA MPH BBIIIOJTHEHUH KOHKPETHOU 3aj1a-
yu. OHOM M3 METOIWK OIPEAeTICHUS HHANBUAYATHHOW YaCTOTHOM MOJIOCH MIO-
pUTMa SBISETCS HAXOXKICHHUE €€ 3HAUEHWM, /Uil KOTOPBIX XapaKTepHa peakius
MaKCHMAJIbHOH JIeCHHXPOHU3AIMH (OTHOCHTENHFHO UCXOMHOTO YPOBHS) B 00Ja-
CTH COMaTOCEHCOPHOM KOPKOBOW MPOEKIMU TOTO y4acTKa Tesa, KOTOPBIKA IMOM-
BEpraeTcsi CEHCOPHOM cTuMyisiiuu. C NaHHOU LENbI0 MOXET, Halmpumep, Mmpo-
W3BOIUTHCS CTUMYJISIIHS CITA0BIM DIIEKTPUYECKUM TOKOM yKa3aTelIbHOTO Malblia
MpaBO¥ PyKU C OgHOBpeMeHHOU peructparueii 991 B orBenenuu C3 [29, 30].
Jpyroii moaxon cBs3aH ¢ MOMCKOM OTHOCUTEIBHO y3KOTO YaCTOTHOTO JUana3oHa
(tmmpuHO B 1-2 ') ¢ MaKCHMAITBHOM Jienipeccreid aMutuTyabl D21 pH BBITO-
HEHUH CaMOCTOSITeIbHBIX ABMKeHHH [31, 32]. B wactnoctu, Tamura et al. [33]
HCIOJb30BaJl pa3jIMyHble JBHKEHUS, & UMEHHO, [IOCTYKHBaHHE yKa3aTelIbHbIM
najblieM, TBHOKEHUS S3bIKOM U apTUKYJISIMIO 3ByKOB peur. [lo muenuto Thorpe
et al. [14], «3070TBIM cTaHAAPTOMY» (DYHKIIMOHAIEHOTO ONPEACIICHHUS MIO-PUTMA
CIIeAyeT CUYMTaTh UMEHHO YCIOBUS COOCTBEHHOM MOTOPHOW aKTHBHOCTH.

MHOro BOpoCoB 0CTAETCSI OTHOCUTEIBHO BO3PACTHON AMHAMUKU H3MEHECHHUN
B BEJIMYMHE U TOMOTpaPUUECKON MpencTaBIeHHOCTH 3(D()EKTOB yrHETEHUS MIO-
putMma. Panee B Hamieil paboTe moka3zaHO OTCYTCTBHE SIBHOW 3aBUCHMOCTH OT BO3-
pacra gereii (n=38; 4-14 1eT) B CTENECHU ASCUHXPOHU3AIMH MIO-PUTMA KaK pU
BBIIIOJIHEHUU CaMOCTOSATENIbHBIX ABW)KEHUM, Tak M IPU UMHUTALUHU, 3pUTEIBHO-
CIIyXOBOM U MCKJIFOUUTENILHO CIIyXOBOM BOCIIPUSTHH UyKHX JIBIbKeHUH [34]. On-
HAKO B YKa3aHHOM HCCIJIEJOBAHUM HE BBIIEISIIMCH HHAUBULYaJIbHBIE JJIs KaXK10T0
pebeHka 4acTOTHBIE TUAa30Hbl MIO-PUTMA, a TAKKe U3yYaIUCh UCKITIOYUTEIHHO
neHTpaibHbie orBeaeHus C3, Cz u C4. B pabote apyrux aBTopoB [35], B KOTOpOii
OTIpENeIISIICS MHAUBUIYaIbHbIN YaCTOTHBIN JMana3oH MIO-pUTMa upuHoi 2 I,
TaKkKe Co00MIaeTCss 00 OTCYTCTBUH CBSI3aHHBIX C BO3pacToM Koppemsnuii. Ho cie-
JyeT YYUTBIBAaTh, YTO B KOPPEISIIMOHHOM aHAJIN3€ pacCMaTpUBAJIMCh MOKa3are-
v Uik 15 ucnbiTyeMbix B Bo3pacte 4—15 net. [Ipu 5 ToM UMEroTcst pe3ynbTaTh
ucciuenoBanus [36], comacHO KOTOPBIM y A€TeH y)ke roJ0Baloro BO3pacTa MIo-
PUTM TeM OOJIbIIe IECHHXPOHU3UPYETCS TPH HAOMIONCHUN NEHCTBHMA, BEHIIION-
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HSIEMBIX JIPYTUMH, YeM yCIICITHEe OHM CaMH CIIPABIIIOTCS C UX BBITIOIHCHHEM.
[pu ocymiecTBIEHNH CAaMOCTOSTENIBLHBIX ACHCTBHUI NETHMHU B BO3pacte 3—5 ner
Ooree BBIpaXEHHOE YTHETEHHE MIO-pUTMa B IIEHTPATbHO-TIAPHETANBHBIX (HO HE
JIOOHBIX U 3aTHIJIOYHBIX) OTBEACHUIX UMEIIO MECTO Y TeX U3 HUX, KTO UMeJ Ooliee
BBICOKHE TIOKA3aTeNIN Pa3BUTHS MOTOPHBIX HABBIKOB U CIIOCOOHOCTH K BOCITPOH3-
BEJICHUIO HAOJIOIaeMbIX JieHcTBUH [37].

OTHOCHUTEITFHO MAJIO IyONUKAINiA, 0COOEHHO B KOHTEKCTE B3POCIICHHS, TIOCBS-
IICHO aHaJIM3y PEAKTHBHOCTH MIO-PUTMA B OTBET HAa BOCHPHSTHE 3ByKOBBIX CTUMY-
JIOB, KOTOPBIE CBSI3aHBI C pealn3almeil Kakux-JImoo JIeicTBrid. B paMkax Hamero
MIPEAIIECTBYIOIET0 HccienoBanust [34] moka3aHa 3HauMMas JAECHHXPOHU3AIMS
MIO-puTMa B oTBeieHHN C4 TIpH CITyXOBOM BOCIIPUSTUH XapaKTEPHBIX 3ByKOB, CO-
MIPOBOXKIABIIHX JIBIDKCHIS C TIOMOIIBIO KOMITBIOTEpHO# MbItii. B pabote Lepage et
al. [38] ynanock 00HapyKHUTh JICTIPECCHIO MIO-PUTMA Ha TIPUMEPE OTHOTO UCTIBITYe-
Moro (pebeHok 12 JeT ¢ AUarHo30M SIHICIICHS ) TIPH BOCIIPUSITUH 3BYKOB IIOKAHbBSI
SI3BIKOM W IHENTKaHbs majbiamu. McGarry et al. [39] oOHapyxmim 3ddekt ycuie-
HUSI IECUHXPOHU3AINH MIO-pUTMA B 0TBeieHHU C3 y B3pOCIBIX MTPU OMMOIAIEHOM
(3pUTEIBHO-CITyXOBOM) BOCIIPUSITUN NIEHCTBUH OTHOCHTENHHO YHHUMOIAIBLHOTO.
B uccnenosanuu Pineda et al. [40] moka3ana jgempeccust MIO-pUTMa y B3pOCIBIX
HCTIBITYEMBIX B JICBOM IONYIIAPHU TP BOCTIPHUSATHH CBS3aHHBIX C NEUCTBUSAMU (C
MOMOIIBIO PYKU WJIM PTa) 3BYKOB, @ B IIPABOM — IIPH BOCIIPUSITUH HE CBS3aHHBIX C
JICUCTBUSIMU (3BYKH BOJIBI, BETpa, BOJIH, IT0€3/1a) 3ByKOB. B erie ofHoit padote [41]
00Hapy»KEHO, YTO MOJABICHUE MIO-PUTMA HE PETHCTPHPYETCS HPH BOCHPHITHH
3BYKOB, HE CBSI3aHHBIX C JCHCTBUSIMH (CTYK METPOHOMA, BCIUIECK BOJIBI, JIUCT OyMa-
'Y, IPOIyCKaeMbIi yepe3 mpezaep). [t 3ByKoB, CONPOBOXK/IAIOIINX XJIOTIAHbE Ja-
JOHSIMH, KOMKaHbE U pa3pbIBaHUE OyMaru, CTENCHb ICCHHXPOHN3AINHI MIO-PHTMA
JOCTUTACT YPOBHSI CTATHCTHYCCKOM 3HAYMMOCTH JIMIIb MPU UX TPEIBIBICHUH C
HCTIONB30BaHIEM TEXHUKH 00BEMHOTO 3BYJIaHMSI.

OCHOBHasI 11eJ1b UCCIICAOBAHUS — U3yUCHUE NMATTEPHOB PEAKTHUBHOCTU WHJIU-
BHAYaJBHO ONPEICICHHOTO MIO-pUTMA B IICHTPAJIBHBIX, BEPXHEIOOHBIX M TEMEH-
HBIX OTBeAeHUsIX DDI y netell JOMKoIbHOT0, MIIA IIIET0 IIKOJIBHOTO U MIIAJIIIETO
MTOAPOCTKOBOTO BO3PACTa B YCIOBUAX PEATM3ANN CAMOCTOSTSIBHBIX JIBHKECHIH
C MTOMOIIBI0 KOMITBIOTEPHON MBIIIH, 8 TAKKE CHHXPOHHON MMUTAIIUH, 3PUTEIIh-
HO-CITyXOBOM U CITyXOBOM BOCTIPHSITHH aHAIOTHYHBIX ABMKCHUH, BBITOTHIEMBIX
JIPYTHM YEJIOBEKOM. YCIIOBHE CIIyXOBOTO BOCIPHSTHUS JBUKCHHUH MPEACTABIISLCT
B KOHTEKCTE TAaHHOTO MCCIICIOBAHMS OCOOBIH HHTEPEC B CBS3U C BOSMOXKHOCTEIO
OrPaHUYHThH BIUSHHE HA PEAKTUBHOCTH MIO-PUTMA 3aTBUIOYHOTO allb(a-puT™ma,
JICCUHXPOHM3AINS KOTOPOTO CBSI3BIBACTCS B IIEPBYIO OUepeab ¢ dpdekramu 3pu-
TENLHOTO BHUMAHHUSL.

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

DKcreprMeHTallbHAsl CXeMa, HCIIONb30BaHHAs B JaHHOW padore, B CBOEH
OCHOBE IIOBTOpSET NPUMEHEHHYI0 HaMU paHee IPU W3yYEeHUH PEaKTUBHOCTU
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MIO-pHTMa B BBIOOpKE JieTeid [34] n B3pocibix [42]. Cniennprka HACTOSIIETO HC-
CJIEZIOBAHUS COCTOUT B TOM, YTO aHAJIM30BAIN CYIIECTBEHHO PACIIMPEHHYIO BbI-
OOpKY JIeTeil W CONOCTAaBIISUTH MMOKA3aTel Pa3IMIHBIX BO3PACTHBIX Tpymi. [Tpu
9TOM ISl KaXk10ro pebeHka GyHKIMOHATBLHO ONpENesiid UHANBUIYaIbHbIA ya-
CTOTHBIM JHMANa30H MIO-PUTMa, a PEAKTHBHOCTh MIO-PUTMa paccMaTpUBAIHA HE
TOJILKO B IIEHTPAJIbHBIX, HO ¥ IPWJICTAIOIIUX K HUM (DPOHTAIBHBIX U TTapUeTallb-
HBIX OTBeaeHusx DI

B mporecce skcniepuMenTa peOeHOK M 9KCIIEPUMEHTATOP PacIoarajinuch 3a
HaXOJISIIAMUCS TI0 COCEJICTBY CTOJAMM (PKCIEPUMEHTATOP CIpaBa, Ha PaccTo-
sSHUU 1,5 M), Ha KaXJIOM M3 KOTOPBIX pa3Mellaii MOHUTOP U KOMIIBIOTEPHYIO
MbIb (nanee — KM) Logitech M185. TlapameTpbl 9yBCTBUTEIIEHOCTH U yCKOpE-
HUS MBI COOTBETCTBOBAJIM HACTPOHKAM MO YMOIYAHHUIO B ONEPAIMOHHON CH-
creme Windows 7. Ha MoHHTOp, HaXOASIIHIACS TTepe]l peOSHKOM, BBIBOJMIIOCH BH-
Jeon300paskeHle ydacTKa cTojia akcrepuMenTaropa ¢ KM (B mpoekiuu ot nuna
IKCIIEPUMEHTATOPA). DTOICHTPUUECKYIO TIEPCIICKTHBY HCIIOJIB30BAIN IS TOTO,
YTOOBI yCHIIUTD 3P (EKT TNUHON BOBIEUEHHOCTH PeOEHKA B IEMOHCTPUPYEMYHO Ha
JKpaHe CIICHY, TeM CaMbIM 00eCIeUrB 00Jiee BHICOKYIO PEaKTHBHOCTH MIO-PHTMa
pu HaOIIOAEHUH AeiicTBUi SKkcniepuMenTaTopa [43]. Pebenka pazMmeniany TakuM
00pa3oM, 94TOOBI €ro TIa3a HaXOJWIIUCh Ha CPEIHEH JIMHUK OT IIEHTpa MOHUTOPA
Ha PaccTOsiHUU TpuOam3uTenbHo 70-80 cM, a HOTH (PUKCHPOBAIIM HETIOIBHKHO
Ha PEeryJIrpyeMOH 110 BBICOTE MOJICTaBKe. [lepe HayaaoM SKCIiepUMeHTa peOeHKa
MIPOCHIIN COBEPILIUTD MPOOHYIO cepHio IBMkeHui ¢ KM, 4To0BI yI0CTOBEpUThCH,
YTO JIOKOTh €r0 MPaBOi pyKH OTHOCUTEIHHO HEMOIBUKEH, a ABMKEHUS OCYIIECT-
BISIFOTCA C MOMOINBI0 KuCTH. J(Brkenus ¢ KM ocymiecTBIsuMCh Mo Kpyry (110
4acOBOM CTPEIIKE) C IEPUOIOM TIOBTOPEHUS HE MEHEe OJIHOTO M He OoJiee ByX 00-
paleHuii B cekyHy. B 3aauax, B KOTOpbIX peOCHKY He TPpeOOBAIOCH BBIIOIHATh
newkeHust ¢ KM, o0e ero pyku pacronarairch Ha KOJICHSX.

[ocnenoBarenbHOCT BBIMOMHEHUsS! 33/IaHUN JIETbMH BKJIIO4aja B cebs (pukcu-
POBaHHYIO OYEPEIHOCTh ATAOB (JUIMTEIBHOCTHIO 30 ¢ KaXKIpIil), B MMPOMEKYTKE
MEXJy KOTOPBIMU peOSHOK MOTy4al HHCTPYKIMU O €T0 MOCIeTYIOMINX AeHCTBUSX.
C y4eToM MpeIbsIBICHUS MHCTPYKITUA 00IIast MPOJOJKUTETLHOCTD IKCIICPUMEHTA
COCTaBJIsIa OKOJIO 5 MUH M BKJIFOYaJia B ce0sl CIACAYIOIINE ATarlbl:

1. ®ukcanus B3NIAAa Ha BUieon3o0pakeHnn KM, pacrosioxkeHHO# Ha cToe
nepen skcnepumentaropom (OB.1).

2. BemmonHeHne caMOCTOsATENbHBIX ABMXeHn KM ¢ mpon3BonbHOM CKOpoO-
CTBIO TAKMM 00pa30M, YTOOBI Kypcop ABHUraJCs MO YacOBOU cTpesike Bokpyr KM,
n3o0pakeHHoW Ha MormTOpe (JIBUI.1).

3. ®ukcanus B3N Ha BUeon3o0paxxenun KM, pacmonioxkeHHo# Ha cToje
niepen akcriepuMenTaropom (PB.2).

4. [NaccuBHOE HaOMIOICHNE 32 IBUKESHUSMH PYKH dKcriepuMenTatopa ¢ KM —
JIBa IIUKJIA ¢ yckopeHueM u 3amemnenuem (HABJT).

5. ®@ukcanus B3NIAAa Ha BUeon3o0paxxenun KM, pacmonoxkeHHo# Ha cToje
niepen skcriepuMenTaropom (PB.3).
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6. BeimonHeHne caMmocTosTeNbHBIX ABIKeHnH KM ¢ mpon3BOIBHONM CKOPO-
cthio (ABUIL.2).

7. Umutarus ckopoctr aBrkeHnin KM, BBEITIOTHSEMBIX 9KCIIEPUMEHTATOPOM
¢ mepeMeHHoi ckopocthio (MMUT).

8. McrbITyeMblil CHIMT HETMOABHIKHO C 3aKPBITHIMU m1a3zamu (I'3).

9. UcnbiTyemsblil cabmut (6€3 mpeaBapuTeIbHON HHCTPYKIIUK) XapaKTepHbIE
3BYKH TPEHHUS O TIOBEPXHOCTH CTOJIA BO BPEMsI IBI)KEHHUH MBIIIBIO, KOTOPEIE CO-
BEpIIAET SKCIEPUMEHTATOP C MepeMeHHOol ckopocThio (CIIVX).

[Nopsimox BHIMONHEHMS 3aJaHUi TpeNnonarail IepBOHAYATBHYIO aKTyan3a-
IIUI0 MOTOPHBIX IIPOTPAaMM, CBSI3aHHBIX C BBHIITOJIHEHUEM KPYTOBBIX JBM)KEHUI C
momornipio KM. OTaensHBIi HHTEpeC MPEeACTaBISIIN H3MEHEHNS ITAaTTePHOB peak-
THBHOCTH MIO-PUTMa TIPH TIOBTOPHOMN pealn3alyyl paHee BIMOIHABIIMXCS JABU-
JKEHUMN.

UroObl B HEKOTOPOW CTENEHH KOMIEHCUPOBATh 3((EKThHI, BHI3BAHHBIC HC-
MTOJTH30BAaHHON ITTOCIIEIOBATEIHHOCTHIO BEITOMHCHUS 3aaHU, BETHMINHY JTECHH-
XPOHU3AIMU MIO-PUTMA PACCUUTHIBAIM B KAXKJJOM CIy4ae OTHOCHTEIBHO HEIO-
CPE/ICTBCHHO TIPEIICCTBYIONICH CUTYallnH CPaBHEHMS, KaK 9TO PEKOMEHIOBAHO
Hobson & Bishop [11]. Ilpu pacuete nHAMBHUYaIbHBIX HHIEKCOB PEAKTUBHOCTH
mro-putma st cutyaruil JIBUT. 1, IBUTL.2 u HABJI ucxoaasiM ycioBuem cpas-
HEHMS CITYXKHJIa MPEALISCTBYIOMAs KaXkKA0H U3 HUX cuTyauus (pUkcanuu B3nIsa
Ha n300pakeHnn HenoBkHOM KM (®B.1, ®B.2, ®B.3 coorBeTcTBEeHHO). Jlist
curyaruu UMUT takum ycnoBueM siBisuiach cutyarus JABUI.2, a aist cutyaruu
CIIYX — ycnosue ['3.

WHpekcsl peakTUBHOCTH PacCUUTHIBAIN MO OOIIENpUHSTON cxeme [44] B co-
orBeTcTBUM ¢ Gopmynoi [k = In (B/A)], tae k — Ko3pPUIIHMEHT PeaKTUBHOCTH
MIO-pUTMa, B — ammiuTyna Mro-puTMa B OCHOBHOM CUTyalluu, A — aMIUIUTyAa
MIO-pHTMa B WCXOTHOH CHTyaIlMyd CpaBHEHHSA. Takum 00pa3oM, MOJOKUTEIIh-
HBIE 3HAYEHHsI KO (PUIHEHTA COOTBETCTBOBAIN PEAKLIUN CUHXPOHU3AINH MIO-
pHUTMa, a OTPUIATEIBHBIC — PEAKIINH ASCHHXPOHU3AIINH.

Peructpanus, o6pabdotka n ananusz 331" oCyIIECTBICHBI O OOIEIPUHATON
METOIVKE C TIOMOIIBI0 ABTOMATH3UPOBAHHOTO KOMITIICKCA, COCTOSIIETO M3 DJICK-
TposHuedanorpada «Heiipon-Crnekrp-3» (¢pupma «HelipocopT», I. MBaHOBO)
U TIEPCOHAIBFHOTO KOMITbIoTepa. D3I -IIOTeHIa bl OTBOAWIN MOHOIIOMSIPHO OT
¢pontaneubix (Fpl, Fp2, F3, Fz, F4, F7, F8), nenrpansusix (C3, Cz, C4), Temen-
veIX (P3, Pz, P4), Bucounsix (T3, T4, TS, T6) u 3areiounsix (O1, O2) mokycos
o cucteme 10-20. B kauecTBe pehepeHTHOT0 AMEKTPOAa UCIIONB30BaAIM 00be -
HEHHBIE KOHTAKTHI, 3aKPEIUICHHBIE Ha MOYKaxX ymieid. YacToTsl cpe3a (GuiIbTpoB
BBICOKMX M HM3KHX YacTOT COCTaBISIIM COOTBETCTBEHHO 1,5 u 35 I'm, wactora
omudpoBkr DI -curnamop — 250 ', smoxu aHanmm3a — 3 ¢ (¢ TEPEKPHITHEM
50%). Curnans! 00padaThIBaJIU ¢ IOMOIILIO OBICTPOTO MpeodpazoBanust Dypse ¢
MOCTIEAYIOMNM CIIaKUBaHUEM 1o Metony barrepsopra. OOmacTeio mHTEpeca B
paMKax HaCTOSIIIETO UCCIIEOBaHMUS SBISAIACH PEaKTUBHOCTh DI B crieayrommx
otBenenusax: F3, Fz, F4, C3, Cz, C4, P3, Pz, P4.
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B wuccienoannu ydactBoBan 121 pebeHok B Bo3pacte oT 4 a0 14 et [le-
Tel, NPUHSBILNX Y4acTUE B UCCIIEIOBAHUN, HAOUPAIN C TIOMOIIbIO OOBSBICHUH,
pa3MeIIeHHBIX B JETCKUX cajax u mkoiax r. Cumbeporons. Pogurenu, mocie
MPe0CTaBIeHU HEOOXOAUMBIX CBEIEHUH, JaBali coIvlacue Ha ydacTue JaeTeit
B pabote. Hacrosmmiee mcciemoBanne cOOTBETCTBOBAIO ATHISCKUM MPUHIIATIAM
XenbcuHCKOH aexnapanuu 1964 1. u omoOpeHo aTudeckuM koMuTeToM Kpbimcko-
ro ¢enepanbHOro yHUBepcuTera uM. B.M. BepHackoro.

[epBBIM KpHuTEpUEM 0TOOPA UCTIBITYEMBIX LIS JaJbHEHINEr0 aHaIH3a B paM-
KaxX HACTOSIIIETO MCCIIEIOBAHMS CIY)KWJIO HAJMYHEe HOPMAJIBHOTO (MIJIN CKOPPEK-
TUPOBAHHOTO JI0 HOPMAJILHOTO) YPOBHSA 3PEHUS U CIIyXa, IPEANOYTEHUE PaBOi
pyku B padore ¢ KM, a Takke TOCTaTOUHBIN ypOBEHh KOTHUTHBHOTO Pa3BUTHSI
(IQ ne menee 80 Gamnos no tecty Bekcnepa B Bapuantax WPPSI u WISC). Ha
JTAHHOM JTalle UCKJIIOUMIINA U3 UcciieqoBanus 19 nereit.

Bropsim kpuTeprieM oTO0pa UCIBITYEMbIX JJIs JAIbHEHUIIIET0 CTaTUCTUYECKOTO
aHaJM3a JaHHbBIX SBISUIOCH TpeOOBaHUE HATMYMS Kak MEHUMYM 20 ¢ Ge3apTedakTt-
Ho#i 3armucu D00 B paMKax Ka)JIOTO M3 3TAIOB HKCIIEPUMEHTA, a TAKKe BO3MOXK-
HOCTH BBIICNICHUSI HHANBHIYAIBHOTO YAaCTOTHOTO JHANa30Ha MIO-PHTMa B COOT-
BETCTBUU C €T0 KIIIOUEBBIM CBOMCTBOM — PEaKLUel IECHHXPOHU3AIMU B OTBET HA
3aIyCK M OCYIIECTBIICHHE CaMOCTOSITENBHBIX JBIDKCHUH. MeToauka ero pacuera
OCHOBaHa Ha BbljiesieHnH oTpeska DI mmmpunoii 2 ' B auanaszone ot 6 10 13 ',
KOTOPOMY COOTBETCTBYET MaKCHUMAaJIbHAS PEAKIIHS IECHHXPOHU3ALINH B OTBEICHIH
C3 npu COBEpIICHUU CaMOCTOSTENbHBIX ABWKCHUH MPaBOM PyKOil OTHOCHUTEIBHO
YCIIOBHS 3pUTENBHOH (rkcanny Ha n3o0pakernu KM. CpaBHIBaNN ycpeaHEHHBIE
MOIITHOCTH OMOIIOTEHIIMAIOB, 3aPETUCTPUPOBAHHBIX HA MPOTSIKEHUHN OKOJIO OJJHOM
MUHYTHI (2 % 30 ¢), COOTBETCTBYIOIIHE SKCIIEPUMEHTAIBHBIM CHTYAIHAM (PHKCa-
Ui B3[VIsIa HA HETIOJIBHKHON KOMITBIOTEPHOM MBIIIH H CAMOCTOSITEIIBHBIX JBUKE-
HUi. [ 3TOTO MONHBIA YaCTOTHBIN JTHANla30H MIO-PUTMA pa30HMBAIA Ha ITOJIOCHI
muprHOM B 1 ', KaXkIyt0 U3 KOTOPBIX OLIEHUBAJIH C LIEJIbI0 IOMCKA PEaKLIUN MaK-
CUMAaJIbHOU eCUHXpOHM3aMu. Jlajiee OLleHNBay J1Ba NPUJIETAIOIINX K HEW OTPe3-
Ka C [eIbI0 TIOMCKA IECHHXPOHU3AIINH, BETTMYMHA KOTOpOoii rpeBbimaet 10%, npu
9TOM, €CITH 00€ TPIJICTAOIINE TOIOCHI COOTBETCTBOBAIN TPEOyeMOMY YCIOBHIO,
BBIOMpANHU Ty, B KOTOPOH MajieHne OoJiee BBIPAKEHO, U MOCIIE STOr0 00bEANHSIIHN C
TIOJIOCOM, MMEIOIIEH MaKCHUMAaJIbHYIO IECHHXPOHHU3AINIO, B PE3YIBTaTe YET0 MX 00-
masg mupuHa coctapisia 2 ['n. Ecnu B mpuiieraronuyx K mojioce ¢ MaKCUMalbHOM
JIECUHXPOHU3AIMEH yUacTKax MMoaBIeHUE MIO-pUTMa cocTaBisiio mernee 10% wmm
OTCYTCTBOBAJIO, OT KXKJIOI'0 U3 HUX OTACISUIN OTpe3oK mupuHo# B 0,5 ' 1 mocne
9TOTO OOBECAWHSIIA C TIOJIOCOH, MMEIONIeH MaKCHMAIBHYIO IECHHXPOHU3ALHUIO, B
pesynsrare 4ero ux obmias mupuHa cocraBisuia 2 . [lanee onn paccMmarpuba-
JIICh KaK MHAWBUIYaIBHBIA YaCTOTHBIA Haia3oH MIo-puTMa. Kak pesymbrar, mmst
WUTOTOBOTO CTATUCTUYECKOTO aHalI3a 0TOOpaiu 87 UCTIBITYEMBIX, IToKazarenu DI
KOTOPBIX COOTBETCTBOBAJIHM IIPEBSBIICMBIM TPEOOBAHISM.

Juid najpHEHIIero cTaTUCTUYECKOro aHajii3a U CPaBHEHUS MOKa3aresieil Bbl-
0OpKy IeTeil pa3aeniii Ha TPH TPYIIIEI B COOTBETCTBUH C BO3pacToM. B mepByio
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rpyminy («IOIIKOIBHHUKIY) BOIUTH 23 pedeHka B Bo3pacTe oT 4 jio 6 set (9 aeBo-
4YeK U 14 MamB4uKOB; CPETHHUN BO3PACT U CTAHAAPTHOE OTKIOHEHHE COCTABUIIH
5,3 £ 0,8 rona; yposenb 1Q — 112,4 + 13,8 Oaymna npu KpaiHUX 3HAYCHUSIX 88 M
130 6amnnoB). Bo Bropyto rpynmy («MiIaamye IIKOJIBHUKWY») Boluu 47 nereil B
Bospacte ot 7 g0 10 xer (17 neBouek u 30 manpunkoB; 8,4 + 1,2 roga; ypoBeHb
1Q — 113,5 + 13,6 6anna npu kpaitHux 3HaueHusx 80 m 138 Gamnos). Tpersio
rpyminy («IOApOCTKM») cocTaBwim 17 nereid B Bozpacre ot 11 go 14 set (12 ne-
Bouek U 7 manpuukoB; 12,8 £ 1,1 rona; yposens 1Q — 113,5 + 12,5 Ganna npu
KpaitHux 3HaueHusx 95 u 137 Gamios).

J1s1 OlleHKH BO3MOKHOI aKTHUBALIMYU IPEMOTOPHOM U TEMEHHOM KOPBI aHaJIH-
supoBaiu D3I He Tonbko B neHTpanbHbIX (C3, Cz, C4), HO U B NIPHJIETAIOIITNX
¢ponrtansueix (F3, Fz, F4) u nmapueransusix (P3, Pz, P4) nokycax. Llenecoobpas-
HOCTBH aHAJIM3a MIO-aKTHBHOCTH B 0oJlee IMUPOKUX KOPKOBBIX MPOCKIUSIX K-
TYETCs, B YACTHOCTH, TEM, YTO MCTOYHUKH €€ TIONABICHHS MPH OCYIICCTBICHHH
IBIDKCHUH MOTYT OOHapy>KHBAaThCS HE TONBKO B IEHTPANBHBIX, HO M MpedpoH-
TaJIbHBIX U TEMEHHBIX oOnacTsx [15, 16, 45, 46].

Paznuums B aMImmTyae MIo-prTMa IPH COMIOCTABICHUH MCXOAHBIX U JKCIIe-
PUMEHTAJBHBIX YCIIOBHI OIICHUBAIU C MOMOIIBIO THCIICPCHOHHOTO aHAIH3a C
MOBTOPHBIMU U3MepeHusimMu (repeated measures ANOVA). C 1ienbro HopMau3a-
LUK PACIIPEACICHUI aHAIN3UPYEMbIX BEIMYMH 3HAYCHUS aMIUTUTY]] IPEIBapH-
TEJILHO TIOIBEPTaliu log-TpaHchOopMAaIIiK ¢ ITOMOIIBIO HATYPATBHOTO JIoTapudMa.
O1eHUBAIIHN BIMSIHUE TAKOTO MEXKCYOBEKTHOTO (haKTopa, KaK BO3PACTHAS TPYIIa
(BO3P), a Taxxe AByX BHYTpUCYOBEKTHBIX (akTopoB: curyanus (CHUT) u nokyc
90T (JIOK) mo cxeme 3x2x9. Jlanee 1ig pacueTa CTaTUCTHUYECKON 3HAYMMOCTH
9 PEKTOB YTHETCHUS MIO-PUTMA B TIPUBS3KE OTIEIBHO K KaXKIOMY U3 JICBSITH OT-
Bezenuit DD B paMKax KaXKIoil BO3PACTHOM IPYIIIIBI UCTIOIB30BAIN METOT AllpH-
OPHBIX KOHTpacToB (omenka F-pacnpenenenms).

Pe3ysbTarsl Hcciie0BaHNus U 00CYy:KIeHe

AHanu3 nmaTTepHoB peakTuBHOCTH DI fAeTei B yCIOBUSAX peaan3alii caMo-
CTOSITENIBHBIX JIBYKECHUN C MIOMOIIBIO KOMITBIOTEPHOHN MBIIIH, a TAKKE CHHXPOH-
HOW HMMUTAIMH, 3PUTEIBHO-CIYXOBOM W CIIyXOBOM BOCHIPHSATHH aHAJOTHYHBIX
JIBMOKEHUH, BBITIOJHAEMBIX JAPYTHM YEJIOBEKOM, BBISBHII JETIPECCHIO MOIIHOCTH
B 4aCTOTHOM jJuana3one oT 6 mo 13 ['m. Dto yka3piBaeT Ha ydacTue B TaKUX W3-
MeHeHusx D01 (heHOMEHa MoAaBIeHUs OCLMILIALUI MIo-puTMa. [l Hanbonee
3¢ (GEKTUBHOTO BBISBICHUS MOJOOHBIX PEaKIUi W ONCHKH UX 0COOCHHOCTEH y
JeTeld Pa3HOro BO3pacTa AMANa3OHbl MIO-PUTMA, B OTIMYHE OT MPENbIIYIIETO
uccienoBanus [34], onpeneneHbl HHIUBUAYAIBLHO JIIS Kaxnoro pedbenka. Cpen-
HUE 3HaYCHUS] MEJIMaHHOW YacTOThl B IPaHUIAX BBIACICHHBIX MHIUBUIYaITbHBIX
JINAIa30HOB MIO-pUTMa IMUpWHOW 2 ['11 cocTaBWiM B TpyIiie JTONTKOJIbHUKOB
10,1 + 1,2 T', B rpymnmne Miamux mKOIHUKOB — 9,9 + 1,4 'y u B rpymnne mnoa-
poctkoB — 10,6 = 1,1 I'. HecmoTpst Ha TO, 4TO 3HAYECHUE MEIMAHHON YacTOTHI B
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TpYyTIIIE TOAPOCTKOB BEIIVISIAT KaK 3aMETHO 00JIee BEICOKHE IO CPABHEHUIO C JICTh-
MH MJIQJIIIETO BO3pAcTa, pasjinuus MO JaHHOMY IMOKa3aTelr0 MEXAY TIpyIIaMHu,
OLICHEHHBIE C TIOMOIIBLIO OHO(AKTOPHOTO TUCIICPCHOHHOTO aHANIN3a, He JOCTUTa-
JI YPOBHS CTaTUCTHYECKOW 3HaunMocTu: F(2;84) = 1,85; p =0,16; np2 =0,04.

JvcriepcHOHHBIN aHaW3 Pa3jaudyuil B aMIUIMTYIE MIO-PUTMa B CHUTYallHH
JABUI.1 otHOCHTENBbHO cuTyanuu @B.1 ¢ ydyeToMm Bo3pacTHOI IpyMIibl U JOKyca
orBeaeHus DI mokaszan 3Haunmoe Biusaue GaktopoB CUT (F(1;84) = 31,06;
p<0,001; np2 =0,27), BO3P (F(2;84)=4,73; p=10,011; np2 =0,1) n JIOK (F(8;672) =
=27,89; p <0,001; npz =0,25), a Taxke B3aumozeiicteus hakropos CUTXJIOK
(F(8;672) = 32,6; p < 0,001; npz = 0,28). [ns ouenku 3HaunMoctu 3(h(HeKToB
YIHETEHUSI MIO-pUTMa B KaXKA0M U3 JIEBATH JI0KycoB DI pacCUNTHIBAINCH allpU-
OpHBIE KOHTPACThl Ha 0cHOBe F-cTarncTuku. ['McTorpaMmsl, 1€MOHCTPHUPYIOLIIE
K02 PUINCHTH PEaKTHBHOCTH MHINBHIYAIFHOTO MIO-PUTMA B CPABHEHUH MEXK-
JIy Pa3InYHBIME BO3PACTHBIMU TPYIIIIAMH, IPEACTaBICHBI Ha puc. 1.
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Puc. 1. Koapuimentsr peakruBHOCTH (¢ 0003HaYCHUEM CTAHIAPTHOM OMIMOKU CpeiHe-
r0) A MIo-putMa D3I B rpynmax JOMIKOIBHUKOB (4—6 JeT), MIIaAIIHX IKOJIbHUKOB
(7-10 net) 1 moapoctkoB (11-14 jeT) npu ycI0BUM BBIIOIHEHHS CAMOCTOATEIBHBIX
nsxeHnit (JJBUT.1) 0OTHOCHTENBHO YCIOBHUS 3pUTEIbHON (PpUKCALMK HA H300pasKeHUH
HETOBI)KHON KOMITbI0TepHOM Mbl (PB.1). CtatiucTuueckn 3HAYNMBbIC MOYIISAINN B aM-
TUTATYE MIO-pUTMA 0003HaYE€HBI CUMBOJIOM «*»: * —p <0,05; ** —p <0,01; *** —p < 0,001
[Fig. 1. Mean suppression indices (with standard errors) of the EEG mu rhythm in the groups
of preschool children (4-6 years old), junior schoolchildren (7-10 years old), and adolescents
(11-14 years old) under condition of self-controlled right-hand movement relative to the situa-
tion of sight fixed at the stationary computer mouse. On the X-axis - EEG loci for each age group;
on the Y-axis - Log ratio of the mu rhythm amplitudes. Statistically significant modulations in the
mu rhythm amplitude are indicated by the symbol “*”. *p < 0.05; **p < 0.01; ***p <0.001]

NwmeeT MecTo BbIpa)KeHHAas JIEBOIMOIYIIApHAs JaTepanu3anus d3PQPeKToB mo-
JaBJICHUST MIO-pUTMA BO BCEX BO3PACTHBIX Tpymmax. CymiecTBeHHAs U ake He-
CKOJIBKO OOJIbIIAst IECHHXPOHU3AINS B TEMCHHBIX OTBEICHUSAX TI0 CPABHEHHUIO C
[EHTPAaJbHBIMH TIOATBEPKAAET HAOIIOICHHS IPYTUX aBTOPOB [14] 1 MOXeT yKa-
3bIBaTh Ha aKTUBHOCTH IMpOLEcCOB peaddepeHTanun 0T KHHECTETUYECKUX pe-
[ETNTOPOB, XapaKTePHYIO Ul YCIOBUS PEaTH3allii OTHOCHTEIHFHO MEIICHHBIX
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JIBMOKCHUH, TIPEITONIaraloNnX HAJTMIUe TIOCTOSHHOW 0oOpatHoi cBsi3u [47]. OOpa-
IIAI0T HA ce0sl BHUMaHKe 00Jiee BBICOKHE HHIICKCHI 3HAYMMOMW JIECUHXPOHU3AIIH
B BBIOOpKE JIeTel cTapIiero Bo3pacTa. [ pyma moapocTKoB TaKKe JeMOHCTPUPY-
€T 3HAYMMOC TIaJICHUE aMILTUTY/IbI MIO-PHTMA B IPEMOTOPHOM KOPE JICBOTO HOJTY-
mapwus (nokyc F3), a Taxke B METMaHHOM IIeHTpaibHOM oTBenicHuH (Cz).

Cpasrenue cutyauuiit HABJI u ®B.2 o6Hapyxuio 3HaYUMOE BIUSIHUE (hak-
topoB CUT (F(1;84) = 6,69; p = 0,011; n* = 0,07) u JIOK (F(8;672) = 25,68;
p<0,001; n*>=0,23), a Taxske ux pzanmoneiicteust CUT*JIOK (F(8;672)=12,01;
p<0,001; n*>=0,13). KoapurpieHTs! peakTHBHOCTH MIO-PHTMa BO BCEX OTBEJIE-
HUSIX JUTS KQKJIOM TPYIIITBI TIOKa3aHbl Ha pHC. 2.
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Puc. 2. Koo dunueHTs! peakTuBHOCTH (C 0003HaUCHHEM CTAHIAPTHOM OMMOKN CpeHe-
r0) Mio-puT™Ma DOI B rpymnmax JOMIKOIBHUKOB (4—6 JIeT), MIaIAX MIKOJbHUKOB
(7-10 net) u moapoctkoB (11—14 ner) npu ycnoBuH HAOMIONCHNS IBUKECHHIA
(HABJI) OTHOCHTENBHO YCIIOBHS 3pUTENBFHON (PUKCAIIMN HAa N300paskeHUN
HETIOBI)KHON KOMITBIOTepHOH MbI (PB.2). ** —p <0,01; *** —p < 0,001
[Fig. 2. Mean suppression indices (with standard errors) of the EEG mu rhythm in the
groups of preschool children (4-6 years old), junior schoolchildren (7-10 years old),
and adolescents (11-14 years old) under condition of movement observation relative to the situ-
ation of sight fixed at the stationary computer mouse. On the X-axis - EEG loci for each age
group; on the Y-axis - Log ratio of the mu rhythm amplitudes. **p < 0.01; ***p <0.001]

[Ipn HaONIOMEHNM WHCTPYMEHTAIBHBIX ABIYKCHUH, BBITOTHICMBIX APYTHM
YEJIOBEKOM, 3HAUUMOE MOJABJICHHE MIO-PUTMA MPOSBIUIACH UCKIIOYUTEIBHO B
TeMeHHbIX oTBeeHusIX DI, U X0Ts U3 pucyHKa BUIHO, YTO BEJIUYMHA Jenpec-
CHU MIO-PUTMa TeM OOJIbIle, YEM CTapIIIe UCIIBITYEeMbIE, AUCIICPCUOHHBIN aHAIN3
HE BBIABMJI 3HAYMMbIX BO3PACTHBIX pa3ivyuil B cuie naHHOM peakuuu. Creny-
€T yKa3aTh Ha OTCYTCTBHE BBIPAXEHHOH peakTuBHOCTH DI B MHIUBUIYAIBEHO
OTIPEIETICHHOM YacTOTHOM JHana30He MIO-PUTMa B IEHTPAIBHBIX M (PPOHTAIH-
HBIX OTBEJCHUSX. MOXHO HPEANONOXKUTh, YTO JAHHBIA pe3yabrar oOyCIIOBICH
OTHOCHUTEJIBHO NPOJOKUTENIBHBIM IIPENbBICHUEM CTUMYJa. B 3ToM cMmbicie
HaIllle HaOJTI0/ICHHUE MOATBEPK AT BHIBO/IBI HEKOTOPBIX APYTUX aBTOPOB, KOTOPBIE
aHAIM3UPOBAIN P(PEKTH MOAABICHUS MIO-PUTMA B IIEHTPAIBHBIX OTBEACHUIX
30T npu AAUTEIEHOM HAOMIOICHUH (10 ABYX MUHYT) MaHUIYJISIUH pYKOH ¢ pa3-
JHYHBIMUA 00beKTamMu [48].

[ToBTOpHOE BBHITIOIHEHUE CAaMOCTOATENBHBIX JABMKeHH (JIBUI.2 oTHOCHTEINB-
HO ®B.3) nmponeMoHCTPUPOBATIO KAPTHHY, B COOTBETCTBUH C KOTOPOU BIIMSIHUE
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OTACIBHBIX (PAKTOPOB M MX B3aUMOJICHCTBHS OTHOCHTENBHO yciosust JIBUT.1 He-
CKOJIbKO U3MeHmInch. BiusiHue daxropa CUT oxazanocsk ere 6osiee BBIPakKeHO
(F(1;84) = 52,73; p < 0,001; npz =0,39), dakrop JIOK xapakrepu3oBajcs coro-
CTaBUMBIMH TIokazaremsimu (F(8;672) = 24,91; p < 0,001; np2 = 0,23), ogHako
Biustare BO3P kak ocHOBHOTO (hakTopa yke HEe JOCTHTAI0 YPOBHS CTaTHCTHUC-
ckoit 3Haunmoctu (F(2;84) =2,47; p = 0,091; npz =0,06). 3Ha9MMBIM OKa3aJI0Ch
B3anmoneiicteue dpaktopoB CUTXJIOK (F(8;672) = 28,99; p <0,001; T]p2 =0,20),
a taxxke CUT*BO3P (F(2;84) =5,32; p = 0,007, np2 =0,11). Benuuunsl ko3¢ pu-
[IUCHTOB PEAKTHBHOCTU MIO-PUTMA B K&KIOM U3 OoTBeneHN DDI mpencTaBieHs!
Ha pHc. 3.
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Puc. 3. KoaunmenTs! peaktTuBHOCTH (¢ 0003HAYCHUEM CTAaHAAPTHOM OLIMOKH
cpennero) Moo-putma 331" B rpynnax JOMIKOIBHUKOB (4—06 JIET), MITaIINX IIKOJIEHIKOB
(7-10 net) 1 moapoctkoB (11-14 j1eT) npu yclI0BUM BBIIOIHEHHS CAMOCTOATEIBHBIX
nekeHni (IBUI.2) oTHOCUTENBHO YCIOBHS 3pUTENbHON (PUKCAIMK Ha U300paKEHUH He-
MOABIKHOI koMnbroTepHON MbImH (PB.3). * —p < 0,05; ** —p < 0,01; *** —p < 0,001
[Fig. 3. Mean suppression indices (with standard errors) of the EEG mu rhythm in the groups
of preschool children (4-6 years old), junior schoolchildren (7-10 years old), and adolescents (11-
14 years old) under condition of self-controlled right-hand movement relative to the situation
of sight fixed at the stationary computer mouse. On the X-axis - EEG loci for each age group;
on the Y-axis - Log ratio of the mu rhythm amplitudes. *p < 0.05; **p <0.01; ***p < 0.001].

Hcxonst u3 MOydYEeHHBIX PE3YNIbTaTOB, MOKHO TOBOPUTH O TOM, UTO TIOBTOPHOE
BBITTOJTHEHUE CEPHH WHCTPYMEHTAIBHBIX JBIDKCHUH BBI3BIBACT B IIETIOM eIre 00-
Jiee BhIpaxeHHbIE U AU((hepeHIINPOBAHHBIC B OTHOILICHUN BO3PAcTa 3(h(HheKTsI yT-
HeTeHus Mio-putMa. Eciu B cutyarun JIBUT.1 B3anmoneiicteue dakropo CUT
u BO3P nHe nocrurano ypoBHS AOCTOBEPHOCTH, TO Jyuig yciaosus [ABUI.2 ono
YK€ 0Ka3aJIoCh CTaTUCTUYECKHU 3HAYMMO. 3HaYMMas JeCUXPOHU3ALMsI MIO-pPUTMA
perucTpupyercs B IpyIie MIaIIuX IIKOJIbHUKOB JOMOJHUTENIBHO B JIOKycax F3,
Fz u Cz, B rpymnre nmogpocTkoB — B JIokycax Fz u C4. Takue 0coOeHHOCTH TPO-
CTPaHCTBEHHOTO PACIPE/ICICHUs] PEaKLUil MOTYT ObITH CBSI3aHBI C TE€M, YTO JICTH
CTapIIero Bo3pacTa OBICTpPEee OBJANCBANM HABBIKOM MAHHUITYJSIIAN KOMITBIOTEP-
HOM MBIIIBIO B COOTBETCTBUU C JAHHBIM 3aJlaHUEM, U3-32 UEr0 HECKOJIBKO MO-
TH(UITIPOBANICS XapaKTep PErysIud UMH COOCTBEHHBIX IBIKCHHUH, BOBICKAS
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yke OoJiee IUPOKUE KOPKOBBIE MPOEKIMH, BKJIIOUas JIEBOIOJIYILIAPHYIO IPEMO-
topuyto (F3), nononnurensayto motopHyto (Cz-Fz) u npaBomnonymapHyo ceH-
comoTopHyo (C4) xopy.

