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OT U3YUEHUS CBOMCTB I ®YHKIIUN 3EMEAD 1 ITOUYB
K OLIEHKE X 9KOCUCTEMHBIX YCAYT: OB30P

B. M. AL[YXHO", E. B. [BETHOB?
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)Benopycckuii 2ocyoapemeennwiii yuusepcumem, np. Hesasucumocmu, 4, 220030, 2. Munck, Berapyco
2 o o
'"Mocrosckuii 2ocyoapcmeennviil yuusepcumem um. M. B. Jlomonocosa,
Jlenunckue eoput, 1, 119991, . Mockea, Poccus

IpescraBneHbl pe3ysbTaThl AHATUTHYECKOTO 0030pa 3apyOe)KHBIX U OTEUECTBEHHBIX HAYYHBIX M MPUKIATHBIX HC-
CJIeTOBAHMIA, a TAK)KE COOCTBEHHBIE Pa3pabOTKH aBTOPOB, TMOCBSIICHHBIE CIIEITUPUIECKAM 0COOCHHOCTSIM 1 POJIH 3€MEITh
1 TIOYB B MMPECAOCTABIICHNU OKOCUCTEMHBIX YCITYT. HO}I MOCJIICAHUMHU ITOHUMAKOTCS BBIT'OAbI U 6J1ara, KOTOPBIC IMOJYy4aCT Ye-
JIOBEK B PE3YJIbTATEC XO3SHCTBEHHOTO MCIOJIb30BaHMS TIOYBEHHO-3EMEIIbHBIX PECYPCOB, CIIOCOOCTBYIONIUX MMOBBIIICHUIO
0JIaroCcoCTOSHHS JIIONCH, a TAKIKE YCTOMYHBOMY CYIIECTBOBAHUIO HA3EMHBIX IKOCHCTEM. PaccMoTpeHa ayanucTryeckas
POJIb 3eMeJIb U TI0YB, KOTOPBIE, C O/IHOW CTOPOHBI, BBIMOJIHSIIOT X03HCTBEHHBIE, YKOJOTHYSCKUE, CAHUTAPHO-TUTUEHH-
YeCKHe, TEPPUTOPUATLHO-OPraHU3aIMOHHbBIC U IPpyTHe (GYHKIINH, a C IPYroil — SBIISIOTCS NPU3HAHHON (opmoit mpupo-
HOTO Karuraia, 00Jaaaomiell HakKOIUIEHHBIM 3allacoM CTOMMOCTH. HecMoTpst Ha (u3nueckoe eMHCTBO 3eMelb U T0YB,
IIpru CTOUMMOCTHOM M3MEPCHUU NPEAJIAra€TCs YUUThIBATh UX OTJACIIBbHO, OMPCACIIAS HEHHOCTD IMTOYB UCXO/d U3 BBIIIOIHAC-
MBIX MU JKOJOTHYCCKUX (YHKIHUI, a [IEHHOCTh 3e¢MEeJb KaK MPOCTPAHCTBCHHON OCHOBBI, C(epPhI KU3HCOOCCIICUCHHUS,
cpenbl OOMTaHWS, a TAKKE COCTABHON YacTH JIFOO0r0 00BEKTa HEABMKUMOCTH — C TIO3UIIHI TTOJIC3HOCTH U JIOXOTHOCTH HC-
MOJIb30BAHUS 36MEJILHOTO yYacTKa. AHATM3UPYIOTCS BO3MOXKHOCTH OIICHKH YKOCHCTEMHBIX YCIYT 3eMellb M MOYB Ha OC-
HOBE KOHIICIIIMU 00IIel SKOHOMUYECKOH UX IEHHOCTH ¥ MEPCIeKTUBBI IIPUMEHEHUSI MTOJYUYCHHbBIX PE3yJIbTaToOB B MPaK-
THKE PAlOHAJIBHOIO IPUPOJIOIIOIB30BAHUS M CTATUCTUYECKOTO y4YeTa MPUPOIHOTo KaruTaa.

Knrouegvie cnoga: 3eMiist; 104Ba; SKOCHCTEMHBIC YCIYTH; KOJIOTHUECKUE (QYHKIMHU; TPUPOJHBIN KaruTall.

Bnazooapnocme. IlyOnukanyst TOATOTOBIEHA B paMKax mpoekta Ne 1.33 rocymapCTBEeHHOH MPOrpaMMbl HAy9IHBIX
uccnenoBannii «IIpuponomnons3oBanue u sxonorusi» Ha 2016—-2020 rr. (moamporpamma «IIpupoaHbie pecypehl U 3KOIO0-
ruueckas 0ezomacHocTh» Ha 2019-2020 rr).
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FROM STUDYING THE PROPERTIES
AND FUNCTIONS OF LAND AND SOIL
TO ASSESSING THEIR ECOSYSTEM SERVICES: A REVIEW

V. M. YATSUKHNO?®, E. V. TSVETNOV®
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*Lomonosov Moscow State University, 1 Leninskie Gory, Moscow 119991, Russia

Corresponding author: V. M. Yatsukhno (yatsukhno@bsu.by)

The content of the article is based on the results of an analytical review of foreign and domestic scientific and applied
research, as well as the author’s own developments on the specific features and the role of land and soil in the provision of
ecosystem services. The latter are the benefits and goods that people receive as a result of the functioning and economic
use of soil and land resources, contributing to the improvement of their well-being, as well as the sustainable existence of
terrestrial ecosystems. The dualist role of land and soil performing, on the one hand, economic, environmental, sanitary and
hygienic, territorial-organizational and other functions, on the other hand, being a recognized form of natural capital with
an accumulated stock of value, is considered. It is proposed despite the physical unity of land and soil, when valuing them,
be considered separately, determining the value of soil from the standpoint of their ecological functions, and the land — the
spatial basis, life support and habitat, and also as an integral part of utility and profitability of land use. The possibilities of
assessing land and soil ecosystem services are analysed on the basis of the concept of their common economic value and
the prospects for applying its results in environmental management practice and statistical accounting of the natural capital.

Keywords: 1and; soil; ecosystem services; ecological functions; natural capital.
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BBenenue

[Mocnennue nBa necATUIeTHs B HAyYHOU M OOIIECTBEHHOH cepax, OM3Hec-cpene, OpraHax yIpaBIeHUs,
a TaKkke Ha Pa3IMYHBIX MEXKTyHAPOAHBIX ¥ HAITMOHAIBHBIX (hOpyMax akKTUBHO 00CYKAArOTCS BOTIPOCHI M TIPH-
HUMAIOTCSI PEIICHUS, CBSI3aHHBIC C OI[CHKOM SKOCUCTEMHBIX YCIYT U MPAKTHKON IPUMEHEHHUS €€ PE3yAbTaTOB.
KapnvunanpHble H3MEHEHUS! B TIOHUMaHUH 3HAYUMOCTH SKOCHCTEMHBIX YCIYT KaK YacTH MPHUPOTHOTO KaltH-
Taja W MpeloCTaBICHHBIX B MPOIECCe MX OCYIIECTBICHHUS Onar U B0 ObUTH 00YyCIOBIEHBI pa3pabOTKON
u npunatueM OOH B Puo-ne-XKaneiipo B 1992 1. koHIIENIIUY YCTOMYUBOTO Pa3BUTHUS, a TAKKE MOJTOTOBKOM
ron srunoit FOHEII ¢ ygactuem 1360 criennanucToB B yISHBIX U3 95 cTpan mupa mporpaMmsl «OTieHKa IKO-
CHCTEM Ha mopore Toicsyenetus» [1].

BaxHBIM 11aroM B KOHTEKCTE PACIIUPEHHs ydeTa DKOCHCTEMHBIX YCIYT MPU MPUHATHH ONTHMAaJIbHBIX
YIPaBICHYSCKUX PelICHUN 10 3(P(OEKTUBHOMY HCIIOJIB30BAHUIO U COXPAHCHUIO MPUPOJHOTO MOTCHIIMAIIA
cTaja pe30IoIHs, 000pEeHHAast Ha COBEIaHIMH MUHHUCTPOB CTpaH «boJbIoil BoChbMepKmn», a Takke bpasummn,
Kuras, Maaun, Mekcuku u FOAP no oxpane oxpy»katorieit cpeast B 2007 1. B 'epmanuu. B Heit 6butn po-
JICKIIApUPOBAHBI TPU KITFOUEBBIX MPUHIIMIA: 1) IPU3HAHUE IICHHOCTH YKOCHUCTEM U OHOpa3HooOpa3us; 2) mpo-
BEJICHHE YKOJIOTO-DKOHOMHYECKOH OIEHKH SKOCHCTEM C MMPUMEHEHHUEM PBHIHOYHBIX M HEPHIHOYHBIX METOMIOB;
3) pa3paboTKka MEXaHU3MOB y4eTa MPeJOCTABISICMbIX SKOCUCTEMAMU YCIIYT MIPH IUIAHUPOBAHUH XO3SHCTBECH-
HOH U PUPOAOOXPAHHOM AEATEIBHOCTH [2].

B mupokom pa3sHOoOpa3uy Ha3eMHBIX SKOCHUCTEM, UX CTPYKTYPHBIX U (DYHKIIMOHAJIBHBIX 0COOCHHOCTEH
KITIOUEBYIO POJIb UTPAOT 3MJIH M TIOYBBI, BBICTYIAOIIE B KAYECTBE €CTECTBEHHO-IIPUPOIHON MaTPHUIIBI MHOTO-
YUCJICHHBIX OMO(PU3NIECKUX, XUMUUSCKIUX U HHPOPMAITMOHHBIX IMPOIIECCOB, MPOUCXOMANINX B PE3yIbTaTe
B3aUMOJICHCTBUA 3€MEJb U MOYB C OPraHU3MaMM U MPOIYyKTAaMU UX >KU3HeAesTenbHocTu. HecmoTps Ha 370,
9KOCHCTEMHBIE YCIIYTH, MPEIOCTABIIEMbIE 3EMJISIMHI U TTOYBAMH, HE HAIUIN JTOJDKHOTO OTPAKEHHUS B HAITHO-
HaJIBHOW M MEXIYHApOJHOW NMPaKTUKE HAYyYHBIX W NPUKJIAAHBIX UccienoBaHui. MIMerolnecs nonbITKU yBS-
3aTh MPEJICTABICHNE 00 YKOCUCTEMHBIX yCIyTraX 3eMelb 1 MOYB ¢ UX IKOHOMHUYECKOH OIIEHKOM HOCST eINHUY-
HEI Xapaktep. Ha m3MeHeHnne nanHoi CUTyaIliy HallpaBJICHBI 1B HETABHO OITyOIMKOBAHHBIX AHATUTUYICCKHAX
0030pa, TIOCBSIIECHHBIX POJIH 3eMeJb U ITOYB B TIPEAOCTABICHUN YKOCUCTEMHBIX YCIYT M UX OICHKE KaK He00-
XOIMMOMY YCJIOBHIO OOOCHOBAHUS M peaTu3alliy 3a/1a9 YCTOWIHUBOTO 3eMJICTIONB30BaHuA [3; 4].

B cBsi3u ¢ HEPENIEHHOCTHIO BOMIPOCOB €AMHON TPAKTOBKH MOHSATUN «3EMIISD) U «IIOYBA», B TOM YHCIIC HA
HAyYHOM W TIPABOBOM YPOBHSIX, MBI TIOJIATaeM, YTO C TIO3UIIHIA TIPETOCTABICHUS] HIMH KOCHCTEMHBIX YCIYT 3eM-
JISL ¥ TI0YBA JTOJDKHBI PACCMATPUBATHCS KaK CAMOCTOSITENIbHBIE, HO TECHO CB3aHHBIC KOMIIOHEHTHI OKPY>Kalo-
et cpenpl. Tak, TOYBEHHBIH KOMIIOHEHT OIPaHUYEH MPOCTPAHCTBEHHBIM MPOSBICHHEM IMPOIECCOB MOYBO-
00pa30BaHUs U OLIEHUBACTCS C YYETOM IIPUPOTHBIX CBOHCTB M KIacCU(DMKAIMOHHON MPUHAIIIC)KHOCTH IT0YB,
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BBITTOJTHEHUST MU JKOJIOTHUECKUX (DYHKIMH. 3eMebHBIN e KOMIOHEHT MPEACTABISIET COO0H 3aKIIIOUeHHBIH
B (PMKCHPOBaHHbIE TPAHULBI ONPEAEICHHON TEPPUTOPUH MPUPOIHBIN KOMIUIEKC, XapaKTEePU3YIOLIUNCS Mpo-
CTPAHCTBOM, peibedoM, KIMMATOM, IOYBEHHBIM TIOKPOBOM, PACTUTENLHOCTBIO. Takum 00pa3om, eciu moyBa
SIBIISIETCS] OMOKOCHBIM MTPHPOHBIM TEJIOM U ITIAaBHBIM 00pa30M BBIMONHSET BaXKHBIE DKOJIOTHUECKHUE QYHK-
nuy B Onocdepe, To 3eMiIs1 001aJa€T HE TOJIBKO CUCTEMHO-UCTOPUIECKUM COACP)KaHUEM, a BKIIIOYAET TaKKe
3€MHYIO [TIOBEPXHOCTh M XapaKTepH3yeTcs reorpaduueckuM NOI0KEeHUEM, TEPPUTOPHATIbHO-X03HCTBEHHBIM
U PECYPCHO-UMYIIIECTBEHHBIM MOTEHIIHAIOM, MPEIOCTaBIIsAA YCIyTH HEIKOIOTHYecKoro xapakrepa [5]. He-
CMOTpS HAa OTMEUYEHHBIE OTIMYHS 36MJIN M MOYBBI C MO3UIMM MPEIOCTABIAEMBIX 3KOCHCTEMHBIX YCIYT, HX
HEOOX0IMMO paccMaTpHUBaTh B €AMHOM KOMIUIEKCE BBIITOTHIEMBIX (DYHKLHUH C yU4EeTOM CIEHU(HUKH X IPUPOJI-
HBIX CBOMCTB M Pa3HBIX BAPHAHTOB 3€MJICTIONB30BAHMS.

B nensx packpbITust cogep)kaHusi 1 0COOEHHOCTEH MCIIOIb30BAaHUS 3KOCUCTEMHBIX YCIYT 3€Melb U M0YB
B CTaThe MPUBECHBI PE3yJIbTaThl AHATUTHUECKOTO 0030pa TpeX acleKToB mpobnemsl. Bo-nepBrIx, paccmarpu-
BAIOTCSI DKOCHCTEMHBIC YCIIYTH, IPEJ0CTABIISIEMbIC TOYBAMH MPH BHIMTOTHEHUH UMH SKOJIOTUIECKUX (DYHKITUHI
Ha I100aJIbHOM M OMOTr€0LIEHOTHYECKUX YPOBHSX; BO-BTOPBIX, COIOCTABIISIOTCS MEXIyHapOIHbIe Kiaccupu-
Kalli1 9KOCUCTEMHBIX YCIIYT, B TOM YHCIIE MPEAOCTABIAEMbIX 3eMIIIMU U TIOYBAMU; B-TPETHHX, aHAIN3UPYIOTCS
METOIMYECKUE MOIXOBI IKOJIIOTO-IKOHOMHUUECKOW OIEHKH 3KOCUCTEMHBIX YCIYT U cepbl MPaKTHIECKOTO MPH-
MEHEHHS €€ Pe3yNbTaTOB.

MarepuaJjibl HCCJIeI0BAHUSA

[Ipu BBITIOTHEHUH JAHHOTO MCCIICIOBAHUS PACCMATPUBAIMCH OIYOJIMKOBAaHHbBIE HAYYHBIC PA0OTHI Psijia 3a-
PYOEKHBIX, COBETCKHUX, & TAK)KE COBPEMEHHBIX POCCUHCKHUX B OEIOPYCCKUX YUCHBIX, MTOCBSIIEHHbBIC DKOJIOTH-
YECKOW POJIM MOYB ¥ TIOYBEHHBIX MPOIECCOB, UCTIOIH30BAHUIO 3eMEIBHBIX PECYpPCOB, (DYHKITHSIM ITOYBEHHOTO
IIOKPOBA B HA3€MHBIX IKOCUCTEMAX, UX BIUSHHUIO HA IPOCTPAHCTBEHHO-BPEMEHHBIE U3MEHUNBOCTh U yCTOM-
YUBOCTH NPUPOTHON cpebl. Hanboee MogHO W BCECTOPOHHE 3TH MPOOIEMBI OTPaKEHBI B HAYYHBIX TPYJax
B. P. BonoGyesa, B. A. Konpl, A. H. I'ennanuena, I. B. JlobpoBonbckoro, E. JI. Hukuruna, JI. O. Kapmades-
ckoro, I. 1. YBapoga, T. A. Pomanogoii, H. B. Kiiebanosuua, B. . Bacenesa, I. bptomepa (G. Briimmer),
V. 3. X. broma (W. E. H. Blum), P. I1. O. llynere (R. P. O. Shulte), I1. JlaBens (P. Lavelle), K. Manenst
(K. Madena), H. I'mezuep (N. Glasner) u ap. [6—24].

MeHee U3yueHHBIMH OCTAIOTCS BOIIPOCHI, KACAIOIINECs ONPEIeIeHHs, CUCTeMaTH3allu, KapTorpadupoa-
HUS, OIICHKH U MTPUKJIATHOTO IPUMEHEHHNS DKOCUCTEMHBIX YCIIYT 3eMelb U MoYB. JIUIIb B OCIeaHNe TO/IbI Ha-
OmromaeTcs 3aMETHBIN POCT KOJIMYECTBA HAYYHBIX ITyONHUKaIi TI0 JaHHOH MpoOieMaTrKe, TIIaBHBIM 00pa3oM
B aHDJIOSI3BIYHBIX M3naHusIX. K Hanbonee 3HaYMMBIM C HAyYHO-METOIMYECKON TOUKU 3PEHUSI MOKHO OTHECTH
pabotsr [25-40].

B pamMkax BBITOTHEHHOTO 0030pa IpOBeIeHa OIIEHKA CTETIEHN OTPaKEHHS YIKOCHCTEMHBIX YCITYT, PET0CTaB-
JSIEMBIX 3€MJISIMU U TIOYBAMH, B Psijie MEXKIYHAPOIAHBIX U CICIUAIBHBIX KIIACCU(DUKAIIMNA SKOCUCTEMHBIX yC-
nyT. B mepByto ouepenp paccMaTpuBaich Kiaccu(prKaiyy, mpecTaBlIeHHbIE PAO0YHMH TPYIIIAMH TIPOTPAMMBI
«OreHka sKocucTeM Ha Tiopore TeicsraeneTusd (Millennium Ecosystem Assessment, MEA) [1] u ipoexra «9xo-
HOMHUKA dKOCUCTeM u ouopaszHooOpaszus» (The Economics of Ecosystems and Biodiversity, TEEB) [41], a Taxxe
KJTacCH(UKAIUS SKOCHCTEMHBIX YCIYT, BBITIOJTHEHHAS TTOJ] ATUI0W EBporeiickoro areHTcTBa 1Mo OKpyKaroIei
cpene (European Environment Agency, EEA) [42]. B 1aHHOM KOHTEKCTE MPOBEIECHO COIOCTAaBICHHE MeCTa
1 pOJIM 3eMeNb U M0YB B HauboJee pacipoCTpaHeHHBIX KIaCCH(UKALUIX SKOCHCTEMHBIX yciuyr [29; 43—45],
pa3pabOTaHHBIX PSIIOM W3BECTHBIX UccienoBareiei B aToit oomactu (P. Kocranma (R. Costanza), 3. k. lomu-
Haru (E. J. Dominati), P. C. ge I'pyT (R. S. de Groot) u nip.). HakoHer, BEITIOTHEH aHAIH3 TIPEITaraeéMbIX METOJIOB
OLIEHKHU 3KOCHCTEMHBIX YCIIYT 3€MeJb U TI0YB, COCTOSIHUS U NIEPCIEKTHUB UCIIOIB30BaHUs €€ UTOTOB B IIpaKTHYE-
CKOM JIeSITeTbHOCTH M CTaTUCTUYECKOM yUeTe MPUPOTHOTO KaluTaia.

Pe3yabTarhl Hccae10BaHU M UX 00CYKIeHHe

HocTmwkenue uenel yCTOMdUBOro pa3BUTHsI, KaK OJHA U3 JOJITOCPOUYHBIX U MPUOPUTETHHIX 3a7a4d COBpeE-
MEHHOCTH, IPETIoIaracT 00eCreYeHIe IKOHOMHUECKOTO POCTa MPU OTHOBPEMEHHOM CHI)KEHUH BO3ICHCTBUS
XO3SIICTBEHHOM M MHOU AESITEIbHOCTU HAa OKPYXAIOLyto cpeay. Takas MOJUTHKA «IBOMHOTO BBIMIPHIILIAY, HA-
pALy ¢ MHCTPYMEHTAMH TOCYAapCTBEHHOIO PErYJIMPOBAHMS U PHIHOYHBIMUA MEXaHU3MAaMHU, TOJKHA COUYETATh
B ce0e NpUHITHE Ha TOCYIApPCTBEHHOM YpPOBHE 00SI3aTENILCTB MO COXPAaHEHHIO SKOCHUCTEM B JOJITOCPOYHOM
riepcriekTrBe. LIeHHOCTh M 3HAYMMOCTh TIOCIIETHUX 3aKITF0YaeTCs He TOIBKO B TOM, YTO OHU BBICTYTAOT MTPH-
POIHBIM KalWTAJIOM U PACCMATPHUBAKOTCS KaK MCTOYHHK ITPUPOHOTO CHIPhS JIJIS MPOU3BOJICTBA U MOTpeOIe-
HUSI, HO U B TOM, YTO 00ECIICUMBAIOT MPEJIOCTABICHUE IIIMPOKOTO CIIEKTPa SKOCUCTEMHBIX yeiyr. Kak n3Bect-
HO, 9KOCHUCTEMBI, SIBIISAACH COOOIIECTBAMH KUBBIX CYIIECTB U UX CPebl 0OUTaHUS, IPEACTABISIONINMHA €TUHOS
(hyHKIIMOHAIIBHOE 11eJ10¢ [46] ¥ XapaKTepHU3YONIMMHUCS PA3INYHBIME ITPOTEKAIOIIMMA B HIX MaTepUaIbHBIMU
Y DHEPTreTHYECKIMU MTPOIeCcaMu, 00eCTIeUnBAIOT O€30ITaCHOCTD 1 OJIaromoryyue JKu3HeIes I TeTbHOCTH JIIONEH
M COZICUCTBYIOT COXPAHEHHIO U TIOAJICP/KAHUI0 YCTOWYMBOTO (DYHKIIMOHUPOBAHUS IPUPOAHOM CpPEJIbI.
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JHannast mpoOrieMa Havyana MHTEHCHBHO 00CYK/IAThCS B MEXKTyHAPOIHBIX HAYYHBIX KpyTaX B CBSI3U C OITyOIH-
KOBaHHEM Ha 3Ty TeMY KOJUIEKTHBHOH MoHorpaduu [47] 1 aHAMUTHYECKO# cTaThH B )KypHaie «Nature» [48].
Uro kacaeTcsi MOHATHS «IKOCHCTEMHBIE YCIYTH», TO €ro Cofep kKaHne BrepBbie Obu1o packpsito I1. P. Dpmu-
xoM (P. R. Ehrlich) u I. A. Mynu (H. A. Mooney) [49]. B Briieyka3anHoii crarbe [48] mpuBOISATCS pe3yinb-
TaThl ONPEJICIICHUS] CTOUMOCTH 17 KaTeropuil 9KOCUCTEMHBIX YCIIYT, IPeAO0CTaBIsieMble 16 OMOMaM# 36MHOTO
mapa (KpyImHbBIME OMOTHYECKUME COOOIIeCTBaMU B TIpeiesiaX MPUPOAHO-KIMMAaTHIECKUX 30H): OHA COCTaBH-
sa 33,2 tpau gomwi. CIIA B roa. [yis cpaBHeHMsI: 00IEMHUPOBOH BaJIOBOM MPOAYKT B TOT MEPHUOJL ObLI OKOJIO
18 tpiu gomn. CHIA B roa. Kak ormeuaror camu aBTOpblI cTarby, cnycTs 20 JeT mocie ee omyOIMKOBaHUs,
HECMOTpS Ha Pa3IUYHOE OTHONICHHE YYEHBIX U CIEIHAIMCTOB K Pe3yJIbTaraM MPeICTaBICHHON OLEHKH, BCE
COIIUTACH BO MHEHUH, YTO DKOCUCTEMHBIE YCIYTH B HE MEHBIIICH Mepe OMPEIeIISIOT OIaronoiaydre JIIAeH, 4eM
J00BIYa U AKCIUTYaTaIus IPUPOTHBIX pecypcoB [50]. YmoBanue Ha TO, YTO MIPUPOMHBIN U MPON3BOICTBCHHBIN
KaIluTaJl B3aMMO3aMEHHUMBI, ¥ TI0O3TOMY TEXHOJIOTHYECKHE PEIICHHUS MOT'YT rapaHTHPOBATh YCTOWYHBOE 001IIe-
CTBEHHOE pa3BUTHE, BPAJI I MOKHO CUYMTATh ONPaBIaHHBIM. /{0 cuX mop HE cymiecTByeT (M He MpOoCMaTpu-
BAIOTCSl TIEPCIEKTUBBI CO3/1aHUsI B OyAyIieM) TaKUX TEXHOJOT'HH, KOTOpbIe MOIIH Obl 00€CIeunTh IPOH3-
BOJICTBO KHCIIOPOJa, TOAAEpKaHEe ONOIOTHIECKOTO Pa3HOO0Pa3Hsi, KPyrOBOPOT M OYUCTKY BOJBI U BO3/AyXa
B MaciuTabe IUIAaHEThbl, PETYIMPOBAHUE XHMHUYECKOrO COCTaBa aTMOC(hepbl, MUTPALMIO JUKUX KHBOTHBIX
W €CTECTBEHHBIE CPe/Ibl OOMTaHUS JIJISl HUX, aCCUMUIIISIIHIO Pa3IMYHOTO PojJia OTXOM0B, (POTOCHHTE3, 3aIUTY
OT BpeIHOW KOCMHYECKOHN pagualny, peryJIupoBaHue KiIMMaTa, GOPMUPOBAHUE MJIOLOPOAHOTO CIIOS TIOUBBI
n mHoroe apyroe. [Ipunsaras B 2005 . mporpamma OOH «OrnieHKa 3K0CHCTEM Ha TIOPOTe THICSYETEeTHS» TIO/I-
TBEPIKAAET 3TO M UCXOIUT U3 TOTO, «UTO JIFOAH SBJISIFOTCS HHTETPAIbHOM YaCThIO 3KOCHCTEM H UTO CYLIECTBYET
JMHAMHYECKOE B3aNMOICHCTBHIE MEXKLy HUMHU U IPYTUMHU YacTSIMHU DKOCHCTEM, TIPH 3TOM NU3MEHEHUS yCIOBUH
CYIIECTBOBAHMSI JIIO/IEH BBI3BIBAIOT — KaK MPSAMO, TaK U KOCBEHHO — U3MEHEHHS B SKOCHCTEMaX M, TAKUM 00-
pasoM, B Graromnonyunu uenoseka»' [1, p. 6].

B pamkax yka3aHHOU porpaMMbl ObIITH BBIJICJICHBI YeThIpe 0a30BbIE KATETOPUU 3KOCUCTEMHBIX YCIIYT:

e olecrieunBaroIye (provisioning) — MPeOCTaBICHUE MaTEPUATLHBIX OJ1ar JUIsl POU3BOJICTBA TPOLYKTOB
MUTaHus, CHaOKeHUe BOJIOW, MHUHEPAJIbHBIM U OMOJIOTHYECKUM ChIPhEM, JIEKaPCTBEHHBIMU U T€HETHYECKUMHU
pecypcamu 1 ap.;

e perynupytomue (regulating) — ynpasieHne KJIMMAaTOM, Ka4€CTBOM BO3AyXa U TMOYB, OYMCTKA BOJ, CMSIT-
YeHHEe MPUPOAHBIX U TEXHOTEHHBIX OMTACHOCTEH, PEryJTupOBaHIE COCTOSHHS SKOCHCTEM H UX JIETPaIalliy;

® [OJACPKUBAIOIIHE (SUpporting) — KpyroBOPOT OMOTEHHBIX M MHUHEPAJIbHBIX BEIIECTB, BOA, TOYBOOOPa-
30BaHMe, (HOTOCHHTE3 WITU MPOU3BOACTBO MEPBUYHOI OMOTIPOAYKIINN;

e KynbeTypHbIC (cultural) — HeMaTepHaabHble U MaTepUabHbIe IEHHOCTU U BBITOJbI, COACHCTBYIOINE TIO-
3HABaTENbHOM, BOCTINTATEILHON, pEKPEallHOHHON IeATEIHbHOCTH, ICTETHIECKOMY HACTAKICHHIO, a TAK)KE HC-
MOJIB3YIOMIKECs] B 00pa30BaTeIbHOM IMPOLecce, HAYUHBIX UCCIIEIOBAHUSIX, COXPAHEHUH KYJIBTYPHOTO M MpU-
poxnoro Hacnenus. COCTaBISIONIMMHE OJIaTOTOTYYHsI Ha3BaHbI 0€301aCHOCTh, OCHOBBI Kaue€CTBEHHOMN KHU3HH,
3/I0pPOBBE U XOPOIIUE COI[HAIBHBIE OTHOILIEHUS.

B nacrosimee Bpemst 000CHOBAaHBI M pa3padb0TaHbl 0oJiee NBYX JECATKOB KIACCH(PUKAIINN IKOCHCTEMHBIX
YCIIYT, OTPaXarolNX pazHooOpasue CTPYKTYPHBIX, QYHKIMOHAIBHBIX, & TAKXKE HAIIMOHAJIBHBIX U PETHOHAIIb-
HBIX 0COOCHHOCTEH nx MHTEepnpeTanyun. OgHaKo HanOoJee NCIIONb3yEMbIMH B TPAKTHYECKUX HENSIX MpU3HA-
HBI KJIaCCU(DHUKAMK TPeX MEXKIYHAPOIHBIX MHUIMATHBHBIX IPYII, O0bEANHSIOMNX YUCHBIX, CIICUATUCTOB
Y TIPaKTHKOB M3 Pa3HBIX CTpaH W perrmoHoB mupa. [lepsas u3 aTux Kinaccudukanuii Oblia mpeacTaBiIeHa pa-
Ooueil rpynmoit nmporpammel «OLEHKa SKOCUCTEM Ha MOpore TeicsueneTus» [ 1], Bropas — B paMKax MpoeKTa
«IOKOHOMHUKA dKOCUCTEM U OropaszHooOpasus» [41], a TpeThs, momyunBiias HazBanue «O01mas MexIyHapoI-
Hasi KJaccupUKaLMs SKocuCTeMHBIX yeiayr» (Common International Classification of Ecosystem Services,
CICES), BeimonHeHa 1o aruoi EBpormeiickoro areHTcTBa 1Mo OKpysKaromien cpene [2].

JleTaiabHO MPOAHATU3UPOBAB CTENICHb OTPAXKECHUS 3€MEJb U IOYB B PA3IUUHBIX KJIACCU(UKAIMAX IKOCHC-
TEMHBIX YCIIyT, MBI CAENAIHA OOIINH BBIBOJI, YTO /10 HACTOSIIIETO BpEMEHH STHM KOMITOHEHTAM Y/EISeTCS Majio
BHUMAaHUSI, @ UX MHOTOYMCIICHHBIE (DYHKIUH M MPOLECCHl M3HAYAIbHO ObUTH OCTABJICHBI BHE PaMOK 3KOCHC-
TEMHBIX YCIYT WIH ¢J1a00 OCBEIIEHBI B TOAOOHBIX Kiaccuukarmsax. Tak, B 0a30BOi KiIacCUPUKAIINNA KO-
cucTeMHbIX ycryr MEA moYBBI YHOMHHAIOTCS JIMILB B CBSI3H C OLIEHKOH MOYBOOOPa30BaHMUs, PEryIMPOBAHUS
9PO3HH, BOTHOTO PEKMMa, CACPKUBAHMSI OMTACHBIX IPUPOIHEBIX siBieHni. B kmaccudukanun CICES, xoTopas
UMeEET 5-ypOBHEBYIO HEPAPXUUECKYIO CTPYKTYPY, COCTOSIIYIO U3 CEKLUH, pa3fesioB, IPyMIl, KJacCOB U TUIIOB
KJIACCOB, 3€MJIM M TIOYBHI YIIOMHUHAIOTCS TOJBKO Ha 3-M YpOBHE B IPYMIIE «PETYIUPOBAHHME KaueCTBA TTOYB)»
1 Ha 5-M ypOBHE B THIIE KJIacca «IIPEJOTBPALICHHE 3arPS3HEHHS OTXOAAMUY.

Henmocrarounslii y4eT moyBeHHO-3eMeIBHOTO (haKTOpa MPH KIACCH(PHUKAINA SKOCHCTEMHBIX yCIYyT HE T0-
3BOJISICT B TIOJIHOW Mepe OTPa3HuTh COACPKaHUE U MPOBECTH OOBEKTHBHYIO X OLEHKY. [104BbI, ABISSICH KITIO-
YeBBIM OMOKOCHBIM KOMIIOHEHTOM Ha3eMHBIX KOCHUCTEM, BBICTYIAIOT HE TOJHKO MECTOM M Cpeloli OOUTaHuUs

"3neck u nanee nepeson Hamt. — B. A, E. I].
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OpPraHU3MOB, aKKyYMYJIATOPOM BEIIECTBA U SHEPTUH JJIs1 HUX, HO U CBSI3YIOIIUM 3B€HOM OMOJIOTHYECKOTO U T'e0-
JIOTUYECKOTO KPYyrOBOPOTOB, 3alIUTHBIM O0apbepoM U (akTopoM (PYHKIIMOHUPOBaHHS Onochepsl, a TakKe CBOe-
00pa3HOl MaTpHUIIeH, OTIPEICIIIONIeH O0Nopa3HOo0Opa3re TaHHBIX YKOCUCTEM. B ATOM 3aKIIFOUaeTCsT BaXKHOCTH
yueTa CBOWCTB U (PyHKIMH 3eMeJb U MOYB JyIs 00Jiee MOTHOM OLIEHKH SKOCUCTEMHBIX YCIIYT M UCTIONIb30BAHUS
€€ Pe3yJIbTaToB B NPaKTUYECKOH AesTenbHoCcTH. O pacTylleM IOHUMaHUK POJIM 3€MeJIb U IT0YB B 3TOM IIpoLiecce
CBHJICTEJILCTBYIOT, ITyCTh [T0Ka SAWMHIYHBIC, TPUMEPHI KJIacCH()UKAINN TOYBEHHBIX IKOCUCTEMHBIX YCIIYT, Ipel-
CTaBJICHHBIC B paborax [5; 28; 29; 44; 51; 52].

OCHOBHOH TPYAHOCTBIO Pa3pabOTKN eMHON KIaCCU(PHUKALINT SKOCUCTEMHBIX YCIIYT 3€MeJb U MTOYB SBISIETCS
CJIOKHOCTB U Pa3HOIIAHOBOCTD BBITIOJTHIEMBIX UMH (DYHKLHUH, OTJEIbHBIE U3 KOTOPHIX OMPEAEISAIOT HECKOIBKO
BUJIOB SKOCUCTEMHBIX yCIyT [51]. CTOUT OTMETHUTH, YTO B COBPEMEHHBIX IIOUYBOBEICHUH 1 3KOJIOTUH yUEHHUE 00
9KOCHCTEMHBIX YCIyTrax MOYB M METOaX X OILIEHKH — OTHOCHTENILHO HOBOE HallpaBIlICHHUE, 0Iroe BpeMsi Ooiee
HOMYJISIPHBIM OCTaBAJICS TEPMUH «(YHKIMHU 1ouB». [Ipu paccMOTpeHHH MOUBEHHBIX 3KOJIOTHYECKHUX (DYHKLUH
MMEEeTCs B BHJy POJIb U 3HAYEHHUE IT0YB, a TAK)Ke MTOUYBEHHBIX MPOIIECCOB B KM3HU OPTaHU3MOB, UX COXPAaHEHUH
1 9BOJIOLMH. B TedeHne AIuTenbHOTO eprosia pa3BUBaIOCh YUeHHE O OMOTreOeHOTHYECKUX (DYHKIUSX TOYBBI
B DKOCHCTEMaX M TI00ATBHBIX (DYHKITHSIX TTIOYBEHHOTO ITOKpoBa B 6nocdepe [9; 10]. OcHoBHOE BHUMaHHE OBIIIO
c(OKyCHpOBAHO HA €CTECTBEHHO-HAYYHBIX MPOOIeMax N3y4eHHs IKOJOTHIECKUX (PYHKIHUH [TOYB U UX OXPaHBbI,
po0ieMa ke KOMIUIEKCHOH 3KOHOMHYECKOH OLIEHKH IPAKTUUECKH He 3aTparuBasiachk. Bo3MokHO, ofHa U3 pu-
YHH 3TOTO — MOJIOKEHHUE O TOM, YTO IKOCHCTEMHBIE YCIIyTH U SKOJIOTHYECKHE (PYyHKIINH TIOUB HE SIBIISIFOTCS TOX-
JICCTBEHHBIMH TOHATHSIMU. J100ast QyHKIMSI B HEKOTOPOM CMBICIIE LIUPE, YEM YCIIyTa, CBS3aHHAs! C Hel, TOTOMY
YTO IMPU OIPEICIICHUH 3KOCUCTEMHBIX YCIIYT ITPOM3BOUTCS BHIOOP TOJIBKO TEX PE3yJbTaTOB MOYBEHHBIX (PyHK-
LU, KOTOpBIE MOTYT UMETh SKOHOMHUECKYIO0 HHTEpIpEeTaLuIo. Tak, OlleHKY yCIyT MOYB 10 3aIlUTe OT 3PO3UU
MBI MO>KEM OCYILECTBUTDH TOJIBKO B CIIy4ae NM3MEPEHHOIO KOJINYECTBEHHOIO M (MJIM) Ka4eCTBEHHOTO N3MEHEHNUS
TaKoU ee (PyHKIIMHU, KaK MOJICPKAHNE TOYBO3AIUTHON YCTOMYMBOCTH CKJIOHOBBIX 3¢MEJIb.

Hawubosnee aktuBHO M3yueHne (pyHKIMOHAIBHBIX OCOOCHHOCTEN ITOYB U X POJIM B IIPUPOJE U 00IIECTBE Ha-
yaso npoBoanuThest B 1970—80-x IT. 1 moimy4niio 3HaunTensHoe pa3Butie B X XI B. Ero pe3ynbTars! jemm B oc-
HOBY cojiepskanusi BcemupHoli xaptum nous, yrBepxkaenHor Ha 150-ii ceccun CoBera PAO OOH (1-5 nexabps
2014 r.) [53]. B wacTHOCTH, B HEH MPOBO3IIANIACTCS, YTO «KOHKPETHBIE (DYHKITHH, 00ECIIeUnBacMble TTOUYBOH,
BO MHOTOM OTIPEEIISIOTCSI KOMIUIEKCOM XMMHUYECKHUX, OMOJIOTHIECKUX U (PU3MUECKUX CBOHCTB, XapaKTEPHBIX
JUIsl JaHHOH MOYBBL», M YTO «00ecIeunBacMble IOUYBOM MOANCPKUBAIOIINE, TPOLYKIIMOHHBIE, PETyIHPYIOIINe
U KYJIBTYpHBIE YCIIYTH COXPAHSIOTCS MJIM IPHYMHOXKAIOTCsI 0€3 3HAYUTEILHOTO CHUYKEHHSI IOYBEHHBIX (YHK-
umii» [53, p. 5]. OnHUME U3 IEPBBIX YUCHBIX, KOTOPBIC MPEATIOKIIN KIacCu(UKALNIO TOYBEHHBIX (DyHKINH,
obutn . Bpromep [18] u I. Bapaunsii (G. Varallyay) [54]. 3naunTenbHbIi BKIIAA B U3ydeHUe (QYHKIUH [TOYB BHEC
WU3BECTHBIN aBcTpuiickuil mousoen Y. D. X. bitom [19; 20], koTOpbIil BRIAEIHUI MIECTh KATETOPUI MOYBEHHBIX
(YHKIUH, TP U3 KOTOPBIX COOTBETCTBOBAIN HKOJIOTHUECKUM, JBE — COLMATIbHO-IKOHOMHUYECKUM U OIHA —
KyJIBTYpHBIM QyHKIMsIM. JlaHHast knaccuukamys jeria B OCHOBY KOHIICTIIHH O MOATOTOBKe TemaTHyecKoit
CTpaTeruu 3alluThl 1T0YB, KoTopas Obuta mpuHiATa EBpoxomuccueit B 2006 1. KimtoueBoii menbio cTpareruu
SIBISIETCST «CO3/IaHUe OOIUX PaMOK 3allUThI TIOYB Ha OCHOBE MPUHIIMIIOB COXPAHEHHsI TIOUYBEHHBIX (DyHKIINH
1 IPEAOTBPALEHMS JeTpaialiuy 3eMenb» 55, p. 12].

Konnenuust MHOroGyHKIIMOHAILHOCTH II0YB CTajla KJIIOYEBBIM JIEMEHTOM B IIOJIMTHKE PsAAa TOCYAapCTB,
oTpeNeNstoIIel TeppUTOPHATIbHOE INIAHMPOBaHKE 3eMJIETIONB30BaHUA [56—58], a Takke B 1€ATENBHOCTH Ta-
KOH aBTOPUTETHOM MEXAyHapoAHOU opranuzaunu, kak ®AO OOH [59].

Ha nocrcoBeTcKoM MpOCTpaHCTBE TakKe aKTHBHO U TUIOAOTBOPHO MPOBOJMIIMCH UCCIICAOBAHUS B 00JIACTH
yueHust o QyHkusax nous. Hanbosee 3amMeTHBIN BKJIaj B peIICHUE ITOW BaKHOM TEOPETUUCCKOW M MPHUKIIA/I-
HOM 3aJ1a4y BHECJIM W3BECTHBIE POCCUNCKUE YUCHBIC-TIOUBOBEbI akaneMuk . B. JloOpoBonbckuii 1 mpodeccop
E. . Hukutun [9; 10]. OHu ¢ KoieraMy onpeaessuii (yHKIMU TOYB UCXO/IS U3 UX POJIM B 9KOCHUCTEMAX, OIH-
PasCh Ha IOAXObI KIIACCHYECKOTO FEeHETHUECKOro NouBoBeieH s, TakuM 00pa3om, IPOBOAUMBIE HAa TEPPUTOPUN
obiBiero CCCP ucciiennoBaHust HOCST SIPKO BBIPQKEHHBIN DKOJIOTUUECKHUI XapaKTep, YTO IHPOKO UCTIONb3YETCsI
B IIPUPOZIOOXPAHHBIX LEJAX. 3apyOeKHBIE JKE TPAKTOBKH 3KOJIOTHUECKUX (DYHKIMHI 110YB B IIEPBYIO OYEpeib Ha-
eJIEHBl Ha IPUMEHEHHE B MIPAKTHUECKOM JIeSTeIbHOCTH (OIIeHKa 3eMellb, TUIaHUPOBAaHUE 3eMIICTIONH30BAHMS,
(hopMupoBaHue 300pOBOI KOM(OPTHOH cpeabl OOMTAHMS H ACTETUUECKON €€ MPHUBIEKATEIbHOCTH | T. 11.).

B xnaccudukanuum I. B. Jlo6poBonbckoro u E. JI. HukutiHa B O0ibIIel CTENEHN YAEIsSeTCsS BHIMAHHC
B3aMMOJICHCTBHIO IPUPOAHBIX CPeJl HA Pa3HBIX MEPAPXHUECKUX YPOBHSX, B YACTHOCTH MOYB M JaHAMA(TOB
(O6moreoleHOTHYECKUI YPOBEHB) M OKPY)KAIOIIEH Cpebl B 1eJIoM (TII00ANbHEIN yPOBEHB). DTO MO3BOIIIIO
BbLIEHTD 32 (yHKIMH (M3 HUX 16 — miiobanpHble U 16 — Ouoreonenornueckue) [10]. Hecmotps Ha paznu-
yhe JaHHOM Kiaccuduraunu QyHKIUN MOYB ¢ ee 3apyOeKHBIMU BapHaHTaMH, OTJCJIbHBIC aHAJIOTH MOTYT
C YCIIEXOM NPUMEHSTHCS IIPU OLIEHKE MPEeI0CTaBISIEMBIX SKOCUCTEMHBIX YCIyr: B 3apy0ekHoi kinaccudukanuu
HapAIy C MOYBOW KaK MPHUPOTHBIM TEJIOM JTOTIOJHUTENHFHO HCIOIB3YeTCsl TOHATHE «3€MJIS, BBICTYIAOIIEE
B KaueCcTBE MPOCTPAHCTBEHHOIo 0a3uca pa3MelieHns 00beKTOB HHPPACTPYKTYPBI, IPUPOTHOTO U KYJIETYPHOTO
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HacIe/Iusi, OCEJICHNH, UCTOYHUKOB TMOJIE3HBIX MCKOMAEMbIX, CTPOHMATEPUANIOB U JIP., MPEIOCTABISIONIHX
HeaKoJorudeckue yciyriu. COBMECTHOE X pACCMOTPEHUE B KOHTEKCTE MPEI0CTABIICHHUS DKOCUCTEMHBIX yCIyT
SIBIISIETCS JIOTUYHBIM, OJTHAKO TpeOyeT Gojee rIyOOKOro 00OCHOBAaHUS M MPABOBOTO 3aKPEIUICHUS Pa3INIHMA
MOHSTUN «ITOYBA» U «3eMJIs», HA YTO HEOAHOKPATHO YKa3bIBAJIM YUEHBIE U crieranucTsl [60].

Crenyer nmpHu3HaTh, 4TO JJOCTATOYHO TPOAOJIKUTEIEHOE BPEMsI SKOCUCTEMHBIEC YCIYTH U (DYHKIIUH 3eMEJTb
Y TI0YB PacCMaTpUBAINCH MTAPAJUICIEHO M BOTIPOCHI HX B3aUMOCBSI3H U B3aUMOOOYCIIOBICHHOCTH HE 3aTparipa-
nch. M TONbKO 0CO3HAHUE U MPUHATHE MOCTYINIATA O TOM, YTO 3€MJIU U TIOYBBI SIBIISFOTCS TPUPOIHBIM KaIluTa-
JIOM, JIaJTH OCHOBaHHE YTBEPK/aTh, YTO OHH OXBATHIBAIOT KaK CBOICTBA, TAK M Mpoliecchl. VX TMHaAMUYeCKUMU
0Cco0eHHOCTSIMU 00YCITOBJICH HEepa3phIBHBIA aHCaMOIb B3auMocBs3el [3]. K HacTosmeMy BpeMeHH HaKOTIIICH
JIOCTAaTOYHO OOTATHIM OTBIT U3YYCHHS B3AUMOCBSI3U MEKIy OTACIBHBIMU (DYHKIUSIMU ITOYB M IPEIOCTaBIIsIC-
MBIMH UMM 9KOCHUCTEMHBIMH yciiyramu. YTo kacaercsi pa3paOOTKH eIMHON CHCTEMBI, OXBAaThIBAIONICH BECh
CIEKTp MPSIMBIX U KOCBEHHBIX B3aUMOCBSI3€H, TO HCCIEIOBAHUS B 3TOH 00JACTH HOCAT CMHUYHBINA XapaKkTep
1 TpeOyIoT Oosiee TITyOOKOTO OCMBICIIEHHUS] M BCECTOPOHHEH OIeHKH MX pe3ynbraroB. K uuciy Hanbosee mnpo-
JNYKTHBHBIX pa3paboToK, Kak MPaBUIIO 3aBEPIIAIONIUXCS COCTABICHUEM 0000IIAIOIINX CXEM COOTHOIIICHUS
(yHKIIUH TTOYB M COOTBETCTBYIOIIUX YCIyT, OTHOCATCS uccienoBanus B. . Bacenera, O. JIx. JlomuHatw,
E. B. LIsetHoBa, K. Anxukapu (K. Adhikari) u ap. [17; 28; 29; 44; 52]. [Ipe/yioKeHHbIE UMU CXEMbI ObLIH
WCTIOJIb30BaHbI HAMU IIPH YCTAHOBICHHUH TPSIMBIX B3aHMMOCBSI3CH, OMPENEISIONINX HETIOCPEACTBEHHOE BIIHSI-
HUE TIO0ANBHBIX U OMOTEOIIEHOTHIECKUX (QYHKIMH TI0YB Ha MPEIOCTABISIEMbIe IMU SKOCHCTEMHBIC YCIIyTH
(cm. Tabnuiry).

ﬂpflMl)Ie B3aUMOCBA3H MEKAY N100aJIbHBIMHA M OMOT€0IeHOTHYECKUMH (l)yHKIIl/ISlMI/l mo4yB
U NPEeA0CTABJIAACMBbIMHA UMH IKOCUCTEMHBIMH YCJIyraMu

Direct relationships between global and biogeocenotic soil functions
and the ecosystem services they provide
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Uctounuxkum: [5;9;10;13; 17].

[Tpu 5TOM Ha/O UMETH B BHUIY, YTO (D)YHKIIUH TIOYB IIOMHUMO TPSIMOTO OKa3bIBAIOT KOCBEHHOE BIIMSIHHAE Ha
MPEAOCTABISIEMBIC MU YCIIYTH H TEM CaMbIM (POPMHUPYIOT CIOKHYIO MO3auKy UX B3auMojeiicTBuil. [1pemso-
YKEHHasI CXeMa MTO3BOJISIET CYIUTh O TOW HHTETPAJIbHOM POJIH, KOTOPYIO HI'PAIOT TIOYBKI B 00IIIeH COBOKYITHOCTH
9KOCUCTEMHBIX YCIYT, a TaK)K€ PacCMaTpuBaTh W YYUTHIBATh (DYHKIIUH TOYB KaK BRYKHYIO OCHOBY IPaKTH-
KH{ IJTAHUPOBAHUS, HOPMUPOBAHUSI 1 MOHUTOPUHTA MTPUPOJIOTIONB30BAHUS M IKOJIOTO-9KOHOMHUECKOH (cTOu-
MOCTHOM) OIICHKH TIOYBEHHO-3EMEJIBHBIX PECYPCOB, & TAKIKE YIPABICHUS UMH.

Hawubonee c1oXHBIM U TPUHIUITHAIBHBIM OCTAETCS BOIPOC B3AMMOCBSIZH MEXITy QYHKIUSIMHU YKOCUCTEM
U MIpeOCTaBIsIeMbIMI UMH yeiryramu [61]. [Tociie MHOTOYMCIICHHBIX JIUCKYCCHH MEXKTyHAPOJHBIM KOMHTE-
TOM IIPOEKTa « IKOHOMHKA SKOCHCTEM M OMopa3HooOpas3us» [41] ObLIO onpesiesieHo, 4To (YHKIIMUA SKOCUCTEM
MPOSIBISIIOTCS B (hOpME MHOYKECTBA B3aMMOJICHCTBHI MEXK/Ty CTPYKTYpPOH SKOCHUCTEMBI H TPOIECCAMHU, KOTO-
pBIE JIe)KaT B OCHOBE CIIOCOOHOCTH YKOCHUCTEM TPENOCTABISITh TOBAphl U yCiIyru. PaccmarpuBasi B JaHHOM
KOHTEKCTE IMOYBY KaK KIFOUEBYIO MTOJICHCTEMY OMOTEO0IIEHO3a B €T0 €CTECTBEHHOM COCTOSIHUH U B arpolieHo3e,
MOYKHO YTBEP)KJaTh, YTO OHA BBICTYIIAET B KAYECTBE CAMOCTOSTEIBHOTO OMOKOCHOTO 00beKTa QYHKIIHOHHPO-
Banus. [locieanee npeanonaraeT pazHooOpasHbie (POPMbI yUacTHs TIOYB M MOYBEHHBIX MPOIECCOB B (YyHK-
[IUOHUPOBAHUY, COXPAHCHHUH U DBOJIOIMU KOCHCTEM U Onocdepsl B tiesom [13].

OnHo#t M3 0COOEHHOCTEH COOTHOIICHHS «ycyra — (QyHKIHMS [OYB» BBICTYMAET TOT (aKT, 4To (HYHKIHS MO-
JKET MIPOSIBIIATHCS JUIS JTFOACH KaK C MOJOKUTENBLHOM, TaK M C OTPHUIIATEIIEHON CTOPOHBI, TOTIA KaK yCiIyra BCeraa
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MOJIOKUTEITBHA, MO0 3KOCHCTEMHAsI yCITyTra — 3TO ONpeeNeHHas Beirona. Hanpumep, Takas skonornieckast QyHk-
1IUsl TIOYB, KaK TIONVIONIEHHE U YIepKaHNEe HEKOTOPBIX T'a30B, 3aKIIFOYAETCS HE TOJIBKO B (PUKCAIIMU YIIIEKUCIIOTO
rasza (OarompusTHOE SBJICHUE C TTO3UIIH OOPHOBI ¢ TIIOOATHLHBIM TOTETUICHUEM ), HO M B €70 YMUCCHH (HETaTHB-
HBIN MPOIECC C ATOM K€ TOYKH 3PECHUS). YCIYTH e PErUCTPUPYIOTCS TOJBKO TOTJIA, KOTJA €CTh IOJIOKHUTENb-
HBII OanaHc ((prKcarys mpeBbpIaeT SMUCCHIO). TakuM pUMepOoM MOXKET CITY>KUTh peaOrIuTaIHs HapyIIEHHBIX
nocje pa3paboTKU TOP(SIHBIX MECTOPOXKACHUI OOJIOTHBIX dKOcHCcTeM. OTHAKO KOHIICTITYaJIbHO BEChbMa Ba)KHO
MOHMMATh POJIb U 3HAYCHUE TIOUB B TPEOCTABICHUH KOCUCTEMHBIX YCIIYT U MOJTYyYaeMbIC MPU 3TOM BBITOJIBI
u 6J1ara, IIPUYEM HE TOJIbKO CHICIIUATIMCTAMU, HO U JIMLIaMU, IIPUHUMAIOIINMU PEHICHUS, a TAKXKE NNPEACTABUTECIIA-
MU IIUPOKOH OOIIECTBEHHOCTH. DTOMY MOXET COJICHCTBOBATH IPUBEACHHAS HUKE CTPYKTYPHAsSI CXeMa B3aHMO-
CBSI3M DKOCHUCTEMHBIX (DYHKITHI 3eMelTb U TTOYB, TPEJOCTABISIEMBIX HMH YCIYT M TIOJy4aeMbIX BBITOJI.

J
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B3anMoCBs3b 9KOCHCTEMHBIX (DYHKIIUI U YCIYT 3eMeJb U OB,
a TaK)Ke MOIY9aeMbIX IIPH STOM BBITOJ[ U OJ1ar
(pa3pabotano 1o [62], ¢ TOMOTHEHHEM aBTOPOB)

Interconnection of ecosystem functions, land and soil services
and their benefits and benefits
(developed by [62], added by authors)

CxeMa WITIOCTPHUPYET TOMIATOBYIO ONEPAINIO, BKIFOYAIOIIYIO TTOCIEA0BATEIILHOE ONPE/ICIICHUE TIepeUHsI
AKOCHCTEMHBIX (DYHKIUI MCXO/S U3 BBITIOIHICMBIX 3eMJISIMHU U TIOYBAMHU MIPOIIECCOB, MPEI0CTABICHUE TIOTCH-
[IUATLHO BO3MOXKHBIX 9KOCHCTEMHBIX ycnyr. Ha naHHOM STare HeoOXOMUMO YYUTHIBATH HE TOJNBKO BHYTPEH-
HHE CBOMCTBa IIOYB, HO 1 BHCIITHHUEC q)aKTOpI)I, BJIMAIOMIME HA XapaKTCP U CTCIICHDL IIPOTCKaHWA NPOUCXOAAIINX
B HHX MPOIIECCOB M YaCTO MPUBOMAIINE K KOPCHHOMY M3MEHEHHUIO T04YB. Kak mpaBuiio, Takue W3MEHEHHUSI
00yCJIOBJICHBI LIeJICHANIPABIEHHBIMU aHTPOMIOTEHHBIMH BO3ICHCTBUAMY (BHECEHNE YIOOPEHN U TPIMEHEHHE
CPE/CTB 3allUThI PACTCHUN, MEIIMOPATUBHOE NIPe0Opa3oBaHue, PEKYIbTUBAIUS 3eMEIIb, HEPAIIMOHAILHOE HC-
MOJIb30BaHKE 3eMEIBHOTO (POHIA, pA3BUTHE JICTpaJIaliiy MOYB). TakuM 00pa3oM, B 3aBUCMOCTH OT HaIlpaBJie-
HUA 3EMJICTIOJIB30BaHM A S KOCUCTEMHBIC YCITYT'Y 3EMEJIb U IIOYB MOT'YT PACIINPATHCA UJIN OT'PaHUYUBATHCA [63]

Omnpenensis peaibHO CYNIECTBYIONIUE SKOCUCTEMHBIC YCIYTH, OTCIbHBIC U3 KOTOPBIX MOTYT OBITh BBIpa-
KEHBI KOJIMYCCTBCHHO, HeO6XOI[I/IMO MPOBECTU OUCHKY IMOJIYYCHHBIX BBITOIA 1 6JIaE B HaCTOsAIICC BPpEMA BCC
0osiee aKTyallbHOW W MPAKTUYECKH BOCTPEOOBAHHOW MPOOJIEMOH SBISIETCS JKOJIOr0-3KOHOMHYECKas (CTOU-
MOCTHAasI) OIICHKA YKOCUCTEMHBIX YCIYT 3eMelb U TTouB [64]. [Ipexae Bcero 3To KacaeTcs YCTAaHOBICHUS pas-
Mepa HaHOCHMOTO 3eMJISIM U TT0UBaM yIiepOa, KOTOPBI 4YacTO HEOOIICHUBACTCS WITH BOOOIIE HTHOPUPYETCSL.
[pu npeBpalnieHy CTOMMOCTH 3eMelb U MOYB KaK BAKHOW COCTABHOW YACTH MPHUPOHOTO KaluTalia u3 ad-
CTPaKTHOTO MOHSTHS B KOHKpETHBIE HUPHI co3aeTcs (aKTUUeCKUi MaTepHal, TOMOTaloIUK TPUHUMATh
To4YHbIE U 3()(HEKTUBHBIC ¢ TOUKU 3PCHHUS 3aTPaT pPelieHUs. AKTYaIbHOCTh 9TOTO YTBEPKIACHHS OYCBHJIHA,
MOCKOJIbKY JI0 HACTOSIIIIETO BPEMEHH SKOHOMHYECKasi HayKa TPaJUIIMOHHO 3aTparuBaeT BOMPOCHI IICHHOCTH HE
I10YB, a 3eMEJIbHBIX YYaCTKOB Pa3IMYHON KaTeropruaibHOW ITPUHAIIKHOCTH. VICIop30BaHe B 3KOJIOT0-IKOHO-
MUYECKOH OIICHKE, B YACTHOCTH CEJIbCKOXO3SHCTBEHHBIX 3€MeJIb, IIOKa3aTeliell CBOMCTB U (DyHKIIMOHAIBHBIX
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0COOEHHOCTEH MMOYB MO3BOJISIET O0Jiee OOBEKTHBHO OTPaXKaTh UX LIEHHOCTH uepe3 dQ(HEKTHBHOCTD BIIOKEHHBIX
B HUX KarmuTanoB (yrnoOpeHHii, MEINOpPaHTOB, CPEACTB 3aIIUTHl PACTEHUH, 3aTpaT Ha yAydIIeHHe U OXpaHy
3eMeJb U MoYB U JIp.). HecMoTps Ha 1ocTaTo4HO OOJBINON HAKOTUIEHHBI HAYYHO-METOINYECKUI U MTPAKTH-
YECKUH OTBIT 36MEIbHO-OIIEHOYHBIX PA0OT, 10 HACTOSIIIIEr0 BPEMEHH TIOTHOCTHIO HE PellieHa 3a/1a4a BeIpadoT-
K{ TIPUEMJIEMBIX M BCECTOPOHHUX METOJOB OLCHKH 3e€Mellb, BKIIIOYas MOYBbl. Bo MHOTOM 3TO 00BsICHAETCS
MHOTOITJIAHOBOCTBIO 1I€JICH, TIOCTABJICHHBIX NIEPE/] TAKOW OLIEHKOW, M TOW MHOTO()YHKIIMOHAILHOM POJIBIO, KO-
TOPYIO UTPAIOT 3EMJIM U ITOUBBI B X031 CTBEHHOM, KOJIOTHUECKOM, TPUPOIOOXPAHHON U COLIUAIIBHOM JIESATENb-
HOCTH, a TaKk)ke MPaBOBOM PETYJIMPOBAHUHN UMYIIIECTBEHHBIX OTHOIICHNH Y€JI0BEYECKOTO OOIIECTRa.

B nocneanee BpeMsi NOTy4YHUIN pa3BUTHE METOAUYECKUE MOIXO/bI IO ONPEACIIEHUIO0 CTOUMOCTH 3€MEJIb U 3e-
MEJIEHBIX yYacTKOB Kak OOBEKTOB OIEHKH C MO3HIIMH MPEIOCTABICHNS UMHU IIPUPOIHBIX Onar (3KOCHCTEMHBIX
YCIIYT), BaKHEHIIINM MOCTABIIMKOM KOTOPBIX SIBIISIETCS Cararollinii UX MOYBEHHBIN MOKPOB. B MexxayHapogHOI
MPAKTHKE JTAHHBIN BUJ| CTOMMOCTH 0003HAYACTCS TEPMUHOM «00II1asi 3koHOMUYeckast iieHHOCThY (TEV) [65]
W PaCCUHMTHIBACTCSI HA OCHOBE KOMIUIEKCHOTO y4eTa MOJIE3HBIX CBOWCTB 3eMeJb U MOYB 10 (hopmyIie

TEV=UV+NV =DV +IV+O0OV+NV,

rne UV — cTouMOCTh UCIONB30BaHUSA, KOTOPYIO MOKHO MPEACTaBUThH KAk CyMMy Tpex mokazareneir (DV +
+ IV + OV); DV — cTouMOCTb IPSIMOTO MCTIONIE30BaHuS; |V — CTOMMOCTh KOCBEHHOTO UCTIONB30BaHusT, OV — 1mo-
TeHIMAJIbHAS IEHHOCTH; NV — CTOMMOCTB OTIIOKEHHOTO HCTIONTb30BAHUSL.

Tax, cTOMMOCTB MTPSIMOTO UCTIONB30BaHUS IS CETHCKOXO3SIMCTBEHHOW 3€MITH — 3TO CTOMMOCTB, TIOTY4YeH-
Hasl Ha OCHOBE JIOXOJ/Ia OT peasn3allii MPOU3BOIMMON Ha HEeH MPOIYKIIMH PACTCHHEBOJICTBA U KUBOTHOBO/I-
ctBa. OJTHaKO [TOYBa BHICTYMAET HE TOJBKO MMPOU3BOACTBEHHON MAaTPHILIEH, HO M PETYIHPYIOLINM KOMIIOHEHTOM
9KOCUCTEMBI, B YACTHOCTH €CTECTBEHHBIM Oy(epom /st OONbIIMHCTBA 3arpsi3HuTesneil. CTouMoCTHas HHTEp-
MIpeTanus 3TOW CIIOCOOHOCTH MPUBOIUT HAC K CTOMMOCTH KOCBEHHOTO HCIIOJIb30BAaHUS, BHEAPEHHE KOTOPOH
B MTPAKTHUKY TIO3BOJIUT B TIOJTHON Mepe PEIIUTh MPOOIeMy SKOJIOTH3AIIUHN OIEHKH 3€MII U TI0YBHI.

Metonnka 001Iel i SKOHOMHYECKOW TIeHHOCTH MPUMEHSIIach OEIOPYCCKUMHU HCCIEIOBATEISIMA TIPH OTIpe-
JIEJICHUN CTOUMOCTH DKOCHCTEMHBIX YCIYT U OMOJIIOTUYECKOTO Pa3HOOOpa3us, a TaKXKe MPSMON U KOCBEHHOU
CTOMMOCTH €CTECTBEHHBIX OOJIOTHBIX dKOCHCTEM [66; 67].

B Hacrositee Bpemsi B 9KOHOMUYECKOW HayKe MPH OLECHKE MPUPOJHOTO KalHTala aKTHBHO 00CYKIaeTcs
KOHIICTIIIMST CIIPaBETIMBON cTOUMOCTH ( fair value), koTopast JOIDKHA YYUTHIBATh (DyHIIaMEHTaIbHBIC CBOHCTBA
(B HamIeM cirydae — 3eMeNb U MOYB), TIO3BOJISAIONINE CHU3UTh 3aBUCHMOCTD CTOMMOCTH OT PHIHOYHBIX (DITyKTya-
uuit [31; 68]. BKiItoueHHE SKOCUCTEMHBIX YCIYT 3€MENb U IOYB B OLEHKY CIPaBEAIMBON UX CTOUMOCTHU MpEJ-
CTaBJISIETCS 3aKOHOMEPHBIM SIBJICHHEM, CIIOCOOCTBYIOIIMM PAa3BUTHIO MPHPOIOOXPAHHBIX TEHIICHIIUN B 3eMJe-
MOJTb30BaHMH, & TAKKE POPMHUPOBAHUIO SKOJIOTO OPUEHTHPOBAHHOTO PHIHKA HEJJBHYKMMOCTH, B YACTHOCTH 3EMIIH.

3aKiaoueHune

3eMIIH U TTOYBBI KaK KIIOYEBBIE KOMIIOHEHTHI IIPpUPOAHOI'0 KarmuTajla HE TOJIBKO UI'PAr0T BAXKHYIO POJIb B XO-
3IMCTBEHHON ACATCIIBHOCTH, HO U OJHOBPEMCHHO BBINOJIHAIOT PAJ HE3aMCHHUMBIX JKOJIOIMYCCKHU 3HAYUMBIX
¢byHKINI B OKpyskatorieit cpene (OydepHble, COPOIIOHHBIE, BOIO-, TETUIO- U Ta30PETYINPYIOIINe, ONOTEeOXUMH-
4eckue, dnapuuecKue u ap.). ITO CBUACTEILCTBYET 00 MX CYIICCTBEHHON 3HAYUMOCTH B Ka4eCTBE MPUPOJI-
HBIX 00BEKTOB, MPEIOCTABISIONINX 3KOCUCTEMHBIC YCIyTH (00ECIICUHBAIOIIUE, PETYTHPYIONIUE, TOICPIKH-
BalOIIUE, KYJbTYPHBIC), HAIIPABJICHHBIC HA TMOJIYYCHNUE BCEBO3MOXKHBIX BBITOJ U Onar. Jlo HelaBHero BpeMeH!
OTH YCIIYI'd HE BCCraa yYUTBIBAJIMCh B PhIHOYHO-UMYIICCTBECHHLIX OTHOMICHUAX, HC OTHOCUJIMCH K aKTHBaM,
MOCKOJIBKY He ObLIa OTpeieicHa BeTMYNHA UX CTOMMOCTH.

B ananuTHueckoM 0030pe c/ieriaHa MmombITka 0000IUTE MUPOBOM U OTEUECTBEHHBIN OITBIT OTNPEICICHUS OT-
JUYUTETBHBIX 0COOCHHOCTEH, KilacCU(UKAIINHI, OIICHKHA 9KOCUCTEMHBIX YCIYT 3eMeNb U MOYB, 00YCIOBICH-
HBIX MTPOUCXOSIIUMHU B HUX MPOIECCAMH U BBIMOJHIEMBIMH HMH 3KOJIOTHYCCKUMH QyHKIUsAMU. BocTpebo-
BAaHHOCTDL PE€3YyJIbTAaTOB OLICHKH 3KOCUCTEMHBIX YCJIYT 3€MEJIb U IMOYB, BKJIIO4Yasd €€ CTOUMMOCTHOC BbIPAKCHUC,
00BSICHIETCSI HEOOXOIUMOCThIO YUeTa HAI[MOHAJIBHOIO OOTaTCTBa, OTPAKEHUS €T0 B TOCYIAPCTBEHHOM CTaTH-
CTHUKEC U 6yXFaHTepCKOM YU€TEC, a TAKXKE BAXXHOCTBIO IIPUHATHA HAYYHO 000CHOBAHHBIX peHIeHI/Iﬁ Ipu 1J1aHnu-
POBaHHH U pealiu3aliy 3a/1a4 YCTOHYHUBOIO 3eMJICTIONb30BaAHUSI.
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COLUAABHAA TEOTPA®UA ITYBANYHBIX ITPOCTPAHCTB:
COLIMAABHASA CPEAA VS INTEPUGEPMHOCTD

H. H. [IPOBOTAP", K. B. ME3EHI]EB", M. B. TA/TBYYK?

YKuesckuii nayuonanvuuiii ynueepcumem um. Tapaca lesuenxo, yn. Bnaoumupcras, 60, 01601, 2. Kues, Yipauna
D Vkpaunckuii 20cy0apcmeennblil HAyYHO-UCCTE008AMENbCK UL UHCIUNYM NPOEKMUPOBAHUS 20PO008
«UIIPOMUCTO» um. FO. H. Fenoxons, 6yn. Jlecu Yxpaunxu, 26, 01133, o. Kues, Ykpauna

Tpancopmaliy MyOIHIHBIX IPOCTPAHCTB B Pa3HBIX YACTAX ropoja UMEIOT cBou ocobeHHocTH. Cynpba myomny-
HOTO MIPOCTPAHCTBA B LIEHTPE U Ha nepudepun MOXKET Ka3aTbCs NMPEIONPENCICHHON MECTOTIONOKEHUEM, HO MEHSIIO-
IIasICsl COLMAIIbHAS Cpe/la BHOCUT CBOM KOPPEKTUBBIL. [IpoaHann3upoBaHo BIMSHUE COLMAIBLHOM Cpeibl HA IBOJIIOLIUIO
MyOJMMYHBIX TPOCTPAHCTB NepudepuitHoit yactn Knuesa. OObEKTOM HCCIIEI0BaHMS BBICTYIIAIOT COBPEMEHHBIE TPaHC-
(hopmanuu IBYX 3€JCHBIX IyOIMYHBIX IIPOCTPAHCTB Ha OKpauHe ropoja. Llens uccinenoBanmst — onpeneneHne 0cooeH-
HOCTEH M3MEHEHUS JIAaHHBIX MPOCTPAHCTB I0]] BO3JCHCTBUEM COIMAIBLHOMN CpeJbl, a TAK)Ke YCTAaHOBJICHUE XapaKTe-
pa atoro Bo3neiicTBus. IloyueHHbIE pe3ynbTaThl MOATBEPIMIIN OIPEEIAIONIYI0 POIb COIMAIBHOIN cpelbl, KOTopas
HPOSIBIISICTCS Yepe3 MOTPEOHOCTH MECTHBIX JKUTEIECH, M MO3BOIMIN WACHTH(PHUINPOBATE OCHOBHBIE (DAKTOPBI TpaHC-
(hopmanuy nyOoIMUHBIX IPOCTPAHCTB B IepU(epuitHbIX paiioHax KueBa: MeCcTHbIE MHUIIMATUBBI, BEO-(POPYMBbI, COTPY/I-
HUYECTBO C OM3HEC-CTPYKTYpaMH, HOBOE CTPOUTEIHCTBO, H3MEHEHHE BO3PACTHOM M COLMAILHOW CTPYKTYPBI KHUTENEH,
(akTop coOCTBEHHOCTH Ha *XHibe. Ha OCHOBe aHaiM3a BOCHPHSATHS TOCETUTEISIMH JOCTYITHOCTH, MCIIOIb30BaHUS,
HMUKa 1 MHTETPUPOBAHHOCTH IYOJIMUYHBIX MTPOCTPAHCTB ONpE/IEIeHbl Hanbosee mpoOIeMHbIe MOMEHTHI UX (DyHK-
LMOHUPOBAHUS Ha nepudepun, KOTopbele TPEeOYIOT MEePBOOUEPETHOTO N3MEHEHN. Bee 3T0 00yclIoBIMBAaET HayqHYIO
HOBU3HY U aKTyaJbHOCTb HCCIIEAOBAHUS 3€JCHBIX IMyOINYHBIX IPOCTPAHCTB Iepu(epuitHON JacTH ropoja B KOHTEKCTE
COLIMAJILHOM CpeJlbl MX SBOITOLUU.

Knrwouegoie cnosa: Topos; myOIMIHOE MPOCTPAHCTBO; COLMAIbHAS Cpeia; NeprudepuitHOCT; SBOIIONNS; TpaHchop-

manus;, Kues.
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SOCIAL GEOGRAPHY OF THE PUBLIC SPACES:
SOCIAL ENVIRONMENT VS PERIPHERALITY

N. I. PROVOTAR", K. V. MEZENTSEV ", M. V. PALCHUK?”
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Transformations of public spaces in different parts of the city have their own characteristics. The fate of public space
in the center and on the periphery may seem to be a predetermined by location. But the changing social environment
makes its own adjustments. This paper analyzes the influence of the social environment on the public spaces changing
in the peripheral part of Kyiv. Research subject is the contemporary transformation of two green public spaces in Kyiv
neighborhoods. The aim of the paper is to determine the peculiarities of green public spaces transformations in the pe-
ripheral part of Kyiv influenced by the social environment, to determine the nature of its impact on public spaces changes.
Analysis of the transformation of public spaces in the peripheral part of Kyiv confirmed the decisive role of the social
environment, which is manifesting through the needs of local residents, and made it possible to identify the main factors
of change: local initiatives, web forums, cooperation with business, new construction, changes in the residents’ age and
social structure, housing ownership. Based on the analysis of users’ perception of public spaces, their accessibility, use,
image and integration it was determined the most problematic aspects of the functioning of Kyiv neighborhoods’ public
spaces that require priority changes. All this determines the scientific novelty and relevance of the study of green public
spaces on the periphery of the city in the context of the social environment of their evolution.

Keywords: city; public space; social environment; peripherality; evolution; transformation; Kyiv.

BBeaenue

[TornManue roposia U TOPOACKOrO MPOCTPAHCTBA U3MEHSIETCS, B ONPEIEICHHON CTETIEH! YBOIIOUOHH-
pyeT. B mieHTpe coBpeMeHHO Ae(pUHUIINN TOpoIa HAXOMATCS YeIOoBeK, cormyM. C TOUKH 3pEHHS YeTI0BEKO-
LUEHTPUYHOCTH MyOJIIMYHBIE MPOCTPAHCTBA — YHHKaJbHBIE OOBEKTHI, 1€ OAHOBPEMEHHO aKKyMYIHPYIOTCS
MIPOSIBIICHUST BCEX MPOIECCOB TOPOACKUX TpaHchopmanuii. [IyOnmmaroe mpocTpaHcTBO TOpoia — 3TO AOCTYTI-
HOE€ ¥ TMHAMUYHOE TIPOCTPAHCTBO JIJIsl CAMOBBIPKEHHS, OT/IbIXa 1 OOIICHUS JTFOJCH. DBOIIOLUIO TyOINIHBIX
MIPOCTPAHCTB B CYIIECTBEHHOH CTEIIEHU ONPEACISIOT COUaIbHbIE MPAKTUKH. TpaHchopMaIiiy COIUaIbHBIX
MPaKTUK, B CBOIO 0YEPE/Ib, CBSI3AHbI C BBITOJHEHUEM ITyOIIMYHBIMH IPOCTPAHCTBAMU OTIPE/IeNICHHBIX (DyHKIINT
1 00yCJIOBJIEHBI UX CY)KEHHEM HJIM PACHIMPEHUEM, MOSBICHHEM HOBBIX, & TaK)Ke MMOTEPed MM MOJIHBIM U3-
MEHEHHEM OTIEIhHBIX M3 HUX [1].

OnHUM M3 OCHOBHBIX (DPOKYCOB COBPEMEHHBIX TOPOACKHUX COIMAIbHO-TeorpauuecKux UcCiIe0BaHui SIB-
JIsieTCs conuanbHas cpena. [lepBuuHas conmambHOCTh TOpojcKoro mpoctpancTsa mis A. JledeBpa o3Hauaer,
YTO BOTPOCHI MPOU3BOJICTBA MPOCTPAHCTBA JOJKHBI pACCMATPHBATHCS B KOHTEKCTE MTPOOIEMbI TPOU3BOICTBA
COLMaNbHBIX OTHOWEHUH [2; 3]. IMEHHO Takas TpaKTOBKa MOJIOKEHa B OCHOBY COIMAJIbHO-IIPOCTPAHCTBEH-
HOTO TIOAXOJa K U3yYCHHUIO TOPONICKHUX MyOnmmuHbIX mpocTpancTB 3. Hua [4]. JlanubIH moaxon 6a3upyeTcs
Ha MOHATUH HBOJIONNH MyOJINYHBIX IPOCTPAHCTB, KOI/Ia UX cTapble (POPMBI MOTYT McUe3aTh, TPAHC(HOPMHPO-
BaThCS WIM YCTYNAaTh MECTO HOBBIM [5].

MHorue uccienoBareny akleHTUPYIOT BHUMAHNE Ha BIMSHUU MECTOPACIIONOKEHUSI U COLUATIBHON CPEIIbl
OJIH3IIEKAIIETO JKUIIOTO paiioHa HA COCTOSIHUE M UCIIONB30BaHUE TOPOJCKOTO IMyOIMYHOro mpocTpancTBa. Ha-
npumep, 3. Huit ormuckiBaeT pasHble clieHapuH TpaHc(opMaIiy apKoB, HAXOAAIINXCS HAa OKpauHe Topoja, Tie
YKHMBYT JIFOOH C IOCTATKOM HM)KE CPEIHEr0, ¥ B ICHTPAIbHBIX pallOHax, Iie IPOKUBAET HACEJICHUE ¢ OoJiee BbI-
COKHMHU JIoXofaMHu. B mepBoM citydae mapK OOBIYHO MOCTEINIEHHO TepseT TIOCETUTENEH, Iepexos Mol Heo(u-
[UaJIbHBIA KOHTPOJIb JIMI] ¢ MapTUHAJIBHBIM TIOBEJICHUEM, I CO BPEMEHEM 3aKpPbhIBACTCSl, TIOCKOIBKY MECTHAs
BJIACTh CUUTAET €r0 PEBUTAIM3AIINIO0 SKOHOMUYECKH HeapdekTuBHOI. Bo Bropom ciryuae OH yarle BCEero mpu-
BaTU3UpyeTcsi, TpaHC(HOPMHUPYSICH B MOTYIyOIMUHOE (3aKPBITOE) TIPOCTPAHCTBO [4].

