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Annotanusi. OLleHKa COCTOSIHUSI OKpY»Karollen cpeasl T. BopoHexa ocHOBaHa Ha CpaBHEHUHU OTBETHOM
peaKknuy OpraHu3Ma B pa3HbIX TOUKAaX OTOOpPA C IIEJIbI0 BBIABICHUS BO3MOKHBIX OTKIOHEHUIH OT HOPMBI.
Bennuuna ¢uykTyupyomei aCiMMETpUH JTUCTOBBIX IUNIACTUHOK BUJOB-MHINKATOPOB ABJSIETCSl Hanboiee
JIOCTYIHBIM MeTOJIOM OnomHAuKanuu. [IporsBeneH pacueT HHTErpajIbHOTO MoKazaTens [r4 Mo METOJIuKe
B.M. 3axapopa. Omnpenenenbl MOPHOMETPUYSCKUE MapaMeTPhl JIUCTOBBIX IUIACTHHOK Oepe3bl MOBUCIION
(Betula pendula Roth.) — nnmmHa W mumpuHA. YCTaHOBIGHO YKOPOYEHHE IMCTHEB IO CPAaBHEHUIO C
KOHTpOJIEM. BbIsSIBIIEHA NOJIOKUTENBHAS KOPPESLUOHHAS CBA3b MEXKIY [UIMHOM M IIMPHHON JIMCTOBOU
TUTACTHHKYA. BelWynHa HHTErpajbHOro TMoKazaTens (IyKTYUpYyrOImelH acMMMETpUH OniaTepanbHBIX
CTPYKTYp B OOJBLIMHCTBE TOYEK BbIIIE, yeM Ha ()OHOBOM yuacTke. ClemoBaTeNbHO, BBISBICHHBIC
3aKOHOMEPHOCTH CBHJCTEIBbCTBYIOT O HAJIMYMM CTPECCOBBIX (PaKTOPOB Cpeabl Ha ypOaHU3UPOBAHHBIX
TeppuTopusix. HamOonbliue OTKIOHEHHS OT HOPMBI, H3Yy4aeMbIX [apaMeTpoB, OTMEUYEHBl B
MPOMBIILIEHHO-TPAHCIIOPTHBIX 30HAX, YTO KOPPEIMPYET C JAHHBIMH O(PHLUMAIBHBIX CIYX0 B 0o0nactu
MOHHUTOPHHIa OKPYKAIOIIEH Cpebl.
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Abstract. Ecological diagnostics of the state of the environment in Voronezh city was carried out.
Morphometric parameters of Betula pendula Roth leaves were determined. A method for evaluating
fluctuating asymmetry is used in this article. This method is based on identifying deviations in the
development of an organism under the influence of a complex of environmental factors of the environment.
On the basis of five features, the integral index of leaf asymmetry was calculated. The results of the study
show that in the studied territory of Voronezh city, the level of fluctuating asymmetry of Betula pendula Roth.
leaves exceed the reference value. At the same time, in 44 % of points this corresponds to V point and is
characterized as a critical state of the environment. The work also established a correlation between the length
and width of the sheet. A decrease in the length of the leaf blades is observed in comparison with the control.
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Beenenune

3esieHble HACAKICHMSI UTPAIOT BAXKHYIO POJIb B 0370POBJIEHUU IrOpocKoi cpenbl. [lomu-
MO CO3JIaHHsI ONTUMAJIBHBIX MUKPOKIMMATUYECKUX MApaMeTpOB, OHU BBIIOJIHIIOT CAaHUTapHO-
TUTUeHUYecKre (YHKIMU. B 9acTHOCTH, ra3o(uibTpyromas W MbUICYIAaBIMBAIOIIAs CIIOCO0-
HOCTb pa3JIMYHBIX BUIOB JPEBECHBIX PACTEHUN MCIIOJIB3YETCS JUIsl YMEHBIIECHUS YPOBHS 3arps3-
HEHUs BO3AYIIHOM cpenbl. JlaHHass 0COOEHHOCTh pacTEeHUI 0OBACHSAETCS TEM, YTO YacThb MOCTY-
NAOIIMX B HUX I'a30B aCCUMMJIMPYETCS B JIUCTOBBIX IUIaCTUHKaX. KpoMe TOro, JTUCTbs U BETBU
CTIIOCOOHBI 3a/IEPKUBATh U OCAXKAATh MbUTh. [Ipy 5TOM pasnuuus B IbUIE- U Ta30yI1aBIMBAIONICH
CIIOCOOHOCTH OOBACHSIOTCS OHOJIOIMYECKMMHU OCOOEHHOCTSIMM caMHuX pacTeHuil. OgHako He
CyLIECTBYET aOCOJIFOTHO CTOMKUX K BO3JEHCTBHIO HEOIArompusATHBIX (PAKTOPOB Cpelbl BUJOB.
Kpome Toro, UMeIoTCsl 1 BHYTPUBUIOBbIE Pa3IMyMsl B CTOMKOCTH (TaKk Ha3blBaeMasi «MHAUBUITY-
allbHas CTOMKOCThY») [BnustHue 3arpsizHenuil ..., 1981]. Ilpu 3ToM oTAEIBHBIE IK3EMILISPBI MO-
I'yT ObITh Oojiee YCTONMYMBBIMM K JEHCTBHIO CTPECCOPOB, JPYrue MOBPEXIAIOTCA B OOJbIIEH
CTETEHH.

B nacrosiiiee Bpemst Ui onpesiesieHUs] COIepKaHUsl 3arpsA3HsIOIIUX BEIIECTB B BO3yXe
HCIOJIb3YIOT Pa3IMuHble TPUOOPHI C BHICOKOW CTENEHbI0 TOYHOCTU. OIHAaKO NepedyeHb onpeie-
JSIeMbIX KOMIIOHEHTOB OOBIYHO JOBOJIHO orpaHuyeH. [Ipu 3ToM B Bo3ayxe ypOaHM3UPOBaHHbBIX
TEPPUTOPUI COAEPIKATCS COTHU NMPUMECEH, a MX CHHEpreTHYecKuid 3PPEeKT MOKHO 3aUKCUPO-
BaTh OOBIYHO TOJIBKO MO OTBETHOM peakiuu OMOTHI. B yacTHOCTH, J0Ka3aHO, YTO UMEHHO PacTh-
TeJIbHBIE OPraHU3MBbI B CHIJIYy CBOETO aKTHMBHOTO ra3000MeHa SBIIAIOTCS HanboJiee 4yBCTBUTEIb-
HBIMU MHJMKaTOPaMHU COCTOSIHMSI OKpPY’KaroIlel cpeibl, IOITOMY HCIIOJIb30BaHHE METO/10B OHO-
WHVKAIUU T03BOJISIET MOJIYYUTh OoJiee MOJHYI0 KapTHUHY O CIIOKUBIIEECS dKOJOTUYECKOU CH-
TyallMy Ha TOW WX UHON TEPPUTOPHUH.