[lanee MbI OlIEHUBAIN U3MEHEHNE aMITTUTY bl MIO-puTMa B cutyaruu UMUT
OTHOCHTEJIBHO YCJIOBHUS BBITIOJHECHHUSI CaMOCTOSTENBHBIX JBHkeHui ([IBUI.2).
3HauMMoOe BIMSHUE TPOJEMOHCTPUPOBAIM Bce OCHOBHBIE (Qakropel: CUT
(F(1:84)=17,0; p=10,01; np2 =0,08), BO3P (£(2;84)=17,07; p=0,001; npz =0,14)
u JIOK (F(8;672) =25,0; p <0,001; np2 =(0,23), a TakKe B3aUMOJeHCcTBUS (PaKToO-
poB CUT*JIOK (F(8;672)=2,36; p=0,017; ﬂp2 =0,03). IHIeKCh peaKTHBHOCTH
MIO-PUTMA JIJIsl K&KAOTO OTBECHHS OTJENIbHO MTOKa3aHbl Ha puc. 4.
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Puc. 4. KoadpduimenTs! peakTuBHOCTH (€ 0003HaYCHHEM CTAHIAPTHOI OMMOKN CPETHETO)
Mio-puT™Ma DOI B rpynmax JOUIKOIBHUKOB (4—6 JeT), MIAAMINX MKOJIBHUAKOB (7—10 mer)

1 moapocTkoB (11-14 5eT) mpu ycIOBUM HMHUTAINH ABHKCHUH B pexKUME
peansHOTO Bpemenu (MMUT) OTHOCHTENBFHO YCIIOBHS BBITTOTHEHHS
camMoCTOATeNbHBIX ABIKeHnd (ABUIL2). ** —p < 0,01
[Fig. 4. Mean suppression indices (with standard errors) of the EEG mu rhythm in the groups
of preschool children (4-6 years old), junior schoolchildren (7-10 years old), and adolescents (11-14 years
old) under condition of synchronous imitation relative to the situation of self-paced movements. On the
X-axis - EEG loci for each age group; on the Y-axis - Log ratio of the mu rhythm amplitudes. **p < 0.01]

YcnoBue CHHXPOHHOHM ¢ HaOMIONAaeMbIM JIBUKEHUEM UMUTALIUU, 110 BCE BU-
IFIMOCTH, TpeOyeT BOBJICUEHHOCTH JOTIOJHHUTEIBHBIX KOTHHUTHUBHBIX MEXaHH3-
MOB, 00€CIIeUnBaIONIUX ONTHUMAaJIbHOE BOCIIPUITHAE U KOHTPOJIb 32 BBITIOJIHEHUEM
3anmanust. Kak Mbl Bujenu rpu ananuse cutyarun JIBUI.2, ona yxe cama 1o cede
BBI3bIBaJIa BEIPAKEHHYIO JECUHXPOHHU3AIUIO MIO-PUTMA B IIEHTPAIBHBIX U TEMEH-
HbeIX oTBeneHuAX DDl HeoOXoanuMoCTh COOTHECEHUS COOCTBEHHBIX JBVIKEHUMN
¢ HaOMIOaeMbIMH BBI3bIBAIA JOTIOJHUTEIBHOE YTHETEHUE MIO-PUTMA TOJIBKO B
rpymnie nogpocTtkoB. OHa perucTpupoBajlach UCKIIOUUTENBHO B TEMEHHBIX OT-
BEJICHUSIX U UMEJIa IPEUMYIIECTBEHHO JIEBOIIONIYIIAPHYIO U BEPTEKCHYIO JIOKAJIH-
3anuto. MTHTepecHO OTMETHTD, YTO B HAIICH TPeAbIIyINEH paboTe cO B3POCIBIMHU
P aHaJHM3e PEaKTUBHOCTH KJaccudeckoro mMroo-purma (8—13 T'iy) B meHTpaib-
HBIX OTBEJICHUSX JIOMOJHUTENbHAS JeTpeccHs mMerna Mecto B Jokyce Cz [42].

[ocneansas aHanuzupyemas CUTyalus TpeacTaBisuia coboil ciryxoBoe BOC-
npusitie (CJIYX) xapakTepHBIX 3BYKOB, COIPOBOKIAIONINX BBITOTHEHHE KPY-
TOBBIX JIBIXKEHHU ¢ momolibio KM, OTHOCUTEIBHO COCTOSHUS PacciiabIeHHOTO
00pCcTBOBaHMSI € 3aKPBITHIMU Ia3amu (I'3). 3HAaUUMO BIIMSIIM HA U3MEHEHHSI aM-
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TUTATYIBI MIO-pATMa TOJBKO (aktopsl CUT (F(1;84)=5,13; p =0,026; np2 =0,00)
n JIOK (F(8;672) =94,2; p < 0,001; np2 =0,53). Unaexchl peakTUBHOCTH BO BCEX
otBenenusix DI mpeacraBiens HA pucC. S.
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Puc. 5. KoapduipeHTs peakTHBHOCTH (¢ 0003HaUYCHUEM CTaHAAPTHOM OMINOKU
cpenHero) Mro-putma 331" B rpynnax AOMKOIEHUKOB (4—06 JIeT), MIaIIUX IIKOIb-
HUKOB (7-10 net) u nogpoctkoB (11-14 neT) npu yciaoBUM CIIyXOBOTO
Bocrpusitust Aprmkennit (CJIYX) OTHOCHTENIBHO YCIIOBHUS pacciableHHOTro 00APCTBOBAHUS
¢ 3akpbITeiMu T1azamu (I'3). * — p < 0,05; ** —p < 0,01
[Fig. 5. Mean suppression indices (with standard errors) of the EEG mu rhythm in the
groups of preschool children (4-6 years old), junior schoolchildren (7-10 years old),
and adolescents (11-14 years old) under condition of audial perception of movements
relative to the situation of rest with eyes closed. On the X-axis - EEG loci for each age
group; on the Y-axis - Log ratio of the mu rhythm amplitudes. *p < 0.05; **p < 0.01]

JanHast SKCIIepUMEHTAIBHAST CUTYAIHs TPENCTaBsIa OCOOCHHBIM MHTEpeC
B CBA3M C T€M, UYTO aHAJIN3UPOBATIACH OTHOCUTEILHO UCXOIHOTO COCTOSIHUS MPU
YCIIOBHM 3aKpPBITHIX Ta3. Tak Kak Ha 9TOM dTare He MpEeArojiaranach HUKaKast
3pUTENbHAST CTUMYJISIMS, YCIOBHE 3aKPBITHIX IVIa3 SBISUIOCH MPEANOYTUTEIb-
HBIM (B COOTBETCTBHH ¢ peKkoMeHianueid Barry et al. [49]). Tem caMbIM MbI MOTJTH
OTPaHUYUTH BIUSHUE CBSI3aHHBIX CO 3PUTEIBHON MOJAIBHOCTBIO ATTEHI[MOHAIIb-
HBIX MIPOIIECCOB, AKTUBANNS KOTOPHIX, KaK MMPABUIIO, BHI3BIBAET BHIPAKECHHYIO JIe-
CHHXPOHU3AIMIO 3aThIJIOYHOTO anb(a-puTMa. 3HAUMMBbIC PEaKIUU MOJaBICHUS
MIO-pHTMa UMEIH MECTO JINIIb B TEMEHHBIX OTBEICHHSAX B TPYIIIEC TIOIPOCTKOB.
3apeructpupoBaHHbIE 3()(HEKTH HEb3sI 00BbICHUTH MPOCTHIMU MPOIIECCAMH 3pH-
TENFHO-MOTOPHO HHTErpanuu. VX JoKamu3anus u CTaTHCTHISCKast 3HAYMMOCTD
MOTYT YKa3blBaThb Ha BO3MOXKHOCTb y4YacTHsl B MX TCHEpALUH MapUETAIHLHOTO
komroHeHTa 3CM, KOTOPBIi pa3inuvHbIe aBTOPHI ACCOIMUPYIOT C KOTUPOBAHUEM
LeJield, JIexKalx B OCHOBe HaOmonaembix aeiicteuit [50, 51], unun xe «ceman-
THYECKOI SKBUBAICHTHOCTI NIEHCTBUH, BHITOIHIEMBIX B PA3HBIX KOHTEKCTAX H
pasHbIMU areHTamu [52]. KpoMe Toro, MOXXHO IPEANON0XKHUTE, YTO OoJiee ycrel-
HOE (OTHOCHTEIHHO JeTeH MITAIIINX TPYII) BIaJCHAE MOAPOCTKAMU HaBBIKAMH
CaMOCTOATEIBHOTO BBIMOIHEHUSI U MUMUTAIMM MHCTPYMEHTAJIBHBIX JBHKEHUH
BBI3BIBAJIO Y HUX (POPMHPOBaHUE OOJIee OTYCTIMBOTO 00pa3a 3HAKOMOTO JIBHIKE-
HUs1 6e3 HeOOXOUMOCTH TIOJIaraThCsl Ha 3pUTEINIbHBII aHATU3aTOopP.

Takum 00pa3oM, pe3ynbTaThl HACTOSIIETO HCCIIEIOBAHMS MOKA3a M, 9To -
(beKThl JECHUHXPOHHU3AIMU HMHIAUBUIYAJIBHO OMNpeAenseMoro Mrwo-putma 300
C BO3pPAcTOM CTAHOBSTCS OOliee BBIPAKCHHBIMH KaK NPU YCIOBUH pean3alliu
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COOCTBEHHBIX JBMKEHUH, TaK U MPH UMHUTAIMH, HAOIOJCHUH U CIIyXOBOM BOC-
MPUATHH IBYOKCHUN Ipyrux jroneil. OHaKo cleayeT MPHHUMATh BO BHUMAHUE,
YTO PEe3y/bTaThl JAHHOIO MCCICAOBAHHS IMONYYCHBI B YCIOBHUSAX OTHOCHTEIIBHO
MIPOIODKUTEIEHON CTUMYJISIIIAKU U HaOmonaeMble 3G deKTsl, 10 Bcell BUANMOCTH,
00YCIIOBJICHBI CKOPOCTHIO U 3()h(HEKTUBHOCTBIO OBIIAJICHHUS CBS3aHHBIX C BBIIOJ-
HSICMBIM 3a/IaHHEM JIBUTaTEIbHBIX HABBIKOB. BXokieHue peOeHKa B MEPUOJ ITy-
Oeprara CyHIECTBEHHO M3MEHSIET MAaTTePHbI PEAKTUBHOCTU MIO-PUTMA, B CBSI3H C
YeM JJAHHYIO BO3PACTHYIO KaTErOPHIO ICTEH CIIeyeT pacCMaTPUBATh OTACIBEHO OT
BBIOOPKH JieTel OoJiee MIIIIIET0 BO3pacTa.

BriBOABI

1. Peammzanus netbmMu B Bo3pacTe 4—14 JeT caMOCTOATEIbHBIX JIBHKEHUH
MIPaBOW PYKOH C MOMOIIBI0 KOMIIBIOTEPHON MBIIIH COIPOBOXKIACTCS MOAABICHU-
€M HHAWBUAYAIHHOTO MIO-PUTMA IIPEUMYIIICCTBEHHO JIECBOIOIYIIAPHON JIOKAIH-
3allUH B IEHTPAIBHBIX M BEPXHEIOOHBIX KOPKOBBIX IIPOCKIIUSX, & TAKXKE B TEMEH-
HBIX OTBE/ICHUAX KaK JIEBOTO, TAaK M MIPABOTO IOIYIIAPHH.

2. TloBTOpHOE BBIMOIHCHUE CEPUU JBIKCHUN MIIAININMU [IKOJBHUKAMH U
MOJIPOCTKAMK JIEMOHCTPHUPYET emie Ooyiee BBIPAKEHHBIC APQPEKTHI JTECHHXPO-
HU3AIMU MIO-PHTMA C 3a[efCTBOBAHUEM 00Jice MIMPOKUX KOPKOBBIX MPOCKITHI
(IpeMoTopHasi, JOTOIHUTENbHAS MOTOpHAsI, TIpaBas CEHCOMOTOpHas kopa). [1pu
9TOM BEJIMYMHA JCTIPECCUH 3HAYMMO YBEIHUUBACTCSI C BO3PACTOM.

3. 3pHUTENBHO-CITyXOBOE BOCIIPUSATHE CEPHH JBIDKCHUH, BBITOITHACMBIX APYTUM
YEJIOBCKOM, BBI3BIBACT 3HAYMMOE YTHETCHHE WHIUBHIYAILHOTO MIO-PHTMA HC-
KITIOUMTEITLHO B TEMEHHBIX OTBEJICHUAX 0€3 3aMETHOM Jlarepanu3anu 3QdekTos.

4. YcrnoBrue CHHXPOHHOW MMUTAIUM MHCTPYMEHTAJIBHBIX JABHXKCHUH JPYro-
TO YeNIOBEKa COMPOBOXKAACTCS MOTONHHUTENLHONW K BBI3BAHHON COOCTBEHHBIMH
JBIDKCHUSIME JICTIPECCUCH WHIUBHIYATBHOIO MIO-PUTMA TOJBKO B TPYIIIE MOJ-
pocTkoB. CTaTHCTHYCCKH 3HAYNMAsT IECHHXPOHU3ANNS BBIIBISICTCS B TEMCHHBIX
OTBEJICHUSIX, COOTBETCTBYIOIIUX JIoKycam D3I P3 u Pz.

5. BocnpusTtue Ha CilyX 3HAKOMBIX MHCTPYMEHTAIbHBIX JBHKEHUN IPYroro
YeJI0BeKa COMPOBOXKIACTCS 3HAUUMBIM YTHETCHUEM MIO-PUTMA TAK)Ke UCKITIOUH-
TENFHO B TPYIITIE TIOAPOCTKOB. J|eCHHXpOHN3AIHS JIOKATH3YeTCsl B TEMEHHBIX OT-
Benenusx P3, Pz u P4.
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Age dynamics and topography of an individual EEG mu
rhythm reactivity in children aged 4-14 years

Within the framework of the mirror neuron system related studies, there is a
line of research dedicated to examining the effects of the EEG mu rhythm reactivity
under conditions of observation and imitation of actions performed by others. It is
hypothesized that the analysis of the mu rhythm activity at central electrode sites can
be taken as a relatively easy non-invasive method for examining the mirror neuron
system activity in human. At that, it is important to take into account possible individual
differences in the frequency of the mu rhythm which is thought to reflect the activation
level of the primary sensorimotor cortex. It is necessary to differentiate it from other
alpha-like EEG oscillations related to different functional systems of the neocortex.
Besides, in children the frequency of the mu rhythm tends to gradually increase with
age. Hence, it seems important in such studies in the first place to functionally define the
individual mu rhythm frequency for each participant under relevant conditions of a self-
paced motor activity. The main aim of our research was to study the reactivity patterns
of the individual mu rhythm under different conditions in children in the following
age groups: “preschoolers” (4-6 years), “younger schoolchildren” (7-10 years),
“adolescents” (11-14 years). In 87 typically developing children aged 4-14 years, we
analyzed the EEG recorded at the following electrode sites: F3, Fz, F4, C3, Cz, C4,
P3, Pz, and P4. The experimental conditions (30-second long each) were as follows:
fixation of one’s sight at a motionless computer mouse, self-controlled circular right-
hand movements (prior to and after the condition of movement observation), visual
observation of similar movements performed by another person, real time imitation of
observed movements, and hearing of familiar sounds produced by the computer mouse
movements with eyes closed. We used repeated measures ANOVA to assess the main
effects of the age group and experimental condition variables and their interaction on
the amplitude of the individual mu rhythm. In this research, we discovered patterns
of individual EEG mu rhythm reactivity under conditions of observation, imitation,
and auditory perception of movements with the computer mouse. The mean values of
the median frequency within the individual mu-ranges were as follows: 10.1 + 1.2 Hz
for “preschoolers”, 9.9 + 1.4 Hz in the group of “younger schoolchildren” and 10.6
+ 1.1 Hz for “adolescents”. 121 children aged 4-14 years took part in the study. This
research was conform to ethical principles of the declaration of Helsinki, 1964. Parents,
after being provided with necessary information,gave their consent to their children’s
participation in the research.

The condition of performing self-paced circular mouse movements showed distinct
left hemisphere lateralization of the individual mu rhythm suppression in all age groups,
mainly, in central and parietal leads (See Fig. ). Higher indices of desynchronization
were found for the sample of older children. The observation condition revealed
significant mu rhythm suppression effects solely for the parietal leads (See Fig. 2).
Even though the figure shows that the mu rhythm desynchronization is greater for
older participants, the variance analysis revealed no significant age differences. It is
of interest that the condition of the repeated execution of movements demonstrated
even more pronounced and widely spread mu rhythm suppression, if compared to the
first movement condition, with statistically significant interaction effect between the
condition and age group factors (See Fig. 3). A significant decrease in the mu rhythm
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amplitude is discovered at the F3, Fz and Cz electrode sites for the group of younger
schoolchildren and at the Fz and C4 electrode sites for the group of adolescents. The
imitation condition, relative to one’s own movements, had an additional suppression
effect of the individual mu rhythm only in the group of adolescents. Significant
suppression was discovered in the parietal leads P3 and Pz (See Fig. 4). The condition of
the auditory recognition of the computer mouse movement sounds showed significant
suppression of the mu rhythm only in the group of adolescents, as well. The suppression
was found in the parietal leads P3, Pz and P4 (See Fig. 5). Since the eyes were closed
for the two conditions to be compared, we could effectively limit the effects of visual
attention modulations which are typically followed by a considerable occipital alpha
rhythm desynchronization. As a result, the discovered effects cannot be explained by
a mere process of a visual-motor integration but rather by a possible activation of the
mirror neuron system parietal component which is thought by some authors to mediate
one’s action goal coding when observing actions performed by others. Regarding
the mu rhythm reactivity in general, the results of the present study showed that the
desynchronization of the individually determined EEG mu rhythm becomes more
pronounced with age. Reaching the puberty seems to change significantly the reactivity
patterns of the mu rhythm.

The paper contains 5 Figures and 52 References.

Key words: children; EEG; mu rhythm; movement performance; imitation;
observation; mirror neurons.

Funding: This research was supported by the VI Vernadsky Crimean Federal
University Development Program for 2015-2024.

References

1. Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP. Neural correlates of action: Comparing
meta-analyses of imagery, observation, and execution. Neurosci Biobehav Rev.2018;94:31-
44. doi: 10.1016/j.neubiorev.2018.08.003

2. Lebedeva NN, Zufman Al, Malcev VYU. Mirror neuron system as a key to learning,
personality formation and understanding of another’s mind. Uspekhi fiziologicheskikh
nauk. 2017;48(4):16-28. In Russian

3. Gallese V, Fadiga L, Fogassi L, Rizzolatti G. Action recognition in the premotor cortex.
Brain. 1996;119:593-6009.

4. Rizzolatti G, Fadiga L, Gallese V, Fogassi L. Premotor cortex and the recognition of motor
actions. Brain Res. Cogn. Brain Res. 1996;3:131-141.

5. Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev Neurosci. 2004; 27:169-192.
doi: 10.1146/annurev.neuro.27.070203.144230

6. Nishitani N, Avikainen S, Hari R. Abnormal imitation-related cortical activation sequences in
Asperger’s syndrome. Ann Neurol. 2004;55:558-562. doi:10.1002/ana.20031

7. Puce A, Perrett D. Electrophysiology and brain imaging of biological motion. Philo. Trans R
Soc Lond B Biol Sci. 2003;358:435-445. doi:10.1098/rstb.2002.1221

8. Braadbaart L, Williams JHG, Waiter GD. Do mirror neuron areas mediate mu rhythm
suppression during imitation and action observation? Int J Psychophysiology. 2013;89:99-
105. doi: 10.1016/j.ijpsycho.2013.05.019

9. Fox NA, Bakermans-Kranenburg MJ, Yoo KH, Bowman LC, Cannon EN, Vanderwert
RE, Ferrari PF. Assessing human mirror activity with EEG mu rhythm: A meta-analysis.
Psychol Bull. 2016;142(3):291-313. doi: 10.1037/bul000003 1

10. Lebedeva NN, Karimova ED, Karpichev VV, Maltsev VYu. The human brain mirror system
in the observation, implementation and representation motor tasks - neurophysiological


https://doi.org/10.1016/j.neubiorev.2018.08.003
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1002/ana.20031
https://doi.org/10.1098/rstb.2002.1221
https://doi.org/10.1016/j.ijpsycho.2013.05.019
https://doi.org/10.1037/bul0000031
https://elibrary.ru/author_items.asp?authorid=642757
https://elibrary.ru/author_items.asp?authorid=642388

Bospacmnasa ounamuka u monozpagusa peakmugrnocmu 125

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

reflection of another conscious perception. Zh Vyssh Nerv Deiat Im IP Paviova =
LP. Pavlov Journal Of Higher Nervous Activity. 2018;68(2):204-215. doi: 10.7868/
S0044467718020065

Hobson HM, Bishop DVM. Mu suppression - a good measure of the human mirror neuron
system? Cortex. 2016;82:290-310. doi: 10.1016/j.cortex.2016.03.019

Hobson HM, Bishop DVM. The interpretation of mu suppression as an index of mirror
neuron activity: past, present and future. R Soc Open Sci. 2017;4:1606-62. doi: 10.1098/
150s.160662

Pfurtscheller G, Lopes da Silva FH. Event-related EEG/MEG synchronization and
desynchronization: basic principles. Clin Neurophysiol. 1999;110:1842-1857.

Thorpe SG, Cannon EN, Fox NA. Spectral and source structural development of mu and
alpha rhythms from infancy through adulthood. Clin Neurophysiol. 2016;127(1):254-269.
doi: 10.1016/j.clinph.2015.03.004

Cochin S, Barthelemy C, Roux S, Martineau J. Observation and execution of movement:
similarities demonstrated by quantified electroencephalography. FEur J Neurosci.
1999;11:1839-1842.

Frenkel-Toledo S, Bentin S, Perry A, Liebermann DG, Soroker N. Dynamics of the EEG
power in the frequency and spatial domains during observation and execution of manual
movements. Brain Res. 2013;1509:43-57. doi: 10.1016/j.brainres.2013.03.004

Buneo CA, Jarvis MR, Batista AP, Andersen RA. Direct visuomotor transformations for
reaching. Nature. 2002;416:632-633. doi: 10.1038/416632a

Connolly JD, Andersen RA, Goodale MA. FMRI evidence for a “parietal reach region”
in the human brain. Exp Brain Res. 2003;153:140-145. doi: 10.1007/s00221-003-1587-1
Hanakawa T, Immisch I, Toma K, Dimyan M, Van Gelderen P, Hallett M. Functional
properties of brain areas associated with motor execution and imagery. J Neurophysiol.
2003;89:989-1002. doi: 10.1152/jn.00132.2002

Solodkin A, Hlustik P, Chen EE, Small SL. Fine modulation in network activation during
motor execution and motor imagery. Cereb Cortex. 2004;14:1246-1255. doi: 10.1093/
cercor/bhh086

Van Overwalle F, Baetens K. Understanding others’ actions and goals by mirror and
mentalizing systems: a meta-analysis. Neuroimage. 2009;48:564-584. doi: 10.1016/j.
neuroimage.2009.06.009

Molenberghs P, Cunnington R, Mattingley JB. Brain regions with mirror properties:
A meta-analysis of 125 human fMRI studies. Neuroscience and Biobehavioral Reviews.
2012;36:341-349. doi: 10.1016/j.neubiorev.2011.07.004

23. Culham JC, Valyear KF. Human parietal cortex in action. Curr Opin Neurobiol.2006;16:205-

24.

25.

26.

27.

28.

212. doi: 10.1016/j.conb.2006.03.005

lacoboni M. Visuo-motor integration and control in the human posterior parietal cortex:
evidence from TMS and fMRI. Neuropsychologia. 2006;44:2691-699. doi: 10.1016/].
neuropsychologia.2006.04.029

Arnstein D, Cui F, Keysers C, Maurits NM, Gazzola V. p-suppression during action
observation and execution correlates with BOLD in dorsal premotor, inferior parietal, and
SI cortices. J. Neurosci. 2011;31:14243-49. doi: 10.1523/jneurosci.0963-11.2011
Segalowitz SJ, Santesso DL, Jetha MK. Electrophysiological changes during adolescence:
A review. Brain Cogn. 2010;72:86-100. doi: 10.1016/j.bandc.2009.10.003

Berchicci M, Zhang T, Romero L, Peters A, Annett R, Teuscher U, Comani S. Development
of Mu Rhythm in infants and preschool children. Dev Neurosci. 2011;33:130-143. doi:
10.1159/000329095

Bazanova OM, Vernon D. Interpreting EEG alpha activity. Neuroscience & Biobehavioral
Reviews. 2014;44:94-110. doi: 10.1016/j.neubiorev.2013.05.007


https://doi.org/10.7868/S0044467718020065
https://doi.org/10.7868/S0044467718020065
https://doi.org/10.1016/j.cortex.2016.03.019
https://doi.org/10.1098/rsos.160662
https://doi.org/10.1098/rsos.160662
https://doi.org/10.1016/j.clinph.2015.03.004
https://doi.org/10.1016/j.brainres.2013.03.004
https://doi.org/10.1038/416632a
https://doi.org/10.1007/s00221-003-1587-1
https://doi.org/10.1152/jn.00132.2002
https://doi.org/10.1093/cercor/bhh086
https://doi.org/10.1093/cercor/bhh086
https://doi.org/10.1016/j.neuroimage.2009.06.009
https://doi.org/10.1016/j.neuroimage.2009.06.009
https://doi.org/10.1016/j.neubiorev.2011.07.004
https://doi.org/10.1016/j.conb.2006.03.005
https://doi.org/10.1016/j.neuropsychologia.2006.04.029
https://doi.org/10.1016/j.neuropsychologia.2006.04.029
https://doi.org/10.1016/j.bandc.2009.10.003
https://doi.org/10.1159/000329095
https://elibrary.ru/author_items.asp?authorid=147233
https://elibrary.ru/contents.asp?id=34091572
https://elibrary.ru/contents.asp?id=34091572
https://doi.org/10.1016/j.neubiorev.2013.05.007

126 A.U. Kauoa, C.A. Maxun, E.B. Jitcmonm, B.b. Ilasnenko

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gundlach C, Miiller MM, Nierhaus T, Villringer A, Sehm B. Phasic modulation of human
somatosensory perception by transcranially applied oscillating currents. Brain Stimul.
2016;9:712-19. doi: 10.1016/j.brs.2016.04.014

Gundlach C, Miiller MM, Nierhaus T, Villringer A, Sehm B. Modulation of somatosensory
alpha rhythm by transcranial alternating current stimulation at mu-frequency. Front Hum
Neurosci. 2017;11:432. doi: 10.3389/fnhum.2017.00432

Babiloni C, Carducci F, Cincotti F, Rossini PM, Neuper C, Pfurtscheller G, Babiloni F.
Human movement-related potential vs desynchronization of EEG alpha rhythm: A high-
resolution EEG study. Neurolmage. 1999;1:658-665. doi: 10.1006/nimg.1999.0504
Muthukumaraswamy SD, Johnson BW. Changes in rolandic mu rhythm during observation of a
precision grip. Psychophysiology. 2004;41:152-156. doi: 10.1046/j.1469-8986.2003.00129.x
Tamura T, Gunji A, Takeichi H, Shigemasu H, Inagaki M, Kaga M, Kitazaki M. Audio-
vocal monitoring system revealed by mu-rhythm activity. Front Psychol. 2012;3:225. doi:
10.3389/fpsyg.2012.00225

Eismont EV, Makhin SA, Bakunova AV, Kaida Al, Pavlenko VB. Properties of the EEG
prhythm and its reactivity during the performance, observation, imitation, and auditory
recognition of movements in children aged 4-14 years. Human Physiology. 2017;43(3):274-
279. doi:10.1134/S0362119717030057

Lepage JF, Theoret H. EEG evidence for the presence of an action-observation matching
system in children. European J Neuroscience. 2006;23:2505-2510. doi: 10.1111/j.1460-
9568.2006.04769.x

Cannon EN, Simpson EA, Fox NA, Vanderwert RE, Woodward AL, Ferrari PF. Relations
between infants’ emerging reach-grasp competence and event-related desynchronization in
EEG. Developmental Science. 2016;19:50-62. doi: 10.1111/desc.12295

Bowman LC, Thorpe SG, Cannon EN, Fox NA. Action mechanisms for social cognition:
Behavioral and neural correlates of developing theory of mind. Developmental Science.
2017;20(5). doi: 10.1111/desc.12447

Lepage JF, Tremblay S, Nguyen DK, Champoux F, Lassonde M, Théoret H. Action
related sounds induce early and late modulations of motor cortex activity. Neuroreport.
2010;21(4):250-253. doi: 10.1097/WNR.0b013e328334ddcc

McGarry LM, Russo FA, Schalles MD, Pineda JA. Audio-visual facilitation of the mu
rhythm. Exp Brain Res. 2012;218(4):527-38. doi: 10.1007/s00221-012-3046-3

Pineda JA, Grichanik M, Williams V, Trieu M, Chang H, Keysers C. EEG sensorimotor
correlates of translating sounds into actions. Front Neurosci. 2013;7:203. doi: 10.3389/
fnins.2013.00203

Tsuchida K, Ueno K, Shimada S. Motor area activity for action-related and nonaction-
related sounds in a three-dimensional sound field reproduction system. Neuroreport.
2015;26(5):291-5. doi: 10.1097/WNR.0000000000000347

Makhin SA, Makaricheva AA, Lutsuk NV, Pavlenko VB. Study of the reactivity
of the p rhythm during observation, auditory perception, and movement imitation:
correlation with empathic ability. Human Physiology. 2015;41(6):593-598. doi: 10.1134/
S0362119715040118
Nishimura Y, Ikeda Y, Suematsu A, Higuchi S. Effect of visual orientation on mu suppression
in children: a comparative EEG study with adults. J Physiological Anthropology.
2018;37(1):16. doi: 10.1186/s40101-018-0175-9

Raymaekers R, Wiersema JR, Roeyers H. EEG study of the mirror neuron system in
children with high functioning autism. Brain Research. 2009;1304:113-121. doi: 10.1016/].
brainres.2009.09.068

Salmelin R, Hamaalainen M, Kajola M, Hari R. Functional segregation of movement-
related rhythmic activity in the human brain. Neurolmage. 1995;2:237-243.


https://doi.org/10.1016/j.brs.2016.04.014
https://doi.org/10.3389/fnhum.2017.00432
https://doi.org/10.1006/nimg.1999.0504
https://doi.org/10.1046/j.1469-8986.2003.00129.x
https://doi.org/10.3389/fpsyg.2012.00225
https://doi.org/10.1111/j.1460-9568.2006.04769.x
https://doi.org/10.1111/j.1460-9568.2006.04769.x
https://doi.org/10.1111/desc.12295
https://doi.org/10.1097/WNR.0b013e328334ddcc
https://doi.org/10.1007/s00221-012-3046-3
https://doi.org/10.3389/fnins.2013.00203
https://doi.org/10.3389/fnins.2013.00203
https://doi.org/10.1097/WNR.0000000000000347
https://elibrary.ru/author_items.asp?authorid=844040
https://elibrary.ru/author_items.asp?authorid=953193
https://elibrary.ru/author_items.asp?authorid=759029
https://doi.org/10.1134/S0362119715040118
https://doi.org/10.1134/S0362119715040118
https://doi.org/10.1186/s40101-018-0175-9
https://doi.org/10.1016/j.brainres.2009.09.068
https://doi.org/10.1016/j.brainres.2009.09.068

Bospacmnasa ounamuka u monozpagusa peakmugrnocmu 127

46. Manshanden I, De Munck JC, Simon NR, Lopes da Silva FH. Source localization of
MEG sleep spindles and the relation to sources of alpha band rhythms. Clin Neurophysiol.
2002;113:1937-1947.

47. Stancok A, Pfurtcheller G. Event-related desynchronisation of central beta-rhythms during
brisk and slow self-paced finger movements of dominant and non-dominant hand. Cogn.
Brain Res. 1996;3:171-183.

48. Alexandrov AA, Tugin SM. Changes in the mu rhythm in different types of motor activity and
on observation of movement. Neuroscience and Behavioral Physiology. 2012;42(3):302-
307. doi: 10.1007/511055-012-9566-2

49. Barry RJ, Clarke AR, Johnstone SJ, Brown CR. EEG differences between eyes-closed
and eyes-open resting conditions. Clinical Neurophysiology. 2007;118:2765-2773. doi:
10.1016/j.clinph.2007.07.028

50. Bonini L, Rozzi S, Serventi FU, Simone L, Ferrari PF, Fogassi L. Ventral premotor and
inferior parietal cortices make distinct contribution to action organization and intention
understanding. Cereb Cortex. 2010;20:1372-1385. doi: 10.1093/cercor/bhp200

51. Fogassi L, Ferrari PF, Gesierich B, Rozzi S, Chersi F, Rizzolatti G. Parietal lobe, from
action organization to intention understanding. Science. 2005;308:662-667. doi: 10.1126/
science.1106138

52. Yamazaki Y, Yokochi H, Tanaka M, Okanoya A, Iriki A. Potential role of monkey inferior
parietal neurons coding action semantic equivalences as precursors of parts of speech.
Social Neurosci.2010;5:105-117. doi: 10.1080/17470910802625306

Received 05 December 2018, Revised 20 February 2019;
Accepted 27 February 2019; Published 21 March 2019

Author info:

Kaida Anna I, Postgraduate Student, Department of Human and Animal Physiology and Biophysics, Fac-
ulty of Biology and Chemistry, VI Vernadsky Crimean Federal University, 4 Vernadskogo Pr., Simferopol
295007, Russian Federation.

E-mail: kaydaanna@gmail.com

Makhin Sergej A, Cand. Sci. (Biol.), Assoc. Prof., Department of General Psychology and Psychophysi-
ology, Faculty of Psychology, VI Vernadsky Crimean Federal University, 4 Vernadskogo Pr., Simferopol
295007, Russian Federation.

E-mail: smakhin@inbox.ru

Eismont Evgeniya V, Cand. Sci. (Biol.), Assoc. Prof., Department of Human and Animal Physiology and
Biophysics, Faculty of Biology and Chemistry, VI Vernadsky Crimean Federal University, 4 Vernadskogo
Pr., Simferopol 295007, Russian Federation.

E-mail: evgenija.eismont@mail.ru

Pavlenko Vladimir B, Dr. Sci. (Biol.), Professor, Department of General Psychology and Psychophysiology,
Faculty of Psychology, VI Vernadsky Crimean Federal University, 4 Vernadskogo Pr., Simferopol 295007,
Russian Federation.

E-mail: vpav55@gmail.com


https://doi.org/10.1016/j.clinph.2007.07.028
https://doi.org/10.1093/cercor/bhp200
https://doi.org/10.1126/science.1106138
https://doi.org/10.1126/science.1106138
https://doi.org/10.1080/17470910802625306
mailto:kaydaanna@gmail.com
mailto:smakhin@inbox.ru
mailto:evgenija.eismont@mail.ru
mailto:vpav55@gmail.com

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2019. Ne 45. C. 128-141

®U3NOJOI sl U BUOXUMMS PACTEHUI

UDC 581.1:579.64
doi: 10.17223/19988591/45/7

Oksana M. Minaeva, Elena E. Akimova,
Natalia N. Tereshchenko, Tatyana I. Zyubanova

BIOCENTR, Siberian Research Institute of Agriculture and Peat,
Branch of the Federal State Budgetary Institution of Science,
Siberian Federal Scientific Center of Agrobiotechnologies, Russian
Academy of Sciences, Tomsk, Russian Federation
Tomsk State University, Tomsk, Russian Federation

Effect of bacterization with Aeromonas media GS4
and Pseudomonas extremorientalis PhS1 on wheat
seedlings under different abiotic conditions”

We studied the effect of soft wheat seed treatment (Triticum aestivum L.) with two
bacterial strains (Aeromonas media GS4 and Pseudomonas extremorientalis PhS1)
isolated from earthworm coprolites on the growth and development of wheat seedlings in
a 12-day laboratory experiment, as well as on root rot disease and the activity of guaiacol-
dependant peroxidase under optimal conditions and abiotic stress (elevated and low
temperatures and moisture content). We established that growing nonbacterized wheat
plants under stress abiotic conditions reduced the height of plants compared to growing
under optimal abiotic conditions, and seed bacterization with P. extremorientalis PhS1
strain increased wheat plant height (by 9-15%) under stress abiotic conditions compared
to the nonbacterized plants. Bacterization with both strains decreased infestation of
wheat seedlings (2.5-4 times) by root rots under unfavorable abiotic conditions compared
to nonbacterized plants. In addition, under optimal and arid conditions, bacterization
with P. extremorientalis PhS1 strain was the most effective, and under humid conditions
it was bacterization with A. media GS4 strain. We showed that the activity of guaiacol-
dependant peroxidase correlates with the development of plant resistance to abiotic
stress. In our experiments, plant bacterization resulted in a 2-fold increase in peroxidase
activity both in leaves and roots of wheat plants compared to the nonbacterized plants.
As the result, the ability of bacteria to activate peroxidase can serve as an information
indicator of strengthening protective mechanisms of plants during bacterization.

The paper contains 4 Figures and 34 References.

Key words: Triticum aestivum; abiotic stressors; temperature; moisture content;
peroxidase activity; root rot disease.

Introduction

Plants undergo various stresses throughout their life, for example, drought
and flooding, salinity, heat and cold, heavy metals, etc. [1-2]. Human needs for

" The paper was translated by the authors.
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high-quality products are growing and it is becoming hard to find suitable lands
for agriculture and to obtain good low-cost crops [3]. Despite the vast territory
of Russia, significant agricultural lands are in the zone of risky farming. In the
West Siberia, abiotic factors that are the most stress-inducing for plants include
low temperatures and high soil moisture at the beginning of crop vegetation and,
on the contrary, extremely high temperatures and drought during budding and
flowering. Abiotic stresses cause a number of morphological, physiological and
molecular changes; disturb energy metabolism and regulation systems, which in-
fluence the growth and productivity of plants, as well as can lead to their death
[4-6]. Under the influence of stress factors, both non-specific plant responses and
production of specific compounds were observed [7-10]. Thus, one of the main
plant responses to stress is accumulation of reactive oxygen species (ROS), par-
ticularly, hydrogen peroxide (H,0,) [7, 9-10]. Stress activates enzymatic and non-
enzymatic systems of protection against highly active ROS in plants. When plants
are subjected to stresses for a long time, protective systems may fail to cope with
their functions, and the balance between ROS formation and quenching is dis-
turbed, which results in oxidative damage. The main enzymes protecting from the
damaging effect of hydrogen peroxide in the plant organism are catalase and per-
oxidase mobilizing it to H,O [4, 6]. In a living cell, peroxidases play a key role in
keeping molecules in a reduced state, which is one of the main conditions for nor-
mal existence of living organisms [8, 11]. Thus, the main function of peroxidases
is to protect a plant organism from a negative impact of ROS forming during
photosynthesis and respiration [10-11]. The compensatory effect of peroxidases at
the level of ROS during its increasing under the influence of various stress factors
should be highlighted [4-5, 10-12], and the activity dynamics of these enzymes
correlates with the development of plant resistance to abiotic stresses [4, 6, 8, 11].

Application of some microorganisms improving nitrogen and phosphorous
nutrition of plants, having a stimulating effect and reducing infestation by phy-
topathogens, is one of the effective methods to enhance resistance of agricultural
plants to stress abiotic factors [1, 2, 5, 13-16]. Therefore, a positive effect of plant
treatment with different bacterial strains under abiotic stress is demonstrated in
several studies. They show an increase in plant growth and biomass, induction
of systemic resistance, and an increase in the activity of antioxidant enzymes
in wheat, Arabidopsis, tomato and other plants when treated with Enterobacter
ludwigii and Flavobacterium sp. [1], Azotobacter chrocoocum and Pseudomonas
putida [6], Bacillus licheniformis [17], Bacillus amyloliquefaciens [3; 18], etc.

We have isolated several bacterial strains from earthworm coprolites. It was
established that three isolates had antifungal activity in vitro and stimulated plant
growth of some crops in laboratory tests, two of them being effective in field
experiments. The aim of this research was to assess the effect of bacterization
of wheat seeds on the activity of soluble guaiacol-dependant peroxidase under
abiotic stress (elevated and low temperatures, substrate overmoisture and lack of
moisture) in model experiments.
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Materials and methods

Objects. The objects of the research were two bacterial strains, Aeromonas
media GS4 and Pseudomonas extremorientalis PhS1, and wheat plants (7riticum
aestivum L., “Iren’” cultivar, widely grown in West Siberia). These bacteria were
isolated from earthworm coprolites and demonstrated a significant antifungal and
growth-promoting activity in screening [19-20] and were described as Pseudo-
monas spp. (isolates GS4 and PhS1) according to their morpho-physiological
characteristics. Types of bacteria were identified by 16S rRNA Gene Sequence
Analysis (Russian National Collection of Industrial Microorganisms, Moscow,
Russia). The bacterial culture is maintained in the collection of the BIOCEN-
TR (Siberian Research Institute of Agriculture and Peat, Tomsk, Russia). In the
experiments, we used a 24-hour liquid bacterial culture grown in 250-ml flasks
with 100 ml of GRM-broth on a shaker (180 rpm, “Biosan ES-20/60”, Latvia) at
28...29°C. Culture density was determined using the colony-forming unit (CFU)
method.

Experiment conditions. We studied the effect of bacterization on peroxidase
activity in leaves and roots of wheat plants under different abiotic conditions us-
ing a simplest terrestrial ecosystem model consisting of three links: sand - host
plant - bacterial strain [21]. Seeds pretreated with 70% ethanol for 3 min were
washed with sterile water and grown at 18...20°C. Once the embryo (1 mm) had
appeared, the seeds were bacterized with suspensions of experimental strains at a
rate of 10* cells/seed for 20 min. In control, seeds were soaked in distilled water.
After treatment, the seeds were placed in plastic pots (1200 ml) (45 seeds each),
filled with coarse sterile river sand (800 ml), evenly moistened with sterile Knop’s
solution for hydroponic and sand cultures, g/l: Ca(NO,), - 1.0, KH,PO, - 0.25,
MgSO,x7H,0 - 0.125, KNO, - 0.25, and FeCl, - 0.012 [22].

For the first 6 days, we grew plants in a growth chamber (GC-300TLH,
Jeio Tech, Korea) with 18...20/14...16°C (day/night), 16/8-h photoperiods at
200 pumol quanta x m? s PAR and 60% moisture of total water capacity. Start-
ing from the 7th day, in each of the three experiments, we placed plants under
conditions corresponding to the required climatic parameters: in the experiment
with optimal conditions, temperatures were 18...20/14...16°C (day/night), 60%
substrate moisture; in the experiment with arid conditions, temperatures were
30...31/23...24°C, 40% substrate moisture; in the experiment with humid con-
ditions, temperatures were 16...18/8...10°C, 80% substrate moisture. Under all
conditions, the photoperiod was 16/8; the illumination intensity was 200 pumol
quanta x m-2 s-1 PAR.

Experiment assessment. The total duration of each series of experiments was
12 days. Then, we recorded germination and measured the height of each plant
and peroxidase activity in the leaves and roots. We registered the intensity of plant
infestation by root and near-root rots by assessing the degree of browning of the
stem base and the root system on the five-point scale, where 0 was the absence of
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infestation signs and 4 was the death of plants from the disease [21, 23]. Based
on the obtained data, we calculated root rot incidence and severity in the experi-
ments [23]. Previously conducted experiments had repeatedly established suc-
cessful plant colonization by microbial strains [20].

Enzyme activity detection. The total activity of guaiacol-dependant peroxi-
dase was detected in the experiments according to Chupakhina [24] with some
modification (sample preparation was carried out at +4°C). A sample (200 mg) of
fresh plant tissue was homogenized in 1 ml of cold 0.15 M phosphate buffer (pH
5.4) at 4 °C. Then, the obtained volume was buffered to 25 mL in a volumetric
flask and incubated at 4 °C for 10 min. The homogenate was centrifuged at 5000
rpm (OPn-8, Russia) for 10 min. The supernatant was used to detect the enzyme
activity spectrophotometrically (SF-102, Russia): 1.5 mL 0.15 M K,Na-phosphate
buffer (pH 5.4), 0.5 mL 0.15% hydrogen peroxide (Reakhim, Russia), 0.5 mL
0.05% guaiacol (Sigma, United States) (molar extinction coefficient for tetraguai-
acol E470 = 26.6 mM™' cm™) and 0.5 mL of plant extract (concentration in the
reaction mixture of peroxide and guaiacol 7.35 and 0.672 mM, respectively) at
25 °C immediately after obtaining the extract. Changes in the adsorption of the
reaction solution at 470 nm were recorded in the linear portion of the reaction for
1 min. The enzyme activity was calculated according to Chance and Maehly [25]
considering the molar extinction coefficient of tetraguaiacol and was expressed in
umol of guaiacol oxidized within one minute with one gram of fresh weight tissue
(umol of guaiacol/(minxg fr wt).

Statistical analysis. The experiments were performed in three independent
biological replications. Each replication had 35 to 45 plants per treatment. The
height and infestation were estimated for every plant (total plant number was 100-
110/sample) and expressed as the arithmetic mean with confidence interval using
the Student’s t-test for 95% significance level. Statistical significance was esti-
mated by the Student’s t-test for 95% significance level. One sample for enzyme
activity included leaves and roots of 5-7 plants. Measurements were performed
three-four times in the average sample of each treatment of each replication. Thus,
one treatment had 9-12 measurements of the enzyme activity. The data are ex-
pressed as the arithmetic mean with standard error. Statistical significance was
estimated by the Mann-Whitney U test (p < 0.05).

Results and discussion

Plant growth is possible in a relatively wide range of temperatures and soil
moisture, and is determined both by geographical origin of the species, varietal
characteristics and the combined influence of numerous environmental factors.
Temperature demands of plants change with age and are not the same for different
organs (leaves, roots, etc.). Temperature affects biochemical processes of respira-
tion, photosynthesis and other metabolic systems of plants; and the diagrams of
dependence of plant growth and enzyme activity from temperature have a similar
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shape (bell-shaped curve). Thus, there exist zones of optimum where the factor
activity provides the best plant productivity and zones of maximum and minimum
where plant development is inhibited [26]. The optimum temperature for wheat
growth and development is 12-25°C [27]: higher or lower temperatures have a
negative impact on wheat growth, development and productivity. The amount of
available moisture in the substrate shows the same pattern. Also, a combination
of several negative abiotic factors, as usual, intensifies a negative effect on plant
growth and productivity.

It is illustrated by the data on wheat height, which we obtained when growing
plants under optimal (18...20/14...16°C (day/night), 60% substrate moisture),
arid (30...31/23...24°C, 40% substrate moisture) and humid (16...18/8...10°C,
80% substrate moisture) conditions (Fig. 1).
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Fig. 1. The height of 12-day wheat plants in the experiments:
A - Optimal conditions, B - Arid conditions, C - Humid conditions;
1 - Without bacterial treatment (control), 2 - Inoculation with Aeromonas media
GS4 strain, 3 - Inoculation with Pseudomonas extremorientalis PhS1 strain.
The data are expressed as the mean with confidence interval using Student’s t-test (p < 0.05).
*Statistically significant difference from the control (p < 0.05)

Growing wheat plants under stress abiotic conditions decreased plant height
compared to growing under optimal abiotic conditions: plant height decreased
from 14 to 200%. Bacterization with both microbial strains under optimal condi-
tions was not statistically significant for plant height, but there was an increase in
the height of wheat plants (9-15%) during seed bacterization with P. extremorien-
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talis PhS1 compared to nonbacterized ones. Previously conducted studies, includ-
ing in the field, had demonstrated a stable effect of bacterization. The results of
field experiments for different years showed that inoculation usually stimulates
the growth of wheat and barley plants, which is expressed in the accelerated de-
velopment at the main plant development stages, as well as in a statistically signif-
icant increase in the basic morphometric parameters of plants (height, number of
productive stems, number of leaves, dry green mass) compared to non-inoculated
plants [19].

Reducing the stressful impact of unfavorable temperatures and the lack of
excess of soil moisture under bacterization corresponds, in general, to already
known data [1-3, 5-6, 13-15] and is attributed to the release of growth-promoting
substances by bacteria (hormones, vitamins, etc.) [3, 13, 17], improvement of
mineral nutrition [13], or activation of antioxidant enzyme systems [13, 15].

In some studies, bacteria A. media and P. extremorientalis were also applied
to promote the growth of wheat, tomato and fodder galega. In Arraktham et al.
report [28], A. media ATCC 33907T strain, isolated from the intestines of the
endogenic earthworm Metaphire posthuma collected from agricultural lands, pro-
duced a high amount of indole-3-acetic acid (IAA). A. media isolate P29 produced
IAA and siderophores and solubilized inorganic phosphates [29]. The greenhouse
experiment of Egamberdieva et al. [30] showed that co-inoculation with P. ex-
tremorientalis strain TSAU20 and Rhizobium galegae HAMBI 540, isolated from
the rhizosphere of wheat growing in salinized soil, improved plant growth and ni-
trogen content, and was able to produce IAA. P. extremorientalis strain TSAU20
increased plant height and fruit yield of tomato under stress factors (saline soil
condition). The bacterial inoculant also stimulated antioxidant enzymes’ (super-
oxide dismutase, ascorbate peroxidase, catalase, glutathione reductase) activities,
thereby, preventing ROS-induced oxidative damage in plants, and proline concen-
trations in plant tissues [31].

