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BeBegeHue

Pe3yIbTaThl, IOJIyYEeHHEIE HA OCHOBE MHOTOJIETHHX HCCJIEOBAHMII, 3a9acTyIO Jal0T GoJtee 10-
CTOBEPHYIO KapPTHHY B CPAaBHEHHH C Pa30BEIM aHAIH30M M/IH ¢ ZAHHBIMH, OCHOBAHHEIMH Ha IPOTHO-
3ax, MOCTPOEHHEIX ¢ IOMOIIBI0 MaTeMaTHYECKHX Moesteli. B Takux paboTax Bce HAIIN MpeZCTaBie-
HHA O JKHBOI MaTepHH IPOXOJAAT TeCT Ha COCTOATENBHOCTh. TaK, HAIPHMED, OLEHHBAsd AHHAMHYE-
CKHe SBJIEHHS B €CTeCTBEHHBIX IONY/IANHAX, Mbl MOXKEM BEISBHTH BEKTODHI €CTECTBEHHOTO 0TOOpAa H
TIONBITATECH MOHATH CYTh CYKIIECCHOHHBIX IPOILIECCOB, TPOTEKANINX B IPHPOJIE.

ObGpeKTOoM HccnenoBaHHd ObutH momynauun Bradybaena fruticum Miill (kyctapHHKOBag
ynuTka). JlaHHEIH BHA, 00/1a7asg ApKO BEIPAKEHHEIM MOIHMOP(PH3MOM KOHXHOJIOTHYECKHX H OHOXH-
MHYEeCKHX NPH3HAKOB, IaBHO NPHBJIEKAET PAa3/IMYHBIX HCCIE0BaTelell B Ka4ecTBe HHAHKATOPA CYK-
LIeCCHOHHBIX NPOIECCOB, MPOHCXOASMINX IO BIHSHHEM Pa3/IHYHBIX (DaKTOPOB, BKIOYas aHTPOIO-
TeHHEIE.

Llenp HacTosmeH paGoOTEI COCTOSIA B OLEHKE BPEMEHHBIX KoJIeGaHHH 9acTOT reHeTHYeCKH
ZeTEPMHHHPOBAHHEIX IPH3HAKOB PAKOBHHEI B IECATH IPYNNAX KyCTADHHKOBOH YIHTKH, OOHTAIOIIHX
Ha 1ore CpeIHEPYCCKOIl BO3BBIMIEHHOCTH.

MaTtepHua H MeTOJbI HCCIeJOBAaHUA

BBIOODKH M3 JeCATH NMOMY/IANHNi OBUIH CeIaHbl B 1096, 2003 H 2010 rogax. MoJUTIOCKH CO-
OHpaIiCh BPYYHVIO B CBHIPVIO IOrOAY B 3apOC/ISX JIONyXa, KPallHBEI H XMeJs (onmmcaHHe GHOTONOB
npuBOANTCA B Tabnmme 1). Ha MecTe OTAe/IBHO MOACYHTBEIBAIOCH YHCIO 0coOeil ¢ KOPHYHEBOI mpo-
ZIONBHOI MOJIOCOT Ha PAaKOBHHE H 0c0o0eH, HMEIOIINX JKeJIThIH IBeT PAKOBHHEI. I/ aHA/IN3a HCIOIb-
30BAJIHCH TOJIBKO IOJIOBO3PeJIble YINTKH, 3aKOHYHBIIHE POCT H 00pa3oBaBIINEe OTBOPOT ycThsA. CTOHT
OTMETHTH, YTO Ha/INYHe IMPOOIbHOI MO0CH Ha PAKOBHHE ONpeZeseTcs HaMH KaK TOMO3HTOTHBIH
¢eHOTHII IO PeleCCHBHOMY aJUIEJI0 HaIMIug nojock! (I7+) [1], a KenTeIi OBeT PpaKOBHHBEI — KaK ro-
MO3HTOTHEIH (DeHOTHII II0 COOTBETCTBYIOMIEMY aJLIEIIO JKeAToH okpackn (113) [2, 3].