JI71sl OLIEHKH COCTOSIHMSI OKpPY:KaroIllel cpeibl JOBOJIBHO YacTO MPUMEHSIOT MOKa3aTellb
¢bnykTynpyromeid acCMMMETPUHN JIMCTOBBIX MIacTUHOK. OH MO3BOJSET CYyIUTh O CTaOMJIBHOCTH
pa3BUTHS OpraHU3Ma B JAHHBIX SKOJOTMYECKHUX YCIOBUSX. MI3BECTHO, UTO Ha MOSIBIIEHUE aCUM-
METpUH y OMJIaTepaJIbHBIX CTPYKTYp BIUSIOT JBE IPYMIbI (aKTOPOB: FeHETHYECKUE (MyTalus,
rudpuansanus, “HOpUIUHT) U 3kosorndeckue [Graham et al., 2010].

AHanu3 IuTepaTypHbIX UCTOYHHMKOB IOKa3aj, YTo MpobieMa JUarHOCTUKU U3MEHEHUH y
JPEBECHBIX PACTEHUH IO BIUSHUEM CTPECCOBBIX (DaKTOPOB Cpebl MIMPOKO M3ydaercs. B psane
UCCIIeIOBaHUIM B KadecTBE BUIAa-WHAMKATOpa BbICTymaeT Oepe3a mnoBucinas (Betula pendula
Roth.). Tak, 6uoMHAMKAIIMOHHAs OIIEHKA KayecTBa CpPEeAbl paccMaTpUBAECTCS MJS CIETYIOIINUX
ropoaoB Poccun: bapuayna [Epemenko, Xne6osa, 2013; Pynosa, I'natkouu, 2013], HoBouep-
kaccka [DPununmos u ap., 2014], Kazanu [Munakosa u ap., 2015a], Huxaexkamcka [MuHakoBa u
ap., 20156], Omcka [Kypuno, I'puropses, 2015], Kypcka [bensikosa, Tymynosa, 2016], Bnagu-
mupa [bapanos, 2016], Y¢sr [Kynarun, Taruposa, 2017], Ps3zanu [YnuBatoBa, denocosa,
2019], Hmwxuero Hosropoaa [Erofeeva, Yakimov, 2020], HoBotpowutika [bauypuna, Kynukosa,
2019], Bparcka, Aunscka, Hapo-Domuncka, Momkap-Omsr, KpacHosipeka, Sxyrcka [Shadrina et
al., 2020], Mockssl [Zakharov et al., 2020] u apyrux. J{is r. Boponexa nanHast mpo0ieMaTika
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3arparuBaercsa B ctaThsax [KamaeB u ap., 2011; Bunorpagos, 2014; Vostrikova et al., 2019], a
TaKXke B HaImuXx pabdorax B nmepuon ¢ 2015 r. mo Hacrosee Bpems [Knesnoa, Muxees, 2019].

Kanaesbim B.H. ¢ komneramu B 2011 r. [KanaeB u ap., 2011] npoBeaeHbl ucciaeqoBaHUs
GIyKTyupyronei acummeTpun 6epe3bl MOBUCIION B MATH pailoHax T. BopoHeka B CpaBHEHUU C
JAHHBIMU KOHTPOJIbHON TOUKH (OuocTanims «BeHeBUTHHOBOY). bbulo BBIsSIBIEHO, YTO Haubosee
3arpsi3HEHHBIMU TeppuTOpusMH saBisitoTcsl CoBerckuil U JleBoOepekHbIl pailoHbI, cpenHe3a-
rpsisHeHHbIMU — [{eHTpanibHbiil 1 KOMUHTEpHOBCKUH, @ HAUMEHEE 3arpsi3HEHHBIM — JICHUHCKUH.
B nenom B r. BopoHexke cocTosiHue cpeibl YUEHbIE OLICHHUBAIM HA MOMEHT HMCCIEIOBaHUS Kak
cpenne3arpssHeHHoe. OgHako B JaHHOW paboTe He oOcienoBaH JKene3HOMOPOXKHBIN paioH
r. Boponexa, BISIOMUNACS CaMbIM OOJIBIIUM I10 IJIOUIAU B TOPOJIE.

B 2019 r. [Vostrikova et al., 2019] rpymmoi y4eHbIX MPOBEACHO U3YYCHUE BIUSHHS pa3-
HBIX YCIIOBHI OKpY)KaroIIel cpebl Ha TOoKa3aTeNlb (QUIYKTYHPYIOIICH aCHMMETPHH U COJEpIKa-
Hue obiero Oenka B ceMeHax Oepesbl moBuciIoN Ha Teppuropun LlentpansHoro UepHo3embs.
Bricokuit ypoBeHb aCHMMETPHUH OBLT BBISIBIICH Ha 3arPS3HEHHBIX TEPPUTOPUSIX 110 CPABHEHUIO C
KOHTpoJsieM. J[aHHbIe Mpe/ICTaBIeHbI TOJIBKO B IeJIoM 10 BopoHeskckoit obmactu, a o r. Bopo-
HEX OTCYTCTBYIOT.

HexoToprie 3apy0OekHbIe yUeHbIE TaK)Ke U3Y4YalOT COCTOSIHUE OKpYXKaloleh cpeabl Ha
OCHOBE aHalM3a OTBETHOU peaknuu Betula pendula Roth. [Black-Samuelsson, Andersson,
2003; Franiel, 2008]. B nocineanue roasl B JaHHOW 00J1acTH ONMyOJIUKOBAHBI U COBPEMEHHbBIE
teopetudeckne marepuanbl [Graham et al., 2010; Scheiner, 2014; Klingenberg, 2016; Ko-
zlov, 2017; Tuci¢ et al., 2018]. Cpeau Hux BeIAEns0TcS padbotsl [Graham et al., 2010; Gra-
ham et al., 2015], B KOTOpBIX MOAPOOHO OCBEUICHBI PA3IMYHbIE METOABI ONpeAesieHUus (IyK-
TYUPYIOIIEH aCUMMETPHH.