Despite the fact that we did not introduce phytopathogens in the given model
system, we observed infestation of wheat seedlings by root rot pathogens. It is
known that a plant seed is surrounded by the zone with an increased microbial
activity called the spermosphere [32]. Microbial representatives of this area in-
clude not only beneficial microorganisms but also phytopathogens causing root
rots and leaf infections. Fig. 2 shows data on root rot disease severity in different
tests under optimal and stress-inducing abiotic conditions.

The given data demonstrate a statistically significant decrease (p < 0.05) in
root rot disease severity (2.5-4 times) during bacterization under different abiotic
conditions compared to nonbacterized plants. At the same time, bacterization with
P. extremorientalis PhS1 is the most effective under optimal and arid conditions,
whereas under humid conditions it is that with 4. media GS4 strain. Root rot
disease severity is a complex parameter including both the number of plants with
root rot signs (root rot disease incidence), and the intensity of seedling infestation
by pathogens. In our experiments, we detected a 2 times or more decrease in
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disease incidence during bacterization compared to appropriate nonbacterized
wheat plants.
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Fig. 2. Root rot disease severity of 12-day wheat plants in the experiments:
A - Optimal conditions, B - Arid conditions, C - Humid conditions;
1 - Without bacterial treatment (control), 2 - Inoculation with Aeromonas media
GS4 strain, 3 - Inoculation with Pseudomonas extremorientalis PhS1 strain.
The data are expressed as the mean with confidence interval using Student’s t-test (p < 0.05).
*Statistically significant difference from the control (p < 0.05)

Literature has amply described reduction in the number of plants with signs
of damage caused by root rot pathogens during bacterization due to the release
of antibiotics, siderophores, biosurfactants, cyanides and other biologically
active substances by bacteria, and also due to induction of systemic resistance to
phytopathogens in the plant [1-3, 13-15]. We have also repeatedly demonstrated
antagonistic activity for the indicated strains in our previous studies [16, 20].
We noted a decrease in root rot disease severity in the laboratory experiments
with wheat plants 2-4 times when treated with P. extremorientalis PhS1 and 2.1-
2.4 times when treated with 4. media GS4 [16, 20], as well as by 34% when
treated with a mixture of strains in the field experiment compared to nonbacterized
plants [20]. Besides, in in vitro experiments, strains manifested a stable inhibitory
effect on such phytopatogens as Fusarium oxysporum, Bipolaris sorokiniana and
Alternaria sp. [20].

Many authors have shown that application of microorganisms under stress
conditions promotes plant growth and improves yield. For example, exposure to
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Bacillus licheniformis CH102, functioning as a fungal antagonist and a promoter
of plant growth and abiotic stress tolerance, increased the tolerance towards high
temperatures and water deficits in Arabidopsis seedlings [17]. In their research,
Gontia-Mishra et al. [1] demonstrate that PGPR strains (Enterobacter ludwigii
IG 10 and Flavobacterium sp. IG 15) can proficiently alleviate drought stress
in wheat through various mechanisms: improving plant growth (shoot length,
root length and number, shoot and root fresh and dry weight of wheat seedlings),
water status, membrane integrity and accumulation of compatible solutes; altering
expression of stress-responsive genes and PGPR inoculation also had positive
effects on recovery of drought-stressed wheat plants.

In our experiments, the given data on plant height and seedling infestation by
root rot pathogens prove the effectiveness of bacterization to induce resistance of
wheat plants to stress abiotic conditions in the laboratory experiments. A positive
effect was noted both due to stimulating the development of plants, and due to
decreasing their infestation by phytopathogenic micromycetes, which, generally,
may positively contribute to the productivity of wheat plants under natural conditions
when the rhizosphere is successfully colonized by the applied bacterial strains.

To evaluate physiological adaptation of plants to unfavorable environmental
conditions, we analyzed the activity of free and weekly bound guaiacol-dependant
peroxidase in wheat leaves and roots.

It is known that stress activates ROS in plant cells, among which hydrogen
peroxide is immensely important [1, 4, 7-10]. In the studies of Javadiana et al.
[4] and Kasim et al. [5], this fact is demonstrated for wheat plants under low
temperature and under drought stress. In a plant cell, H,O, activates (or represses)
genes of many protective enzymatic proteins, signal proteins, as well as proteins
regulating cell oxidative status. Besides, H,O, activates calcium channels, causes
stomatal closure, and participates in lignification and induction of apoptosis, lipid
peroxidation, etc. [7-8, 10, 15]. Pathological consequences for plants arise from
excessive accumulation of ROS, peroxides and their derivatives under stress. ROS
concentration under stress can rise 3-10 times [33]. In detoxification reaction of
hydrogen peroxide, iron-containing enzymes - catalase and different peroxidases
- play an important role [10].

Peroxidase was detected in different cell compartments in the form of a soluble
fraction and in the form bound both with the cell wall and other membranes.
A distinctive feature of all peroxidases is their multifunctional role in a multitude
of biochemical reactions: in reactions of oxydase, peroxidase and oxygenase
oxidation of substrates, in the process of growth, in the mechanisms of forming
plant responses to environmental factors, etc. [10, 33-34]. In plant cells, there is
a special type of organelles containing peroxidase and performing a protective
antimicrobial function. In addition, peroxidase is involved in lignin synthesis
and destruction [15, 31]. The presence of the enzyme in chloroplasts indicates its
involvement in redox reactions during photosynthesis, and peroxidase detection
in mitochondria shows its participation in the energy metabolism of the cell [10,
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11]. Antioxidant protection associated with hydrogen peroxide reduction is carried
out, mainly, by glutathione and ascorbate peroxidases. In plant vacuoles, peroxide
detoxification is effectively provided by guaiacol peroxidase.

Guaiacol peroxidases, or “classical peroxidases”, catalyze oxidation of a
great number of aromatic compounds using hydrogen peroxide as an electron
acceptor [33]. Besides participation of guaiacol peroxidases in lignification, auxin
breakdown and other processes, they also play an essential part in cell protection
from oxidative stress.

Peroxidase activity in leaves and roots of 12-day wheat seedlings demonstrated
that the obtained experimental data illustrate an increase in the activity of these
enzymes in plant tissues under abiotic stress (Fig. 3 and 4).
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Fig. 3. Peroxidase activity in 12-day leaf tissues of wheat plants in the experiments:
A - Optimal conditions, B - Arid conditions, C - Humid conditions;

1 - Without bacterial treatment (control), 2 - Inoculation with Aeromonas media
GS4 strain, 3 - Inoculation with Pseudomonas extremorientalis PhS1 strain.

The data are expressed as the mean with standard error.
*Statistically significant difference from the control (p < 0.05)

According to literature sources, root cells are more exposed to temperatures than
aboveground vegetation organs [33]. We only noted this fact for humid conditions
where there was an increase in peroxidase activity in the tissues of nonbacterized
wheat plants by 19% and 3.5 times for leaves and roots, respectively, compared to
nonbacterized seedlings grown under optimal conditions. Under arid conditions,
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there was an increase in peroxidase activity in leaf tissues (31%), and the activity
remained almost unchanged in root tissues.
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Fig. 4. Peroxidase activity in 12-day wheat roots in the experiments:

A - Optimal conditions, B - Arid conditions, C - Humid conditions; 1 - Without
bacterial treatment (control), 2 - Inoculation with Aeromonas media GS4
strain, 3 - Inoculation with Pseudomonas extremorientalis PhS1 strain.
The data are expressed as the mean with standard error.
*Statistically significant difference from the control (p < 0.05)

Plant bacterization resulted, on average, in a 2-fold increase in peroxidase
activity both in leaves and roots of plants compared to nonbacterized plants grown
under appropriate conditions (Fig. 3 and 4). The largest increase in the enzyme
activity in plant leaves and roots was due to wheat bacterization with bacteria
P. extremorientalis PhS1. In this test, we almost always observed the greatest plant
height and the least seedling infestation by root rot pathogens, which indicates the
presence of a link between the given parameters and peroxidase activity in plant
tissues. We noted an increase in the activity of this enzyme (from 4 to 76%) during
bacterization with the given bacterial strains when growing bacterized and control
plants with and without phytopathogen [16].

It is known that plants have evolved very efficient antioxidant systems for
stress protection [4, 6, 7-9, 33-34]. In Shalygo et al. experiments [7], overwatering
of barley seedlings changed the activity of all antioxidant enzymes (ascorbate
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peroxidase, glutathione reductase, catalase) and activated synthesis of stress
proteins (heat shock proteins Hsp70 and dehydrins), which improved their
resistance to cold stress. Javadian et al. [4] showed that there is a correlation
between peroxidase activity and low temperature tolerance of wheat plants which
suggests the functioning of this enzyme as an internal protective mechanism
preventing oxidative damage of wheat plants.

Conclusion

Bacterization of soft wheat plants with microbial cultures Aeromonas media
GS4 and Pseudomonas extremorientalis PhS1 showed a statistically significant
decrease in wheat seedling infestation by root rot pathogens and, simultaneously,
an increase in the activity of free guaiacol dependant peroxidases in wheat leaves
and roots under different abiotic factors. Under optimal and arid conditions, the
greatest resistance to root rot pathogens was due to wheat bacterization with
P. extremorientalis PhS1, maximally intensifying the activity of free peroxidases
in plant roots and leaves. Under humid climatic conditions, the lowest incidence
was observed during bacterization with 4. media GS4. Based on the obtained
data, we can conclude that it is possible to improve wheat productivity under
stress conditions by seed bacterization with P. extremorientalis PhS1 due to their
growth-promoting and antifungal activity. The data on the activity of guaiacol-
dependant peroxidase in the tissues of roots and leaves of bacterized wheat plants
show an increase in the activity of this enzyme correlating with a decrease in
seedling infestation by root rot. The ability of bacteria to stimulate the activity of
this enzyme can serve as an information indicator of strengthening plant protective
mechanisms under bacterization.

The authors are grateful to Alexander V Kartashov, Cand. Sci. (Biol.), Senior Researcher
(KA. Timiryazev Institute of Plant Physiology of the Russian Academy of Sciences, Moscow,
Russia) for his advice and assistance in developing methodology and presenting research results.
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! Unemumym svruucniumenvnozo modenuposanus CO PAH, 2. Kpacnospek, Poccus
? Kpacrospcruii unuan « BHUPOy («Hayuno-ucciedosamensCeKuil uHCmuntym
9KONO2UU PHIOOXO3AUCMEEHHBIX 8000eM08»), 2. Kpacnosipck, Poccust

KopmoBasi 6a3a u noreHuaJj poi00NpoOIyKTHBHOCTH
O0acceiina Enucesi (BepxHee H cpe/iHee Te4yeHHUe)

Ilpeocmasgnenvt cospemennvle Cc6edeHUs O KOpMOBoU Oaze (3006emmoc) u
uxmuogayne 6 p. Enuceil (sepxnee u cpeonee meuenue) u eco npumorxax (pp. Kawn,
Aeyn, Kyneyc, Mana, Abakan). Ycmarnogneno, umo 6 OOHHOU (ayHe npeodnaoarom
JUMOPEOPUIbHbIE  OP2AHUIMbL, NPEICMABGIEHHble JUYUHKAMU Hacekomblx. Enuceli
Xapakmepuzo8ancs Hu3kol Ouomaccoll 6 eepxosve (4,2 2/M?) u MmakcumanbHou
na yuacmxe om naiomunsl Mainckoiu I'DC 0o 2. Abakan (19,5 /M), 20e ¢ macce
pazeueaiomcsi  am@unoodsl 6AaUKAILCKO20 Npoucxoxcoenus. B npumoxax Enuces
pacnpedenienue  OUOMACCHl  3A6UCEN0  OM  MAKCOHOMUUECKOU CMPYKNYPbl  OOHHbIX
coobwecms. B pp. Mana u Kan 6uomacca cocmasuna 12,3 u 10,8 2/m° coomeememeerno
npu OOMUHUpOSaHuu pyuelHuxos. B pp. Abaxan, Aeyn u Kyneyc buomacca 6 cpeonem ne
npesviwana 8 o/M’, 0CHOGHOU 6K1a0 sHocuu éechsanku. Ha ocnoee konuuecmeenmvix
nokazamenei  3000eHmMoca  ONpeoeieHa  pblOONPOOYKMUSHOCHL — 800OMOKOS,
0003HaUeHbl 00BEKNbL UCKYCCMBEHHO20 B0CNPOU3BOOCMEA U PACCUUMAH NPEOETbHO
donycmumblti  00vem  6celeHus Monoou puld. Ilpuopumemmuvivu 0b6vexmamu
UCKYCCMBEHHO20 80CNPOU3B00CMEA NPUSHAHBL CIePAsob, 00bIKHOBEHHbI MAULMEHD,
cue, cubupckuii ocemp, JeHOK, Xxapuyc cubupckuil. Haubonvweu npuemHoul
emrocmyio obnadaem p. Enuceil (na yuacmxe om nnomunsl Kpacuospcroit 'DC oo
p. Aneapwi), Haumenvuteti — p. Aeyn u ee npumox p. Kyneyc. Peiboxossiicmeennulii
nomeHyuan uccie008anHblX 8000MOKO8 oueHb 8blcoK. OOHAKO O 80CCMANOBIEHUs
NONYIAYULL YEHHBIX OJi PE2UOHA 8UA08 PblO HEOOCHAMOYHO MOILKO UCKYCCMBEHHO20
socnpouzeoocmea. Heobxooum komniexc mep, 6KIOUAIOWULL  OXPAHY  BOOHLIX
buopecypcos u payuoHantbHyio OpeaHu3ayuio nNPoOMelCid.

KuwueBrble cioBa: Acipenser ruthenus; Thymallus arcticus; Brachymystax lenok;
Coregonus lavaretus; 3000enmoc; uxmuogayna,; uckyccmeeHHoe 60CHPOU3B00CB0.

BBenenune

OrpanuyeHre UMIOPTa BOAHBIX OMOIIOTHYECKUX PECYPCOB JOJKHO CTATh MO~
JIO)KATEITFHBIM CTUMYIIOM JUTSI PBIOOX03SHCTBEHHBIX MPEAIPHSTHI K TOMY, YTOOBI
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YCHJIUTH MO3HUIIMU OT€YECTBEHHON MPOIYKIIMU Ha BHYTPEHHEM pbIHKE. bacceiin
Enuces nznaBHa c1aBHICS CBOUMH PHIOHBIMHU OOTaTCTBaMH, a OCHOBY IMPOMBICTIA
COCTABIISUTH [IEHHBIE TIOPOIIBI — JIOCOCEBBIE, CHTOBBIC U OCeTpoBbIe. OTHAKO CTPO-
uTenbecTBO AHrapo-Enuceiickoro kackaga ['OC npuBeno K KOpeHHOMY H3MEHe-
HUIO THAPOJIIOTHYECKOTO, THAPOXUMHIECKOTO U THAPOOHOIOTHIECKOTO PEKUMOB
pex [1-3], 9T0 B CBOIO OYEpeb CHITPAIO OTPOMHYIO POJIb B USMEHEHUH CTPYKTY-
PBI HXTHOIICHO30B M CYIIECTBEHHO M3MEHHWIIO apeaybl peid [4—6]. 3aperymupo-
BaHue EHMces MpHUBENO K UCUE3HOBEHUIO M COKPAILIEHHIO YUCIEHHOCTH LIEHHBIX
BHIOB OCETPOBBIX, JIOCOCEBBIX M CHUTOBEBIX PBIO, KOTOPHIC SBISUINCH OAHUMH U3
OCHOBHBIX ITPOMBICIIOBBIX 00BEKTOB MPOMBIILIEHHOro JoBa B 30-50-x . XX B.
[TomuMmo 3aperyiaupoBaHus, BOIOTOKH OacceiiHa EHMces WCIBITBIBAIOT MHOTO-
IpaHHYIO aHTPOIIOTEHHYIO HArpy3Ky. 3arpsi3HeHre ObITOBBIMU M TPOMBIIIICHHBI-
MU OTXOJIaMH, 3aCOPEHIE HEPECTOBBIX YUaCTKOB PEK, TEXHOTCHHBIN MOp(oreHes3
BOJIOEMOB B pe3yJbTaTe pa3padOTKU POCCHITHBIX MECTOPOXKICHUH 30J10Ta, a TaK-
’KC MHTCHCHUBHBIN MOTPEOUTENBCKUHA BBUIOB, OCYIICCTBISIEMBIH PBHIOOIIOBAMU-
MOOUTETSIME U OpaKkoHbepaMH, MPUBEIN K COKPAILIEHUIO 3aacoB U CHU)KEHUIO
€CTECTBEHHOTO BOCIIPOM3BOICTBA IICHHBIX U 0CO00 IIEHHBIX BHIOB PHIO [4].

Juis coxpaHeHusi 1 BOCCTAHOBJICHHS MPUPOIHBIX MOMYJSIUI IEHHBIX BUI0B
PpBIO HEOOXOIMMO TTOBBIMIATE () (HEKTUBHOCTH BOCITPOU3BOJICTBA — KAK €CTECTBEH-
HOTro, TaKk M UCKyccTBeHHOro [7-9]. B CeBepHoil AMepuKe CylIeCTBYeT MHO-
JKECTBO PBHIOOBOAHBIX IIPOTPAMM JUISi COXPAHEHHS W YBETHUCHUS UHCICHHOCTH
LIEHHBIX BUJOB PbIO B MpUpoaHbIX Bogoemax [10]. Hampuwmep, B CIIIA exeronHo
BBIIYCKAETCsl B BOJAOEMBI 3aBOJicKast MoJioab Oosnee 100 BUIOB phIO Kak Jjisi KOH-
CEPBALlMOHHBIX, TaK U peKpeannoHHbix nener [11]. [Ipu npaBuibHO# opraHu-
3alry OMOTEXHOJOTMUYECKOTO MPOIecca U aJIeKBaTHOM BBIOOPE BUIOB PhIO Mac-
COBBIE BBIITYCKH MOJIOJIM MOTYT OBbITh BHICOKOPEHTA0EIbHBIMHU, OTHAKO 3a4aCTYIO
PBIOOBOAHBIC MEPOTIPHUATHS OKA3BIBAIOTCS HEA(P(PEKTUBHBIMH, HETATUBHO BIIHSIOT
Ha MPUPOJHBIE UXTUOJOTHYECKHUE COOOIIEeCTBA UM MPUBOIAT Jake K pa3pylie-
HUIO dKocucTeMbl [ 12—14]. 3a pyOexom, KpoMe Mep, HalpaBJICHHBIX Ha Peryiu-
poBaHue pHIOOIOBCTBA U 0OPHOY € OPaKOHBEPCTBOM, MPEAYCMOTpEHa pa3padoTka
CTIEIIHANFHBIX TUIAHOB IT0 BOCCO3/IaHHUIO €CTECTBEHHBIX YCIOBHH s phIO. Tak,
B CIIA u Kanage oCHOBHOW METOJ COXpaHEHUS PElKUX W MCYE3aIONINX BHUOB
0CETPOoOOpa3HBIX — 3TO COXPAaHCHHE M BOCCTAHOBJICHUE CPEIBl OOWTAHUS, a HE
3aBOJICKO€ BOCTIPOM3BOACTBO [ 14].

VYememHas peanu3anysl IUIAHOB 110 aKBaKylIbType HEBO3MOXKHA 0e3 OICHKH
PBIOHBIX 3aIlacoB, UX JAEMOTPAPHUUECKOr0 COCTOSHUS, YCIOBUNA OOUTAHUSA U €M-
KHX CBEJCHHH O KOpMOBO# 0a3ze. PazButie CHOMPH B HOBBIX COIHAILHO-IKO-
HOMUYECKHUX YCJIOBHUSX BBIJBUTAET TpeOOBaHUs O0Jiee TOUHBIX, COBPEMEHHBIX 1
KOHKPETHBIX KOIMIECTBCHHBIX CBEICHUN O ONOJIOTHIECKHUX pecypcax.

Lenp paboThl — BBISABUTH COBPEMEHHBIN YPOBEHb Pa3BUTHS UXTHO(AYHBI U
KOpPMOBOi#1 0a3bl peIO B OacceitHe EHuces!, Ha OCHOBE Yero OIEHHUTh MOTEHIHAIb-
HYIO pbIOONPOAYKTUBHOCTD U MPEAEIBHO JOITyCTUMBIE 00BEMBI BCEJIEHUS MOJIO-
JI1 PBIO — 00BEKTOB MCKYCCTBEHHOTO BOCITPOU3BOJICTRA.
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Marepuajbl 1 METOANUKH UCCJIET0BAHUS

MapmpyTtHble OnocheMKH B p. EHncel u pekax ero 6acceiina (AGakaH, MaHa,
Kan, Aryn, Kynryc) nposeznens! B aBrycre—ceHTssope 2015 1. B mepuoj oTHOCH-
TEITFHO MAaKCHMAJIBHOW OMOMAacCh 3000€HTOCA, KOTOPBIN SIBISIETCS] OCHOBHBIM KOM-
MIOHEHTOM KOpMOBOH 0a3bl pbI0 B HccleqyeMbIxX pekax. B p. Exuceil uccnenosansl
3 yuactka: 1-it — ot ©. Ke3bin no r. [llaronap, 2-it — ot mmotunsl Maiiackoit ['DC
1o I. AbakaH, 3-if — ot mnotuns! Kpacnospckoit 'DC o ycTbs p. Anrapa. B npu-
Tokax EHmcest cTaHIMM pacmoiarainck Ha BCEM MPOTSDKCHUH B 3aBHCHMOCTH OT
BO3MOXKHOCTH JlocTyna. Pexa AGakaH B BEpXOBbE TPYAHOJOCTYIIHA, TIOATOMY HC-
CIJICIOBAHUS BEJH JIUIIH B CPEIHEM H HIDKHEM TeueHHH. Takum oOpazoM, B ExHu-
cee HaME4yeHo 5 cTaHuuil B BepxHeM TeueHuu (PecmyOnuku TeiBa n Xaxacust) u
10 cranmmii B cpenneM TeueHuu; B mpuTokax Enmcest — ot 4 (p. Kynryc) mo 10
(p. Mana) cTaHIMi.

[Ipu cbope 1 06paboTKe HXTHOIOTHIESCKOTO U THAPOOHOIOTHYECKOTO MaTepH-
ajia mpuMeHsUIH ol1IenpuHaATeie MeTonuku [15]. IIpoOsl 3006eHTOCa OTOMpPAH B
pHITAIN BOJOTOKOB KPYroBbIM CKpeOKoM JlynbKeiTa ¢ MmIoIaapio 3axsara 1/9 m?
U OEHTOMETPOM C IUIONIAAbI0 3axBata 1/16 M2 BeCrmo3BOHOYHBIX JKHBOTHBIX
HAJCHTU(UITUPOBAII COTIIACHO OIPEICIIUTENILHBIM Tabuuiam [16] U cTaThsM 1o
CHCTEMAaTHKE OT/JCIBHBIX TPYII U BUJOB MaKpoOeCno3BOHOUHBIX [17, 18].

OT110B pHIOBI TIPOBOIMIIM HAOOPOM CTaBHBIX KaOEpHBIX ceTel ¢ sueer 18—
90 MM, MaTBKOBBIM HEBOAOM JUIMHON 15 M ¢ stueéit 10 MM B KpbUIBbSIX,  TaKXKe
KPIOUYKOBBIMH CHACTSIMH (CIIMHHIHT, yYI0YKa), B MEHAIHHON YaCTH PEK ¢ OOJIBIIH-
MU CKOPOCTSIMU TEUCHUS HCIOIb30BAU PSKEBBIC TUIAaBHbIE ceTH ¢ siueeit 30/120
u 32/120 mm. OOJIOB MPUYPOYEH K MECTaM B3SITHsI THIPOOHOIOTHICSCKHIX MPOO.
Bcero nmpoBeneHo 54 KOHTPOJIBHBIX 00JI0Ba CTABHBIMU CETAMHU U 30 KOHTPOIBHBIX
00JIOBOB HAOOPOM ITIaBHBIX ceTel. IXTHOIeHO3bI cpenHero TeueHus Enuces (ot
Kpacnosipckoit '9C 1o yctbs p. AHrapsl) u p. KyHryc oxapakrepu3oBaHbl MO
Matepuanam [4, 19]. B maHHOM HUCCIICIOBAaHUU TMPEICTABICHBI PE3yJIBTaThl 00-
pabotku 175 nmpob 3006eHTOCA U 0KOI0 600 3K3. pBIO, OTOOPAHHBIX HA MOTHBII
OMONIOTHYICCKUN aHAIN3.

OreHka MOTEHIUATBHOI PHIOONPOTYKTUBHOCTH UCCIEAOBAHHBIX PEK MPOBe-
JICHA Ha OCHOBE MaHHBIX 110 YPOBHIO Pa3BHTHUS KOPMOBOH 06a3bl. MeTox BIiepBEIe
npeanoxed [LJI. ITupoxxHukoBbM B 1932 . 1 Hamén mMUpPOKOE MPUMEHEHHE B
psiie HOPMAaTHBHO-METOIMYICCKHUX PHIOOXO3SIICTBEHHBIX JOKYMEHTOB, ITOCBSIICH-
HBIX OLIEHKE yIiepOa, HAHOCHUMOTO PBIOHBIM 3amacaM B Pe3ynbTaTe TOM WiIn MHOH
X03sUCTBeHHOM JesitenbHOCTH [20]. [loTeHIMaNbHYI PBIOOPOTYKTHBHOCTS,
00€CTICUeHHYI0 PE3EPBOM MPOIYKINHU JOHHBIX KOPMOBBIX OPraHU3MOB, PACCUU-
THIBAJIM aHAJIOTMYHO pabore [20], Ipu 3TOM KOPMOBO#H Ko3(pdument k, 1is peio
Enuceiickoro pp100xo3siiicTBEHHOTO paiioHa MpUHUMAaNU paBHeIM 6. IIpu pacue-
Te MOTECHIIHAIBHOW NPOIyKIK 3000eHTOoCca P/B — ko3 duiment 3a ce30H mnpu-
HuUMasK paBHbIM 3 [21]. OOm1yro 6uomaccy KOPMOBBIX OPTaHU3MOB (3000€HTOC)
BBIYHUCIISUTH C YIETOM IUTOIIAIN BOTHOTO 00bekTa. [IpenensHo oMy cTHMBII 00beM
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BCEJICHHS MOJIOAN (JINYMHOK) 0OBEKTOB HCKYCCTBEHHOTO BOCIIPOM3BOJICTBA, KOTO-
PBI MOXKET OBITh BBIIYILIEH B BOJHBIA OOBEKT, ONpEIeIsIn UCXOAs U3 pe3epBa
MIPOAYKINU KOPMOBBIX OPTaHM3MOB, a TAKXKE C YI€TOM IPOMBICTIOBOTO BO3BpaTa
(x03(h(pUIMEHT MOTIOTHEHUSI TPOMBICIIOBOTO 3araca) U cpeHEel Macchl IPOU3BO-
muteneit pp10. KoadduueHT nmpoMbICIOBOTO BO3BpATa M Maccy MPOU3BOIUTEICH
Uit ocetpa npuHuManu pasHeIMU 0,11% u 10 KT COOTBETCTBEHHO, AT CTEPIIs-
1 — 0,28% u 2,25 kr, Taitmens — 0,7% u 6 xr, nenka — 0,7% u 0,95 xr, xapuyca —
0,6% u 0,3 xr, cura — 1,8% u 1,6 kT.

Bce nomydeHnsle pe3ynbTaThl 00pabOTaHbI CTATHCTUYECKH C MCIIOIb30BaHHU-
em naketa nporpamm Excel u StatSoft STATISTICA for Windows 6.0. Pe3ynb-
TaThl aHAIM3a YUCICHHOCTH M OMOMacchl 3000€HTOCAa B peKax IPEICTaBICHBI B
BUJIE CPE/IHUX apU(PMETHIECKUX C JOBEPUTEIbHBIMH HHTEPBaIaMH.

Omnucanne paiioHa nccIe0BaHUI

OcHoBHOIl BomHON aprepueil Ha Teppuropuu Cpenneit CuOupu sBusercs
p. Enmceii, mpotekatomas B rieatpe Poccun B MepHIMOHAIHHOM HANpaBICHUH
Ha CeBep, €e NMPOTSHKEHHOCTh cocTaBisieT 3 487 kM, miomaabs Bogocbopa —
2 580 toIc. kM2, 1o BomHOMY pekuMy EHHCEN MPUHSTO ISTUTh HA TPH yIacTKa:
1) Bepxnuiit Enuceit — ot r. Kei3p11 10 yctbs p. TyOs1; 2) Cpeanuit Enuceit —
10 ycThs p. Anrapsr; 3) Hkanit Enuceit — 1o ero yctbs. MccnenoBannbie HaMu
pp. AbakaH, Mana u Kan siBistitorest nputokamu EHucest mepBoro nopsjka, npu
aToM AOakaH BIajaer ¢ JieBoro Oepera, a Mana u Kan — ¢ mpaBoro; p. Aryn
npuHUMaeT Bojs! p. KyHryc u Bnajgaer B p. Kan. ContacHo knaccudukanuu pek
Cubupu [22] nputokn EHHCest OTHOCATCS K OOJIBIIMM peKaMm ¢ JUIMHOW Ooree
200 xMm, 3a uckiaoueHueM KyHryca, momajgaromero B KaTeropuio CpeJHUX PeK
MPOTSDKEHHOCTHIO OT 50 110 200 kM (Tadm. 1).

Tabnuna 1 [Table 1]
XapaKTepUCTHKH HCCJIEI0BAHHBIX pek B Oacceiine Ennces
[Characteristics of the investigated rivers in the Yenisey basin]

Inomane  |Iupuna pycna| T°C |Conepxanue O,
. JmHa, kM| BomocOopa, B YCTbE, M BozibI* | B BOme, Mr/im*
Pexc [Rivers] [Length, km]| km?[Catchment | [Channel width | [T°C of |[Concentration of

area, km?] in the mouth, m] | water] | O, in water, mg/I]
IADakaH
[ Abakan River] 514 32 000 330 13,3-20,9 8,3-9,7
Mana [Mana River] 475 9320 400 8,4-21,7 10,1-12,7
IKa [Kan River] 629 36 900 300 12,1-18,6 8,9-11,5
IATyit [Agul River] 350 11 500 150 15,2-21,7 9,2-10,3
Kymrye 174 3600 88 17,4-22,5|  9,5-10,5
[Kungus River]

Ipumeuanue. ¥ CoOOCTBEHHBIC JAHHBIC HA MOMEHT HCCIICTOBAHUS.
[Note. *Our own data at the time of the study].
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Bomoroku 6epyt Hagamo Ha ckioHax Bocrounoro CasiHa, 32 MCKITIOUECHHEM
p. AbakaH, BepXOBbE KOTOPOH pacroiioxkeHo Ha cThike 3anagaHoro CasHa u All-
Tas. BepXoBbsS pex MMEIOT TOPHBIA XapakTep ¢ OypHBIM TeYeHHEM 10 2,5 M/c,
KaMEHHUCTBIM JHOM, HE3HAYUTEIbHBIM KOJIMYECTBOM ILJIECOB M 5IM, HEOOJBILOH
MIUPUHBI, CO CpeHeH MIyOnHOM 10 1,5 M. B HIKHEM TeueHUH OOJMK peK 3aKo-
HOMEPHO MeHseTcs, MPUoOpeTasi IPEAropHbIe U pAaBHUHHBIE YEPThI: CHUKAIOTCS
ckopoctu TedeHus (meHee 1,0 M/c), yBeIMUUBAIOTCS NIMPUHA U IIyOWHA pycia,
KaMEHHUCTbIE TPYHTBI CMEHSIIOTCA Ha TralledHO-TIeCUYaHble, MOSABISIOTCS HIUCThIC
OTJIIOKECHHMSI B 3aBOJSIX CO CITIOKOMHBIM TeueHueM. JInmb B p. MaHa, HecMOTps Ha
paciupeHue T0IUHbI B HU30BbE, COXPaHsAeTCs ObICTPOE TeUCHHE.

PesysabTarsl HccaeqoBaHus U 00CYKICHIE

3o000enToc. B BOAHBIX HKOCHCTEMaX 3000€HTOC — Ba)KHEHIIas COCTaBIISIO-
masi KOPMOBOM 0a3bl OCHTOCOSTHBIX PBIO, a IO YPOBHIO €r0 Pa3BUTHS MOXKHO
CYIIUTH O MOTCHIIMATBHOU PHIOOTIPOTYKTHBHOCTH BOAOEMOB, 3aBUCSIIEH OT KO-
JINYECTBA JIOCTYITHOTO KOpMa Jiisi priO-OeHTOodaros [23]. B p. Enuceit u ero
MPUTOKAX JOHHBIE OCCIIO3BOHOYHBIC )KHBOTHBIC UTPAIOT OCHOBHYIO POJIb B CO3-
naHuu peroonponyknun. KommdecTBo OeHTOCA BapbHpPYyeT HA PasHBIX ydacT-
Kax PeK U OMPEJCNIICTCs BEIUYMHON IUIOIIA/CeH, 3aHUMAeMbIX TEM HIIU UHBIM
OMOTOMOM, THIIOM TpyHTa IIHA, CKOPOCTBHIO TCUCHHS, YPOBHEM pPa3BUTHS pac-
TUTEIBHOCTH U JpyTuMU (akTopamu. B TOHHOH (ayHe HCCIeTOBAHHBIX BOIIO-
TOKOB TIpe00Ia1atoT INTOPEOQUIBHBIC OPTAaHN3MEI, 3aCEIISIONINEe KAMCHHUCTHIC
IPYHTHI Ha OOJBIIOM TeueHHU. B 3000eHTOCE 00HapyxeH 231 BUA U TAKCOH
Ooiee BBHICOKOTO paHTa MakpoOECIO3BOHOYHBIX, ITHPOKO PACIpOCTPAHEHHBIX
B [laneapkruke u l'onapkruxe. Hanbombiee konndecTBo BUAOB (99) oTMeueHO
Cpelr ABYKPBUIBIX HACEKOMBIX, U3 HUX 82 oTHOCATCA K cemeiicTBy Chironomi-
dae. Kpome Toro, BbIsIBIEH OOraThlii BUIOBOW COCTaB JHYUHOK PyUEHHHUKOB,
MMOJICHOK U BeCHSIHOK — 41, 37 u 12 TaKCOHOB COOTBETCTBEHHO. BHI0BOI cO-
CcTaB ojuroxet Bkirouaer 11 BuaoB, ampunon — 6, ocTalbHbIe IPYMIbl Oec-
MTO3BOHOYHEIX (OPIOXOHOTHE M IBYCTBOPYATHIC MOJUTIOCKH, IIJIAHAPUH, THSBKH,
CTPEKO3bI, BHCIOKDPBUIKH, BOJASHBIC KJICIIU, )KYKH U KIIOIbI) HPEICTABICHBI
1-5 TakcoHamu.

B p. Ennceii koiu4ecTBO TAKCOHOB OCHTOHTOB YBEIMYUBAIOCH OT BEPXOBbS
K HH30BBIO: Ha ydacTKe | BBISIBIICHO 48 BUJIOB M TAKCOHOB 00JIee BHICOKOTO paH-
ra, Ha y4dacTke 2 — 53, Ha yuacTke 3 — 69. IIpu 3TOM yMEHBIIAIO0Ch KOTUYECTBO
TaKCOHOB ITOJICHOK, PYYEHHUKOB U BeCHSHOK (¢ 11-13 mo 1-2), HO yBenuuuBa-
noch yucino onuroxet (¢ 1 1o 9) u ocodenno xuponomu (¢ 13 1o 38). M3BecTHO,
YTO JIOTHYECKUM CHCTEMaM CBOWCTBEHHA TETEPOTCHHOCTH BHIOBOH CTPYKTYPHI
COOOIIECTB MO MPOAOIbHOMY Npoduito pexu [24-26]. YBenuueHHe BHUIOBOTO
OorarcTBa JOHHBIX COOOIIECTB MPH YAAICHHN OT HCTOKOB OTMEUEHO IS PeK pa3-
JIUYHBIX PETMOHOB U CBS3aHO C POCTOM COJICPIKAHUSI OPraHUYECKUX BEIIECTB, Te-
TEPOTEHHOCTHIO OMOTOTIOB U IPU(PTOM THIPOOHOHTOB [27, 28].
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Ha yuacrtke 1 (ot 1. Ke3bi1 0 1. Illaronap) sjpo JOHHBIX COOOIIECTB NPeI-
CTaBJISUIM JIUTOPEO(HIbHBIC BUBI TONCHOK (ImoMuHupoBaiu Epeorus gr. pellu-
cidus, Ephemera sachalinensis Matsumura, 1911), pyueitaukoB (Ceratopsyche
nevae (Kolenati, 1858), Apatania zonella (Zetterstedt,1840)) u xuponomus (Rheo-
tanytarsus sp.). Oau BHOcHM 1o 38, 25 u 20% o0mielt YnCICHHOCTH COOTBET-
CTBEHHO; bromMaccy oOycioBiuBanu nojaeHku (50%) u pyueitnuku (31%) (puc. 1).

Ha yuacrtke 2 (ot wiotuabl Maitackoit ['DC o . AGakaH) onpenesiFoimum
(baxTOpoM I (POPMUPOBAHUS CTPYKTYPHI 3000€HTOCA SABIIETCSl o0mIue (HpUTo-
[IeH030B. B mprOpesxHoii 30HE pyciia peKd 3apacTaeMocTh qocturana 60%, a B Men-
KOBOJIHBIX MPOTOKAX co cadbiM TedeHueM - 10 90%. B nonHOl ¢ayHe cpeau pac-
TCHHUH aOCOMOTHBEIMA ToMUHAaHTaMHU (70% YUCICHHOCTH) SBIBUIACH aM(HUIIONBI
OaiikanmbCKOro mpoucxoxaeHusi — Gmelinoides fasciatus (Stebbing, 1899), enu-
HUYHO Berpevaincst Philolimnogammarus viridis (Dybowsky, 1874). B mpyrux
OMOIIEHO3aX MEPBOCTEIICHHOE 3HAYCHUE UMEIH OJIMTOXETH M XMPOHOMH L. Ha
raJleYHbIX TPYHTaX CPEId OJHMIOXET B Macce pa3BUBANUCH Lumbriculus variega-
tus (O.F. Miiller, 1773) u Stylodrilus heringianus Claparede, 1862; B rpymnme xu-
POHOMHUJT Ha TUANPYIOIINE TTO3UITIH BBIIIUTH MIPEACTaBUTENN poroB Cricotopus 1
Orthocladius, a Taxxe Diamesa baicalensis Tshernovskij, 1949, Pagastia orien-
talis (Tshernovskyi, 1949). C yBenn4yeHneM 3auJICHHOCTH TPYHTA IPSHMYIIECTBO
noxyunnu onuroxetst Tubifex tubifex O.F. Miiller, 1773 n xuponomuns! Tanytar-
sus pallidicornis (Walker, 1856), Microtendipes gr. pedellus.

Ha yuacTke 3 1o cpaBHeHHI0 ¢ BepxoBbeM EHHnCes B 3000eHTOCE CyIIecTBEH-
HO BO3pocia 1o XupoHoMua (cM. puc. 1). Oun oOycrmosnmBamu 58% oOmiei
yrciaeHHoCTH U 37% 6uomaccsl, amdunoast nodasmsiinu 35 u 47% COOTBETCTBEH-
HO. [Ipr BBICOKMX CKOPOCTSX T€UEHHS TOMUHHUPOBAIU Micropsectra gr. praecox
u P. orientalis. Ha cnabo3auieHHON rajibKe JIMAUPYIONUE MO3UINU 3aHUMAIN
OPTOKIAAUUHEL: Pseudodiamesa gr. nivosa u npeactasurenu pogoB Cricotopus
u Orthocladius. Cnaboe TeyeHHe W 3aWIMBAHUE JABANIU MPEUMYIIECTBO JUIA
obuTanus npeacTaBuTeell moacemericrea Chironominae: Stictochironomus sp.,
Sergentia gr. longiventris, Polypedilum gr. nubeculosum, Chironomus sp. u ap.
BunoBoii cocra amdurnon CpenHero Exrces pacimpuiics 3a cdeT OaiKalbCKUX
9HAEMUKOB: Ph. cyaneus (Dybowsky, 1874), Pallasea cancelloides (Gerstfeldt,
1858), Eulimnogammarus verrucosus (Gerstfeldt, 1858). IIpeobnanaer, kak u
BBIILIE TIO TeueHuto, G. fasciatus.

KosnmuectBeHHOE pacnipesienieHne J0HHOH GayHbl B EHucee (puc. 2) XapakTepu-
30BAJIOCh HU3KUMH MIOKa3aTe/sIMU B BepX0Bbe (612 9K3./M? 1 4,2 T/M?) U BBICOKHMHU
Ha ygactke 2 (5,5 Toic. 9K3./M> 1 19,5 1/Mm?). TIpu 5TOM yBelHUUYCHHE IOTHOCTH Ha
ydactke 2 Habmonasock B GuropumbHbIx coobmiectsax (18,0 £ 6,6 Thic. oK3./M>
u 38,4 = 13,3 r/M?) 3a cueT oOMIHS MOJIOAN aM(UIION; B OCTAIbHBIX OHOICHO-
3aX YMCIEHHOCTH cocraBuna 2,1 + 0,4 Teic. 5k3./M%, Guomacca — 14,3 + 2,4 r/m>.
B cpemnem teuennn Enmces (yqacTok 3) KOMTHUECTBEHHBIC MOKA3ATEIN TOHHBIX
coo0rects (2,8 Toic. 9k3./M*> U 10,5 1/M?) BIOIHE COMIACYIOTCS ¢ Pe3y/IbTaTaMH
0oJiee paHHUX HCCIICIOBaHUH, TPOBEICHHBIX Hamu B Hadaie 2000-x 1. [1, 2, 29].
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Ha ToMm e y4acTke B aHAJIOTHYHBIN MEPUOJ] BET€TAIIMOHHOTO Ce30Ha (aBIyCT—
CEHTSIOph) YUCICHHOCTh COCTaBmMIIA 3,5 ThIC. 9K3./M%, Gromacca — 10,8 r/m?,
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Puc. 1. CtpykrypHas opranu3zaius 3000eHToca B p. EHuceit
M BOJIOTOKaX ero OacceifHa (BepXHee U CpelHee TCUCHUE)
[Fig. 1. Structural organization of zoobenthos in the Yenisey River
and the watercourses of its basin (upstream and midstream). On the Y-axis - Relative
abundance and biomass of zoobenthos, %; on the X-axis - Investigated rivers]
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Puc. 2. YncrneHHoCTh U GHOMacca 3000eHTOoca B p. EHUCel 1 BOgoTOKaX ero bacceiina
(BepxHee u cpeaHee TeueHue). [ImaHKu morpemHocTel mpeacTaBIeHbl
B BU/JIE JJOBEPUTEIbHBIX HHTEPBAJIOB
[Fig. 2. Abundance and biomass of zoobenthos in the Yenisey River and the watercourses of its basin
(upstream and midstream). Error bars are presented as confidence intervals. On the Y-axis -
Abundance (thousand ind./m?) and biomass (g/m?) of zoobenthos; on the X-axis - Investigated rivers]
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B mpuTokax BHJIOBOW coCTaB OEHTOHTOB OKasajcs Oorade, yem B EHmcee.
Haubosnbimee yucno takcoHoB BbIsiBieHO B p. Mana (110), HaumeHbliee — B
p. Ab6akas (70); B pp. Kan, Aryn u Kyaryc — 103, 98 u 81 TakcoH COOTBETCTBEH-
HO. 3000€HTOC peK MpEJCTaBIIeH JINYNHKAMH XHPOHOMHJI M MOJICHOK, KOTOpBIE
B COBOKYIHOCTH omperneisima ot 54 (p. Kan) mo 82% (p. Arym) oGmeii uncien-
HoctH (cM. puc. 1). B p. Kan 30% uucnenHocTy AononHsIN pydyeinuku. Bxiaa
XUPOHOMH/T U TIOJICHOK B OOIIyr0 OMomaccy B cpemHeM cocTaBwi 33%, Ha nu-
JUPYIOIINE MO3ULUH B pp. AGakaH U Aryi BeIIUH BecHsHKH (Oonee 50%), a B
pp. Mana u Kan — pyueiinuxu (6omee 40%).

B p. AGakaH nunepamu ABISUTHCE NONEHKY E. sachalinensis, Rhithrogena gr.
lepnevae w Epeorus gr. pellucidus. B Tpytine XUpOHOMUJT IBHBIX JIOMUHAHTOB HE
OTMEYEHO, JIMIIb B BEPXOBbE HCCIIEI0OBAHHOIO Y4acTKa B Ipuoputere Obum Mi-
cropsectra curvicornis Tshernovskij, 1949 u Stictochironomus sp. OcHOBY OHO-
MacChl BHOCSIT BeCHSIHKU Pteronarcus reticulata (Burmeister, 1839).

B p. Mana Ha BepxHEeM ydacTke mpeobiananu nojaeHku (Ephemerella mucro-
nata (Bengtsson, 1909), E. sachalinensis, E. aurivillii Bengtsson, 1908, RhA. gr.
lepnevae); broMaccy COCTABILUTH MPEUMYIIECTBEHHO pydeiHukn (Dicosmoecus
palatus McLachlan, 1872, Rhyacophila gr. hyporhyacophila, Stenopsyche mar-
morata Navas, 1920, Neophylax relictus (Martynov, 1935) u Becusiaku P, reticu-
lata. B HIbXHEM paiioHe peku B 3000eHTOCE MpeodIafiany TNIUMHKY XUPOHOMU,
Cpeir KOTOPBIX KOJMYECTBEHHO JOMUHUPOBAIH M. gr. pedellus.

B BepxoBbe p. Kan npeobnananu nonenku Ephemerella lenoki Tshernova,
1952, Rh. gr. lepnevae n xupoHoMuabl M. gr. pedellus. nm3omu4eckn oT™Me-
4aJoCch MaccoBoe pa3BuTHe pydeiHnkoB Glossosoma sp. u C. nevae. buomac-
Cy dJarie Bcero (popMHpOBaIN KPyIHbBIE pydeiHuKH S. marmorata. B cpemaeM u
HIDKHEM TEUYEHHH SBHOE IPEUMYILECTBO B Pa3BUTHH 3a()MKCHPOBAHO JUIS MOJIe-
HOK E. sachalinensis. DUM301M9eCKN TUIUPYIONINE TIO3UINN 3aHUMAIH pydeii-
HUKU (Sericostoma sp., C. nevae, Setodes sp.) u mopeHku Rh. gr. lepnevae. Brico-
Kyto Ouomaccy oOycioBimBaiu E. sachalinensis v S. marmorata.

B p. Arya oBceMecTHO SAp0 JOMHHHUPYFOIIETr0 KOMILIEKCa MPe/ICTaBIsUIN Ho-
nenku E. gr. pellucidus w Rh. gr. lepnevae. OHM ke COCTaBJIST OCHOBY OOIIEH
Ouomacchl 3000€HTOCa, 32 UCKIIIOUYEHHEM MECT NpeObIBaHMs KPYITHBIX BECHSIHOK
P, reticulata. Ha 3aneHHBIX TIECIaHO-TaJICUHBIX TPYHTAX TPH CHIDKCHUH CKOPOCTH
TEYEHHUS! PA3BUBAJIMCH IPEACTABUTEIHN METOPHIEHOTO XHPOHOMHUJIHOTO KOMILIEKCa
(M. gr. pedellus, Stictochironomus sp., Polypedilum scalaenum (Schrank, 1803),
Chironomus Sp., HECKOJIbKO BHJIOB TAHUTAp3WH) U NOACHKU E. sachalinensis.

[purtox Aryma — p. KyHrye — xapakTepu30Bayicsi JOMHHHUPOBAHHEM XHPO-
HoMuz M. gr. pedellus n noneHok E. sachalinensis, SMU30UUECKU TPUOPUTET
Tepexonu K pydeiHukam Psychomyia sp. n noneakam Cloeon sp. OCHOBHYIO
6romaccy NpUBHOCHIN KpyIHbIe BecHAHKU (P, reticulata), nopenku (E. sachalin-
ensis) ¥ HeMHOTOYHCIICHHBIE cTpeKo3bl Ophiogomphus obscurus Bartenef, 1930.