Tabauna 1
Onucanue MYHKTOB cOOPAa MOJLTIOCKOB
Hazpaumue N
Ommcarne buoTona KoopaunaTst 1996 | 2003 [ 2010

Iloiima p. Bopckia, Teppuropus noc. Bopucoeka. O™
50°36'357c. m.
«Bopucopka» | YMmepenHoe yB1axHeHHe. 3apOC/IH JIONYXa, KPAIIHEE 6°00' 22" 199 | 34 67
H XMeJIA. PV
Homuna p. Bopekia gozne c. [onosunno (Bopucos-
«[onosunso» | cxuit p-H). YMeperHoe yenaxuenne. Haropras ay6-
pasa. Kypruss! sionyxa # Kpanuesl.

50°33’577¢. m.

35°48'12%s, 1, | 120 | HeT | 42

*+ Pabora ermosnsena npu noazaepsxke MO P®, roczagarne NO 4.8480.2013.
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OxoxuaHue maba. 1

Ioiima p. Bopekia eozne noe. Xormepxek (Boprcos- 50°35°057c. mL.

«XOTMBDKCK» | CKHH p-H). YMepeHHOe yBIaKHeHHe. 3apOc/IH JIomyXa ScoPoa™s 8o 23 47
C IPHMeChIO KPallHBhL 355224 B- A
Ilofima p. ITena, oxpectrocern noc. Ceipueeo (Meuan- Orn? 407
5 i 50°53'487¢. m.
«CpIpreBo» | ckuii paiioH). YMepeHHOe VB KHeHHe. 3apOC/IH HBEI 691’2078 75 | HeT | 39
H K1eHa. B nmoasecke yonyx, Kpanuea, XMeb. 3071532'B. 2.
IToiima p. Cepepexuii Jlonen, okpectHocTH I. Benro-
poxa. YMeperHoe yenaxaenne. Hebonpmue zapoemm | 50°36'387¢. m.
«Ces. Jlonen» HEBHI H KIeHa. B nmoaiecke KypTuHE! Jlonyxa H Kpanu- | 36°37'197s. a. 0 || 4=
BEI C IPHMECEI0 XMEJIA.
ITofima p. Hexeross, Teppuropns r. [llebexuno. Yme-
) o o Ynn”,
o , |peHHOe yBnaxuenne. Mol nec. B nonsecke 3a 50 024 32’em. | a5 | war | 96
STOMB» | pocn JoMyxa, KpaIHBH!, XMeId, AyAHHKA H 6opiie- 36°52’38”s. &
BHKA.

ITamaTtauk npupoas! «AcHeI Konogen», moiMa p.

«flcusni kono- | Kopoua, okpecraoern r. Kopoua. Cunsroe yenaxue- | 50°49'347c. m.
Zem» Hre. Onymka 9epHOOIBIIaHUKA. 3aPOC/IH JIOMyXa, 37°12’347s. A.

KpanuBl, bOpIIeBHKa, XMera.

Ioiima pexu Kopens, okpectHOCTH noC. AnekceeBka

u3 | 57 | 63

(Kopowanckwuii paiion). YMepeHHOe yEIOKHeHHe. 3a- | 50°45'197¢c. mn.
«Kopesi.» POC/IH HEEL, KYPTHHBI JIONyXa ¢ IPHMechIo Kpanuesl H | 37°01'307E. 4. 63 26 57
XMeJIA.
«C Ha- Hoeoockonsekuii paiios. 3anonem-13.m Y9acTOK 50°47°23". m.
«Crenxu-WUsropea». 3abonovennsii buoron, 3apoenn i 119 | 61 94
S— OJIBXH, B IT 37°49'1278. A.
, B IIOZUIECKe JIONYX, KPAIIHEBa, XMeJIb.
IIpupoansi napk Poeensexuii. [Toiima p. Aiinap,
Wi , |oxpecTHOCTH I. PoBeHBKH. YMepeHHO yBIOKHeHHBI | 49°54'33"¢. mL. uo | 54 65

OTKPBITHIH Y9aCTOK. 3apoc/IH JIonyxa 1 bopmesuka ¢ | 38°52'557s. a.
NIPHMeChIO KDaIHBhL.