Takum 00pa3om, yUuThIBasi Kak TEOPETUUECKUE, TaK U MPAKTUUECKHE MATepUalIbl, HAMU
ObLy1a MOCTaBJIeHA 1Ieb, KOTOpas 3aK/II0vajach B CPABHUTEIHLHOM aHalu3e psaa MopdoMeTpuye-
CKHX I1apaMETPOB, B YACTHOCTH JUIMHBI, IIHPUHBI, QIIYKTYHPYIOIICH aCUMMETPUHU JINCTOBBIX
IUIACTUHOK BUJa-uHauKaropa (Betula pendula Roth.), mpouspactaroiiero B ropoJICKUX yCIOBHSIX
C Pa3HbIM YPOBHEM TEXHOTEHHOM HArpy3KH.

AKTYalIbHOCTh HACTOSIIIUX HCCIEAOBAaHUN OOBICHIETCS HEOOXOIUMOCTBIO PETYISIPHBIX
HaOJIOZICHUH 32 YKOJOTUYECKUM COCTOSIHUEM 3€JIEHBIX HACaKICHHM KaK HEOThEMJIEMOTO0 KOM-
noHeHTta ypboskocucteM. Ha tepputopuu 1. BopoHeka pacroiioxXeHO MITh CTAllMOHAPHBIX T1O-
CTOB MOHUTOPHHTA 33 COCTOSIHUEM aTMOC(EPHOr0 BO3/lyXa, YTO HE MO3BOJISIET MOJIyYaTh IOJ-
HYI0 KapTHHY O COBPEMEHHOW 3KOJIOTMYECKOM cuTyauuu. Kpome TOro, ucnonb3ys TOJIBKO HH-
CTPYMEHTAJIbHBIE METOIbl, HEBO3MOYXHO OLIEHUTh KOMIIJIEKCHOE BIIMSHUE HETaTUBHBIX (DAKTOPOB
Cpebl Ha KUBbIE OPTaHU3MBI, B CBSI3U C YeM OMOWHIUKAIMOHHBIE UCCIIEIOBAHUS SBISIOTCS JO-
MOJITHUTEJILHBIM OJIOKOM B CHCTEME SKOJIOTUUECKOT0 MOHUTOPHHTA OKPYXKAIOIICH CPEe/IbI.

O0BbeKTHI 1 MEeTOALI HCCJIeN0BAHNSA

B nammx uccnenoBaHUsX B KauecTBE OOBEKTA CIIY)KUJIU 3€JIEHbIE HACAKICHUS, IIPOU3-
pacraromive B pa3HbIX (YHKIHMOHAJIbHBIX 30HAaX I. Boponexa. B TeueHue neTHero mepuopa
2020 r. npoBeaeHo obcnenosanue 34 Touek. M3 HUX JAEBATH — 3TO MECTa PACIIONIOKEHUSI CTallH-
OHApHBIX M MEPEABIKHBIX MOCTOB HAOMIOACHUN OQHUIMATIBHBIX CIYX)O0 B cepe MOHUTOpPHHTrA
(Boponexckoro 1eHTpa mo ruipOMETe0poIorid 1 MOHUTOPHHTY OKpY>Karoliel cpebl — puiim-
ana OI'bY «llenTpanbHO-UepHO3EMHOE YIPABIECHUE 110 TMAPOMETEOPOJIOTUU U MOHUTOPHUHTY
okpyxaromiert cpenbi» U PI'BY «llentp ruruens! u snuaeMuonorud B Boponexckoit o6iactu).
[To ¢pyHKIIMOHANBHOM MPUHAIEKHOCTH BCE TOUKH MOYKHO YCIIOBHO pa3feiUTh Ha 30HBI: TPaHC-
noptHas (12 Touek), npomsbinuieHHas (9), xunas (8), pekpeannonHas (5).

BeiOop npeBecHOi mOpoAbl MpennoyaraeT o00s3aTeNbHOE BBIMOJHEHHE CIEAYIOMINUX
YCIIOBUI: BBICOKAsI CTENIEHb BCTPEUYAEMOCTH Ha TEPPUTOPUH; OTHOCUTENbHAS OBICTPOTA HCCIEA0-
BaHUI; pENpPE3EHTATUBHOCTh PE3YJITATOB; HAJIMYHUE KOPPEISLUOHHON CBSI3M MEXKIY OTBETHOM
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peakiuell opraHu3Ma U MHTEHCHUBHOCTBIO JeHcTBYIOIMX (DaKTOpoB cpedbl. B cBsizu ¢ 3Tum B
KauecTBE BHJIa-MHAMKATOpa BhICTynana Oepesa moswucinas (Betula pendula Roth.). 3to abopu-
TE€HHBIN BUJI, OBICTPOPACTYIIIHMA, MOPO30YCTOMYMBBIA. B 3acyrumBeie 1016 Ha TeppuTOpru Bo-
POHEXCKOM 00JIACTH WCHBITHIBACT NE(PUIMT BJard, BCIECICTBHE YEero HAOIIOAETCS YChIXaHHE
OTJICTILHBIX BETBEH M Jake dk3eMIUIIpoB. [lomoOHoe sBinenune Obuto 3adukcupoBano B 2010 r.,
KOTJIa aHOMAaJIbHO JKapKasi IIOrojia U OTCYTCTBHE 0cakoB Oosee 30 qHEN mpUBEIo K 0ciaalIeHuIo
OTJIENBbHBIX 0cO0el U UX Moclieayromleit rudenu. B HacTosiiee BpeMsi JaHHBINA BU OCTAeTCs O
HUM U3 IIUPOKO IPEICTABIECHHBIX B IPUPOAHOM KOMIUIEKCE IOpO/ia KaK B €CTECTBEHHBIX Hacax-
JEHUSIX, TaK U UCKYCCTBEHHO CO3/ITaHHBIX.

BaxxHo#1 0COOEHHOCTBIO SBISIETCS TO, YTO Oepe3a IIOX0 MEPEHOCUT TITyOOKYI0 0Ope3Ky.
Ecnu yganute BepiinHy, To MeHbIle yeM 4yepe3 10 JeT aepeBo NorudHeT, T.€. CYIECTBEHHO CO-
Kpalaercs MpoAO0JDKUTEILHOCTD KU3HU. DTO SBICHHE OOBSICHIECTCS CTPYKTYpoil Kopbl. IloaTo-
My 60pb0a ¢ CyXOBEPIIMHHOCTBHIO Y O€pe3bl JaHHBIM CIIOCOOOM 3aTpy/IHEHA.