KonunuectBeHHOE pacripeieieHne TOHHOH (ayHbl B npuTokax Enumcest Hocmio
HEOMHOPOIHBINA Xapakrep (cM. puc. 2). HauMenbruast aucieHHOCTb (577 9K3./M%)
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3aukcrpoBaHa B p. AGakaH, oTHOCsIIeHCs k Oacceliny Bepxuero Enuces. Mak-
CUMallbHAsl YHCIICHHOCTH (2,8 ThIC. 9K3./M?) XapakTepHa /it p. MaHa, Brajaro-
meit B Ennceli Beime 1. KpacHosipcka (6acceiin Cpennero Enuces). B p. Kan,
Brajaromeil B Eanceit Huke . KpacHosipcka, YUCIIEHHOCTh OEHTOCA COTIOCTaBH-
Ma ¢ ero nputokamu Aryi u Kynryc (1,2—1,9 teic. 9k3./M?). Pactipenenenue 6mo-
Macchl B MPUTOKaX EHUCEs 3aBUCENO OT TAKCOHOMUYECKON CTPYKTYPBI TOHHBIX
coobrecTB. MakcumanbHbie 3HaueHus (10,1 u 12,3 r/m?) BBIsiBIICHBI B pp. Mana
u KaH u cBsi3aHbI ¢ JOMHHUPOBaHUEM pyueilHUKOB (cM. puc. 1, 2). B pp. AbakaH,
Aryn u Kynryc obmast 6uomacca 6enroca mmxe (5,1, 3,8 u 7,9 r/m? coorseT-
CTBEHHO), IPH 3TOM OCHOBY COCTAaBIISIIOT BECHSHKH.

HNxTuodayna. B p. EHucell coCcTaB UXTUOLEHO30B PACIIHUPSIICA OT BEPXOBbS
K HU30BBIO. AAaNTHBHBIN (IKOJIOTHYECKUI) XapaKTep paclpeieieHus] BUIOB U
TIOITYJISAIINH PHIO MIPHCYII, TI0 CYTH Jeia, BceM BomoeMaM CHOWpH: B peKax U 03e-
pax, pacIoJIOKECHHBIX HAa CPABHUTEIBHO OOJNIBIINX BBICOTAX HAJ YPOBHEM MOpS,
HXTHOIICHO3HI 10 YHCITy BXOAAIINX B HUX BUIOB PHIO OSTHEI, 8 YHCICHHOCTH PHIO
Hu3Kast. OrpaHMYHBAIONIYIO POk B (DOPMUPOBAHUY BUIOBOTO Pa3HOOOpa3ust UX-
THOIICHO30B UIPAIOT HEOOIBIIHNE pa3MePHl X MOIYIIN CTOKA PEK, X BEICOKHE CKO-
POCTH TEUCHHS U 3HAYUTEIIbHBIC YKIIOHBI, MIOJBIXKHOCTh IOHHOTO CyOcTpara, oT-
CYyTCTBHE TTOMMEHHON CUCTEMBI, KOPOTKHAN NEPUOJ OTKPBITOM BOIBI U €€ HU3KUE
TeMIIepaTypsl, c1ado pa3BuUTast kKopMoBas 6aza peid [30].

ComntacHO cOOCTBEHHBIM W JINTEPaTypHBIM JaHHBIM [2, 31, 32] Ha ydacrt-
ke 1 obutaer 22 Buna peid U prIOOOOPA3HBIX, HA y4yacTKe 2 — 25, Ha ydacTke
3 — 31 Bua. B KOHTPONBHBIX YIIOBAaX JIOMHUHUPOBAIN Xapuyc cuOupckuii Thymal-
lus arcticus (Pallas, 1776) (nanee xapuyc), enen Leuciscus leuciscus (Linnaeus,
1758) u okyHb Perca fluviatilis (Linnaeus, 1758) (puc. 3), cocTaBisisi B COBOKYII-
HocTH 10 87% 4uciIeHHOCTH Beex pui0. Jlons xapuyca u enbla B Enncee yBenu-
YHBAJACh OT BEPXbsI K HU30BHIO MCCIECIOBAHHOTO YYACTKa, & OIS OKYHsI, HaIllpo-
THUB, CHU3WIACh. B rpymimy «mpouune» Bouuiu: Ha yuactke 1 — et Abramis brama
(Linnaeus, 1758) u 5136 L. idus (Linnaeus, 1758); Ha y4acTke 2 — Jiell, rojiei
cubupckuit Barbatula toni (Dybowski, 1869), nonkamenuuk cuobupckuit Cottus
sibiricus (Kessler, 1899), meckaps Gobio gobio (Linnaeus, 1758), kameHHas 111~
poxonoOka Paracottus knerii (Dybowski, 1874), tyryn Coregonus tugun (Pallas,
1814); Ha yuacTke 3 — siem, s13b, epit Gymnocephalus cernuus (Linnaeus, 1758),
cur C. lavaretus (Linnaeus, 1758), nensans C. peled (Gmelin, 1788).

3aperymupoBanne Enmces u co3manne KpacHOSpCKOTo BOAOXpaHMININIA, ITO-
BJICKILIME HAPYIIEHHE THIPOIOTHYECKOTO PEXKUMA, B KOPHE H3MEHHIIO PEKY, CO3/1aB
TIPU 5TOM HOBBIE YCJIOBHSI OOUTAHUS [UISl BOXHBIX OpraHu3MoB. Jlo 3aperymmpoBa-
Husi EHMCes MXTHOIICHO3 Ha y4yacTke peku oT . KpacHosipcka 10 yCcThsi AHrapsbl
XapaKTePH30BaJICS KaK eIBI0BO-CTEPIIDKHN, B HACTOSIICE BPEMS — XapHyCOBO-
eITBIIOBBIN; CUT — BTOPOI! 110 YMCIIEHHOCTH M OHoMacce BHJI OCJIe Xapuyca Cpeu
JIOCOCEBUAHBIX PEIO. JlOMHHIpOBaHUE XapHyca B YIOBaX CBS3aHO C YBEINUCHHEM
npoayKIun 3000eHToca. Kpome Toro, cTpykTypHas nepecTpoiika MXTHOLEHO3a BO
MHOTOM CBsI3aHa CO CKaToM pbI0 m3 KpacHospckoro BOMOXpaHMIIHIIA.
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Puc. 3. OTHOCHTENBHBIC YACIEHHOCTH U OHOMacca PbIO B KOHTPOJIBHBIX
ynoBax B p. EHuceil (BepxHee U cpeiHee TeUEHIE) U eT0 IPUTOKAX
[Fig. 3. Relative abundance and biomass of fish in control catches
in the Yenisey River (upstream and midstream) and its tributaries. On the Y-axis -
Relative abundance and biomass of fish, %; on the X-axis - Investigated rivers]

Tak, Gonblas 4acTh OKYHsSI M IUIOTBBI B IPUILIOTHHHON 30He EHuCest umeeT
«BOJIOXPAHUIIUITHOE) TIPOMCXOXKICHHE. 3a CUET CKara phId M3 BepxHero Obeda
BOJIOXPAHUIIUINA, & TAKXKE CIyYalHON MHTPOAYKIMU MXTHO(DAyHA ITOMOIHIIACH
(opemnpio, MeNIapI0, KapIoM, JCIIOM M JAPYTUMH BHIAMH, U3 KOTOPBIX TONBKO
JIel] yCIIeNIHO HaTypaju3oBaics B peke [2]. B To ke Bpems 3aperynupoBaHue
CTOKa OKa3aJI0 HETaTUBHOE BO3ACHCTBHE HA OMYIISIINHA OCETPOBBIX, JIOCOCEBBIX,
CHIOBBIX U JIPYTHX [[CHHBIX BUJIOB PbIO, CYIIECTBCHHO HAPYIIUB UX apeaisl. Yuc-
JIEHHOCTh oceTpa Acipenser baerii (Brandt, 1869) u crepnsinu A. ruthenus (Lin-
naeus, 1758) B EHucee 3HauNTENbHO COKpPATWIIACh, U OHU TEIEPh BCTPEUAIOTCA B
OCHOBHOM HWX€ yCThsl AHrapsl [5]. Banex u HembMa MpakTHUECKH HCUYE3TH U3
cocraBa uxrnogaynsl EHnces u3yyaemoro ydactka pexu. TeruioBoe 3arpsizHeHHe
Enucest B pesynbrare GyHkiuonrpoanus ['DC NpUBOAMT K MPEkKICBPEMEHHOM
MHKYOAI[UH HKPBI CUTOBBIX PHIO M KaK CICICTBUE — K HEM30SKHON THOCIIH JINYMH-
KM U3-32 OTCYTCTBHS 300IIJIAHKTOHA — MUY JIMYUHKH [6].

B nputoxax Enmcess mo marepuanam oTkpeIToi nedaru [19, 33] u cob-
CTBCHHBIM HaONIONCHUSAM MXTHO(AyHA IpencTabieHa pbidamu u3 11 cemeiicTs
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u 1 BumoM pei6ooOpasHbiX. B pp. Abakan, Mana u Kan 3a¢ukcuposano 19, 21
u 24 BUOB pBIO COOTBETCTBEHHO; B pp. Aryn u Kynryc — 18. HccnenoBaHHsle
Hamu IpUTOKH EHMces 1o coctaBy HXTHO(hAyHBI OTHOCSATCS K JIOCOCEBOMY THITY:
xapuyc, Taitmenb Hucho taimen (Pallas, 1773) u nenok Brachymystax lenok (Pal-
las, 1773) B COBOKYITHOCTH COCTABIISUI B CPeTHEM OT 55 10 92% ducineHHOCTH
PBIO B KOHTPOJIBHBIX yJI0Bax (CM. puc. 3).

CocraB uxTHO(ayHB B peKax TPAAUIIMOHHO BAPHUPOBAI B IMPOCTPAHCTBEH-
HOM acHeKTe B 3aBUCHMOCTH OT JaHAMAQTHBIX U THAPOJIIOTMYECKUX YCIOBHH.
HxTroneno3 p. AbakaH B TOpHBIX JaHAMA(PTAaX BEPXHETO M CPEIHETO TEUCHHUS
OTHOCHTCS K JIOCOCEBOMY THITY, @ B PABHUHHBIX YCJIOBHAX HIDKHErO TEYEHHS — K
CMEUIAHHOMY THITy C YBEIHUCHHEM UYHCICHHOCTH KapIIOBBIX, OKYHEBBIX BHIOB
pe16 1 myku. Haunbonblnee BUioBoe pasHooOpasue prld HAOMIONACTCS B HIKHEM Te-
YEHUU peKd. B ropHbIX palioHax p. MaHa BCTPEUarOTCs TOJIBKO XapUyC U TOJell;
HIDKE 10 TEUYCHUIO K HUM JI0OABJISIOTCS JICHOK, TaliMeHb, HanmuM Lota lota (Lin-
naeus, 1758), monkamenmuk C. sibiricus (Kessler, 1899); Ha y4acTke peku ¢ pas-
BUTOW MONUMOHN MOSIBIISIIOTCS TONbAHBI — peuHor Phoxinus phoxinus (Linnaeus,
1758) u ozepubit Ph. percnurus (Pallas, 1814), myxka Esox lucius (Linnaeus,
1758), okyHb, enel, neckapb, peYHOM CHUT; elle Huxke — epi, munoBka Cobitis
melanoleuca (Nichols. 1925), mnoTsa, s13b, Kapach; B yCTbe HHOTJIA BCTPEYAIOTCSI
CTepisiib, TYT'YH, MUHOTA Lethenteron kessleri (Anikin, 1905).

Bepxnee teuenne p. Kan npoxoauT uepes TOpHEIH TaHAMIAadT U BMECTE C IIPH-
TOKaMH sIBJISETCS MECTOM Haryja U HepecTa JIeHKa, TaliMeHs 1 Xapuyca. OJHaKo
B HaIllUX YJIOBaX JIOCOCEOOpa3HbIC MOSBIIMCH JIMIIb HIKE YCThS p. Aryn. Ha
tepputopun Kanckoii iecoctenu (cpeaHee TedeHre) TeHeHHE 0CcIabeBaeT, MMosiB-
JSIeTCsl 3aMIICHHOCTD, M YAOBBI TIPENICTABICHBI €IBIIOM, IITyKOH, OKYHEM, XapHy-
com. Ha paccrosnun 92 xm ot ycrbs p. Kan 3aperynuposana miornHoit Kpac-
Hosipckoit ['PDC-2, koTopast He UMeeT PHIOOITPOITYCKHBIX COOPYKEHHM, TO3TOMY
MOMYNALUY PBIO HIDKHETO Obea N30IMPOBAHBI OT BEPXHEro. 30Ha MOANOpa Xa-
PaKTepHU3yeTCsl CIIOKOWHBIM THAPOIOTHIESCKAM PEKUMOM, U MXTHO(]ayHa 31eCh
[IpeJICTaBlIeHa COOOIIECTBAMH JKHJIBIX PEYHBIX ¥ 03EPHO-PEYHBIX BUJIOB (Xapuyc,
IIyKa, IIOTBA, eJell, OKyHb, Kapach H Ap.), a TAKKE SANHIIHO BCTPEUAIOIINMUCS
pBIOAMH, HCTIONB3YIONMMH JTAaHHBIH y4acTOK PEKH JUIS HEPecTa U 3UMMOBKH (IIH-
MIOBKA), ¥ BUA-aKKJIMMATHU3aHT (JICI), YCICITHO HATypaTN30BaBIINIICS B HOBBIX
YCJIOBHSIX; U3 0OBEKTOB PHIOOBOJICTBA BCTPEYAIOTCS KapIl, paaykHas (openb U
KaHaIbHBIN coMuK. Hrmkanii yuactok Kana mmeeTr ropHbIif XapakTep U TPYIHO-
JIOCTYTICH; 3/1eCh OTMEYEHbI MaKCUMaJIbHBIE CETHBIE YJIOBBI Xapuyca, JICHKa, Ta-
MEHSI, CHTa.

VYpoBeHb COBPEMEHHBIX PBIOHBIX 3aIlaCOB MCCIIEJIOBAaHHBIX pek MaHna, ATy
n KyHryc HampsMyro cBsi3aH C JIESITENLHOCTh YelIOBeKa B XX CTOJECTHH, KOTIA
0onbII0# ypoH HXTHO(AayHEe HaHECEH MOJIEBBIM CIUIABOM. Tak, MOMYJISALIHUs cTep-
JSIM, KOTopasi MCTOpHdIeckn obuTana B p. Mana, npaktudecku ucuesna. Ocy-
LIECTBIICHHUE POMBIIIIEHHON 100bIuu pbIObI B 1950—-1980 rT. B pp. Aryn u Mana
erme 6oree yXyIIIMIO COCTOSHAE UXTHOIIEHO30B. [IpoMBICen He OrpaHnInBaICs
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MIEpUOaMH BBUIOBA U BEJICS B «KPUTHYECKHE» UIS PBHIOBI TIEPHOIBI — BO Bpe-
Ms1 HEpeCTOBBIX MUT'PAIMil M CKaTa Ha 3MMOBKY. B HacTosiiiee Bpems B Gacceiine
P. ATYJ HCUE3JH CHUT U TYT'YH, 9TO CBSI3aHO C MOCIICACTBUSMHE JIECOCIIIaBa U 3TO-
JIOTHEH CUTOBBIX pbIO (0ceHHee-3uMHUH HepecT) [19]. biauzocTs nzyuaembIx pex
K mpoMbIieHHBIM TieHTpaMm (TT. KpacHosipck, Kanck, 3enenoropck, bopoauno)
YBEIMUYUBACT IPECC PhIO0IOBOB-TII0OUTENEH U OpakoHbepoB. Ilpu 3ToM exeron-
HO COKpAIIaeTcsl YNCICHHOCTh TalMEeHs, JICHKa, xapuyca [7].

B ClOKUBIIUXCS YCIOBUSX BOCCTAHOBJICHHE YHCICHHOCTH ICHHBIX IUIS pe-
THOHA BUJIOB PHIO0 BOBMOKHO TOJNBKO IPH KOMIUIEKCE MEPOIPUATHHA, B KOTOPOM
MCKYCCTBEHHOE BOCIIPOHM3BOJICTBO HWIPaeT HEMaJIOBAKHYIO pOib. Boiienenue
00BEKTOB MCKYCCTBEHHOTO BOCIIPOM3BOJCTBA MPOUCXOAUT COTNACHO DALY KpH-
TEpPHEB, YUYUTHIBAIONIUX PIOOX03HCTBEHHYIO M IIPHPOJIHYIO LIEHHOCTh BUJIA, CO-
CTOSIHUE W €CTECTBEHHOE BOCIIPOM3BOJICTBO 3aIacoB, YIIEpO OT XO3SIHCTBEHHON
JesTeNbHOCTH U p. B EHucelickoM pel00X03IHCTBEHHOM paiioHe, COIIacHO pe-
3yJIbTaTaM HalIuX UCCICIOBAHNH, IPHOPUTETHBIE TPYIIIEI 00BEKTOB HCKYCCTBEH-
HOTO BOCTIPOM3BO/ICTBA 110 MepE YOBIBAHUS MPEACTABICHBI CJICTYIOMIUM 00pa30oM:
1) crepnsiib, OOBIKHOBCHHBIM TaliMEHb, CUT, CHOMPCKHUI oceTp; 2) JICHOK; 3) Xa-
puyc cubupckuii.

I[puémuasi éMKocTh BOIOTOKOB. OCHOBOW PHIOONPOAYKTUBHOCTH BOJIHBIX
OOBEKTOB SIBJISIETCS YPOBEHb PAa3BUTHS B HHX KOPMOBBIX pecypcoB. M3BecTHo,
9TO COOOIIECTBO 300IUTAHKTOHA HE HWIPACT CYMICCTBEHHOW PONU B (OPMHUPO-
BaHUU KOPMOBOMW 0a3bl peIO MCCIIEOBaHHBIX BOIOTOKOB [4, 5, 19]. ITockonbky
OONTUTaTHBIX TIAaHKTO(aroB B cOCTaBE MXTHO(ayHbI UCCICIOBAHHBIX PEK HET, U
OCHOBHYIO €€ 4aCTh COCTABIISIIOT OEHTO(ArH, TO MOTECHIHATIBHYIO PHIOONIPOTYK-
THUBHOCTH PACCUNTHIBAJIH, HCXOIS U3 pe3epBa MPOAYKIHU 3000€HTOCA.

HauMenbiel moreHIManbHOU peIOONPOAYKTUBHOCTEIO (MeHee 20 Kr/ra) xa-
pakrepuzoBanuch pp. Exnuceit (yaactok ot . Ke3pur no 1. lllaronap), AdakaH,
Aryin (tab:m. 2). B Enncee ot Maiinckoid I'OC o . AGakaH pbIOOTPOYKTUBHOCTb
Jocturana Makcumyma (96 xr/ra). O6mime 3000eHTOCa Ha JJAHHOM Y9acTKe OTpe-
JIeTIsIeTCs BEICOKOM CTEIeHbIO 3apacTaHusi MEJIKOBOIHOM 30HBI MAKPO(GHUTAMU, TIIE
B Macce OOUTar0T aM(HITObL. MI3BECTHO, 9TO B 3apOCIIsIX MAKPO(PHUTOB KOPMOBEIE
00BEKTBI, 0COOEHHO aM(UITOABI, TPYIHOJOCTYIIHBI JJIsi MACCOBOTO TTOTPEOIeH s
B3pocCibIME peidamu [34]. [ToaToMy mpu pacdere prIOONPOAYKTHBHOCTH Ha JIaH-
HOM yuacTke EHmces 6uomacca 30006eHTOCa B (PUTO(DHIBHBIX COOOIIECTBAX HE
YYUTHIBAJIAC.

PacueTHbIe BENUYMHBI MOTCHIMATBHOW PHIOOMPONYKTUBHOCTH IPEBBIIIAIOT
WXTHOMACCY OCHOBHBIX OeHTO(aroB (JICHOK, Xapuyc), IMOJYyYSCHHYIO HCXOIS U3
KOHTPOJIBHBIX YJIOBOB (CM. Ta0JI. 2), HOCKONBKY (haKTOphI THOENH, KaK €CTECTBEH-
HOM, TaK ¥ MIPOMBICTIOBOH, METOTMUCCKU HE YUUTHIBAIOTCSI.

OcHOBBIBasICh Ha NMOTEHIHAIBEHOM PHIOONPOIYKTHUBHOCTH BOAHOTO OOBEKTa, a
Tak)Ke Ha YHCICHHOCTH ¥ Oromacce pbi0, OOIIHIA MPeeTbHO Oy CTUMBIA 00beM
BCEJICHUS TIOJIPOIIIEHHON MOJIOJH JUIsl LieJield NCKYCCTBEHHOTO BOCITPOHM3BO/ICTBA
Moxket jocturarb 139,28 muH mT. (Tabi. 3). [lepBoe Mecto 1o oObeMaM Bcelie-
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HUS 3aHUMAaeT MOJIOJIb JIOCOCEBBIX PBIO (TalilMeHb, JICHOK, Xapuyc) — 135,82 mMiuH
wt. HanOonp1ieil npueMHoO# eMkocThio obnanaet p. EHucell (Ha ydacTke OT io-
tunbl Kpacuosipckoit ['DC no p. AHrapsl), HAUMEHbBIEH — p. ATy U €e TIPUTOK
p. Kynryec.

Tabununa 2 [Table 2]
IloreHuuanbHas poIGONPOIYKTHBHOCTL Oacceiina p. Ennceit
(BepxHee U cpe/Hee TeyeHHe)
[Potential fish productivity of the Yenisey basin (upstream and midstream)]

IIpo- [Morennmane- | xtuomac-
buomacca [Lmomrane
JYKIUs Hponyk- | mas pei6o-  |ca Gerroda-
3000€HTO- 6 | yuacr- O - *
Bonutili obbexr| ca, rfw: T el/{T? Ka, ra 6§HT003 T o / [liol?th’ omas
ca, r/m R HOCTB, Kr/ra |[Ichthyomass
[Waterbody] [Zqobenthos [Zoobenthos [Water [Zoobenthos| [Potential fish of ben-
biomass, surface R
/m?] products, arca, hal products, t] productiv- thophages,
£ g/m?] ’ ity, kg/ha] kg/ha]
p. Enuceii (ot
. Ke13b11 110
r. Hlaronap) 4,20+1,68 | 12,6+5,03 | 7963 1003 10,5 23
[Yenisey River
(from Kyzyl city
to Shagonar city)]
p. Enuceit
(ot MaiiHCKoi
FSCHOF. Aba- 143+ 42 .9+
KkaH) [Yenisey 2 3’8** 7 1;‘** 3082 1 322%* 35,8 17,2
River (from the ’ ’
Mainskaya HPS
to Abakan city)]
p. Enuceti (or
Kpacnosipckoit
I'SC no yeres
p. Anrapa)
[Yenisey River 10,5£2,51 | 31,6+£7,54 | 24 440 7699 26,3 18,8
(from the Kras-
noyarsk HPS to
the mouth of the
Angara River)]
p. AGakaH
[ Abakan River] 5,08+1,84 | 152+5,51 | 9438 1438 12,7 8,6
p. Mana 12,342,35 [ 37,047,03 | 3542 1307 30,8 45
[Mana River]
p. Kan 10,8+1,80 | 32,3+5,38 | 10707 | 3469 27,0 6,9
[Kan River]
p. Aryx 3,76+0,72 | 11,3+2,17 | 4427 503 9,5 4,5
[Agul river]
p. Kynrye 7.86+1,11 | 23,6+3,33 | 870 205 19,6 4,5
[Kungus River]

Ipumeuanue. * — uxTomacca OCHOBHBIX OSHTO(AroB (JICHOK, XapHyc) COIIACHO KOHTPOIIb-
HBIM ynoBaMm; ** — 6e3 yuera puTopuiIbHOro 3000eHTOCa.

[Note. * ichthyomass of major benthophages (lenok, grayling) according to control catches; ** without
regard to phytophilic zoobenthos].
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Tabauma 3 [Table 3]
IIpeneabHo qomycTUMbIE 00beMbI (MJIH HIT.) BCeJIeHHSI 00beKTOB HCKYCCTBEHHOIO
BOCIPOM3BO/CTBA B 0acceiin p. Enuceii (BepxHee U cpe/iHee TeueHHe)
[The maximum permissible volumes (million pieces) of installation of artificial
reproduction objects in the Yenisey basin (upstream and midstream)]

OOBEKTHI HCKYCCTBEHHOTO BOCIIPOM3BOICTBA
[Artificial reproduction objects]

BonHblit 00beKT Crep- . | HTo-
Ocetp Xapuyc |Jlenok| Cur Taii- ro
[Waterbody] [Stur- LB [Gray- | [Le- | [White- | Menb |[Total]
geon] [Ster- ling] | nok] fish]  |[Taimen]

let]

p. Enuceit (ot 1. KoI-
3611 10 T. [1laronap) B -~

[Yenisey River (from Kyzyl 0.13 8,36 | 0.16 0.12 1 877
city to Shagonar city)]

p- Enuceii (ot MaitHcKo#
I'SC mo 1. AbGaxkaH) [Yenisey

River (from the Mainskaya B 0,17 11,021 0,21 B 0.12 111,52
HPS to Abakan city)]

p- Enuceii (ot Kpacuosipckoii

I'2C no ycres

p. Anrapa) [Yenisey River 0,44 1,78 49,01 | 0,96 0,56 0,12 |52,87
(from the Krasnoyarsk HPS to

the mouth of the Angara River)]

p. AGakaH [Abakan River] — 0,19 19,98 | 0,23 — 0,12 |20,52
p. Mana [Mana River] - 0,17 10,47 | 0,20 — 0,07 |10,91
p- Kan [Kan River] — — 26,45 | 0,40 0,02 0,11 |[26,98
p. Aryn [Agul River] — — 5,24 | 0,08 — 0,11 | 5,43
p. Kynryc [Kungus River] — — 2,14 | 0,03 — 0,11 | 2,28
Wroro [Total] 0,44 2,44 | 132,67 | 2,27 0,58 0,88 (139,28

[Nomy4ennrpie 3HAYEHUS AOMYCTUMBIX OOBEMOB BCEIICHHS MOJIOAU HCCIEIO-
BaHHBIX BOJOTOKOB JIAIOT PEACTABICHUE O TOM, YTO PHIOOX035IICTBEHHBIN TOTEH-
[IHaJT ICCICAOBAHHBIX HAMH BOJOTOKOB OU€HB BEICOK. OHAKO OCYIIECTBISIEMBIX
Ha CErOIHALIHMI JeHb 00bEMOB BCEJICHUS SIBHO HEIOCTATOYHO JUIsl 0OecrieueHust
BBICOKOW ¥ YCTOHYMBOM PHIOOIIPOIYKTHBHOCTH BosoeMoB. B Enuceiickom peioo-
X03s1iicTBeHHOM paifoHe 3a mepuon 2012—-2016 rr. B 001meit CI0KHOCTH BBIITYIIE-
HO OKOJIO 29 MJIH IIT. MOJIO/IM, €KETOAHO BBITYCKAETCS B CPEIHEM 5,8 MITH IIT.
MoJoau pbI0. JInaupyroye No3UIKH 10 BBITYCKY UCKYCCTBEHHO BBIPALICHHOM
MOJIOJIM 3aHMMAIOT OCETPOBBIE (OCETP, CTepIIsAh) 1 Xapuyc [35]. [Tpu aTom yiiepo
BOJIHBIM OOBEKTaM OT Pa3HOIUIAHOBOM aHTPOIIOTEHHON HArpy3Kd CYHIECTBEHHO
MIPEBBIIIAECT YPOBCHD MPOBOIUMBIX KOMIIEHCAIIMOHHBIX MEpPOTIPHATHIH, KOTOPHIE
OTPaHUYMBAIOTCS, B CBOIO OYEPE/Ib, MOIIIHOCTBIO PHIOOBOAHBIX 3aBOJIOB B PETH-
oHe. BoccTaHoBIeHNE HCKYCCTBEHHBIM BOCIIPOM3BOACTBOM HOMYIISIIHNA IEHHBIX
JUISL PETHOHA PbIO B MOITHOM 00BbEME HE PellaeT BO3HUKIIYI0 mpodiemy. Kak mo-
Ka3bIBaeT MHPOBOH OIbIT [36—38], He0OX0AMMO pa3padoTaTh IENbIH KOMILICKC
Mep, BKITIOUAIOIIHMH 0XpaHy BOJHBIX OHOPECYPCOB, PALIMOHAIBHYIO OPTaHU3AIHI0
MIPOMBICITA (JTFOOUTEIIBCKOTO PHIOOIOBCTBA) U T.J1. TakkKe, BAXKHO YUYUTHIBATh BO3-



156 A.B. Anopuanosa, E.B. /lepounesa, A.H. I'aounoé u op.

MO>KHbIC HETaTUBHBIC MTOCIEACTBUS OT BCEIICHHSI UCKYCCTBEHHO BBIPAIICHHOM
pBIOBI NIPU B3aUMOAECHCTBUM C a0OpUTEeHHON MXTHO(AayHOU B €CTECTBEHHBIX
ycnoBusix [39, 40].

3akiouenne

B p. Enuceit 1 ero mpuTokax opraHu3Mbl 3000€HTOCA SBIISIFOTCS OCHOBOW KOP-
MOBO# 0a3bl pb10. B monHo# hayHe npeobnananu muropeoduibHbIe OeCI03BOHOY-
HbIC, B YACTHOCTH — JIMYMHKH HaceKOMBIX. Makpo3oobeHToc p. EHnceli xapakre-
PH30BAICSI HU3KOM Oromaccoii (4,2 r/mM*) B BEPXOBbE U MAKCHMAJIBHON HA YIACTKE
ot wiotuHbl Matiackoit 'DC no 1. Abakan (19,5 r/m?), Tie B Macce pa3BHBAOTCS
amunone! Oaiikaabckoro mpoucxoxkaeHus. PacnpeneneHue 6uomaccsl B MIpUTO-
kax EHuces 3aBHCEII0 OT TAKCOHOMHUYECKOH CTPYKTYPBI JIOHHBIX cOOO0IIecTB. BhI-
COKHe 3HaueHHs1 OeHToca BbIsBICHBI B pp. Mana u Kan (12,3 u 10,8 r/mM? coot-
BETCTBEHHO) NP JIOMUHUPOBAHUHN pydYeHHUKOB. B pp. Abakan, Arym u Kynryc
Ouomacca B cpemHeM He MpeBblliaia § r/M?, OCHOBHOH BKJIAJ COCTABIISUTH Bec-
HAHKU. B uxruonenosax Enuces Ha uccineoBaHHBIX ydyacTKax JOMUHHMPOBAIU
xapuyc, enen; ¥ okyHb. IIputoku EHnces oTHOCSTCS K JI0COCEOOpa3sHOMY THILY,
TJe OCHOBY HXTHO(ayHBI COCTABIISUIN Xapuyc, TAHMEHB U JICHOK. BEIABICHO, UTO
PBIOOX03HCTBEHHBIN MoTeHnuan O6acceiiHa Enuces Bbicok. OOmuii mpeaeabHo
JIOITYCTAMBIN 00BEM BCEJICHUS TTOIPOIICHHOW MOJIOAN (ITPEUMYIIECTBCHHO Tak-
MEHb, JIEHOK, XapHycC) Ul Lielei UCKYCCTBEHHOTO BOCIIPOU3BOJICTBA MOXET J10-
cturarb 140 e mt. HanbonbIrel mpreMHo eMKOCTBEO oOnaaaet p. Exuceit (Ha
yuacTke oT m1oTuHbl Kpacnospcekoii I'2C 1o p. AHrapsl), HauMeHsbIei — p. Aryn
u ee iputok p. Kynryc.

Aemopul 6razooapam c.H.c., 0-pa duon. nayk B.A. 3adenenosa (Hayuno-uccrneoosamenso-
CKUTL UHCIUMYM 3KOI02ULL PblOOXO3AUCMEEHHBIX 8000eM08, 2. Kpacnospck, Poccus) 3a pexo-
MeHOayuu npu nOO20MOoBKe PYKONUCHU.
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Feed base and potential fish productivity
of the Yenisey basin (upstream and midstream)

The Yenisey basin had been famous for its fish richness for a long time, and the core
of'the fishery had been such valuable species as salmon, whitefish and sturgeon. However,
the construction of the Angara-Yenisey cascade of hydroelectric power stations, domestic
and industrial waste pollution, and intensive consumer catching played a huge role in
changing fish habitats and the structure of ichtyocoenosis. The complex anthropogenic
load eventually led to a reduction in stocks and a decrease in the natural reproduction
of valuable and highly valued fish species. To preserve and restore natural populations
of valuable fish species, it is necessary to increase the efficiency of reproduction, both
natural and artificial. On the other hand, successful implementation of aquaculture plants
is impossible without assessing fish stocks, their demographic status, habitat conditions
and capacious information about the feed base. The aim of this research was to reveal the
current development level of ichthyofauna and feed base in the Yenisey basin, and, on
this basis, to assess the potential fish productivity and the maximum allowable volumes
of introduction of juvenile fish as objects of artificial reproduction.
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In 2015, we carried out zoobenthos and ichthyofauna studies in the Yenisey and the
rivers of its basin (Abakan, Mana, Kan, Agul, Kungus) (See Table I). In the Yenisey, the
material was collected from 5 stations in the upper reaches (the Republics of Tyva and
Khakassia) and 10 stations in the middle reaches (from the dam of the Krasnoyarsk HPS to
the mouth of the Angara River); in the tributaries of the Yenisey there were from 4 (Kungus
River) to 10 (Mana River) stations. In the collection and processing of ichthyological and
hydrobiological material, we used generally accepted methods. Zoobenthos samples were
taken in watercourse ripals; fishing was confined to the sites of hydrobiological sampling.
We assessed potential fish productivity based on the reserve of benthic feeding organisms’
production. The total biomass of forage organisms (zoobenthos) was calculated taking
into account the area of the water body. The maximum allowable amount of immigration
of juveniles (larvae) of artificial reproduction objects, which can be released into a water
body, was determined based on the reserve of production of food organisms, as well as
taking into account the yield to the fishery (the commercial stock replenishment factor)
and the average mass of fish producers. In total, we carried out 54 control catches with
fixed nets and 30 catches with drift nets. Ichtyocenoses were described according to
Gadinov and Dolgikh (2008) and Zadelenov et al. (2004). This research presents the
results of studying 175 zoobenthos samples and approximately 600 fish samples selected
for a comprehensive biological analysis.

In the benthic fauna of the investigated watercourses, lithoreophilic organisms
predominated, they populated stony soils on a fast current. The basis of biomass in
the upper reaches of the Yenisey and in its tributaries was mayflies, stoneflies and
caddis flies; within the republic of Khakassia and in the middle reaches of the Yenisey,
amphipods and chironomids took the lead (See Fig. 7). The Yenisei was characterized
by a low biomass in the upper reaches (4.2 g/m?) and the maximum biomass in the
area from the Mainskaya dam to the city of Abakan (19.5 g/m?), where Baikal-born
amphipods develop in bulk. High values were found in the Mana and Kan Rivers
(12.3 and 10.8 g/m? correspondingly) with caddisflies’ domination. In the Abakan,
Agul and Kungus Rivers, the biomass did not exceed 8 g/m? on average, the main
contribution was made by stoneflies (See Fig. 2). Grayling, dace and perch dominated
in the studied areas in ichthyocenoses of the Yenisey; the tributaries of the Yenisey
belong to the salmon-like type, the basis of the ichthyofauna was taimen, lenok and
grayling (See Fig. 3). Since there are no obligate plankton eaters in the ichthyofauna of
the investigated rivers, the potential fish productivity was calculated on the basis of the
reserve of zoobenthos production. The upper reaches of the Yenisey and tributaries of
the Abakan and Agul Rivers are characterized by the lowest potential fish productivity
(less than 20 kg/ha) (See Table 2). In the Yenisey from the Mainskaya HPS to Abakan
(Republic of Khakassia), the potential fish productivity reaches the maximum (96 kg/ha) due
to the abundance of higher aquatic vegetation in the ripal of the river, which is densely
populated by amphipods. However, food objects in macrophyte thickets are difficult
to access for mass consumption by adult fish, so we did not take into account the fish
productivity of the shallow-water zone when calculating the receiving capacity in this
area. The total maximum permissible volume of introduction of grown-up juvenile
fish (mainly taimen, lenok, grayling) into the studied watercourses for the purposes of
artificial reproduction can reach 140 million pieces (See Table 3). The greatest receiving
capacity (53 million pieces) is possessed by the Yenisey (on the area from the dam
of the Krasnoyarsk HPS to the Angara River), the lowest by the Agul River and its
tributary Kungus (5.4 and 2.3 million pieces, correspondingly). The received values
of the permissible volumes of juvenile infestation of the studied watercourses give an
idea that the fishery potential of the studied watercourses is very high. Nevertheless, to
restore the population of fish valuable for the region through artificial reproduction, it



Kopmosas 6a3za u nomenyuan pvioonpooykmugnocmu éacceiina Enucen 161

is necessary to develop a whole range of measures, including the protection of aquatic
biological resources and the rational organization of the fishery.

The paper contains 3 Figures, 3 Tables and 40 References.

Key words: Acipenser ruthenus; Thymallus arcticus; Brachymystax lenok; Coregonus
lavaretus; zoobenthos; ichthyofauna; artificial reproduction.
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T.A. Basxapuyk, U.B. Kypbuna,

Hncmumym monumopunea xnumamudeckux u sxonozuueckux cucmem CO PAH,
2. Tomck, Poccus

Ilo31Hero01eHOBasi ITMHAMHUKA PACTUTEIBLHOIO MOKPOBA
M YBJIQKHEHHOCTH KJIMMATA KOT0-BOCTOYHOI0 CEKTOpa
3anagno-CudupcKoii paBHUHBI M0 JAHHBIM NAJTUHOJIOTUTY€ECKOI0
M PU30IIOHOIO UCCJIeA0BAHUN TOPPSAHBIX OTI0KEHU I

HccnenoBanue BEIITOTHEHO B paMKaX rOCOIOIKETHON TEMBI
Ne AAAAA-A16-116041356666-6 u nipu nogaeprxkke rpanra POOU Ne 17-55-52020 / MNT a.

Ha socmounoii okpaune bBonvuiozo Bactoeanckozo boroma, na meppace p. bakuap
KOMNLEKCOM ~ NAe0IKONOUHECKUX MeNMO0008 (CHOPOBO-NbLILYEEbIM, PU3ONOOHBIM,
Oomanuueckum aHanu3oM mopdda, MUKpPOY2OIbKOBbIM) U3YUEH U30NUPOBAHHYII
mopganou maccus 6onomo Kpyenoe. /lge paduoyerepooHnvie oamuvl NOKA3AMU, UMO
ceouMenmayus nOOCMUNAIOWUX MUHEPATLHBIX OMIONCEHUll, a 3amem mopda Ha
OdanHoM maccuse Hayanaco okono 5320 KaneHoapHwvix Jiem HA3a0 U NpoOoIXCALACh
00 cospemennocmu. 1o OaHHLIM CHOPOBO-NBIILYEBO20 AHANU3A 3d MO PEMS
pacmumensvHwlil NOKPO8 PalloHa UCCIe008AHUA CMEHUNICS O CIMENHbIX PA3HOMPABHO-
NOILIHHBIX CO00Uecms Kk bepé30601l 1ecOCIent ¢ yuacmkamu 602amo-pasHompagHix
Jye08, a 3amem K COMKHYMbIM 10M#CHO-MAEHCHBIM KeOp0o8o-6epésosbim U bepé3060-
Keoposbim necam. Bonomo 6 c6oém sHOO2eHHOM pazsumui NpoOuiio 8MpopHyo,
mezompoghuyro u  onueompoguyio cmaouu. Ilepexoo om s3émpoguoll cmaouu 8
mezompoghuyro npousowen oxono 3130 xanenoapuuvix nem Hazao. OOHO8pemeHHO,
6EPOAMHO 6CIe0CmEBUe 00We20 NOBLIUEHUS VEIANCHEHHOCIU KIUMAMA, HA Mecme
cywecmeosasuell 30ect 0epé3060il 1ecocmeny pAcnpoOCMPAHAMCA  COMKHYNble
H0JCHO-MAédxcHble Tecd. B nepuod mMakcumanbHo2o pacnpocmpanerus Keoposbix j1ecos
Ha uccredyemoii meppumopuu (oxono 1340-880 xanendapueix nem mazao) 6on0mo
nepeutno 8 6epxo8yio cmaouto pazsumus. Hlccneoosanue KOMNIEKCO8 PAKOBUHHBIX AMED
U3 9MO20 dHce paszpesa NOKA3AL0, YMO UX 0bunUe U 8UO060U COCMAB 8 3HAUUMENbHOU
cmenenu onpeoenaomesa dHO02eHHol cmaodueli passumusa 6oroma. Ho 6 meuenue
onueompogHol cmaouu paszsumus 6010ma KOMNIEKCbl PAKOBUHHLIX améd Oonee
YYECMBUMETbHBL K 8EKOBbIM U QeCAMUIENMHUM KONCOAHUAM YEIANCHEHHOCTNU KIUMAMA,
ueM 0KaNbHAA GONOMHASA U PEUOHANbHAS CYXOOO0NbHASL PACMUMENbHOCHb. B yenom
6bIAGIIEHHASA NO OUONOULECKUM UHOUKAMOPAM (NbLIbYEBLIM KOMNIIEKCAM, KOMILEKCAM
PAKOBUHHBIX améb, Oomanuyeckomy cocmagy mopgha, 6uoo8omy pasHooOpasuio
NATUHOMOPE) U MUKDOY2ONbKAM) OUHAMUKA  VEIAHCHEHHOCIU  KAUMAMA XOPOULO
cosnadaem ¢ OaHHLIMU NO OOLEe IHCHLIM TECOCIENHBIM PAUOHAM U C UCTOPUHECKUMU
ceuoemensbecmeamy KIuMamu4eckux uaMeHenull, npoucxoouswux na roze 3anaonoi
Cubupu. Buonoeuueckue unouxamopwr uz ooroma Kpyenoe noomeepounu maxoice
2unomesy 06 ACUHXPOHHOCHIU YEIANCHEHUS CMENHOU U IECHOU 30H.
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KuarwueBsie ciioBa: 3anaonas Cubupv; cnoposo-nvliblesoll aHaIu3, PaKkoSUHHbIE
amedwl; Kaumamuueckue usmenenus; bonvuwoe Baciocanckoe 6onomo; ucmopus
pacmumensHocmu.

BBenenune

Ha rore 3anagno-Cubupckoii paBHUHBI PacIOIOKEHbI OCHOBHBIE 3eMJIeIEIb-
YECKUE TEPPUTOPUU MPOU3BOMSIIETO XO35MCTBA. YPOKAWUHOCTh B 3TOM PETHOHE
CWJIBHO 3aBHCUT OT IOTOAHBIX YCJIOBHUH BEreTallMOHHOTO CE30Ha, TaK KakK 3Ta
TEPPUTOPHS IIETUKOM PACIIONIOKEHA B «30HE PUCKOBAHHOTO 3eMJIeeus. Tako-
Ba arpoKJIMMaTHYecKas CUTyallus B HACTOsAIIEe BpeMs M Tak ObUIO B MPOILIOM.
[ToaToMy M3ydyeHHe TUHAMUKH KJIMMaTa FOXKHBIX TeppuTopwid 3amaaHo-Cuoup-
CKOM paBHHHBI UMEET OOJIBLIOE MPAKTHUECKOe 3HAYCHHE NSl IPEIBUICHUS KC-
TPEMANBHBIX TIOTOAHBIX SIBICHUN, TPHHOCSIIINX CYIIECTBEHHBI SKOHOMUYECKUN
yiiep0. HoBeliiimmu nccinejoBaHUusIME YCTaHOBIIGHO, YTO YacTOTa dKCTpeMallb-
HBIX IMOTOJHBIX SBJICHUH BO3pacTaeT BCICICTBHE HAOIIOAEMOTO B TIOCIICTHUEC
rozbl mo0anbHOro noreruieHus kiaumara [1]. dus mpenckazaHust BOSMOXKHBIX
HEONarompHsITHRIX JIJISI CEITbCKOTO XO3SHCTBA PETHOHA KIMMATHUSCKUX M3MEHe-
HUI HEOOXOIUMO BBISIBUTH JIBUKYIIHE (DAaKTOPBI M 3aKOHOMEPHOCTH, JIS)KAIIHE B
nx ocHoBe. C 3Toil 1ebI0 MPOBOAUTCS MOHUTOPHHT COBPEMEHHBIX MApaMETPOB
knumara. OJHAKO HMMEIOUIMECsS Psiibl MHCTPYMEHTAIbHBIX METEOHAOMIONEHUH
MOKa OYE€Hb KOPOTKH W HE TIO3BOJISIOT OINPENETUTH JOJITOBPEMEHHYIO ITUKIUY-
HOCTh U3MEHEHHUs KIUMaTa. Mexy TeM yxke Oosee mosyBeKa il peKOHCTPYK-
MU MPONUIBIX M3MEHEHUH JaHIIa()TOB U KJIMMaTa UCIIOJIB3YIOTCS MaIeoTaliu-
HOJIOTHYECKHE UCCIIEIOBAHUS PETPOCIIEKTUBHBIX CEPUil 00Pa3LIOB U3 OCAIOUHBIX
OTJIOKEHHUM pPa3IMYHOrO reHesnca. [IepCrekTUBHBIMU I 3TOM LENH SBISIOTCS
TopdsiHble U 03€pHBIE OTIMKeHUs. [Ipu 3TOM Hanbosee HPOPMATUBHBIMH CPEIH
HUX SIBIISIIOTCS Pa3pe3bl OTIIOKEHUHN, PACTIONOKEHHBIE B YKOTOHABHBIX paioHaxX
Ha IpaHUIlaX MUPOTHBIX U BBHICOTHBIX 30H, HApUMED, Ha FOXKHOH [2], ceBepHOI
[3] nnm BeICOTHO¥ [4] rpaHUIIax JIeCHOM 30HEI. B 11e710M MBI TpUHIMaeM ompee-
JIEHUsI TIOHATHH «IKOTOH» M «IKOTOHAJIbHAS dKocucTeMa» B TpakToBke B.B. Co-
110BbEBOH [5]. FOkHas yacth ToMcko#t 00aCTH YaCTHYHO 3aXBaThIBACT IOXKHBIN
9KOTOH JIECHOH 30HBI 3anagHoi Cubupu.

O nnuTenhHON W CIOKHON mMcToprH (HOPMHUPOBAHHS JaHIIIA()TOB H3ydae-
MOM TepPUTOPHU CBUJETEIHCTBYET KOMIUIEKCHBIA XapakTep pacTUTEIBHOrO [6]
¥ TIOYBEHHOTO TOKPOBOB [ 7, 8]. [laneomanuHomornyeckre uCcCcaea0BaHus, IIPOBO-
JUBIIKECS HAa 9TON TEPPUTOPUH, TAKIKE BBISBUIM CIOKHBIA XapaKTep U3MEHEHHS
PACTHTENBHOTO MOKPOBA B TOJOIEHE [6, 9], HAIOKUBIIMNA OTIEUATOK Ha OOJIHK
MBUTBIEBBIX JUArpaMM, Jiejias UX MOPOU TPYAHO COMOCTABUMBIMU JIPYT C APYTOM
[10]. OnHako MAJMHOIOTHYECKHUN, KaK | JIFOOOH JAPyroi METOJ, NCIOIb3yeMbIi
B M3YyYEHUH JIOJTOBPEMEHHBIX M3MEHEHHH KIIMMara, UIMEET CBOM OCOOEHHOCTH,
KOTOpBIE HEOOXOIMMO IMOHMMAaTh M YYHTBIBATh. DTO IO3BOJISET MPEOI0JICBAThH
MHOTHE TPYIHOCTH TPH HCIIOIB30BAHUN TTATMHOIOTMYECKUX JAHHBIX JIJIS1 PEKOH-
CTPYKIIMH TIaJICOKJINMATA U PACTUTEIILHOCTH.
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OCOOEHHOCTHIO MTAJICOTATHHOIOTHIECKON HH(OPMAITHH SIBILIETCS] OTPAKCHUE
B Heil pa3HOMAacIITaOHON opraHu3aluu 0MoleHo030B. [ToaToMy HE0OX0MUMO TOo-
pa3sHOMY HHTEpPIPETHPOBATH JIOKAIBHBIC, CyOJIOKANbHBIE, CyOpernoHaNbHBIE U
peruoHanbHbIe KOMIIOHEHTHI BUIBIEBBIX CIEKTPoB [11]. OmHako AJis 3TOr0O HYX-
HO XOPOIIIO 3HaTh MECTHYIO (PI10py M 0COOCHHOCTH OpraHU3aINN PACTUTEIHHOTO
nokposa. Pernenne npoOieMbl HHOTJIA BOSHUKAIOIIEH HECX0KECTH OJJHOBO3PACT-
HBIX TBUIBIEBBIX Pa3pe30B BO3MOKHO TAKXKE TPH yBETHMUYCHUH UHCIIA XOPOIIO
JaTHPOBAHHBIX MBUIBIEBBIX AUATPAMM JUIS UCCIIEAYEeMON TepPUTOPUU H TOCIIe-
IYIOMIEH NX KIaCTePH3aliH COTTaCHO MOYBCHHO-PACTUTEIHFHON KOMITTICKCHOCTH.