CocrosiHre MyOMMYHOTO MPOCTPAaHCTBA HANPSIMYIO BIMSET Ha €ro MCHOJIB30BaHME M nocemieHue. Kak or-
MevaeT S. efin, 3amymeHHOCTh MyOJIHTHOTO TIPOCTPAHCTBA CTAHOBUTCS OMHOW M3 MPHUYWH ero motepu. [loce-
TUTENN MOTYT OTKa3aThCsl MCIOIB30BaTh HEKOM(OPTHOE, HEMPUBETINBOE MyOIMYHOE MPOCTPAHCTBO M OTIATh
MIPEATIOYTEHNE YaCTHOMY, KOTOPOE TIPEIOCTaBIseT OOoMbIle peuMyIecTB. IMeHHO aTTpakTHBHBIC, IPUBETIIH-
BbI€ MTyOJIMYHBIE TIPOCTPAHCTBA C YIOOHBIM PACIIOIIOKEHHEM CUMTAFOTCS] KaYeCTBEHHBIMU U TIPHBJICKAIOT MOCe-
tutenei [6]. Takum oOpa3om, myOIMYHOE MPOCTPAHCTBO JIOJDKHO OBITh aJIAlITUBHBIM, PEarupys Ha COIMaIbHbIC
M3MEHEHUs, a HOBbIE (POPMBI TyOIIMYHOCTH BBI3BIBAIOT BOSHUKHOBEHUE HOBBIX IyOJIMYHBIX MPOCTPAHCTB [7].
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BaxHbIif acnieKT, KOTOpbIi 00yCIIOBIUBAET TpaHCcHOpMAIIHIO MYOTHYHBIX TPOCTPAHCTB, — UX UMUK, BOC-
npusTHe nmocerurensiMu. [lpu atom, kak ormedaeT K. JInHY, «MBI SIBIISIEMCST HE TIPOCTO HAOMIOAATEISIMU TIPE/I-
CTaBJICHUS, & YACTHIO €T0, HAXOJSICh HA CIICHE C IPYTrUMH ydacTHukamm» [8, c. 2]. To ecTs moceTuTenu Boc-
MPUHUMAIOT IMyOIMYHOE MPOCTPAHCTBO Yepe3 MPU3MY CBOETO MPHUCYTCTBUA B HEM.

B. Mexra BbIJIeNsI€T MATh KIIOUEBBIX MapaMeTPOB JUIA OLIEHKH KayecTBa MyOJINYHBIX MPOCTPAHCTB — HH-
KITFO3UBHOCTH, 3HAYNMbIE aKTHBHOCTH, 0€301IaCHOCTh, KOM(POPT U yaoBonbcTBHe. OH 0TMevaert, 4To olriecT-
BEHHOE ITPOCTPAHCTBO JOJDKHO OBITH BU3YyaJIbHO MPHUATHBIM, TOCTYITHBIM M OTKPBITBIM MTPOCTPAHCTBOM ydac-
THs, B KOTOPOM 00€CIIECUHBAIOTCS 0€301aCHOCTh (peasibHasi U BOCIPUHUMAEMas) U 4yBCTBO komdopTta [9].
ITo ero MHEHHIO, Ka4eCTBEHHbIE OOIIECTBEHHBIE IPOCTPAHCTBA — IBOIIOIMOHUPYIOIINE, COaTaHCUPOBAaHHBIE,
pa3zHooOpa3Hble (He MpeHaMEePEHHO SKCKIIO3UBHBIE), pa3rpaHUYeHHbIe (HO HE CerpernpoBaHHbIE), COUATb-
HbIC, CBOOOHBIC, 3HAYNMBIE, KOM(DOPTHBIE, YCTOMUUBEIC (B TOM YHCIe K ToMoreHu3anuu) [10].

B nanHoif paboTe Ha OCHOBE COIMAIBHO-IIPOCTPAHCTBEHHOTO MO/IX0/1a MPOAHAIU3UPOBAHBI COBPEMEH-
Hble TpaHc(hopManuu ABYX MyOIHUYHBIX MPOCTPAaHCTB B nepudepuitnoit yactn Kuesa. boimu mocraBneHbl
CIIEIYIOIIIE MCCIe0BaTeNIbcKue BOMPOChl: «KakoBbl 001IHe 0COOCHHOCTH TpaHCHOpPMALUU MyOITHYHBIX
npocTpaHcTB B nepudepuitapix paifonax Kuesa?»; «Kakum oOpa3zomM comnmanbHas cpejia BIHIET Ha IBOJIO-
U0 MYOJTHMYHBIX MPOCTPAHCTB U ONPEJIEIISIeT JIN OHa XapakTep ux Tpanchopmannu?y; «Kak MECTHBIC JKUTEITH
BOCIIPHHUMAIOT IyOJIMYHBIC POCTPAHCTBA C TOYKU 3PEHHUSI UX JOCTYITHOCTH, UCIIONB30BaHUs, UMHJDKA, WH-
TErpUPOBAHHOCTU Y.

MeToauka uccJe10BaHuAa

UccnenoBanue myOmuuHBIX MpoCcTpaHcTB nepudepuiinol yactn KueBa BKITI0OYANo OLIEHKY WX Kak (usn-
YEeCKOro 00bEeKTa, ONpe/eNICHHEe B3aUMHOTO BIMSHUS COLMAILHON CPeJIbl )KHUIIOT0 paiioHa U IMyOIMIHOTO TPO-
CTpaHCTBA, aHAJIN3 B3aUMOJICHCTBUS TOTpeduTene (moceTuteei) ¢ myOInYHBIMU IPOCTPAHCTBAMH.

HccnenoBanne mpoBOIMIIOCH HA OCHOBE JIBYX KEeHCOB — CkBepa B MUKpopaiioHe Tepemku-1 u mapka «Te-
peMK» B MUKpopaiione TepeMku-2. BeiOpaHHbIe KeHChl IMEIOT Psii OOIIMX YePT, ONPEEIISIONINX UX COIO-
CTaBUMOCTB: 00a ObLTH co31aHbl B 1970-X IT. B HOBOITIOCTPOCHHBIX MUKPOPaWOHAX, XapaKTEPU3YIOTCS CXOKUM
OsaroyctpoiicTBoM (yiaudHast MeOesb, AeTCKUE IJIOMAIKU U T. JI.) U BBITIOJHSIOT aHAJOTHYHbIC (PYHKIIUUA —
OOIIIeHNs, OTJbIXa M PA3BIICUECHUS I JKUTENEH COCETHNX MHOTOATaKHBIX TOMOB. BhIOOp 3eneHbIx myOmud-
HBIX MPOCTPAHCTB O0YCIIOBJIEH TEM, YTO B NepUPEPUITHON YacTh ropoja KIMEHHO 3TOT BHJ] MyOIMYHBIX MPO-
CTPAHCTB SIBISIETCS] HAanboJee pacpoCTPaHEHHBIM.

WNudopmanonHoit 6a30ii ucciueqoBaHus CTalM Pe3yIbTaThl TIOJIEBLIX HAONIONCHUH M aHKETHOTO OIpoca,
npoBeneHHbx B 2017-2018 rr

Ha nepBom stamne O6butd OnMcaHbl OOBEKTHI, KOTOPBIE HAXOJATCS B MpeeNax HCCIeTyEeMBIX MyOTUYHbIX
IPOCTPAHCTB (yAUYHas MeOelb, MOCTAMEHTBI, CKYJIBITYPHI, TOKPBITHE JTOPOKEK, MOPYUHH, Kade, TeTCKUe
TUTOIA/IKH, KYJBTOBBIE COOPY)KEHHUSI, IePEBbs, KIIYMOBI U T. J.) ¥ MO3BOJISIIOT OCYIIECTBIISITH OTpE/IeIICHHEIE
AKTHBHOCTH (BUJIBI ICTEILHOCTH) WM, HA00OPOT, IENIA0T 3TO HEBO3MOXHBIM. /lanee ObLTH BBISIBIICHBI aKTHB-
HOCTH (BU/IBI I€ATEIILHOCTH ), KOTOPBIE MPEJIaraloTcs B paMKax IMyOJIMYHOTO MPOCTPAHCTBA /TSl TOCETUTENEH.
Ha ocHoBe pe3ynsratoB HAOMIONEHUN U OIIPOCca MIPOAHATU3UPOBAHO B3aUMOJICHCTBHE TIOCETHTENEH C IMyOTId-
HBIM TIPOCTPAHCTBOM.

Habnronenust mpoBoaminch IBaxIbl (B Mapte u ceHTsiope 2017 1) mo ceMb JHEW B pa3HOE BpeMsi CYTOK
(yTpo, neHs, Beuep). 111 yTouHeHns OTAEIbHBIX MOMEHTOB JIOTIOJIHUTENIbHBIE HAaOMI0IeHNs ObUIN BBHITTOJTHEHBI
B Mapte 2018 1. [TonydyeHHble pe3ynbTaThl €KEeJHEBHO (PUKCHPOBAINCH B BUJE TEKCTOBBIX OTYETOB U (OTO-
marepuanoB. s uneHTndUKamMy TpaHcPopMaui MyOIHYHBIX MPOCTPAHCTB TEKCTOBBIE OTYETHI BKIIOUA-
T KOMMEHTapHUH: a) OTHOCUTEIbHO YIMYHON MeOenu, ee MPUCYTCTBHS/OTCYTCTBHSI, YI00CTBa, 3CTETHUHOC-
TH; 0) pecTopaHoB U Kade B KOHTEKCTE HAJIMYMsI COOCTBEHHOW MApKOBKH, [IEHOBOW IOJMTHUKU 3aBE/ICHUS,
B) XpaMOB C TOYKH 3PEHMS HAIMYNS OTPaXKIACHUs, OTpAaHMYEHHUS TOCTYMa; T) IPYTrUX 0ObEKTOB KacaTeslbHO
TOTO, HE MPEMATCTBYIOT JIW OHH CBOOOAHOMY MPOXOJY IOJIb30BaTelNel, He 3aKphIBAIOT JIM Tei3ax /lanopa-
My; 1) JTaHAmadTHOTO Au3aiiHa; €) JOKaIbHBIX MPaBUII MOBEICHHUs (HapuMep, 3anpera CUAeTh/IekaTh Ha
TpaBe U T. 11.).

AHKETHBI ONPOC MPOBOAMIICS C UCIIONB30BAaHUEM METOAa CeMaHTHYeCKOro nuddepennnana. B kaxmom
Kerice ObUTO omporieHo 1o 40 PeCrmoHACHTOB — MOCETUTENCH MyOIMYHBIX MPOCTpaHCTB. VM mpeyiaraioch
OLICHUTH IyOIMYHOE MPOCTPAHCTBO MO AHTOHUMUYECKHM XapaKTePHCTUKAM, CTPYIIIUPOBAHHBIM B YEThIpPE
0r0ka: 1) TOCTYIMHOCTD IMyOINYHOTO MPOCTPAHCTBA; 2) UCTIONB30BaHUE TYOIHMYHOTO IPOCTPAHCTBA; 3) UMUK
nyOJIMYHOTO MPOCTPAHCTBA; 4) MHTErPUPOBAHHOCTH MTyONMYHOTO MPOCTPaHCTBA. Pe3yibrarel ompoca aHa-
JIU3UPOBAIIMCH C MOMOIIBIO AUarpaMMmbl pasmaxa (box and whisker plot), koTopas MO3BOJIHIIA ONPEACIIUTh
YPOBEHb COTTIACOBAHHOCTH OIEHOK PECIOHJIEHTOB U COMOCTaBUTh MEIUAHBI OIEHOK 110 BEIOpPAHHBIM Tapa-
MeTpam.
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OcHoBHBIE pe3yJabTaThl

Biaunsnue counanbHoi cpeabl HA MyOJUMYHbIE MPOCTPAHCTBA. AHAIN3 3€IEHBIX MTyOIMYHBIX IPOCTPAHCTB
niepudepuitHoi yacti KueBa B KOHTEKCTE BIUSHUS COITMATBLHOM CPEIbl JKUIIOTO palioHa BKITFOUAJ OTIpeseiie-
HHUE CTapTOBBIX MPEANIOCHIIOK Pa3BUTHSA, (PAKTOPOB M3MEHEHHS MX (PYHKIMI M 0COOCHHOCTEW COBPEMEHHBIX
TpaHcopmanuii. UTo MOBIHAIIO Ha SBOIONNIO NCTIOIH30BAHMUS IYOJUIHBIX TPOCTPAHCTB MCCIETyEeMbIX Keii-
COB, KOTOpBIE B 1990-X IT. B pe3yipTare dKOHOMHYECKOTO KPU3HCa HauyaIu MIOCTEIICHHO TIPUXOANTh B YIIaI0K?
OTBETHUTH HA 3TOT BOIIPOC CTOUT Yepe3 MPU3MY PETPOCIIEKTUBHOTO aHAIHM3a CO3/IaHus, N3MEHEHHSI U Pa3BUTH
BBIOPAHHBIX ITyOJUTHBIX IIPOCTPAHCTB.

Ilpoexmut cmpoumenscmea rcunvlx paitonog. CornacHO KOHIICTIITUH MMPOEKTa MUKpopaiiona Tepemkn-1,
B IIEPBYIO OYepe/Ib KBAPTUPHI JIOJDKHBI OBUTH MOITYYNTh KHOSPHETHKH — aCITUPAHTHI, YUEHBIE U MTPETIOaBaTeI .
[IpoekT ObLT SKCTIEPUMEHTAIBHBIM, TOCKOJIBKY TPEIarajJoch CTPOUTENHCTBO KHUIIBIX JOMOB, 00bEIMHEHHBIX
B OJTHO COOPYXKECHHE, 1 KOMILIEKCa OOIIECTBEHHO-KYIBTYPHOTO 00CTyXKHBaHUA. T0 €CTh IMIIaHWPOBAJIOCh BO3-
BEJICHHUE CAMHOTO apXUTEKTYPHOTO aHCaMOIIsI ¢ KaCKaTHOW KOMITOHOBKOM pa3HOATaXHBIX 31aHni. dopma qoma
HaroMuHasa pparMeHTHI MMYENUHBIX COT, 9TO M OTIPENIEIHIIO CTPYKTYpy BHYTpeHHero 1Bopa. [1o mpoekTy kax-
Jlasi 9acTh JIBOPA JIOJDKHA ObIIa OTINYATHCS MaJbIMU apXUTEKTYPHBIMU (DOpPMaMH, IBETAMH U 03€JICHEHHEM.

Onna U3 uaeH KOHICTIINH 3aCTPOUKH MUKpopalioHa TepeMku-1 3akifodanach B OpraHU3allH IEHTPa 00-
IIECTBEHHOTO 00CITYKMBAaHWSI, KOTOPBIN M30aBIIT OBI )KUTEJICH OT pa3IMdHbBIX OBITOBBIX pobiem. [Imanuposa-
JIOCh, YTO CBOOOHOE BPEeMsI )KHIIBIIHI OYTyT MPOBOANUTE B ONOIMOTEKAX, 037I0POBUTEIBHBIX KOMITIIEKCAX, 3aj1aX
CEeMEHMHBIX Mpa3nHuKoB. K coxaneHuio, uaes co3nanus IeHTpa 00IEeCTBEHHOTO O0CTYKUBaHUS U ITyOITHIHO-
TO TIPOCTPAHCTBA OBLTA BOTUIOINIEHA TONBKO B aCTIEKTE OpraHM3aliy TEPPUTOPHH BHYTPEHHETO ABOpa. Tarke
9TOT MHKpPOPAHOH HE CTaJl MECTOM JKHUTEIIbCTBA TOJIBKO YYEHBIX: YaCTh KBAPTHP IMOIYyUWIIH JIOIU, KOTOPBIX
paccelisuii U3 CTapbIX IOMOB LIEHTpalibHbIX pailoHoB Kuera.

OnHo¥#t M3 OCHOBHBIX 3aJ7]ad MPOCKTa MUKpopaiioHa TepeMKku-2 OBIII0 CO3MaHNE TaKOW IUTAaHWPOBOTHOM
CTPYKTYPBI, KOTOpasi 061 MUHUMH3HPOBAJIa HEOIATOMPHUATHOE BO3CHCTBIE IITyMa OT boJbIIo# OKpy>KHO#H 10-
poru. MukpopaiioH TOCTPOEH Ha MeCTEe IKCTIEPUMEHTAIHLHO-UCCIIET0BATEIHCKOTO MM TOMHUKA TITOJJOBO-SITO-
HBIX KYJBTYp, 9YTO M3HAYaJIFHO 00YCIOBHIIO OTHOCHTEIHHO BBICOKMI YpPOBEHB ero o3eneHeHus. Ha mcrokax
p. HuBkm ObITH co3manbl TpU 03epa, BO3JIe KOTOPHIX pa3MecTHIIC Mapk « TepeMKu».

C magama 2000-X IT. psSIOM C COBETCKOM KIITOW 3aCTPONKON BO3BOAWTCS HOBBIN JKUJIONH KOMILIEKC «JIMKo-
I'pamy». B 0CHOBY €ro MIaHUPOBOYHONW KOHIICITHH OBbIIa ITOJIOYKEHA UICS MOy3aKPBITHIX TBOPOB IS KaXKIOH
TPYTITBI JKAJIBIX JOMOB. BBICOKHI ypOBEHb aBTOMOOWIM3AIIMA MHUKPOpAaOHA CTal MPHYUHOW TpEeBpaIICHHUs
BHYTPEHHUX JBOPOB B apKoBKU. [Ipu mpoekTrpoBannn komIuiekca «JInko-Ipam mpeamonaranocs, 94To KuTe-
71 OyIyT WCTIONB30BaTh YK€ CYNIECTBYIOIIEE 3e/IeHOe MyOIIMYHOE MTPOCTPAHCTBO — MapK « TepeMKm», KOTOpbIi
(baxTHUECKN TIPHOOPEI MIPHU3HAKK TTapKa MMEHHO TMOCTIe CTPOUTEIHCTBA HOBOTO YKMJIOTO KoMIuTekca. [Ipumomo-
BbIE TEPPUTOPHUH, B YACTHOCTH BHYTPEHHHE TBOPHI, 3/1€Ch HE MO3UIIMOHNPYIOTCS KaK IMyOIMYHbBIE TIPOCTPAHCTBA,
a paccMaTpUBAIOTCA KaK TPaH3UTHAs 30HA W MECTa /ISl TTapKOBKK aBToMoOwMei. [loaToMy maxe TOBONBHO ak-
TUBHOE COOOIIECTBO XUTENeH Komruiekca «JIuko-I'pam» moka He cMOIVIO aKTyaTU3UpOBaTh BOTIPOC CO3MAHHA
BHYTPEHHUX MyOIMYHBIX TPOCTpaHCTB. OIHA U3 IPUYXH 3TOTO — UMEHHO MTPOEKTUPOBOYHBIE MPEIITOCHUTKH.

Hzmenenue coyuanvnoin cmpykmypul ycumeneii. B 1990-x rr. 5koHOMHYECKHAN KpU3HUC 00yCIIOBHI yIa-
TIOK B pa3BUTUN Kuesa, 1 0coOeHHO ero neprudepuitHoil 9acTr. DTO BBI3BAJIO CYIIECTBEHHBIE H3MEHEHHS B CO-
[UATBHON CTPYKTYype JKUTEIed MUKPOpaiioHa, MOJENAX X TIOBCEAHEBHBIX MPAKTHUK (TTOBEICHIIS).

Tex, kto xui1 B MUkpopaiione Tepemku-1 co BpeMeHM ero 3acejieHus, 0CTajioCch Majio. MHOTHE BIIaJIE/bIlbI
HE JKUBYT 37IECh, a CAAIOT KBAaPTHUPHI B apeHay (ompoc 15 mapra 2017 1.). CeromHs TYT CENATCS MOJIOABIE CEMBH,
BO JIBOpaxX MO>KHO BHIIETh POIUTEIISH ¢ KomsickaMu (Habmronerne 14—20 mapra 2017 1.). JKurenmm, KoTopbie XOpo-
110 3HAIOT CBOUX COCEIEH, TOBOPST, UTO B IOME TIOCTOSIHHO ITOSIBIISTIOTCST HOBBIE JuTa (ompoc 17 mapra 2017 r).
To ecTb MECTHBIN COLIMYM HE LIEJIOCTHBIN, a IEUTCS Ha JiBe yacTH. [lepBas — Te, KTO MPOKKUBAET 3/1€Ch JABHO,
MTOCTOSIHHO M UMEET YyBCTBO «JIBOPOBOTO» MATPHOTH3MA, KOTOPOE, OAHAKO, ITOJKPEIUICHO JINIIb OTACITbHBIMU
akTtamMu ObroTu(dUKaIuy (co3manue 6epe30Boit amien, KIyMO, MUHU-MY3esl JCPEBIHHBIX M3IEITUN 0] OTKPHI-
THIM HEOOM, IMITPOBU3UPOBAHHOTO MEMOpPHAJIa TePOsiM «HEOeCHOM cOTHMY). lpyras 4acTh — T€, KTO KHUBET TyT
BPEMEHHO M HE 3aMHTEPECOBAH TPATUTh BPEMsI M YCHIIHS Ha 01aroycTpoHCTBO IMyOIMIHOTO ITpocTpancTsa [1].

B HOBOOCTpOCHHOM KOMITIEKce «JInko-I'pamy», rme mpokuBaet 6osee 25 THIC. YETOBEK, KBAPTHPHI B OC-
HOBHOM TIOKYTIAIOT JIFonu B Bo3pacte 30—40 JieT, IMeroImre BEICOKHI COIMAIBHEIN CTaTyC, O YeM, B YaCTHOCTH,
CBUCTEIBCTBYIOT NMPUIIAPKOBAHHBIC ¥ TIOABE3I0B aBTOMOOWIHN (HaOmomneHnust 14—20 mapra u 9—15 ceHtsI0ps
2017 r.). I'maBHEBIM 00pa3oM 34ECh CENATCS MPEACTABHUTEIHM CPEAHETO Kilacca: 4acTh M3 HUX — KHEBIISHE,
KOTOpPBIC MPHUOOPENH JKIIIbE 3a COOCTBEHHBIE CPENCTBA, YACTh — MOJIOIBIE aMOHUITHO3HBIC TTPOhECCHOHABI,
npuexasire B KineB u3 pa3snuaHbIX PETHOHOB YKpPAWHBI U KYMTUBIIHE KWIHE B KPEIUT, €CTh TAKXKe Te, KOMY
KBapTHpa ObUIa TIOZapeHa COCTOSTENbHBIMHA POAUTEISIMH, U T€, KTO BOCIIOJIB30BAJICS BO3MOKHOCTSIMH TIPO-
TpaMMBI MOJIOZIC’KHOTO CTPOUTETLCTBA [1].
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B rxommuiekce «JIuko-I'pagy chopmupoBanach nenocTHas OOIIUHA KHUTEJIEH MPEUMYIIECTBEHHO MOJIOJIOTO
BO3pacTa, KOTOPbIE CO3/IaIN CEMbH, UMEIOT JI€TEH, ITOCEIMINCH HAI0JITO B TIO9TOMY 3aWHTEPECOBAaHbI B OJIaro-
YCTPOUCTBE TEPPUTOPHUH, U TIPEK/IE BCETO IMyOIUIHBIX MPOCTPAHCTB. MECTHBIN COIMYM aKTHBEH B CBOMX
NEHCTBUSIX, MHUITUHUPYS pa3IIUIHbIC IPOEKTHI, 00paIIeHus, TPOTECTHI, TECHO B3aUMOJICHCTBYSI C ITPE/ICTAaBUTE-
JSIMM BJIACTH M OM3HEcA.

Coyuanvusle cemu. Xurensimu Mukpopaiiona Tepemku-1 B conmanbHol cetu Facebook co3nana rpymnma
«Tepemkny», kotopas Ha okTs10ph 2018 1. Brirouana 331 ydyactauka. Tematnka coOOImEHNI JaIe BCEro CBsI-
3aHa ¢ JIMYHBIMHU, OBITOBBIME BOTIpOCaMH (HaIpuMep, OObSIBICHUS 00 yTepe JOMAITHUX JIFOOMMIIEB, OKa3a-
HUU PETETUTOPCKUX W TMOBCEIHEBHBIX YCIYT, MPOIake pa3IMuHBIX BEllel), a TaKXkKe ¢ Mpe3eHTaIei oopasa
MUKpoOpaiioHa (B OCHOBHOM (poTOMarepHalsl). JIMIb OTnenpHbIE COOOIIEHUS KacatoTCs IPo0IeM ITyOIHIHOTO
npocTtpancTBa. Kpome Toro, ecTh 00bsBICHUS O PO3BICKE MIO03PEBAEMBIX B COBEPLICHUH PECTYIUICHHS, KOH-
TaKTHBIE JAHHBIC JIs1 COOOILICHHUS O TIPOAAKE 3aNpPEIIEHHBIX BEIIECTB.

B mukpopaiioHe co3iaH OpraH camMOOpraHM3aluu — KOMUTET MUKpopaiiona Tepemku-1. OnuH u3 mo-
CIIETHUX TIPUMEPOB €T0 aKTUBHOCTH, O KOTOPOI 3asIBIEHO Ha YPOBHE TOpojia, — 0OpalieHne B TOpoACKOil co-
BET T10 TIOBOJTy YCTaHOBKH IITyMO3AIIUTHOTO SKpPaHa BIOJb IpOocHeKTa AkaaemMuKa [ITykoBa ¢ HHTEHCUBHBIM
ABTOMOOMIIBHBIM JIBH)KCHUEM.

Jns obcyxnenust npoOiaeM U MPOBOJMMBIX MEPONPHSATHI KHUTEMH KoMIUleKca «JIuko-Ipam» ucronb3yror
BeO-(hopyMm Liko Life. HeckonbKo rpyIiit CO3aHO B COIMAIbHOM ceTu Facebook, B yactHocTH «O01mHa Tepem-
ku-2» (1073 yuactauka), «xonpoctpaHcTBo Tepemku-2» (254 yaactauka), « Tepemku-2... Tawm, re s KuBy...»
(141 ygactauk). Kpome Toro, KUTEIH OCHOBAJIN OOIIECTBEHHYIO opranuzarmio «OomectBo Jluko-Ipamgay, 3a-
Jadeld KOTOPOM SIBISIETCS MIPEACTABICHHUE U 3aIllUTa HMHTEPECOB €€ YYaCTHUKOB. AHAIIN3 COOOIIEHUH B COITHAIb-
HBIX CETSIX T0Ka3aJl, 4To OOJBIIIOe NX KOIMM4YecTBO B rpyrme «OomuHa TepeMku-2» kacaercs napka « TepeMkny»
(manpumep, npoBeaeHue GecTrBaneil, cy0OOTHUKOB, MOOMIM3ALMS AJIsI 3AIUThI OT BEIDYOKHU JIEpPEBbEB H T. 11.).

Kommepyuanuzayus. B 2003 1. B Mukpopaiione TepeMku-1 ObUI MOCTPOSH TOPrOBO-Pa3BICKATEIIbHBIHI
HeHTp «Maresian», CTaBIIMH MECTOM TPHUTSHKEHUSI MTPEJICTaBUTEINe CPEHEro Kiacca, KOTOpble MOIIIN OBl
MIPUHSTH aKTHBHOE YY9acTHE B MPE0OPa30BaHUAX COCEAHETO ckBepa. Ho aTux mpeodpa3zoBaHuii He MPOU3OIILIO.
Hao0Gopor, BciieacTBHE HUCKITIOYEHNS YaCTH MPEICTaBUTENEH CPEIHETO Kilacca MPOUCXOIUT B OMpPENeIeHHON
CTETICHN MapTHHAN3AIUs 1 TTOTepst CKBepa (ITPOSBIICHUS BaH1aIi3Ma, aCOIIMAIBHOTO MTOBEIEHUS Ha JETCKUX
IUTOINAAKAX B THEBHOE BPEMS U T. II.).

B muxpopaiione Tepemku-2 psjgom ¢ nmapkom «TepeMkn» U Ha €ro TeppUTOPUHU OTKPBITHI IBa pECTOpaHa,
TOYKH IO TPOJake HAITUTKOB U cianocTe (puc. 1). Jlns gereit B neTHUi nepuos o0yCTpanBaloOTCs IIaTHBIC
aTTPaKIMOHBI. PSII0M MTOCTPOEHBI CETEBOM CIOPTUBHBIN KoMILieke «Sportlife», roctnauma «DaBopy. DTu
00BEKTHI MPUBJIEKAIOT TOCETUTENEH TTapKa, TUBEPCUPHUIUPYIOT €0 (PyHKITHH.

Caxkpanuzayua. VIanuatuBoil xuteneil Mukpopaiiona TepeMku-1, koTopasi CyleCTBEHHO MOBIHsUIA HA
yOIMYHOE MPOCTPAHCTBO, SBISAETCS CTPOUTEILCTBO Xpama B 2004 r. OH BO3BE/ICH Ha MECTE CTUXUITHOM CBaJI-
ku. Ceifuac TeppuTOpHs XpaMa OropokeHa JepEeBsIHHBIM 3200pOM, KOTOPBIH BBIMOJIHSET CKOpee IEKOPaTHB-
HYI0 QyHKIHIO (pHc. 2).

YHUKAJIBHOCTh ITyOIMYIHOTO TIPOCTPAHCTBA MUKpOpalioHa TepeMKn-2 COCTOUT B 0COOOM, OPTaHUIHOM CO-
YETaHWW CaMBIX Pa3HBIX OOBEKTOB W aKTUBHOCTEH: PAIOM C XPaMOM HaXOJUTCS BCETIa 3all0THEHHAs IeTCKast
IJIOMIA/IKA, BO3JIE CTYNEHEK IIEPKBH JIETH KaTaroTCs Ha AIEKTPOMOOMIISX M BEJIOCHIIEAAX, HETANEKO JKUTEIN
OTJBIXAOT Ha IUIshKe o3epa (HabmoneHus 14—20 mapra u 9—15 cenrsiops 2017 r.). [lyonudHoe mpocTpaHcTBO
MTOCTOSIHHO UMEET MOTpeOuTeNel, KOTOpbIE HCIONB3YIOT €ro JJIsl pa3IMYHbIX 1IeJIeH, HO PH 3TOM HE MEIIAI0T
JIPyTUM U HE CO3JIAI0T JIJIsl HUX HEeyno0cTB [4].

Puc. 1. Kommepranuzanus 1 cakpannzanus napka «Tepemkny (Habmonenue 12 centsiops 2017 r)
Fig. 1. Commercialization and sacralization of «Teremky» park (2017 September 12 observation)
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Puc. 2. Borotudukaiys 1 cakpaan3aus cKBepa
B Mukpopaiione Tepemku-1 (Habmonenue 17 mapra 2017 )

Fig. 2. Beautification and sacralization of public garden
in Teremky-1 neighborhood (2017 March 17 observation)

B3aumoneiicTBue noceTureieil ¢ myoJIMYHBIMU NpocTpaHcTBaMu. HaOmonenns B nepgom xetice (CkBep
B MuKpopaiione TepeMkn-1) O3BOIHIN ONPENEIUTH CIEAYIONINE MOJI0KEHHUS.

1. OCHOBHBIMH TIOJB30BATENIIMH CKBEpa SBISIOTCS KUTEIN COCETHUX TOMOB, CaMble aKTUBHBIE CPEIU
HUX — TICHCHOHEPHI, IOCETUTENH C JETHMH, a TAKKE TOMAITHUMH JIFOOMMITaMH (COOaKamMu ), ITKOJTLHUKH, JTHY-
HOCTH C TIPU3HAaKaM{ MaprHHAJIBLHOTO TTOBEACHNS.

2. [InanupoBoUHasA CTPYKTypa MyOIMIHOTO MTPOCTPAHCTBA 00YCIOBICHA KOHPUTYPAIHEH KUIBIX JOMOB,
00BeTMHEHHBIX B €UHBIN apXUTEKTypHBIA aHcamM01b. OCOOEHHOCTHIO TAHHOTO MYOJMYHOTO MPOCTPAHCTBA
SIBIISIETCS] HHTETPUPOBAHHOCTB JIByX 00II€00pa30BaTENbHBIX KO M YETHIPEX JOUTKOIBHBIX YUPEXKASHNH, KO-
TOPBIE OIPEIEIAITUCH KaK TNIAHUPOBOYHBIE IIEHTPHI. J{J1s1 CKBepa XxapakTepHa IKJIEKTHKA — COYeTaHNe YAMIHON
MeOeH 1 MalTbIX apXUTeKTypHBIX hopM 1980-x u 2010-X IT., 9TO 00YCIOBIMBACT MO3AMIHOCTh ITPOCTPAHCT-
BEHHOU opranuzanuu (cMm. puc. 1). Ynudnaas meOenb, CIOPTUBHBIC TPEHAKEPHI HE UMEIOT SIUHOTO CTHIIS
odopmIteHHs, a OTJENbHBIC AIEMEHTHI YCTAaHOBIICHBI HE 110 MPUHITUITY YI00CTBA /IS TIOCETUTEIEH, a TaM, TIe
OBLTO0 MecTo.

3. B npenenax myOamdHOTO MTPOCTPAHCTBA BBLACISIOTCS apealibl ¢ pa3HON MHTEHCHBHOCTHIO MCIIONIB30Ba-
HUS, OTHAKO WX TPAHUIIBI JOCTATOYHO YCIOBHBI:

® MaJIOWCTIONb3yEeMBIE apealibl, KOTOpble BKIIOYAIOT 3a0pOIeHHbIe OETOHHBIE AETCKHE TUTOMIAAKH, OBITO-
BBIC U HEOOOPYIOBAHHBIC CTIOPTUBHBIC IUIOMATKH ((haKTHIECKH 31€Ch BRITYIUBAIOT cobak) (puc. 3);

e apeaJibl, KOTOPhIE MOXKHO YCJIOBHO Ha3BaTh «JIydIlle TaM HE XOmuTh» (Habmromenue 17 mapra 2018 r.,
¢ 12:00 mo 14:00). Micnionp3yroTcss B OCHOBHOM JIMIIAMU C MapTHHAIBHBIM TTOBEICHUEM (JUTSI pACITUTHS allKo-
TOJIbHBIX HAIUTKOB U YTIOTPEOJICHHUS 3alpEIIeHHBIX BEIIECTB);

e apeaJbl IByX JETCKUX IUIOMAA0K — OeToHHOUW 1980-X IT. M COBPEMEHHOH, KOTOPBIE TTOIB3YIOTCS TOITY-
JIIPHOCTBIO CPEAN MOCETUTENEH C JIETHbMH U MMEIOT 3JIEMEHTHI ObIOTH(UKAIIUH, YCTAHOBIEHHBIC YKUTEISIMH
COCEIHUX JIOMOB;

e apeaJy OroBeTa, KOTOPBIN SIBIISETCS OHUM M3 HauOoJIee MOMYIIAPHBIX B TIpeieiax MyOIMdHOTO TIPOCTpaH-
CTBa MECT y NTEHCHOHEPOB (0COOEHHO B MIEPBOH IMOJIOBUHE JTHS);

e apeas crenu(pUIeCcKUX YIHIYHBIX TPEHAKEPOB, KOTOPBIH, HECMOTPSI HA HOBOE 00yCTPOICTBO, HE TIOJb-
3yeTcs MOMyJPHOCTHIO;

Puc. 3. DxnekTHIHOCTH 0(OopMIIeHUS CKBepa B MUKpopaiione Tepemku-1 (nabmonenue 17 mapra 2017 r)
Fig. 3. Eclecticism of public garden design in Teremky-1 neighborhood (2017 March 17 observation)
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® apeaJt NeNIeXOAHBIX JOPOXKEK U IUIOMIAI0K Y TIOIbE3/I0B, KOTOPBIN OCHAIIIEH CKaMEeHKaMHi pa3nuyHOrO JIU-
3aitna. HanGosee BocTpeOoBaH y EHCHOHEPOB, KOTOPBIE OT/ABIXAIOT Ha CBEKEM BO3ILYXE PSIJIOM C JKUITLEM;

e apeaJ IPaBOCIABHOTO XpaMa, KOTOPBIN SBISETCS MEHTPATLHON KOMIIO3UITHOHHON TOYKOH IMyOJIUIHOTO
IMPOCTPAHCTBA U UCIIOJIB3YCTCA MPUXOKaHAMMU,

e apeaJl BHyTPUIBOPOBBIX MPOE3/0B, KOTOPbIH HE MMEET 000COOJCHHBIX TEIICXOAHON, BEIOCHIICTHOM
U TIPOEIKEH 30H, UTO B OTPEICIIEHHON CTENIEHN CO3/IaeT HEYI00CTBa, OIHAKO BCIICACTBUE HU3KOW MHTCHCHUB-
HOCTH JIBM)KCHUSI aBTOMOOUJICH HE SIBJISICTCS OCTPOM MPOOJIEMOH.

[Ty6rmuuHoe MpoCcTpaHCTBO BHYTPEHHETO IBOpa B MUKpopaiione TepeMKH-1 akTHBHO HCIIONBb3YETCS TOIBKO
B paifoHe OI0BETa M HOBBIX JICTCKUX IIOMIAZ0K. Beuepom npedbiBaHue Ha 3TON TEPPUTOPHHU YCIOBHO Oe3orac-
HO, IMOCKOJIBKY MHOTIa CpeaAn MOCETUTENEH MOKHO BCTPCTUTH JIUI] C MAPTUHAJIBHBIM ITOBCICHUEM (Ha6JHO}1€-
uus 14-20 mapra u 13-19 cenrsops 2017 ).

4. B nienom opranmzanys CKBepa yA0BIETBOPSIET TOTPEOHOCTH TOJIBKO OTJENBHBIX TPYII KUTENIeH MUKPO-
paiioHa. DTo MOBIHSJIO Ha OICHKY JAaHHOTO MyONUYHOro mpocTpaHcTBa. CyMMapHO peCTIOH/ICHTHI OIIEHUITN
€ro OTHOCHTENILHO HM3KO (CM. Tabnwuily). JIMIb yeThlpe XapakTepUCTUKU U3 MATHAIIATA MOJTYYHIIA MaK-
CUMAJIBHBIN 0aJll: «JIOCTYITHOE», «IEHIEXOHOEY, «IOCTYITHOE JIIS BEJIOCHIICIUCTOBY M «aKTHBHOE HCIIONB30-
BAaHUC). Fopa3110 HWKE PECIIOHACHTHEI OUCHUIINU ITPUBJICKATCIIBHOCTD U 3CTCTUYHOCTD HY6J'II/I‘IHOI‘O IMpoCTpaH-
CTBa, BOBMOKHOCTEL paCcCMaTpuBaTh €TI0 KakK MpeaAMET ropJo0CTH. HCBBICOKOI‘/‘I, HO MOJIOKUTEIILHOM SIBISIETCS
OIIEHKa YHCTOTHI CKBEPA M €r0 COOTBETCTBHS 3ampocaM rnorpedureneit. OHAKO OTAEIbHBIC PECTIOHICHTHI
OTMEYaJIH, YTO JBOP COOTBETCTBYET TEM, KTO 3/1eCh *KuBeT (Habmronenue 18 mapra 2017 1., ¢ 13:00 mo 15:00).
HeCMOTpf[ Ha TO 4YTO B HY6J'II/I‘IHOM IMPOCTPAHCTBE 3a(1)I/IKCI/IpOBaHBI IMPOABJICHUA aCOLUMAJIbHOI'O IMOBECACHUA
U MIPUCYTCTBUE MAPTUHAIBHBIX IMYHOCTEH, pECITOHIEHTHI OIIEHNUIIN 6€30MaCHOCTH ITyOINYHOTO MTPOCTPAHCTBA
Ha CpeJIHEM YPOBHE.

Taxum o6pazom, HanOosee MPOOIEMHBIMU COCTABIISAIOIIMMY HCTIONB30BAaHUS TyOJIMYHOTO MTPOCTPAHCTBA
NIepBOTO Keiica SBISIFOTCS €ro MPHUBIEKATENILHOCTh, 3CTETUYHOCTD, 0€30I1aCHOCTh U COOTBETCTBHE COBPEMEH-
HBIM 3aMpPOCaM pa3InIHbIX KATETOPHIA TTOCETHTENCH.

Pesynbrarsl HaOrOCHU BO 6mopom ketice (napk «TepeMkm» B MUKpopaiione TepeMKH-2) CBUIETENbCT-
BYIOT O CIICIYIOIIMX OCOOCHHOCTSIX.

1. OCHOBHBIE TTOCETUTEIIN HY6J'II/I‘IHOFO MMPOCTPAHCTBA — KUTCJIN COCCAHUX NOMOB, CPCIU KOTOPBIX HaW-
0Oosee aKTUBHBIMU BBICTYITAIOT MOCETUTECIIN C ACTbMU U TOMAIIHUMH J'I}O6I/IM]_IaMI/I, TNICHCUOHEPHI, ceMenHbIe
apsbl.

2. [InannpoBOYHOM OCHIO TIApKa ABISAETCS CETh MPYyAOB Ha pycie p. HuBku. KoMmo3umonHsie aneMeHTs
pacIonoKeHbl BIOJb OEpEroBO JTMHUU.

3. Ha TCPPUTOPUH ITapKa MOKHO BBIJICJIMTL CICAYIOIINE TUIILI ap€aliOB 10 JIOKAJIM3alluu pa3JInYHbIX BUIOB
AKTUBHOCTEM:

e apeaJ JACTCKOM IJIOMA/IKU — TEPPUTOPHS, CIICIIHATBHO 000PY/IOBAaHHAS U OTTOPOKEHHAS B eIIsIX Oe3omac-
HOCTH AeTel. SIBnseTcst Hanbosee UCTIONb3yeMbIM (pHC. 4). YindaHas MeOemh JETCKOH IIIOMAaIKA pa3MelieHa Ha
COBPCMCHHOM MST'KOM NOKPBITHUH. PH]IOM npeajiararorcsa JOIMOJIHUTEIbHBIC Pa3BICUCHUA (paZII/IOYHpaBJISIeMLIe
ABTOMOJICITH, JICTCKHH MTOE3]]) M PACTIONaraeTcs YINUHbI MHHU-(DYI-KOPT ¢ IBYMS Kade;

e apeal IUishKa, I7ie o0ecIieueH HelmoCPEICTBEHHBIN JJOCTYII OCETUTENCH K BogoeMy. B Terioe Bpemst roa
371€Ch KOPMST YTOK, 3aTOPAroT, @ B 3MMHHIA TIEPHOJT KaTaloTCsl HA KOHbKaX;

e apean kade U PeCTOPAHOB, PACTIONIOKECHHBIX B 37[AHUU CIIOPTUBHOTO KOMITJIEKCA M IMEIOIINX JIETHUE Tep-
pacel. [ToceTurenu MOTyT codeTaTh IPOTYIIKY 10 IMAPKY U MOCEIIEHNE ITUX 3aBEICHUN;

Puc. 4. Apeaisl 3eneHbIx 30H napka «Tepemkm» (Habmonenue 13 centsiops 2017 r)

Fig. 4. Green areas of the park «Teremky» (2017 September 13 observation)
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® apeall MPaBOCIABHOTO COOOPa C KOJIOKOJILHEH M IIEPKOBBIO. TeppUTOpHS HUKAK HE OTOPO’KEHA, TOCTYITHA
JUTA Beex (0e3 orpaHMyeHus JOCTyIIa, CBI3aHHOTO C BHEIIHUM BHJIOM mocetutenei). [lnomans nepex cobo-
POM aKTHBHO HCIIOJIb3YeTCs JeTbMHU ISl UTP W paspiedeHuil. Cakpanuzanus myOIuYHOTO MPOCTPAHCTBA HE
BBI3BaJIa €ro parMeHTaly 1 SKCKIro3un (Haomonenns 14-20 mapra u 9—15 cenrsops 2017 r);

® apeall MPOTYJIOUHBIX aJUleil, OCHAIIEHHBIN NENIEX0IHBIMU JIOPOKKAMH, CKaMeiikaMu. Ero 0CHOBHBIE MO-
CETHUTENH — JIIO/IM TTIEHCHOHHOTO BO3pacTa, CeMEWHbIE Maphl, BEYEPOM — MOJIO/ICKb. [lemexoqaplie TOpoKKu
WCTIOJIB3YIOTCA JUTs Ipobexek. OTCyTCTBHUE CeMaIbHON pa3MEeTKH U BCer/ia O0JIbIII0E KOJIMYECTBO MOCETHTE-
JIeW 3aTpyJIHSIOT IEPEABMUKEHNE HaA Beslocunene. Takke ajlien CIyKaT TPaH3UTHOM 30HOM ITPoxoaa K METpO;

e apeaJbl 3eJIEHBIX HACAKACHNH, KOTOPhIe aKTUBHO UCTIONB3YIOTCS KaK 30Ha /711 CEMEHHOTO OT/bIXa B BBI-
XOJIHBIE JIHM TEIUIOr0 BPEMEHHM Toja. 371eCh MOCETUTENH yCTPANBAIOT TUKHUKH, 3ar0OPaloT, IIPOBOAAT CeMei-
HBIE Beuepa Ha CBEXEM BO3yXe, OPraHU3YIOT pa3HbIe UTPHI (CM. pHC. 4), B UeM MPOSABISETCS TOMECTUKALIUS
myOonuuHOTro npoctpancTBa. CTOUT aKIEHTUPOBATH BHUMAaHHE Ha HAIWYHHU 3alpeTa MCIIOIb30BaHUS 3eJICHON
30HBI JIJISI BBITYJIa cO0aK, OIHAKO YacTh MMOCETUTENIEH BCe K€ HApYIIAIOT 3TO aMUHUCTPATUBHOE TpeOOBaHNE
(wabmonenue 10 cenrsiops 2017 1., ¢ 17:00 mo 19:00).

4. 3a nepuo] MPOBEICHUS HAOIIOICHUI MPOSBICHNN acOIMAIbHOTO TIOBEJCHHS B TapKe 3a(hUKCUPOBAHO
He OBLIO.

5. Mapk «Tepemkm» Kak MyOIUYHOE MPOCTPAHCTBO MOIB3YETCs MOMYJIIPHOCTHIO O1arojaps BO3MOKHOCTH
YIOBJIETBOPEHUS MMOTPEOHOCTEH pasIUIHBIX KaTeropuii mocerutenei. [llecTs n3 mITHAAIIATH €TO XapaKTePHC-
THK PECTIOH/ICHTHI OIICHWJIM MaKCHMaJIbHO BBICOKO. HeraruBHbBIE OIIEHKH MTyOIMYHOTO MPOCTPAHCTBA OTCYT-
CTBYIOT BOOOIIIE (CM. TaOmwHIry).

MenuaHHbIe 3HAYEHHS OLICHOK PEeCIIOHIEHTAMH cKBepa B MuUKpopaiioHe Tepemxu-1 (I)
u napka «Tepemkn» B mukpopaiione Tepemku-2 (II)
Median values of assesment by respondents of public garden in Teremky-1 (I)
and park «Teremky» in Teremky-2 neighborhoods (I1I)

B ToM unciie onenka

O6mrast
4acTo penko

XapakTepuCTHKU OLCHKA  |sgeHIIMHAMH | MYKYMHAMH | paOOTAIOIIIMHY | HepabOTaIoIMMU
MOCEIIAIONIUMH | TI0CEIIAIOIIMH

I 1I I 1I 1 1I I 1I I II I 1I I 1I

Jocrynnoe (+) /

+3 +3 | +3 | +3 | +3 | +3 +3 +3 +3 +2 +3 +2 +3 +3
HEJIOCTYITHOE (—)

Vno6Ho (+) / HeyrauHo

+2 +3 +2 +3 +2 | +3 +3 +3 +2 +3 +2 +3 +2 +3
PpAacIoNoKeHHOE (—)

TTemexonnoe (+) /
Hey,Z[OGHOG +3 |+2,5] +3 +2 +3 | 13 +3 +3 +3 +2 +3 +3 +3 +2
JUTSE TISTIEXO010B (—)

JocrynHoe

JUTSL BEJIOCHTIEAUCTOB (+) /
BEJIO/IBUKEHHUE
HEBO3MOKHO (—)

+3 | +2 | 2| 2| +3 | +2 | +3 +2 +3 +3 +3 +2 | ¥2,5 | +1

AkTtuBHOE (1) / TacCUBHOE

+3 +2 +3 +2 +3 | +1 +3 +2 +3 +2 +3 +2 +2,5 +3
HCIOJIb30BaHUE (—)

[Mone3noe (+) / becuenbHOE

2| 43 | 42| 43| 2| +2 | +2 +3 +2 +3 +2 +3 | +1,5 | +3
WCIIONIb30BaHUE (—)

YenemHoe (1) / HeyaadHoe

w2l 2| 2| 2 | 3] 24|
UCTIONB30BaHue (—)

Peanbhoe (+) /
HCKYCCTBEHHOE +2 | +3 [+1,5| +2 | 3 | +3 | +25 | +3 +2 +2,5 +3 +3 +1 +2
HCIOJIb30BaHKE (—)

BesomacHoe (+) /
Hebe3omnacHoe (—)

Yucroe (+) / rpsizHOE (—) +1,5| +2 | +2 |+25| +1 | +2 | ] +2 +2 +2,5 +2 +2 +1 +2

w2 | 43 | 42 |425 42| 43| 42| 43| 42 | +25 |25 | +25] 0 | +3

[NpusnekarensbHoe (+) /

+1 +3 +1 | 3 | +1 | 43 +1 +2 +2 +3 +2 +3 0 +3
HeTpuBIIeKaTeIbHOe (—)
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OKkoHYaHuE TaOJIHIBI
Ending table

B ToM umncne orneHka

O6mast
XapaKTepucTuKu OUCHKA  |;xeHIMHAMH | My)KUMHAMH | paOOTAIOIINME | HepaboTaoIMMU Hacro pexo
MOCEMIAIONINMY | I10CEIIAONINMU
I I 1 11 I I I 11 I I I 11 I I
Dcrerndeckoe (+) /
*) +1 | 42 | +1 |25+ | 2| 41 | 2 +1 +2 +1 +2 +1 +3

HEACTETHYECKOe (—)

Cosmectumoe (+) /

15425 41 | 42 | 42 | 43 | +1 +2 +2 +3 +2 +3 0 +2
HECOBMECTUMOE (—)

Hpyxeckoe (+) /

2 +2 | 43| 2| +1 | +3] +2 | +3 +2 +2 +25 | +2 | +L5| +2
HeZpy)eckoe (—)

Ipenmer roproct (+) /

1| 42 | AL 2| | | - | +2 +2 +2 +2 +2 +1 +1
pa3zouapoBaHus (—)

IIpumeuanune. [TomyKupHEIM MPUPTOM BBIICICHBI 3HAYCHNST MeANAHBI (0au1) COITaCOBAHHBIX OIEHOK PECIIOHIEHTOB, a Kyp-
CHBOM — HECOTTIACOBAHHBIX.

3akiaueHmne

AHau3 PBOIIOIMY ITyOJIUYHBIX MPOCTPAHCTB nepudepuiinoit yactu Knuesa moarsepaus onpeaessoee
BJIMSIHME HA HEE COLMaIbHOU cpeabl. [Ipu 3TOM ciieyeT OTMETUTh, YTO, B OTJIMUKE OT LIEHTPAIbHOU 4acTH
ropoja, TpaHcpopMauu MyOIHYHBIX MPOCTPAHCTB Ha nepudepun o0yCIOBICHBI MPEXK/e BCEro MoTped-
HOCTSIMH XUTEJICH, a HE TYPUCTOB, IMTOCKOIBKY MX pEMpe3eHTaTHBHAS (YHKIHS HE3HAUWTENbHA. [|BIKY-
el CUIION U3MEHEHUH, TPOUCXOASIINX B KOHTEKCTE €BPOIIEU3aLIK, CO3AHUS «TOPOAA JUIsl JIIOACH», SBISIFOTCS
MECTHbIC MHUIIUATHBbI, aKTUBHBIC JICHCTBUS KHUTEJICH COCETHUX JOMOB, UX COTPYIHHYECTBO C OU3HEC-CTPYK-
TypaMH.

XapakTep TpaHcpOpMaIHii MyOIMYHBIX TPOCTPAHCTB B NeprepuitHpIX palioHax KueBa TeCHO cBs3aH C H3-
MEHEHHEM COINAJIbHON CTPYKTYPHI JKHUTEJeH: MyOINnYHbBIe TPOCTPAHCTBA IPUXO/AT B YIIA0K, €CITH CPEIH T10-
CETUTEJICH COKpaIIaeTCsl WiIu UCUe3aeT aKTUBHBIN cpeHuil Kitacc. Hanbosee cymecTBEeHHOE BIUSHUE Ha 9BO-
JIFOLUIO MTyOJIMYHBIX TPOCTpaHcTB nepudeprn Kruesa oka3piBacT HOBOE CTPOUTENIBCTBO, T7IC MOKYIAIOT KUIIbE
MOJIOIBIE JIFOJIU C BBICOKMM COLIMAIBHBIM CTaTyCOM. BaskHbIM (haKTOPOM 3BOJIFOIIMH TYOIUYHBIX TIPOCTPAHCTB
sIBIIsIeTCS (PAKTOp COOCTBEHHOCTH: €CJIM YSIOBEK PACCMATPHBAET MECTO YKUTEIHCTBA B TIEpU(DEPUITHOM palioHe
KueBa kak BpeMeHHOE, OH HE HHUITMHPYET U3MEHEHUH 110 YITYYIIEHHUO yOIHYHOTO IPOCTPAHCTRA.

JlanpHeHIIe necneqoBaHusl JAHHOH MpoOIeMaTHKH CBsI3aHBI ¢ aHAIM30M TIPEAITOUTCHIH KUTEIICH 1 TOIIK-
HBI JJaTh OTBETHI Ha BOTPOCH: «I10o1 KakuM JIO3yHTOM OyIyT pa3BUBATHLCS MYOJWIHBIC TIPOCTPAHCTBA TOPOIA
naneiie?y; «Kakumu OymyT MPUOPUTETHI UX pa3BUTHA?»; «HackoIbKO BEpOSITHO COBMECTUTH 0€30I1aCHOCTh
1 KOM(OPTHOCTH B Pa3BUTHH ropoaa?».
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ITPOTPAMMBHBIE PEITEHUNS B ITPOLIECCAX CO3AAHUA
N NCIIOAB3OBAHUA ATAACHBIX MHTEPAKTUBHBIX KAPT

B. C. YABAHIOK", JI. I. PYJEHKO"
YUncmumym eeoepagpuu HAH Yipaunvi, yr. Braoumupckas, 44, 01030, 2. Kues, Ykpauna

Kaprorpadunueckast ”HHTEpaKTUBHOCTb B HACTOSIIIIEE BPEMS OOBIYHO IIOHNMAETCS! KaK JOMOJIHEHUE K KapTorpa(uuecKum
TIPE/ICTABICHUSIM JIEKTPOHHBIX KapT KOHEUHBIM M0JTb30BaTesisiM. OO0CHOBBIBAETCS HEOOXOIMMOCTD PACIINPUTh YKa3aHHOE
MOHMMAaHHUE. JTO MTOMOKET CO3/1aBaTh COBPEMEHHBIC aTJIACHBIE CHCTEMBI, KOTOPBIC BCE YaIlle pa3padaThIBAlOTCs KaK MHTE-
TPUPOBAHHBIE WM COCTOSIINE U3 HECKOIBKUX cucTeM. Hapsay ¢ KOHEYHBIMHU MOJIb30BATENISIMH 3KCIEPTHI-KapTOrpads
(pa3p8.60T‘II/IKI/I) 1 aHAJIUTUKU TAKKE CTAHOBATCA MOJIL30BATCIIAMU ATIIACHBIX CUCTEM U UX MHTCPAKTUBHLIX KapT. Tlons-
30BaTeIM C COOTBETCTBYIOIIMMHU 3HAHUSAMH OOBETUHSIOTCS B AIIUCTEMOJIOTHUECKH YIIOPSIIOYEHHBIE SIIETIOHbI: YEM BBIIIE
SILIEJIOH, TeM OOJIBIIUMHU 3HAHUSIMU 00 MHTEPaKTUBHOCTH JOJDKEH 00J1a/iaTh 1mojib3oBarelis. [loaToMy atnacHas mHTepak-
THBHAsI KapTorpadus T0PKHA PACCMaTPUBATHCS TETIEPh JUTSt MHOTHX OTHOBPEMEHHO pabOoTaIOIINX CUCTEM U JUTS MHOTHX
nojp3oBareneid. [IpuBeneHs! MpUMepsl HOBBIX OTEparuii KapTorpaduuecKoil HHTEPAaKTUBHOCTH Ul HOBBIX 3IIEIOHOB
HOJIB30BATENCH: I HKCIEPTOB-KapTOrpadoB 3T0 JMHAMHYECKOE U3MEHEHHUE (T. €. BO BPEMs 3KCIUTyaTal[id CHCTEMBI)
KapTorpamueckoro MeTo/ia MOJICTUPOBAHHSI ICHCTBUTEIIBHOCTH, @ /ISl aHAIMTHKOB — CaMOi MoJiesii. BrinosHeH 0030p
MPOrPaMMHBIX PEHICHHH, KOTOPbIe TPUMEHSIIOTCS JUIsl pealIM3alii paclInpeHHoi KapTorpaduieckoil HHTEpaKTHBHOCTH
MIPU CO3JAHUU HOBOTO MOKOJIEHUS aTIaCHBIX cHcTeM. J{71s JoKa3aTenbCcTBa PE3yIbTaTOB UCHOIb3YIOTCS METObI HOBOM pe-
JSIMUOHHOM KapTorpadun. B yacTHOCTH, METO KOHIIENTYaIbHBIX KAPKACOB aTJIACHBIX CHCTEM, KOTOPBIH MTO3BOJISIET 00be-
JTUHATH METOMBI KJIAaCCHYECKONW M PeNAIMOHHON KapTorpaguy B CHCTEMHBIH METON OyayIiei CHCTEMHOM KapTorpadum.
B kadecTBe MpUMeEpOB MapagurM KJIacCH4eckoil kapTorpaduu BbIOpaHbl KOMMYHHMKATHBHAS MapaurMa U HepcreKTHBa
pocta P. Pora u3 BuckoHCHHCKOrO yHUBEpCUTETa B M3aucoHe.

Knroueswvie cnosa: iHTEpaKTHBHAS KapTOrpadusi; KOHIENITYaIbHBIH KapKac aTJIacHbIX CHCTEM; ONlepallui HHTEPaK-
THUBHOCTH JUIS SKCIIEPTOB-KApTOTrpa)oB N aHAITUTHKOB.

SOFTWARE SOLUTIONS IN THE PROCESSES
OF CREATING AND USING ATLAS INTERACTIVE MAPS

V. S. CHABANIUK’, L. G. RUDENKO*
*Institute of Geography, National Academy of Sciences of Ukraine,
44 Volodymyrska Street, Kyiv 01030, Ukraine
Corresponding author: V. S. Chabaniuk (chab3@i.ua)

Cartographic interactivity is now most often understood as an addition to cartographic representations for end users
of electronic maps. The article substantiates the need to extend this understanding. This extension will help in creation of
the modern atlas systems, which are increasingly being developed as integrated or consisting of several systems. Along
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with end users, expert-cartographers (developers) and analysts also become users of atlas systems and their interactive
maps. Users with relevant knowledge are combined into epistemologically ordered echelons — the higher the echelon,
the more knowledge about interactivity the user should possess. Therefore, atlas interactive cartography should now be
considered for many simultaneously operating systems and for many users. Examples of new operations of cartographic
interactivity for new echelons of users are given: for expert-cartographers this is a dynamic change (i. e. during the ope-
ration of the system) of the cartographic method of modeling actuality, and for analysts, the model itself. A review of
software solutions that are used to implement extended cartographic interactivity when creating a new generation of atlas
systems has been completed. To prove the results, the methods of new relational cartography are used. In particular, the
method of conceptual frameworks of atlas systems is used, which allows combining the methods of classical cartography
and the methods of relational cartography into the system method of future system cartography. As examples of the para-
digms of classical cartography, the communicative paradigm and growth perspective of R. Roth from the University of
Wisconsin-Madison are chosen.

Keywords: interactive cartography; conceptual framework of atlas systems; interaction operations for expert-carto-
graphers and analysts.

BBenenue

B coBpemeHHYyI0 HM(POBYIO 310Xy TIOHATHE «MHTEPAKTHBHAS KapTay Tak K& MHOTOOOpa3HO, KaK W MOHs-
THE OCHOBHOTO MPEAMETa MEKTPOHHOH KapTorpauu — 3IeKTPOHHON KapThl. Eciin oTOpOCUTh He3HAYNTEIbHBIE
KpaeBble BapUaHTHI, TO MOXKHO JaXKe CUUTaTh, YTO B HACTOSILEE BPEMsI 3TH MOHITHS COBIAIAIOT. JlelicTBUTEb-
HO, B ITaHHOH CTaThe peub UAET 00 aTiiacHBIX MHTEPAKTUBHBIX KapTaxX. [Jisl 2JIeKTPOHHBIX aTacoB CIIPaBeInBa
CJI/IYIOINAs ABOJIIOLIUS MHTEPAKTUBHOCTH [1, p. 168]: aTiackl ToabKo A7 IpocMoTpa (WK aTiackl TOJIBKO IS
YTEHUs]) — UHTEPAKTUBHBIE ATJIACHl — AHAIUTHUYECKUE aTiachl. ATIAChl TOJBKO Ul MPOCMOTPA BBICTYHAIOT
aHaJioraMy OyMa)KHBIX aTJIACOB U CUMTAOTCS HEMHTEPAKTUBHBIMU [ 1, p. 73]. OHH pa3padarbiBaIUCh IPEUMYIIIC-
CTBEHHO B IIPOIIUIOM CTOJIETUH M PAKTHUYECKH HE CO3/at0TCs B Hatle Bpems. [foaToMy cocTaBistommyme ux KapTbl
SIBJISIFOTCS IPUMEPOM YIIOMSIHYTOTO BbIle kpaeBoro Bapuanrta. M.-)K. Kpaak u ®. Opmenunr [2, p. 161] xoc-
BEHHO Ha3bIBAIOT aHATUTUYECKHUE aTIachl aTIacCHBIMU HH(popManroHHbIME cucTeMamu (fnanee — ATHC). Mer uc-
nosnb3yem Juist ATHC Taroke npsiMoe onpeienienue u3 padbotsl [3]. st 0003HaueHHs BCEX BUJIOB MHTEPAKTHBHBIX
W aHAJMTUYECKUX DJIEKTPOHHBIX aTiiacoB, a Takke ATVC npuMeHseTcs TepMUH «aTiacHasi cucteMay (Cokpa-
meHHo — ATC). KpoMe Toro, Mbl y4uThIBaeM TOT (DaKT, YTO M 3JIEKTPOHHBIM amiacam, 1 ATUC cBOMCTBEHHO
HEKOE paclIMpeHHOoe MOHUMaHue (OyAeT onpenesieHo Huxe). st paciImpeHHBIX CHCTEM TaKKe UCTIONIB3YeTCs
o6o3naueHne ATC, X0Ts ¥ C HEKOTOpbIMHU yTouHeHusiMu. Harmpumep, ATCur — 310 kinacc ATC B pacIimpeHHOM
MMOHUMaHUH.

Jluteparypa M0 MHTEPaKTUBHOW KapTe M KapTrorpaduueckoli HHTEpaKTUBHOCTH BecbMa oOmmpHa. [loatomy
JUISL COKpAILIEHNs KOJIMYECTBA IUTHPYEMBIX UCTOUHUKOB O MPEIMETE OTPAaHUUUMCS TOJIBKO MaTepraIaMy TPYIIIbI
y4eHbIX 13 BuckoHcrHcKoro yHuBepcureTa B Mancone, pykoBoaumoii mpodeccopom P. Porom. Takoe orpanude-
HHE 00BSCHSETCS TAKXKE CICAYIOUIMME TpeMsi MpUIrHaMu. Bo-niepBbIX, Jaxe BEIOOPOUHbIE pabOTHI [0 MHTEPAK-
TUBHOCTH, HallMCAHHBIC TOJIbKO camuM P. Potom [4—7], comeprkar OOJbIION epedeHb JTUTEPaTYPhI 1O MPEIAMETY.
[TosToMy TOTIOTHUTENBHYIO HHPOPMALHIO YUTATEb CMOMKET MOTYYUTh U3 YKa3aHHBIX HCTOYHHKOB.

Bo-Bropsix, P. POT BXOAHT B cocTaB rpymnibl yYEHBIX, KOTOPbIE B HACTOSAIIEE BPEMsI BBITIOIHAIOT MPOEKT
«[Iporpamma uccaenoBaHuid 0 UHTEPAKTUBHOM KapTorpadgun MexyHapoaHOH KapTorpaduuecKkoi accomma-
unu (MKA)»'. TIpesicTaBinennble 3Toi FPyIoi pe3y/IsTaThl KacaloTcs Kak OTAeNbHBIX BOMPOCOB HHTEPAKTHB-
Holi KapTorpaduu [8], Tak U BUIEHHS KapTorpadruecKuxX UccaeJOBaHUH B 11eJoM [9].

B-tpetbux, P. PoT B cBOCH OKTOpCKO# AuiccepTanuu [4] OMUChIBACT KapTOrpapuueCKyr UHTEPAKTUB-
HOCTb KaK JMAaJIOT MEX/1y YeJIOBEKOM U KapTOi, OCYIIECTBISAEMBbIN PHU TOMOIIN KOMIIBIOTEPHOTO YCTPOICTBA,
W TIOHUMAET €€ MPH 3TOM KaK JIOMOJIHEHUE K KapTorpaduueckoMy npenctaBieHuio. Takas BecbMa oOmas
WHTEPIIPETaLus MO3BOJISIET PACCMaTPUBaTh MHOTHE acleKThl KapTorpaguyecKoil HHTEPaKTUBHOCTH, KOTOPBIE
BO3HHUKAIOT [P CO3/IJaHUM U MCIOJIb30BAHUN MHTEPAKTUBHBIX KapT. B wactHocTH, P. PoT yTBepxknaer [4; 5],
4TO KapTorpadus HaXOAMTCS B OYSPEIHOM Kpu3uce (B OpUrHHAIE identity crisis — KPU3UC UICHTUYHOCTH),
U TMIpejyIaraeT BBIXOJ U3 3TOTO KpU3HCa, KOTOPBIM 3aKiIio4aeTcs B UCIOIB30BAaHUHU TaK Ha3bIBAEMOM MEpCIeK-
TUBBI pOocTa. ABTOp CUUTACT, YTO B HEE MOTYT OBITh BKJIIOYCHBI BCE OCHOBHBIC MapagurMbl Kaprorpadun.
[lepcnekTrBa pocTa M300pakeHa UM B BHJIE KBajpara co CTOPOHAMHM (HaYMHAsi CHU3Y 0 YaCOBOW CTpEIKe):
KapTorpapuueckasi MHTEPaKTUBHOCTh — U3TOTOBJICHUE KapT — KapTorpaguyeckoe NpeACTaBlIeHHE — UCTIOJb-
30BaHue KapT [4, fig. 1.4].

'ICA. Interactive Cartography Research Agenda [Electronic resource]. URL: https://www.researchgate.net/project/ICA-Interactive-
Cartography-Research-Agenda (date of access: 21.02.2019).
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[Tocnenusist mpuurHa BajkHa IS HaC, MOCKONIbKY MHeHHe P. Pora coBmagaer ¢ HalmMu npeicTaBiIeHUIMU
0 Kpu3uce Kaprorpaduu, a UHTEPaKTUBHOCTH B IMIEPCIIEKTHBE POCTA CTPYKTYPHO COOTBETCTBYET HHTEPAKTUB-
HOCTH, KOTOpasi paccMarpuBaeTcs B Hamiel padore. st OObsICHEHUS! CTPYKTYPHOTO COOTBETCTBUS JIBYX IO/~
XOJIOB MIpHBeJeM puc. 1, B3sThIi U3 padoTsl [5]. Ero P. Pot monyuwi, npuMeHnB K Kaprorpaduueckoil HH-
TEpPaKTUBHOCTH Moieib (MHTep)akTuBHOCTH Hopmana [10].

J1. Hopmas [10] packiaasiBaeT OJIuH ceaHc (B OpuruHaie exchange — 0OMEH) BHIIIOJTHCHUSI-OIICHUBAHUS Ha
CeMb TOCIIeIOBaTeNbHEIX cTafauil. P. PoT [5] cunTaet, 4To TaKCOHOMUS TPUMHUTHBOB HHTEPAKTUBHOCTH MOXKET
OBITH TIPEIJIOKEHA Ha BCEX DTUX CTAIUAX, OMHAKO CICAYET BBIACIUTHh TPU OOIMIMX TOAX01a: 1) OCHOBaHHBIN
Ha 3a51a4ax (objectives — ieppoe O) — Ha cTaJiuu GOPMUPOBAHUSI HAMEPEHHS, 2) OCHOBAHHBIN Ha OTepaTopax
(operators — Bropoe O) — Ha cTajuu crieluUKaIUi aKTUBHOCTH; 3) OCHOBAaHHBIN Ha ornepanax (operands —
Tpetrbe () — Ha 3BEHE BBITIOJIHEHU U OL[EHUBAHNS, MKy CTaIUSIMHU BBITTOTHEHUS aKTUBHOCTH M BOCIIPUATHUS
COCTOSIHMA cUcTeMbl. Hanpumep, npu ncnoap30BaHNM TO/IX0/1a, OCHOBAHHOTO Ha onepaHaax (Tperse O), BHU-
MaHHE COCPEZ0TOUNBACTCS Ha ONEepaH/ie WK Ha HU(POBOM (BHPTYaTbHOM) OOBEKTE, C KOTOPHIM B3aUMOJICH-
CTByeT (KOHEYHBIH) MoJb30Bareb. [Ipu co3manuu OyayIero mojb30BaTelIbCKOro HHTepdeiica pa3paboTynk
JIOJKCH TapaHTHPOBATh HAJJICIKAIIYI0 OOPATHYIO CBSI3b, KACAIOIIYIOCS H3MEHEHUH onepanaa (Tpethe O) B 3a-
BHCHMOCTH OT PE3YJABTATOB BBITIOTHEHUS oreparopa (Bropoe O).

Mgl TOXKE TpuepKUBacMcs «Tpex O» KapTrorpaguyeckoil HHTEpakTUBHOCTH |5, fig. 2], oHako COOTHOCHM
Kaxaoe u3 Tpex O ¢ OJHAM M3 TpeX SIICNOHOB monb3oBareneil ATC U ux kapT (CBepxy BHH3): HH(DPacTpyK-
TypHBIM (TIepBoe O), anmIMKanMoHHBIM (BTOpoe O) n oneparMoHHbIM (TpeTbe O). Ilonp3oBarenu ykazaHHBIX
SIIIEJIOHOB 0OPAIIAIOTCS K OTHOM U3 TPeX CTPYKTYPHBIX, MITH AIHUCTEMOJIOTHYECKUX, CTPaT (CBEpXy BHU3) — KOH-
HENTyaaTbHON WM MOHATHITHON (TIepBoe (), ammInkanuoHHOH (BTOopoe O) nubo omnepanuonHoi (Tpetbe O),

>
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Iloaxoa, ocHOBAHHBIH
HAa 327a49aX

7. OueHuBanmne
pe3yabrara

2. ®opmupoBaHue
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Kapmocpagpuueckan
UHMEPAKMUBHOCHb
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COCTOSIHHSI CHCTEMBI
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KomnsiorepHoe
YCTpOiicTBO

Iloaxoa, ocHOBAHHBIH
HA 0IepaTopax

5. Bocnipusitue
4. BeinosiHeHue COCTOSIHHMSI CHCTEMBbI

AKTHBHOCTH

\ Onepan

IToaxoa, ocHOBaHHBIN

Ha omepaHaax

Puc. 1. Craguu monenu aktuBHOCTH HopMaHa u «Tpu O» KapTorpaguyeckoil HHTEpaKTHBHOCTH.
Uctounuk: 5, fig. 2]

Fig. 1. Stages of the Norman’s activity model and the «three O» cartographic interactivity.
Source: [5, fig. 2]
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Ha KOTOPBIX CYIIECTBYIOT COOTBETCTRYIONHE BapruaHThl ATC 1 ux kapt. Eciu onpenensaTs 1UKII CyIeCTBOBAHUS
Kakoi-mn00 ATC KOHEYHOTO TOJIb30BaTelisl, TO Ha KaXJION CTpare MOXKHO BBIIEIUTH JIEMEHTHI, KOTOPbIE OT-
HOCSITCS K pe3ylibTaraM Kak MAHHMYM TpeX (a3 KH3HEHHOTO IMKJIa CUCTEMBI (CBEPXY BHU3): HCCIICIOBAHMS,
pa3paboTkH, SKkcruTyaranuy. [IprBeneHHas nHpopManus aetanmusupyercs: B MoHorpadum [11].

31ech MBI ¢lieiaeM TOJBKO JIBA 3aMeUaHust: 1) B OTIMYKE OT CTaThu [S5] MBI paccMaTpUBaeM HE OJTHY, @ MHO-
xecTtBa ATC 1 X KapT, IpUYeM Ha KaXJI0¥ U3 Tpex cTpar. DTo e 3aMedaHie KacaeTcsi 1 MHOXKECTB T0JIb30Ba-
teneit 3 Tux ATC 1 KapT Ha Ka)XXJI0M U3 TPEX DIIEJIOHOB; 2) B HAIIEM IMOAXO/IE CYIIECTBYET TAKKE AITUCTEMOJIO-
THYECKH caMasi BbICOKas, o01mas, ctpara. [lonb30BaTensiMu 3JIeMEHTOB 3TOM CTpaThl BHICTYIIAIOT YUSHBIE HIIN
npenonasarend. OHU OOBEIUHSIIOTCS B OOIIHIA AIIEIIOH TIOJIb30BaTEIICH.

[TockonbKy Hac UHTEpECYeT TeOopusl, KOTOPYIO MOJKHO MCIIOIB30BaTh HA MPAKTHUKE, BAXXHO O3HAKOMUTHCS
C pe3yJIbTaTaMu MPaKTHUECKON peau3aliy KapTorpa(uueckoil MHTEPaKTUBHOCTH B pab0Tax IIKOJIb BUCKOH-
CHHCKOTO yHHMBepcHuTeTa B Mamucone. [lepen n3noxenneM 3TUX pe3ylbTaroB HEOOXOAMMO c/enaTh HEeOOb-
IO 3KCKYpPC B TEMATHUKY NMAaTTEPHOB (patterns), a UMEHHO CJIelyeT pa3rpaHudnUTh MMOHATHS KapKaca, maTTepHa
1 111a0JI0Ha B UH(POPMATUKE U KapTOTpa(uH.

B uH(popmaTHKe CIIOBO pattern O4€Hb YACTO TEPEBOIUTCS HA PYCCKHIM SI3bIK KaK «adimoH». OHAKO 3TOT
BapHaHT, CKOpee BCEero, HPABUTCS MEPEeBOAYMKAM, KOTOPhIE HE Pa3iuyaroT 3HaYeHUH aHTIIMHCKUX TEPMHHOB
pattern v template. BMecTe ¢ TeM B CTaBIIIEM yXe CTaHAapToM B uHpopmaruke s3bike UML (unified modeling
language) 1 ero OKpy>K€HUH 3TH MOHATHS JOBOJIBHO YETKO pa3inyaroTcs. Tak, B ITIOCCApHM MEPeBEIeHHOMN
C QaHMIMKCKOTO KHUTH [ 12] €CTh TpU HYKHBIX HaM ompesesieHus: 1) marrepH (00pasel) — TUIIMYHOE peIicHNe
TUTTUYHOHN TPOOJIEMbI B JAHHOM KOHTEKCTE; 2) KapKac — apXUTEKTYPHBIN 00pa3sel (marTepH), 00ecrnednBaro-
M pacIIupseMblid a0JOH IPUIOKEHUH B HEKOTOPOH MpenMeTHON obsacTy; 3) madaoH — mapaMeTpHuso-
BaHHBIN 3JIeMeHT. Bo BTOpoil pemakiuu 370 ke KHUTH [13] B TIIoccapuu MpUBEICHBI OMPEISICHUS TEX JKe
MOHSTUH, HO TTepeBojl U3MeHeH: 1) o0pa3sen (pattern) — ob1iee pemeHne TUMTUYHON MPOoOIeMBbl B 3alaHHOM
KOHTeKcTe; 2) kapkac ( framework) — apXUTEKTYpHBI 00pasel, MpeCTaBISIONA pacunpsieMblid 1a0JI0H
JUTSI IPUJIOKCHU B HEKOTOPOH MpeaAMeTHON oonactu; 3) mabdiion (template) — mapamMeTpU30BaHHBIN JIEMEHT.
Huxe MBI HCTIONB3yeM MOHSTHE «TIATTEPHBI MPOESKTUPOBaHU (design patterns). IMEHHO Takoi epeBos 1aH
TIpM UX ONHCAHHH B CTaBIIEH yke KIaccuueckoil kanre” [14].

B xaprorpadun TepMUH «IIaTTEpH MPOSKTUPOBaHMs B cMbIcie KHUTH [ 14] ncnonb3oBan B padore [15]. Cro-
BOM pattern XK. bepreH Ha3Ban OHY U3 BU3YaJIbHBIX NTepeMeHHbIX (Visual variables) [16]. OqHako B OMTYISIPHOM
B cTpaHax ObiBiiero Coerckoro Coroza yueoHuke A. bepisiara u ap. [17, ¢. 99] 311 e nepeMeHHbIE TIePEBEICHbBI
Kak «rpaduueckuey, a pattern — Kak «BHYTPEHHSISI CTPYKTypa». UToObI yrTyOHTh TIOHUMaHHE Pa3Iniril MEXIy
TIOHSITUSIMU TTaTTepHA B MH(pOpMaTHke 1 B cemuonorun rpaduxn K. beprena, B MoHorpaduu B. C. Yabantoka [11]
BU3yaJIbHAsI IEPEMEHHAsI pattern TiepeBelieHa Ha YKPAWHCKUH SI3bIK KaK «BI3EPYHOK» (TIO-PYCCKH — Ky30p»).

W3 nmpuBeneHHOro 3KcKypca cleayeT uepapxus Kapkac — marTepH — IadimoH. Kapkacel HCTIONB3YIOTCS IS
0003HAYCHHSI CIIOKHBIX IEMEHTOB (TaKHX KaK CUCTEMBbI), a Ia0JIOHBI — MPOCTHIX (HApHMeEp, MAadloH CTapTo-
BOU CTpaHUIIbI BeO-TIpuiIokeHust). [larTepH siBisieTcst Hanbomee OOIMM TTOHIATHEM, OJJTHAKO TIPH HAJTMYUH yTOY-
HSIOIIETO CJIOBA, KaK B TEPMUHE «IaTTEPH NMPOEKTHPOBAHMS», OH ITOMEIIAETCS 110 CMBICIY MEXIY KapKacoM
1 ma0noHoM. MBI IpHUJIEpKUBAaEMCsI OITUCAHHOTO BBIIIE TOHUMAHUSI TEPMUHOB «KapKacy», «IaTTepH» U «Iad-
JIOH» B MH(QOPMATHKE, TIOCKOJIBbKY O OyMasKHOH KapTorpaduu B COBPEMEHHOMN MPAKTUYECKOM JIEITETLHOCTH PaHO
WJIY TTO3]THO NpUieTcs 3a0bITh. OOIUPHBIN 0030p POOIeMaTHKH aTTepHOB npezcTasieH B [11, r. 10].

OnuH U3 IaBHBIX MPAKTHYECKUX pe3yabTaToB rpynmbl P. Pota m3noxen B auccepranuu P. Jlonaxeio [18],
B TII. 5 «bubnnoreka marrepHoB BeO-KapTorpadupoBaHus»), HECMOTPS Ha TO YTO B HEH pedb HUJCT TOIBKO
0 TIPOTOTHUIIE OMOMHOTEKH (CM. TAONHUITY, 3a UCKITIoueHHEeM cTtoiora « ImHAYy). P. Jlonaxpio BEIACTNT KapTo-
rpadu9yecKyro HHTepaKTUBHOCTD B OTJNIbHBIN cTonoe. [Ipennonaraercs, 4To Kaxkaas U3 onepauii nHTepak-
THBHOCTH NMPUMEHSIETCA MOJIb30BaTeIeM K OTHOMY WJIM 0O0Jiee CI0sM, KOTOpbIe TPEICTABISIIOT KapTy. MBI J10-
OaBuim cronberr oy HazBaHueM «DNMHAYY, B KOTOPBIH ITOMEIICHBI 3HAYKH OTIepaIiid U3 JIEKTPOHHOHN BEpCHH
HanmonansHoro atnaca Ykpaunst [19] (manee — 9mHAY), COOTBETCTBYIOIIHE ONIEPAIIHSIM CTOJIOIA «UHTEPaK-
TUBHOCTH» U3 quccepramnuu P. Jlonaxsio [18].