Kpowme Toro, kopHeBas cucreMa IPOHUKAET B II0YBY HEMNIYOOKO, HECMOTPSI Ha TO 4YTO XO-
polIo pa3BUTa. DTO TAKXKE CKa3bIBAETCS HA MpOLleccax XKU3HEAESITETbHOCTH, B YACTHOCTH, Ha
BOJHOM OOMeHe. B yclOBHSX MOBBIIICHHOTO MEPEYIUIOTHEHHS MOYBHI U AeuinTa BIaru B ro-
POJICKOH cpefie HaOMIoAaeTCs yXyALUIEHHE MPOIIECCOB BOJIHOTO OOMEHa.

Eme omauM (akTopom, OKa3bIBAIOIIMM CHIBHOE CTPECCOBOE BO3ICHCTBHUE, SBISCTCS
MIPUCYTCTBUE B CpeJie 3arpsi3HAIONINX BEIIECTB, IPOHUKHOBEHHE KOTOPBIX B PACTEHUS MPOUCXO-
IMT Yepe3 HaJ3eMHbIC U MOJ3EMHBIC OpraHbl, YTO MPUBOJAUT K Mopdonorndeckum, Gpusnonoru-
YECKUM, OMOXUMUYECKUM H IPYTHUM U3MEHEHHSIM.

Boponex siBisieTcst TOpoJOM-MUJUIMOHEPOM C Pa3BUTONW MH(PACTPYKTYypOll M MpOMBILI-
JeHHBIM KomIuiekcoM. Habmonaromasicss B XXI B. TeHACHIHS K POCTY aBTOMOOHIIBHOTO TpaHC-
Iopra INpuBeia K BO3POCIIEH 3arpyKEHHOCTH JOPOXKHOM ceTH. B yacTHOCTH, Ha TakuUX Maru-
CTpaJbHBIX YNIHIIAX, Kak MOCKOBCKM Tp-T, yi. AHToHOBa-OBceeHKO, yi. IlnexaHoBckas, yiI.
Konbrnosckas, JIeHUHCKUN Mp-T MPaKTUYECKH €KEJHEBHO HA ONPEIEICHHBIX YdacTKaxX Haliito-
JAIOTCS 3aTOPHI, a, CIeI0BAaTEIbHO, (POPMUPYIOTCS 30HBI MOBBHIIICHHON 3ara3oBaHHOCTH. boree
80 % oT BasIoBOTO BHIOpOCA B aTMOC(HEPHBIN BO3/IyX B MOCJIEIHUE TOIbl IPUXOIUTCS UMEHHO Ha
aBTOTPAHCIIOPT.

Eme onHMM CylecTBEHHBIM HMCTOYHHMKOM 3arpsi3HEHHs! cpefbl I. BopoHexka ocrarorcs
IIPOMBIIIICHHbIE TPEANPUATHS, CPEAN KOTOPHIX HAHUOOJIBLIYI0 TEXHOT€HHYIO HAarpy3Ky OKa3bl-
Bator cienyromue: ¢uiman [TAO «Ksagpa» — «Boponexckas rerepamusi», [IAO «BACOv,
OAO «Boponexcunreskayuyk», 3A0 «BopoHexCcKkHil MIMHHBIA 3aBOJ», AKIIMOHEPHOE 00IIe-
ctBo «KoHcrpykropckoe Oropo xumaBTomMatukn» (AO KBXA), AO «BoponexcrambMocTy,
00O YK «Pyaropmam» u apyrue.

TakuM 00pa3zoMm, B HallMX HMCCIEIOBAHUSAX ObUI CIENaH aKIEHT Ha M3y4YEHHUE MPOMBIIII-
JICHHO-TPAHCIIOPTHBIX 30H B CPABHEHUU C >KUJIBIMU U peKpealmoHHbIMU. B kadecTBe poHOBOTO
ydacTka Oblja BBIOpaHa TEPPUTOPHUS CaHATOPUSI UM. ['opbKoOTrO.

CO6op pactutenbHOro Marepuana npoBoauwiu B nepuo ¢ 10 mo 31 urons 2020 r. UmenHo
B 9TOT MEPHOJ] yXKe 3aKaHUYMBAIOTCA POCTOBBIE Mpouecchl. C KakI0M TOUKU OTOMpaIH ciydyai-
HbIM 00pa3oM 1o 150 JuCTbEB ¢ YKOPOUEHHBIX MOOEroB ¢ BBHICOTHI 1,5-2,0 M paBHOMEpHO MO
YeThIPEM CTOpPOHAM CBeTa (He MEHEe UeM C ISATH JepeBbeB MPUMEPHO OJHOr0 Bo3pacta). O0s3a-
TEJIbHOE YCJIIOBUE — UCIIOJIb30BaHME JIMCTHEB 0€3 BUIMMBIX NMOBpexAeHUN. Bee oOpasibl repba-
PU3HUPOBAIIUCH U XPAHUJIUCH B CIIELUATbHBIX KOHBEPTaX. Y KaKJIOW JINCTOBOW IJIACTUHKHU 3aTeM
U3MEpPSUTH clieayrolre MophoMeTpuyeckre napaMeTpsl: 1 mMpuU3HaK — HIMPUHA MTOJIOBUHKH JIH-
CTa; 2 MpU3HAK — JJINHA BTOPOW JKUJIKA OT OCHOBAHMWS JINCTA; 3 TMPHU3HAK — PACCTOSIHUE MEXKIY
OCHOBAHUSIMU IIEPBOM M BTOPOU JKUJIOK; 4 MIPU3HAK — PACCTOSIHUE MEKIY KOHIIAMH 3TUX JKHJIOK;
S mpU3HaK — yroJ MEeXy IJIaBHOW JKWJIKOM M BTOPOM OT OCHOBAHMS KWJIKOM. TOYHOCTH JJAHHBIX
coctaBisiia 10 0,5 MM (TpexkpaTHOE U3MEpeHHUe Mokaszano omMOKy MeHee 1 % OT BETMUYMHBI
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GAyKTYyHpyrOIed aCHMMETPHH, YTO BIIOJIHE JOMYCTHMO Ui JaHHOW meTonuku [Palmer, Stro-
beck, 2003]). Obmee komuecTBO 00CIEIOBaHHBIX AepeBbeB cocTaBmiio Oosee S00.