[onsITh pa3HOMACIITAOHOCTH MAJE0IKOIOTHYECKON HH(OPMALINH, 3aKITIOYEH-
HOU B CITOPOBO-TIBUTBIIEBBIX THArPaMMax, IIO3BOJIIOT U JaHHBIE APYTHX METO/IOB,
MOJTyYEHHBIE 110 TOMY K€ pa3pesy, HO OTpa)Karolue N3MEHEHUE UCKITIOUUTEIBHO
JIOKaJIBHBIX SKOJIOTHIECKUX yCIOBUH. J{IIs1 TOP(SHBIX OTIOKEHUH TOTIOTHHUTEIh-
HBIM TPAJULHUOHHBIM METOJIOM HCCIICIOBAHUS SIBJIACTCS OOTAaHMYECKUN aHaU3
topda [12] 1 pazpabaTbiBacMBblil B IOCIICIHUE T'OJIbI HHHOBAITMOHHBIA METO]] aHa-
JU3a KOMITJIEKCOB PAaKOBUHHBIX aMED, UMEHYEMBIN TaK)Ke PU3OMOTHBIM aHATIH30M
[13]. Bropas mpobiema, BO3HHKAOIIAS TIPH TAJICOIKOJIOTHISCKHUX | ITaJIeOTain-
HOJIOTHYECKHUX PEKOHCTPYKIUSX, CBS3aHA C BBISBICHUEM JABIDKYIIUX (DaKTOPOB
WM3MEHEHHsI PaCTHTEIFHOTO MOKPOBA M KiIMMara B peruoHe. EE pemenne taxxe
BO3MOXKHO JIMIIb [IPH YETKOM pPa3rpaHMueHHUH JOKaJIbHBIX U PErHOHABHBIX (aK-
TOPOB, BIHSBIINX Ha OWOIEHO3HI. Takoil moaxoxa, B KOHEYHOM HTOTE, TI03BOJIS-
eT 0Oosiee TOCTOBEPHO BBISIBUTH PETHOHAIBHBIE U II00aJIbHBIE MEXaHU3MBbI, KOH-
TPOJMPOBABIINE TUHAMHUKY KJIMMara Ha fore 3amamHo-CHOMpCKOH paBHUHEI B
1o3/1HeM roJjoieHe. [laneonanuHonornyecKkue uCcie0BaHus, CONPOBOKIaEMbIe
JOTIOTHUTEIHHBIMH MTAIC0IKOIOTHIECKUMH METOAaMH UCCIICIOBAHMS, JAfOT [ICH-
Helyo uHopMaIKo 0 THHAMHUKE OMOTEOLIEHOTHYECKOH 0005I0uKy 3eMid Ha
Pa3HBIX YPOBHAX €€ OpraHU3alNH, TI03BOJISIS YBI3BIBATH B JIOTHUCCKYIO KapTHHY
reoMopQOIOTHI0, MOYBBI, PACTUTEIBHBIN MOKPOB, BO3IYIIHbIE TOTOKH, KIUMAT,
a Taxke OWOIIEHO3HI HA Pa3sHBIX YPOBHSAX MX OPTaHHM3AlUH (OT MHKPOMHpPA 10
reorpaduueckoil 30HanIbHOCTH). OHAKO MEPEXo]l OT JIOKAIBHOTO YPOBHS K pe-
THOHAJIHHOMY TpeOyeT HaKOIUICHHS TTaJCOdKOIOTHISCKUX JaHHBIX [UIS aleKBaT-
HOTO OTpaskeHHs reorpauueckoil HEOAHOPOTHOCTH TOBEPXHOCTH 3emiH, 0e3
ydera KOTOpPOM JIF00bIe PEKOHCTPYKIIMHU TJI00aIbHBIX U3MEHEHNH KiuMara OyayT
HECOCTOSITENbHBI. B 3TOM 1utane oOmupHas teppuropuu Cubupu octaéres of-
HUM U3 HanMEHee M3YUYCHHBIX B TaJCOTeOrpapmuecKOM OTHOIICHHH PETHOHOB.
Jlo HeaBHETO BpEMEHH ISl F0OKHO-Ta&KHOM 30HBI IEHTPAIBHOTO CEKTOpa 3ara/-
Hoit CHOMpPU MIMENIOCH BCETO HECKOJIIBKO HEAOCTATOYHO XOPOIIO TAaTHPOBAHHBIX
CIIOPOBO-TIBUIBIEBBIX Auarpamm [9]. B nmocnennue rofpl omyOIMKOBaHO €Ile He-
CKOJIBKO HOBBIX TTBUIBIIEBBIX JHUarpamm Jiis Ooiiee BOCTOUHBIX [10—14] 1 F0XKHBIX
JIECOCTENHBIX paifoHoB [15—-17]. Ilpennaraemas pabota UMeET LEIbI0 PEKOHCTPY-
HpOBATh JOJTOBPEMEHHEBIC M3MEHCHHUS KIIFIMaTa M PaCTUTEIHHOCTH HA OTe [ICH-
TpanbHOU yacTu 3ana Ho-CuOUpCKOi paBHUHBI HA OCHOBE HOBBIX KOMIUIEKCHBIX
MTATMHOIOTHYECKUX U PH30TIONHBIX HCCIIETOBAHUH TOP(SHBIX OTIIOKEHHH 00710Ta
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Kpyrioe 10kHO-Ta&XHOM 30HBI Uil BBISBICHUS IPUPOJHO-KINMATHIECKO 00-
CTaHOBKH, Ha (hOHE KOTOPOU MPOUCXOIUIIO PA3BUTUE JPEBHHUX aAPXCONOTHUCCKUX
KyasTyp Cubupm.

Marepuajbl 1 METOANUKH HCCJIe0BAHUS

Ha Bocrouno# okpanne bomnbioro Bactoranckoro 6omota y mnoc. [TonbiHsHKE
Tomckoii 0051aCTH H3y4eH CIIOPOBO-IBUIBLIEBBIM H PH30IIOIHBIM METOIAMH H30JTH-
poBaHHBII OoNOTHBIA MaccuB O0ooTo Kpyrioe (56°53'01,63" c.mr., 82°34'40,63"
B.Jl.), pacnoJOKeHHOE Ha mpaBobepexHoi Teppace p. bakuap (puc. 1). Cospe-
MEHHBIA pacTUTEIBHBIH TTOKPOB 0ONOTa MPECTABICH COCHOBO-KYCTapHUIKOBO-
ctharnoBoii gauueit onurorpoduoro 6omnora (pociasiM psimom). s naneonanu-
HOJIOTHYECKHX MCCIIeIOBaHNN U3 Hanboliee NTyOOKOM YacTH OOJIOTHOTO MacCUBa
0TOOpaH KePH TOPPSIHBIX OTIOKEHUH MOITHOCTHIO 140 cM.

Puc. 1. Kapra paiiona nccienoBanus B Tomckoii o6iactu u pacnonoxenue 6onora Kpyrioe
[Fig. 1. Map of Tomsk oblast with the area of investigation and location of Krugloe Mire]

W3 monmy4genHoro TOp(hsSHOTO KepHA IS CIOPOBO-TIBUTBIICBOTO aHAIN3a 00pa3-
1Bl OTOMpANUCH Yepe3 Kaxpie 5 cM odbemoM 1 em?. Beero otobpano 32 obpasia.

J71s1 BBIIENICHHS CIIOP M TIBUTBITHI HCTIONTB30BajIach menodHas Mmeroauka [locra
U cenapainuonHas metonuka [puuyka [18]. lenounoi MmeToaukoii oopadaTsiBa-
uch TophsiHbIe 00pa3ipl 63 MUHEPaTbHON puMecH. COTTacHO 3TOW METOIUKE
o0Opasupl nomernanuch B 10% 1menods u HarpeBaiauch 10 kunenus. Lllemounas
CYCIIEH3US K&KJI0T0 00pasiia mporryckaiachk yepe3 cuto 0,3 MM B JTMTPOBBI cTa-
KaH, ¥ 0Ca/I0K Ha CHTE POMBIBAJICS OOJIBIINM KOJIMYECTBOM JUCTHIIMPOBAHHOM
BOJIBI JI0 3aITOTHEHUS JINTPOBOTO CTaKaHa. 3aTeM CTaKaHBI C IPOCESTHHON CyCIICH-
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3ueil U pacTBOPEHHBIMU B BOJEC T'YMHHOBBIMH BEIIECTBAMH OTCTaMBAINCH B Te-
YCHUE CYTOK JUIS OCAXIICHHMs MbUTbIEL. Ha cremyronmii 1eHb BOAa CIMBAlIach C
MTOMOIIBI0 CU(OHA Oe3 B3MyUHBaHUS 0CaIKa U T0OABISIIACh HOBAsI TOPITUS BOJIBI
JI0 3amoNHeHMs crakaHa. IIpouenypa MOBTOpsIAaCh HECKOIBKO pa3 O MOIHOTO
yIaJeHns] TYMAHOBBIX BEIIECTB U 00CCIBEUMBAHNUS pacTBopa. HikHue obpasmbt
HCCIIETyeMOro TOPGSIHOTO KEPHA, 3arpsi3HEHHBIC MUHEPAIbHBIME YaCTUIIAMU, 00-
pabaThIBAIMCh W IEIOYHOMW, W CEMapaluoOHHON MeTonukamu. JIis pas3neneHus
OpPTaHWKH M MUHEPAJILHON YaCTH HCIOIb30BANIaCh TsKeask JKUIKOCTh U3 CMECH
PaBHBIX BeCOBBIX "acTel Homucroro kamus (KI) m Homucroro xaamus (Cdl,) ¢
N00aBICHUEeM JUCTHTUPOBAHHOMN BOJIBI 10 yAEIbHOTO Beca 2,3. OUHIICHHBIN OT
ryMyca, TOp(QSIHBIX 1 MHHEPAJIbHBIX 3aTPSA3HEHUI 0CaToK COOMPAIICS C TOMOIIBIO
HeHTpU(YTrHpOBaHUs B IICHTPpUYKHBIC TPOOUPKH, OCBOOOIKIAIICS OT BOJIBI U T10-
MeIaicst B TuneprH. [ cmopoBO-MBUTBIEBOTO aHAIN3a 00pa3ell TIaTelbHO
MepeMEeIINBajICs ¢ DIUIepHHOM. Karisi TUIeprHOBOM CyCIIeH3UH HAHOCHIACH
Ha MPEIMETHOE CTEKIIO, OKpaIINBajiach (PYKCHHOM M HaKpPHIBATACh MIOKPOBHBIM
ctekioM. [IpocMOTp U ompeneNieHre MbUTBIIBI TPOBOAMINCH HA CBETOBOM MUKPO-
ckorie ipu 400-kpaTHOM yBenmueHuH. )15 onpeieNIeHHs MaTnHOMOP) HUCIIONIB30-
BaJINCh OTEUECTBEHHBIC U 3apYOCIKHBIC ONpeIenuTeu. 13 oTeuecTBeHHBIX paboT
IUTSL OTIPEACIICHUS CIIOp MaOPOTHUKOOOPA3HBIX U MBUIBIE OTHOJONBHBIX pacTe-
HUi ucnonb3oBanack MoHorpadus A.E. bo6posa ¢ coasrt. [19], s onpenenenus
TBUTBLBI PsAZla CEMEHCTB ABYNOIBHBIX PAacCTEHHH HCIOIB30BalaCh MOHOTpaQUs
JI.A. KynpusiHoBoii u JI.A. Anémmnoii [20]. Onpenenurens ObUIbLEI U ciop My-
ypa ¢ coast. [21], mocTpoeHHBIN HE HA TAKCOHOMUYECKOM TIPUHITUTIE, & HA MOP-
(orornveckoii KiIacCHU(pUKAIMK MbLUIBIEBBIX U CIIOPOBBIX 3EPEH, UCIIOIB30BAIICS
JUTSL OTIpENIeIICHHS POJJOBBIX TAKCOHOB B CEMEUCTBaxX Apiaceae, Asteraceae u psaa
MOP(OIOTUUECKUX TUIOB MbUIBIBL. B TaHHON paboTe MbI MPHUICPKUBAIUCH HO-
MeHkarypsl koHBeHmr EPD (European Pollen Database, Arles, France). Kpome
TOTO, U1 POJIOBBIX M BUIOBBIX ONPEICICHUN MBI HCIIOIb30BAUA COOCTBEHHYIO
OONIMPHYIO KOJUICKIIMIO MPETapaToB MbUIBIBI U CIIOP MeCcTHOW (opbl u (oTo-
OTIPEICIINTEIb, CACTAHHBIA HAMH [0 3TOW KOJUICKIIUH.

B pesynbrare criopoBo-IeIIBIIEBOTO aHATI3a 00PA3IIOB HCCIEAYEMOTO TOPPS-
HOTO KepHa MOJyYeHa MaMHOIOTHYEeCKasl XapaKTepucTrka nociueanux 5320 ka-
JICHIAPHBIX JIET, KOTOpas OTPayKaeT TUHAMHUKY PAaCTUTEIHHOTO IIOKPOBA M KITFMa-
Ta TO3/IHETO TOJIOLEHA IXKHO-TAEXKHOM 30HBI BOCTOUHO-IIEHTPAIBHOTO CEKTOPA
3arraHo-CruOHupCcKoOi paBHUHBI (pHC. 3).

[IpoOsI yist pU30IOIHOTO aHANIN3a TOTOBMIIM MIPU OMOIIY MOAUDHUIIMPOBAH-
HOU craHmapTHO# Metomuku [13]. O6pasis! ceiporo Topdha odbemom 2-3 cm?
B30aJITHIBAIN C HEOOJBIINM KOJIUYECTBOM BOJIBI B IJIACTUKOBOM OYyTHUIKE B TEUE-
HHUE 2 MHH, 9TOOBI U3BJICYh PAKOBUHKH aMe0 M3 paCTUTEIHHBIX OCTATKOB. 3aTeM
IIPOMBIBAIM 4epe3 cUTo (paszmep stuekiku 0,355 MM), 9TOOBI OTIEIUTH KPYIHbIE
BoJIOKHA TOopda. [1oaydeHHyI0 BOTHYIO CyCIICH3HIO OTCTaNBAIIN B TEUCHHE CYTOK,
AKKypaTHO CIUBAJIM U30BITOK BOIBI M JOBOAMIN 00beM mpodbl 1o 10 mi. Karuto
MOJIYYEHHON BOJHOM CYyCHEH3MH, CMENIAHHYIO C KaIlled IIMIEepUHa, aHAJIU3UPO-
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Balld 110JT CBETOBBIM MHUKpockoroMm mipu 200—400-kpaTHOM yBeIWYEHUH, UICH-
TUPHUIUPOBATH OOHAPYKEHHBIC PAKOBUHKH aMe0 U OMPECIsUId OTHOCUTEIBHOE
obmmue Bua0B. [IToTHOCTE HaceneHus] pakOBUHHBIX aMe0 BBIYHCIICHA B pacueTe
Ha 1 T BO3IYIIHO-CYXOTO BelecTsa (B.C.B.) Topda. [ pacueToB UCIOIB30BAHBI
k03 QUIMEHTHI TIOTEpH BIard i KaXKJI0TO MCCIEOBAHHOTO CJIos Topda, Imo-
JIyYCHHBIC MYyTEM B3BEIIUBAHUS JOMONHUTEIBHBIX P00 TOpda B CHIPOM BHIC U
IIOCTIC TTOJTHOTO BBICHIXAHHS 710 BO3AYIIHO-CYXOTO COCTOSHHSI B KOMHATHBIX YC-
JOBUsX. PEKOHCTPYKIMS ypOBHS OONOTHBIX BOX (puUC. 4) MPOBE/ICHA 110 JTaHHBIM
PH30IIOAHOTO aHAIH3a TPH TIOMOIIH TTEPEXOAHON (YHKITHH B3BEIICHHOTO OCpeI-
Henus (Weighted Averaging). Vicnonp30BaHo JiBe MOJEIH TpaHC(HEpPHOI (PyHK-
nuu: 1) oxHA MoJeltb JUIsl ciioeB BepxoBoro Topha (Weighted Averaging (classi-
cal); RMSEP = 8,4) u 2) npyrast Mojenb — Ui IepexXoJHOr0 U HU3NHHOTO Topda
(Weighted Averaging (classical); RMSEP =7,1) [11].

Hcnonp3oBaHue pa3HbIX Mojeeil 00yCIOBIEHO TEM, YTO B OOJOTHBIX MECTO-
OOWTaHMIX C pa3HON TPO(MHOCTHIO BHUIOBOW COCTAaB KOMILIEKCOB PAaKOBHHHBIX
ame0 pasHblif. A Te SBpUOMOHTHBIC BUIBI PAKOBHHHBIX aMe0, KOTOpbIe MOTYT Ha-
CeNIATh OOJIOTHBIE OHOTOITBI ¢ Pa3HOW TPOPHOCTHIO, UMEIOT Pa3HbIC ONTHMYMBI
mo YBB (ypoBHIO OOJIOTHBIX BOJ) HA BEPXOBBIX M HA MEPEXOMHBIX M HU3MHHBIX
Oomorax.

[pu cropoBO-IIBUIBIIEBOM aHAJM3E OJHOBPEMEHHO C OINpPEACIEHHEM U TI0J-
CUETOM TTATTHHOMOP( IT0 TEM e 00pa3IaM MOICIYUTHIBATIICH MUKPOYTOIBKH pa3-
Mepom 5—100 MukpoH [22] U1 OLIeHKH pacIpOCTPaHEHHOCTH MOXKAPOB U OTIpeie-
JISTIOCH YMCIIO TAKCOHOB TBUTBIIBI B TPYIIE TpaB [23] AJst OIEHKW COOTHOIICHUS
JIECHBIX U OE3JIeCHBIX TeppUTOpUH B OKpecTHOCTsX Oonora. H.A. UepHOBOil
MPOBEJICH JICTAIbHBIA OOTaHMUYECKUH aHAIM3 Top(a Mo OOMETPUHATONR METOIH-
Ke [24] ¢ uCroIbp30BaHUEM aTIIaCOB PACTHTENLHBIX OCTATKOB M OINpE/eIUTENeit
[12, 25-27]. dus aToro obpasiis! Topdha 00eMOM OKOJIO 2 ¢M? IPOMBIBAJINCH Te-
Kyueil CTpyeil BoibI Ha cUTE ¢ pazMepoM stueid 0,3 MM J10 TOJTHOTO BBIMBIBAHHS
TYMHHOBBIX BemecTB. [IpoMBITbIE TaKMM 00pa3oM pacTHTENbHBIE MaKpOpOCCH-
JIUM, OCTABIIUECS HA CHTE, MCIOJIB30BAIKNCEH JJIsl M3TOTOBJICHHS Ipenapara st
MIPOCMOTpa MO CBETOBBIM MUKpOCKoroM Tipu yBenmdennu B 100 u 200 paz. Ot-
KPBITBIN Tpernapar miomaapio OKolIo 36 ¢cM? U3rOTOBISUICS MyTEM pa3OaBlICHUS
MaKpO(OCCHIBHBIX OCTaTKOB BOIOW W OKPAIIMBAHUSI UX METHICHOBOH CHHBIO.
IpocmarpuBanace BCs IUIONa b Iperiapara ¥ JlaBajach BH3yajbHas OIEHKa B
MIPOIIEHTAX COACPIKAHHMIO OTACTBHBIX MaKPO(O CCHITHIA.

MeToa0oM >KUAKOCTHON CIMHTHULIMK VIS pa3pesa ModydeHbl 2 pajuoyrie-
pOAHBIE JaThl B paauoyniepogHou madoparopun UMKOC CO PAH (ta6m. 1).
C nomorsio nporpaMmMel Bacon [28-29], ucnone3yromeil craTuctuky baiicona
IUTSL PEKOHCTPYKIINU UCTOPUH aKKYMYIISIIHH OCaJKa, COSAUHSIONEH paaroyTiie-
POIHBIE IaThI C IPYTOH NMEroLelcs I pa3pesa HH(opManuei, mocTpoeHa iry-
OMHHO-BO3pAaCTHAS MOJENb KaJHOPOBAHHOTO BO3pPAcTa M BBIYHCICH KaJCHAAp-
HBII BO3pacT KaxJ0ro odpasia B paspese (puc. 2). B nporpamme ucnoab3oBaHa
kamuOpoBouHas kpuas IntCall3 [30]. Bce nanpHelnme maneopekOHCTPYKITUH
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IUISL 3TOTO paspesa c/eiaHbl Ha OCHOBE KAIMOPOBAaHHOTO (KaJEHIApHOI0) BO3-

pacra.

Tabnuna 1 [Table 1]

Papnoyriepoansie 1aTsl TOpdsiHoro paspesa 6osiora Kpyrioe
[Radiocarbon dates of the peat section of Krugloe Mire]

BEPXHOCTH, CM

['my6una ot mo-

[Depth from the surface, cm]

JlaGoparopHsIit HOMep
[Laboratory number]

14C natupoBka (JieT Ha3am)
[14C dating (years ago)]

48-50
138-140

HNMKDC-14C174
HNMKDC-14C175

1510+22
4640+35

[To mpoueHTHBIM U(PPOBBIM JAHHBIM CIIOPOBO-TIBUIBLIEBOTO aHANN3a, C TO-
MomIbio GopMynel BykpeeBoii, 0CHOBaHHOW Ha MHOTOMEPHOM CTAaTHCTHUCCKOM
aHasm3e OOJBIIOTO KOJIMYECTBa COBPEMEHHBIX MBUIBLIEBBIX CIIEKTPOB TEPPUTO-
puu 3anagaoit CHOUpPH M COOTBETCTBYIONIMX KIMMATHYCCKUX TapameTpoB [31—
32], MBI paccuuTaId UHTETPAJIbHBIN MMOKa3aTeb TO0BOTO KOJIWYECTBA OCAJIKOB

(B MM/TON):

TonoBoe konmuecTBO ocayikoB = 453 + 0,79*(Pinus sibirica) +
+ 0,62*(Betula pendula + B.pubescens) — 3,23*(Betula nana) +
+ 3,6%(Alnus fruticosa) + 1,7*(Picea) + 2,65*(Abies) — 1,75*(Salix).

Log of Objecti

2000 3000 5000
1

1

1000

KannGpoBanmnbix siet Hasaz [cal. yr BP]

0

4000
1

0

0.020

ace. shape: 1.5
acc. mean: 50

0.010

0.000

2000 4000 6000
TloBropenue [Iteration]

0 50 150 250
Axkymysisiumst (roa/cm)
[Acc.rate (yr/cm)]

Kpyrnoe [Krugloe]

28.5 cm sections

°
0.0 02 04 06 08 1.0
Tavsrs, [Memory]

T T T T T
0 20 40 60 80

ny6uHa B cm [Depth in cm]

120 140

Puc. 2. ['myOuHHO-BO3pacTHAs MOJIeb TOP(sIHOTO paspesa bonorta Kpyrioe,
MOCTPOEHHAs 10 JIBYM paJMOYIJIEPOAHBIM JlaTaM ¢ TIOMOLIbI0 Mozean Bacon
[Fig. 2. Depth-age model of Krugloe Mire peat section constructed

by two radiocarbon dates using the Bacon model]
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JlanHbBIe CTIOpPOBO-TIBUTBIICBOTO aHAJI3a, OOTAHUIECKOTO aHau3a Topda, Mu-
KpOYTOJILKOBBIE IaHHBIE, HHJIEKC OMOpazHO00pa3us U pe3yibTaThl PEKOHCTPYKIIUN
KOJIMYECTBA OCAJIKOB 3aHOCWIIMCH B mporpammy Tilia [33], ¢ mOMOIIIBIO KOTOPOit
MIOCTPOEHBI CIIOPOBO-TIBUIBLIEBAS THAarpaMMa cO BCeil COIyTCTBYIOIIeH HHpOpMa-
nuei (cM. puc. 3) u IuarpaMma pacrpe/ieieHUus] BUJIOB PAKOBHHHBIX aME0 (CM.
puc. 4). IIpouieHTHI B CIOPOBO-MBUIBIEBON JUarpaMMe PaCCUUTHIBAIUCH OT CyM-
MBI TIBUTBITEI U CIIOP 3@ BEIYETOM ITBUTBITEI U CIIOP BOAHO-OOJIOTHBIX PaCTCHUI.

Nwmeromuecs uCTopuyYecKre CBEACHHS O JWHAMHKE YBIAXHEHHOCTH IOsca
Benmkoii creny u IBIDKCHNH JPEBHUX HAPOJIOB Ha TeppuTopuu Cubupu 3a IeTo-
MUCHBIN TIepuoa, cyMMupoBaHHble B padote JI.H. 'ymunésa [34], Mbl HaJTOXKUIH
Ha XPOHOJIOTHIO M TaJeodKoJIornIeckue coOrTst 6omora Kpyrmoe. OT1o mo3Bo-
JIWJIO COTIOCTaBUTh HAOMIOaeMble U3MEHEHHUS B PACTUTENILHOCTH M B KOMITJIEKCAX
PaKOBHHHBIX aMED (MHIMKATOPOB M3MEHEHUS JTOKAIBHBIX YCIOBHH YBIAKHEHHO-
cTH 00J10Ta) C BEKOBON UKIMYHOCTHIO U3MEHEHHSI YBIAKHEHHOCTH B FOXKHO-Ta-
&XKHOM, JIECOCTEITHOM M cTenHON 30HaxX 3anajHoi CubupH, oTMedaeMoi 10 ap-
XEOJIOTMYESCKHUM H JICTOMUCHBIM IaHHBIM, Hciojib3oBaBmuMcs JILH. ['yMunéBoim.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE

J11s1 peKOHCTPYKIIMHU CIIOKHOM KaPTUHBI pa3BUTHsI OOIOTHOTO MAaCCHBA H OKPY-
JKarome pacTUTEIBHOCTH TOA NEHCTBHEM TOJITOBPEMEHHBIX YHIOTEHHBIX (ca-
MOpa3BHUTHE OOJOTHOTO MAcCHBA) U DK30T€HHBIX (ITI00ANBHBIX KIMMATHYECKHX )
(haKTOpOB PE3YIBTATHI CIIOPOBO-IIBIIHLIEBOTO aHATH3a, OOTAHUIECKOTO aHAIN3a
Top(ha, MUKPOYTOJILKOBOIO aHaJN3a, MOKa3arelb N3MEHEHHUsI BUIOBOTO COCTaBa
TpaB, PEKOHCTPYHPOBAHHOE TI0 MBLUIBIIEBEIM JaHHBIM TO0BOE KOIMYECTBO OCa-
KOB, TAHHBIC aHAJI3a KOMIUIEKCOB PAKOBHHHBIX aMED M PEKOHCTPYHUPOBAHHBIN 1O
HUM YPOBEHB OOJIOTHBIX BOJ MBI IIPEICTABIIIN B BUIC AUATPaMM U rpauKoB Ha
PaBHOMEpPHOM NTyOHMHHO-BO3pacTHOH 1iKaine (puc. 3-5).

CormocTaBieHue MaTHHOIOTHIECKAX, MHUKPOYTOIBKOBBIX M MaKpO(pOCCHIIb-
HBIX JAHHBIX (CM. pHUC. 3) MO3BOJNMIIO BBISIBUTH OCHOBHBIC JTallbl B Pa3BUTHH
PETHOHAFHOTO PACTUTENHFHOTO TIOKPOBA (TI0 MATHHOIOTHYECKUM JTaHHBIM), JO-
KaJbHOW OOJIOTHOHM PacTUTENLHOCTH (TI0 JTaHHBIM OOTAHMYECKOTO aHAJIN3a TOP-
(a u TOKaNTEHBIM KOMIIOHEHTAM IBUTBLIEBOTO CHEKTpa). VI3MEeHEHHS JTIOKaIbHBIX
yCIOBUIl 0OUTaHUsI HA YPOBHE MHUKpOpeiabeda WHIUIMPOBAHBI IO KOMILIEKCAM
PakoBHHHBIX aM&D (cM. puc. 4).

B menom BbIsIBICHA BeAylas poiib SHIOTEHHOTO (pakTopa B pa3BUTHUU U30-
JHPOBAHHOTO OOJOTHOTO MacCHBa, HAJOKUBILETO OTTIEUATOK KaK Ha JIOKATbHEBIC
CIIOPOBO-TIBLIBIIEBBIC CIIEKTPhI, TAK U HA IUIOTHOCTH COOOIIECTB U BHIOBOE 0O-
raTCTBO KOMIUIEKCOB PaKOBHHHBIX aMEOD. 3a BpeMst TOp(HOHAKOIUICHHUS, TTPOIOTI-
xKaBieecs okoio 5150 set, 60J0TO B CBOEM Pa3BUTUHU MPOLLIO 3 CTalWU SHIO-
TEHHOTO Pa3BHUTHS: 3BTPOGHYI0, Me30TPOMHYIO U OJMTOTpo(HYI0. DBTpodhHOE
0COKOBO-XBOMIEBOE (Top(hsiHas 3anexb Ha riyoune 135-90 cm), a 3atreMm oco-
KOBOE 00JI0TO ¢ Oepé30BhIM JipeBocToeM (TiryOuHa TopdsiHoro cios 90-75 cm)
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cymiecTBoBaio mpuMepHo ¢ 5150 1o 2600 n1.H. Me3oTpodHas, mymmieBo-cdar-
HoBas (harys cyuiecTBoBaja Ha Oonore mpumepHo oT 2600 mo 1340 m.H. (cm.
puc. 3). [Tocne 1340 11.H. 60JI0TO TIEPENTO B OJIUTOTPOPHYIO (BEPXOBYIO) CTATHIO
Pa3BHUTHS C JIOMHHHUPOBAaHUEM COCHOBO-KYCTapHHYKOBO-C(ArHOBOW PacTUTEINb-
HOCTH (DaItuy pocIIoro psMa.

KynTyphbic,copibie
1 KeepodiTht
[Anthropogenic
Kycrapmkn  indicators and
Jlepesbs [Trees] [Shrubs] xerophytes] [Methophytic herbs and ferns]

[

Mesod B " B

pacTenns
[Water and mire plants]

Ocazki Mw/rox

Borannyeckuiil
cocras Topgia

s

[Reconstruction
precipitation]

composition
of peat]

3oms
[Zones.
0,

9

500}

Vi s

1000/

7

1500

2000

2500

3000/

3500

4000

Bospacr (kau. ziet wasax) [Age (cal yr BP)]

4500

5000/

5500 b

X

-0 -0

Puc. 3. [IpoueHTHAs CrIOPOBO-TIBUIBICBAs JUarpaMma TopdsiHoro paspesa donorta Kpyrioe.
Symbols: 1 — charnoBeie Mxu (a — Sphagnum fuscum; b — Sph. magellanicum; ¢ — Sph. warn-
storfii; d — Sph. centrale); 2 — 600THBIC KyCTaPHUYKH; 3 — OCTATKU COCHBI;

4 — mymmmna; 5 — 0COKH; 6 — OCTaTKH JPEBECHHBI OEpE3bI; 7 — THITHOBBIC MXH; 8§ — XBOII; 9 —
HeomnpenenéHubie ocTaTku Tpas; 10 — Polytrichum. JIlnarpamma noctpoeHa
Ha PaBHOMCPHOM BPEMEHHOM IIIKaJe ¢ moMoIibo nporpamm Bacon u Tilia. 1o ocu x —
MIPOIICHT OOWIINSI TAKCOHOB TBUIBIIBI M CTIOP. [10 OCH y BO3pacT B KaJICHIAPHBIX TOJaX CUUTAsI
oT 1950 r. Mukpoyronbku AaHbl B IPOLIEHTaX OT CYMMBI NBUIBLIBI U CIIOP
6e3 BOTHO-00JIOTHBIX TAKCOHOB
[Fig. 3. Percent spore-pollen diagram of the peat section of Krugloe Mire.

Symbols: 1 - Sphagnum (a - Sphagnum fuscum; b - Sph. magellanicum; ¢ - Sph. warnstorfii,

d - Sph. centrale); 2 - dwarf shrubs; 3 - pine remnants; 4 - cotton grass; 5 - sedges; 6 - birch remnants;
7 - Hipnaceae; 8 - horsetail; 9 - undetermined herbal remnants; 10 - Polytrichum.

On the X-axis - Percentage of palynomorphs; on the Y-axis - Age in cal. yrs BP starting
from 1950. Charcoal is in % from the pollen sum without water and mire plants]

Ha cniopoBo-Tieu1bI1eBOI TMarpaMme O JOMUHHPYIOIIAM ITBITBHIEBEIM KOMIUICK-
CaM U XapaKTEePHBIM IbUIBIEBBIM THIIAM, BKIIOUAFOIIMM KaK PETHOHAJIBHBIC, TaK U
JIOKaJIbHBIE KOMITOHEHTHI ITBUTBIIEBOTO CIIEKTPA, MBI BBIICIIIHN 9 CIIOPOBO-ITBLITBIIC-
BBIX 30H (cM. puc. 3). Kaxmas CriopoBO-ITbUIBIIEBAsT 30HA OTPAKAET COOTBETCTBYIO-
Iy (asy B pa3BUTHH JIOKAJIBHOW M PETHOHAIILHON PacTUTEIBHOCTH (Ta0M. 2).

B 22 o6pasuax Topda u3 xononku 6omnora Kpyrinoe obnapyxkeno 30 Bum0B u
BHYTPHBHUIOBBIX TAKCOHOB PAaKOBUHHBIX amel (cM. puc. 4). Cpenn HUX HanOOIb-
Iero OTHOCHUTENBHOTO OOWIIMS JOCTUTANN J1Ba BUna: Schoenbornia humicola
Trinema lineare. I1epBbIil U3 3THX BUJIOB MPEIIOYUTACT YCIOBHS CPEIHEH 00BOI-
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HEHHOCTH Ha 00JIOTaX, a BTOPOi BHJ BCTPEYACTCS] OYCHD YAaCTO B LIMPOKOM
CreKTpe OOJOTHBIX MecTooOMTaHWH. [IIOTHOCTH HaceleHus PaKOBHHHBIX
aMe0 3HAYMTEIPHO BaphbUpoBaja Mo rayoune Topdstaeix omioxenuit (1 775 +
2 228 ThIC. 3K3./T B.C.B., CpeiHEE apU(PMETHIECKOE U CTAaHIAPTHOE OTKJIOHEHHUE).
B o6pasnax topda Ha rmyounax 93—100, 108—140 cM pakoBHHKH ame0 OTCYT-
CTBOBAJIN.

[Depth of mire waters]
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Puc. 4. Pacnipenienenyie BUJOB paKOBUHHBIX aMe0 110 NTyOWHE TOPSHBIX OTIOKEHHUN
6onora Kpyrmoe u pe3ynsraTsl peKOHCTPYKIUH YPOBHS OOIOTHBIX BOJ.
[IpencraBieHs! BUABI ¢ OTHOCUTEIBHBIM 00mneM He MeHee 5%. CepbIM IIBeTOM

0003HaYEHBI cJI0M Topda, B KOTOPHIX PAKOBUHKH aMe0 He 0OHAPYKEHbI
[Fig. 4. Distribution of testate amoebae species in the peat deposits of Krugloe mire
and the results of reconstructed water-table depth values. Only species with relative
abundance more than 5% are shown. Peat layers without remains of testate amoebae
are marked in grey]

[IpencraBneHHast HIKE PEKOHCTPYKIIHS JUHAMHKH PACTUTEIILHOCTH M KIIMMa-
Ta OCHOBaHa Ha COBMECTHOM aHAJIM3€ MaJTUHOJIOTUYECKUX, MAKPO(HOCCHIBHBIX
(6orarmdeckoro cocrara Topda), pU30MOIHBIX (KOMIUIEKCOB PAKOBUHHBIX aMEO)
U MUKPOYTOJIBKOBBIX JaHHBIX, & TAKKE PACCUUTAHHBIX I10 HUM WHTETPAIbHBIX 110-
Kazareyiel TOI0OBOTO KOJIMYECTBA OCAJIKOB M YPOBHS CTOSTHHSI OOJIOTHBIX BOA (CM.
puc. 3-5; Tabm. 2).

Jlo Havana 3a0onmaunBanus, 1.¢. ¢ 5320 n0 5240 n.H. (MbUTBIICBast 30Ha 1), KOT-
Jla HAKAIJIMBAJICS MUHEPATbHBINA 0Ca0K, MOJCTUIIAIONINN CaMbIii HHXKHUN TOPd,
KJIUMar ObLI 3aCYNUIMBBIM, U B PACTHUTEIHHOM IOKPOBE pallOHA HCCIICAOBAHUS
MOTJIa CYIIECTBOBATh Pa3HOTPABHO-TIOJIBIHHAS CTEIb, CY/s IO OOMIIMIO TBUIbLIEI
ITOJIBIHH.

C KOHIIa IIECTOTO ThICAYETIeTHS Ha3a/l, B IISITOM U TIOYTH JI0 KOHIA YETBEPTOTO Thi-
cstuerteTrsl Haza l (TIbUIBIIEBbIE 30HBI 2, 3, ¥ OoMbIas 9acth 30HbI 4, 5240-3130 11.H.)
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BO BCEX CIIOPOBO-TIBUIBIEBBIX CIIEKTPaX M3y9aeMOTO pa3pes3a TOMHHHUPYIOIIIM
KOMIIOHEHTOM SIBJISTIACH TBUIbIIA OepE3bl KaK JPEBOBUIHBIX BUIOB (Betula pen-
dula, B. pubescens), Tax M KycTapHUUKoBas (B. nana). O4eHb Manoe OOHIIHE
IBLIBLIBI COCHBI M KeIPa, XapaKTepHOE AJIsl 3TOT0 NEPHO/Ia, YKA3bIBACT Ha €€ Nallb-
HE3aHOCHOE TPOUCXOKICHUE H OTCYTCTBHE ATUX JPEBECHBIX BHIIOB B OKPYIKAr0-
mux jecax. Kpome Toro, it 3TOro nepuoja OTMEUEHO MOBBIIIEHHOE BUOBOE
pa3sHooOpa3ue MBUTBIIEI TPaB, B COCTaBE KOTOPHIX OTHOCHTEIFHO MHOTO ITBIIBITBI
BacwiuctHUKaA (Thalictrum), BcTpedeHo 2 MbUIBLIEBBIX 3epHa KOBBUIA (Stipa sp.)
u 1 npuiblieBOe 3epHO 3denphl (Ephedra distachia). Bc€ 3To CBUIETEIBCTBYET
O Cc/BUTE 30HBI OEpE&30BOI JIECOCTENHU K CEBEpy BCIEACTBUE, BEPOSTHO, Ooiee
ApUIHOTO KJIMMara, CYIIeCTBOBABIIETO ¢ Havyaia TophoHakoruieHus 10 3130 JH.
KirmMar B 910 Bpemst ObUT TEIUIEE U CYIIE COBPEMEHHOT0, XOTS PEKOHCTPYKIHH
KOJIMYECTBA OCAJKOB MOKA3BIBAIOT BEChMa HEYCTOMYHMBOE YBIAKHEHHE PETHOHA.
HeycroiiunBoe yBna)xHEHHE B LIEJIOM XapaKTEPHO JUIsl JIeCOCTENnHO 30Hbl. Ha 60-
J10Te OBUTH PAaCIPOCTPAHCHEI XBOIIEBO-0COKOBEIC COOOIIECTBA ¢ KYpTHHAMH 3e-
JEHBIX MXOB U 3BTPO(HBIX BUJOB CharHyma. XOTs HepBble KOMIUICKCHI PAKOBHH-
HbIX aMEO OBLIH BBISBIICHBI YK€ B OBTPOQHBIX Tophax Ha nryouHe 100-110 cwm,
OJTHAKO B KOHIIE BTPO(GHON CTaAMMU — Hayane Me30TpOopHON CTaAuHd PaKOBUH-
HbIe aMEOBI Hcue3aroT. Bo3M0oXHO, 4TO 00MIIME MHKPOYTOJIBKOB Ha OTOW TITyOHHE
(93 cM, 3390 51.H.) CBUAETEILCTBYET O MOXKapax Ha 6OJIOTE, KOTOPbIE MOIVIH T10-
BJIHATH HA COXPAHHOCTH PAKOBHHOK.

IlepBast monoOBHHA TPETHETO ThICSUENECTUSI Has3aj (MbLIblLeBast 30Ha 5, 3130-
2380 J1.H.) 03HAMEHOBAJIACH PACIIPOCTPAHCHUEM B OKPYIKAFOIIUX JTaHamadrax Ke-
Jipa, THXThIL, COCHBbI U CHIKEHHEM poiu Oepés3sl. CocHa, BEpOsTHEE BCEro, CTaja
pacIpoCTpaHAThCA Ha coceqHux orporax bompmoro Bacroranckoro bosora, no-
crurmmx onaurorpodHoii craauu pasputus. Ha Gonore Kpyrnoe B 310 Bpems (B
nieprozn ¢ 3040 mo 2820 11.H.) MPOU3ONIITN KapINWHAIGHBIE U3MEHEHUST PACTHTEIb-
HOTO TIOKPOBA, B PE3YJIbTaTe KOTOPHIX OHO 3apOCiI0 OepE30BBIM IPEBOCTOEM. DTH
W3MEHEHUs! OBUTH CBSI3aHBI C TIOCTETICHHBIM TIEPEX0IOM OOJIOTHOTO MacCHBa K Me-
30TPOQHON CTAINU PA3BUTHUsI BCICACTBUE 3AMIOTHEHUS TOPPOM BCETO MOHMKEHHS
B penbede. B BogHoOM nuTannu 60710Ta 3HAYUTETHFHO MEHBIITYIO POJIb CTAIN UTPATh
MOBEPXHOCTHO-CTOYHBIC BOJIBI, YTO BBI3BANIO YACTHYHOE OOCBHIXaHHE IBTPO(HBIX
TOTISTHBIX COOOIIECTB 1 3apacTaHue ero 0epE30BbIM JIPEBOCTOEM ¢ (HOPMUPOBAHUEM
MOrPAHUYHOIO TOPU30HTA OCOKOBO-ITYIINIIEBO-IPEBECHOTO Topda, chopMupoBas-
LIErocs Ha TPAHMIIE YETBEPTOIO M TPETHETO THICAUENIETUN Hazal. McTopuueckue
CBHJICTENbCTBA [34] yKa3bIBAIOT HA YBIAKHEHUE Benukoii cTenu, MMEeBIlee MecTo
B X B. JI0 H. 3. (TpaHUIIA YETBEPTOTO M TPETHETO ThICSTUYETCTHI Ha3ay). B aTOT Ie-
puon, o nanueiM JIL.H. 'ymunéBa, BIaroHOCHbIe IIUKIOHBI CMECTHINCH Ha 0T, a
B Ta&XHOW 30HE KOJMYECTBO BBINAJIAIOIINX OCAJIKOB YMEHBIIMIOCH. Takum o0pa-
30M, pe3Kasi CMEHa OTKPBITOTO OCOKOBOTO 00J10Ta Ha 00JIECEHHOE Ha pyOexe deT-
BEPTOTO M TPETHETO THICSYETICTHI 00yCIOBIICHA KaK YHJOTCHHBIM CaMOPa3BUTHEM
0O0JIOTHOTO MacCHBa, PUBE/IINM K TIEPEXOly B ME30TPO(HYIO CTAINI0 Pa3BUTHS,
TaK U YMEHBIIICHHEM OOMIIHS OCaIKOB K CEBEPY OT CTEITHO 30HBI. MIHTEpecHo, 9To
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WHJIKATOPBI JJOKATBHBIX YCIIOBUH (O0TaHHYECKHIA cocTaB TOpda U ypoBEeHb OOJIOT-
HBIX BOJI, PACCUNTAHHBIH 10 KOMIDIEKCAM PAKOBUHHBIX aMED) yKa3bIBAIOT Ha Ooliee
cyxue ycioBus Ha 0onoTe (cM. puc. 3—4), a TBUIBICBBIC IAHHBIC  PACCYUTAHHOE
[0 HUM TOJI0BOE KOJIMYECTBO OCAJKOB OTPAKAIOT YBEIMUYCHUE TOJOBOTO OOMIIHS
0caJKoB (cM. puc. 3). DTO Kaxylieecss MPOTHBOPEYUE BIIOJIHE OOBSICHUMO, €CITH
YUYECTh POJIb JOKAIBHBIX M PETHOHAIBHBIX KOMIIOHEHTOB B 00IIeH KapTUHE paccMa-
TPUBAEMBIX MHIUKATOPOB. [ 00BOE KOJIMYECTBO OCAIKOB PACCUMTAHO HA OCHOBE
MBUTBIBI IEPEBBEB, KOTOPAs MOXKET TOMaaTh Ha OOJOTO C JOBOJIBHO OOIIHPHOM
TEPPUTOPHH, BKIIIOUAsi OoJiee IOKHYIO JIECOCTEIh, TIIE UMEI0 MECTO YBIa)KHCHHE
KJIMMara 1 PacIllupeHHUE JICCHBIX yUacTKOB. boTaHn4eckuii xe cocTaB Topda 1 KoM-
TUTEKCHI PAKOBUHHBIX aMEQ OTPa3MIIN NCKITIOIUTEIHHO JIOKAIBHBIC YCIIOBUS OOJIOT-
HOT'O MaccHBa KKHO-Ta&XHON 30HBI, KOTOPBIE CTAJIH CyIIE.

Ta6nuna 2 [Table 2]

IIblIb1EBBIE 30HbI, HX ITTyOUHA, BO3PACT U IOMMHAHTHBIE TUIIBI NLLIbIbI
Cpeau peruoHaJbHbIX U JIOKAJbHbIX KOMIIOHEHTOB IbLIbIEBOI0 CIIEKTPa

[Pollen zones, their depth, age and dominant taxa among regional
and local components of spore-pollen spectra]

Ne nibuib-
LEeBOI JloMuHanTeI Oxpy-
30HBI [y6uHa cpenu Jio- Bo3spact TNIEHHBIN
(camsy | . paspese, R KaJIbHBIX (xan. JICZT BO3pacT
BBEPX) oM [Pollen zone] KOMIIOHEHTOB Hazaj) (xai. et
[Pol- | Depth cac.! [Age cal. Hazaj)
pth, cm] .
len zone [Dominant local yr.BP] [Rounded
(bottom components] age]
upwards)]
30Ha MOJIbIHH,
UBBI U COCHBI Plantago, 5317,8—
! 140-135 [Zone of Artemisia, Salix Thallictrum 52342 5320-5240
and Pinus sylvestris]
30Ha 6epé3bl U COCHBI
2 135-120 | [Zone of Betula pendula | Carex, Bryales |5234,2—4577| 5240-4580
and Pinus sylvestris]
3 120-112 |, jgf*‘;e?jge;; dula) | Betulanana |4577-4224.8| 45804230
30Ha 6epé3bl 1 COCHBI 42248
4 112-87 [Zone of Betula pendula Bryales 3 122’ 9 4230-3130
and Pinus sylvestris] ’
3oHa 6epé3bl, COCHBI
. u xenpa [Zone of Betula |  Sphagnum, 3122,9- g
> 87-70 pendula, Pinus sylvestris Ericaceae 2372,9 3130-2380
and Pinus sibirica]
30Ha cocHBI, 6epE3bl
u Kkezipa [Zone of Pinus Sphagnum, 2372,9- g
6 70-45 sylvestris, Betula pendula Ericaceae 13324 2380-1340
and Pinus sibirica]
30Ha KeJipa, COCHBI
1 6epésbl [Zone of Pinus 1332,4—
7 45-30 sibirica, Pinus sylvestris Sphagnum 872,5 1340-880
and Betula pendula]
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OxkonuaHnue Taba. 2 [Table 2 (end)]

Ne mbLTB-
HeBO JIOMUHAHTBI Oxpy-
30HBI TnyGusa cpenu Jo- Bospact TIEHHBIN
(chmzy | paspese, IIbITbIIEBAS 30HA KabHBIX (xan. HezT BoO3pacT
BBEPX) oM [Pollen zone] KOMITOHEHTOB Hazan) (kai. jger
[Pol- | [Depth, cm] cac.! [Age cal. Hazaj)
len zone ’ [Dominant local yr.BP] [Rounded
(bottom components] age]
upwards)]
30Ha cOCHBI U Oepé- Artemisia,
3bI C PE3KHUM CIaJI0M Ericaceae,
OOWITHS TIBLIBIIBI KEIpa | PE3KOE COKpa-
8 30-10 | LZoneof Pinussylvestris | menne o6umist | 875 1 252 1| 880-260
and Betula pendula with Sphagnum [a ’ ’
decrease of Pinus sibirical | sharp decline in
the abundance
of Sphagnum]
9 10-5 30Ha. COCHBL. Betula nana 252,1-u/B 260-u/B
[Zone of Pinus sylvestris]

IIpumeuanue. 1 — CIOpOBO-IIBIIBLIEBBIC CIIEKTPHI; 2 — KaJICHIAPHBIX JIET HA3a/1, OPUTHHAIBHBIC
pacuetsl 1o bakoH.
[Note. 1 - Spore-pollen spectra; 2 - Calibrated years before present according to Bacon].