[Ipumep omucanus nmaTTepHa MPOSKTUPOBAHUS «H3BIIeUeHUE» MpHUBeeH B qucceptaiuu P. Jlonaxsio [18].
«[larrepHuzanus» onepanuii kaprorpaduiyeckoll HHTEPAKTUBHOCTH OYCHb BayKHA JUIsi OOIIETO Tpe/ICTaBIie-
HUS 00 3TOM SIBJICHUH, TIOCKOJBKY TOHSTHE «MATTEPH» MPEIoiaraeT MHOTOKPAaTHOE MOBTOPEHUE TOM HIIN
VMHOH ONEpallMK B aHAJIOTUYHBIX KOHTEKCTax. HecMoTps Ha To 4to Tupaxk HanuoHanpHOTO amiaca YKpauHbl
OBLI BBIMTYIIEH B NpebayIneM necstunetuu (B 2007 1.), HaOmonaeTcs 3HaUUTEIbHOE COBIA/ICHUE OTIepaIiii
WHTEPAKTUBHOCTH B JIByX HE3aBHCHUMBIX UCTOYHMKAX — auccepranuu P. Jlonaxsio u DaHAY. [l monrepxe-
HUS 9TOr0 HAOMIONEHUS Ja UM KOMMEHTapHUU OTHOCHUTEJIFHO HEKOTOPBIX 0003HaueHnH u3 crondma «ImHAY»
B Ta0NIMIIE:

?OpuruHan Ha AHTTHHCKOM sI3bIKE Omy6rKoBaH B 1995 1.
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o [l — «Ynpapnenue ciosMm» (TIOANMCH KHOMKHM). BKITIOUeHNE/BBIKITFOYEHNE CII0S1 H3MEHSIET UTOTOBBIH
oBepiier. Oneparust «nepekiitoueHue» (foggle) Oblia peann3oBaHa i BCEX KHOMOK. Tak, BBIIEHA3BaHHAS
KHOIIKA B HAJKaTOM COCTOSIHUU BBITVIIUT Kak [{5H;

° — «[Toucky. I[Tpu momorm 3TO# oneparui MOKHO 33aTh IPOU3BOIBHBIA (QHIIBTP A1l HHPOPMAITUU
kapTel. KpoMe Toro, ObUTH peanu3oBaHbI MpenonpeneieHnbie GuiabTpsl. Hampumep, HaxkaB MpaBylo KHOIIKY
MBI Ha MHTEPECYIONIeH KapTe, MOKHO OBLIO BBIOpATh MpeNoNpe/elieHHbI MacmTad, 1 HHPOpManus Ha
otoOpakaeMoii kapTe OyieT oT(hMIFTPOBaHA B 3aBUCHMOCTH OT MaciiTada;

o BB - «Kapra nemixom». IIpy BBIIONHEHNH STOM OIEPALU OCYILECTBIAETCS 3a1aHHOE Pa3pabOTUHKOM
YHOpsI0YMBaHUE 0TOOpakaeMoil MHGOPMAIIUH JIIS CITydasi TI0Kas3a BCel KapThl OMHOCTHIO. Takue e eicT-
B OBUTH PeasTM30BaHbI JIJIS PEIOTIPEICTICHHBIX MTPABOM KHOIIKOW MBIIITH MacIITa0oB;

o (@) - «Hasurarop». OHako 5TO He COBCEM OIlepallis «IIOBTOPHO BLIPasUThy (reexpress). Torna uem
sBisiercst «HaBuratop»?;

e — + o3Hayaert, uto B DnMHAY knHomku «IlociienoBaTrenbHOCTE» HET, HO MOXHO ITOCMOTPETH MOCIIEI0Ba-
TENBHOCTh KapT NpU (PUKCHPOBAHHBIX IMapameTpax oToOpaxxeHus. [[ist 7Toro Hajo moovepenHo MeIKarh Mo
KapTaM U3 JiepeBa COIePIKaHus;

e + mpexmnonaraet, uto B ONHAY kHOnKH «PecuMBoiImM3aus» HET, HO MPU yBEIHMYECHUN ONIPEICIICHHBIX
KapT TOSBIISIFOTCS CHMBOJIBI, 0003Havaromue apyrue ciou. Hanmpumep, xak B kapre «[Ipsimpie nHOCTpaHHBIE
WHBECTULIMW» Ha yBenunueHusix 1453,11 u 726,55 km;

e — o3Havaer, uto B DNHAY HeT HH KHOIIKH, HHA OTIepaIliH «PEIPOSKTUPOBAHHEY.

HapuranuoHHoe MeHI0 IPOTOTHIIA OUOIHOTEKH NATTEPHOB Bed-KapTorpagupoBanust
The navigation menu of the prototype web mapping pattern library

Paznensl naTTepHOB NPOEKTUPOBAHUS OnHAY
Hauano padbomel | danHvle npeocmaegnenue UHMEPAKMUEHOCHb
IaOJIOHHBIN KO | 3arpy3Ka JaHHBIX | TaiyioBasi 0a30Bas KapTa nepeMelieHue “

Forfron

11a0JI0H CTPAHMIIBI | COXPAHEHUE BEKTOpHast 0a30Basi KapTa 3yM (YMEHbIIICHHUE, YBEINYCHHE)
IKCHOPT XopoIuiera U3BIICYCHHE "5
971eMeHmbl Kapmul | NPONIOPLIMOHANILHBINA CUMBOJI | OBEpJICH/IEpEKITIOUCHUE
Kaprorpaduyeckas | IJIOTHOCTb TOYEK ¢bunsTp
ceTka W30JIMHUS/TIOBEPXHOCTh yIOpsI04MBaHHE =
JereHza HOTOK IIOBTOPHO BBIPa3UTh =Y
KapTorpamMma IOCJIe/I0BATEILHOCTD —+
OuBapuaHTHOE/ pecUMBONIH3ALUSA +
MHOT'OBapUaHTHOE (TIOBTOpHAsI CUMBOJIM3ALIHS )
aQHUMaIHs PEIIPOEKTHPOBAHHE -
rpaduk/ararpaMmma (TIOBTOpHOE TIPOEKTHPOBAHUE)
TIOUCK
BBIYKCIICHUE 3

I[Ipumeuyanue. Cocrarieno o [18, p. 124], ¢ nononHeHUeM aBTOPOB.

[Ipu ananm3e TaOMUIBI CIEMAYET YUYUTHIBATH JOBOJIBHO MHOTO OOCTOSTENLCTB, ONaroaps KOTOPBIM OIpe-
JIeJIeH UMEHHO TaKkoi ee Bu. JlormuHo cuntarh, 9to P. JloHaxkto, kak acnupanT P. Pota, momkeH ObLT ydecTh
B Tabnmiie pe3ynsrarsl puc. 1. OqHaKO HaXOXKJISHHE BO3MOKHOTO COOTBETCTBHS MEXITYy TEOpUEH M TPaKTH-
KO SIBJISIETCS HETIPOCTOM 3amadeil. bomee Toro, 9Ta 3aja4a He Bceraa umeet pemienue. [Ipexe Bcero m3-3a
OTpaHUYCHHI, KOTOPBIE CIEAYIOT U3 ONpeAeNeH s KapTorpadun u kapthl. Tak, P. Por ananmsupoan siBinenue
WHTEPAKTUBHOCTH HE TOJBKO B KapTOrpaduu, HO U B CMEKHBIX JUCIUILTUHAX, TAKMX Kak rpaduka. P. JloHaxpto,
CKOpee BCEro, MPHJISPKUBAIICS KJIACCUYECKOTo, uctonb3yemoro MKA ompenenenns kaprorpaduu u KapThl, CO-
IJTACHO KOTOpOMY KapTorpadus MoHUMAeTCs KaK «IUCIUILTHHA, 3aHUMAFOIIAsCS UCKYCCTBOM, HAYKOM U TeX-
HUKOW CO3JaHHUS U UCITOIB30BaHUS KapT»3 . COOTBETCTBEHHO KapTa — «CUMBOJU3UPOBAHHOE MPEICTABICHUE
reorpauIecKoil peallbHOCTH, TPE/ICTABIISIONIEE OT/ICIbHbBIE (DYHKITMH WA XapaKTePUCTUKH, CO3JITAHHOE B Pe-
3yJbTaTe TBOPUYECKUX YCUIIMH aBTOpa MTPH BRIOOPE BAPHAHTOB U MPeIHA3HAUYEHHOE JIJIS TTOTyYSHHsI IEPBUYHON
MPOCTPAHCTBEHHON I/IH(l)OpMaLII/II/I»4.

*International Cartographic Association [Electronic resource]. URL: https://icaci.org/mission/ (date of access: 22.02.2019) (31ech
W janee mepeBoq Haul. — B. Y., JI. P.).
*Tam xe.
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HecmoTpst Ha oueBUIHBIN MHTEpEC HAYYHOTO KapTorpaduueckoro coo0IecTBa K TeMe HHTEPAKTHBHOCTH,
KOTOpBI MaTepHalin30BaH B OOJBIIOM KOJIMYECTBE TPY/OB, HAa MPAKTHKE BCE PABHO BO3HHMKAET MHOXECTBO
BOTIPOCOB, HEJOCTATOYHO SCHO OTIPENIEIICHHBIX B HAy4YHOU uTeparype. I maBHbIi n3 HuX: «Kakue HayuyHo 0060-
CHOBaHHBIC OTIEpAIlMU UHTEPAKTUBHOCTH PEANM30BBIBATh B MPOEKTaX KOHKPETHBIX (T€OMH(OPMAIIMOHHBIX )
cucrteM?» [T0CKOIBKY JaHHBIA BOTPOC BBIISIUT BECbMa CIOXKHBIM, YOPOCTUM ero: «Kakyro MHTepakTHB-
HOCTbH peasin30oBeIBaTh B ATC?» Eciii 11 3TOT BOIPOC KasKeTCsl CIIOAKHBIM, MOYKEM YIIPOCTHUTH €r0 elrle 0oJbIIe:
«Kakyro MHTEpaKTHBHOCTh peann3oBbiBaTh B ATVC HallMOHANBHOTO YPOBHS (HanmpuMmep, B HAIMOHAIBLHBIX
atmacax)?»

B nanHoii paboTe paccMaTpuBaroTCs MPAMEPBI KOHCTPYKTOB KapTorpaduieckoil HHTEPaKTUBHOCTH, KOTO-
pBI€, C OJTHON CTOPOHBI, YKA3bIBAIOT HAPABJICHNE TEOPETUUECKUX MUCCIIETOBAHNMH, a C IPYTroil — MPUMEHSIOTCS
Ha TIpaKTHKe yxke ceiyac. TeM caMbIM Ipejjaraetcst Mojxoa K KapTorpaduyeckoil HHTEpaKTHBHOCTH, KO-
TOPBI 00eCTIeYNBaeT TECHOE COOTBETCTBUE MEXIYy TEOPHEHl 1 MPAKTHUKON M TIO3BOJISIET CTPOTO COIVIacOBaTh
Bce Tpu O ee TaKCOHOMUU: 3aaa4u (objectives — niepBoe O), onepaTopsl (operators — BTopoe O) U ONepaHIbl
(operands — tpetse O). OTIEICAaHHBIN TTOAXO XOPOIIIO peau3yeTcs Ha MpakTuke. boiee Toro, aBTOphI YOSIKICHEI,
YTO UIMEHHO €T0 HY>KHO ITPUMEHSITh TIPH CO3IaHIH COBPEMEHHBIX HHTEPAaKTUBHBIX ATC.

MeTom0/10THsI HCCJI€A0BAHUS

Mertomomnorust uccaenoBaHus 6azupyeTcs Ha MPUMEHEHIH METOIa KOHIIETITyalbHBIX KapKacoB (fanee — KoKa)
pensinmonHoi kaprorpaduu [11], nerammzosannoro st ATC. Ilepsoiii KoKa ArC nonyden B crarse [20] Ha
npumepe DnMHAY B Xozie IO3HABaTENBHBIX PACCYKICHHH, HAIIPABICHHBIX Ha MOUCK MPaBIONON00HBIX 00bsIC-
HUTENBHBIX TUTIOTE3 (OHM Ha3BIBAIOTCS a0AyKTUBHBIMU paccykaeHusMH). IIpyn 3ToM MBI BHECTH HECKOJIBKO
MPUHIHUIHAATBHBIX U3MEHEHUH B Mpe/ICTaBIeHUs 00 aTacHOM KapTorpaduu (CChUIKH Ha BCE UCTIONB30BaHHbIE
HUKE OTpeIeJICHUs MOTYT ObITh Haii/ieHbl B MOHOTpaduu [11]).

1. ArC, Takas Kak, HallpuMep, MEKTPOHHBIN pe3ynbTar npoekra HarpoHansHoro arinaca YkpauHbl, COCTOUT
HE TOJBKO U3 MPOAYKTa KOHEUHOTO monb3oBares — DNHAY wa DVD (wacts pacmmpennoro DnHAY, 3amnu-
caHHasl Ha onTHueckuit Hocuteidb DVD). B pacuupennsiii OMHAY BXoauT Takke aTiiacHas HHGPACTPyKTypa
OnHAY — KoMIUIeKC B3aMMOCBSI3aHHBIX 00CITYKHBAIOIIUX CTPYKTYP WM 0OBEKTOB, COCTABIISIOIIUX U 0OecIie-
YUBAIOIUX OCHOBY JIJISI PEUICHUS 3a7a4 CO3aHuUs, MOAIEeP KaHms pab0TOCTIOCOOHOCTH U OOHOBIICHUS PA3IHy-
HBIX aTacoB (asbl ncrnonb3oBanus (kak npumep — DMHAY va DVD). B undopmaruke oobequaenue 1HAY
Ha DVD u atnacHoii uadpactpykrypsl D1HAY HazbsiBaeTcsi HHOOPMAIIMOHHONW CHCTEMOW B HIMPOKOM I10-
numanun (MCrr), mon KoTopoit nmojpazyMeBaeTcsi COBOKYITHOCTh BceX (POpMaIbHBIX U HE(POPMaIbHBIX TIpe-
CTaBJICHUH JTaHHBIX, a TAK)KEe JEHCTBUM C HUMU B OpPraHU3aIlMH, BKIIOYAs aCCOIMHUPOBAHHBIN B3aMMOOOMEH
MIEPBOTO U BTOPOro (Kak BHYTPEHHUH, TaKk U ¢ BHEIIHUM MUpoM). HbIMu crioBamu, B [20] MBI HccenoBain
OnHAY kak npumep MCr (Tounee — ArCr).

2. Onpenenenns kaprorpaduu or MKA (cM. BbIllIe) HEOCTATOYHO, MTOCKOJIBKY MpH co3aanun AtC nmomu-
MO KapT HaM MPHUXOIUTCS UMETh JIEJI0 ¢ KapTorpaduuecKUuMH OTHOIIEHUSMH U cucTeMamu. [1oaToMy HYKHO
0JIb30BAThCS ONPENEIICHUEM CUCTEMHOM KapTorpaduu, KOTopoe BBeleHO B MOHOrpaduu [11]: cucremuas
KapTorpagus — coriacoBaHHbIe U HECOINIACOBAHHbIE MCKYCCTBA, HAYKU M T€XHOJIOTUU U3TOTOBJIECHUS U HC-
MOJIb30BaHMA KapT, KapTorpauueckux OTHOUICHUH U KapTOrpapuIecKIX CHCTEM.

3. B mpoekrax Tak Ha3bBaeMOW (paHKO-HEMEIKOH YepHOOBLTLCKON MHUIMATHBEL B 1998-2003 T [11, 1. 3]
Hapsny ¢ noustueM MC ynorpeOmnsiiioch nmousTHe ciadoit nnterpanuu auemenToB MCmi. Ha mpakruke cna-
0ast uHTerpanus OblIa peaar30BaHa MMPHU MOMOIIHU MOPTAIbHOrO MporpaMMHoro perienus TripleNet. Ilpoie
TOBOPSI, MUHHMAJIBHO JIOITyCTUMBIM OTHOILIEHHEM cl1aboit mHTerpanun Obiia npoctast HTML-cebutka Mexmy
JIBYMSI DJIEMEHTaMH cucTeM. MIHBIMU clioBaMU, XOTsI Obl 3Ta CChUIKA JOJDKHA OBITh 00s3aTeIbHO. 3a MPOIIe/-
IIME TO/IBI CJIabasi HHTETPalis dBOJIIOIIMOHUPOBAIIA B Pa3inuHble POpMbI CHIBHOM UHTErpanuu. B HacTosee
BpeMsi HarOoJjiee MOMYJSIPHBIC OTHOILICHUSI MHTErpanuu cTpositcst Ha cranaapre RDF (resource description
framework) xoncopmyma W3C’.

3nech MBI BbIETsieM J1Ba OcHOBHBIX TOHATHSI KoKa ATC — ctparsl (3menonsr) u ¢popmarun. B cnerudu-
YECKOM TPEXMEPHOM IPOCTPAHCTBE BCEX BO3MOKHBIX ATCII 3TO /1Ba U3 Tpex u3MepeHuil. biaromaps Bkiio-
YEHUIO CTpar B HTOTOBYIO PACIIMPEHHYIO CHCTEMY 3J1eMeHTOB 00bIuHast ATC KOHEUHOTO TI0JIb30BaTellsl MpeBpa-
mraercst B pacupennyio — ATCrr. TepMuH «cTpara» COBIIAJaeT ¢ TEPMHHOM «AIIETIOH», €CIIH pedb UIEeT 00
OpTaHHU3alMOHHON CHCTEME (Yallle BCEro — BUPTYaIbHOM), B KOTOpoi ucnomnb3yercsd ATCrr. OTa opraHu3aiyoH-
Hasi CUCTeMa COCTOUT M3 HAaXOAALIMXCS B ONPEIEICHHON HepapXUH JIIIEIOHOB MOJIb30BaTENeH.

B KoKa kaxmoit 00bruHOM ATC 00s13aTeIbHO CYIIECTBYOT OPraHW30BaHHBIC B UEPAPXHUIO CTPAThl (CHHU3Y
BBEpX): OlepalroHHas, allUIMKallMOHHAasl, KOHIICTITya bHas (MOHATHHHAs), oOmas. OnepanmoHHON cTpaTe
COOTBETCTBYET ONEPAIlMOHHBIN 31IEIOH, KOTOPBIN BKJIIOYaeT B ce0sl KOHEUHBIX Monb3oBateneii ATC B y3KoM

*W3C. Semantic Web [Electronic resource]. URL: https://www.w3.org/RDF/ (date of access: 26.02.2019).
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noanManni (ATCy) i oobranolt ATC. Tpumep ATCy — DnHAY na DVD. AnrumkanmoHHOM cTpare cooT-
BETCTBYET alIUTUKAIIMOHHBIN JIIENIOH, B KOTOPBIN BXoAAT paszpadotuuku ATCy. [IpumepoM oHO#M U3 MHOTHX
cucTeM dTOU cTpathl (dmenona) sieisiercs: cucrema DMHAY Edited. Ona tak Ha3BaHa, TOCKOJIBKY CONEPIKUT
B ce0e pemakTupyeMbIe AIEMEHTHI, KOTOPBIE TpeoOpa3yroTcsl B HepemakTUpyeMble aieMeHTsl DMHAY Ha DVD.
KonrenTyanbHOH cTpare COOTBETCTBYET HH(PACTPYKTYPHBIH 1IETOH, BKIFOYAIONINN HE TOJBKO pa3paboTYNKOB
cucTteM HMH(PACTPYKTYPHOTO S3IIENIOHa, HO M Tonb3oBaresiell ATCy, TakuX Kak MEHEIXKepbl U apXHUTEKTOPHI.
OOmiast ctpara COOTBETCTBYET OOIIEMY SIIEIOHY W BKIFOYAaeT B ceOsl MperojaBaresicii U yueHbIX, KOTOpbIe
pabortarot B tomene ATC.

®opmarmu ATC yBsS3aHBI C STIOXaMHU pa3BUTHA BeOa: 6eb 1.0, 6e6 1.0°, 6e6 2.0, 6e6 3.0 n . 1. Popmarus
6e6 1.0° ucnomp3yercs ans kaaccupukamuu ATC, KOTopble HaxoaaTcs Mexay ee6 1.0 u ee6 2.0. Ona eme
HazbiBaeTcs popmanuend ATC kiaccudeckoro auHamudeckoro tumna. Mmenno Takue ATC pa3zpabarbiBaloTCst
B TexymieM necstunetnu. ATC dopmannii 6e6 3.0 u ganee elie He CO3/1al0TCs, TIOATOMY B paboTe pedb HIeT 00
ATC popmanmii se6 1.0, 6e6 1.0° u 6e6 2.0.

HpHMepI)I HHTEPAKTUBHOCTH aNnIIMKAIMOHHOM CTparThbl

Hcnonb3yeM npumep kapTorpaduyeckoil MHTEPaKTUBHOCTH U3 npoekta IMHAY mis npocrefiniero Buja
TEMaTH4YeCKON KapThl — XOPOIJIETHOH. DTa HHTEPAKTUBHOCTH — CJIEZICTBUE PACCMOTPEHUS MOHATHH arIuinKa-
roHHOH crpatsl. B OnHAY Ha DVD Meton knaccupukaniy XoporieTsl 3apUKCUpOBaH — MPAKTHUECKH JITST
BCEX KapT OH siBiisgseTcs aBropckuM. Bmecte ¢ tem B DnHAY Edited kaxkaast xoporuieTHast KapTa MpeacTaB-
JsIeTCsl B COOTBETCTBYIOMIMX (popmarax u obpabarsiBaercs B Maplnfo Professional, Tne xnaccudukaius 3Toi
KapThl MOXKET BBITTOJIHATHCS C UCIIOIB30BAaHUEM HE TOJIKO aBTOPCKOTO, HO U CIENYIOMINX METOI0B: 1) paBHOTO
KOJIMYECTBA 3aIuceil; 2) paBHOTO paz0dpoca 3amuceii; 3) eCTeCTBeHHBIX IpyIil; 4) CTaHAapTHOTO OTKIIOHEHHUS,
5) kBanTuien. [Ipu 3TOM JJOBOJILHO OYEBHIHBIM SBISETCS BOPOC OTHOCHUTENBHO MPHUHAIEKHOCTH METOIOB
KJIaCCU(PHUKALINU XOPOIIETHI K KapTOrpapruuecKoil HHTEPaKTUBHOCTH.

Pazpaborunku-kaprorpadsr ATC cUUTAaIOT, YTO KOHEUHOMY ITOJIb30BATEIO0 ATy (PYHKIIMOHATBHOCTD HEJIb35
NPEIOCTABIATh, TOCKOJIBKY OH HE MMEET HYKHOTO 00pa30BaHUs M MO3TOMY HE CMOXKET IMOCTPOUTH TPaBHIIb-
HYIO, C MX TOUKHU 3peHHs, KapTy. Pazpaborunku-nporpaMmuctsl ATC mMonararoT, 4To 3Ty (QYHKIIHOHATHHOCTD
KOHEYHOMY TOJIb30BaTENII0 MOKHO U TIpefocTaBuTh. Ho ocHOBHas mpoOiieMa B TOM, YTO MHEHHE HU MEPBBIX,
HU BTOPBIX HE ABJISETCS ONPEAEIISIOLIIM.

Mex 1y SneMeHTaMu OlepallMOHHON 1 alIUIMKAIMOHHOM cTpar ATCI pu (HUKCHPOBaHHOM 3Ha4YeHUH (opma-
UM Bceraa cyuiecTBytoT otHomeHus (X, O, @1)] (X, A, 1), rne X = /I, U, I1 (/] — naranoruka, 1 — undo-
noruka, I1 — morpebnenue (uiu opranonoruka)); O — omnepaionHasi crpara; A — anlUIMKAIMOHHAS CTPara;
®1 — popmanus ed 1.0. IlonyxupHoe HauepTanue o0o3HaueHnid O U A yKa3bIBaeT Ha aKIEHTBI 3TOTO Pa3-
nena. Jlnst oObsICHEHUSI TOHSTHSI OTHOLIICHUH, O KOTOPBIX HJIET Pedb, BOCIIONb3yeMCsI O0IIEU3BECTHOM cXeMOM
«KommyHukanus kaprorpaduueckoil napopmaium» u3 padorsr [21]. Ha puc. 2 u3MeHeHHs OpUTHHATIBHOM
cXxeM&lI BeIieieHbI IBeToM. O0o03Hauenue U (universe) uz [21] 3ameneno Ha /| (1eICTBUTEIBHOCTD ).

IpuBeneno omucanue puc. 2 ¢ yuerom nadopmanuu u3 crareu A. Komaunoro [21]: 1, — neficTBUTENEHOCT
(B opurnHale — BceJeHHas) B IPECTAaBICHUH aBTopa (B OpHrHHAIE — KapTorpada); 1A — kaprorpaduueckuii
SI3BIK, KOTOPBIM IOJIB3YETCS aBTOp Ha anIuTMKanuoHHOW crpate; 10 — kaprorpadmueckuil si3bIK, KOTOPHIM
MOJIB3YETCsl YUTATENNb HA ONEPAIlMOHHON cTparte (B opuruHaine: S — kaprorpaguueckuil si3bIK Kak cucreMa
CHMBOJIOB KapThl U MpaBUJIa UX UCNOIb30BaHus); C, — CyObeKT, KOTOpBIil mpencTaBisieT cede eicTBUTEINb-
HOCTh (aBrop-Kaprorpad); K — npomnykiust kaprorpaduu (kapra); /I, 11, /I, 1 — cOOTBeTCTBYOIIINE KOHIICTI-
TyaJbHOMY KapKacy KBaJpaHThl KapThl K, KOTOpbIE CHMBOJIMYECKH CO3/aHbI JBYCTOPOHHUMH CTPEJIKAMU;
C, — cyOBeKT, KOTOpBIil MOTpednsieT KapTy (UUTaTelb, B OpUTHHAIE — IT0JIb30BaTelb); [, — 1eHCTBUTENBEHOCTD
(BceneHHas) B IpejcTaBIeHUN yuTaTens (mojb3oBarens) kapTel. Co3nanne U nepeaada KapTorpaguyecKoi
UHQOPMAIIMHU SBIISICTCS CIIOXKHBIM TPOIECCOM JIESITEIbHOCTH M BKITIOYAET HECKOJIBKO ONEpalfii ¢ [ernoYKaMu
00paTHO¥ CBSI3U Ha pa3HbIX YpoBHsX [21]. JluHaMuka 3TOr0 Ipoiiecca yrpoIeHa 0 CEeMU OCHOBHBIX CTaJnui Ha
puc. 2. Craguu 1—4 npeacTaBisiioT CO31aHUe KapThl, a CTauu 5—7 — ee noTpediieHne (MCIOIb30BaHKe).

MBbl He cranu yclnoxkHATh puc. 2. OnHako oueBUIHO, uTo Kak C,, Tak u C, MOI'yT UMETh MaTepHaln3alltIo,
U ee HaJ1o ObI 1MoKa3arh. B ciyuae nmojiepKuBaeMbIX Ha MPOTSHKEHUN AuTesbHOro Bpemenn ATC 3ta Matepua-
nu3anus siBisieTcst ooszarenpHoll. Tak, B citydae OnHAY C, Marepuanusyercs pelakTupyeMbIM BAPUAHTOM Kap-
el K B hopmarax Mapinfo Professional. B ciydae XOpOIUICTBI 3TOT BapHaHT KapThl K MOXeT onpenesnsiTbes
MHOKECTBOM JIOITYCTHMBIX METOJIOB Kilaccu(UKaH. MOTyT U3MEHSAThCS CaMU JaHHbIe, JaTa aKTyalbHOCTH
JaHHBIX U T. 11. Marepuanuzanus C, Taxoke onimyaercs: oT camoit kaprel K. Jleno B ToM, uto A. Konaunslii [21]
paboTtan ¢ aHanoroBbIMU (OYMa)KHBIMH) KapTorpapuyecKuMH MPOU3BEACHUSIMU. B ciryuae 1eKTpOHHBIX KapT
CJIelyeT pa3fuuarh UX MPEACTaBIEHNEe U WHTEPAKTUBHOCTh. VIHTEPaKTHUBHOCTDH CBSI3aHA C PasyMOM YHUTATeNs
kapthl. Jlst Hac 310 ypoBeHs 1 (morpediieHre), B KOTOPOM HEOOpa30BaHHbBIN YMTATEIIb MOXKET U HE 3HATh, KaK
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Fig. 2. Communication of cartographic information [21] in terms of relational cartography [11]
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UCTIONIb30BATh MHTEPAKTUBHOCTE. OT 3TOTO OHA HUKY/Ia HE HCYe3aeT, HO B MO3Ty HEOOpa30BaHHOTO YUTATENS e
HeT. B KoHEYHOM cueTe MBI IMEEM OTHOIIEHHE MEXTy KJIACCOM U K3EMIUIIPOM «JIOIyCTUMBIX)» XOPOIUIETHBIX
KapT, 4TO IMOKa3aHO Ha PHUC. 2 OTHOIICHUSIMHA KITaCCH(PHUKAIINH U SK3eMIUIIPH3AIINH.

3ametuM, uto cxeMa A. Komaunoro [21] mpencTaBisieT KOMMYHUKATUBHYIO TApAAUTMy KIaCCUUYECKOM KapTo-
rpaduu. AHATOTHYHOE pUC. 2 COBMEIIEHNE BBITIOTHEHO JUTA IpYTHX mapanurM. Ha puc. 3 HmkHss vacth KoKa
HAJIOXKeHA HA OCHOBHOM MPSIMOYTOJILHUK NEpCIIeKTUBHI pocta [4, fig. 1.4a]. loGaBneHHbIC 271eMEHTHI BbIele-
HBI OPAH)XEBBIM H 3€JICHBIM IIBETOM.

IIpuMepsl HHTEPAKTHBHOCTH NMOHATHIHON CTPATHI

B co3naBaembie B TekymieM aecatuiieTud ATC Mbl ObUIH BBIHYK/ICHBI JOOABIIATEH ONEPALHIO «PEMPOCKTH-
POBaHME» M NPENOCTABIIATH KOHEUHOMY II0JIb30BaTEII0 HHTEp(Eiic sl ee UCIOIb30BaHUs. DTO IPOU3O0ILIO0
U3-3a TOTO, YTO IOMUMO 0a30BbIX KapT COOCTBEHHOTO ITPOM3BOACTBA HAM MPHUIILIOCH IPUMEHSATH 0a30BbIe Kap-
o1 OpenStreetMap (OSM), Google Maps n np. Kak n3zBectHo, 3TH 6a30BbI€ KapTHl COOTBETCTBYIOT ITI00ATb-
HOH cucteme koopauHat WGS 84. OTeuecTBeHHBIE KapPTHI BCE €I1¢ U3TOTABIUBAIOTCS B JIOKAIBHBIX CHCTEMAaX
koopauHar. IloaToMy 1 moHa100MIIOCH PEIPOEKTUPOBAHHE.

Cpazy 3aMeTHM, YTO pean3alys penpoeKTUPOBAHUS B CIIydae COBPEMEHHBIX aTIACHBIX PEUICHNH HE MTPOCTO
Jn00aBIIeHKE eIlIe OJJHOM ONepalui HHTEPAKTUBHOCTH: PEMPOCKTUPOBAHHUE SBISICTCS] OAHON M3 pealu3aluii mpo-
[Ie/TyphI 3aMEHBI, KOTOpasi ONpeIeNsIeTcs CIeAyIoNmM oopa3oM [22, c. 544]:

MX=(W, X, r),
rne MX — meracucrema X, X € X; W — napamerpuueckoe MHOXKECTBO BCEX CUCTEM, COCTABIISIIOIINAX METa-
cucrtemy; X — IPOU3BOJIBLHOE MHOXKECTBO CHUCTEM, YbHM IApaMETPHUUECKHE MHOKECTBA €CTh IOAMHOMXKECTBA
W; r — nporiefiypa 3aMeHbI, KOTOpasi JJOJDKHA PeaM30BhIBATh ONPEICICHHYIO GYHKIUIO 3aMeHbl 2 W — X.
[Ipumep napamerpuueckoro MuoxkecTBa W omrcad B padbote [23] 11 CHCTEMBI aTlacHBIX 0a30BBIX KapT 3MOXH
(bopmarin) ged 2.0. Tam W hopMupyeTcs U3 TaKuX IMapaMeTpoB, Kak POCTPAHCTBO, BPEMs U TPyIIIIA.

B onucanHO# cuTyalumu Mbl ©MeeM JIeIo ¢ 0a30BOH KapToil Kak ¢ 2JIEMEHTOM I'eo- M KapToruiar(opmsl,
Hanpumep OSM. llpu >TOoM HyX)Has HaM yacTb OSM — sneMeHT HH(PACTPYKTYPHOTO SIIIeIOHa HEKOTOPOU
coBpemeHHor ArCmr. [lockonmpky OSM He siBhsieTcss coOCcTBeHHOU momcucteMoit ATCI, MOXKHO TOBOPHUTH
0 ToM, uTO ATCII BBICTYIIAET CUCTEMOM HECKOJIBKHX CHCTEM, B KOTOPBIX HHTETPALHsl MOKET OCYIIECTBIATHCS
TuHaMu4deckd. MiMeeTcs B BUAY, UTO aTilacHOE pelieHue JOKHO OBITh TOTOBO K TOMY, UTO Biajienell miargop-
MBI C/IETaeT U3MEHEHHS], KOTOPbIE MOBIHAIOT Ha pab0TOCIOCOOHOCTH APYTHX IEMEHTOB peulieHus. B qanHom
ciydae Hepabodee OTHOIIIEHNE Hajl0 OyAeT U3MEHUTh Ha pabouee.

B sToM MecTe HaMm MMOHaI00MTCS MOHATHE MOJIENH, KOTOpPOEe B 00IIEM BHJIE TPAKTYeTCsl KaK YIpOIIeHHe
CHCTEMBI, IOCTPOCHHOE C YUETOM IpeAroaaracMoi ueinu. Mozeb JoKHA MPEAOoCTaBIsATh BOZMOXKHOCTD OT-
BeuaTh Ha BOIIPOCHI BMECTO (haKTHUYECKOH cucTeMbl [24]. B cOOTBETCTBUM C 3TUM Kak/iasi KOHKpETHAs KapTa
BBICTYIIA€T MOZAEIBI0 HEKOTOPOI MPOCTPaHCTBEHHON CHCTEMBI AeicTBUTeNnbHOCTH. Kaprorpaduueckue mo-
JeNI — 3TO AJIEMEHTBl MHOXECTBA JOIYCTHUMBIX KapTOrpa)uuecKux TEKCTOB, KOTOPBIE ONPENEIIIOTCS COOT-
BETCTBYIOLIUM s3bIKOM KapThl. OTCIOa CIETYET, UTO A3BIK KapThl SBISETCS A36IKOM MOAEIUPOBAHUS KapT. 3a-
TPOHYTBIE 3/1€Ch TEMbI UMEIOT PELIatoliee 3HaYeHNE KaK JJIs aTJIacCHOM KapTorpaduu, Tak 1 i Kaprorpaduu
B 11e510M. OJTHAaKO OTPaHUYEHHOCTHh 00BbeMa CTaTbU He MO3BOJISET U3NIOKHUTh UX JETabHO, TI03TOMY OTChIIaeM
3aMHTEPECOBAHHOTO YnTareis K MoHorpaduu [11].

Cpenyt BOBMOXHBIX KapTorpapuaecknx MoAeneil Mbl IMeeM JeN0 C KapTaMH, KOTOPBIE PEaTU3yI0TCs MPU
MTOMOIIY HHPOPMAIIMOHHBIX TeXHONOTUH. Takne MoJenH To)ke HAa3bIBAIOTCS CUCTEMaMU, HO TOJIBKO HH(pOpMa-
LMOHHBIMH. B onpenesieHHOM cMbIC/Ie HOHATHS MOJEIH U CUCTEMBI B3auMo3aMeHsieMbl. OIHaKoO MbI IpUaEp-
JKMBAEMCSl BBEJICHHOTO BBILIE ONPEIENICHUS] MOJICNH, YTOOBI 0OpaTUTh BHUMAaHHUE Ha €Ile OIUH Bl MHTEPAKTHB-
HOCTH, KOTOPBIH CyIIIECTBYET MEKY 3IIEMEHTaMU KOHLIENTYaIbHOH 1 alIJIMKAMOHHOH CTpart. Brleyka3sanHble
METACHUCTEMBI SIBIISIOTCS AIEMEHTAMH KOHIIETITYaJIbHOW CTPATHI, @ COCTABIISIOIINE UX CHCTEMBI — allTUTMKAIIMOH-
HOM. /1711 HUX MBI MOKEM yKa3aTb Ha TaKOM BUJ MHTEPAKTUBHOCTH, KaK N3MEHEHHE MOJIENIEH.

BwmecTo ciioBecHOTO onmcaHus M3MEHEHUS MOJIeIeH mpuBeneM rpadudaeckue nmpuMepsl. [t aToro Hafinem
B iepeBe conepxanus DnMHAY kapry «Cenbckue nocenenus» (ee Homep 4036) 1 MokakeM XOpOIUIETHBIN 0
«[InotHOCTB cenbekoro HaceneHus» (puc. 4). s 3Toro OTKIIOYNM JIEpeBO COACPKAHUSL, BU3yaIn3UpyeM KapTy
uemukom (knonka (), oro6pazum snerensty (knornka [EiJ), B «Ynpasnenuu crosvuy (knonka [ Bl rotroanm
HYXHBII HA0Op ci10eB. 3HaUYEHHMs! IPYTHX KHOIIOK OIMCAHBI BBILIE.

Orta e KapTa C NCTIOJIb30BAHUEM COBPEMEHHOTO IMPOrPaMMHOTO pelIeHus Ha 0a30Boif kapte OSM mokazana
Ha puc. 5.

Hakonen, Ha puc. 6 mpencTaBiIeHbl Pe3yJbTaThl 3aMEHbl MOAEIM XOPOIUIETHl Ha MOJENb TPUMAIbl
(treemap). Tpumana (kapra (map) NO-yKPauHCKH — «Mariay, IO3TOMY U «TpuMaray) Oblia BBeJicHa B padboTe
b. IlIneiinepmana [25] ast BU3yanu3anuy OOJbLIMX HEPAPXUUECKH OPraHW30BAHHBIX CTPYKTYP HaHHBIX. OHa

33



Kypnaa Besopycckoro rocyrapcrseHHoro yuusepcurera. ['eorpagus. I'eostorns. 2019;2:25-39
Journal of the Belarusian State University. Geography and Geology. 2019;2:25-39

"
B Nerenga | K|

I'YCTOTA
CIJIBCBKOT'O
HACEJIEHHA

(oci6 Ha 1 kB. KM, 2001 p.)

1o 10
10-20
20-25

4 dﬂ D LIDDHDIﬁMI’Il:\Cl:lK\ S0HW BOMYKEHHA Ta BIOCENEHHA
[ycToTa CiNkCEEOMD HACEAEHHA

0K I EBigmiHuTiA

|Zo0m = 2500,00 km [ 222307 v. 527339

Puc. 4. Cro#t «I110THOCTE cenbCKoro HaceneHus» KapTsl «Cenbekne mocenenus» DTHAY 2007
Fig. 4. Layer «Density of the rural population» of the map «Rural settlements» of EINAU 2007

= Bpecimckas N - ey .z F
P o e
e T VRS- e e T
(patioHi) = Tomenscran 5 \ B / i/
& e - ’ ofnacre L ( 4
= - = — e i, ;

+
=
£
1)
9]

<

=

Paiion:
ManbKiBChKHit

Obaacte:

%
Wy oY
oo

rpackie

W Y AE
=Y *i’%ﬁ#}

TyCToTa CiflhehOr0 HACeeHHS, 0ci 1A 1 Ka. k:
29,433

% " Botosani 3 \ ¢
s : e Ba 3 d T :
4 . x} - - = Ak ’ I
. T'ycrora cinecpkoro <F B 5 o — \ qf
s | o o L y
| HACEJICHHS \ o e o | :
B i | P 1o e i ) 3 T
inagae S j (oci6 Ha | KB. KM TepHTOPIi) l cnishau = = > o S -
et |- N g e o z
11020 [ Vostal 2, - . s
o o [ 20-25 b oo Jiues
ol .| M 2530 vi- 13 i
Hzmzd:;; - e T NI <o, Galati (]
“—ic =2 e o Brasow. wA L 3 a8

Puc. 5. XoporuterHas kaprta «[I10THOCTE cenbCKOro HaceIeHus» Mocie PenpoeKTUPOBAHUS
(JlereH1a He3HAYUTENbHO U3MEHEHA)
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0TOOpaXkaeT uepapxmdeckue JaHHbIe Kak Ha0Op BIOYKEHHBIX MPSIMOYTOIBHUKOB. DTO IIIOCKAsk TAOIHUIIA, KOTOpast
HAMISAIHO TIOKA3bIBAET COOTHOLIEHUE YacTel 11es10r0. Pa3Mep 1 BET KaX/10M S4elKUd B IPUBEICHHOM MTPUMEPE
TpUMAITbl OTPEIEIISIFOTCS] YMCIIOBBIM TIOKa3aTeeM: 4eM OOJIbIe ero 3HaueHue, TeM OOJbIIe U TeMHee syeika
IUIOCKOW Tabnuibl. IHTEpecHo, 4To TpUMarna Ha puc. 6 He MPOTUBOPEUHUT MPUBEICHHOMY BBIIIE ONPE/IEIICHUIO
kaptel oT MKA.

Zakarpats’ka

Kyivs’ka Odes’ka Kharkivs’ka Poltavs’ka Donets’ka
'Piivheh‘s_’ka Dnipropetrovs’ka Volyns’ka
Cherkas’ka
‘ = Sums’ka Khersons’ka Chernihivs’ka
Avtonomna Respublika
Krym
Zaporiz’ka Luhans’ka

Khmel’nyts’ka .
Kirovohrads’ka
Zhytomyrs’ka

Mykolaivs’ka

Puc. 6. Kapra «I1110THOCTB CEIBCKOI0 HACEICHUSD I0CIIE 3aMEHBI MOZIEJIN XOPOILIEThI HAa MOJIEIb TPUMAIIbL
Fig. 6. Map «Density of the rural populationy after replacing the choropleth model with the treemap model

CoBpeMeHHbIe MPOrPaMMHbIE peleHus

AHanm3upys COBpEeMEHHBIE MPOTPaMMHBIE PEIICHUS I pealn3aluy HHTEPakTUBHOCTH B ATC, HE CTOUT
OCHOBBIBATHCS TOJIHKO HA MX TEXHOJIOTHMYECKHUX JIOCTOMHCTBAX M HemocTarkax. /i mornaeckn o0bsICHIMOTO
BBIOOpA MPOTPAMMHOM TEXHOJIOTHH MOXKHO Bocmonb3oBathess KoKa ATC. HanmoMuuM, 9TO Tipu (PUKCHPOBAH-
Ho#t opmarnu B kakaoi crpare KoKa ArC BeIACISAIOTCS TPpU YPOBHSI (KOHTEKCTA): ATaJIOTHYSCKUM (TEXHO-
JIOTUYECKUH ), TH(POIOTHUSCKUH (SI3BIKOBBIN) M OpTraHU3AIMOHHBIN (TOTPeOICHNS WTH UCTIONB30Banust) [11].

Ecnu npuHMMaTe BO BHUMaHHE TOJIBKO TEXHOJIOTMYECKHUN KOHTEKCT, TO MOYKHO YTBEP)KIaTh CIEAyIOIIee.
B dopmaruu 6ed 1.0 OTHOLICHUS MEXKTy 3JIEMEHTaMH JIBYX COCEIHUX CTPAT ObLTH HEABTOMATH3UPYEMBIMH, T103-
TOMY TJIaBHOH ITPHU3HABAJIACh IPOTrpaMMHast TEXHOJIOTHSI PEaTH3alliy HJIEMEHTOB OTIEPAIIMOHHON CTPATHI HITH Ke
KITMEHTCKUX TPWIOKeHWH. B armacax Hamiero mpou3BOZACTBA B MPOMIIOM JIECATHICTHH 3TO OBUT JOKYMEHT
B opmare HTML4, koTopsiii Busyanusuposaiicst opaysepom Internet Explorer. [y 0ToOpakeHMsI KapThl MPH-
MeHsuicst BerpoeHHblit B HTML-ctpanuity kaprorpaduueckuit 00bekT ActiveX. 1o ObUT 00bEKT COOCTBEHHOTO
MIPOU3BOCTBA, KOTOPHII MOTyyall yrpaBieHrne BO BpeMs aKTHBALIMN M B OTBET Ha JICHCTBHUS TIOJIb30BATENS BO3-
Bpalajg ToMy pe3yJbTaThl UCIONb30BaHHSI MHTEPAKTUBHBIX ONEpalliii, peai30BaHHbIX B HHTEp(deiice mob30-
Barestsi (cM. puc. 4). Bes TexHonmorndeckast renouka Obijia OpUeHTHPOBaHA Ha MPOYKITHI0 Kopriopanuu Maplnfo.

Jpyrum nyrem nonnto HITIT «Kaprorpadus»® Ipu N3rOTOBICHNN 1 BBITTYCKE CEPUN ydeOHbIX aTiiacos. Kak
u ipoekT DIHAY, 3TOT IPOEKT CymecTBYeT JIUTEeIbHOE BpeMs. OHAKO €r0 OCHOBHBIM OTIHYHneM oT DITHAY
OBLTO MCTIONB30BaHNe TaruHa Adobe Flash m cTosieit 3a HUM TEXHOJIOTHU. DTOT IUIATWH MPUOIU3UTEIEHO
JIeCSITh JIET Ha3aJ 00s3aTeIbHO PUMEHSIJICS TIPAKTHYECKH B TF000M Opay3epe. OJHO BpeMst Jlaxke Kas3aJoch,
YTO /IS KITMEHTCKUX MPUIIOKEHUH (MIIH IIEMEHTOB OIEPAIMOHHON CTpaThl) HET albTEPHATUBBI TaK Ha3bIBae-
MBIM rich internet applications (RIA), cpeay KOTOPBIX Hambojee MOmyasspHbIM ObuT Adobe Flex (HBIHE —
Apache Flex). [lonydaemas B pe3ynbTaTe TEXHOJIOTHYECKAS [IETIOYKA, B TOM YHUCJIE Oarofapst ApyruM Mpo-
nyktam Adobe (manpumep, lllustrator), Obi1a O4ESHL IPUBIICKATEITHFHON TSI IIOCTPOCHUS aTIacoB.

*Kaprorpadus [dnexrponnbiii pecype]. URL: https:/kartographia.com.ua/ (nara obpamenmus: 28.03.2019).
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Ectb, mpapna, orpaHudYeHne, KOTOPOE 3aBUCUT OT OCHOBHOW HCIOJB3YeMOH MapajurMbl KapTOrpaguu.
CoracHo [26] B ka0l M3 MapajurM Kapra MOHUMaeTcs Mo-pasHoMy: 1) nzoOpakeHne (KOMMYHHUKATHBHAS
Y KOTHUTHBHAS ITAPAJUTMBI); 2) MOACIH WIIA CPEIICTBO BHIYHMCICHIN (aHAINTHIECKAsI TapaanrMa); 3) 3aMbICelT,
HaMEpeHHE WJIM COLMANbHAs KOHCTPYKUMs (KpUTHYecKas mapaaurma). Mpl cuyuTaeM, 4TO KOMMYHUKaTHBHAs
Y KOTHUTHBHAS TTApaJIUTMbI OIIKe BCETO K HH(OIOTHYECKOMY YPOBHIO, aHAIUTHYECKAs — K IaTaIOTnIeCKOMY,
a KpUTUUECKasl — K OpraHu3almoHHoMYy. «birke Bcero» o3Hauaet, YTo BOIPOCHI TOH WIIM WHOH MapairMbl clie-
JIyeT paccMaTpUBaTh MPEKIE BCETO B COOTBETCTBYIONIEM YPOBHE.

B D1HAY na DVD 2007/2010 Toxe NpHILIOCh MCIONIb30BaTh wiarkud Adobe Flash. Bonee Toro, Tpu u3
[IATA OCHOBHBIX TeMarndyeckux OnokoB kapT DnHAY wa DVD 2007/2010 Oblnu nipencraBieHsl B popmare
.SWF u usrorasnuBanucek B HIIII «Kaprorpadus». brarogapst Teopun pensimonnoit kaprorpadum [11] Te-
nephb MBI MOHUMaeM, 4to B DMHAY npouzonnio u3MeHeHne kapTorpadudeckoii napaaurMel. J{eno B ToMm, 4To
NEepBbI KOHEUHBIM NpoayKT npoekrta HanuonaneHoro atmaca Yikpaunsl — 9nHAY na CD 2000 [27] — coot-
BETCTBOBAJI AaHAJTUTUYECKOH MapajurMe. ITO YTBEPKIACHHE CIIeAYeT U3 TOTo, UTo Mpu coznanuu Da1HAY 2000
KHOEPHETUKH U TPOrPaMMHUCTHI OYEHB IJIOTHO B3aMMOACHCTBOBANM ¢ reorpadamu u kaprorpadamu. Ilo cyrn,
nepBble OBUIH CTOPOHHWKAMH AHAIUTHYECKOHN MapaJnrMbl, BTOPbIE — KOMMYHHKATUBHOW W KOTHUTHBHOM.
Hecmotpst Ha monbITku reorpadoB U KapTorpadoB BHEIAPHUTH W300paKeHUS KapT 0e3 HaAJIeKalluX JTaHHbIX,
MOXKEM KOHCTAaTUpPOBaTh, uTO Bce KapThl DNHAY Ha CD 2000 nMeroT aHaNMTHYECKYIO YacTh U YTO BCE OHU
MIPEJICTABJICHBI B BEKTOPHBIX (pOopMaTax M3BECTHOW pa3paboruuky cTpykTypbl. [Tocie 2000 1. 610 CO3MaHO
HECKOJIbKO aTilacoB B aHANMTHUECKOW mapaaurme. OIHAKO TP MOArOTOBKE MOJTHON Bepcun HanmonambHOTO
arnaca Ykpaunbl B 2007 T. ObIJI0 pelIeHo nmepBhIM pa3pabarsiBaTh OyMakHBIN BapuaHT. [loatomy Dn1HAY Ha
DVD 2007 co3naBaicst Kak €ro 3JeKTpOoHHBINH 00pa3. He ctout 0co00 00BSCHATE, 4TO MPH pazpadoTke Oymask-
HOM BEpCHH aTjiaca OCHOBHOE BHUMaHHE YIESUIOCH KapTe KaK H300paKeHNI0. A B TO BpeMsl ISl « PHUCOBAHHSDY
KapT OoJbIle Bcero ObLIM MPUCTIOCOOICHBI TPOAYKTHI Adobe.

Opnaxo 17 nekadps 2012 r. korcopurnym W3C o0bsBIII 0 3aBepiieHUH padboT Haja crangaprom HTMLS
u pucBoeHnn emy craryca Candidate Recommendation. 3To cOOBITHE CTATO0 OMPEACIISIIONTUAM IS PA3BUTHS
BeOa. Texnonoruu R/4 Hayanu TepsTh cBoM no3uuuu. Ha 3ameny nm, criepsa asst BO300HOBIEHUS (QYHKIIHO-
HaJTLHOCTH TEXHOJOTHI RIA, BOSHUKIIO OOJIBIIOE KOTUIECTBO OMOINOTEK 1 hpeiiMmBOpKoB JavaScript. Tenepn
BMECTO «UY)KHX» aKTHBHBIX OOBEKTOB WJIM TUIATMHOB B Opay3ep BCTPaMBAIOTCS «POAHBIC» OMONMOTEKH Ha
JavaScript. [lpakTraeckn o0s3aTenbHON cTana oubnuoreka jQuery. B kaprorpadum 60mbiioe pacipocTpaHne-
Hue noyiyunia oubnuoreka Leaflet. [lns rpaduku (1 kapTorpaduu) cTaia HOBCEMECTHO UCIIONIb30BaThCs OHO-
muoteka D3. Kaprorpaduueckas HHTEPaKTHBHOCTH IEPEKOYeBaia B 3TH CIICIUAIM3UPOBAHHBIE OHOINOTEKH
JavaScript. CnenyeT npu3HaTh, 4To TexHomorus Ha 6aze HTMLS, Brurouaromas CSS3 1 COOTBETCTBYIONIYIO
Bepeuto JavaScript ¢ Hy*KHBIMH ONOIHOTEKaMU, TIPAKTHYECKHU MOIHOCTHIO TIOBTOPUIIa HHTEPAKTHUBHYIO aTiac-
HYTO KapTorpaduio IpeablayIIero AeCATHIICTHS.

Co BpemeHeM cpeAcTBa JUIsl PeleHUH MPe3eHTalnOHHOTO (KIMEHTCKOr0) IPOrpaMMHOTIO CJI0s JTOTIOJIHU-
JIUCH CPEJICTBAMH JJIsl PEHICHUH JIPYTHX CJIOEB (JIEeJI0BOTO, TaHHBIX U T. 1.). CHOpMUPOBAINCH HIETbIe CTEKH
texHonoruii. CaMbIMH BOCTPEOOBaHHBIMU JJIsl HAC ABIstOTCS cTeku MERN (MongoDB, Express, React, Node)
nmn MEAN (React 3amener Ha Angular). Hauano npenpinymiero ad3ama oTpakaeT Hally TOUKY 3pEHHs Ha
rcronb3yeMble 1 ATC porpaMMHBIE TEXHOJIOTHH: MOHOTIONUS Kak Microsoft, Tak n Adobe Hac He ycTpan-
BaeT. MBI MOIITH OB MHOTO paccy>kKAaTh Ha JAHHYIO TEMY, TOCKOJIBbKY MPOLLTN OMMCAHHBIN MyTh Ha PAKTHKE,
OJTHAKO 00BEM CTAThU HE MO3BOJISET ATOTO CHIENATh.

O0parmiaem BHUMaHue, 4To B crekax MEAN/MERN nosBUIHCH CpeiCTBa Jisl paboThl Ha cepBepe: MongoDB,
Express, Node. Ilpuuem Bce onu Oasupytorest Ha JavaScript. [lo-BuauMomy, BiepBbIe IPH Pa3BUTHH HHPOPMa-
IIMOHHBIX TEXHOJIOTUH YIaIoCh JOOUTHCS TaKOW FApMOHH3AINN TTPOTPAMMHBIX PEIICHUN MEXITy KIHEHTCKON
u cepBepHOi yacTsiMu. OJJHAKO B MPAKTHUYECKUX YCIOBHSAX BCE PABHO MPUXOAUTCS YUUTHIBATH HEKOTOPHIC BaX-
HBIE aCIIeKTHI.

1. Haubosnee xapakrepHoii ocobeHHOCThI0 ATC hopmaruu 6ed 2.0 sBIsieTCS UCIOIb30BaHUE CYIIECTBYHO-
IIMX Ha MOMEHT CO3/IaHHsI HAIIMOHATBHBIX W MEXKIYHAPOIHBIX ['€0- U KAPTOTUIATPOPM HIIH K& HHPPACTPYKTYP
MPOCTPAHCTBEHHBIX JaHHBIX, KOTOPHIE TOXKE TOJDKHBI OBITH IutaTtgopMamu. [Ipu 3TOM Bce OHM COCTOSUTUCH
B mpouuioM aecsatuietu. W ecnu ¢ MoaepHU3almeil cpeacTB noctyna usz-3a cragaaprtuzauud HTMLS stu
IaTGOPMBI CTIPABIIINCH, TO C XpaHEHUEM TaHHBIX CHUTyanus coBceMm mHas. Tak, B OSM ocHoBHOU CYbB/]
sIBIISIETCS pesisiiinorHas PostgreSQL/PostGIS, uto otnnuaercs ot 00bekTHOM MongoDB. C PostgreSQL depes
API paboTaeT HECKONBKO peaakTopoB kKapT. Kpome rpymmbel pemaktupoBanusi, OSM BBIIETSET €Ile YeThIpe
IPYMIIE IPOTPaMM .

2. He menee BaxkHo# 0ocobenHoCThI0 ATC hopmarun ged 2.() SBIsieTcs MHOrooOpasue naTrTepHOB MPOrpamMM-
HBIX aPXUTEKTYP, C KOTOPBIMH IpuxoauTcst padorars. Cortacumcest ¢ M. Puuapicom [28], KOTOpPBIM BBIEICHBI

"3anHTepecoBaHHbIE UNTATENH MOTYT MONYYHTh JOMONHATENbHBIE CBEICHHS 00 THX IPYTNaX 1o cChuIKe: https://wiki.open-
streetmap.org/wiki/Component_overview (nara odpamenus: 26.02.2019).
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MSTh TaKUX apxXUTeKTyp: 1) mocnoitHas (layered); 2) ynpasnsiemast cOOBITUSIMHE (event-driven); 3) MUKpOsiiepHast
(microkernel); 4) MukpocepBucHast (microservices); 5) IpOCTpaHCTBEHHO-0a3upoBaHHas (space-based ), n3Bect-
Has Takxke Kak oomaunas (cloud).

3akjaoueHmne

MpI ipeniaraeM BBIBOJIBI, KOTOPBIE HE SBIISIOTCS MPSMBIM CIEICTBUEM M3JI0KEHHOTO Mareprana. OIHako
(bakTOB, MPE/ICTABICHHBIX B pa0OTE U B IPUBEJICHHBIX B HEW CChUIKAX, JIOCTATOYHO, YTOOBI 3aMHTEPECOBAHHBIN
YUTATEh CMOT YOSUTHCS B IIPABUIIBHOCTH C(POPMYIUPOBAHHBIX BHIBOJIOB TSI COBPEMEHHBIX aTJIACHBIX TIPO-
TPAMMHBIX PELICHUI.

1. Kaprorpaduueckas HHTEpPaKTHBHOCTh HE MOXET PaCCMaTPHUBATHCS MPUMEHUTEIBHO K KaKOW-TO OJTHOH,
OPHCHTUPOBAHHON Ha OIHY TPYIITY TOJIb30BaTee cTaTHdeckoi kapre. Hao0opoT, HeoOXoaquMo H3ydaTh
UHTEPAKTUBHOCTD JUJISl HECKOJIbKUX KapT, YIOPSJOYEHHBIX C y4€TOM MMEKIIUXCS 3HaHui. [Ipu sTOM MuHU-
MaJIbHBIN HA0Op MHTEPAKTUBHOCTH TAKUX KapT JIOJDKSH BKJIFOYATh HHTEPAKTUBHOCThH TPEX AMHAMUYECKHU U3-
MEHSIEMBIX KapT: ONEpallOHHYIO, alTUIMKAIIMOHHYIO U MOHATHIHYIO (KOHLIENTYaJbHYI0) — U COTJIaCOBBIBATHCS
C MHTEPaKTHUBHOCTHIO Tpex O, mokazaHHbIX P. PotoM Ha puc. 1, npuueM He ¢ KaxapiM O B OTICIBHOCTH,
a IMEHHO C JUHAMAYECKH B3aNMOJEHCTBYIOIINMHU BceMH Tpems O.

2. CyIiecTByeT HeOOXOUMOCTh MPUMEHSTh B ATC re0- U KapToIrutaT)OpMBbI OT IPYTUX, HE3aBUCUMBIX TIPOU3-
Bomuteneld. MHTepakTuBHAs kKapTorpadus MomKHA 00ECIeunTh HAYYHYIO OCHOBY IUISI MCTIOJNB30BAHUS TaKUX
reo- M KapTorar(opM Kak Ha ONEpallMOHHOM, TaK U Ha anuIMKanuonHo# ctpare ATC.

3. [Ipu npomsBozacTBe ATC HAIMOHAILHOTO YPOBHS AJIETEPHATHBEI MaTTepHAM HeT. [I0HATHO, 4TO aTTepHBI
HETPOCTHI JJIs IOHUMaHMA U TeM Ooree peanm3anni. Kpome Toro, Hy)KHBI KOHIIENTyaJIbHbBIE (TTATTEPHBI MMPOEK-
TUPOBAHUS ), AMTUIMKAIIMOHHBIEC U OTNIEPAIlOHHBIC NTAaTTepHbl. OJJHAKO TOJILKO OYE€HBb KPYITHBIC (PUPMBI MOTYT JIC-
JIaTh MaTTepHaMU COOCTBEHHBIC PEIICHUS, 3aCTaBIAsA IPYTUX MPUMEHSTh UX. He o4eHp TOHATHO, YTO Jenarhb
B 9TOH cuTyauuu npousBoautessiM ATC: Kak MpaBHJIo, 3TO HEOOJbIINE KOIJIEKTHBEI Pa3pad0TUUKOB, KOTOPHIE
He 00Ia1afoT pecypcaMu, YTOObI MCTIONB30BATh JTYYIIHE B OTPACIIN PEIICHUs, TOCKOIBKY ITOCIIETHUE BCE BpEMs
MEHSIIOTCSI, @ O3HAKOMJICHHE ¢ HUMHU TpeOyeT 3arpar. [ToaToMy HEoOX0IMMO Yepe3 maTTepHbl ONPEeiaTh TCH-
JICHIINH, KOTOPBIE MEHSIOTCS. MEAJICHHEE, YeM OTAEIbHbIC PELICHUs. 31eCh JOKHA TOMOYb aTiacHas UHTEPaK-
THUBHas KapTorpadus kak Hayka. K cokanenuto, n3 MmoHorpaduu [11, m1. 2] ciemxyert, 9To A1 HaydIHO 000CHO-
BAaHHOTO MAaHUITYJIUPOBAHUS KAPTaMU TPEX 33JICHCTBOBAHHBIX CTPAT HYXKHBI SI3bIKU KapThI JUIs KOKIOH U3 CTpar.
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ITPOCTPAHCTBEHHAA N3MEHUYNBOCTD
COAEPXXAHUSA TAKEABIX METAAAOB
B MAKPOO®UTAX O3EP BEAAPYCHU

H. B. KYKOBCKAA", H. B. KOBAJIBYHUK?", b. II. BIACOB", T. MOJIEH/]A”

YBenopyccruii 2ocyoapemeennuiii yuusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Berapyce
I Cunescruii ynusepcumem ¢ Kamosuyax, yi. benoowcunvcra, 60, 41-200, 2. Cocnosey, ITorvua

[Ipoananu3upoBaHa npocTpaHcTBeHHas AudepeHranus KoHueHTpanuu Tsoxeisx Meramios (Ti, V, Cr, Mn, Ni, Cu,
Pb) B BBICIIEH BOIHOH pacTuTebHOCTH 03ep benmapycu. JlaHHble 0 copep)anuu 31eMeHToB B MakpoduTax benapycu co-
MIOCTaBUMBI C TIOKa3aTeIIsIMH, ITOTydeHHBIMU B [losbie u Apyrux coceHux crpanax. O3epHbIM pacTeHUSIM CBOICTBECHHA
N30UpaTebHOCTD B HAKOIUICHHH METAIIIOB, PA3IMYAIOIIAsCS U 9KOJIOTHUSCKHUX TPYIIIT TOTPYKEHHBIX, HaIBOIHBIX pac-
TEHUH 1 MaKPO(QHUTOB C IUIABAIOIINMH JHUCTBIMU. YCTAHOBIICHBI CTAaTHCTHYECKH 3HAYNMbIE OTIINYUS MEeX Iy OacceiHaMu
pek o cozxepxkanuto Mn, Cu, Pb B norpyxeHHbsix Makpodurax o3zep. HanbonpmmuMu KOHIEHTpausMu Mn B TKaHsIX
Makpo(UTOB BCEX HKOJIOTMUYECKUX IPYII XapakTepusyrorcs: 6accerinsl pek [uenp, [Ipunsars, 3anaaneii byr, HanMeHsb-
mmmu — p. bepesnnsl. Haumensiee konndectBo Pb oOHapykeHO B BOJHBIX PaCTEHHSX 03ep OacceHOB pek 3araaHblid
byr u /laenp. BoaHsle pacTeHus 03ep pa3indHOil cTeneHn TPOYHOCTH OTIMYAOTCS Ha CTATUCTUYCCKH 3HAYMMOM YPOBHE
1o copepkanuio Mn n Cu, HaMMeHBIINE KOHIEHTPpai Mn B TKaHIX Makpo(UTOB XapaKTepHBI U1 ME30TPO(DHBIX 03ep
¢ npu3HaKkaMu oaurorTpodun. C IOMOIIBIO IPOCTPAHCTBEHHOTO KIIACTEPHOTO aHAJIN3a BBIIEICHBI BOCEMb IPYIIIT 03€p 110
coznepxanunto Mn, Cu u Pb B Beicuieii BogHoii pacturensHocTH. [ pynna o3ep bpacinaBckoro paiiona xapakrepu3syercs 1mo-
BBILICHHBIM coziepkanreM Mn 1 Cu B TKaHSIX MakpouTOB, 03epa OacceiiHa p. Buimuu oTiimuarotTcs HAMMEHbIIeH cpean
JPYTHX Tpynn cpeaneil koHneHTpauueii Cu u Pb B BomHBIX pacTeHusiX, o3epa ceBepHOH yactu bemapycu BeIIenstorces
TIOBBIIICHHBIM conepkanneM Cu u Pb B TKaHsAX pacTeHH.

Knrwouesvie cnoea: Tsxensie METAIIBl; BBICIIAS BOJHAS PACTUTEIBHOCTD; SKOJIOTHYECKHE TPYIIIBI; TPOCTPAHCTBEH-
Hasi ©3BMEHYMBOCTh; MOHUTOPHUHT; TPOGHUUECKHIA CTATyC 03€ep.
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SPATIAL VARIATIONS OF TRACE ELEMENTS CONTENTS
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The spatial variation of trace elements contents of heavy metals (Ti, V, Cr, Mn, Ni, Cu, Pb) in higher aquatic plants of
Belarusian lakes has been analyzed according to monitoring data. Natural variability limits of metals contents in aquatic
plants of lakes within principal rivers basins of Belarus have been determined. The data on trace elements contents in
macrophytes of Belarus are comparable with the data obtained in Poland and other neighbouring countries. Aquatic plants
in lakes are characterized by selective metals accumulation, which is different for ecological groups of submersed, emer-
gent and macrophytes with floating leaves. Statistically significant differences between river basins in the contents of Mn,
Cu and Pb have been established in the submersed macrophytes. For all ecological groups, the highest concentrations of
Mn in lakes macrophytes tissues are observed in the basins of the Dniapro, Prypia¢, Zachodni Buh, and the lowest — the
Biarezina. The lakes of the Zachodni Buh and Dniapro basins are distinguished by lower Pb concentrations in aquatic
plants. Significant differences in the content of Mn and Cu in the plant tissues within different trophicity lakes have been
established. The lowest concentrations of Mn are observed in mesotrophic lakes with signs of oligotrophy. Group analysis
of lakes based on the content of Mn, Cu, Pb in macrophyte tissues and spatial constraints has been performed. Among the
allocated groups are the lakes of the Braslav district characterized by elevated content of Mn and Cu; lakes of the Vilija
basin, distinguished by the lowest average levels of Cu and Pb; lakes of the northern part of Belarus, notable for increased
contents of Cu and Pb.

Keywords: trace elements; higher aquatic plants; ecological groups; spatial variability; monitoring; lakes trophic level.

Introduction

Aquatic macrophytes may accumulate chemical elements in concentrations exceeding their content in the
environment. The concentrations of chemical elements in aquatic plants can be more than 100 000 times higher
than in the associated water [1]. This accumulation activity determines their use in the system of monitoring
higher aquatic plants and monitoring the state of water bodies in the National Environment Monitoring System
of the Republic of Belarus. A major limit to use macrophytes as bioindicators is the variability of elements in
the organisms. The most important causes of the variability are a seasonal cycle, the biological state of orga-
nisms (species, size, age, and probably growth rate) and physical environment [2]. Chemical composition of
water and bottom sediments is the result of climatic, hydrological, mechanical, physical, chemical, biological
and others processes occurring both on the catchment area and in the reservoir itself. The aim of this paper is to
identify the spatial characteristics of trace elements (Ti, V, Cr, Mn, Ni, Cu, Pb) accumulated by aquatic plants
in Belarusian lakes.

Materials and methods

In the present study we have used data from the National Environment Monitoring System. The accumula-
tion of heavy metals by higher aquatic plants within Belarus reservoirs and lakes from 2000 to 2015 has been
analyzed. A monitoring network on lakes includes 46 key sites (fig. 1). The representativeness of the network
is ensured by the monitoring objects distribution in accordance with the lake percentage and physiographic
zoning of Belarus. The lakes differ in the hollows origin, morphometry, and degree of overgrowing.

Bottom sediments in macrophytes growing locations are mainly represented by sand and silted sand in
littoral zones and deeper sandy silts. The samples were formed from macrophytes tissues of various ecological
groups and have been considered in this study: emergent (Acorus calamus L., Phragmites australis (Cav.) Trin.
ex Steud., Carex rostrata Stokes, Carex lasiocarpa Ehrh. and Carex acuta L., Sparganium erectum L., Spar-
ganium natans L., Glyceria maxima (O. Hartm) Holmb, Glyceria fluitans (L.) R. Br., Cladium mariscus (L.)
Pohl, Schoenoplectus lacustris (L.), Scirpus sylvaticus L., Typha angustifolia L., Typha latifolia L., Sagit-
taria sagittifolia L., Butomus umbellatus L., Equisetum fluviatile L., Zizania palustris L., Zizania latifolia
(Griseb.) Stapf, Alisma plantago-aquatica L.); submersed (Hydrilla verticillata (L. fil.) Royle, Potamogeton
lucens L., Potamogeton perfoliatus L., Potamogeton trichoides Cham. et Schlecht., Potamogeton praelongus
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Fig. 1. Macrophyte sampling locations

Wulf., Potamogeton crispus L., Potamogeton acutifolius Link, Potamogeton compressus L., Potamogeton
obtusifolius Mert. et Koch, Potamogeton nodosus Poir., Potamogeton friesii Rupr., Myriophyllum spicatum L.,
Myriophyllum verticiliatum L., Elodea canadensis Michx., Ceratophyllum submersum L., Ceratophyllum de-
mersum L., Stratiotes abides L., Isoetes lacustris L., Litorella uniflora (L.) Aschers); floating-leaved (Persi-
caria amphibian (L.), Nuphar lutea (L.) Smith., Nymphaea candida J. et C. Presl., Potamogeton natans L.).
Charophyta, which are often referred to as higher aquatic vegetation.

The time of sampling corresponds to maximum biomass development and chemicals accumulation by plants
during the flowering period (July — August).

Analytical determination of trace elements (Ti, V, Cr, Mn, Ni, Cu, Pb) is performed by emission spectral
analysis methods described by Zyrin, Obukhov [3].

For the analysis and visualization of spatial variability of trace elements contents in lake macrophytes,
ArcGIS 10.3 geographic database has been designed and developed. Vectors datasets have been created based
on OpenStreetMap data'. Point feature class «lakes monitoring» contains characteristics of monitoring points.
The relationship class has been created to associate a table with data on trace elements contents in macrophytes
and the «lakes monitoring» feature class. Watersheds of principal rivers within Belarus have been identified
based on SRTM digital relief model” using ArcGIS Hydrology tools.

Statistical data analysis includes the variable distribution assessment with the help of histograms, normal
quantile — quantile (Q—Q) plots and fitting criterions (the Kolmogorov — Smirnov test, the Shapiro — Wilk test),
as well as data transformation, calculating descriptive statistics, the Kruskal — Wallis test which is the most
effective for samples with a markedly different number of observations. For the lognormal (In) distribution, the
geometric mean (g) is taken as the average. In the case of truncated samples, with frequency of trace elements
occurrence more than 50 % the median is used as the average. The level of significance is set at p < 0.01 (two-
tailed).

'Download OpenStreetMap data for this region: Europe [Electronic resource]. URL: http://download.geofabrik.de/europe.html (date
of'access: 11.01.2019).

’SRTM data // CGIAR — Consortium for Spatial Information (CGIAR-CSI) [Electronic resource]. URL: http://srtm.csi.cgiar.org/
srtmdata/ (date of access: 11.01.2019).
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Cluster analysis of the examined lakes on the base of trace elements contents in macrophyte tissues and
spatial limitation has been performed using the ArcGIS Grouping Analysis tool (uses a K-means algorithm).

Distribution parameters of trace elements in lakes macrophytes are compared in terms of principal Belaru-
sian river basins by ecological groups of aquatic plants: submersed, floating-leaved, emergent.

Results and discussion

Geochemical features of aquatic plants are largely determined by their membership in ecological groups,
among which systematic differences can appear [4]. Data analysis has shown that the average elemental con-
tents are different in aquatic plants groups. The highest concentrations of all analyzed elements are characte-

ristic of submersed macrophytes (table 1).

Such a high accumulation capability of submersed macrophytes in relation to trace elements was noted
by many authors [5; 6]. Submersed plant leaves have a very thin cuticle. The leaves of submersed plants are
therefore very good at taking up metals directly from the water [7].

Metals contents in macrophytes
of various ecological groups within reservoirs

Table

1

Element Submersed, mg/kg | Floating-leaved, mg/kg| Emergent, mg/kg

(frequency, %) (n=1305) (n=132) (n=320)

Ti (51-67) 4.3 (n.d. —973) 1.28 (n.d. —305) 1.18 (n.d. — 184)
V (30-39) 5.37 (n.d. - 141) 2.01 (n.d. - 19.0) 2.34 (n.d. - 19.3)
Cr (23-42) 4.32 (n.d.—94.2) 0.58 (n.d. - 7.32) 0.85 (n.d. — 14.8)
Mn (100) 296 (0,60-9158) 101.4 (0.23-3957) 23.1 (0.03-3259)
Ni (23-40) 1.18 (n.d. —23.6) | 0.094 (n.d.—0.87) | 0.39 (n.d.—23.3)
Cu (100) 2.25(0.07-235.6) 0.32 (0.07-12.2) 1.37 (0.05-76.1)
Pb (100) 2.93 (0.08-471.2) 0.39 (0.04-18.3) 0.42 (0.03-93.1)

Note. N.d. means not detected.

Ti, V, Mn and Pb concentrations in all examined aquatic plants are within the range described by Markert [8].
Cu and Ni abundance is lower than the average content in a plant. The data on trace elements contents in
macrophytes of Belarus are mainly comparable with the data obtained in Poland and other neighboring count-
ries (table 2).

Table 2
Elemental composition of aquatic macrophytes obtained
in this study compared with data from [5; 8-14], mg/kg dry wt
Indicator Ti v Cr Mn Ni Cu Pb
Average contents in plant [8] 0.02-56.0 | 0.001-10.0 | 0.02-1.0 | 1-700 | 0.4-4.0 5-20 0.1-5.0
Normal level in plant leaves [9] - 0.2-1.5 0.1-1.5 | 30-300 | 0.1-1.5 5-30 5-10
Poland

Stup Dam Reservoir [10]

Potamogeton crispus L. - - - - 5.9 17.5 54

Ceratophyllum demersum L. - — - - 6.9 9.7 5.6

Phragmites communis Trin. - - - - 5.7-8.0 [5.4-12.3| 2.6-9.9
Dominickie Lake [11]

Ceratophyllum demersum L. - - 1.4 304 1.28 2.5 16.9
West Poland lakes [12]

Nymphaea alba - - 1.2-4.7 | 88247 | 1.1-1.2 | 1.7-4.8 | 8.7-4.8

Nuphar luteum - - 1.4-3.1 | 253-345 | 1.4-1.6 | 1.8-2.2 | 10.5-11.9
Lake Symsar [12]

Myriophyllum spicatum L. - - 3.9 1190 24 4.2 6.0

Nymhaea alba L. - - 1.0 510 3.0 0.9 Less 1

Typha angustifolia L. - - 3.6 540 23 33 15
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Ending table 2
Indicator Ti \% | Cr | Mn | Ni | Cu | Pb

The Russian Federation

Bugach Lake [13]

Macrophytes 297 1.71 8.66 407 7.30 50.5 0.57
Ivan’kovskoe Reservoir [5]
Potamogeton perfoliatus L. - 2.6 5.0 1240 7.1 8.8 1.4
Ceratophyllum demersum L. - 0.44 11.8 5260 14 553 4.5
Myriophyllum spicatum L. - Less 0.45 3.0 2898 1.8 14.5 1.0
Ukraine

Zaporozhian Reservoir [14]
Potamogeton perfoliatus L. - - - 960-1830| 6.2-19.0 | 6-18 3.0-6.1
Phragmites australis - - - 29-112 | 1.7-4.6 | 3.1-6.2 | 0.7-1.3

Belarus

Lakes and reservoirs

Potamogeton perfoliatus L. 2.7 34 1.8 186 0.41 1.4 1.8
Potamogeton crispus L. 4.0 0.66 1.7 225 0.99 1.8 2.77
Myriophyllum spicatum L. 4.0 5.6 4.7 269 1.15 2.8 4.4
Ceratophyllum demersum L. 1.3 54 6.2 702 1.2 33 43
Nymhaea alba L. 3.0 2.1 0.25 69 0.11 0.28 0.18
Nuphar luteum 0.14 1.6 0.34 79 0.07 0.25 0.18
Phragmites australis 0.05 2.1 0.35 11.8 0.09 2.0 0.49
Typha angustifolia L. 1.47 0.35 0.20 110.0 0.02 1.2 0.17

Non-parametric dispersion analysis of Kruskal — Wallis has been used to compare Mn, Cu and Pb contents
(elements with 100 % occurrence) in lake macrophytes. The results of the test demonstrate statistically sig-
nificant differences between river basins in Mn (H =26.7, df =6, p < 0.001), Cu (H =23.3,df =6, p <0.001)
and Pb content (H =31.8, df =6, p < 0.001) in submersed macrophytes; Mn (H =32.7, df = 6, p <0.001) and
Pb (H=17.0,df =6, p <0.009) content in emergent macrophytes; Mn (H =31.2, df =6, p < 0.001) content in
submersed macrophytes with floating leaves.

The highest spatial variations is noted in taking up of Mn by macrophytes (fig. 2). The average Mn content in
submerged macrophytes within different catchments ranges from 1736 (the Dniapro River Basin) to 208 mg/kg
(the Biarezina River Basin).

A similar pattern of spatial variability for examined trace element contents in lakes macrophytes for all eco-
logical groups has been revealed (fig. 2 and 3). The highest concentrations of Mn in lakes macrophytes tissues
are observed in the basins of the Dniapro, Prypia¢, Zachodni Buh, and the lowest — in the Biarezina. The lakes of
the Zachodni Buh and Dniapro basins are distinguished by the lowest Pb contents in aquatic plants. The average
rank variation of Mn, Cu and Pb contents in submersed and emergent macrophytes in river basins is presented
in fig. 4 and 5. The analyzed elements are distinguished by the spatial variability nature. Spatial variation of Pb
and Cu contents in submersed as well as emergent macrophytes at principal river basins level is similar in nature.

Metals concentration levels in macrophytes depends on a large number of various factors. The chemical
composition of aquatic plants reflects the geochemical features of lakes bottom sediments, rocks and soils
within catchment areas and it depends on lake morphometrical characteristics and production processes, on
tehnogenesis products flow into reservoirs from local sources.

In general, trace elements contents in rocks and soils of Belarus are lower than the average world values.
So, Belarusian soils are depleted of Ti, Mn, V, Ni, Cu about 3 times, Cr — 2 times, the Pb content is comparable
to Clarke values [15]. In lake sediments elements accumulate in lower concentrations than in soils, with the
exception of Mn and Pb. Glacial complexes of the poozersky and pripyat ages [16], as well as poozersko-holo-
cene alluvial, lake-alluvial and aeolian accumulations, holocene alluvial and bog formations prevail among the
covering deposits. In some areas, due to a variegated lithological composition, the covering deposits can be
characterized by elevated trace elements concentrations [17].