CTOHUT OTMETHTD, UTO H3-3a OTCYTCTBHA NMPHUOOPHOIT 6a3bl, H3MepeHNe MHKPOK/ITHMATHUECKHX
XapaKTepHCTHK OMOTONOB HaMH He NMPOBOAHJIOCH. Vcmonb3oBaHHE ke O(QUIHATBHBIX JaHHBIX Me-
TEOPOJIOTHYECKHX Hal II0ZeHHH B VKa3aHHBIE TOABI MBI COWIH He Ienecoobpa3HBIM, TaK KaK MHKDO-
KIHMaTHYeCcKHe MapaMeTphl Cpelbl B H3y4aeMBIX OHOTOMAaX MOTYT 3HAUHTEIbHO OTIHYAThCA OT HHX.
B xoze paboTel HaMH (DUKCHPOBAINCH TOABKO ABHEIE CYKIECCHOHHBIX H3MEHEHHA B PAaCTUTEIbHEIX
coobmecTBax.

Pe3yIbTaThl H HX O0CY:KAeHHEe

CorslacHO JaHHEIM, IPeJCTaBJAeHHBIM B Tabauie 1, XapaKTepHCTHKH TOMYJISIHOHHBIX OHO-
TONOB, B KOTOPHIX OOHTAIOT YJIHTKH, GO/IbIIEH YacThi0 CXOAHBI — 3TO MOIMEHHBbIE VYACTKH C PacTH-
TeJIbHBIMH c006IIecTBaMHi, BKTIOYAIOMINMH JIONYX, KPAIHBY H XMeslb. OTIHYHSA B OCHOBHOM KacawT-
CS CTENeHH YVBJIaKHEHHOCTH H OCBEIIeHHOCTH. TeM He MeHee, IOJTy4eHHEIE Pe3YJIBTAaTE 10 JHHAMHKE
YacTOT OTMeYeHHBIX (DeHOB JeMOHCTPHPVIOT JOBOJBHO NPOTHBOPEYHBYIO KapTHHY, He IO3BOJISIO-
OIVIO CZle7IaTh OHO3HAYHEIE BBIBOAEI O IPHYHHAX Ha0 II0IaeMEIX H3MEHEeHN .

Tak, OlleHHBasA OCHHJUIAIHIO YacTOT aJ/IeJId JKeJITOl OKPacKH, B IeCTH MOMY/IAIHAX U3 JAecs-
TH HaOJII0JaTHCh JOCTOBEPHEIE H3MeHeHHS 3TOro MoKasartens (puc. 1). FI3BeCTHO, YTO JKeJITHIH IBET
MOJKeT CIIacaTh YJIHTOK OT IleperpeBa B YCJIOBHAX JIeTHeH HHCOJISINH, IO3TOMY, KoJleGaHHS 4acToT
atoro peHa MOTYT OBITH BEI3BAHBI H3MEHEHHEM VCJIOBHH OCBEIIEHHOCTH. DTHM, BEPOATHO, MOJKHO
00BACHUTH NpeobIalaHue JKeAThIX 0co0eil B MONyIsaiun « POBEHBKN», OOUTAIOMIEl B CHIBHO Paspsa-
JKeHHOM GHOTOIe, PACIIOIOKEHHOM B cTelTHOM OnoMe. Takke VBeIHUeHHeM HHCOJIALINH, Ha NEPBHIH
B3I/ISJ, MOJKHO OOBSCHHTH JOCTOBEPHOE NMOBHIIIEHHE JOIH JKeATOro ¢)¢Ha B MyHKTe «BOpPHCOBKa».
les10 B TOM, YTO OCHOBHAA YacTh OHOTOMA 3TOH IPyNIE! (HBOBBI Jlec) 3a MpOIIEeAINNil mepHOa GblIa
VHHYTOKEHa B X0Je cTpoHTenbeTBa JIDII, a YINTKH COXPAaHMIHCH JIHINb B HeOOJIBIINX OCTPOBKAX pac-
THTeIbHOCTH IO KpasaMm. Ho, Ha 3ToM ¢doHe BechbMa CTPAaHHEIM BHITJISAHT 3HAYHTENbHOE CHIUKEHHE
KOJIHYECTBa JKeJTHIX ocobeil B monynanun «Ces. JIoHen», IIe aHaJIOTHYHEBIH GHOTON OBLT TAaKke da-
CTHYHO VHHYTOJKEH B XOJle CTPOMTEIBCTBA IUISIKA, H YIUTKH OOGHTaIH B HeGOIbIIHX KYPTHHAX JIONyXa
H KPanmuBbl NOJ €IHHHYHBIMH JepeBIaMH HBBl U KleHa. HelIOHATHEIMH OCTAIOTCA H IOCTOBEDHBIE
(QIyKTyanmm 4acTOThI JKENTOro aiieid B NMyHKTax «CeIpueBo», «fcHBIM Komozen» u «CTeHKH-
H3ropes» 63 BHANMBIX H3MeHeHHiT OHOTOMOB.
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Pue. 1. YacToTEI arutesna xXeToi OKpacku pakoBuHEI I[; H nosiocaToii okpacku pakoeuss! [T+ (g+SE)
B nonynauuaxBr. fruticum pazHeIX 7eT (HonepeYHLIMH NOJIOCAMH 0003HAYEHBI OCTOBEPHbIE OT/IHIHA