C cepenuHbl TpPEThEro ThICAYENETHs Has3al (mbuiblieBas 30Ha 6, 2380—
1340 j.H.) kuMar crai emie BiaaxkHee. OO 3TOM CBUICTEIBCTBYET YBEIHUCHHUE
POIM TEMHOXBOWHBIX OPOA (KeApa U MUXTHI) B JIECHBIX COOOIIECTBAX, YTO MO/~
TBEPKIAETCS MaJTMHOIOTHICCKIMH TaHHBIMU OostoTa Kpymiioe (cm. puc. 3). Be-
POATHO, BCIIEACTBHE HEKOTOPOrO YBIAXKHEHUS KJIMMara B TaéKHOW 30HE Ha HC-
cieyeMoM 00JIoTe pacipoCTpaHiIach mymuiesas Tomb (2640—2380 11.H.), 4To
MIPHUBEIIO K THOETH 60I0THOTO OepE30BOT0 APEBOCTOA, CYLIECTBOBABIIIETO PaHEe.
Jletonucueie cBuneTenscTBa [34] roBopsT 0 3acyxe B Benukoii ctenu B V B. 110 H.
3., TaK KaK B 3TO BpeMsl IUKIIOHBI CMECTHIIUCH K ceBepy. BeposiTHO, 3TOT BIIaXKHBIH
KIIMMAaTHIEeCKHU 3Tall CTUMYJIHPOBAI Pa3BUTHE HA OOJIOTE MyIIHIIEBBIX TOIISTHBIX
COOOIIECTB, @ TEPPUTOPHUS ITOTO PETHOHA MOKPHLIACH COMKHYTHIMH FO’KHO-Ta-
&KHBIMH JIECAaMH, B KOTOPBHIX TOMHHUPOBAIN Oep&30BO-KEAPOBBIC APEBOCTOH C
ydacTieM nuxThl 1 esid. CocHa pacnpocTpaHuiachk Ha Oonote. OHaKo HavyaBIle-
ecsl yBIAKHEHUE KIIMMAaTa ere He ObUTo CTa0mIbHEIM. OO 9TOM CBHICTEIHECTBYET
PEKOHCTPYKIHS IO KOMIUIEKCaM PaKOBHHHBIX aMEOD (cM. puc. 4, 5), oTpaxkaromas
HHU3KOE CTOSHHE YPOBHSI OOJIOTHBIX BOJ.

[Tepuos ¢ KOHIIA TPETHETO THICAYENIETHS Ha3a A0 Hayasla BTOPOTO ThICSue-
JIETHS W3BECTEH B Iajeoreorpaduu Kak mepuon «PUMCKOTO MOTETUICHUS KITH-
Matay. Ha Hauiel mpuiblIeBOW IUarpaMMe B 9TO BPEMsI OTMEUAeTCsl HEKOTOpOoe
YBENWYCHHUE BHIOBOTO Pa3sHOOOPA3HsI MBUIBIEI TPAB, YTO, BEPOSTHO, OTPAKACT
OnmaronpUsATHBIE YCIOBUA AJI pa3BUTHUS JyroBeix creneid. Ha ¢one moswimeH-
HOTO OOWIINS TBUTBIEI OepE3bI BO3pacTaeT OOMIIHE MBIIBIIH TEMHOXBOHHBIX I10-
PO enu, MUXTHI, Keapa. JlaHHasg CTPYKTypa MbUIBIIEBBIX CIIEKTPOB OTPaKaeT
pacmpocTpaHeHHE I0KHO-Ta&KHBIX COCHOBO-KEIPOBO-0epE30BHIX JIECOB C JieC-
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HBIMH JIyTaMH, yYaCTKaMH JIYTOBBIX CTETIEH U «JICHTOUHBIMIY) TEMHOXBOWHBIMHA
JIeCaMH B MOMMax pek.

C IV no I B. H. 5. HCTOPUYECKHE CBUICTEIBCTBA TOBOPSIT 00 ONTHMAaJIbHOM
yBrnaxHenuu Benukoit ctenu [34]. B aT0T nepuos amiaHTUYECKUE IUKIOHBI MaK-
CHMAaJIBHO TIPOJIBUTAJIMCH Ha BOCTOK M FOTO-BOCTOK. JlecHas ke 30Ha BHOBB CTa-
JIa UCTIBITHIBATh HENOCTAaTOYHOE yBIaxkHeHue. Ha 6onore Kpyrioe mymmiessbie
TONKA CMEHMJINCH Ha Me30TPO(HO-OIUTOTPO(MHBIC KyCTapHHUUKOBO-C(harHOBEIC
coo01IecTBa ¢ JOMUHUPOBaHUEM Sphagnum magellanicum. JIns 3Toro BpeMeHH
00a WHTETPANBHBIX [TOKA3aTelsl — M PEKOHCTPYHPOBAHHOE TOIOBOE KOIUIECTBO
0CAaJIKOB, U YPOBEHb OOJIOTHBIX BOJI — CBUACTEIBLCTBYIOT O OOJIee CYXHX YCIOBHUSIIX
(cMm. puc. 3-5).

Bo II-1II BB. H. 5. cunpHeimas 3acyxa nopasuia Benukyrto crens [34] u3-3a
TOTO, YTO aTIAHTHUCCKHUE IIMKIOHBI CMECTHIICH K CEBEpY B Ta&KHYIO 30HY. B pe-
3yJIBTaTe 3TOr0 ypoBeHb Kacmuiickoro Mopsi MOBBICHIICS (TaK KaK OHO HMHTACTCS
peKaMu, TeKYIIUMH C ceBepa M3 TaéKHOH 30HbI), ApajbCcKoe 03epo 00MeTeTo Ha-
CTOJIBKO, 4TO IpeBpaTmiiock B Okcuniickoe 60110T0, a banxarn Beicox noiHocThio. Ha
9TO TIepepacIIpe/ieNiCHIe BIIark 13 CTETei B Ta&kHyI0 30Hy 000To KpyTimoe orpea-
THPOBAJIO HOBBIM paclpoCcTpaHEHHeM MyInuneBsIx Tone (1940-1510 1.1.), a B Ta-
&KHBIX JIecax BHOBb YCHJIMIIACH POITb MUXTHL. BeposTHO, yBIa)KHEHNE JIOKATTBHBIX
yCIOBUil Ha 00JI0Te GIArONPUSITCTBOBAIO BCIIBIIIKAM TIOTHOCTH COOOIIECTB pa-
KOBHHHBIX aM€&O0, Cpeii KOTOPBIX JIOMUHUPOBAIN BUIBI poaa Cryptodifflugia (cm.
puc. 4). Takum 00pa3oM, MOTYUCHHBIC HAMH KOMIUICKCHBIC MTAJICOIKOIOTHUSCKUE
naHHble TopdsHOTO paspesa ¢ O6omora Kpymioe (ammHOIOTHYECKHE, PU3OIIO-
HBIE, JaHHbIe OOTAaHMYECKOTo cocTaBa Top(a) yOeanTeIbHO CBUJIETENILCTBYIOT O
TeTePOXPOHHOCTH U JIaKe MPOTHBO(MA3HOCTH MIEPHOAOB YBIAKHEHHS U apHIr3a-
UM CTEITHOH U JICCHOM 30H, MOATBEPK/Iasl TUIIOTE3Y, BEIIBUHYTYIO POCCHACKUMHU
WCCTIEIOBATENSIMUA B CEpeUHE TPONuUIoro cronetus [35-36] u HaxomsIryro Bce
OoJIbIlIe TOKA3aTeIbCTB B HOBEHINNX MaJeoreorpapuuecKix MCCICIOBAHUIX Ha
tepputopun EBpazuu [37].

Ha pyOexe BTOporo u mepBOro ThICSUETCTHI Ha3a | HACTYIIWI HOBBI IIEPHOI B
pazBuTHy TaHAMAadTa Ha rore 3anaqHor Cubupn (buthlieBas 30Ha 7, 1340880 j.H.),
OCHOBHOM 4epTOi KOTOPOro OBUIO MaKCHMAIIbHOE, 33 BECh W3YUCHHBIN MEPUO,
pacrpocTpaHeHHe KeAPOBBIX JICCOB. JTO MPOCIEKHUBACTCS IO MBUIBIICBBIM JTaH-
HBIM HECKOJIbKUX M3YYEHHBIX dTHM MeToIoM oTiokenuit [ 10]. OHO compoBoxIa-
JIOCh Tarke OOJBIINM PacIpOCTPAHEHHEM €I M COKpalleHneM MHXThl. OxHo-
BpeMeHHO, okoJio 1340 s1.H., 6omoro Kpyrioe nepemuio B oMrorpodHyo cTaauto
Pa3BUTHSA, U B €r0 PACTHTEIFHOM IMOKPOBE CTala JTOMHHHPOBATH COCHOBO-KY-
CTapHUYKOBO-c(arHoBasi 0onoTHast Qarys psmMa. DTO MPOCMATPUBAETCs Kak I10
0OTaHHYECKOMY COCTaBy Topda, TaK M IO COCTABY JOKAIHGHBIX KOMIIOHCHTOB
CIIOPOBO-TIBLIBIIEBBIX CIICKTPOB, B KOTOPBIX OTMEUCHO TOBBIIICHHOE COJICPIKAHIE
MBUTBIBI SPUKOUIHBIX KyCTapHUYKOB H criop carayma (cm. puc. 3). B cocTtase
JPEBECHOTO MBLIBIIEBOrO CIEKTPA CTala JOMHHUPOBATH MBLUIbIA COCHBI JIECHOM.
Hanmo otmeTnTs, 9TO pactpocTpaHeHUIO c(h)arHOBBIX MXOB ITPEAIIICCTBOBAJIO YBE-
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JTHYCHHE POJIH KeIpa B OKPYKAIOIIHX JIeCaX, YTO YKa3hIBACT HA YBIAKHEHHUE KU~
Mara. BeposiTHO, yCHIICHHE POJTU TEMHOXBOHBIX MOPOJI B JIECaX MPOUCXOIMIO 33
CUET YBEJNWYCHHS BIAKHOCTH KIIMMaTa BO BPEMs «CPETHEBEKOBOTO MOTETUICHHUS
knumaray. Ho ecii 1o Ob110 noterienue B EBporne, To B 3anagHoit Cubupu oHO
MIPOSIBUJIOCH HE KaK TIOTEIUICHHE, a KaKk B OCHOBHOM yBIIa)KHEHHE KirMara. Ha ato
YKa3bIBaE€T PEKOHCTPYHPOBAHHOE TOJJOBOE KOJIUYECTBO OCAIKOB (CM. puc. 3, 5).
OJ1HaKo TIOBBIIIICHUE YPOBHS OOJIOTHBIX BOJ MPOHM30IUIO MpuMepHO Ha 350 et
no3aHee (cM. puc. 5). Takoe 3ama3ablBaHME PEaKIMKU KOMIIJIEKCOB PaKOBUHHBIX
amME0 MOXKET OBITh OOBSICHEHO TEM, YTO 3TH WHIUKATOPHI OTPA3HIN HCKIFOUH-
TENFHO JIOKAIBHBIE YCIOBUS OOIIOTHOTO MAaCCHBa, PACIONIOKESHHOTO B FOXKHO-Ta-
&XKHOI1 30HE, a CITOPOBO-TIBUIBIIEBEIC CIIEKTPHI B CHITY OOJBINEH PErHOHAILHOCTH
9TOTO MHJMKATOpa 3a(uKcHpoBanu Oojee paHHEE Hauallo BIAXKHOTO UHTEpBaJa B
FO’KHEE PACIIONIOKEHHOM JIECOCTEITHON 30HE.

YpoBeHb O0JIOTHBIX BOJ, CM Ocauku, MM/TOJI IIbUIBLIEBBIE 30HBI
[Depth of mire waters] [Precipitation, mm/yr] [Pollen zones]

OH L o e e i H

B03paCT, KaJl. JICT Ha3ag
[Age, cal yr BP]

4500 41— N HRARRARSHARD, 3
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5500 S BTN R § === = B
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1 2

Puc. 5. Conocrasnenne peKOHCTPYKIMH YPOBHS OOJIOTHBIX BOJ, PACCUMTAHHOTO
10 KOMIUIEKCAM PAaKOBHHHBIX amMe0, ¥ TOI0BOTO KOJINYECTBA 0CAJIKOB, PACCUUTAHHOTO
10 COCTaBy APEBECHOM MBUIBLEI 13 OonoTa Kpyriioe
VYenosusle 0003HaYeHus: /| — Gosee CyXoi kimmat; 2 — Oosiee BIaXXHBIH KInMaT
[Fig. 5. Comparison of water-table depth reconstructions based on testate amoebae
with reconstructed annual precipitation based on pollen data from Krugloe mire.
Symbols: 1 - More arid climate; 2 - More humid climate]
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XoTs mepexon u3 Me30TPO(HON CTaAWH B ONUTOTPOGHYIO SBISETCS €CTe-
CTBEHHBIM SBJICHHEM B YHJIOTEHHOM Pa3BUTHH OOJOTHOTO MacCUBa, B cirydae 00-
norta Kpyriioe cMeHa IMymuIeBsIX TOmel c(harHOBEIM PSIMOM MIPOHM30IILIA OUYCHb
OBICTPO, TIOUTH KaTacTpouuecku. Bo3aMOXKHO, ¢ pe3Koil CMEHON TOMUHAHTOB B
pacTUTETHHOM ITOKpOBE 00JI0Ta CBSI3aHA U CMEHA TOMHHAHTa B KOMILIEKCAX pa-
KOBHHHBIX aM€0 ¢ Buna Schoenbornia humicola ua sun Trinema lineare. Pexon-
CTPYKLHS TOJOBOTO KOJMYECTBA OCAJKOB HA OCHOBE JAaHHBIX IBUIBICBOTO aHa-
JIU3a MOKa3bIBaeT BBICOKYIO BIAXKHOCTh KJIMMaTa B 3TOT nepuoi. Vctopuueckue
cBueTenbeTBa [34] roBopsT o Tom, uto ¢ VI o XII B. H. 5. Benukas crenHas 30Ha
EBpasuu Oblia 1OCTaTOYHO YBIaKHEHA, 32 MCKIIOUEHUEM IPEIIeCTBYIONIETO
cyxoro smm3ona B 491 1. (V B. H. 3.) u B X—XI BB. H. 3. DTH Kparkue, XOTs, BO3-
MOJKHO, ¥ p€3KHe, BEKOBBIE ATIM30/1bl APUANU3ALIMN KIMMaTa He OTPA3HIUCh HU Ha
FOXKHO-TaéKHOU PACTHTEIBHOCTH, HM Ha JIOKAJTbHONH OOJIOTHOW PaCTHTEIBHOCTH
6onota Kpyrnoe. BeposiTHO, OHU MOTHOCTHI0 KOMIIEHCHPOBAIUCH C(HOPMUPOBAB-
meiicst OydepHol cUCTEMOM OJMTOTPOPHOTO 0OIOTa M Ta&KHOW PACTHTEIILHOCTH.
Coo011ecTBa PakOBUHHBIX aMED, OTIMYAIOLINECS BBICOKOW 4yBCTBUTEILHOCTBIO K
TFOOBIM, JTa)ke KPaTKOBPEMEHHBIM M3MEHEHMSIM YCIOBHI BOIHOTO PEXHMa, OTpe-
arupoBaJIM Ha SMH30]] YBIAKHEHHS KIIMMaTa CPeTHEBEKOBbS PE3KUM YBEITMUCHUEM
IUIOTHOCTH COOOMIECTB (CM. PHC. 4). PEKOHCTPYKIHSI ypOBHS OOJOTHBIX BOI JJISI 3TO-
IO MepHOJIa YKa3bIBAET Ha BBICOKOE, XOTSI M HEYCTOMYMBOE UX CTOSHHUE (CM. puC. 5).

B Tak Ha3pIBaeMBIif MaJIbIi JIeTHUKOBBIN mepron (600—180 J1.H.), IpUXOASIIrics
Ha TBUTBIEBYIO 30HY 8 (880-260 1.H.) M YaCTUYHO HA MBLIBLEBYIO 30HY 9 (260 J1.H. —
COBPEMEHHOCTB) Ha Juarpamme Oonota Kpyrioe, oTMeueHO yBeTUUeHHE OOMITHS
MBI TTONbIHEH. [IbUTbIIa MOJBIHK SIBISETCS WHAWKATOPOM KOHTHHEHTAIbHBIX
crenieil. E€ oOuimme 0coOCHHO BBICOKO B CIIOPOBO-ITBIIBIIEBBIX CIIEKTPAX CTEITHBIX
paiionoB Ka3zaxcrana, TyBsl 1 MoHromuu. I1ockonbKy MbUIbIA TOJIBIHA MOXKET I1e-
PCHOCHUTEHCS Ha OYEHB NABHNAC PaCcCTOSHIS, BOSMOKHO, MAKCUMYMBI ITBIIBIIBI TTO-
JIBIHU B HaIlIeH MbUIBLIEBON JHarpaMMe OTPaKaroT I00ATbHOE YBEIMUYEHUE POITU
CTEIHOW PaCTUTEILHOCTH B PETHOHE BCIICACTBHEC YBEIUUCHUS KOHTHHEHTAIIBHO-
CTH KJIUMaTa B IEHTPAJIbHBIX palioHax EBpa3uu. AJbTepHaTuBHAs TUTIOTE3a MOYKET
YKa3bIBaTh Ha HAUaBIIEECs] aHTPOIIOTEHHOE BIHMSTHHIE HAa PaCTHUTENBHBINA MTOKPOB, B
pe3yisraTe KOTOpOro Ha M3y4yaeMOW TEPPUTOPHH CTalM COKPAIATHCS TUIOLIAIN
KEIIPOBBIX JIECOB U PacIipOCTPAHIIINCH COPHBIC BUJIBI MTONBIHEH 1 KpanmBa. boree
apuIHbIE YCIOBHS BO BTOPYIO MOJOBUHY MAJIOTO JIGAHUKOBOTO IIEPHUOAa OTMEYEHBI
KaK I10 MBUIBIIE, TaK ¥ TI0 KOMIUIEKCaM PAaKOBHHHEIX aM&0 (CM. puc. 5). CymiecTBeH-
HOE€ CHI)KEHHE POJIU KeIlpa, MUXTHI M €11 Ha UCCIIeyeMOM TEPPUTOPUH IPOU3OIILIO
oxoio 800 11. H. C 3TOTO BpEeMEHH U 10 HACTOSIIIIEE BPEMSI B CITIOPOBO-TTELTBIIEBBIX
crnekTpax Oonora Kpyrioe crana JOMUHHPOBATh MbUIbIA COCHBI JIECHOH. Bo3mox-
HBIMH IPHYHHAMA PE3KOTO YBEIMUYCHUSI POJIM COCHBI B JIaHMMA(PTE MOXKET OBITH
KaK aHTPOINOTeHHOE BIMSIHUE, TaK U PacIIUpeHHe 3a0004eHHBIX TEPPUTOPHUH, TIO-
KPBITBIX OJIUTOTPO(MHBIMHU OOJIOTaMHU.

Humepnpemayus muxkpoy201vk06s1x 0annwix. CouepkaHue MUKPOYTOJIbKOB
B Top(he MaKCIMAIBGHO B HIKHUX CIOSIX TOp(a, CHHXPOHHBIX MTBUTBLIEBBIM 30HAM



180 T.A. Bnaxapuyk, U.B. Kypvuna, H.H. Ilonozoea

2 u 4. BeposTHO, 00MIME MUKPOYTOIEKOB B 3HAYUTENBLHON CTETIEHH 00YCIIOBIEHO
BIIMSIHUEM I10XKapPOB HA MOJIOJON OOJIOTHBIN MAacCHB C MOIIHOCTBIO Topda Me-
Hee 45 cM. Ha cunmpHOE BIUSIHAE JTOKAJIBHBIX TTOXKAPOB B ATOT IIEPHO]] YKA3bIBACT
COBIIAJICHHE OOMIIUSI MUKPOYTOJBKOB C MAaKCHMyMaMH OOWJIHS CIOP THITHOBBIX
MXOB. BO3MO)XHO, YTO BCTIBIIIKH CHOPOHOIICHHS THITHOBBEIX MXOB KaK-TO CTH-
MYJIMPOBAIUCh HU30BBIMU NOXkapaMu. OIHAKO JaHHOE TPEIIONIOKECHUE TpeOyeT
CTIEIIHATTFHBIX KOJIOTHYECKIX HcCiIeaoBannil. O BINSHUN MOCIEOKAPHBIX pac-
TUTEJBHBIX COOOIIECTB HA TBUIBIEBBIC CIEKTPHI MOXET CBHJCTEILCTBOBATH U
CHHXPOHHOE MUKPOYTOJIbKaM YBEIWICHUE OOMIIHS MBUIBIBI ONBIHU (Artemisia),
3nakoB (Poaceae), kpanuBsl (Urtica), nabasuuka (Filipendula) n BacunucTHUKA
(Thalictrum). OmHaKO MBI IMEEM OCHOBAHUE JIJISI TIPEIITOIOKECHUS O TOM, UTO Ha
YBEIHUYCHUE YACTOTHI IOXKAPOB B ATOT HAYAJIBHBIN MIEPHO]] PA3BUTHUS OOJIOTA BIIU-
ST 1 Oonee apuAHBIA KIuMaT. Tak, peKOHCTPYKINS TOAOBOTO KOJMYECTBA OCAl-
KOB Ha OCHOBE COOTHOIICHUSI MBUIBIBI IEPEBHEB YKA3hIBACT HA TO, YTO OCAJKOB
BBITIAJIAI0 TOYTH Ha 50 MM/TOJI MEHBIIE, YeM B MOCIESAYIONINN BIAXKHBIA TIepH-
on (cMm. puc. 3, 5). Kpome Toro, B kpatkuii Bnaxusiii nepuog 4300-4400 m.H.,
CHHXPOHHBIN IBUTBIICBOH 30HE 3, MUKPOYTOIBKH MTPAKTHUECKH OTCYTCTBOBAIH B
Topde, X0Ts B CHIEKTpe aOCOIIOTHO JOMUHHUPOBAJIA MbLIbIIA Oepé3pl. DakTHyecku
XOJ KpUBOW OOWIIHSI MUKPOYTOJIEKOB 3€PKaIbHO OTPaKaeT PEKOHCTPYHPOBAHHOE
rOJI0BOE KOJMYECTBO OCAIIKOB, XOTS ATO J[BA HE 3aBHCUMBIX APYT OT APYra UHIH-
KaTopa.

Koppenayusa naneosxonocuueckux oannvix oonoma Kpyenoe c coceonumu
paitonamu. CONOCTaBICHAE MOTYYCHHBIX ITAaJC0IKOJIOTUICCKUX AaHHBIX C Ta-
JIUHOJIOTHYECKUMU JTAHHBIMHA COCEJIHUX PalOHOB MOKA3ajJ0 JOBOJIBHO XOPOIIEe
COBITQ/ICHHE BBISBICHHBIX HaMH pyOe)KeH M3MECHEHHS YBIAKHEHHOCTH KIMMara
¢ OoJiee IOYKHBIMH JIECOCTECITHBIMU M JIaJKe CTCMHBIMU paiionamu 3amaanon Cu-
6upu. Tax, HarpuMep, pacIpoCTPaHEHHE COCHBI U Kepa 110 JAHHBIM ITBUTHIIEBON
nuarpamMsel 0onota Kpyrioe Hauanocs oxosno 3300 s1.H., @ IO JJAHHBIM IBUIBLIE-
Boil quarpammbl Kaskckoe 3aiimume (54° 57' c.ar., 81° 01' B.11.) B bapaGunckoit
necoctenu [15] — nmocne 3500 n.H. B TO e BpeMst COCHa ¢ MEPEMEHHBIM ycIIe-
XOM Tipom3pacraina B Tedenune nociueaanx 6000 yieT Ha mecyaHbIX OTIIOKCHHSIX
60poBbIX Teppac p. O0H, YTO MOKHO BUETH IO MBUIBLIEBON qHarpamMMe 00sora
Hogo-Ycnienka B sieBobepexHor moiiMe p. O6u [10]. OgHako B OOTaHHUYECKOM
cocraBe Topda 3TOil auarpaMmbl 3aQUKCUPOBAHBI TIEPHOJIBI YBIAKHECHUS, CUH-
XpoHHBIE IepronaM «Pumckoro morereHus» u « CpeTHEBEKOBOTO TTOTETUICHHD.
Takast kKapTHHA CKOpee OTpa)kaeT YBIaKHEHHE OoJiee FOXKHBIX pernoHoB Cubu-
PH, YeM HETIOCPEICTBEHHO JIECHOW 30HBL. JTO HE YAUBHUTEIHHO, IIOCKOJIBKY MOM-
MeHHbIe 0070Ta p. O0H YBIaXHSIOTCS B OOJIBIICH Mepe MaBOJKOBBIMH BOIAMH,
pUHOCUMBIME ¢ Top FOxHON CHOMpH. PEKOHCTPYKIIMK W3MEHEHHUN YPOBHS BOJ
U YBIQKHEHHOCTH KJIMMAaTa IO MBUIBIEBBIM JTaHHBIM 03epa bonbiioe Sposoe
(52° 56' c.r., 78° 35' B.1.), HaxomAIIerOCs emie IkHee B KyimyHaMHCKOU cre-
i [16], BBIIBIIIO IPOJOIKUTENBHBIN cyXoil nepuoa, anusmmiics ¢ 3700 1.H. 10
1920 n.1. CHHXpPOHHO C 3TUM, PEKOHCTPYKITUH TOIOBOTO KOJIMYECTBA OCAJIKOB 110
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MBUTBLEBBIM TaHHBIM OooTta Kpyrmioe yka3siBaroT Ha Oonee cyxue KiIuMaThue-
ckue ycnoBus, umeniure mecto ¢ 5300 mo 2000 51.H., mpepbiBacMble Oojiee BlIaxkK-
HbIMH, HO Kpatkumu snm3onamu 4300 u 2800 mi1.H. [logbeM ypoBHS BOx B 03epe
Bonbmioe Sposoe, ormeueHHsIH aBTopamu 1920-150 1.H., comocTaBuM C BIaX-
HBIM TIEPHOIOM, 3a(pHKCHPOBAHHBIM ITBIIBIIEBBIME M PU3OTIOAHBIMI KOMITJICKCAMH
Ha 6onote Kpyrnoe ¢ 1940 no 400 1.H. Cyxoii u Gonee XOIOAHBII EePUOA PEKOH-
ctpyuposat 2800—1700 11.H. o 03€pHBIM OTIOKEHUSIM 03epa benoe (55° 39' c..,
82° 70" B.11.), KOTOpOE HAXOJMUTCS y FOXKHOHN rpaHuUIIbI JIECHOW 30HBI Mexay HoBo-
cubupckor u Tomckoit obnmactsmu [17]. Hanbosee BitaXHbIN MIEpHOI IO TAHHBIM
9TUX aBTOPOB UMen MecTo 1300-200 J1.H., 4TO TaKKe HE IPOTUBOPEUUT BIAKHOMY
nieprony (1940—400 n.H.), BRIABICHHOMY IO JaHHBIM Ooitota Kpyroe.

Takum o0Opa3zoM, Mojy4eHHbIE HAMHU I1aJI€03KOJIOTMYEeCKHEe CBUIETENILCTBA
(TBUTBLIEBBIE W PU3OTIOAHEIC) U3MCHECHUS YBIAXKHEHHOCTH KIMMaTa W JOKAJb-
HBIX OOJIOTHBIX YCJIOBHH XOPOIIO COBIAJAIOT C AAHHBIMH JIPyTUX aBTOPOB JJIs
TeppuTopuu fora 3amagHoit CHOHUpPH, HO MOKA3bIBAIOT OoNee ACTAIBHYIO Kap-
THUHY PEaKIMH JIOKAJIBHBIX H PETHOHAIBHBIX 3JIEMEHTOB OHMOTEOLEHO30B Ha OTH
U3MEHEeHH. B HEKOTOPHIX CIydasxX ATH peaklIud HE COBHANAIOT. DTO HaOIro-
JlaeTcsl IPU TeTePOXPOHHOM YBIJIQXKHEHHH JIECHOW U cTenHol 30H. HecoBmase-
HUE UMEET MECTO Yallle IMPH MEHee JIUTEIbHBIX KINMATHICCKUX KOICOaHHsIX.
Bonee ke ummTenbHbIE 110 BpEMEHH KIMMATHYECKHE N3MEHEHUs! PUKCUPYIOTCS
Ha M3y9aeMOH TepPUTOPUH CHHXPOHHO KaK PETHOHATBHBIMHI, TaK H JIOKATHHBIMH
OMOWHIMKAaTOpaMH.

BriBoabl

Takum 00pa3oM, KOMIUICKCHBIE MAJICOIKOIOTUUECKHE UCCIIEIOBAHUS H30JIH-
poBaHHOTO G0JIOTHOTO MaccuBa Kpyrioe B roskHO-TaéxHOM 30HE 3anajaHoi Cu-
OVpU MMO3BOJIMIIM CJIEIIATh CJIETYIOIINE BBIBOBL:

1. B aTmanTHYeCcKOM ITepro/Ie TOIOIIeHa, 10 Havara 3a00aunBaHus, Ha BOCTOU-
Hol okpanHe bonbIoro Bactoranckoro 60510ta OblIM pacnpOCTPaHEHbI OTKPBITHIE
maHAmAadTH ¢ Pa3HOTPABHO-TTOIBIHHBIME PACTHTEIHLHBIMI aCCOIHAIIHSMI.

2. 3a0onaunBaHue U BTPOPHOE TOP(HOHAKOIIIEHHE HA UCCIETYEMOU TeppHU-
TOPHUH HAYaJIOCh, BEPOSTHO, C ITOXOJIOAAHUEM W YBIQKHCHHEM KJIMMara IMocie
5150 n.H., ¢ aToro BpemeHu u 10 3130 J1.H. Ha 3TOH TEPPUTOPUU JOMUHHPOBAIA
Oepé3oBast JIeCOCTENb U ABTPO(HBIC XBOIIIEBO-0COKOBBIC OOJIOTA.

3. Ilocne 3130 kan. J1.H., BEPOSTHO, BCIEICTBUE NANIbHEHIIETO YBIaKHEHHS
KIIMata, Oepé3oBast IECOCTeNb CMEHIIACh COMKHYTHIMH I0JKHO-Ta&KHBIMU JIe-
camu.

4. Okono 1340 11.H. B yCIOBHAX HANOOJIEE BIAKHOTO KIIMMATa CPETHEBEKOBDS
Ha HCCJIeAyeMOl TEpPUTOPHH MAaKCHMAaJIbHO PAcIpOCTPAHMINChH KEIPOBBIE Jeca,
u 6omoro Kpyrmoe mepenuio B OMUTOTPOGHYIO CTaIHIO Pa3BUTHS C COCHOBO-KY-
CTapHUYKOBO-C(arHOBBIM PACTUTENIBHBIM ITOKPOBOM. KOMIUIEKCH pakOBHHHBIX
amMEO oTpearupoBaIy Ha ATO PE3KUM YBEITHICHUEM TUIOTHOCTH COOOIIECTB.
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5. Bo BpeMs Majoro JIETHHKOBOIO IEPHONA HAa UCCIEAYEMOM TEPPUTOPUU
PE3KO COKpaTmiIach pojb KEIPOBBIX JIECOB, paclpocTpaHuiach 6epésa, U yBeu-
YHUJIOCH TIPHCYTCTBHE TOJIBIHU, YTO MOYKET OBITH CIIEICTBHEM KaK Oolee CyXoro
KJIMMara, Tak U aHTPOIIOI€HHOTO BIMSHUS Ha JaHa(T.

6. B 1o)xHO-Ta&xHOM 30He 3ananHoii CHOMpH BEeKOBas JMHAMHUKA yBIAKHEH-
HOCTH KJIMMara Obljia 3a)MKCHpOBaHA B PACTUTEIILHOM IOKpOBe Oosora Oonee
SIPKO B TIEPUOJI MIPOXOXKACHUS UM IBTPOPHON U Me30TpO(HON CTauil pa3BUTHS,
B TO BpeMsl KaK B OJIMTOTPOQHYIO CTAIHIO OOJOTHAsE PACTUTEIBHOCTh HE pearu-
poBaiia Ha He€. HanmpoTHB, KOMIUIEKCHI PAaKOBUHHBIX aMED oKkazaiuch Ooiee 4yB-
CTBUTEIbHBIMU HWHAMKATOPAMH BEKOBOW JMHAMUKHU YBIAKHEHHOCTH UMEHHO B
OIUTOTPO(MHYIO CTAIHMIO Pa3BUTHS 00JIOTA.

7. B uenom Ha o0IIyI0 IMHAMUKY JOKAJIbHON PACTUTEIBHOCTH U KOMIUIEKCOB
PaKOBHHHBIX aMED, OOMTABIINX Ha OOJIOTE, ONPECIISAIONICE BIMSIHUE OKAa3hbIBAIO
9H/IOTEHHOE Pa3BUTHE OOJIOTHOTO MacCHBa.

8. Mcnonp3oBaHne MBYX HE3aBHCHMBIX OMOMHIMKATOPOB (CIIOPOBO-ITBIIBIIC-
BBIX U PU3OMOJIHBIX KOMIUIEKCOB) ITO3BOJIMIIO O0Jiee JOCTOBEPHO PEKOHCTPYHPO-
BaTb BEKOBYIO THHAMUKY YBIQKHEHHOCTH KJIMMAaTa, HECMOTPS HA OTPaHUINBAIO-
1iee BIUSHUE CTaINi SHOTEHHOTO Pa3BUTHsI 00JI0Ta KaK Ha CIIOPOBO-TIbUIBLIEBbIC
KOMIUIEKCHI (B OUTOTPOMHOM CTaIuM), TaK U HA KOMIUIEKChI PAKOBHHHBIX aMED
(B 3BTpOHOM cTagun).

9. JlaHHBIE KOMIUIEKCHBIX MAICOIKOJIIOTHUCCKUX HCCIIEIOBAHINA H30JIMPOBAH-
HOTO OOJIOTHOTO MacCHBa B I0XKHO-TaKHOH 30He 3anagHoit Cubupu moaTBepxK-
JIaf0T THIIOTE3y TeTePOXPOHHOCTH BEKOBOH ITUKINYHOCTH YBIaKHEHHOCTH B JIEC-
HOM U cTernHoi 30Hax 3anaanoit Cudupu.
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Late-Holocene dynamics of vegetation cover and humidity
of climate in the southeastern sector of the West Siberian Plain according
to the data of palynological and rhizopod research of peat deposits

The study of climatic dynamics that affects the territories with the main concentration
of agricultural production in Siberia is complicated by the lack of sufficiently long-term
instrumental observations of changes in climatic parameters. Investigations of such
natural archives as lake and peat sediments, which are widespread in Western Siberia
help to solve this problem. Paleopalynological studies, accompanied by the results
of additional paleoecological research methods, namely multi proxy paleoecological
studies, provide valuable information on the dynamics of the biogeocoenotic cover
of the Earth at various levels of its organization, allowing to link geomorphology,
soils, vegetation, air currents, climate, as well as biocenoses at different levels of
their organization from the microscopic world to geographic zoning. One of the least
paleogeographically studied regions is the vast territory of Siberia.

We performed a multi-proxy paleoecological investigation of isolated peat massif
Krugloe mire (56°53'01.44"N, 84°34'43.08"E) located in the eastern outskirts of the
Great Vasyugan mire on the terrace of the Bakhchar river (See Fig. I) by methods of
spore-pollen, testate amoebae (rhizopod), macrofossil peat analyses and microcharcoal
analysis to study past environmental and climatic changes. Using the results of performed
spore-pollen analysis of the peat section, a spore-pollen diagram was constructed (See
Fig. 3). Two radiocarbon dates were obtained for study section (See Table 1).

In this research we revealed that sedimentation (first, mineral and, then, peat
deposition) on the peat massif began 5320 cal. yrs ago and had continued to the present
day. We visually distinguished nine local pollen zones in the spore-pollen diagram
reflecting nine stages in the development of regional vegetation (See Tuble 2). Based
on available radiocarbon dates using the Bacon program (See Fig. 2), we calculated
the age of pollen zones, and that of the corresponding changes in regional and local
vegetation. Also based on pollen data using Bukreeva’s formula (1991), calculated
by multivariate statistical analysis of a large number of modern pollen spectra and
corresponding climatic parameters, we reconstructed the dynamics of the annual amount
of precipitation (See Fig. 5). Due to the performed research, we found out that during
the existence of the mire, the vegetation cover of the study area changed from steppe
mixed-wormwood communities to birch forest-steppe with areas of rich-herb meadows
and then to thick southern taiga with cedar-birch and birch-cedar forests. We discovered
that a significant decline in the role of cedar, fir and spruce in the study area started about
800 years ago. During the Little Ice Age (LIA) on the pollen diagram of Krugloe mire,
an increase in the abundance of wormwood (4rtemisia) pollen was noted. It is possible
that it reflects the global increase in the role of steppe vegetation in the region due to the
forming of a more continental climate in the central regions of Eurasia. An alternative
hypothesis supposes that an increase in Artemisia pollen may indicate the beginning of
anthropogenic impact on the vegetation cover in the study area intensified during the
LIA. At the same time, we found out that more arid conditions in the second half of the
LIA were noted both in pollen and in testate amoebae complexes (See Fig. 4), which
supports the climatic hypothesis. We show that the mire in its endogenous development
passed through eutrophic, mesotrophic and oligotrophic stages. The mire development
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is reflected in macrofossil composition of peat and in pollen of local mire plants.
We found out that these stages in the development of the mire coincide with specific
changes in regional vegetation surrounding the mire. For example, transition from the
eutrophic stage to the mesotrophic one took place 3130 cal. yrs ago, simultaneously
with the spread of thick southern taiga forests on the area of the former birch forest-
steppe. In the period of the maximum distribution of Siberian cedar (Pinus sibirica)
forests in the investigated territory 1300 calendar years ago, the mire passed to the
oligotrophic stage of development. We hypothesize that the revealed change in local
and regional vegetation was caused by a general increase in the climate humidity in
the late Holocene. Our investigation of testate amoebae complexes from the same
section showed that their abundance and species composition are largely determined
by the endogenous stage of the mire development. But during the oligotrophic stage
of the mire development, the complexes of testate amoebae were more sensitive to the
centennial and decadal fluctuations in the moisture content of the climate than the local
mire vegetation and regional terrestrial vegetation. We established that the content of
micro charcoal in peat is maximal in the lower layers of peat. Probably, the abundance
of micro charcoal increased largely due to the influence of fires on the mire with peat
thickness less than 45 cm. We discovered that the effect of post-fire plant communities
on pollen spectra is indicated by the increase in the abundance of Artemisia, Poaceae,
Urtica, Filipendula and Thalictrum pollen synchronous to microcharcoal maxima.
We assume that an increase in the frequency of fires during initial period of the mire
development was also stimulated by a more arid climate at the beginning of the mire
development, since the course of the curve of the abundance of micro charcoals mirrors
the reconstructed annual precipitation. Paleoecological evidence from Krugloe mire
(pollen and testate amoebae) agree in general with the data of other authors for the
territory of southern Western Siberia, but show a more detailed picture of the reaction of
local and regional elements of biogeocenoses to climatic changes. In some cases, these
reactions do not coincide with the data of other researchers. This is observed when we
compare our Krugloe mire paleoreconstructions with more distant points of research,
located in the steppe zone of West Siberia. We hypothesize that such cases reflect
heterochronic moistening of the forest and steppe zones of Siberia. A mismatch occurs
more often with less prolonged climatic variations. When more prolonged climatic
changes are recorded, both regional and local bioindicators react synchronously in
the study area. In general, the dynamics of climate humidity revealed by biological
indicators (pollen complexes, testate amoebae complexes, botanical composition of
peat, pollen types diversity, microcharcoal), coincides well with the historical evidence
given in the work of LG Gumilev (1993), and confirms the hypothesis of heterochronic
moistening of the steppe and forest zones.

The paper contains 5 Figures, 2 Tables and 37 References.

Key words: West Siberia; pollen analysis; testate amoebae; climatic changes; Great
Vasyugan Mire; history of vegetation.
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H.T. Koponarosa, H.I1l. MupounsiueBa-TokapeBa

HUncemumym nougogedenust u azpoxumuu Cubupckoeo omoeneHus
Poccuiickoti akademuu nayk, . Hosocubupck, Poccus

TemneparypHblii peskuM TOP(AHBIX 0JIUTOTPOGHBIX 10YB
Jgecocrenu 3anaaHoit Cuoupu (Ha npumepe Hukosaesckoro psima)

VccnenoBanue BEIOIHEHO NpH (PHHAHCOBOHU moiepikke rpanTa PO
Ne 16-55-16007 HIUHWJI_a.

Ilpusedenvr  pe3yrbmamosl namuiemne2o0 HAONOOEHUs 30 MeMNepamypHoim
pedcuMom mop@AHOU OUcOMpoOPHOU NOUBbL COCHOBO-KYCMAPHUUKOBO-CHALHOBO2O
6epxosozco boroma (Huxonaesckozo psima), pacnonodcennozo 6 necocmentoli 30me
3anaonoii Cubupu (55°08'59"'N, 79°02'59"'E). llousennyio memnepamypy guxcuposanu
ABMOHOMHBIMU USMEPUMETIMU NPOUIA memnepamypwvl Ha enyounax 2, 5, 10, 15, 20, 30,
40, 60, 80, 120, 160, 240 cm c wazom 6 1 u. [1o 6cemy nousenrnomy npoghuro onpeoeneHvi
Cpeomsisi 2000845, CPeOHssi MeCSUHAS MeMnepamypol, 20006ds aMNIUmMyod, CyMMbl
NONOACUMETLHBIX U OMPUYAMETLHBIX CPEOHUX CYMOUHLIX MeMnepamyp, cpaoueHmol
memnepamyp, OIUMEIbHOCMU Oe3MOPO3HBIX U NEPEXOOHBIX Nepuod08, OUHAMUKA
2YOUHBL Ce30HHOMED31020 cosl. Tlokazano, umo memnepamyphwlil pelcum mopghsaHo
0NU2OMPOPHOU NOUBHI ONPedensiemcs X000M meMnepamyp 8030yxXd, NpUucymcmeuem
u ypogrem cmosHus DONOMHBIX 800, A MAKICE HATUYUEM U BDEMEHeM YCMAHOGLeHUs
CHeJCHo20 nokpoea. Ilo cpasHenuio ¢ aHANO2UYHLIMU NOYEAMU H0JHCHOU maiieu
mopghanas nousa Hukonaesckozo psama xapaxmepusyemcs 6onee KOHMUHeHMaabHbIM
NOYBEHHBIM KAUMATNOM.

KuioueBbie Cl10Ba: 6epxo60e COCHOBO-KYCMAPHUYKOBO-CHASHOBOE DOLOMO, PAM;
Jiecocments,; ABMOHOMHBII UBMEPUMenb NPOUISL meMnepamypbi.

BBenenune

BepxoBbie COCHOBO-KYCTapHUYKOBO-C(arHoBbIe 0010Ta (PSIMbI) B JIECOCTETI-
HOH 30He 3anaHoit CHOUPHU — 3TO YHUKAJIBHBIC KCTPA30HAIBHBIC YKOCHCTEMBbI,
KOTOPBIE CYIIECTBYIOT B YCIOBUSX HEAOCTATOUHOTO YBIAKHEHUS CPEIIH 3aCOJIEH-
HBIX TOYB W HU3WHHBIX eBTPOQHBIX Oonor (3aiimuin) [1]. JlaHHBIE psAMBI HMe-
FOT BHJ] HEOOJIBIINX OKPYIVIBIX OCTPOBKOB ILIOMIABI0 OT HECKOIBKHIX SIHHUIL 10
HECKOJIbKUX JICCSITKOB KBaIPATHBIX KHJIOMETPOB, B IICHTPAILHOW YaCTH KOTOPBIX
4acTo 00pa3yroTCsl BTOPUYHBIC 03¢pa. PAMBI SIBIISIOTCS 04araMu Mpou3pacTaHus
apkTO0OpeaNbHBIX U OOpeaTbHbIX PACTCHUH Ha FOXKHOW TPaHHIE UX PACHPOCTpa-
HeHHs [2], YyBCTBUTENBHBIX K KIMMATHYCCKUM H3MEHEeHUsM. [1osTomMy HEoO-
XOZMMbBI MOHHTOPUHIOBbIC HAOIOACHHS 33 JWHAMHKON KIMMATHYSCKUX I1apa-
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METpOB OKpy’karommei cpeabl. OqHAKO 0 CHX MOp HE MPOBOAMIOCH PEKUMHBIX
METEOPOJIOrNYECKIX HAOMIOICHNH, B YaCTHOCTH, U3y4YEeHUs TeMIIepaTypHOro pe-
JKUMa TOPPSHOHN 3aJIeKH Ha TEPPUTOPUH TaKUX OOJIOT.

TemmeparypHbIil peXHUM IT0YB 3aBUCHUT OT PaJMAMOHHOrO OaNaHca U WHTEH-
CHBHOCTH TEIUIO0OMEHa MEKIY aTMOC(hEepoi 1 MOACTHIAIOIINMHY TpyHTaMu. Vc-
CIIe/IOBaHUs, NPOBEIEHHBIE B Pa3MYHBIX pernoHax CHOMpH, MOKa3bIBAIOT, YTO
BBICOTA CHEYKHOTO ITOKPOBA B 3MMHUI IIEpHOJ] IMEET OOJIbIIee BIMSHNC Ha TEM-
neparypy Mo4BBI, 4eM TeMreparypa Bo3nyxa [3—5]. Haunnas ¢ cepeannubl XX B.
HaOIIOaeTCs TCHICHIIMS K MIOBBIIICHHUIO TeMIteparypsl mous Cudupu [6, 7], npu-
4EM MPEeMYIIECTBEHHO B XOJIOAHBIN neprof roa [8]. B neTHee Bpems ObICTpHIit
MIPOTPEB BEPXHETO CIIOST TOPPSHOI 3aJICIKH MOKET OCYIIECTBISTHCS TIOTOKOM JI0-
JK7eBoii Biaru [9].