The territory within the Zachodniaja Dzvina River Basin is characterized by the highest lake density. In con-
ditions of a significant vertical dissection of relief the lake hollows have a deep (up to 30—50 m) erosional inci-
sion, and the catchments have been developed and plowed up. A lot of allochtonic terrigenous material enters the
reservoirs. Silicate type of sedimentation is typical for lakes [18]. The soils within the Zachodniaja Dzvina River
Basin are distinguished by the highest concentrations of Cu, Ni, Cr, to a lesser extent Ti, the lowest — Zr [19].
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Within the basins of the Vilija and the Nioman as well as the Biarezina (the right tributary of the Dniapro)
both low-flowing lakes with organo-silicate, mixed and carbonate sediments, and biogenic lithogenesis lakes
with an increased amount of organic matter prevail. The soils of the Nioman River Basin are characterized by
a high content of Mn, low — Ni, Co and Cr.

The territories of the Dniapro and Soz river basins are distinguished by low lakes density, well-defined
surface runoff and the development of suffusion processes. A reduced content of trace elements except Ni has
been noted, the accumulation of which is associated with the minerals aleuritic fraction that predominates in
the composition of covering deposits [20]. The low forest cover within the Dniapro Basin (22 %) indicates an
increase in the intensity of the input of biogenic and terrigenous material into water bodies.

In the Zachodni Buh Basin, there is a high level of forest cover (60 %), water-glacial plains dominate with
sandy soils which are poor of trace elements. Within the Prypia¢ River Basin, extensive plains of river terraces
and sandurs with swampy lowerings and flat lake hollows are widespread. Lake density is low, silicate-organic,
organo-silicate, mixed and carbonate sediments form in weak-flow lakes. The geochemical specificity of soils
in this basin reveals Fe accumulation, low contents of Mg and trace elements (Ti, Mn, Ni, Co, Cr) compared
with the average values in Belarus [19].

The modern formation of lake sediments on the territory of Belarus is influenced by technogenesis. There is
increasing the flow of terrigenous material (mainly clayey) from watersheds (with which Ti, Mn, Zn, Cr, V, Pb
are associated) as a result of the agricultural and reclamation use of the land. The geochemical mobility of Mn,
Cu, Zn is increasing as a result of organo-mineral interaction [18]. Some abnormal concentrations of Pb, Ni,
Cu, Cr in lake sediments are associated with the impact of local technogenic sources [21].

Direct inheritance of the chemical composition of bottom sediments from elements content in soils and
rocks within catchment areas has not been revealed. Farhat and Aly [22] suggested that the organic matter
was more important in controlling heavy metals distribution. Statistically significant relationships between
analyzed trace elements contents in macrophytes tissues and bottom sediments has been determined only
for Mn.
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Fig. 2. Relative trace element abundances in submersed macrophytes
of Belarusian lakes within principal river basins
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Fig. 3. Relative trace element abundances in emerged (a) and submersed
with floating leaves (b) macrophytes of Belarusian lakes within principal river basins
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A fairly complete picture of the ecological conditions for the growth of macrophytes gives the degree of tro-
phic water bodies. The effect of trophic status on trace elements contents in aquatic plants was estimated using
the example of submersed macrophytes (table 3). Statistically significant differences in Mn and Cu contents in
the tissues of plants growing in lakes of varying trophicity have been established (/ variates from 16.2 to 16.9,
p <0.01). The lowest concentration of Mn has been observed in plant tissues of mesotrophic lakes with signs of
oligotrophy. This dependence is also typical of plants in other ecological groups (fig. 6).

It should be noted that within the Zachodni Buh and Dniapro basins standing out for high Mn content in
aquatic plants, eutrophic lakes make up 100 % of the sample (fig. 7).

Cluster analysis of monitoring points based on Mn, Cu and Pb contents in macrophyte tissues and spatial
constraints has been performed. Eight clusters have been allocated (fig. 8).

Table 3
Trace elements contents in submersed plants
within lakes of different trophic status, mg/kg
Trophic status Ti \% Cr Mn Ni Cu Pb

Mesotrophic lakes with signs 3.87 | 924 | 7.37 125 2.04 | 2.84 3.1
of oligotrophy (n = 64)

Mesotrophic (n = 87) 136 | 638 | 445 | 363 123 | 3.18 4.2
Eutrophic (n = 146) 1.65 | 3.16 | 3.12 | 464 | 0.76 | 1.82 | 239
Dystrophic (n = 8) 0.14 | 2.30 - 237 - 0.35 | 2.04

0 50 100 150 200 250 300 350 400 450 500

Submersed h

Floating-leaved

Emergent

B Mesotrophic lakes with signs of oligotrophy
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Fig. 6. Mn average content in macrophytes within lakes of different trophic status, mg/kg
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Fig. 7. Percentage of different trophic status lakes, %
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The first group consists of the Vilija Basin lakes, which are distinguished by lower average levels of the ele-
ments (Mn, Cu, Pb). The second group includes examined lakes of the Braslav district characterized by elevated
content of Mn and Cu (fig. 9). Bredna Lake (maximum Pb content), Lieskavicy Lake (maximum Mn content) and
Sviciaz Lake (elevated Pb and Cu contents) form separate groups. Lakes of the northern part of Belarus, which are
notable for elevated contents of Cu and Pb are combined into the sixth group. The lakes of the Zachodni Buh and
Prypia¢ basins form a separate group described by elevated Mn concentration in macrophytes. The latter cluster
includes lakes within the Biarezina, Dniapro and SoZ basins and the southern part of the Zachodniaja Dzvina Basin.
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Fig. 8. Cluster analysis of lakes based on the content of Mn, Cu, Pb in macrophyte tissues
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Fig. 9. Mn, Cu and Pb average contents (standardized values)
in submersed macrophytes of identified lakes groups
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Conclusion

The variation of trace elements contents in lake macrophytes on principal river basins has been investiga-
ted. Statistically significant differences between river basins in the contents of Mn, Cu and Pb in submersed
macrophytes, Mn and Cu in emergent macrophytes and Mn in macrophytes with floating leaves have been es-
tablished. For all ecological groups the highest concentrations of Mn in lake macrophytes tissues are observed
in the basins of the Dniapro, the Prypia¢ and the Zachodni Buh, and the lowest — in the Biarezina. The lakes of
the Zachodni Buh and Dniapro basins are distinguished by the lowest Pb contents in aquatic plants.

The lakes trophic status is an important factor determining the spatial variability of trace elements accu-
mulation in marophyte tissues. Within the Zachodni Buh and Dniapro basins standing out for the highest Mn
content in aquatic plants, eutrophic lakes make up 100 % of the sample.

Based on Mn, Cu and Pb contents in macrophyte tissues and spatial constraints eight lakes clusters has been
allocated. Among the groups are the lakes of the Braslav district characterized by elevated content of Mn and
Cu; lakes of the Vilija Basin, which are distinguished by lower average levels of the elements; lakes of the
northern part of Belarus, which are notable for elevated contents of Cu and Pb. Separate groups form Bredna
Lake (maximum Pb content) and Sviciaz Lake (elevated Pb and Cu contents).

Cognition of spatial distribution features of trace elements contents in macrophytes tissues contributes to
the improvement in the system of monitoring higher aquatic plants and monitoring the state of water bodies
in general.
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TOPTOBBIE CETU ABBOBCKOU OBAACTU

B. A. KJIAITYYK", P. M. TO3UHCKHUH"

1 o o
) To606cKUll HAYUOHATBHBLI yhugepcumem um. Meana @patxo,
yi. Yuusepcumemckas, 1, 79000, . Jlveos, Ykpauna

[Ipoananu3upoOBaHBl TOPTOBBIC CETH, KOTOPHIE OCYIIECTRIISIOT JICATEINBHOCTh Ha TeppUTOpHN JIBBOBCKOM 00IacTH.
Onpenenena 105151 KKI0i U3 HUX B 001Iel COBOKYITHOCTH TOPTOBBIX CETEH 110 PErHOHy MOKPBITHI. OOBEKTOM HCCIIEN0-
BaHUsI sBJSICTCs 251 3aBe/IcHUE COBPEMEHHOMN TOPTOBIIH CICAYIONIHUX (POPMATOB: MUHH-MApPKET, CyIIepMapKeT, THIIEpMap-
KeT, auckayHTep U cash & carry. Taxke mpoaHaTU3upOBaHa FEONPOCTPAHCTBEHHASI OPTaHU3AIHsI TOPTOBBIX ceTel JIbBoBa
KaK KpymHeiero ropoaa JIbBoBckoi 00acTi. DTO TO3BOIISET ONPEACITUTh MIEPCIICKTUBHBIC PAWOHBI ISl Pa3BUTHS pe-
Telna. B Xxoze uccienoBanus yCTaHOBJIEHO, YTO OJJHUM M3 OCHOBHBIX IIOKA3aTeseil HapsiAy ¢ KOJIMYECTBOM CETEH BBICTY-
maeT o0Ias MJIOMIaas UX 3aBEICHUH, Belb OHa OTPa)KaeT BOSMOXKHOCTH peTeiiiepa Mo 00CTy)KHUBaHUIO MTOTPEOUTETICH.
CaMBIe 60J'IBH_H/IC, KakK l'[paBI/IJ'IO, 3aBCACHUS Me)KI[yHapOJIHBIX TOpFOBBIX ceTeﬁ, HCCKOJIBKO MCHBIIINEC — HAIlMOHAJIbHBIX,
caMbIe MAJICHbKUE — JIOKAIBHBIX. J{JIsl moTydeHus moaHOH HH(OpMAIMK O TUIOIaId TOPIOBBIX 00BEKTOB OBLIH UCIIONb-
3oBanbl MeToabl [ IC. Pe3ynbraTsl moka3aiu, 4To HanOOIBIIYIO CPETHIOKO IUIOIIA h 3aBEICHUN HMCIOT MEK/TyHAPOIHBIC
TOPTOBBIC CETH, F, HECMOTPS Ha MaJIOC KOJTMYECTBO, UX JIOJIS B OOIICH TUTOIIAAN BCEX CETEH SIBISCTCS OMHOM U3 KPYITHEH-
mmx. Ha ocHOBe pasznmuHBIX MMOKas3areneii Opia chopMmupoBaHa 0a3za MaHHBIX AJIS MPOBEACHUS KIIACTEPHOTO aHAIN3a,
YTO MO3BOJIMJIO Pa3/CiNTh paiioHs! JIbBOBCKOH 001acTH Ha IMIECTh TPYTII, a TOpoa 00IacTHOTO 3HAYCHHS — HA YEThIpe
TPYMIBI IO CXOACTBY Toka3zareneil. [TomydeHHbIe pe3yabTaThl MOTYT HCIIONB30BaThCS JIJIS OLEHKU JOCTYyMa HaCeICHHs
K COBPEMCHHBIM MPEANPUSITHIM TOPTOBJIH, OTPAXKAIOIIETO YPOBCHD Pa3BUTHUS COIHANIBHBIX OJIaT, a Takxke it (hOPMHPO-
BaHUs HHBECTUIIMOHHOM MPHUBIICKATEIIEHOCTA HEKOTOPBIX pailoHOB JIBBOBCKOI 00acTH.

Knrouegvie cnoea: ToproBast CETh; peTeilyiep; pETHOH MOKPBITHS; YHUBEPCAIBbHBIE CETH; MUHU-MapKET; CyIIEPMapKeT;
TUIIEPMApKET; «Mara3uH BO3JIE JIOMay.

RETAILERS OF THE LVIV REGION

V.A. KLAPCHUK", R. M. LOZYNSKYY"

*Ivan Franko National University of Lviv, 1 Universitetskaya Street, Lviv 79000, Ukraine
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We analyzed trading networks operating in the territory of the Lviv region. Also we determined the fraction of each
retailers in the general structure of the retailers by region coverage. The research objects are 251 modern trade establish-
ments, represented by such formats as minimarket, supermarket, hypermarket, discounters and cash & carry. The article
analyzes the spatial development of the retail chains of Lviv as the largest city in the Lviv region. Determination of geo-
spatial organization of the Lviv retailers allow us to identify perspective areas for the development of retailers. In the
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course of the research, it was found that one of the key indicators, in addition to the numbers of networks, is the general
trading area of their establishments, after all it reflects the possibilities of the retailer’s in customer service. The largest
areas, as a rule, have establishments in international trade networks, somewhat smaller — national networks, the smallest,
respectively, in local area networks. For getting the complete information about the area of the trading establishments we
used GIS methods. According to the received results, it was determined that the largest average area of retail establish-
ments has international trade networks, and despite their small number, their fraction from the general is one of the lar-
gest. Using different indicators we created a database for cluster analysis, which makes possible to combine regions and
cities of regional significance into certain groups according to the similarity of indicators. According to the results of the
analysis, the districts of Lviv region were divided into 6 groups, and cities of regional significance for 4 groups. Received
results can be used to determine the accessibility of the population to modern trade establishments, thus showing the level
of development of social benefits, and also to create the investment attractiveness of some districts of the Lviv region.

Keywords: trading network; retailer; region coverage; universal retailers; minimarket; supermarket; hypermarket; «shop
near the housey.

BBenenue

B mocnetaIe ToBI TOPTOBIIS MpeTepIiesia 3SHaYNTeIbHbIe N3MEHEHHUS Kak B 00beMax, Tak U B popmarax mpo-
JaK. IMEHHO TOATOMY CTOUT 3a7ja4a U3y4eHHUs 3TUX (POPMATOB, yCTAHOBJICHHUS 3aKOHOMEPHOCTEH pa3MeIeH s
7 pa3BUTHS TOPTOBBIX OOBEKTOB, a TAK)KE WX BIMSHUS Ha OOIIECTBO M yPOBEHB €ro U3HU. OT TOPTOBIH Kak
Ba)KHEHIIIEH OTpaciii HBIHEIITHET0 BPEMEHH BO MHOTOM 3aBHCHUT SKOHOMHYECKOE TIOJIOKEHHE CTPAaHBI B MHPE.
Kaxnplif peroH urpaer 3HaYMMYIO pOJb B (DOPMHPOBAHUH PHIHKA TOPTOBIH rocymapcTBa. HoBbli sTam pas-
BHTHSI OTPACIIH MIPOSIBIISIETCS B IEATETHHOCTH TOPTOBBIX ceTeil. OHM BBICTYTIAIOT OCHOBOM COBPEMEHHOM Cephl
Toproeir. OcOOSHHO BBIIENSIOTCS YHUBEPCAJIbHBIE CETH KaK Hanboliee pa3BHUTHIC.

MaTepnanbl H METOAbI, TECOPETUICCKHUE OCHOBDBI UCCJICIOBAHMSA

I'eorpaduueckoe nccnenoBanue MPOCTPAHCTBEHHON OPTaHU3aINN TOPTOBBIX CETEH MTO3BOISET ONTUMHU3UPO-
BaTh WX Pa3MeIeHNe W YBEININUTh JOCTYI HACEJICHUS K COBPEMEHHBIM NpennpusiTHsM Toprosiu. [lo mocnen-
HEro BPEMEHH TOPTOBBIE CETH M3YyYaIHCh ITIABHBIM 00pa3oM B SKOHOMHKE W MapKeTWHTe. MeHee HcclieioBaH
3TOT BOMPOC ¢ reorpadudeckoil Touku 3peHus [1]. B reorpaduu mpobdiaeMaTHKoi TOProBEIX ceTel 3aHUMAaIICh
TaKkue YKpawHCKHe U 3apyOexHble ydeHsle, kak P. Cky0Oa, O. Ilerpuk, I. baruesa, I1. UepHnomas, B. IlaBmnos,
M. Mansckas, H. Tonomy6osa, H. Purm, U. Aucodd, I Apmcrponr, @. Kotiep, XK. Jlamben, B. Xaprep,
JI. llItepn u ap. B obmiem, B YkpauHe oJ00HOTO pojia HCCISIOBAHUS TOIBKO HAUMHAIOTCS.

Meronudeckre acieKThl (DYHKITHOHHPOBAHUS TOPTOBBIX CETEH PacKpPHITHI B padorax M. binanka [2], A. Bu-
Horpanckoi [3], H. Tomomry6oBoii [4], A. Masapaku [5] u ap. Pa3Butre TOProBEIX CeTeil Kak OCHOBHOE Ha-
IIpaBlIeHHE TOPTroBoii chepsl Ha JaHHOM dTane uccienoano B. Jlarytunev [6], JI. Jluronenxo [7]. Bompocst
KJIacCU(HUKAIINHA OTPaXEeHHI B Tpyaax A. Bunorpazckoii [3] (Buabl coBpeMeHHBIX AuckayHTepoB) u P. Cky-
ObI [8] (THTIBI TOPTOBBIX ceTei). Ha KOHKpPETHBIX MpobieMax pa3BUTHS TOPTOBBIX IIEHTPOB M TOPTOBBIX CETEH
akueHTupyroT BHnManue W. brank [2], H. [omomry6oga [4], 5. KacestroB [9] 1 ap.

Ilens cTaTbu — UCCIIeIOBaHUE ITPOCTPAHCTBEHHON OpPTaHU3aIlil TOPTOBEIX ceTell JIbBoBCcKoit oOmacTu. s
TIOCTIDKEHUS TIEJIM TIOCTABJICHBI CIeYIOIINeE 3a/1a91: aHaIIN3 OOIINX MTOKa3aTeseil TOPToBIN B YKpanHe, orpe-
neneHne ocobeHHocTeit JIbBOBCKoW 00nacTh Kak HamOojiee Pa3BUTON B 3allaJHOM PETHOHE, OICHKA KOJIH-
YecTBa M IUTOMIAIN TOPTOBEIX ceTel Bo JIbBOBCKOI oOmacth u T. JIbBOBE.

M3ydenune npocTpaHCTBEHHOM OpraHU3alMu TOPTOBBIX CETEeH BKIIOYAET Psijl ATAIOB:

® TIOMCK M cOOp MH(pOpPMAIH O TOPTOBBIX CETSIX (KOJUYECTBO 3aBE/IEHUH, UX MECTONOIMKEHHUE, TOI OT-
KpBITHS U 1Ip.);

e co3manne 6a3bl manHbIX [ MIC 1 BHeceHue panee coOpaHHOW HH(OPMAITIH O TOPTOBBIX CETAX;

® TIOJIyYEHHE C IMTOMOIIBIO CPEACTB U MHCTPyMEHTOB I IC-TexHOMOTHIT HEOOXOAUMBIX IS MICCIIETOBAHMS
JMAHHBIX (TUTOIIAb TOPTOBBIX CETEH, WX JOJS B OOIIEM KOJIMYECTBE TOPTOBBIX CETEH 00JIaCTH M KaXKIAOTO
HAaCEJICHHOTO MTyHKTa B OTJENBHOCTH, PAIUyC ACUCTBUSA TOProBoii 308kl [10] u T. 11.);

e TIpOBeJIeHNE KIIACTEPHOTO aHAJIN3a Ha OCHOBE MOTyYEeHHBIX ITOKa3aTelei;

® TCONPOCTPAHCTBECHHBIN aHAJIN3 TOPTOBBIX ceTeil JIbBOBCKO 00acTy.

CoOCTBEeHHUKH TOPTOBBIX CETEH, KaK MPaBUIIO, HE JOBOAT JI0 BCEOOIIETO CBECHNUS IETATM3NPOBAHHYIO HH-
(hopmaruto (B pa3pese odmacTeid, paiioHOB, HACEIEHHBIX ITYHKTOB) O CPETHEH IIIOIIA 1 3aBEICHIIA CBOMX CETEH.
COOTBETCTBEHHO, B JIUTEPATYPHBIX U WHTEPHET-UCTOYHUKAX MUMEIOTCS JIUIIb YaCTHYHbBIE JaHHBIE O IDIOMIAISIX
TOPTOBBIX CETEH, IOATOMY LIS TIOTYYEHHsI TTOJTHON WH(pOPMAIMK AOTIOIHUTEIHHO HAMH OBUIH MCIIOIH30BaHBI
metoas! I MC-texHonmoruii.
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JII/ICT&HHI/IOHHBIC JAHHBIC MO3BOJIAIOT AOCTATOYHO TOYHO YCTAHOBUTH MCCTOHAXOXICHHUC TOPTOBBIX CeTeI>'I,
a cpenctBa [ UC-texnonoruii — ux miowmaab. [Iporecc HaxoxaeHus MI0IAAeH COCTOSIT U3 CIEAYIOLIUX ITAIOB.

1. lucTaHIIMOHHOE OTIpe/iesieHrne TPaHHI] Mara3nHOB TOPTOBBIX CETeH ¢ OMOIIBIO porpammel Google
Earth Pro, a Takxe kaprorpaguueckoro cepsuca Google Maps B pexxume Opaysepa.

2. Bekropu3zanus OpeayCTaHOBICHHBIX TpaHull B iporpaMMmHoi cpene ESRI ArcGlIS.

3. ABromarudeckoe ornpe/esIeHUe TUIOIaJIel MTOMYYEeHHbIX MMOJMTOHAIBHBIX 00BEKTOB B PEKUME 00paOOTKH
arpuOyTUBHBIX JaHHBIX ArcGIS.

[IpuBeneM KpaTKyr METOIMKY Ha MPUMEpPE OHOI0 U3 MarasuHoB. Ha nepBom ararne B nporpamme Google
Earth Pro B pexume nipocmorpa yautl (Google Street View) BU3yallbHO yCTaHABIMBAETCS MECTOTIOIOKEHUE
MarasmHa TOPTOBOH CeTH T0 3ajlanHOMYy ajpecy. CBeAeHHs JONOIHIIOTCS WHpopManuel u3 KapTorpadude-
ckoro cepBuca Google Maps, tae B pexxume Opay3epa ecTh ()YHKIIUHU, C IIOMOIIIBEO KOTOPBIX MOYXHO MPOCMAT-
puBarb poTorpadum, 3arpy>keHHbIE Pa3HBIMHU MOJIB30BATEISIMH, YTO TIO3BOJISIET TOYHEE OTIPEICITUTh TPAHUIIBI
Marasusa. Ha Bropom starne B nporpammuoii cpene ArcGIS for Desktop 10.2.1 cocraBmisiercs clioi, rie ouud-
POBBIBAIOTCSI YCTAHOBJICHHBIE TPAaHUIBI Mara3uHoB. Ha 3aKiTIOUMTENIEHOM ATare B PeXUMe PeIaKTHPOBAHUS
aTpuOyTUBHOH TaOIHITEI co3MaeTcs mojie Square, Kyna aBTOMaTHUECKHU ¢ TIOMOIIBIO KaabKyssiTopa most (Field
Calculator) BHOCSITCSI TaHHBIE O TUIOIIAIU Mara3uHa. AHAJOTHYHBIC JICHCTBUS BBITIOHEHBI JUISl BCEX Mara3u-
HOB TOPTOBBIX ceTeil JIbBoBcKkoi oOmactr. O0o0meHHas nHGOpMAITHs TTpeIcTaBieHa B Taom. 1.

Ta6Ganna 1
ILitomanu ToproBeix cereii JIbBoBcKoii 06aacTn
Table 1
Square of trade networks of Lviv region
Toprosas cetb O6mee KOTHHACCTBO rouwtae, M
3aBEJICHUH MuHuMaIbHAS MaxkcumanbHas OO0was Cpennsist
«Apcen» 6 460 4185 18 088 3014,7
«ATb-mapkeT» 27 148 1366 18 158 672,5
«Arman 2 4689 11 684 16 373 8186,5
«bm3enpxo» 41 87 581 9671 235,9
«Bomak» 10 275 769 5074 507,4
«Komubpuc» 6 240 930 3313 552,2
«METRO» 8739 10 377 19 116 9558,0
«Ham Kpaii» 25 103 460 5170 206,8
«PyxaBuuxa» 91 201 3156 37036 407,0
«Coit Mapxket» 23 107 527 4911 213.5
«Cuibrio» 13 585 7500 27 231 2094,7
«Dyprrer» 5 442 1516 4895 979,0

I[Tpumevanue. CocTaBaeHO aBTOpAMU Ha OCHOBAaHUHU COOCTBEHHBIX HCCIICIOBAHH.

O060011eHNe TEPMUHOIOTHYECKUX ONIPEIEIICHUH COBPEMEHHBIX YUEHBIX TI03BOJIMIIO 3aKJIIOUYNTh, YTO TOPIro-
Basi CETh — 3TO COBOKYITHOCTh OJIHOTUITHBIX MIJIH Pa3HbIX OM3HEC-EANHUII, KOTOPBIE OCYIECTBIISIIOT PO3HUYHYIO
TOPTOBJIIO IO OJHOI TOPrOBOM MapKoil, MMEIOT €IMHYIO CTPATETHI0 ACATEIbHOCTH, OOLIMN LEHTP YyIIpaB-
JIEHUsI, KOOPIMHAIIMM U KOHTPOJIs, a TaKyKe€ COOCTBEHHBIN paclpeAeTUuTeNbHbIA CKIIa/, OTKy/Ja MOCTaBISIOT
TOBapbl OM3HEC-EANHHUILIAM, BXOJSIINM B COCTaB OObEANHECHHUSI.

Wccnenys ToproBeie ceTr, OCHOBHOE BHUMaHHE 00pamaloT Ha MUHU-MapKeTHl, CylIepMapKeThl U TUTIEP-
MapKeThl, KOTOpble Hanboee pacnpocTpaHeHbl B Ykpaune. CynepMapKeThl U THIIEPMapKEThl OTHOCSTCS K OJl-
HOMY BUJly TOPIOBBIX IIPEANPUATHI, OTHAKO MEXLy HUIMHU BCE )K€ CYLIECTBYIOT OTIIMYMS, U B IIEPBYIO OYepeb
9TO 3aHMMaeMble MU TUIoma . [ unepmMapkeT — Mara3uH caMmo00CTy)KUBaHHS C TOPTOBOW TUIOMIA/IBIO OoJiee
5000 M’, ryie mpescTaBieH MMPOKHii CIEKTP MPOIOBOILCTBEHHBIX H HEMPOIOBOILCTBEHHBIX ToBapos. Cyrep-
MapKeT — MarasiH caMooOCTyKMBAHUA C TOProBoii mromaznsko ot 400 10 5000 M°. OH Takke IpeIaraeT ao-
BOJILHO OOJIBIION aCCOPTUMEHT MPOJOBOJILCTBEHHBIX TOBAPOB, HO BBHJLy MEHBILICH MJIOIA 1, COOTBETCTBEH-
HO, MEHbILIEE KOJIMIECTBO HEIIPOJOBOIBLCTBEHHBIX. MUHU-MapKeT — HEOOBILION IPOAOBOILCTBEHHBIN Mara3uH
¢ TOproBoii momazkio MeHee 400 m”. Kak npaBmiio, 371ech IPEICTaBIIEH CXOKHUIA ¢ CyIepMapkeTaMHu, HO bonee
y3kwif accoptuMenT [ 11]. Kpome yrmoMsSHYTBIX BBIIIIE, JOBOJIBHO YacTO B YKpanHe BCTPEUAIOTCS U Takue Qop-
Marthl 3aBEICHUH TOPrOBBIX CETEH, KaK IUCKayHTep, cash & carry, «Mara3uH Bo3Jie 10Ma», KHOCK U Ip.
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Pe3y.]'[I)TaTI)I U UX 06cy>l<)1e1me

I'maBHBIM TIOKa3aTeNIeM, KOTOPBIA OTpaykaeT COCTOSHUE PO3ZHUYHON TOProBIH BO JILBOBCKOW oOmacTw, siB-
JISIETCSI PO3HUYHBINA TOBAPOOOOPOT TOPTOBBIX MPEATIPHUATHHA, KOTOPhIE GYHKIIMOHUPYIOT Ha ee Tepputopuu [12].
W3 puc. 1 BUIHO, 9TO €CITH UCITOB30BATh CTATUCTUYICCKYTO HH(GOPMAIIHIO B HAIIMOHATEHOU BaTIOTE (TPUBHA), TO
9TOT TIOKA3aTeNb MMOCTOSHHO PAcTeT, MPUYEM JIOBOJIHHO OBICTPBIMHU TemraMu. OIHAKO CUTyaIus OyleT WHOM,
eCIIM MepecynTaTh JaHHbIe 0 ToBapoobopote B gomapax CIIA' (puc. 2). Tak, Haunnas ¢ 2014 1. Bo JIbBOB-
CKOW OOJIaCTH MPOMCXOINT Pe3Koe MajJeHNEe PO3HUYIHOTO TOBAPOOOOPOTa TOPTOBBIX MPENNPHUITHHN, 4TO 00y-
CJIOBJICHO HEOIArOMpPUATHONH MaKpOIKOHOMHYECKON CUTYyallMel B CTpaHe, KOTopas BhI3BaHA BOWHOM, a TaK¥Ke
MTOJIUTHYECKUM U DKOHOMHUYECKIM KPHU3HCAMHU.
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Puc. 1. Po3HHYHBII TOBapOOOOPOT TOPTOBBIX MPEANPHATHI JIbBOBCKOW 00IacTH
3a 2000—2017 rr. B HalMOHAJILHOM BasfoTe (110 JaHHBIM [0CYAapCTBEHHON CITY>KOBI CTATUCTHKH YKPAWHBI)
Fig. 1. Retail turnover of trade enterprises of Lviv region for 2000-2017
in national currency (to the data of the State Statistics Service of Ukraine)
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Puc. 2. Po3Hn4HbIi TOBapoOOOPOT TOPTOBBIX IpeAnpusiThii JIbBOBCKoii obnactu
3a 2000-2017 rr. B nomtapax CIIA (o nanHbM [ocyapcTBEeHHOIT CiTyKOBI CTATUCTUKN YKPaHHBI)

Fig. 2. Retail turnover of trade enterprises of Lviv region
for 20002017 in US dollars (to the data of the State Statistics Service of Ukraine)

'ComacHo Kypcam BamoT oHIHATEHOT0 HHTEPHET-MPeICTaBUTENbCTBA HallmoRamHOTo 6aHka YKpauHbL.
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BaxHbpIM moKazaresieM Takke sIBISETCs 00Iee KOJTHYECTBO OOBEKTOB PO3HUYHONW TOPTOBIH, KyJa CO-
[JJaCHO CTATMCTHYECKUM MaTepHajiaM BKJIIOYAlOT Mara3WHbl M KHOCKW. M3 puc. 3 BUAHO, 4TO HayMHas
¢ 2000 . uncno 0ObEKTOB POSHUYHOW TOPTOBIH MOCTOSHHO YMEHbINAeTcs. [J1aBHast IPUYMHA 3TOTO — MOSIB-
JIeHUe HOBBIX (POPMATOB TOPTOBIIM, TAKUX KaK CyllepMapKeThl U TUTIEPMAPKEThl. DTH 3aBEICHHSI BBITECHAIOT
C pBIHKa PO3HUYHOI TOPrOBJIM HEOONBIINE Mara3uHbl U KHOCKH, TIOTOMY YTO MOTYT OOCTYXKHBATh 3HAYH-
TEJIBHO OOJIbINE JIONCH, IMEIOT IUPOKUH aCCOPTHUMEHT TOBApOB M 3a4acTyl0 Oojiee HMU3KUE LIEHBI 10 MHO-
UM TO3UIUAM. B paszpese YkpauHbl coKpalieHne KoJIn4ecTBa 00beKTOB PO3HUYHON TOPTOBIN HAUYMHAETCS
c 1994 1, xorga B cTpaHe MONYyYarOT pa3BUTHE HOBbIC (OpMaTHl TOPTOBIW. B 4acTHOCTH, TOpProBasi CeTh
«ATB-mapket» B 1993 . oTKpbIIa B I. JIHENPONIETPOBCKE MEPBEIH raCTPOHOM C MPU3HAKAMH IUCKAyHTEpa .
Pa3BuTHe HalMOHAIBHBIX TOPTOBBIX CETEH MPOAOHKAIOCH BCIO BTOPYIO MoJIOBHHY 1990-x rr. MexmyHa-
POJIHBIE TOPTOBBIE CETH CTAIM MOSBIATECS B Ykpaune ¢ 2000-x rT. (mepBoii 6bi1a Toprosas ceth « BILLA»®
B I. Kuege). B 2002 r. Hagana cBOIO A€SITEIBHOCT OJJHA M3 KPYITHEHUIITNX HA CETO/IHA HAllMOHAIBHBIX TOPTO-
BEIX ceTelt «Cuibmon»”,

JIbBOBCKas 00MaCTh — JHJIEP 0 YPOBHIO Pa3BUTHUSI TOPTOBBIX CETEH B 3anaJHoM pernone. OHa UMeeT Hau-
BBICIITHE MTOKA3aTeNH KaK M0 KOJMYECTBY TOPTOBBIX CETEH, TaK M MO YHCITYy COBPEMEHHBIX TOPTOBBIX 3aBEACHUI.
[Ipexne Bcero pa3BUTHIO TOPTOBBIX ceTell Bo JIbBOBCKOW 00MacTH CrocoOCTBYIOT reorpaduieckoe moioxe-
HUe, OOJIBIINE TI0 CPABHEHUIO C APYTHMHU 00JacTsIMH 3anaJHol YKpauHbl KOIHYECTBO TOPOJICKUX MOCETICHUH
W YMCIICHHOCTb JKUTEJeH, HANBBICIIMN YPOBEHb YpOaHM3aIMH U JIOXOJIOB HACENIeH s, HanboJee BICOKHE TI0-
KazaTeJl PO3HUYHOTO TOBapoOOOpOTa M JIpyrue SKOHOMHUKO-reorpaguyeckie mpearnochuiki. CoaeicTBYIOT
3TOMY U OTJICJIbHBIE COLUANIbHBIC (PaKTOPBI, B YACTHOCTH MEHTAIBHOCTh HACEIICHHUS JAHHOTO PErHoHa, KOTO-
past criocoOCTBYET Pa3BUTHIO MATPUOTHUYECKOTO TTOTPEOIEHHS U, KaK CJIICTBHE, IOKAIBHBIX U PETHOHAIBHBIX
TOPrOBBIX CETEH.

Ha magano 2017 1. Bo JIbBOBCKO#T 0671aCTH OCYIIECTBISUTH ACSITEIEHOCTE 12 TOPTOBBIX CeTeil — «Apceny,
«ATB-mapker», «Amany, «biuzenskoy», «Bomnaky, «Konmubpucy, «Ham Kpaiiy», «PykaBuukay, «Coit Map-
ke», «Cuibnoy, «Dypirer», « METRO». O01iee KoMuecTBO TOProBBIX TPEIPHATHIA BCEX CETEH COCTAaBIISIIO
251 equawnity (puc. 4).
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Puc. 3. KonmrmuecTBo 006eKTOB po3HUYHOI ToproBmu B 2000-2017 rr.
(o manHbIM [0CynapcTBEHHOM CITy)KOBI CTATUCTUKH YKpanHbI)

Fig. 3. Number of the objects in retail trade from 20002017
(to the data of the State Statistics Service of Ukraine)

?ATB-mapxker [Enexrpornuii pecypc]. URL: http://www.atbmarket.com/ (ara 3Beprenns: 22.03.2019).
*BILLA [Enexrponnuit pecypc]. URL: www.billa.ua (nara 3sepuenns: 22.03.2019).
*Fozzy Group [Enexrponnuii pecypc]. URL: https://www.fozzy.ua/ua/ (nara 3sepuenns: 22.03.2019).
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Puc. 4. KonmaecTBo MpeANpHATHI TOProBBIX ceTelt Bo JIbBoBCcKoit oOmactu B 2017 .
(pa3paboTaHo aBTOpaMM Ha OCHOBAHUH COOCTBEHHBIX MCCIICIOBAHUI)

Fig. 4. Number of establishments of trading networks in Lviv region in 2017
(developed by the authors based on their own research)

B Ykpaune u Mmupe npuHsTO KiIaccuUUUpoBaTh TOPTOBBIE CETU 110 TaK HA3bIBAEMOMY PETHOHY TOKPBITHS.
OTO MOHATHE UCTIONB3YIOT MAapPKETOJOTH. ByKBaJIbHO PETHOH MOKPBITHS — 3TO PETHOH TrOCyAapcTBa, I1e eCTh
XOTsl OBl OJTHO 3aBEJICHUE, KOTOPOE MPEJICTABIIET OIPE/IEIEHHY0 TOPIOBYIO ceTb. Bece coBpeMeHHbIe TOPro-
BbIE CETH 110 3TOMY KPUTEPHUIO AEIISITCA:

® Ha MEXIyHapOIHbIE (OCYIIECCTBIISIIOT ESTEIbHOCTD B HECKOJIBKUX CTPaHaX);

e HaIMOHAJIBHBIE (€CTh B ISTH U Oosiee 00nacTsaX YKpauHbl);

e pernmoHaJibHBIE (TIPEACTABICHBI B TPEX-YEThIpeX 00IacTIX YKpauHbl);

e JIOKaJbHBIE (€CTh B OTHOM-IBYX 007aCTAX praI/IHI:I)S.
Bo JIpBoBCKO# 001acTH (DYyHKIHOHHPYIOT ABE MEXKIYyHAPOIHBIC TOProBble ceTH — «Aman» 1 « METRO».

Takue cetn JIbBoBCKO# oOnacTh, kak «Bomaky, «Komubpucy, «Hamr Kpait», «Cunbnoy», «@ypmer» u «ATb-
MapKeT», SIBIISIOTCS HAIIMOHAIBHBIME peTeitnepamu. Cetn «Apcen», «bapBHHOK» 1 «PykaBHYKa» OTHOCSTCS
K perHOHalIbHbIM, a «CBoit MapkeT» u «BblIn3eHbKO» — K JIOKAJIbHBIM.

Takum o6paszom, Bo JIbBOBCKOH 001acT mpencTaBieHbl BCe BUABI TOProBeIX ceTeld. Hanbombyto oo
OT OOIIET0 KOJIMYeCTBa MPENPHITHH, pa3MEIICHHBIX B 00JIaCTH, COCTABIIAIOT 3aBE/ICHHsI TOPrOBOM ceTH «Py-
kaBuukay — 36,2 %. Toproseie cetn «bmmzerpko» n «ATb-mapker» umerot 16,3 n 10,7 % COOTBETCTBEHHO,
«Ham Kpait» u «Coit Mapker» — 10,0 u 9,2 % cooTBeTCTBEHHO, a HalMOHANIbHAsL ceTh «Cunbrno» — 5,2 %.
Jomnst npennpusTHii OCTaIbHBIX TOPTOBBIX ceTel He npesbimaet 4 % (puc. 5).

Eme B 2014 1. moYTH MOJIOBUHY MPEATIPUITHA TOPTOBIX ceTel JIbBOBCKOW 00JIaCTH COCTABIISITN 3aBEACHIS
JoKalbHOU ceTH «PykaBnuka». [Ipyrue Toprosele ceTH He KOHTpOJIMpoBaiu U 25 % peiHka. M3 176 3aBene-
HUH, peacTaBiIeHHbIX Bo JIbBoBCKoi oOnactu, 38,9 % ¢ynkunonnposanu B npeaenax r. JIlsosa, 60 % pasme-
LIAJIKCh B TOPOJICKUX MOCEICHUIX 001acTh. M TONBKO 1Ba CETEBBIX TOPTOBHIX 3aBE/ICHHS HAXOIMINCH B CEJIb-
CKWX HaceJleHHbIX MyHKTax (cema JXXosranusl n CokonbHUKH BOMM3M T. JIbBOBa), uTO cocrasmseT Bcero 1,1 %.

[To cocrosiHuto Ha 2017 1. KOIMYECTBO TOPTOBBIX MPEANPUATHI Bo3pocio Ha 42,6 % —c 176 no 251 3aBe-
nenust. [losBunuck 1pyrue JoKaabHbIE U J1aXKe MECTHBIE TOProBble ceTH Tuma «bnuzensko» u «CBoit Mapker.
Ha peiake 3anmagHoit YkpauHbl Takke Hadajla CBOIO JEATEIbHOCTh KpyIMHEWIas HarmoHaibHas ceTh «ATh-
mapkeT». To ecth skoHOMUYeckuit kpuzuc 20142015 rT. He MpUBeJ K 3aMEIJICHUIO Pa3BUTHSI TOPTOBBIX CETEH
Ha TEPPUTOPUH 00JIACTH, HO BBI3BAJI CYIIECTBEHHOE U3MEHEHUE UX CTPYKTYPHI.

Toprosas ceTh «PykaBH4Ka» ocTaeTcs JUAEPOM MO KOJIMUYECTBY 3aBEIE€HUN, HO BCE )K€ €CTh elle 4e-
THIPE CETH, KOTOPBIE KOHTPOJIUPYIOT 3HAYUTEIHHYIO YaCcTh PhIHKA PO3HUYHOM TOProBiu JIbBOBCKOM 00MacTH

(cm. puc. 5).
*GT Partners Ukraine [nektpornsrii pecypc]. URL: http:/gtpartners.com.ua/ (mata o6pamenns: 22.03.2019).
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Puc. 5. Jlons 3aBenennit Toproseix cereif JIkBoBckoit obmactu B 2017 1., %
(pa3paboTaHO aBTOpAaMU Ha OCHOBaHUU COOCTBEHHbIX UCCIICOBAHNUI)

Fig. 5. The fraction of retail establishments of Lviv region in 2017, %
(developed by the authors based on their own research)

B 3amannom pernone YkpauHbsl O0NbIIe BCETO COBPEMEHHBIX 3aBE/IEHUH TOPTOBINM CKOHIIEHTPHUPOBAHO
B I. JIbBOBe: Ha Hauano 2018 r. ux HacuuThiBanoch 122. JIuaepom o 4Kucily TOProBbIX NPEANPUATUN cpeau
peteiinepos I. JIbBOBa siBIsieTCs IOKaNIbHAsl TOproBasi ceTh «bnuzenbko» — 41 3aBegeHue TOProBiIx, YTO CO-
ctaBnsgeT 34 % oT o0Iero KoJInYecTBa 3aBEICHII TOPTOBEIX ceTeil. Bropoe MecTo 3aHMMaeT pernoHagbHas
ceTb «PykaBuuka» — 22 3aBeneHus, uiam 18 %, KoTopas o HelaBHEro BpeMeHH Obliia JIOKaJIbHOM, a Terepb,
kpoMe JIbBOBCKOH, mpencTaBieHa B 3akaprarckoi, MBano-@pankoBckoil, TepHOMOIbCKOH, XMETHHUII-
Kkoit 1 PoBeHcKo# 06macTsx’. TpeThsl 10 KOIMYECTBY TOPTOBBIX OOBEKTOB €Ie OJHA JOCTATOYHO OONBIIAS
JokanpHas Toprosast ceTb «CBoil Mapker», Bo3Hukias B 2016 1. BcinenctBue peOpenaunra cetu «Hamm
Kpaii»’. B 1. JIboBe oHa umeeT 17 3aBenennii (14 %), Mara3unsl CETH IpeICTABIEHE B TpeX (hopMarax:
CyIlepMapKeT, «Mara3uH BO3JIe JJoMa» H «dKcrpecc». Ha ueTBepTom Mecte HaxoauTcs Toprosas ceTb « ATh-
Mapke™» — 11 Mara3suHoB, uto paBHseTCcs 9 % OT 00Iero KoinM4yecTBa pereisiepoB I. JIbBoBa. 3aBeneHus
HallMOHANBHON ceTH « CHITBIT0» COCTABISIOT 8 % OT 00IIero KOJINYecTBa Mara3smHOB COBpeMeHHOTo (hopmMa-
ta. Eiie ogHa HauroHanbHas ToproBas ceTh «Bomak» umeer 6 %, cetb «Apcen» — 5 %, «Dypuer» — 2 %.
W3 MexxmyHapOIHBIX CETEH CBOIO AeATEIbHOCTH B T. JIbBoBe ocymiecTBIsAIOT « METRO» n «Amany, y HUX
2 u 1 % coorBercTBeHHO (pHC. 6).

B npyrux HaceneHHBIX ITyHKTaX PErHOHA CTPYKTypa TOPrOBBIX CETEl COBEPIICHHO WHAs, HEXKEIH B 00-
nmactHOM 1eHTpe (puc. 7). [lpu ananuse puc. 7 BUIHO, YTO BO MHOTHUX HACEIICHHBIX ITyHKTaX (QYHKITHOHUPYET
JIUIIb OJTHA TOPTOBasi CETh M MPAKTHYECKH BO BCEX Cydasx 3To pereinep «PykaBuuka». Mckimrouenue co-
CTaBJIAIOT M. T. T. [losikamenp, r71ie cBOIO IeATeNIbHOCTh ocymiecTsiseT ceTh «Hamr Kpaity, n c. CokonbHUKH,
rae pabotaer (hpaHiy3ckas MexIyHapoaHas ceTh « Atrany». [opoma Typka, Hoserit Poznomn, Craperit Cambop,
Huxkonaes, SIBopo, HoBosiBopoBck, ITyctomeitsl, 3omoueB, Cokanb, Kamenka-byrckas, PaBa-Pycckas, a Taxke
. . T. KpacHoe nmeroT 1o jiBe Toproesie cet. [1o 0osbliiell YacTh B BBIICYIIOMSHYTHIX FOPO/ax MPEACTaB-
JIEHBI 3aBeicHUs ceTH «PykaBUUYKa», IOMUMO HUX €CTh Takxke Mara3unsl cerel «Ham Kpait», « ATh-mapkeT»
n «Komubpucy. Tpu-deTsipe ceTr cocpeioTOUCHBI B CIEAYIOMINX HAaceIleHHbIX MyHKTax: bopucnase, Cambo-
pe, ’Konkse, Bunnukax, bponax. Hanbonpmree paznoobpasue Toproseix ceteil Bo JIeBose (11), Ctprie (6),
Tpyckasue (6), Hporoosrue (5) u Ueponorpaze (5).

BaxHbIM MTOKa3aTteneM ypoBHS Pa3BHTHS TOPTOBBIX CETEH SBIIsIETCS 00I1ast TOProBast IIOIAab UX 3aBejie-
Hul (puc. §), KoTopas 0ToOpaXkaeT BO3SMOKHOCTH peTeiiepa mo o0CIy)KUBaHUIO moTpedureneit. Hanbombime

Pykasrruxa [Enexrpomrnmii pecypc]. URL: http://www.rukavychka.ua/ (mara sepuenns: 22.03.2019).
’Csiit Mapxer [Enexrponnnii pecypc]. URL: http://sviymarket.com/ (nara 3Bepuenns: 22.03.2019).
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TUTOIIAIM, KaK MPaBUJIO, 3aHUMAIOT 3aBe/IEHUS] MEKIYHAPOIHBIX TOPTOBBIX CETEH, UyTh MEHBIIINE — HAIHO-
HaJbHBIX, CAMble MAJIEHbKHE — JIOKAJIbHBIX.

Haunbonpbiryro cpenHioo miomaab 3aBeAeHuil IMEIOT MEKIyHapOAHbIE TOPTOBBIE CETH, IIOCKOIBKY B YK-
pavHEe OHU MPEACTABICHBI B OCHOBHOM THUIIEPMApPKETaMU U cynepMapkeTamu. JlocTaTouHO BBICOKHE MOKa3a-
TEJIU CPEAHEH MIIOIaay 3aBEICHUN Y TaKMX HAllMOHAJIBHBIX CETed, Kak «Apcen», «Cunbno» u «Pypuier».
Hanmenbimmas cpemnsis Turomans 3aBeacHnil y cereit «Hamr Kpait», «CBoit Mapker» u «bim3eHbpKo», T. €. KaKk
HAI[MOHAJIBHBIX, TAK ¥ JOKAJIBHBIX (CM. Ta0I. 1).

Ha ocHOBe HEKOTOPBIX OTHOCHTENBHBIX MOKa3arenel MpOBeAEH KIACTepHBIH aHAIN3, YTO JaeT BO3MOXK-
HOCTb OOBbEMHUTH PAaliOHBI U TOPOJa 00JIaCTHOTO 3HAYEHUS B TPYIIIBI MO CXOACTBY MoKa3zareneil. Bun kiac-
TEPHOTO aHaIlN3a, KOTOPKIH OBLT MPUMEHEH, — METOJI TIOJTHOH CBSI3U, eBKIIMA0BO paccrosiHue (puc. 9 u 10). Ipn
9TOM HCTIOIH30BAIHCH CIEIYIONINEe OTHOCUTEIbHBIE TOKA3aTeNu: OIS OT OOIIel YNCICHHOCTH HAaCceleHUs
o0macTu, 1011 OT OOIIETO KOMMYECTBA U TUIOMIAAN 3aBEJCHUI TOPTOBBIX CETeH 00IacTH, A0S TUIOMIAIU TOPO-
JIOB ¥ PalilOHOB, IPOIICHT OT CpelHeH 3apadO0THOH TUIATHl 00JIACTH, JIOJSI POZHUYHOTO TOBAPOOOOPOTa OT BCETO
TOBapo0OOpOTa 00NACTH, OJSI OT OOILETo KOIUYEeCTBA PHIHKOB B 001acTH (Tad. 2).

CornacHo geHaporpaMme Ha puc. 9 paiionsl JIbBOBCKO# 00sacTi ObUTH pa3/ienieHbl Ha MIeCTh IPYIIIL.

1. Bponosckuii, 3omoueBckuii, Ctapocambopckuit, Aporoosrackuii u CrkoneBckuid paioHbl. OHM OTIIMYAIOTCS
BBICOKOM J10J1€H IO AU U CPEIHUMH 3HAYEHUSMU JIPYTHX OKa3aTelel.

2. byccknit, )KunadoBckuii, PamexoBckmii u TypkoBckuii paiioHbI. X 00BeTUHSIOT HEOOBITIAs OIS KOJTH-
YecTBa TOPTOBBIX CETEeH M HEBBICOKHUI MPOIIEHT CpeaHel 3apab0THOI MIaThl, a TaKXkKe O/lHA U3 CaMBIX HU3KHX
JI0JIeH TOBapooOOpOTa B 001aCTH ¥ OUEHB BBICOKAS JIOJISI PHIHKOB.

3. Toponokckwuii, [Tepemprinsackuii, Hukonaesckuii, CamObopckuii 1 Moctucckuii paitonsl. i HUX Xa-
PpaKTEpHBI CPEAHME MTOKA3ATEIH T0JIU IJIOMAACH TOProBBIX CETEH.

4. Kamenka-byrckuii, Cokanbckuii u CTpbriickuii pailoHsl. 1IX o0bequHseT HAaNBBICIIIHIA IPOIIEHT OT CPe-
Hel 3apabOoTHOI TIaTEl 00IACTH.

5. XKonkoBckuii u SIBopoBckmii paiioHbl. UM mpucyIy HaubobIIe YHUCISHHOCTh HACETICHHS U JI0JIS 3aBe-
JCHUH TOPTOBBIX CETEH, a TAKXKe BBICOKAsI JOJISI PHIHKOB, POSHUYHOTO TOBApPOOOOPOTA U MIIOMIAAEH TOPTOBBIX
ceTeil.

6. IIycTOMBITOBCKHUI paiioH, KOTOPBIH XapaKTepHU3yeTcst HauOOIBIIeH T0JIel pOSHHYHOTO TOBApOOOOpOTa
U TITOMIA/Iel TOPTOBBIX CETEH, UTO BRIJENSET €T0 U3 psa APyruX 1 (POPMUPYET OTAEITBHYIO TPYIIITY, BKIFOYA0-
IITYTO TOIBKO OUH paiioH JIBBOBCKO# 00macTH.

B «bnusensko»
B «PyxaBuuxay»
O «Csoit Mapker»
B «ATB-mapker»
B «Cunbmo»

O «Bonak»

M «Apcen»

B «Dypmer»

M «METRO»

B «Auwan»

B «Haw Kpaii»

Puc. 6. Jlons 3aBeneHnii Toproeeix cereif B . JIpBoBe Ha Hauamo 2017 1., %
(pa3paboTaHo aBTOpaMH Ha OCHOBAaHUH COOCTBEHHBIX UCCIIEIOBAHMIT)

Fig. 6. The fraction of retail esteblishments in Lviv in early 2017, %
(developed by the authors based on their own research)
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Puc. 7. Jonst ToproBeix ceteit JIbBoBcKoit obmactu B 2017 .
Fig. 7. The fraction of retailers of Lviv region in 2017
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Puc. 8. JTons mnomaneit Topro.uix ceteit JIbBoBcKoii obnactu, %
(pa3paboTaHo aBTOpaMH Ha OCHOBAHUH COOCTBEHHBIX HCCIICIOBAHUI)
Fig. 8. The fraction of retail network area of Lviv region, %
(developed by the authors based on their own research)
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Puc. 9. JlennporpaMma KIacTepHOTo aHaln3a paiioHoB JIbBOBCKOI o0nacTu
Fig. 9. Dendrogram of cluster analysis for districs of Lviv region
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TabGauma 2
OTHOCHTEIbHBIE TOKA3ATEJIH IJISl MPOBEICHUA KJIACTEPHOIro aHa/in3a, %
Table 2
Relative indicators for cluster analysis, %
- = EE % =
Q < o <
2 & s & 5 g8 S8 | B8
= © =
lopona oGnacTHOTO 3HAUCHHSA
JIsBOB 30,0 50,6 0,8 107,3 65,4 39,7 62,2
Bbopucinas 1,4 2,0 0,2 90,0 0,7 2,6 1,6
JporoOsra 3,8 4,4 0,2 80,0 2,6 6,0 3,5
Mopuma 0,2 0,4 0,1 86,2 0,2 0,0 0,3
Hogerii Poznon 1,1 1,2 0,1 109,1 0,5 0,9 0,8
Cambop 1,4 1,2 0,1 88,0 1,1 0,9 0,7
Crpsrit 2,3 4,8 0,1 121,9 3,6 1,7 3,2
Tpyckasert 1,1 3,6 0,0 68,0 1,2 2,6 2,7
UepBoHorpan 3,2 4,0 0,3 101,6 3,2 43 2,8
Paiionst

Bbponosckuit 23 2,0 53 943 0,9 1,7 1,1
Bycckuii 1,8 1,2 3,9 73,4 0,6 2,6 0,7
Toponoxckwmii 2,7 0,4 33 91,1 0,8 2,6 0,4
JporoOprackmii 2.9 0,4 5,6 73,3 0,2 0,0 0,3
KupauoBckuii 2,6 1,6 4.6 73,0 0,7 2,6 1,2
JKonkoBckuii 4.4 4.4 59 78,8 2,5 43 2,0
3omoueBCKuit 2,7 2,4 5,0 88,3 0,9 0,9 0,9
Kamenka-byrckuit 2,3 2,4 4,0 116,3 1,2 43 1,4
MocTtucckuii 2,2 0,8 3,9 78,9 1,6 0,9 0,5
Huxkoaesckuii 2.5 1,2 3,1 79,2 0,7 0,9 0,5
[lepemblnuIIHCKMI 1,5 0,4 42 90,8 0,4 1,7 0,3
ITycTombITOBCKHI 4,7 1,6 4.4 80,6 3,5 1,7 7,6
PanexoBckmit 1,9 0,8 52 87,2 0,5 2,6 0,6
Cambopckuit 2,7 0,8 4,3 70,9 0,7 0,9 0,4
CKOJIeBCKHH 1,9 0,8 6,7 83,9 0,7 0,9 0,7
Coxkanbckuit 3,6 1,6 7,2 117,8 1,1 0,9 0,8
Crapocambopckuit 3,1 1,2 5,7 71,6 0,8 2,6 0,7
CrpbliicKuii 2,4 0,0 3,7 126,9 0,4 0,0 0,0
TypxoBckwmii 2,0 0,8 5,5 74,6 0,3 3,4 0,3
SIBopoBCKuUit 5,0 3,2 7,1 105,2 3,2 6,0 2,1

[Ipumeuanue. CocraBiaeHO aBTOpaMU Ha OCHOBAHHUH COOCTBEHHBIX UCCIIEIOBAHUIA.
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T'opoma o0macTHOTO 3HAUEHUS, COTJIACHO KlacTepHoMy aHanuzy (puc. 10), pa3neneHs! Ha YeThIpe TPYIIIHL:

1) JIbBOB — BBIZIENAETCS CPEAN APYTHX IO BCEM IOKA3aTeNsM, IMOCKOIbKY SBISAETCS aJIMUHUCTPATUBHBIM
HeHTpoM obnactu. [Ipexae Bcero ero oTin4aoT HanOOIbIINE KOJMYECTBO U TUIOIIAh 3aBECHUN TOPTOBBIX
ceTel, a TAKXKE YUCIIEHHOCTh HACEIICHUS;

2) bopucnas, [Iporo6srd, Mopuun, Cam6op 1 UepBoHorpal — JUIsl HUX XapaKTepHBI CPEHHUE MTOKa3aTeNu
BCEX KaTeTrOpuii;

3) Tpyckagell — 00pa3yeT OT/ICIIbHYIO I'PYIIITY, OCKOJIbKY UMEET CaMbIil HU3KUH MPOLIEHT OT CPeIHEH 3a-
paboTHOI TIaThl ¥ 0YEHB BHICOKYIO JTOJTIO IUIOMIACH 3aBEICHUI TOPTOBBIX CETEH;

4) HoBerit Po3non u CTpeiif — X 00beAUHICT HAMBBICIITHN TIPOIIEHT OT CpeIHEH 3apaO0THOM MIIaTHI.

JIsBOB
bopucnas
Mopmun

Cambop

Jporooery

UYepBoHorpan

Tpyckasen

Hosggriit Po3mon

Crpprid

Puc. 10. lennporpaMma KJIaCTEPHOTO aHAJIN3a TOPOJIOB
oOacTHOTO 3Ha4eHNsI JIbBOBCKOW 00IacTH

Fig. 10. Dendrogram of cluster analysis
for the cities of regional significance of the Lviv region

3akaroueHmne

Takum oOpa3zom, JIbBOBCKast 001acTh OCOOCHHO BBIAENSETCSA B 3alaJHOM PETHOHE YKPauHBI, IIOCKOJIBKY
UMeeT HanOoJIbIllee KOJTMYECTBO TOPTOBhIX ceTeil. B Hayane 2017 1. ux HacuuThiBasoch 12: «Apcen», «ATb-
MapkeT», «Arany, «bnnzenpko», «Bomaky, «Komubpucy, «Ham Kpait», «PykaBuukay, «Coii MapkeT»,
«Cunbrioy, «®@ypmer», «METRO». IIpu aToM o0I11€e KOITMYeCTBO TOPTOBBIX 3aBEACHUN BCEX CETEH COCTaB-
asuto 251 eaununy. B obiact npencrasieHbl MEXXIyHapOaHbIe, HAIIMOHAIbHbIE, PETHOHAJIbHbIC, JTIOKAJIbHBIE
U MECTHBIE TOPTOBBIE CETH.

Hcxonst u3 mpoBeAeHHbBIX UCCIEN0BAHNUMN, JIMIEPOM 110 KOJIMYECTBY 3aBEACHUN sBIIsieTCs ceTh «PykaBuukay,
HO elle yeTbipe ceTn — «bnuzenpko», «ATh-mapker», «Ham Kpait» u «CBoit MapkeT» — KOHTpOIUPYIOT 3Ha-
YUTENbHYIO YaCTh PbIHKA PO3HUYHOHN TOprosiu JIpBoBckol obnacti. Hanbospliee KOIMUECTBO COBPEMEHHBIX
3aBeJICHHUI TOPTOBIIA CKOHIIEHTpHPOBaHO B T. JIkBoBe. Hemano ux u B Ctpsie, [[poroosrue, YepBoHorpane,
TpyckaBue.

Eme oguu nokasaresib ypoBHS Pa3BUTHSL TOPIOBBIX CETEH — 00IIasi TOProsas IUIOLIAAb UX 3aBEACHUH, KO-
Topasi 0ToOpaskaeT BO3MOXKHOCTH peTeisiepa Mo obciayxuBaHHI0 noTpebureneii. Hanbonpimue miomany,
KaK MMPaBUJIO, UMEIOT 3aBEICHHUS MEXIyHAPOIHBIX TOPIOBBIX CETEH, HECKOJIBKO MEHBIINE — HALIMOHAIBHBIX,
camble MaJICHbKUE — JIOKAJIbHBIX.

CornacHO pesyabraTaM KJIacTepHOro aHajiu3a paioHbl JIbBOBCKOM o0nacTu pasaesieHsl Ha MIeCTh TPy,
a ropoza 00JaCTHOTO 3HAUEHHUS — HA YEThIpe IPYMIIBI IO CXOACTBY nokasareneil. [lonoOHoe nenenne no3BoiseT
BBISIBUTH PETHOHBI C HU3KUM YPOBHEM Pa3BUTHUsI TOPIOBBIX CETEH.

PesynbTarsl BBIMOTHEHHBIX MCCIIEAOBAHUN MOTYT HCIOJNB30BAaTHCS JUIS PELICHUS COLMANIBHBIX MPoOiIeM,
CBSI3aHHBIX C JOCTYIIOM HACeJCHHs K COLUAIbHBIM 0JaraM, B YaCTHOCTH K TOPIOBBIM CETSIM. Takke 3TH Hc-
CJICZIOBAHUS IOMOTYT BBISIBUTH PAHOHBI 1 TOPOAA C HE3HAYUTEIbHBIM Pa3BUTHEM TOPIOBBIX CETEH, UTO CO31aCT
BO3MOKHOCTH Ul POCTa MHBECTHULIMOHHON NPHUBIIEKATEILHOCTH PErnoHa. M3yueHne KOHKYpeHTHON CHUTya-
LM TTO3BOJIUT TOPTOBBIM CETSM PalMOHAIBHO MOAXOOUTH K MPOCTPAHCTBEHHON OpraHU3aluy NPeArpUsTHH
TOPTOBJIH.
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OINEHKA AMHAMUKHY OPTAHUYECKOI'O YIAEPOAA
YEPHO3EMA OITOA30OAEHHOI'O B ITIOAEBOM CEBOOBOPOTE
NP1 NBSMEHEHUUN KANMATA

A. H. [TOJIEBOH, JI. E. BOJKKO"

1 4 o o
'O0ecckuii 2ocydapcmeennuiii skono2uueckuil ynuepcumen,
ya. JIveoeckas, 15, 65016, e. Odecca, Yxpauna

IIpencraBneHa oleHKa BO3MOXKHOIO OallaHCa OPraHUYECKOro yriepoaa B nouse U Beiaenenuii CO,—C B moneBom
JICCSITHITONFHOM CEBOOOOPOTE B YCIOBUAX M3MEeHEHUs Kiumara. Oxxumpaembie B 2021-2050 IT. moKa3aTesid METeOpoIIo-
TUYECKUX YCIOBUI ONPENESIIUCH C TOMOILBIO KiimMaTuueckux cueHapueB RCP4.5 u RCP8.5. B uccnenoBanuu ucmnosb-
30BaJach YCOBEPIICHCTBOBAHHAS aBTOPAMU MOJENb Kpyroobopora yriepoaa B mouBe RothC-26.3, xoTopasi onmuceIBaeT
JIMHAMUKY YETBIPEX aKTHBHBIX U OJHOIO MHEPTHOI'O KOMIIAPTMEHTOB OPraHMYECKOI'O BEIIECTBA MOUYBHI. B uMcieHHBIX
IKCIICPUMEHTAX C MOJECIBI0 PACCMOTPEH IOJCBOM JCCSATUIIONBHBIN CEBOOOOPOT B TPEX BapHaHTaX: 1) BbIpallldBaHHE
KyJIbTYyp O3 BHECEHUs yIoOpeHHH; 2) BHECEHUEe MUHEepaIbHbIX ynoopenuit B 1o3ax NP, K, u Ny P, K,; 3) BHecenue
OpraHuYecKux yaoOpeHuit mopsaka 9 u 18 t/ra. M3ydeH BO3MOXKHBIH OallaHC OPraHWYESCKOTO yIiiepo/ia B IIOYBE M BBIJIC-
aenust CO,—C Ha Bcex MoJsiX ceB00OOpOTa M HA OTHOM KOHKPETHOM II0JIC TTPH M3MEHEHUH KIIMMara.

Knirouegvie cnosa: 6ananc; yriepon; ceBooOOpOT; 0CaAKU; TEMIIEpaTypa BO3LyXa; MUHEPaIbHbIC YI0OPEHHUs; OpraHu-
4yeckue yno0peHust; KOdQUIMEeHT yBIaKHEHUSL.

ASSESSMENT OF ORGANIC CARBON DYNAMICS
IN PODZOLIZED CHERNOZEM SOIL IN FIELD CROP ROTATION
UNDER THE CLIMATE CHANGE

A. N. POLEVOY?, L. E. BOZKO*

*Odessa State Environmental University, 15 Lvivska Street, Odessa 65016, Ukraine
Corresponding author: A. N. Polevoy (apolevoy@te.net.ua)

The work presents assessment of organic carbon in the soil and CO,—C emissions for the ten-field crop rotation
in a changing climate conditions. The expected weather conditions for the 2021-2050 are estimated with RCP4.5 and
RCP8.5 models. The research uses the updated model for the soil carbon cycle RothC-26.3, which describes the dynamics
of four active and one inert compartments of the soil organic matter. The numerical studies consider three variants of the
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ten-fields crops rotation: 1) growing crops without fertilizing; 2) fertilization with mineral fertilizers in N,,P,;K,s and
NyoPoo Ko, doses; 3) fertilization with organic fertilizers in the amounts of 9 and 18 t/ha. The research object is the balance
of organic carbon in the soil and CO,—C emissions from all crop rotation fields and the singular crop rotation field in the
climate change conditions.

Keywords: balance; carbon; crop rotation; precipitation; air temperature; mineral fertilizers; organic fertilizers; mois-
ture coefficient.

BBenenue

[ox mogopoaneM MOYBHI TIOHUMAETCS €€ CIIOCOOHOCTh CHA0KaTh PaCTEHUsI MUTATEILHBIMH BEIIECTBAMH,
BOJIOH M BO3JYXOM, HEOOXOAMMBIMH ISl MX Ka4eCTBEHHOTO Pa3BUTHUS U pasMHOxeHHs. [lnmomoponue — 310
OCHOBHOM 1 caMblif B)KHBIN MPU3HAK, OTIIMYAIONINHA OYBY OT TOPHOH MOPOJBI M JEOOBIX IPYTUX MPUPOTHBIX
oOpazoBanuii 3eMHO# cymu. [TouBa obecrieunBaeT pacTeHHs: BCEM HEOOXOAMMBIM Onaroaapsi OeCuncIeHHbIM
XUMUYECKUM, PU3MYECKUM U OMOJIOTMYECKUM IpOolieccaM, KOTOpbIe B HEl MpoTekaroT. IMeHHO B pe3ynbTrare
9THX MPOIIECCOB MOYBA CO3/1A€T, HAKATUIMBAECT, paclpe/ielisicT U B HY’)KHBIH MOMEHT OT/aeT BEIlecTBa, TpeOyro-
LIMECs] paCTEHUSIM.

OnHNM U3 IaBHBIX NOKa3arenel MOYBEHHOTO MIIOA0POANS SBISETCS COAepKaHUe I'yMyca U ero KauecTBo.
W3menenue konmvecTBa Tymyca B MOYBE OOYCIOBIMBACTCS MPOLECCAMU IYMH(DHUKALUK 1 MHHEPaIH3aluu
OpPTraHMYECKUX BEIecTB. JMHAMHKa eTo BapualMy B IIOYBE Hanbolee JOCTOBEPHO OMpPENEIIseTCs B XO/e MPo-
JIOJDKUTEIBHBIX CTAIIHOHAPHBIX OIMBITOB, KOTOPBIE MO3BOJISIFOT CYUTh O BIUSHUH Pa3HOOOpa3HBIX arpoTeXHU-
YEeCKUX MEpOIPUATHI Ha coJiepKaHle T'yMyca U COCTOsIHME TouBHI [ 1, c. 73].

Onenka ypoBHS IJIOJOPOAMS TMOUBBI MOXKET MPOU3BOAUTHCS MO OT/AEIBHBIM CBOWCTBAM, OJHAKO 3TO 3a-
TPYOHEHO TEM, YTO pa3JInuHbIC IIOKa3aTeId UMEIOT pa3Hble 3Ha4deHus. [loaTomy Hanbonee 0ObEKTHBHBIM KpH-
TepUeM BBICTYNAeT KOMIUIEKCHBIN TMOKa3aTeslb — HHAEKC OKYJIBTYPEHHOCTH MOYB, IJIe Ka)KA0€ CBOWCTBO BbI-
pakaeTcs B OTHOCUTEIBHBIX BEIMYMHAX H OTPAKAET CTEIICHb COOTBETCTBUS IIOUBHI TPEOOBAHUSM KYJIBTYPHBIX
pacTeHuil. AKTyaJlbHOI IIpU 3TOM TaKXke SBIISETCS OLiEHKAa JUHAMUKU T'ymyca u Belgenenus CO, u3 ceabcko-
XO3SIICTBEHHBIX TIOJICH B YCIOBUSX N3MEHEHUS KIIMMaTa.

CymiecTBYIOT pa3nuuHbIe MOAXOMABI K ONpeaeNieHnio OanaHca Tymyca B mouse [2, p. 4—5]. YciaoBHO 1o
creunprUECKUM LEeIsIM 1 METOIUYECKAM MPHEeMaM UX MOXKHO pa3/IeuTh Ha IBE TPYMIbI: 1) SKOIOorHuecKue,
OCHOBaHHbBIE Ha MOJIETMPOBAHUN JUHAMUKH OPraHUYECKOTrO YIIepo/ia B MOYBE; 2) arpOHOMUYECKHUE, TTIaBHas
LeJIb KOTOPBIX — COXpaHEHHE ONTUMAaJIbHBIX TTOUYBEHHBIX (YHKIUHA U onpeaeseHne TpedyeMoro ist 3TOro Ko-
JMYECTBAa OpraHMYecKuX yaoopenuid. B pabote [2, p. 6] npuBoguTCs XapakTeprcTUKa CeMH Hanbonee MmpH-
MeHsieMbIX B EBporie ncciie1oBaTebCKuX MoAX010B, OTAHYAOIIUXCS [IETSIMH, KOHIETLUSIMH MOJICIIMPOBAHUS,
OXBaTOM YUUTHIBAEMBIX BIHSIOIIMX (AaKTOPOB U MPOLEIypaMH BAIUAALIUH.

Bynymas nnHaMyka opraHMYecKoro yriaepoaa B MOYBE OLEHUBACTCS C MOMOIIBI0 OHOTCOXUMHYECKIX MO-
Jienelt pa3Tu4HOM CI0KHOCTH, a TaKXkKe CLieHapueB N3MEHEHHs KITuMara.

[loTenunanbHOE BIUSHUE KIMMATHUECKUX M3MEHEHNH Ha CBOWCTBA TTOYB JIETAILHO PACCMOTPEHO B 0030pe
[3, p. 54-59]. B padorte [4, p. 17-20] npuBoasaTCs pe3yJabTaThl MOACIUPOBAHS BO3CHCTBUS U3MCHEHUS KITH-
Mara u yBenuueHust armocepHoro CO, Ha MPOTYKTUBHOCTh TPABSIHUCTOM PAaCTUTENBHOCTH U COAEPIKAHUE
yriieposa B ouse Ha 31 yyacTke yMepeHHOW U Tponuuyeckoi 30H ¢ nomorbio mogenu CENTURY, kotopsie
MOKa3aJIM CyIIeCTBEHHOE MOBHIIIEHNE TPOAYKTUBHOCTH TPaB U MOTEPH yIiieposa MouBkl yepes 50 jet. AHaso-
THYHBIE pe3yJIbTaThl TOyUeHbl B ucciiegoBaHuy ¢ moMosio moaen SOCRATES npoaykTuBHOCTH pacTeHUH
1 TUHAMHUKH OPTaHHMYECKOTO YIIIepo/ia B MOYBE B ycIoBUsAX ABcTpanuu Ha Onmxkaimue 100 net [5, p. 3]. C uc-
nosib3oBanueM moneneii CENTURY33 u RothC-34 B pabore [6, p. 170] paccMOTpeHO BIHUSHUE TEMIEPaTyphl
Ha yIepo] MOYBHI IPY M3MEHEHNHU KIIMMaTa: 0TMEYaeTCsl yMEHBIICHHE KOJIMYeCTBa yIepoaa B Pa3InuHbIX
Tunax nouyssl uepe3 100 net.

B npenenax EBpornbl coneprkanue yrieposa B MOYBE NpH KIMMaTHYeCKUX M3MeHeHusax B 1990—-2080 rr.
HCCIIEZI0BAJIOCh ¢ moMoIbio Mojienu Lund-Potsdam-Jena [7, p. 2145], B 1990-2100 rr. — mogenu LPJ-DGVM
[8, p. 391-393]. C ucnons3oBanuem mMonenu CarboSOIL s Anpanysun (Mcmanus) [9, p. 8253] npoenena
OlLIeHKa TUHAMUKH MouBeHHOro yriaepoaa Ao 2040, 2070, 2100 rr. B ctpanax bantuu BbIIONIHEHB! pa3HOILIaHO-
BbIe (DyHIIaMEHTAJIbHBIC MCCIICIOBAHNS U3MEHEHHS KIIMMaTa, BKIIIOYas aHaJIU3 ero BIUSHUS Ha OajaHC yriepo-
na nioussl [10, p. 281]. B Jlanuu B Teuenne 20 ner (1991-2010) ¢ nmomomrpto CROP-SOIL models u3y4anack
Bapualys yriepoja B Mo4Be NMpH BO3AEIbIBAaHUN 03UMOM mueHuIs [11, p. 146]. CBepxnoarocpodHble OLEHKN
JMHAMUKH OPTaHWYecKoro yriepona B ouse uisi Januu u Kutas momydenst ¢ ucnons3oBannem Bern Carbon
Cycle Model B padote [12, p. 218]: oTMeuaeTcs ymeHblIeHHE cofepkanust yraepoaa uepes 20, 100 u 200 neT.
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B ycnosusix Kananer ¢ momompto Long-Term Organic Carbon Model [13, p. 198] ounenuBanock Kouu-
YeCTBO yIJIepoJia MOYBbl Ha MAcTOUINE TPU PA3IMYHON CTETIEHU TTOKPBITOCTH PACTHTENBHBIM TTOKPOBOM Ha
nepuossl 100, 200, 300 u 400 ser.

B pa6ote [14, p. 802] ¢ ucnons3oBaHueM cratuctudeckoro ananuza BMDP Statistical Software paccmar-
puBanach M3MEHUYMBOCTH COJiepKaHMs yrieposa B mouse Ha npumepe 500 mactoumubix u 300 KynsTUBUPO-
BaHHBIX 1ouB LlenTpansubix paBHuH CILIA.

B bpazwmuu ¢ momompio mogenu CQESTR uccnenoBanach muHaMuKa yriepoaa B TPOITMYECKOM MOUBE Kak
6e3 00paboTky, Tak U mpu nmaxote ¢ 1927 mo 2033 . u ¢ 1986 mo 2036 1. [15, p. 123]. Jist o6onx BapuaHTOB
OTIbITa OTMEYACTCS YCTOMYMBOE CHUIKEHHE COJICPIKaHHS YIIIepoa.

s Adpuku u FOro-Boctounoit Azun 000011a0IIHE OLIEHKA OTHOCUTENIBHO BIMSIHUS KITMMAaTHUCCKHUX U3~
MEHEHUI Ha MPOJYKTUBHOCTH IIOYB U COEPKAHUE B HUX YIIIEPOAA MOIYUYEHBI C OMOIIBI0 Mojenu ForNBM
[16, p. 10-12]. B marepuanax ®AO [17, p. 7-8] ¢ ucnons3oBanueM komruiekca moneneir (CENTURY,
DNDC, RothC-34, LPJ-DGVM, CESAR) BcecTopoHHE aHAIM3UPYETCs BIMSHUE M3MEHEHUH KiIuMara Ha
YTJIEPOJT MOYBBI.

MaTepHaJ'lbl U METOAbI UCCJICAOBAHUSA

B ocHOBY uccrienoBanusi ObUT IOJOKEH HA0OP KITMMAaTHYECKUX CIICHAPHEB, @ IMEHHO PElpe3eHTaTHBHBIC
TPaeKTOPUU KOHIEHTpaluil (representative concentration pathways, RCP) yrnekucnoro rasza. Hauboiee
W3yYEHHBIMHU CIIEHApUSAMHU M3MEHEHHs KiuMara cuutatorcs a8a u3 Hux — RCP4.5 u RCP8.5. Cambim neccu-
MUCTHUYECKUM siBisieTcst cueHapuit RCP8.5, npexycmarpuBaromuii SKCIIOHEHIIMANBHOE YBEIMYEHNUE COJEp-
JKaHMsI YIJIEKUCIIOro ra3a B atMocdepe 1o konmna XXI B. mpumepHo B 2,5 pa3a 10 CPaBHEHHIO C COBPEMEH-
HbIM [18, ¢. 18]. [Tomrmo 3TOTO, B HICCIIEAOBAHUN HUCIIOIH30BANIACH YCOBEPIIIEHCTBOBAHHASI aBTOPAMU MOJIETh
Kpyroobopora ymiepona B nouse RothC-26.3, kotopasi OMChIBaeT AMHAMHKY YEThIPEX aKTUBHBIX U OJHOTO
WHEPTHOTO KOMITAPTMEHTOB OPraHW4ecKoro Bemiectsa nouskl [19, p. 239]. B anroputm monenu RothC-26.3
HAMH BBEJICHA TOJyYCHHAs Ha OCHOBE paboThl [20, ¢. 128] cuctema ypaBHEHUH, MO3BOJISIONIAS PA3ICIUTh
pacTUTeIbHBIE OCTATKU IO MecsllaM BereTaluu, U npeniokenHsie B [21, c. 107] ypaBHEHUs, KOTOpBIE Jal0T
BO3MOKHOCTB BBIYHCIUTH UX CYMMapHYIO BeTUUMHY. Takke 10oOaBJIeH pacueT TeMIepaTypsl MOYBbI Ha IITy-
6une 20 cM 1 U3MEHEHO OIpe/ieNIeHre BOJHOTO peXUMa TOYB.

MopnenupoBaHue JTUHAMUKH OPTaHHUYECKOTO BEIECTBa B MHHEPAJIbHBIX MOYBAX M BBIOPOCOB yIiiepoaa 13
HUX OaszupyeTcsi Ha 000CHOBAHWY KOHIETILIUY Pa3elIeHHsI OPraHMYECKOTO BEIECTBA PACTUTEILHBIX OCTATKOB
Y [T0YB HA aKTUBHBIC U [TACCHBHBIC KOMIIAPTMEHTBI 1 JaJIbHEHIIIEM KOJMUSCTBEHHOM OTIMCaHUH MX IMHAMUKH.

B Mopnenb BKIIIOUEHBI BCE ITIaBHBIE MPOIECCH KPYroodopoTa yriepo/ia, HHTEHCUBHOCTh KOTOPBIX OIHCHI-
BAeTCsl YpaBHEHHEM MEepBOTo Mopsiika. Bo BpeMs mpoliecca pa3iokeHus MPOUCXOJUT 0OMEH OpraHuYeCKUM
BEIIECTBOM MeXAy Imynamu. [Ipu aspoOHBIX yCIOBHUIX 3TO MPUBOAUT K mOTepsM yriiepoaa B Buae CO,.

Wnentndukanus mapaMeTpoB MOJETH BBITIOJIHSIIACH HA OCHOBE OIMYOIIMKOBAaHHBIX B JIUTEPATYPHBIX HC-
TOYHUKAX MaTepHajoB HAONIOACHUH, KOTOpbIE OBUIM MOJYYEHBI B XOJ€ MPOJOKUTEIBHBIX CTAlMOHAPHBIX
OTIBITOB IPU MCCIIE0BAaHUN AUHAMUKH Tymyca B [IpaBoOepeskHoli tecocrenu Ykpaussl [ 1, c. 82].