1o ToyHoMy KpuTepuo @umepa, P<0.05; myeTsie KIeTOYKH 03HAYAIOT OTCYTCTEHE JAHHEIX)

HeMaIoBayKHEIM CYHTAaeM H TOT (aKT, UTO, KaK OBUIO IMOKAa3aHO B XOJe HAIIHX IPeIbIIyIINX
HCC/IeOBaHUI, JKeNThI (heH HauyHHAeT npeobaJaTh B YCJIOBHSX MPOMBINUIEHHOTO 3arpsA3HeHHd, a
TaKKe B YCJIOBHAX MOBHIIIEHHOTO PaIHOAKTHBHOTO (oHa [4]. [Tosaraem, uTo JanbHelimee Habmoge-
HHe 32 3THMH NONYJISIHSAMH ¢ IPHMeHeHHeM COOTBETCTBYIOIIHX NMPHOGOPOB, MO3BOIHT IJIy0Ke IO-
HATH IPHPOZY JKENToro (eHa.

UTo KacaeTcsd H3MeHeHHS YacTOT BCTPedYaeMOCTH ocofell ¢ MpOZOJIbHON MOJIOCOH Ha paKo-
puHe (IT+) B H3y4YaeMBbIX NOMy/IANUSX Br. fruticum, To MBI NOJIVYHIN KapTHHY, OTYaCTH IIPOTHBOIO-
JIOKHYIO KapTHHe pacnpezeneHns deHa I[; (cM. puc. 1). TeM He MeHee, TPOBeIeHHEIH aHAIH3 perpec-
CHH He BBIABIJI KOPPEIAIHOHHOH 3aBHCHMOCTH 3THX JBYX IoKa3artesneil (R=0.154; puc. 2). 9To roso-
PHT 0 HE3aBHCHMOM XapaKTepe HX Hac/IeZ0BaHUA.

0,5
0,45
0,4
0,35
0,2
20,25
0,2
0,15
0,1
0,05

0

= ¥~ 0.1522x + 0.1327
R? = 0/0237
.
. o
o*
LS S s =

: . =
0 0,1 0,2 0,3 0,4 0,5 0,6

Puc. 2. I'padux npamomnu-
HeIHOI perpeccHH 4acToT
BCTpeYaeMOCTH a/UIejiei

I+ unll;
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CTONT OTMETHTH TaKJKe, UTO paHee OBLI NIPEANPHUHAT PAZ MONBITOK 00BACHNTE IPHPOAY QakK-
TOPOB, BEI3BIBAIOIINX JHHAMHKY NOJIHMOP(QH3Ma 10 NPH3HAKY ONoscaHHOCTH. Tak, BEICKa3bIBATTHCH
MIPEATNOJIOKEeHHSA, YTO «II0JIOCAThle» YIHTKH JIVYIe NPHCIOCOOJIEHE K VCIOBHAM 3aTeHEHHSA B pe-
3y/IbTaTe AeiiCTBHA KAaK allOCTAaTHYECKOro oToopa (moegaHHe APO3JaMH), TAK H MOBBIIMIEHHOH OKHC-
NUTENbHOH cnocobHoCTH (epMeHTOB [5, 6, 7]. Hanpumep, QakT yMeHBIIEHHI J0MH «II0I0CATHIX»
ocobefl B pe3yIbTaTe aHTPONOTEHHOI JIeTrpaJalliH PACTUTENBHBIX COOOIIECTB U VBeIHUEHHS CTEIIeHH
OCBEIEHHOCTH, OBLI MPOIEMOHCTPHPOBAH Ha mpuMepe . Mockeel 1 MockoBckoii o6nactu [8]. Kpo-
Me TOro, OBLIH BEIABJIEHBI Pa3JHYHA B YPOBHE ra3o00MeHa PasIHYHEIX Mopd Br. fruticum [9], BEI-
3BaHHEIE BepoATHO 3(gdekToMm rpynns! [10]. Takke 3a()UKCHPOBAHO CEIEKTHBHOE MPEHMYIIECTBO
6eCmoIoCkIX VINTOK B VCJIOBHAX MOBHIMIEHHEBIX TEMIIEPATYD H3-3a MEHbIIEH CKOPOCTH MOTEPH BJIaru
[11]. Ha ocHOBaHUH MHOTONETHHX HaO/Mr0AeHNi GblIa BRIABIEHA OCHI/IIALNA YaCTOT BCTPEYAaEMOCTH
MOJIOCATEIX B Hecmonocklx Mopd B yenoBusax IIpeaypanes u 3aypanbs, KOPpeJIHPOBaHHAA ¢ Koeba-
HUAMH KJIHMaTHYeCKHX (GaKTOPOB (TeMIIepaTypHl H BJIaKHOCTH) B pPa3HbIe TOAEI [12].

