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OT VN3YYEHUA CBOMCTB N ®YHKLWIA 3EME/b U MOYB
K OLEHKE NX 3KOCNCTEMHbIX YCJ/IYT: OB30OP

B.M.ALUYXHO \ E. B. UBETHOB2

1 Benopycckuii rocyaapcTBeHHbIV yHUBepcMTET, np. HesasucumocTw, 4, 220030, r. MuHck, Benapych
IMOCKOBCKMIA rOCyaapCTBEHHbI YyHUBEpCUTeT uM. M. B. JToMOHOCOBA,
JleHunHckue ropel, 1, 119991, r. MockBa, Poccusa

MpefcTaBneHbl pe3ynbTaTbl aHAIMTUYECKOTO 0630pa 3apy6eXHbIX ¥ OTEYECTBEHHbIX Hay4YHbIX U MPUKNAAHbIX UC-
cnefoBaHmMin, a TakxKe CO6CTBEHHbIe pa3paboTKM aBTOPOB, NOCBALLEHHbIE CNeLnpuYeckuM 0COBEHHOCTAM U PO 3eMeNb
1 NOYB B NPEAOCTAaBNEHNMN 3KOCUCTEMHbIX YCayr. Mof nocnefHUMN NOHUMAKOTCS BbITOAbl M 6Nnara, KOTopble NONyYaeT ye-
NOBEK B pe3ynbTaTe X03AACTBEHHOr0 MCMNOAb30BaHUA NOYBEHHO-3eMe/IbHbIX PECYPCOB, CNOCOGCTBYHOLLMX NOBbILEHUHO
61arococTosiHUA N0Aei, a TakXe YCTONUYNBOMY CYLLECTBOBAHUID Ha3eMHbIX 3KOCUCTEM. PaccMoTpeHa fyanuctuyeckas
ponb 3eMefNlb U MOYB, KOTOPbIE, C O4HOW CTOPOHbI, BbINONHAKT X03ACTBEHHbIE, 3KONOTNYECKUE, CAHUTAPHO-TUTUEHU-
Yyeckue, TeppUTOPMANbHO-OPraHn3aLNOHHbIE U Apyrue QYHKLUWUK, a C APYToi - ABNAKOTCS NPU3HAHHON (hopMoii Nnpupoj-
HOro KanuTtana, o6najatolieil HaKONIeHHbIM 3aMnacoM CTOMMOCTH. HecMoTpsA Ha )M3MYecKoe efMHCTBO 3eMeflb U MOYB,
npn CTOMMOCTHOM M3MEPEHWMN NpeanaraeTcs yu4uTblBaTb X OTAENbHO, ONpeenss LEHHOCTb NMOYB NCXOAs M3 BbINOMHSe-
MbIX UMW 3KONOTMYECKUX PYHKLMIA, a LEHHOCTb 3eMeNb KakK NPOCTPaHCTBEHHO OCHOBbI, Chepbl XN3HeobecneyeHus,
cpefibl 06MTaHMSA, a Tak)Ke COCTaBHOW YacTu NH060ro 06beKTa HeABUXKMMOCTM - € NO3ULUIA NONE3HOCTU U JOXOLHOCTM UC-
Mo/sb30BaHNs 3eMeNbHOr0 yyacTka. AHaNN3MPYOTCA BO3MOXHOCTU OLEHKM 3KOCMCTEMHBIX YCNYT 3eMefNb W NOYB Ha OC-
HOBe KOHLenuuu o6Leil 3KOHOMUYECKOM NX LLEHHOCTW 1 NepCcneKTMBLI MPUMEHEHNS NOYUYEHHbIX Pe3ynbTaToB B Mpak-
TUKE palMoHanbLHOI0 NPMPOAONONb30BaHMS U CTAaTUCTUYECKOrO yYeTa NpUPoaHOro Kanutana.

Kniouesble cnosa: 3eMs; NoYBa; 3IKOCUCTEMHbIE YCNYTUN; IKOOTUYECKNE (*)yHKLI.VIVI; I'IpVIpO,CI.HbIVI Kanuntan.

BnarogapHocTb. My6ankaLms nogrotoBneHa B pamkax npoekta Ne 1.33 rocygapcTBeHHOW NporpamMmbl HayUHbIX
uccnefoBaHuii «Mpupogononb3oBaHne n akonorusa» Ha 2016-2020 rr. (nognporpamma «MpupogHbie pecypcbl U 3KON0-
rnyeckas 6esonacHocTb» 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. YATSUKHNOgE. V TSVETNOVb
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H_omonosov 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 ofvalue, 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: land; soil; ecosystem services; ecological functions; natural capital.
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BBeneHne

MocnegHve ABa AeCATUNETUA B HAYYHON M 06LLeCTBEHHON cthepax, BusHec-cpefe, opraHax ynpasfieHus,
a TaKKe Ha pas3INYHbIX MEXAYHAPOLHbIX N HALMOHANbHBIX hOpyMax akTUBHO 06CYXAatTCcsA BOMPOCHI U NpuU-
HMMAIOTCH PeLLeHNsl, CBA3AHHbIE C OLEHKOW SKOCUCTEMHBIX YCYT U NPAKTUKON NPUMEHEHUSA ee pe3yNbTaTos.
KapavHanbHble U3MEeHEHUS B MOHUMAHUM 3HAYMMOCTU 3KOCUCTEMHbIX YCAYT KakK YacTW NMPUPOLHOro Kanu-
Tana 1 NpeAocTaB/iEHHbIX B MPOLIECCE WX OCYLLECTBEHUA Gnar 1 BbIrof 6binn 00YyCNOB/EHbI Pa3paboTKoi
n npuHsTuem OOH B Pro-ae->KaHeipo B 1992 r. KOHLENUUN YCTONYMBOrO PasBUTKS, a TaKXKe MOAr0TOBKOM
nog arnpgoit KOHENM ¢ yyactnem 1360 cneumnanmcToB U yUYeHbIX U3 95 cTpaH Mupa nporpammbl «OLEeHKa 3KO-
CUCTEM Ha nopore Teicavenetus» [1].

BaXXHbIM LLIAroM B KOHTEKCTe pacLUMpPeHns yyeTa 3KOCUCTEMHbIX YCAYT NpyY NPUHATUM ONTUMasbHbIX
ynpaBneH4YecKnUx peleHunid no sheKTUBHOMY MCNOMNb30BAHMIO U COXPAHEHWIO MPUPOAHOr0 NOTeHuMana
cTana pe3oniiouuns, 04obpeHHas Ha COBeLLaHNM MUHUCTPOB CTpaH «bonbLIoi BOCbMepKM», a Takxke bpasnaun,
Kutas, NMHgun, Mekcrnkn n FOAP no oxpaHe okpy»xatowein cpegbl B 2007 1. B F'epMaHuun. B Hei 6b1am npo-
[eKnapupoBaHbl TPY KAKOYEBbLIX NpMHUMNA: 1) Npu3HaHWe LEeHHOCTM 3KocucTeM 1 6uopasHoobpasus; 2) npo-
BeJeHMe 3KOI0ro-3KOHOMUYECKOI OLEHKN 3KOCUCTEM C MPUMEHEHWEM PbIHOYHBIX U HEPLIHOYHbIX METO/OB;
3) pa3paboTKa MeXaHWU3MOB y4yeTa NpeAoCcTaBAeMbIX 3KOCUCTEMAMM YCAYT NPY NNaHWPOBAHNMN X03SACTBEH-
HOI 1 NPMPOAOOXPaHHOW AeaTenbHoCTH [2].

B WK1pokoM pasHo06pasum Ha3eMHbIX SKOCUCTEM, UX CTPYKTYPHbIX U (YHKLMOHaNbHBIX 0COBEHHOCTEA
K/THOUYEBYHO POJIb UTPAKOT 3EM/IM 1 MOYUBbI, BICTYMNAOLLME B KAYECTBE ECTECTBEHHO-MPUPOLHON MaTpULLbl MHOTO-
YUCNEHHbIX BUOU3NYECKNX, XUMUYECKUX U UH(POPMALMOHHBLIX NPOLLECCOB, MPOUCXOASALUNX B pe3y/bTaTe
B3aMMOJECTBMSA 3eMelb U NOYB C OpraHn3mMamy U NPoAYyKTaMun MUX XU3HeeaTeNbHOCTU. HecMOoTps Ha 3To,
3KOCUCTEMHbIE YCNYrn, NpefocTaB/seMble 3eMASMU U NOYBAMU, HE HaLLW LO/MKHOIO OTPaXKeHUs B Hauuo-
Ha/IbHOM U MeXAYHapOAHOI NPaKTUKE HayUHbIX U NPUKNaHbIX UCCnefoBaHni. iMerowwmecs NonbITKK yBA-
3aTb NpeAcCTaBfeHne 06 SKOCUCTEMHBIX YCNyrax 3eMefib U MOYB C X 3KOHOMUYECKOW OLEHKOW HOCST eAnHNY-
HbI XapakTep. Ha n3MeHeHWe fJaHHOW CUTyaL M HanpaB/eHbl ABa HefJaBHO 0Ny6/IMKOBAHHbIX aHAIUTUYECKUX
0630pa, NOCBALLEHHbIX PO/IX 3eMeSb U NOYB B NPELOCTaBIEHUN 3KOCUCTEMHbIX YCNYT U UX OLEHKE Kak Heob-
XOLMMOMY YC/OBMIO 060CHOBaHMA 1 peann3auun 3agad yCTonumMBOro 3eMnenosnb3o8aHus [3; 4].

B cBf3M C HepeLeHHOCTLH0 BONPOCOB €4UHOW TPAKTOBKW MOHATUIA «3eM/Is» W «MOYBa», B TOM YMC/ie Ha
Hay4YHOM 1 MPaBOBOM YPOBHSX, Mbl NOaraeM, Yto ¢ NO3ULMIA NpefoCTaBAEHUS UMW SKOCUCTEMHBIX YCIYT 3eM-
NS W MoYBa [O/MKHbI paccMaTprBaTbhCs Kak CamMOCTOATENIbHbIE, HO TECHO CBA3aHHbIE KOMMOHEHTLI OKPYXato-
e cpefbl. Tak, MOYBEHHbIA KOMMOHEHT OrpaHWYeH MPOCTPAHCTBEHHbLIM MPOSIBAEHNEM MPOLECCOB MOYBO-
06pa3oBaHUA 1 OLLEHMBAETCS C YYETOM MPUPOAHBLIX CBOMNCTB U KNAaCCU(PUKALMOHHON NPUHALNEXHOCTH MOYB,
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BbIMO/IHEHWUS UMW 3KONOTUYECKMUX (DYHKLMIA. 3eMENbHbII )Xe KOMMOHEHT NpeACcTaBseT cO60i 3aK/HOYEHHbIN
B (DMKCUPOBaHHbIE FPaHuLbl ONpeseNieHHOV TepPUTOPMI NPUPOAHBIA KOMMEKE, XapaKTepuaytoLuiics npo-
CTPaHCTBOM, pesibe)OM, KAMaTOM, NMOYBEHHbIM MOKPOBOM, PacTUTENbHOCTbIO. TakuM 06pa3oM, ec/in noysa
ABNAETCA GMOKOCHBIM MPUPOAHLIM TEIOM U FNaBHbIM 06Pa30M BbIMOJHSAET BaXKHbIE 3KONOTUYECKME (YHK-
uuu B Grocdepe, To 3emMns 06/1a4aeT He TONIbKO CUCTEMHO-UCTOPUYECKUM COZIEPXKaHUEM, a BK/THOYAET TaKxKe
3EMHYH MOBEPXHOCTb U XapaKTepu3yeTcst reorpagmyeckM NnonoXKeHneM, TeEpPUTOPHUabHO-X03HCTBEHHBIM
I PECYPCHO-MMYLLECTBEHHBIM MOTEHLMANIOM, NPELOCTABNAA YCAYIU HEIKONOrMYeckoro xapakrepa [5]. He-
CMOTPSt Ha OTMEYEHHbIE OT/INYMSA 3EMIN U MOYBbI C NMO3ULMIA NPEAOCTABASAEMbIX 3KOCUCTEMHbIX YCYT, UX
Heo6X04MMO paccMaTpuBaTh B €AMHOM KOMM/IEKCE BbIMOMHAEMbIX (hYHKLMI C yY4eTOM CNeLUpUKN X NpUpos-
HbIX CBOWCTB U pasHbIX BapyaHTOB 3eM/1EM0/b30BaHUS.

B Lensx packpbITMs cofiepXKaHns U 0COGEHHOCTEN MCMNOMb30BaHUS 3KOCUCTEMHbIX YCIYT 3eMeflb U NMOYB
B CTaTb€ NPUBEAEHbI Pe3y/bTaTbl aHAIMTUYECKOr0 0630pa TPEX acrnekToB Npo6aemMbl. Bo-nepBbix, paccMaTpu-
BAKOTCA 3KOCUCTEMHbIE YCNYTY, NPeAOCTaBASEMblE MOYBAMMU NPU BbINMONHEHUN MU IKOOTMYECKNX (DYHKL I
Ha rno6asbHOM 1 GMOreoLLEHOTUYECKNX YPOBHSX; BO-BTOPbIX, COMOCTABNATCS MEXAYHApPOAHble Knaccugu-
KaLM1 3KOCUCTEMHBIX YCMyT, B TOM YMC/e NPeAOCTaBSEMbIX 3eMSMN U NOYBAMU; B-TPETLUX, aHANMU3UPYOTCA
METOZMYECKNE NMOAXO0Ab! IKOMOT0-3KOHOMMYECKOI OLEHKMN 3KOCUCTEMHBIX YC/YT U Chepbl MPaKTUYECKOro npu-
MEHEHUs ee pe3y/NbTaToB.

MaTtepuanbl 1ccnegoBaHUA

Mpwn BbINOMHEHMMN JAHHOIO UCCNEA0BAHNA paccMaTprBanuch ony6MKoBaHHbIE HayUHble paboThl paja 3a-
PYBEXHbIX, COBETCKUX, & TAKXKE COBPEMEHHbIX POCCUNCKUX U BeN0PYCCKMX YUeHbIX, NOCBALLEHHbIE 3KON0rn-
4ecKOoli PO MOYB U MOYBEHHBIX MPOLECCOB, UCMONb30BAHNIO 3eMefIbHbIX PECYPCOB, PYHKLMSM MOYBEHHOIO
MOKPOBA B Ha3eMHbIX 3KOCUCTEMAX, UX BANAHUIO HA NPOCTPaHCTBEHHO-BPEMEHHbIE U3MEHUMBOCTL U YCTON-
4YMBOCTb MPUPOLHOI cpefbl. Hanbonee NoMHO M BCECTOPOHHE 3TW NPO6/EMbI OTPaXKEHbI B HAYUHbIX Tpydax
B. P. Bonobyesa, B. A. KoBabl, A. H. l'eHHaamesa, . B. Jo6posonbekoro, E. . HuknTtuHa, /1. O. Kapnades-
ckoro, I. . ¥YBaposa, T. A. PomaHoBoi1, H. B. KnebaHosunua, B. . BaceHesa, I". bptomepa (G. Brummer),
Y. 3. X. batoma (W. E. H. Blum), P. M. O. Wynbte (R. P. O. Shulte), M. Nasens (P. Lavelle), K. MaggeHbl
(K. Madena), H. FnesHep (N. Glssner) n gp. [6-24].

MeHee M3y4YeHHbIMW OCTAKTCA BOMPOChHI, KacatoLwmecs onpejeneHus, cucteMaTnsalnmm, kaprorpagpuposa-
HUS, OLLEHKM U NPUKNALHOTO NPUMEHEHUS 3KOCUCTEMHbLIX YCAYT 3eMefb 1 NoYB. JIMLb B NOCneHUe rogbl Ha-
6N101aeTCA 3aMETHbIN POCT KONMYECTBA HayUHbIX Ny6MKaLmWiA No AaHHON NpobnemaTtumke, rnaBHbIM 06pa3oM
B aHr10A3bI4HbIX M3gaHusax. K Hanbonee 3HaYMMbIM C HayYHO-METOANYECKOW TOUKM 3pEHNUS MOXHO OTHECTM
paboTbl [25-40].

B pamkax BbIN0NHEHHOro 0630pa NPOBeeHa OLeHKa CTENEHW OTPAXKEHNSA IKOCUCTEMHBIX YCYr, NpPejocTaB-
NAEMbIX 3eMAAMU W MOYBaMK, B psfe MEXAYHAPOAHbIX W CreumaibHbIX KnacCuuKaLumili 3KOCUCTEMHbIX YC-
nyr. B nepByto oyepeb paccMaTpuBannCh Knaccupukaumu, npeLcraBneHHble pabounumu rpynnamu nporpammel
«OLeHKa sKocucTeM Ha nopore Toicayenetus» (Millennium Ecosystem Assessment, MEA) [1] n npoekTa «3JKo-
HOMMKa aKocucTeM 1 6uopasHoobpasua» (The Economics o fEcosystems and Biodiversity, TEEB) [41], a Takxe
KnaccuuKaLus 3KOCUCTEMHBIX YCNYT, BbINOMHEHHAs NOf 3rnoii EBponeiickoro areHTCTBa N0 OKpyXaroLel
cpege (European Environment Agency, EEA) [42]. B gaHHOM KOHTEKCTe NMpPOBEAEHO COMOCTaB/IEHME MecTa
N ponu 3emefib U NOYB B Hanbonee pacnpoCTPaHeHHbIX KnacCumKaLmsax sKOCUCTEMHbIX ycnyr [29; 43-45],
pa3paboTaHHbIX PAAOM M3BECTHLIX UccnefoBaTeneit B aTol o6nactu (P. KoctaHua (R. Costanza), 3. Ox. Jomu-
Hatu (E. J. Dominati), P. C. ge I'pyT (R. S. de Groot) n gp.). HakoHeL, BbIMNOMHEH aHa/IM3 Npea/iaraeMbiX METOA0B
OLLEHKMN 3KOCUCTEMHbIX YCNYT 3eMefib U MOYB, COCTOAHUA N NEPCMNEKTUB UCMONb30BAHNSA ee UTOroB B MpakTuye-
CKOWi [1eATeNbHOCTY U CTAaTUCTUYECKOM YYeTe NPUPOLHOro KanuTana.

Pe3ynbTatbl I/ICCI'IG,CI,OB&HI/IVI n nx o6cy>K,u,eH|/|e

JocTuxeHune Ueneli yCTOWUYMBOIO pPasBUTUSA, KaK OAHA W3 JOATOCPOUHBIX Y MPUOPUTETHLIX 3aday COBpe-
MEHHOCTW, Npegnonaraet 06ecrneyeHne 3KOHOMMYECKOTr0 POCTa NPU 04HOBPEMEHHOM CHUDKEHWW BO3AEACTBMA
X03AACTBEHHOI N MHOI AeATeNbHOCTU Ha OKpYXKatoLLyto cpedy. Takas NOANTUKA «BOMHOMO BbIUFPbILLIa», Ha-
psay ¢ UHCTPYMEHTaMMW rocyfapCTBEHHOI0 PEryMpoBaHMs U PbIHOYHBIMU MeXaHW3MaMK, AO/KHa coYeTaTb
B cebe MPUHATME Ha rocyAapCTBEHHOM YPOBHE 0053aTeNbCTB MO COXPAHEHWIO 3KOCUCTEM B 4O/TOCPOYHOIA
nepcnekTmee. LIeHHOCTb 1 3HAYMMOCTb MOCNEAHMX 3aK/T0YAETCA HEe TOIbKO B TOM, YTO OHW BbICTYNAlOT Npu-
POAHLIM KanuTa/ioM M pacCcMaTpMBarOTCs KakK MCTOYHUK NPUPOAHOIO ChIpbs 415 NMPOM3BOACTBA 1 NoTpebne-
HWSI, HO U B TOM, YTO 06ecneymBaloT NPeAOCTaBEHNE WNPOKOTO CMEeKTPa SKOCUCTEMHBIX YCyr. Kak n3BecT-
HO, 9KOCUCTEMbI, IBMISISICb COOBLLECTBAMM XKIMBbIX CYLLECTB U UX CPeLbl 06MTaHNs, NPeACTaBNALLMMY eANHOE
(hYHKLMOHaNbHOe Lenoe [46] 1 XxapaKTepu3yHLWUMIUCA Pa3INYHbIMU MPOTEKAKOLLMMU B HUX MaTepuanbHbIMU
Y 3HepreTMYeCKUMM npoueccamm, obecneunsatoT 6€30NacHOCTb 1 61arononyyne XusHeLeaTeNlbHOCTY NoAei
1 COLECTBYIOT COXPAHEHWIO U NOAJEPXKAHMIO YCTONUMBOrO (DYHKLVOHMPOBAHWA NMPUPOLHON Cpeabl.
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[JaHHas npobnema Havana UHTEHCMBHO 06CYXXAATLCA B MEXAYHAPOAHbIX Hay4YHbIX KPYrax B CBA3u ¢ onyo6nu-
KOBaHMEM Ha 3Ty TeMY KOJINIEKTUBHOI MOHorpagun [47] n aHanMTUYeCKO cTaTby B XXypHane «Nature» [48].
UT0 KacaeTcs NOHATUA «3KOCUCTEMHbIE YCNYTW», TO €ro CogepxxaHue Brnepsble 6bI10 packpbiTo M. P. Ipam-
xom (P. R. Ehrlich) n I. A. MyHu (H. A. Mooney) [49]. B BbilleyKa3aHHOIi cTaTbe [48] npuBoaaTcs pesyb-
TaTbl ONpefeneHns CTOMMOCTU 17 KaTeropuin 3SKOCUCTEMHbLIX YCAYT, NpefocTasseMble 16 6GuomaMm 3eMHOro
wapa (KpynHbIMKU 6UOTUYECKMMM COO6LLECTBaMU B Npefenax npupoAHO-KAMMATUYECKMX 30H): OHa COCTaBU-
na 33,2 TpnH gonn. CLUA B roa. [ns cpaBHEHWS: 06LLLEMMPOBOIA Ba/loBOI NPOAYKT B TOT Nepmog, 6bla OKOMo
18 TpnH pgonn. CLUA B rog. Kak oTMeuvatoT camy aBTopbl cTaTbl, cnycTs 20 feT nocne ee ony6/MKoBaHMS,
HECMOTPS Ha pa3/IMyHOe OTHOLUEHME YUeHbIX 1 CMEeLManucToB K pesynbTaTtam NpeacTaBneHHON OUeHKM, BCe
COLL/INCb BO MHEHWUW, YTO 3KOCUCTEMHbIE YCNYTU B HE MeHbLLEN Mepe onpefenstoT 6aarononyyve Noaen, yem
[06blYa 1 aKcnyaTaums NnpupogHsIx pecypcos [50]. YnoBaHMe Ha TO, YTO NPMPOLHLIA 1 NPOWN3BOLCTBEHHbI
KanuTan B3ayMO3aMeHVMbI, 1 NO3TOMY TEXHOMOMMYECKUE PELLIEHMA MOTYT rapaHTMpPOBaTb YCTONYMBOE 06LLe-
CTBEHHOE pa3BUTUE, BPSL I MOXHO CUMTaThb OnpaBAaHHbIM. [lo CMX MOp He cyLecTBYeT (M He npocmaTpu-
BAKOTCA MEPCMEKTMBbLI CO3[aHNs B ByayliueM) TaKnuX TEXHOMOTWIA, KOTOPble MOTAN 6bl 06ecneynTb MPous-
BOACTBO KMC/I0p0ofa, Nojdep>kaHue 6100rMyeckoro pasHoobpasns, KpyrosopoT 1 OUUCTKY BOAbI Y BO3LyXa
B MacliTabe nnaHeTbl, PerysvMpoBaHve XMMWYECKOro cocTaBa aTMoctepbl, MUTPaLui0 AUKUX dXUBOTHbIX
N eCTeCTBEHHbIE Cpefbl 06UTAHUA AN1A HUX, aCCUMUMSALMUIO Pa3IMYHOro poja OTX0M4O0B, (DOTOCUHTES, 3aUTYy
OT BpeAHOI KOCMWYECKOW paguaunmn, perynnpoBaHue KavMmara, (hopMuMpoBaHmne Mao4opoLHOro C1os MouyBbI
1 MHoroe apyroe. MpuHaTtas B 2005 r. nporpamma OOH «OLeHKa 3KOCMCTEM Ha Mopore ThicAYeneTns» noj-
TBEPXKAAeT 3TO U UCXOAMT M3 TOF0, «YTO /IHOLM ABAAKOTCA MHTErpasibHOM YacTbio 3KOCUCTEM U YTO CYLLECTBYET
OUHAMUYECKOe B3anMOLeCTBUE MEXAY HUMU 1 PYTUMK YaCTAMMW 3KOCUCTEM, NMPU 3TOM U3MEHEHWS YCOBWIA
CYLLECTBOBaHMSA MIHOAEN BbI3bIBAIOT - KaK MPSAMO, TaK U KOCBEHHO - M3MEHEeHMWsi B 3KOCUCTeMax W, Takum 06-
pasoM, B 6narononyynn yenoseka»1[1, p. 6].

B pamkax yKa3aHHO NporpaMmbl OblIM BblAeNeHbl YeThIpe 6a30Bble KaTEropun 3KOCUCTEMHBIX YCYT:

» obecneumBatoLime (provisioning) - npefocTaBfeHNe MaTepuanbHbIX 6nar ans Npon3BoACTBa NPOLYKTOB
NUTaHNs, CHabXXeHne BOAON, MUHEPaASIbHLIM 1 BMONOTUYECKUM CbipbeM, IEKAPCTBEHHbLIMU U FEHETUYECKUMMU
pecypcamu un ap.;

 perynupytowme (regulating) - ynpasneHve KnMMaToM, Ka4eCcTBOM BO3fyXa U MOYB, 04MCTKA BOA, CMAT-
YyeHne NPUPOAHBIX U TEXHOrEHHbIX OMACHOCTe, perynmpoBaHme COCTOSHUSA 3KOCUCTEM U UX Aerpajauumu;

* nofjepxwuBaroLmne (supporting) - KpyrosopoT GMOreHHbIX U MUHepasbHbIX BeLecTB, BO4, N0YBOO6Opa-
30BaHue, HOTOCMHTE3 UM NPOU3BOACTBO NEPBUYHON BMOMPOLYKLMU;

* KynbTypHble (cultural) - HemaTepuaibHble U MaTepUasibHble LLEHHOCTU U BbIrOfbl, COLENCTBYOLLME MO-
3HaBaTe/IbHOM, BOCMMTATEIbHOM, PEKPEaLNOHHON AeATeIbHOCTU, 3CTETUYECKOMY HaCNaXEHUI0, a TakXKe 1C-
nosb3ytoLmecs B 06pa3oBaTe/isHOM NpoLecce, HayUYHbIX UCCNeoBaHUAX, COXPAHEHUN Ky/bTYPHOIO W Npu-
pofHoro Hacnegus. CocTaBnAaLWMMUK 61arononyyms HassaHbl 6€30MacHOCTb, OCHOBbI KaYeCTBEHHOM XU3HY,
3[10pOBbLE W XOpoLUMe COLUabHbIE OTHOLLIEHUS.

B HacTosillee BpemMs 060CHOBaHbI 1 pa3paboTaHbl 60/ee ABYX AECATKOB KlacCU(PUKaLNA 3IKOCUCTEMHbIX
yCnyr, oTpaXaloLmnx pasHoobpasne CTPYKTYPHbIX, (YHKLWOHAbHBIX, & TakXe HalMOHaNbHbIX U pernoHasib-
HbIX 0COBEHHOCTEN UX MHTepnpeTaumm. OfHaKo Hanbosiee MCNOb3YeMbIMU B MPaKTUYECKUX LefIgX Npu3Ha-
Hbl Knaccugukauum Tpex MexayHapoaHbIX UHULMATUBHLIX rpynn, 06beAnHSAOLWMNX YYeHbIX, CNeLnanncTos
M MPaKTUKOB M3 pPasHbIX CTPaH 1 PernoHoB Mupa. MepBas M3 aTUX Knaccugukaumin 6bina npescraBneHa pa-
60uei rpynnoii nporpamMmmMbl «OLEHKa 3KOCMCTEM Ha Nopore TeicaveneTus» [1], BTopas - B pamKax npoekTa
«IKOHOMMKA 3KOCUCTEM 1 BropasHoobpasnsa» [41], a TpeTbs, NonyymBLIas HasBaHMe «O6LLas MeXayHapoa-
Has Knaccudumkaumsa akocuctemHbix yenyr» (Common International Classification ofEcosystem Services,
CICES), BbinonHeHa nof armaoli EBponeinckoro areHTCTBa Mo oKpyxatolei cpeae [2].

[eTanbHo npoaHann3npoBas CTeNeHb OTPaXKeHUs 3eMeflb U NOYB B Pas3/IMUHbIX KacCcumKaLmsax aKocuc-
TEMHbIX YCYT, Mbl CAeNanu 061 nii BbIBOL, YTO 40 HACTOALLErO BPEMEHW 3TUM KOMMOHEHTaM YenseTcs Mano
BHMMaHUA, a UX MHOTOYUC/IEHHbIE (DYHKLMU W NPOLLECChl M3HAYaNIbHO BbINN OCTaBNEHbl BHE PaMOK 3KOCUC-
TEMHbIX YCAyr uan cnabo ocBelleHbl B NOAO6HbLIX Knaccumkaumax. Tak, B 6a30BOi KnaccumkaLmm ako-
cucTeMHbIX yenyr MEA noysbl YNOMUHAKOTCS NULLL B CBA3W C OLLEHKON NO4YBOO6PAa30oBaHusl, perynmpoBaHus
3p03uK, BOGHOIO PEXKMMA, CAEPXKMBAHNA OMACHbIX NPUPOAHbIX ABNeHUIA. B knaccugukaumm CICES, koTopas
MMeeT 5-ypOBHEBYHO MEPapXMUECKYHO CTPYKTYPY, COCTOALLYHO U3 CEKLMIA, pa3fenios, rpynn, Knaccos 1 TUMNoB
K/1accoB, 3eM/IM 1 NOYBbI YNOMUHAKTCA TOMbKO Ha 3-M YPOBHe B rpyrne «peryiupoBaHne KayecTsa Mnouys»
M Ha 5-M ypOBHE B TWMe Knacca «nNpefoTBpaLleHmne 3arpa3HEHUN 0TX04aMU».

HepocTaTouHbIN y4YeT NOYBEHHO-3eMe/IbHOI0 (PaKTopa Npu KnaccuguKauum sKOCUCTEMHBIX YCAYT He no-
3BOMISET B MOJIHON Mepe OTPasuTb COAepXKaHue U NPOBECTU 00BLEKTUBHYHO UX OLEHKY. [NouBbI, ABNSSCL KO-
4yeBbIM GMOKOCHBIM KOMMOHEHTOM Ha3eMHbIX 3KOCUCTEM, BbICTYNAKT He TONIbKO MeCTOM U cpefjoii 06uUTaHus

Bpecb 1 fanee nepesog Haw. - B. A.,E. L.



Meorpacgus
Geography

OpraHv3MoB, aKKyMy/sTOPOM BELLLECTBA 1 SHEPTUMW 41 HUX, HO 1 CBA3YHOLLMM 3BEHOM BUOIOMMYECKOTO 1 reo-
JIOTNYECKOr0 KPyroBOpPOTOB, 3aLMTHbIM 6apbepom 1 (PakToOpoM (PYHKLMOHMPOBaHNA Bruochepbl, a Takke CBOe-
o6pasHoli MaTpuLeid, onpegenstoLein 6uopasHoobpasne gaHHbIX 3KOCUCTEM. B 3TOM 3ak/04aeTcs BXXHOCTb
yueTa CBOWCTB U (DYHKLMIA 3eMefib 1 MOYB A1 60/1ee MOTHON OLEHKM 3KOCUCTEMHbIX YCAYT U UCMOb30BaHUA
€e pe3yNbTaToB B MPaKTUYeCKOM AeaTebHOCTU. O pacTyLLem NOHUMaHWUKU POK 3eMefTb 1 MOYB B 3TOM MpoLiecce
CBUAETEeNbCTBYIOT, NYCTb MOKa eMHNYHbIE, NPUMEPbI KNacCUMPUKaL MM NOYBEHHbIX SKOCUCTEMHBIX YCAYr, Npea-
CTaBfieHHble B paboTax [5; 28; 29; 44; 51; 52].

OCHOBHOI TPYAHOCTbIO pa3paboTKM efAMHON KNaccuuKaLmm SKOCUCTEMHbBIX YCTYT 3eMe/lb 1 NOYB ABNSETCS
CNOXHOCTb M Pa3HOMIaHOBOCTL BbIMOMHAEMbIX UMW (DYHKLMIA, OTAENbHbIE U3 KOTOPbIX OMpPeAenstoT HECKObKO
BMAOB 3KOCUCTEMHBIX ycayr [51]. CTOUT OTMETUTb, YTO B COBPEMEHHbIX MOYBOBEAEHNMN 1 3KOIOMMM YUYeHUe 06
3KOCUCTEMHbIX YCyrax noys ¥ MeTofax UX OLEHKU - OTHOCUTE/IbHO HOBOE HanpasfieHve, foNroe BpeMs 6onee
NonynspHbIM OCTaBa/ICA TEPMUH «(PYHKLMM MOUB». [1pW pacCMOTPEHUN NMOUBEHHbIX 3KOOMMYECKUX (DYHKL NI
MMeeTCA B BUAY POJib U 3HAYEHME MOYB, & TaKXKe MOYBEHHbIX NPOLLECCOB B XXM3HW OPraHn3MOB, UX COXPaHEHNM
1 3BOMOLMN. B TeueHMe AnUTENLHOMO Neproja pasBrnBasoch yUeHre 0 61MoreoLeHOTNYECKUX PYHKLMAX NOYBbI
B 9KOCUCTEMaXx 1 rnobasbHbIX (YHKLMAX NOYBEHHOIO NoKpoBsa B 6uocgepe [9; 10]. OcHOBHOE BHMMaHWe 6bino
CHOKYCUPOBAHO HA ECTECTBEHHO-HAYUHbIX MPO6EMAxX N3yUYeHUs IKOOMMYECKNX (DYHKLWIA MOYB N UX OXPaHbl,
Npo6iemMa e KOMMIEKCHON 3KOHOMUYECKOW OLLEHKU NPaKTUYECKM He 3aTparuBanacb. Bo3moXxHo, ofjHa 13 npu-
YMH 3TOrO - NOJIOXKEHME O TOM, YTO 3KOCUCTEMHbIE YCAYTY U 3KOOTNYeCKre (hYHKLMK MOYB He ABNSHOTCS TOX-
[eCTBEHHbIMU MOHATUAMU. 110625 (DYHKLNSA B HEKOTOPOM CMbIC/E LUMPE, YeM YCyra, CBA3aHHas C Held, MoToMy
4TO NpW onpeeneHN 3KOCMCTEMHbIX YCAYT MPOU3BOAUTCA BbIOOP TOLKO TEX Pe3yNbTaToB NOUYBEHHBIX (DYHK-
LMIA, KOTOpbIE MOTYT MMETb 3KOHOMMWYECKYIO MHTepnpeTaumto. Tak, OLEHKY YCayr MoYB Mo 3alimMTe 0T 3p03um
Mbl MOXXEM OCYLLECTBUTb TOMbKO B CyYae M3MEPEHHOIO KOIMYECTBEHHOMO U (M) KaYeCTBEHHOMO M3MEHEHMA
Takoli ee (hyHKUMW, KaK NoAAep>KaHue NoYB03aLMTHOW YCTONYMBOCTM CK/IOHOBbIX 3eMEfb.

Hawnbonee akTVBHO M3yyeHWe (YHKLMOHA/IbHbIX 0COBEHHOCTEN NOYB U X PONN B NPMPOe 1 00LLLeCTBe Ha-
Yyasio npoeoanTeca B 1970-80-X IT. U NoAy4mno 3HauntensHoe passutme B XXI B. Ero pesynbtarbl Nernm B oc-
HOBY cofiepXXaHns BceMUpHOI XapTum Nous, yTBEPXKAEHHOM Ha 150-i1 ceccnm CoBeTa PAO OOH (1-5 aekabps
2014 r.) [53]. B yacTHOCTW, B Heii MPOBO3rNaLLAeTCsl, YTO «KOHKPETHbIE (PYHKLIMM, 06ecneYnBaemMble NOYBONA,
BO MHOIOM ONpeAenstoTCA KOMMIEKCOM XMMUYECKUX, BUOMOTUYECKUX N PU3NYECKNX CBOWCTB, XapaKTePHbIX
A1 AaHHOI NOYBbI», U YTO «0becrneynBaeMble MOYBOIA NOAAEPKMNBAOLLME, MPOAYKLUNOHHbIE, PEryNpyoL e
N KYNbTYPHbIE YCAYTY COXPAHAOTCA AN NPUYMHOXAOTCA 6€3 3HAUMTENbHOrO CHUMXKEHMUS NOYBEHHbLIX (DYHK-
unii» [53, p. 5]. Of4HUMK U3 NepBbIX YUeHbIX, KOTOpble NPeANoXUamn KnaccumKaLmio noUYBEHHbIX (YHKLUNIA,
6b11n I. Bptomep [18] u I. Bapansii (G. Varallyay) [54]. 3HauuTeNbHbIV BKNaA B U3ydeHWe (hyHKLUMIA NOYB BHEC
N3BECTHBbII aBCTPMIACKMIA mouBoBe Y. 3. X. bntom [19; 20], KOTOpbIii BblAENWA WWECTb KAaTErOPUA MOYBEHHbIX
(hYHKUWIA, TPU U3 KOTOPbIX COOTBETCTBOBA/IM 3KO/IOTMYECKMM, ABE - COLMaNbHO-3KOHOMUYECKAM U OfHA -
KYNbTYPHbIM (hyHKLMAM. [aHHas Knaccumkalms nerna B OCHOBY KOHLENL MU No NOAroTOBKe TemaTuyecKoi
cTpaTeruu 3awmTbl NoYB, KOTOopas Oblna NpuHATa EBpokoMuccuein B 2006 r. KnoueBoi Lenbio cTpaTeruu
SBNAETCA «CO3faHMe 06LLMX PaMOK 3alUTbl NOYB HA OCHOBE MPUHLUMOB COXPAHEHUS MOYBEHHbLIX (YHKLNIA
N NpeaoTBpaLLeHns gerpagaumm semens» [55, p. 12].