PaccmarpuBasics moneBoi JeCATUIIONBHBIN CEBOOOOPOT CO CACAYIOUIUM YepPEIOBAHUEM CEIbCKOXO3SIH-
CTBEHHBIX KYJBTYp: KJeBep (CeHO) — o3uMasl MIIEeHUIa — caxapHas CBEeKJIa — KyKypy3a — ropox — o3umast
MIIeHNUIIa — KyKypy3a — 03UMasl MIIeHNIIa — caxapHasi cBeKja — sipoBOH siaMeHb. OCHOBHOM THIT TOYBBI —
YepHO3eM OMoJ30JIeHHbIN. [lepea HauamoM cTallnoOHapHBIX OMBITOB 3amackl rymyca B cioe 0—20 cM cocTas-
s 82,1 1/ra [1, c. 82]. [Ipu npoBeqeHUH YUCIEHHBIX YKCIIEPUMEHTOB C MOJIENIBIO 3Ta BETMYMHA MTPHHU-
MaJyach B Ka4eCTBE HauajlbHOH. AHAIM3UPOBAJIKCh TPU BapuaHTa: 1) BeIpalinBaHue KyIbTyp 0€3 BHECCHHUS
ynoOpeHuit; 2) ¢ BHECEHHEM MHUHEpaIbHbIX yno0penuii B n1o3ax N, P, K, u Ny Py K, 3) ¢ BHECeHHeM Ha-
BOo3a nopsiika 9 u 18 1/ra.

C nomopto Mozeny Oblia BHIITOJHEHA OIIEHKa BO3MOXKHOTO OajaHca yriepoja B IMOYBe B YCIOBHIX Oy-
Iyumx u3MeHeHui kaumara (3a 2021-2050 rr.) 1u1st Beex mosieit ceBoodopoTa 1 Al OTAEIBHOTO TTOJS.

Knnmartrueckue ycinoByst Kak TEKyIIHE, TaK U 0’KUIAeMbIe BIUSIOT Ha POPMUPOBAHUE YPOIKAHHOCTH KYJIb-
Typ, OasaHc rymyca B nouse u Bbinenenue CO, ¢ noneit ceBoobopora.

Pe3yJ'[I)TaTI)I U UX 06cyme}me

YcroBuUs yBIAKHEHHSI U TEPMUUECKHUN PEKUM UIPAIOT CYIIECTBEHHYIO POJIb B MPOLECcax MpeBpaIleHus
OpPraHUYECKUX BEIIECTB B TOYBE MPEKIE BCETO M3-32 OTPOMHOIO BIMSHUS HA MPOAYKTUBHOCTH PacTUTEINb-
HOCTH U JICSITEIILHOCTh MUKPOOPTaHU3MOB, KOTOPBIC SIBIISIOTCS] BYKHEHIIUME OHOJIOTHYECKUMH (PaKTOpaMH
MOYBOOOPA30BaHMUSL.

Paccunrannsie no crenapusm usmenenus kiumara RCP4.5 u RCP8.5 na 2021-2050 rr. TemneparypHbIi
PeXXHMM U CyMMBI OCaJIKOB IPEICTaBIEHbI Ha puc. 1 u 2.
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Oxmunaetcs, uto 1o ciieHaputo RCP4.5 cpemnee 3a paccMaTpuBaeMblil IEPHOJ TOJOBOE KOTMIECTBO OCAIKOB
Oyzet paBHO 535 MM, T. €. 88 % OT cpeiHero MHOTOJICTHETO KondecTBa. [Ipu 3TOM pacrpeie/iecH|ue 0CaIKoB 110
rojam OyzieT OYeHb HEpaBHOMEPHBIM: TIPEIOIaraeTcsi, uTo B 5—6 rogax u3 3tux 30 JieT rojoBas cymMma ocaj-
k0B cocTtaBuT 50—65 % o1 6a30BoIi Benu4KHBL, He Oojiee YeM B 16 rojax mporHo3upyercs Ha ypoBHe 75-85 %
M TOJIBKO B 8 rogax mocturaer 95115 %.

Ecmm CpaBHUBATH OKMJAEMBIC 110 KIIMMAaTUYCCKUM CLHCHAPUAM CYMMbI OCaZIKOB, TO CIICAYET OTMETUTDL, YTO
o cueraputo RCP8.5 cpennee 3a paccmarpuBaeMblii TIEpUO TOIOBOE KOJIHMYECTBO OCAAKOB OymeT OobIie,
yeMm 1o cueHaputo RCP4.5, u nocturner 574 mwm, uto paBHo 94 % 0T 6a30BOI BEJIMYHHEI.

[Mo mokazarento yBIaKHEHUsI, KOTOPBIM BBICTYIIACT THApOTepMIUYecKrii ko duirenT CenstHuHOBA (anee —
I'TK), cormacHo knuMarndeckomy ciieHapuio RCP4.5 oxunmaercst 1eBaTh 3acynunBbIX JieT (puc. 3). U3 Hux
HanOOJIBINEH 3acylUIMBOCTBIO OymyT oTiamdarbest 2021 u 2046 rr., korma 'TK cocraBut 0,58 u 0,52 otH. en.
COOTBETCTBEHHO, 3TO 03HAYAET, YTO BErCTAIIMOHHBIC TICPHOJIBI ATHX JIET XapaKTEPHU3YIOTCS 3aCyXOH CpeIHEH UH-
TEHCUBHOCTH TIPU CPEIHEH 32 JieTo Temreparype Bo3myxa 19,6 u 19,9 °C cooTBETCTBEHHO.

Bwmecte ¢ Tem 1o crienapuio RCP8.5 yBenuuuTcs Koinu4ecTBo JeT ¢ cyMMaMu ocakoB 48—52 % ot Ga3oBoit
BennuuHbL. 1o mokasaremo yBnaxuenus oxxunaercs 10 3acynumBbix JeT (eM. puc. 3). [Ipuuem ocobenHo 3acytir-
suBbiME OyryT 2026, 2034 u 2044 rr., korya 3Hauenue I TK cocrasur 0,31; 0,58 u 0,52 OTH. e/1. COOTBETCTBEHHO.

[lon BIMSHUEM MOTOIHBIX YCIOBHM OalaHC yIIIepoaa U3MEHSETCsS €KETOJHO B HACTOsIIee BpeMs U Mpo-
JIOJDKUT U3MEHSITBCSI B Oy/TyIIIEM.

XapaKTep JUHAMUKH OXKUITAaCMbIX CPEAHCTOAOBBIX 3HaueHUN Oananca yrjaepoJa B IMO4YBEC IPU pa3HbIX Ba-
pHaHTaxX BHECEHUS yIOOPEHUI B IOJICBOM JICCATHIIONBLHOM CEBOOOOPOTE MPH PeaIH3aiui KIMMAaTHISCKOTO Clie-
napust RCP4.5 npencrasnen Ha puc. 4. PaccMarpuBanuch Tpu BapuanTta pacueta: 1) 6e3 BHeCeHUs yI00peHuil;
2) c BHECEHHMEM MHHEpalIbHBIX ynoopeHuii B 103e Ny Py K, ; 3) ¢ BHeceHneM HaBo3a B konndecTse 18 1/ra. Kak
BUJTHO U3 JJAaHHBIX PHUC. 4, OTPULIATEIBHBINA CPEIHETO0BOM OaaHC yIiiepoia 0XKHIaeTCsl B BapuaHTe 0e3 BHE-
CEHUs yAOOpeHwmit: ero 3HadeHus OyayT Kojiebarses oT —0,120 mo —0,379 ToHHBI yriiepoaa Ha TeKTap (nanee —
1 Cra'). Hammensime n3 HuX osxmmatores B 2036, 2038, 2039, 2048-2050 rr. Cpennuii 32 paccMaTpHBaeMBblit
TIepHOJT TO0BOH OanaHc yriepona B mouse coctaBut —0,250 T C ra .

Konebanus 6ananca ymiepoaa B IOUBE B BapUAHTE ¢ BHECEHHEM MUHEPabHBIX ynoopenuit Ny, Py K, Oy-
nyT ropasno menbimmu: ot —0,184 1o 0,101 T C ra . [IprueM B aeBATH TOAAX OXKUAAIOTCS MOJIOKUTEIbHBIE
3HaveHus. CpelHuil 3a paccMarpuBaeMblil TIEpUOJ] rOJ0BOM OajaHC yriiepoja B MOYBE, TaK K€ Kak U B Ba-
puanTe Ge3 BHECEHHS YIOOpEeHHA, GyleT OTpHIaTeNbHBIM, HO CylIecTBeHHO MeHpmuM (Ha 0,219 T C ra’')
u cocrasut —0,031 TCra .

Bananc yrieposia B mouBe NPy BHECCHUM HABO3a B KOJIMUECTBE 18 T/ra oxkumaeTcs mojoxutelibHbId. Cpej-
HUIT 32 paccMaTpUBAEMBIii IIepHOJ] To10Bo# Gananc nocturier 0,085 T C ra”', oxHako OyayT Ba rojga — 2046-i
u 2047-i1, xorma O6ayiaHc yrepoaa IpoTHO3UPYETCsT OTpUIaTenbHbIN. [Ipenmonaraercs, 9To STH TOABI OYIyT Xa-
PaKTEpHU30BaThCs CAMBIMH BBICOKUMH CpeaHeTonoBeiMH (8,5—8,9 °C) u cpemaumu 3a ietuuit nepron (19,9 °C)
TeMIieparypamu Bo3ayxa. [lomumo 3toro, 2046 I. CTaHET U CaMBIM 3aCYIIUTHBBIM.

[Ipu peanmzaruu kmumarnaeckoro crieHapust RCP8.5 mpocnexuBaeTcst 9yTh OOJbIIee, 9eM MPH pean3a-
nnu crieHapus RCP4.5, yBenmndenune rogoBoro 0amaHca yrepoaa. 3To 00BSICHIETCS TEM, YTO TI0 CIICHAPHIO
RCP8.5 oxxmmarotcs 60s1ee O1aronprusTHEIE YCIOBHUS TEIIO- U BIaro00eCIIedeHHOCTH: TeMIIepaTypa BO3ayxa
OyIeT HECKOIBKO HIDKE CpeIHel MHOTOJIETHEH, a KOJTMIECTBO 0CaIKoB, 0coOeHHO HaunHas ¢ 2040 1., — BBITIIE
CPEIHETO MHOTOJIETHETO.

ComnocrapieHne TaHHBIX pUC. 1, 2 U 4 TEMOHCTPHUPYET CIA0yIO TIOJIOKHUTEIHHYIO 3aBHCUMOCTh CPEITHETO/I0-
BOTO OajaHca yriiepoa B TI0YBE B ITOJIEBOM JECATUIIONEHOM CEBOOOOPOTE OT YCIOBUH YBIAKHEHUS 32 TOJ.

EctectBeHHO, 4TO 1O/ Pa3sHBIMHU CEIHCKOXO3SIMCTBEHHBIMU KYJIBTYpaMu (POPMHPYETCS TOIBKO MM TPHUCY-
i 0ajaHc yrieposaa, a Ha puc. 4 MPUBOAATCS OCPETHEHHBIE TI0 CEBOOOOPOTY aHHBIE, B KOTOPHIX HUBEIH-
PYIOTCSI 0COOCHHOCTH Ka)XIOU TIOJIEBOH KYJIBTYPBI. ECIIM paccMOTPeTh O’KUIAEeMBIH TOI0BO OajaHC yIiepona
Ha OT/IETILHOM TI0JIe, HAIPIMEp O3UMOH MIIEHHIIBI, TO 3aBHCUMOCTH Oy/IeT 0oJiee OTUETIIMBO BBIPAKEHHO.

Viydmenne pexxuma yBIQXHEHHUS TIPUBEIET K yBEIWUYCHNIO 3HaueHUs OanaHca yriepona. beura paccun-
TaHa CTaTUCTHYECKAsl 3aBUCUMOCTD TOJIOBOTO OaTaHca yriepo/a Ha ToJe ¢ O3UMOi MIIeHNIIEH B 1eCATUTIOND-
HOM CE€BOOOOPOTE OT KOJMYECTBA OCANKOB 3a UIOHB — aBTyCT (BapwaHT 0e3 BHECEHUS YIOOpEeHUH, ClieHapuit
RCP4.5). Cpsi3b XapakTepu3yeTcsl He3HAUNTEIFHBIM K03 hUIIHeHTOM Koppesiuu: R = 0,349 1.

Crnemyer Takke OTMETHTb, YTO MPHU 3HAYNTEIILHOM KOJMYECTBE OCAJKOB JIayKe B BapHaHTe Oe3 BHECEHUS
ymoOpeHuit OXKUAAeTCs CIIa0O0MOIOKUTEIILHEIN OaaHC.

[Tpu cymme ocankoB 3a JeTHre Mecstsl oT S0 mo 100 MM Gananc yriepoaa OyIeT OTpUIaTeIbHBIM U COCTaBHUT
or—0,10 10-0,15tCra’,a IIpY CYMMapHOM KOJIMUECTBE OCAKOB 3a JIETO cBbIIe 200 MM — MOJIOKUTETbHBIM —
B npenenax 0—-0,05 1 C ra'. B TOJIBI, KOTJIa CYMMa 0CaJIKOB okuyaercst 6onee 220 MM, a CpeHsIsl TeMITEpaTypa
ripu 3ToM Oynet cHikena no 17,0—17,5 °C, ronosoii 6ananc yriepona gocruruer 0,12—0,13 1 C ra .
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Puc. 4. luHamMuKa CpeTHETOIOBBIX 3HAYCHUH OalaHca yIiiepoa B TIOUBe
IIPU pa3HbIX BapHaHTaX BHECEHUS yIOOPEHUH B AECATUIIONBEHOM CEBOOOOPOTE
(xnmumaruueckuii ciienapuit RCP4.5)

Fig. 4. Dynamics of average annual values of balance of carbon in soil
at the different variants of top-dressing in a ten field crop rotation
(climatic scenario of RCP4.5)

Pexxum yBlaxkHEeHUs CyILECTBEHHO BiusieT U Ha BolaeneHus ymiepona CO,—C n3 nouBsl. KoMiuiekcHbIM
MOKa3aTeseM OLIEHKU yclIoBUM yBhaxHeHus sBisietca [ TK. Pesynbrar conocraBieHus 0KUIaeMbIX O KIIH-
Marudeckomy crieHaputo RCP4.5 (BapuanTt 0e3 BHeCeHUs YIOOPEHHMIA) rof0BBIX CYMM BBIACIICHHSI yIIIEpo/ia
CO,—C 13 noYBHI Ha TIOJIE C O3UMOH MIICHUIIEH B IECATHIIONBLHOM CEBOOOOPOTE C YCIOBHSIMU YBIIAXKHEHHS
MIPEJICTaBIICH Ha PHC. 5.

Kax BUIHO 13 JaHHBIX pUC. 5, HAOIIOAAeTCs IpsiMasi 3aBUCUMOCTB I'OIOBBIX CyMM BhleneHus yriepona CO,—C
W3 TIOYBBI OT YCJIOBUH YBIIQKHEHHS BeTeTalMOHHOTO Tieproaa. C M3BECTHOM CTEMEHBI0 OCTOPOKHOCTH MOJKHO OT-
MeTuth, uTo Ipu 3HaueHusAx I'TK 3a Bereranuonssiii nepuon 0,5-0,8 otH. en. Boienenue yriepona CO,—C us3
niousb coctasser 0,50—0,55 ToHHbI Biieenuii yriepona CO,—C na rextap (nanee —1 CO,—C ra '), noBbilieHne
I'TK criocobceTBYeT yBenMUueH IO BeIACIEHNH yrepoaa, a pu I TK, pasHom 1,4—1,6 oTH. e1., BbIIETICHHE yIlieposia
CO,—C n3 noyBsI Ha NOJIE ¢ O3UMOM MIeHuIel Bo3pacraet fo 0,70-0,75 T CO,—C ra .

Taroke OBIT paccUMTaH OXKHIIACMBIN OajlaHC yIviepona Ha OJHOM KOHKPETHOM IToJie CeBOOOOpOTa IO JECSTH-
netrsim (2021-2030, 2031-2040, 2041-2050) s Tpex BapuaHTOB OmbITa: 1) 6e3 BHECEHUsS YIOOpEeHHI;
2) ¢ BHECEHHEM MHMHEpaIbHBIX ynoopennit B no3ax N, P,.K,s u Ny Py K, 3) ¢ BHEceHnem HaBo3a mopsjaka
9 u 18 1/ra. OxunaeMblie IO KIMMATHUYECKUM CLEHAPHUSAM OCPEAHEHHBIE MO JAECATHICTHUAM METEOPOJIOrHYe-
CKH€ yCIIOBHUS IPUBEJCHBI B TaONHUIIE.

Meteoponoruyeckue ycnoBus AecaTuieTuil no kiumaruaeckum cueHapusim RCP4.5 u RCP8.5 omnuarores
TEeMIEepaTypPHBIM PEeXKUMOM U PEKUMOM YBIaXHEHUS. J[aHHbBIe TaOMHUIIbI TOKA3bIBAIOT, YTO TEMIIEPATYPa BO3AyXa
110 000WM CIICHAPHSIM 0XKUIAETCs HIKe 0a30BOI BETMUMHBIL. 3/1€Ch HET MapaJoKca. DT0 0OObSICHAETCS TEM, YTO
MHTEHCHUBHOE MOTEIICHUE KJIMMarTa Haqanock B KoHie 1980-x rr., T. . 1986—-2005 rT., KOTOpBIE BOILIN B pac-
4eT 6a30BOM BETMYUHBI, NPUILIHCH Ha IEPUOJ MOTETIICHUSI.

Membliiee o cpaBHEHHUIO ¢ 0230BOH BETMUMHOM KOJIMYECTBO 0CAAKOB IIPOTHO3UpYyeTcs No cieHapuio RCP4.5
Y JUTSI IEPBBIX JIBYX AecaTuneTni o cueHapuio RCP8.5, Heckonbko 60mbImM Oy/IeT JIMIIb CPETHETOI0BOE 3HA-
yeHne B TpeTbeM necsatmietud (2041-2050) no xmMarndeckomy crieHapuio RCP8.5. HeoOxomumMo OTMETHTB,
gro no BenmuuHe [ 'TK Bee Tpu AecaruieTns no kmumarmdeckomy ciieHapuio RCP4.5 oxxunatores 6omnee 3acym-
JTUBBIMH, YeM 110 crieHapuio RCP8.5.
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Puc. 5. 3aBucumocts BbiOpocos yriepoaa CO,—C Ha nose ¢ 03uMoil nueHuneit
B JICCATHUITONIEHOM CEBOOOOPOTE OT CPETHHUX 33 BEreTallMOHHbIH nepuos 3Hadenuit [ TK
(BapuaHT Oe3 BHeCEeHHs ynoOpeHuid, KimnmMarndeckuii crienapuii RCP4.5)

Fig. 5. Dependence of extrass of carbon of CO,—C on the field with a winter wheat in a ten field crop rotation
from the mean for vegetation period values of coefficient of moistening of GTK
(variant without top-dressing, climatic scenario of RCP4.5)

OsxugaeMple 10 KIUMaTHYeCKUM ciieHapusiv RCP4.5
u RCP8.5 meTeoposioruueckue ycJaoBHs N0 AeCATHICTHAM

Expected on climatic scenarios RCP4.5 and RCP8.5 meteorological terms on decades

CpenHss 3a IecsaTHIeTHe Cpennee 3a JeCSATUIICTHE Cpennuii 3a gecsTu-
ozt TemIeparypa Bosayxa, °C KOJINYECTBO 0CAAKOB, MM nerue FTK“ 3a Bere-
3a UIOHb — aBIYCT 3arox 3a UIOHB — aBI'YCT 3aron Taunm:;;{i;fipnon’
BazoBas BenmmunHa
19862005 18,8 8,0 250 611 1,30
Kmumarngecknii cuenapuii RCP4.5
2021-2030 17,8 7,4 157 505 1,11
2031-2040 17,8 7,0 188 579 1,05
2041-2050 18,3 7,5 166 522 1,07
Kimmarnueckuii cuenapuii RCP8.5
2021-2030 17,5 7,5 181 544 1,14
2031-2040 18,1 7,4 192 547 1,13
2041-2050 17,9 7,7 198 632 1,30

Takum o0pa3om, Ha QOHE ITUX METCOPOJOTHUCCKHX YCIOBUH PacCMaTPUBAIMCh AMHAMHUKA OXKHIAEMBIX
OCPEIHEHHBIX 3a JICCSITUICTHS TOAOBBIX 3HaYCHUH OanaHca yriepozaa B mouse U BoaeneHne CO,—C Ha KoH-
KPETHOM T10JIe CE€BOOOOPOTA.

Junamuka npornosupyemsix mo cieHapusMm RCP4.5 n RCP8.5 cpennux 3nauenwuii 6ananca yriepoaa Ha
OJTHOM KOHKPETHOM TIOJIe MpejicTaBieHa Ha puc. 6 u 7. [Ipu 3TOM ciieyer UMETh B BHJY, YTO Ha 3TOM II0JIE
B TCUCHHE JCCATHIICTHS YEPEAYIOTCS BCE CEJILCKOXO3SMCTBEHHBIC KYJIBTYphI: KiieBep (CEHO) — O3MMasl IIiiie-
HHIIA — caXxapHasi CBeKJia — KyKypy3a — TOpOX — 03UMasl MIIIEHHIIA — KyKypy3a — O3MMas TIIeHUIA — caxapHast
CBEKJIa — IPOBO# siuMeHb. [Ipernonaraercs, 4To OHU BO3/CIIBIBAIOTCS IIPU Pa3HbIX BAPHAHTAX BHECCHHUS Y100-
penuii. BrioHe 3akOHOMEpPHO, YTO TOAOBOW OanaHC yriiepoja B TOYBE M BHIOPOCH! yIiepoJia Ha OTIEILHOM
oJie CeBO00OPOTa OYAYT U3MEHSATHCS OT NECSTHICTHS K JECATUIICTHIO.
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HawnGorpime n3meHeHns rofoBoro danaHca yrieposa B TI0YBe OKHIAIOTCS B BapraHTe 0e3 BHECEHUsI ynoope-
Huit. [Tpu 3TOM ero BenuunHa OyIeT OTPHUIIATELHOM U JIOCTATOYHO 3HAUUTENBHOH (710 —0,29...—0,44 1 C ra"). 00-
11ei1 3aKOHOMEPHOCTBIO SIBIISIETCS yBEJIMUEHHE T0I0BOT0 OajtaHca yrieposa rnoussl ¥ BeiaeseHus CO,—C npu nepe-
X0JIC OT OJIHOTO BapHaHTa K Jpyromy (cM. puc. 6 u 7): 1) 6e3 BHeceHHUs yA00peHHid; 2) ¢ BHECEHUEM MUHEPAJIbHBIX
ynoOpenwuii B no3ax N, P, K, 1 Ny Py K,0; 3) c BHECEeHMEM oprannueckux ynoOpeHui B konnuectse 9 u 18 1/ra.

B GonblmHCTBE paccMaTprUBaeMbIX BAPHAHTOB TOJOBOM OallaHC yIIepoia 0KUAAeTCsl OTPULIATEIbHbBIM,
Y TOJIBKO MPU BHECEHUH HaBO3a Mops/ka 18 T/ra oH OyIeT MONOKUTEIBHBIM.

[pu peanuzanuun kuMarndeckoro crienapust RCP8.5 nabmonaercs yBenuueHe rogoBoro dananca yrie-
POz OT IepBOTO K TpeThbeMy AecatumieTuio. s knmumarnueckoro cuenapus RCP4.5 rogosoii 6ananc yriepo-
na B mouse oT nepuoga 2021-2030 rr. k nepuony 2041-2050 rr. Toxxke yBenuuuBaercs. st 1pyrux BapuaHToB
pacdera 3To IPOCIIEKUBAETCS Cl1abo.

lonoBeie 3nauenus Boaenenuss CO,—C Ha OTAeNBbHOM TOJIE ceBOOOOpoTa (M. puc. 6 u 7) OyayT Hau-
MEHBIINMH B BapuanTe 6e3 BHeceHus ynobpenuit (0,59-0,69 T CO,—C ra ). [Ipu BHECEHHH MHHEPATHHBIX
ynoOpenuii rogossie 3HaueHus Boiaenenus CO,—C BozpacrtaroT. Tak, no knuMaruueckoMy cuenaputo RCP4.5
[IPY BHECEHUU MHUHEPAJIbHBIX ynoOpenuil B no3e NP, K. ronoseie 3nHauenus Beigenenuit CO,—C yBenuyn-
Batotcst Ha 10—-12 %, a B no3e N, Py Ky, —Ha 14-22 %.

BHecenne opraHM4ecKux yI1oOpeHHI 3HAUUTENIbHO MOBBIIIAET HHTEHCUBHOCTD BhlAeneHus CO,—C ¢ mons
ceBoobOopota. [lpu BHeceHnn HaBo3a mopsiaka 18 T/ra oxxumaeTcsi HauOOoIbIasi BETMYUHA TOIOBBIX BBIJIENE-
Huit CO,—C c nomust ceBooOopota, KoTopas B 2,3—2.4 pasa npesbicut BoiaeneHus CO,—C ¢ HeynoOpeHHOro
TOJIsI, YTO CBUIETEIBCTBYET O BHICOKOH MHTEHCHBHOCTH MUHEPAIN3alMH OPTaHUYECKOTO BEIIECTBA ITOYBHI.

OKcrepuMeHTallbHbIE n3MepeHus Oananca ymiepoza B nouse u sMmuccuu CO,, BBINOJTHEHHBIE B PA3JIMUHBIX
MOYBEHHO-KIMMAaTHYEeCKHUX YCIOBHSX, TO3BOJISIOT COMOCTABHUTH IOJyUYSHHbIE HAMH PE3yJIbTaThl MOJCIHPOBa-
HUS C pE3yIbTaTaMH APYTUX aBTOPOB.
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Puc. 6. lunamuka 0)XuJaEMbIX CPEIHUX MO ACCATUICTUIM T'OIOBBIX 3HAYCHUH
Gananca yrepoza u Beiopocos yrepona CO,—C Ha 0TAeIpHOM HOJIe CeBO0OOpOTa
IIPY pa3HBIX BapuaHTaX BHECEHUS ynoOpeHui (kiauMarndeckuii cuenapuii RCP4.5):

I - BbI6pOCcH CO,—C; Il — Ganauc yriepona
Fig. 6. Dynamics of the expected mean on decades annual values
balance of carbon and extrass of carbon of CO,—C on the separate field of crop rotation
at the different variants of top-dressing (climatic scenario of RCP4.5):
I — extrass of CO,—C; II — balance of carbon
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Puc. 7. JMHAMHUKa 0XKU/IAEMbIX CPEIHHX IO ACCSATHICTHUSIM FOJOBBIX 3HAUYCHHUI
6ananca yrnepona u Beiopocos yrepoaa CO,—C Ha oTAensHOM Hoie ceBooOopoTa
HPY pa3HBIX BapHaHTaxX BHECEHUs y1o0penuil (kimmarnueckuii cuenapuit RCP8.5):

I — BeIOpOCH CO,—C; II — 6amanc yrmepona

Fig. 7. Dynamics of the expected mean on decades annual values
of balance of carbon and extrass of carbon of CO,—C on the separate field
of crop rotation at the different variants of top-dressing (climatic scenario of RCP8.5):
[ — extrass of CO,—C; II — balance of carbon

Ha ocHoBe orpoMHOT0 MaccuBa dKCTICPUMEHTANBHBIX TaHHBIX MpoBoauMbiX B CLIIA uccienoBanwmii B pa-
oote [14, p. 802] nenaercs BBIBOJ O CHIDKCHHH COJIEPYKAHHSI OPraHHYECKOTO YIIIEpoJa B MOYBE MPH MOBBI-
[IEHUH CPETHETOAOBOM TeMIepaTypbl Bo3ayxa ot 5 1o 17 °C, a Takke 0 TIOJIOKUATEIBHOM BIMSHAH Ha OaiaHc
yIiieposia B MO4YBE yBeNIW4YeHHs KosindecTBa ocajkoB oT 200 no 1000 mMm. Hamu paccMoTpeHsI ClieHapHBIE
U3MEHEHHsI CPEIHEr0A0BOM TeMnepaTypsl Bo3ayxa oT 6 10 9 °C, npu 3TOM 0XKHMIAETCs, YTO MaKCUMAaJIbHBII
OTpHUIIATENIbHBIN OanaHc yriiepona OyaeT HaOmoaaThes B TOIBI ¢ HanboIee BEICOKUM YPOBHEM CPETHETOIOBBIX
Temneparyp Bo3ayxa. Poct rogoBoit cymmsr ocankoB oT 300 10 800 MM 00yCIOBIHBAET MTOJIOKUTEIBHBINA Oa-
JaHC yraepoaa B mouse. [IpuBeaeHHBIC JaHHBIC XOPOIIIO COTIIACYIOTCS ¢ pe3ynbraTaMu padoTsl [14, p. 802].

B uccnenoBanuu [23, p. 522] B ycnosusax Esponsl norok amuccuu CO, U3 IOYBBI 110]] TPaBIHUCTOU pac-
TUTENBHOCTBIO (macTOuima) onenusaercs konndectsoM 0,52 T CO,—-C ra’' 3a ro. JIJ1st TaXoTHBIX 3eMeENb
Habmonaercs Gonee BhIcoKoe 3Hauenue smuccun CO, (0,84 T CO,—C ra ' 3a rom). Biauskue Kk NpUBEICHHBIM
OIICHKH OBLIU MOJTyYEHBI ¥ B HAIIMX pacueTaxX. OJHAKO OHU HECKOJIbKO OTJIMYAIOTCS B BAPHAHTAX C BHECEHUEM
BBICOKOM JI03BI OPTaHUYECKUX YIOOpEHHA.

BrinonHennsie B [24, ¢. 142] Ha yepHO3eMax JIeBoOepe:kHOM YKpauHbl MHOTOJICTHUE U3MEPCHHS OajiaHca
yraepoaa u smuccun CO, U3 4epHO3EMHOH MTOYBBI IO OHOJIETHUMHU TPaBaMu JEMOHCTPUPYIOT CPEIHNE 3HA-
geHus Oaranca yriepona, papasie —0,10... —0,13 1 C ra ', ¥ BeJIMIHUHBI TOTOKOB CO,, pause 0,524-0,525 T
CO,-C ra ' 3a ron. MuoronetHue nccnenosanus [25, c. 110], mpoBeneHHble Bo Biagumupckoii 061acTy, mo-
Ka3aJii, 4TO MPOAYIIMPOBAHNE YIIIEKHCIIOTO ra3a OHOW M TOH e KYJIBTYPOH B pa3HBIE TOJIbI BAPEUPYET B 3aBH-
CHMOCTH OT THIPOTEPMHUUCCKUX yCIoBHiA. Konebanusi MeK Ty MUHUMAJTEHBIM i MAaKCUMAJIEHBIM BBIZICTICHUEM
CO,—C cocrapnstor 111-467 kr CO,—C ra”' m1s stumens, 4291356 kr/ra ans monuna, 141-1033 kr/ra s
napa, 792—-1259 kr/ra mist o3umoii nreHuIsl, 521-883 kr/ra ansa kaprodens, 521-2321 kr/ra uis 3anexu.
Jost yenoswmii JIntssl [26, p. 40] npuBoAsATCS HEMTMHEHHBIE 3aBHCUMOCTH BBIOpOcOB CO, U3 MOYBEI OT TEMIIe-
parypbl BO3lyXa U BIa)KHOCTH I104BbI, OTMeuaeTcs noBelmenue smuccuu CO, ¢ BHECEHUEM ya00peHu .
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B BBITTOJIHCHHBIX HAMU MOICJIBbHBIX pacquax TOOOBBIC 3HAYCHUSA Gaﬂcha yrnepoz[a B IIOYBC U CYMMapHLIX
IIOTOKOB ODMUCCUU C02 MCHSIOTCS OT roJa K I‘OI[y B 3aBUCHUMOCTHU OT MeTeOpOHOFI/I‘IeCKI/IX YCJIOBI/Iﬁ 1 BHCCCHUA
ymoopenuit u coctaBisror oT —0,4 mo +0,2 1 C ra'mor0,6m01,5T CO,-C ra ' 3a rox coorBeTcTBeHHO. OHH CO-
OTHOCSITCS C pe3yJIbTaTaMH SKCIIEPUMEHTAIbHBIX H3MEPEHHUI IPUBEICHHBIX BBIIIE JIUTEPATyPHBIX HCTOYHHUKOB.

3aKioueHune

B nenom 3a 2021-2050 rr. oxxuaeTcsi UI3MEHEHHUE TTOKa3aTeNlel TEPMUYECKOTO PeXMMA 1 YCIOBUN YBIIAXK-
HeHus. [1o o6oum crieHapusM mpenmonaraetcst 9—10 3acynITUBEIX JIET 32 paCCMaTPUBACMBINA TTEPHOT.

Omnpenenensl 0COOCHHOCTH BIUSHHS BIArOTEMIIEPATYPHOTO pEKUMa Ha TUHAMHUKY OPTaHWYECKOTO YIIieposia
4yepHO3eMa onoA301eHHOro u BoiaeneHuid CO,—C npu pa3inyHOM BHECEHHH MHUHEPAIbHBIX U OPraHUYECKUX
YAOOpEHHH TTOJT CETTLCKOXO3SHCTBEHHBIE KyTBTYPHI.

[Tokazano, 4To ynydIeHre pekruMa yBIAKHEHNS IPUBEIET K YBEIIMUEHUIO 3HAaYCHHSI OaaHca yIrieposa.
3aBUCHUMOCTH TOJIOBOTO OajlaHca yriiepoAa Ha IMoJie ¢ O3UMOM MIEHUIEH B JECATUIIONFHOM CEBOOOOpOTE
OT KOJIMYECTBA OCAJKOB 3a JIeTo (BapuaHT 0e3 BHeceHUs yaoOpeHuil) xapakrepusyercs KodhduirmeHTom
xoppemsiun 0,349. Ipu cymme ocaakos ot 50 go 100 MM Gananc yrmepoga Oy/ieT OTpHUIATEIFHBIM U CO-
craut —0,10...—0,15 1 C ra”'. TIpu cyMMapHOM KOJIHYECTBE 0CaJIKOB 3a j1eTo Oonee 200 MM GajtaHC 0XKH-
Jaercs nonoxuTenbHbil — B npeaenax 0—0,05 T C ra'. B rofbl, KOTAa CyMMa JIETHUX OCAJKOB MPEBBICUT
220 MM, a cpeaHsis TeMIeparypa npu 3ToM cHu3uTcs 1o 17,0—17,5 °C, romoBoii 6anaHc yriepoaa JOCTHT-
et 0,12-0,13 1 Cra .

YcraHoBIIEeHa psiMast 3aBUCUMOCTB FOAI0OBBIX CyMM BhlAeneHus yriepona CO,—C 13 MoYBbI OT yCIOBUH YB-
Ja)KHEHUs BeretanioHHoro nepuona. [1pu snauennsx I'TK 3a Bereranuonnsiii nepuox 0,5-0,8 oTH. en1. amuc-
cus yriepoaa CO,—C u3 mouss coctasut 0,50—0,55 1 CO,—C ra”', npu yXy/IIeHHH YCIOBUH yBIaKHEHUs
nossiienne ['TK crocoOcTByeT yBenmuueHuto BeieieHuid yriepona, a npu ['TK, pasaom 1,4-1,6 oTH. ex.,
Beienenue yrepoaa CO,—C u3 noussl Ha moJie ¢ 03uMoi muenune Bo3pacter go 0,70—0,75 T CO,—-C ra .

OTMedeHo, YTO HauOOoNbIINEe U3MEHEHHSI TOJIOBOrO OanaHca yriepoaa B MOYBE OKUIAIOTCS B BapUaHTE
0e3 BHeceHus: ynoOpenuii. [lpu 3ToM ero BennunHa OyneT OTPULATENIBHON M JOCTATOYHO 3HAYUTEIILHOM
(10 —0,29...-0,44 T C ra’'). O6meil 3aKOHOMEPHOCTBIO SABIAETCS YBEIMUYEHHE TO0BOTO GanaHnca yriaeposa
nouBsl u BeaeneHust CO,—C npu nepexone oT OJHOTO BapHaHTa BHECEHUS YAOOPEHUH K IpyroMy U Hapa-
IIMBAHUM J103bl (OT MUHEpanbHbIX ynoopenunit N, P, K, k oprannueckum nopsaka 18 1/ra). B 6onpmuncTBe
paccMaTpuBaeMbIX BApHAHTOB FOAOBOM OallaHC yIiepona OXKHIAeTCs OTPULATENIbHBIM, H TOJIBKO B BAPHAHTE
BHECEHMS OPTaHMUYECKUX yNOOpeHHUH B KonnuecTBe 18 T/ra oH OyaeT HOoN0KUTEIbHBIM.

B ycnoBusx u3MeHeHHs KIMMaTa NpOCIEKUBACTCS YBEIWUEHUE IOI0BOTO OajlaHca yIiepona M TOJOBBIX
cymm BbiesieHust yrepoaa CO,—C u3 noussl ot neporo (2021-2030) ko Bropomy (2031-2040) u Tpetbemy
(2041-2050) mecaruneTnusM paccMaTpUBaeMOro IepUOA.

[IpuBeneHHbIE MaTepHaIbl IOKa3bIBAIOT, YTO MO BIMSHUEM IOTOJHBIX YCIOBUM OajlaHC yIiiepoaa U SMHC-
cust CO,—C U3MEHSIIOTCS €KEr0AHO HAa COBPEMEHHOM 3Tarle U MPOA0JDKAT U3MEHAThCs B OyayiieM. [Ipu sTom
3HaueHue Oananca yraepoaa U BoiiesieHuss CO,—C OyayT HaXonuTbes B ropaszfao OoJbIIEH 3aBUCMOCTH OT
YCIIOBHUH YBJIQKHEHHS, YeEM OT TEMIIEpaTyphl BO3IyXa U MOUYBBL. YIyYIIEHHUE YCIOBUN YBIa>KHEHUS! IPUBOAUT
K 3HaUYUTEIbHOMY NOBbIIeHUIO Bhaenenus CO,—C ¢ moneil ceBoobopoTa. JnuTensHoe NpuMeHeHne pas-
JMYHBIX CHCTEM yIOOpEHHUIl OKa3bIBaeT 3HAYUTEIILHOE MOJIOKUTEIBHOE BIUSIHUE Ha OanaHC yriepoaa M Bbl-
nenenust CO,—C.

bubnauorpadguyeckne cCblIKU

1. Tpyc OM, lN'ocrionapenko I'M, Ipokorayk IB. Iymyc uoprozemy oniozonenoeo ma tioco siomeopernts. Ymanb: Couincbkuii M. M.;
2016. 227 c.

2. Brock C, Franko U, Oberholzer H-R, Kuka K, Leithold G, Kolbe H, et al. Humus balancing in Central Europe — concepts, state
of the art, and further challenges. Journal of Plant Nutrition and Soil Science. 2013;176(1):3—11. DOI: 10.1002/jpln.201200137.

3. Karmakar R, Das I, Dutta D, Rakshit A. Potential effects of climate change on soil properties: a review. Science International.
2016;4(2):51-73. DOI: 10.17311/sciintl.2016.51.73.

4. Parton WJ, Scurlock JMO, Ojima DS, Schimel DS, Hall DO. Scopegram group members. Impact of climate change on grassland
production and soil carbon worldwide. Global Change Biology. 1995;1(1):13-22. DOT: 10.1111/j.1365-2486.1995.tb00002.x.

5. Grace PR, Post WM, Hennessy K. The potential impact of climate change on Australia’s soil organic carbon resources. Carbon
Balance and Management. 2006;10:1-14. DOI: 10.1186/1750-0680-1-14.

6. Davidson EA, Janssens IA. Temperature sensitivity of soil carbon decomposition and feedbacks to climate change. Nature. 2006;
440:165-173. DOI: 10.1038/nature04514.

7. Smith J, Smith P, Wattenbach M, Zachle S, Hiederer R, Jones RJA, et al. Projected changes in mineral soil carbon of European
croplands and grasslands, 1990-2080. Global Change Biology. 2005;11(12):2141-2152. DOI: 10.1111/j.1365-2486.2005.001075..x.

76



T'eorpagus
Geography

8. Zaehle S, Bondeau A, Carter TR, Cramer W, Erhard M, Prentice IC, et al. Projected changes in terrestrial carbon storage in
Europe under climate and land-use change, 1990-2100. Ecosystems. 2007;10(3):380—401. DOI: 10.1007/s10021-007-9028-9.

9. Mufioz-Rojas M, Jordan A, Zavala LM, Gonzalez-Pefialoza FA, De la Rosa D, Pino-Megjias R, et al. Modelling soil organic
carbon stocks in global change scenarios: a CarboSOIL application. Biogeosciences. 2013;10(12):8253—8268. DOI: 10.5194/bg-10-
8253-2013.

10. Assessment of Climate Change for the Baltic Sea Basin. Berlin: Springer-Verlag; 2008. 474 p. (Regional Climate Studies).

11. Ozturk I, Sharif B, Baby S, Jabloun M, Olesen JE. Long-term simulation of temporal change of soil organic carbon in Denmark:
comparison of three model performances under climate change. The Journal of Agricultural Science. 2018;156(2):139-150. DOI:
10.1017/S0021859617000971.

12. Petersen BM, Knudsen MT, Hermansen JE, Halberg N. An approach to include soil carbon changes in life cycle assessments.
Journal of Cleaner Production. 2013;52:217-224. DOI: 10.1016/j.jclepro.2013.03.007.

13. Van Veen JA, Paul EA. Organic carbon dynamics in grassland soils. 1. Background information and computer simulation. Cana-
dian Journal of Soil Science. 1981;61(2):185-201. DOI: 10.4141/cjss81-024.

14. Burke IC, Yonker CM, Parton WJ, Cole CV, Schimel DS, Flach K. Texture, climate, and cultivation effects on soil orga-
nic matter content in U. S. grassland soils. Soil Science Society of America Journal. 1989;53(3):800—805. DOI: 10.2136/sssaj1989.
03615995005300030029x.

15. Leite LFC, Doraiswamy PC, Causarano HJ, Gollany HT, Milak S, Mendonca ES. Modeling organic carbon dynamics un-
der no-tillage and plowed systems in tropical soils of Brazil using CQESTR. Soil & Tillage Research. 2009;102(1):118—125. DOI:
10.1016/ j.still.2008.08.003.

16. Fayiga AO, Saha UK. Effect of climate change on soil productivity in developing countries. Asian Journal of Environment &
Ecology. 2017;4(1):1-22. DOI: 10.9734/AJEE/2017/35485.

17. Abberton M, Conant R, Batello C, editors. Grassland carbon sequestration: management, policy and economics. Proceedings
of the Workshop on the role of grassland carbon sequestration in the mitigation of climate change; 2019 April; Rome, Italy. Rome:
FAO; 2010. 338 p. (Integrated Crop Management; volume 11-2010).

18. Crenanenko CM, IlonboBuit AM, penakropu. Krivamuuni pusuxu QyHKyionyeanHs eanyseil eKoHoMiKyu Ykpainu 6 ymosax
sminu kaimamy. Oneca: TEC; 2018. 548 c.

19. Coleman K, Jenkinson DS. RothC-26.3 —a model for the turnover of carbon in soil. In: Powlson DS, Smith P, Smith JU, editors.
Evaluation of soil organic matter models: using existing long-term datasets. Berlin: Springer-Verlag; 1996. p. 237-246. (NATO ASI
Series I; volume 38).

20. TTonesoit AH. Teopus u pacyeT MPOAYKTHBHOCTH CEITLCKOXO3SMCTBEHHBIX KYJIbTYp. Jlenunrpan: [mnpomereomsaar; 1983. 175 c.

21. T'ocnonmapernko I'M, Tpyc OM, IIpoxomuyk IB. YMoBHU 30epeskeHHSI BMICTY TyMYCY B IPYHTI IOJIBOBOI CiBO3MIHU. Bionoeiuni
cucmemu. 2012;4(1):31-34.

22. HoBukoB AA, Kucapos OI1. O6ocHoBaHHE pOIH KOPHEBBIX M TIOKHUBHBIX OCTATKOB B arpolieHo3ax. Hayunuwiii srcypran Kyoan-
cKoeo 2ocyoapcmeento2o azpaproeo yHugepcumema [Uarepret]. 2012 [mporuruposano 1 ¢eppans 2019 1.];78(04). JoctynHo mo:
http://ej.kubagro.ru/2012/04/pdf/36.pdf.

23. Vleeshouwers LM, Verhagen A. Carbon emission and sequestration by agricultural land use: a model study for Europe. Global
Change Biology. 2002;8(6):519-530. DOI: 10.1046/j.1365-2486.2002.00485.x.

24. Csa6pyx OII. Ouinka BTpaT BYIVICILIO 3 YOPHO3EMY THIIOBOTO 3a Pi3HUX CIOCO0IB 0OpOOITKY Ta cHCTeM ynoOpeHHs. Y: Aepoxi-
mis i ipynmosnascmeo. Bunyck 80. Xapkis: II'A imeni O. H. Coxonoserkoro; 2013. ¢. 140—-146.

25. Innosa HA. [lunamuka Boiienenns CO, B MOCEBaxX IOJNEBBIX Ky/IBTYP Ha JACPHOBO-TIOA30IHCTBIX U TOPQSHBIX o4Bax. [1ouso-
seoenue u azpoxumus. 2014;1:104—113.

26. Feizien¢ D, Kadzien¢ G. The influence of soil organic carbon, moisture and temperature on soil surface CO, emission in the
10" year of different tillage-fertilisation management. Zemdirbyste-Agriculture. 2008;95(4):29—45.

References

1. Trus OM, Gospodarenko GM, Prokopchuk IV. Gumus chornozemu opidzolenogo ta jogo vidtvorennja [Humus of black soils
and his recreation]. Uman: Sochins’kyj M. M.; 2016. 227 p. Ukrainian.

2. Brock C, Franko U, Oberholzer H-R, Kuka K, Leithold G, Kolbe H, et al. Humus balancing in Central Europe — concepts,
state of the art, and further challenges. Journal of Plant Nutrition and Soil Science. 2013;176(1):3—11. DOI: 10.1002/jpIn.201200137.

3. Karmakar R, Das I, Dutta D, Rakshit A. Potential effects of climate change on soil properties: a review. Science International.
2016;4(2):51-73. DOI: 10.17311/sciintl.2016.51.73.

4. Parton WJ, Scurlock JIMO, Ojima DS, Schimel DS, Hall DO. Scopegram group members. Impact of climate change on grass-
land production and soil carbon worldwide. Global Change Biology. 1995;1(1):13-22. DOI: 10.1111/j.1365-2486.1995.tb00002.x.

5. Grace PR, Post WM, Hennessy K. The potential impact of climate change on Australia’s soil organic carbon resources. Carbon
Balance and Management. 2006;10:1-14. DOI: 10.1186/1750-0680-1-14.

6. Davidson EA, Janssens IA. Temperature sensitivity of soil carbon decomposition and feedbacks to climate change. Nature.
2006;440:165-173. DOI: 10.1038/nature04514.

7. Smith J, Smith P, Wattenbach M, Zacehle S, Hiederer R, Jones RJA, et al. Projected changes in mineral soil carbon of European
croplands and grasslands, 1990-2080. Global Change Biology. 2005;11(12):2141-2152. DOI: 10.1111/j.1365-2486.2005.001075..x.

8. Zachle S, Bondeau A, Carter TR, Cramer W, Erhard M, Prentice IC, et al. Projected changes in terrestrial carbon storage in
Europe under climate and land-use change, 1990-2100. Ecosystems. 2007;10(3):380—401. DOI: 10.1007/s10021-007-9028-9.

9. Mufioz-Rojas M, Jordan A, Zavala LM, Gonzalez-Pefialoza FA, De la Rosa D, Pino-Megjias R, et al. Modelling soil organic
carbon stocks in global change scenarios: a CarboSOIL application. Biogeosciences. 2013;10(12):8253-8268. DOI: 10.5194/bg-10-
8253-2013.

10. Assessment of Climate Change for the Baltic Sea Basin. Berlin: Springer-Verlag; 2008. 474 p. (Regional Climate Studies).

11. Ozturk I, Sharif B, Baby S, Jabloun M, Olesen JE. Long-term simulation of temporal change of soil organic carbon in Denmark:
comparison of three model performances under climate change. The Journal of Agricultural Science. 2018;156(2):139—-150. DOI:
10.1017/S0021859617000971.

77



Kypnaa Besopycckoro rocynapcrseHHOro yausepcurera. I'eorpagus. I'eosorus. 2019;2:65-78
Journal of the Belarusian State University. Geography and Geology. 2019;2:65-78

12. Petersen BM, Knudsen MT, Hermansen JE, Halberg N. An approach to include soil carbon changes in life cycle assessments.
Journal of Cleaner Production. 2013;52:217-224. DOI: 10.1016/j.jclepro.2013.03.007.

13. Van Veen JA, Paul EA. Organic carbon dynamics in grassland soils. . Background information and computer simulation. Cana-
dian Journal of Soil Science. 1981;61(2):185-201. DOI: 10.4141/cjss81-024.

14. Burke IC, Yonker CM, Parton WJ, Cole CV, Schimel DS, Flach K. Texture, climate, and cultivation effects on soil orga-
nic matter content in U. S. grassland soils. Soil Science Society of America Journal. 1989;53(3):800—805. DOI: 10.2136/sssaj1989.
03615995005300030029x.

15. Leite LFC, Doraiswamy PC, Causarano HJ, Gollany HT, Milak S, Mendonca ES. Modeling organic carbon dynamics un-
der no-tillage and plowed systems in tropical soils of Brazil using CQESTR. Soil & Tillage Research. 2009;102(1):118-125. DOI:
10.1016/ j.still.2008.08.003.

16. Fayiga AO, Saha UK. Effect of climate change on soil productivity in developing countries. Asian Journal of Environment &
Ecology. 2017;4(1):1-22. DOI: 10.9734/AJEE/2017/35485.

17. Abberton M, Conant R, Batello C, editors. Grassland carbon sequestration: management, policy and economics. Proceedings
of the Workshop on the role of grassland carbon sequestration in the mitigation of climate change; 2019 April; Rome, Italy. Rome:
FAO; 2010. 338 p. (Integrated Crop Management; volume 11-2010).

18. Stepanenko SM, Polevoy AN, editors. Klimatychni ryzyky funkcionuvannja galuzej ekonomiky Ukrai’ny v umovah zminy klimatu
[Climatic risks of functioning of industries of economy of Ukraine in the conditions of change of climate]. Odessa: TES; 2018. 548 p.
Ukrainian.

19. Coleman K, Jenkinson DS. RothC-26.3 —a model for the turnover of carbon in soil. In: Powlson DS, Smith P, Smith JU, editors.
Evaluation of soil organic matter models: using existing long-term datasets. Berlin: Springer-Verlag; 1996. p. 237-246. (NATO ASI
Series I; volume 38).

20. Polevoy AN. Teoriya i raschet produktivnosti sel skokhozyaistvennykh kul tur [Theory and calculation of the productivity of
agricultural cultures]. Leningrad: Gidrometeoizdat; 1983. 175 p. Russian.

21. Hospodarenko HM, Trus OM, Prokopchuk IV. Conditions of conservation of humus content in a field crop rotation. Biologichni
systemy. 2012;4(1):31-34. Ukrainian.

22. Novikov AA, Kisarov OP. Statements for the role of root and aftermath residues in agrocenoses. Nauchnyi zhurnal Kubanskogo
gosudarstvennogo agrarnogo universiteta [Internet]. 2012 [cited 2019 February 1];78(04). Available from: http://ej.kubagro.ru/2012/04/
pdf/36.pdf. Russian.

23. Vleeshouwers LM, Verhagen A. Carbon emission and sequestration by agricultural land use: a model study for Europe. Global
Change Biology. 2002;8(6):519-530. DOI: 10.1046/j.1365-2486.2002.00485..x.

24. Syabruk OP. Estimation of carbon losses from chernozem typical under different soil tillage and fertilization systems. In: Agro-
chemistry and Soil Science. Issue 80. Kharkiv: Institute for Soil Science and Agrochemistry Research named after O. N. Sokolovsky;
2013. p. 140—-146. Ukrainian.

25. Shilova NA. Dynamics of allocation CO, in crops of field cultures on sod-podzolic and peat soils. Pochvovedenie i agrokhimiya.
2014;1:104—113. Russian.

26. Feizien¢ D, Kadziené¢ G. The influence of soil organic carbon, moisture and temperature on soil surface CO, emission in the
10" year of different tillage-fertilisation management. Zemdirbyste-Agriculture. 2008;95(4):29—45.

Cmamus nocmynuna 6 peoxonnezuio 24.02.2019.
Received by editorial board 24.02.2019.

78



T'eorpagus
Geography

VIIK 551.515.3

HUKAOHUYECKAA AKTUBHOCTD U ITOBTOPAEMOCTD
OITACHBIX ABAEHUUA TTIOTOABI HAA TEPPUTOPUEN BEAAPYCHU

E. H. CYMAK", H. I. CEMEHOBA®

l)Ee/zeuapofuem, np. Hezasucumocmu, 110, 220114, 2. Munck, benapyco
Y00eccruil 20CY0apCmMBeHH bl IKOI02UYeCKULl YHUBepCcumen,
yn. JIveosckas, 15, 65016, . Odecca, Yxpauna

B mocnennue necstuietus Bo BceM Mupe U B PecriyOnike benapych B 9acTHOCTH OCTPO BCTall BONIPOC O BIUSTHUU
HOTO/IbI Ha Pa3BUTHE OTpaciel HAPOAHOTO XO3AHCTBA U KU3HENEATEIbHOCTh HAaCEeNIeHUs. Pe3kne N3MEeHEHNsT OTOHBIX
YCIIOBUI MOTYT MPUBOJMTH K BOBHUKHOBEHHUIO HEOIArONPHUSITHBIX M OMTACHBIX METEOPOJIOTMYECKUX SIBJICHHUH, HAHOCSIIINX
3HAUUTENBHBIN yIIepO SKOHOMHKE CTpaHbl. B crarbe paccMoTpeHa MOBTOPSIEMOCTh OMACHBIX SIBICHUN TIOTO/BI B IIUKJIO-
Hax pa3InYHBIX TPACKTOPHIA, KOTOPHIE IepeMeIlaInch Yepe3 Tepputoputo Pecyonuku benapycs B 1995-2015 rr. Yera-
HOBJICHO, YTO OTIACHBIE SIBJICHHUS ITOTO/IbI BHI3BAHBI IO’KHBIMHI | 3aITaHBIMU OapruecKkiuMu oOpazoBanusiMu. [Ipoananusu-
pOBaHa MEKTO0BAsI M CE30HHASI OBTOPSIEMOCTD 3THUX UKJIOHOB M ITOKA3aHO, YTO MAKCHMAIBHOE UX KOJINYECTBO OBLIO
XapaKTEpHO B OCHOBHOM ]ISl JIETHETO MEPUO/IA, a TAKKE NEPEXOIHBIX C€30HOB rofa. CenoBaTenbHO, ONACHBIE SIBICHHS
MOTOJIBI TPEXJie BCero 00yCIIOBIMBAINCH Pa3BUTHEM MHTEHCHUBHOM KOHBEKIIMH Ha arMoc(epHbIX ¢ppoHTax. Hanbonb-
HIyI0 IOBTOPSIEMOCTh B IMKJIOHAX KaK FOXKHBIX, TaK U 3aMaJHbIX TPAEKTOPHI UMENIN OYEHb CHIIBHBIE JOXK/IH, CHETOMaabl
u BeTpbl. Ha om0 kpymnHOro rpafa M CUIBHOIO HaJIMIIAHUS MOKPOIO CHEra NPUILINCh €AMHUYHBIE CIIydau, KOTOphIE
(PMKCHPOBAIHCH JIOKAIBHO TI0 TEPPUTOPUH CTPAHBI.

Knrouesvle cnosa: IUKIIOHUYCCKAas HUPKYIALINA; TPACKTOPHUU HUKIIOHOB; OTIACHBIC ABJICHUA IMOTOABI.

THE CYCLONIC ACTIVITY AND FREQUENCY
OF DANGEROUS WEATHER PHENOMENA
OVER THE TERRITORY OF BELARUS

K. M. SUMAK®, I. G. SEMENOVA®
‘Belhydromet, 110 Niezalieznasci Avenue, Minsk 220114, Belarus
°Odessa State Environmental University, 15 Lvivska Street, Odessa 65016, Ukraine
Corresponding author: K. M. Sumak (katyasbelarus@gmail.com)

In recent decades in the world, and in the Republic of Belarus in particular, the question of the impact of weather con-
ditions on the development of sectors of the economy and life of the population has become acute. The sudden changes in
weather conditions can lead to adverse and dangerous weather phenomena that cause significant damage to the country’s
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economy. This paper examines the frequency of dangerous weather phenomena in cyclones of different trajectories that
moved through the territory of the Republic of Belarus during the period of 1995-2015. It is identified that southern and
western cyclones caused dangerous weather events over the territory of Belarus. The interannual and seasonal frequen-
cy of cyclones causing dangerous weather phenomena in Belarus was analyzed. It is shown that the largest number of
southern and western cyclones was characteristic mainly for the summer period, as well as the transitional seasons of the
year, therefore the dangerous weather phenomena were associated mainly with the development of severe convection on
atmospheric fronts. Such phenomena as very heavy rain, snowfall and wind had the highest frequency in cyclones, as in
southern as western trajectories. The share of strong sticking of wet snow and large hail were isolated cases and these
phenomena were recorded locally over the territory of country.

Keywords: cyclonic circulation; trajectories of cyclones; dangerous weather phenomena.

BBenenue

[IpakTrdaeckn BCS XO3AMCTBEHHAS NEATEILHOCTh U MTOBCEAHEBHAS KU3HB JIIOACH CBSI3aHBI C TTOTOTHBIMA
ycaoBusiMu. OHU MOTYT OBITH OJArOMPHUSATHBIMH, & MOTYT TPEICTABIIATH OMPEACICHHBIC TPYIHOCTH, HAHO-
CUTPH ymepO, BBI3BIBATH Pa3pyIIECHHs, CO3/1aBaTh yTPo3y KU3HU H 3[0POBBIO denoBeuecTBa. Ha Teppuropun
benapycu exeromHo perucTpupyroTcs omacuslie spiaeHus noroas! (OS11) — mpupomHbie MPOEeCcChl U SIBICHUS,
BO3HHUKAIOIIKE IO/ BIMSHUEM Pa3IMYHBIX HMPUPOAHBIX (PAKTOPOB MM MX COUETAHUH M OKa3bIBAOIIUE I10-
pakaroliee BO3JACUCTBHE Ha JIIOJCH, CETTbCKOE XO35HCTBO, 00BEKTHl SKOHOMUKHU M OKpyKarolyto cpeay [1].
B cpeanem OSIII exeromno manocst Pecyonuke benapych ymep6 B pasmepe 2,18 muH goin. [2], HanOobimas
JIOJIS1 KOTOPOTO TIPUXOANTCS HA OYCHb CHIIBHBIC MOXKIW W JINBHU, & TAK)KE OUCHb CHIIBHBIC BETPHI (B TOM YHUCIIE
mkBaibsl) — 67,3 u 27,5 % COOTBETCTBEHHO. 3HAYUTENBHBIC MTOCIEACTBHS I SKOHOMUKH TOCYIapCTBa UMETTH
3acyxu 1992, 1994—-1997, 1999, 2001 u 2002 rT., CUIbHBIC HABOJHEHUS ¥ TTABOJIKH B FOXKHBIX palflOHAX CTPAHBI
B 1974, 1979, 1993 u 1999 rr. [3]. B nocneanme roas! B CBsI3M ¢ ydacTUBIIUMHUCS cirydasmu OSII1 axonommdae-
CKHe TTOTEPH CTPaHBI BO3POCIIH e1lle O0JIbIIe, BHISBICHA ITOJTHAS 3aBUCHUMOCTH OOBbEKTOB SKOHOMHKH OT BO3ZEH-
CTBHS IPUPOIHBIX (hakTopoB. Tak, B pe3y/abraTe BOSHUKHOBEHUS Pa3pyIIUTEIbHBIX [IIKBAJIOB HA TEPPUTOPUIX
CeNbXO3IPEeNPUATHH HaOM0AaeTCs oJeraHue KyJIbTyp, B JIECHBIX XO3SHCTBaX TMOHET JIeC, a B JKMJIHMIIHO-
KOMMYHAJIBHBIX MTPOUCXOANT OOpyIIeHNE KPOBEJb, IOBPEXKICHHIE JINHUH dIIEKTpoIiepeaad 1, Kak CIeACTBHE,
o0ecToYrBaHUE HACEJICHHBIX ITyHKTOB. BBUy yBEeIHUCHHS TIOBTOPSEMOCTH OTTEIEIeH 1 3aMOPO3KOB yXY/I-
LIAIOTCS YCJIOBUS OKCIUTyaTalluM 3/IaHUM, YMEHbIIIAETCSl MX JIOJITOBEYHOCTh. POCT KoJiMuecTBa AHEHN ¢ CUIIbHOU
KapOoi OTPHUIIATEIHHO CKa3bIBAETCS Ha (PYHKIIMOHUPOBAHUH CHCTEM IMOTIIONIECHHS TEIUIa Ha AIIEKTPOCTAHIIHUAX,
MIPUBOXT K YBEIMUYEHHIO 3aTpaT Ha MO KaHNEe ONITUMAIBHOM TeMIIepaTyphl BO3AyXa B IMOMeneHusX. W3-
MEHEHHSI CHETOBBIX, JIEIOBBIX, TOJIOJETHBIX HATPY30K OTPAXKAIOTCS HA yCTOMYMBOCTH dIeKTpocHaO)keHus. [1o-
3TOMY yCTaHOBJIEHUE NMPOCTPAHCTBEHHO-BPEMEHHBIX 3aKkoHOMepHOoCcTel hopmuposanus Ol mprodperaeT
0COo0YI0 aKTyaJIbHOCTh i UIMEET OOJBIIIOE MPAKTUICCKOE 3HAUCHUE.

Kax m3BectHO [4—6], 60mpmmmaCcTBO OSII, HaHOCAIINX CEpbEe3HBIM MaTEpHANbHBIN yIEepO, BO3HHUKAIOT
B 00JIaCTH ITUKJIOHWYECKON MUPKYISAIUHA. B CBSI3M ¢ 3TUM HEOOXOAMMO MPOBEICHUE MCCIISIOBAHUHN TI0 aHa-
JU3y MUKIOHUYECKUX 00pa30BaHMA, OKA3bIBAIOIINX BIMSHUE HA TEPPUTOPHUIO M3ydaeMoro peruona. MHTeH-
CHUBHOCTD IIUKJIOHUYECKOM aKTUBHOCTH B EBpoIie 3aBUCUT OT JIMHAMUKH LIEHTPOB jekcTBUs arMochepbl B Ce-
BEpPHOH ATJIAHTHKE U MOJIOKEHHUS BEYyILEro moToka B Tponochepe [7-9]. [losTomy Tekyiiue KIMMaTHYSCKUES
W3MEHEHHS MOTYT BIMATH Ha TPAEKTOPUH U TITyOWHY IIUKIIOHOB, a CIIEI0BAaTEeNIbHO, M HAa BO3HHKHOBeHHe OSI1.

B 3apy0exHo# nuTeparype 10CTaToYHO MHOTO padOT IMOCBSIIICHO BO3/ICHCTBUIO PA3HBIX THUIIOB IIUKIIO-
HoB Ha (opmupoBanue OSII. Tak, B oHOM U3 nepBbIX UccienoBanuii [ 10] mpoBeneHa kiaccuuKarys K-
JIOHOB HaJl CEBEPO-3araJHON 9aCThI0 ATIIAaHTHKH, OBIJIO BBIIEJICHO BOCEMb THIIOB B 3aBUCHMOCTH OT PaliOHOB
3apOXKICHUS, TPACKTOPHUNA TIEPEIBIKECHUS U BIIMSTHUS Ha BOSHUKHOBEHUE IIITOPMOBBIX SIBJICHUH B IPUOPEIKHON
30HEe. B paborax [11; 12] aHaTU3UPYIOTCS CMEMAIONTHECS U3 I0KHBIX IMMUPOT IUKIOHBI U BBI3BIBAEMBIC UMHU
OAIII van Teppurtopueit Bocrounoit EBpornsl. HoByto kiaccuukanmio HUKIOHHYECKUX TpaekTopuid Hal EB-
POTIOii, BKIIIOYAIOIIYIO JIEBATH TUIIOB, MPEUIOKIIN aBcTpuiickue yuensie [13]. mu Taxke ObuT omnpeneseH
BKJIQJI Pa3HBIX THIIOB IIUKJIOHOB B (POPMHUpPOBAHNE dKCTPEMATBHBIX OCAJKOB HAJl KOHTHHEHTOM. BBISBICHO,
YTO PUCK BBINAJIECHNAS UHTEHCUBHBIX 0caakoB HaJ LleHTpanbHON EBponoi B 3HAYUTEIIBHON CTEIIEHU 3aBUCUT
OT TpaeKTopuu UKIJIOHA. Tak, B toro-3amagHoi yactu [lonsmm, Yexnun u va 3anane CrnoBakun 7 u3 10 ciydaeB
CHJIBHBIX OCAaJIKOB CBA3AaHBI C IMKIIOHAMHU, TTEpEeIBUTAIOIINMUCS ¢ ceBepa Mramuu B cropony llonbumm mpasee
ATBIUACKHX TOP.

PecniyOnuka Benapych pacriosiokena B rieHTpe Boctounoit EBporibl, 103TOMy OOJIBIITHHCTBO IIUKJIOHOB,
CMEIIAIOMINXCS B 3Ty 4aCTh KOHTHHEHTA, MPOXOAAT Yepe3 ee TeppuTopuio. s JaHHOTO pernoHa Xapak-
TEPHBIMH SIBJISIOTCS CIIEAYIOIINE THITBI TPAEKTOPHUNA ITUKIOHOB: 3alajHble, CeBEPO-3araHble (HBIPSIOIIHE)
u 10xHbIe [14].
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HccnenoBanus IUKIOHUYECKOM JESITENFHOCTH U €€ BIMSHUS Ha MOTOHbIE YCiIoBUs berapycu, B TOM drc-
ne Ha Bo3HukHOBeHHe OSII, mpuxomsarcs B ocHoBHOM Ha 1950—80-e IT. AHATM30M TPAaGKTOPHI ITHKIOHOB
pa3UYHBIX HAMIPABJICHHOCTEH 3aHUMANINCh Takue yuenble, kak B. H. Jlenemxo, C. 3. bapckas, O. 1. FO604-
HUKOBa, JI. 1. MatBeeBa, A. B. Amensaenko u np. beuto BeisiBiieHo [15; 16], 4TO HBIpAIOMINE IUKJIOHBI HECYT
3HAYUTEIbHBIE U3MEHEHHS B MOTo/ie cTpaHbl. [Ipu 3TOM MpH cMelieHn: IUKJIOHA Yepe3 peciyOiIuKy 0Ccaaku
B BUJIE JJOK/I WIIM CHETa yXyAIIAloT BUIUMOCTD Ha JIoporax 7o 1 KM U MeHee, T. €. SBJISIOTCS JOCTaTOYHO HH-
TEHCUBHBIMHU, 0COOEHHO BOJIM3M MPU3EMHOTO IIEHTpa IIUKJIOHA. A B clly4yae MepeiBIKeHNS IMKIOHA BOCTOY-
Hee Benapycu, kora OCHOBHOE BITUSIHHE Ha TTOTOJy OKa3bIBAIOT €ro arMochepHbie GPOHTHI, P 3HAYNTEIb-
HBIX M3MEHEHUAX aTMochepHoro nasienus (8—10 rlla 3a 3 4) BeTep 10 CTpaHe MOXKET YCHUIIMBATHCS J10 25 M/C
u Oonee. Camble CHIIBHBIE BETPBI, CKOPOCTh KOTOPBIX JlocTHrana 25-28 m/c, a uHorna 32-34 m/c, oTMevaluch
IIPU EPEMELICHUH HBIPSIOINX UKIOHOB ¢ HopBexkckoro Mopst uepe3 boTHUueCKuii 3a/IMB Ha €BPONEUCKYIO
tepputopuio Poccun (ETP), xoraa yepes benapych npoxoauin uX XoJ0AHbIE PPOHTAIBHBIE PA3/IENbl.

FOsxHBIE TUKIIOHBI, 3aPOXKIasICh HAJ TETUION MOPCKON MOBEPXHOCTHIO, HECYT B TEIUIBIX CEKTOPAX TPOITHUYE-
CKHUH CpeAN3eMHOMOPCKUI BO3/lyX, OTJIMYAIOLINANACS TOBBIIIEHHBIM BIAroCOJAEPKaHUEM, UTO SIBJISIETCS OJTHOM
W3 TIPUYUH BBITIQJCHUS WHTCHCUBHBIX O0CAJIKOB B CHCTEME TaKUX ITUKIOHOB. KommuecTBo 0caakoB JOCTUTAET
CBOET0 MUKa K MOMEHTY MaKCUMaJIbHOTO Pa3BUTHS IIUKIIOHA M PE3KO YMEHBIIIAETCS B CTAIUU €r0 3aIoJIHe-
Hus [17; 18]. B 3uMHuil nmepro 10KHbIC IUKJIOHBI IPUHOCAT OOMIbHBIC CHETOMAbl: CYTOYHOE KOJUYECTBO
OCAJIKOB MOXET JOXOMUTH 0 15—19 MM, B OTAEIBHBIX CIy4asx JOCTHTas KPUTEPHUs OnmacHbIX — 20 MM u 60-
nee [19]. B couerannu ¢ CHIBHBIM BETPOM 3TO MPUBOIUT K 00OPa30BAHUIO METEJCH, CHEXXHBIX OypaHOB, YTO
BBI3bIBACT OOPBIBBI JTUHUI 2JIEKTpOIepeiad U CHEKHbBIE 3aHOCHI Ha JIOporax. B Temblil ce30H ¢ I0KHBIMU
[IUKJIOHAMU CBSI3aHBI MHTCHCUBHBIC TUBHEBBIC JTOXKIU, TPO3bI, TPAJl, IIKBAJIBI U yparaHbl.

ITo mamapM [20], OYeHb CUIIBHBIC OCAIKH B OJHOM IO)KHOM ITUKIIOHE MOTYT OTMEYAaThCsl Ha OIHOMN-IBYX
CTaHIUSAX METEOPOIOTHIecKol ceTn benapycu. B HouHOE BpeMst OHU 00yCIIOBICHBI BIUSHUEM TEIUIOTO (PPOH-
Ta W BBINAJAOT BOJM3M LIEHTPA LUKJIIOHA, a THEM OIPEENIIOTCS BO3ACHCTBUEM XOJOAHOTO (PPOHTAIBEHOTO
pasjiena ¢ BoIHaMH 1 HAOJTIOAAI0TCS y BEPIIMH BOJTHOBBIX BO3MYIICHUH. B TembIii mepros roia npu pa3BUTHN
KOHBEKIIMH Ha (POHTAX KOIMYECTBO OCAIKOB MOeT poctrurars 30—60 mM 3a 1 4. B 5 % ciydaeB ckopocTb
BeTpa, 00yCIIOBIICHHASI BBIXOJIOM FOXKHOTO ITUKJIOHA, cOCTaBisieT 25-29 m/c.

0. U. FO6ounukoBa [21] aHanm3upoBaiia ocajaku B benapycu, BbI3BaHHBIC BIMSHUEM KJKHBIX IIUKIOHOB. Pe-
3yABTAThI MTOKA3aJIH, YTO Hanbojee nHTeHCUBHBIE ocanku (50—120 MM) BhIIamamd MPU CMEUICHUH IUKJIOHOB
¢ cesepa Mranuu yepe3 BeHrepckyro HU3MEHHOCTb, Kapnarsl, ceBepo-3anaiHble pailoHbl YKpauHbl Ha LEHT-
panbHyto yacth benapycu. I1py TpaekTopun 10:KHOTO IIUKJIOHA, TPOXOAAIICH Yepe3 EeHTP YKpauHbI Ha CEBEPO-
BocToK ETP, cunbHble OCaJKi OTMEYAOTCS B OCHOBHOM Ha I0ro-BOCTOke benapycu, a npu ycliOBUH, UTO OHU
COIIPOBOXK/IAIOTCS TPO3aMH B TETIJIOE BPEMs T0/1a, MX KOJIMYECTBO MOXKET qocturarh Kpurepus OAL1.

UepHOMOPCKHE IUKIOHBI, BBIXOSIINE HA PECITyOIHKY, TAK)KE BBI3BIBAIOT MHTEHCHUBHEIE OMMACHBIE OCAJIKH,
0Cc00EHHO NP Pa3BUTUHU ITUKIIOHA 1O BEICOTE M 3aMEICHUH €T0 X0/1a HaJ Tepputopucii bemapycu [22].

3amaHbIe aTTaHTUYCCKUE ITUKIIOHBI B IIETIOM JAfOT HEMHOTO 0caakoB 1o ctpane (11-17 % ot romoBoro ko-
nudecTBa) [23]. Hanbomnbias uX 9acTh BBITIAJACT B 3aMMaIHBIX U CEBEPO-3aMaHbIX paifoHax (10 22 MM B BHIIE
CHera B XOJIOAHBIN nepuof roaa). Kak yryomstommecs, Tak U 3aroMHAIONINECs ITUKIOHBI MOTYT COTIPOBOX-
JaTbCs MHTEHCHBHBIMM OCaJIKaMM, B CPEJHEM OHHU BBIMAJAIOT JIBAa-TPH pasa B TOJl, a HA IOT€ U MeCTaMH TI0
BOCTOKY benmapycu — pa3 B momyroaue. B Teruisiit nepuon 3amagasie Buxpu B 80 % ciydacB BBI3BIBAIOT 3HAYH-
TeJIbHBIE OCaJIKU. Yalle BCEro IUKIIOHBI SBISIOTCS YITyOIsIonMucs. MakCuMalbHOE KOJIUYECTBO 0CAJIKOB
B Takux 1ukioHax (40—50 Mmm) HaOMIOMACTCS ABA pa3a B MOIYTOIME.

Ha coBpemenHoM dTame MOXHO OTMETHTH uccienoBanus B. @. Jlorunosa, 1. H. Illmoka u ap. B pabo-
Tax [3; 24; 25] uMu U3yvamuch npocTpancTBeHHBIE 3akoHOMepHOCTH OS] 1 3aBUCIMOCTE WX TIOBTOPSIEMOCTH
OT OCOOCHHOCTEH MOICTUIIAIONIECH TOBEPXHOCTH U M3MEHEHMI KiuMara. B [26] paccMmaTpuBanach B3aUMOCBS3b
MEXY pa3IMIHbIMU THIIAaMH IUpKyiun 1o b. JI. JI3epnzeesckomy u nmoBropsiemocthio OSIL. [Tpoananusupo-
BaB YHKCJIO JHEH ¢ MEPUIAMOHAIBHON CEBEPHON M MEPUIUOHATHHON FOXKHOU MUPKYISIIIUSIMA aTMOC(EphI B pas-
HBIC CE30HBI M B TCUCHHE T0/Ia, ABTOPHI MPHIILIH K BEIBOAY, YTO HAMETHUBIIIASCS TCHICHITHS COKPAIIICHISI KOJTHYe-
CTBa JTHEeW ¢ TAaHHBIMHU THUITAMH IIUPKYIALINN MOXKET MPUBECTH K YMEHbIIeHHTo ToBTopsiemocT OS] Ha Gomnbieit
yacTu eBporneiickoit repputopunt CHI, Bxmouas benapyce.

Lenpro JaHHOTO HMCCIeIOBaHUA sIBIsieTCs aHaN3 moBTopsieMocty OSI1 B IIUKIOHAX pa3IMYHBIX TPAEKTO-
puii, KOTOphIE TIepeMeIannuch uepe3 Tepputoputo bemapycu B 1995-2015 rr.

MaTepHaJ'lbl U METOAbI UCCJICAOBAHUSA

B npenpinymieii pabore aBTopoB [27] ObUTH pacCMOTPEHBI OCOOCHHOCTH TEPEBIKEHHS IMKJIOHOB THUIIO-
BbIX TpaekTopuii uepe3 benapycs B 1995-2015 rr. McXonHbIMM JaHHBIMH JUTSI aHAJIN3A IUKJIOHUYECKON aKTHB-
HOCTH TIOCTYXHIU Npu3eMHble cuHontrdeckue kapTol (00, 06, 12, 18 u 21 UTC) MUpOBBIX TPOTHOCTHUECKHUX

81



Kypnaa Besopycckoro rocynapcrseHHoro ynusepcurera. ['eorpagus. I'eostorus. 2019;2:79-93
Journal of the Belarusian State University. Geography and Geology. 2019;2:79-93

uentpoB Met Office (UKMO) u Deutscher Wetterdienst (DWD), a Taxxe kapTbl Oapuueckoit Tonorpaduun
AT-500, o6paborannbie nporpaMmMubiM KomiiekcoM «[ IC Mereo» B benrunpomere.

OmnpeneneHne MUKIOHNYECKUX XapaKTEPUCTHK MPOBOAMIOCH C MCIIOIH30BAaHUEM MaHyaJIbHOTO METO/Ia,
3aKJTIOYAIOIIEroCs B TOCIEA0BATEIFHOM aHAIN3e 6-4aCOBBIX MPU3EMHBIX CHHONTHYECKUX KapT. [lonoxenune
IUKJIOHA BBISBISUIOCH BU3YalbHO 10 KOH(MUTYpAIUy TepBOM 3aMKHYTOW M300apbl 1 MUHUMAJILHOMY J1aB-
JIEHUIO B IeHTpe. B pacder Opanuchk TONBKO T€ MHUKIOHBI, KOTOPBIE B JIFOOOH MOMEHT BPEMEHH IOMaaln
B IIpEJIeNIbl TEPPUTOPUH CTPAHBI, U IPHU ITOM NEPUO]] UX CYIIECTBOBAHUS OB HE MEHEE TPEX CYTOK OT MO-
MEHTA 3apOXKJCHHS IO CTaJIMU 3anoidHeHUs. It TOro 94To0bl 0€301IMO0YHO ONPENETUTh MMyTh OapHUeCKHX
00pa3oBaHUM U UX IBOJIOINHIO, HA KapTax Oapudeckoit Tororpaduu AT-500 ycTaHaBIMBaIOCH HAPABICHIE
BEIYIIEro MOTOKa.

B cootBercTBUM C cymecTByOmNME Kiaccuukanusamu [14] k 3anagHbIM IUKJIOHAM OBIJTH OTHECEHBI 3a-
POKIABITHECS B MIUPOTHOM Tosoce 48—60° ¢. mI. U mepeMeniaBIIrecs ¢ 3amajga Ha BOCTOK uepe3 bemapycs;
K IOKHBIM — (popmupoBaBiirecs Hall paiionamu CpenuzeMHOMOpPBs, bankaHckoro nomyoctposa u UepHoro
MOpSI ¥ BIIOCJICJICTBUN BBIXOJIUBIINE HAa TEPPUTOPHUIO bernapycu; K HBIPSIFOIUM — IUKIOHHYECKUe 00pa3oBa-
HUSI, 3apOXKIABIIMECS B BBICOKHX IIMPOTaX M CMEIABIINECS Yepe3 PEeCyONHKY K IOTy U FOT0-BOCTOKY.