XapakTep pacTHTETHFHOCTH OKa3blBAaeT BIHMSIHUEC HA TEMIICPATYPHBIH PEXKUM
TIOYBBI, B YaCTHOCTH, BpeMs e€ pomep3anus u ortanBanus [ 10]. B 1oxHoi# Taiire
3amaguoit Cubnpy MHOTOJIETHHI MOHHTOPHHT TEMIIEPATYPHOTO PEXUMa TOpQsi-
HOM 3aJIS)KH COCHOBO-KYCTaPHHUYKOBO-C(harHOBOTO BEPXOBOTO 00JI0Ta IMOKasall,
YTO TEIIOM3OIHUPYIOIMAs CIOCOOHOCTH MOXOBOTO 04€ca W HACBHIIIEHHOCTH BO-
JI0H SIBIISIFOTCSI IPUYMHON TETUIOBOHM MHEPIMH, YTO BHIPAXKAETCS B YMEHBIICHUH
TEMITEpaTypHBIX KOJIeOaHWii, CHIDKEHHU TIPOTPEBaHUs B TEIUIOE BpPeMs rojia |
OCTBIBaHUS — B XOJIOHOE, a TAaKXKe MaJeHUH ITyOUHBI IPOMEP3aHus B TPH pasa
10 CPaBHEHUWIO C MUHEpaTbHBIMHU TouBamu [11, 12]. TemmonpoBogHOCTS MXOB
1 00bEMHAs TEIIIOEMKOCTh HE 3aBHCAT OT TOJIIMHBI MOXOBOI'O Mara U JIMHEHHO
3aBUCST OT COMCpP)KaHUs B HEM BOABI, HO OTH 3aBHCHMOCTH HE BHIOCTICIIH(PHI-
HBI; MX{ CHIDKAIOT aMIUIUTY/Y [TOYBEHHON TEMIIepaTyphl U YacTOTY 3aMep3aHHs-
OTTaWBaHMS B TCUCHUE BETCTAIIMOHHOTO CE30HA, HO HE CPEAHIOI0 TeMIIepaTypy
noussl [13]. B Teuenue roga Top¢siHas 3aexkKb OTKPBITBIX TPaBSIHO-C(ArHOBBIX
BEPXOBBIX OOJIOT TEIIee 110 CPAaBHEHHIO ¢ psiMamu [14].

Lenb nanHOIT pabOTHI — BBISBIEHHE 0COOCHHOCTEH TeMIIepaTypHOTo pexnma
TOPPSHON OJUTOTPOPHOHN MOUYBBI COCHOBO-KYCTAPHHUYKOBO-C(DArHOBOTO BEPXO-
Boro 0osnota B bapabuHnckoii necocrenu 3anagHoit Cubupu.

MaTepnam,I U METOAUKH HCCTICT0BAHUS

HccnenoBanue mmposesieHo Ha Tepputopur HukonaeBckoro psiMa (Takxke Ha-
3BIBAEMOT0 «ypouniie Mmnaruxay), KOTOPeId pacrloyiokeH B YOWHCKOM paioHe
HoBocubupckoii obnactu B mpenenax bapabunckoit necocrenu (55°08'59"N,
79°02'59"E). IlouBbl psima TopdsiHbIe onuroTpodubie [15]. 3anexsb clioxkeHa
[IaBHBIM 00pa3oM BEpPXOBBIM (PycKyM-TOp(oM cllabod CTEHeHH pa3iIoKeHHs,
IyOHMHA 3aJIeXkH B IIeHTpe psaMa 4,3 M [16]. BonoTHBIE BOJBI BECHON CTOSIIM Ha
ryouHe 5—20 cM (0T yPOBHS MEXXKOUEUHBIX MOHIKECHUI) U OIyCKAIIMCh K KOHILY
neta 10 40—70 cm. duTONEHO3 B IIEHTPAIBLHOW YaCTH psMa MPECTABIISIT COO0H
COCHOBO-KYCTapHHUUYKOBO-C(harHOBOE COOOIIECTBO, a 1o nepudepun — 6epézoBo-
KyCTapHUYKOBO-c(parHoBoe. JIpeBecHbIl sipyc chopMupoBaH O0IOTHOU GOpMOit
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COCHBI 0OBIKHOBeHHOU Pinus sylvestris L. f. uliginosa Abolin u 6epé3oit mymu-
ctoii Betula pubescens Ehrh. Cpenu xycrapHuukoB npeodnananu Ledum palus-
tre L. u Chamaedaphne calyculata (L.) Moench, npucyrcrBoBanu Vaccinium
vitis-idaea L., Oxycoccus microcarpus Turcz. ex Rupr. TpaBsHOll mOKkpoB He
pasBHT, peako BcTpevancs Rubus chamaemorus L. B MOXOBOM TOKpOBE JJIOMH-
HupoBanu Sphagnum fuscum (Schimp.) Klinggr. u S. angustifolium (Russ. ex
Russ.) C.Jens., Ha HU3KKUX Koukax pociu S. magellanicum Brid. u S. capillifo-
lium (Ehrh.) Hedw.

Knmvatndeckne xXapakTepuCTHKH paifoHa HMCCICHOBAHUS, MONTYyYCHHBIE IO
JaHHBIM MeTeocTaHuuud bapabunck [17], mpuBeaens! B Tadn. 1. Cpeanss rogo-
Bas TeMIleparypa Bo3ayxa B Tedenue 4 jget mensack ot —0,1 10 2,8°C, mpu sTom
CpeZiHee MHOTOJIETHEE 3HaYeHUeE JUIsl JaHHOW TeppuTopuu 3a nociennue 30 jer
(1981-2010 rr.) cocrasmio 1,2°C [18]. CaMbIM TEMIBIM MeCSIIEM IOJ1a SBISIICS
He Tonbko utoinb (2013 u 2016 1), HO Takke utonb (2015 1), a B 2014 1. Onuskue
cpeanue MecsiuHble Temreparyps (17,2—17,9°C) HaOmonanuch B Te€4eHUE TPEX
JICTHUX MECSIICB ¢ MAKCUMYMOM B aBT'yCTE.

Ta6numa 1 [Table 1]
Kiumarnyeckasi XapakTepucTHKa paiioHa UccIeJ0BAHUS
10 IaHHBIM MeTeocTaHUu Bbapadunck [17]
[Climatic characteristics of the study area according to Barabinsk meteorological station]

T'onpl [Years]
2012/13 | 2013/14 | 2014/15 | 2015/16

-0,1 2,0 2,0 2,8

ITapametpsl [Parameters]

Cpenusist ronoBasi TeMIeparypa

[Average annual temperature], °C

Cpesist TeMIieparypa caMoro TEImIoro Mecsina
[Average temperature of the warmest month], °C
Cpeansisi TeMIepaTrypa caMoro XOJIOJHOTO Mecsia
[Average temperature of the coldest month], °C
CyMMa MOJIOKHUTEIBHBIX TEMIIEpaTyp BO3AyXa
[Sum of positive temperatures], °C

CyMMa OTpHIIaTeIbHBIX TEMIIEPATYp BO3IyXa
[Sum of negative temperatures], °C

T'onoBast cymma ocazikoB, MM

[Arll[nual pr}e/cipitationi mm,] >13 330 429 417
Ipumeuanue. 3nech U Aajee HA4aJIOM rojia CYMTACTCS | OKTSAOPS MPENbIIYIIEro rojia, a OKOH-
yaHueM — 30 ceHTAOPs TEKyIEero rojia (Tak Ha3bIBAEMBIH «THIPOIOTHYECKHNA TOI» ), TOCKOJIBKY
B KaJICHIAPHOM TOJly XOJOIHBIIN IEepHo]] pa30UBacTCs JICTHUM IIEPHOIOM Ha JIBa HECBSI3aHHBIX
BPEMEHHBIX OTpe3Ka, 0000IIEHHAs METEOPOIOTUYCCKAs XapaKTEPHCTHKA KOTOPBIX HE MMEET
CMBICJIA JIJIsl BO3MOYKHOIM MHTEPIIPETANU OHOJIOTMYCCKUX M OMOXMMHUYECKUX MPOIIECCOB B JICT-
Hee BpeMsi, 00YCITOBICHHBIX TEKYIIHMHU M PEAIICCTBYOIIUME OTOJHBIMH YCIOBHUSIMHU.

[Note. Hereinafter, the beginning of the year is considered October 1 of the previous year, and the end is
September 30 of the current year (the so-called “Hydrological Year”), since in the calendar year, the cold
period is broken by the summer into two unconnected time intervals, the generalized meteorological char-
acteristics of which are purposeless for possible interpretation of biological and biochemical processes in
the summer time which are due to current and previous weather conditions].

18,7 17,9 19,6 19,8

255 | 21,0 | -152 | 22,1

2324 | 2378 2595 2717

—2365 | 1666 | —1808 | —1 660
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MuHnManbpHasi cpeliHss MecsSYHas TeMmieparypa Bo3nyxa B bapabe —17,1°C
[18]. B Teuenue uzy4yaeMoro nepuoja pasopoc cpeqHux MecIYHbIX MUHUMYMOB
coctaBui oT —15 1m0 —26°C, KoTOphIe MPUXOIMINCH HE TOIBKO Ha SHBApb, HO U
Ha ¢eBpans (B 2014 r.), a Taxoke Ha nexaOpb 3umoii 2012/13 r. Cpeanue mecsau-
HBIE MAaKCUMyMBI H3MCHSUTICEH 3HAYNTEIFHO MCHBIIIE, HAMOOIBIIAsT Pa3HHUIIA MEKITY
rogamu He TipeBbiciiia 2°C. Tof0Basg cymMMa CpeHUX CYTOYHBIX MOJOKUTEIBHBIX
TEeMIeparyp BO3/lyXa yBEeIMUNBAJIaCh U3 TOa B Toj1, pudéM pazuutia mexxay 2013 n
2016 rr. cocraBuia noutu 400°C. CymMa CpeJHUX CyTOUHBIX OTPULIATEIIBHBIX TEM-
mepaTyp B TeUCHHE ITepHo/ia HAOMONCHII He OTIMYANIach IIOCTOSIHCTBOM, HANMEHB-
ye abCOIOTHBIE 3HaUCHUSI (110 MOAYI0) oydeHs! B 2014 u 2016 rr., a HauboIIb-
mee — B 2013 1., MakcuManbHasi pa3HUIA MEKIY ToAaMu okazanack okoo 700°C.

OceHHMii ycTONUNBEBIN Tepexo]] TeMIeparyp Bo3ayxa depe3 0°C mpoucxoausn
B TIEPBYIO JieKay HOSIOpsi, HO B 2013 T. OH mpHIIENcs Ha MOCIIEIHIOK JAeKa Ty HOs-
Ops, a B 2016 . — Ha BTOPYIO IeKay OKTAOps. B 1iesiom 3a HaOmonaeMblid mepros
3MMa HacTymnana Mmo3Ke 1o cpaBHEHHIO ¢ cepeanHon XX B. [1]. Becennuii mepe-
xon Temriepatryp yepes 0°C nabnromasncs, Kak MpaBuiio, B TIEPBOM JieKaie arpers,
aB 2016 1. — B mocienHel aexaae Mapra.

B TeueHue usyuaeMoro nepmojga CyMMa OCaJIKOB OKa3aach BBIIIE IO CPaBHE-
HUIO CO CPEHEMHOTOJICTHEH, KOTOpasi cocTaBiisieT B bapabuHckom paiione 380 Mm
[1, 18]. donst ocankoB B jieTHUE Mecsiibl coctaBmia 31-48% ot romoBbix. CaMbIM
JIOKIIMBEIM cTauto jieto 2013 1., xorga Bemmano 210 MM ocaakoB. HanGosbiee ko-
JIMYECTBO JICTHUX OCAJIKOB BBINAAAN0 OOBIMHO B HIONE W aBrycre, a B 2016 . — B
HIOHE ¥ ntone. B Mae u uroHe ocaJiki, KaK MpaBwiio, CKyIHbI, OT 13 10 27 MM B Me-
csiy, Ho Mai 2013 1. omMyaicst oK UIMBOCTHIO (64 MM). MakcuMalibHasi MOIITHOCTh
CHEXHOTO ITOKPOBA JIOCTHTala K eBparo—MapTy oT 32 10 47 CM B pa3HbIC TOJIBL.

Jid u3ydeHus] TeMIIEpaTypHOTO peXuMa TOP(SIHON ONUTOTPOPHON TOYBHI
HuxomaeBckoro psiMa HCHONB30BaIN aBTOHOMHBIH H3MEPUTENH PO TeMIIe-
parypst AUIIT (MMKSC CO PAH, r. Tomck) [19], ycTaHOBIEHHBIN B LIEHTpaJlb-
HOW 4acTH psiMa B KPYIHOU Kouke. Temreparypy (pUKCHpOBaIH Ha ITyOHHaX 2, 5,
10, 15, 20, 30, 40, 60, 80, 120, 160, 240 u 320 cM, yacTOTa U3MEPEHUH — OJIUH Pa3
B yac. 3ammck Temnepatypsi ¢ 05 oxTsiopst 2012 . 7o 22 mast 2017 1. ¢ mepepbiBOM
B niepuof 24 mas — 25 centsi0pst 2013 r. Jlatuuk Ha mrybune 320 cM BbIIIEN U3
cTpos uepe3 1,5 roga paboTHI, MO3TOMY AaHHBIC JUIS ATOH ITyOWHBI BKIIOYCHBI B
HEMHOTHE [TPUBOIUMBIE OLICHKH.

[ocTpoenne rpaukoB, THCTOTPAaMM M PacdeT CPEIHMX apH()METHUSCKHX C
OIlpesieNIeHueM OIIUOKHU CpeHel BhINOIHEHk! B mporpamMe Microsoft Excel 7.0.
J71s1 BESICHEHUSI TECHOTHI CBSI3U TAPAMETPOB pacCUUTAIN KOd(D(HIMEHT KOppens-
1 Tupcona B mporpamme StatSoft STATISTICA 8.0.

PesyabTarsl HccaeqoBaHus U 00CYKIeHIE

Cpeonas mecaunas u cpeOHAA CYmMoyHas memnepamypa nouewl. B témnoe
BpeMsI TOZla XOJ TEMIIEPaTyphl B BEPXHEM MOXOBOM CIIO€ psMa COBIAIAll C XO-
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JIOM TeMIIepaTyp Bo3ayxa: Kod(hGUIeHT Koppesiun (k) Mex1y CpeTHIMH Cy-
TOYHBIMH 3HAYEHHUSMHU BO3JyXa U MOBEPXHOCTHOIO clos 6osora coctaBuin 0,94
(» <0,0001). B xomoaHOE BpeMs To/la TEMIIEpaTypa BO3/IyXa 3HAYUTEIHHO HIIKE,
yeM TOp(DsHOI 3a5exku, TUHAMUKA X0Jla CPEAHUX MECSUHBIX TeMIIepaTyp COBIIa-
JlaJ1a JIUIITb YaCTUIHO (puc. 1), k IUTs cpeTHUX CyTOYHBIX 3UMHHX 3HAUCHHUH cocTa-
Bun 0,74 (p < 0,0001). B xonmoaHsIit mepuoj X0 CPETHUX CYTOUHBIX TEMIIEPATyp
BO31IyXa M TOP(DSHOI 3aIeKH COBIAIal TOIHKO B HavYajie HOSOPsI, KOTa CHEXKHBIH
MMOKPOB TOHOK M OTCYTCTBOBAaJIa TEIUIOM3OJISIMA HA3€MHOTO PACTUTENLHOTO T10-
KpoBa u Top(siHOU 3anexu. Tak, B HosiOpe 2012 . Ipu CHIDKESHUH TEMIIepaTyphbl
Bo3ayxa 110 —17°C temmnepaTypa MOXOBOTO TIOKpOBa Ha TIIyOHHE 2 CM OITyCTHIIACh
10 —11°C, a yke B cepeiiHe IeKaOpsi 3TOTO e rojia MPH CHIKSHUH TeMIIePaTyphl
Bo3yxa 10 —39°C Temneparypa Ha 3TOH ke NIyOMHE OKa3ajach BBIIIE: OKOJIO
—7°C. C sHBaps 1Mo MapT TeMIlepaTypa B BEPXHEM cJIoe 0OJIOTa ocTaBajach B
npenenax —2...—6°C BoO Bce rojibl HaOMIONEHUI.

Haunbonpmme cpemane MecsIHbIe TEMIIEPaTyphl BEPXHETO MOXOBOTO CII0st 00-
nota 3a(h)MKCUPOBAHbI B MIOHE WJIM UIOJIE U NoBbImaiuch ot 18,4 1o 20,2°C B Te-
yenue 2014-2016 rr. B Bepxaem 20-cCaHTUMETPOBOM CJI0€ PA3HHIIA TEMIIEPATYPHI
Mexay rogamu cocrasuia 1,5-1,8°C, a ¢ mryOunsl 30 cM M HUXKE COKpaTHIIach
10 0,5-0,7°C. B Teuenne nera nporpeBanne BepxHero 20-CaHTUMETPOBOTO CIIOS,
IJIe OTCYTCTBOBAIIN OOJIOTHBIE BOABI M COCPEAOTOUEHBI KOPHEBBIE CUCTEMBI pacTe-
HUH 1 )KUBBIE MXH, IPOUCXOAMIO PAaBHOMEPHO (CPEIHSSI MECSIHAs TeMIeparypa
17-20°C), pa3auna mexay rmyonHamu 2 u 20 cM cocraisuia okono 1,5°C mis
KaX10T0 JeTHero niepuona (cm. puc. 1). Ha miryoune 30 u 40 cM, riae nepuonu-
YeCKH MPHUCYTCTBOBAIN OOJIOTHBIC BOABI, TEMIIEPATypa CHIKANACh Ooliee cylie-
ctBeHHO: Ha 1,5-2°C kaxxasie 10 cMm. B HIDKenmexxanux moCTOSHHO HACBHIIIEHHBIX
OOJIOTHBIMH BOJIaMU CIIOSAX JlajbHEWIIee YMEHBIICHNE CPeHEH MECSYHOU TeM-
niepatypsl Ha 1-1,5°C mpoucxoanio depe3 kaxapie 10 cm 1o miryounsl 80 cM.
Cpenusis MecsiyHasl TeMIeparypa JeTOM Ha MPOTsHKEHUH BTOPOTO METpa 3aIeku
He npesbimaia 9°C, Ha iryoune 2,4 M — 5°C, a Ha miyouHe 3,2 M — 4°C.

MaxkcumanbHble CpeTHIE CYyTOUHBIC TEMIIEPATYPhl B IOBEPXHOCTHOM cit0e 00-
J10Ta 3a()MKCHPOBAHBI TAKKE B MIOHE U HFoJie, cocTaBuB 24,7°C B 2014-2015 T u
23,2°C B 2016 1., a TemriepaTypa BO3JyXa B COOTBETCTBYIOIINE JTHH OTUX Ke JIET
nmocturana 25,9; 26,3 u 24,2°C.

B 3umuuii nepuos Best TopdsiHas TONIA OOBIYHO OXJIaXAajach 0 CPETHHUX
MECSIYHBIX TemIieparyp He Hike —6°C, B TO BpeMsl KaK CPeIHsIsl MECSIIHAs TeMIIe-
parypa Bo3amyxa omyckanach Hike —20°C B deBpane 2014 . u suBape 2016 . u
m3mMensach ot —15 1o —17°C B staBape 2015 1 2017 rr. B To ke BpeMst camble HU3-
KHE CPETHHUE CYTOUHBIC TEMIIEPATYPhl BEPXHEH TOMIIH TOP(SIHON 3aJICKHU TPHXO-
JIAITICH BCETa Ha HOSIOpb, ormyckasch o —11...—17°C, korna emé He chopMupo-
BaH TEIUIOM30IUPYIOIINI CHEXKHBIN MOKPOB M HU3KHE TEMIIEPATypPhl MPOHUKAIOT
BIIYyOb MOXOBO-TopdsiHO# Toimmy. Tak, B 2012 u 2014 . MUHUMYM TeMITEpaTyphl
Ha ryouHe 2 cM cocrasui —10,9 u —11,3°C npu temmneparype Bozayxa —17,3 u
—18,9°C coorBercTBerHo. B HOs10pe 2015 u 2016 rT. 3adMKCHPOBaHBI CHIILHBIE
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MOPO3BI CO CpPEeHEN CyTOUHOM Temreparypoii Bozayxa —22,0 u —28,7°C, remriepa-
Typa IIOBEPXHOCTHOTO cJI0s1 6osioTa ocraBanack —15,7 1 —15,4°C cOOTBETCTBEHHO.
B 2013 1. HOsIOp® OKa3alicss aHOMAIILHO TEIUIBIM, TEMIIepaTypa Bo3Iyxa He OIyCcKa-
nack Hrxe —9°C u Temmneparypa BepXHero ciost 6osora cocrasmia —5,4°C.

Temneparypa, °C

S Tefelefois ool o v ootelEe e d ol ol

2012 2013 2014 2015 2016 2017

Tone! U MeCsIBl
[Years and months]

—T eosnyxa —2cM —10 cm 20 cm —40 cm —80 cm —160 cm —240 cm

Puc. 1. [lunaMuka xoa CpeAHUX MECAYHBIX TEMIEPATyp BO3Myxa (110 JaHHBIM
MeTeoCTaHMK bapaObuHCK) U TOPQSHON 3aIekKH Ha Pa3HBIX ITyOnHAX
[Fig. 1. Dynamics of monthly air temperature (according to Barabinsk
meteorological station) and peat deposit temperature at different depths.

On the X-axis - Years and months; on the Y-axis - Temperature, °C]

CpenHue MecsiuHbIE 3UMHUE TEMIIEpaTypbl (C HOSIOps IO (peBpab) MOBEPXHOCT-
HOTO ¢J10s1 00J10Ta CHIKAIMCE TOJ OT Toza, HaunHas ¢ —2,0°C 8 2013/14 1. mo —5,1°C
B 2016/17 1., XoTst 6onee cypoBble U Oojee MATKUE 3UMbI UEPEOBAIICH B TEUCHUE
BpeMeHH HaOmoneHuid. OTpHIarelIbHbIC TEMITEPaTyphl POHUKAITH JI0 TIIyOUHBI 40 cM
BO BCe rofpl, a B Mapre—anpesne 2016 r. ormeuens! Ha mryouse 60 cM. Hike 60 cm
CPEIHSISI MECSTIHASI U CPeHSSI CyTOYHAsT TeMIIeparypa 3ajie)kKi BCEIna OCTaBalach B
30HE TMOJIOKUTENBHBIX 3HadeHni. Haunnas ¢ mryOounsr 40 cM U HIDKe, pa3HHULA 110
roflaM MeXIy MUHUMAIBHBIMA CPETHUMH MECSIHBIMH TEMITEpaTypaMy COCTaBHIIa
0,2-0,6°C, B TO Bpemsi kak B BepxHel 20-cantumerpoBoi Tomue — 3,5-4,3°C.

B otnmumne ot Takoro ke 0010Ta B FOXKHOW Taire 3amagHoid Cubupu [12] B
Top(sHOM 3aexu HukomaeBckoro psiMa cpeiHie MecsvHble JIeTHHE TeMIlepary-
PHI BBIIIE, @ 3UMHIE TEMIIEPATyPhI CXOIHBL.

CyTouHble koje0aHHs TeMIIepaTyp UM MECTO B JIETHEE BpeMs, U yxkKe Ha
miyouse 30 cM oHH cocTaBisui okoio 2°C, a Ha miyoune 40 cM — OTCYTCTBO-
BaJM. B TO e BpeMs B I0)KHOTa&)XHOM 00JI0TE CyTOYHBIE KoJIeOaHUs 3aTyXallu
yxe Ha mryoune 15-25 cMm [9]. OdeBuiHO, O0OJIee HU3KOE CTOSTHHE OOJOTHBIX BOI
HuxonaeBckoro psima ornpezesnsieT 60NbIyto yOHHY IPOHUKHOBEHHUS CYTOYHBIX
koseOaHuil. MI3MeHeHne TeMmeparyp B CBSI3H ¢ KPaTKOBPEMEHHBIMHU MTOTOTHBIMH
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(GIYKTyarusiMi [UINTETIFHOCTHIO B HECKOJIBKO THEH OTpa)kaJloCh Ha JTHHAMEKE
Temneparyp 10 r1younsl 40 cM. B HHKenexxamx caosxX TeIIOBbIe BOJIHBI CBs3a-
HBI TOJIBKO C TOJIOBOM JUHAMUKOM TEMIIEPATYP.

Xapakrep 3ana3/pIBaHus TEIUIOBO BOJIHBI B BEPXHEM a3pUPYEMOM CIIO€ TOP-
(sTHOI 3a7IeKu pa3nuJaics B pa3HbIe TOABI B 3aBUCHMOCTH OT THIPOJIOTHYCCKUX
Y OTOHBIX ycnoBuid. Tak, B 2014 1. 3ama3npiBaHie MaKCUMyMa TeMIIepaTypbl Ha
Mecs oTMedeHo Ha riyouHe 30 cm, a B 2015 1. — yke Ha miryOuHe 15 ¢M, U B 3TOM
rojly MaKCUMYM B ITIOBEPXHOCTHOM cJI0€ HaOMNIOAaNCs B MIOHE, a He B UIOJIE, KaK B
npyrue roasl. B 2016 1. Bo Bceit Tomme 2—40 cM cABUTa TeMIepaTypHOTO MaKCH-
MyMa, KOTOPBIN MIPUXOANIICS Ha HEOJb, TIO IAHHBIM CPETHUX MECSAYHBIX 3HAYCHUH,
He HaOMIOMAN0Ch. TO MOXKHO CBS3aThb C TEM, YTO B 3TOM TOAY OOJOTHBIC BOIBI
CTOSUIM BBICOKO, CHUKAsICh OT 8 CM B KOHIIE ampests JIMIIb A0 25 ¢M B KOHIIE HIOJIH,
¥ TOJIBKO OCEHBI0 OHM ynanu Hike 60 cm. B 3anexu amke 60 cMm, r1e mocTosH-
HO MIPHUCYTCTBOBAJIA OOIOTHBIC BOJIBI, TUHAMMKA 3aMa3/IbIBAaHUS TETIOBOM BOJIHBI
OJIMHAKOBAa M3 roj1a B Tox: B cioe 60—-80 cM MakcuMalbHBIE MECSUYHBIE TeMIIepa-
Typbl 3a(UKCUPOBAHEI B aBrycte, B cioe 120-160 cMm — B ceHtsbpe, Ha ryOuHe
240 cM — B OKTsI0pE, a Ha 1youHe 320 cM — B Jiekadpe, T.€. 3/1eCh 3aIa3IpIBaHue
COCTaBUJIO 5—6 MEC OTHOCUTEIILHO MTOBEPXHOCTH.

Cpeonue 20006ble 3HaUCHUA MeMnepamyp, 20008as AMRIUMYOA U CyMMA
memnepamyp. CpenHsisi TOf0Bas TEMIIepaTypa CocTaBuiIa Ha IIyouHe 2 cM 4,8—
5,1°C, noutn He uaMeHwIach Ha TiryouHe 20 cm (4,7-5,1°C), yMeHbITWIACH HA
myoune 60 cm o 4,3—4,6°C u ynana Ha niryoune 240 cm no 3,3-3,7°C. B kax-
IIBIH TOJT HAOMIOIEHHH OTMEUEHO HEOOIBIIOe YBETMICHNE CPEIHNX TOTOBBIX 3HA-
yeHuid Ha ryOnHax 5 u 20 cM. [lomyyeHHbIe A7 TOBEPXHOCTHOTO CJIOS 3HAYCHHS
Ha 0,6—0,9°C BhIIIe, YeM B FOXKHOM TalTe, M CHIKEHUE TEMIIepaTyphl C TITyOHHOMN
B HukonaeBckoM psiMe cylliecTBEHHEE, YeM B IOJKHOM Taiire, I/ie roioBasi TeMIie-
patypa mano mensiack Hmke 20 e [12].
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Puc. 2. T'omoBas aMIiMTyaa TemMreparyp Ha pasHbIX [TyOHHAX TOPMIHOM 3aJIeKH
[Fig. 2. Annual amplitude of temperatures at different depths in the peat
deposit. On the X-axis - Depth, cm; on the Y-axis - Amplitude, °C]
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lomoBas ammnTyna TeMIeparypsl MOUBEI Ha ITyonHe 20 ¢M MO3BOJISET OIle-
HUTh CTENIeHb KOHTHHEHTAIbHOCTH 110oYB [20]. AMmuTyna cocrasuia 19,2; 20,0
n 23,4°C ¢ 2014 mo 2016 1., 9TO AJIT MUHEPATBHBIX TTOYB COOTBETCTBYET YMEPEH-
HOMY KOHTHHEHTAIBLHOMY KIMMAaTy. [00BbIC aMILIMTYIbl CHUXKAIUCH BHHU3 IO
npo¢pmiro (puc. 2). B Bepxaux 30 cM pa3HHIla MeXIy rogamMu coctaBmia 2—3°C,
a B HIDKeNexXalei TopdsHOH 3ae)y aMIUIUTyja OCTaBajlach CTaOMIBHOM, pa3-
HUIIBI MEXy TOAaMH He HaOIIoaanock. [1o cpaBHEHHMIO C I0KHO-Ta&KHBIM 00II0-
ToM [12], aMmmuTy1a B IECOCTEITHOM PSIME OKa3ayach BhIIIE HA IITyOHHE 2 CM Ha
4-9°C u na ryoune 80 cm — Ha 4°C.

CyMMa HOJIOKHUTENBHBIX CPETHUX CYTOUHBIX TEMIIEPATyp XapaKTepU3yeT Tell-
J1000€CIIeYeHHOCTh OMOTHI. DTOT IMOKa3aTeib B IIOBEPXHOCTHOM CJIoe 00JI0Ta CO-
ctasui ot 2200 mo 2400°C, yBenuuuBasich u3 roga B roj (puc. 3). B ato xe Bpe-
Ms CyMMa TTOJIOKUTEIBHBIX CPEIHIX CYTOUHBIX TEMIIEpPaTyp BO3IyXa paBHsIIACH
2400-2700°C, T.e. HOBEpXHOCTb 0010Ta BecbMa 3(h(HEKTUBHO AKKYMYIUPYET TeIl-
JI0 B TEUEHHE BEreTalMoOHHOT0 neprona. Jlo mryounst 20 cM 3Ta BennurHa CHU-
’&ajlach MEJUICHHO, U cocTaBmia 3aeck 2000-2200°C. Mexnay 20 u 30 cMm cym-
Ma TeMIepaTryp CHIDKaIach ObIcTpee, a TIyO)ke CHI)KEHHE OISATh 3aMEITHIOCH
B CBSI3U C TIOCTOSIHHBIM MIPUCYTCTBUEM OOJOTHBIX Boa. Ha rmy6une 2,4 M cymma
MOJIOKUTETHHBIX TemriepaTyp Ha 1000°C MeHbIie, 4eM B TOBEPXHOCTHOM CIIOE.
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Puc. 3. Cymma monoxXuTeNbHBIX 1 OTPULIATEIBHBIX TEMIIEPATyp Ha Pa3HBIX ITyOMHAX
TopsiHO# 3aneKu
[Fig. 3. The sum of positive daily temperatures is shown by hatching, the sum of negative daily
temperatures - by solid filling. On the X-axis - Depth, cm; on the Y-axis - Temperature, °C]

CyMMa OTpHUIATENIbHBIX CPEAHUX CYTOYHBIX TEMIIEparyp, Kak U cyMMma ToJIo-
KUTENBHBIX TeMIIepaTyp, UMela TCHACHIIUIO YBEIMUYCHUS (II0 MOIYIIO) B TeUe-

HUE MATH 3UMHHX MEPHOI0B. B TO ke BpeMs cymMMa OTpHUIIaTeNIbHBIX TEMIIEPaTyp
Bo3ayxa cocrapmia Hke —2100°C B 2012/13 1 2016/17 rr.; —1660...—1665°C B
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2013/14 u 2015/16 rr.; 1 oxoso —1880°C B 2014/15 1., T.e. AMHAMUKA U3MEHEHMS
9TOTO MapameTpa JUIs BO3ayXa U MOXOBO-TOP(SHOI 3aJIe)KU HE COBIIAIACT B CBS3H
C I3MEHEHHUEM TI0 TO/IaM MOIITHOCTH M BPEMEHH YCTAaHOBICHHS CHEKHOTO TTIOKPO-
Ba, KOTOPBIN OKA3bIBACT CYHICCTBEHHYIO POJb B TEMIICPATYPHOM PEXKHME IMOYB
B 3UMHMIA mepuoja. Tak, B HauOosee xonoaHyro 3umy 2012/13 r. mepBbIii cHer
BBIMNAJ MO3Ke 00BIYHOTO, HO €r0 HAKOIICHUE IIJI0 MHTEHCHBHO B HAYaJe 3UMBI,
TaK YTO CIIOW CHera MOIHOCThIO 20 cM chopmuposancs kK 13 HosOps. B Takyro
ke cypoByto 3uMy 2016/17 1. ciioif cHera Toii k€ MOIIHOCTH C(OPMHUPOBAIICS K
24 Hos10ps1. 3umoit 2013/14 1. CHEXXHBIH MOKPOB YCTAHOBHIICS TOJIBKO 2 JIeKaops,
KOTJIa TIOCJIe OOMIBHOTO CHEroIaia €ro MOIHOCTh cTana 15 cM, OfHaKo BBICOKOE
CTOSTHHE OOJIOTHBIX BOJ OCEHBIO M aHOMAJIFHO TEIIAs ITOTo/1a B IIPEIBIAYIIHNIT TTe-
PHOJI C CYMMO# OTPHIIATENLHBIX TEMIIEpaTyp B 3—4 pa3a MEHbIIICH, UeM B IpyTUe
TOJBI 32 OTOT K€ OTPE30K BPEMEHH, 00yCIOBIIA MUHUMAIBHYIO CYMMY OTpHIIa-
TENBHBIX TEeMIlEpaTyp B 3Ty 3uMy. C IyOUHO# cyMMa OTpHUIIATEIbHBIX TeMIIepa-
TYp IUTABHO YMEHBINANACK: CTab0 — B BEPXHEM JCCATHCAHTHMETPOBOM CIIOC H
pe3ue — B Hmkenexareit Tonme. C nry6unsl 60 cM oTpuIaTebHbIe TEMIIEepaTy-
PBI OTCYTCTBOBAIIH.

ConHevHasi PHEPrUsi aKTUBHO MPEoOpa3yercsi U aKKyMYyJIHPYETCs B IOYBE
B TIpOIIECCEe TEIUIOOOMEHa MEXKAY TPH3EMHBIM BO3AYXOM, MPU3EMHBIM PacTH-
TEJNBbHBIM TOKPOBOM, MOYBOKH M mouBooOpasyromieid mopojou [21]. ITostomy
OTHOIIECHHSI CYMMBI TEMIIEpaTyp MOYBBI K CYMMaM TEMIIEpaTyp BO3AyXa — 3TO
MHTErPaJIbHBIN 10Ka3aTellb, KOTOPBII XapaKTepHu3yeT CIIOCOOHOCTh U CTENCHb
MIPOTPEBACMOCTH IIOYBEI, YTO MMEET Ba)KHEHIIee 3HAYCHHE B OMOIOTHIECKUX
U (HU3UKO-XMMHUYECKUX mporeccax. OIHUM W3 TaKUX IOKa3aresieil SIBISIOTCS
N-(axTopsl, KOTOpBIE PACCIUTHIBAIOTCS KaK OTHOIIEHUE CYMMBI CPEIHUX CyTOU-
HBIX TEMIIEPATyp MOBEPXHOCTH IOYBBI K CYMME CPEIHUX CYTOUHBIX TEMIIEPATyp
Bo3myxa. OHH pa3TMUYarOTCs B Pa3HBIX MIOYBEHHO-PACTUTEIBHEBIX THITAX (OHoreo-
[IEHO03aX) ¥ MOTYT OBITh MHCTPYMEHTOM MapamMeTpU3alliy MPU MOICIUPOBAHIH
TeMIieparypHoro pexuma [22, 23]. MbI paccauTany OTHOIICHHE CyMMBI CPEIHIX
CYTOUHBIX TeMIIEpaTyp Ha DIyOWHE 2 CM OT MOBEPXHOCTH MOXOBOTO IMOKPOBa K
CyMME CpPEIHHX CyTOYHBIX TEMIIEPATyp BO3MyXa, IIOCKOIBKY OTCUET TITyOMHEI B
HAIllEM UCCJICJIOBAaHUU BEJICS OT MOBEPXHOCTH 0OJIOTA, a BEPXHUE 2 CM B TaKUX
00JI0Tax — ATO IO JKUBBIX c(harHOBBIX MXOB. EIIé oinH 00menpuHATHII TepMU-
YEeCKHI TTOKA3aTellb PACCUUTHIBAIOT KaK OTHOIICHUE CYMMBI CPEIHUX CYTOUHBIX
TEMITepaTyp MMOYBHI Ha TTyonHEe 20 CM K CyMME CPETHHUX CYTOUHBIX TEMIIEPaTyp
Bo3ayxa [20, 21] (tadin. 2). CooTHOLIEHHE TTOJIOKUTENBHBIX TEMIIEpaTyp CHU3U-
nock ¢ 2014 x 2016 1., 9TO TOBOPHUT O CHMIKCHHUH TOTJIOMIEHHUS TEIjla TOBEepPX-
HOCTBIO 00JIOTa B TEUCHHE JTHUX JieT. HampoTHB, COOTHOIIICGHUE OTPUIATEILHBIX
TEMITEpaTyp, KOTOPOE XapaKTepHU3yeT aKKyMYIIIIIIO XOJI0/Ia B 3aJIC¥KH, 0Ka3aI0Ch
HIDKE B TCUCHHUE MEPBBIX JBYX 3MM M BO3POCIIO B TOCICAYIOIIUE TPU 3UMHUX TIe-
puona. Huskyro akkymynsiuro xonoaa B 3uMy 2012/13 . MbI CBS3BIBAEM C HHTCH-
CHBHBIM CHETOHAKOIJICHUEM B Hadasie 3UMbI, KOIjia yxe K 13 HOSIOpsi MOIIIHOCTh
CHEXXHOTO TOKpoBa mocturia 20 cM, B TO BpeMs Kak B OCTaJIbHBIC 3UMHHC TIe-
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PHOJIBI B 3TO K€ BPEMsl MOLIIHOCTH CHEKHOTO IIOKpOBa cocTaBisuia okono 10 cm.
B cnenyronryto 3umy 2013/14 r. HakomIeHUe CHera, HA00OPOT, LIJI0 MEUICHHO,
a HU3Kasl aKKyMYJUILIS XOJIOZA BBI3BaHA aHOMAJIBLHO TEIIOW MOTONOI B TeYeHHe
OKTOps—HOSO0Ps, 0 4EM CKa3aHO BBIIIE, & TAK)KE HETUIIMYHO BEICOKUM YPOBHEM

CTOSTHYSI OOJIOTHBIX BOJI (Ha TiTyOnHE okoio 20 cm).

Ta6mnuma 2 [Table 2]

CoOTHOLIEHUS] CYMM IOJIOKUTEJILHBIX M OTPULIATE/ILHBIX TeMIIEPaTyp
Ha nIyOouHe 2 M (B yucautese) 4 20 cM (B 3HaMeHaTeJIe) K 0JI0KUTEIbHBIM
M OTPUIATEIbHBIM CyMMaM TeMIEPaTyphbl BO3AyXa
[Ratio of positive and negative temperature sums at a depth of 2 cm (in the numerator)
and 20 cm (in the denominator) to positive and negative sums of air temperatures]

CyMMBI TEMIIEpATYP Tonpbl [Years]
[Temperature sums] 2012/13 2013/14 2014/15 2015/16 2016/17
TTosoxxuTenbHbIE Her manabix Het manabIx
[Positive] [No data] 0,96/0,82 | 0,93/0,84 | 0,90/0,80 [No data]
Otpuuatenvibie | o0 /013 | 0,18/0,06 | 0,31/0,18 | 0,31/0,18 | 0,34/0,21
[Negative]
0,3
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Puc. 4. Yepenuéunsie o rogam rpaaueHtsl remneparypsl (°C / cm)
Ha pa3HbIX [IyOHHAX, paclpeaeiEéHHbIE [0 MecsIam

[Fig. 4. Temperature gradients averaged over the years (°C / cm) at different depths
and distributed by months. On the X-axis - Depth, cm; on the Y-axis - Gradient, °C / cm]

VYBenmueHne CypoBOCTH KIMMara B TeUCHHE HAOMIONAaeMBIX JIET He MIPOTHUBO-
PEYUT KOHUENIMHU O I100aTbHOM KIMMATHYECKOM IOTEMJICHUH, TOCKOJIbKY €CTh
MOJICTIH, TIPECKA3BIBAIONINE MPH IOTCIUICHHH KJIWMara YBETHUCHHE 3UMHUX
0CAaJIKOB M, B MHOTOCHEXKHBIX paifoHaX, MOHMWKEHHEe MUHUMAJIbHOHN TeMIeparyphbl
TIOYBHI, UYTO ITOKA3aHO /sl ceBepHBIX perrnonoB CIIIA [24].
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I'paouenmor memnepamypul. I paiueHTsl TEMIICPATypHl 3aJICKH OKA3aJIUChH
CXOXKH B OJTHH U T€ JK€ MECSIIbI pa3HbIX JeT. [loaTomy Ha puc. 4 mpUBEICHBI yC-
peIHEHHBIE TI0 TOAaM M3MEHCHHUS TPATUCHTOB C TIIYOHHON JJIS KaXKI0TO MeCSIIa.
['paaueHThI TEMIIEpaTyphl SIBISIFOTCS MOJOKUTEIBHBIMU, KOTJA TIOTOK TEIlia Ha-
TIpaBJICH U3 TIOUBEI B aTMOC(eEpy, T.€. MPOUCXOANT OCTHIBAHUE TOP(DSHOH 3aIeKH,
U OTPUIATEIFHBIMHE, KOTJIa TOTOK TeIUIa HAMpaBJIeH B 0OpaTHOM HANpaBICHUH,
T.€. IPOUCXOAUT MIPOTPEBAHIE TIOUBHL.

B 3umMHue Mecsipl, ¢ nexadps mo ¢GeBpaiib, U3MEHEHUs TPAUEHTOB C TITyOH-
HOU MICHTUYHBI, U TPAJUCHTHI HMEIOT HEBBICOKHE TIOJIOKHUTEIBHBIC 3HAUCHUS C
MakcuManbHbIMU 3HaUeHusIMU 0T 0,107 110 0,126°C/cMm Ha rmyoune 15-30 cm, rae
MTOCTETIEHHO 3aTyXaeT IMPOHUKHOBCHHE BOJHEI Xoiona. CaMble BBICOKHE IONO-
JKHUTENbHBIC TPAJIUCHTHI OTYYCHBI TS HOSIOPsI, KOT/Ia IPOUCXOIUT HHTCHCUBHOE
OCTBIBaHHWE W HAWOOJbBIICe MpOMEep3aHnue MOouBhL. [louTn ognHAKOBBIC ¥ MHUHU-
MaJIbHbIE MOJIOKUTENbHBIE TpanueHThl (10 0,065 °C/cm Ha miybune 15-20 cm)
OTMEUCHBI B MapTe M CEHTIOpE C TOH pasHHIEH, YTO B MapTe TPaUeHTHI BCeTna
MOJIOXKUTEJIBHBI, @ B CEHTSIOpE CTAHOBSTCS OTPUIATENBHBI B ciioe Hibke 40 cMm,
KOTJIa 3aIa3abIBAIOIIasl TETIOBAs BOJHA JOCTHTACT TITyOOKUX CIIOEB.

OTpunarenbHbIe TPaIUEHTHI TEMIICPATyPhl XapaKTEPHBI IS TEIIOTO BpeMe-
HU ToJia — ¢ ampedis Mo aBryct. Haubombime 3Ha4eHus (110 MOJIYIII0) TIOJTYYCHBI
JUTSL Masi BO BpeMsI HHTEHCHBHOTO IPOrpeBanusi. B TeueHue jera, ¢ HaChIIIEHUEM
TOp(SHON 3aJeKN TETUIOM, OHH ITOCTETICHHO YMEHBIIAJICh, a TAK)KEe IIPOUCXO-
JIAJT CIBUT MaKCUMAJIbHBIX 3HaYeHUH ¢ rmyOounsl 20-30 cM Ha rmyouny 40-60 cm
BCJIEZ 32 MAaJICHUEM YPOBHS OONOTHBIX BOJ, KOTOPEIC, IO-BUANMOMY, OTPaHIIH-
BaIOT MaKCUMaJIbHbIC a0CONIOTHBIC 3HAYCHUS IPAJIUCHTOB, IIOCKOIBKY 3/1ECh MPO-
XOIIUT I'PaHUIla a3PUPYEMOTO U HACBIIIICHHOTO BOJIOM clI0€B Topda. B oTimmuane ot
HuxkonaeBckoro psiMa, B IOXKHOTa&KHOM BEPXOBOM 0o0JioTe 00Jiee BBICOKOE CTO-
sTHUE OOJIOTHBIX BOJ OOYCIIOBMIIO HaWOONBIINE aOCONIOTHBIC 3HAYCHUS JICTHUX
rpaauenTtoB B cioe oT 10 10 20 cm [9].

Jlunamuka npomepzanusn u ommaueanusn. OCEHbIO U BECHOH, Tepe] ycra-
HOBJICHHEM CTaOMIBHBIX OTPUIATEIBHBIX WU MOJOKUTEIbHBIX TEMIIEPaTyp B
I0YBE, BCET/Ia MIPHUCYTCTBOBAJ IIEPEXOIHBIN MEPHOJI, B TEUCHHE KOTOPOTO TeMIIe-
parypa kojebanach BOKPYT HYJIEBOW OTMETKH B TEUEHHE CYTOK I HECKOJIBKHX
nqHei. OceHbI0 B MOBEPXHOCTHOM clioe Oonora oH Hactynai ¢ 30 ceHTsOps (B
2014 r.) mo 15 oxts10pst (B 2012 1) u 3akanumBancs mexay 18 oxtsiops (B 2016 1)
u 7 HostOpst (B 2013 1), Tak 4TO €ro JIUTEIBLHOCTh COCTaBMsuIa OT 12 10 25 mHei
B cioe 2—15 cM (puc. 5). Hanbonpias JUTENbHOCTh ATOTO NIEproja OTMEUeHa
B 2013 u 2014 rr. C m1yOMHOM MPOUCXOAMIIO €ro CMEIIeHHe Ha 0ojiee TIO3THHE
CPOKH M COKpallleHHe JuTenbHoCTH. Tak, Ha miyoune 15-20 ¢cM oH HacTyman B
niepuont 4 okTa0ps — 21 HosIOps ¥ iponokancs 8—17 aueit. Ha rmyoune 30—40 cm
MEPEXOIHOTO MIEPUOa He HaOII0IaNoch, TEMIIEPATypa B TCUCHUE OTHOTO IHS
OTIyCKaJlach IO MUHYCOBBIX 3HaUCHHH, 3a ucKitoueHnem ocean 2012 .

BecHotli Takoil ske Iepro TeMIIEpaTyp, KOJICOIIOMMXCS BBIIIC U HIKE HYJIe-
BOW OTMETKH, HAYMHAJICS M 3aKaHUMBAJICS MEXAy 2 ampens u 21 mas u oueHb
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OBICTPO OXBAaTHIBAaJ BECH CE30HHOMEP3MBIN cioi. M3-32 TOCTOSHHBIX HOYHBIX
3amopo3koB B 2014 1. ero amutensHOCTh Aocturia 49 nueit, B 2015 u 2017 rr.
cocraBmia 21-25 nueit, a B 2013 u 2016 rr. — 12—17 nueit. C nryOUHOM JITUTEIh-
HOCTb 3TOTO TIEpUOJa TAK)KEe CHHUKAJIACh, OOBIYHO MPOMOPLUUOHATIBHO JAITUTEIb-
HOCTH B TIOBEPXHOCTHOM cJioe. B To xe Bpems B 2014 1., Kor1a moiokuTeabHbIe
U OTpHLATEeNbHbIE TEMIIEPATypbl B BEPXHEM CIIO€ CMEHSUIUCh Ha MPUTSHKEHUH
2,5 Mec, ce30HHas Mep3noTa Ha TiryonHe 40 cM Mcueslia B TeueHUE JIBYX JHEH, a
B 2016 ., KorAa Uit yCTaHOBJICHUS TIOCTOSIHHBIX TTOJIOKUTENBHBIX TEMIIEPaTyp B
BEPXHEM CJIO€ TIOHATI00MIOCH MEHEE IBYX HeJelb, Ha IIyOuHe 40 ¢M ATOT Ieproz
pacTAHYJICS MOYTH HA MECSIIL.