KoHuenums MHOroYHKLMOHAbHOCTU NOYB CTasna K/IYeBbIM 3/1IEMEHTOM B MOMMTUKE psfa rocynapcTs,
OMpeaenstoLLein TeppuTopranbHoe naaHMpoBaHue 3emsienonb3oBaHms [56-58], a Takxke B AeATeNbHOCTM Ta-
KO aBTOPUTETHON MeXAyHapoAHOW opraHu3aumm, kak ®AO OOH [59].

Ha nocTcoBeTCKOM NPOCTPaHCTBE TakXe aKTWBHO W M0A0TBOPHO MPOBOAUANCL MUCCNEA0BaHNA B 06/1acTu
y4yeHuns o yHKUUAX NoyB. Hanbonee 3ameTHbIN BKMa B pPELUEHMe 3TOM BaXKHOW TEOPETUYECKOW U NpuKnag-
HOWA 33la4M BHEC/IN N3BECTHbIE POCCUICKME yUYeHble-MoYBoBebl akageMuk I B. [Jo6poBonbCcKuii 1 npogeccop
E. O. HuknTtuH [9; 10]. OHKM ¢ Konneramu onpegensnm QgyHKLUUM NoYB UCXoas U3 UX pon B SKOCUCTEMaX, ONu-
pasicb Ha NOLXO0AbI KNAacCUYeCKOro reHeTUYeCcKOoro No4YBoBeAeHNs. Taknum 06pa3oM, NPOBOAKMbIE Ha TEpPUTOpPUN
6biBLero CCCP uccnefoBaHUS HOCAT SIPKO BbIPaXKEHHbIV 3KOMOTMYECKUNIA XapaKTep, YTO LUMPOKO UCMOSb3YeTCs
B MPUPOA0OXPAHHBIX LeNsX. 3apyOeXKHbIe XKe TPaKTOBKM 3KONOrMUYeCKUX PYHKLMIA NOYB B NEPBYIO 0Yepedb Ha-
LleNIeHbl Ha MpPUMEHEeHVe B MPaKTUYeCKON AeATeNbHOCTM (OLEeHKa 3eMenb, MAaHWpOBaHWe 3eM/eno/b30BaHus,
(hopMmpoBaHue 30pOBOM KOMGOPTHOI cpeabl 06UTaHUA 1 3CTETMYECKON ee NMPUBEKATENBHOCTM U T. 4.).

B knaccumkaumm I, B. JobpoBonbckoro u E. [. HUKMTUHA B 6ONbLUEA CTENEHWN YAENAeTCS BHUMaHWUe
B3aMMO/ECTBUIO MPUPOAHBIX CPe Ha PasHbIX UePapXUYECKUX YPOBHAX, B YUACTHOCTM MOYB U MaHAWadToB
(bnoreoLeHOTMYECKNIA YPOBEHD) W OKPYXKatoLLei cpedbl B LieNOM (rno6anbHblli YPOBEHb). 3TO MO3BOMNIIO
BblAENNTb 32 PyHKUMM (M3 HUX 16 - rnobanbHble U 16 - 6uoreoueHoTnyeckue) [10]. HecmoTpsa Ha pasnu-
yme AaHHOM Knaccugukaumm QyHKLMA NoYB ¢ ee 3apybeXKHbIMU BapMaHTaMu, OTAe/bHble aHaforu MoryT
C yCrnexoM NPUMeHSATLCS MpY OLEeHKe NPeAocTaBseMbIX SKOCUCTEMHBIX YCayr. B 3apy6exHoii knaccugukalmm
Hapagy C Mo4YBOi Kak NPUPOLHLIM TEIOM AOMOMHUTENLHO UCMONL3YETCA NMOHATME «3eM/Is», BbICTynaloLlee
B Ka4yecTBe MPOCTPAHCTBEHHOrO 6a3nca pasmeLleHns 06BEKTOB MHPACTPYKTYPbI, MPUPOLHOIO U KybTYPHOrO
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Hacneams, NOCeneHuin, NCTOYHWKOB MOJIE3HbIX MCKOMaeMblX, CTpOMMaTepmanos v Ap., NpefocTaBAsOLInX
Heakosiormyeckume ycnyrn. CoBMeCTHOE UX PACCMOTPEHMWE B KOHTEKCTE MpefoCTaB/IeEHUS 3KOCUCTEMHbIX YCYyT
ABNAETCA NOrMYHbIM, OAHAKO TpebyeT 6onee rny6oKOoro 060CHOBAHWA M MPaBOBOr0O 3aKPEMNeHMs pa3inymnii
MOHATWI «NOYBa» W «3eMJIs», HA YTO HEOAHOKPATHO YKa3blBanu yueHble U cneumanmctbl [60].

CnepfyeT npusHaTtb, YTO AOCTATOYHO MPOLO/MKUTENILHOE BPEMSA 3KOCUCTEMHbBIE YCNYTU U (DYHKLMMN 3eMeNb
1 MOYB paccMaTpuBaIvChL NapassenbHO Y BONPOChI X B3aMMOCBA3N 1 B3aMMOO0OYCNOB/IEHHOCTW He 3aTparunsa-
NNCb. V1 TONBKO 0CO3HAHWE 1 NPUHATME NOCTYNaTa 0 TOM, YTO 3eM/IX U NOYBbI ABNSKOTCA NPUPOLHBLIM KanuTa-
NOM, lanin OCHOBaHMe YTBEPX4aTb, UTO OHW OXBAaTbIBAIOT KaK CBOWCTBA, TaK 1 NpoLecchl. VX guHaMuyeckumm
0COBEHHOCTAMM 06YCNOBMEH HEPa3PbIBHbI/ aHCamb/b B3aumocBaseid [3]. K HacTosLEMY BPEMEHN HAKOMEH
[0CTaTO4HO 60raThblil OMbIT M3YYEeHMS B3aMMOCBA3N MEXAY 0TAeNbHbIMU PYHKUMAMU NOYB W NpeaocTaBse-
MbIMW UMW 3KOCUCTEMHbIMMW ycyraMmu. YTo KacaeTc pa3paboTKu eAuHOl CUCTeMbl, OXBaTblBaloLLel Becb
CMEKTP MPAMbIX U KOCBEHHbIX B3aUMOCBA3el, TO MCCNeJ0BaHNA B 3TON 06/1aCT HOCAT e4UHWYHbIN XapakKTep
1 TpebytoT 60nee rNy60KOro OCMbICAIEHNS U BCECTOPOHHEN OLEHKM X pe3ynbTatoB. K uncny Hambonee npo-
OYKTUBHBIX pa3paboTok, Kak npaBuio 3aBepLUatoLLMXCcs COCTaBNEHMEM 06006LLA0LLNX CXEM COOTHOLLEHUA
(hYHKUMIA NOYB M COOTBETCTBYIOLWMX YCAYr, OTHOCATCA nccnegoBaHus B. M. BaceHea, 3. K. JomuHaTtw,
E. B. LiBeTHoBa, K. Agxukapu (K. Adhikari) n gp. [17; 28; 29; 44; 52]. MNpennoXeHHble UMW CXeMbl Obln
MCNO/b30BaHbl HAMW NPU YCTaHOBMEHUW MPSMbIX B3aMMOCBA3el, ONpeaenstoLwmx HenocpeacTBEHHOe BMUA-
HWe rnobanbHbIX U 6UOreoLeHOTUYECKUX PYHKLMIA MOYB HA NPeAoCcTaBAsSeMble UMW 3KOCUCTEMHbIE YCIYTK
(cm. Tabnuuy).

[MpAMble B3aMMOCBA3N MeXaY rno6anbHbIMMK 1 61OreoLeHOTUYECKUMMN (*)yHKLI.VIﬂMVI no4s
nnpeaoctaBNAEMbIMU NMU 3KOCUCTEMHBIMW yCyramu

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

Mpu 3TOM HaZO MMETH B BUAY, YTO PYHKLMM NOYB NOMUMO MPSMOr0 OKasbiBAlOT KOCBEHHOE BMSHME Ha
npeLoCTaBNsieMble UMW YCAYTW U TEM CaMbIM (POPMUPYHOT CIOXHYIO MO3auKy UX B3aumogeicTauii. Mpegno-
YKEHHas CXeMa Mo3BOMSEeT CYAUTb 0 TOW UHTErpanbHON PONK, KOTOPYIO UTPatoT NOUBbI B 06LLE/i COBOKYMHOCTU
3KOCMCTEMHbIX YCYr, a TakXKe paccMaTpuBaTbh U YUUTbIBaTb (DYHKLMKM MOYB Kak BaXHYH OCHOBY MpakTu-
KW NiaHWpOBaHWs, HOPMUPOBAHWS Y MOHUTOPUHIA MPUPOAOMNOL30BaHMS 1N 3KOMOM0-3KOHOMMWYECKON (CTOU-
MOCTHOIA) OLeHKWN MOYBEHHO-3eMe/IbHbIX PECYPCOB, a TakXkKe YnpaBfieHns M.

Haunbonee CNOXHbIM 1 NPUHLUMNMANBHBLIM OCTAETCA BOMPOC B3aMMOCBS3M MEXAY (PYHKLMAMU 3KOCUCTEM
1 NpefocTaBasgeMbIMU UMK ycayramun [61]. Mocne MHOFOUUCAEHHBIX AUCKYCCUIA MeXAYHapPOLHbIM KOMUTE-
TOM MpPoeKTa «KOHOMMKA 3KOCMCTEM U BruopasHoobpasusa» [41] 6b110 onpeaeneHo, YTo OYHKLMN SKOCUCTEM
MposBAATCA B JOPME MHOXECTBA B3aUMOAEACTBMIA MeXAY CTPYKTYPOW 3KOCUCTEMbI U NpoLeccaMmn, KoTo-
pble neXxaT B OCHOBE CMOCOBHOCTM 3KOCUCTEM MpPefoCTaBnsTb TOBapbl M ycnyru. PaccMaTpuBas B JaHHOM
KOHTEKCTE MOYBY KaK K/HUEeBYH NOACUCTEMY BMOreoL,eH03a B ero eCTECTBEHHOM COCTOSIHWMM U B arpoL,eHO3e,
MOXHO YTBepXaTb, UTO OHa BbICTYNAaeT B Ka4eCTBE CaMOCTOATE/IbHOr0 BMOKOCHOr0 06beKTa (PYHKLUOHUPO-
BaHus. lNMocnegHee npegnonaraeT pasHoobpasHble GPOPMbI y4acTus MOUB UM MOYBEHHbLIX MPOLECCOB B (PyHK-
LIMOHNPOBAHMK, COXPAHEHNUN 1 3BOMIIOLMM 3KOCUCTEM 1 6rocdeps! B Lenom [13].

OfiHol U3 0COBEHHOCTEl COOTHOLLEHUS «yCyra - PYHKLUMS NOYB» BbICTYNAET TOT (haKT, UTO (DYHKLUUS MO-
XKeT NPOABNATLCA A5 IH0AeN KaK C NOOXMTENbHOM, TaK 1 ¢ OTPMLATEeNbHOI CTOPOHbI, TOFAa Kak ycyra Bcerja
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NONOXWTENbHA, MO0 3KOCUCTEMHAA yCnyra - 3T0 onpefeNieHHas Bbiroga. Hanpumep, Takas akoiormyeckas qyHk-
LS MOYB, KaK NOrMOLLEHME M yaepXKaHNe HEKOTOPbIX ra3oB, 3aK104aeTcs He TOMbKO B (IMKCALMM YIeKUCIOoro
rasa (6naronpuaTHoe siBfieHWE € No3nLMmK 6opb6bl C rNo6asibHbIM NOTENNEHNEM), HO U B €F0 3MUCCUN (HeraTumB-
HbIVA MPOLIECC C 3TOW XKe TOUKU 3peHuns). YCyru e perncTpupyroTcsa TONbKO TOrAa, KOrAa eCTb NOMOXKUTE Tb-
HbI 6anaHc ((hukcauus NpeBbILLAET 3MUCCUIO). TakuM NPUMEPOM MOXET CYXXWUTb PeabunnTaums HapyLLIeHHbIX
nocne paspaboTku TOPMAHbLIX MECTOPOXAEHUIA BONOTHBLIX 3kocucTeM. OAHAKO KOHLENTYanbHO BeCbMa BaXHO
MOHMMaTb PO/b U 3Ha4YeHUe NoYB B NPefOCTaB/EHUN 3KOCUCTEMHBIX YCAYT U NOfyYaemMble NPW 3TOM BbIrOAbl
1 Bnara, MPMYeM He TONIbKO CneuuanmcTamMmu, Ho U nLamMu, NPUHUMALOLLMMI PELLEHNS, a TaKXKe NpeacTaBuTens-
MU LUMPOKOI 06LLLECTBEHHOCTW. DTOMY MOXET COAENCTBOBaTb MPUBELEHHAA HXKE CTPYKTYpHasA cXxema B3aumo-
CBA3M 3KOCMCTEMHBIX (DYHKLWIA 3eMe/lb U NMOYB, NPEeOCTaBASAEMbIX UMW YCAYT 1 NOTyYaeMbIX BbIFOS,

VIMnopT 1 3KcnopT
9KOCUCTEMHbIX YCyT

["paHunLbI cUCTEMbl--------

Mo4BeHHbI MOKPOB, AHTpONOreHHbIe
3eM/1enonb3oBaHme (hakTOpbI
CoupansHble,
3KOHOMWUYECKME,
npe,D'OCTaB]'IﬂEMble 3KONOrn4yeckmne Bbiroapl
3KOCUCTEMHbIE nnuqHoe
3KOMOrnyecKue MoTeHuManbHbIe ycnyru Gnarononyue opei
CTPYKTYpbI 9KOCUCTEMHbIE
1 npovecchbl ycnyrm
HaceneHue, sKOHOMMKa
3KOCMCTEMHbIE 3anacbl 3KOCMCTEMHbIXYCNYT: 06eCneUnBaIoLLmX, Cnpoc Ha 3KOCUCTEMHbIE
(hyHKUMN PErynvpyoLwmx, NOAAEP>KMBAIOLLNX, KYNbTYPHbIX yenyru

B3anMocBA3b 9KOCUCTEMHBIX PYHKLWIA U yCIyT 3eMefb 1 MoYB,
a TaKoKe NoslyyaembiX NPy 3TOM BbIrog u 6nar
(paspaboTtaHo no [62], ¢ 4ONONHEHVEM aBTOPOB)

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

Cxema UICTPMPYEeT MOLWAroByo onepauyvio, BKIKYAKOLLYH MOCNef0BaTeNbHOe OMnpefesieHre NepeyHs
3KOCMCTEMHbIX (DYHKLUIA UCXOAS U3 BbIMOHAEMbIX 3eMISIMU 1 MOYBaMX MPOLLECCOB, NMPeoCTaBAeHME NMOTEH-
LMaNbHO BO3MOXHbIX 3KOCUCTEMHbIX ycayr. Ha faHHOM 3Tane Heob6XO0AMMO YUYUTbIBATb He TOSIbKO BHYTPEH-
HWe CBOICTBA MOYB, HO U BHELLHWE (haKTOpbI, BIMAIOLLME HA XapaKTep U CTeMeHb MPOTEKaHUA MPOUCXOAALLMX
B HMX MPOLECCOB M 4acTO MPUBOAALLME K KOPEHHOMY M3MEHEeHW0 MoYB. Kak mpaBunio, Takue U3MeHEHWs
06YyCNOBNEHbI LiefleHanpaBieHHbIMU aHTPONOTeHHbIMMW BO3AEACTBUAMM (BHECEHME YA0OPEHNI 1 NPUMEHEHMWE
CPeLCTB 3alMThbl pacTeHWiA, MeMopaTUBHOe NpeobpasoBaHne, PeKYNbTUBALLMS 3eMeflb, HepaLMoHaibHoe nc-
NoNb30BaHNe 3eMeNbHOro hoHAa, pasBuTHe gerpagauuy noys). Takum 06pasom, B 3aBUCMMOCTU OT Hanpas/e-
HWS 3eM/1EM0/b30BAHNSA 3KOCUCTEMHbIE YCYTU 3eMeflb U NOYB MOTYT PacLUMPATLCSA UK OrpaHnumBaTbes [63].

Onpegenss peasibHO CYLUECTBYHOLME SKOCUCTEMHBIE YCYTU, OTAENbHbIE U3 KOTOPbIX MOTYT ObITb BbIpa-
XKeHbl KOMIMYECTBEHHO, HEOOXOAUMO NPOBECTM OLEHKY MOYYEHHbIX BbIrO4 W Gnar. B HacTosLlee Bpems Bce
bonee aKkTyanbHOM M MPaKTMYECKM BOCTPeOOBAHHON MPOo6/EMON SABNSETCS 3KOOr0-3KOHOMMYecKas (CTou-
MOCTHas1) OLeHKa 3KOCUCTEMHBIX YCAYT 3eMenb U nouB [64]. Mpexae BCEro sT0 KacaeTcs yCTaHOBEHUS pas-
Mepa HaHOCMMOTO 3eM/ISIM 1 MOYBaM yLiepba, KOTOPbIA 4acTO HEAO0OLEHMBAETCSA UM BOOGLLE MTHOPUPYETCS.
Mpu npeBpaLyeHn CTOMMOCTU 3eMelb U NMOYB KakK BaXXKHOW COCTaBHOWM YacTu MPUMPOLHOro KanuTana u3 ab6-
CTPaKTHOr0 MOHATUSA B KOHKPETHbIE LUPpbl co3aeTca (hakTUUeCKUii MaTepuas, NOMOratoWwmuin NpuH1MaTh
TOYHblE U 3PPEKTUBHbIE C TOUKM 3PEHNA 3aTpaT pelleHns. AKTYanbHOCTb 3TOF0 YTBEPXAEHUS OYEBMAHA,
MOCKO/bKY [0 HaCTOALLEro BPEMEHUN 3KOHOMMYECKas HayKa TPaguLMOHHO 3aTparnBaeT BOMPOCH! LEHHOCTU He
MOYB, & 3eMe/IbHbIX YUYaCTKOB Pas/IM4HON KaTeropuasibHON NpUHagIeXHOCTU. cnonb30BaHue B 3KO0r0-3KOHO-
MWYECKOIi OLEHKe, B YaCTHOCTU CEe/IbCKOXO03AACTBEHHbIX 3eMeNb, NOKa3aTeNeil CBOMNCTB U (hYHKLMOHaNbHbIX
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0CO6EHHOCTEN NOYB NO3BONSET 60/1ee 06BEKTUBHO OTPaXKATb MX LLEHHOCTb Yepe3 3hDeKTUBHOCTb BMIOXKEHHbIX
B HMX Kanutanos (y40OpeHWil, MennopaHTOB, CPEACTB 3alMThl pacTeHW, 3aTpaT Ha YAyudlleHUe U OXpaHy
3eMefib M MOYB M Ap.). HecMoTps Ha AOCTATOYHO 60/bLUOA HAKOMIEHHbIA HAy4YHO-METOLMYECKUIA U NMPaKTU-
YeCKUi ONbIT 3eMe/IbHO-0LEeHOYHbIX paboT, A0 HACTOALLEro BpeMeHW NOHOCTLI0 He peLleHa 3a4aya BbipaboT-
KU NPUEMSIEMbIX 1 BCECTOPOHHUX METOAO0B OLIEHKW 3eMefib, BKOYas Nnousbl. Bo MHOroM 3To 06bSACHAETCS
MHOTOMNMaHOBOCTLIO Lieneld, NoCTaBNeHHbIX Mepes TaKoi OLEHKOW, N TO MHOTO(YHKLMOHaNbHOW Ponbio, KO-
TOPYIO UTPatoT 3eM/IN U NOYBbI B X03CTBEHHOW, 3KONOMMYECKOW, MPMPOA0OXPaHHON 1 COLMANbHON AeATeNb-
HOCTM, a TaKXKe NPaBOBOM PEry/MPOBaHUN MMYLLLECTBEHHbIX OTHOLLEHWI Ye/I0BEHYECKOr0 06LLeCTBa.

B nocnegHee Bpemsa Noayynnn passuTme MeTOANYECKME NOLXOAb! MO ONPeaeneHnto CTOMMOCTY 3eMefb U 3e-
MeNbHbIX Y4aCTKOB KakK 00bLeKTOB OLEHKM C MO3ULMIA NpefoCTaBneHns UMK NPUPOSHbLIX 61ar (3KOCUCTEMHbIX
YCAyr), BaXKHEMLLMM NOCTaBLLMKOM KOTOPbIX SBASETCA CRararowwnii MX NoYBEHHBbIV NOKPOB. B MexxayHapogHO
NpaKTUKe JaHHbIA BUG CTOMMOCTM 0603HAYaeTCst TEPMUHOM «06LLast SKOHOMUYECKas LLeHHOCTb» (TEV) [65]
M paccUMTLIBAETCA Ha OCHOBE KOMM/IEKCHOrO y4eTa NoJie3HbIX CBOMCTB 3eMeflb U MOYB MO (hopMyse

TEV=UV+NV =DV +IV+0OV+NV,

roe UV - CTOMMOCTb MCMNOMb30BaHWUSA, KOTOPYHD MOXHO NPeAcTaBUTb Kak CymMy Tpex nokasateneit (DV +
+ 1V + OV); DV - cTOMMOCTb NPSIMOro Ucnosnb3oBaHus; IV - CTOMMOCTb KOCBEHHOIO 1CMob3oBaHus; OV - no-
TeHUMaIbHaa LeHHoCTb; NV - CTOMMOCTb OT/IOEHHOT0 MUCMO/b30BaHuS.

Tak, CTOUMOCTb MPSAMOT0 MCNO/b30BaHUA A/1t Ce/TIbCKOXO03SMCTBEHHOM 3eM/IN - 3TO CTOMMOCTb, MOYYeH-
Has Ha OCHOBe A0Xofa OT peanu3auny NPoU3BOAUMON Ha Hel MPOAYKLMM PacTEHNEBOACTBA U XXMBOTHOBOA-
cTBa. OfjHaKo NoYBa BbICTYNAaeT He TONbKO MPOM3BOACTBEHHOW MAaTPULLEN, HO M PEryINPYIOLLUM KOMMIOHEHTOM
3KOCUCTEMbI, B YaCTHOCTW eCTECTBEHHbLIM Oy(hepom Ans 60bLUNMHCTBA 3arpA3HuTenein. CTOMMOCTHas UHTep-
npeTauus 3Toli CNOCO6HOCT NPUBOAUT HAC K CTOMMOCTU KOCBEHHOIO MCMOMb30BaHWs, BHEAPEHNE KOTOPOiA
B MPaKTUKY NO3BOMWT B NOMHOW Mepe peLlnTb NpobaeMy 3KON0rM3aLnm OLeHKN 3eMN U MOYBbI.

MeTofuKa 06LLe 3KOHOMUYECKOW LLEHHOCTM MpUMeHsnac 6e10pyCCKMMU UCCnefoBaTeNs My Npu onpe-
[eNeHnmn CTOMMOCTY 3KOCUCTEMHBIX YCAYT U BMONOrMYecKOoro pasHoobpasns, a Takxke NpsMOi U KOCBEHHOM
CTOMMOCTM eCTECTBEHHbIX 60/10THbLIX 3KOcKcTeM [66; 67].

B HacTosLlee BpeMsi B 3KOHOMUYECKON Hayke Mpu OLEHKe NPUMPOAHOro KammTana akTMBHO 06CyXaaeTcs
KOHUenuusa cnpaeeanmeoin ctoumocTn (fair value), Kotopas f0/KHA y4nTbIBaTb (hyHAAMEHTa/bHble CBOWCTBA
(B Hallem cnyyae - 3emeflb ¥ MOYB), NO3BONSAOLIME CHU3UTL 3aBUCUMOCTb CTOMMOCTU OT PbIHOYHbLIX (PYKTYa-
umin [31; 68]. BkIHOUeHME 3KOCUCTEMHBIX YCYT 3eMeflb U MOYB B OLEHKY CMpaBeAMBOM UX CTOUMOCTU Mpes-
CTaBNAETCA 3aKOHOMEPHbLIM SB/IEHUEM, CMOCOOCTBYHOLLMM Pa3BUTUIO NPUPOLOOXPaHHbIX TEHAEHLMWIA B 3eMie-
No/b30BaHNK, a TaKkxke (HOPMUPOBAHUIO 3KOMIOM0 OPUEHTUPOBAHHOMO PbIHKA HEBMXXMMOCTHU, B YACTHOCTM 3eM/IN.

3aKnoyeHne

3eMn 1 MOYBbI KaK KNKYeBble KOMMOHEHTbI NPMPOAHOro Kanutana He TOMbKO UIpatoT BaXKHYHO POJb B XO-
3AACTBEHHON AEeATENbHOCTX, HO W OAHOBPEMEHHO BbINOHAOT Psif HE3AMEHUMbIX 3KO/TOTMYECKN 3HAUMMbIX
hyHKUNIA B OKpyXKatoLLeli cpede (bydepHble, COpOLMOHHbIE, BOAO-, TEM/O- U ra3operynnpytowme, 6noreoxmmm-
yeckue, agatmueckme 1 ap.). TO CBMAETENLCTBYET 00 MX CYLLECTBEHHO 3HAUMMOCTM B KayeCTBE MPUpPOA-
HbIX 06BLEKTOB, MPEeAO0CTaBAAOLLMX 3KOCUCTEMHbIE YCAyrK (06ecneunBatoLlme, perynmpyoume, noaaepxu-
BatoLLMe, Ky/NbTYpHbIE), HanpaB/ieHHbIe Ha MOMy4YeHe BCEBO3MOXHbIX BbIrof v 6nar. [0 HeAaBHEro BpeEMeH!
3TW YCNyrn He BCErja yYnTbiBanCb B PbIHOUYHO-UMYLLLECTBEHHbIX OTHOLUEHNAX, HE OTHOCUIUCL K aKTUBaM,
MOCKO/NbKY He 6blna onpeAeneHa BEANYMHA UX CTOMMOCTH.

B aHanMTU4YeCcKoM 0630pe cAenaHa NonbiTKa 0606LLMTL MUPOBOM 1 OTEYECTBEHHBIA OMbIT ONPeAeNneHns oT-
NINUYNTENbHBIX OCOBEHHOCTEN, KnaccuuKaunm, oUeHKN 3KOCUCTEMHbIX YCAYT 3eMefb U No4yB, 06YCOBEH-
HbIX MPOMCXOAALLMMM B HAX MPOLIECCAMW W BbIMOMHAEMbIMW UMW 3KOOTUYECKUMU yHKUMAMN. BocTpebo-
BaHHOCTb PE3Yy/bTaTOB OLEHKM 3KOCMCTEMHBIX YC/YT 3eMe/b W MOYB, BKNOYast €6 CTOMMOCTHOE BbIpaXKeHMe.
06BACHSAETCA HEOOXOANMOCTBIO YUYeTa HalMOHaIbHOrO 60raTCcTBa, OTPaXEHWS ero B rocyAapCTBEHHOI cTaTh-
CTMKE 1N OYXranTepcKOM YUeTe, a TakKe BaXXHOCTbIO MPUHATKSA HayYHO 060CHOBAHHbIX PELLUEHUI NpW NNaHU-
POBaHUN 1 peanu3aumnmn 3agady yCToMYMBOro 3eMeno/b30BaHus.
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COUNAJIbBHAA TEOTIPADNA TMYB/TNYHbBIX TIPOCTPAHCTB:
COUMNAJNIbHAA CPEOA VS TNMEPUPEPUNHOCTDb

H. N.MPOBOTAPA K. B. ME3EHLIEB \ M. B. MAJTIbUYYK2

TKuneBCKMIA HALMOHaNbHbIA yHMBEPCUTET uM. Tapaca LLleeyerko, yn. Bnagnmupckas, 60, 01601, r. Kues, YkpauHa
Y KpanHCKuii rocyfapCcTBeHHbIW HAY4YHO-UCCNeA0BAT €NbCKUIA MHCTUTYT NPOEKTWPOBAHUA TOPOLOB
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TpaHcthopmaymm Ny6AMYHBIX MPOCTPAHCTB B pasHbIX YacTAX ropoja MMelT cBou ocobeHHocTM. Cyabba ny6imy-
HOro NPOCTPAHCTBA B LIEHTPE M HA Neputepun MOXeT Ka3aTbCs NPeAonpefeneHHOW MeCTONOM0XEHUEM, HO MEHSIO-
asica colManbHas cpeja BHOCUT CBOW KOPPEKTMBLI. MpoaHann3nupoBaHo BAUSHWE COLMAaNbHOI Cpefbl Ha 3BONOLMIO
My6AMYHBIX MPOCTPAHCTB neputepniiHoil YyacTu Krnesa. O6bEKTOM MCCNef0BaHMS BbICTYNAT COBPEMEHHbIE TpaHC-
thopmMauuu ABYX 3e/1eHbIX Ny6INUYHbIX MPOCTPAHCTB Ha OKpauHe ropofa. Lienb nccnefoBaHus - onpegeneHne 0co6eH-
HOCTel M3MEHEeHNS [aHHbIX MPOCTPAHCTB NoJj BO3AelCTBMEM COLMANbHOW Cpefbl, a TaKXe YCTaHOB/IEHUE XapaKkTe-
pa aToro Bo3geiicTBMA. MMonyueHHble pe3ynbTaTbl MOATBEPAUIN OMNpefe/siolly0 pofib COLManbHOW cpefbl, KoTopast
MPOSIBASETCS Yepe3 NOTPe6HOCTU MECTHbIX XUTeNeid, U MO3BOMUAN UAEHTUPULMPOBATE OCHOBHbIE (DAKTOPbl TPaHC-
thopmMayuu NyGAUYHBIX MPOCTPAHCTB B NepudepuiiHbix paiioHax K1ueBa: MecTHble MHULWATHUBLI, BEG-(OpyMbl, COTPYA-
HWYeCTBO C BU3HEC-CTPYKTYypamu, HOBOE CTPOUTENLCTBO, U3MEHEHWE BO3PACTHOW U COLMaNbHON CTPYKTYPbI XXUTENeN,
(hakTOp COGCTBEHHOCTM Ha XUNbe. Ha OCHOBE aHanu3a BOCMPUATUS MOCETUTENSMU AOCTYMHOCTW, UCMONb30BaHNS,
UMWUIXKA U MHTErpUPOBAHHOCTU My6MYHBIX MPOCTPAHCTB ONpeAefieHbl HauGonee Npo6ieMHbie MOMEHTbI UX (YHK-
LMOHMPOBAHUA Ha Nepudepnmn, KOTopble TPeGYHOT NEPBOOYEPESHOTO M3MEHEHUS. Bce 3TO0 06YCNOBAMBAET HayuHYH
HOBM3HY U aKTyanbHOCTb UCCNEeLOBaHUSA 3eNeHbIX MYGANYHBIX MPOCTPAHCTB NEPUhepUiiHOl YacTh ropoja B KOHTEKCTE
COLManbHOW cpefbl UX 3BOMHOLNM.

KntoueBble cnosa: ropog; ny6n1M4Hoe NPOCTPaHCTBO, cOLManbHas cpeaa; nepudepuitHocTb; aBoNoLUs; TpaHchop-
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SOCIAL GEOGRAPHY OF THE PUBLIC SPACES:
SOCIAL ENVIRONMENT VS PERIPHERALLY
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Corresponding author: N. I. Provotar (provotarnat@ ukr.net)

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.

BBeneHue

MoHMMaHWe ropoja 1 ropoAcKoro NPOCTPaHCTBA U3MEHSETCS, B ONpPeAeNeHHON CTeneHn 3B0/IOLUOHM-
pyeT. B LeHTpe COBPEMEHHON AeUHULMM ropoja HaXo4ATCa YenoBek, couuym. C TOUKM 3pPEHUS Ye/l0BEKO-
LEHTPUYHOCTM NY6AUYHBbIE NPOCTPAHCTBA - YHUKa/IbHble 00LEKTbI, rAe O4HOBPEMEHHO aKKyMY/MpYHTCs
MPOSB/IEHNSA BCEX NPOLLECCOB MOPOACKMX TpaHchopMaumii. My6aMyHoe NpocTpaHCTBO ropoja - 3To AOCTYn-
HO€E M JUHAMUYHOEe NPOCTPAHCTBO A1 CAMOBbIPaXEHWS, OTAbIXa M 06LLeHMS Ntofeli. DBONOLUIO NYOANYHBIX
MPOCTPAHCTB B CYLLECTBEHHOI CTENeHW OMpPefenstoT counaibHble NPakTukU. TpaHchopmalmmn counanbHbIX
NPaKTWK, B CBOIO 0Yepellb, CBA3aHbl C BbIMOIHEHWEM NY6/IMYHLIMU NPOCTPaHCTBAMU ONpPeSeeHHbIX PYHKLWIA
1 00YCNOBMEHbI UX CYXXEHWEM W/IN pacLUMpeHUEM, NOSBAEHWEM HOBbIX, a TakXe NoTepelr Uan NOMHLIM U3-
MeHEHMEM OTAeNbHbIX U3 HUX [1].

OfHVM M3 OCHOBHbIX (DOKYCOB COBPEMEHHbIX FOPOACKMX COLMaNbHO-reorpatmyeckmnx ncecnefoBaHunii as-
nseTca coumanbHasa cpefa. MNeperyHas coumanbHOCTL TOPOACKOro NMPoCTpaHcTBa 4ns A. JlebeBpa 03HaYaer,
4TO BOMPOCHI MPOU3BOACTBA MPOCTPAHCTBA AO/MKHbI PACCMATPMBATLCS B KOHTEKCTE MP06/IeMbl MPON3BOACTBA
coumanbHbIX OTHOWeHWA [2; 3]. IMeHHO Takas TPaKTOBKa MO/I0XEHa B OCHOBY COLManbHO-MPOCTPAHCTBEH-
HOro NoAXofda K U3y4YeHWto ropoAckux ny6aumuHbiX npoctpaHcTe 3. Huna [4]. AaHHbIl nogxog 6asupyetcs
Ha NOHATMM 3BONOLMY NYBANYHBLIX NPOCTPAHCTB, KOrfa UX cTapble ()opMbl MOTYT 1cye3aTb, TpaHChopMuUpo-
BaTbCHA UM YCTyNaTb MeCTO HOBbIM [5].

MHoruve mccnefoBaTenyt akLeHTUPYOT BHUMaHNe Ha BANSHUM MeCTOPAaCcno/oKeHNs N COLManbHON cpebl
61113NeXaLLero XX1Mnoro paiioHa Ha COCTOAHME W UCMONb30BaHWe FOPOACKOro Ny6anYHoOro npocTpaHcTsa. Ha-
npumep, 3. H1 ONMCkIBAET pasHble CLEeHapuv TpaHc(opMaL My NapKoB, HaXOAALMXCA Ha OKpanMHe ropoga, rae
YXUBYT MIIOAM C [OCTAaTKOM HUXKE CPefHEero, U B LLEHTPasIbHbIX paiioHax, rae npoXusaeT HaceneHue ¢ 60ee Bbl-
COKMMU aoxogamu. B nepBom ciydae napk 06bl4HO MOCTENEHHO TepsieT MOCETUTENEN, Nepexoss nog Heodu-
UManbHbIA KOHTPOMb MWL, C MaprHanbHbIM MOBEAEHMEM, U CO BPEMEHEM 3aKpbIBAETCS, MOCKO/bKY MeCTHas
BNaCTb CUMTAET ero peBMTaNN3aLmnio 3KOHOMUYECKN Hea(EKTNBHOW. Bo BTOPOM C/yyae OH valle BCEro npu-
BaTM3MpPYyeTCH, TpaHChopMupyscb B Nonyny6anyHoe (3aKpbiTOe) NPoCTpaHCTBO [4].