[To pesynbraTam mcciieoBaHus ObUIa cO3/aHa 0a3a JAHHBIX OCHOBHBIX XapaKTEPUCTHK IIMKIOHOB, BKITIO-
Yasi reorpaguyecKie KOOpMHATHI Hayalia i KOHIIa TPACKTOPHIA, IOJIOKEHHUS TPU3EMHOT0 IIEHTPa IIKJIOHA HaJT
Tepputopueil bemapycu, n1ary ¥ cCOOTBETCTBEHHOE 3HaY€HHWE MUHHMAJILHOTO AaBieHus. s Bu3yanusanun
TpaeKTOpHiA MUKIOHOB MPUMEHsIICS Tpaduaeckuii naket Generic Mapping Tools (GMT).

B kaxo#i cTpaHe, B 3aBUCUMOCTH OT €€ (PU3UKO-reorpaduIecKoro moJI0KeHHs, CYyIIECTBYIOT CBOM KpHUTe-
puu OSIIL. B Pecniyonuke benapych cornacno TKIT 17.10-06-2008 [28] mpHHATHI ClieIyIOIIUE 3HAYCHHUS, TIPU
KOTOPBIX METEOPOJIOTHYECKHE SABJICHHS CYMTAIOTCS OMAacHBIMH (Tad. 1).

Tabnuna 1
Ilepeyens OAII past Tepputopuu beaapyceu
Table 1

List of dangerous weather phenomena for the territory of Belarus

Hasganue OSII1 XapakTepuCcTUKHU U KpuTepun win onpenenenus OSI1

OueHb CUIIBHBIN BeTEp

MakcumasbHasi CKOpOCTb BeTpa (BKJIIoUast MOphIBBI) 25 M/c 1 Ooree
(B TOM 4HCIIE IIKBAI  CMEPY)

OueHb CHIIBHBIA TOXKIb

. KomnuecTBo armocdepHbix ocankoB He MeHee 50 MM 3a nepron He Ooree 12 1
(MOKpBIif CHET, TO’KIb CO CHETOM)

OueHb CHIIbHBIN JIMBEHb

. N KonuruecTBo arMochepHbIX ocaakoB He MmeHee 30 MM 3a mepuon He 6oee 1 u
(04YeHb CUITbHBIN JTUBHEBBIN JTOMK b )

OueHb CUIBHBIN CHET KomnuecTBo armocdepHbIx ocankoB He MeHee 20 MM 3a nepron He Oosee 12 u
IIponomxurensHblii O4EHBb KommuecTBo atMocdepHBIX ocaakoB He MmeHee 100 Mmum 3a mepuox 6onee 12 4,
CUJIBHBIN JOXKIb HO MeHee 48 4

Kpymuslit rpag I'pag muamerpom He MeHee 20 MM

ITepenoc cHera Ipy 3HAYCHUSIX CPeIHEH ckopocTy BeTpa 15 M/c u Gonee

CunbHasg MeTeb
MIPOIOJIKUTENIBHOCTBIO HE MeHee 12 4 mpu BuauMocTu MeHee 500 m

I[I/IaMCTp OTJIOKCHHUS CJIOA JIbAAa Ha MPOBOAAX I'OJIOJICAHOIO CTaHKa 20 MM

CHIBHBINA TOJIONEN
u Oosee

JlmaMeTp OTIIOKeHHs MOKPOTO CHETa Ha IMPOBOJIaX TOJI0IETHOTO CTaHKa 35 MM

CunibHOE HalTMTIIaHUEe MOKPOTO CHETa
u Ooiee

CunbHOE CIOKHOE OTIIOKeHue (col | JlnameTp CII0XKHOTO OTIOKEHHUS Ha IPOBOAAX TOJI0JICHOTO CTaHKa 35 MM
JbJ1a, ©3MOPO3H U MOKPOTO CHETa) u Oonee

Tyman npu 3HaueHHN BUAUMOCTH 50 M 1 MEHee TIPOIOIKUTENBHOCTHIO

CHUIIBHBIA TyMaH
He MeHee 12 4

Ou4eHb CUIIBHBII MOPO3 3HaueHne MUHUMAaJIbHOU TeMIiepaTypsl Bozayxa —35 °C u Huxe

OueHb cuIbHas XKapa 3HaueHUEe MaKCUMAaJIbHOM TeMneparypsl Bo3nyxa +35 °C u Belle

Uctounuk: [28].
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HcxomusiMu MaTepraigamMu ipu ananuze nosropsiemoctu OSI1 B benapycu nocimyxuinm JaHHBIE 110 METEO-
CTaHLUSM IOCyJapCTBEHHOIO KJIMMAaTHYECKOro KajacTpa MUHUCTEPCTBA IPUPOIHBIX PECYPCOB U OXPaHbl OK-
pyxaroreit cpensl Pecryonuku benapycs 3a mepuoa ¢ 1995 mo 2015 r. [29].

B nacrosmem uccnenoBanun 1mo kaxaomy oroopanaomy ciydaro OSII1 G0 onpeneneHo, KaKUM CHHOTI-
TUYECKUM IPOIECCOM O0YyCIIOBIIEHA moroja B MoMeHT Bo3HUKHOBeHus: OSII1 B nanHOM paiione. B nanbHeii-
[IEM PacCMaTPUBAIUCH TOJBKO T€ ciiydau, B KOTOpbIX OSI1 ObUIO CBS3aHO ¢ IMKJIIOHHYECKOW I[UPKYJIISIIHCH.
B pesynbrare BoICICHA TPYyIITIa ITUKIOHOB, BhI3BaBImUX Bo3HuKHOBeHUEe OALl Ha Tepputopun bemapycu.

OCHOBHBIE METOIbI, HCIIOIB30BAHHBIEC B NCCIIEIOBAHUH, — CTATUCTHYECKHH, KapTOrpa@uIecKuii 1 CHHOITH-
yeckuit. [[poctpancTBennsie ocoderHoctr O Bu3yanm3upoBanuck ¢ moMoIipo rpadrdeckoro nakera GMT.

Pe3yJIbTaTbI HCCJIeJ0BAaHUA

IukioHuYeckasi akTUBHOCTH HaA benapychio. B xone npoBeneHHOro paHnee aBTOpamMu UCCIEIOBa-
HUsE [27] OBLIO BBISBICHO, YTO Yepe3 TeppuTopuio bemapycu 3a paccmarpruBaeMblil IEpUOA TIEPEMECTHIIOCH
323 HMKIIOHA Pa3HBIX THIIOB TPACKTOPHH, T. €. B CpefHeM uX Obu1o 15—16 B roa. Ha 105110 10KHBIX IIUKJIOHOB
npunuiocsk 184 ciydas (57 % ot o0rmiero konudecTsa), 3anaaubsle U HeIpsomue coctasmwiu 70 n 69 coyuyaes
cooTBeTcTBeHHO (0K010 20 % Kaxaprii Tuir). Hanbonpiiee KOMMYecTBO IIUKIOHOB Beex TUTOB (21-23 ciy-
yas B ron1) Habmomanock B 1998, 2004, 2008 u 2009 rr., mpu TOM MPeoOIaaaroIIiMHU ObLTH FOXKHBIC ITUKIOHBI
(B cpennem 9 cimyuaeB B ron). MUHMMAaIBbHOE KOJIMYECTBO ITUKIOHOB BCceX THUMOB (0kojo 10 ciaydaeB) ObUIO
ormeueHo B 2014—2015 rr., 4TO KOCBEHHO MOXKET CBUJCTEILCTBOBaTh 00 YCHJICHUM aHTHIUKIOHUYECKOTO
XapakTepa PeruoHaIbHON [UPKYIISIIMKA aTMOC(Ephl B KOHIIE HCCIISyeMOTro MEPUOoIa.

IIpakTryueckn BCe 3aragHbIe MUKJIOHBI, KOTOPBIC BBIXOAWMINM Ha TEPpUTOpUIO bemapycu, oOpa3oBaimch
B mrosioce mupoT 50—60° c. mr. Hax 3anmagHol AtnaHTuKoH, BenmmnkoOpurtanueit, CeBepHBIM MOPEM M IOTOM
Banruiickoro. OCHOBHOI 0COOEHHOCTHIO 3TUX IUKIJIOHOB SBISIIOCh H3MEHEHUE TPASKTOPHIA ITOCIIE Tiepeceye-
HuUs benapycu: OONBITMHCTBO U3 HUX MTOBOPAYMBAIIN K CEBEPO-BOCTOKY, HEKOTOPBIE — K Fory. KOKHbIe IUKITO0-
HBI TIEpPEMEIIATNCHh Ha TEPPUTOPUIO CTPAHBI U3 BCeX paiioHOB Cpenn3eMHOMOPhs, baikaHCKOTo moyocTpoBa
u UepHoro Mopsi. HeIpsiroriye IUKIIOHBI Yalie BCEro 3apoKaainch Haa HopBEXKCKUM MOpEM U IIPOXOIIIN Yepe3
CxaHAMHABCKUHN TTOTyOCTPOB, a HAJl PECITYOIMKOM ITOBOPAYNBAIIH K CEBEPO-BOCTOKY.

3a paccMmarpuBaeMbIl TIEpPHOJ CpeHEee NaBICHHE B IEHTpaxX IMKIOHOB HaJa berapychlo cocTaBmiIo
990-991 rlla nnst HeIpsitoIMX U 3anaAHbIX, 997 rlla and oxHbIX. HenocpeacTBEHHO HAa TEPPUTOPUIO CTPAHBI
FO’)KHBIC ITUKJIOHBI BhIXoAwiH ¢ nasieHueM okoio 1001 rlla, zamanueie — 997 rlla, nsipstomue — 995 rlla.
B GonpummHcTBe citydaeB (58—64 %) IUKIOHBI BCEX TPACKTOPUH yIIyOIsUIMCh HAJ PECITyOUKOH.

Hukaonsl, odycaopusmne OSII B Beaapyeu. Ha gomio nuknonos, BezBaBmux OSII, mpumiiocs 84 ciry-
qas, T. €. 26 % OT 00IIero KoJMIecTBa IUKJIOHOB, BBIMICIIINX Ha TEPPUTOPHIO bemapycn mpru3eMHBIM IEHTPOM.
W3 Hux 1okHBIE cocTaBmim 74 ciydas, 3ananabie — 10, Hpipstonire Oapudeckue oopazosanus OSI1 e BeI3BaIH.

HaunGomnpiiee koarmuecTBO 10KHBIX UKIOHOB, 00ycnoBuBmux OSI1, ormevanocs B 1996-1998, 2008, 2009
u 2013 rr. (mo 5-7 cnyuaeB), Haumenbinee — B 2001, 2003, 2011 u 2015 rr. (1o 2 ciy4as). [Ipu oGriem He-
0OJIBIIIOM KOJIMYECTBE 3ara{HbIX UKI0OHOB, Bhi3BaBIIUX OSIL, B 1998 u 2004 rr. Ha UX JIOJIIO MPUIILIOCH 110
2 ciydasi, a B OCTaJbHBIC TOABI — 110 1 ciayyato (puc. 1).
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Puc. 1. TlopropsiemocTs NUKIOHOB, o0ycnoBuBmmx OSI1 B Benapycu 3a nepuox 1995-2015 rr.

Fig. 1. Frequency of cyclones, causing dangerous weather phenomena
over Belarus during the period of 1995-2015
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BonbIIMHCTBO F0KHBIX TUKIOHOB, TIOJ BIUSHKEM KOTOPBIX Bo3HKKamu OSI1, o6pazoBanuck Haj 3amagHsiM
CpenmseMHoMopbseM 1 [ eHyI3cKuM 3amuBoM — 14 cimydaes, a Takke Benrepckoit u JlyHaiickoil HUI3MEHHOC-
TaMu — 12 ciydaeB (puc. 2). HanmensbIiee KoarMuecTBO HUKIOHOB, BhI3BaBmuX OSII, mpumuio u3 paiioHoOB
Oreiickoro Mops 1 0. Kput — numis 2 ciaygas. FOxHbIe TUKITOHMYECKHE 00pa3oBaHus, 00yCIOBUBIINEC HaU-
6onbiree komaectBo OSI1 B 0fHOM IMKITOHE, 3aporiTUCh Hall 3anaHpiM Cperu3eMHOMOpheM B [ eHy?I3CKIM
3aJIMBOM, a Takxke WMrtanuell u AapuatudyeckuM MopeM. [{UKIIOHBI 3armaqHbIX TPAeKTOPHd, KOTOpPBIE BbI3BAIU
OJII1 B benapycu 3a ucciieayemblii IEpUo/I, BOZHUKIM B OCHOBHOM HaJl ATJIaHTHKOM 1 BearkoOpuTaHue.

-30 -20-10 0 102030 40 50 60 70 80
I | | I I I

Il Il Il 1 60
60
- 50
50 <
«
- 40
40
- 30
T T T T T T T
10 0 10 20 30 40 50

—] ———2 e®3 e4 A5 A6

Puc. 2. Kapra-cxema TpaekTopuil iepeMeIeHus IMKJIOHOB,
obycnopuBmmx OSIII B Benapycu 3a nepuon 1995-2015 rr.:
1 —10xHBIe; 2 — 3amainble; 3 — paifloH 3apOXKACHUS I0XKHBIX;
4 — paiioH 3apOXKICHUS 3aIaIHBIX;
5 — paiioH 3aroJHEeHUs I0KHBIX; 6 — pallOH 3alOJHEHUS 3ala/IHbIX

Fig. 2. Schematic map of cyclone trajectories, causing dangerous
weather phenomena over Belarus during the period of 1995-2015:
1 — southern; 2 — western; 3 — region of origin of southern;
4 — region of origin of western; 5 — region of filling of southern; 6 — region of filling of western

MaxkcumanbHas TOBTOPSIEMOCTh I0KHBIX ITUKIIOHOB, C KOTOphIMU cBsizaHbl OSII1, oTMeuanach B TETUIBINA
nepuon (¢ Mas 1o aBryct) — okoso 12—14 cirydaes, T. €. KaX/Iblii BTOPO# IOl CYIIeCTBYET BEpOATHOCTH BBIXO/IA
«TIOTO00TACHBIXY IOKHBIX IIUKJIOHOB. B 0CTambHBIC MECSIIBI ITOBTOPSIEMOCTD IOXKHBIX TUKIIOHOB ¢ OSII Op1a
HeBeJMKa 1 Kosebanack oT 1 10 5 ciydaes, T. €. B CpeAHEM KaXKAbIH MATHINA-IIECTON rol. 9T0 MOXKHO 00bsC-
HUTHh CHIDKCHHEM MHTCHCHBHOCTH IMKJIOHOB M YMEHBIIEHUEM KOHTPACTHOCTH Ha aTMoC(hepHBIX (ppoHTax
B pe3yJIbTare BIUSHHS TEPMUICCKOTO (haKTopa, 0COOCHHO B MIEPEXOHBIC MIEPUOIBI TO/IA.

[Toutu momoBuHa 3anaaHBIX MUKIOHOB (40—50 %), oOycnosuBmmx OS11, HaGmOMaTaCh B UIOJIC U aBTYCTE.
B 3umHMe MecAIbl MUKIOHEI 3anaaHbx Tpackropuii OSI1 He BRI3BIBANIN, a B TIEPEXOIHBIC CE30HBI TO/Ia UX T0-
BTOPSEMOCTh ObllIa HEBEIIMKA — 110 OTHOMY IMKIIOHY B Kbl Mecsiiy ¢ OSII.

MoBTopsiemocts OSIII B 10:kHBIX HUKJI0OHAX. Pacipenenenne mo cezonam (tabdi. 2) 3a UCCIeTyeMbIi Tie-
PO TTOKA3aJI0, YTO HAMOOJBIAsI IOBTOPSIEMOCTh OU€Hb CHIIBHBIX JOXKACH B I0KHBIX ITUKIIOHAX ObLIa Xapak-
TepHa IS UI0JIA U aBrycta — 72 u 46 ciy4aeB COOTBETCTBEHHO, YTO COCTABIISIET B CPEAHEM OT 2 10 4 ciiydaeB
B MECSI] €KETOMHO. HanmMenbIee KoMmuecTBO OUeHb CHITBHBIX JOXKICH HAOMI0MaN0oCh B CEHTSIOpE U OKTI0pe,
a Takke Mae — 1Mo 5 ciaydaeB. OueHb CUJIBHBIA CHET Yallle BCETO BBIMAAall B MapTe — 22 cirydasi, T. €. KaKIbIi
TOJ1 C BBIXOZIOM IO’KHOTO IIMKJIOHA B 3TOM BECEHHEM Mecslle ObUT CBsI3aH Clydail O4eHb CHIILHOTO CHETOMaa.
B ocranbpHBIE MeCSIIBI XOIOIHOTO MTEPHOia rojla OTMEUaaoch OT 1 10 7 0UeHb CHIIBHBIX CHETOIA/I0B, T. €. Be-
POSITHOCTH BO3HUKHOBEHUS 3T0T0 OSI1 HeOompmas. LIIKkBaIbl B F0XKHBIX ITUKIOHAX HAOIIONATHUCH B OCHOBHOM
B TEIIOE TOYyTOINE, MAKCUMaJIbHASI IIOBTOPSIEMOCTD MPUIILIACH HA HIOHB U UIONb — 15 u 14 cimyyaes, a Hau-
MEHbIIIasg OTMeYajach B IEPEXOIHBINA CE30H — B arpesie 1 okTI0pe. B xomoaHoe BpeMs rojia BepoSTHOCTh BO3-
HUKHOBCHISI OYCHb CHJIBHBIX BETPOB, BKIIIOYAs IIKBAJIBI, B FOXKHBIX ITUKIOHAX MUHUMAaIbHA. KpymHBIA rpas
BbITIa/1aJl B KOHIIE Masi, a TaK)Ke B MIOHE U HIOJIE.
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Tab6auna 2
IosTopsiemocTs OSII B HUKIOHAX PA3JIUYHBIX TPAEKTOPUI
HaJ TeppuTopueii bBenapycu 3a nepuoa 1995-2015 rr.
Table 2
Frequency of dangerous weather phenomena
for the territory of Belarus during the period of 1995-2015
HOxHBIE TUKIIOHBI 3amnaHbIe TUKJIOHBI
Bu OSIIT 2 3 5 S| 4 . s £¢
8 e | £ | 5| £ |58 B | §| 5| £ |5%.
|53 S o é ge o & o} g =t 2
o M g o aa) m g
OueHb CUIBHBIN BeTep, 7 B 1 41 59 | B 2 1 4

B TOM YHMCJIC IIIKBAJI

OueHb CHIIBHBIN JOXK/Ib,
B TOM YHCJIC TUBHEBBIA 7 — 11 150 168 — — — 6 6
1 IPOIOJIKUTENbHBII

OueHb CUJIBHBINA CHET 9 9 22 — 40 6 - - — 6

Kpynusiit rpan - - 2 8 10 — - - 1 1

CunbHOE HaNUIaHUe > 3 _ B 5 B _ _ B B
MOKpOTO CHera

Bcero 25 12 46 199 | 282 7 - 2 8 17

Amnanus npoctpancTBeHHOT0 pactpenenenus OSAI1 nmokazan, uto HauboJbIIAsT MOBTOPSIEMOCTh O4Y€Hb CHITb-
HBIX JTOKJeH ObLTa XapakTepHa B OCHOBHOM /IS KpallHUX IOKHBIX paiiloHOB bpectckoit obmactu — ot 10
10 16 ciyuaes (puc. 3, a). OueHb CHIIbHBIC BETPBI U CHETONa (bl HAOMIOAAINCh TPEUMYIIECTBEHHO B BOCTOY-
HOM 9acTH cTpaHbl — 0T 4 10 9 1 0T 3 10 6 cIydJaeB COOTBETCTBEHHO (pHcC. 3, 0, 8). CHIbHOE HATUIIAHIE MOKPO-
IO CHera M KpYIHBIHN I'paj — JOCTAaTOYHO pelKue sBieHus a1t benapycu, oqHako OHM HAHOCAT 3HAYUTEIILHBINA
yiepO Kak HACENEHWIO0, TaK W OTPACIsIM HapOJHOro xo3sictea. CpeaHee 3a TOJ YUCIO JHEW ¢ TpajioM Ha
tepputopun bemapycu konebiercs ot 1 mo 2, Bo3pacTast OT HU3MH K BO3BBIIIEHHOCTIM [25]. 3a mepuos uc-
CJIC/IOBaHUS C HEOOIBIION MTOBTOPSAEMOCTHIO 1—2 ciydast CHIIbHOE HaJMITaHHEe MOKPOTO CHETa M KPYTIHBIN rpaj
(hUKCHPOBATHCH JIOKATBHO IT0 cTpaHe (puc. 3, 2).

OcuoBnas nomns OSI1 B 10KHBIX IUKIOHAX 32 UCCIIEAYEMbIH MEpUo MPHUILIACH HA OYE€Hb CUIIbHBIE JOXKIH
JUBHEBOTO U MPOIOJDKUTENBHOTO XapakTepa (168 ciaydaes, T. €. 60 % ot obmero kommuectsa OSIT). Cymma
BBITIABIINX OCAIKOB Kosebanack oT 50 mo 112 mm 3a 3—12 4 (154 cimyyas) u ot 120 mo 199 mm 3a 2-3 cyr
(13 ciydaeB). bt Takke ormeueH 1 cirydail KpaTKOBPEMEHHOTO OY€Hb CHIIBHOTO JIUBHS Ha Tepputopuu [o-
MeJbCKO# obmacTu B HOUb Ha 1 mtonst 2011 ., koraa Beimano 32 MM 3a 52 muH. CHHONTHYECKAsT CUTYAIHsI BO
BCEX CITy4asix Onpeaensiach BO3ACHCTBUEM MPU3EMHBIX IEHTPOB IIMKJIOHOB MM UX aTMOC(EpHBIX PPOHTOB.

OdeHpb CHIIBHBIE CHETOMAABI TI0 pectyomnuke coctaBmin 40 cioydaes (14 % ot obmero uncia OALI). B oc-
HOBHOM OHH OBUIM BBI3BaHBI BIUSHHEM aKTHBHBIX FOXHBIX IIUKJIOHOB MJIM MAJIOTIOIBMKHBIX (DPOHTAIBHBIX
pasznenoB ¢ BomHamMu. KonmndectBo ocankoB konedanocsk oT 20 1o 29 MM 3a nepuon 7—12 4. bonsmmHCTBO
LIMKJIOHOB, OOYyCJIOBUBLIMX MaKCHMaJILHOE YUCIIO OY€Hb CHIIBHBIX CHEIONaa0B [0 CTPaHe, ObUIN IIyOOKUMHU
OapuvecKUMU 00pa30BaHUSIMH C JaBJICHUEM B IIeHTpe oT 976 mo 986 rlla. Beixoast Ha tepputopuro bena-
PYCH, OHH yIIIYOJSUIMCH M CYLIECTBEHHO 3aMEAJSUIUCh. 3[€Ch CTOUT OTMETUTh CJIOXKHBIE ITIOTOAHBIE YCIIOBHUS,
KOTOpBIe HAaOIIoAamch B peciryonuke 15 mapra 2013 1. B CBSI3U C NepeMEIICHHEM 04€Hb aKTUBHOTO LIMKIIOHA
(maBnenwue B nieaTpe 978 rlla) ¢ Ykpanns! Ha 10ro-BocToUHbIE paiionsl benapycu (puc. 4). Ha Gonbiieii gactu
CTpaHbI MPOLUTH CHJIBHBIE OCaKH B OCHOBHOM B BHJIE CHETa, MO I0r0-BOCTOKY — OIS, IEPEXOISILIETO B MOK-
pBIii cHeT. B 10)KHBIX M HEHTpaJIbHBIX pailoHaX OTMEYaMCh OYeHb CHUJIbHBIE cHeromaabl — oT 20 1o 26 MM
3a 12 9 (puc. 5). Ocagku cCOMPOBOKIAIICH CHIHHBIM TOPBIBUCTHIM BeTpoM (15-24 m/c), HaOmonanach O4eHb
CUJIbHAsi METeJb, Ha JOPOTaxX CUTyalusl OCJIOXKHsIIACH CHEKHBIMH 3aHOocaMu. [10 10r0-BOCTOKY pecmyOauKu
OTMEYaJIuCh HAJIMIIAHUE MOKPOTO CHEra, rojioje]], BO BTOPOi MOJOBUHE JHs Ha JOporax oopa3oBaiach rojo-
neauna. 3a meprosl BIMSHUS IUKIOHA, HECMOTPSI Ha CHIIbHBIA TIOPBIBUCTBIN BETEP U METEIIb, BO MHOTHX Paio-
HaX CTPaHbI MPUPOCT CHEra coctaBmi 5—15 cm, mectamu nocturan 1632 cm [30].
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Puc. 3. IloBropsiemocts OSI1, BbI3BaHHBIX I0XKHBIMHU LIMKJIOHAMU 3a Tiepuof 1995-2015 rr.:
a — OueHb CHIIBHBIN JOXKIb; O — OYCHb CHJIBHBIN BETEP; 6 — OUCHD CHJIbHBIN CHETOMA;
2 — CWIbHOE HaJMIIaHUE MOKPOT'o CHera (CHUHUM I[BET) U KPyNHBIN Ipajl (KpacHbIH LBET)

Fig. 3. Frequency of dangerous weather phenomena, caused by southern cyclones, period 1995-2015:
a — very heavy rain; b — very heavy wind; ¢ — very heavy snowfall;
d —heavy sleet sticking (blue colour) and big hail (red colour)

OtmetnM, uto 23-24 deBpans 1999 r. moroay B cTpaHe OMpEAesi aKTHBHBIA IIUKIOH, KOTOPBIH 00-
paszoBaics Haj pailoHaMu ATIEHHHMHCKOTO IMOJYOCTPOBA M MOJ IOr0-3alaJHBIMU MOTOKAMHU CMEILAJICS Ha
teppuToputo benapycu, yriyousmmcs Haj pecnyonukoi 10 976 rlla u 3ameinB cBoit xoia. B pesynbrare
Ha OOJIBIIICH YaCTH CTPaHBI MPOIILJIN HHTCHCUBHBIC cHeroma bl (10—19 MM), a 0 BOCTOYHOM MOJIOBUHE OHU
JOCTUTIN KpuTepus onacHbiX (20—-23 MM). MectaMu HaOJIFOaI0Ch CHIIBHOE HAJUIIaHUE MOKPOTO CHEra
(45 MM — Ha MeTeocTaHIUU JKUTKOBUYH).

OueHb cUIIbHOE HAaTMITaHUEe MOKporo cHera (57 MM 3a 13 1) ormeuanocs Takxke 11 HosOpst 2007 1. mo roro-
BOCTOKY bemapycu, Korja Ha TEppPUTOPHUIO PECIYOIUKH BBINIC aKTUBHBIA FOXKHBIA ITUKIOH, CMEIIABIIANCS
¢ palioHOB UepHOro MOps uepe3 BOCTOUHYIO YacTh YKpauHbl U benapycu Ha ctpanbl bantuu. MHTeHCUBHBIE
CHETOIa bl U CUJIBHOE HAJHUITAHUE MOKPOTO CHera HaOJIO/IAINCh Ha CEBEPHOU Mepu(epuu yriTyOIIsIOmEerocs
LUKJIOHA.
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Puc. 4. Ilpuzemuas kapta 3a 15 mapra 2013 1. (15 UTC) — BBIXOZ F0XKHOTO ITUKJIOHA,
COMPOBOXK/ABIIETOCS CHIIBHBIMHU CHETroIaiaMu
(ykazaHa TpaeKTOpus LUKJIOHA 3a mepuon 15—-16 mapra 2013 )
Fig. 4. Surface pressure analysis, 15 March 2013 (15 UTC) —

movement of southern cyclone, which was accompanied by heavy snowfall
(it is shown the trajectory of cyclone for the period 15-16 March 2013)

24 32
s \\"\ /{r\
56 =
BepxHeaBuHCK
2
[lapxoBumHa HOJ{-;)HK
| _ .
0,1-6,0 2 Burebek
7-19 18
Jlokmuner  Jlenens o
. .
Bonee 20 A
18
Morunés
12
CnaBropozn
0,7 b 5 Kocrioxor
BonkoBbick -
(;4 bapanokun C Bobpyiick
5 ® JIYLIK .
% 17/ HKinobun
T'an O
BaI[CBUYIH 16
pr)z(aHLI '11 19 Okra6ps
4 14 Tomens
Bacunesuun o
Jlporuumi JKutkoBHYH ) 13
. >
52

24

32

Puc. 5. Pacnipenencuue xonmuuecTa ocaakos (Mm) ¢ 9:00 o 21:00 15 mapra 2013 .
Fig. 5. The distribution of precipitation (mm) for the period 9:00 a. m. — 9:00 p. m. (15 March 2013)
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OueHb cruiibHBIC BETPHI (59 ciydaeB, BKIIFOYAst IIKBAJIbI) B pECIyOIMKe BO3HUKAIM B OCHOBHOM TIO]T BIIHSI-
HUEM MEJICHHO JBIKYLIMXCS (POHTANBHBIX Pa3JesioB, BAOIb KOTOPHIX 00Pa30BBIBAIMCH BOJTHOBBIE BO3MY-
LIEHUs], IPEUMYIIECTBEHHO B AHEBHOE BpeMs IIpU OOJIBIIMX TEMIIEPaTypHbIX KOHTPAcTax 10 00€ CTOPOHBI
arMocdepHoro ¢ppoHTa. B HOUHBIE Yachl OYEHb CHUIIBHBIA BETEp HAOMIOHANICS peaKko (6 ciy4yaeB) B THUIOBBIX
YacTsIX LUKIOHOB IPU 3HAYUTENbHBIX OAPUYECKUX I'PAJAMEHTax, KOrAa U3MEHEHHs aTMOC(EpHOro AaBlIeHUs
nocruranu 8—10 rlla 3a 3 4. MakcuManbHbIe TOPBIBBI BETpa cocTaBuim 25-32 M/c.

3a mepuoz ucciaenoBaHts KPYIHBIA rpaa auaMeTpoM oT 20 1o 60 MM BbINIafa B JHEBHOE BPEMs B TETIIbIN
HEepHOJ Tof1a, KOTa JUIs 3TOTO CO3/1a0TCsl Hanbosee OIaronpusTHBIE YCIOBHS — BBICOKHE TEMIIEPaTyphbl BO3-
JlyXa y 3eMHOH MOBEPXHOCTH, OONbLIas BOAHOCTH 00nakoB. Kak u B ciydae co HIKBaJaMH, CHHOIITHYECKAs
CUTYyAIHsl OTIpe/IeNsIach BIUSHNEM KOHTPACTHRIX (DPOHTAIBHBIX pa3fenioB ¢ BodHaMHu. Tak, 14 wroms 2000 .
TeppuTopust benapycu Haxonunack 1moj| BO3AEHCTBHEM IOKHOTO [IUKIIOHA U €r0 aKTUBHBIX aTMOC(EPHBIX (pOH-
ToB (puc. 6). Bo Bropoii nonoBuHe IHs Ha XOJIOXHOM (POHTE Hadaja pa3BUBATHCS MOILHAs Ky4eBO-I0XKIECBast
00JIaYHOCTB, YTO CBHJICTEIHCTBOBAJIO O CHIILHOW KOHBEKIIMU B CHCTEME IMKJIOHA. MecTamu 10 peciryOnnke
MPOILUIHA CHJIbHBIE JIMBHU, COIIPOBOKAABIINECS TPO3aMH, BBINAICHUEM MEJIKOTO M KPYIHOro rpazaa. B pesyis-
TaTe ObUIM YaCTUYHO PA3pYLIECHBI M MOBPEKICHBI IPOU3BOACTBEHHBIEC IIOMELICHUS U I0MA YaCTHOTO CEKTO-
pa, IOATOIUICHBI COTHH T€KTapOB CENbX03YTOHi, 00eCTOUEHBI ICCATKN HACEICHHBIX ITYHKTOB H3-32 00PHIBOB
JTUHUH 27eKTporepenad. B jgecax oOpa3oBaiuch 3aBajibl AepeBheB Iuiomaasio 10 10 ra. KpymHabiM rpamgom
MOBPEKIACHO OOJBIIOE KOTMYECTBO aBTOMOOHIIEH, PasOUThI CTEKIIAa M KPOBJISI KHJIIBIX JIOMOB M YUPEKICHHIH.

HoBTopsiemocts OSII B 3anagHbIX HUKJI0OHAX. Kak yxe ymoMuHan0ch, Tuib 10 aTaHTHYECKUX HUKIIO0-
HOB (14 % ot oOmiero konmnuecTsa) BezBas OS] B benapycu. Hanbonpimnas nosropsiemocts OSII mpumutack
Ha OYeHb CHJIbHBIC CHEromabl U JOXKIU — 110 6 ciy4aes (35 % oT o0Iero Koiau4ecTsa), a TAKKe OUeHb CHIIb-
HBIE BETPBI, B TOM YHCJIe LIKBaJbl, — 4 ciy4as. KpymHblii rpaj BeINa JIMIIb OAMH Pas.

OueHb cHUJIBHBIC OXKIU M JIUBHH, CBSI3aHHBIE B bemapycu ¢ 3amagHbpIME LUKIOHAMHM, HaOJONAINCH Jie-
TOM — C HIOHA 110 aBTycT (1-3 cinyyas B mecsir) (cM. Tadi. 2). OueHb CHIIbHBIE CHETOIa bl — TOJIBKO B HOSIOpE
(6 cimyuaeB 3a Bech nepuos uccaenoBanus). [1o 1 ciiydaro o4eHb CHIBHBIX BETPOB (PUKCHPOBAJIOCH B MapTe,
Mae, aBrycre u okTsi0pe. KpynHsblii rpajs oTMevancs B Uiole.
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Puc. 6. IlpuzemHas kapra (n300aps! 0€JI0T0 1IBETA)
u xkapta AT-500 (uBetHas mxkana) 3a 14 uronst 2000 . (18 UTC)

Fig. 6. Surface pressure analysis (white isobars)
and geopotential height at 500 (color scale), 14 July 2000 (18 UTC)
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AHanmu3 TIpOCTPAaHCTBEHHOTO pacmpeaenenus mokazan, uro Ol umenn nokaneHEINH Xapaktep (puc. 7).
O4eHb CUIIbHBIEC JOXK]IM MPOLUTA B CEBEPO-3aaHbIX PETHOHAX CTPAHBI, @ TAKXKE MeCTaMu 110 1ory. OUeHb CUIIb-
HBIE CHETOIa bl OBUTH CBOMCTBEHHBI MOTHIIEBCKOM, a TakKe 3araay I omensckoit oomactu. OueHb CHIIBHBIE BET-
peI oTMedarich Ha Meteoctaniusix [lyqnn, [Tomork n OkTs0pb, a KpyIHBIH rpajg — Ha MeTeocTaHiuu Opiia.
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Puc. 7. Tlosropsiemocts OSII1, BBI3BaHHBIX
3araHbIMU [UKJIOHaMH 3a niepuoy 1995-2015 rr.

Fig. 7. Frequency of dangerous weather phenomena,
caused by western cyclones, period 1995-2015

XapakTepHOl 0COOCHHOCTHIO ATIIAHTHYECKHX IIMKJIOHOB, OOYCIIOBUBIIINX OYE€Hb CHIIBHBIE JOKIN KaK JINB-
HEBOTo (B IHEBHOE BpEMsi), TaK M OOJIOKHOTO XapakTepa (B HOUHBIE 4achl), ObIIO X MEAJICHHOE TepeMelie-
HHe yepe3 bemapych. MUHMMAaNbHOE NaBiICHUE B ICHTPE MUKJIOHOB HAJ pecmyOnmkoi koimebanoch ot 980
1o 1005 rlla, mpu 5TOM, BBIXOAS HA TEPPUTOPUIO CTPaHBI, 3aaJHbIC IHUKIOHBI MPOIOKAIN YIIYOISTHCS.
KonuyecTBo BhINABIIMX OMACHBIX OCAJKOB COCTABISIO OT 35 10 38 MM 3a nepuop 35—45 MUH U JJOCTUTAJIO
51-65 MM 32 TIONCYTOK.

OueHb CHIIBHBIC CHETOMAIBI ¢ KOJTMIECTBOM ocaakoB 21-30 MM, BeTep mopeiBamu 10 19-24 m/c, meTenn
Y CHEXHBIC 3aHOCHI Ha JIOPOTax HAOIIOAAIKCh MO I0T0-BOCTOKY peciyOIMKY TpU cMelleHun ¢ 3anaaHoii Es-
POIIBI aKTUBHOTO BOJTHOBOTO ITKJIoHA 2021 HOs0pst 2004 1. (purc. 8). Llukmornmyecknii BUXPh MPOXOANIT Yepe3
I0KHBIC PaiOHBI CTPaHbI, 3HAYUTEIEHO YMEHBIIMB CKOPOCTh, HO MPOIOIDKas yrimyonsarbes 1o 982,5 rlla (nane-
HUe naBneHus HaJ benapycero cocrasmio 5 rlla 3a 3 u). IlepemecTuBmmck 3a npenens! cTpanbl Ha CMOJICH-
cKyto obmacte Poccuu, IMKIOH TOCTUT MakCUMAalbHOM cTaanu cBoero pa3sutug (975 rlla), ”HTEHCUBHOCTH
cHeronaioB Hax bemnapyceio ocnabena.

IlIkBanucToe ycuieHue Berpa 10 26—28 M/C B 3alafHbIX [IUKIOHAX B TEILIBIH MEPHOJ I'0/la, COMPOBOXK1aB-
1Ieecsl NHTEHCUBHBIMH JIMBHSIMH U I'PO3aMH, OTMEYajoch B MOMEHT MAKCHMAJIbHOTO MIPOrpeBa BO3AyXa IpHU
CMEIIEHUH BEPIINH BOJHOBBIX BO3MYIIEHHUI HA XOJIOAHBIX aTMOC(hEpHBIX (PPOHTAX, PA3ACIAIONINX KOHTPACT-
HbIE BO3JYIIHBIC MACChl, Uepe3 MyHKT HAOII0AeHUH. B nepexonHbie Ce30HbI rojla MAKCHMAJIbHbBIC TOPBIBBI
BeTpa 2830 M/c PUKCHPOBATHICH B YTPEHHHUE W BEUSPHHE YACHl B THUIOBBIX YACTSIX YXOMAIINX TTyOOKHX ITH-
KJIOHOB (naBneHue B 1eHTpe 983-995 rlla), korga poct arMocdepHOro 1aBieHus 32 XOJIOAHBIM (PPOHTATEHBIM
paznenom coctapiist 9—11 rlla za 3 u.

Kpynnsiii rpag nuamerpom 20 mMm (1 cimywail) B 3amajHbIX HUKJIOHAX BbINal B JHEBHbIE yachkl 1 Hroms
1998 . Ha (hpOHTE OKKITIO3MH B HEYCTOWYMBON BO3IYIITHOW Macce, BOIM3K IPU3EMHOTO [IEHTPa IIUKIOHA.
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Puc. 8. Tlpuzemnast kapra 3a 20 Hos0ps 2004 . (00 UTC) — nepemenienne
3aI1a{HOTO [IMKJIOHA, BBI3BABILETO CHIIbHbIC CHETOIa Ibl

Fig. 8. Surface pressure analysis, 20 November 2004 (00 UTC) — movement
of the western cyclone, which caused heavy snowfall

3aKiaoueHue

Huxnonuyeckas akTUBHOCTh B T€UEHHE Hcciemyemoro nepuoaa (1995-2015) xapakrepuzoBaiachk BICO-
KO TIOBTOPSIEMOCTBIO IIUKJIOHOB BCEX TUITOB TpaekTopuid HaJ Tepputopuen benapycu. Onnaxo OSII Bei3Basin
JIMIb HUKJIOHUYECKUE BUXPU FOXKHBIX U 3alla/IHBIX TpaeKTOpHﬁ. I'maBHBIM O6p330M C OTUMHU IUKIJIIOHAMH ObLTH
CBsA3aHbl OYCHb CUJIBHBIC JOXKAW U IIKBAJIbl, CHCIromajbI.

OcHoBHBIME palioHamMu (OPMHUPOBAHHS IOJKHBIX MUKIOHOB, Bbi3BaBmux Ol B bemapycu, Obimn 3anan-
Hoe CpeamseMHOMOpEke, [ eHy?a3ckuil 3anuB, a Takke Benrepckas u [lynaiickass Hu3BMeHHOCTU. bonbImnHCTBO
FOXKHBIX [TUKJIOHOB, OBIUSBIINX Ha Bo3HUKHOBeHUE OSI1 B pecnyOiuke, CMEIIATUCh B TEILIBINA TIEPUOJ] TO/Ia,
cienoBarensHo, OAIT npeke Bcero ObUIM CBSI3aHBI ¢ pa3BUTHEM Ha aTMOC(EPHBIX (PPOHTAX WHTCHCHBHOM
KOHBECKIIUU, O6yCHOBHHBa}OHICﬁ O4YCHb CUJIbHBIC JIMBHU, BBINIAJICHUEC KPYIIHOT'O I'pajia, O6p330BaHI/Ie MOIIHBIX
I'pO3, LIKBAJIOB U CMEPYEH.

3anaaneie HUKIOHKL, Bhi3BaBmue OSIl B benapycu, 00pa3oBbIBAIMCH B OCHOBHOM HaJl ATIaHTHYECKUM
OKeaHOM. XapaKTepHOH 0COOEHHOCTBIO JIaHHBIX IIMKIOHOB OBLJIO OBICTpOE cMellleHne Haj 3anaaHoil EBponoit
U CyIIECTBEHHOE 3aMe/IeHne Xoaa Haja benapychto, YTO MIPUBOIMIO K BOSHUKHOBEHUIO OYEHb CHIIBHBIX JOXK-
Z[Cf/i KaK JIUBHCBOT'O, TaAK U MPOAOJLKUTCIIBHOIO XapaKTepa B JICTHUMN nepuon roxaa. W nmumb oyeHb CHIIBLHBIC
BETPHbI, B TOM YUCJIC IIKBAJIbI, ObLIIH OGYCJ'IOBJ'ICHI)I FJIy6OKI/IMI/I [UKIJIIOHaAMHU, IEPEMCHIAIOIIUMUCS C OOJIBIIUMH
CKOPOCTAMU IIPU 3HAYUTCIIbHBIX 6ap1/1quKI/1x TrpaiuCHTAax.

OTIMYUTENBHON 0COOEHHOCTBIO KaK FOJKHBIX, TaK M 3alaHbIX I[UKJIOHOB, BbI3BaBIINX O0nbmnHCTBO OSI1
B benapycu, crano ux yriny0OieHue HaJ TEpPUTOPHEN CTPaHbI, T. €. OHU BBIXOAMIIHM HA PECIyOIHKY HHTCHCHB-
HBIMH U aKTUBHBIMU, MPEUMYIUICCTBEHHO 31€Ch NOCTUTasd MaKCHUMaJbHOM CTagnuu CBOCTO pa3sBUTHA.
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VIIK 551.5

AOATOITEPUOAHBIE N3MEHEHUS
TEMITEPATYPBI BO3AYXA B TATAPCTAHE
N NX COEHAPVU B TEKYIIIEM CTOAETUN

I0. I1. IEPEBEJIEHIIEB", K. M. HIAHTAJTHHCKHH ",
B. I IIEPCTIOKOB?, A. A. HUKOJIAEB"

YKaszanckuii (Ipusoncckuil) pedepanvhviil ynusepcumen,
ya. Kpemnesckas, 18, 420008, e. Kazanw, Poccus
' Bcepoccutickuii HayuHo-uccied06amenseKutl UHCIUmym
eudpomemeoponozuieckoll ungopmayuu — Mupogoi yenmp OaHHubIX,
yn. Koponesa, 6, 249035, 2. Obnunck, Kanyswcckas obn., Poccus

Paccmotpens! gonroneproaHbie KojeOaHus TeMIepaTyphl Bo3ayxa Ha Tepputoprn Pecrryomku Taraperan B XXX X1 BB.
OmnpezneneHsl TepHOAbl OHO3HAYHOTO M3MEHEHUS MPU3EMHON TeMIepaTyphl BO3IyXa. YCTaHOBIEHO, 4To ¢ 1970-x T
o 2017 . cpenusist 3umHss Temneparypa B [Ipukasanckom pernone Beipociia 6osee yem Ha 3 °C, a cpezHsis JISTHSIS TeM-
neparypa yBeanuuiack npuommsurensho Ha 2 °C. [TokazaH BKJIa/l MPOLECCOB NIO0AIFHOTO MaclTada B N3MEHYMBOCTh
Temneparypsl [Ipuka3aHckoro pernona: 3uMoil oH coctaBui 37 %, netoM — 23 %. BeIomHEH KOPPEIsILIMOHHBIA aHAIIN3
AHOMAJIMHM CPEIHET0J0BOM TeMIlepaTypbl Bo3nyxa B Kazanu u psiioB aHOMasuil TeMiieparypbl BO3yXa HaJl KOHTUHEHTa-
MH, a TaKKe TeMIIEPaTyphl TOBEPXHOCTH OKeaHa B KaXKIOM y3JIe KOOpAWHAT Ha 3eMHOM Imape 3a 1880-2017 rr. O6Hapy-
JKCHBI TaJbHUE CBSI3U B I0JIe TeMIepaTyphl Mexay Ka3zaHbio U ynaneHHBIMU perroHaMu 3emii. OTMEeueHo, 9To JOJro-
NIepUOIHbIE KoeOaHust kiauMara B Ka3zaHu MpoMCXOAST CHHXPOHHO C KOJEOAHUSIMU TEMIIEpaTypbl BO3/yXa B BBICOKHX
muporax Asuu u CeBepHoit AMepuky, Ha JlanbHeM BocToke u rore ABcTpannu, a Takxke ¢ M3MEHEHUSIMU TEMIIepaTypbl
MOBEpXHOCTHBIX BoXl B CeBepHOM JlenoBurom, MuamiickoM n TuxoM okeaHax. BrICKa3aHO NMpenionokeHne 0 HATHIUN
I00aIEHOTO MEXaHU3MA, PETYINPYIOIIET0 JOJITONEPHOIHBIC KOJIeOaH!s KIIMMaTa Ha BCeH 3emIle B TEUEHHE PacCMOTPEH-
noro 200-ietHero nHTepBana HadmoneHuit. Ilo manaeM mpoekta CMIPS mocTpoeHs! KIMMaTHYECKHE CIICHAPHUU IS
Kazanu no xonna XXI B.

Knrwuesvie cnosa: TeMIICparypa BO3yxa; UIBMCHCHUA KIIMMaTa, JIMHCHHBIA TPEHA; KIIMMAaTUYCCKUEC MOACIIN,; KJINMa-
TUYCCKUC CLICHAPUH.

brazooaprocms. Pabora BeinonHeHa MPpH GUHAHCOBOI momaepxkke Poccuiickoro ¢ponma GyHIaMEHTAIBHBIX HCCIIC-

noBanuit (rpantsl Ne 18-05-00721 u Ne 18-45-160006).

O0pa3en HUTHPOBAHUM:

[epesenenues IO, [antamuackuii KM, Illepctrokos BI, Hu-
xomaeB AA. JlonronepuonHbie U3MEHEHUsI TEMIIEPATyPhI BO3LY-
xa B TarapcTaHe W UX CIICHApUU B TEKYILEM CTOJECTUH. JKypHA
benopyccroeo cocyoapcmeennoeo ynusepcumema. I eocpagus.
Teonocus. 2019;2:94-107.
https://doi.org/10.33581/2521-6740-2019-2-94-107

For citation:

Perevedentsev YuP, Shantalinskii KM, Sherstukov BG, Niko-
laev AA. Long-period changes of the air temperature in Tatar-
stan and their forecast till the end of the 21" century. Journal of
the Belarusian State University. Geography and Geology. 2019;
2:94-107. Russian.
https://doi.org/10.33581/2521-6740-2019-2-94-107

ABTOpBI:

HOpuu llemposuu Ilepesedenyesé — NOKTOp reorpaduuecKux
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POZIOTIONIB30BAHHSL.
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Long-term changes in air temperature on the territory of the Republic of Tatarstan in the 20™-21" centuries are consi-
dered. The periods of unambiguous changes in the surface air temperature are determined. It is established that the average
winter temperature from the 1970s to 2017, increased in the Kazan region by more than 3 °C and the average summer
temperature increased by about 2 °C over the same period. The contribution of global scale processes to the variability
of the temperature of the Kazan region is shown: it was 37 % in winter, 23 % in summer. The correlation analysis of the
anomalies of average annual air temperature in Kazan and the series of air temperature anomalies in each node over the
continents, as well as the ocean surface temperature in each coordinate node on Earth for 1880—2017, was performed.
Long-distance communications were detected in the temperature field between Kazan and remote regions of the Earth.
It is noted that long-period climate fluctuations in Kazan occur synchronously with fluctuations in the high latitudes
of Asia and North America, with fluctuations in ocean surface temperature in the Arctic ocean, with fluctuations in air
temperature in the Far East, and with fluctuations in ocean surface temperature in the Southern hemisphere in the Indian
and Pacific oceans, as well as air temperature in southern Australia. It is suggested that there is a global mechanism that
regulates long-term climate fluctuations throughout the Earth in the considered interval of 200 years of observations. Ac-
cording to the CMIPS5 project, climatic scenarios were built for Kazan until the end of the 21¥ century.

Keywords: air temperature; climate change; linear trend; climate models; climatic scenarios.

Acknowledgements. This work was supported by the Russian Foundation for Basic Research (grants No. 18-05-00721
and No. 18-45-160006).

BBenenune

CoBpeMeHHOE COCTOSTHIE UCCIIEJOBaHMH B 00JaCTH KJIMMaTa OTPayKEeHO B OLICHOYHBIX J0KiIanax Mexnpa-
BHTEIBCTBEHHOM TPYIIIBI AKCIIEPTOB 10 u3MeHeHuto kmMara (MI'OUK) [1] u Pocruapomera [2]. B 2011 .
Ha XVI BcemMupHOM METEOpOIOrHueckoM KOHIpecce yTBEpiKAeHa IiioOalibHasi paMOuHasi OCHOBA ISl KIIM-
Marunueckoro odciyxkusanus (I'POKO), Brirodaromast B ce0si CHCTEMBI THAPOMETEOPOIOrHYECKUX HalIIo-
JEHUH ¥ MOJAENHMPOBaHMS KIUMaTa, HHPOPMAUMOHHYIO KIMMAaTHYECKYIO CUCTEMY U CHCTEeMY OOecIedeHus
KIMMaTHYeCKOM HHpOpMaLel moJIb30BaTelNeii CEKTOPOB SKOHOMUKH M coLuanbHoi cdepsl. Bee 310 nomkHo
CHOCOOCTBOBATH AJaNTallMU K MPOUCXOSIIUM KIMMAaTUISCKUM HM3MEHEHHSM, YIPABICHUIO BOSHUKAIOIIUMHU
puckamu. B pa3sbix pernonax Poccun BenyTes ucciaenoBaHMs 0 U3YyUEHHIO U3MEHYMBOCTH KJIMMaTa U -
HaMHKH ITOKa3aTesnei ero skcTpeManbHocTH. Tak, B 2008 I. KOJJIEKTUBOM Kadeapbl METEOPOJIOTHHY, KINMATo-
JIOTHU 1 3Kooruu arMocdepsl KazaHnckoro ¢enepanbHoro yHuBepcuTeTa Obljia OmyOIrMKoBaHa MOHOTpadus
«Knumarnueckue ycnoBust u pecypebl Pecriyomuku Tarapcran» [3], B KOTOpoil aHa OLICHKa W3MEHEHUSIM
KJIUMaTa U KIMMaTH4eCKUX PECypcoB IO pe3yJbraTaM METEOpOIOTHYecKuX HadmoaeHuit 3a 1966-2004 rr.
Bmecre ¢ TeM HEOOXOAMMO OTMETHTH, YTO 3a MocienHue 14 IeT Mpou30LUIM 3aMETHbIC W3MEHEHUS] PETruo-
HAJBHOTO KJIMMAaTa: B 3UMHHUI MEepHOJl BO3HUKJIIA TEHACHUMS K TIOHIKEHHUIO TEMIIEPATyphl, a B IETHUH — K €€
MOBBILIEHNIO. [l0CTaTOYHO YIIOMSIHYTh AJIUTENbHYIO 3acyxy jJetoM 2010 r., korna Temneparypa B Tarapcrane
nocturana 39 °C, 4yTo NPUBEJIO K CHUKEHHIO YPO)KalHOCTH CEIbCKOX03SICTBEHHBIX KYNbTYp Ha 51-65 % mo
CPaBHEHHIO CO CpeHEN ypoXKalHOCTBIO 3a IpeAuecTByomme 5 jieT. Kpome Toro, B utone — asrycre 2010 r. pe3-
KO BO3pOCiIa CMEPTHOCTD CPEIH MOKMIIBIX JIIOJIEH M3-3a KpaiiHe HeOnaronpusaTHBIX SKCTPEMAaJIbHBIX YCIIOBUI [4].

PecnyOnuka TarapcTan Mo cBOMM SKOHOMHUYECKMM IOKA3aTelsiM U Pa3BUTHIO COLMATIBLHON CQepbl BXOAUT
B umncino auaepoB Poccuiickoit @enepanuu. TeM He MeHee psifl €€ OTpacieid, U IPEeXkIe BCETO CEIbCKOE, JIECHOE
1 )KWIHIIHO-KOMMYHAJIBHOE X034HCTBO, PEKPEAIMOHHO-TYPUCTCKUH KOMITJIEKC, 3aBUCAT KaK OT dKCTPEMAIIbHBIX
SIBICHUH TIOTOJbI, TaK U OT JOJTOBPEMEHHBIX KIMMAaTHYECKUX M3MeHEeHuH. [IpuMep ToMy — MHTEHCHUBHBIC
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3acyxu 1995, 1998, 1999, 2010 u 2016 T, mpuHecHINe 3HAYUTENBHBINA yIIepO CeTHCKOMY U JIECHOMY XO35H-
cTBy. [loaTOMy M3yueHre HacTOANINX U OyIyIIUX pacipeaeNeHni oKa3arenel KiinMara, orjeHKa KiInMaTuaec-
KOI'O TIOTEHIMaJIa PErUoHa (TEeIUIo- U BJIaroo0eced4eHHOCTH, paJlualliOHHOr0 OajlaHca, IPOAOJIKUTEIIbHOCTI
MEPUOIOB C IKCTPEMAIBLHBIMU 3HAYCHUSIME TEMIIEpaTyphl BO3/yXa U aTMOC(EpPHBIX OCAJKOB) B MHTEpecax
SKOHOMHUKHM M HACEJICHUS NPEJCTABISIOTCS aKTyaJIbHBIMU.

Lenpro paboThI ABNASETCS aHAIN3 JOITONEPUOAHBIX H3MEHEHUH TeMITepaTyphl Bo3ryxa B Tarapcrane B XX
u XXI BB.

MaTepI/IaJ'II)I U METOAbI HCCJICAOBAHUSA

B xauecTBe HCXOJHOTO MaTepualia UCCIIEOBAHMUS ObUIH HCIIOIB30BaHbI CPETHIE MECSYHbBIC 3HAUCHHS TEM-
reparypsl Bo3ayxa 3a nepuon ¢ 1928 mo 2017 1. Ha MeTeopoiornueckux crannusx Kazanb-yHuBepcutet, Bsi-
30BbIe 1 Apck. Crannust KazaHb-yHHBEPCUTET HAXOMUTCS B LIEHTPE TOPOJIa, CTaHIMs Bsi3oBbIe pacnonaraercs
B 40 xM k 3amaxy ot Kazanu, a cranuus Apck — B 60 KM K ceBepo-BOCTOKY (pHc. 1).

[To cpenqHUM MecCsYHBIM JaHHBIM PACCUUTAHBI CPETHHUE TOJIOBHIE (SIHBaph — eKaOpb), 3UMHHKE (JIeKadpb —
(deBpaib) u JeTHUE (MIOHD — aBI'yCT) 3HAYCHUSI TEMITEPATYPhI BO31yXa.

B nensix BbIsiBIeHUST Hauboee KPYIMHOMACIITAOHBIX U3MEHEHUH OBUIH MCIIONh30BaHBI BPEMEHHBIC PSIbI
AQHOMaJIMii IPUTIOBEPXHOCTHOM TEMIIepaTypbl BO3/1yXa, OCPEIHEHHOM Mo TeppuTopun CEeBEpHOTO MOTYIIAPHS
(1928-2017), xoTOpBIC TIOATOTOBJICHBI B OT/EIE HCCIEAOBAHMS KIIMMaTa YHHUBepcuTeTa BocTouHOM AHIINH
(manee — manusie CRU) [5].

Jnst oOHapy KeHUs TATbHUAX CBSA3EH B TIOJIE TeMIIepaTypbl Mexxay KazaHblo U ylalleHHBIMU perMOHAMH 3eMITH
WCIIOJIB30BAIUCH MaTepHralibl HaOMoACHNH 3a Temreparypoii Bo3ayxa (TB) Ha mereoponorudeckoil cTanuun
Kazanp-yauBepcurer 3a 1828-2017 rT., a Takxke CBEACHHSI O TeMIieparype moBepxaoctu okeana (TI1O) B y3-
JlaX reorpaduuecKor CeTKH C 1marom 2 X 2° mmpoThl ¥ A0iroTh 3a 1854—2017 rr. [6—8] u nanusie CRU o Tem-
neparype Bo3ayxa HaJl KOHTHHEHTaMH B y3J1aX reorpaguyecKoi CETKH ¢ MIaroM 5 X 5° MIMpOTHI U JIONTOTHI 32
1880-2017 rr.

Ypxym
Kunbmesp
56°45’ A H)Kelacx . )
47°15'
Cap.anyn
s
’ ‘ : i . . Bstcy ’
‘-Ie60£<capm
Bs3sgseie  Kazanb Enabyra . . .
¢ . - . . ° o . . .
’ Men3zenuHck
Kanam ¢
. BepyxnespkeeBo
ne Kaioumpr Jlaumneso .
. . MycaromoBo
. . Huctomnons *,  bBakams - :

Barsipeso
*

Axram
L]

AJ’IaILIpL A3zHakaeBd
L]

Byrynema Ty

BepIINHEBI
L]

YJILSII-LOBCK

KnssNuno
. . . JIMMHUTPOBIrpaj s % .
L]

AKca.KOBO
53°45'

. AOnyanHo ©
® 54°15

Puc. 1. PacrionoxxeHHe METEOPOJIOTHYECKUX CTaHIMi B TaTtapcTaHe U Ha COMpPEIebHBIX TEPPUTOPHIX
Fig. 1. Location of meteorological stations in Tatarstan and in adjacent territories
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Maccug aannbix o0 TIIO ERSST v3b npencrapiser co0oii BOCCTaHOBICHHBIC PSJIbI MECSIUHBIX aHOMAJTUN
TeMITepaTypbl TOBEPXHOCTH OK€aHa OTHOCUTEIHHO HOpM 32 1971-2000 rT. 3anosHEeHNE MPOITYCKOB CTATHCTH-
YECKUMH METOJIaMH BBITIONHEHO aBTOpamMu MaccuBa. B omimune ot Bepcuu ERSST v3 nosas Bepcuss ERSST
v3b He BKIIOYAeT CIYTHHKOBBIC JIAHHBIC, KOTOPbIC, KaK OBbUIO YCTAaHOBIICHO, BBI3BIBAIOT CIUIIKOM CHIIBHOE
CMeIleHHe.

MaccuB nansabix 0 TB Haji KOHTUHEHTAMH COJIEPAKUT aHOMAJIMM MECAYHOM TeMIeparypsl B y3jax reorpa-
(udeckol ceTkr ¢ marom 5 X 5° MUPOTHI U IOATOTHl OTHOCUTEIBHO HOpM 3a 1961-1990 . [5].

g nccnenoBanust AONTONEPUOIHBIX U3MEHEHHUH TeMIIepaTypHOro pekuMa MPUMEHSUINCH CTIIaXKHBaHHE
BPEMEHHBIX PSIOB 7-JIETHAM CKOJIB3SIIIIMM OCpEHEHHEM, HU3KouacToTHas iiuposast puibrpanus (HU dunsrp
[TorTepa), MeTO KOPPENAMOHHOTO aHAJIH3a.

Hamu 6pu10 mpoBeneHO TecTupoBaHue 38 KIMMATHIeCKUX Mofenei mocuentero mokonenuss CMIPS (cou-
pled model intercomparison project) o psiy KPUTEPHEB, TaKUX Kak KO3(D(OUIMEHT HAKIOHA JTUMHEHHOTO
tpenaa (KHJIT), pasHOCTh KIMMaTHYECKUX HOPM, KOI(DOHUIIMEHT MapHOH KOPPENsii MEXy CMOACITHPO-
BAHHBIMHU TEMIIEpATypaMH BO3[IyXa W pe3yisraraMu HaOIFOIEHUH, cpeiHee abCOMOTHOE OTKIOHEHHE (O),
CpenHeKBaApaTHIecKas omnoKa mporHo3a (C).

[To uroram KOMIUIEKCHOTO aHAJIM3a PE3yIbTaTOB TECTHPOBAHS ObLITH 0TOOpaHb! 7 Hanbomnee 3 HEKTHBHBIX
mopeneit — BNU-ESM, CMCC-CM, MPI-ESM-LR, MPI-ESM-MR, GISS-E2-H, EC-EARTH, FIO-ESM, xo-
TOpBIE UCTIONB30BAIINCH [T MOMyUEHHs KiIIMMaTuyeckux rnpoeknuid B Kazanu na nepuon 2005-2100 rr.

[IporHocruyeckue pacueTbl 0a3UPOBATUCH HA pe3yJIbTaTax aHCAaMOJIEBBIX pacueTOB OTOOPAHHBIX 7 KiIUMa-
THYeCcKuX Mojeneit u3 npoekra CMIPS. MozenbHbIe TaHHBIE IO PEKOHCTPYKIIMK TEMIIEpaTypHOTO psijia B TIe-
puosa 1850—2005 rr. cpaBHUBAIKCH C JaHHBIMA METCOHAOIOICHUH HAa MeTeocTaHIMKu Ka3aHb-yHUBEPCUTET.

Pe3yJ'[])TaT])I U UX 06cy)lcﬂelme

CoBpeMeHHbIE H3MEHEHHS KIIMMaTa, COMPOBOXKIAIONINECS Bce Ooiee YacThIMU M MHTEHCUBHBIMU TIPHPOI-
HBIMH KaTakJIM3MaMH, OKa3bIBAIOTCS HAMOOJee UyBCTBUTEIBHBIMHU JUIS MPUPOJIBI, SKOHOMUKH M HACETCHUS
KOHKPETHBIX pernoHoB. CTaHOBUTCS aKTyaJbHOW 3ajada OIEHUTHh POJb €CTECTBEHHBIX (TEMJIOBOE COCTOSIHHE
MOBEPXHOCTH ATIAHTUYECKOTO OKEaHa, INPKYISIHS aTMOC(ephl, COTHEYHAS ¥ TeOMarHUTHAsI aKTUBHOCTb) U aH-
TPOTOTeHHBIX (PaKTOPOB (POCT KOHIIEHTPAIIMH TAPHUKOBBIX T'a30B) B ((OPMUPOBAHMH MOTOJHBIX U KIMMaTHYE-
CKMX aHOMAJTHH, BKITIO4ast SKCTpeMajibHbIe, Ha TeppuTopun TaTapcrana, ncciaenoBaTh TMHAMUKY KIMMaTHIECKIX
PECYPCOB U CIIPOTHO3UPOBATH OyAyIie H3MEHEHHs KIMMaTa B MHTepecax 3KOHOMHKH u Hacenenus [3; 9; 10].

HN3meHnenus: npuseMHoii Temneparypsl B Ilpuka3anckom peruone. PaccMoTpuM TemneparypHbIid pe-
»uM B [IprKkazaHCKOM perroHe B LIENSIX ONpE/ICICHUs CTEIICHN BIUSHUS HA HETO (h)aKTOPOB Pa3InuHOTO Mac-
mTada v OIICHKH BO3MOYKHBIX M3MEHEHUH TeMIlepaTyphl B OyayiieM (tadi. 1).

Tabnuma 1
Cpennue KBagpaTHyeckue OTKJIOHEHHsI, CpeJHHe MHOI0JIeTHHe,
MaKCHMAaJIbHbIe 1 MUHUMAJIbHBIE 3HAYEHUsI IPU3eMHOI TemmepaTtypbl Bo3ayxa (°C)
B [Ipuka3aHcKkoM pernoHe 3a pa3JiH4HbIe MEPUOAbI OCPeHEHHUS
Table 1
Mean square deviations, average long-term, maximum and minimum values
of surface air temperature (°C) in the Kazan region for different periods of averaging
XapakTeprUCTUKU Ton (ssHBapb — nekadpb) 3uma (nexadbpb — peBpab) Jleto (utoHB — aBryCT)
TeMIIepaTypsl
BO3IyXa Kazanp BszoBbie Apck Kazann BsizoBbie Apck Kazann BszoBbie Apck
1928-2017 rr.
Hopwma 4,57 3,77 3,17 —10,41 —11,11 —-11,89 19,10 18,20 17,83
CKO 1,19 1,17 1,18 2,76 2,77 2,75 1,40 1,35 1,39
Makc. 6,91 6,13 5,68 -5,33 -6,20 -6,84 24,03 22,90 22,63
MuH. 1,42 0,63 0,12 —-17,50 —-18,17 —-18,80 16,30 15,20 14,73
1928-1957 rt.

Hopma 3,85 3,12 2,52 -11,91 -12,43 —-13,21 18,99 18,12 17,77
CKO 0,99 0,97 0,96 2,65 2,68 2,62 1,27 1,21 1,26
Makc. 5,50 4,73 4,03 -6,80 -7,30 -8,23 21,23 20,31 20,13
Mums. 1,42 0,63 0,12 -17,50 -18,17 —-18,80 16,30 15,20 14,73
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OkoHuyaHue Tabm. 1
Ending table 1

XapaKkTepuCTUKU I'on (auBaps — nexadpp) 3uma (nexadbpp — peBpaib) Jleto (utOHB — aBTYCT)
TeMIIepaTypsl
BO3/yXa Kazanp Bs3oBsie Apck Kazanb Bsi3oBele Apck Kazanb Bsi3oBbIe Apck
1958-1987 rr.
Hopwma 4,28 3,43 2,80 -10,47 -11,33 -12,07 18,55 17,66 17,27
CKO 1,00 1,03 1,02 2,61 2,67 2,66 1,26 1,31 1,32
Makxec. 6,23 5,48 4,92 -5,33 -6,20 7,03 22,03 21,43 21,23
MuH. 1,80 0,93 0,27 -16,77 -17.,47 —18,40 16,67 15,50 15,10
1988-2017 rr.
Hopwma 5,59 4,77 4,20 -8,87 -9,58 -10,38 19,75 18,81 18,44
CKO 1,12 1,12 1,14 2,51 2,59 2,59 1,46 1,43 1,46
Makc. 5,00 4,18 3,72 -10,43 -11,27 | -11,97 21,43 20,80 20,63
Mum. 3,96 3,18 2,66 -13,13 | —-13,97 | -14,67 16,67 15,93 15,80

HpI/IMe‘{aHI/Ie. HopMa — Cp€AHUC MHOI'OJICTHUE 3HAYCHUS] CKO - Cp€AHUE KBAaAPATUYCCKUE OTKIIOHCHHSA; MAKC. U MHUH. —
MaKCHUMaJIbHbIC U MUHHUMAaJIbHbIC BCIMYUHBI COOTBETCTBCHHO.

MHoroneTHHH X0/l TeMIIEpaTypbl Ha CTaHIIUAX PErHOHA MpakTHdecku anamorudeH. KoadduuneHnTsr kop-
pEeJNAINT BO BCE CE30HBI Toia peBocxonaT Benuanny 0,95. OqHaKo cBsA31 BO BTOPOi TOJIOBUHE HCCIIEyEMOTO
reproja, Korjaa HabIogaeTesl COBPEMEHHBIN dTall TI100aIhHOTO IMOTEIUICHHS, BBIIIE (KOd(DOUITUEHT KOppes-
nnu He MeHee 0,98). OcoOeHHOCTH N3MEHEHH TEPMHUYECKOTO pekuMa B KazaHu cBsI3aHBI CO CEIHUPUICCKU-
MU YCJIOBHSMH KPYITHOTO TOPO/Ia.

BrinonHeHHOE cIiaKuBaHUE BPEMEHHBIX Ps1I0B aHOMAJIMM TeMIeparypbl OTHOCUTENbHO HOpM 1961-1990 rr.
TIPH TTOMOIIIA HU3KOYACTOTHOM (PHITBTpAINH € TIOJI0CO mporryckaHus Oomnee 20 JeT Takke 00HAPYKUBAET Cy-
IIECTBEHHBIN POCT TeMIepaTyphl Kak Ha TeppuTopur Bcero CeBepHOTo moiymapus, Tak u B [Ipukazanckom
peruone (puc. 2).

Kpome ToTr0, CrimaxuBanne O3BOIHIO OOJIee JEeTaabHO OMPEISIUTh MEPHOABI OTHO3HAYHOTO M3MEHEHUS
MIPU3EMHOM TeMreparypbl Bo3ayxa. Tak, 3umoit ¢ 1928 no 1957 r. Temnieparypa B UCCIIEAyEMOM PETUOHE MO-
BhIIIANIACH CO cKopocThio nopsaka 0,6—0,8 °C 3a 10 net, nanee o 1970 r. oTMe4aI0Ch HEKOTOPOE MTOHUKEHHE
TeMIepaTypsl Ha BeninuuHy okoio 0,8 °C. 3areM ¢ Hayasa 1970-X I'T. IpOMCXOAUIIO HHTEHCUBHOE MTOTEIICHUE
knumara [[prkazaHckoro pernona, Kotopoe ¢ koHma XX B. CYIIECTBEHHO 0CIa0II0 U CMEHIIIOCH HE3HAUYNTEINb-
HBIM TTOXOJIOZaHUEM, a B KOHIIE TIepBOTO fecaTmiaeTnss X XI B. 3UMHSA TeMIieparypa BHOBb CTalla yBEITMIUBATHCSL.
B pesynbrare no kpuBoi HU3KOYaCTOTHON KOMIIOHEHTHI CpeliHsIA 3UMHsIsI Temiieparypa ¢ 1928 no 2017 r. B Ka-
3anu BeIpocia Ha 4,7 °C, B BszoBeix — Ha 4,2 °C, B Apcke —Ha 4,1 °C.

WNnaue m3meHsnach cpeqHss JIETHSSI TeMIIeparypa Bo3ayxa. B Hagaie uccnemyeMoro nHTepBaia IpuMepHO
710 BTOpO# moNoBUHBI 1970-X TT. TeMrieparypa B OOIIeM MOHMKAIACh, UCTIBIThIBAs KOJEOAHUS C TIEPUOOM
okoto 20 meT. 3a 3T0 BpeMs CHIKEHHE cocTaBuio mpuMmepHo 1,3 °C 3a ropogoM u npudmusurensHo 0,7 °C
B Kazanu, 4to sSBWJIOCH CIEACTBUEM OTEILIAIOLIEIO BIUAHUS ropoackux yciaoBuil. C cepenunbl 1970-x rr.
B [IpukazanckoM pernoHe, Kak U B IIEJIOM 110 TIOTYIIApHIO0, HAYaJl0Ch HHTEHCUBHOE MTOTEIUICHNE, B PE3YIIbTaTe
KOTOPOI'O CpelHsis JETHsS Temueparypa yseanuuiacsk Ha 1,9 °C 3a ropogom u Ha 2,2 °C B Ka3zaHu.

W3mMenenus cpemHeil TofoBo# TeMIeparyphl Bo3IyXa HOCHIN Oojiee paBHOMEpHBIH xapakTep. Poct cpen-
Hel roloBoii TeMrieparypsl Havyascs ¢ cepeausbl 1940-x rr., u 1o 1990 1. ero ckopocts B Kazanu 6pu1a 0,17 °C
3a 10 Jret, a 3a ropomom coctarisuia 0,11-0,12 °C 3a 10 net. Jlayiee moTeIIIeHHE IPOUCXOINIIO O0JIee BBICO-
KuMH Temramu: B Ka3aHu CKOpPOCTh MOBBIIIEHUS CPEIHEH TO0BOI TeMIepaTypsl B 3TOT MPOMEKYTOK Bpe-
Menu poctumna 0,6 °C 3a 10 ner, a B cenbekoilt MmectHocTH — 0,5 °C 3a 10 net. B pesynbrare B Kazanu ¢ 1945
o 2017 r. cpenHsis romoBas TeMiieparypa yseiamdminack Ha 2,7 °C, a B BasoBeix u Apcke — Ha 2,1 °C. Takum
00pa3oM, Kak y)Ke yKa3bIBaJOCh paHee, MOBBIIIEHHE CPEeTHEH TOMOBON TeMIIepaTyphl 3a BECh MCCIeTyeMbIil
TIEPHO]T OTIPENIEISIIOCH B OCHOBHOM YBEJIHMUEHUEM CpeTHEH 3UMHEN TeMIeparyphbl.

Kak BugHO M3 puc. 2, n3MeHeHHs Temreparypbl B lIpukazaHCkoM pernoHe XOTsS W HOCWIH Ooiee pes-
KHIi XapakTep, TeM He MeHee MPOTEKAIH JOCTATOYHO COTTACOBAaHHO C M3MEHEHUSIMH TemIieparypsl Bcero Ce-
BEPHOTO TONyIIapys KaK 3UMOH, Tak # JieToM. OCOOEHHO 3TO OTHOCHUTCS K MOCIIEAHEMY ATAITy MOTEIUICHHUS,
HauaBiemycs B cepenuHe 1970-x rT. Yka3aHHbIe KoJIeOaHUsI TEMIIEPaTyphl BO3MyXa SBIAIOTCS PE3yJIbTaToM
NecTBHA TT00AThHBIX, PETHOHAIBHBIX U JIOKAJIHHBIX (PakTOpoB. [l OIeHKH BKIa/a rI00aTbHBIX (PaKTOpOB
B M3MEHYHMBOCTH Temrieparyp lIprukazaHckoro pernoHa BEYUCISIIACH KO3 (DHUIIMEHTH! KOPpENsSIny aHOMaITAN
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Puc. 2. HuzkouacToTHasi KOMIIOHEHTA ¢ ieprojoM Oosee 20 et anoManuit
npu3eMHOiT Temnepatypsl Bo3ayxa (°C) B [Ipukasanckom perunone n CeBepHOM HOYIIAPUH
3UMOH (1ekadpb — GeBpaiib) (a) u 1eToM (HIOHB — aBrycT) (6):

1 — Kazanb-yHuBepcuret; 2 — Bazossie; 3 — Apck; 4 — CeBepHoe nonymapue (o gaaasiM CRU)
Fig. 2. Low-frequency component with a period of more than 20 years
of anomalies of surface air temperature (°C) in the Kazan region and the Northern hemisphere
in winter (December — February) (a) and in summer (June — August) (b):

1 — Kazan-university; 2 — Vyazovye; 3 — Arsk; 4 — Northern hemisphere (according to CRU)

TeMIieparyp peruona u CeBepHOTo MONyIIapus B LIEJIOM, IPUUEM HE TOJIBKO 332 BECh UCCIIETyeMbIH EPUOI, HO
1 32 JIBa MOJIIIEPUO]IA, IIEPBBIN U3 KOTOPBIX MPEACTABISICT COO0M MPOMEKYTOK BPEMEHH, MTPE/IIICCTBOBABIINN
nocieaHeMy norerieHuto (1928—1976), BTopoii — coOcTBeHHO HanboJiee BRIPAKSHHY0 YaCTh ITOTO MOTEeIlIe-
Hus (¢ 1977 mo 2017 ).

3HaueHUsT KO3(QPUIIMEHTOB KOPPEIIAIMH 32 BECh TIEPUOJ UCCIICIOBAHUS 3UMOKN cocTaBmin okojo 0,61,
a netoM — 0,48. B 1928-1976 rr. onn pasusinucek 0,52 u 0,40 coorBeTcTBeHHO, a B 1977-2017 1. — 0,52
u 0,53. YBenuueHue ko3pGUIMEHTA B JICTHUH CE30H MOCIEIHET0 MePUoJia CBSI3aHO C 00JIee paBHOMEPHBIM
MOBBIIICHUEM JICTHEH TeMIIepaTyphl B 3TOT MPOMEKYTOK BpeMeHU. [1ockobKy KBaapaT KO3 PUIIUeHTa KOp-
pesIuu XapakTepu3yeT BKJaJ (PaKTOPUAIbHOTO MPU3HAKA B M3MEHUMBOCTH PE3YJIbTAaTMBHOTO NPU3HAKA,
a xoyeOaHus TemMrepatypsl Bcero CeBepHOTOo MONyIIapus OMPESSIOTCS BIUSHUEM IMPOILECCOB I00alb-
HOTO MacITada, MOKHO OIICHUTh BKJIQJI TOCIEAHUX B U3MEHYUBOCTD TeMIeparyphl [IpiukazaHCKOro peruoHa.
DTOT BKJIaJ HE OCTACTCS IOCTOSTHHBIM B TEUCHHE rofia. 3a BECh Ke UCCISAYEMBIH Mepruoj] 3MMOIN OH COCTaBUII
37 %, a metom — 23 %.

JlanbHue cBSI3U B moJie TemnepaTtypsl Mexay Kazanbio u ynaneHnsiMu peruonamu 3emin. B mpo0-
JeMe KoJieOaHMid KJIMMaTa BaKHOE MECTO 3aHMMAIOT KIIMMATUYECKUE BapHallMU B MacliTabaXx BPEMEHHU OT
HECKOJIbKUX JIET JI0 HECKOJIBKUX BEKOB. VI3MEHEHUS TeMIIepaTypbl B COCEHHUX IMYHKTAaX OOBIYHO B3aUMO3aBH-
cumbl. Koppensius konebaHuii MeTeopoIOrHueCKHUX TapaMeTPOB BOBMOXKHA KaK Ha OJIM3KHX METEOCTaHIIUIX
B IIpeJIeax 3aMKHYTOM TEPPUTOPHUH, TaK U B YIAJICHHBIX JPYT OT Apyra paitoHax. J{s ymaaeHHbIX B3auMoIeh-
CTBUU MPUMEHSIETCSI TEPMUH «IAJILHUE CBA3UY.

[IpocTpancTBeHHBIE MAcIITa0bl OYaroB OJHOPOJHBIX KOJCOAHWI KIMMara CBS3aHbl C UX BPEMCHHBIMU
MacmTabamu. [Ipu 3ToM MexaHU3MBI (POPMUPOBAHUS XOPOIICH KOPPEISAIUU U3MEHEHUN TEeMIIEpaTyphl BO
BPEMEHU Ha OJIM3KUX PACCTOSHUSIX M B YJAJICHHBIX palioHAX MOTYT OBITh Pa3HBIMH, IOPTOMY MPOCTPaH-
CTBEHHBIC KOPPEJISAILUU JIOJITONEPUOAHBIX KOJICOAHMI pacCMaTPUBAIOTCS B JIAHHON paboTe OTACIBHO OT KO-
POTKOTIEPUOIHBIX.