Tlo HaIIUM JaHHBEIM TOMBKO B ABYX rpynnax («[0/10BYHHO» H «ICHBIN KOMOZEIN ») U3 JAeCATH
He OBUIO OTMEUEHO JOCTOBEPHOro KonebaHHA YacTOT ajUlefd MoI0caToCTH. [IpHunHy HabIogaeMbIxX
H3MeHeHHil 06bSICHHTH JOBOJIBHO CI0KHO. HanmpuMep, B yKe YIIOMAHYTBIX MYVHKTaX « BOpHCOBKa» H
«CeB. JIoHe», HECMOTPA Ha Aerpafallfio HCKOHHBIX OHOTOIOB H VBEIHYEHHE CTENEHH OCBEIIEHHO-
CTH B IIEPBOM CJIydae HabaogaeTca VBeTHYeHHE J0JIH MOJIOCATEIX 0co0ell, a BO BTOPOM — CHHJKEHHE.
B nyHKTe «CTeHKH-M3ropba» MPOC/IeKUBAETCA NPSAMas KOPPeIannusg H3MeHeHHI 4acToT «I0JI0caTo-
ro» H «JKeJITOro» ajUlesns (CHavasa CHIDKeHHe, 3aTeM MOBhImeHHe). B myHKTe « POBeHBKI», HECMOTPS
Ha BEICOKHE IOKa3aTeIH YacTOoT JKeAToro beHa B 1996 I. oTMedasnach J0BOJIBHO BBICOKAA 1A paiioHa
HCCJIEIOBAHHA 9acTOTA aJUlelid ITOJIOCATOCTH, a 3aTeM IMPOH30IIIIO AOCTOBEPHOE CHIDKEHHE J0JIH IO-
JI0caTHIX ocobell B 3T0ii rpynmne. B rpynme «XoTMBIKCK», Ha (DOHEe cOXpaHEeHHs HCXOZHOro 6GHoToma,
YJacToTa JKeaToro eHa He MeHsSJIach, a 10718 MOJIOCATHIX 0cofeil Z0CTOBEPHO VBeIHumIack. M Hako-
Hell, B NyHKTax «CeIpIeBo» H « He)Keroyb», HECMOTPS Ha OTCYTCTBHE BHAHMBIX CYKIIECCHOHHBIX H3-
MeHeHHI KOJIHYEeCTBO II0JIOCATHIX 0co0ell TOCTOBEPHO COKPATHIIOCH. IIpH 3TOM B NyHKTe «CHIPLIEBO»
0N «JKEJITOr0o» aJUiend K 2010 I. TAaK)Ke CHH3M/IACh, a B rpymne « HeJKeroas» — MOBBICH/IACE.

IMoaBOASA WTOT BhIIMIECKA3aHHOMY, MOMKHO OTMETHTH, YTO HabaozaeMble H3MEHEHHA YacTOT
PaKOBHHHEIX (DEHOB B MONYIANHAX Br. fruticum HMeEIOT, BEPOSTHO, MONMH(MAKTOPHBIA XapakTep, He
MIO3BOJIAIONINIT BEIWIEHHTh KaKHe-THO0 KOMIIOHEHTEI CPeZkl, B KaUeCTBe BEAVIIHX H ONpeaesISiOIInX
COOTHOIIEHHE JacTOT IIBETOBLIX BADHAHTOB.