CocTosHue My6AMYHOro NPOCTPaHCTBA HaMpPsSMYHO BAMSIET Ha ero UCnosb3oBaHue M nocelleHre. Kak oT-
MeyaeT . [eiin, 3anyLweHHOCTb Ny6MYHOro NPOCTPaHCTBa CTAHOBUTCS OAHOM M3 MpUYKMH ero notepu. Moce-
TUTENN MOTYT OTKa3aTbCs MUCMO/Mb30BaTb HEKOM(OPTHOE, HENPUBETIMBOE NYy6AMYHOE MPOCTPAHCTBO U OTAAThb
npesnoyYTeHne YaCTHOMY, KOTOPOe NpefocTaBaseT 60/blue NperMyLLecTB. IMEHHO aTTpaKTMBHbIE, NPUBETN-
Bble My6/MYHbIE MPOCTPAHCTBA C YA0OHBIM PacnONOXEHNEM CUMTAKOTCSH Ka4eCTBEHHbLIMU 1 NPUB/EKAOT noce-
TuTenei [6]. Takum 06pa3omM, Ny6ANYHOE MPOCTPAHCTBO AOMKHO ObITb afanTUBHbLIM, pearupys Ha counanbHble
N3MeHEHUS, a HoBble (HOPMbI MY6IMUYHOCTY Bbl3blBatOT BOSHUKHOBEHME HOBbIX MYBANYHbIX NPOCTPAHCTB [7].
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BaXkHbIi acnekT, KOTOpPbIA 06ycnoBaAMBaeT TpaHCHopMaLMio My6ANYHbIX MPOCTPAHCTB, - UX UMUK, BOC-
npusaTne nocetutensmu. MNMpu atom, Kak otMevaeT K. JInHY, «Mbl IBNSEMCS HE MPOCTO HabnAaTeNs MU Npe-
CTaB/IEHUA, @ YaCTbIO ero, HaxofACb Ha CLEeHe C ApYrMMK yyacTHUKamu» [8, c. 2]. To ecTb noceTuTenn Boc-
NPUHUMaIOT Ny6MYHOE NPOCTPAHCTBO Yepe3 NPU3My CBOEr0 NMPUCYTCTBUA B HEM.

B. MexTa BblfjenseT NaTb K/AKOYeBbIX NapaMeTpoB A/19 OLEHKW KayecTBa MyOAnYHbIX MPOCTPAHCTB - WH-
K/IH03MBHOCTb, 3Ha4MMble aKTUBHOCTW, 6€30MacHOCTb, KOM(OPT U YA0BONbCTBME. OH OTMEYaeT, YTo 06LLecT-
BEHHOE NPOCTPAHCTBO AO/MKHO ObITb BU3YaslbHO NPUATHLIM, AOCTYMHbLIM U OTKPbLITHIM NPOCTPAHCTBOM y4ac-
TnSA, B KOTOPOM obecneymBatoTca 6e30nacHOCTb (peasibHas v BOCMPUHMMaemas) U 4yBcTBO KomdopTa [9].
Mo ero MHEHUIO, KaYeCTBEHHbIE 06LLECTBEHHbIE NPOCTPAHCTBA - 3BOJIOLMOHUPYIOLLME, COaNaHCUPOBaHHbIE,
pasHoo6pasHble (He NpefHaMepeHHO SKCKIHO3MBHbIE), pasrpaHuyeHHble (HO He CerperMpoBaHHble), couunab-
Hble, CBOOOHbIE, 3HA4YMMble, KOM(OPTHbIE, YCTOWUUBLIE (B TOM YnCie K romoreHmsauuu) [10].

B gaHHOI paboTe Ha OCHOBe COLMAIbHO-NPOCTPAHCTBEHHOrO NoAXo4a NpoaHann3npoBaHbl COBPEMEH-
Hble TpaHcopmaLmm AByX My6AUYHbLIX MPOCTPAHCTB B NepuepuintHoin yactu Kuesa. Bblav NocTaBeHbl
cnegytouime mccnegosaTensckme Bonpockl: «KakoBbl 06WMe 0CO6eHHOCTM TpaHchopMaunmn ny6anyHbIX
NPOCTPaHCTB B NeputepUitHbIX palioHax Kunesa?»; «Kakum 06pa3om couuanbHas cpefa BANAET Ha 3BONO-
LMI0 NYBANYHBIX NPOCTPAHCTB U ONpefenseT N OHa XapakTep Ux TpaHcopmaumum?»; «Kak MeCTHbIE XXUTENN
BOCMNPUHUMAIOT NMY6ANYHbIE NMPOCTPAHCTBA C TOYKM 3PEHUSA UX AOCTYMHOCTU, UCMOMb30BAHWUA, UMULXKA, UH-
TErPUPOBaHHOCTU?»,

MeToauka mccnegoBaHNA

ViccnepoBaHve nMy6anYHbIX NPOCTPAHCTB MepugiepuitHoii YacTu Kueea BKIKOUAN0 OLEHKY MX Kak (hr3u-
UeCKOro 06bekTa, onpefesneHne B3avMHOIO B/IMSIHWS COLMANbHOM Cpedbl XKMIOro painoHa 1 ny6AnyYHoro npo-
CTpaHCTBa, aHann3 B3anMOoAelicTBuUA NoTpebuTenei (nocetuteneit) ¢ Ny6ANYHBLIMK NPOCTPAHCTBAMMU.

ViccnepoBaHvie MPOBOANIOCE HA OCHOBE [BYX KeiCOB - CKBepa B MuKpopalioHe TepeMku-1 v napka «Te-
PEMKU» B MUKpopaiioHe TepeMKun-2. BblbpaHHble Kecbl UMEKT psij 06LMX YepT, onpeaenstowmux nx cono-
CTaBMMOCTb: 06a 6b1an co3gaHbl B 1970-X IT. B HOBOMOCTPOEHHbIX MUKPOPaioHax, XapaKTepr3yTCA CXOXKNUM
61aroycTpoiicTBOM (yNnM4YHas Mebeb, AeTCKMe NAOWAAKN U T. [.) W BbIMOHAKT aHa/IOTUYHbIE (YYHKLMUU -
006LLEeHNs, OTAbIXA U pa3B/IeYeHMs AN1S XXNUTeNeid CoCeAHNX MHOMO3TaXHbIX AOMOB. Bblbop 3eneHbIx ny6imy-
HbIX MPOCTPAHCTB 06YCNOBMEH TEM, YTO B MEPUPEPUIAHOI YacTU ropoga MMEHHO 3TOT BUA MyBANYHBIX NPO-
CTPaHCTB ABMSETCA HaMboee pacnpoCTPaHEHHbIM.

VHpopmaLMOHHOM 6a3oii uccnefoBaHUa cTanu pe3ynbTaTbl NONeBbIX HAOMOLEHWUI N aHKETHOrO 0npoca,
nposefeHHbIX B 2017-2018 .

Ha nepBom 3Tane 6bln onucaHbl 0OBEKTHI, KOTOPbIE HAaXOAATCA B Mpefeniax uccrnefyemMbix myB6anyHbIX
MPOCTPaHCTB (YNU4YHas Mebenb, MOCTaMeHTbI, CKY/IbNTYPbl, NOKPbITUE AOPOXEK, MOPYYHM, Kade, AeTCKue
MNOLWAAKN, KYNbTOBbIE COOPYXXEHWS, AepeBbs, KNyMObl U T. 4.) ¥ NO3BOJIAIOT OCYLLECTBATL ONpefeeHHble
aKTUBHOCTY (BUAbI AeSATENBHOCTM) UKW, HA0BOPOT, AeNak0T 3TO HEBO3MOXHbIM. [lanee OblIN BbISBNEHbI aKTUB-
HoCcTU (BMAbI AeATENILHOCTM), KOTOPbIE MPefiaraloTcs B paMKax Ny6anyHOro NpocTpaHCcTBa 41 MOCETUTENENA.
Ha ocHoBe pe3ynbTaToB HabNOAEHWIA 1 0Npoca NPoaHaNM3MpPoBaHO B3aMMOAeCTBIE NOCETUTENEN ¢ Ny6any-
HbIM MPOCTPAHCTBOM.

HabntofeHns npoBoguamnce asaxkabl (B MapTe u ceHTA6pe 2017 r.) Mo ceMb AHENR B pasHOe BPEMS CYTOK
(YTpo, AeHb, Beuep). [ns yTOUHEHNS OTAEbHbIX MOMEHTOB JOMONHUTE/bHbIE HABMO4EHMS ObIAN BbIMOJTHEHDI
B MapTe 2018 . MonyyeHHbIe pe3y/bTaThbl €XeAHEBHO (HMKCUPOBAIUCL B BUAE TEKCTOBbIX OTUYETOB M (OTO-
maTepuanos. Ana naeHTUGUKaLMU TpaHChopMaLmnii Ny6anYHbIX NPOCTPAHCTB TEKCTOBLIE OTYETHI BK/OYaA-
NN KOMMEHTapUK: &) OTHOCUTE/IbHO Y/IMYHON Mebenun, ee NPUCYTCTBUA/OTCYTCTBUSA, YA0OCTBA, 3CTETUYHOC-
T; 6) pecTOpaHOB W Kade B KOHTEKCTE Ha/Mumsi COOGCTBEHHOM MAapKOBKMW, LIEHOBOW MOMUTUKN 3aBEAEHNS;
B) XpamMOB C TOYKM 3PEHUS HAMUKA OTPaXAEHUS, OFPaHNYeHNs JOCTYNa; ) APYIrMX 0ObEKTOB KacaTe/slbHO
TOro, He MPENsATCTBYIOT M OHWU CBOOGOAHOMY MPOXOAY MO/b30BaTeNeld, He 3aKpbIBalOT N Neisax/naHopa-
My; 1) naHAwadTHOro AM3aiiHa; €) NoKa/bHbIX NMpaBWUa NoBeAeHUs (Hanpumep, 3anpeTa cuAeTb/nexartb Ha
TpaBe M T. N.).

AHKETHbI 0Mpoc MPOBOANACA C MCMOMb30BaHMEM METOAAa CeMaHTUYecKoro audepeHumana. B kaxgom
Kelice 6bin0 onpoLlieHo Mo 40 pecnoHAEHTOB - MOCeTMTeNed My6aMYHbIX NPOCTpPaHCTB. MM npegnaranoch
OLEeHWTb My6/IMYHOE MPOCTPAHCTBO MO aHTOHUMUYECKMM XapaKTEPUCTMKaM, CrpynnupoBaHHbIM B YeTbIpe
610Ka: 1) LOCTYNHOCTb My6AMYHOrO MPOCTPAHCTBA; 2) MCMO/b30BaHMe Ny6AMYHONO NPOCTPAHCTBA; 3) MUK
My6/MYHOr0 MPOCTPaHCTBa; 4) UHTErpupoBaHHOCTL NMy6AMYHOIO NMPOCTPaHCTBa. Pesy/nbTaThl onpoca aHa-
NM3NpoBanMCcb C NomoLLbo AnarpaMmbl pasmaxa (box and whisker plot), koTopas no3sonuna onpeaennTb
YPOBEHb COMNacoBaHHOCTM OLEHOK PECMOHAEHTOB M COMOCTaBUTb MefMaHbl OLLEHOK MO BbIOPaHHLIM Mapa-
MeTpam.
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OCHOBHbIe pe3y/bTarhbl

BnusiHne coumnanbHoli cpefbl Ha Ny6/MYHbIe NPOCTPAHCTBA. AHanM3 3e/eHbIX My6ANYHBIX NPOCTPAHCTB
nepugepmnitHoii YacT Knesa B KOHTEKCTE BAMSHUS COLMaNnbHOM Cpeabl XKMIOro paliioHa BKOYan onpegene-
HWe CTapTOBbIX MPeLNOChI/IOK Pa3BUTMSA, (PAKTOPOB U3MEHEHNS UX (DYHKLUA 1 0COBEHHOCTEA COBPEMEHHbIX
TpaHchopmaumit. YUTo MOBAMANO Ha 3BOOLMIO UCMONb30BaHNSA MY6MYHBIX NPOCTPAHCTB NCCNeAyeMbIX Keil-
COB, KOoTOpble B 1990-X IT. B pe3y/nbTare 3KOHOMUYECKOro KpuU3nca Havanm nocTeneHHo NpuxoamTh B yrnagok?
OTBETUTL Ha 3TOT BONPOC CTOUT Yepes NPU3MY PeTPOCMNEKTUBHOMO aHann3a co3fLaHns, U3MeHeHUs 1 pasBuTUA
BblGpPaHHbIX NY6ANYHbIX NPOCTPAHCTB.

MpoeKTbl CTPOMTENbCTBA XK U/bIX paloHoB. COrnacHO KOHLENUMM NPoeKTa M1KpopainoHa Tepemku-1,
B NepBYI0 oYepeb KBAPTUPbI SOMKHbI ObIN MONYUNTL KWOEPHETUKN - aCMMPaHTbI, YYeHble 1 NpenojasaTenu.
MpoeKT 6bIN 3KCNePUMeHTa/IbHbLIM, NOCKONLKY Mpesnaranoch CTPOUTENBLCTBO YXW/bIX JOMOB, 06beNHEHHbIX
B OfIHO COOPYXEHWe, 1 KOMIM/IEeKCa 06OLLEeCTBEHHO-KYIbTYPHOr0 06CNyXMBaHWs. To eCTb NIaHNPOBANIoOCh BO3-
BeAEHVe efUHOr0 apXUTEKTYPHOrO aHCamb/isi C KacKafHON KOMMNOHOBKOW pasHO3TaXHbIX 3haHuiA. dopma goMa
HarnomuHana hparMmeHTbl NYENNHbIX COT, YTO WU ONPEAENUI0 CTPYKTYPY BHYTPEHHero ABopa. Mo NpoekTy Kax-
[las vacTb 1BOpa A0/MKHA Oblia 0T/IMYATLCA MaIbIMU aPXUTEKTYPHBIMU (POPMaMK, LiBETAMU U 03/IEHEHMEM.

OfiHa U3 naeit KoHLUeNumMm 3acTPoikn MMKpopaioHa TepeMku-1 3akntoyanack B OpraHu3aLny LieHTpa 06-
LLLECTBEHHOr0 06CNYXXMBaHWS, KOTOPbIA M36aBWN Obl XXUTENER 0T pa3NNYHbIX 6bITOBbLIX Npobnem. MnaHnpoBa-
NOCb, YTO CBOGOLHOE BPEMS XU/bLbI BYAYT NPOBOANTL B 6UBANOTEKAX, 0340POBUTENbHBLIX KOMI/IEKCaX, 3anax
CeMelHbIX Npa3fHNKOB. K coxaneHunto, naes co3faHus LeHTpa 06LWecTBEHHOI0 06CNYXNBaHNA U My6ANYHO-
ro NpocTpaHcTBa 6blna BOMOLLLEHA TObKO B ACMEKTE OpraHu3auuy TeppuTOpUN BHYTPEHHEro ABopa. Takxke
3TOT MUKPOPANoH He CTal MECTOM XXUTE/bCTBA TO/IbKO YUEHbIX: YacTb KBapTUP MOAYUWUAN NHOAW, KOTOPbIX
paccensiny u3 ctapbiX LOMOB LieHTpanbHbIX paiioHoB Kuesa.

OfHOW 13 OCHOBHbIX 3afa4 NpPoeKTa MUKpopaioHa TepeMKuK-2 6biN0 cO3[jaHNe TaKoi NIaHWPOBOYHONA
CTPYKTYpbl, KOTOpast 6bl MUHUMW3MPOBaIa HebNaronpuaTHOE BO34ENCTBME WyMa OT BOMbLUIOR OKPYXXHOIA f,0-
poru. MuKpopainoH NOCTPOEH Ha MecTe 3KCNepUMeHTanbHO-NCCNeL0BaTeIbCKOr0 NMMTOMHMKA N0L0BO-Ar04-
HbIX KylbTYp, YTO M3Ha4a/lbHO 00YC/IOBMIO0 OTHOCUTENbHO BbICOKWIA YPOBEHb €ro 03eneHeHus. Ha nctokax
p. HUBKM 6b11M cO3faHbl TPY 03epa, BO3/E KOTOPbIX PA3MECTUNCA NApK «TepemKu».

C Hayvana 2000-X IT. psoM C COBETCKOI XXWUMOI 3aCTPOIAKOA BO3BOANTCSA HOBbIWA YXKWMOM KOMNNEKC «JINKO-
pag». B OCHOBY ero MaaHMpPOBOYHOM KOHLEMUuM Gbina NooxeHa NAes Mony3akpbiTbiX 4BOPOB A1 KaXAOW
rPynNMbl XXWbIX AOMOB. BbICOKMIA ypOBEHb aBTOMOOMIM3ALMM MUKPOPaioHa CTas MPUUMHOA NpeBpaLleHns
BHYTPEHHWX 4BOPOB B NapKOBKMW. [pW NpoeKTUpoBaHUM KoMnekca «JIMko-I"pag» npesnonaranochk, 4To Xurte-
nn ByLyT NCMOMb30BaTh YXKe CYLLEeCTBYHOLLee 3e/1eHoe MyO6AnYHOE MPOCTPAHCTBO - Napk «TepemMKu», KOTOpbIi
(hakTUYecKn nprobpen NPU3HaKu napka MMeHHO Noc/e CTPOUTENLCTBA HOBOMO XMNOro KoMmnekca. MNpugomo-
Bble TEPPUTOPMU, B HACTHOCTU BHYTPEHHWE ABOPbI, 3LECh HE NMO3ULMOHUPYIOTCA Kak My6/IMYHbIe MPOCTPaHCTBA,
a paccmaTpuBaloTCA Kak TpaH3UTHas 30Ha M MecTa Ans NapKoBKW aBTOMOOWNeR. Mo3ToMy faxe SOBOSIbHO akK-
TUBHOE COOBLLECTBO XUTeneid Komnekca «/IMKo-Ipag» noka He CMOI/0 aKkTyanu3MpoBaTb BOMPOC CO3LaHUs
BHYTPEHHUX NMY6MYHbIX NPOCTPAHCTB. OfHA U3 MPUYNH 3TOTO - UMEHHO NPOEKTUPOBOYHBIE NPESNOCHIIKMN.

N3MeHeHMe counanbHo CTPYKTYpbl XKuTeneid. B 1990-x rr. 3KOHOMUYECKMIA KpMU3MC 00yCnoBun yna-
[OK B pa3BuTum Knesa, 1 0COBEHHO ero nepudepuiiHoii YacT. ITO BbI3BAO CYLLECTBEHHbIE U3MEHEHNUS B CO-
LManbHOI CTPYKTYpe XWUTeNei MUKpopaiioHa, MOLeNsX X NOBCeAHEBHbIX NPaKTUK (NOBeLeHMS).

Tex, KTO XXWUn B MMKpOpaioHe TepemKu-1 coO BPEMEHW €ro 3aceneHuns, ocTanocb Mano. MHorme Bnagenblpi
He XXMBYT 3[€Cb, a CAA0T KBapTUpbl B apeHay (onpoc 15 mapTta 2017 r.). CerogHsa TyT CENATCA MOMOAble CEMbM,
BO ABOPax MOXHO BUAETb PoAMTeNeli ¢ Konsckamu (HabmoaeHue 14-20 mapta 2017 r.). XKutenm, KoTopble Xopo-
LLIO 3HAIOT CBOMX COCEAE, rOBOPST, YTO B JOME NOCTOSHHO MOABASAOTCA HOBbIE NnLa (onpoc 17 mapTa 2017 r.).
To ecTb MECTHbI COLMYM He LieNOCTHbINA, a AennTca Ha e yacTu. MNepBas - Te, KTO NPOXMBAET 34€eCh LABHO,
MOCTOSAHHO W MMEET YYBCTBO «/JBOPOBOr0» MaTpuoTu3Ma, KOTOpPOe, 0fHAaKO, NOAKPENIEeHO NMLWb OTAENbHbIMU
aKTamu 6bloTUdMKaLMK (co3gaHne Gepe3oBOW annen, KNymo, MUHU-My3est A€PEBAHHbIX U3AeNNiA NOA OTKPbI-
TbIM He6OM, MMMNPOBM3NPOBAHHOTO MEMOpPUana reposiM «HebecHOI COTHM»). [pyras yacTb - Te, KTO XXMBET TyT
BPEMEHHO W HEe 3aMHTEPECOBaH TPaTUTb BPEMS 1 YCMNMS Ha 61aroyCcTpoincTBO MNy6/IMYHOro NPocTpaHcTBa [1].

B HOBOMOCTPOEHHOM Komnnekce «JInko-Ipag», rae npoxusaeT 6onee 25 TbIC. YeNOBeK, KBapTUPbI B OC-
HOBHOM MOKynatoT ntoay B BospacTe 30-40 neT, MMetoLLMe BbICOKUIA COLMaIbHbIN CTaTyc, 0 YeM, B YaCTHOCTH,
CBMAETENbCTBYIOT MPUNapKoBaHHbIE Y NMOAbE3A0B aBTOMOOUNN (HabntogeHns 14-20 mapta n 9-15 ceHTAGPS
2017 r.). TnaBHbIM 06pa3oM 34eCb CENATCA NPeACTaBUTENU CpefHero Knacca: 4acTb M3 HUX - KUEBNSHE,
KOTOpble NPUOBPENN Xnnbe 3a CO6CTBEHHbIE CPeACTBa, YacTb - MOOAble amMbuLMO3HbIE NPOECCUOHANbI,
npuexaslime B Knes 13 pasMUHbIX PETMOHOB YKpauHbl Y KYMUBLLWE YXXU/be B KPeOUT, eCTb TaKXkKe Te, KOMY
KBapTupa 6blna nofapeHa coCTOATENbHBIMU POAMTENAMWU, U Te, KTO BOCMO/b30Ba/ICA BO3MOXHOCTAMU NpPoO-
rpaMmbl MOMIOAEXHOI0 cTpouTeNbCTBa [1].
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B komnnekce «Jlnko-Ipag» chopMmpoBanach LenocTHas 00LLMHA XKUTeneld NPeuMyLLeCTBEHHO MOOA0ro
BO3pacTa, KOTOpble CO34anu CeMbM, UMEIOT AeTeld, MOCeNNAUCH HafoNro U NO3TOMY 3aMHTepecoBaHbl B 6naro-
YCTPOWCTBE TeppuTOpUN, 1 NpPexae Bcero ny6anUHbIX NPOCTPaHCTB. MECTHbIN COUUYM aKTUBEH B CBOMUX
LEACTBUSAX, MHULMUPYS pasfnyHble MPOEKThI, 06paLleHns, NPOTECTbI, TECHO B3aMMOAENCTBYS C NpeAcTaBuTe-
NAMU BIaCTU U Gr3Heca.

CoumanbHble ceTW. XXUTenamm mukpopaioHa Tepemkn-1 B coumanbHoi ceTn Facebook cosgaHa rpynna
«TepemKmn», KOTopas Ha oKTA6pb 2018 r. BkAoYana 331 yyacTHMKa. TemaTuka COOGLLEHWNIA Yallle BCEro CBf-
3aHa C IMYHbIMK, ObITOBLIMK BONpocaMmu (HanpumMep, 06bsBNeHUs 06 yTepe AOMalLUHKUX N06MMLEB, OKa3a-
HMW PeNneTUTOPCKUX 1 NOBCEAHEBHbIX YCMYT, NPOAaXKe pasNUHbIX BeLLeit), a TakKe ¢ npe3eHTaumen obpasa
MUKpopaioHa (B 0CHOBHOM hoTomaTepuansl). JInb 0TAeNbHbIe COOBLLEHNS KacatoTcs NpobaeM ny6nyHoro
npoctpaHcTBa. Kpome TOro, ecTb 06bABMIEHUA O PO3bICKE MOL03PEBAEMbIX B COBEPLLIEHUWN NPECTYMNEHUS, KOH-
TaKTHble faHHble A4/ CO0OLLEHNS O NPojaXKe 3anpeLLeHHbIX BELLEeCTB.

B MuKpopaiioHe co3gaH opraH caMoOpraHuM3auun - KOMWUTET MUKpopaiioHa Tepemku-1. OguH 1“3 no-
ClefIHUX NPUMEePOB ero akTMBHOCTK, O KOTOPOI 3asB/IEHO HA YPOBHe ropofa, - obpalleHune B ropofCKoi co-
BET MO NOBOLY YCTaHOBKY LIYMO3aLUTHOIO 3KpaHa BAo/b nNpocnekTa AkageMuka IMyLwKoBa ¢ UHTEHCUBHBIM
aBTOMOOU/ILHBIM [IBUXEHMWEM.

[nsa obeyxaeHns npo6niemM 1M NPOBOAMMBIX MEPONPUATUIA XUTeNU Komnnekca «JIMko-Mpag» MCnonb3yoT
Beb-popym Liko Life. Heckonbko rpynn co3gaHo B couuanbHol cetu Facebook, B yacTHOCTH «O6LyMHa Tepem-
Kun-2» (1073 yyacTHMKa), «OKONPOCTPAHCTBO TepeMKmn-2» (254 yyacTHMKA), « TepeMKu-2... Tam, rae s XUBy...»
(141 yyacTHVK). Kpome TOro, XX1Tenu oCHOBaIM O6LLLECTBEHHYIO opraHm3aumio «O6LwecTso JInko-Ipaga», 3a-
[laveli KOTOPOI ABNSETCA NPeAcTaBeHne 1 3aluUTa UHTEPECOB ee Y4aCTHUKOB. AHanu3 co0OLLEHWIA B coLmalib-
HbIX CeTSAX MOKasas, YTO 60/bLIOe NX KONMYECTBO B rpynne «O6LmnHa TepeMKn-2» KacaeTca napka « TepeMKm»
(Hanpumep, NpoBeseHMe ecTrBanei, cyb60THNKOB, MOBMIM3ALNA ANA 3aUTbI OT BbIPYOKM [epeBbeB U T. M.).

Kommepunanusauusa. B 2003 r. B MuKkpopaiioHe TepeMKn-1 Obl1 NOCTPOEH TOProBO-pa3BieKaTeNbHblIi
LUeHTp «MarennaH», CTaBLUWA MeCTOM NPUTSXKEHUS NpeAcTaBUTeNeil cpefHero knacca, KOTopble MOrin Obl
NPUHATb aKTUBHOE y4acTue B Npeobpa3oBaHMAX CoceaHero ckeepa. Ho aTux npeobpa3oBaHuii He NPOU30LLIIO.
Hao6opoT, BCMeACTBUE UCKNIOUEHNS YacTW NpeLcTaBuTeNeid cpefHero Knacca NpoMcXoauT B OnpeaeneHHon
CTeNeHn MapruHanusaums n noTeps ckeepa (NPOSBEHNS BaHAaM3Ma, acoLnanbHOro NoBeAeHns Ha feTCKUX
naowajaKax B JHEBHOE BPEMA U T. M.).

B mMukpopaiioHe TepeMKu-2 psaoM € NapkoM «TepemKu» 1 Ha ero TeppuTopUM OTKPbIThI 4Ba pecTopaHa,
TOUKM MO NPOJaxXe HanNUTKOB U cnagocTeid (puc. 1). Ana feTeld B NeTHWIA nepuog o06ycTpamBatoTCs MiaTHble
aTTpakuMoHbl. PSAOM NOCTPOEHbI CeTEBON CNOPTUBHLIA komnnekc «Sportlife», roctuHuua «dasop». ITu
06bEKTbI MPUBNEKAIOT NOCETUTENEN NapKa, AMBEPCUDNLMPYIOT ero yHKLUNN.

Cakpanusauus. VIHMLMaTMBOI XunTeneid MukpopainoHa TepeMku-1, KoTopast CyLLECTBEHHO MOBAUSAMA Ha
nNy6AnYHOE NPOCTPAHCTBO, ABMSETCA CTPOMTENLCTBO Xpama B 2004 r. OH BO3BeieH Ha MecTe CTUXMIAHOI cBaf-
Ku. Celivac TeppuTopus Xpama OropoXXeHa AepeBsiHHbIM 3a60pOM, KOTOPbIA BbINOMHAET CKOpee AeKOopaTuB-
HYtO PyHKLMIO (puC. 2).

YHUKaNbHOCTb NY6AMYHOI0 NPOCTpaHCTBa MUKpopaioHa TepeMKu-2 cocTouT B 0COOBOM, OpraHNMYHOM CO-
YeTaHWM caMbIX Pa3HbIX 0O6EKTOB U aKTUBHOCTE: PAAOM C XPaMOM HaxOAMTCs BCerja 3amnofHeHHas feTckas
nnowaaKa, Bo3sfe CTyneHek LEPKBU AeTW KaTarTCA Ha 3NeKTPOMOOUNAX U Benocuneax, Hefaneko XXuTenm
OTAbIXaloT Ha NasXKe o3epa (HabnogeHns 14-20 mapTta n 9-15 ceHTabpa 2017 r.). My6An4HOe NPOCTPAHCTBO
MOCTOSIHHO MMeeT NoTpebuTeneil, KOTOPbIe UCMONL3YIOT ero 41 PasNnYHbIX Leneld, HO Npu 3TOM He MeLlalT
APYTUM W He CO3[aloT ANst HUX HeydobeTs [4].

Puc. 1 Kommepumanmsaums v cakpanmsaums napka «TepeMku» (HabnogeHve 12 ceHTa6psa 2017 r.)
Fig. 1. Commercialization and sacralization of «Teremky» park (2017 September 12 observation)

19



>KypHan benopyccKoro rocyfapcTeeHHoro yHmsepcuteta. "eorpadus. Meonorua. 2019;2:15-24
Journal of the Belarusian State University. Geography and Geology. 2019;2:15-24

Puc. 2. BbtoTutmkaums 1 cakpanusaums cKkeepa
B MUKpopaiioHe Tepemku-1 (HabntogeHwe 17 mapta 2017 r.)

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

B3aumogeiicTBue nocetmuteneid ¢ Ny6AMUYHbIMKU NpoOCTpaHcTBaMun. HabnogeHus B nepsoM Kelice (Cksep
B MUKpOpalioHe TepeMKu-1) N0O3BOIMAN ONPeAENUTb CReayroLMe NooXKeHus.

1. OCHOBHbIMK NOJIb30BATENIAMU CKBEpa ABMIAIOTCA XUTENN COCeLHUX [OMOB, Camble aKTUBHbIE Cpeawu
HUX - MEHCUOHEPbI, NOCETUTENN C AETbMM, a TaKXKe AOMalHUMK NtobruMLammn (cobakamu), LWKOALHWUKK, NnY-
HOCTM C NpM3HaKaMn MapruHaabHOro NnoBeAeHUs.

2. MnaHMpOBOYHas CTPYKTypa Ny6/IMYHOr0 NPOCTPaHCTBa 06YCN0BAEHA KOH(UTYypaLnelt XnblX 4OMOB,
00beJMHEHHbIX B €AWHbIA apXMTEKTYPHbIA aHCcambib. OCO6EHHOCTbI0 AaHHOrO My6/MYHOro NPOCTPaHCTBA
ABNSETCA UHTErpupoBaHHOCTb ABYX 06LLe06pa3oBaTe/ibHbIX LWKOM U YeTbIPeX AOLUKO/bHbIX YUpeXaeHUd, Ko-
TOpble ONpPefensnUch Kak NiaHMpPOBOUHbIE LEHTPbI. [11 CKBepa XapaKTepHa 3K/MNEKTUKa - coYeTaHMe YANYHON
Mebenun n masibiX apxXuTeKTYpHbIX opm 1980-x 1 2010-X rr., YTO 06YCNOBAMBAET MO3aMYHOCTb NPOCTPAHCT-
BEHHOI opraHusauum (cMm. puc. 1). YnuuHas mebenib, CNOPTUBHbIE TPEHAXEPbl HE UMEKT e4UHOI0 CTUNA
ohopM/IeHMS, a OTAe/bHbIe 3/IEMEHTHI YCTaHOB/IEHbI He MO NPUHUMMY yA06CTBa A1 NOoCceTUTeNen, a Tam, rae
Ob110 MecTo.

3. B npegenax ny6aM4YHOro NPOCTPaHCTBa BbIAENAOTCA apeasibl ¢ pa3HON MHTEHCUBHOCTLIO MCNONb30Ba-
HUA, OAHAKO MX FPaHuLbl LOCTAaTOUYHO YCNOBHbI:

* Manoucnonb3yemMble apeasbl, KOTOPble BKIOYAOT 3a6pOoLLeHHbIe 6eTOHHbIE JETCKME NoLWaaKu, ObITo-
Bble 1 HEOOOPYAOBaHHbIE CNOPTMBHbIE NNOLWAAKN ((haKTUYEeCKM 34eCb BbIrynmnBatoT cobak) (puc. 3);

 apeanbl, KOTOPble MOXHO YC/IOBHO Ha3BaTb «/ydlle TaM He XoauTb» (HabnwogeHue 17 mapta 2018 T,
¢ 12:00 po 14:00). Mcnonb3ykoTca B OCHOBHOM AMLaMW C MapryHasbHbIM NoBedeHMeEM (418 pacnuTus anko-
rOflbHbIX HANMWTKOB U YNOTPe6eHNs 3anpeLLeHHbIX BELWeCTB);

* apeanbl ABYX AETCKUX NOLWaA0K - 6eTOHHOW 1980-X IT. U COBPEMEHHOM, KOTOpbIe MO/Mb3YyTCA Nony-
NSPHOCTLIO CPeAn NOCETUTeNen ¢ AeTbMU U UMEKT 3/IEMEHTbI ObOTU(NKALMW, YCTAHOBEHHbIE XUTeNsMU
coCeHUX [OMOB;

* apean 61OBETA, KOTOPLI ABASETCA OAHWMM M3 HaMboee NOMYASAPHLIX B Npejenax ny6iMyHoro npocTpaH-
CTBa MECT Yy NeHcMoHepoB (0CO6EHHO B MePBOIi MOJIOBUHE AHS);

* apean cneunguUecKnX YANUHbIX TPEHAXKEPOB, KOTOPbIA, HECMOTPS Ha HOBOE 06YCTPOIACTBO, He MOJb-
3yeTca NnonynsapHoOCTbIO;

Puc. 3. OKIEKTUYHOCTL 0hOPMIIEHNS CKBEpa B MUKpopaiioHe TepeMku-1 (HabntogeHne 17 mapTa 2017 1))
Fig. 3. Eclecticism of public garden design in Teremky-1 neighborhood (2017 March 17 observation)
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* apean neLlexofHbIX JOPOXKEK M NAOWAaA0K Y NOABLE3AO0B, KOTOPLIA OCHALLLEH CKamelikaMu pasnuyHoro au-
3aiiHa. Ham6onee BocTpe60BaH y NEHCMOHEPOB, KOTOPbIE OTALIXAOT Ha CBEXKEM BO3LYXE PAJOM C XKUIbEM;

* apeas MpaBOC/MaBHOr0 Xpama, KOTOpbIiA ABASETCSA LEeHTPasbHOW KOMMNO3ULMOHHOW TOYKOW Ny6InMYHOro
NPOCTPaHCTBA U UCMOJb3YeTCH MPUXOXKaHaMMU;

e apean BHYTPUABOPOBbLIX MPOe3[0B, KOTOPbIA He MMeeT 060CO6/1EHHbIX MeLIexX04HOM, BenocuneHol
1 NPOE3KeN 30H, YTO B ONpesesIeHHOW CTeNeHN co3haeT Heyao6CTBa, OfHAKO BCNeCTBUE HU3KOW UHTEHCUB-
HOCTW [BMXKEHWS aBTOMOOU/IEN He ABNSETCA OCTPOI Npo6aeMOii.

My61nyYHOe NPOCTPaHCTBO BHYTPEHHErO 4BOPa B MUKPOpaioHe TepeMKu-1 akTMBHO MCNOMb3YeTCA TOMbKO
B palioHe 610BETA M HOBbIX AETCKUX M0WafoK. Beuepom npebbiBaHMe Ha 3TOM TeppUTOpPUK YCNoBHO Gesonac-
HO, NOCKO/bKY WHOTAa CPean NoceTuteneil MoOXHO BCTPETUTb /ML, C MaprHaibHbIM MoBefeHeM (Habntoge-
HMs 14-20 mapta n 13-19 ceHTabps 2017 r.).

4. B uenom opraHusauua ckeepa yaoBeTBOPSET NOTPEOHOCTH TONLKO OTAENbHbIX FPYMM XUTeNel MUKPO-
paiioHa. TO MOBAUANO Ha OLEHKY [aHHOrO Myb6/M4HOro npocTpaHcTBa. CyMMapHO pPecnoHAEHTbI OLEeHWN
€ro OTHOCUTENIbHO HU3KO (CM. Tabnuuy). JIMb YeTbipe XapakTepucTUKWM U3 NATHAALATU NOMYYUAN MaK-
CUMasbHBIA 6ann: «OCTYMHOE», «MELeX0HOe», «OCTYMHOE A/ BeNOCUNeanCTOB» U «aKTUBHOE WCMO/b30-
BaHWe». ["opa3fo HWXKe PecnoHAEHThl OLeHWUAN NPUBAEKATENbHOCTL M 3CTETUYHOCTL MY6/MYHOIO NPOCTPaH-
CTBa, BO3MOXHOCTb paccMaTpuBaTh €ro Kak npegMeT ropfoctu. HeBbICOKOM, HO MOM0XUTENLHOW ABNSeTCS
OLleHKa YMCTOTbl CKBepa M ero COOTBETCTBUS 3anpocaM notpebutenein. OaHaKO OTAe/bHbIe PECNOHAEHTHI
0TMeYasin, YTo ABOP COOTBETCTBYET TeM, KTO 3[eChb XMBET (HabntogeHme 18 mapta 2017 r., ¢ 13:00 go 15:00).
HecMoTps Ha TO 4TO B NY6/MYHOM MPOCTPAHCTBE 3a(hMKCUMPOBaHbI MPOSBAEHUA acoLManbHOr0 MOBeAeHUS
Y NPUCYTCTBUE MaPrUHaNbHbIX IMYHOCTEN, PECNOHAEHTbI OLeHNNN 6e30MacHOCTL NY6MYHOr0 NPOCTPaHCTBa
Ha cpefHeM YpOBHe.