B ocHOBy HayuHOI paOOTHI MOJOXKEHBI METOAMYECKHUE PEKOMEHAALNU, pa3paboTaHHbIE
3axapoBbeiM B.M. ¢ koieramu [310poBbe cpeasi ..., 2000].

Pacuer unTerpamgpbHOro mokaszarens (IYKTYUPYIOIIEH aCMMMETPUU MPOBOAMIU C HC-
MOJIb30BAaHNEM QJITOPUTMA HOPMHUPOBAHHOW Pa3HOCTH:

m
Iia = 12
FA T .

IJIe m — KOJMYECTBO H3MEPSEMBIX IMMApaMETPOB, 7 — KOJUYECTBO OOpabOTaHHBIX JIMCTHEB,
L — u3mepeHue j-mapameTpa ¢ J€BOW CTOPOHBI i-JINCTA, R — U3MEpPEHHE j-TTapaMeTpa C MPaBoOu
CTOPOHBI I-JIUCTA.
JI71s1 OTHOCUTENIBHON OIICHKU COCTOSIHMSI OKPYKAIOIICH Cpefibl TaK:Ke MPUMEHSIIN Oallib-
HYI0 rpajaanuto (tTabm. 1).
Tabauna 1
Table 1

[ITkana OLEHKH COCTOSIHUS OKPYKAIOIICH CPEIbl IO BENMIHHE HHTETPATLHOTO MMOKA3aTeNsi CTA0MITLHOCTH
Pa3BUTHS INCTOBBIX IIACTUHOK Betula pendula Roth. [Metognueckue pekomeHmanuu. .., 2003]
Scale for assessing the state of the environment by the value of the integral indicator of the stability
of the development of leaves Betula pendula Roth.

WHTerpanbHbIi oKa3aTenb
bamn . CreneHb OTKIIOHEHUS] OT HOPMBI
GyKTYHpyoLe aCHMMETPUH
I < 0,040 YcnosHas HOpMa
1I 0,040-0,044 HavanpHOE OTKIOHEHHE OT HOPMBI
I 0,045-0,049 CpenHuil ypoBeHb OTKIOHEHUH OT HOPMBbI
v 0,050-0,054 CymiecTBeHHbIE (3HAYNTENbHBIE) OTKJIOHEHUS OT HOPMBI
v > 0,054 Kpuruueckoe cocrosinue

Craructuueckas 00paboTKa JaHHBIX MPOBOIWIACH C TTIOMOIIBIO MMAKeTa aHaln3a JaHHbIX
MS Excel 2016 u STATISTICA 10 (StatSoft Ink).

[TocTpoeHne TemaTuyeckux KapT ocyliecTBisuin B nporpammuoit cpeae I'MC Maplnfo
Professional. KapTsl npenctaBisitor co00il HOBEpXHOCTh, CO3/IaHHYIO MMyTeM MPOCTPAHCTBEHHOMH
WHTEPIOJISIINY, C HATOKEHHBIMH Ha HEe N30JIMHHUSIMU.

Pe3yabTaThl M X 00CyKACHHE

JluneiiHble pa3Mepbl JIMCTOBBIX IUIACTUHOK Oepe3bl MOBHUCION Ha TEppUTOPUU
r. BopoHexa BappUpyIOT B CIEAYIONIMX Opeaenax: Ammaa — oT 36 1o 92 mm, mmpuHa — ot 21 10
77 mm. Pe3ko oTnuuaromuxcs 3HaueHuil (apredaktoB) He oOHapyxeHo. [IpoBepka JaHHBIX Ha
COOTBETCTBUE 3aKOHY HOPMAJILHOTO pacnpezeneHus (pacnpenenenus ['ayca-Jlannaca) nokazana
MaJyr WM CPeIHIO cTerneHb BapbupoBanus (V He npesbimaet 20 %). ToYHOCTh JaHHBIX BBI-
cokas (P-<5 %).

[TonbITKa yCTaHOBUTH KOPPENISLUOHHYIO CBsA3b (r + m,) [IIpakTukyMm mo mHpopMannoH-
HBIM ..., 2008] Mex 1y IIMHON M IIUPHUHOM JIMCTOBOM IUIACTUHKH TOKAa3aja CIEAYIOIINE PE3YIIb-
TaThl (Tabiu. 2). CBsA3b MEXIy HapaMeTpaMH JOCTOBEpHAs MOJIOKUTENbHAS (4 > fipur). B 67 %
TOYEK CBSI3b CHJIbHASA, B OCTAJIbHBIX — CPEIHSS.

436




PernoHanbHble reocuctemsl. 2020. Tom 44, Ne 4 (432-445)

Regional geosystems. 2020. Vol. 44, No. 4 (432-445)