Tabauma 3 [Table 3]
JlimTebHOCTH 6€3MOPO3HOTO MEePUOAA (B YUCIUTENE) U ATUTEIbHOCTD epuoaa
€ MOJIOKUTEJILHBIMH CPeJHUMH CYyTOUHBIMH TeMIlepaTypaMu (B 3HaMeHaTeJ1e)
[The duration of the frost-free period (in the numerator) and the duration
of the period with positive average daily temperatures (in the denominator)]

MakcumaibHasi pa3Hu-
[1a MEKIy rofjaMu, THA
[Maximum difference
between years, days]

I'my6una, cm Tonpr [Years]
[Depths, cm]

2013 2014 2015 2016

2 168 /202 [ 132/196 | 133/193 | 170/ 194 38/9

5 173 /207 [ 132/200 | 133/202 [ 170/ 195 41/12
10 181/206|132/197 | 133/205|170/192 49 /14
15 182 /207 | 152/196 | 187/204 | 170 /192 35/15
20 201/218 [ 161/197 | 187/209 | 172/196 40/22
30 245/251 | 153 /201 | 191/208 | 191/203 92 /50
40 282 /286 | 182/212[198/202 | 179/194 103 /92

JnutenbHOCTh 6€3MOPO3HOTO EPHOJIA PACCUUTHIBAIOT 10 YUCITY JHEH MEXITY
nocJieiHer 3aUKCUPOBAHHOM OTPHUIIATEIILHOW TEMIIepaTypol B BECCHHHUI TIepH-
Ofl U TEpBOil OTpHULIATENBbHON TeMIepaTypoil B oceHHui nepuoa [25]. Msl pac-
CUHTAJIH ATOT TIOKA3aTeNb I MOXOBO-TOP(MSIHOM 3aJIeXkKH psiMa, TIOCKOJIBKY ¢ HUM
CBSI3aHO (DYHKIIMOHUPOBAHUE MOYBEHHOM OMOTBHI, BKIIOYAsk KOPHEBBIE CHUCTEMBI
pactenuii. Pasnuna B JunTensHOCTH 0€3MOPO3HOTO MEPHOa MEKITY TOJaMH J0-
crurana 1-1,5 mec B BepxHeM a3pupyeMoM 20-caHTUMETPOBOM cioe (Tali. 3).
B cnoe 30—40 cM, KOTOpBIN HEMOCTOSTHHO HAXOIUTCS B 30HE BIUSHHS OOJOTHBIX
BOJI, AJTUTEJNBHOCTH NIEPUOAA YBEINUMBAIACh U JocTUrana okonao 100 queit. B ot-
JIM4YUE OT NPEBIIYIIEro napamMerpa, NpoAoLKUTEIbHOCTh NIEPUOA C TEMIIEpa-
Typoil Beimie 0°C yuuTHIBAET YHUCIIO AHEH C MOJOXKUTENBHOI cpeiHel cyTouHOM
TEMIIEPaTypOi, KOTOPbIE MOT'YT IIEPEMEKATHCS C AHAMM, KOTJJa CPEJIHSIS CyTOUHAs
TeMmIeparypa oTpulareibHa. JTOT MoKa3areib OcTaBalics Oojiee CTaOUILHBIM B
TEUCHHNE N3y9IaeMOTO IepHo/Ia, COCTaBUB 196+2 HS B TOBEPXHOCTHOM CIIOE (CM.
tabm. 3). [lo nry6uns! 20 cM pa3HHUIA 110 TOjlaM yBEJIHUUBAIAch 10 TPEX HEelb,
a Ha iryoune 30 u 40 cM coctaBuna 50 U 92 THS COOTBETCTBEHHO.
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Puc. 5. Jlunamuka BBICOTBI CHEKHOT'O ITOKPOBA (IO JaHHBIM METEOCTAHIIUN
Bapabumck [17]) v m1yOuHBI CE€30HHOMEP3IIOTO CJI0S B Pa3HbIE TO/bI HAOIONCHUIA.
TémHOI 3aMMBKOH MOKa3aH CJIOU C HOCTOSHHBIMU OTPUIIATEILHBIMU TEMIIEPATypPaMHu,
CBETJION — MEPHO/] YePEIYIOIIErocs IPOMep3aHusI-oTTanBanus. Pacuér ryOuHbI mpo-
Mmep3anust 3umoit 2012/13 u 2013/14 rr. npoBeaéH cTanAapTHBIM MeTomoM [25]
[Fig. 5. Dynamics of snow cover depth (according to Barabinsk meteorological station [17]) and
the depth of the seasonally frozen layer in different years of the study. Dark fill shows a layer with
constant negative temperatures, light fill shows a period of alternate freezing-thawing. Calculation
of the freezing depth in winter 2012/13 and 2013/14 was carried out by the standard method [25]]
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[TockonbpKy y OCHOBHBIX HMPOIYIICHTOB BEPXOBBIX OOJOT, C(arHOBBIX MXOB,
(hoTOCHHTE3 HaYMHAETCS MPU TeMIIepaType BO3/yXa 4yTh BBILIE HYJIEBOM, KOT-
Jla CHET IMOJHOCTRIO emé He comén [26], MaHHBIN TTOKa3aTellb MOJKET OKa3aThCs
Oonee MH(OPMATUBHBIM NPU PACCMOTPEHHUH YCIOBUN (YHKIMOHUPOBaHHS 0O-
JIOTHBIX 9KOCHCTEM IO CPABHEHHIO C MapaMEeTPOM «UTUTEIHHOCTH 0€3MOPO3HO-
ro nepuonay. MIHTepecHo, 4To YKUCIIO THEH ¢ HEeMpPephIBHBIMU OTPUIATEIbHBIMU
TeMmIeparypaMu Ha riyouHe 2 cM B HukomaeBckoM psiMe coctaBmiio 16145, a B
Oonee ceBepHOM OomoTe FOKHOU Tairy — 151+£20 [12], 4To MOXKHO CBSI3aTh Kak
¢ Oonee MATKMM MOYBEHHBIM KIMMAaTOM B YCIIOBHSX OONbIIEH OOBOXHEHHOCTH
Y MIPUHAJUICKHOCTH K OTPOMHOMY OOJIOTHOMY MacCHBY KKHOTa&KHOTO 00JI0Ta,
TaK ¥ C MHOTOJICTHIMH KIIMMATHICCKIMH (DIyKTyallusIMH, TaK Kak B I0’KHOH Taii-
r'e UCCIIeI0BaHMS TPOBOMINCH paHblie. [11yOuHa npomep3anus TopdsiHoOit 3aie-
KU JocThTana B arpesne 60 cM B IOCIeIHAE TpH roja HabmroaeHui (puc. S5). [pu
9TOM B HO)KHOU Talre B Te K€ rojibl HaOII0eHUH MaKCUMallbHbIEe TITyOUHBI MTPO-
MEp3aHusT MEHSUTUCH B IBYX psmax oT 31 mo 52 cMm, coctaBuB B cpeanem 38 cM
[27]. MemienHoe npomep3anue 3umoit 2013/14 1. 00bsicHAeTCS KaK TEMIIOM OCEH-
HEH TOT00#, TaK 1 HEOOBITHO BEICOKUM YPOBHEM CTOSTHHSI OOJOTHBIX BOA (OKOJIO
20 cM) mpHU HACTYIUICHWU 3MMBbI. BECHOW OTTaMBaHWe HACTYMaJO MOYTH Cpazy
o Bcel TITyOHMHe Mocie CX0Aa CHeXKHOTOo IMoKpoBa. Ha Hamem Gomote Mep3iora
MOJTHOCTBIO HcYe3alia B Hayasle Masi, B TO BpeMs Kak B IOXKHOM Talire ncue3HoBe-
HYe MEP3JIOTO CII0S IPOUCXOTMIIO B Mae—wnroHe [12].

Becennuii pesepc Temmeparyp B BepXHEH METPOBOi Toie TOp(sHOI 3ae-
KU TIPOMICXOIMI TIOYTH CHHXPOHHO Ha pasHBIX NIyOMHAX B ampele, a OCCHHUM
peBepc NPOIOIHKAJICS ¢ CEHTAOPS MO OKTAOPb.

TemneparypHbIit pesxuM TOPPSHBIX OJTUTOTPO(HBIX ITOYB B JISCOCTEITHOM 30HE
3anagnoit Cubupu omnpenensercsa psaoM (HaKTOpoOB: XOIOM TeMIeparypbl BO3IY-
Xa; CTENCHBIO OOBOMHEHHOCTH M YPOBHEM CTOSHHS OOJIOTHBIX BOJ; IUISL 3MMHE-
ro Mepuoaa — MOLIHOCTHIO M BPEMEHEM YCTAHOBIEHHS CHEXHOTO MokpoBa. [1o
CPaBHEHMIO C TaKUMHM K€ IOYBAMHU FOKHOM TaWI'M, KOTOpPbIE XapaKTEpPU3yIOTCA
CXO/IHBIM OOTaHMYECKUM COCTaBOM TOp(da M aHaJOTMYHBIM (PUTOLIEHO30M, IIPO-
U3paCTAIONINM HA HUX, TOP(SHBIE OMUTOTPO(DHBIC TOYBEI JIECOCTETIN OTINIAIOTCS
YBEITUYEHNEM MOIITHOCTH JICATEILHOTO CIIOS M BO3PACTaHUEM KOHTHHEHTAIbHOCTH
MTOYBEHHOTO KJIUMaTa, 9TO 00yCIOBIEHO 00ee HU3KUM CTOSTHUEM OOJIOTHBIX BOJI.

BoiBOABI

1. B Téruiblii mepro roa TeMreparypHbId peXUM MOXOBO-TOP(MSHON TOJIITH
BEpXOBbIX 00J10T 3anagHo-CHOUPCKOIi JIECOCTENH ONPENEIeTCs X0A0M JIETHUX
TEMITEpaTyp ¥ YPOBHEM CTOSHHUS OOJOTHBIX BOA. B 3mMHMIA epron TeMmeparyp-
HBII PEeXUM TOPGSHON 3aJeKU B MEHBILIEH CTENEHH ONpPENeNseTcss XOA0M TeM-
reparyp BO31yXa U 3aBUCUT OT HAJIWYMsI U BPEMEHU YCTaHOBJIEHUS CHEXHOIO
MOKPOBa U YPOBHsI CTOSIHMS OOJIOTHBIX BOJ B OCEHHUI mepuoj. Kpuruueckum
TIEPHOJIOM SIBIISTIOTCSI OKTSAOPh W HOSIOPb, KOTJIa CHEKHBIA MOKPOB emié He obe-
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CIIEUMBACT TEIUIOM30ILIIHI0. CaMble HU3KHE CPEIHHE CYTOYHBIE TEMIICPaTyphl
MTOYBBI IPUXOJISATCS HA HOSAOPB.

2. B Teuenune m3zydaeMoro rneproaa HaOIONAIOCh yCUIEHHE KOHTHHEHTAb-
HOCTH MOYBEHHOTO KJIMMaTa, KOTOPOE MPOSBISIIOCH B YBEIIMYCHUN aO0COIIOTHBIX
3HAUCHUH CyMM IIOJIOKHUTENBHBIX M OTPHIATEIBHBIX TEMIIEPaTyp, MOHMKECHIH
[IyOMHBI TpOMep3aHus TOPQSIHOH TOJIIH, a TAaKXKe YBETUYCHUH TOI0BOW aMILITU-
TyAbl BepxHero 40-CaHTUMETPOBOTO CIIOS.

3. TemnepaTypHBbIii PeKUM B MOXOBOM IOKPOBE M TOP(SHON MOUBE B TIOBEPX-
HOCTHOM cJ0¢e 10 40 cM 3aBUCHT OT MHOTOJNIETHEH TWHAMUKU OOJIOTHBIX BOJ, Xa-
pakTepusyercss MaKCUMalbHONH KOHTPACTHOCTBIO TEMIEPAaTYPHBIX yCIOBHH, 5B-
JSIeTCsl N3MEHYHBEIM I10 TO/IaM, 9TO JOJDKHO OKa3bIBaTh BIMSHHE HA PAs3IHYMS B
pesxkume (yHKIIMOHUPOBaHUS OUOLIEHO3a 110 TO/IaM.

4. TemneparypHbIii pexxuM TophsHOM 3a1eku HIKe 40 CM KOHCEPBaTHBEH B
CBSI3U C MOCTOSHHBIM MPUCYTCTBHEM OOJIOTHBIX BOJ, YTO ONpEACISET OIUHAKO-
BbIE TOJIOBYIO aMIDIUTYIy W XOJ TEIIOBOW BOJNHBI BIIyOBb, OTCYTCTBHE OTpPHIIA-
TEJBHBIX TEMIIEPaTyp, Hauboee HU3KUE TPaJUEeHTHI TEMIIEPaTyp.

5. Ilo cpaBHEHHIO ¢ TAKMMH K€ IIOYBAMH B IOXKHOU Taiire Top(sHbIC OJIUTO-
TPO(HBIE MOYBBI JIECOCTEITHON 30HBI OTIMYAIOTCS 0OJIee BBICOKMMHU CPEIHUMHU
3HAUCHMUSMH JICTHUX TeMIIeparyp, OOIbIICH TITyOHMHON 3aTyXaHUsI CyTOUHBIX KO-
neOaHuit TeMmeparypbl, 0onee CyIECTBEHHBIM CHIDKCHHEM CPEIHUX TOJOBBIX
TeMIeparyp ¢ TIIyOUHOM, OOJIbIIel TOA0BOM aMILTUTYI0U 110 MpoduIIto, OONbIIeH
IyOMHOHM pacmpocTpaHeHUs] MaKCHUMaJIbHBIX TEMIIEPAaTYPHBIX IPaJIUeHTOB, 00-
Jiee paHHUMH CPOKaMH HCUE3HOBEHHS CE30HHOH MEp3IJIOTHI, a Tarkke OOINbImeit
JUIUTEJILHOCTBIO TIEpHOJia C OTPHULIATENIbHBIMU TEMIIEpaTypaMu U OoJble TiryOu-
HOU TIPOMEp3aHHs, YTO B IIETIOM yKa3hIBaeT Ha 0Oee KOHTHHEHTAJIBHEIC YCIOBHS
B TOP(sIHOI! MOUBE JIECOCTENH 10 CPAaBHEHUIO C F0XKHOM Talroil B CBA3U ¢ HU3KUM
CTOSTHUEM OOJIOTHBIX BOJ.
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Temperature regime of peat deposit of ombrotrophic bogs
in the forest-steppe zone of Western Siberia
(the example of the Nikolayevsky ryam)

Ombrotrophic raised bogs in the forest-steppe zone of Western Siberia are at the
extreme southern limit of their distribution and exist under conditions of insufficient
moisture and are surrounded by saline soils. In the changing climate, it is especially
important to carry out regime observations of various components of such ecosystems.
The aim of this research was to reveal peculiarities of temperature regime of fibrist
histosol at a pine - dwarf shrub - Sphagnum raised bog in the Baraba forest-steppe of
Western Siberia.

We carried out the study at a pine - dwarf shrub - Sphagnum raised bog, Nikolaevsky
ryam (55°08'59"N, 79°02'59"E ). An autonomous soil temperature measurement system
(IMCES SB RAS, Tomsk) was used. Temperature was registered at depths of 2, 5, 10,
15, 20, 30, 40, 60, 80, 120, 160, 240 and 320 cm once per hour, the duration of the
study was 4.5 years (05.10.2012-22.05.2017). We used data of Barabinsk meteorological
station on air temperature, precipitations and snow cover depth (See Table 1).

Average annual temperature of the fibrist histosol in 2-20 cm layer was 4.7-5.1°C
and it decreased at a depth of 240 cm to 3.3-3.7°C. The highest average monthly
temperatures of the upper peat layer were 18.4-20.2°C in summer months, and the
lowest ones were -2.0...-5.1°C and were recorded from November to February.
Simultaneously, monthly air temperatures were -15...-26°C (See Fig. 1). Average
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daily temperatures of the peat deposit were always minimal in November, reaching
-11...-17°C due to the low thickness of thermal insulating snow cover. The annual soil
temperature amplitude in the upper 20 cm ranged from 19 to 23°C in different years,
and it did not change over the years below 40 cm and decreased from 12°C at a depth
of 60 cm to 3°C at a depth of 240 cm (See Fig. 2). Soil temperatures were always
positive below 60 cm. The sum of positive average daily temperatures in the surface
layer of the bog ranged from 2200 to 2400°C, at a depth of 20 cm it decreased by
200°C, and at a depth of 2.4 m the sum of positive temperatures decreased by 1000°C
in comparison with the surface layer. The sum of negative average daily temperatures
was -1660 ... -2100°C in different years of observations (See Fig. 3). The dynamics of
changes in the sums of negative temperatures for air and for peat soil do not coincide
due to the change in thickness and time of establishment of snow cover and the different
water table depths that have a significant role in the temperature regime of the soil in
winter. The ratio of the sums of positive and negative temperatures at a depth of 2 cm
(under a layer of live Sphagnum mosses) and 20 cm to the corresponding sums of air
temperatures characterizes the soil warm-accumulating ability. During several years,
these indicators decreased for positive temperatures and increased for negative ones,
indicating an increase in soil climate severity (See Table 2). Temperature gradients are
positive when the heat flux flows from the soil to the atmosphere, and the peat deposit
cools down; and negative when the heat flows in the opposite direction and the soil is
heated. We observed the maximum temperature gradients in the layer of 15-30 cm, it
is the largest negative value typical of May when the soil is intensively warmed, and
they gradually decrease during the summer (See Fig. 4). Freezing of the soil took place
in October-November; at this time the freezing depth reached 40 cm, and then slowly
descended during the winter. High water table standing and warm weather in autumn
2013/14 caused a decrease in the depth of freezing to 20 cm at the beginning of winter.
In the spring, the thawing of peat deposit began immediately after the snow had melted
and for a few days covered the entire freeze layer (See Fig. 5). The duration of the frost-
free period in the moss carpet (at a 2 cm depth) varied from 132 to 170 days, while
the number of days with positive average daily temperatures was more stable, 161£5
days (See Table 3). During the observation period, average summer temperatures, the
sum of average daily positive temperatures and the sums of negative average daily
temperatures (absolute values) increased, as well as average winter temperatures
decreased and the depth of freezing lowered. The weather conditions of November were
crucial for soil temperature regime during the winter due to air temperature and time
of onset of snow cover with 15 cm thickness or more as well as the water table depth
in autumn. In comparison with the same soils of the southern taiga, fibrist histosols in
the forest-steppe were distinguished by an enlargement in acrotelm thickness and an
increase in continentality of soil climate, which were due to the deeper water table.
This is expressed in higher average values of summer temperatures, a greater depth
of attenuation of daily temperature fluctuation, a more substantial decrease in average
annual temperatures with the depth, greater annual amplitude along the profile, greater
depth of maximum temperature gradients, an earlier seasonal permafrost melting, as
well as a longer duration of periods with negative temperatures and a greater depth of
freezing.

The paper contains 5 Figures, 3 Tables and 27 References.

Keywords: pine-dwarf shrub-Sphagnum raised bog; ryam; forest-steppe zone;
autonomous soil temperature measurement system.
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KPATKHUE COOBLIEHUA
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T.3. EcukoBa

Dedepanvubiil uccredosamenvekull yenmp «[lywunckuil HayyHsill yenmp
buonoeuyeckux uccredosanuti PAHy, Hncmumym ouoxumuu u gpusuonozuu
murpoopeanusmos um. I'K. Cxpsaouna PAH, 2. Ilywuno, Poccus

OnpenesieHne ONTUMAJIBHBIX YCJI0BHII pocTa
rPaMIOJIOKUTEIbHOM OaKTepuu
Gulosibacter sp. BS38 — necTpykTopa TOKCHYHOTO
KCEeHOOHMOTHKA epsilon-KanpoJsakTam

Hcnonvsosanue MUKPOOP2AHUBMO8 — —  CHeYUPUUECKUX — 0eCmpyKmopos
KCEeHOOUOMUKO8 01 OUONO2UYECKOU — OYUCIKU — NPOU3BOOCTNBEHHBIX — OMX0008
npeononazaem npeosapumenvuvili omoop Hauboiee AaKMUBHBIX 6 OMHOUEHUU
uccredyemvix cyocmpamos wmammos Ha OCHOBe U3YUeHUs. UIUONOSUU UX POCMd
Ha cenekmueHvlx cpedax. H3yueno enusHue YUIUKO-XUMUUECKUX —HAKMOpPOs
Kynbmuguposanus (memnepamypa, pH cpedvl u komyemmpayus cyocmpama) na
napamempuvl pocma epamnonoxcumenvroti 6akmepuu  Gulosibacter sp. BS38 —
0ecmpykmopa  MoKCUYHO20 —HenpupooHo2o coedunenus  epsilon-kanponakmama.
Kynomusuposanue wmamma BS38 ocywecmenanu 6 oHcuoxkol MuHepanvHou cpeoe
Deanca, codepocaweli KCeHOOUOMUK & Kauyecmee eOUHCMBEHHO20 UCMOYHUKA
yenepooa u snepeuu. Iloxkasano, umo wmamm BS38 pacmem 6 wiupoxom ouanazone
Konyenmpayuii kanporakmama—om 0,5 0o 12,0 2/n, onmumanvro npu 1,0-2,02/1, pH7,5
u memnepamype 28°C. [LImamm BS38 cnocoben pacmu npu 8b1cOKUX KOHYEHMPAYUAX
MOKCUYHO20 — NONIOMAHMA, — ABNACMCA  ME30UIbHbIM U AIKATOMONEPAHMHBIM
Op2aHUIMOM, YMO Onpedensien NepcneKkmusbl e20 UCNONb308AHUA 6 MEXHONOSUAX
OUONO2UYECKOU  OUUCIKU OMX0008 NPOUIBOOCME KANPOLAKMAMA U  NOIUMEPOS,
NOIYUAEMbIX HA €20 OCHOBE.

KuroueBble  ciioBa:  6uodecpadayusa; — Ouopemeouayus;,  OeKCMPYKYus
KCEHOOUOMUKO8,; KYIbIMUBUPOBAHUE, KANPOIAKMAM.

BBenenune

VHTencuBHOE pa3BUTHE XUMUYECKOH MPOMBIIIICHHOCTH U MPOMBIIIICHHOTO
MIPOM3BOJICTBA B 1I€JIOM IIPUBEJIO K TOMY, YTO Pa3JIMYHbIE HEMTPUPOAHbIE XUMHUYE-
CKHE COSTNHCHNUS, TOKCHYIHBIC IJISI KUBBIX OPTaHI3MOB, B OOJBITHX KOINIECTBAX
MOTMAIAI0T B OKpYXKarolyto cpeay. OIHUM U3 pacpoOCTpaHEHHBIX MOJITIOTAHTOB
sIBISIETCS epsilon-kanponiaktam (janee — karponakram, KAII), exeromHoe mMu-
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POBOE TIPOM3BOICTBO KOTOPOTO TOCTHTAET MIUUIMOHOB TOHH. JTO CBSI3aHO C pas-
HOOOpa3HbIME C(hepaMu MIPUMEHEHHUS MOIYYaeMbIX HA €0 OCHOBE MOJHMMEPHBIX
MaTepuanoB (HEWIIOH-6) B PAa3NWYHBIX OTPACISIX MPOMBIIUIEHHOCTH, CEIBCKOTO
XO3SIHCTBA, MEIUIMHBI U ObiTa. B mporecce mpoW3BOACTBA M MOIUMEPH3AIIH
KAII ob6pasyrorcst OTXOIBI, CONEpKaIIie ONMpPeNeICHHOE KOMNIECTBO KarpoJak-
TaMa W HU3KOMOJICKY/SIpHBIX (pakuumii onuromepos [1]. B Hacrosimee Bpems
TIPOM3BOJICTBEHHBIC OTXOABI CYKUTAIOTCSI MITH TIOIBEPTaOTCS 3aXOPOHEHHIO, UTO
MIPUBOUT K 3arPsS3HCHUIO MMOYB U IPYHTOBBIX BOJ| TOKCHYHBIMHU MOJUTIOTAHTAMHU.
[o muteparypusM nanHbM, KATII BBEI3BIBAaCT IEepMATHTHI, TUXOPAIKY M CYIOPO-
ru y mofei [1], HHayupyeT XpoMOCOMHBIE abeppaliy y MIeKONUTaromux (2],
a Tarke HHTUOMPYET POCT MUKPOOPTAHU3MOB, HTPAIOIINX BAKHYIO POJIH B IOJ-
JICPIKaHUHU YKOJIOTMIECKOro paBHOBecHs 1M04B [3]. OTCYTCTBUE CHCTEMHBIX HCCIIC-
ToBaHUI MUKpOOHBIX mecTpykTopoB KAII sBisieTcst pakTopoM, CIepKUBAIOIIIM
Pa3BUTHUE YKOJOTUYHBIX U SKOHOMUYECKHU BBITOTHBIX TEXHOJIOTUI OHOIOTUUECKOI
OYMCTKH TIPON3BOACTBEHHBIX OTXO0OB H OMOpEMETHANINH 3aTPSI3HEHHBIX ITOYB.

[TepBonayanbHo criocoOHOCTH pasiararb KAIT oOHapyxkeHa y 6akrepuii pona
Pseudomonas, xotopwle, Kak H3BECTHO, CIIOCOOHBI YTWIM3WPOBATH IIMPOKHI
CIIEKTP OPraHHYSCKUX COCITUHEHUIA, B TOM YHCIIC TOKCHYHBIC MMOJUTIOTAHTHI [4].
[To3HEE MBI TOKAa3aJIH, YTO CIIOCOOHOCTH OaKTepuit Pseudomonas K erpananan
KAII nerepmunupyercst CAP mnasmuiamu, KOTOpbIE COAEPKAT TEHETHUECKYIO
rH(pOpMAIIHIO, HEOOXOAMMYIO JUTS TIOJHOM MUHEpaIn3alnuu KceHoOuoTuka [5].
B Hacrosiiee BpeMst OIUCAHBI KalpoIaKTaM-yTHIIN3UPYIONIHe OaKTepHH, OTHO-
CSIIUECS K Pa3INIHBIM TAKCOHOMHYIECKUM TPYIIIaM, OHAKO CYIICCTBYIOT JIUIIIb
€/IMHUYHBIE COOOIICHUSI O TPaMIIOJIOKHUTENBHBIX OaKTepusX-IecTpyKkropax [6].
Ocob6ennocTu ononerpamanuu KAIT pasnuaabiMu OakTepHaIbHBIMH IITAMMAMH,
UX pa3HooOpasue 1 HUIOTSHHUS OCTAIOTCS MaJIo M3yUYCHHBIMU.

UzBecTHO, 9TO 3PHEKTUBHOMY MHUKPOOHOMY Pa3IOKEHHIO KCEHOOMOTHKOB
B 3arpsi3HEHHBIX MOYBAX MPEISITCTBYIOT Takue (aKTOphl, KaK HEONTHUMAJbHbIC
3HaueHus1 pH, TeMmeparypsl, a Takke BRICOKOE COAEPKaHNE TOKCHYHBIX TOJITIO-
TaHToB. [10 3TOH MpUYKMHE HE BCe MUKPOOPTaHU3MBI-ICCTPYKTOPBI MOTYT OBITh
HCTIONIE30BAaHBI B TEXHOJIOTUAX OUYMCTKU OKpPY Kaomel cpeanl. Briienenne HOBBIX
[ITAMMOB-JIECTPYKTOPOB KCCHOOMOTHKOB, U3y4YCHUE (PH3HOJIOTHU UX POCTA Ha Ce-
JIEKTUBHBIX CPEIaX MPHU Pa3INIHBIX YCIOBUIX MOXKET paccMaTpUBaThCs Kak mep-
BBIif IIaT UCCIICIOBAHMS UX TOTCHI[MATBHBIX BOBMOXKHOCTEH [UIsl UCTIOIb30BAHHUS
B OMOJIOTHYECKOH OYHCTKE MPON3BOACTBEHHBIX OTXOAOB. Llenh paboTh — H3yduTh
xapakTep pocrta bakrepuu-aectpykropa Gulosibacter sp. BS38 B MuHepanbHOM
cperie ¢ KanpoJaKTaMOM B KaueCTBE CMHCTBEHHOTO HCTOYHUKA YIIIEPOIa U YHEP-
MU B 3aBUCUMOCTH OT KOHIIEHTpanuu cyocrpara, pH cpemsl u TeMmeparypsi.

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

Mramm-gectpykrop Gulosibacter sp. BS38 (JN787120) Bbiaenen paHee u3
TTOYBEHHBIX 00PAa3IoB, 3arps3HEHHBIX oTxXomaMu mpou3BoactBa KAII u netimo-
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Ha-6 «OAO IlexuHoA30t» (I. llleknno, Tyibckas 001acTh), METOIOM HAKOITH-
TeNBHOHN KynbTypbl [7]. Mccnenyemslit mramm ytunusuposan KAII B kauecTse
€IMHCTBCHHOTO UCTOYHHUKA YIICPO/Ia M SHEPTHH B OTIMYHE OT paHee OMMCAHHBIX
OakTepuil-1ecTpyKTOpOB, TPEOYIOMHUX IS AETPagallui KCEHOONOTHKA JOTIOJIHU-
TEJIBHBIX UCTOYHHUKOB yIiiepoaa win (GakTopos pocrta [8].

[Ipu u3ydyeHun BIMSIHUSA YCIOBUM KYJIBTHBHPOBAHHUS HA POCT HITaMMa Olie-
HUBallM TaKWe IMapameTpbl, Kak onrtudeckas miotHocts (OII), mmutenbHOCTH
nar-¢gaspl, a TAKKE MAKCUMAJIbHAsL yJEIbHAsS CKOPOCTh POCTA KyJIBTYpPBI (W ).
st onpeniesiennst ycnoBUi ONTUMAIIBHOTO pocTa mramma BS38 ncnonp3oBaim
KHUJKYI0 MUHEpPAIbHYIO cpefy OBaHca [7], BappUpys B 3aBUCUMOCTH OT 33Ja4u
IKCIIEPUMEHTA TEMIIEpaTypy, 3HaueHne pH mim konmmdaecTBo cyOcTpara B cpere.
Knetku kynsTHBHpOBa B Koj0ax DprneHmeiiepa o0beMoM 750 Mi1, coeprkarnux
100 mut cpenpl, B Tedenue 100—120 u B meiikepe-unkybarope («Multitron Proy,
[IBetitiapus) npu 180 06/MuH. MHTEHCUBHOCTB POCTa KYJIBTYpP OILIEHUBAJIH CIIECK-
tpodoromerpruecku o m3menenuto OIT («UV Specordy», ['epmanus) npu aiuHe
BosiHBl 590 HM. B KauecTBe MHOKYJISITa MCHOJIB30BAIHN KYJIBTYPY, BBIPAIICHHYIO
Ha 310 ke cpene (pH 7,5, remneparypa KynbTiBrpoBanus 28°C, KOHIIEHTpAITH
KAII 1,0 r/n) no ontuueckoii otHoctu 0,5, 4TO TIO MPEIBAPUTEIBHBIM JaHHBIM
COOTBETCTBOBAJIO MIPIMEPHO CEepeArHE SKCIIOHCHITATIBHOH (haser pocTa. Kietkn
ocaxxanu nentpudyruposanuem («Rotanta 460R», I'epmanus) npu 5000g, B Te-
yerre 10 MHH U BHOCHIIH B KOJIOBI CO cTeprItbHO# cpemoii 10 OIT 0,05.

TemneparypHslii Auana3oH U ONTUMYM onpeAessiu npu 15,28 u 37°C. B stom
cirydae konnenTpanus KAII cocrasmsina 1,0 /i1, a pH cpenst 7,5. Biusiaue pH Ha
POCT KyIbTyphl OLleHHBaIu B uHTepBaie oT 6,0 1o 10,0 ¢ marom B 0,5 enuHUIBI
ipu Temrieparype 28°C. Msmenenus pH cpenbl ocymiectsisum nodasiennemM 3M
NaOH unu 1M HCl, nocne yero crepuinbHo BHOcHH pacTBop KAII 1o koHeuHOi
koHeHTpanuu 1,0 /7. s u3ydenus BimsHus koHnenTpanuu KAIT Ha pocT uc-
CJIElyeMOro ITaMMa cyOCcTpaT BHOCHIM B cpefy B konudectse 0,5 u manee ot
1,0 no 15,0 /i (Bec/00), yBenmmunBasi KOHIICHTPAIMIO KceHOOnoTrka Ha 1,0 /1.
Bakrepun kynsTuBHpoBanu npu Temneparype 28°C u pH cpenst 7,5.

Kaxmprii BapraHT OIBITa BBIIIONHEH B TPEX OHMOJOTMYECKHX ITOBTOPHOCTSIX.
Just kasknoro 3HadeHus OI1 BeIumcieHb! cpejHee apupMeTHIecKoe 1 CTaHapTHas
omubKka cpeanero apupmerndeckoro. Craructuieckas oOpaboTKa MOTyYEeHHBIX
JAHHBIX U IOCTPOEHHE rpa(UKOB BEIONHEHBI B porpamme Microsoft Excel 2007.
[o momy4eHHBIM KPHBBIM POCTA BRIUUCILUIH JIUTESIBHOCTD JIAT-TIEPHOIa U MaKCH-
MaJIbHYI0 YJIEIbHYI0 CKOPOCTb B SKCIIOHEHIMANBHOI (ha3e pocTa o Gopmysie

_InX, -InX,
L =1,

max

rae X, u X, — 3Ha4enus 6MOMAccChl, COOTBETCTBYIOIIME BpEMeHH pocTa /, u ¢,. 06
YBEJIMYCHHN OMOMACCHI CY/INITH 110 M3MEHEHUIO ONTUYECKOH IIIOTHOCTH KYIIBTY-
panbHOi xkuakoctu [9].
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Pe3ynbTarsl Hcciaeq0BaHNus U 00CYy:KIeHIe

[IpoBeneHHOE paHee m3ydeHHE MOPQPOIOTHUECKUX, (PH3HOIOTO-OMOXUMHUYe-
CKHUX MPU3HAKOB, a TAKXKE aHAIM3 HYKJICOTHIHOW MOCIeI0BaTeIbHOCTH reHa 16S
pPHK mrramma BS38 moxkazaio, 9to oH sSBIsIeTCS MpeACTaBUTENIeM Kiacca Acti-
nobacteria n otHocutcs K pony Gulosibacter [7]. Kak uzBectHo, akTuHOOaKTe-
pHuH criocoOHBI pasiaraTh IMUPOKHHA CHEKTP MPHPOAHBIX  man-made opranmde-
ckux coenuHenuii [10], oqHako mramm-gectpykrop KAIL, oTHOCsmmiics k pony
Gulosibacter, onucan BriepBbie. [IpumedarenbHo, uto pon Gulosibacter BbIieeH
B CAMOCTOSATEIbHBIN HEJIaBHO U NIPEACTABJICH B HACTOALIEE BPeMsl BCETo 2 ITaM-
MaMH, TIpuYeM omuH u3 HuX — G. molinativorax ON4", Beinenennsiii B [Topty-
rajinu, cnoco0eH OCyIIeCTBIATh erpajanuio repounuaa monunara [11]. Mure-
pecuo, uto KAII sBiseTcst mpoMeKyTOUHBIM MIPOIYKTOM Pa3IoKEHIS MOJTHHATA.
Hanbneiimee npespamenne KAIT y G. molinativorax ON4™ u Gulosibacter sp.
BS38 npoucxomut, o Bceld BATUMOCTH, IO 00IIeMy OMOXUMHUUYECKOMY TTyTH. Bu-
noBoi craryc mtamma Gulosibacter sp. BS38 TpebyeT yTOuHEHUs, TOCKOIBKY
BBICOKA BEPOSITHOCTH NMPUHAUICKHOCTH mTamma BS38 k Buny G. molinativorax.

Bo3MOXXHOCTh TPUMEHEHHSI MUKPOOPTaHU3MOB JJ1s1 OHOJIOTHYECKOM OYUCTKH
MIPOM3BOICTBEHHBIX OTXO/OB, conmepxammx KAII, B HacTosmiee BpeMs TONBKO
uccnenyercs. [lokazaHo, 4TO cKOpOCTh U cTeneHb aerpananuu KAIT B cTouHbix
BOJIaX B TIEPBYIO 0OYEPEb 3aBUCST OT KOHIICHTpaIiu kceHoornotuka [ 12]. Tlo nme-
folmmMcst 1aHHbiM, konnuectBo KAIT B crokax MoxkeT BapbupoBarb oT 1 360 1o
3 600 Mr/;1 B 3aBUCUMOCTH OT KOHKPETHOTO TpeanpusaTus [1, 2], mostomy Toe-
PAaHTHOCTh MHUKPOOPTIaHU3MOB-JIECTPYKTOPOB K BBICOKUM KOHIIGHTPALIUSAM KCe-
HOOHMOTHKA MOXXET UMETh NPHHIUIAAIGHOE 3HAYCHHUE TSI MX HCIONB30BAHUS B
TEXHOJIOTHSIX OMOJIOTMYECKON OYMCTKH OTX0A0B. ClietyeT OTMETUTb, YTO KOHIICH-
tpamust KAII, ontuManbHas 11t OONBITMHCTBA OMHCAHHBIX OaKTepH-IeCTPyK-
TopoB, coctaBnseT 1,0-2,0 r/n [13—-15]. Tak, yBenuueHre KOHIEHTpAIUU IOJI-
moTanTa 10 5,0 T/7 MPUBOAMIIO K CYIIECTBEHHOMY CHIDKEHHIO CKOPOCTH POCTa U
ypokas KIeToK y 6akrepuii Pseudomonas, a ipu konuentparuu KAIT 10.0 r/m ux
poct noiHoCcThIO Tipekpamadics [13]. Makcumansaoe konngectBo KAIL, pu xo-
TOopoM Halmonascs poct 0akrepuit Arthrobacter citreus n Alcaligenes faecalis, —
5,0 1 6,0 1/ cooTBeTcTBEHHO [14], a iTamMMm Proteus sp. NTS2 nemoHCTpupoBa
cnabwiit poct mpu 10,0 /1 cyberpara B cpene [15].

Wzyuenne MHrHOMPYIOMIETO BIMSHUS KalpojaKTaMa Ha POCT HCCIETyEeMOTro
mTaMMa MPOBOJIMIIM B TMana3oHe KoHueHTpauuii ot 0,5 10 15,0 r/i. JInutensHOCTD
nar-¢a3zbl pu KoHieHTpanuu KAIT 0,5 1/n1 MuauManbsHa (5 9) o CpaBHEHHIO €
JpyTUMU BapraHTaMu onbiTa. KynbTypa ObICTpo JocTUTaa CTallMOHAPHOM (hasbl
pocra, omHako OIl kyinbTypbl HeBbIcoKast (0,55), 4TO MOKET CBUJICTEIbCTBOBATh
00 ucuepnanuu cyocrpara (puc. 1, 4). MakcumamnbHas yaeabHas CKOPOCTh pocTa
B 9TOM ciydae cocrasisiia 0,057 a!. TIpu koruentpanuu KAIT 1,0 u 2,0 1/ Kyiab-
Typa nocturaina HanOonpiux 3Hadenuid OI1 (0,71 u 0,73), yaenbHasi CKOPOCTb
pocrta Tarke MakcumanbHas — 0,094 u 0,086 u! coorBercTBeHHO. HecmoTpst Ha
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TO, YTO POCT IITaMMa HauWHAJICS mocie 0ojee INTETHHOTO Jar-epruoia (OKo-
710 15 9), MOXKHO CUMTATh 3TH KOHIEHTPALUH CyOCTpaTa ONTHMAalIbHBIMU. Jlab-
Heimee moBeimeHne konndectBa KAIL B cpeme COmpoBOXKAaIOCH MPOTIOPITHO-
HaJIHBIM yBEJIMUYECHUEM JIaT-TIEPHO/ia, 3aMEJICHUEM Y/IeIbHON CKOPOCTH POCTa,
a TakKe YMEHBIIICHHEM ONTHYCCKON IUIOTHOCTH KyJBTYpEL. [IpH KOHIEHTparmm
cyocrpara 10,0 r/n HabmIOHAIOCh PE3KOE CHUXKCHUE YAETBHOW CKOPOCTU pocTa
KysnsTyphl (L 0,039 u'), onHako OH He NpeKpaTUIICs IOIHOCTHI0. MakcuMab-
Hoe konuuecTBO KAIL mpu KOTOpoM ele coXpaHsiics pocT OakTepHii, CocTaBu-
1o 12,0 1/11, 9TO BBIIIE, YeM y ONMUCAHHBIX paHee OakTepwuii-gecTpykropos KAII
[13—15]. AnuTenbHOCTh Jar-hasel B 9TOM citydae gocturana 33—34 g, OI1- 0,29,
ap — 0,018 a'. [lomydeHHbIE pe3y/bTaThl CBHAETENLCTBYIOT O TOM, YTO HC-
CJIelyeMBIil ITaMM CIIOCOOEH PACTH MPH BBICOKUX KOHIIEHTPAIMAX TOKCUYHOTO
cyOcTpaTa 1 MOXET OBITH HCIIOIB30BAH TSI OYUCTKH CTOKOB, COACPIKAIINX ITOJI-
JIFOTAHT B MIMPOKOM AMATA30HE KOHIIEHTPAIUi.
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Puc. 1. lunamuka pocra mramma Gulosibacter sp. BS38 B sxuzkoit MuHEpanbHOU cpene
TIpU pa3iIMYHBIX KOHICHTpAMsX epsilon-kanponakrama (r/i) (4), pH cpenst (B)
u temrieparype KynsrusupoBanus (C). [IpencraBieHs! ycpeqHEHHBIC 110
TPEM U3MEPEHHsIM JJaHHbIE C JOBEPUTEITEHBIMU HHTEPBAJIAMN)
[Fig. 1. Growth dynamics of Gulosibacter sp. BS38 in a liquid mineral medium at different epsilon-
caprolactam concentrations, g/L (4), initial pH of the medium (B) and incubation temperature (C)]
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Wzyuenne BmusHUA pH w Temmeparypbl KyJIbTUBHPOBAHUS HA TAapaMeTPHI
pocra mramMa BS38 mpoBoaunu npu xoHueHTpauuu cyocrpara 1,0 r/n. Yera-
HOBIICHO, YTO JYYIIUH POCT KyabTyphl HaOmonaics npu 28°C u pH 7,5 (puc. 1,
B, C). Ilpu sTom Temmeparypa KyIbTUBUPOBAHUS MPEUMYIIECTBEHHO BIIUSIIA HA
YAENbHYI0 CKOPOCTh pocTa KynsTypsl (b 0,094, 0,052 u 0,038 u ' mpu 28, 37
u 15°C COOTBETCTBEHHO), TOTAA KaKk U3MeHeHue pH cpenbl IPUBOIMIO TaKKe K
3HAUYUTEIHHOMY YBEIWICHHUIO JUTNTEIBHOCTH Jar-Qassel u cHmwkernto OI1 (puc. 1,
B). Cnenyer oTMeTUTh, YTO yAeIbHAsI CKOPOCTh pocTa kieTok U OIl KymsTypsl
Bbie npu 3Hadenusx pH 9,0 u 10,0 (u,_ 0,036 u 0,024 u'), yem npu pH 6,0
(1, 0,019 4'), 4TO MO3BONMIIO OTHECTH UCCIIEAYEMBIH ITAMM K aJIKaJoTOJIE-
panTHBIM OakTepusM. [10CKOIBKY CTOKH, 0Opa3yromuecs IMpH IPOU3BOACTBE U
nepepaborke KAII, npencrasisitor co0oil 1menounsie pacTBopsl [16], To anka-
JIOTOJIEPAaHTHBIE OAKTEPHH-IECTPYKTOPHI SBISIFOTCS HanOoJee MepCIeKTHBHBIMHU
JUISL UCTIOJIBb30BAHUS B OMOTEXHOJIOTUSAX OYUCTKH IIPOU3BOACTBEHHBIX OTXOAO0B.

3akaouenue

B naHHOM mccieOBaHMM YCTaHOBIICHO, YTO HOBBIM TI'PaMITOJIOKHATEIbHBINA
mraMM-aectpykrop Gulosibacter sp. BS38 obnanaer yHUKaJIbHOW CIOCOOHO-
CTBIO MCIIOIB30BaTh epsilon-KarporakTaM B Ka9eCTBE SIMHCTBCHHOTO NCTOYHHKA
yIIepoja B IUPOKOM JHAara30He 3HAYCHUH TeMneparypbl, pH cpebl 1 KoHIIeH-
Tparuu cyocTpara. BeIIBIEHO, YTO KONNYIECTBO TOKCHYHOTO CyOCTpaTa M IIoKa3a-
Tenb pH cpebl 0Ka3bIBAIOT CYNMIECTBEHHOE BIUSHUEC HA YACIBHYIO CKOPOCTh PO-
CTa, JUTUTEIFHOCTH Jar-ha3bl ¥ ONTHIECKYTO TUIOTHOCTD, TOT/Ia KaK TeMITepaTypa
KyJBTHBUPOBAHUS IPEUMYIIIECTBCHHO BIUSIET TOJIBKO Ha YIEIBHYIO CKOPOCTH PO-
cTa KynbTyphl. [1omoOpaHbl onTHMAaIbHEIE YCIOBHS KyTETHBAPOBAHUS OaKTePHN:
pH 7,5, Temneparypa 28°C, xoHuentpanus cyocrpara 1,0-2,0 r/n. I[TonyueHHsle B
JAaHHOH paboTe pe3yibTaThl BJSIFOTCS OCHOBOMW JIJIS TAJIHEHINIETO HCCIICTOBAHMS
BO3MOXKHOCTH IIpuMeHeHust mramma Gulosibacter sp. BS38 nns 6uonoruueckoit
OYHCTKH TIPOU3BOACTBCHHBIX OTXONOB MPEANIPHUATHH IO MPOM3BOACTBY epsilon-
KarnpoJjakrama U MOJMMEPOB Ha ero OCHOBE.
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Determination of optimal growth conditions for gram-positive bacterium
Gulosibacter sp. BS38, destructor of toxic xenobiotic epsilon-caprolactam

Caprolactam is one of the widespread pollutants; its annual world production
is in millions of tons. In the process of production and polymerization of CAP,
wastes are generated that contain a certain amount of caprolactam and low
molecular weight fractions of oligomers. Currently, industrial waste is incinerated
or disposed of, which leads to pollution of soil and groundwater with toxic
pollutants. A lack of systematic studies on microbial destructors of caprolactam is
a limiting factor in the development of cost-effective technologies for biological
treatment of industrial wastewaters. The aim of this research was to explore the
growth pattern of the strain-destructor Gulosibacter sp. BS38 in a mineral medium
containing caprolactam as a sole carbon and energy source at different substrate
concentrations, pH and temperatures.

In order to determine the optimum growth conditions, liquid mineral medium
was used at temperature range, pH value or substrate concentration according to the
objective of the experiment. When studying the effect of cultivation conditions on the
strain growth, such parameters as optical density (OD), the length of the lag-phase
and the maximum specific growth rate of the culture (u ) were assessed. Cells were
cultured in 750 ml Erlenmeyer flasks, containing 100 ml of the medium, during 100-
120 hours in an incubator shaker at 180 rpm. As the inoculum, a culture grown in the
same medium (pH 7.5, cultivation temperature 28°C, CAP concentration 1.0 g/l) was
used up to an optical density equivalent to 0.5. The intensity of culture growth was
estimated spectrophotometrically by the change in the optical density (wavelength =
590 nm); the curve of growth patterns was used to calculate the length of the lag-phase
and the maximum specific growth rate.

According to literature data, the rate and degree of caprolactam degradation in
wastewater, first, depends on the amount of this compound, hence the tolerance of
the microorganisms-destructors to high concentrations of caprolactam can be critical
in practical use. The strain BS38 was able to grow on this xenobiotic compound, the
concentration of which was widely ranging from 0.5 to 12.0 g/l. In the presence of
0.5 g/1, the length of the growth lag-phase was the shortest (5 hours) compared to those
observed at higher concentrations (See Fig. 14), but the optical density was not high
(0.55). The maximum specific growth rate was 0.057 h''. When substrate concentration
was 1.0 and 2.0 g/1, the optical density was maximum, 0.71 and 0.73; it was the same
for the specific growth rate (0.094 and 0.086 h’!, respectively). A further increase in
caprolactam level leads proportionally to extended lag time, slow specific growth rate
and decreased optical density of the culture. The highest level of the caprolactam in
the medium at which bacterial growth continued was 12.0 g/l. The study of the effect
of pH and temperature on growth patterns of the strain BS38 showed that the optimum
growth of the bacterium occurred at 28°C and pH 7.5 (See Fig. 1, B, C). It was found
that the temperature mostly affected the specific growth rate of the culture (0.094,
0.052, and 0.038 h™! at a temperature of 28°C, 37°C, and 15°C, respectively) while the
change in pH also caused an extension in lag time and a decrease in optical density
(Fig. 1, B).

The paper contains 1 Figure and 16 References.
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