Takum o6pa3om, Hambonee NPO6JEMHbLIMU COCTABAAIOLLMMM UCNO/Mb30BaHUS NY6/IMYHOIO MPOCTPaHCTBa
MepBoro Keiica SABNAOTCA €ro NPWBEKaTeIbHOCTb, 3CTETUYHOCTL, 6€30MacHOCTb U COOTBETCTBUE COBPEMEH-
HbIM 3anpocaM pas/IMyHbIX KaTeropuili NoceTUTene.

PesynbTaTbl HabAO4eHN BO BTOPOM Keiice (MapK «TepeMKn» B MUKpopaiioHe TepeMKn-2) cBUAETENbCT-
BYIOT O C/efyoL X 0COOEHHOCTAX.

1. OCcHOBHble MoceTUTeNM NYBANYHOr0 NPOCTPAHCTBA - XWUTEM COCEeLHUX AOMOB, Cpefu KOTOPbIX Hau-
6onee aKTVBHbLIMW BbICTYNatOT MNOCETUTENN C AeTbMU U LOMALUHUMMK NHOOMMLAMMW, NEHCUOHEPLI, CeMeliHble
napbl.

2. MnaHMpoBOYHOI OCbID Mapka ABASETCSA CeTb NPYAOB Ha pycne p. HuBku. KOMNO3ULMOHHbIE 31EMEHTI
pacnosioXXeHbl BAOMb GEPEroBoii IMHUN.

3. Ha TeppuTopun napka MOXHO BbIAENUTb CAeAYHOLLME TUMbI apeasoB Mo NoKaIm3aLMm pa3nudHbIX BUL0B
aKTUBHOCTE:

* apean AETCKOW NMOLafKM - TeppuTopus, CreuuaibHo 060pya0BaHHas 1 OTrOPOXKEHHas B Liesisix 6esonac-
HOCTW feTeit. fBnseTcs Hanbonee ncnonb3dyembiM (puc. 4). YnmuHasa mebens AeTCKOM NAowaiky pasmelLeHa Ha
COBPEMEHHOM MSArKOM MOKPbLITUKU. PSaom npefnaratoTca LOMOMHUTENbHbIE pa3B/ieyeHus (pagnoynpasnseMble
aBTOMOJeNW, AEeTCKUIA Noe3a) 1 pacnonaraeTcs yAMUHbIA MAUHU-(YA-KOPT C ABYMS Kade;

 apean nnska, rae obecrieyeH HeMOCPeACTBEHHbIA AOCTYN NOceTUTeNel K Bogoemy. B Tennoe Bpems roga
3[leCb KOPMAT YTOK, 3aroparoT, a B 3MMHUIA Neprof, KaTarTca Ha KOHbKaX;

* apean Kage 1 pecTopaHoB, PacrofiOKEHHbIX B 34aH1M CNOPTUBHOMO KOMMEKCa Y UMEoLW X NeTHMeE Tep-
pacbl. [oceTuTenn MOryT coveTaTb NPOrysiKy Mo napky W nocelleHne aTUX 3aBefeHui;

Puc. 4. Apeanbl 3eneHbIX 30H napka «TepeMku» (HabnogeHve 13 ceHTabpsa 2017 r)
Fig. 4. Green areas of the park «Teremky» (2017 September 13 observation)
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* apeas NPaBOCNaBHOr0 c060pa C KOMOKO/IbHEN U LIEPKOBbIO. TEPPUTOPUSA HUKAK HE OrOpOoXeHa, fOCTYMnHa
ansa Bcex (6e3 orpaHNUYeHUs AOCTyMNa, CBA3AHHOIO C BHELHWM BMAOM MoceTuTeneit). MNnowaabs nepeg co6o-
POM aKTWBHO WCMOMb3YETCA AeTbMU AN UFP U pasBiedeHuid. Cakpanusaumsa ny6aMyHoro npocTpaHcTBa He
BbI3Baa ero parmeHTaumn 1 aKCKI3mm (HabnogeHmsa 14-20 maptam 9-15 ceHTabpsa 2017 r.);

* apean NPOrynoyHbIX anneld, OCHaLEeHHbIA NeLexogHbIMU LOPOXKaMU, cKamelikamu. Ero 0CHOBHbIe Mo-
ceTUTeNu - NOAN NEHCMOHHOIO BO3pacTa, CEMeiHbIe napbl, BEYEPOM - MONOAEXb. IMelexoaHble SOPOXKKM
ncnonb3yrTcs AN npobexxek. OTCYTCTBME CMeLnanbHOR pa3sMeTKy 1 Beerfa 60/bLUoe KOMYecTBO NoceTmTe-
Neii 3aTPYAHAOT NepefBMXeHMe Ha Benlocmnese. Takxe anneun cnyXar TpaH3UTHOW 30HOM Npoxoja K MeTpo;

* apeasbl 3eNeHbIX HACAKAEHWIA, KOTOPbIE aKTUBHO MCMOJb3YIOTCA Kak 30Ha ANs CeMeliHOro OTAbIXa B Bbl-
XO[Hble AHW Tenn0ro BpeMeHU rofa. 34ecb MOCETUTENN YCTPauBaloT MMKHUKK, 3aroparoT, NPOBOAAT Cemeii-
Hble BeYyepa Ha CBEXEM BO3AyXe, OPraHu3ytoT pasHble Urpbl (M. puc. 4), B YeM NPOSABAAETCA JOMECTMKALUS
ny6aM4HOro npoctpaHcTBa. CTOUT aKLEeHTMPOBaTb BHUMaHUE Ha Ha/lMymMy 3anpeTa UCMOoJb30BaHUA 3e/1eHO
30HbI 414 BbIryna cobak, OfHAKO YacTb MOCETUTENEW BCE XXe HapyLlaloT 3TO agMUHUCTPaTUBHOe TpeboBaHue
(HabnogeHne 10 ceHTA6pa 2017 r., ¢ 17:00 go 19:00).

4. 3a nepvoj NpoBefeHNs HabNLeHWIA NMPOSBAEHNIA acoLMabHOro NoBefeHNs B Napke 3aMKCUMPOBaHO
He 6bl1s10.

5. Mapk «Tepemku» Kak My6aM4yHOe NpOCTPaHCTBO NOMb3YETCA NONYNAPHOCTLIO B1arofaps BO3MOXHOCTU
YL0BNETBOPEHMS MOTPEOHOCTEl pasInyHbIX KaTeropuii nocetuteneit. LLlecTb M3 NATHagLUaT ero xapakrepuc-
TUK PECNOHAEHTHI OLEHUNIN MaKCUMa/IbHO BbICOKO. HeraTtuBHble OLeHKM Ny6AnYHOro npocTpaHcTBa OTCYT-
CTBYIOT BoOOLLe (CM. Tabnuuy).

MefmnaHHble 3HaYeHUA OLEHOK pecnoHAeHTaMu CKBepa B MuKpopaiioHe Tepemku-1 (1)
1 napka «TepeMKn» B MUKpopaiioHe Tepemku-2 (I1)

Median values of assesment by respondents of public garden in Teremky-1 (1)
and park «Teremky» in Teremky-2 neighborhoods (1)

B TOM uncne oueHka

Ob6uwas
yacTto peako

XapakTepucTuku OLEHKa  yeHWMHAMU My>XUnMHAMKU paboTalolMMK  HepaboTalowmMu
nocellaloLWmMm  noceLaoLLmm

[JoctynHoe (+) /

+3 +3 +3 +3 +3 +5 43 +3 +3 +2 +3 +2 +3 +3
HepocTynHoe (-)

YAo6Ho (+) / HeyaauHo

+2 +3 42 +3 +2 +3 43 +5 +2 +3 +2 +3 +2 +5
pacronoxeHHoe (-)

MewexopHoe (+) /
Heyf06Hoe +3 +25 +3 +2 +3 +3 43 +3 +3 +2 +3 +3 +3 +2
Ans newexofos (-)

JocTtynHoe

[19 BeNIoCUneamncToB (+) /
BE/IOABWKEHME
HEBO3MOXHO (-)

+5 42 42 42 43 +2 43 +2 +5 +5 +5 +2 +2,5 +1

AKTVBHOE (+) / naccuBHoe

+3 +2 43 +2 +3 +1 +5 +2 +3 +2 +3 +2 +2,5 +3
ncnonb3oBaHue (-)

MonesHoe (+) / 6ecuensHoe

+2  +3  +2 +3 +2 42 +2 +3 +2 +3 +2 +3  +15 45
ncnonb3oBaHme (-)

YcnewHoe (+) / HeyauHoe
ncnosb3oBaHme (-)

PeanbHoe(+)/
NCKYCCTBEHHOE +2 +3 +15 +2 +3 +3 +25 +3 +2 +2,5 +5 +3 +1 +2
ncnonb3oBaHme (-)
BesonacHoe (+) /
Heb6e3onacHoe (-)

Yucroe (+) / rpsasHoe (-) +15 +2 +2 +25 +1 +2 -1 +2 +2 +2,5 +2 +2 +1 +2

MpusnekatensHoe (+) /
HenpuenekaTesbHoe (-)

+2 43 +2 +25 +2 45 +2 +5 +2 +25 +25 +25 0 +3

+1 +3 + +3 +1 +3 +1 +2 +2 +3 +2 +3 0 +5
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OKOHYaHue Tabnuubl
Ending table
B TOM uucne oueHka

Ob6uwas
yacto peako

XapakTepucTuku OUEHKA  yeHIWMHAMM MYXXUMHAMKU pa6OTaloWMMK  Hepa6oTatoLMMu
noceLjalMM1 NoCeLLaloLL MU

AcTeTnyeckoe (+) /

+1 42 4+ 425 +1 42  +1 42 +1 +2 +1 +2 +1 +3
HeacTeTuueckoe (-)

CosmecTumoe (+) /

+15 +25 +1 +2 +2 +3 + @ +2 +2 +3 +2 +3 0 +2
HecoBMecTUMOe (-)

Apyxeckoe (+) / 42 42 43 42 4+l 43 42 43 42 42 425 42 415 42
Heppy>eckoe (-) '

Mpegmet ropgoct (+) /

+ +2 + +2 +1 +1 -1 +2 +2 +2 +2 +2 +1 +1
pasoyapoBaHus (-)

MpumeyaHue. Mony>XMPHLIM LIPUDTOM BblAeNeHbI 3HAUEHUS MeauaHbl (Gasi) CornacoBaHHbIX OLEHOK PECMOHAEHTOB, a Kyp-
CMBOM - HECOF/IAaCOBaHHbIX.

3aK/1HueHne

AHanuns 3BonoLMM Ny6ANUHBIX NPOCTPAHCTB NepudepuiiHoi YacTu Knesa NoATBEpAUN onpefenstoLlee
BAVSHWE Ha Hee coUManbHO cpeabl. Mpu 3TOM cnegyeTt OTMETUTb, YTO, B OT/IMYME OT LEHTPa/IbHOM YacTu
ropoga, TpaHcopmaumm Ny6anMyHbIX NPOCTPAHCTB Ha nepudepum 06yCcnoBeHbl Npexie BCEro noTped-
HOCTSIMU XXWTeNeil, a He TYPUCTOB, MOCKOMbKY WX PEnpe3eHTaTUBHaA (PYHKUWSA He3HauuTenbHa. [BUXKy-
el cuno nsMeHeHWi, NPONCXOAALLMX B KOHTEKCTE eBpOnen3aLm, Co3aaHus «ropoga 4nis nogei», ansioTcs
MECTHble MHULMATWBbI, aKTUBHbIE LEANCTBUS XUTeNel cocefHNX AOMOB, NX COTPYAHUYECTBO C BU3HEC-CTPYK-
Typamu.

XapakTep TpaHcopmMaLuidi Ny6MUHbIX NPOCTPAHCTB B NepugepuitHbIX palioHax Krnesa TeCHO CBfA3aH C U3-
MEHEHWEM COLMaIbHOW CTPYKTYPbI XXuUTeneii: My6anMyHble NpoCTpaHCTBa NPUXOAAT B YNafoK, ecnv cpeau no-
ceTMTesNei CoKpaLLaeTCs UM ucuesaeT aKTUBHbI CpefHUiA Knacc. Hanbonee cyLecTBeHHOE BIMSIHWE Ha 3BO-
NIOLMI0 NYB6ANYHBIX NPOCTPaHCTB nepudepun Krnesa okasbiBaeT HOBOE CTPOUTENLCTBO, A MOKYNatoT XUbe
MO/OAbIE NMOAU C BbICOKUM COLMaNbHLIM CTaTyCOM. BaXKHbIM hakTopoM 3BOMOLMUN MYBANYHBIX NPOCTPAHCTB
ABNseTCs PakTop CO6CTBEHHOCTH: €C/IN YeN0BEK pacCMaTprBaeT MeCTO XUTENbCTBA B MePUGepUiHOM paioHe
KneBa KaK BpeMEHHOe, OH He UHWLUUPYET M3MEHEHWIA NO YyYLLIEHWIO My6IMYHOro NPOCTPaHCTBA.

[JanbHelilive nccnefoBaHUS JaHHON NPO6AEMATVKK CBA3aHbl C aHA/IM30M NPEAMNOYTEHNIA XUTENER N J0TXK-
Hbl AaTb OTBETbI Ha BOMPOCHI: «[10f KakuM N03yHrom 6yayT pa3BuBaThCA Ny6AMYHbIE NPOCTPAHCTBA ropoja
fanblue?»; «Kakumu 6yayT npuopuTeTbl UX pa3BUTUNA?»; «Hackonbko BepOSTHO COBMECTUTb 6e30MacHOCTb
1 KOM(OPTHOCTb B Pa3BUTUM ropoga?».
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NMPOIrPAMMHBIE PELLUEHWNA B NPOLECCAX CO3JAHUA
N NCMOJIb3BOBAHUNA AT/TACHbBIX MHTEPAKTUBHBIX KAPT

B.C. HABAHIOK\ 1. T. PYAEHKO1
MWHcTunTyT reorpacgun HAH YkpauHsl, yn. Bnagumupckas, 44, 01030, r. Kues, YkpauHa

KapTorpaguueckas MHTEpaKTMBHOCTb B HaCTOsLLee BpemMs 00bI4YHO MOHMMAaeTCs Kak fOMOMHEHNE K KapTorpanuyeckum
NpeAcTaB/ieHNAM 3IEKTPOHHBIX KaPT KOHEeYHbIM nosb3oBaTtenisM. O60CHOBbLIBAETCA HEOOXOAUMOCTb PACLLMPUTL YKa3aHHOe
MOHVMaHVe. 3TO NOMOXeT CO3faBaTb COBPEMEHHbIE aT/laCHble CUCTEMbI, KOTOPbIE BCE Yalle pa3pabaTbiBalOTCs Kak UHTe-
rPUPOBaHHbIE UM COCTOALLME U3 HECKONbKMUX CUCTEM. Hapagy C KOHeYHbIMW MO/b30BaTENAMU 3KCMNEPThbI-KapTorpagbl
(pa3paboTumKmM) N aHANNTUKKN TaKkKe CTaHOBATCA MO/b30BATENAMM aT/IACHbIX CUCTEM M UX UHTEPAKTUBHbIX KapT. Mofb-
30BaTeNIM C COOTBETCTBYOLWMMU 3HAHUAMY 06BELNHAOTCSA B 3NMCTEMONOTMYECKMN YNOPAZ0UEHHbIE 3LLENOHbI: YeM Bbille
3LWEeNoH, TeM 60NbLINUMUN 3HAHUAMMN 06 MHTEPAKTUBHOCTU JOMKEH 06/1a4aTh Nonb3oBaTenb. M03TOMy atnacHas UHTepak-
TWBHas KapTorpagus A0NXHa paccMaTpuBaTbCa TENePb A9 MHOTMX 04HOBPEMEHHO paboTatoLnMX CUCTEM U AN MHOTUX
nonb3oBaTenein. MpuBefeHbl MPUMEPbLI HOBbIX Onepawluii KapTorpamyeckoii MHTEPaKTUBHOCTU AN HOBbIX 3LIEN0HOB
nonb3oBaTenein: Ana 3KCNepTOB-KapTorpagoB 370 AMHAMUYECKOE M3MeHeHue (T. e. BO BPeMs 3KCnayaTauuu CUCTEMbI)
KapTorpauyeckoro MeTofa MoAeNMpoBaHns AeliCTBUTENbHOCTU, a NS aHA/IMTUKOB - camoii Mogenun. BbinonHeH 0630p
NPOrpamMMHbIX PELUEHWIA, KOTOPble MPUMEHSATCA AN peann3aunm paclumMpeHHON KapTorpauyeckon MHTepPaKTUBHOCTM
npw CO3A4aHuny HOBOIO NOKONEHMS aT/acHbIX cUcTeM. [lns foKa3aTenbCTBa pe3ynbTaToB NCMNO/b3YHOTCA METOAblI HOBOWA pe-
NALUOHHON KapTorpagun. B 4acTHOCTW, MeTOA KOHLENTYanbHbIX KAPKacoB aT/laCHbIX CUCTEM, KOTOPbIA MO3BONSAET 06be-
OUHUTbL METOAbl KNacCUYeckoi 1 penaLMoHHO KapTorpaguu B CUCTEMHbIV MeTo4 ByayLieil CMCTEMHO KapTorpaduu.
B kauecTBe MpumMepoB napagnrm Knaccmyeckoi kaptorpaguu Bol6paHbl KOMMYHMKAaTUBHAA napagurmMa v nepcnekTmsa
pocTta P. PoTa 3 BUCKOHCMHCKOIO YHMUBepcuTeTa B M3aguncoHe.

Knioyesble cnoBa: MHTEpPaKTUBHAA KapTorpaq)vm; KOHU'(:‘I'ITya]'IbeIVI KapKac aT/laCHbIX CUCTEM; onepaunn MHTepak-
TUBHOCTWU AnAa 9KCI'IepTOB-KapTOFpaCbOB N aHaJINTUKOB.

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

V S. CHABANIUK3 L. G. RUDENKOa
dnstitute o f Geography, National Academy ofSciences 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.

BBegeHve

B coBpeMeHHY0 LM(POBYIO 3MOXY MOHATUE «UHTEPaKTUBHAA KapTa» TakK )& MHOrootpasHo, Kak W MoHs-
TWe OCHOBHOTO MpeAMeTa 3M1IeEKTPOHHON KapTorpagum - 3NeKTPOHHOM KapTbl. ECIM 0TOPOCUTL HE3HAUMTEbHbIE
KpaeBble BapUaHTbl, TO MOXHO AaXKe CUMTaTb, YTO B HACTOALLEE BPeMS 3TW MOHATUA coBrnagatoT. [delicTBUTeNb-
HO, B JaHHOI CTaTbe peyb UAEeT 06 aTiacHbIX MHTEPAKTUBHBIX KapTax. [ 3NeKTPOHHbIX aT/1iacoB CripaBeAnunBa
crefytoLas 3BoNouna UHTEPAKTUBHOCTY [1, p. 168]: aTnackl TONbKO 418 NpocMoTpa (Mnu aTnackl TOMbKO ANs
YTeHWs) N WHTEepaKTMBHbIE aT/nacbl  aHafMTUYECKMe atnacbl. ATnackl TOMbKO A1 NPOCMOTPA BbICTYNalT
aHasioraMm 6yMaxkHbIX aT/1acoB U CUMTAOTCSH HEUMHTEPAKTUBHbLIMU [1, p. 73]. OHM pa3pabaTbiBannCh NPenMyLLe-
CTBEHHO B MPOLL/IOM CTOMETUM N NMPAKTUYECKN He CO3La0TCA B Halle Bpems. [103TOMY COCTaBNAIOLLINE UX KapTbl
ABNAOTCA NPUMEPOM YNOMAHYTOrO Bbille KpaeBoro BapuaHta. M.-XK. Kpaak n ®. OpmenuHr [2, p. 161] Koc-
BEHHO Ha3blBAtOT aHA/IMTUYECKME aTachbl aTACHLIMU MHPOPMAaLMOHHBIMU cucTeMamu (ganee - ATUC). Mebl nc-
nonb3yem ans ATVIC Takxe npsMoe onpegeneHme n3 padbotol [3]. Ana 0603Ha4eHNs BCEX BUAOB UHTEPAKTUBHbIX
N aHaNNUTUYECKNX 3MEKTPOHHBIX arnacos, a Takke ATVC nprMeHseTcs TeEPMUH «aTnacHas cucTeMa» (Cokpa-
eHHo - ATC). Kpome TOro, Mbl Y4MTbIBAEM TOT (haKT, UTO W 371EKTPOHHBLIM aTnacam, U ATVIC CBOWCTBEHHO
Hekoe pacLuMpeHHoe NoHMMaHue (OyfeT onpeaeneHo Huxe). 15 pacluiMpeHHbIX CUCTEM TaKkXKe UCMOo/b3yeTces
0603HaveHne ATC, XOTS U C HEKOTOPbIMU YyTOYHeHUAMKU. Hanpumep, ATCL - 370 Knacc ATC B pacLLUMpPeHHOM
NMOHUMaHUK.

JNnTepaTtypa N0 MHTEPAKTMBHOW KapTe M KapTorpa(uueckoi MHTepPaKTMBHOCTW BecbMa 06LIMpHa. Mo3aTomy
[NA COKPALLIEHNS KONMYECTBa LUTUPYEMbIX UCTOYHMKOB O MpefMeTe OrpaHNYMmCcs TOMIbKO MaTepuanamu rpynnbl
y4eHbIX 13 BUCKOHCMHCKOr 0 YHUBEpCUTeTa B MaamncoHe, pykoBoaumoii npoteccopom P. PoToM. Takoe orpaHuye-
HMe 0OBACHAETCA TAKKE CIefYIOWUMY TpeMs NpuunHamu. Bo-nepsbiX, faxe BbI6GOPOUHbIE paboTbl N0 MHTEPaK-
TUBHOCTW, HaNMcaHHbIe TONMbKO camum P. PoTom [4-7], cogepkaT 60/bLUOIA NepeyeHb MTepaTypbl N0 NPeaMeTy.
MoaToMy AOMNOHUTENIbHYIO UHOPMALMIO YNTaTeNlb CMOXKET MONYYUTb U3 YKA3aHHbIX MCTOYHMKOB.

Bo-BTOpLIX, P. POT BXOAMT B COCTaB rPyMnbl YYeHbIX, KOTOPble B HACTOSLLEE BPEMS BbIMOHAKT MPOEKT
«[porpamMma nccnefoBaHNii N0 MHTEPAKTUBHOW KapTorpagum MexxayHapoaHoi KapTorpaguyeckoi accouma-
umn (MKA)»1 MpeactaBneHHble 3TON FPYNMNoi pe3ynbTaTbl KacakoTcs KakK OTAeNbHbIX BONPOCOB MHTEPaKTNB-
Ho KapTorpadumm [8], Tak 1 BUAEHUS KapTorpaguyecknx nccneaosaHunii B Luenom [9].

B-TpeTbux, P. POT B CBOEIi JOKTOPCKON aucceptaumnn [4] onucbiBaeT KapTorpagmyeckyto NHTepaKTUB-
HOCTb KaK Ananor Mexay 4enoBeKOM W KapTol, OCyLLEeCTBAAEMbIA NPY MOMOLLM KOMMbIOTEPHOr0 YCTPOCTBA,
M NOHUMAET ee Npu 3TOM Kak [OMNONHeHWe K KapTorpagumyeckoMy npeacraBfieHnto. Takad Becbma 06113
MHTepnpeTaLms No3BONAET paccMaTpMBaTb MHOTME acreKTbl KapTorpanyecKoin NMHTePaKTUBHOCTU, KOTOpbIe
BO3HMKAIOT NPY CO3[aHMNM N UCMONb30BaHNN MHTEPAKTUBHbIX KapT. B yacTHocTu, P. POT yTBepxaaeT [4; 5],
4YTO KapTorpausa HaxoguTca B ovepefHOM Kpuauce (B opuruHane identity crisis - Kpusnuc MAEHTUYHOCTW),
1 npegnaraeT BbIXOL U3 3TOr0 KPMU3Kca, KOTOPbINA 3aK/O4aeTCa B UCNO/b30BaHNM TaK Ha3biBaEMO nepcrek-
TUBbI pocTa. ABTOP CYMTAET, YTO B HEe MOryT OblTb BK/HOYEHbl BCE OCHOBHbIE NapajgurMbl KapTorpauu.
MepcnekTuBa pocTa n3obpaxeHa UM B BUAE KBagpara co CTOPOHaMM (HauMHas CHM3Y MO YacOBOW CTPesKe):
KapTorpauyeckas MHTEPaKTUBHOCTb - W3rOTOB/IEHWE KapT - KapTorpauyeckoe npeicTaB/ieHUe - UCMOJIb-
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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MocneaHas npuymMHa BakHa ANs Hac, NOCKO/IbKY MHeHMe P. PoTa coBnagaeT ¢ HalwuMmu npeacTaBeHNsamMum
0 Kpu3uce KapTorpaguu, a MHTEPaKTUBHOCTbL B NMEPCMEKTMBE POCTa CTPYKTYPHO COOTBETCTBYET MHTEPAKTUB-
HOCTU, KOTOpas paccmaTpuBaeTcs B Hawleli paboTe. [ns 06BbACHEHMS CTPYKTYPHOIO COOTBETCTBUA ABYX NOA-
XO[0B npuBeaem puc. 1, B3ATbIA U3 paboTbl [5]. Ero P. POT nonyunn, npuMeHuUB K KapTorpathmuyeckoi UH-
TepakTUBHOCTW MOAeNb (MHTep)akTMBHOCTN HopmaHa [10].

. HopmaH [10] packnagbliBaeT oAnH ceaHc (B opurnHane exchange - 06MeH) BbIMNOMHEHNA-0LEHNBAHUS Ha
CemMb MocneaoBaTefibHbIX CTagunii. P. PoT [5] cumTaeT, 4To TaKCOHOMUA NPUMUTUBOB UHTEPAKTUBHOCTU MOXET
ObITb NPEANIOXKEHa Ha BCEX 3TUX CTaguaX, O4HaKO CNeayeT BblAenuTb TpW 06WMX Nnoaxoaa: 1) OCHOBaHHBIiA
Ha 3afla4ax (objectives - nepsoe O) - Ha cTagum HOPMUPOBAHWS HAMEPEHNS; 2) OCHOBaHHbIM Ha oneparopax
(operators - BTopoe O) - Ha cTaguu cneundmrKaLMm akTUBHOCTH; 3) OCHOBaHHbIV Ha onepaHdax (operands -
TpeTbe O) - Ha 3BeHe BbINOAHEHNS W OLEHNBAHMUS, MEXAY CTafUAMM BbINOAHEHWNS aKTUBHOCTU M BOCNPUATUA
COCTOSIHMS cUCTeMbl. HanprmMep, Npy Mcnonb30BaHUK NoAXo4a, OCHOBAHHOTO Ha onepaHax (Tpetbe O), BHU-
MaHue COCpeoTOMMBAETCA Ha OnepaHAe Uan Ha LugpoBoM (BMPTyanbHOM) 06bEKTE, C KOTOPbIM B3aMMOAeii-
CTBYET (KOHeuHbliA) nonb3oBaTenb. Mpy cosfaHuM GyayLlero nonb30BaTeNnsCKoOro MHTepdeiica paspaboTumnk
LOJKEH rapaHTMPOBaTh Haf1eXallyto 00paTHYH CBA3b, Kacalolyocs u3MeHeHui onepaHga (Tpetee O) B 3a-
BMCMMOCTM OT pesy/bTaToB BbIMO/IHEHMA onepaTopa (BTopoe O).

Mbl TOXe npuaepxusaemcsa «Tpex O» KapTorpaduyeckoi nHtepaktusHoctu [5, fig. 2], ogHako cooTHOCUM
Kakgoe u3 Tpex O ¢ OgHUM U3 TPeX 3LeNoHOB nonb3oBateneit ATC 1 ux KapT (CBEpPXY BHU3): MHPPACTPYK-
TypHbIM (nepsoe O), annavkauMoHHbIM (BTOpoe O) M onepaumoHHbIM (TpeTbe O). Mo/b30BaTeNun yKazaHHbIX
3LleNI0HOB 06paLLaloTCa K OAHOM U3 TPeX CTPYKTYPHbIX, UK 3MUCTEMONOrMYECKMX, CTpaT (CBEPXY BHMW3) - KOH-
LenTyanbHOW MW NoHATUIAHOW (nepBoe O), annanKaunoHHoi (BTopoe O) NnM6G0o onepauuoHHoli (TpeTbe O),

Puc. 1. Ctagnu mogenu akTmBHOCTU HopmaHa 1 «Tpu O» KapTorpagmyeckoin MHTEPaKTUBHOCTY.
NcTouHuk: [5 fig. 2]

Fig. 1 Stages of the Norman’s activity model and the «three O» cartographic interactivity.
Source: [5 fig 2]

27



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteTa. Feorpadums. Meonorus. 2019;2:25-39
Journal of the Belarusian State University. Geography and Geology. 2019;2:25-39

Ha KOTOpbIX CYLLECTBYIOT COOTBETCTBYHOLLME BapuaHTbl ATC 1 ux KapT. Ecnv onpefensts LUK CyLLECTBOBaHMUSA
Kakoin-nn6o ATC KOHEYHOro nosb30BaTeNs, TO Ha KaXKAON cTpaTe MOXHO BbIAENUTb 3/1IEMEHTbI, KOTOPbIE OT-
HOCATCA K pe3ynbTaTaM Kak MUHUMYM Tpex (a3 dXM3HEHHOrO LMKNa CUCTEMbI (CBEPXY BHU3): WUCCNeLOBaHNUS,
pa3paboTku, akcnayatauun. MpusedeHHas MHDOpPMaUUA AeTan3npyeTcs B MoHorpagum [11].

30ecb Mbl CAeNaeM TOMbKO [iBa 3amMedaHuns: 1) B OTIMUME OT CTaTby [5] Mbl paccmMaTpuBaeM He OfHY, a MHO-
XecTBa ATC 1 UX KapT, MPUYEM Ha KaXXol 13 Tpex CTpaT. 3T0 e 3aMeyaHne KacaeTcs U MHOXECTB No/b30Ba-
Tenein aTnx ATC 1 KapT Ha Ka&XXA0M M3 TPeX 3LUe/IOHOB; 2) B HAaLLeM NOAXO0fe CYLLEeCTBYET TaKXe 3MMCcTeMOsO-
FMYecKmn camas BbICOKas, 06Las, cTparta. [onb3oBaTensMm 3/IEMEHTOB 3TOM CTPaThl BbICTYMAIOT YUeHble UK
npenogasatenu. OHU 06bEAUHAIOTCA B 06LLMIA 3LLEN0H MOMb30BaTenNei.

MOCKONbKY HAC MHTEPECYeT TEOPUS, KOTOPYH) MOXHO WCMO/b30BaTb Ha NPaKTUKe, BaXXHO 03HAKOMUTLCS
C pesynbTaTaMun NPakTUYeCKOoi peannsauum KapTorpauyeckoin MHTePaKTUBHOCTM B paboTax LUKO/bl BUCKOH-
CMHCKOro yHMBepcuteTa B MagucoHe. lMepes M3N0XeEHWEM 3TUX pe3ybTaToB HeobX04MMO caenatb Hebosb-
LLUOIi 3KCKYpPC B TEMaTUKy NaTTepHOB (patterns), a UMEHHO criefyeT pasrpaHnUYnTb NOHATUA Kapkaca, naTTepHa
1 WwabnoHa B MH(opMaTUKe 1 KapTorpadum.

B nHopmaTrKe cnoBo pattern o4YeHb 4acTO NEPEBOAUTCA Ha PYCCKUI A3bIK Kak «LabnoH». OfHaKO 3TOT
BapWaHT, CKOpee BCEero, HpPaBMTCA NepeBOAYMKAM, KOTOpble He PasnnyaloT 3HaYeHU aHrUACKUX TePMUHOB
pattern n template. BmecTe ¢ TeM B CTaBLUEM YXKe CTaHAapTOM B MHopmMatuke A3bike UML (unifiedmodeling
language) 1 ero OKpy>XeHUW 3TV MOHATWS LOBOJIbHO YETKO pasfmualoTcs. Tak, B r10ccapmmn nepeseseHHON
C aHIINIACKOr0 KHMIK [12] eCTb TPU HYXHbIX Ham onpefaeneHuns: 1) natTepH (o6pasel) - TUNNYHOE peLleHne
TUNUYHOW Npo6nemMbl B JAHHOM KOHTEKCTe; 2) KapKac - apXUTEKTYpHbIA obpasel, (naTTepH), obecrneynBaro-
LMIA paclUMpSeMblil WabnoH NPUIOXKEHNA B HEKOTOPOI npeameTHON o6nacTu; 3) WwWabnoH - napameTpuso-
BaHHbIN anemeHT. Bo BTOpOIi pefakuuny aToli e KHurn [13] B rnoccapuv npuBeAeHbl ONpPefeneHns Tex e
MOHATWIA, HO NepeBoj M3MeHeH: 1) o6pasel, (pattern) - o6LLee peLleHne TUMMYHOK NPo6neMbl B 3aaHHOM
KOHTeKcTe; 2) Kapkac (framework) - apXMTeKTYpHbIii 06pasel, NpeACTaBAAOWMIA pacluMpsemMblil LWabaoH
ANa NPUNOXXEHWIA B HEKOTOPOW NpeameTHOM 06nacTtu; 3) wabnoH (template) - napameTpu30BaHHbIA 31EMEHT.
Hwvxe Mbl NCNOMb3yeM MOHATME «NaTTepHbI NPOEKTMPOBaHMs» (designpatterns). IMeHHO Takol nepeBog AaH
MpY NX ONMCaHUN B CTaBLLEN Y)Ke KNnacCu4eckom kHure2 [14].

B kapTorpaun TepMUH «NaTTePH NPOEKTUPOBaHMSA» B CMbIC/e KHUMK [14] ncnonb3oBaH B paboTe [15]. Cno-
BOM pattern XK. bepTeH Ha3Ban 0AHY M3 BM3YyasibHbIX NepemeHHbIX (visual variables) [16]. OgHako B nonynspHOM
B CTpaHax 6biBLLero Cosetckoro Coto3sayyebHuke A. bepnaHtau ap. [17, c. 99] aTv Xe nepeMeHHble nepeBefeHbI
KaK «rpagmyeckne», apattern - Kak «BHYTPEHHAS CTPyKTypa». YTo6bl yrayouTs NOHUMaHWe pasnuunin Mexxay
NOHATUAMM NaTTePHa B MH(OPMATUKe 1 B cemuonorum rpadukm XK. bepteHa, B moHorpadgum B. C. YabaHtoka [11]
BM3yasbHas nepeMeHHas pattern nepesefeHa Ha YKpavHCKUIA A3bIK KakK <"3epyHOK» (MO-PYCCKM - «y30p»).

3 npmBefeHHOro aKcKypca cnefyeT nepapxus Kapkac - naTTepH - WwabnoH. Kapkacbl UCMONb3yoTea 4/is
0603Ha4YeHNs COXKHbIX 3/1EMEHTOB (TaKMX Kak CUCTEMbI), a LWabnoHbl - NPOCTbIX (Hanpumep, LWabnoH cTapTo-
BOI CTPaHMLbl BEG-NpUNoXeHNs). MaTTepH ABNSETCS Hanbonee 06LWMM MOHATUEM, OAHAKO NPW HA/IMYMK YTOY-
HSIOLLIEro C/I0Ba, KaK B TEPMUHE «MATTEPH NPOEKTUPOBaHUSA», OH MOMELLAETCA MO CMbICNY MeXAy KapKacom
1 wabnoHoM. Mbl Npuaep>KMBaeMcs OMUCaHHOIO BbllLE MOHUMAHUSA TEPMUHOB «KApKac», «MaTTepH» U «L1ab-
NOH» B MH(HOPMATUMKe, MOCKO/IbKY 0 6YMaXKHOI KapTorpadum B COBPEMEHHON NPaKTUYeCKOW AeATENLHOCTU PaHo
W1 No3aHO NpuaeTcs 3abbiTh. OBLWIMPHBIA 0630p NPO6AEMATUKM NaTTEPHOB NpeAcTaBneH B [11, ra. 10].