Tabmuna 2
Table 2
Mopdomerprdeckre mapaMeTphl JUCTOBBIX TUTACTUHOK Oepe3bl IIOBUCION
The morphometric parameters of the leaves Betula pendula Roth.
Tqua MCCTOHOJ’IO)KCHHC Mi HHHHa Mi LHHpHHa ==
orbopa i, 0 |V, % s o | V,% mr
MM MM
1 2 3 4 5 6 7 8 9
2 | yn 9 Slusaps, 49 62,84+1,18 | 5,90 | 9.4 | 52,68+1,22 | 6,09 | 11,6 | 0,800,02
3 | yn JI. Ps6uesoit, 516 61,3240,84 | 420 | 6,8 | 51,48+0,90 | 4,49 | 8,7 | 0,43+0,04
5 | yn. JleGenesa, 2 63,64+1,43 | 7,13 | 11,2 | 53,67+1,11 | 5,57 | 10.4 | 0,830,01
7 | ya. Pocrosekas, 58/4 63,80+1,66 | 8,29 | 13,0 | 50,48+1,49 | 7,46 | 14.8 | 0,810,01
8 |y 60-it Apmum, 27 6128143 | 7,15 | 11,7 | 4632+12 | 6,02 | 13.0 | 0,64+0,03
9 | yn. Bepesosas Powa, 8a | 66,64+1,43 | 7,13 | 10,7 | 57,56=1,46 | 7,28 | 12,6 | 0,62+0,03
10 | np-r Hatpuotos, 24 67.04+£1,48 | 7,40 | 11,0 | 56,76:1,04 | 521 | 9.2 | 0,59+0,03
12 | MockoBekuit p-T, 36 55.80+£1,45 | 7,24 | 13,0 | 43,80+0,99 | 495 | 11,3 | 0,85+0,01
15 | yn. Jlapsuna, 1 68,72+1,60 | 8,02 | 11,7 | 55,72+1,35 | 6,75 | 12,1 | 0,75+0,02
MEPEKPECTOK YIIUIL
17 | InexanoBckoii u 66,28+1,51 | 7,55 | 11,4 | 46,92+1,30 | 6,49 | 13,8 | 0,73+0,02
Konbp1osckoit
18 | Mockosekuit p-1, 149 | 65,48+1,39 | 6,96 | 10,6 | 52,01+1,17 | 5,85 | 11,3 | 0,79+0,02
22 | yn. Xonbsynosa, 102 66,72£1,03 | 5,15 | 7,7 | 45240,93 | 4.64 | 103 | 0,53+0,03
MIEPEKPECTOK YIIUIl 9
27 SuBaps u AHTOHOBA- 62,64+1,58 | 7,88 | 12,6 | 44,44+1,17 | 5,87 | 13,2 | 0,66+0,02
OBCEEHKO
MePEeKpecToK OynbpBapa
28 | Mo6emst u y1. 60-it 69,80+1,48 | 7,39 | 10,6 | 60,56+1,13 | 5,67 | 9,4 | 0,87+0,01
Apmuu
29 | M Tencpana 56,76<1,30 | 6,50 | 11,5 | 47,01+1,40 | 7,01 | 14.9 | 0,59+0,03
YepHSIXOBCKOIO
MEePEKPECTOK Mp-Ta
30 | Tpyxa u nep. 64,52£0,85 | 424 | 6,6 |53,64+122 | 6.1 | 11.4 | 0,60£0,03
Komb6ukopmoBoro
31 |y Tepoes 55.96+1,01 | 5,05 | 9.0 | 43.88+0,71 | 3,55 | 8.1 | 0,85+0,01
Crparocdepsl, 186
36 |y Luonkosekoro, 27 | 55,96£1,10 | 5,52 | 9,9 | 45,24+0,99 | 4,97 | 11,0 | 0,85+0,01
39 | Yo Crapex 64,76£1,37 | 6,85 | 10,6 | 52,68+0,94 | 4,69 | 8,9 | 0,76+0,02
BoabmeBukos, 47
41 | Y bornana 50,92+£0,89 | 447 | 8,8 |47,72+1,11 | 5,54 | 11,6 | 0,55+0,03
XMeJIbHULIKOI0, 35
44 | yn. Xoamucras, 20 57,04+1,13 | 5,64 | 9.9 | 47,32+1,39 | 6,97 | 14,7 | 0,56+0,03
50 |y 9 Slusaps, 180 64,16£1,20 | 5,98 | 9,3 | 52,84+1,18 | 5,89 | 11,1 | 0,76+0,02
51 | yn Ba. Hesckoro, 53 59,48+0,89 | 4,47 | 7.5 | 52,44+097 | 4.87 | 9,3 | 0,64+0,03
52 ;’g ar cnepana JIM3IOK0B, | 5, o1 1 10 | 551 | 9.6 | 48,1240.83 | 4.13 | 8.6 | 0,69+0,02
53 | yo. Ilnumkosa, 53 66,56+2,17 | 10,84 | 16,3 | 47,44+1,69 | 8,46 | 17.8 | 0,69+0,02
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Oxonuanue Tadi. 2

1 2 3 4 5 6 7 8 9

54 yi1. Bonomapckoro, 60 58,84+0,94 | 4,68 | 8,0 | 50,60+0,85 | 4,23 | 8,4 | 0,80+0,02

55 yi1. Jlomonocosa, 114/4 | 58,12+0,98 | 4,90 | 8,4 | 50,28+0,69 | 3,45 | 6,9 | 0,37+0,04

58 yi1. Haropnas, 65 52,72+1,35 | 6,76 | 12,8 | 40,12+0,88 | 4,39 | 10,9 | 0,43+0,04

60 yi. lluonkosckoro, 127 | 57,92+0,72 | 3,62 | 6,2 | 43,48+0,69 | 3,43 | 7,9 | 0,59+0,03

CaHAaTOPUU UM.

61 I'opbekoro

63,88+1,04 | 5,20 | 8,1 | 44,4+0,89 | 4,43 | 10,0 | 0,31+0,04

62 COK «Onumnux» 62,48+1,35 | 6,76 | 10,8 | 50,12+1,05 | 5,25 | 10,5 | 0,66+0,02

63 Ootannueckuii cag BI'Y | 72,64+1,12 | 5,6 7,7 | 53,12+0,79 | 3,97 | 7,5 | 0,30+0,04

JIECHOI MacCHUB BOJIN3H

64 55.9240,97 | 4,83 | 8,6 | 46,04+0,83 | 4,17 | 9,1 | 0,60+0,03
. bopoBoe

65 | “ecnoii MaccuB BOMMSM | o5 4y 14| 571 | 9.9 | 504040.95 | 476 | 94 | 0,75+0,02
. Pertroe

[pumeuanne. Homepa Todek B TabiMIe NPUBEICHBI COTTIACHO HAYYHOMY NPOEKTY. M + my — cpelHee apupMeTH-
Yeckoe + OIMOKa CpefHEero apupMeTHYeCKoro; + ¢ — cpelHee KBagpaTHUecKoe OTKIOHEHHe, V — kodpduuueHt
Bapuanuu, » £ m, — Ko3QpQUIHMEHT KOPPEISIUUY JAJIUHBI U IIMPHHBI JIUCTOBOW IUIACTUHKH + omMOKa Kod(duireHTa
KOPPEILSLIUH.