Bo-mepBhiX, GAYKTVALHH 9acTOT KOHXHOJIOTHYECKHX IPH3HAKOB B PAa3HBIE TOBI MOTYT OMIpe-
IenaThed NUKIHYeCKHMH KOoJleGaHHAMH MHKPOKIHMATHYECKHX (PaKTOPOB, H, KaK CJI€ACTBHE, AH(-
(pepeHIIMPOBAHHEIM BBIKHBAHHEM Pa3HBIX MOpP® (B TAKOM C/Iydae MBI MOXKeM Hab/IH0JaTh MHKINYe-
CKHe KoyieDaHHA YacTOT B Pa3HBIE TOMEI).

Bo-BTODBIX, €C/IH MMPOHUCXOANT HAIPABJIeHHOE H3MEeHEeHHe YacTOTH KaKoro-1mubo (heHa mo ompe-
ZIelIeHHOMY BeKTOpY, TO B TAKOM BapHaHTe, CKOPee BCEro, HAET CYKIIECCHOHHOe H3MeHeHHe GHOTONOB U B
GoJBIIel Mepe MO BIMSHHEM aHTPOIIOreHHOro dakTopa (0cofeHHO ec/Ii TaKHe H3MEHeHHS IPOUCXOAT
3a OTHOCHTE/IBHO KOPOTKHE MPOMEJKYTKH BpeMeHn). [IprueM B OC/IEIHEM C/Iy4yae VBeIH4YeHHe CTENeHH
TOMO3HIOTHOCTH (T. €. moBbImIeHHe 10H (eHoB [T+ 1 I[3) MokeT GBITh BBI3BAHO Apeii)oM IeHOB H3-3a
Ype3MePHOro Apo6eHns apeasa ¢ hOpMHPOBAHHEM HeGOIBIIHX IOKAIUTETOB.

B-TpeThHX, OTHOCHTEIBHO MOCTOSHHOE COOTHOIIEHHE YacTOT ¢ JOCTOBepHOI auddepeHnn-
POBKOH MeXay OHOTOmaMH MOKeT KOHTPOJIHPOBAThCH CTAOHIH3HDPVIOMIHM OTOOPOM OIpee/IeHHBIX
Mopd noZa BIHAHHEM (HAKTOPOB He KJIMMAaTHYeCKOH IIPHPOEL.

PasyMmeeTcd, 3TH THIIOTETHYECKHE CLIIeHapHH TPeGyIOT JOMOJIHHTEIBHON MpopaboTKH, a mo-
JIydeHHEIE JaHHBIE MOTYT IIOC/IYKHTh OTIIPABHOH TOYKOI U1 JaTbHEHMHUX HectenoBasuii. Ho, B mio-
60M ciTydae, CTOHT MMOAUYEPKHYTh, UYTO HCIIOIb30BAHHE IIBETOBEIX BADHAHTOB OKPAaCKH PDAKOBHHEI B Ka-
yecTBe OHOMHIHKATOPHEIX MapKePOB, BO3MOJKHO TOJIBKO Ha 0a3e JAIHTeIBHOrO MOHHTOPHHTA. B Ka-
YeCTBE 3KCIPeCcc-AHAarHOCTHKH TaKHe MCTOYHHKH HHGOPMAINH MOXHO NPHMEHATh, HO TOJNBKO IIA
rpyboro nputIHKeHHA.
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TEMPORAL DYNAMICS OF FREQUENCY OF POLYMORPHIC SIGNS
OF SHELL IN POPULATIONS BRADYBAENA FRUTICUM MULL (GASTROPODA, PULMONATA)
IN THE SOUTH OF THE CENTRAL RUSSIAN UPLAND

The temporal dynamics of the frequency of polymorphic signs of shell

EA.Snegin in ten populations of bush snail (Bradybaena fruticum Miill), living in south

of the Central Russian Upland, has been studied. The fluctuations in the
Belgorod State National Research frequency of occurrence of individuals with yellow shell, and brown longi-
University, 85, Pobedy St., Belgorod, tudinal stripes on the shell, have been identified. The assumptions are made
308015, Russia to explain the observed changes.
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