OAVH 13 rnaBHbIX NPaKTUYECKMX pe3ynbTaTtoB rpynnbl P. PoTa n3noxeH B gucceptaumu P. LoHaxblo [18],
B . 5 «bubnmoTteka naTTepHOB Be6-KapTOrpaupoBaHuMs», HECMOTPS Ha TO UTO B Hell peub MAET TOMbKO
0 npoToTurne 6MbanoTekn (CM. Tabnuuy, 3a UckKyeHrem ctonbua «INHAY»). P. loHaxblo BblAenun KapTo-
rpaMyecKyto MHTEPaKTUBHOCTbL B OTAENbHbIA cTonbel. MpegnonaraeTcs, YTO KaXxaasa 13 ornepawuii MHTepak-
TUBHOCTU MPUMEHSAETCH NONb30BaTeNIeM K O4HOMY UK 60Mee Cnosam, KOTopble NpeAcTaBnatoT KapTy. Mbl go-
6aBnnu ctonbel, Nog HasBaHeM «INHAY», B KOTOPbIA NOMELLEHbI 3HAYKM ONepaLmil N3 3NEKTPOHHOW BepcMu
HaunoHanbHoro atnaca Ykpavtol [19] (ganee - 9nHAY), cooTBeTCTBYHOLME OMepauusam cTonbua «MHTepak-
TMBHOCTb» U3 gncceptaymu P. [loHaxbto [18].

Mpumep onmncaHna NaTTepHa NPOEKTUPOBaHNA «M3B/eYeHNe» NpUBELAeH B guccepTaunn P. JoHaxblo [18].
«[MaTTepHMN3aLma» onepaLuii KapTorpaguyeckoin MHTEPaKTBHOCTM O4YeHb BaXkKHa Ana 00Lero npescTasne-
HUst 06 3TOM SIBNEHWMW, NOCKO/bKY MOHATME «MaTTepH» MpeanonaraeT MHOrOKpPaTHOe MOBTOPEHWE TOW Wu
MHOW onepaummn B aHaNOrMYHbIX KOHTEKCTaXx. HecMoTpsa Ha To 4TO TMpax HauuoHanbHOro atnaca YKpauHbl
Obl/1 BbINYLLEH B Npeablayliem gecatunetun (8 2007 r.), HabnogaeTcs 3HaYNTENIbHOE COBMAAeHNE OnepaLuii
WHTEPAKTUBHOCTU B ABYX HE3aBUCUMbIX UCTOUYHMNKAX - guccepTaumn P. JoHaxbio n SnHAY. [na nogreepxie-
HWS 3TOrO HABMOAEHNS 4afUM KOMMEHTapUU OTHOCMTENIbHO HEKOTOPbLIX 0603HauYeHuid U3 cTonbua «IANHAY»
B Tabnuue:

20pyrMHan Ha aHrIMIACKOM A3blke ony611koBaH B 1995 T.
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«YnpaBfeHve cnosmu» (MOLNNCL KHOMKKM). BKAHOUEHWE/BLIKNIOYEHME €105 M3MEHSIET UTOMOBbIl
oBepneii. Onepauns «nepekntoyeHne» (toggle) 6bina peannsoBaHa Ans BCeX KHOMOK. Tak, BblleHa3BaHHas
KHOIMKa B HAXXaTOM COCTOSIHUM BbIFIAANT KaK j® ;

+ 1S).j- «[Momnck». Mpy nomoLLM 3TON onepaLuy MOXXHO 33aTb NPOM3BO/bHbLIN (UALTP AN UHDOPMaLUK
KapTbl. Kpome TOro, 6b1nu peann3oBaHbl NpegonpegeneHHble (GuabTpbl. Hanpumep, Haxas NpaByt0 KHOMKY
MbILIWM Ha MHTEPECYIOLLEl KapTe, MOXHO OblN0 BblOpaTh MpefonpefeneHHblA MacllTad, U UHopMauus Ha
oToGpaXkaemoli kapTe 6yaeT oThWIbTPOBaHa B 3aBMCUMOCTI OT MaclLTaba;

* QU —«KapTa Lenmkom». MNpy BbINOJHEHUW 3TOI onepaLmmn ocyLLecTBAAETCS 3afaHHOe pa3paboTHMKOM
ynopsgoumBaHue 0Tobpaxaemoi MHpopmauuy Ans ciyyvas nokasa Bceil KapTbl NO/IHOCTLIO. Takue e feicT-
BMA ObIAW peann3oBaHbl 415 Npefonpese/ieHHbIX NMPaBoi KHOMKOM Mblly MacLiTabos;

- «Haswuratop». OgHaKo 3TO He COBCEM OMepaLMs «MOBTOPHO BbIpasuTb» (reexpress). Torga yem
ABngeTca «Hasuratop»?;

e - + 03HayaeT, 4Yto B ANHAY KHOMKM «IlocnefoBaTe/lbHOCTb» HET, HO MOXHO MOCMOTPETbL MOCc/efoBa-
TeNbHOCTb KapT Mpy (OMKCMPOBAHHbLIX NapaMeTpax oTobpaxeHus. [ns aToro Hafo NooyepesHO LienkaTb no
KapTam W3 lepeBa CofepXxaHus;

* + npegnonaraet, 4To B ANHAY KHOMNKN «PeCMBONN3ALMA» HET, HO MPU YBEIMYEHUUN ONPESENEHHbIX
KapT MosBNATCA CMMBO/bI, 0603HaYaloLLMe apyrue cnon. Hanpumep, Kak B kapTe «[psiMble MHOCTPaHHbIE
WMHBECTULUU» Ha yBennyeHusax 1453,11 n 726,55 kwm;

* - 0O3HayaeT, YTO B ONHAY HET HU KHOMKW, HN OMnepaLnumn «pernpoeKTUpoBaHue».

HaBuraymoHHOe MeH0 NpoToTNa 6M61MOTEeKN NaTTEPHOB Be6-KapTorpadmpoBaHns
The navigation menu of the prototype web mapping pattern library

Pa3genbl naTTepHOB NPOEKTUPOBAHNSA AnHAY
HayanopaboTbl  faHHble npegcTasneHune MHTEepakTWUBHOCTb
WabnoHHbLIM KOf  3arpyska flaHHbIX  TalinoBas 6a3o0Bas KapTa nepemeLieHune EB
WabnoH CTpaHuLbl COXpaHeHue BEKTOpHas 6a3oBas KapTta 3yM (yMeHbLUeHWe, YBENMUYEHNE) ESQSB
akcnopT xoponsera n3BneyeHmne o
3NeMeHTbl KapThl MNPOMNOPLMOHa/bHbIA CUMBON  OBepneii/nepeknoyeHme nr)
KapTorpaguyeckas nNAOTHOCTb TOYeK thunbTp d j
ceTKa N30/IMHNA/NOBEPXHOCTb ynopsgoynBaHue B
nerexpga noToK MOBTOPHO BbIPA3nUTb
KapTorpamma nocnefoBaTeNbHOCTb -+
6uBapnaHTHoe/ pecumBonunsauma +
MHOroBapnaHTHOe (noBTOpHas CMMBONIM3aLMS)
aHumauus penpoekTupoBaHue -
rpacuk/guarpamma (noBTOPHOE NPOEKTUPOBAHME)
nounck B
BbIYNC/IEHME 0

MpumeuvaHue. CocTaeneHo no [18, p. 124], ¢ fONONHEHNEM aBTOPOB.

Mpwn aHanuse Tabnmupbl cnefyeT yunTbiBaTh JOBO/ILHO MHOIO 06CTOATENLCTB, Gnarofaps KOTopbIM onpe-
JleNeH UMeHHO TaKoli ee BA. JIOTMYHO cumTaTb, YTo P. [loHaxbto, Kak acnupaHT P. PoTa, A0MKeH 6Gbln yUecTb
B Tabsmue pesynbTaTel puc. 1 OfHAKO HaxOXAeHWe BO3MOXHOI0 COOTBETCTBUS MeXAY Teopueli 1 npakTu-
KO ABNAeTCA HenpocToli 3afadeil. Bonee Toro, aTa 3afjaya He Bcerga MMeeT pelueHune. MNpexzae Bcero us-3a
OrpaHMYeHNiA, KOTOpPbIE CNEAYIOT N3 OMpeaeneHms kapTorpagun u kapTel. Tak, P. POT aHanM3mpoBan siBneHmne
WHTEPAKTUBHOCTU He TOMbKO B KapTorpagnu, HO U B CMEXHbIX AUCLUMNINHAX, TaKUX Kak rpaguka. P. loHaxblo,
CKopee BCero, NpuaepXmBascs Knaccuyeckoro, ucnosnb3yemoro MKA onpegeneHus kaptorpajum n KapTbl, Co-
rN1acHO KOTOPOMY KapTorpagnsa NOHMMAeTCA Kak «AUCLMMNHA, 3aHNMAatoLLasCsl MCKYCCTBOM, HayKOW U Tex-
HWKOIA CO3LaHNs U NCMOMb30BaHMs KapT»3. COOTBETCTBEHHO KapTa - «CUMBOMM3MPOBAHHOE NpeacTaB/eHne
reorpaguyeckoi peanbHOCTU, NPeACTaBAAOLLEE OTAE/bHbIE PYHKLMMN NN XapaKTEPUCTUKN, CO34aHHOE B pe-
3ynbTaTe TBOPYECKMX YCUNIA aBTOpa NPU BbIGOPE BapUMaHTOB U NpefHa3HaYeHHOe 419 NOTyYeHWs MEPBUYHOIA
NPOCTPAHCTBEHHO UH(OPMaLMN»4,

3intemational Cartographic Association [Electronic resource]. URL: https://icaci.org/mission/ (date of access: 22.02.2019) (3aecb
1 fanee nepesof Hawl. - B. Y., J1. P.).
4Tam xe.
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HecmoTps Ha 04eBUAHBIV MHTEPEC HAYUYHOr0 KapTorpaguyeckoro coobLiecTsa K TeMe MHTEPAKTUBHOCTHU,
KOTOPbI/ MaTepnann3oBaH B 60/IbLLOM KOMMYECTBE TPYAOB, Ha MPaKTMKe BCE PaBHO BO3HMKAET MHOXECTBO
BOMPOCOB, HEOCTATOYHO ACHO ONpeAeNieHHbIX B HAYYHOM nuTepatype. NaBHbIN U3 HUX: «Kakue Hay4yHO 060-
CHOBaHHble OMepaLun MHTEPaKTUBHOCTY Peann30BbiBaTb B MPOEKTAX KOHKPETHbIX (FreouHBopMaLMOHHbIX)
cnctem?» TMOCKOMbKY AaHHbI BOMPOC BLIMNSAUT BECbMA CMOXHbIM, YNPOCTUM ero: «Kakyt UHTepakTuB-
HOCTb peann3oBbiBaTh B ATC?» ECM 1 3TOT BONPOC KaXKETCA C/I0XKHbLIM, MOXEM YNPOCTUTb €ro eLle 60o/bLue:
«Kakyl MHTepaKTMBHOCTb peann3oBbiBaTh B ATC HauMoHasbHOrO YPOBHS (HanpuMep, B HaLMOHa/bHbIX
atnacax)?»

B faHHOI paboTe paccMaTpuBatOTCS NPUMepPbl KOHCTPYKTOB KapTorpaguyeckoin MHTepakTUBHOCTU, KOTO-
pble, C O4HOIN CTOPOHbI, YKa3bIBalOT HanpaB/eHe TEOPETUYECKMX UCCNEA0BaHWIA, a ¢ 4PpYroi - NPUMEHAIOTCA
Ha MpaKTUKe yXe ceilyac. Tem caMbiM MpegfiaraeTcs noAxo4 K KapTorpagmyeckoin MHTEPaKTUBHOCTM, KO-
TOpbIA 06ecneynBaeT TECHOE COOTBETCTBUE MEXAY TEOpUel 1 NPakTUKOW 1 NO3BONASET CTPOro corfiacosaTb
Bce Tpu O ee TakcoHoMmMK: 3aga4m (objectives - nepeoe O), onepaTopbl (operators - BTopoe O) u onepaHAbl
(operands - TpeTbe O). OnucaHHbIA NOAX0/ XOPOLLO peann3yeTcs Ha MPaKTUKe. bonee Toro, aBTopbl y6eXaeHb!,
YTO UMEHHO ero HY>XHO MPUMEHATL MPU CO34aHUN COBPEMEHHBIX MHTEPAKTUBHbLIX ATC.

MeTogonorusa uccnefoBaHms

MeTogonorus nccnefoBaHuns 6asupyeTcs Ha NPYMeHeHUN MeTOAa KOHLEeNTyabHbIX KapkacoB (fanee - KoKa)
penaunoHHoW Kaptorpagum [11], getanusosaHHoro ana ATC. Mepsbili KoKa ATC nonydeH B cTatbe [20] Ha
npumepe INHAY B xofe NO3HABATE/IbHbIX PacCyXAeHWIA, HanpaBneHHbIX Ha MOUCK NPaBonof06HbIX 06bAC-
HUTENbHbLIX TMNOTe3 (OHW Ha3blBAOTCA abAYKTUBHBLIMU PacCy>XAeHusMK). Mpn 3TOM Mbl BHEC/IM HECKONBbKO
NPUHUUNUANbHBIX M3MEHEHWIA B NpeAcTaBeHMs 06 aTnacHol KapTorpahum (CCblKM Ha BCE UCNO/b30BaHHbIE
HUXE onpejeneHns MoryT ObITb HallAeHbl B MOHOrpagmm [11]).

1. ATC, Takas Kak, Hanpumep, 3M1eKTPOHHbIA pe3ynsTaT NpoekTa HaunoHanbHOro atnaca YKpaviHel, COCTOUT
He TONbKO M3 NPOAYKTa KOHEYHOro nonb3osatens - InNHAY Ha DVD (vacTb pacwmpeHHoro InHAY, 3anu-
CaHHas Ha onTuyeckuii Hocutenb DVD). B paclumpeHHblii 3NHAY BXOAMT TakKXe atnacHas MHhpacTpyKTypa
ANHAY - KoMNneKc B3anMOCBS3aHHbIX 06CNYXUBAKOLLUX CTPYKTYP UM 06LEKTOB, COCTaBNAKLWMX 1 obecne-
YMBaOLLMX OCHOBY 19 peLleHuns 3afjay co3faHuns, nojaepXkaHns paboTocnoco6HOCTN U 06HOBEHWS pa3ny-
HbIX aTnacoB hasbl UCNONb30BaHUA (Kak npumep - INHAY Ha DVD). B uHdopmatuke o6beanHeHne InHAY
Ha DVD wu aTnacHoi nHgpacTpykTypbl 9NHAY HasbiBaeTcs MHDOPMALMOHHOW CUCTEMOI B LLUMPOKOM MO-
HUMaHuKn (MCw), nos KOTOpoi Nogpa3ymMeBaeTcs COBOKYMHOCTb BCeX POPMasibHbIX U He(hopMasbHbIX Mpes-
CTaB/IEHWI JaHHbIX, a TaKXke OeNCTBUIA C HUMU B OpraHusauuu, BKAKOYas acCoLMUPOBaHHbIA B3auMOOOMeH
MepBoro v BTOPOro (Kak BHYTPEHHWI, Tak U C BHELWIHWM MUPOM). VHbIMU cnoBamu, B [20] Mbl ncciegoBanu
ANHAY kak npumep NCw (TouHee - ATCLu).

2. OnpegeneHusa kaptorpagmm ot MKA (cM. Bbille) HEAOCTaTOYHO, NOCKO/bKY Npu co3gaHun ATC nomu-
MO KapT HaM MpUXOANTCSH UMETb fef10 ¢ KapTorpagmyecKUMm OTHOLLIEHMSAMU U cucTeMamu. M03TOMY HYXXHO
MoNb30BaTbCA OMpeAeNneHnemM CMCTEMHOW KapTorpagun, KOTopoe BBeAEHO B MoHorpaduu [11]: cucTeMHas
KapTorpagmusa - corfacoBaHHble W HECOracoBaHHblE UCKYCCTBA, HAyKW U TEXHONOrUWU U3FOTOBNEHUS U UC-
N0b30BaHUA KapT, KapTorpapuyueckmx OTHOLLEHWUIA 1 KapTorpagmyecKnx CUCTEM.

3. B npoekTax Tak Ha3bIBaeMOA PpaHKO-HEMELKOI HYepHOObINLCKOA NHMLMaTuBbLl B 1998-2003 rr. [11, rn. 3]
Hapsagy ¢ noHsaTneM NCL ynoTpebnsnock NOHATUE cnaboli MHTerpaumm snemeHToB MCL. Ha npakTuke cna-
6as nHTerpayms 6bina peannsoBaHa Npy NOMOLLM NOPTanbHOro nporpaMMHoro peweHuns TripleNet. Mpoue
roBOps, MMHUMaNbLHO AONYCTUMbIM OTHOLLEHUEM cNaboi uHTerpaymm 6oina npoctas HTML-ccbinka mexay
[BYMS 37ieMeHTaMu cuctem. MHbIMK cnoBamMu, XoTs Bbl 3Ta CCblIKa A0MKHA 6bITh 0643aTeslbHO. 3a npoles-
LKe rogbl cnabas MHTerpauua aBoMIOLMOHNPOBANA B Pa3inyHbie (POpMbl CUNLHON NHTerpaLmun. B HacTosLee
BpeMsl Hambonee MOMynspHbIe OTHOLIEHUS MHTerpaunu cTpostca Ha ctaHgapTe RDF (resource description
framework) koHcopunyma W3C5.

3fecb Mbl BblenseM ABa OCHOBHbIX NoHATUSA KoKa ATC - cTpaTbl (3LWenoHbl) 1 opmauuun. B cneundu-
YEeCKOM TPeXMepHOM MpPOCTPaHCTBE BCeX BO3MOXHbIX ATCLU 3TO ABa U3 Tpex usmepeHwii. bnarogaps Bkto-
YEHWIO CTPaT B UTOMOBYHD PaCLLUMPEHHYHO CUCTEMY 3/1eMeHTOB 00bluHas ATC KOHEYHOro Monb30BaTeNs npespa-
WaeTca B pacluMpeHHyto - ATCL. TepMUH «CTpaTa» COBMaJaeT C TEPMUHOM «3LLEMNOH», eCNK pedb MaeT 06
OpraHu3aLMoHHOM cncTeme (Yalle BCEro - BUPTYaslbHOM), B KOTOPOW ucrnonb3yeTcs ATCLU. 3Ta opraHu3aLmnoH-
Has c1cTema COCTOUT U3 HaXOAALLMXCA B ONpeaeneHHO nepapxumm aLlesoHOB Nosb30BaTenei.

B KoKa kaxpaoit 06bluHOn ATC 06513aTeNlbHO CYLLECTBYHOT OpraHW30BaHHble B MEPapXMIO CTpaTbl (CHU3Y
BBEPX): onepauuoHHas, annaukauMoHHas, KOHUeNnTyanbHasa (MoHATUiHan), obwas. OnepalLoHHOW cTpaTe
COOTBETCTBYET ONepaLMOHHbI/A 3L1eI0H, KOTOPbI BKIOYAET B Ce651 KOHeUHbIX nosb3oBateneil ATC B Y3KOM

5W3C. Semantic Web [Electronic resource]. URL: https://www.w3.org/RDF/ (date of access: 26.02.2019).
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noHumaHun (ATCy) nnm obbiuHoin ATC. Mpumep ATCy - SnHAY Ha DVD. AnNnnnKaunoHHONM cTpate cooT-
BETCTBYET ann/MKaLMOHHBINA 3LIeN0H, B KOTOPLIA BXOAAT paspaboTumku ATCy. Npumepom OfHOW 13 MHOTMX
CUCTEM 3TOI CTpaThl (3LenoHa) asnsetca cuctema INHAY EM1cN OHa Tak Ha3BaHa, MOCKOMbKY COAEPXUT
B cebe pefaKTMpyeMble 3/1eMeHTbI, KOTOpPble NpeobpasytoTca B HepeaakTupyemble anemeHTbl SNHAY Ha DVD.
KoHuenTyanbHOI CTpaTe COOTBETCTBYET UH(PACTPYKTYPHBIIA 3LLENIOH, BKNOYAOLLMI He TO/bKO pa3paboTUnKoB
CUCTEM WH(PACTPYKTYPHOrO 3LUeNoHa, HO U nonb3oBateneid ATCy, TaKMX Kak MeHemKepbl M apXMTEKTOpbI.
O6was cTpata COOTBETCTBYET 06LLEMY 3LUE/IOHY U BK/OYaeT B cebs mpenogasarteniell v yyeHblX, KOTOpble
paboTatoT B fJomeHe ATC.

dopmaumn ATC yBs3aHbl € arnoxamu passntuna sebda: Be6 1.0, Be6 1.02 Beb 2.0, Be6 3.0 u 1. 4. dopmayms
Be6 1.02 ncnonb3yetca gna knaccugmkaumm ATC, KoTopble Haxogatca mexay Beb6 1.0 n Be6 2.0. OHa elye
Ha3biBaeTcs opmauuein ATC Knaccuyeckoro guHamuyeckoro Tuna. MimeHHo Takue ATC paspabatbiBaloTcs
B TeKyLlem agecAatTmunetun. ATC topmaunii Be6 3.0 1 ganee elle He co3fgaroTcs, NO3TOMY B paboTe peyb MAET 06
ATC thopmauwnii Be6 1.0, Be6 1.02u Beb 2.0.

MpuMepbl MHTEPAKTUBHOCTI anmnIMKaLMOHHOW CTpaThbl

Mcnonb3yem npumMep KapTorpaguueckoin MHTepakTUBHOCTM 13 NpoekTa INHAY ana npocTelillero Buaa
TEMaTUYEeCKOW KapTbl - XOPONAeTHOW. 3Ta UHTEPAKTUBHOCTL - CNeLCTBME PACCMOTPEHMUS MOHATUIA annanka-
LMOHHOI cTpaTbl. B 9nHAY Ha DVD meTof Knaccugukauum xoponeTbl 3aQMKCUPOBaH - NPakTUUeCKn ans
BCEX KapT OH sBNsieTcA aBTOpCKMM. BmecTe ¢ Tem B INHAY Edited kaxkgas xoponneTHas KapTa npeacTas-
NeTcs B COOTBETCTBYHOLWMX (hopmaTax n obpabatbiBaeTcs B Maplnfo Professional, rae knaccudmkauns atoi
KapTbl MOXET BbINONHATLCA C MUCMNO/b30BAHWEM HE TO/IbKO aBTOPCKOr0, HO M CRefyoL X MeTo0B: 1) paBHOro
KO/IMYeCTBa 3anuceil; 2) paBHoro pasbpoca 3anuceit; 3) eCTeCTBeHHbIX rpynn; 4) cTaHAapTHOrO OTK/IOHEHUS;
5) kBaHTWUNe. Mpn 3TOM 4OBOMILHO OYEBUAHLIM SBASETCA BOMPOC OTHOCUTENbHO NPUHAAMEXHOCTU METOA0B
KnaccugukaLmm XoponeTbl K KapTorpagmyeckoin MHTEPaKTUBHOCTU.

PaspaboTunkn-kaptTorpadsl ATC cUMTaOT, YTO KOHEYHOMY MOb30BaTENHO 3TY (DYHKLUMOHANbHOCTb HENb3s
NpefocTaBNsATb, NOCKObKY OH HE MMEET HYXXHOro 06pa3oBaHUs U NO3TOMY He CMOXET NOCTPOUTL NpaBusib-
HYI0, C UX TOYKW 3peHus, kapTy. PaspaboTumkm-nporpaMMucTel ATC nonaratoT, YTO 3Ty (PYHKLMUOHALHOCTb
KOHEYHOMY MO0/1b30BaTeN0 MOXHO U NpefocTaBUTb. HO 0CHOBHas npo6sema B TOM, YTO MHEHWE HU MepBbIX,
HW BTOPbIX HE ABJIFETCH OMNPesensowmm.

Mexay anemMeHTaMu onepaLMoHHON 1 annanKaumMoHHoW cTpaT ATCLU Npy (IMKCMPOBaHHOM 3HaYeHUK (hopmMa-
LMW BCerga cyLlecTBYT oTHowWweHus (X, O, ®1) | (X, A, ®1), rge X = 4, U, N (4 - patanoruka, U - nHgo-
noruka, I - notpebneHwe (unn opraHonoruka)); O - onepaumoHHas cTparta; A - annivKauuoHHas CTpara;
®1 - opmauus Beb 1.0. MonyxunpHoe HavepTaHWe 0603Ha4veHNA O 1 A yKa3biBaeT Ha aKLEHTbl 3TOro pas-
nena. Ans 06BbACHEHUA MOHATUA OTHOLLEHWIA, O KOTOPbLIX MAET peyb, BOCMO/b3yemMcs 06LLEN3BECTHOW CXEMONA
«KOMMyHMKaLma KapTorpagmyeckoin nHgopmauumn» 13 pabotsl [21]. Ha puc. 2 n3meHeHUs OpuUrnHabHOIA
CXeMbl BblfeneHbl LBeToM. O603HauveHne U(universe) u3 [21] 3ameHeHo Ha [ (4eACTBUTENBLHOCTD).

MpuBeneHO onucaHue puc. 2 ¢ y4eToM uHopmanmm u3 ctatbn A. KonauHoro [21]: A1- aeicTBUTENIbHOCTb
(B opuruHane - BceneHHas) B NpeAcTaBneHMM aBTopa (B OpuruHane - Kaptorpadga); AA - KapTorpaguyeckuii
A3blK, KOTOPbIM MOMb3YeTCH aBTOP Ha annauvkauuMoHHOW cTpate; A0 - kapTorpauyueckuini A3blK, KOTOPbIM
nofb3yeTca ymTaTe/lb Ha OnepaLMoHHON cTpate (B opuruvHane: {1 - kaptorpauueckuii f3blK Kak cuctema
CUMBOJIOB KapThl U NpaBuia UX Ucronb3oBaHusa); C1l- cy6bekT, KOTOPbIA NpeacTaBnseT cebe AelACTBUTENb-
HocTb (aBTOp-KapTorpad); K - npoaykuus kaptorpaduu (kapta); 4, W, [, N - cOOTBETCTBYIOLLME KOHLeMN-
Tya/lbHOMY KapKacy KBafApaHTbl KapTbl K, KOTOpble CMMBOJIMYECKM CO34aHbl ABYCTOPOHHUMW CTpesiKamu;
C2- cyb6bekT, KoTopblii NoTpebnseT KapTy (4ntatenb, B OpurnHane - nonb3osatens); [2- AeNCTBUTENLHOCTb
(BceneHHas) B npeacTaBneHUn yutatens (nonb3osatens) KapTbl. Co3faHWe U nepefada KapTorpaguyeckoi
NHDOPMaL MU ABMISETCA CIOXKHLIM MPOLECCOM AeATeNIbHOCTU U BKKOYAET HECKO/bKO Onepauuii ¢ Lenovykamu
06paTHOIA CBA3UN Ha pa3HbIX YPOBHAX [21]. AuHaMuMKa 3TOro npoLecca yrnpoLLeHa 40 CEMU OCHOBHbIX CTafuiil Ha
puc. 2. Ctagun 1-4 npefcTaBnstoT Co3haHMe KapTbl, a CTagnn 5-7 - ee notpebneHune (MCNONb30BaHKE).

Mbl He CTann YCNoXHATb puc. 2. OfHAKO 04eBUAHO, 4YTO Kak Cl Tak n C2MOryT nMeTb MaTepuannsaumio,
1 ee Haao Obl NoKasatb. B cnyyae noanepXXnBaeMbix Ha NPOTSHXKEHWUMN 4/IMTENLHOMO BpemeHn ATC aTa MaTepua-
nusauus aenseTca 06s3aTenbHON. Tak, B cnydae ANHAY ClmatepunannsyeTcs pefakTMpyembiM BapuaHTOM Kap-
Tbl K B hopmatax Maplnfo Professional. B cnyyae xoponneTbl 3TOT BapuaHT KapTbl K MOXeT onpeaenstbes
MHOXXECTBOM [0MYCTUMbIX METOLOB Knaccupmkaumn. MoryT U3MeHATbCS camy [jaHHble, AaTa akTyaSbHOCTU
JaHHbIX 1 T. N. Matepuanusauna C2Takke 0Tanyaetcs oT camoid kapTel K. Jeno B Tom, uto A. KonauHblil [21]
paboTan ¢ aHanorosbiMU (6YMaXKHbIMK) KapTorpaguyeckumy npoussefeHnsMU. B ciydae aneKTPOHHbIX KapT
CefyeT pas3nmyarb UX MpeacTaBfieHNe U UHTEPAKTUBHOCTb. VIHTEPaKTMBHOCTL CBA3aHa C PasyMOM uuTatens
KapTbl. 18 Hac 3To ypoBeHb M (NoTpebneHune), B KOTOPOM HeOOPa30BaHHbIA YMTATElb MOXET U He 3HaTb, Kak
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«instantiate»
(«3K3eMnspm3aLms»)

Puc. 2. KommyHUKaums kapTorpaguyieckoii nHdopmaumm [21] ¢ Toukn 3peHust pensiLioHHO kapTorpaguu [11]
Fig. 2. Communication of cartographic information [21] in terms of relational cartography [11]

Puc. 3. MepcnekTuBa pocTa, JOMNOMHEHHAA 3eMeHTaMM OMepaLyoHHON 1 annnKauyoHHOW cTpaTt
(pa3paboTaHo aBTOpamm Ha ocHoBe [4, fig. 1.4a])

Fig. 3. Growth perspective, supplemented by elements of the operational and application strata
(developed by authors on the basis of [4, fig. 1.4a])
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MCNOMb30BaTh MHTEPAKTUBHOCTL. OT 3TOr0 OHA HUKY[A He UCYe3aeT, HO B MO3ry Heobpa3oBaHHOro ynTaTens ee
HeT. B KOHEYHOM cyeTe Mbl UMeeM OTHOLLEHWE MeX [y K1acCoM U 3K3eMMIAPOM «40MYCTUMbIX» XOPOMETHbIX
KapT, 4YTO NOKAa3aHO Ha puc. 2 OTHOLLEHUAMUN KnacCcuuKaLlmm 1 aK3eMnispmsaLmnm.

3ameTnm, uto cxema A. KonauHoro [21] npeacTaBnsieT KOMMYHUKATUBHYH NapagmrmMy KiacCU4ecko KapTo-
rpaun. AHanorMyHoe puc. 2 COBMELLEHME BbIMOMHEHO ANS APYTruX napagnrm. Ha puc. 3 HMxHss yacTb KoKa
HafoXKeHa Ha OCHOBHOM MPAMOYronbHUK nepcnekTusbl pocTa [4, fig. 1.4a]. [jobaBneHHbIe 31EMEHTHI Bbljene-
Hbl OpaHXXeBbIM W 3e/1EHbIM LIBETOM.

MpuMepbl MHTEPAKTUBHOCTU MOHATUIAHON CTpaThbl

B co3pgaBaemMble B TekyLleM gecAatunetn ATC Mbl 6bIv BbIHYXAEHbI 400aBNATL ONEpaLui0 «penpoeKTu-
poBaHue» ¥ NPefOCTaB/ATL KOHEYHOMY MO/b30BaTEN0 MHTEPEIC ANS ee NCMO/b30BaHNsA. 3TO MPOU3OLLIIO
13-3a TOr0, YTO NOMMUMO 6a30BbIX KAPT COGCTBEHHOIO NPOM3BOACTBA HAM MPULLIOCL NPUMEHATL 6a30Bble Kap-
Tbl OpenStreetMap (OSM), Google Maps n gp. Kak n3BecTHO, 3TU 6a30Bble KapTbl COOTBETCTBYIOT rnobasb-
Hol cucTeme KoopanHat WGS 84. OTeyeCTBEHHbIe KapThbl BCE eLe U3roTaBnBatoTCA B SIOKa/IbHLIX CUCTEMAX
KoopauHat. Mo3ToMy 1 NOHafo06MI0CL PENPOEKTUPOBAHME.

Cpazsy 3aMeTUM, YTO peasin3aLms pernpoeKTUPOBaHWS B C/lyvae COBPEMEHHbIX aTaCHbIX PELLEHUIA He NPOCTO
[06aB/eHe eLle OAHOR onepaLyn MHTEPAKTUBHOCTU: PENPOEKTUPOBaHME ABASETCS OAHOM U3 peann3saluii npo-
Liefypbl 3aMeHbl, KOTOpas onpeaensierca cnegytowmm obpasom [22, c. 544]:

MX = (W, X, 1),

rpe MX - metacuctema X, X e X; W - napameTpuyeckoe MHOXECTBO BCEX CUCTEM, COCTABAAOLWNX MeTa-
cuctemy; X - NPOU3BONbHOE MHOXECTBO CUCTEM, YbW NapameTpUUECKMe MHOXeCTBa eCTb NMOAMHOXECTBA
W; r - npoueaypa 3ameHbl, KOTOpas A40/HKHA peann3oBbiBaTb OMpeaeneHHY0 QYHKLUUIO 3aMeHbl 1; W A X,
Mpumep napameTpryeckoro MHoxectea W onucaH B paboTe [23] 415 cUCTeMbl aTaCHbIX 6a30BbIX KapT 3M0oXu
(cbopmaupmn) Be6 2.0. Tam W hopmmpyeTcs U3 Taknx napameTpoB, Kak MPOCTPaHCTBO, BPeEMSA U rpynna.

B onucaHHOR cuTyaumm Mbl MMeeM fAeno ¢ 6a30BON KapToOi Kak C 3/1EMEHTOM reo- U KapTonaaT(opMmbl,
Hanpumep OSM. Mpu 3TOM Hy)XHas Ham 4YacTb OSM - 371eMeHT MH(PACTPYKTYPHOrO 3LUe/IoHa HEKOTOPOIA
coBpemeHHon ATC. Mockonbky OSM He aBnseTcs co6CcTBeHHOW noacuctemoli ATCLU, MOXHO FOBOPUTb
0 TOM, 4TO ATCLU BbICTYNAET CUCTEMOIN HECKOMBbKUX CUCTEM, B KOTOPbIX MHTErpaLus MOXET OCYLLECTBAATLCA
AnHaMnyeckn. IMeeTca B BUAY, YTO aT/lacHOe peLleHue A0/MKHO 6biTh FOTOBO K TOMY, YTO Bnagenel, nnardgop-
Mbl CLlenaeT U3MEHEHUSA, KOTOpble MOBMUAIOT Ha PaboTOCNOCOOHOCTb APYTrnX 3N1IEMEHTOB peLleHuns. B faHHOM
cny4vae Hepaboyee OTHOLLEHME HAAo ByAeT M3MEHUTL Ha pabouee.

B aTOM MecTe Ham MOHafoOOMTCA NOHATWE MOLENW, KOTOPOe B OOLLEM BUAE TPAKTYETCs Kak YnpoLieHune
CUCTeMbI, MOCTPOEHHOE C YYeTOM MpegnosiaraemMon uenn. Mogenb Jo/mkKHa NpeocTaBnAaTb BO3MOXHOCTb OT-
BeYaTb Ha BOMPOCHI BMECTO (haKTNYeCKol cucTembl [24]. B COOTBETCTBUM C 3TUM Kax[as KOHKpeTHas KapTta
BbICTYNaeT MOJE/bI0 HEKOTOPOW NPOCTPaHCTBEHHOW CUCTEMbI AelicTBUTENbHOCTU. KapTorpaduyeckmue mMo-
[enn - 3TO 3/1IEMEHTbl MHOXECTBa AOMYCTUMbIX KapTorpagmuyecknx TeKCTOB, KOTOPbIE OMpesenstoTcs cooT-
BETCTBYHOLLMM A3bIKOM KapTbl. OTCHO4a CnefyeT, UTO A3bIK KapThbl ABNSETCH A3bIKOM MOAENMPOBaHMS KapT. 3a-
TPOHYTbIE 3[eCb TEMbl UMEIOT PeLLatoLLiee 3HauYeHMe Kak Ans aT/iacHOM kapTorpaduu, Tak u ans kapTorpadgum
B LesoM. OfHaKo OrpaHUYeHHOCTb 06beMa CTaTbM He NO3BOAAET U3N0XKUTL UX AeTa/IbHO, MO3TOMY OTChIN1aeM
3aMHTEepecoBaHHOIO YuTaTens K MmoHorpadum [11].

Cpeay BO3MOXHbIX KapTorpaguyeckux Mogeneii Mbl MMeeM Aeno ¢ KapTamu, KOTOpble peasim3ytoTcs npu
MOMOLLM MH(OPMALMOHHBIX TEXHOMOMMIA. Takve MOLENN TOXe Ha3blBaoTCS CUCTEMAaMM, HO TO/IbKO UHAOpMa-
LUMOHHbIMW. B orpefeneHHOM CMbICNe NOHATUA MOAENIN U CUCTEMbI B3auMo3aMeHseMbl. OHaKO Mbl npuaep-
YKMBAeMCs BBEJlEHHOr 0 BblLLe ONpeAeneHns Mogenu, 4Tobbl 06paTuTb BHUMaHME Ha eLle OAWH BUJ MHTEPaKTUB-
HOCTM, KOTOPbIA CYLLLECTBYET MEX/Y 3/1eMEHTaMMN KOHLENTYabHOM 1 annankKaLMoHHOM CTpaT. BhilweykasaHHbIe
MeTacucTeMbl ABAAKOTCSA 31eMEHTaMM KOHLENTyanbHOM CTPaThbl, & COCTaBMAIOLME UX CUCTEMbI - anmnIMKaLWOH-
HOI. [1NS HUX Mbl MOXEM YKa3aTb Ha TaKOM BU, MHTEPAKTUBHOCTYU, KakK M3MEHeHMe MOAENei.