B nensix nmomcka npunoBepXHOCTHBIX JOJITOBPEMEHHBIX JAbHUX CBA3CH Mexay KazaHbio u ynaaeHHbIMU
TOYKaMU 36MHOTO I1apa MPOBEICHO CIEAYIOIIECE UCCIEIOBaHNUE.
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3a 200-JeTHIO HUCTOPUIO METEOPOJIOTHUECKUX HaOmoneH B Ka3aHu MOXHO BBIICTUTH COCTABJISIFOIINC
KoJIeOaHMH KIIMMara ¢ pa3HbIMHU 4acToTaMu. Ha puc. 3 mokazan MHOTOJIETHUN X0/ CPEAHET0I0BOM TeMIlepary-
peI Bo3nyxa B Kazanu u ee criiakeHHbIe 110 7 ToJjaM 3HAYECHHS.
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Puc. 3. Cpenneronosas remneparypa Bozayxa (1)
U ee CIIaKeHHbIe o 7 rofam 3Hadenus (¢7) B Kasanu

Fig. 3. Average annual air temperature (7') and its 7-year smoothed values (#7) in Kazan

U3zBecTHO, uTo B XX B. Ha 3emiie HAOMIOIAINCH JIBa TIIOOANBHBIX MMOTEIICHHS KIIMMara: TepBOe IPOHC-
xonmino B 1930—40-x rr., Bropoe Hayanoch ¢ cepeannbl 1970-x rr. Ilo Bepcun MI'OUK, nepBoe morteruienne
BBI3BAHO IIPUPOIHBIMHU IPUYMHAMHU, a BTOPOE SBJSIETCS CIEICTBUEM YCHIICHUSI TAPHUKOBOTO 3¢ dekra 3a cuet
AQHTPOITOTEHHOTO YBEIWYICHUS KOHIIEHTPAITUH YITICKUCIIOTO Ta3a B arMocdepe [1].

B Kazanu nogo6Hbie n3MeHeHus Kiumata npoucxoamiu Ha 20-30 net panblie, 4eM Ha BCEM 3eMHOM Iape.
Tak, B 110Xy TIepBOTO II00AEHOTO MOTEIUICHNST HAaMBBICIIIAs CPETHETOI0BAs TeMIeparypa Bo3ayxa B Kazanu
HaOmonanack B 1925 1. 3arem ona moHmxkanach 10 MuHuMyMa B 1941 1., a Hauunas ¢ 1942 1. 1 10 HaCTOSIIETO
BPEMEHH TTOBBIIIACTCS.

3a nocneanue 200 jeT, KpoMe YKa3aHHBIX JBYX HMOTCIUICHUH, HA PUC. 3 BUJIHBI MEXKIOJOBbIC KOJCOAHMUs
TEMIIepaTyphl ¢ IEPUOJaMHU OT HECKOJIBKUX JIET JI0 IBYX-Tpex AecsatuneTuil. [Ipeamerom nccnenoanuii Obutu
KoJle0aHus C IepronaMu oojee 7 JeT.

Jlajiee paccMOTpUM MHOTOJIETHUE KOJIeOaHUs aHOMAJIUK CPEeIHEro/j0BOi Temmeparypsl B Kazanu mocie
WCKITFOYEHUS JTMHEHHOTO TpeHJa M CIVIa)KHBaHUS KOPOTKOMEPHOAHBIX KOJIEOaHMI TeMIepaTrypbl METOIOM
CKOJIB3SIINIUX CPEAHUX M0 7-etusM. Tpena uckmrouaics Ha uarepBaie 1880-2017 rr. AHATOTUYIHO TPEHIIBI
OBUTH MCKJIIOYEHBI U3 CPEHETOIOBBIX CIVIaKEHHBIX 0 7-JICTHSM 3HAYCHUI TeMIIepaTyphl BO31yXa HaJl KOHTH-
HEHTaMH B y37ax 5 X 5° reorpau4ecKkoil CeTKH U U3 CPETHETOJOBBIX CITAKEHHBIX TAKUM e 00pa3oM 3Have-
HUH TeMIepaTypbl MOBEpXHOCTH MHUPOBOTO OKeaHa B y3max 2 x 2°.

Brerancnsummck k0 GUITUEHTHI KOPPEIANN MEXKIY PSIIOM IMTOMydeHHBIX aHOMAaJMi CPEeTHETOJOBOM TeM-
neparypsl Bo3ayxa B Kazanu u psjgaMu anoMalinii TeMreparypbl Bo3ayXa HaJl KOHTHHEHTaMH U TeMIIepaTyphbl
MOBEPXHOCTH OKeaHa B K&KAOM y3Jie reorpadpuueckoii cetku Ha 3emite 3a 1880—2017 rr. [IpocTpancTBenHoe
pacnpeenacHue MoayueHHbIX K03()QUIIMEHTOB KOppeIsIMK [T0Ka3aHo Ha KapTe (puc. 4).

U3 puc. 4 BUIHO, 4TO TeCHBIE CBsI3M ¢ K03 duurentamu koppesiuuu Boitte 0,6 HaOmonaoTcs B 00mup-
HOM paifoHe Ha reorpaduueckux mupoTax, omu3knx k Kasanm, m Ha monmrortax ot LleHTpampHOTO pernona
Poccun no Ypana u naxe B npuieraromieit yactu 3anaanoii Cubupu. JaHHbIi pailoH OQHOTUITHBIX KoJeba-
HUH TemIieparypbl HaXOIUTCS B 30HE OCHOBHOTO 3aIlaJIHO-BOCTOYHOTO TIEpEeHOCa BO3MYITHBIX MacC, KOTOPBIN
CIOCOOCTBYET pacpOCTPaHEHHIO TPOCTPAHCTBEHHBIX CBSA3EH BIOJb reorpaduyeckoit mupoTsl. Jlanee, Bo Bce
cTopoHbl 0T KazaHu U yKa3aHHOTO PHIIECTAIOLIET0 PETHOHA MIPOCTPAHCTBEHHBIE CBSA3H 0CIa0eBAaIOT.

OpnHako Ha HEKOTOPOM yAAICHUH KO GHUITHEHTHI KOPPEIIAITNH OIATH BO3PACTAIOT (CM. pHC. 4), TTOKa3bIBas
JanbHHUe CBSI3U KoneOaHmi Temmepatypbl B Kazanu u apyrux paiionax CeseprHoro u FOskHoro momymapuit
3emiu. Cyas o 6onbmiM kodddunrentam koppernsuu (cBoie 0,5), ToaronepruoaHble KoieOaHus KimMara
B Kazanu mpoucxoasT CHHXpPOHHO ¢ KOJIeOaHUsIMH TeMIIepaTyphl BO3/lyXa B BRICOKMX InpoTax A3uu u Cesep-
HoOW AMepukH, Ha JlanpHeM BocToke u rore ABcTpanuu, a Takke ¢ U3MEHEHUSME TeMIIepaTyphl ITOBEPXHOCT-
HbIX Boa B CeBepHoM JlenoButoMm, Muauiickom u Tuxom okeanax.
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Ha puc. 5 nokazansl konebanust kmumara B Kazanu u Ha 1ore ABCTpaiH.

Koaddutment xoppensunn Mexay koinedbanmsvu TB B Kazanm u Ha 1ore ABCTpalny OKa3ajcs PaBHBIM
0,78. Ecu mpocTpaHCTBEHHBIC CBSI3W B paiiOHaxX, HEMIOCPEACTBEHHO MpIuIeraronux Kk Kazanu, MokHO 00BbsC-
HUTh aJIBEKIMEH W TMepeMelIuBaHieM BO3AYIIHBIX MacC, TO CBSI3U C YIAJICHHBIMH OOJAaCTSMHU aJBEeKIHeh
OOBSICHUTD HETIB3SI.

Kax/piii 13 OTMEUCHHBIX PaliOHOB JAJIbHUX CBS3€H MMEET CBOM OCOOCHHOCTH, 3aCITy:KUBAOLIHE JOMOIHH-
TeNbHOTO M3y4enus. B npunosnspHoit yacti CeBepHOTO MOTyIIapys 0071aCcTH BEICOKUX KOPPENSAIMIA OXBaThIBAIOT
PETHOH CEeBEpPHOTO MAarHUTHOTO TIONIIOCA M aBPOPATFHYIO 30HY, B KOTOPYIO TIOMAIAf0T 3apsHKEHHBIE YaCTHUIIBI TIPH
MarHUTHBIX OypsX B TOMBI TOBBIIIEHHOW COMHEYHOW aKTWBHOCTH. [IpocTpaHCTBEHHast CTPYyKTypa MarHUTHOTO
ToJ1st 3eMITH CO3/IaeT B BRICOKHUX IIUPOTaX HanOoJee OIaronprusaTHRIC YCIOBUS ISl BTOPYKEHUS 3aPsDKEHHBIX COJ-
HEYHBIX YacTHL B BEpXHIOI0 arMocdepy. B atoii ke wactu CeBepHoro JlenoButoro okeana Boib MoOepekbs Ipo-
XOAUT OKEaHMYECKOE TEUCHNE U UJIET MHTEHCUBHBIN TEIUIOOOMEH B CHCTEME OKeaH — arMocdepa B TeIJIbIi CE30H.

Ha Jlanmsaem Boctoke Bob Bcero nmodepeskbsi paiioHbl MOBBIIIEHHOM KOPPEIAIIUN aHOMATUI TeMIlepary-
pel B Kazanm ¢ Temiieparypoii B y3jaxX CETKHA OXBATHIBAIOT OOJIACTH MOITHBIX TeUeHHMH Twxoro okeana. M Ha
TeppUTOPHH ABCTpaINK HanOoJee BEPOSTHRIM HCTOYHUKOM KOJICOaHUH KITMMAaTa sIBIISTIOTCS KOJIeOaHHS XapaK-
TEPUCTHUK CaMOTO MOIITHOTO OKEaHWYECKOTO TEUCHHS 3ala/IHbIX BETPOB.

B Unpniickom okeane obnactu BeICOKHX Koppensinuid konebanuit TIIO ¢ remneparypoit B Kazanu copmna-
JIAI0T C 30HaMU MaccaTHBIX TeueHuH B paitone ABcTpanuu U Okeanuu u ocodenHo B FOxxno-Kuraiickom mope.

Ha ocHoBe mpuBeneHHBIX (PAKTOB BO3HUKAET MPEAIION0KEHNE 0 HATMYUH ITI00aIbHOTO MEXaHNU3Ma, PEry-
JIAPYIOIIETO JOJATONIEPHOIHBIC KoJleOaHusl KinMaTa Ha Bcel 3emiie Ha mpoTsbkeHnn 200-1eTHeH HCTOpUH Me-
TEOPOJIOTHIECKUX HaOMIoneHN. O4eBUIHO, YTO PabOTa ATOTO MPUPOIHOTO MEXaHW3Ma Havdallach 3a70JIro JI0
HCCIIeyeMOTO BPEMEHHOTO HHTEpBalla HAOMIOCHH U ITPOAOIDKAETCS 10 CuX Top. Ecnu mepBoe ritodaipHOE
noreruieHre B Kazanu u Ha 3emiie SIBIISJIOCH OYEPEAHON BOJIHON MYJIBTUICKAIHBIX MPUPOIHBIX KOJICOAHUI,
TO TMOI00HBIC KoJIeOaHMsI KIIMMaTa JIOJKHBI ToBTOpsAThCS. B Kazanu Bropoe nmorerienue Hauanock B 1942 1,
B JIPYyTUX 001acTAX — IMO3JHEE WIIM PAHbIIE B 3aBUCUMOCTH OT PETHOHAIBHBIX YCIOBHUH.

CTOpOHHHKH aHTPOTIOTEHHOM THITOTE3hI COBPEMEHHOTO TTOTETUICHH KIJIFMaTa €0 HadaJlOM CYUTAIOT Cepei-
Hy 1970-X IT., IMEHHO B 3TH T'OJIbI YEJIOBEYECTBO BOIILIO B AITOXY MHTEHCHBHOTO CKUTAHUS ICKOTIAEMOTO TOTIIMBA
Y YCKOPEHHOTO TIOBBIIIICHNST KOHIIEHTPAIIMK YTIIEKUCIIOTO ra3a B atMocdepe. Eciu B mocnenneit uerBeptu XX B.
J00aBUIICSI aHTPONIOT€HHBIN (haKTOp, TO HENb3s BCE MOTEIJIEHNE B ATH TO/BI CYUTATh aHTPOHOTeHHbIM. OCHOBY
W3MEHEHUH KITMMaTa, Kak U paHblle, COCTABIISIOT PUPOIHbIC KoJieOaHus! C HEM3MEHHBIM MEXaHM3MOM Ha TIpO-
TSHKEHUH BCell ncTopru yenoBedecTsa. [loaTBepkaeHneM 3Toro SBISIOTCS TAIbHUE CBA3M Ha JOJITOTIEPHOTHBIX
KOJI€0aHMSX KIIMMaTa, YCTAaHOBHUBIIHECS TOPA3/I0 PaHbIIIe aHTPOIIOTEHHOTO YCHIICHHUS ITapHUKOBOTO 3(h(ekTa.

Jl1st cpaBHEHUS TIPOBEICH aHATN3 JAIBHHUX CBSI3eH Ha KOPOTKOIIEPUOTHBIX (HE Oosee 7 JeT) KoJeOaHmsIX
knumara (puc. 6).
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Puc. 5. CrnaxxeHHas Temneparypa (0e3 TpeHaa)
B Ka3zanu u Ha 1ore ABcTpanuu
(140° B. 1., 35° 10. 111.)
Fig. 5. Smoothed temperature (without trend)
in Kazan and South Australia
(140° E, 35°S)
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W3 uCXOAHBIX CPEAHETOMOBBIX 3HAYCHUM ObUIH BBIYTCHBI CKOJIB3AIINIE CPEAHME IO 7-eTusiM. B pesynbrare
B psAZlaX OTKJIOHEHHWH OCTAIUCh KOJeOaHUs C IeproiaMyu MeHee 7 JieT. AHAJIOTHYHO TIOYYEHBI PSIIbI OTKIIO-
HEHUIl TeMmeparypbl B y3iax. Berauciensr k03(hOUIIUEHTH KOPPESIIUN MEX/ITy OTKIIOHEHUSAMHU TeMITepary-
pol B Kazanu u aHamOTHYHBIMU OTKJIOHEHHUSIMHU TEMIIEPATyphI IO BceM y3aaM. Ha kapTy HaHeceHbl 3HaYCHUS
k03¢ puIIeHTOB B y3ax.

[To KOpOTKOIIEPHOIHBIM KOJICOAHUSM HE BBISIBIICHO AaIbHUX CBsi3el. CyllleCTBEHHBIC KOPPEISIUN 00HapY-
JKEHBI TOJIBKO B cocenHmx ¢ Kazanpto LlenTpansHom, CpeHeBOMKCKOM pernoHax v B 3anaaHoil Cubupy Ha
TEX JKe IMUPOTaxX.

[NokazanHbIe Ha puUC. 4 NaJTbHHUE CBSA3M HA JIOJITONICPUOIHBIX KOJICOAHUSAX KIIMMATa MOKHO OOBSICHUTD €/IH-
HBIM MEXaHU3MOM TOJIIepyKaHusI KoimeOaHni TIo0abHON aTMOC(epHO# 1 OKeaHIMIECKOH UPKYIISAIINN C ydac-
THEM TEIUIO0OMEHA MEX]ly OKEaHOM U aTMOoc(hepoii. A MPOCTPAHCTBEHHBIC CBSI3U Ha KOPOTKOTIEPUOHBIX KO-
nebaHusAx (CM. puc. 6) — sIBICHUE JIOKAIBHOE, 3aBHCIIEe B OOJBIIEH MEpe OT 3allaJHO-BOCTOYHOTO TIepeHoca
BO3/YIIHBIX MacC U OT PETHOHAIBHBIX (PU3UKO-TeOrpa)uIeCKUX yCIOBHM.

Cuenapum n3menenusi temneparypsl B Kazann 1o konna XXI B. B nocnennee Bpemst 60mb110e KO-
YEeCTBO MCCIIEZOBAaHUI B MHUpE MOCBSIIEHO M3YYECHUIO HACTOSIMINX M OyIyIIuX M3MEHEHWH KiInMaTra 3eMIIH.
HauGosnee oOmmMpHBIN aHAIM3 TEKYIIErO COCTOSHUS KIIMMara, ero KoJieOaHuii U WX MOCIICACTBUN TPEICTaB-
JIeH B OIIEHOYHBIX JIOKIaaax BecemupHoii MmeTeoponornyeckoit opranusarun (BMO), Beimryckaembix MI'OUK.
MupoBbIMU METEOPOJIOTHICCKUMH [IEHTPAMHU U HAIIMOHAJILHBIMU CITY)KOAMHU PETYJISIPHO U3/IAl0TCSI MHOTOYKC-
JICHHBIE 0030pBI MOHUTOPUHTA KiMMaTa. B wacTHOCTH, nHGOpManust 00 U3MEHEHHSIX KIMMaTa Ha TePPHUTO-
puu Poccuu mpencraBiieHa B OIICHOYHBIX JOKiIanax Pocrumpomera [2] U €KETOMHBIX JOKIANaX O COCTOSHUN
KJIUMara.

Crnemyer 3aMEeTHTb, YTO OCHOBHBIM MHCTPYMEHTOM TPOTHO3UPOBAHUS OyAYIINX M3MEHEHUH KinMara siB-
JSI0TCA TI00aIbHbIe KIMMAaTHYeCKHe MOAETH o0uiel MUPKYIsIuun aTMocepsl U okeaHa. B ocHOBe ux Jje-
JKUT MOJISITUPOBAaHUE B3aUMOJICHCTBUS MEX/Ty Pa3IMUYHBIMA KOMIIOHEHTAMH KINMATHYECKONH CUCTEMbI 3eMIIN
Y BHEITHUMHU (DAKTOpaMH €CTECTBEHHOTO U aHTPOIIOICHHOTO XapakTepa. B 3Toii ¢Bsi3u HaOOJIBIIIYI0 BaXKHOCTh
MPHOOpETAeT BOIPOC O COOTBETCTBUU MOJICIBHBIX PAcYeTOB M (DAKTUYECKUX JTaHHBIX HAOIIOICHHUH, OlIEHKa
KOTOPOTO MPUMEHUTETRHO K Poccnm BemomHsmack B [11; 12]. AKTyaapHOCTh TOTO BOMPOCA BBI3BaHA He-
00XOAMMOCTBIO TIPUHSTHUS BAKHBIX SKOHOMHUSCKHUX W MOJUTHUSCKHUX PEIICHUH 110 aIanTallii K U3MEHEHUSIM
knumara. Takas aganrtaius BO3SMOXKHA, €CITH HEOTIPEIeIEHHOCTh OIIEHOK COOTBETCTBYOIINX TTOCIIECTBHUI HE
CJIMIIKOM BeJiMKa. MHaue MOryT ObITh BHIOpAHBI OIIMOOYHBIC CTPATErHU, KOTOPBIC MPUBEAYT K OoJiee 3HAYH-
TeJIbHOMY yIIepOy, YeM IMOTePH, CBsI3aHHBIE C CAMUMH KIMMATHYECKUMHU BO3AeUCTBUSAMU. [[pUHATO cunTaTh,
YTO JOCTOBEPHOCTh PAacdyeTOB M3MEHEHNH KIIMMaTa OMpPEesIeTcsl CIOCOOHOCTRIO MOJIEe BOCIIPOU3BOANTE
€ro MpoIuIoe cocTosiHue. J{J1st TOro 4To0bI YOSAUTHCS, YTO MOJISNIN IPABUIIBHO BOCIIPOU3BOIAT COBPEMEHHBIN
KJIUMAT, Hy’KHO TTPOBOIUTH MX BCECTOPOHHEE TECTUPOBAHUE OTHOCHUTEIHHO MaTepHUajoB HAOMIONEHUI U TPO-
BEPATH PEAKIIUIO HA PA3TUYHBIC BHEITHUE BO3ICUCTBUS.

B Hacrosimem ucciieioBaHuM B Ka4€CTBE MCXOIHBIX JAaHHBIX MCIIOIB30BAIHMCH PE3yabTaThl HCTOPUIECKIX
pacdeToB TeMIieparypsl Bo3myxa mo 38 mozensm npoekra CMIPS u HaOmrofeHus 32 TeMIepaTypoi Bo3ayXa,
MIPOBOJIUBIIIMECS. B METEOPOJIOTHYECKO obcepBaropun KazaHckoro ¢eepallbHOTO YHHBEPCUTETA B TIEPHUOI
1861-2012 rr.

B pabote paccmarpuBanuce cienyromnue moaeinun CMIPS:

1) ACCESS1.3; 2) ACCESS1.0; 3) BCC-CSM1.1; 4) BCC-CSM1.1-m; 5) BNU-ESM; 6) CanESM2;
7) CCSM4; 8) CESM1-BGC; 9) CESM1-CAMS; 10) CMCC-CM; 11) CMCC-CMS; 12) CNRM-CMS5;
13) CSIRO-Mk3-6-0; 14) EC-EARTH; 15) FGOALS g2; 16) FIO-ESM; 17) GFDL-CM3; 18) GFDL-
ESM2G; 19) GFDL-ESM2M; 20) GISS-E2-H; 21) GISS-E2-H-CC; 22) GISS-E2-R; 23) GISS-E2-R-CC;
24) HadGEM2-AO; 25) HadGEM2-CC; 26) HadGEM2-ES; 27) INMCM4; 28) IPSL-CM5A-LR; 29) IPSL-
CMS5A-MR; 30) IPSL-CM5B-LR; 31) MIROCS; 32) MIROC-ESM; 33) MIROC-ESM-CHEM; 34) MPI-
ESM-LR; 35) MPI-ESM-MR; 36) MRI-CGCM3; 37) NorESM1-M; 38) NorESM1-ME.

J1 yMeHBIIIeHHST HEOTIPEISIICHHOCTH KIIMMATHIECKUX MPOEKIINH, CBSI3aHHON CO CITyd4alfHBIMU OITHOKaMu
OTJICJIHBIX MOJICIICH, IIIMPOKO MPUMEHSETCSI aHCAMOJICBBIM METO/I, COCTOSIIIIUI B TOM, UTO PE3yJIbTaThl HEKO-
TOPOTO YKCIIa Mofieliel ycpenHstoTes. Jlo HeJJaBHETO BpEMEHU CYUTANIOCH, YTO YeM OOJIbIIe MOZEIIEH BXOIUT
B aHcamOib, TeM 0ojee TOYHBIM SABISETCS pelynasrar. I[Ipu cpaBHeHHH aHCAMOJEBBIX WCTOPUYECKUX pac-
YETOB, BBIIOJHEHHBIX 110 38 Mojensam npoekra CMIPS, ¢ (hakTnyeckuMu JTaHHBIMH TEMIIEPATyphl BO3/IyXa
Ha Tepputopuu PecryOnmku TarapcTan ObUIO YCTaHOBIEHO, YTO 3TH PE3YJAbTATHI HECKOIBKO 3aBBIIIEHBI 110
CPaBHEHHIO C HAOIIONEHUSIMH. DTO MOKAa3bIBaET 11e71eco00pa3HOCTh MPOBOAUTH TECTHPOBAHUE M HCKITIOUATh
13 aHcaMOJIsl MOJIENH, KOTOPhIE BOCIIPOU3BOAAT U3MEHEHUS KIIMMaTa B paCCMaTpUBAEMOM PETHOHE C CyIIle-
CTBEHHOU OTIHMOKOA.

ComntacHO aHanM3y JAHHBIX PUC. 7, TJe MPEACTABICHBI PE3yJIbTaThl aHCAMOJIEBBIX PAcYeTOB JUIsS CIICHA-
pueB RCP2.6, RCP4.5 u RCP8.5, B paccmarpuBaeMblil epruo/] 0’KUAAETCs MTOBBILIEHUE TEMIIEPATYPBI BO3AyXa

104



T'eorpagus
Geography

B Kazanm xak B SAHBApEC, TaKk U B UIOJIC. HpI/I 9TOM BCJIMYMHA U3MCHCHU BapbHUPYCTCA 110 CE30HaM U B 3aBHUCH-
MOCTHU OT CHCHApHWsA KOHICHTPAIIUN IMapHHUKOBBIX I'a30B. Hawnbonbiine 3HaueHus YBCIMYCHUSA TEMIICPATYPbL
BO3/yXa IO CE30HaM MOIy4YeHsI i ciieHapus RCP8.5. B cpennem mo ancaMOIi0 0XHIAeTCS POCT CpeiHe-
STHBAPCKOM TeMrepaTypsl Bo3ayxa Ha 8,2 °C, cpennentonsckoit — Ha 5,2 °C.
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Puc. 7. Ilpoexinn cpeiHEMECSYHbIX 3HAYEHUI TeMIepaTypsl BO3ayXa B ssHBape (a)
u utosie (6) mo ancam6iro mozeneit 3a mepron 20052100 rr. i pa3IMYHbIX CLICHAPHEB

Fig. 7. Projections of average monthly air temperature values in January (a)
and July (b) for an ensemble of models for the period 2005-2100 for different scenarios

BrinonHeHHbIE pacdyeThl TI0 aHCaMOJTI0 MOJIeNIel MOKa3aal HaJIWYie 3HAaYUMBIX U3MEHEHUH TeMITepaTyphl
BO3yXa B Ka3aH1/1, a TaKKEC MmapaMeTpoOB U KIIMMATHYCCKUX MHIACKCOB, 3aBUCAIINX OT HUCCICAYEMBIX METCO-
POJIOTNMYCCKUX BCIIMYUH. HpOI‘HOSI/IpyeMLIe BCJIMYUHBI TCCHO CBA3aHbI C IMOJOXUTCIbHBIMA TPEHAAMHU TEM-
nepatypbl Bo3ayxa (Tadi. 2). PacueTHble TaHHBIC CE30HHBIX M TOJOBBIX KOJICOAHUN TeMIEpaTyphl BO3IyXa
BapbHUPYIOT B 3aBUCUMOCTH OT THIa Mojienu. Bennunna pa3dpoca B HEKOTOPHIX CIydasiX OKa3blBajlach 3HAUM-
TEJILHOMW, HO HAIPaBICHHOCTH MPOIIECCOB OCTABANIACH COTIIACOBAHHOM MO OOJILIIMHCTBY MOJICTICH.

Tabnuma 2

Koa(dppunuent Haki1oHa JuHeHOTo TPeHIa TeMniepaTypbl Bo3ayxa (rpaaycos Lleabcus 3a 10 jier)
715 ancamOuis u3 7 mogesneit CMIPS juist pa3iMm4HbIX cieHApHeB

Table 2

Linear trend inclination coefficient (degrees Celsius for 10 years) of air temperature
for an ensemble of 7 CMIPS models for different scenarios

Cuenapuit Tonsr 3uma Becna Jleto OceHnb
2005-2100 0,010 —-0,004 —-0,004 -0,019
2005-2033 0,438 0,566 0,496 0,440
RCP2.6
2034-2066 —-0,194 -0,172 0,035 —-0,127
2066-2100 -0,070 —-0,100 -0,102 —0,048
2005-2100 0,312 0,199 0,153 0,168
2005-2033 0,642 0,505 0,430 0,499
RCP4.5
2034-2066 0,397 0,194 0,092 0,281
2066-2100 0,241 0,125 0,027 -0,012
2005-2100 0,804 0,545 0,534 0,591
2005-2033 0,452 0,422 0,254 0,268
RCP8.5
2034-2066 0,736 0,390 0,380 0,530
2066-2100 0,865 0,705 0,742 0,730
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Benuunna TeMIICpaTypbl BO31yXa B OOJILIIMHCTBE CJIydacB 3aBUCCJIa OT CICHApUd U3MCHCHHS KOHIICHTpA-
UMY MTAPpHUKOBLIX I'a30B. Haumensme n3MeHeHUs TEMIICPATYPhI ObLIH XapaKTCPHBI 1JIs1 CaMOoro 6J]aI‘OHpI/IfIT-
Horo cueHapus RCP2.6, a naubonpinme — qist arpeccuBHoro crieHapusi RCP8.5, nmpu kotopom oxkumaercs
CcaMO€ 3HAYUTEJIbHOE YBEJIIMUCHUE KOHILIEHTPALMU NAPHUKOBBIX ra30B. MHOIOJIETHUE TPEH/IBI TEMIIEPATYPHI
BO3AYyXa NOATBCPKAAIOT UACHTUYHBLIC TCHACHIIMN N3MCHCHUS KIIMMAaTUYCCKUX XAPAKTCPUCTUK U MHJCKCOB.
Kak Buano n3 tabm. 2, npu cuenapusix RCP4.5 u RCP8.5 Bo Bce mecsnnt 2005-2100 1. mmMeeT MecTo pocT
TEMIICPATYPhI, IPUIEM HanOoJjiee BEIUK OH B 3UMHHU MEpUOa, YTO MOXKET IMPUBECTU K CYHICCTBCHHLIM U3ME-
HEHUSIM KJIMMaTa pervona. [lomydueHHble pacueTHbIE 3HAUEHUS] TEMIIEPATypbl BO3AyXa ISl paccMaTpUBaeMon
TEPPUTOPHH XOPOIIO COTIIACYIOTCS C Pe3yJbTaTaMU aHAJOTWYHBIX MCCIIEOBAHUH, BBITOIHAEMBIX 3apy0Oex-
HBIMHU U pOCCHﬁCKHMI/I YUCHBIMU, U MOTYT OBITH MCIIOJIHL30BaHEI IIpU JOJITOCPOYHBIX HpI/I6HI/I)KeHHBIX OIICHKaXx
KIIMMaTHYECKUX U3MEHEHHUH B ropozie.

3aKjaoueHne

[To pesynbraram nccieqoBaHusS MOKHO CIIENaTh CIEAYIOIINE BEIBOIBI.

1. I3meHeHus npu3eMHON TeMIepaTypsl Bo3ayxa B [Ipuka3zaHCKoM pernoHe NMEIOT HepaBHOMEPHBIN KoJie-
OarenbHbIN XapakTep: B mepuos ¢ 1828 mo 1957 . 3uMoii Temreparypa nobiiianack co ckopocthio 0,6—0,8 °C
3a 10 ner, a 3atem monmsmiack Ha 0,8 °C x 1970 r. C magana 1970-x IT. BHOBh MPOUCXOIUIO €€ aKTUBHOE
MOBBIIIICHHE, ocabeBinee B KOHIE XX B. (HE3HAYUTENBHOE MMOXOJIOAAaHUE), B KOHIIC MEPBOTO JECSTUICTUS
XXI B. 3uMHSS TeMIiepaTypa BHOBB cTaja Bo3pactarh. B menom ans Kazanu cpenusis 3uMHsS Temreparypa
BeIpocna Ha 4,7 °C, uto Ha 0,5-0,6 °C 6ombIle, 4eM Ha CETbCKUX CTAHIUAX.

2. JleTHsis TeMIieparypa B peruoHe, JOCTUTHYB MUHUMAJIBHOTO 3HaueHus B Hadane 1970-X IT., Kak U B 3UM-
HUH nepuon, ¢ cepenuubl 1970-xX IT. MHTEHCHBHO BO3PacTaeT. JTO MPHUBENO K MOBHIIICHUIO CpeIHEN JIeTHe!
temneparypsl B Kazanu Ha 2,2 °C, 3a roponom — Ha 1,9 °C. Bkian miobanbHOro hakropa B M3MEHUYHUBOCTD
Temnepatypsl [Iprkazanckoro peruona 3umoii coctasuit 37 %, netom — 23 %.

3. KoppensaunoHHbIN aHaIu3 psA0B aHOMAJIUI CpeHEroJ0BOM TeMIepaTypsl Bo3ayxa B Kazanu u paaos
aHOMAaJM{ TeMIepaTyphl B y3JaX PEeryIsipHON CETKH HaJ KOHTHHEHTaMH U OKeaHaMH, TIOJTYYEHHBIX B Pe3yIlb-
TaTe UCKIIOUEHHS JIMHEHHOTO TPEH 1A U CIVIKMBAHUS KOPOTKOIIEPHOIHBIX KOJICOAHU TeMIIepaTypbl METOJIOM
CKOJNIB3SIIMX 7-JIETHUX CPEIHMX, MOKa3aj, YTO HauboJsiee TeCHbIE CBSI3HM (KOA(PPHUIMEHTHI KOPPEISIUU CBHI-
e 0,6) HaOmomaroTest Mexay Kazanbio 1 mpuieraionmMy pernoHaMy eBporieiickoi yactu Poccnu u 3anan-
Hoit Cubupm.

4. NonronepuonHelie KonebaHust Temmneparypbl B Ka3zanu mpoucxoasiT MOYTH CHHXPOHHO C M3MEHEHUSIMU
TEeMIIEpaTypsl BO3yXa M MOBEPXHOCTH OKeaHa B yrnajeHHbIX pailoHax CesepHoro u HOxHoro mosmymapwuii
3emin. Tak, ko> GUIHEHT KOPPEISIIHA MKy TeMIIepaTypaMu Bo3ayxa B Kazanu u Ha rore ABcTpasiuu Joc-
turaet 3HaueHus 0,78. Konebanus temmeparypbl Bo3nyxa B Kazanu B pa3HbIX BpEMEHHBIX MacIITabdax MMEIOT
HEOIMHAKORBYO Tpupoy. KopoTkonepronHbie Kosiebanus (10 7 JieT) BbI3BaHbI JOKAIbHBIMU (akTopamu. CBs3u
00HapYKMUBAIOTCS JIUIbL C COCEAHUMH peruoHamu. JloJIroneproiHble CHHXPOHHBIE KOIeOaHUs TeMITEpaTyphl
BO3/yXa U TeMIIepaTyphl MOBEPXHOCTH OKEaHa B PA3HBIX YaCTAX 3eMJIH SIBIAIOTCS CIEICTBHEM HEKOTOPOTO
o01ero rodaIbHOr0 MexaHu3Ma MoAJIepKaHus KojebaHuii TITo0abHON aTMOCc(hepHOH U OKeaHNYeCKOW ITHp-
KYJSIIIUM ¢ yY4aCTHEM TEIIOOOMEHa B CUCTEME OKeaH — aTMocdepa.

5. HaubGonee TecHble manpHuE CBA3M KosiebaHMi Temrieparypsl B Kazanu oOHapyKeHbI ¢ KojeOaHUSIMU
B paiioHax teuenuii B Tuxom, Muauiickom u CeBepHoM JlemoBUTOM OKeaHax, a TakKe B 00JaCTH CEBEPHOTO
MarHUTHOTO TIOJIIOCA ¥ B 30HE BBICOKHUX LIMPOT, B KOTOPBIX MarHUTHOE IT0JIe 3eMJTH cO3/1aii0 Haubonee Oiaro-
MPUSTHBIE YCIOBHUS JIJIsl BTOPKEHHUsI B BEPXHIOKO arMocdepy 3apsHnkeHHBIX YaCTHII M3 KOCMOCA.

6. I[lo manupIM ancamOms kTuMaTHaIecKux mojeneit CMIPS moimyueHs! OIEHKH JTONTONEPUOTHBIX U3MECHE-
HUI TeMreparypsl Bo3ayxa B Kazanu o xonma XXI B. 3a cuer aHTpororeHHoro ¢akropa. B wactHocTH, 10
HauOonee «KkecTkoMy» crieHaprto RCP8.5 k KOHITy CTONETHS 0KUIAETCsI TOBBIIICHUE CPETHESTHBAPCKOM TeM-
neparypsl npuoIu3uTenbHo Ha 8 °C, a cpeHentonbeKkoit — npuMepHo Ha 4 °C. be3ycinoBHO, JaHHas OlleHKa
3aBBIIIEHA, TIOCKOJIbKY HE YUUTHIBACT BIUSHHE €CTECTBEHHBIX (DAKTOPOB M MPEYBEINYMBACT POJIb AHTPOIIO-
T€HHOTO BO3JIeHCTBUS.
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THUIIbI PEYHBIX AOAWUH UNDERFIT STREAMS
HA TEPPUTOPUUN BEAAPYCHA

T. KAJIMIIKHH ", A. ®. CAHBKO?, IO. IO. TPH®OHOB?

YUncmumym zeoepagpuu Vnueepcumema fAna Koxanosckozo 6 Kenvye,
yi. Cmegpana XKepomcroeo, 5, 25-369, e. Kenvye, Ionvua
Y Benopycckuii 2ocyoapemeennviil yrusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Benapyce

o marepuanam reosaoro-reoMop(oIOrHIECKUX HCCIACTOBAHUI 1 pe3y/IbTaTaM aHAJIN3a JaHHBIX TUCTAHIIMOHHOTO 30H-
JIMPOBAHMS BBIACICHBI HECKOIBKO TUIIOB PEUHBIX JONMHMH underfit streams Ha tepputopun bemapycu. OHM pasnugarorcs
MEXKy c000ii 10 penbedy, 0COOEHHOCTSIM aKKyMYJISILIUM OTIOKEHHH U 3TanaM MOCTIIIINaIbHON 3Bomouy. VIX ydqacTkn
PacIoNIOKEeHBI KaK B JIOKOWHAX CTOKA TaJIbIX JICTHUKOBBIX BOJ, TaK U B TPE/eNax 3aHAPOBBIX PaBHUH. BBISBIEHBI ClieTyo-
IIIME THUIIBL: JHETPOBCKUI (OIMH aKTUBHBINA U OJIMH MEPTBBII PyKaB JOJIMHBI), APYTCKUi (y3Kas (IIOBHANBHAS M IIMPOKast
HeduIIoBHaJIbHASL 30HbBI B IIPEZeaxX OJHOW JIOMMHBI, U3THOBI HOMMBI MOTYT HAIllOMHHATh MEAH B! MaJIeopycia), 3anajHo-
Oepe3MHCKHH, BKITIOYAIONNI 3PO3HOHHBIN U HE3PO3HMOHHBIN BapHaHTHI (TTPEICTABICHBI BCE ATAITBl PA3BUTHSI PEKU: MHOTO-
PYKaBHBIE pyclia — OOJIBIIIFE MEAHAPHI — MAJIbIC MEAH/IPBI), TPANCIIOUCKUH (MEPTBBIE PEUHBIC PyCIIa, B TOM YHCIIE MEAHIPH-

pYIOIIKe Ha 3aHAPOBBIX PABHUHAX).

Knrouegwie cnosa: reomopdoinorus; underfit streams; 3BOIIONNS JOIUH; THITN3AINS JOJIUH; JUCTAHIIMOHHOE 30H U~

poBaHue 3eMiu.
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According to the materials of geological and geomorphological mapping and the results of the analysis of remote
sensing data (ERS), the authors identify several types of valleys of underfit rivers in Belarus. They differ from each other
according to their relief, features of sediment accumulation and stages of postglacial evolution of river valleys. Their
sections are located in the section of the meltwater valleys and within outwash plains. Authors distinguish: Dnieperian
type (one active and one dead channel of the valley), Drutian type (narrow fluvial and wide non-fluvial zones within one
valley, the valley bends may resemble the channel bends of the palaco-river that formed the valley), West Berezinian
type with erosion and non-erosion variant (all stages of river development are presented — from braided channels through
large meanders to small meanders), the Palaeo-Islochian type (dead river channels, including meandering on the outwash
plains).

Keywords: geomorphology; underfit streams; valley evolution; valley typing; Earth remote sensing.

BBenenue

TepmuH underfit streams Kak MOJEINb pa3BUTHS PEYHBIX TIOTOKOB 1 Teppac Obu1 o0ocHoBaH . X. propu [1].
Ha teppuropun benapycu ydacTku TakuX pedHbIX JOJMH BCTPEUYAIOTCS KaK B 30HE MOCIEAHEr0 (TI003EPCKOro)
OJIEIICHEHUs], TaK U B 30HaX Pa3BUTHs Oosee IPEBHUX JIGAHUKOBBIX MOKPOBOB [2]. Peka cuuraercs underfit,
€CJIM OHA MPOTEKAeT B JOJIMHE, BEIPaOOTAaHHOM Oosee KPyMHBIM BOAOTOKOM, KOTOPBIH (hyHKIIMOHMPOBAI Ha
PaHHEM 3Tale BOJIOLMHU PEKU U XapaKTepU30BajIcs OONBIION 3PO3NOHHON CIOCOOHOCTBIO U, COOTBETCTBEH-
HO, YCKOPEHHBIM TEMIIOM aKKyMYJISILUU OTJIOXKeHUH. Ha Tekymuii MOMEHT aBTopamMM YCTaHOBJICHBI U B pa3-
JMYHON Mepe U3YUYEHBI OKOJIO MOIYyTOpa AECSITKOB YYaCTKOB PEUHBIX AOJIMH underfit streams Ha TEPPUTOPUN
benapycu (puc. 1).

daxkTuyeckuii Marepuan Mo 3BOJIIOLUHM PEYHBIX JOJUH Ha TeppuUTOopuM bemapycu cobupaics aBTopamu
¢ 1990-x rr. [2—-4]. Llensto HacTOsIIEeH PaOOTHI SIBISETCS 00OOIIEHNE HAKOIUIEHHBIX JaHHBIX TI0 Pa3BUTHIO
PEUYHBIX JOJIMH, PACCMaTPUBAEMOMY B paMKax KOHUENLUMM underfit streams, a Takke THIU3ALMI Y4aCTKOB
TaKUX PEUHBIX IOJIMH, BBISIBICHHBIX Ha TeppuTopuun benapycu.

MarepuaJibl 1 MeTOAbI HCCJIeTOBAHUS

Vcnonp30Banuck ciieAylomue MoNeBble U J1abopaTOpHble METOABL: reoMOP(OIOrUIECKUil, aJIeOHTOII0-
TUYECKUH (CIIOPOBO-IBUIBLIEBOM, ATIEOKAPIIOIOrMUECKUH, MajTaKopayHUCTUUECKUHN ), TeOXPOHOIOIMUECKUI
(paamnoyriieponusliit). Kpome Toro, B xomne Mccie0BaHUN BBINOIHSUIOCH T€OMOP(HOJIOrHUECKOe U I'e0JIOTH-
YecKoe KaprorpadupoBaHue ¢ NPUMEHEHHEM JAaHHBIX AMCTAHIMOHHOTrO 30HAupoBanus 3emim ([33) —
cHuMKoB benopycckoro kocmuueckoro annapara (BKA), a Takxe opTodoTorniaHoB U HUPPOBBIX MoOAEICH
penbeda (LIMP), cocTaBieHHBIX TIO pe3yibTaraM (OTOrpaMMETpPHUECKO 00paOdOTKH MaTepraioB KPYITHO-
MacIITaOHBIX 'e0/1e3nIeCKUX ChbeMOK U aspodorocseMok (ADC). [locieanne ocyecTBIUINCE HA TEPPUTO-
pun PecniyOmmku benapyck rocynapcrBenabiM npennpusatueM «bealICXATI'Wy. [pencraBnennsie B pabote
pacTpoBble MaTPULbl BBICOT MCCIEAYEMBIX YUacTKOB c(opMHupoBaHbl Ha ocHoBe LIMP, moiy4yeHHbIX myTem
(hoTOorpaMMETpUUECKOro CryIIEHHs [1JIaHOBO-BBICOTHOTO OOOCHOBAHHUS B CTEPEOCKOIINYECKOM PEXKHUME.

YcaoBus popmupoBanusi 10JMH underfit streams

Pexn Yeprnomopckoro 6acceiina (duenp, bepesuna, Anpos, Opmuia, Cox 1 Ip.) B TCUCHHE MaKCUMaTh-
HOTO PacIpOCTPAHEHHUs TTO003EPCKOTO JIEAHUKA M IO MOMEHTA ero OBICTPOH Jerpajaliui MATAINCh TePUTIIs-
IMaTbHBIME Bofamu [5; 6]. B HacTosmee BpeMs: OHH SBISIOTCS underfit streams. KonmmaecTBoO mocTynaromnen
B HUIX BOJIBI CTAJIO HECOM3MEPHMO MEHBIIIE. Pa3BuTHE TOIMH ATHX PEK OBIIIO pe3yabTaTOM PETPECCHBHOTO JIBH-
JKeHHUSI NCTOYHUKOB MTUTAHUS BCJE] 3a JIETHUKOBBIM MTOKPOBOM. OHAKO ATOT MPOIECC 3aKOHYHICS OBICTPO,
cpa3zy Mocje OTCTYIUICHUs JIEIHUKA OT FPaHUIIbl MAKCHUMAaJIbHOTO pacipocTpaneHus [7].
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Puc. 1. Y4acTK¥l peqHBIX JIOJHH underfit streams Ha Tepputopuu benapycu:
1 — rpaHKIa MAKCUMAJILHOTO PACTIPOCTPAHEHHS [TO03EPCKOTO OJIE/ICHEHHS;
2 — WccrelyeMble YUaCTKH JIONIHH underfit streams

Fig. 1. Underfit stream river valleys sections in Belarus:
1 — last glaciation maximum boundary;
2 — investigated sections of underfit stream valleys

YBenr4yeHne MOTOKOB BOJIBI, CBSI3aHHBIX CO COPOCOM MEPUNIIALMAIBHBIX BOJ U3 MPUIIEIHUKOBBIX BOJJOEMOB
Ha 10T, BBI3BaJI0 OOKOBYIO PO3UI0 B JOJMHAX. bojee npeBHME Teppachl HA yyacTKax JOJHH, PACIOIOKEHHBIX
B HEMOCPEICTBCHHOW OJM30CTH OT JICSTHOTO MOKPOBa, ObUIM paspyiieHbl. Tak, B 100 kM oT (poHTa JeaHUKA
MIPaKTHUYCCKU UCUe3TIa paHHenoo3epckas 13-merposas reppaca p. bepesuns! (y 1. Mypago), TJie aJuTIOBHIA Tiepe-
KpBIBAJI MypPaBUHCKHE MEXKJICHUKOBBIC OTIIOKeHUs. B gonuue p. Juenp npudmusurenso B 200 kM oT GhpoHTa
JIeTHUKA B paifoHe I. PoradeBa nmoyTH MOJHOCTHIO OBIT Pa3MbIT aJLTIOBHI CPETHETI003€PCKOTO BO3pacTa, JaTHPO-
BaHHBIN 36—40 ThIC. J1eT Ha3as [2]. biake kK PpoHTY JIeHUKA TPEBHUN aJIJTFOBUH COXPAHUIICS JIOKAJIBHO B HC-
KOTTaeéMOM BH/JIE, YaCTO OH OTJIEJIEH OT BBIIIE3aJeTaloNINX 00jee MOJIOABIX YPOBHEH alTiOBUS MEP3TIOTHBIMU
CTPYKTypaMH, HallpuMep B pailoHe HaceJeHHBIX MyHKTOB JlyOpoBHO 1 MuthsKkoBIMHa Ha 10-MeTpoBoii Teppace
p. Auemnp [3] u Onmu3 a. [uBuH Ha §8-MeTpoBOit Teppace p. bepesunsr [§].

BokoBas 3po3us mpuBena K pacIIMpeHUIO JOTUHBI p. bepe3nHbl U MOABIEHUIO APO3UOHHBIX CETMEHTOB
MO3THETIO03EPCKUX TePpac, BCTPEUAIOIINXCS P MIEPECEUCHUH peKoil OopucoBckux rpsan. Jomuna p. Juenp
BhIe T. Oprim mpuodpesna B 3T0 BpeMs clierka W3BHIIUCTHIE MJIAHOBbIE OUEPTaHUs C M30THYTHIMU MEaHIpaMu
(BapuaHThI c-1 M YacTUYHO ¢-3 cornacHo kiaccudukaryu ptopu [1]).

IIpumMepsl y4acTKOB peuHbIX 10JUH underfit streams

Honuna p. Iuenp mexay r. Opueii u r. HIkiaoBoM. Y9acTok neTUTCS BBl HAa ABA pyKaBa, KOTOPHIE
(YHKIIMOHUPOBAJIM OJJHOBPEMEHHO B TEPHObI BHICOKUX MaBOAKOB (puc. 2). Ilocie yMeHbIIICHUST TTABOAKOB
AKTUBHBIM OCTABAJICS TOJIBKO OJIMH PyKaB. DTO MO3BOJIMIO BBECTH B KJIACCUDUKAIMIO JTOJIUH underfit streams
THII, HA3BAHHBIN JHETIPOBCKUM [3; 4].

DTOT TUIT HEJIOCTATOYHOTO MTUTAHUS PEKH MIPOSIBUIICS B pelibede JT0JIMHBI B KAYECTBE OPOIICHHBIX PYKABOB.
B uHTepBasie MO3AHUIN IJICHCTOIIEH — TOJIOIICH TOJBKO OJMH PYKaB (DYHKIIMOHMPOBAJ KaK PEYHas JIOJUHA.
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Puc. 2. dparment oprodoromiana u Marpuna Beicot (LIMP) yuactka nomussr p. {Henp
mexxny T. Opmreit u r. IlIkoBoMm, cocraBnenHsle o Matepranam ADOC

Fig. 2. Orthophotomap fragment and digital elevation model (DEM)
of the Dnieper valley section between Orsha and Shklov based on aerial photography data

EcTtecTBeHHOE KaHATM3UPOBAHKUE PEKH TMPUBEIIO K TOMY, UTO €€ pa3BUTHE ObLIO OTPAHUYCHO BEPTUKAIBLHBIM
HapacTaHUEM aJUTIOBHS M3-32 €r0 N30BITOYHOTO HAKOTUICHUS B Y3KOU IOWME BJIOJIb KAaHAJIM3UPOBAHHOTO pycJia.
®da3bl MOBKIIIEHUS U CHUKEHUS (DIFOBHANIBHON aKTUBHOCTHU 3a(pMKCHPOBAHBI B CTPOCHUU MTOWMEBI B BHJIC HC-
KOIaeMbIX MouB. BTOphIe pykaBa UMEIOT cripsiMiICHHBIE ouepTanusi. OHU MapaieabHbl IMIaBHOK nonuHe. Ta-
KHE CBOCOOpa3HbIE MEPTBBIC JOJIMHBI JIUHONW 9—14 KM U MIMPUHON OKOJIO 1 KM MPOCIIEKUBAIOTCS HA YPOBHE
10-MeTpoBO# Teppackl, MOYTH MOTHOCTHIO 3aHATOH TOPPSTHUKOM (pHC. 3).

Hosmna p. bepe3unsl 6,m3 ycTbst p. Ymmn. [IpsmonuHelinble ouepTaHusl yCTYIIOB KOPEHHBIX CKJIOHOB KOC-
BEHHO YKa3bIBAIOT HA MHOTOPYKaBHOCTb JICTHUKOBOM PeKH, C(HOPMHUPOBABIIICH BBICOKHE TEPPACHI JOJIUHBI. DTH
TEppachl MOJIPE3aAOTCS PSIOM OONBIIHNX TasiecoMeanpoB. [loiiMa 3aHUMAaeT EHTPAIIbHYIO YacTh A0JMHbL. OHa
chopMHUpOBaHA PA3TUYHBIMU F'CHEPAIMSIMUA MAJIbIX TOJIOLEHOBBIX MEAHIPOB (pHC. 4).

[MocnenennukoBas 3BoOLIMS TOMUH pek JlHenp u bepe3uHa nporcxoauia mo-pasHoMy, 4YTO MOXKET ObITh
CBS3aHO C PA3IMYHBIM MPOSIBICHUEM IISIIUON30CTAaTHUECKUX NBKeHUN. Pexa J{Henp npotekana B 30He C Xa-
paKTEepHBIMH BEPTUKAJIBHBIMU ABUKEHUSIMU [3], TOrma Kak B JoiuHE p. bepe3uHsl Takue NBUKEHUS €Clu
Y TIPOUCXOJIMIIH, TO OBUTM HAMHOTO ci1abee [8]. DTO HALILUIO CBOE OTPAXKECHHUE B CTPOCHUU TIOWM 00CHX peK, T
(ha3bl MaBOJIKOB PETHCTPUPYIOTCS MTO-PA3HOMY B KaXK10i U3 noiuH. Peka J[Herp Bpe3anach B OACTUIIAIOIINE
OTJIOKCHHUSI, U TIOITOMY €€ JIOJIMHA OYCHb y3Kas C OTACIbHBIMU CErMEHTaMHU HAANOWMEHHBIX Teppac U Moiim.
Bricokasi cTaOUIBHOCT BPE3AOINErocs pycia OrpaHuYMBalla HapalyuBaHue 000MX YPOBHEH MOWMBI TOJIBKO
BEPTUKATIBLHBIM POCTOM BHEPYCIOBBIX OTJIOKEHUH, a YBETUUCHHE CKOPOCTH CEAUMEHTAIIMU HA MOKWME BBI3BI-
BaJjio (pOpMUPOBAHUE HCKOMAEMbIX TTOYB. B oTiinume ot p. JlHenp cBOKO OIMHY B rOJIOICHE SIBHO PACIIMpUIIA
p- bepesuna, nonpesas u paspyias MOJIOAbIE TOO3EPCKUE TEPPACHL, YTO IMPUBEIIO K CO3AAHHUIO OUE€Hb IIIUPOKOH
MONUMBI C MHOTOUUCJICHHBIMUA O3€paMU-CTAPUIIAMHU: BO MHOTMX MECTaX OHa 3aHUMAET MOYTHU BCIO HIUPUHY
nonusbl. [loaTroMy Ha motiMe p. bepe3uHbl MOKHO OOHAPYKUTH JIMH3BI OCAJKOB U3 Pa3HOBO3PACTHBIX CEpU
MONMEHHOTO aJTIOBUsI. B mepronbl MOBBIIICHHOM aKTUBHOCTH peKa Cpe3alia MEaHIPhl U MEHSUIA THUIT OCaIKO-
HaKOILJICHHS B MMOMMEHHBIX 03epax. [locnenHee Takke MOIIO OBITh BBI3BAHO MEPEMEIIICHUEM PyCIIa.
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Puc. 3. Cxema cTpoeHus ydacTka JonuHbl p. Jaenp mexay r. Opiueit u r. LLkmoBowm:
1 — CKJIOH JNOJHHBI; 2 — CKJIOHBI OCTAHIIOB; 3 — OpOIIEHHEIE 3aTOp(OBaHHEBIC PyKaBa JOJIHHbI;
4 — MOpEHHbIE OTIOKEHUS; 5 — IECOK U I'PaBUil; 6 — eCOK; 7/ — NIMHUCTBIN NIECOK;
8 — cyneck; 9 — cymuHOK; /() — opraHOTeHHasl CyNech/CyrUHOK; /] — TopsiHUCTas Cynech;
12 — opraHOTreHHbIH JeTpUT; /3 — KOCTH MIIEKOIIUTAIOIINX; /4 — paKOBUHBI MOJIJIFOCKOB.
UcTtounuk: [4]

Fig. 3. The scheme of the structure of the Dnieper valley section between Orsha and Shklov:
1 —valley side; 2 — the slopes of the outliers; 3 — abandoned peaty valley branches;
4 —till; 5 — sand and gravel; 6 — sand; 7 — silty sand;
8 — sandy silt; 9 — silt; /0 — organic silt; /1 — peaty silt;
12 — organic detritus; /3 — mammalian bones; /4 — mollusk shells.
Source: [4]
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Puc. 4. Yaactox nonunsl p. bepesunst 6iu3 yerbs p. Yimu o marepuanam ADC:
a — ¢parmenT oproOTOIIaHa; § — MATPHULA BBICOT

Fig. 4. A section of the Berezina valley near the mouth of the Usha River
based on aerial photography data: a — orthophotomap fragment; » — DEM

Taxxe, BEpOsATHO, JEIHUKOBBIE BOJIbI U3 paiioHa I. CMOJeHCKa cTeKalu K ory no nonune p. Cox. [danee
OT TPaHHMIBI MOCIIECTHETO OJEACHEHHs peKa yHacjeqoBala paHee CyIIeCTBOBABIIHUE JICTHHKOBBIC JIOKOUHBI,
a B paiione aepeseHb [IpucHo u OHOMONBE OHA UMeeT nipu3Haku underfit stream [9; 10] (puc. 5). ['ononeHo-
Bas MMoiMa co cieaMu OOKOBOTO Bpe3aHHsl pyclia peKH 3aHUMAeT IPaKTHYECKH BCE JTHO JOJIUHBI.

B T0 e Bpems BHYTpH HEe eCTh MEepTBasi IOJIMHA, KOTOpasi HAaXOAUTCS Ha BBICOTE OKOJIO 2 M HaJl YPOBHEM
PEeKHU | OTAETEeHA OT 30HBl MEAHIPUPOBAHUS M30JIMPOBAHHBIMU M BBITSHYTBIMHU 110 XOMY JIOJHMHBI TIECUYAHBIMH
(c maneoreHoOBbIM LJOKOJIEM) OCTAaHIIAMH, TTOJHUMAIOLMMHUCS Ha BBICOTY 7—8 M HaJ moimMoi. OTCyTCTBHE 311€Ch
CJICJIOB MEAHIPUPOBAHHMS YKa3bIBAET HA TO, YTO MEPTBasi JOJIUHA B TO3THEM IUICHCTOIICHE U TOJIOLEHE (PyHKIIHO-
HUPOBAJIA B 3HAYMTEILHON CTETICHN HE3aBHCUMO OT peKH. B 1o31HeM iprace 1 paHHEM ToJI0IeHe B HeOObIIHX
BOJIOEMaXx, PacIojOKEHHBIX Ha MMOMMe, HaKarTUBAJINCh 03€pHBIN Mepreiib 1 KapOOHATHBIE CYTIECH ¢ MHOTOYHC-
JICHHBIMHU PAaKOBUHAMH TPECHOBOIHBIX MOJUTIOCKOB [ 11-13].

Hwmxe o Tedenuto B paiione T. ['omenst mpaBOCTOPOHHSISI 4acTh JOIHHEI p. COX Mmoape3aHa CepusiMi O0ITb-
LIMX MaJ€OMEaHIPOB, Ha TOPAJOK Oosiee KPYMHBIX 10 CPABHEHMIO C TOJIOLCHOBBIMH U3Ty4rHaMH (puc. 6).

Hosmna p. [Ipyrn B paiione r. Beasinnyeii. lnoi tan nonvn underfit streams BCTpedaeTcs B MECTax paciipo-
cTpaHeHHs1 OoJiee IPEeBHUX aJUTIOBHAJIBHBIX OTIIOKEHHH, yeM noozepckue. Takue peku, kak [Ituus [14], pyTs,
Heporurs [15], TeKyT 110 IpeBHUM MEPUITISIIIAATBHBIM JOKOMHAM U TPAHC(HOPMHUPYIOT TOJIBKO Y3KHE Mosica BIOIb
pycna [2]. Hammpumep, p. pyTs B patione T. bensiaudaeii (otpe3ok ['yra — ITuibmiyam) uermons3yeT cTapyro Jiea-
HUKOBYIO JIOKOWHY COXKCKOTO OJIeJIeHEHHUs, Tpope3aronryio LleHTpanrsHo0epe3snHCKy o (PIrOBHONISAIIHATEHYIO
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paBauny (puc. 7). Hlupuna nomuns! koiednercs ot 1,5 no 2,5 kM. Ha fHe 10oIMHbBI cOXpaHniIachk MO3IHEN003ep-
CKasl IecyaHast Teppaca BBICOTON 5—6 M B BUJIC Y3KUX CETMEHTOB U OPO3UOHHBIX OCTAHIIOB. B 10onHe mUupuHOM
0,5-1,5 KM MOYKHO BBIZIETIUTH JIBAa YPOBHSI, COOTBETCTBYIOIIHE JIBYM OCHOBHBIM 3TarlaM Pa3BUTHS TTONMBI.

[lepBbiii ypoBeHb (0k010 2/3 MIMPUHBL JHA) 0€3 CIEA0B MPOTEKAIONICH PEKN 3aHT TOPHSIHIUKOM, Hapac-
TalOIUM ¢ KOHIa ajuiepena. OIiOBHAIBHBIA YPOBEHD SIBISETCS OTHOCHUTEIBHO Y3KHM M COCTOMT H3 psaa
Pa3HOBO3PACTHBIX T'OJIOLEHOBBIX JUH3 [15]. DTO moxoke Ha cTpoeHue npaaonuHsl p. beGxu B Oacceiine
p. Bwxus! B [onbme [16].

Honuna p. 3anagnoii bepe3unsl y 1. Ajeniensita Bono:xkunckoro paiiona. Crnenyronue y9acTKu ped-
HBIX JIOJIMH underfit streams BCTPEUAIOTCS B MPAJONIUHAX (JOKOMHAX CTOKA TalbIX JICITHUKOBBIX BOJ), pac-
MTOJIOKEHHBIX Ha MPEJIobe MOCIeIHEro ojeieHeH . THINYHBIM IPUMEPOM SBIISAETCS TOJTUHA p. 3armagHon
Bepesunsl y a. Anemensata Boigoxxunckoro paiiona (puc. 8). 9To THI MapTrHHAIBHBIX JOKOWH CTOKA TallbIX

JIETHUKOBBIX BOJI (MaprUHAIBHBIX MPAOIHH).
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Puc. 5. Ctpoenue neoro 6epera p. Cox 6mu3 1. OnHONONbE:
1 — morpeOeHHas 1MoYBa; 2 — T'yMyCHPOBaHHbIE OTIIOKEHUS U TOpd; 3 — TyrOBOM Mepredb;
4 —1ecok; 5 — mecok, Cynech U CyINIMHOK; 6 — IIECOK U CYIECh; 7 — 3aWJICHHBINH IECOK;
8 — eCOK U CyIech 03ePHO-JICTHUKOBOTO THITA

Fig. 5. The structure of the left bank of the Sozh River near Odnopolie village:
I —buried soil; 2 — organogenic deposits and peat; 3 — meadow marl;
4 —sand; 5 — sand, silty sand and sandy silts; 6 — sand and silty sand;
7 —silty sand; 8§ — sand and silty sand of a lake-glacial type

Puc. 6. bonpmme maneomeanpel B gonuae p. Cox Hivke T. [omens
Ha NaHxpoMmaTrudeckoM cHumke bKA
Fig. 6. Large palacomeanders in the Sozh River valley below Gomel
on the panchromatic image of the BKA
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Puc. 7. CxemaTnyeckue reoJloruueckue paspessl B 1oiauHax pek Heporum u pyTu:

1 — xopeHHas Topofa; 2 — TPaBHUH ¢ TIECKOM; 3 — IECOK; 4 — MECOK ¢ MPOCIOHKaMH CyTTIHHKA;
5 — IemoBUANIBHBIN IECOK; 6 — D0JIOBBIM MECOK (J[10HA); 7 — IepPeCcIOeHHs IeCKa U CYIIMHKA;
8 — cynecs; 9 — cymmHok; 10 — wun (aneBput); 11 — TopdsHoit wi; 12 — Topd;

13 — myroBas skene3Has pyaa; /4 — apXeonorudeckue apreQaxTel;

15 — netpur; 16 — cydhoccHIbHbIE IPEBECHBIC OCTATKH.

Uctounuk: [15]

Fig. 7. Schematic geological profiles in the valleys of the Neroplya and Drut rivers:
1 —bedrock; 2 — gravel with sand; 3 — sand; 4 — sands with intercalation of silts;
5 — sandy delluvia; 6 — aeolian sand (dune); 7 — sand and silt layering;
8 —silty sand; 9 — sandy silt; /0 — silt; /1 — peaty silt; /2 — peat; /13 — meadow ores;
14 — archaeological artifacts; /5 — detritus; /6 — subfossil trees.
Source: [15]
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Puc. 8. Yuactok nonussl p. 3anagnoil bepesunsl y 1. Anemensra Bonoxusnckoro paiiona
no marepuanam ADC: ¢ — pparMeHT opToOTOIIIAHA; 6 — MaTPHUIIA BEICOT

Fig. 8. A section of the Western Berezina River valley
near the Aleshchenyata village (Volozhin district)
based on aerial photography data: a — orthophotomap fragment; » — DEM
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Pexn 3TOTO THIIAa BHITEKATH M3 MPUICTHUKOBBIX BOJOEMOB, B HYaCTHOCTH M3 MOKPBITOTO JIBAOM BOAOEMaA
B palioHe HbIHelHero o3. Hapous, Ha 3anaza no ponuHe p. Buimn. Ha yyacTkax vccieqoBaHWM 3TOro TUna
pek ObuTH 0OHApYKEHBI TaKHe N3MEHEHHS B CTPYKTYpe pycila: MHOTOPYKaBHOE — OOJIbIIINE MEaH IPhl — MaJlble
Meanaps [2]. C nepruoaoM MaKCUMaJIbHOTO MOCTYIUICHHUS TaJIbIX BOJ M MOCIICAYIONUMH PEleCCUBHBIMU (a-
3aMHU JICTVISIMAIMN CBsI3aHO 00pa3oBaHue BhICOKUX (10- U 5-MeTpoBoOil) (hIFOBHOIVISIMANIBHBIX TEppac, Ha0-
JIIO/TaeMBIX B pazpesax Mexay aepeBHsIMH Yrisl 1 Kanasiku. B paiione 1. Anemiensta BeIcOKas Teppaca moj-
pe3aHa AByMs HajyiecoMeaHpaMu ¢ 0ompImuMu paamycoMm (oxomo 200 m) u mupunoi (6onee 100 M), emie nBa u3
HUX BPE3aHbl B CKIIOHBI JTOIMHBL. MOIIHOCTE TOpda B Mpeieax dTHX MajeoMeaH/IPOB JIOCTUTAeT HECKOIBKHX
Mmetpos. [TogomiBa Topda B paspese «Anemensray narupoana 5840 + 120 BP (4836-4547 cal. BC). O6pa-
30BaHMe Topda HAYAIOCh CYIIECTBEHHO MO3/1Hee 00pa3oBaHus maneomMeanapos (puc. 9). 3aropoBbIBaHUIO
MIpEe/IIeCTBOBA JUINTEIbHBIN MEPHOJT HAKOTUIEHHUS KIIACTUYECKOTO MaTepHaia.
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Puc. 9. CxeMaTH4eCKHli TEOIOTHUCCKUI TPOPHITH
yepe3 noiauHy p. 3anagHoit bepesunsl B npenenax OMMSIHCKON KOHEUHO-MOPEHHOM TPSIIIBL:
1 — OTNOXKEHUS. KOPEHHBIX CKJIOHOB; 2 — [IECOK C IPaBUEM; 3 — IIECOK; 4 — IbUICBATHII IECOK U CYIECh;
5 — cyruHOK; 6 — Top(stHON Ui, 7 — Topd; 8§ — OTIOKEHHS ISTIOBHAIBHBIX KOHYCOB BEIHOCA.
HcTounuk: [8]

Fig. 9. Schematic geological cross-section of the Western Berezina valley
within the Oshmyany end moraine ridge:
1 — bedrock; 2 — sand with gravel; 3 — sand; 4 — silty sand;
5 — sandy silt; 6 — peaty silt; 7 — peat; 8§ — deposits of deluvial fans.
Source: [8]

CnaOpble BepTUKaIbHbIE TOAHATHA [17] 1 OBICTpOE CHMKEHHE pacXo/ia CTOKa MIPUBEIIH K TOMY, 4TO p. 3ara/i-
Has bepesuHa B royiorieHe uMela 04eHb C1a0yio HPO3NOHHYIO CHITY U JIMIIh HE3HAYUTEIHHO Bpe3asiach B MOJI-
CTHJIAIOIINE OTIIOKEHHSI, COXPaHssA MIPU 3TOM OOJIbIINe TalleoMeanphl. B moiime BbIpakeHbI HEOOIBININE U3-
JMYYHHBI ¥ TIAJIEOMEaHIPhI ¢ paguycamu He 6onee 30—40 M u mupuHOi 15-20 M, KoTopbie QyHKIIMOHUPOBATU
B rosionieHe. [11oxoi qpeHak mpuBes K 3HAYUTEIILHOMY Pa3BUTHIO OOJIOT ¥ TOP(SHUKOB HA JTHE BCEH JOIUHBIL.

Joauna p. 3anaanoii bepe3nnspl 10:kHee ONIMSHCKHX KpaeBbIX JIETHUKOBBIX Ipsiji. Pycna pek Oacceitna
p. 3amagHOl bepe3uHb pa3BUBANIKCH 37€Ch HA 3aHAPOBOM KOHYCe BBhIHOCA (JIro0uaHCcKass BOMHO-JICTHUKOBAS HU-
3uHa). OHU MpeTepIieNy CyIeCTBEHHbIE TUIAHOBbIC TIepe()OPMHUPOBAHUSI BBULY OTCYTCTBHS JIaTepabHBIX Ipe-
rpan. bporennbie pykaBa 1 MEpTBBIE YYaCTKHU JOJMH PAa3HOTO BO3pacTa PaccpeoTOUYEHB! Xa0THYHO 10 3HAYH-
TenpHOU Tepputopuu (puc. 10, a). Mearnpupytolee pycio OJHON U3 TAKUX MEPTBBIX IOJTUH, TPEIOIOKATEIIEHO
nipa-Mcnoun, nmeer npotspkeHHocTs Oonee 20 kM (puc. 10, 2). Tpaekropuu coBpemenHo# p. Mcnoun u npagonu-
HBbI pacxoasres Bosie . Auxoso-Ilecku BonoxuHckoro paiiona. Jlanee oHYM IposieraroT napajuiesIbHO IPYT IPYry
Ha paccrosHun okono 4 kM. [Ipa-Mcnous, kak 1 coBpemenHnas p. Vcmous, «Brnagaet» B p. 3amaanyio bepesuny
okojio 1. [TeryxoBo MBbeBckoro pairiona. Ilogomsa Topda u3 paspesa «IleryxoBo» maruposana 3430 + 100 BP
(1880-1630 cal. BC). O6pa3zoBanue Topda Ha4anoCh 3HAYMTEIILHO MMO3THEE 00Pa30BaHMUS MIPAI0IUHBI.

Josmna p. Heman 6113 JIMTOBCKO-0€JIOPYCCKO# IrpaHULIbI. B 9TOIf MECTHOCTH JTOJIMHA TaKKe BBIXOAUT Ha
3aH/IpOBYIO paBHUHY (O3epckast BoaHO-JeqHuKoBas Hu3nHa) (puc. 11). Y3kue ygactku teppackt TIII u TII, otHO-
csiecs K paHHeMy W cpeaHeMy apuacy [ 18], Obimm chopmupoBaHb! emie MHOTOpyKaBHOH pekoil. [1o3xe mpou-
301IU1a CMEHA B Pa3BUTHM PEKH, U C TIPABOM CTOPOHBI AOMMHBI HIKe 1. [oxkn Ha ypoBHe Teppackl T1 (13—14 m)
COXpaHWIIHUCH OoIbIHe asieoMeanphl Jlykasuria u Poiicte [19-21]. B moniepeunom pazpese dTix majicoMeaHpoB
(mmupunoit 400—1000 M) obparaeT BHUMaHKE y3Kas 30Ha TajmbBera (10 200 M) ¥ 0ueHb MIUPOKOE JIOKE PEKH, UTO
YKa3bIBaeT Ha HAYAJIbHYIO CTAMIO KOHIIEHTPAILIMH pyciia ¥ Ype3BbIYaitHO CHITbHYIO M3MEHYNBOCTH cToKa [20]. AHa-
JIOTHYHBIC PYCIIa BCTPEUAIOTCS B HACTOSIIEE BPeMs B paifoHaX pacipOCTPaHEHUSI MHOTOJICTHEH Mep3IIOTHI [22].
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Puc. 10. baccelin p. 3ananHoil bepesuns! roxHee OMIMAHCKOM KOHEYHO-MOPEHHOU TPSIIbL:
a — OpOILIeHHBIE pyKaBa U MEPTBbIE y4acTKU N0HH (CHUMOK BKA);
6 — meprBas nonuHa npa-Menoun (BKA); ¢ — yuyactok uccieoBanuii
y 1. IleryxoBo HBreBckoro paiiona (oprodororuian no ADOC);
2 —y4acTok 1. [leTyxoBo (Marpuia BBICOT)

Fig. 10. The Western Berezina Basin south of the Oshmyany end moraine ridge:
a — abandoned branches and sections of dead valleys (BKA image);
b — the dead valley of palaco-Isloch (BKA); ¢ — a research site near the Petukhovo village,
Ivie district (orthophotomap based on aerial photography data);
d — Petukhovo site (DEM)
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Puc. 11. Matpuna BeICOT y4acTka JOIUHbI p. Heman
0J113 JINTOBCKO-0€IIOPYCCKOM IPaHHIbI

Fig. 11. DEM of the Neman valley section
near the Lithuanian-Belarusian border
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ManakodayHucTuieckuit ananus [23] u naneo00TaHUYECKUE UCCIICI0BAHUS KapOOHATHBIX CyIIeCeH U3 1o-
JIOMIBHI JTMH3 000WX TaJIcOMEaH IPOB YKa3bIBAIOT HA TO, UTO pyciio Onm3 j1. JlykaBuIlbl Hadano GopMUpOBaTHCS
B koHIle Oemmnra [20], a B pa3pese «Poiicte» — B koHIe amwiepena [21]. DTo BmonHe cornnacyercs ¢ Oosee
pananmu gatupoBkamu (11 080—11 050 BP) 3anonnenust opraHukoil TepMOKapCTOBO-CTAPOPEUHON 3amaInHBI
B pazpese «loxay [18]. bonpIimue maneomeanapsl GyHKIIMOHUPOBATN HA TOM OoTpe3ke p. Heman Ha mpoTsike-
HUH BCETO TO3/IHENICTHUKOBBS, @ TEMITBI Bpe3aHust p. HemaH ObUTM OTHOCHTENLHO HEOOBITMMU TIOYTH JIO aJlie-
pena. BriocieacTBun pa3BUTHE JOIUHBI IIPUBEIIO K TOMY, YTO 002 MajicoMeaH [pa CyIeCTBOBaIN aBTOHOMHO, Oe3
KOHTAaKTa C PEKOH, BHauaje kak o3epa (Jlykaswuiia go mpenbopeaina, a PoiicTe — 1o cpenHeit aTmaHTHKH ), a TTO3KE
kak Topdsaukn [21]. B Topdsiauke JlykaBuia Obl BBISIBICH MEPUOJ] CHIBHONH U3MEHYMBOCTH THIPOJIOTHYC-
CKUX YCJIOBHI K KOHILy aTJIAHTUKH, YTO MOIJIO OBITh BBI3BAHO 3HAYMTEILHBIMU KOJEOAHHSIMH M HECTAOWIIb-
HOCTBIO KJIIMAaTa 3TOTO BpeMeHU [2].

BriBoabI

[To Tuny yHacien0BaHHBIX (UIIOBUATBHBIX (POPM PEUHBIX JIOJHH underfit streams paccMaTprBaeMble y4acT-
KH pEK MOYKHO pa3/eiiTh Ha YHACJIEJAOBABIIHUE JIOKOWHBI CTOKA JIEITHUKOBBIX BOJ M C(OPMUPOBABILIUECS HA
3aHAPOBBIX paBHHHAX. COXpaHUBIIHECS aJUTIOBUAIBHBIC ()OPMBI C MPEIABLIYIIUX 3TANIOB 3BOJIOIUH PEK T0-
3BOJISIIOT MOJPA3ACIUTh PEUHbIE IOJMHBI underfit streams Ha CIEIYIOUIAE THITBL.

1. JInenpoBCcKuii THII, paHee Ha3bIBaeMbIi THIIOM J[Hempa [4], — 3To MepTBast U aKTUBHAS YaCTH JOJTUHBL.
Onu paznensrorcs 3po3UOHHBIMU OcTaHIaMU. K JHEMpOBCKOMY THITY OTHOCSITCSl yYacTKH JOIHHEI p. [{Henp
Mexay T. Opieit u . llkmoBom u gonuus! p. Cox y a. [Ipucno BetkoBckoro paiiona.

2. IpyTCKUl THIT — OJ{HA IIMPOKas JIOJWHA, OOJIbIlIas YacTh KOTOPOH 3aTtopdoBaHa. BeiuessiroTcst ¢uito-
BuanbHas ¥ HeduoBuanpHas dacTh. [lIupokas HedmoBHaNbHAS YacTh JOJNWHBI 3aHATa TOPQSIHUKAMH U HE
HUMeeT cie0B (IIIOBHAILHON aKTUBHOCTH C MO3JHETO IVISIMala M B TOJNOIEeHe. Y3Kas 4acTh chopMHUpOBaHa
(IIOBHANEHBIMY MTPOIIECCaMU B rosionieHe. M3ru0bl JoMMHBI MOTYT HAIOMHHATH U3THOBI pyciia 00pa3oBaBIIei
ee npapeku. ApyTckuil Tun xapakrepeH Juis p. pyTu Huxe . bensiHudei, a Takxke s peK, paciol0KEeHHbIX
Ha ceBepo-BocToke Ilonpmm (Takux kak be6xka, Hapes).

3. 3anagHOOEPE3NHCKUI THIT — IPOCIIEKUBAIOTCS BCE ITAMBl Pa3BUTHUS pyclia: MHOTOPYKaBHOCTh — 0OJIb-
mre (Mo3/1HeIeTHUKOBbIE) MeaHAphl — Majble (ToJIoLeHOBbIe) MeaH Iphl. IIpexie Bcero Kk JaHHOMY THITY OT-
HocuTcs p. 3ananHas bepesuna Bo3ine . BonoxkuHa. YpoBeHb ¢ OONBIIMMHU MEaHIPaMH PACTIONIOKEH TOJIBKO
HE3HAYUTENBHO BBIIIE TOJIONIEHOBOM MOMMBL. B 3TOM THIIEe NONKH underfit streams BBIIEISIOTCS HEIPO3UOHHBIE
Y SPO3UOHHBIE BapHaHThl. Heapo3noHHOMY BapuaHTy COOTBETCTBYET JI0JIMHA p. 3ananHoi bepesuns! y . Bo-
JIOKUHA U JI0IMHA p. bepe3nHel Bo3ie yeThs p. Yiiu. Dpo3HUOHHBINA BapHaHT — 370 AonuHa p. Heman y 1. T'oxw,
7€ MO3AHEIAIaTbHbIe MEeaHIPhl HaXoAATCs Ha ypoBHE 10 M BBIIIE ype3a BOJIbI B PEKe.

4. Ilpauciiouckuii TUI — 3TO MEPTBBIE PEYHBIE PyCla, B TOM YHWCIIE MEAHIPUPYIOLINE, PACTIONI0KEHHbIE
B IIpefieNiax 3aHApOBbIX paBHUH. OHM crabo Bpe3aHbl B 3aHAP U TUIOXO BBIPAXKEHBI B pelibede, HO Iemunpu-
pytorcs o Marepuanam J{/13 mo xapakTepHbBIM MJIAHOBBIM OY€PTAaHUSM CMEHBI PACTUTEIBHBIX aCCOLIUAIIHI.

Tunu3zanus pevuHbIxX T0JHH underfit streams benapycu B OymyiemM MOXeT ObITh IOTIOJTHEHA 1 YTOYHEHA.
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VIIK 550.36
NTOI'N N3YUYEHNSA TEITAOBOI'O ITOTOKA B HUTEPUU

JI. AKHHBIEMH", B. H. 3YH?