Jlnst oneHkH pazOpoca 3HaYeHU MOpHOMETPUUECKUX MapaMeTPOB JIUCTOBBIX IUIACTHHOK
OBUIM TTOCTPOEHBI OJIOUHBIE AarpaMMbl (TaK Ha3bIBAEMBIE <GILIUKH C ycaMu»). HmkHsst ctopoHa
6J10Ka (S1MKa) COOTBETCTBYET IIepBOMY KBapTHIIIO (1), BEPXHSS CTOPOHA — TPETHEMY KBApTHIIIO
(03). BeicoTa 610Ka paBHA MHTEPKBAPTIIILHOMY pa3Maxy (/QR). Jlunus B meHTpe 00Ka — 3TO
MenuaHa (BTopoi kBapTwib — (02). KBapTuiam — 3T0 NpOLEHTUIIN, KOTOPbIE AEIST HaOOp JAaHHBIX
Ha YEThIPE paBHbIC IPYMIbl. «YChD» — HAUMHAIOTCS C KOHLOB SIIIMKA M 3aKaHYMBAIOTCS HA CAMOM
MHUHHMMAJIbHOM MJIM MaKCHMAJIbHOM 3HAYEHHUSAX JaHHBIX. B kauecTBe ()OHOBBIX MPUHATHI CPEIHE-
apupMeTnyecKue 3HaYCHUs JJIMHBI U MIMPHUHBI JIUCTOBBIX TIACTUHOK TOYKUA Ne 61 (KOHTpOIIB).
Hcxons U3 mpeAcTaBIeHHBIX Ha AUarpamMMe JaHHbIX (puc. 1) MOXKHO cAenaTh BBIBOJ O TOM, YTO
JUIMHA JTUCTheB B 64 % Touek MeHbllle, YeM Ha ()OHOBOM ydacTke. A mmMpuHa jucra (puc. 2),
Hao00poT, OosbIie B 85 % TOoUek, 4eM y KOHTPOJIbHBIX 3K3eMIUIIpoB. Clie0BaTeNbHO, B 1IEJIOM
HaOJI0JaeTCs YKOPOUYEHHE JIMCTOBBIX IJIACTUHOK, T.€. OHU HUMEIOT HE BBITSHYTYIO POMOOBH/IHYIO
dopMy. DTO CBUAETENBCTBYET O MPOSIBICHUM AaNTallMOHHOM Mephl IpU MPOM3PACTaHUM B He-
0JIaronpUATHBIX YCIOBUSX YpOaHU3UPOBAHHOM Cpellbl.
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Puc. 1. Pa30poc 3HaueHuid AMHBI JUCTOBBIX MIACTUHOK Betula pendula Roth.
Fig. 1. The spread of values of length of the leaves Betula pendula Roth.
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Puc. 2. Pa3bpoc 3HaueHMIi IUPUHBI JIUCTOBBIX IIACTHHOK
Betula pendula Roth.
Fig. 2. The spread of values of width of the leaves of
Betula pendula Roth.

AHanu3 (GIyKTyHpyIoUeil acuMMETpHUH JIMCTOBBIX MIACTHHOK Betula pendula Roth. mo-
Ka3aJI, YTO BEIMYMHA MHTETPATBHOTO IMOKA3aTessl CTAaOMILHOCTH Pa3BUTHS Y BUIA-HHIAKATOPA
Ha UcclenyeMon Tepputopuu . Boponexa BaprupoBana B npeaenax ot 0,041 no 0,068. Ha ¢o-
HOBOM yuacTtke Ir4 coctaBun 0,043. Tonpko B AByX Toukax nanHbid mapametp (Ne 53 u No 64)
HECKOJIbKO HUXE, YeM B KOHTPOIBHOM (puc. 3).
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Puc. 3. UaTerpanpHOe 3HaUCHUE TIOKa3aTess PIyKTYyHPYIOIIel aCHMMETPHUHT
JIUCTOBBIX TUIACTHHOK
Fig. 3. The integral value of the index of fluctuating asymmetry of the leaves
of Betula pendula Roth.

Pacnipenenenne 3HaueHuid QIyKTYHPYIOIIEH aCHMMETPUUA MOXKHO ONMHUCATh YpaBHEHHEM
MOJIMHOMHAIILHON KpuBoOi 5-i1 ctrenenu (puc. 4). [lomyyeHHas Mojenb SBISETCS aJIeKBaTHON
(xpuTepuii anmpokcumanuu R? = 0,99). JlaHHbIE XapaKTePU3YOTCS MOI0KHUTENIBHON acCHMMeET-
pueit (4;= 1,01 £ 0,083; t45=12,2) u sxcueccom (£ = 1,232 + 0,167; tg=7,37).

CpaBHeHME C JaHHBIMH HaIlUX HWCClenoBaHui, mpoBeaeHHBIX B 2018 r. [Kiesiosa,
Muxees, 2019] mokazao B 11eJIOM YBEeIUUCHHE HHTETPAIBHOTO TTOKa3aTess GpIyKkTyupyromen
acuMmMmeTpur. MuHumanbHbele 3HadeHuss B 2020 r. 3adukcupoBanbl mo yia. l[lumxosa,
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yn. JlapBuna, yin. JlomonocoBa (kak u B 2018 r.), yin. Bin. HeBckoro, B paiione COK «Onum-
nuK». MakcumanabHble 3HaUueHUS [r4 oTMeueHbl Ha yi. 9 SuBapsa (Touka Ne 2), MockoBckoM
np-te (Ne 12), Ha mepeceyenun ¢ yia. AHToHOBa-OBceenko (Ne 27), B moc. bopoBoe (Ne 64),
noc. Pentnoe (Ne 65).

30
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Puc. 4. BapuanioHHBIH psi BETUYUHBI (PIYKTYHPYIONIEH aCHMMETPHH JIUCTOBBIX IJIACTUHOK
Betula pendula Roth.
Fig. 4. The variational series of the value of fluctuating asymmetry
of the leaves of Betula pendula Roth.

bannpHas oneHka KayecTBa OKPY)KaroLIe cpenbl MoKa3aja, YTo B OOJBLIIMHCTBE TOUYEK
MHTETPAJIbHBIN TMOoKa3aTelb (DIyKTYUpyroleld acUMMETPUU COOTBETCTBYET 4 wiu 5 Oamty 1o
mIKajge CTaOWJIBHOCTU pa3BUTHs (3HAYMTEIBHOE WJIM KPUTHUYECKOE OTKJIOHEHHE OT HOPMBI).
Campble cyiiecTBeHHbIe U3MEHEHMsI 3adukcupoBanbl B Toukax Ne 12, Ne 31 u Ne 58. B nenom
HauOosiee BBICOKHE 3HAu€HUs [r4 JMCTOBBIX IUIACTUHOK OTMEYAJIMCh B BBIOOpPKAX JIMCTHEB,
OTOOpPaHHBIX B IPOMBIIIIEHHO-TPAHCIIOPTHOM 30HE (pHC. 5).

CornacHo aHHBIM, IPEACTABICHHBIM Ha PUC. 5, MOXXHO OTMETHUTb, YTO B JIEBOOEPEKHOMN
yacTu I. BopoHexka cTpeccoBble yCIIOBUS XapaKTEpHBI ISl TEpPUTOpHil, mpuMbikaronmx k OAO
«Boponexcunreskayuyk» 1 OAO XK «MeGenb UepHo3eMbsi».