BMecTo CnoBecHOro onucaHnst U3MeHeHWs MOfENei npueeLeM rpauyeckme npumepsl. [asa aToro Haligem
B AepeBe cogepxaHua INHAY kapTy «Cenbckue noceneHus» (ee Homep 4036) 1 MNOKaXXeM XOPOMETHINA Coi
«[I0THOCTb Ce/bCKOro HacenieHus» (puc. 4). [1ns aToro oTKOUUM [ePeBO COAePXKaHWs, BU3yanm3npyem Kapty
Lennkom (kHomka | XK |[), oTo6pasum nereHay (KHOMKa B «YNpaBneHnn cnosammu» (KHonka LU ) BKoumm
HY>XHbI HA60P CNOEB. 3HAYEHNS APYTUX KHOMOK ONUCaHbl BbILLE.

3Ta e KapTa € UCMOo/b30BaHEeM COBPEMEHHOMO NPOrpaMMHOro pelleHus Ha 6a3oBoil kapTe OSM nokasaHa
Ha puc. 5.

HakoHel, Ha puc. 6 npeacTasfeHbl pe3ynbTaTbl 3aMeHbl MOZENW XOPONJeTbl Ha MOAEeNb TpuMmansl
(treemap). Tpumana (kapTa (map) No-yKpaMHCKK - «Mana», NO3TOMY 1 «TpMMana») 6bina BBeAeHa B paboTe
b. LUHeingepmaHa [25] ans Busyanmsaumm 60/bLINX MepapXUYeckn opraHvM3oBaHHbIX CTPYKTYP AaHHbIX. OHa
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Puc. 4. Cnoii «N0THOCTb CEIbCKOro HaceneHms» KapTbl «Cenbeckue noceneHns» InHAY 2007
Fig. 4. Layer «Density of the rural population» of the map «Rural settlements» of EINAU 2007

Puc. 5. XoponneTHas KapTa «0THOCTb CEbCKOr0 HaCeNeHUs» Noc/ne PenpoeKTUPOBaHUS
(nereHpa He3HaUNUTENbHO M3MEHEHa)

Fig. 5. Choropleth map «Density of the rural population» after reproject
(legend slightly modified)
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0TOOpaXXaeT nepapxmyeckme faHHble Kak Habop BNOXEHHbIX MPAMOYrO/IbHUKOB. JTO M10cKas Tabnumua, Kotopast
Harns4HO NOKasbiBAaeT COOTHOLLEHME YacTeld Lienoro. Pasmep 1 LBET KaX4ol A4elikvi B NpUBeAEHHOM NpuMepe
TpMManbl ONpeaenstoTCs YMCI0BLIM NOKasaTeseM: Yem 60/blUe ero 3HaueHve, TeM 6o/bLIe U TEMHee AYelika
NA0CKOW Tabnuubl. VIHTEpecHo, 4To TprMana Ha puc. 6 He NPOTUBOPEUUT NPUBELEHHOMY BbilLEe ONpeLeSieHNto
KapTbl oT MKA.

Puc. 6. KapTa «[110THOCTb CEMbCKOr0 HaceneHus» Nocne 3aMeHbl MOZENN XOPON/IeThl Ha MOZEe/b TpUManb
Fig. 6. Map «Density of the rural population» after replacing the choropleth model with the treemap model

CoBpeMeHHbIe MPOrpamMMHbIe PeLLEHUS]

AHanu3npysa coBpeMeHHbIe NPOrpaMmMHble peLleHns Ana peannsauumn MHTepakTUBHOCTM B ATC, He cTouUT
OCHOBbIBATLCA TObKO HA UX TEXHONOMMYECKUX LOCTOMHCTBAX M HefocTaTKax. [n1g normyeckn o6bACHUMOro
BbI6Opa NporpaMmmHOl TEXHOMOTMU MOXHO Bocnonb3oBaThest KoKa ATC. HanoMHuM, 4To npu MKCUpoOBaH-
Hoin dhopmaumm B Kaxkaoi ctpate KoKa ATC BbIgensoTCs TpK YPOBHSA (KOHTEKCTA): AaTanornyeckuin (TexHo-
NOTUYECKNIA), NHPONOTUYECKINTA (A3bIKOBbIA) 1 OpraHn3aLUMOHHbIA (MOTpebneHns nnm ncnonb3osaHus) [11].

Ecnn npyHMMaTh BO BHUMaHME TOMIbKO TEXHOMOTUYECKUIA KOHTEKCT, TO MOXHO YTBEPXAaTb ClefytoLLuee.
B hopmarmm Be6 1.0 OTHOLLEHWSA MEXAY 3NeMeHTaMu ABYX COCeHUX CTPaT OblIM HeaBTOMATU3MPYEMbIMU, NO3-
TOMY [1aBHOI NpW3HaBanacb NPOrpaMMHas TEXHONOI WS peann3aunm 31eMeHTOB OnepaLMoHHON CTPaThbl UK Xe
K/IMEHTCKUX MPUIOXKEHWA. B aTnacax Hallero npou3BOACTBa B MPOLUAOM AeCATUNETUU 3TO OblT JOKYMEHT
B hopmaTte HTML4, KoTopbIil BU3yanunsupoBancs 6paysepom Internet Explorer. [4ns oTo6pakeHWst KapTbl Npu-
MEHSINCS BCTPOeHHbI B HTML-cTpaHuly KapTorpaduyeckuii 06bekT ActiveX. 310 6bln 06bEKT COGCTBEHHOIO
MPOV3BOACTBA, KOTOPbIV NOMyYan yrnpaB/eHe BO BPEMS aKTMBAL MK U B OTBET Ha [eiCTBUA No/b30BaTeNs BO3-
BpaLyan TOMy pe3ynbTaTbl MCMOMb30BaHUA MHTEPAKTUBHBIX OMepaLuii, peann3oBaHHbIX B MHTepdeice Nosb3o-
Batens (cM. puc. 4). Bca TexHonornyeckas Lenoyka 6biia OpueHTMpoBaHa Ha NpoayKLumMio Kopropauun Maplinfo.

Opyrum nytem nowno HMM «KapTorpagusa»6npu 3roToBeHWM 1 BbINYCKe CepUM YUYebHbIX atnacos. Kak
N NpoekT INHAY, 3TOT NPOEKT CYLLECTBYET ANUTEeNbHOE Bpems. OLHAKO ero OCHOBHbIM OTAnMYneM 0T SNHAY
6b110 Mcnonb3oBaHUe nnarvHa Adobe Flash n cTosein 3a HAM TEXHONOTUKU. DTOT MAarMH NPUGAM3NTENbHO
[ecaTb NeT Ha3af 06s3aTeNbHO NPUMEHANCA NPakTUyeckn B NobomM Gpaysepe. OLHO BpPeMs AaXe Ka3anoch,
4TO ANA KNMEHTCKUX NPUOXKEHWUI (MK 3N1eMEHTOB OMepaLnoHHON CTpaTbl) HET afbTepHaTVBbI TaK Ha3blBae-
MbIM rich internet applications (RIA), cpegn KoTopbix Haumbonee nonynspHoiM 6bi1 Adobe Flex (HbiHe -
Apache Flex). Mony4yaemas B pe3ynbTaTe TEXHONOTMYeCKas Lienoyka, B TOM Yncne 6narogaps apyrum npo-
aykTam Adobe (Hanpumep, lllustrator), 6blna o4eHb NPUBNEKATENbHON ANS NOCTPOEHUA aTNacoB.

6KapTorpadusa [AnekTpoHHbIi pecypc]. URL: https://kartographia.com.ua/ (gata o6paiieHus: 28.03.2019).
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EcTb, npaBga, orpaHuyeHne, KOTOpPOe 3aBMCUT OT OCHOBHOW MCMONb3YEMOI MapagurMbl KapTorpaguu.
CornacHo [26] B Kaaoin 13 nmapagurm KapTa NOHMMAaeTcs Mo-pasHomy: 1) n3obpaxkeHne (KOMMYHMKATMBHas
N KOFHWTMBHAA Napagurmbl); 2) MoAenb UK CPeacTBO BbIMMCNIEHMIA (aHaNMTUYeCKas napagurma); 3) 3ambicer,
HaMepeHue UNKn coumanbHas KOHCTPYKUMSA (KpuTuyeckas napagurma). Mbl cuMTaeM, U4To KOMMYHMKATMBHAS
1 KOrHUTWBHAA napagmrmbl 6/1Ke BCEro K MHMOMIOrMYECKOMY YPOBHIO, aH/IMTUYECKAS - K [aTasiormyeckomy,
a KpUTMYecKast - K opraHm3alnoHHOMY. «Bve BCero» 03Ha4aeT, YTo BOMPOCL! TOM UM MHOIM Napagurmbl cie-
[yeT paccmaTpumBaTh NPeXxje BCEro B COOTBETCTBYIOLLEM YPOBHE.

B 3nHAY Ha DVD 2007/2010 TOXe npuwiniocs ncnonb3osatb nnaruH Adobe Flash. Bonee Toro, Tpu u3
MATU OCHOBHbIX TeMaTU4ecKnx 610koB KapT INHAY Ha DVD 2007/2010 6binm npeacTasieHbl B hopmaTe
.SWF n usrotasnmsanucs B HIMIM «KapTorpagus». bnarogaps Teopun pensiuuoHHoi Kaptorpagun [11] Te-
nepb Mbl MOHMMaeM, 4YTo B INHAY Npomn3oLno N3MeHeHne KapTorpauyeckoin napagnrmol. [eno B Tom, 4To
nepsblli KOHEYHbIV NPOAYKT NpoekTa HaumoHansHOro atnaca YkpauHsl - 9nHAY Ha CD 2000 [27] - cooT-
BETCTBOBa/ aHAIMTUYECKOM Napagurme. 310 YTBEPXKAEHNE CneayeT 13 Toro, 4To npu cosgaHun InHAY 2000
KUBEPHETWKM 1 MPOrpaMMMCTbl OYeHb NIOTHO B3aUMOLENCTBOBaM € reorpadamu 1 kaptorpadamu. Mo cytu,
nepBeble 6blM CTOPOHHUKAMWU aHaNUTUYECKOW napagurvbl, BTOPble - KOMMYHWKATWBHOW W KOFHWUTUBHOIA.
HecmoTps Ha NONbITKK reorpadoB 1 KapTorpaoB BHEAPUTb M3006paXkeHUs KapT 6e3 Hagnexawmx gaHHbIX,
MOXXEM KOHCTaTMpoBaTb, YTO BCce KapTbl DNHAY Ha CD 2000 MMerT aHa/IMTUYECKYH YacTb 1 YTO BCE OHM
npeAcTaBneHbl B BEKTOPHbIX (hopMaTax U3BECTHON pa3paboTumnKy cTpyKTypbl. Mocne 2000 r. 66110 CO34aHO
HECKO/IbKO aT/1acoB B aHA/IMTUYECKON napagmurme. OAHako nNpy NOArOTOBKe MOMHOW Bepcvn HaumoHanbHOro
aTnaca YkpanHbl B 2007 T. 66110 PeLLeHO NepBbIM pa3pabaTbiBaTb 6yMaXKHbI BapnaHT. MoaTtomy INHAY Ha
DVD 2007 co3gaBancs Kak ero afleKTpoHHbIi 06pas. He cToMT 0C060 06BACHATL, YTO MPU pa3paboTKe GyMax-
HOWA BepcUK aTiiaca 0OCHOBHOE BHUMaHWe YAens10Ch KapTe Kak n306paxeHuto. A B TO BPeMS A4/ «PUCOBaHNA»
KapT 60nbLUe BCero 6b1av npucnocobneHbl NnpogykTel Adobe.

OpHako 17 gekabpsi 2012 r. koHcopunym W3C 06bsBUA 0 3aBeplleHMmn paboT Hag cTaHgapTom HTML5S
1 npuceoeHun emy ctaryca Candidate Recommendation. 370 cobbiTve CTano onpeaenstoWwmmM 4as pasBuTua
Beba. TexHonornm RIA Havanm TepATb CBOU NO3nUMKU. Ha 3aMeHy UM, cnepBsa A5 BO30OHOBNEHNA PYHKLNO-
HanbHOCTM TexHoNornii RIA, BO3HUKI0 60MbLLIOE KOMMYECTBO 6UGIMOTEK U hpeiimBopKoB JavaScript. Tenepb
BMECTO «YY)XKMUX» aKTUBHbIX 0ObLEKTOB WM MNarvHOB B 6pay3ep BCTPamMBalOTCH «POAHbIE» GUBANOTEKN Ha
JavaScript. MNpakTnueckn obs3aTenbHol cTana 6ubnnoTekajQuery. B kapTorpadmm 60blioe pacnpocTpaHe-
Hue nonyuuna 6ubnunoteka Leaflet. Ans rpadimkn (1 kapTorpagumn) ctana NOBCEMECTHO UCMOMb30BaTbCsA 616-
nnoteka D3. KapTorpauyeckas MHTEPaKTUBHOCTb MepekoyeBana B 3TU cneuuannsnpoBaHHble 6U61M0TeKN
JavaScript. CnegyeT npu3HaTb, YTO TexHonorus Ha 6ase HTML5, Bkatovatowas CSS3 1 COOTBETCTBYHOLLYIO
Bepcuto JavaScript ¢ Hy>XHbIMU 61M6MOTEKAMUN, MPAKTUYECKM NONHOCTHLIO NOBTOPU/IA UHTEPAKTMBHYIO atnac-
HYH KapTorpaduio npefblgyLiero ecaTuneTus.

Co BpemMeHeM cpefCcTBa ANS pelueHni Npe3eHTaUMoHHOro (KMEHTCKOro) NporpaMMHOro cfios 4ONoHK-
NIUCb CPeACTBaMU ANA pPelleHnin apyrux cnoes (4en0BOro, faHHbIX U T. N.). ChopMUpoBaIUCh Liefble CTEKU
TexHonoruiA. CambiMy BOCTpe60BaHHbIMM ANns Hac siBnatoTca ctekn MERN (MongoDB, Express, React, Node)
nnn MEAN (React 3ameHeH Ha Angular). Havano npegbigylero a6saua oTpaxaeT Hally TOYKY 3peHus Ha
ncnonb3yemble Ansg ATC nporpaMMHble TeEXHOMOMMK: MoHONoAMA Kak Microsoft, Tak n Adobe Hac He ycTpau-
BaeT. Mbl MOr/IM Gbl MHOTO Paccy>XaaTb Ha AaHHY TeMy, MOCKO/bKY NPOLLAM ONUCAHHBIA MyTh Ha NPaKTUKe,
0/HaKO 00BLEM CTaTbW HE NO3BOJISET 3TOrO CAENaTb.

ObpalaeM BHUMaHKe, 4TO B cTekax MEAN/MERN nosiBunucek cpefctsa Ana paboTsl Ha cepsepe: MongoDB,
Express, Node. Mpuyem Bce oHM 6asupytoTcs Ha JavaScript. Mo-BuaMmomy, BrepBble Npy passuTMmn MHHopMa-
LIMOHHBIX TEXHONOTWIA yAanocb A0OUTLCS TakKo rapMOHMU3ALIMM NPOrPaMMHBIX PELLEHUA MEXAY KNUEHTCKOA
1 cepBepHoOi YacTamu. OfHako B NPaKTUYECKUX YCNOBMAX BCE PABHO MPUXOAUTCA YUUTLIBATL HEKOTOPbIE BaXK-
Hble acrekThbl.

1. Hanbonee xapakTepHoi ocobeHHOCTb0 ATC thopmaumm Beb 2.0 ABNSETCA MCMOb30BaHNE CYLLLECTBYHO-
L MX HA MOMEHT CO3[aHUNA HALMOHAbHbLIX U MEXAYHaPOAHbIX reo- 1 KapTonnathopM Uan e UHDPaCcTPYKTYp
NPOCTPAHCTBEHHbIX AaHHbIX, KOTOPbIE TOXEe AO/MKHbLI ObITb naaTgopmamu. Mpyu 3TOM BCE OHWM COCTOSIUCH
B MPOLUIOM AecATMAETMN. M ecnn ¢ MOAepHU3aLMeld CpeacTB AOCTyNa M3-3a CTaHgapTm3aumn HTML5 atu
nnatopMbl CNPaBUINCh, TO C XpaHeHWEM AaHHbIX CUTyalus coBceM MHas. Tak, B OSM ocHoBHoil CYB/[]
ABNAETCA pensumoHHas PostgreSQL/PostGIS, uTo oTanyaeTcs oT 06bekTHoM MongoDB. C PostgreSQL yepes
AP paboTaeT HEeCKOMbKO pefakToOpoB KapT. Kpome rpynnbl pegakTupoBaHusi, OSM BbifensieT elle YeTbipe
rpynmnbl NporpaMmy.

2. He meHee BakHOI ocobeHHOCThI0 ATC thopmanuu Be6 2.0 aBnseTcs MHOroobpasve naTTepHOB NPorpaMm-
HbIX apXUTEKTYP, C KOTOPbIMU NpuxoanTcs paboTtaTs. Cornacumes ¢ M. Puuapzcom [28], KOTOPbIM BblfeNeHbl

’3aHTepecoBaHHbIE YNTATENIN MOTYT MONYYUTb LOMONHUTENbHbIE CBEAEHWS 06 3TWX rpynnax no ccoinke: https://wiki.open-
streetmap.org/wiki/Component_overview (fata obpateHums: 26.02.2019).
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NATb TaKnUX apxuTekTyp: 1) nocnoiHas (layered); 2) ynpaBnsemas cobbiTuamu (event-driven); 3) MUKposiaepHas
(microkernel); 4) mmkpocepBucHas (microservices); 5) NpocTpaHCTBEHHO-6a3MpoBaHHas (space-based), n3BecT-
Has TaKxe Kak o6navHas (cloud).

3aK/o4eHne

Mbl npegnaraem BbiBOAbl, KOTOPbIE HE ABAAKTCA NPAMbLIM CNEeACTBMEM U3MOXKEHHOro mMatepuana. OaHako
(hakTOB, NPeLCTaB/IEHHbIX B paboTe 1 B MPUBELEHHbIX B HEM CCbINIKaX, 4OCTATOYHO, YTOObI 3aMHTEPECOBAHHbIA
ymTaTenb CMOr y6eauTbCs B MPaBUIbLHOCTU CHOPMYMPOBAHHBIX BbIBOLOB AN COBPEMEHHbIX aT/M1aCHbIX MPo-
rPaMMHBIX PELLEHWA.

1 KapTorpaguyeckas NHTEPaKTUBHOCTb HE MOXET pacCcMaTpMBaTbCs NPUMEHUTENBHO K KaKOW-TO OAHOI,
OPVEHTMPOBAHHOI Ha OAHY rpynmny nonb3oBartesieil CTaTuyeckoi kapTe. HaobopoT, HEO6XOANMO U3y4aTb
MHTEPaKTUBHOCTb ANS1 HECKO/IbKMX KapT, YNOPSAAOYEHHbIX C YHETOM UMEHKLLMXCS 3HAHWIA. T1pn 3TOM MUHK-
Ma/lbHbIA HAO0P MHTEPAKTUBHOCTM TaKUX KapT JO/KEH BKAOYaTh MHTEPAKTUBHOCTb TPEX AUHAMUYECKN U3-
MEHSEMbIX KapT: OnepauMoHHY0, anninKauuoHHY U NOHATUIHYIO (KOHLENTYanbHYH) - U COrnacoBbIBaThCS
C UHTePaKTUBHOCTLIO Tpex O, nokasaHHbIX P. POTOM Ha puc. 1, npuyem He ¢ KaxabiM O B OTAENbHOCTH,
a MEHHO C AVHAMUYECKMN B3auMOLecTByoLW MM Bcemu Tpems O.

2. CyLecTByeT He0BX0AMMOCTb MPUMEHSTL B ATC reo- U KapTonaaT(opMbl OT APYriX, HE3aBUCMMbIX MPOMU3-
BoguTeneil. IHTepakTMBHaa KapTorpadums AO/MKHA 06ecrneynTb HayuHyl OCHOBY A/11 UCMO/b30BaHUA TaKUX
reo- 1 KapTonnaT(opm Kak Ha ornepaLyoHHOIA, Tak 1 Ha annukKauuoHHol cTpate ATC.

3. Mpu npomnssoacTee ATC HaUMOHA/ILHOTO YPOBHSA a/lbTePHATMBbI NAaTTEPHAM HeT. MOHATHO, YTO NaTTepPHbI
HeNpOCTbI A1 NOHMMaHMA 1 Tem 6onee peanusauun. Kpome TOro, HyXXHbl KOHLENTyanbHble (NaTTepHbl MPoek-
TUPOBaHMA), annIUKaLUOHHbIE 1 OMepaLMOHHbIe NaTTepHbl. OAHAKO TOMLKO OYeHb KPYMHbIe PUPMbI MOTYT Ae-
NaTb maTTepHamy COOGCTBEHHbIE PeLLeHWs, 3aCTaBnAs APYrUX NPUMEHsATb UX. He oYeHb MOHATHO, YTO fenaTb
B 3TOW cUTyauum nponssoguTensm ATC: Kak npaBusio, 3T0 He6OMbLUME KOIEKTVBLI Pa3paboTyMKoB, KOTOpbIE
He 06n1aaaloT pecypcamu, YT0Obl MCMNOb30BaTh NyULIME B OTPAC/M PeLEHUs, MOCKObKY NOCeAHUe BCe BPeMs
MEHSIOTCH, a O3HAaKOMJIEHWe C HUMKM TpebyeT 3aTpaTt. Mo3ToMy Heob6XoAMMO Yepe3 NaTTepHbl ONpefensTb TeH-
[eHL MW, KOTOPble MEHSAKOTCA Mef/IeHHee, YeM OTAe/bHble pelleHns. 34ech A0/KHa NOMOYb aTnacHas UHTepak-
TMBHas KapTorpagms Kak Hayka. K coxaneHuto, n3 MmoHorpacgum [11, rn. 2] cnegyeT, 4To ANs HAy4HO 060CHO-
BaHHOI0 MaHWNyMPOBaHWS KapTamy TPeX 3aeCTBOBAHHbIX CTPAT HYXXHbI A3bIKU KapTbl 47151 KX U3 CTpaT.
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NMPOCTPAHCTBEHHAA MSMEHUYNBOCTDb
COAEPXAHUA TAHXEJIbIX METAJ1/10B
B MAKPO®PUNTAX O3EP BEJIAPYCW

H. B. XYKOBCKAAL H. B. KOBA/IbYWNK1, b. M. B/JACOBI\ T. MOJNIEHAA2

Benopycckuii rocyfapcTBeHHbI YyHBEpCMTET, np. HesaBucumocTu, 4, 220030, r. MuHck, Benapych
2Cunesckunii yuneepcuTeT B KaToBuuax, yn. beHg>kunHocka, 60, 41-200, r. CocHosel, Monbwa

MpoaHanu3npoBaHa NPoCTpaHCTBEHHAaA AuddepeHLnaLnsa KoHLeHTpaumum Taxenslix Metannos (Ti, V, Cr, Mn, Ni, Cu,
Pb) B BbiCcLIe BOAHON pacTuTenbHOCTH 03ep benapycu. [aHHble 0 COAEPXaHWUM 3N1eMEeHTOB B MakpogmTax benapycu co-
MoCTaBMMbl C NOKasaTensiMu, NONy4YeHHbIMU B [onbLUe 1 pyrux cocegHUX cTpaHax. O3epHbIM pacTeHUAM CBONCTBEHHA
n36MpaTeNlbHOCTb B HAKOMNEHUW MeTan08, pasnyaroLlasca Ana IK0N0rmMYecKnX rpynn norpy>eHHbiX, HafBOAHbIX pac-
TEHWI N MaKpo(MTOB C NNaBaKOLNMK INCTbAMU. Y CTaHOBMEHbI CTATUCTUYECKMN 3HAUYMMbIE OTIMUKA MeXay BacceiiHamu
pek no cofepxaHuto Mn, Cu, Pb B norpyXeHHbIx MakpouTtax o3ep. HanbonbwmMmn KoHUeHTpaumaMmy Mn B TKaHAX
MaKpo(MTOB BCEX 3KOIOTMYECKUX TPYNn xapaktepusytoTcsa 6acceliHbl pek AHenp, Mpunate, 3anagHslii Byr, HanmeHb-
WwumMu - p. bepesnHbl. HanmeHbliee KonmyecTBo Ph 06Hapy>XeHO B BOAHbIX pacTeHMaX 03ep 6acceiiHOB pek 3anafHbli
Byr v AHenp. BogHble pacTeHMs 03ep pasNNyHOWA CTeNneHn TPOPHOCTH OTANYAKTCA HAa CTATUCTUYECKN 3HAYMMOM YPOBHE
no cofiepxxaHuto Mn un Cu, HauMeHbLUMEe KOHLUEeHTpauum Mn B TKaHAX MaKpOMTOB XapaKTepHbl NS Me30TPO(HbLIX 03ep
C npvsHakamu onuroTpodumn. C NoMoLL b0 NPOCTPAHCTBEHHOTO KNaCTepPHOro aHanv3a Bblfie/IeHbl BOCEMb Fpynmn 03ep Mo
cogepxaHuto Mn, Cu n Pb B BbICLUEli BOAHOI pacTUTenbHOCTU. ['pynna o3ep bpacnaBckoro painoHa xapakTepu3syeTcs no-
BbILWEHHbIM cofep>xxaHneM Mn n Cu B TKaHAX MakpoguToB, 03epa 6acceiiHa p. Bunmm oTnnyaoTca HauMeHblLUeli cpegu
Lpyrux rpynn cpefHeii KoHueHTpauueid Cu n Pb B BogHbIX pacTeHuMsX, 03epa CeBepHOIi yacTu benapycu BbifenstoTcs
MOBbIWEHHbIM COAepXaHneM 1 Pb B TKaHAX pacTeHWi.

Kniouesble cnoBa: TAXefble MeTa/lbl; BbiCllasa BOAHAA PACTUTENbHOCTb; 3KONOrMYECKMe rpynnbl; MPOCTPaHCTBEH-
Hasd N3SMEHYNBOCTb; MOHUTOPWHT; TpO(*)VIHECKI/II‘/’I cTaTycC o3ep.
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SPATIAL VARIATIONS OF TRACE ELEMENTS CONTENTS
IN MACROPHYTES WITHIN BELARUSIAN LAKES

N. V.ZHUKOVSKAYAg N. V KAVALCHYK\B. P. VLASOVa T. MOLENDAb

@Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
bUniversity o fSilesia in Katowice, 60 B dzinska Street, Sosnowiec 41-200, Poland

Corresponding author: N. V. Zhukovskaya (natazhuk@gmail.com)

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-
gentand 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, Prypiac, 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
ofthe 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 ofthis paper is to
identify the spatial characteristics oftrace 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 ofthe 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, Glyceriafluitans (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 datal 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 model2using 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 atp < 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).

2SRTM 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 oftrace 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].

Table 1

Metals contents in macrophytes
ofvarious ecological groups within reservoirs

Element Submersed, mg/kg  Floating-leaved, mg/kg Emergent, mg/kg
(frequency, %) (n=305) (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 \Y Cr Mn Ni Cu Pb
Average contents in plant [8] 0.02-56.0 0.001- 100 0.02-10 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 0.1-15 5-30 5-10
Poland

Slup Dam Reservoir [10]

Potamogeton crispus L. - - - - 5.9 175 5.4

Ceratophyllum demersum L. - - - - 6.9 9.7 5.6

Phragmites communis Trin. - - - - 57-80 5.4-123 2.6-9.9

Dominickie Lake [11]
Ceratophyllum demersum L. - - 14 304 1.28 25 16.9

West Poland lakes [12]

Nymphaea alba - - 1.2-4.7  88-247 1.1-12 1.7-48 8.7-4.8

Nuphar luteum - - 1.4-3.1 253-345 1.4-16 18-2.2 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 3.3 15
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Ending table 2
Indicator Ti \Y Cr Mn Ni Cu Pb
The Russian Federation
Bugach Lake [13]

Macrophytes 297 171 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 14
Ceratophyllum demersum L. - 0.44 11.8 5260 14 55.3 45
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
Phragmttes australis - - - 29-112 1.7-46 3.1-62 0.7-1.3
Belarus

Lakes and reservoirs
Potamogeton perfoliatus L. 2.7 3.4 1.8 186 0.41 14 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. 13 54 6.2 702 1.2 3.3 4.3
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 ofthe Dniapro, Prypiac, 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 humber 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 - 2times, 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 ofthe 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 reliefthe lake hollows have a deep (up to 30-50 m) erosional inci-
sion, and the catchments have been developed and plowed up. A lot ofallochtonic 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 oftrace elements. Within the Prypiac 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 ofterrigenous material (mainly clayey) from watersheds (with which Ti, Mn, Zn, Cr, V, Pb
are associated) as a result of the agricultural and reclamation use ofthe 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, Crin 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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Fig. 4. Average rank variation of Mn, Cu, Pb contents
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A fairly complete picture of the ecological conditions for the growth of macrophytes gives the degree oftro-
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 (H 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 % ofthe sample (fig. 7).

duster 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 \Y Cr Mn Ni Cu Pb

Mesotrophic lakes with signs 3.87 9.24 7.37 125 2.04 2.84 3.1
of oligotrophy (n = 64)

Mesotrophic (n = 87) 13.6 6.38 4.45 363 1.23 3.18 4.2
Eutrophic (n = 146) 1.65 3.16 3.12 464 0.76 1.82 2.39
Dystrophic (n = 8) 0.14 2.30 - 237 - 0.35 2.04
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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, %

48



["eorpacus
Geography

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 ofthe 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
Prypiac 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 ofthe Zachodniaja Dzvina Basin.
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Fig. 8 Cluster analysis of lakes based on the content of Mn, Cu, Pb in macrophyte tissues

Standardized values

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 ofthe Dniapro, the Prypiac 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 % ofthe 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 ofthe 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.

Brnbnunorpagmyeckme ccbl/iku

1 Albers PH, Camardese MB. Effects of acidification on metal accumulation by aquatic plants and invertebrates. 1 Constructed
wetlands. Environmental Toxicology and Chemistry. 1993 June;12(6):959-967. DOI: 10.1002/etc.5620120602.

2. Ravera O, Cenci R, Beone GM, Dantas M, Lodigiani P. Trace element concentrations in freshwater mussels and macrophytes
as related to those in their environment. Journal ofLimnology. 2003;62(1):61-70. DOI: 10.4081/jlimnol.2003.61.

3. 3blpuH HIT, O6yxoB AW. CneKTpanbHbliA aHanu3 noys, pacTeHuIA 1 Apyrux 61onornyeckux maTepuanos. Mocksa: V13gatenscTso
MIy; 1977. 334 c.

4. T'vreny 'C, Bnacos bI, BeiHaes I'B. Bbicluve BofHble pacTeHWst Benapycu: skonoro-6uonornyeckas xapakrepucTuka, mc-
nonb3oBaHue 1 oxpaHa. MuHck: W3gatensbckuii ueHTp BIY; 2001. 231 c.

5. M'puwaHueBa EC, CadpoHosa HC, KupnuyHnkoa HB, ®efoposa HI. PacnipeseneHrie MMKPO3/IEMEHTOB B BbICLUE BOAHOM
pacTuTenbHOCTM 1BaHLKOBCKOro BogoxpaHuauia. reoskonorus. MH>keHepHada reonorus. uaporeonorus. Meokpuonorus. 2010;3:
223-231.

6. Crowder A, Dushenko WT, Greig J, Poland JS. Metal contamination in sediments and biota of the Bay of Quinte, Lake Ontario,
Canada. Hydrobiologia. 1989 December;188(1):337-343. DOI: 10.1007/BF00027798.

7. Prasad MNV, Greger M, Aravind P. Biogeochemical cycling oftrace elements by aquatic and wetland plants. In: Prasad MNV,
Sajwan KS, Naidu R, editors. Trace elements in the environment: biogeochemistry, biotechnology and bioremediation. Boca Raton:
Taylor & Francis; 2005. p. 451-482. DOI: 10.1201/9781420032048.ch24.

8. Markert B. Presence and significance of naturally occurring chemical elements of the periodic system in the plant organism and
consequences for future investigations on inorganic environmental chemistry in ecosystems. Vegetatio. 1992 November;103(1):1-30.
DOI: 10.1007/BF00033413.

9. Kabata-Pendias A. Trace elements in soils andplants. 4thedition. Boca Raton: CRC Press; 2010. 548 p.

10. Senze M, Kowalska-Goralska M, Pokorny P. Metals in chosen aquatic plants in a lowland dam reservoir. Journal ofElemento-
logy. 2009 January;14(1):147-156. DOI: 10.13140/2.1.1422.9126.

11. Szymanowska A, Samecka-CymermanaA, Kempers AJ. Heavy Metals in Three Lakes in West Poland. Ecotoxicology and En-
vironmental Safety. 1999 May;43(1):21-29. DOI: 10.1006/eesa.1998.1747.

12. Kuriata-Potasznik A, Szymczyk S, Pilejczyk D. Effect of bottom sediments on the nutrient and metal concentration in macro-
phytes of river-lake systems. Annales de Limnologie - International Journal ofLimnology. 2018;54. Article number 1 DOI: 10.1051/
1imn/2017028.

13. MiBaHoBa EA, AHuLLeHKo OB, Mpubosckas B, 3uHeHko MK, Hasapenko HC, HemumHos BI™ v gp. CofepxaHue MeTasfoB B BbIC-
LUMX BOLAHbBIX pPacTeHUsIX B HEOO/bLLOM CMOMPCKOM BOLOXpaHWKLLE. CUOMPCKWIA IKONOTMYeCKuiA M<ypHan. 2012;4:485-495.

14. ®epoHeHko EB, dununnosa EB. OugeHKa ypOBHA 3arpsasHeHns 3anopoXKCKoro BOLOXPaHUIULLA THKENLIMU MeTaNaMn. YyeHble
3anuckn TaBpuyecKoro HauyoHalbHOTO yHMBepeU TeTa umenn B. . BepHagckoro. Cepusi: Buonorus. Xumus. 2008;21(2):133-138.

15. MetyxoBa HH, KysHeLoB BA. K knapkam MUKpPO3/1eMeHTOB B MOYBEHHOM NoKpose benapycu. loknaabl Akagemun Hayk bena-
pycu. 1992;36(5):461-465.

16. Kpyuek CA, pegaktop. CTpaTurpadmyeckme cxembl JOKEMOPUIACKIX 1 haHepo30ACKMX OTNO>KeHWIA Benapycun: 06bSCHUTENb-
Has 3anncka. MuHcK: Benopycckuii Hay4HO-MCcCnef0BaTeNbCKUIA Fe00ro-pa3seoyHblil MHCTUTYT; 2010. 282 c.

17. MatBeeB AB, bopzoH BE. "'eoxvmus 4e TBEpPTUYHBIX OTIO>KeHWid benapycn. MuHck: Benapyckas HaByka; 2013. 191 c.

18. XXyxosuukaa AJl1, 'eHepanosa BA. 'eoxumusa 03ep benopyccun. MuHck: Hayka u TexHuka; 1991. 202 c.

19. MeTyxoBa HH. Meoxumunsa nous Benopycckoit CCP. MuHck: Hayka n TexHuka; 1987. 231 c.

20. Nykawes KW, pegakTop. MeoxuMmyeckie NpoBMHLMN NOKPOBHbIX 0TN0XKeHUin BCCP. MuHck: Hayka u TexHuka; 1969. 473 c.

21. Nykawés OB, XXykosckaa HB, Jlykawésa HI™, TeopoHoBun4-Cespyk [J1, CaByeHko CB. CofepxaHne XMMNYeCKNX 3/1eEMEHTOB
B COBPEMEHHBIX [IOHHbIX OT/IOXKEHMAX pek Benapycu (TeXHOreoXmMmnyeckmii acnekT). Mpupogononb3osanme. 2015;27:109-117.

22. Farhat HI, Aly W. Effect of site on sedimentological characteristics and metal pollution in two semi-enclosed embayments of great
freshwater reservoir: Lake Nasser, Egypt. Journal ofAfrican Earth Sciences. 2018;141:194-206. DOI: 10.1016/j.jafrearsci.2018.02.012.

50



Meorpacgus
Geography

References

1 Albers PH, Camardese MB. Effects of acidification on metal accumulation by aquatic plants and invertebrates. 1 Constructed
wetlands. Environmental Toxicology and Chemistry. 1993 June;12(6):959-967. DOI: 10.1002/etc.5620120602.

2. Ravera O, Cenci R, Beone GM, Dantas M, Lodigiani P. Trace element concentrations in freshwater mussels and macrophytes
as related to those in their environment. Journal ofLimnology. 2003;62(1):61-70. DOI: 10.4081/jlimnol.2003.61.