1)S/Hueepcumem Onabucou Onabanorco, Aeo-Hsotie, Ocyn, Hueepus
?Benopycckuii 2ocyoapcmeennsiii ynugepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, benapyco

TpaauUUOHHBIM MOAXOM K U3MEPEHUIO TEIUIOBOIO ITOTOKA BKJIIOYAET JIBA [apaMeTpa: re0OTePMUUYECKUI I'pagueHT
Y TEIUIOTIPOBOIHOCTH TOPHBIX MOPOJ, CIAraloINX pacCMaTpUBaeMblii MHTepBa IyOuHBI. [eoTepMUUeCcKuil rpaJieHT
OTPEEIISIOT U3 TEPMOTPaMMBbl, 3aPETUCTPUPOBAHHON B CKBa)KMHE, a TEIUIONPOBOIHOCTh — MYTEM JIAOOPATOPHBIX U3-
MEpeHHH 0TOOpaHHBIX 00Pa3IIOB TOPHBIX MOPOJ. M3BeCTHBI BapHallK 3TOTO TOIX0/1a OTHOCUTEIBHO re0TEPMUYECKOTO
rpajJueHTa U 3Ha4eHUd TemmonpoBogHOCTH. OJTHAKO HA MHOTHMX IUIOIIAJSX OTCYTCTBYIOT CKBAXKHHBI JJISl pErHCTpaluu
TEpPMOTpaMM WM TI0 KpaiHeH Mepe /I IONyYeHHs] HECKOJIBKIX 3aMEpOB TEMIIEPaTyphl Ha MPOMEKYTOYHBIX 3a005X,
B pe3yJIbTaTe Yero TPaauIMOHHBIN METOJ HeNb3s npuMeHnTh. B Hurepun, B paiionax, rae HeT NTyOOKHUX CKBa)KUH, OBIT
IIMPOKO MCTIONB30BaH HOBBIA METOJI OTIpe/IeJIEHHs TEIIOBOTO MOTOKA, Oa3upyIONIHiics Ha OlleHKe ITyOUHBI KPOBJIX U TIO-
JIOLIBBI MArHUTOAKTUBHOTO TEJa MPH aHAIN3€ KapT MarHUTHOTO 1oJist. [TogomiBa MarHUTOAKTUBHOTO Te€Ia COOTBETCTBYET
TemIeparype noBepxHoctd Kropu, Hike KOTOpoil rOpHbIE MOPOABI TEPSIOT MarHUTHBIE CBOWCTBA. M3BecTHO, 4TO 3TO
MPOUCXOIUT NpH Temneparype okosno 580 °C, koTopas HECKOIBKO BAPbUPYETCS] B 3aBUCUMOCTH OT COZIEP>KAHUS MarHe-
TUTa B MArHUTOAKTUBHOM TeJje. TernaoBOi MOTOK BBIYMCISIOT IIyTEM YMHOMKEHHUSI T€OTEPMHUUYECKOIO TPAJUEHTA B 3TOM
MHTEpBaJie TIIyOMHBI Ha TEIUIOPOBOIHOCTH TOPHBIX TOPOA. MIMeeTcs psi pa3pO3HEHHBIX 3HAUYCHUH TETJIOBOTO MOTOKA
B Hurepumu, paccunranHoro ooonmu Metogamu. CocraBiieHa peaBapuTebHas KapTa TeIUIOBOTO II0TOKa, OCHOBaHHAs Ha
JIOCTYTIHBIX JaHHbIX. CpaBHEHHE BEIMYHH TEIUIOBOTO ITOTOKA, ONIPECNICHHBIX ABYMS METOJaMH, ISl HECKOIBKHUX PEruo-
HOB CTPaHbI O3BOJIMUJIO BBISIBUTH UX COOTBETCTBHE.

Knwuesnte cnoea: reorepmus; TEIIOBOM NOTOK; MAarHUTHOE 1oJ1e; n3otepma Kropu; Hurepus.

SUMMARY OF HEAT FLOW STUDIES IN NIGERIA
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A traditional approach for heat flow determination requires two parameters. They are a geothermal gradient and heat
conductivity of rocks comprising the considered depth interval. The geothermal gradient is determined from a thermo-
gram recorded in a wellbore and the heat conductivity is obtained from the laboratory measurements of selected rock
samples. There are some variations of this approach to both get the gradient and heat conductivity values. However, there
are many areas without boreholes to register their thermograms, or at least to have several temperature readings at inter-
mediate positions of bottom holes and traditional methods of heat flow determinations cannot be used. Recently another
method was proposed to estimate heat flow. It was derived from spectral analysis of magnetic field. During last years it
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was widely used in Nigeria for areas where deep boreholes are absent. It uses estimates of depths to the base and bottom
of the causative body derived from analysis of the magnetic field maps. The base of the causative body corresponds to
the depth of the Curie surface at which rocks lose their magnetic properties. It is known that it happens at the temperature
around 580 °C that slightly varies depending on the content of magnetite within the causative body. The temperature at the
top of this body is estimated. The heat flow density can be calculated knowing the geothermal gradient within this depth
interval and heat conductivity of rocks. A preliminary heat flow density map was compiled based on all accessible heat
flow data. A comparison of heat flow data from several regions of the country, determined using both methods provides
rather good agreement.

Keywords: geothermics; heat flow; magnetic field; Curie isotherm; Nigeria.

Introduction

Nigeria has a poor production of electricity and its distribution. Electricity generation is on a thermal plant
(up 66.7 %) and hydro power plant — 33 % of the total power production. Of 170 million of population, about
45 % have access to electricity, which is easier within urban areas. During last decades, using of renewables,
including geothermal energy, was spreading worldwide, and the awareness of energy sector, as well as federal
and local authorities, on such energy raised in Nigeria. Investigations of terrestrial temperature were carried
out in hundreds of exploration wells drilled for oil and gas.

The geothermal gradient and heat flow are frequently used parameters in geology as important indicators of
the thermal state of the crust and its sedimentary cover. They are useful for estimating geothermal resources,
prospecting for oil and gas fields, considering the regional tectonics, geodynamics, etc. The temperature is one
of factors controlling the hydrocarbon generation. Temperature-depth curves are recorded by logging in open
wellbores in a few hours or days after the interruption of drilling.

They reflect transient phenomena caused by the drilling mud circulation. The steady state diagrams are
seldom for oil wells of Nigeria. In most of publications, researchers analyzed these curves when the thermal
regime was not restored, or sometimes they use several temperature readings at intermediate bottom hole po-
sitions during drilling of the well (BHT), which permit to determine the geothermal gradient.

Exploratory and development wells have been drilled in the Niger Delta since 1956, when first oil was first
discovered in the country [1]. Since that time, a number of temperature-depth logs were recorded in these, or
measurements of individual temperature values, fulfilled at a number of intermediate positions of bottom holes
in a course of oil wells drilling. Later these temperature data were used to determine heat flow density.

However, until now the territory of the country was geothermally studied mainly within deep sedimen-
tary basins. Such measurements were fulfilled as a rule within crustal blocks promising for oil exploration.
No direct temperature measurements are available in other parts of the region. Nigerian researchers have done
a number of heat flow estimates derived from the magnetic field analysis. Such data comprise for today around
50 % of available heat flow determinations. The article summarizes the existing heat flow information for the
whole territory of the country.

Traditional methods for heat flow determination

Traditional approach to calculate heat flow density assumes a separate determination of geothermal gradient
and a heat conductivity of rocks from the considered depth interval. In result multiplying the gradient by heat
conductivity of rocks from the same depth interval, results in its heat flow
value [2]. The geothermal gradient is a well-known result of the division
the temperature at the base of the considered depth interval 7, minus the

T, temperature at its top 7 by the interval length z, —z, = L (fig. 1).

T - gradT=AT/Ah=(T2—Tl)/(zz—zl).
~

Two temperature values 7, and 7, could be used as readings from

a thermogram at two depths z, and z, or two temperatures at two interme-
T, diate positions of a bottom hole in the same well could be used. The heat

? conductivity of selected rock samples from a drill core, taken from the con-
Y q: sidered depth interval, is determined by laboratory measurements. When
Fig. I. Temperature profile the thermogram was not recorded, thes.e two temperature Valugzs. coulq be

and heat flow g, within rocks taken as temperatures recorded at two different bottom hole positions with-

with uniform heat conductivity in drilled deep wells.
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It is assumed that the considered depth interval is represented by uniform type of rocks, otherwise it could
be accepted as, for instance, the arithmetic mean from results obtained after measurements of several samples
from the same interval. There are several modifications of this method. This simple method is used also when
porous or cracked rocks comprise the considered depth interval. However, besides pure heat conduction, a con-
vective component of heat transfer takes place here and heat flow calculations require corrections to be ap-
plied [2]. In other situations observed heat flow values are subjected to corrections, e. g. for topography, ground
water circulations or climatic perturbations. The most reliable data are included into heat flow catalogues.

The distribution of available onshore heat flow data within different crustal blocks are rather uneven.
There are many boreholes drilled within deposits of mineral resources, for instance within oil and gas fields
and they are rather sparse within territories without such mineral deposits. Some exclusion represent wells
for water supply for settlements or industrial enterprises. However, they are rather shallow and geothermal
regime within their vicinity is subjected noticeably to groundwater circulation, which influences observed
heat flow values within studied intervals. Moreover, the thermal logging within new finished deep wells are
frequently fulfilled only after a few days and the time elapsed after their drilling was finished and recording of
thermograms was undertaking is not enough for their field disturbed by the drilling to return to the steady state
condition. Usually such thermograms reflect transient features and are not acceptable for accurate heat flow
determinations without considerable corrections.

Method to heat flow estimate
from the magnetic field analysis

There are many crustal blocks where heat flow determination could not be fulfilled using the described and
traditional approach. One of indirect approaches to estimate heat flow density frequently used during last de-
cades is the method to derive heat flow from processing and analysis of maps of the magnetic field. The method
is aimed to determine the depths to the top and base of the magnetic causative body within the earth’s crust.
It is well known that magnetic properties of rocks disappear when they reach the Curie temperature, which
many authors consider to be around 550-580 °C.

When temperature of rocks exceeds the Curie point, magnetic materials lose their magnetisation. At the
same time, it is considered that for temperature exceeding 580 °C, those materials begin encountering the duc-
tile deformation [3]. The Curie point determination was considered in a number of publications [4—10]. It was
shown that spectral analytical method could be regarded to estimate of the Curie point depth (CPD).

The spectral method of analysis was developed by [11; 12]. Later it has been used in the analysis of mag-
netic anomalies in particular for the determination of average depth to the top of magnetic basement and for
the computation of crustal thickness, the Curie point isotherm, etc. [6; 13; 14].

The Fourier transformation of the aeromagnetic data to estimate the energy (or amplitude) spectrum by
transforming the spatial data into frequency domain is used in most cases and the spectrum analysis techniques
is applied for CPD determination. The method of Spector and Grant [12] allows estimating the average depth
to the top of the magnetized layer from a slope of the log power spectrum. The method of Bhattacharyya and
Leu [15] gives a possibility to estimate the depth to the centroid of the causative body by means of a single
anomaly interpretation. Later Okubo and his colleagues [16] combined both methods, developed an algorithm
for regional geomagnetic interpretation, and applied it to the geothermal exploration.

There are several applications of described approach to calculate the depths to the top of the causative body
and base of the Curie point. If the magnetization of a set of two-dimensional bodies is completely random and

uncorrelated, the radial average of the power density spectra of the total field anomaly, P(k), could be simpli-
fied as follows [17; 18]:

P(k)= 4, exp(—2|k|z, (1 — oxp[—[K|(Z,- 2,)] ))

where 4, is a constant; Z, and Z, represent the depths to the top and bottom of the magnetic body; respectively
k denotes the wave number of the magnetic field.

Two steps are necessary to evaluate CPD, the first step to estimate the depth to centroid 4,, of a magnetic
source from the slope of the longest wavelength part of the spectrum, using equation [6; 16; 19]. The centroid
depth of magnetic sources can be calculated from the low-wavenumber portion of the wavenumber-scaled

power spectrum as [20]
Pk
ln[#jl =In 4 — 2m|k|h,,

where A4 1s a constant.
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The second step permits estimating the depth to the top boundary %, from the slope of the second longest
wavelength part of the spectrum [6; 16; 19].

In\/P(k) = In B - 2m|k| h,
where B is the sum of constant independent of |k|
The basal depth £, is calculated from the equation [6; 16; 21].
hy=2hy—h,,

where /4, denotes centroid depth; /4, represents to the top boundary. An example is shown in fig. 2.

In(P") [k
L]

Wavenumber |k|, rad/km

Z,=0.78 km

)
.
Rl Y

®eveqee oo,
-2 ! ! ! ! ! .“...‘““0“

0.0 0.2 0.4 0.6 0.8 1.0

Wavenumber |k|, rad/km

Fig. 2. An example of radially average power for estimation of CPD using the two-dimensional
magnetic anomaly data for the block 5 of the model considered for the Ikogosi warm spring:
a — an example to estimate the Z, depth and b — an example to estimate the Z, depth.
Source: [22], modified

Depths of 7.60 and 0.78 are obtained as the centroid and top bound using the gradient of spectra defined as
In/P(k)|s| and In</P, where |k is the wavenumber and P(k) is the radially average power spectrum.

Different researchers point out that the Curie temperature depends on magnetic mineralogy. The Curie
temperature of magnetite (Fe,O,), the most common magnetic material in igneous rocks, is around 580 °C,
however, an increase in titanium (Ti) content of titanomagnetite (Fe, ,Ti,O,) causes a reduction in Curie
temperature. It is believed that in most cases it is (550 + 30) °C [6]. The Curie point temperature is strongly
influenced by the amount of titanium. The estimated value of 580 °C [23] is considered as the case in this study.
Using this Curie point temperature of 580 °C and the derived CPD, it is possible to calculate the geothermal
gradient within the considered area. The thermal conductivity is usually accepted to be 2.5 Wm '°C ' [24; 25].
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Geology of the region

Nigeria lies between latitudes 4° and 14° N, and longitudes 2° and 15° E. Rocks, comprising the crust within the
country, have different age and origin. The Precambrian basement spread over almost 48 % of this region (fig. 3).
Deep basins exist within the remaining 52 % of the country, where sediments have Cretaceous to the younger
age [22]. Over 80 volcanoes exist within both the Biu and Jos plateaus with basaltic lava flows [26]. The Niger
River with its Benue tributary is the principal river of West Africa and runs its waters to the Atlantic Ocean.

4°E 12°E
! !

IULLEMMEDEN BASIN
CHAD BASIN

Borno Basin
12° N+
Central Nigerian

Jos

‘:’ Sedimentary

basins
Crystalline

4° N basement rocks Gulf of

AKiri  Major thermal springs Guinea 0
°

Fig. 3. Geological subdivision and the main crustal blocks in Nigeria.
Four circles indicate positions of warm springs: Akiri (53.5 °C), Wikki (32 °C)
and Ruwan Zafi (54 °C), as well as Ikogosi (37 °C).

Source: [27]

Sedimentary basins originated when the Gondwana started to split, opening Atlantic Ocean, in the early
Cretaceous time and formed the Pan African Rift system in the West African terrain. These basins are filled with
sediments of different thickness, subjected later to tectonic deformations through Cretaceous to Neogene time.
Their deepest parts are more than 9—12 km [28] and the widest spread corresponds to the Niger Delta [29].

The Benue Trough is subdivided into the Upper, Middle and Lower Benue troughs. The latter one includes
the Anambra Basin, Abakaliki Uplift with the maximal thickness of sediments up to 6 km. Sedimentary cover
thickness is around 4 and 1 km in the Borno and Sokoto basins, respectively.

An important rifting event within the West Africa happened during the Cretaceous time in result the equato-
rial Atlantic opening led to the generation of intraplate rifts, including the Benue Rift and a series of Cretaceous
elongate basins in West Africa.

The Central Nigerian Shield with the Jos Plateau in the centre of the country and the West African Shield
occupy the central and northwestern parts of the area. The latter one extends through the border into the Benin
territory. The Nupe (Middle Niger) and Sokoto basins in their northern part and the Borno Basin within eastern
Nigeria, as a part of the Chad Basin, separate both shields. The Chad Lake is in the extreme north-east of the
country, which Nigeria shares with Niger, Chad and Cameroon. The Sokoto Basin is a part of the vast Iul-
lemmeden Basin, which extends through the border into the Niger territory. The Iullemmeden, Chad, Taoudeni
and Sinegal-Mauritanian basins belong to the main sedimentary basins of the West Africa. The latter two are
outside frames of the fig. 3 to the north.

The Adamava Highlands (monocline) is extended along the southeastern border of the country and conti-
nues into Cameroon area. The Niger Delta region, which is, home of the large oil industry, where Nigeria has
a total around 160 oil fields, is sitting directly on the Gulf of Guinea on the Atlantic Ocean. The Biu Plateau in
the eastern part of the country is located in between the Borno Basin and the Benue Trough.

Available heat flow data

The available heat flow data could be subdivided into three categories. The first category of heat flow va-
lues is based on thermograms of wells, or temperature readings done at intermediate positions of bottom holes
during drilling deep wells. The second category represents estimated heat flow values derived from processing
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of the aeromagnetic data (indirect approach) for a number of localities. Finally, new heat flow dencity (HFD)
estimates based on published positions of CPD are included into the third group.

First wells, drilled until depths usually less than 3500 m within the Niger Delta in the middle of fifties, dis-
covered oil. Since those time terrestrial temperatures and geothermal gradients were based on thermograms or
bottom hole temperature data in the Niger Delta [30], Anambra, Sokoto [9; 31] and Borno [32] basins. Sokoto
Basin extends into territories of Niger, Chad, Central African Republic and Cameroon. The information on
geothermal field of the Nupe, Borno and Sokoto basins was published also by [24; 32; 33].

Indirect heat flow estimates are based on CPD positions at which the dominant magnetic mineral in the crust
becomes paramagnetic due to the effect of increasing temperature above 580 °C [34; 35]. As it was mentioned, to
estimate heat flow density we need the geothermal gradient and thermal conductivity. The gradient is calculated
from the Curie isothermal depth and then heat flow is estimating using this geothermal gradient and the averaged
heat conductivity of rocks (2.5 Wm 'K™"). In most of publications the surface temperature is accepted to be
0 °C [36], though the annual average temperature at the Niger Delta is around 20 °C [25; 37]. Preliminary
estimates show that when accepting the temperature at the top of causative body to be 0 °C, instead of its real
value, it will result in an error in heat flow calculation, which usually does not exceed 5 mW/m”.

Methods for estimating the CPD are classified into two categories: based on examination of isolated mag-
netic anomalies and those that examine patterns of these anomalies. Both methods provide the relationship
between the spectrum of magnetic anomalies and the depth of a magnetic source by transforming spatial data
into frequency domain [38].

In addition to published data in mentioned above articles, new heat flow estimates were fulfilled based on
printed CPD positions. They are included into the table.

New heat flow density estimates

Longitude Latitude Z, Z, Reference Heat Ii;ll(;vvv/gleznsity,
9.25 9.25 2.04 17.04 34 85.1
9.75 9.25 2.50 24.1 34 60.2
9.25 8.75 2.14 20.66 34 70.2
9.75 8.75 1.98 19.66 34 73.8
9.25 8.25 1.20 17.92 34 80.9
9.75 8.25 1.40 17.32 34 83.7

9.5 9.25 2.0 19.20 34 75.5
9.50 8.75 3.20 27.40 34 52.9
9.50 8.25 1.70 19.18 34 75.6
9.50 9.00 1.50 20.58 34 70.5
9.50 8.00 1.84 24.12 34 60.1
9.25 8.25 2.08 27.32 34 53.1
9.75 8.25 1.86 20.78 34 69.8
9.50 8.25 1.65 23.19 34 62.5
10.35 9.75 2.94 10.00 22 119.59
10.55 9.75 2.97 9.05 22 168.39
10.25 9.70 2.62 11.56 22 134.22
10.75 9.65 1.61 8.21 22 144.76
10.55 9.65 4.47 10.30 22 125.00
10.25 9.50 3.67 9.55 22 147.23
10.50 9.50 3.35 11.06 22 91.92
10.75 9.50 1.15 9.39 22 135.94
10.25 9.30 3.75 15.04 22 144.76
10.70 9.40 2.94 10.17 22 111.94
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Ending table

Longitude Latitude Z, Z, Reference Heat ri?l(i;]v/gleznsity,
10.55 9.60 4.32 9.55 22 139.36
10.45 9.25 3.24 12.35 22 89.71
10.75 9.25 1.21 9.92 22 149.95
10.40 9.60 2.11 15.41 22 94.1
10.34 9.25 3.98 9.22 22 157.3
4.46 7.48 0.852 21.91 40 66.2 (63.10)
5.10 7.48 0.945 13.40 40 108.2
5.70 7.48 0.878 13.46 40 107.7
5.12 7.38 0.727 12.35 40 117.4
5.16 7.43 0.780 14.42 40 100.6
5.17 7.30 0.645 12.37 40 117.2
5.50 7.24 0.646 14.94 40 97.1
5.17 7.16 0.666 11.48 40 126.3
5.90 7.16 0.626 16.68 40 86.9
4.46 7.16 0.713 20.11 40 72.1
4.46 7.24 0.766 13.24 40 109.5
4.77 7.40 - - 40 104.42
4.46 7.36 0.807 20.16 40 71.9
4.58 7.46 0.791 17.83 40 81.3
5.60 7.40 1.025 15.33 40 94.6
4.59 7.20 0.735 18.61 40 77.9
5.50 7.37 0.901 13.52 40 107.24
5.83 7.62 - - 40 102.26
4.60 7.35 0.812 11.77 40 123.2
5.17 7.48 0.827 13.70 40 105.8
5.12 7.48 0.827 13.86 40 104.6
4.58 7.22 0.646 15.01 40 96.6
4.46 7.33 0.922 14.35 40 101.0
5.11 7.48 1.000 13.89 40 104.4

Heat flow density map

All accessible heat flow data, determined using thermograms of deep boreholes and bottom hole temperature
readings at intermediate positions of wells in drilling, as well as heat flow values determined from the spectral
analysis of available magnetic field maps were used to compile a preliminary heat flow map for the whole
territory of Nigeria (fig. 4). The number of individual heat flow values approaches to 360. Small squares (stu-
died deep wells) and circles (estimates derived from the magnetic field analysis) show positions of individual
localities with available HFD data.

Discussion

Available heat flow data are nonuniformly distributed within the territory of the country, where sedimentary
basins studied much better. Only its single estimates were reported for the Central Nigerian and West-African
(Benin-Nigeria) shields. No data exists from the Oban Massif, Jos and Biu plateaus, with relatively young
volcanism.

Profiles A — A and B — B through best studied crustal blocks are shown in fig. 5 and 6.
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Along the A — A profile, crossing the whole of Nigeria from Atlantic shore to the Chad Lake, there are many
observations. Heat flow varies considerably along the profile from around 25 in the Niger Delta till 150 mW/m’
in the Benue Trough near the Wikki and Ruwan Zafi hot springs in the northeast of the country. The general
tendency of gradual increase of heat flow from southwest to northeast is obvious. Several peaks in this curve
could be interpreted as an influence of the geologic structure of individual crustal blocks. But it is necessary
to keep in mind, that heat flow curve along this profile was based both on traditional approach (thermograms
recorded in oil wells) and on its indirect estimates, obtained by different researchers at different time.
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Fig. 4. Preliminary map of the heat flow density in Nigeria.
White squares show positions of geothermally studied wells;
green circles show available indirect heat flow density estimates derived
from the magnetic field analysis. Areas with absent heat flow data shown by the symbol «?».
The A — A and B — B profiles cross the main geologic structures (shown by red lines)
of the country with a wide range of heat flow variations from 35—40 until 140—150 mW/m’
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Fig. 6. Heat flow density profile B— B

The meridional profile B — B shows that the heat flow ranges from 30 until 90 mW/m®. It reflects rapid heat
flow changes in the meridional direction and a general tendency of its increase from south to north. This profile
crosses geologic units of different age.

Heat flow values range within the country approximately from 35 to 140—145 mW/m’. A low heat flow
anomaly of 4050 mW/m’ is traced in the central part of the Niger Delta. It increases in all directions outwards
of this cold zone to 70—80 mW/m’.

A high heat flow anomaly above 100 mW/m” exists within the studied parts of Borno Basin. It joins with
another anomaly around the Wikki warm spring and they both form a vast positive anomaly in the eastern
part of Nigeria. A high heat flow above 80—100 mW/m? revealed around the Ikogosi warm spring. The Sokoto
Basin in the north of the country is shown by increased heat flow to 70—80 mW/m”. Its similar range is typical
for the central part of the Nupe Basin.

Rather differentiated heat flow pattern is in the Anambra Basin. Heat flow values change from 50—60 mW/m’
in its northern part to 80 mW/m” southward. Heat flow density of the Nigerian part of the Adamava highlands and
the central part of the Benue Trough varies in limits of 55-60 mW/m” increasing to 70 mW/m” to the Wikki spring.

Geothermal observations in the southern part of Nigeria (Niger Delta and Anambra Basin) were studied
by [31; 39—42]. Studies of geothermal field in this structure were actively conducted recently [43—49]. Results of
heat flow studies in the Niger Delta were also published [50—52]. Heat flow density here varies within the Niger
Delta from 38.9 to 89.6 mW/m’ [46]. In the eastern part of the structure, it ranges from 29 to 55 mW/m” with an
average value of 42.5 mW/m’. Lower heat flow (less 35 mW/m”) was observed for the central parts of the Niger
Delta within the central swamp near Atlantic shore [1]. Within Anambra Basin it varies from 48 to 76 mW/m’ [31].

It was reported that geothermal gradients in deep wells within the Niger Delta, show a continuous and
non-linear relationship with depth, it increases with diminishing sand percentages. As sand percentages de-
crease eastwards and seawards, thermal gradient increases. A number of thermograms here have a concaved
shape to depth axis [48]. It was reported that the movement of fluids in the Niger Delta influence the thermal
field pattern and heat flow distribution within the Basin. This concerns both the effects of upward and down-
ward groundwater movements within aquifers, petroleum, connate and juvenile water [1].

Only one locality for Precambrian crustal blocks geothermally studied in Nigeria, is the Ririwai Ring Comp-
lex (heat flow is 38.5 mW/m®). Measurements were fulfilled there in available boreholes [53]. This value is close
to data for other Precambrian shields of the world.

For the Nigerian part of the Chad Basin the heat flow derived from the magnetic field analysis ranges from 63.8
to 141.9 mW/m” [54]. Its similar values, determined by this method, in the Sokoto Basin [8; 38; 55; 56] range
from 52.4 to 98.6 mW/m’.

For the Anambra Basin, the estimated heat flow density varies from 38 to 99 mW/m?® [57]. For the lower part
of the Benue Trough and the adjoining Anambra Basin, it ranges according to Bello and his colleagues [58]
from 64.4 to 97.3 mW/m’ with an average value of 80.1 mW/m”.

Analysis fulfilled for the Nupe Basin shows that the HFD varies from 30 to 120 mW/m” [36]. In the south-

eastern and southwestern parts of this basin, it is less than 60 mW/m?’, and increases to more than 100 mW/m? in

its northeastern and northwestern parts. For the Jalingo and environs in the northeastern Nigeria the heat flow
is estimated between 53 and 61 mW/m® [14; 37].

Heat flow density estimates by this approach fulfilled also for several warm springs of Nigeria. The Iko-
gosi spring in southwestern part of the country within the Precambrian fractured terrain, where fractured/faulted
quartzite may have acted as a conduit for warm groundwater outflow to the surface [59]. Aeromagnetic maps
processed on this basis give the heat flow density around 91 mW/m”’. Probably such high heat flow does not
concern other parts of the West African Shield, which are at present without HFD determinations within Nigeria.
Within the area adjoining the Atlantic shore to the west of Nigeria in the Leo Rise and Dahomeides, the heat flow
is 31-33 mW/m’, which similar to other observations within Precambrian crustal blocks of the world [60].
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Conclusions

The heat flow is the most important parameter. It gives the information for studies of lithospheric and crus-
tal dynamics, estimates of promising areas for geothermal energy, understanding of the thermal regime from
the point of the hydrocarbons maturity, etc.

A preliminary map of heat flow density for Nigeria was compiled based on accessible determinations in bore-
holes and estimates derived from analysis of acromagnetic maps. It varies in a wide range with a contrast pattern
in the territory of Nigeria. Activated areas due to rifting are indicated by high heat flow within the eastern part
of the Borno Basin, eastern area of the Benue Trough, as well as within the northern part of the Niger Delta,
the Sokoto Basin. A high heat flow derived from the spectral analysis of aeromagnetic maps in the vicinity of
the Ikogosi hot spring, located in the West Nigerian Shield, require further refinement to trace its margins, as
typically rather low heat flow is a specific feature of Precambrian shields.

The high heat flow anomalies (90—100 mW/m* and more) could be considered as the most promising parts
in the country for detailed investigations as potential sources of geothermal energy, which is suitable to create
electric plants mainly based on the binary technology for the production of «geothermaly electricity. Results of
geothermal studies within the Niger Delta show that the temperature of 150 °C can be reached in a number of
local parts of the area at depth less than 5 km [30] that is suitable to create electric plants based on the binary
technology.

It is necessary to stress that high heat flow anomalies could be considered as the most promising parts in the
country for detailed investigations as potential sources of geothermal energy [61].
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I'EOTEPMMYECKOE IIOAE 30HBI ITEPEXOAA
MEXAY AHATOANNCKOU ITANTON .
N BOCTOYHO-EBPOITEMCKOU ITAATOOPMOU

CHAMAK MAHCYPH ®AP"

YBenopyccruii 2ocyoapemeennuiii yuusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Benapyce

B BocTouHO# yactu Cpeau3eMHOro MOps BBIIGNSAIOT OOLIMPHYIO MPOBHHIIMIO HU3KOTO TEMJIOBOTO TMOTOKA, MPOCTH-
paroryrocsi Bo BceM Oacceitne Mopst BoctouHee Kpura (JIeBantnHckoe Mope), Bkitouast Kurp u ceBepubiii Eruner. T'eo-
JIOTUsl TEPPUTOPHH BOCTOUHOW AHATOIUM CIIOXKHA U3-3a HENABHEH TEKTOHUUYECKOM M BYJIKAHUYECKOH aKTUBHOCTH. DTOT
PETHOH BKIIIOYACT INIaBHBIC TeKTOHWYecKue Onoku [TonTniickux rop, AHaronmiicko-TaBpuACKHI MOSIC U CYTYpHYIO 30HY
Butmica, CeBepo- n Boctouno-Anaronuiickuii pa3noMsl. Bo MHOTHX 9acTsSx AHATOIMN BCTPEYAIOTCS OQHOIUTHI X MOJIO-
JIbIe BYJIKaHHYECKHUE OOl YepHoe Mope OKpykeHO Anpnuiicko-I nmanalickum ckiaggareiM mosicoM (Kpsiv, Bombrmoit
Kaskas, [Tonruiickue ropel, Ponono-Crpanmkckuii Maccu, Boctounoe Cpenneropse, CeBepHast JIo0pymka) 1 TpeBHUMHU
TEeKTOHMYECKUMH OJIOKaMH Pa3IMYHOIO IIPOUCXOXKICHHS U BO3pAcTa, TAKUMH Kak Bocrouno-EBponelickuii kparoH, Muznii-
ckast mardopma, CtamOynbekast 30Ha 1 AJpkapo-Tpuanerckas ckiaadaras cucreMa. B Ueprom Mope npeotiaaet HU3KHH
TemnoBoit moTok. Hanmensimie 3Hagenns (Menee 30 MBT/M’ ) 3aperHCTpHPOBAHE! B IIEHTPATHHBIX YACTAX 3aMaTHOTO H BOC-
TOYHOTO OacceiiHoB UepHOTO MOPSI ¢ MAKCHMAaIBHOW MOIITHOCTHIO OCAI0YHBIX OTIIOKEHHH. [ eoTepMIrdecKre NeCeIOBaH s
Ha TEPPUTOPHH YKPauHBI BEAyTCs B TeueHue 45 jeT. MHOTHE 0COOEHHOCTH TEIUIOBOTO TIOJISI OCTAIOTCS HEU3YyUCHHBIMU.
OTO OTHOCHUTCS, B YACTHOCTH, K YKPaHHCKOMY IIUTY M I0XKHOM yacT pernoHa Kapmar. B mienom Tepputopus anbnuickoit
cknaguarocTy B npenenax Typuuu, MpamopHoro u Oreiickoro Mopeii, KaBkaza xapaxkrepusyeTcs BBICOKUM TEIUIOBBIM MO-
TOKOM. AHOMAJIUsl €ro HanOOIbIKX 3HaueHuii (Gonee 100—150 MBT/M”) orMeuaercs Ha 3anaze Typiwmu, rjie npeobnanaror
TEKTOHWYIECKHE YCIIOBHS PACTSDKEHUSI M BEJIETCS MCTIONIb30BAHKE MOJI3EMHOTO T1apa Julsl BBIPAOOTKH 5eKTposHeprud. [1o-
CTPOCHBI KapTa U TP MPO(HUIIS TEIIOBOTO MOTOKA, MEPECEKAIOMINX H3yIaeMblii PETHOH.

Knroueswie cnosa: Cpennzemuoe mope; Kunp; Typuus; UepHoe Mope; YikpanHa; reoTepMHUECKOE TI0JI€; TEMIOBOM T0-
TOK; aJbIuiickuil oporenes; bombioit KaBkas.

GEOTHERMAL FIELD OF THE TRANSITION AREA
BETWEEN THE ANATOLIAN PLATE
AND THE EAST EUROPEAN PLATFORM

SIAMAK MANSOURI FAR®

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus

Heat flow data from the Eastern Mediterranean region indicates an extensive province of low heat flow, spreading over
the whole basin of the Mediterranean to the east of Crete (Levantine Sea), Cyprus, and Northern Egypt. Surface geology of
East Anatolia is complex because of recent active tectonic and volcanic activity. The region is composed of major tectonic
units of Pontides, the Anatolid-Tauride Belt and Bitlis Suture Zone, North and East Anatolian faults. Ophiolitic and young
volcanic rocks can be observed in many parts of East Anatolia. The Black Sea is surrounded by the Alpine-Himalayan
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Orogenic Belt of Crimea, Greater Caucasus, Pontides, Rhodope-Stranja Massif, Eastern Srednegorie, North Dobrogea and
older tectonic units of different origins and ages such as the Precambrian East European Craton, Moesian Platform, Istanbul
Zone and Adzhar-Trialet Folded System. Low heat flow density dominates in the Black Sea. The lowest (less 30 mW/m?)
values have been recorded in central parts of the Western and Eastern Black Sea basins with maximal sedimentary thick-
ness. Geothermal studies within the territories of Ukraine have been under way since sixties. Many important features of
the thermal field remain unstudied. This applies in particular to the Ukrainian Shield and to the southern part of the Carpa-
thian region. In general, the territory of Alpine folding within Turkey, Marmara and Aegean seas, Caucasus is characte-
rized by high heat flow. The anomaly of its highest values (above 100—150 mW/m?) exists within western Turkey, where
tectonic conditions of extension prevail and underground steam is used to produce electricity. Three heat flow density
profiles crossing the studied region and heat flow map were compiled.

Keywords: Mediterranean; Cyprus; Turkey; Black Sea; Ukraine; geothermal field; heat flow; Alpine orogeny; Greater
Caucasus.

Introduction

The Anatolian Plate and the Black Sea Basin are the main tectonic units within the considered region. Given
its location in the Alpine-Himalayan orogenic belt, and at the collisional boundary between Gondwana and
Laurasia, the geological history of the Aegean region and Anatolia involves the Mesozoic-Cenozoic closure
of several Neotethyan oceanic basins, continental collisions and subsequent post-orogenic processes [1-3].
The considered region has rather complex crustal structure.

The opening of oceanic branches of Neotethys commenced in the Triassic and closed during the Late Creta-
ceous to Eocene time interval. The closure of Neotethyan basins is recorded by several suture zones (e. g. Var-
dar, Izmir — Ankara — Erzincan, Bitlis — Zagros, Intrapontide, Antalya sutures), along which Jurassic-Cretaceous
ophiolites and melanges exposed. The polarity of subduction, the timing of ocean basin opening and closure,
and the location of Neotethyan suture zones remain somewhat controversial. The destruction of oceanic ba-
sins was also accompanied and followed by: 1) Cretaceous to Early Palacocene arc magmatism (e. g. Pontide
Arc [4—6]); 2) development of accretionary-type fore-arc basins (e. g. Haymana-Polatli Basin [7]; Tuz Goli
Basin [8]); 3) Late Palacocene to Miocene and younger post-collisional magmatism [9—12]; 4) the develop-
ment of several blue schist belts (e. g. Late Cretaceous Tavsanli Zone in Turkey [13]); Camlica metamorphic
belt in northwestern Turkey [14]; Eocene-Oligocene Cycladic blue schist belt in the central Aegean [15-17];
Lycian Nappes and Menderes Massif [18; 19]; Bolkar Mountains in the Central Taurides [20]; 5) high-grade
to low-grade metamorphism affecting larger areas. The nappe translation and burial of large areas beneath
advancing ophiolite nappes has resulted in regional metamorphism and consequent formation of crustal-scale
metamorphic massifs, such as the Rhodope, Stranja, Cycladic, Menderes massifs and Central Anatolian Crys-
talline Complex [21-24] (fig. 1).

The Northern Central and East Anatolian faults split the considered region into different crustal blocks and
their tectonic regime changes from compressional to a combination of extension and compression. High seis-
micity is observed within the country and a frequent hot springs related to these tectonic features are widely
spread. According to estimates tectonic movements along the North Anatolian Fault, shearing Pontides from
the Central Anatolian Plate can reach 20—25 millimetres per year. It results from the general movement of the
Arabian and African plates and their pressure to Eurasia. Main directions of these movements are shown in
fig. 1. It results in many earthquakes mainly within the Anatolian Plate, including hazardous ones, especially
in the northwestern Turkey.

The Black Sea Basin. This basin is a deep depression belonging to the Alpine folded belt. The total thickness
of Cretaceous-Quaternary sediments in the central part is estimated to be 14—18 km [25]. The Alpine orogenic
belts: Crimea, Greater Caucasus, Pontides, Rhodope-Stranja Massif, Eastern Srednegorie, North Dobrogea and
older tectonic units of different origins and ages such as the East European Craton, Moesian Platform, Istanbul
Zone and Adzhar-Trialet folded system surround the Black Sea (fig. 2). The Black Sea geology plays its key role
in understanding the tectonic evolution of the middle Tethyan Realm, as well as its hydrocarbon potential.

The Black Sea Basin includes two deep sub-basins (the Western Black Sea Basin and the Eastern Black Sea
Basin) [26]. They are separated by the mid-Black Sea (Andrusov) Ridge, which is a northwestern stretched
basement uplift. The Black Sea is widely recognized as a back-arc basin, but details of its origin and evolution
are still a matter of debates [27-31]. Main questions on the history of this lithospheric block are the age of
opening of the Black Sea and the configuration of the original Neotethyan fragments in relation to the tectonic
development of the region. Concerning the relative age of the Western and Eastern Black Sea basins, there is
a growing evidence in recent years of an earlier origin for the former one [31-34]. The present-day subsur-
face information of the Black Sea was based on tectonostratigraphic studies of the sedimentary infill, sparse
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deep seismic sounding (DSS) surveys keeping in mind geologic observations in adjacent land areas [27; 28;
31; 35; 36]. Seismic and gravity data show that the crust shallows to 19 and 22 km depths in the Western and
Eastern Black Sea basins, respectively [37]. Geologic subdivision of the Black Sea Basin including Crimea
and southern part of the East European Craton is shown in fig. 2.

Mountains of Crimea are a part of the Alpine-Himalayan folding located in south of the plain part of the pe-
ninsula, which represents a part of the Scythian Platform. The southern slope of the mountain Crimea is traced
below the Black Sea waters in result of young tectonic movements. It is composed of dislocated Triassic-Jurassic
flysch deposits and Upper Jurassic carbonate sandy-clayish carboniferous, Paleogene and Neogene rocks.
The recorded movements along faults result in earthquakes. The vast territory to the north of the Black Sea is
the adjacent East European Craton. The folded system of Greater Caucasus and Adzhar-Trialet system adjoin
the Black Sea in the east.
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Fig. 1. GPS horizontal velocities and their 95 % confidence ellipses
in the Eurasia-fixed reference frame for the period 1988—1997 superimposed on a shaded relief map
derived from the GTOPO-30 Global Topography Data taken after the USGS. Bathymetry data are derived
from GEBCO/97-BODC, provided by [38—40]. Large arrows designate generalized relative motions of plates
with respect to Eurasia (in millimetres per year) (recompiled after [41]). Abbreviations: NAF — North Anatolian Fault;
EAF — East Anatolian Fault; DSF — Dead Sea Fault; NEAF — North East Anatolian Fault;
EPF — Ezinepazari Fault; CTF — Cephalonia Transform Fault; PTF — Paphos Transform Fault;
CMT — Main Caucasus Thrust; MRF — Main Recent Fault
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Available heat flow data within the region

Eastern Mediterranean Sea and Cyprus. Cyprus in the northeastern part of the Mediterranean Sea is
located in between the Anatolian platform to the north and the African Shield to the south. P. Morgan published
33 individual values of heat flow for wells from Cyprus [42; 43]. Results are based on in-hole measurements
of the temperature gradient, carried out with a thermistor probe in the conjunction with Wheatstone bridge.
Thermal conductivity was obtained from measurements carried out on core- and rock-fragment specimens.
The database ranges from as low as six till 46 mW/m”. After omitting of very low values, the average heat flow
of remaining 18 observations was less than 30 mW/m®. They are comparable to heat flow data from the Eastern
Mediterranean, where A. Erickson [44] also reported a vast area of rather low heat flow. Several approaches
to explain such low values (rapid sedimentation, low content of radioactive isotopes in the crust, downward
water circulation) were discussed. They still did not explain adequately the reason for the low heat flow within
an extensive area, spreading over the whole basin of the Mediterranean east of Crete (Levantine Sea), Cyprus,
and northern Egypt.

The average of the marine heat flow measurements in the Levantine Sea is (25.7 = 8.4) mW/m’ and accor-
ding to [45] the average from 40 heat flow sites is (47 =27) and (39 = 6) mW/m™ near Cyprus. On Cyprus, it is
(28.0 £ 8.0) mW/m’. The estimated heat flow in northern Egypt ranges from (38.3 +7.0) to (49.9 +9.3) mW/m’,
apparently with no consistent trend. To the east, on the coast of Israel, heat flow values increase, ranging
from (36.6 +22.4) to (56.7 + 14.2) mW/m’ along a SSE trend [46]. It apparently correlates with an increase
in crustal thickness, which is about 23 km at the northwestern base of the Nile-Delta cone, and close to 40 km
beneath Israel.

The marine heat flow data presented by [44] are shown in heat flow density histograms (fig. 3). Their loca-
tions are spaced rather uniformly throughout the Eastern Mediterranean. The thermal gradient data were obtained
using the Ewing thermograd described in [47]. The penetrations achieved with the piston corer varied between
2.5 and 13.5 m. Thermal conductivity was measured on sediment samples obtained using the needle-probe
technique [48] at the same locations as the thermal gradient measurements were fulfilled. The observed data
were corrected for an estimated rate of sedimentation of 4.3 cm per 1000 years. The histogram of heat flow
density for Cyprus is shown in fig. 4.
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Fig. 3. Heat flow density histogram for the Eastern Mediterranean
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Heat flow data from Turkey. The territory of Turkey belongs to the Alpine-Himalayan Belt of orogenesis
with significant neotectonic activity, which influences the observable and contrast heat flow. Heat flow deter-
minations were fulfilled on the basis of geothermally studied boreholes. Both temperature logs and rock heat
conductivity measurements were used to determine its density. Many boreholes with recorded thermograms
have depths not exceeding 200 m, and a ground water circulation, influencing the recorded thermal profiles,
had to be taken into account. Conductive heat flow density was calculated considering possible convective
effects due to vertical water movements.

A summary of available heat flow determinations for the territory of Turkey were published in [46]. Indivi-
dual values have a wide range of their changeability from 10—12 until 200 and even 696 mW/m? (fig. 5). Very
high heat flow was observed in the proximity of active deep faults and zones with extensional tectonic regime
in the Marmara Sea, western and southwestern Turkey [49]. The maximum of heat flow observation falls into
the interval of 55-75 mW/m’. A long trailing tail with heat flow exceeding 100 mW/m” exists in the right part
of the histogram.
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Fig. 5. Heat flow density histogram for Turkey

Heat flow data of the Black Sea. Heat flow studies within the Black Sea were undertaken since the end of
sixties and beginning of seventies of the last century. The summary of the most detailed catalogue of available
heat flow data exceeding 400 entries was published in 1991 [46]. Around 1/3 values were reported for the eastern
Black Sea Basin. Areal distribution of available heat flow observations are shown in fig. 6.

Figure 6 shows that low heat flow density dominates in the Black Sea when comparing its onshore data from
countries adjacent the Black Sea Basin. Histograms of its distribution for the Western Black Sea Basin (around
250 individual stations) is shown in fig. 7. The majority of observations exhibits heat flow density, which ranges
from 25 until 50 mW/m”. This diagram shows close to the normal heat flow distributions complicated by its
right side with higher values above 60 mW/m’, observed in the southwestern corner of the sea near shores of
Bulgaria. Several heat flow stations within this sector show even higher heat flow up to 80—90 mW/m’.

As it was mentioned, the number of heat flow stations studied within the Eastern Black Sea Basin is around
100 which is 1/3 of the whole observations fulfilled within the Black Sea. Figure 8 shows in general similar
heat flow distribution, but the majority of values are here within the interval of 20—40 mW/m?>, which is lower
than ones within the Western Black Sea Basin.

Heat flow map of the studied region

The considered region has a complex geological structure, shown in fig. 1 and 2, where the tectonic
regime is changing from compression to extension. Such geologic situation has an imprint on the heat flow
distribution within the studied region. Heat flow data reported by a number of researchers were used to
compile the heat flow map (fig. 9). The Black Sea, representing a part of the extended Alpine-Himalayan
folded belt, is better studied in heat flow, where more than 400 individual heat flow stations are available.
On the contrary, the heat flow density information is absent for the time of compiling the map within parts of
territories of Syria, Lebanon and Iraq in frames of the map. The heat flow within the whole area is changing
in a wide range from as low as ca 20 mW/m’, typical for the eastern Mediterranean and Cyprus, until more
than 100—200 mW/m’ within the western part of Turkey and adjoining Marmara and Aegean seas. Relatively
dense net of heat flow observations exists within the Stavropol Uplift (Ciscaucasia), to the northern areas
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of the Greater Caucasus and partly within the southern Ukraine. Many oil exploration wells were studied in
heat flow within territories of Romania, Bulgaria and European part of Turkey.

The majority of heat flow data, especially within the Western Black Sea Basin, were received in the period
of seventies — nineties of the last century by Soviet researchers [28; 50; 51], they used different marine heat
flow probes. Typically, the heat conductivity was measured in situ after the probe penetrated into loose bottom
sediments and the necessary time was elapsed to dissipate the friction heat, produced by its insertion.

Within its right lower corner, where heat flow data is absent, it was shown by the oval. This part of the map
have to be revised in future after new heat flow data will be accumulated.
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Fig. 6. Positions of marine heat flow stations and adjacent geothermally studied onshore boreholes.
Abbreviations: BLS — Black Sea; SAz — Sea of Azov; SMa — Sea of Marmara;
GE — Georgia; MD — Moldova; RO — Romania; RU — Russia; TR — Turkey; UA — Ukraine

20 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

—
()]
|

T

Number of events, %
_
(e}
1
T

!

0 T 1 ! 1 T 1 T T T T T T T

10 20 30 40 50 60 70 8 90 100
Heat flow density, mW/m?®

Fig. 7. Heat flow density histogram for the Western Black Sea Basin

138



T'eonorus
Geology

20 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

—_
w
|

Number of events, %
—
[«
1

W
|

10 20 30 40 50 60 70 8 90 100
Heat flow density, mW/m’

Fig. 8. Heat flow density histogram for the Eastern Black Sea Basin

320 34353 s 40 4 M

—— — =] — —_m——

N %

26° o — [ — S m— - =
28 30° 32° 40 350 36° 38° 40 42
km mW/m’
200 400 600 50 100 150

Fig. 9. Heat flow distribution map within the studied region.
Abbreviations: BS — Black Sea; MS — Mediterranean Sea; BG — Bulgaria;
GE — Georgia; MD — Moldova; RO — Romania; RU — Russia; TR — Turkey; UA — Ukraine

139



Kypnaa Besopycckoro rocynapcrseHHoro ynusepcurera. ['eorpagus. I'eostorus. 2019;2:133-148
Journal of the Belarusian State University. Geography and Geology. 2019;2:133-148

Both the Eastern Mediterranean including Cyprus and the Black Sea are characterized in general by relatively
low heat flow as it was shown in respective histograms (fig. 3, 4, 7 and 8). High heat flow areas correspond to
the territories of Turkey, Greater Caucasus and Ciscaucasia (in particular the Stavropol Uplift, Russia). Geologic
structures in the western Turkey exhibit the highest heat flow observed within the whole region.

The general tendency of its variations within the whole map could be noted as its gradual decrease from
tectonic structures of the Alpine-Himalayan Belt to the old crustal blocks forming the East European Platform
within southern Ukraine in frames of the map. The relatively young Black Sea Basin within this belt represents
an exclusion from this general tendency.

Discussion

The Black Sea Basin is the best studied geologic structure in heat flow within the whole considered region.
It represents a deep depression within the central part of the Alpine Folded Belt. It was believed that the total
thickness of Cretaceous-Quaternary sediments within this basin reaches 14—18 km. At this background the
crustal thickness here is reduced to 22-28 km [29; 52], which is typical for young crustal blocks with high heat
flow, for instance oil-bearing Pannonian Basin [53].

As it was mentioned above, the Black Sea Depression has generally low heat flow, such heat flow values
are observed in the parts of the basin within the maximal sedimentary thickness. The lowest (less 30 mW/m?)
values have been recorded in central parts of the Western and Eastern Black Sea basins. They are separated
by a relatively high (40—60 mW/m®) heat flow zone striking along the western flank of the Andrusov Ridge.
The field morphology is different in the West and East Black Sea basins. Higher values are observed on the
periphery. They are, as a rule, continuations of anomalous zones from the continent.

The West Basin field is more uniform. In the East Basin, the thermal field is more differentiated. Several
high heat flow anomalies mainly of northeastern orientation are distinguished here. Some of them elongated
northwestwards cut the main tectonic structures. A series of limited low (20—-30 mW/m?) heat flow anomalies
are observed along the Crimean and Caucasian shores. They coincide with zones of deep basement subduction
in the offshore troughs (Sorokin and Kerch-Taman ones).

Observed heat flow values of sedimentary basins are influenced by many factors. The most significant one
is the sedimentation. Many attempts have been made to calculate the sediment accumulation effect in the Black
Sea [28; 51; 54-56].

An erosion from surrounded the Black Sea mountains resulted in delivering to the sea terrigenous material
which created accumulating thick sediments at its bottom, blanketing the heat from below. In result, researches
observe rather low geothermal gradient within upper parts of loose sediments, hence a low recorded heat flow.
This sedimentary thickness is warming up gradually and in future geothermal gradients and heat flow density
will become considerably higher. Results of computer modeling show that only the mantle heat flow within the
central part of the depression is around 35—40 mW/m?” [29].

The Crimean Peninsula is far outstanding into the Black Sea. Many heat flow determinations were fulfilled
based on temperature-depth profiles of boreholes and heat conductivities of rocks measured in laboratory
conditions. In the relatively small territory of the Crimean Peninsula, the interaction of tectonic regions of
different origin, structure and evolution has been observed. Almost all major structures of the Earth’s crust are
represented here: the southern slope of the ancient East European Platform, a part of the Epipaleozoic Scythian
Plate, a part of the Alpine-Himalayan Folded System. It is represented by the Crimean mega-anticline bordered
by the Indolo-Kuban Edge Sag and a region of the bathypelagic depression of the Black Sea.

The southern part of the Ukraine within frames of the heat flow density map (see fig. 9) includes the Scy-
thian Platform and the Ukrainian Shield, which belong to the Precambrian East European Craton. Geothermal
studies on the territories of Ukraine have been under way for a number of years [57; 58]. Thermograms from
oil and water wells, as well as ones from ore deposits were used for heat flow determinations. The heat flow
values were largely calculated based on the average geothermal gradient and heat conductivity of rock samp-
les. The geothermal gradient varies within this area from 17 (for shallow depth intervals) to 60 mK/m in deep
depressions. In several sites within southern Ukraine, the heat flow was determined based on the results of
high-precision temperature measurements in shallow boreholes including water wells.

The vast heat flow anomaly within the territory of Turkey was observed in the western and southwestern
parts of the country. As it was mentioned above, the tectonic regime within the Anatolian Plate changes from
compressional to extensional one in result of the Arabian Plate movement northward and its collision with
Eurasia. Main directions of these movements are shown in fig. 10.

Terrestrial surface heat flow density varies regionally from 35 to 115 mW/m’, with a mean value around
60—70 mW/m’ (see fig. 5). The fig. 10 shows that the extensional tectonics of the region of western Turkey,
south of the Marmara and Aegean seas is characterized by higher heat flow density. These areas are subjected
to extensional tectonic regime with many active deep faults, which represent ways of heat supply from deep
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Fig. 10. Schematic map of the principal tectonic settings in the eastern Mediterranean.
Hatching shows areas of coherent motion and zones of distributed deformation.
Large arrows designate generalized regional motion (in millimeters per year) and errors (recompiled after [59; 60]).
Abbreviations: EAF — East Anatolia Fault; DSF — Dead Sea Fault; NAF — North Anatolian Fault;
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PTF — Paphos Transform Fault; MRF — Main Recent Fault; EPF — East Pontides Fault

horizons to the surface. Hence, the high heat flow anomaly is partly caused by the convective mechanism of
heat transfer. Fractures create paths for atmospheric water to penetrate to deep horizons where it is heated from
hot rocks and forms water steam reservoirs (fig. 11). For instance, one of them the Balcova geothermal system
is located at the active Izmir Fault where higher than normal heat flow (110 mW/m®) was observed.

The natural water steam is used at a few power stations producing «geothermal» electricity, for instance in
Kizildere. Regions with low tectonic activity such as parts of European Turkey or regions with compressional
and translational tectonics have an average or slightly higher heat flow values.
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LEGEND Alluvium ‘ Geothermal fields
T Quaternary
' | volcanics i Power plant
Pliocene ﬂ Power plant (planned)
volcanics

| Upper Miocene
| volcanics '@' Geothermal well
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volcanics water springs

Pliocene-Pleistocene . District center
sediments

Northern Anatolia . Province center

base?ment b= P]]0-Quaternary fault
| Izmir-Ankara b Upper Miocene
Zone =" and young fault
Menderes wsimm= Strike-slip fault
metamorphics . Geothermal heating
Simsek, 2015 system (GHS)

Fig. 11. Geothermal fields and heating systems are related
to a number of active faults in the southwestern Turkey.
Source: [61; 62], modified
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In Turkey more than 230 geothermal fields were identified by MTA (General Directorate of Mineral Re-
search and Exploration of Turkey)', which can be useful at the economic scale and there are about 2000 hot
and mineral water sources (springs, well discharges) with temperatures ranging from 20 to 287 °C. These
manifestations are located mainly along the major grabens (such as Buyuk Menderes, Gediz, Dikili-Bergama,
Kucuk Menderes, Edremit) along the northern Anatolian Fault Zone and in the Central and Western Anatolia
volcanic regions (see fig. 11). Up to now, 1441 geothermal exploratory, production and reinjection wells have
been drilled in Turkey in total by the MTA and the private sector [61; 62]. Until the end of 2015, MTA has
tendered 142 geothermal fields (including wells) to private sector. The geothermal potential is estimated as
31 500 MW, up to 2010. Moreover, the updated calculations regarding the geothermal heat capacity potential
of Turkey is concentrated at 60 000 MW, geothermal heat potential [63]. The total geothermal theoretical elect-
ricity potential of Turkey (hydrothermal, depth 0—3 km) has been calculated as 4500 MW, [64].

The installed geothermal heat capacity is 3262.3 MW, for direct use (including heat pumps) and 650 MW,
for power production in Turkey, where the liquid carbon dioxide and dry ice production factories are integrated
to the Kizildere and Salavatli power plants with a production capacity of 240 000 tons/year. The total geother-
mal technical and economic electricity production potential (hydrothermal, depth 0—3 km) has been calculated
as 2000 MW, (16 billion kilowatt-hour per year) with the additional incentive for 15-20 years by 15 USD cents
per kilowatt-hour.

The thermal regime of Cyprus, as mentioned above, is characterized by low heat flow less than 30 mW/m’,
at the same time comparable heat flow values were observed for the Eastern Mediterranean where A. Erick-
son [44] also reported a vast area of rather low heat flow.

Three profiles: latitudinal A — A, and longitudinal B — B and C — C of the heat flow density variation within the
region are shown in fig. 12—14. Their positions are shown in fig. 9. Along the A — A profile, crossing the whole Black
Sea Basin and adjacent on land territories there are many heat flow observations. Here the heat flow varies consider-
ably along the whole profile from around 60 in the territory of Bulgaria until 20—30 mW/m?” within the eastern Black
Sea Basin. It clearly shows the increasing heat flow in the Western Black Sea Basin relatively to its eastern part.

Two meridional profiles B — B and C — C show more contrast heat flow variations from 20 until almost
90 mW/m” for the profile B — B with rather smooth heat flow increase from the Mediterranean Sea to the cent-
ral Turkey followed by its decrease to 25 mW/m’ within the southern part of the East European Craton, where
exists a smoother pattern of HFD variations (fig. 13). Its shape depends partly on the observed heat flow within
the Black Sea, western Crimea, and heat flow data within Precambrian crustal blocks of the southern Ukraine.

The profile C — C reflects rapid heat flow changes in the meridional direction. It crosses the Mediterranean
Sea, the high heat flow anomaly within western Turkey, continues to the eastern Romania through the western-
most part of the Black Sea, and finishes in the western Ukraine (fig. 14).

The profile A — B reflects rapid heat flow changes in the western Turkey direction (fig. 15). Sharp heat flows
increase up to 120—140 mW/m’ is evident in its central part (the western Turkey) (fig. 16) and it crosses tectono-ther-
mally activated crustal blocks, namely the Moesian Plate, North Dobrogea and foredeep of Carpathians, where the
heat flow drops to 50—60 mW/m"’. It is even lower in the Western Black Sea Basin (around 20—40 mW/m?). In all
four figures, broken lines show the general trend of heat flow variations along these profiles.

100
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Fig. 12. Heat flow density profile A— A
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Fig. 13. Heat flow density profile B— B

'Mineral Research and Exploration (MTA) of Turkey [Electronic resource]. URL: http://www.mta.gov.tr/eng (date of access: 28.05.2019).
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Fig. 16. Western Turkey trend of heat flow density variation:
blue closed circles show locations of boreholes with studied heat flow

Conclusion

A new map of heat flow density distribution was compiled both for the central part of the Alpine-Himalayan
Belt including marine areas of the eastern Mediterranean and Black seas, Anatolian Plate, Crimea and adjoining
onshore zones of the countries adjacent to the sea: eastern Bulgaria, Romania, Moldova, western Georgia,
southern Ukraine, and Russia. The map shows a wide range of heat flow variations from as low as less than
30 and as high as more than 100—150 mW/m’. The highest anomaly with individual HFD values exceeding
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100—-140 mW/m’ exists within the western part of the Anatolian Plate, which belongs to the Alpine crustal folding
and evidences the extensional tectonics. Lower values within the region of 20—40 mW/m’ are typical for the Eas-
tern Mediterranean, Cyprus and the Black Sea Basin. Heat flow data from the Eastern Mediterranean region
indicates an extensive area of low heat flow, spreading over the whole basin of the Mediterranean east of Crete
(Levantine Sea), Cyprus, and Northern Egypt. The trend apparently correlates with an increase in crustal thick-
ness, which is about 23 km at the northwestern base of the Nile-Delta cone, and close to 40 km beneath Israel.
The high heat flow anomaly, observed within the western Turkey, represents young tectono-thermal activated
crustal blocks of the Alpine-Himalayan Mobile Belt.

The western Turkey is one of countries rich in geothermal potential within the high heat flow anomaly.
Fractured rocks represent ways for deep penetration of atmospheric waters where they are heated by hot rocks
and form water steam reservoirs along deep crustal faults. This natural resource of water steam is already used
to produce «geothermal» electricity. In result, a significant progress was achieved in Turkey during last de-
cades both in electricity production and in direct use of geothermal energy.

The Black Sea Basin is distinguished by an appreciable minimum in heat flow density (20—40 mW/m®)
when compared to neighboring structures of the Alpine Belt. The observed heat flow decrease is mainly a re-
sult of the blanketing effect caused by rapid accumulation of young Pliocene-Quaternary sediments whose
thickness reaches several kilometers here according to different estimates. This is clearly confirmed by the
dependence of heat flow density on the thickness of sediments of different ages. The heat flow values corrected
for the effect of sedimentation are 45—-55 mW/m’. The upper mantle contribution is 35-40 mW/m”. Nearly the
same Moho heat flow values are typical characteristic for the surrounding Alpine-type structures.
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POHUKA, THOOPMALINA

CHRONICLE, INFORMATION

HAYYHBIII ®OPYM MEXXAYHAPOAHOU
ACCOIIUAITIU AAHAIIIA®THOM S9KOAOTUU

SCIENTIFIC FORUM OF THE INTERNATIONAL
ASSOCIATION FOR LANDSCAPE ECOLOGY

C 1 mo 5 utonst 2019 . B Munasne, ropoze ¢ 60-
raTbIM UCTOPUYECKUM HACITIEIHEM, OJHOM W3 KPYTI-
HEHIINX TPOMBIIUICHHBIX U KYIBTYPHBIX IIEHTPOB
Y TPaHCIIOPTHBIX y3JI0B COBpeMeHHOW WTanuu, mpo-
xogun X BcemupHblll koHrpecc MexayHaponHOU
acconmanuu JanamadTHo# sxonoruu ([nternational
Association for Landscape Ecology, IALE). ®opym
npoBoaAMiics B MUIIaHCKOM yHHBepcuTeTe bukokka
(Universita degli Studi di Milano-Bicocca) — MHOTO-
npoUILHOM BBICIIEM y4eOHOM 3aBEJCHUH, 3aHU-
MaroIeMcsl ITOANOTOBKOM CHEIHAINCTOB B 00JacTH
€CTECTBCHHBIX HAyK, DKOHOMHKH, DKOJOTHUECKOTO
MEHE)KMEHTa, TypH3Ma W OKpYKa[IIel Cpeisl,
a Tak)kKe HayYHBIMH MCCIICJOBAaHUSIMH B 3TUX OTpacC-
JISX 3HAHWH.

B pabote xoHrpecca mpuHSIM ydacTtue Ooiee
700 mpencrtaButeneil 64 cTpaH, YTO CBUACTEIBCT-
ByeT HE TOJBKO 00 aKTyaJIbHOCTH, HO U O IMPAKTH-
YECKOW 3HAYMMOCTHU PE3yNBTaToOB JaHAIIA(THO-IKO-
JIOTHYECKHUX HCCIIENOBAHUM JIs1 JOCTHIKEHUS LielIei
W 33/lad YCTOWMYMBOTO Pa3BUTHA B PAa3IUYHBIX pe-
THOHAX MHUpPA B YCIOBHUSIX BO3PACTAOIINX IKOIOTH-
YECKUX PUCKOB, 00YCIIOBIEHHBIX TPUPOJIHBIMH 1 aH-
TPOITOTEHHBIMHU (PAKTOPAMHU.

OTIHYuTEeNhHON OCOOCHHOCTBIO NaHAIMA(THON
OKOJIOTHH KaK HAyYHOW OTpaciy 3HAHWW SIBISETCS
W3y4eHWE M aHAINW3 IPOCTPAHCTBEHHBIX Pa3IUINi
U CTPYKTYPHO-(DYHKITMOHAIILHONH OpraHW3alluyl IpH-
POHBIX CHCTEM W WX aHTPONOTeHHO-TIPeoOpa3oBaH-
HBIX BapuaHToB. [Ipm 3TOM 0OCOOO€ BHMMaHUWE yie-
JSIETCS OTIPECTICHUI0 OMO(PU3NUECKUX, COIUATBHBIX
U DKOHOMHYECKHX TPHYMH W TIOCIEACTBUM JIaH/-
madTHON HeomHopomHocTH. Cremayer mpu3HaTh, YTO
naHmmadTHAS SKOJOTHS, HECMOTPS Ha OJHM30CTh Iie-
Jei ¢ KIaCCHMYECKUM IaHAmadTOBEIEHHEM, TIOITy-
YHBIIUM pPa3BUTHE B TTOCTCOBETCKUX CTPaHaX, UMEET
pAI CYIIECTBEHHBIX KOHIIETITYyalbHBIX W METOIOJIO-

5

ruueckux ornmunii. [Ipexme Bcero B manmmadTHON
SKOJIOTUH TPeoOIalaeT MPUHIUT OHMOICHTPHYHOCTH,
a MIPUMEHSIEMBIN TP 3TOM OMOAKOJIOTHYECKUI TIOIXO]
HAIleJIeH Ha BBISBICHHE IPOCTPAHCTBEHHOIO ACTICK-
Ta (YHKIIMOHUPOBAHUS MECTOOOMTAHUA U TUHAMUKA
skocucteM. CyIeCTBeHHOE 3HAYSHUE TIPUIAETCS TIPO-
CTPAaHCTBEHHBIM OTHOIICHUSM, a TaKKe B3aWMOCBS-
35IM TIPOCTPAHCTBEHHOW CTPYKTYPHI M MPOTEKAFOIINX
B JaHmmadTe SKOJIOTMYECKUX MPOIECCOB, BIHSHUIO
TTOCIIE/ICTBU 3eMJICTIONb30BaHMs Ha JUHAMHKY JIaH/-
madroB. [Ipy MX W3y4YeHHH WMIMPOKO MPUMEHSFOTCS
COBpPEMEHHBIE METO/IbI U TIOXO/IbI, 0a3UpPYOIIUeCs Ha
reorH(pOPMAIMOHHBIX TEXHOJIOTHX, BKITFOYAs TUCTaH-
LIMOHHBIE METO/IbI HCCIIEIOBAHUI 36MHOW TIOBEPXHOCTH
Y TIPOTEKAOIIUX B IPUPOIHON CpPeJIe TPOIIECCOB.

B nacrosiiiee Bpemst B chepe manamadTHON SKOII0-
rud paboTaOT M TECHO COTPYAHNYAIOT YUCHBIE U CIIe-
[MAITUCTHI HE TOJBKO B 00JacTH reorpaduu, OnoIoruu
Y JKOJIOTHWH, HO ¥ TEPPUTOPHAIHHOTO TUIAHHPOBAHMS,
SKOHOMHKH TPUPOAOTIONE30BaHNS, TEOMH(POPMAIIHOH-
HBIX CHCTEM, IPHPOAOOXPaHHOTO Aena u ap. O6 3ToM
CBUETEIHCTBYET NpOTrpaMMa HAy4YHOTO KOHTpecca,
BKIIFOYABINAs MIMPOKHUHA CIIEKTP BOMIPOCOB, O0OCYXK-
JICHWE KOTOPBIX MPOXOAWIO B (hOpME 3aKa3HBIX ILIe-
HApHBIX W TIOCTEPHBIX JIOKJIAZ0B, CUMIIO3UYMOB, OT-
JIENTBHBIX CECCHA, KPYIIIBIX CTONOB. B pamkax ¢opyma
OBLTH paccMOTpeHbI Ooee 20 TeMaTHYecKux oonacTei
naHMIadTHO-IKOJIOTUYECKUX UccienoBanmii. K Hau-
Oosilee 3HAYUMBIM U HIHPOKO OOCYXKTAEMBIM MOXHO
OTHECTH BOIIPOCHI, CBSI3aHHBIE C Pa3pabOTKON Teope-
THUKO-METOJIOJIOTUIECKUX TTOJIXOJI0B JIaHAImA(THON
SKOJIOTHH, OIEHKOW M COXpaHEHHWEM JaHAmAaPTHOTO
1 OMOJIOTHYECKOTO Pa3sHOOOpasusi, HAy9HBIM 00OCHO-
BaHMEM MEPOIPHUATHH IO YIPABICHUIO, TUTAHUPOBA-
HUIO M TIPOCTPAHCTBEHHOW OpraHM3alluM JaHamad-
TOB, ompeselieHrneM (QYyHKIUH W TPEoCTaBIsSEMbIX
naHmmadTaMAd 3KOCHCTEMHBIX YCIYT, TPUMEHEHHEM
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I'MIC-TexHONOTHI JJIs BBISBIICHUS, aHAIW3a W OITH-
MaJIbHOTO HCIIOJIb30BaHUS JaHAMA(THBIX CTPYKTYD,
9KOJIOTHYECKUM OOOCHOBaHHEM ITPOEKTHPOBAHMS TO-
POICKHUX TEPPUTOPHHL, OIICHKOH Jerpagauy JaHamadg-
TOB M 9KOCHCTEM M UX MOCIECTBUH.

Haubonee npropuTeTHBIE HAPaBIEHU COBPEMEH-
HOH JlaHmaTHON YKOJIOTUH B c(hephl ee TPHUMEHEHHS
OBUTH OTpa)kKeHBI B 0030pHO-aHATIMTUUECKHX TJICHAp-
HBIX JIOKJIQJIaX, C KOTOPHIMU BBICTYIHIN HM3BECTHBIC
ydeHble B 00JIaCTH BIUSHHUSA KIMMaTUYeCKUX H3Me-
Henni Ha janmmadTel (I, Harengpa (H. Nagendra),
Wnnust), mmobanbHON TpaHchopMaIyy JTaHImapTHBIX
crpykryp (3. Dmmuc (E. Ellis), CIIA), turamuiku ro-
poackux cucteM B m3Menstomemcs: mupe (I [lane
(G. Shane) u 3. Bomn (E. Wall), BenukoOpuranws),
MYJIBTHIUCIMIUIMHAPHOTO XapakTepa JaHamadTHON
9KOJIOTHH U €T0 IPUMEHEHHS TIPH OLIEHKE X035 CTBEeH-
Ho gestenbHOCTH ([Ik. Ilakumonu (G. Pacchioni),
Wranms).

B cBoeMm otuetHOM nmoxmase 3a 2014-2019 rr. mpe-
suaeHt IALE npodeccop K. @roper (K. Fiirst) uz I'ep-
MaHHMH{ HapsIy ¢ OOMIeH XapaKTepUCTUKON 1 aHATU30M
NeSATETHbHOCTH OPTaHM3aIlMU yKa3ajia Ha HaMepeHue
npucoenuHuTh K IALE B kadecTBe HAIMOHATBHBIX OT-
JeNIeHU# naHama@THO-9KOJIOTHYECKHE aCCOUAIIH
benapycu, Poccun, Mcnanuu u Typuuu. B HacTosiee
BpeMs B Halleld pecrmyOiuKe MpPOBOIATCS BHYTPH-
TOCY/IapCTBEHHbIE TPOIEyphl MO CO3JaHUIO TaKOH
accormanuu. OTHOBPEMEHHO OBUTH OOBSBICHBI pe-
3yABTaTHl BELIOOPOB HCIIOMHUTENHHOTO KomuTeTa [ALE
Ha niepuon 2020-2024 rr. 1 coodiieHo 00 n3dpaHum
MPE3UICHTOM OpraHHu3alu Tpodeccopa YHUBEpPCH-
tera mrara Ceepnas Kapomuna (CIIA) P. Cuemia
(R. Schell).

[To 3aka3y oprxkomureTa KOHrpecca Oenopycckue
yuactHuku B. M. Suyxno (BI'Y) u H. H. Lp10yms-
ko (bemtHMUWIIA) BBICTYNUIN C JOKJIAJIOM Ha TeMY
«IIpocTpancTBEeHHO-BpEMEHHOW aHann3 TpaHchopma-
U paJiMOHYKJIMAHOTO 3arps3HEHHS arpodKOCHUCTEM
3a IOCTYEPHOOBITHCKHII TIEPUOIY.

W3 Bcero pa3zHooOpasusi TeM, pacCMOTPEHHBIX Ha
KOHTpecce, 0CO00ro BHUMaHHS 3aCTyKMBAIOT HCCIe-
JIOBaHUS IO OIIEHKE TPEJOCTABISIEMbIX JIaHImadTa-
MU dKOCHCTeMHBIX ycnyr. [locnennue BenencTaue cy-
IIECTBOBAHUS PA3IMYHOTO THIIA JAHAIIA(TOB BBIION-
HSIOT aCCUMWIALIMOHHYIO, 3aIMTHYIO, PEKpEearioH-
HYy10, Oy(QepHYH ¥ KOMIICHCAIIMOHHYIO (DYHKIIHH,
00ecreynBaloT 3CTETUYECKYI0 MPHUBIEKATEIbHOCTh
Ja"amadToB, COACHCTBYIOT COXPAHEHUIO TPHUPOIHOTO
W KyIbTYpHOTO HAcJEIWs W TeM CaMbIM OKa3bIBAIOT
MOJIOKUTENTFHOE BO3ICHCTBHIE HA KAY€CTBO KU3HECs-

TEJBHOCTH JIIOIEH M COXPAaHHOCTh CaMHUX IKOCHCTEM.
OTO 3aKIIOYEHHE CYIIECTBEHHO PACHIMPSAET MCIIONb-
3yeMYI0 JI0 HEJIaBHETO BPEeMEHH MHTEPIPETALNIO TI0-
HSITHS «TIPUPOJIHBIN KallTal», CONIACHO KOTOPOH OH
BOCTIPHHAMAETCSI TOJBKO KaK PecypcHas KaTeropus,
obnagaromias CTOUMOCTBIO, MPUBEACHHOH K MHPO-
BBIM II€HaM Ha MpUpOIHBIE pecypchl. CeromHs cuu-
TaeTCs, YTO MPHUPOAHBIA KaluTall BKIIOYAET B ceOs
HE TOJBKO PECYpPCHYIO COCTABJISIONIYI0, HO U IIH-
POKHIl CIEKTp TPEIOCTABISIEMbIX 3KOCHCTEMHBIX
YCIIYT, HEOOXOAMMBIX KakK JUIsl CaMOTOAJICPIKAHUS
MPUPONTHBIX PECYPCOB, TaK M JUISI MX PallOHAIBHO-
TO MCIIOJIb30BaHMS Ha Pa3HBIX YPOBHAX OpraHU3alliu
okpyxatomeit cpenpl. [Ipumenenue maummadTHOTO
MOAXO/1A ITPH peaTn3alliy PECYpPCHOM KOHIICTIITUH T10-
3BOJISICT TIEPEUTH OT a0COTFOTHU3AIH SKOHOMHUYECKUX
HEHHOCTEH K 9KOJIOT0-IKOHOMHYECKIM PUOPHUTETaM
YCTOWYMBOTO pPa3BUTHsI, B 4eM, COOCTBEHHO, W 3a-
KJIFOUAEeTCsl dKOJIOTHUecKuil mmneparus. K coxaie-
Huto, B PecnybOnuke benmapych mOmoOHBIM TIOIXOM
elle He HalleN IUPOKOTO MPUMEHEHHS ¥ HaXOIUTCS
Ha cTaiuu o0cyxkieHns. OHaKo ero mpakTudecKas 3Ha-
YUMOCTb OYEBHUJIHA U TPEOYeT pacIMpeHHs H yCKOpe-
HUSI HAyYHO-TIOMCKOBBIX M TNPHKIIAJIHBIX HCCIIE0Ba-
HUI B 9TOH 00JIACTH.

Bo Bpemst paboThl KOHTpecca yYacTHUKU MOTIIH
03HAKOMUTHCS ¢ OMOIHOrpad)uIecKUMHU BbICTABKAMH
usnarensCctB Springer, Oxford University Press, Wiley
U JIp., CHCIUAIA3UPYIOIINXCS Ha BBITYCKE TPUPOJIO-
BE/IYECKO JIUTEpaTyphl, B TOM YUCIe 1O JaHmadro-
BEJICHHIO, & TaKKe 3aKa3aTb HEOOXOJMMbIC KHHWIH,
OyKJIeThI, KapThl M Jpyrue BUAbI u3naHuil. [Ipunu-
Marolei CTOpOHOM OBIITM OPTaHW30BAaHBI BEChMa Ha-
CBIIIICHHBIC, NHTEPECHBIC U TIOJIC3HBIC OJHOHEBHEIC
Hay4YHbIC 3KCKYpPCHHM B pasHble pernoHbl CeBepHOM
Uranuu, B 3a7ady KOTOPBIX BXOAWJIO O3HAKOMIICHHUE
C TIPAKTUKOW PalMOHAIILHOTO UCIIOIB30BAHUS M OXpa-
HBl JTaHAMA(TOB Pa3NTHMYHOTO (DYHKIIMOHAIEHOTO Ha-
3HAYCHHUSI.

B nenom pesynsrarsl padoTel X BeeMupHOTO KOH-
rpecca MexayHapomHOI acconuanuu JaHamadTHONR
9KOJIOTUH TIOATBEPMIIH, YTO JIAaHAIIa()THAS DKOJIOTHSI
CJIOKMITACh KaK CaMOCTOsITeNIbHAs Hay4yHast 1 00pa30-
BareJbHas JIUCIMIUIMHA, UMEIOIIAs IPAKTHKO-OPHEH-
TUPOBAHHBIN XapaKTep W UrParolias KIOUeBYIO pPOIb
B JIeJie ONITHMH3AIIMH IPUPOIOTIONH30BAHUS, YCTOWYH-
BOTO Pa3BUTHSI PETHOHOB M KOHCTPYKTHUBHOTO pellie-
HUSL 3a]1a9 TapMOHUYECKUX B3aUMOOTHOIICHUH B CH-
CTEeMe YeJIOBEK — IIPUPOIHAs Cpea.
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I[Ipuponnsie u KyJbTYpHble NAMATHUKH U OCHOBHbIE NPO0/IeMbI COCTOSIHUSI OKpY Kaouleii cpeabl bemna-
PYCH U conpeebHbIX CTPaH [ DJIEKTPOHHBINH pecypc] : MexBYy3. c0. Hayd. paboT CTYACHTOB, MarHCTPAHTOB,
acnupaHToOB U npenogasareneii reorp. gak. BI'Y u bpl'Y um. A. C. Ilymkuna, dak. sxoi. meaunuasl MI'OU
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BI'Y. DnexTpon. TekcroBbie gaH. MuHck : BI'Y, 2019. 906 c. : wi. bubnuorp. B Tekcre. Pexxum noctymna: http://
elib.bsu.by/handle/123456789/226580. 3aru1. ¢ 3xpana. [emn. 08.08.2019, Ne 008408082019.

Jannas pabora BMemaet 37 craTeil, B KOTOPBIX OTPayKeHbI HanOoJIee akTyalbHbIe BOIPOCHI KyPCOBBIX, A1~
TUIOMHBIX, MarucTEPCKUX paboT CTyACHTOB M HAYYHBIX MCCIICJOBAHUI MpenoaaBaTesei, paccMaTpUBalOIINX
OpUpPOIHBbIE (TEOJIOTHYECKUE Pa3pe3bl MISIHUOIIICHCTOIEHA U TOJIONEHA) U KYJIbTYPHbIC MaMSTHUKHA PETHOHA,
a TaK)Ke OCHOBHBIE MTPOOJIEMBI COCTOSIHUS OKpYXarolel cpenbl benapycu u conpenebHbix cTpad. [loTped-
HOCTb UX IMyOJIMKAIUY B €IMHOM COOPHHKE BbI3BaHA HEOOXOIUMOCTBIO HANOOJIEe MOTHO MPEICTABUTD B3IJISLT
aBTOPOB Ha pellieHHe MpodieM cTpaTurpaduu, najseoreorpaguu, JTaHAMAPTHRIX UCCIEIOBAHHM, TYPHCTCKO-
PEKpEeaioHHOTO TTOTEHIMAJa U YKOJIOTHYECKON OLIEHKU COCTOSIHUSI KOMITOHEHTOB MPUPOAHOM CpEJibl pETHOHA
U COIIPEJECIIBHBIX TEPPUTOPHIA.

COOpHHK peKOMEHIyeTCs YUeHBIM B 00J1acTH naneoreorpaduu, Gusnueckoii reorpaduu, SKOIOTUH, TYPHU3-
Ma, YeTBEPTUYHOHN T€O0JIO0THH, CIICIIHaINCTaM MPOU3BOJACTBEHHBIX T€0JOrMYECKIX OpraHu3aluil IPH BEACHUH
KPYITHOMACIITAOHOM Te0NOrn4eckol CheMKH, a TaKXkKe Ul OOIIMPHOTO Kpyra CHelHuaancTOB-CTpaTurpados,
NaJICOHTOJIOTOB, TajxeoreorpadoB, KIMMATOIOIOB, Male0dKOIOTOB HAyYHO-UCCIICA0BATEIbCKUX U YYEOHBIX yU-
pexacHui.
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