Ha mpaBom Oepery HauOosnee HeONaronpusiTHble YCIOBUS 3a(QUKCUPOBaHBl B
OCHOBHOM BJI0JIb MarucCTPaJbHbIX YJIHI] C BBICOKOI MHTEHCUBHOCTBIO JBMXXKEHUs (Oonee 2500
aBToMoOunei/yac) — MockoBckuil np-t ¥ yia. 9 SHBaps. MuHUMaiIbHbIE 3HA4YEHUS,
cootBercTBytomue Il GamnaM, oTMeueHbl B pEKpEAllMOHHBIX U KHJIOH 30HaX (Hampumep, B
CeBepHOM MHKpopailoHe W yacTHOM cektope mo yia. Illumkosa). Takum oOpazom, Hamu
JAaHHbIE B I€JIOM COIJIacyloTcsi ¢ pe3yiapratamMu ucciaenosanuil [1.M. Bunorpanosa
[Bunorpanos, 2014].

Crnenyer OTMETUTb, YTO (IYKTYHUPYIOIIAsi aCHMMETPUS SIBIISIETCS OTBETHOM peakiinei
OpraHu3Ma Ha BJIMSHHE LEJIOro KOMILJIEKCa CTPECCOBBIX (akTopoB cpensl. Ilostomy s
YCTAQHOBJICHHSI IPUYMHBI HAPYIIEHNUH CTAOMIBHOCTH PAa3BUTHUS JPEBECHBIX PACTEHUH TpeOyoTCs
JIOTIOTHUTEIIbHBIE UCCIIEIOBAHMS.
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Puc. 5. [lpocTpaHcTBEeHHOE pacTpeienieHue mokas3arenis QIyKTYUpyromeil aCHMMETpUu
JMCTOBBIX TUIACTUHOK Oepe3bl OBUCIION
Fig. 5. The spatial distribution of the fluctuating asymmetry index of the leaves of Betula pendila Roth.

3aKJII04YeHue

Ha ocHOBe NaHHBIX, NOIYYEHHBIX B XOJ€ MCCIENOBAaHUSA, MOXHO CHEIATh CIECIYIOIINE
BBIBOJIBL.

Bo-nepBbIX, cpaBHUTENbHBIN aHATU3 MOPPOMETPUUECKUX MapaMeTpoOB JIMCTOBBIX ILIA-
CTMHOK Oepe3bl MOBUCIION MO3BOJINI BHIIBUTH HAPYIIEHUS B CTAOMIBHOCTH PA3BUTHS JIPEBECHBIX
pacTeHui MpU NPOU3PACTAHUH B TOPOJCKHUX YCIOBHUSAX.
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Bo-BTopbix, Ha uccienyemoil teppuropun r. Boponexka HabOitonaercs yMeHbLICHHE
JUIMHBI JIUCTHEB Oepe3bl MOBHCION M YBENWYEHHE IIUPHHBI 110 CPABHEHHIO C KOHTPOJEM.
VYcTaHOBIIEHA AOCTOBEpHAsi KOPPENIALMOHHAs CBSI3b MEXAY JaHHBIMH MOP(POMETPUUYECKUMHU
napaMeTpaMu.

B-TpeTbuXx, cpaBHEHHE HHTETPAIbHOIO 3HaYECHUs (PIYKTYyHPYIOLIEH acHMMETpUH IIOKa3a-
JI0, 9TO TOJBKO B ABYX To4Kax (Ne 53 u Ne 64) Ir4 menbiie GpoHOBBIX (2 6ania — HavyaIbHOE OT-
KJIOHEHHE OT HOpMbI). B ocTanbHbIX MecTax 0TOOpa HaOIIOJaeTCsl PEBBILICHUE 110 CPABHEHUIO
¢ KoHTpojeM. Haumbousblive OTKIOHEHHS OTMEYEHbI B IPOMBIIIJICHHO-TPAHCIIOPTHBIX 30HAX
(yn. 9 SuBaps, 49; nepekpecrok yauiy 9 SuBapst u AntoHoBa-OBceenko, yi. I'. Ctparocde-
pb1,180; yn. b. Xmenbauikoro, 35; MockoBckuit ip-T, 36 u 11p.).

B-ueTBepThIX, CpaBHEHHE M3Yy4aeMbIX MapaMeTPOB CTAOMIBHOCTH pa3BUTHs Oepesbl Io-
BUCIION ¢ mHpopManueil opUIHAIBHBIX CIYKO B 00JaCTH MOHHTOPUHIA OKPYXKAIOWIEH Cpesbl
HoKa3ajo oO0IIyr0 TeHJEHIMI0. Tak, cTpeccoBble YCIOBHS Cpeibl Ul PAaCTEHUH TATOTEIOT K
IPOMBIIIJICHHO-TPAHCIIOPTHBIM 30HaM, Te (puKcUpyeTcss HauOoJblee KOJTMYECTBO 3arpsi3HsIO-
IIMX BelIeCTB B arMochepHOoM Bo3ayxe. OJHAKO, CleAyeT OTMETUTh, UYTO Ha >KU3HEAEATeNb-
HOCTb PAaCTUTEIbHBIX OPraHU3MOB CYIIECTBEHHOE BIIMSHUE OKa3bIBalOT METEOPOJIOTMYECKUE U
noyBeHHbIe ycioBus. [loaToMy BapmabenbHOCTh MokaszaTens (BIyKTyupyromeil acCuMMETpUH B
pa3Hble TOJbl (JI0KAa3aHO MPU CPAaBHEHHUH C MPEALIECTBYIOIMMHU HCCIEIOBAHUSIMU) OOBSICHIETCS
KOMILJIEKCHBIM JIHCTBHEM (DaKTOPOB ypOAHU3UPOBAHHOMN CpPEJIbI.

Taxum 00pa3om, pe3ynbTaThl IPOBEACHHBIX UCCIEA0BaHUN CBUJETENBCTBYIOT O TOM, YTO
nokasarenab (QIIYKTYUPYIOIIEH aCUMMETPHUM SIBJISETCS UYBCTBUTEIbHBIM OMOMHIMKAIIMOHHBIM
NPU3HAKOM JIJISl PETUCTPAlMN HETaTUBHBIX PEAKIUil IPEBECHBIX PACTCHUH MO BIUSHUEM (hak-
TOPOB YpOAHU3UPOBAHHON CPEIbI.
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