3. Zyrin NG, Obukhov Al. Spektralhyi analizpochv, rastenii i drugikh biologicheskikh materialov [Spectral analysis of soils,
plants and other biological materials]. Moscow: Publishing House of the Moscow State University; 1977. 334 p. Russian.

4. Gigevich GS, Vlasov BP, Vynaev GV. Vysshie vodnye rasteniya Belarusi: ekologo-biologicheskaya kharakteristika, ispolZzo-
vanie i okhrana [Higher aquatic plants of Belarus: ecological and biological characteristics, use and protection]. Minsk: Publishing
Center of Belarusian State University; 2001. 231 p. Russian.

5. Grishantseva ES, Safronova NS, Kirpichnikova NV, Fedorova NP. Distribution of microelements in higher aquatic plants in
the Ivan’kovskoe water reservoir. Geojekologija. Inzhenernaja geologija. Gidrogeologija. Geokriologija. 2010;3:223-231. Russian.

6. Crowder A, Dushenko WT, Greig J, Poland JS. Metal contamination in sediments and biota of the Bay of Quinte, Lake Ontario,
Canada. Hydrobiologia. 1989 December;188(1):337-343. DOI: 10.1007/BF00027798.

7. Prasad MNV, Greger M, Aravind P. Biogeochemical cycling of trace elements by aquatic and wetland plants. In: Prasad MNV,
Sajwan KS, Naidu R, editors. Trace elements in the environment: biogeochemistry, biotechnology and bioremediation. Boca Raton:
Taylor & Francis; 2005. p. 451-482. DOI: 10.1201/9781420032048.ch24.

8. Markert B. Presence and significance of naturally occurring chemical elements of the periodic system in the plant organism and
consequences for future investigations on inorganic environmental chemistry in ecosystems. Vegetatio. 1992 November;103(1):1-30.
DOI: 10.1007/BF00033413.

9. Kabata-Pendias A. Trace elements in soils and plants. 4thedition. Boca Raton: CRC Press; 2010. 548 p.

10. Senze M, Kowalska-Goralska M, Pokorny P. Metals in chosen aquatic plants in a lowland dam reservoir. Journal o fElemento-
logy. 2009 January;14(1):147-156. DOI: 10.13140/2.1.1422.9126.

11. Szymanowska A, Samecka-Cymermana A, Kempers AJ. Heavy Metals in Three Lakes in West Poland. Ecotoxicology and En-
vironmental Safety. 1999 May;43(1):21-29. DOI: 10.1006/eesa.1998.1747.

12. Kuriata-Potasznik A, Szymczyk S, Pilejczyk D. Effect of bottom sediments on the nutrient and metal concentration in macro-
phytes of river-lake systems. Annales de Limnologie - International Journal ofLimnology. 2018;54. Article number 1. DOI: 10.1051/
1imn/2017028.

13. lvanova EA, Anishchenko OV, Gribovskaya IV, Zinenko GK, Nazarenko NS, Nemchinov VG, et al. Metal content in higher
aquatic plants in a small Syberian water reservoir. Sibirskii Ekologicheskii Zhurnal. 2012;4:485-495. Russian.

14. Fedonenko EV, Filippova EV. Contamination level estimation in the Zaporozhian reservoir by heavy metals. Uchenye zapiski
Tavricheskogo natsionalhogo universiteta imeni V I. Vernadskogo. Seriya: Biologiya. Khimiya. 2008;21(2):133—238. Russian.

15. Petuhova NN, Kuznetsov VVA. [To Clarke values of trace elements in the soil cover of Belarus]. DokladyAkademii naukBela-
rusi. 1992;36(5):461-465. Russian.

16. Kruchek SA, editor. Stratigraphic charts ofprecambrian andphanerozoic deposits ofBelarus: explanatory note. Minsk: Bela-
rusian Research Geological Exploration Institute; 2010. 282 p. Russian.

17. Matveev AV, Bordon VE. Geokhimiya chetvertichnykh otlozheniiBelarusi [Geochemistry of quaternary sediments of Belarus].
Minsk: Belaruskaja navuka; 2013. 191 p. Russian.

18. Zhuhovickaya AL, Generalova VA. Geokhimiya ozerBelorussii [Geochemistry of Belarusin lakes]. Minsk: Nauka i tekhnika;
1991. 202 p. Russian.

19. Petuhova NN. Geokhimiya pochv Belorusskoi SSR [Geochemistry of soils of the Belorussian SSR]. Minsk: Nauka i tekhnika;
1987. 231 p. Russian.

20. Lukashev KiI, editor. Geokhimicheskieprovintsiipokrovnykh otlozheniiBSSR [Geochemical provinces of superficial deposits of
the BSSR]. Minsk: Nauka i tekhnika; 1969. 473 p. Russian.

21. Lukashev OV, Zhukovskaya NV, Lukasheva NG, Tvoronovich-Sevruk DL, Savchenko SV. Chemical elements contents in mo-
dern bottom sediments of Belarus rivers (technogeochemical aspect). Prirodopolzovaniye. 2015;27:109-117. Russian.

22. Farhat HI, Aly W. Effect of site on sedimentological characteristics and metal pollution in two semi-enclosed embayments of great
freshwater reservoir: Lake Nasser, Egypt. Journal ofAfrican Earth Sciences. 2018;141:194-206. DOI: 10.1016/j.jafrearsci.2018.02.012.

Received by editorial board 11.04.2019.

51



>KypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteTa. leorpadums. Meonorms. 2019;2:52-64
Journal of the Belarusian State University. Geography and Geology. 2019;2:52-64

Y[1K 911.3:339.378(477.83)
TOPIOBbIE CETW JIbBOBCKOW OBJIACTU

B.A. KIAMNUYK \ P.M. NO3NHCKUNN1

il J1bBOBCKMIA HAaLMOHaNbHbI YHUBEPCUTET UM. MiBaHa ®paHko,
yn. YuusepcuteTckad, 1, 79000, r. /IbBoB, YKpauHa

MpoaHan3MpoBaHbl TOProBble CETU, KOTOPbIE OCYLLECTBAAIOT AeATENbHOCTb Ha TEppUTOPUU JIbBOBCKOI 061acTy.
OnpegeneHa Jons KaXAo0i N3 HUX B 06LLeil COBOKYMHOCTW TOProBbIX CETE MO PernoHy NoKpbITUs. O6BLEKTOM UCCNes0-
BaHWA ABnseTca 251 3aBefieHNe COBPEMEHHOI TOProBax cnefytoLmx (hopMaToB: MUHU-MapKeT, CynepMapkeT, runepmap-
KeT, anckayHTep v cash & carry. Takxe npoaHanM3MpoBaHa reonpocTpaHCTBEHHAsA OpraHn3aLus TOproBbix ceTeli SibBoBa
Kak KpynHeiwero ropoga J/IbBOBCKOW 06nacT. 3T0 NO3BONAET ONPeseiMTb NepCneKTUBHbIE PalioHbl ANS Pa3BUTUSA pe-
Teiina. B xoae uccnegoBaHnsa yCTaHOBAEHO, YTO OLHUM M3 OCHOBHbIX NMOKa3aTeneil Hapagy ¢ KOAM4ecTBOM CeTel BbICTY-
naeT oblas nnowaab UX 3aBefeHUiA, Beflb OHa OTpaXKaeT BO3MOXHOCTM peTeiiniepa No 06CyXMBaHUIO NOTPEOUTENEVA.
Camble 60/bLUMe, KaK NPaBWO0, 3aBeeHNUA MeXAYHApPOAHbIX TOPrOBbIX CETEN, HECKOMbKO MEHbLUUE - HaLWOHAMbHBbIX,
caMble ManeHbKne - NoKanbHbIX. [Ans Noay4YeHUs NOMHOW MHopMaLMmM 0 NaowWaan TOProBbiXx 06LEKTOB ObIN UCMOb-
30BaHbl MeToAbl TV C. Pe3ynbTaThl NOKa3anu, 4TO HanbObLIYIO CPEAHIO NOWaAb 3aBeAeHNA UMEKT MeXAYHapoHble
TOProBble CeTH, U, HECMOTPSA Ha Maloe KOIMYEeCTBO, UX A0S B 06LLel Nnowaan Bcex ceTeli ABNAETCA O4HON M3 KpynHeii-
WKX. Ha 0CHOBEe pa3nuuHbIX Mokasateneii 6bina chopMmmpoBaHa 6as3a faHHbIX ANS NPOBEAEHUS KNACTEPHOro aHanusa,
4TO MO3BONIMNIO Pa3feNnTb palioHbl JIbBOBCKOM 061aCTW Ha LWeCTb FPynn, a ropoja 061acTHOro 3HaYeHUs - Ha YeTbipe
rpynnbl N0 CX0ACTBY NokasaTeneil. MonyyeHHble pe3ynbTaTbl MOTYT UCMOMb30BATLCA A8 OLEHKW JOCTYMNa HaceneHums
K COBPEMEHHbIM MPesnpUATUAM TOProBAW, OTPaXKAtOLLero ypoBeHb pa3BuTUA coLManbHbiX 6nar, a Takke 418 popmMupo-
BaHWSA NHBECTULMOHHOWN NPMUBNEKaTE/IbHOCTU HEKOTOPbIX PailoHOB JIbBOBCKOW 06n1acTy.

Knioyesble crnoBa: TOprosas CeTb; peTeVlnep; PEernoH NoKpPbITUA; YHUBEPCa/IbHbIE CETU; MUHN-MaPKET; CynepMapKeT;
rmnepmMapkeT; «Mara3smH Bo3sie goma».
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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 house».

BBeneHne

B nocneaHue roabl TOproBns npeTeprena 3HaunTe bHble M3MEHEHMS Kak B 06beMax, TakK 1 B (hopmatax npo-
AK. VIMEHHO MO3TOMY CTOUT 3azaya U3yyeHus 3Tux (popMaToB, yCTaHOBEHMS 3aKOHOMEPHOCTEN pasmeLLeHus
1 Pa3BMTMA TOPTrOBbIX 0OBEKTOB, a TAKXKe WX BAMSIHUA Ha 0BLLECTBO M YPOBEHb €ro XM3HU. OT TOProBan Kak
Ba)XHeliLLell 0Tpac/iN HbIHELHEro BPeMEHM BO MHOTOM 3aBMCUT 3KOHOMMUYECKOE MOMOXKEHWE CTPaHbl B MUPe.
Kaxablii pervioH urpaeT 3HauvMMyto posib B (HOPMMUPOBAHUM PbiHKA TOProB/M FocyfapcTBa. HOBbI 3Tan pas-
BUTWS OTPAC/N NPOSIBNSETCS B AeATENbHOCTY TOProBbIX ceTeil. OHM BbICTYMAaOT OCHOBOV COBPEMEHHO Chhepbl
TOproenn. OCoGEHHO BbIAENAIOTCA YHUBEPCA/IbHBIE CETU KaK Hanbonee pasBuTble.

MaTepuanbl 1 MeToAbl, TEOPETUYECKNE OCHOBbI UCCNeA0BaHNA

"eorpadnyeckoe uccnefoBaHne NPOCTPAHCTBEHHOW OpraHM3aLMm TOProBbIX CETe NO3BO/ISET ONTUMU3NPO-
BaTb UX pasMeLLeHMe 1 YBEIMUMTL JOCTYN HAaCe/eHNst K COBPEMEHHbIM MPeAnpuATMAM Toprosnu. o nocneg-
HEro BPEMEHMN TOProBble CETW M3YYa/InCh F/1aBHbIM 06Pa30M B 3KOHOMUKE W MapKeTuHre. MeHee vccneaoBaH
3TOT BONPOC C reorpaduyeckoii Toukn 3peHus [1]. B reorpaduy npobnemaTukoin TOpro.bix CeTel 3aHUMaIMCh
Takue yKpauvHCKue 1 3apy6exxHble yuyeHble, Kak P. Cky6a, O. Metpuk, I barnesa, M. YepHomas, B. MMaBnos,
M. Manbckasi, H. lonowy6osa, H. Puramn, . Ancodd, . ApmctpoHr, ®. Kotnep, X. Jlamb6eH, B. Xapnep,
N. WTepH 1 ap. B obwem, B YKpanHe Nogo6HOro poga nccnefoBaHns TOMbKO HauMHaKTCA.

MeToanyeckme acnekTbl (YHKLIMOHNPOBaHMS TOPrOBbIX CETEN PACKPbITbI B paboTax M. bnaHka [2], A. Bu-
Horpaackoi [3], H. Fonowy6oBoii [4], A. Masapaku [5] n ap. Pa3BuTne TOProBbiX CeTeil Kak OCHOBHOE Ha-
npaBneHNe TOProBoii cchepbl Ha JaHHOM 3Tane uccnefoBaHo B. JlaryTuHbiMm [6], /1. JlnroHeHko [7]. Bonpocsl
KnaccuthmKkaumm oTpaxeHbl B Tpyaax A. BuHorpaackoii [3] (Buabl COBpEMEHHBIX AUCKayHTEpoB) 1 P. CKy-
6bl [8] (TMNbI TOProBbIX ceTeld). Ha KOHKPETHbIX NPO6/ieMax pPa3BUTMSA TOPTrOBbIX LIEHTPOB U TOProBbIX CETeA
aKUeHTUpYT BHUMaHue W. bnaHk [2], H. Fonowy6osa [4], A4. KacbsiHoB [9] v gp.

Llenb cTaTby - uccneaoBaHne NPOCTPaHCTBEHHON OpraHM3aLuy TOProBbIX ceTei JIbBOBCKOW obnacTu. s
LOCTVIKEHWA LieIM MOCTaB/EHbI CiefytoLLve 3afadun: aHanm3 o6LMx nokasartesielil TOProeaun B YkpavHe, onpe-
JneneHne ocobeHHocTell JIbBOBCKOM 06M1acTU Kak Hanbonee pa3BUTO B 3anafHOM PErvoHe, OLEHKa KOnu-
yecTBa ¥ NJIOWaAmM TOProBeIX ceTeil BO JIbBOBCKOIA 06/1acTu v T. JIbBOBE.

V3yyeHne NpOCTPaHCTBEHHOM OpraHn3auuy TOProBbIX CETel BKAOYAeT psif 3Tanos:

* MOWCK 1 c60p MHDOPMALMU O TOProBbIX CETAX (KOMMYECTBO 3aBEAEHWI, X MEeCTONOIOXKEHWE, FOf OT-
KpbITWS 1 ap.);

¢ co3aaHmne 6a3bl AaHHbIX [IC 1 BHeceHMe paHee COBPaHHOM MHGopMaLMK O TOPTrOBbIX CETAX;

* MONyYEHNEe C NOMOLLbLK CPEACTB U UHCTPYMEHTOB MAC-TexHONornii Heo6XxoanMbIX 418 UCCNeA0BaHUS
JaHHbIX (Nnowajb TOProBbiX CeTeid, NX JoNs B 06LEM KOMMYECTBE TOProBbIX CETEN 06/1aCTU N KaXA0ro
HaCeNeHHOro NyHKTa B OTAENbHOCTU, Panyc AeiACTBUSA TOProBoi 3oHbl [10] 1 T. 4.);

* MpoBefeHMe KNaCcTEPHOro aHann3a Ha OCHOBE NOJyYEHHbIX NOKasaTesneil;

* reonpoCTPaHCTBEHHbI aHaNM3 TOProBbIX ceTelt JIbBOBCKOI 06/1acTu.

Cob6CTBEHHUKYM TOProBbIX CETEl, KaK MpaBuso, He 40BOAAT A0 BCEOOLLEro CBeeHUS eTann3MPOBaHHYIO NH-
thopmaumto (B paspese 06/1acTeil, pailoHOB, HACENEHHbIX MYHKTOB) O CPefHeli MnoLLaan 3aBeeHniA CBOUX CETel.
COOTBETCTBEHHO, B /IUTEPATYPHbIX Y UHTEPHET-UCTOUHMKAX UMEHOTCS MINLIb YaCTUYHbIEe JaHHbIE O MI0LWaaX
TOProBbIX CETeld, MO3TOMY A/t MOTyYEHNs NOJSTHON MH(OPMaLUK JOMOMHUTETbHO HaMU ObLIN UCMO/b30BaHbI
meToabl I'IC-TexHonoruia.
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[NCTaHUMOHHbIE faHHble MO3BOMISIOT AOCTATOUHO TOYHO YCTAHOBUTH MECTOHaxXOX[eHWe TOProBbIX CETe,
a cpeactea MMC-TexHonoruid - ux naowgagp. Mpouecc HaxoXgeHnsa NoLLaAein CocToAN U3 CeaYyIOLWMX 3Tanos.

1 [lnctaHLUMOHHOE ONpeAeneHne rpaHnL, MarasvuHOB TOProBbIX CeTel C NoOMOLLbi0 mporpammel Google
Earth Pro, a Takxe KapTorpauyeckoro cepsuca Google Maps B pexxume 6paysepa.

2. BekTopu3auus npeaycTaHOBAEHHbIX rpaHuL, B nporpammHoii cpege ESRIArcGIS.

3. ABTOMATMYeCKOe onpefenieHne nNaowanei nofyYeHHbIX NOAUrOHaIbHbIX 0OBLEKTOB B peXrMe 06paboTKu
aTpubyTMBHBIX faHHbIX ArcGIS.

MpuBeseM KpaTKylO MeTOAMKY Ha NpuMepe 0HOro 13 MarasuHoB. Ha nepsoM 3Tane B nporpamme Google
Earth Pro B pexume npocmoTtpa ynuy (Google Street View) BM3yanbHO yCTaHaBNMBAETCH MECTOMOMOXEHWE
MarasuHa TOproBoi ceTu no 3agaHHoOMy afpecy. CefleHUs AONOMHAKOTCA UHDOpPMaL e n3 kapTorpaguye-
ckoro cepsuca Google Maps, rae B pexxume 6pay3epa eCcTb (YHKLMK, C MOMOLLbIO KOTOPbIX MOXHO Npocmat-
puBaTh (hoTorpaumm, 3arpy>KeHHble pasHbIMU NOb30BATENSAMU, YTO MO3BONSET TOUHEE OMPeSeMTh rPpaHuLbl
MarasuHa. Ha BTopom atane B nporpammHoii cpege ArcGISfor Desktop 10.2.1 cocTtaBnsieTcs Cnoi, rae ound-
POBLIBAKOTCA YCTAHOB/MEHHbIE TPaHuLbl MarasuHoB. Ha 3aK/MounTensHOM 3Tane B peXXume pefakTMpoBaHWA
aTpUBYTUBHOW TabnMLbl CO3aaeTcs None Square, Kyaa aBTOMaTMUecKn ¢ MOMOLLbO KanbkynsTopa nons (Field
Calculator) BHoCSITCA AaHHble 0 NOWAAM MarasvHa. AHaIoTUYHble AeNCTBUSA BbIMO/HEHb! A4/ BCEX Marasu-
HOB TOProBbIX CeTei J/IbBOBCKOI o6nactu. O6006LeHHas MH(opMmaLms NpeacTaBneHa B Tabn. 1

Ta6nuua 1
Mnowann Toprosbix ceTeld JIbBOBCKOW 06/1acTy
Table 1
Square of trade networks of Lviv region
—— O6iiige KONMUECTBO Mnowagp, M2
3aBefieHu MuHMManbHas MakcmmanbHas O6uas CpepfHss
«ApceH» 6 460 4185 18 088 3014,7
«ATB-mapkeT» 27 148 1366 18 158 672,5
«AlLLaH» 2 4689 11 684 16 373 8186,5
«Bnn3eHbKO» 41 87 581 9671 235,9
«Bonak» 10 275 769 5074 507,4
«Konunépuc» 6 240 930 3313 552,2
«MELIO» 2 8739 10 377 19 116 9558,0
«Haw Kpaii» 25 103 460 5170 206,8
«PykaBuuKa» 91 201 3156 37 036 407,0
«CBoWi MapkeT» 23 107 527 4911 213,5
«Cunnbno» 13 585 7500 27 231 2094,7
«Dypwer» 5 442 1516 4895 979,0

MpumeyaHune. CocTaBneHo aBTopaMu Ha OCHOBaHUMU CO6CTBEHHBIX MCCﬂe,qOBaHI/IVI.

O606LeHMe TEePMUHONOTMYECKNX ONPeAeeHNA COBPEMEHHBIX YUYEeHbIX MO3BONO0 3aKMH0UNTb, YTO TOPro-
Bas CETb - 3TO COBOKYMHOCTb OHOTUMHbIX UM Pa3HbIX 6GU3HEC-eANHUL, KOTOPbIE OCYLLECTBAAIOT PO3HUUYHYIO
TOProBAO Nof OAHOW TOProBOA MapKOi, MMEKT efuHYI0 CTpaTernio AeATeNbHOCTU, 06LW KA LUEHTP ynpas-
NeHWs, KOOPAMHALMM WU KOHTPONSA, a TakXe COOCTBEHHbIV pacrpefennTesbHbIA CKnag, 0TKyfa NoCcTaBstoT
TOBapbl 6U3Hec-eAMHMLAM, BXOAALLMUM B COCTaB 00beNHEHNS.

Vccnenysa Toproeble ceT, OCHOBHOE BHMMaHWe 06pallaloT Ha MUHU-MapKeTbl, CynepMapKeTbl U runep-
MapKeTbl, KOTOpble Hanbonee pacnpocTpaHeHbl B YKpanHe. CynepMapKeTbl U TMNepMapKeTbl OTHOCATCA K 04-
HOMY BMAY TOProBbIX NPeANPUATUIA, 04HAKO MEXAY HUMW BCE XXe CYLLeCTBYIOT OT/IMYKA, U B MEPBYIO 04epeb
3TO 3aHMMaeMble UMK NaowWaan. MnepmapkeT - MarasviH caMoo6Cy>XXMBaHNA C TOProBOW Naowagbto 6onee
5000 M2 rae npeAcTaB/iEH LWMPOKWIA CMEKTP NPOAOBO/bCTBEHHbIX M HEMPO40BOMLCTBEHHbIX TOBapoB. Cynep-
MapKeT - MarasvH camoo6Ccny>KnBaHus ¢ TOproeoii naowaabto ot 400 go 5000 M2 OH Takxke npeanaraet Ao-
BO/IbHO 60/bLLOA aCCOPTUMEHT MPOAOBO/ILCTBEHHLIX TOBAPOB, HO BBUAY MEHbLLIEW MoLaan, cOOTBETCTBEH-
HO, MeHbLLIEe KOMIMYECTBO HEMPOLOBOLCTBEHHbIX. MUHU-MapKeT - He6ObLIOW MPOLOBONLCTBEHHBI MarasvH
C TOproeoli nnouagsto meHee 400 M2 Kak npaBuo, 34ecb NPeAcTaBaeH CXOXWIA ¢ cynepMapKeTamu, Ho 6onee
Y3KNiA acCOPTUMEHT [11]. Kpome ynoMsiHYTbIX Bbille, AOBO/bHO YacTO B YKpavHe BCTPEYatoTCs 1 Takume dhop-
MaTbl 3aBefeHN TOProBbIX CeTel, Kak AnckayHTep, cash & carry, «MarasmH Bo3fie fJOMa», KMOCK U ap.
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Pe3ynbTaTbl U X 06CYXKaeHMe

naBHbIM NOKa3aTesieM, KOTOPbIA OTpaXaeT COCTOSIHME PO3HWUYHOW TOProenu Bo JIbBOBCKOM 06nacTw, sB-
NSIeTCS PO3HUYHBIA TOBAPOO6GOPOT TOProBbIX NPeANPUATUIA, KOTOpPble hYHKLMOHUPYIOT Ha ee TeppuTopun [12].
W3 puc. 1BUAHO, UTO €CAIM UCMO/b30BaTh CTATUCTUYECKYIO MH(hOPMaLUIO B HALMOHaNbLHOM BaftoTe (rprUBHA), TO
3TOT MOKa3aTe/b NOCTOSIHHO PacTeT, NPMYEM [OBOMLHO ObICTPbIMK TeMnamu. OfHaKo cuTyauus byaeT NHOW,
€CNK MnepecynTaThb JaHHble 0 ToBapoobopoTe B gonnapax CLUAL(puc. 2). Tak, HaumHaa ¢ 2014 r. Bo /1bBOB-
CKOli 06/1aCTV NPOUCXOAUT pe3Koe nafeHne Po3HUYHOro TOBapoobopoTa TOProBbIX MPeAnpUsATUA, U4TO 00Yy-
CNOBNIEHO HebGNaronpuATHOK MaKPO3KOHOMUYECKOI CMTyalueid B CTpaHe, KOTOpasi Bbi3BaHa BOMHOM, a TakXXe
NOMNTUYECKUM W 3KOHOMUYECKMM KPU3MCaMu.

Puc. 1. PO3HWMYHBIV TOBApOOGOPOT TOProBbIX NPeANpUATUiA JIbBOBCKOI 0651acTn
3a 2000-2017 IT. B HauMOHaNbHO Ba/toTe (M0 AaHHLIM [TOCYAapPCTBEHHON CMYXXObl CTATUCTUKM YKpanHbl)

Fig. 1. Retail turnover of trade enterprises of Lviv region for 2000-2017
in national currency (to the data ofthe State Statistics Service of Ukraine)
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Puc. 2. PO3HWYHbI TOBapOO6GOPOT TOProBbIX NPeAnpuATuHiA JT-BOBCKOI 061acTu
3a 2000-2017 rr. B gonnapax CLLIA (no gaHHbIM [[0CyaapCTBEHHO CNy)6bl CTAaTUCTUKK YKpauHbI)

Fig. 2. Retail turnover of trade enterprises of Lviv region
for 2000-2017 in US dollars (to the data of the State Statistics Service of Ukraine)

ICornacHo Kypcam Ba/ltOT OULIMATIBHONO MHTEPHET-NPEACTaBUTENLCTBA HalMoHaIbHOrO 6aHKa YKpavHbI.
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BaxHbIM MoKa3aTefieM Takxe ABffeTcs 06Liee KOAMYecTBO 0OBLEKTOB PO3HUMYHO TOProBaW, Kyfda Co-
rNacHoO CTaTUCTUYECKUM MaTepuanaMm BKNHOYaKOT MarasvHbl U KUOCKU. W3 puc. 3 BMAHO, YTO HayuHas
€ 2000 r. yncno 06LEKTOB PO3HMYHOI TOPrOBAN NOCTOSAHHO YMeHbLUaeTca. TnaBHas NpMUKMHa 3TOr0 - MosB-
NeHve HOBbIX POPMATOB TOProBAU, TaKMUX KaK CYNepMapKeTbl U runepMapkeTbl. STU 3aBefleHUs BbITECHAIOT
C pblHKa PO3HUYHOWN TOProBAM HebGONbLIME MarasMHbl M KMOCKW, MOTOMY YTO MOTYT 06CNYXMBaTb 3HAUU-
Te/lbHO 60/bLUe N0Aeld, UMEKT LUMPOKUIA aCCOPTUMEHT TOBApPOB 1 3a4acTyto 60/1ee HU3KME LieHbl MO MHO-
rMM nosmumsaM. B paspese YKpauHbl COKpalleHne KonmyecTBa 06beKTOB PO3HUYHOA TOProOB/M HAYNHAETCS
c 1994 r., Korga B cTpaHe NoJjiyyalOT pasBUTME HOBble opmaTtbl TOProenu. B yacTHOCTKU, Toprosas CeTb
«ATB-mapkeT» B 1993 I. 0TKpbina B I. [JHEMNPOMNETPOBCKE MEPBbIV FraCTPOHOM C MPU3HaKaMmn ANCKayHTepa2
Pa3BuTME HaLMOHaNbHbIX TOProBbIX CETEe NPOLO/XaNoCh BCO BTOPYH NonoBuHYy 1990-x rr. MexayHa-
pPOAHble TOProBble CETW CTanM NOABAATLCA B YKpanHe ¢ 2000-x rr. (NepBoii 6bina Toproeas ceTb «BILLA»3
B I. Kneee). B 2002 r. Hayana CBOIO AeATENbHOCTb OAHA U3 KPYMHEMLLINX Ha CErOAHA HaLWOHabHbIX TOPro-
BbIX CeTeil «Cunbno»4.

JbBOBCKasa 061acTb - MAep No YPOBHIO Pa3BUTMS TOProBbIX CeTell B 3anafHOM pernoHe. OHa NMeeT Hau-
BbICLUME NOKa3aTeNn Kak No KOMMYECTBY TOPrOBbIX CETEM, TaK 1 MO YMCAY COBPEMEHHbIX TOPTrOBbIX 3aBEfEHNIA.
Mpexae BCero pa3BUTMIO TOProBbIX CETEN BO JIbBOBCKOI 06/1aCTU CMOCOBCTBYHOT reorpauyeckoe nosoxe-
HWe, 60/bLLIME NO CPAaBHEHMIO C APYTUMK 061acTsaMU 3anagHon YKpaviHbl KONMYECTBO FOPOACKUX MOCEEHWIA
M YNCNEHHOCTb XXUTENel, HanBbICLUNIA YPOBEHb yp6aHM3aLMmn 1 JOXOA0B HaceNneHus, Hanboee BbICOKKE No-
KasaTesm po3HWYHOro TOBapoobopoTa M Apyrve 3KOHOMUKO-reorpauyeckme npeanocbiikn. CogeliicTyoT
3TOMY W OTAe/IbHble coLManbHble (PAKTOPbI, B YHACTHOCTU MEHTa/IbHOCTL HAaceneHus [aHHOro pernoHa, KoTo-
pas cnoco6CTBYeT PasBUTMIO NATPUOTUYECKOTO MNOTPEONEHNS 1, KaK CNefCTBUE, NOKaNbHbIX U PErMOHANTbHBIX
TOProBbIX CETEN.

Ha Hauano 2017 r. BO JIbBOBCKOI 061acTh OCYLLECTBASANN AeSATENbHOCTb 12 TOProBbIX CeTel - «APCEH,
«ATB-MapkeT», «AllaH», «banseHbko», «Bonak», «Konmbpuc», «Haw Kpaii», «PykaBu4yka», «CBoit Map-
KeT», «Cunnbno», «dypuwet», «kMETRO». O6LLee KONMYECTBO TOProBbIX NPeANpPUATUIA BCEX CETEN COCTaBAANO
251 eguHunyy (puc. 4).
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Puc. 3. KonnuecTBo 06bEKTOB pO3HMYHOI Toprosn B 2000-2017 .
(no aaHHbIM "oCyapCTBEHHOM CNYX6Obl CTATUCTUKA YKpanHbl)

Fig. 3. Number ofthe objects in retail trade from 2000-2017
(to the data of the State Statistics Service of Ukraine)

2ATb-mapkeT [EnekTpoHHuii pecypc]. URL: http://www.atbmarket.com/ (gata 3sBepHeHHs: 22.03.2019).
BILLA [EnekTpoHHmii pecypc]. URL: www.billa.ua (gata 3sepHeHHs: 22.03.2019).
4Fozzy Group [EnektpoHHuii pecypc]. URL: https://www.fozzy.ua/ua/ (gaTa 38epHeHHs: 22.03.2019).
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Puc. 4. KonmuecTBo npeAnpusTMiA TOProBbIX ceTei Bo JIbBOBCKOM obnactv B 2017 r
(pa3paboTaHo aBTOpPaMM Ha OCHOBaHUM COBCTBEHHBIX UCC/EA0BaHWIA)

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

B YkpauHe 1 MUpe NPUHATO KnaccumumpoBaTb TOProBble CETU M0 TaK Ha3bIBAEMOMY PETrMOHY MOKPbITUSA.
OTO NOHATME MUCNOJb3YIOT MApPKETONOrN. BYKBaSIbHO PErMOH MOKPbLITUA - 3TO PErMOH rocyapcTBa, rae ectb
X0TA 6bl OAHO 3aBefieHne, KOTOpoe NpeAcTaBNseT onpefeneHHYI0 TOProByto ceTb. Bce COBpeMeHHbIE TOPro-
Bble CETM M0 3TOMY KPUTEPUIO JeNATCA:

* Ha MexayHapogHble (OCYLLeCTBASAOT AeATENIbHOCTb B HECKO/bKMUX CTPaHax);

* HauMoHa/bHble (eCTb B NATU U 60ee 061aCTAX YKpanHbl);

* pervoHanbHble (NpeacTaBneHbl B TpeX-YeTbipex 061acTAX YKpanHbl);

* NTOKanbHble (CTb B OAHON-ABYX 06M1aCTAX Y KpanHbl)5.

Bo J1bBOBCKOIi 06nacTv PyHKLUMOHMPYIOT ABE MEXAYHAPOAHbIE TOProBble CETU - «AlaH» N «METRO».
Takue ceTu JIbBOBCKOI 061acTu, Kak «Bonak», «Konnbpuc», «Haw Kpaii», «Cunbno», «®ypuer» n «ATb-
MapKeT», SBASOTCA HaLMOHaNbHbIMK peTeinepamn. CeTn «ApceH», «bapBUHOK» 1N «PyKaBMUYKa» OTHOCATCS
K permoHanbHbiM, a «CBoil MapkeT» 1 «bfn3eHbKO» - K NTOKaIbHbIM.

Takum 06pa3om, BO JIbBOBCKOI 061aCTU MpefCcTaBfeHbl BCe BUAbI TOProBbIX ceTeil. HambonbLuyo Aot
0T 06LLEero KomM4yecTsa NPeLnpuATUiA, pasmeLLeHHbIX B 061aCTU, COCTaBAAIOT 3aBefjeHNs TOProBoi cetn «Py-
KaBuuKa» - 36,2 %. ToproBble ceTn «bnnseHbKo» N «ATB-MapkeT» umeroT 16,3 1 10,7 % COOTBETCTBEHHO.
«Haww Kpaii» n «Csoit Mapket» - 10,0 1 9,2 % COOTBETCTBEHHO, a HalMoHanbHasa ceTb «Cunbno» - 5,2 %.
[ons npeanpuatuii ocTanbHbIX TOProBbIX CeTel He npeBblwaeT 4 % (puc. 5).

Eule B 2014 1. NOYTX NONOBUHY NPEANPUSATUIA TOProBbIX ceTeld JIbBOBCKOIi 06/1aCTV COCTaBNANMN 3aBEAEHMS
NOKaNibHOW ceTn «PykaBu4ka». [lpyrue TOpProeble CeTWU He KOHTponupoBanu n 25 % pbiHka. M3 176 3aBefe-
HWiA, NpeAcTaBeHHbIX BO JIbBOBCKOW 06nacTu, 38,9 % (yHKLMOHMpOBanK B npeaenax r. JIbBoBa, 60 % pa3me-
Lannch B rOPoACKMUX noceneHnsx obnactu. U TonbKo fBa CeTEBbLIX TOProBbIX 3aBEAeHUs HAXOAUIUCh B Ceflb-
CKMX HaceNeHHbIX NyHKTax (cena >KosTaHubl 1 COKONbHUKM B6/U3K I. JIbBOBA), UTO cocTasnset Bcero 1,1 %.

Mo cocTosiHMIo Ha 2017 T. KONMYECTBO TOPrOBbIX NPEANPUSATUIA BO3pOCno Ha 42,6 % - ¢ 176 go 251 3aBe-
feHus. TosBMANCH Apyrve NoKabHbIe N AaXKe MECTHbIe TOProBble CeTU TUNa «bnunseHbko» n «CBoil MapkeT».
Ha pblHKe 3anafHoi YKpauHbl TakKXXe Hayana CBOK AeATeNbHOCTb KPYMHenwas HaunoHanbHas ceTb «AThb-
MapKeT». TO eCTb 3KOHOMUYECKMIT Kpnanc 2014-2015 rr. He NPUBES K 3aMe//IEHNIO Pa3BUTMSI TOPTOBbIX CETe
Ha TeppuTopumM 061aCTW, HO BbI3Ba CYLLLECTBEHHOE U3MEHEHWE UX CTPYKTYPbI.

ToproBas ceTb «PykaBU4YKa» OCTaeTCs MAEPOM MO KOJIMYECTBY 3aBefeHUI, HO BCE X eCTb elle 4e-
Thbipe CETU, KOTOPbIE KOHTPOAMPYIOT 3HAUYNTENbHYI0 YacTb PbIHKA PO3HWYHOM TOProBan JIbBOBCKOI 06/1acTu
(cm. puc. 5).

5GT Partners Ukraine [9nekTpoHHbIiA pecypc]. URL: http://gtpartners.com.ua/ (gata o6patieHus: 22.03.2019).
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Puc. 5. [lons 3aBefeHWiA TOProBbIx ceTeit JIbBOBCKoIi 06nactu B 2017 r., %
(pa3paboTaHO aBTOpPaMK Ha OCHOBaHWM COBCTBEHHbIX NCCMEAOBAHWIA)

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

B 3anafiHOM pernoHe YKpavHbl 60/blle BCEFO COBPEMEHHbIX 3aBEAEHWA TOPTrOBAN CKOHLEHTPMPOBAHO
B I. JIbBOBe: Ha Havano 2018 . nx HacuMTbiBanocb 122. S/lingepom Mo YMcay TOProBbIX NPeaAnpuUATUiA cpeau
peTelinepoB r. JIbBOBa SIBASIETCS NOKaNbHas Toproeas ceTb «bnn3eHbKo» - 41 3aBefleHMe TOProBAK, YTO CO-
cTasnseT 34 % oT 06LLEro KoNMYecTBa 3aBefleHN TOProsbIX ceTeil. BTOpoe MecTo 3aHMMaeT permoHanbHas
ceTb «PyKaBuYKa» - 22 3aBefeHuns, unm 18 %, koTopast 40 HeAaBHEro BpeMeHU Gblna NOKaNibHOW, a Tenepsb,
KpoMe J1bBOBCKOI, npeAcTaBneHa B 3akapnaTckoil, VBaHO-®PpaHKOBCKOW, TepHOMONbCKON, XMenbHUL-
KOV 1 PoBeHCKOI 06nacTsax6. TpeTbs MO KOAMYECTBY TOProBbIX 06BHEKTOB €llle OfHa A0CTaTOYHO 60/bLuas
nokanbHas ToproBasi ceTb «CBOil MapkeT», Bo3HUKLWan B 2016 r. BcneAcTBMe pebpeHAnHra cetn «Hauu
Kpaii»7. B T. JIbBOBe OHa umeeT 17 3aBegeHuii (14 %), marasvHbl CeT NpeAcTaBfeHbl B TPEX (hopmaTax:
cynepmapKeT, «Mara3uH Bo3sse goMa» U «3Kcnpecc». Ha YeTBEPTOM MecTe HaxoguTcs Toproeas ceTb «ATB-
MapkeT» - 11 mMarasuHOB, YTO paBHAeTcA 9 % OT 06LLEero Konm4yecTBa peTelinepos r. JIbBoBa. 3aBefeHUs
HaLMOHaNbHOM ceTn «Cunbno» cocTaBnsAoT 8 % 0T 06LLero KonM4yecTsa MarasuHoB COBPEMEHHOIO (hopMa-
Ta. EwWe ogHa HauMoHanbHasa Toprosas cetb «Bonak» nmMeeT 6 %, ceTb «ApceH» - 5 %, «dypuwet» - 2 %.
3 MexayHapoAHbIX CeTeil CBOK AesTeNIbHOCTb B I. JIbBOBe ocyuecTBAAOT «METRO» 1 «ALlaH», Y HUX
21 1% cooTBETCTBEHHO (puc. 6).

B Apyrux HaceneHHbIX MyHKTax pervoHa CTPYKTypa TOProBbiX CeTell COBEPLUEHHO MHasi, HEXenu B 06-
NacTHOM LeHTpe (puc. 7). Mpu aHanm3e puc. 7 BULHO, YTO BO MHOTUX HACE/IEHHbIX MYHKTaX PYHKUNOHUPYET
NULWLL OfiHA TOProBas CeTb U MPAKTMUYECKM BO BCEX CAyvasaX 3TO peTeiniep «PykaBuukax». VckiyeHue co-
CTaBMAAOT M. I. T. [MoAKaMeHb, re CBOK AeATeNbHOCTb OCYLLECTBAAET ceTb «Haw Kpaii», n c. COKONbHUKMY,
rae paboTaeT paHLy3CKaa MexayHapoaHas ceTb «AllaH». Fopoga Typka, Hobli Pozgon, Ctapblin Cambop,
Hwkonaes, HABopos, HoBosABOPOBCK, MNycToMbIThI, 30/104eB, Cokasb, KameHka-byrckas, PaBa-Pycckas, a Takke
n. r. T. KpacHoe nMeroT Mo fBe TOprosble ceTu. o 60/bLUeid YacTW B BbILLEYNOMAHYThIX ropofax npeacras-
NeHbl 3aBefieHNs CeTU «PykaBuuka», MOMUMO HUX eCTb TaKXKe MarasvHbl ceTein «Haw Kpaii», «ATb-MapkeT»
n «Konubpuc». Tpu-yeTbipe CETU COCPEAOTOUEHBI B CNefyIOLWMX HaceNeHHbIX NyHKTax: bopucnase, Cambo-
pe, Xonkee, BuHHuKax, bpogax. Hanbonbliee pasHoobpasme TOproebix ceteil Bo Slbose (11), Ctpbie (6),
Tpyckasue (6), Aporobbive (5) n YepsoHorpage (5).

BaXXHbIM MOKa3aTe/leM YPOBHS Pa3BUTKSA TOProBbIX CETel ABNSETCA 06Llasa TOpProsas naoLllaab Ux 3aBefe-
HuiA (puc. 8), KoTopas 0TOOpaXKaeT BO3MOXKHOCTM peTeiiniepa No 06CnyXnBaHWUO NoTpebuteneil. HanbonbLumne

6PykaBuyka [EnekTpoHHuii pecypc]. URL: http://www.rukavychka.ua/ (gata 3sepHeHHs: 22.03.2019).
TCsW MapkeT [EnektpoHHuii pecypc]. URL: http://sviymarket.com/ (gata 38epHeHHs: 22.03.2019).
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NA0LWaAn, KaK NpaBu/o, 3aHMMalOT 3aBefeHNs MEeXAYHapoAHbIX TOProBbIX CeTel, YyTb MeHbLUME - Hauuo-
Ha/IbHbIX, CaMble Ma/IeHbKUNE - NIOKa/IbHBIX.

Hanb60o/bLyt0 CpeAHIo Nnowaab 3aBefeHniA MET MeXAYHapOLHble TOProBble CETW, MOCKOMbKY B YK-
panHe OHW NpeAcTaB/ieHbl B OCHOBHOM FunepMapkeTaMu 1 cynepmapketamu. [L0CTaTOYHO BbICOKME MOKasa-
Tenu cpefHen Nnouiaan 3aBefeHnii y TaKMX HaUMOHabHbIX CeTel, Kak «ApceH», «CUMbno» U «PypLueT».
HanMeHblIas cpeaHsas nnollaab 3aBefeHnid y ceteld «Haw Kpaii», «CBoit MapkeT» 1 «BIM3eHbKO», T. €. Kak
HaUMOHa/bHbIX, TaK U NOKabHbIX (CM. Tabn. 1).

Ha ocHOBe HEKOTOpPbIX OTHOCMTENbHbLIX NMOKa3aTeneli NPOBEAEH KNACTEPHbIA aHain3, YTO AaeT BO3MOX-
HOCTb 00bLEAMHUTL PaioHbl 1 ropoda 06/1aCTHOrO 3HaYeHWst B TPYMNbl MO CXOACTBY MoKasaTteneid. Bug knac-
TEPHOr0 aHa/in3a, KOTOPbINA Oblsl NPUMEHEH, - METOZ, MOJTHOM CBA3M, eBKIMA0BO paccTosiHme (puc. 9 u 10). Mpu
3TOM MCMNOMb30BA/IUCL CMEAYHOLME OTHOCUTEbHbIE NMOKasaTenu: JONS 0T 06LWeil YNCNEeHHOCTU HaceneHns
obnacTtu, JONs OT 06LLEro KonyecTsa 1 NaoWaamM 3aBefjeHnin TOProBbiX ceTein 061acTu, AoNs naowanm ropo-
[l0B 1 palioHOB, NPOLEHT OT cpefHelt 3apaboTHON NnaTbl 0651acTH, 0N PO3HUYHOIO TOBapo060opoTa OT BCEro
TOBapoobopoTa 061acTh, AONS OT 06LLEero KonM4yecTsa pblIHKOB B 06n1acTu (Tabn. 2).

CornacHo geHaporpaMme Ha puc. 9 paiioHbl JIbBOBCKOI 06/1aCTL Gbinv pa3feneHbl Ha WeCTb rpynn.

1. BpogoBckuit, 3on104eBckumil, CTapocaMbopckuia, Aporobbiuckunii n CKoNeBCKWii paiioHbl. OHM OTIMYatoTCA
BbICOKOW A0Nei NNowWwaan 1 CpeaHMMN 3HaYEHUAMM APYT X NoKasaTesneil.

2. bycckuit, XXungayoBckuii, PagexoBckuii 1 TypKOBCKWIA paiioHbl. X 06beANHAOT He6GONbLLIAS JONS KONN-
YyecTBa TOProBbIX CeTeli U HEBLICOKWUIA MPOLEHT cpeAHeli 3apaboTHO MaaThl, a TaKXKe 0fHA N3 CaMblX HU3KUX
[l0Neil ToBapo0o6bopoTa B 06/1aCTU 1 OYEHb BbICOKast A0S PbIHKOB.

3. F'opoaokckuia, MepemblWASHCKWIA, HukonaeBcknii, CaMbopcKuii 1 MOCTUCCKNIA paitoHbl. [ns HUX Xa-
paKTepHbl CpefHUe MoKas3aTe/n 40NW NOWaAei TOProBbIX CETEN.

4. KameHKa-byrckunid, CokanbCKuii n CTpbINCKINIA paiioHbl. X 06beMHAET HanBbICLLIWIA NPOLLEHT OT Cpea-
Heli 3apabOoTHO NnaTbl 061acTw.

5. Y)KonkoBCcKuii 1 ABOPOBCKMIA paitoHbl. M NpucyLin HanbonbLLMe YACNEHHOCTb HaCeeHNs U 40N 3aBe-
JEeHNIA TOProBbIX CeTeld, a TakXKe BbICOKast JONS PbIHKOB, PO3HMYHOIO TOBapo06bopoTa 1 NaoLwagei Topro.bix
ceTel.

6. MyCTOMbITOBCKMWIA painloH, KOTOPbIA XapaKTepm3yeTcs Hanbosblueli 4onei po3HMUYHOro ToBapoobopoTa
1 noLlageii TOProBbIX CETEN, YTO BbIAENAET €ro U3 psAja APpYrvX 1 (hopMUpYeT OTAENbHYIO FPynny, BK/OYat0-
LLY0 TONbKO OfIMH paiioH JIbBOBCKOIA 06/1aCTH.

| «Bnm3eHbKo»

|  «PykaBnuka»
I 1«Csoin MapkeT»
|  «ATB-MapkeT»

|  «Cwunbno»
I | «Bonak»

| «ApceH»

| «Pypuer»
m «METRO»

|  «AuwaH»

| «Haw Kpaii»

Puc. 6. [Jons 3aBefieHWiA TOProBbIX ceTel B T. JIbBoBe Ha Havano 2017 r., %
(pa3paboTaHo aBTOpPaMM Ha OCHOBaHMM COBCTBEHHBIX UCCNEL0BaHNIA)

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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Konuuectso 3aBe,qu|/||7| TOProBbIX ceTel

I"paHuLibl aAMUHUCTPATUBHBIX PaiOHOB «Bonak»
«ApceH»
Toprosble ceTu:
| | «B/n3eHbKo» «DypLieT»
| | «PykaBnuKa» «METRO»
| «CBoin MapkeT» «Haw Kpaii»
«ATB-mapkeT» «ALLaH»
«Cunbno» «Konubpuc»

Puc. 7. [lons ToproBbIx ceTein JIbBoBCKOW 06nacTh B 2017 T.
Fig. 7. The fraction of retailers of Lviv region in 2017
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«PyKaB/yKa»
«Cunbno»
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«ApceH»
«ATB-MapKeT»
I | «AwaH»
| «BnnseHbKO»
| «Haw Kpaii»
I «CBoit MapkeT»
| «DypLueT»
| «Bonak»
I «Konuépuc»

Pvc. 8. [ons nnouwaaein Toproebix ceTeit JIsBOBCKOW 06/1acTu, %
(paspaboTaHO aBTOpaMu Ha OCHOBaHWUW COBCTBEHHBIX UCCNEL0BaHNIA)

Fig. 8. The fraction of retail network area of Lviv region, %
(developed by the authors based on their own research)
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Pvc. 9. leHaporpamma KnacTepHOro aHasmsa paioHoB J1bBOBCKOW 0651acTu
Fig. 9. Dendrogram of cluster analysis for districs of Lviv region
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opoza 061acTHOrO 3HaueHus, COrnacHo KnacTepHomy aHanusy (puc. 10), pasgeneHbl Ha YeTbipe rpynnbi:

1) NIbBOB - BbIENAETCA CPEAV APYTMX NO BCEM MOKa3aTeNsiM, MOCKObKY ABMASETCA afMUHUCTPATUBHbLIM
LleHTpoM obnacTu. Mpexae BCero ero oTMyalT HaubobLUME KOMIMYECTBO U MOLWajb 3aBefeHU TOProBbIX
CeTei, a TakXKe YNCNIEHHOCTb HaceNeHuns;

2) bopucnas, Aporo6biy, MopwuH, Cam6op 1 YepBOHOrpag - 418 HUX XapakKTepHbl CpeaHMe nokasaTesnn
BCEX KaTEropuii;

3) TpyckaBel, - 06pa3yeT OTAENbHYIO TPynMy, NOCKOMbKY MMEET CaMblii HU3KWIA NPOLEHT OT CpefHein 3a-
paboTHOW NAaThl M OYEHb BbICOKYHO AONK NNOLLAAEN 3aBeJEHNIA TOPTOBbLIX CETEN;

4) Hosoblli Po3gon n CTpblit - X 06beAMHSET HAMBLICLINIA MPOLEHT OT CPefHeN 3apaboTHOI Nnathl.

JbBOB
bopwvcnas
MopLumH

Cambop
[poro6biy
YepsoHorpasa
TpyckaseL,

HoBbii1 Po3gon

Crpbiii

Puc. 10. [eHaporpamma K1acTepHOro aHanm3a ropoios
061acTHOro 3Ha4YeHus JTbBOBCKOI 06/1acTu

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

3aKnoyeHne

Takum o6pa3oM, JIbBoBCKas 061acTb OCOBEHHO BbIAENSETCA B 3anajHOM pervoHe YKpauHbl, NOCKOJbKY
MMeeT HanbosbLIee KOMMYECTBO TOProBbIX ceTeil. B Hauane 2017 r. ux HacuuTbiBanoch 12: «ApceH», «ATB-
MapKeT», «AllaH», «bnu3eHbko», «Bonak», «Konnbpuc», «Haw Kpait», «PykaBnuka», «CBoOil MapKeT»,
«Cunbno», «Pypuiet», {"ETRO». MNpn 3Tom 06LLEe KONMUYECTBO TOProBbIX 3aBEAEHWIT BCEX CeTell COCTaB-
nano 251 egmHuuy. B o6nactu npefcTaBneHbl MeXAYHapoaHble, HaUMOHabHbIe, PErnMoHasbHbIE, IOKa/IbHbIE
1N MeCTHble TOProBble CETU.

Vicxoas U3 NpoBefeHHbIX UCCef0BaHUIA, MMAEPOM MO KOMYECTBY 3aBeAeHNI ABNAETCA CeTb «PykaBnukay,
HO eLle YeTblpe ceTh - «bnn3eHbko», «ATB-mapkeT», «Haw Kpaii» n «CBoit MapKeT» - KOHTPONMUPYHOT 3Ha-
UNTENIbHYH YacTb PbIHKA PO3HWYHON TOProBu JIbBOBCKOM 061acTv. Hambosnbluee KOMMYeCTBO COBPEMEHHbIX
3aBe/leHNIi TOProB/M CKOHLEHTPMPOBaHO B TI. JIbBoBe. Hemano ux u B Ctpble, [porobbiye, YepBoHorpase,
TpyckasLe.

Ele ofMH NOKa3aTeNb YPOBHSA pa3BMTUSA TOProBbIX ceTel - 06Las Toprosas naowafb Ux 3aBefeHuid, Ko-
Topas 0ToGpaXkaeT BO3MOXHOCTMW peTeiniepa Mo 06CNYy)XMBaHMIO NOTpebuTeneil. Hambonblume naowau,
KaK MpaBu/io, UMEKOT 3aBeAEHUA MEXAYHAPOAHbLIX TOPrOBbIX CETEW, HECKOMIbKO MEHbLUME - HaLuUOHabHbIX,
Camble MasieHbKME - NIOKa/IbHbIX.

CornacHo pesynbTaTam KiacTepHOro aHanmsa paioHbl JIbBOBCKOI 061aCcTU pa3fenieHbl Ha LWecTb rpynn,
a ropofja 06/1aCTHOr0 3Ha4YeHWs - Ha YeTbipe FPynMbl MO CXOACTBY MoKasaTesneid. [Mofo6HOe AeneHre No3BoaseT
BbISIBUTb PErVMOHbI C HU3KUM YPOBHEM Pa3BUTUS TOPrOBbIX CETEN.

Pe3ynbTaTbl BbINO/HEHHbLIX UCCNEA0BAHUIA MOTYT UCMOMb30BATLCS A5 PELUEHNS COLManbHbIX Npobiem,
CBfI3aHHbIX C AOCTYMOM HacefeHUs K couuanbHbiM 61aram, B YaCTHOCTM K TOProBbIM CETAM. Takxxe 3Tu uc-
CMefloBaHUA MOMOTYT BbISIBUTb PaiOHbI 1 FOPOAA C HE3HAUUTE/IbHbIM Pa3BUTMEM TOPTrOBbLIX CETEN, UTO co34acT
BO3MOXHOCTW 151 pOCTa MHBECTULMOHHOWM MPWB/EKATE/IbHOCTW PErnoHa. VidyyeHne KOHKYPEHTHOW CuTya-
UMM MO3BOIUT TOPrOBbIM CETAM paLMOHanbHO MOAXOAWTL K MPOCTPAHCTBEHHON OpraHM3auuy npesnpusaTuii
TOProB/w.
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OUEHKA AUHAMWKWN OPITrAHNYECKOIO YT JIEPOOA
HUEPHO3EMA OMNOA430J/IEHHOI'O B NOJIEBOM CEBOOBOPOTE
NP NSMEHEHUW KJTINMMATA

A.H.MONEBOWL, M. E. BOXXKO1

XO[eccKnil rocyfapcTBEHHbI 3KONOTMYECKNA YHUBEPCUTET,
yn. JlbBoBckas, 15, 65016, r. Ogecca, YkpauHa

MpeacTaBneHa oLeHka BO3MOXHOro 6anaHca OpraHUM4Yeckoro yriepoga B noyse v BblgeneHnit CO2- C B N0neBOM
[LecaATUNONIbHOM CeBO060pPOTE B YCNOBUAX U3MeHEHUA KnumaTa. Oxugaemble B 2021-2050 rr. nokasaTesim MeTeoposo-
FMYECKUX YCNOBUA ONpeAeNisNnch C MOMOLLbI KnMMaTuyeckux cueHapmes RCP4.5 n RCP8.5. B nccnegoBaHny UCNob-
30Banacb yCOBEPLIEHCTBOBaHHAA aBTopaMn MofAeNb Kpyroo6opoTa yrnepoga B nouse RothC-26.3, koTopas onucbiBaet
OVHaMUKY YeTblpex aKTUBHbIX U OfHOIM0 WHEPTHOrO KOMMApTMEHTOB OPraHUYecKoro BeLlecTBa Moysbl. B uncneHHbIX
JKCNeprMeHTax C MOAENbI PacCMOTPeH NOMEBOW AeCATUMONbHbLIA CeBOOGOPOT B TPeX BapuMaHTax: 1) BbipawjmBaHue
KynbTyp 6€3 BHeceHus yf06peHunii; 2) BHeCeHMEe MUHepanbHbIX yao6peHuin B gozax N4&PHBKHn NP DK X, 3) BHeceHMe
opraHuyeckux ygobpernii nopsgka 9 n 18 t/ra. 3yyeH BO3MOXHbI 6anaHC OpraHM4eckoro yrnepoja B noyse v Bblfje-
neHnsa CO2- C Ha BCex nonsx cesoobopoTa U Ha OfHOM KOHKPETHOM MOJIe MPU U3MEHEHUN KaUMaTa.

Kniouesble cnosa: 6anaHc; yrnepog; ceBoobopoT; ocafKu; Temnepatypa Bo3ayxa; MUHepanbHble yA06peHns; opraHu-
yeckue yaobpeHus; KoOsPphULNEHT YBNaXKHEHUS.

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

A.N. POLEVOYaL. E.BOZKOa

a0dessa 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 CO2- 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 N43°45K 4% and
NOP DK Ddoses; 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 CO2- 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.

BBegeHve

Mo nnofopofmem MoYBbl NOHUMAETCA ee CNOCOBHOCTL CHabXaTb pacTeHUs NUTATeNbHbIMU BeLLeCTBaMU,
BOZOW M BO34YXOM, HEOOXOAMMBLIMW ANS UX KAUYECTBEHHOIO PasBUTMA W pasMHOXeHus. [nogopoave - 310
OCHOBHOW 1 CaMblii BaXKHbI MPU3HAK, OTAMYalOLLMA NOYBY OT FOPHOI NOPO/AbI 1 NKOOLIX APYTUX NPUPOAHbIX
06pa3oBaHmMin 3eMHOI cywun. MoyBa obecneynBaeT pacTeHMs BCEM HEOBX0AMMbIM 6narofaps 6eCUNCIEHHbIM
XUMMWYECKUM, (PU3NYECKUM 1 BUOOTUYECKUM MpoLeccam, KOTopble B Hell MpoTeKatoT. VIMEHHO B pe3ynbTaTe
3TWX MPOLLECCOB MOYBA CO3LAET, HAKaN/NBAET, pacrpeseNiieT U B HYXXHbI/i MOMEHT OTAaeT BellecTBa, Tpebyto-
LLMECH pacCTEHUAM.

OfHVM 13 rNaBHbIX NOKasaTesneli MOYBEHHOTO NA0LOPOAMSA ABNAETCSA COAEPXKaHWe rymyca 1 ero KauecTBo.
Vi3mMeHeHMe KONU4ecTBa rymyca B noyse 00YyCNOBAMBAETCA MpoLieccaMu ryMmumkauunm n MUHepanusauum
opraHunyeckux BellecTs. [AMHaMuKa ero BapuaLuy B noyuse Hambonee 4OCTOBEPHO OMNpeaenseTcs B Xode npo-
[LOMKUTENbHBIX CTALMOHAPHBIX OMbITOB, KOTOPbIE MO3BONSAIOT CYAUTb O BAUAHUU PA3HOO6PA3HbIX arpOTEXHU-
YECKMNX MeponpuaTUiA Ha CoAepXaHue rymyca u coctosHue nouyssbl [1, ¢. 73].

OueHKa ypOBHSA NNOAOPOANSA MOYBLI MOXET NPOWM3BOAWNTLCA MO OTAEMbHBIM CBOMCTBAM, OAHAKO 3TO 3a-
TPYLHEHO TEM, YTO pa3/IMYHbIe NOKa3aTeNn UMEIOT pasHble 3HaYeHUs. oaToMy Hanbosnee 06bLEKTUBHLIM KpU-
TepueM BbICTYMaeT KOMMIEKCHbIV MoKa3aTeNlb - WUHAEKC OKY/bTYPEHHOCTU MOYB, Ae KaX4oe CBOWCTBO Bbl-
paXkaeTcs B OTHOCUTESNIbHbIX BENMYMHAX W OTPaXKAET CTeMNeHb COOTBETCTBUA NOYBbI TPEOOBAHUAM KY/bTYPHbIX
pacteHuii. AKTyaslbHOW Mpy 3TOM TakXe fBSETCA OLeHKa AMHAMUKKU rymyca u BbigeneHns CO2u3 cefibeko-
X03AMACTBEHHbIX MOMEN B YCNOBUAX M3MEHEHUS KMMaTa.

CyLUeCTBYIOT pas/fiMyHble MOAX0Abl K onpefeneHuto 6anaHca rymyca B nouse [2, p. 4-5]. YcnoBHO no
cneunmUUYecKUm LensaMm 1 MeTOLMYECKUM NPUEeMaM UX MOXHO pa3fefiTb Ha ABe rpynnbl: 1) 3Konoruyeckue,
OCHOBaHHble Ha MOAENMPOBaHUM MHAMUKM OPraHUYecKoro yrneposa B noyse; 2) arpoOHOMUYECKUE, rN1aBHast
Lie/lb KOTOPbIX - COXPaHeHne ONTUMasbHbIX MOYBEHHbIX PYHKUWIA 1 onpegeneHne Tpebyemoro s 3Toro Ko-
NNYeCTBA OPraHMYecKnx yaobpeHunii. B pabote [2, p. 6] NpMBOAMNTCS XapaKTepUCTMKa ceMu Hanbonee npu-
MeHsieMbIX B EBpone uccnefoBaTenbCKUX NOAX0A0B, OTIMYAIOLLMXCA LEeNsMMU, KOHLENLUAMU MOAENMPOBaHS,
0XBaTOM YUMUTbIBAEMbIX B/IMAOLLMX (haKTOPOB M NpoLejypamu Banujaumu.

Byaywias AMHaMMKa opraHM4eckoro yrneposa B noyse OLEHMBAETCs C NOMOLLbI0 6MOre0XMMUYECKNX MO-
feneit pa3InyuHON CNOXHOCTU, a TAKXKe CLeHapreB U3MEHEHNs Kaumara.

MoTeHUManbHOE BANSHME KNMMATUYECKNX M3MEHEHWIA Ha CBOCTBA NOYB fjeTalbHO pacCMOTPEHO B 0630pe
[3, p. 54-59]. B pa6orte [4, p. 17-20] npnBoaaTcs pe3ynbTaTbl MOAENMPOBAHNA BO3AENCTBUNA N3MEHEHNS KNU-
maTa 1 yBenmueHus atmocgepHoro CO2 Ha NPOAYKTUBHOCTL TPABAHWCTOW PacTUTENLHOCTU U COAEpXKaHue
yrnepoaa B noyee Ha 31 yyacTKe YMEPEHHOR 1 TPONMYECKOR 30H ¢ nomoubio Mogenu CENTURY, KoTopble
NnokKasanu CyLLecTBEHHOE MOoBbILIEHWE NPOAYKTUBHOCTM TPaB U NOTepY yrneposa noyssl vyepes 50 fet. AHano-
FMYHbIe pe3ynbTaTbl NOMYYEHbI B UCCNEeA0BaHMM C MOMOLLbIO Mogenn SOCRATES npoayKTUBHOCTW pacTeHWA
N IMHAMMWKM OPraHMYecKoro yrnepoa B noyse B yCnoBuax ABCTpannmn Ha 6nvxaiiwne 100 net [5, p. 3]. C uc-
nonb3oBaHnem mogeneii CENTURY33 n RothC-34 B pabote [6, p. 170] pacCMOTPEHO BAUSIHWE TeMMepaTypbl
Ha yrnepog noysbl NpyY U3MEHEHUW KIMMATa: OTMeYaeTCs YMEHbLUEHWE KONYEeCTBa yrnieposa B pas/inuHbiX
TuMNax noysbl Yyepes 100 fer.

B npepenax EBponbl cofepXxaHue yrnepoja B Noyse npu KAMMATUUYECKUX M3MeHeHMaX B 1990-2080 rr.
nccnegoBanoch ¢ nomowblo Mmogenu Lund-Potsdam-Jena [7, p. 2145], 8 1990-2100 rr. - mogenu LPJ-DGVM
[8, p. 391-393]. C ncnonb3oBaHuvem mogenn CarboSOIL ans AHganysun (Ucnauus) [9, p. 8253] nposeaeHa
OLleHKa AMHaMMKK MOYBEHHOTO yrniepoga fo 2040, 2070, 2100 rr. B cTpaHax banTuu BbINOMHeHb! pa3HONIaHo-
Bble (DyHAaMeHTa/IbHblE UCCNEL0BaHUA U3MEHEHWS KIMMaTa, BK/KOUasd aHanu3 ero BNUAHMA Ha 6anaHc yrnepo-
Aa nousbl [10, p. 281]. B OAaHun B TeueHue 20 net (1991-2010) ¢ nomowisto CROP-SOIL models n3yvanacb
Bapuauma yrnepoga B noyBe Npu Bo3AeNblBaHWN 03MMOI NiueHUUbl [11, p. 146]. CBepXA0nrocpoyHble OLEHKM
OVHaMUKW OpraHUYeckoro yrnepoja B noyse Ana JaHum n Kutas nofyyeHbl ¢ ucrnons3osaHuem Bern Carbon
Cycle Model B pa6oTe [12, p. 218]: oTMeyaeTcsi yMeHbLUEHNe cogepXaHus yrnepoga depes 20, 100 n 200 feT.
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B ycnosumax KaHagbl ¢ nomoubtlo Long-Term Organic Carbon Model [13, p. 198] oueHmBanocb Konu-
4eCTBO Yrfepoja noyBbl Ha NacTouLLie Mpy PasUYHOW CTEMEHN MOKPbLITOCTM pacTUTENbHBIM MOKPOBOM Ha
nepuogsl 100, 200, 300 v 400 rer.

B pa6oTte [14, p. 802] ¢ ncnonb3o0BaHMeM cTaTUCTMYeCKOro aHanmsa BMDP Statistical Software paccmat-
puBasiaCb M3MEHYMBOCTb COAepXKaHus yrnepoga B noyse Ha npumepe 500 nacTouwHbIX 1 300 KyNbTUBUPO-
BaHHbIX NoYB LieHTpasbHbIX pasHUH CLLUA.

B Bpasunun ¢ nomouybto Mmogenu CQESTR nccneaoBanach AnHaMMKa yriepoga B TPONMYECKOi Noyse Kak
6e3 06paboTkuM, Tak 1 Npu naxote ¢ 1927 go 2033 r. n ¢ 1986 po 2036 r. [15, p. 123]. Ana o60MxX BapMaHTOB
OnbiTa 0TMEYaeTCA YCTONUMBOE CHUXKEHWE COAepXaHWs yriepoja.

Ana Adpukn n KOro-BoctouHoit A3nm 0606LatoLLMe OLEHKN OTHOCUTENbHO BANSHWS KNMMaTUYECKNX N3-
MEHEHWIA Ha NPOAYKTUBHOCTb MOYB U COAEPXKaHMNE B HUX YT/IepoAa NosyyeHbl ¢ NoMoLbio Mogenu ForNBM
[16, p. 10-12]. B maTepuanax ®AO [17, p. 7-8] ¢ ucnonb3oBaHnem Kommnnekca mogenein (CENTURY,
DNDC, RothC-34, LPJ-DGVM, CESAR) BCECTOPOHHE aHaNN3MPyeTCs BAUSAHNE M3MEHEHMWIA KnumaTa Ha
YI1epog, MouYBbl.

MaTtepuvanbl 1 METOAbI UCC/IEA0BaHNSA

B ocHoBY uccnefoBaHWs BblN NONOXEH HAOOP KAMMATUUYECKUX CLeHapueB, a UMEHHO pernpe3eHTaTUBHbIE
TpaekTopun KoHUeHTpauuii (representative concentration pathways, RCP) yrnekucnoro rasa. Hanbonee
N3yYeHHbIMU CLeHapuaMy U3MeHeHUsa KnmMarta cuntaroTcs Asa us Hux - RCP4.5 n RCP8.5. CambiMm neccu-
MUCTUYECKUM fABAseTCa cueHapuii RCP8.5, npegycmaTpuBaloLnii 3KCNOHEHLNaNbHOE yBENNYEHNE COoAep-
YKaHMs YrneKncnoro rasa B atMocgepe 40 KoHua XXI B. npumepHO B 2,5 pa3a N0 CPpaBHEHWIO C COBPEMEH-
HbiM [18, c. 18]. lMomMMo 3TOro, B MCCNeA0BaHMM MCNOb30Banack YCOBEPLUEHCTBOBaHHas aBTopamMun MOAENb
KpyroobopoTa yrnepoja B nouse RothC-26.3, KOTOpas onucbiBaeT AUHAMUKY YeTbIpeX aKTUBHbLIX U OAHOr0
MHEPTHOrO KOMMNapTMEHTOB OPraHNMYeckoro BeuiecTsa nousbl [19, p. 239]. B anroputm mogenn RothC-26.3
HamMu BBefleHa MoslyyeHHas Ha ocHoBe paboTbl [20, ¢. 128] cucTema ypaBHeHWI, NO3BONAKOLWASA pa3fennTb
pacTuTenbHble OCTATKW MO Mecslam Beretauuu, 1 npeanioxeHHble B [21, ¢. 107] ypaBHeHUs, KOTOpble Jal0T
BO3MOXHOCTb BbIUYMC/IUTb UX CYMMapHYIO BeIMUUHY. Takxe f06aBneH pacyeT TemMnepaTypbl NOYBbLI Ha rny-
6uHe 20 CM 1 N3MEHEHO OMnpeaeneHne BOAHOIO peXxxmmMa nous.

MogenvpoBaHue AMHAMUKWA OpPraHMYecKoro BelecTBa B MUHepasbHbIX NoYBax M BbIGPOCOB yriaeposa 13
HUX 6asmpyeTca Ha 060CHOBaHUM KOHLENLUMW pa3fefieHns opraHnyYecKoro BeLLecTBa pacTUTEe/IbHbIX OCTAaTKOB
1 MOYB Ha aKTUBHbIE Y NACCUBHbIE KOMMNAPTMEHThI U AabHeNLEeM KOMYECTBEHHOM ONMCaHUN UX AUHAMUKMA.

B Mofenb BK/OUEHbI BCE IaBHbIE NMPOLLECChl KPYroobopoTa yrinepoga, MHTEHCMBHOCTL KOTOPbIX OMUCHI-
BaeTCA ypaBHeHMEM MepBOro nopsigka. Bo Bpems npolecca pasfoxeHUs npoucxoaut 06MeH opraHu4eckmum
BeLLeCTBOM Mexay nynamu. [Npu aspo6HbIX YCNOBUAX 3TO MPUBOAUT K NOTepsM yriepoja B Buge CO2

MaeHTuukaumsa napaMmeTpoB MOAENM BbINOAHAMACL HA OCHOBE OMY6/IMKOBAHHbLIX B IMTepaTypHbIX UC-
TOYHUKAX MaTepuanoB HabNAeHWUIA, KOTopble GblAM NOAYyUYEHbl B XOAe MPOAOMKUTENbHbLIX CTaLUOHAPHbIX
OMbITOB NPW UCCNeA0BaHUN ANHAMUKN rymyca B [paBo6epexxHOi necoctenun YkpauHsl [1, ¢. 82].

PaccmatpuBancs Nonesoi AecsaTUNo/bHbIA CeBOOGOPOT CO CneayowWnum YepefoBaHUeM CebCKOX03-
CTBEHHbIX KYNbTyp: K/eBep (CEHO) - 03uMmMas MLeHMLa - caxapHasa CBekna - KyKypysa - ropox - o3umas
nieHnLa - KyKypysa - 03uMas MLeHuLa - caxapHas cBek/a - fpoBoi fuMeHb. OCHOBHOM TUMN MOYBbI -
4yepHO3eM OMOA30MeHHbINA. MNepes Ha4yanoM cTaLMOHapHbIX OMbITOB 3anackl rymyca B cnoe 0-20 ¢M cocTas-
nann 82,1 1/ra [1, c. 82]. Mpu npoBeAEHMM YNCNEHHbIX 3KCMEPUMEHTOB C MOAENbIO 3Ta BE/IMUMHA MPUHN-
Maniacb B KaueCTBe Haya/bHOW. AHaNN3MPOBaNMChL TPU BapuaHTa: 1) BbipalluBaHue KynbTyp 6e3 BHECEHUS
yA06peHnin; 2) ¢ BHECEHNEM MUHEpPabHbIX yaobpeHuin B go3ax N4PHKSH n NOPDK X 3) ¢ BHECEHMEM Ha-
BO3a nopsgka 9 n 18 T/ra.

C nomolLubio Mogenu 6biia BbINMONHEHA OLEHKa BO3MOXHOro 6anaHca yrnepoja B rnoyse B yCnoBusx 6y-
AyLLnX n3MeHeHWA knmmaTa (3a 2021-2050 rr.) ansa Bcex noseit ceBoo6opoTa v ANns 0TAENbHOro Nons.

KnumaTunueckue ycnoBus Kak TeKyLLKe, Tak U OXXMUAaeMble BANAIOT Ha (hOPMUPOBaHME YPOXKAAHOCTU Ky b-
Typ, 6anaHc rymyca B nouyse v BblgeneHne CO2c noneii ceBoobopoTa.

Pe3ynbTaTbl U UX 00CY>KAEHWE

Ycnosusa yBnaXKHeHUst U TEPMUYECKUIA PEXUM UFPaOT CYLLECTBEHHYIO PO/ib B NpoLeccax npespalleHns
OpraHNYyecKmMX BELLeCTB B MOYBE MpPexkae BCEro M3-3a OFPOMHOr0 B/IUAHUA Ha MPOLYKTUBHOCTb PacTUTESlb-
HOCTU W AeATe/IbHOCTb MUKPOOPraHU3MOB, KOTOPble SBASOTCA BaXKHEMLWMMU BMOOrMyecKuMy haktopamu
no4YBoo6pa3oBaHMs.

PaccuntaHHble No cueHapusM n3meHeHus knmmata RCP4.5 n RCP8.5 Ha 2021-2050 rr. TemnepaTypHbilii
PeXUM 1 CYMMbl 0CafKOB NpefCcTaB/ieHbl Ha puc. 1u 2.
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Puc. 1. [nHammnKa 0)XuaaeMblX rofjoBbIX CYMM OCafKOB W CpefjHell rof0Boi TemnepaTypbl BO3Ayxa
(knumaTtuyeckuin cueHapuii RCP4.5)
Fig. 1 Dynamics of the expected annual rainfaills and middle for a year temperatures of air
(climatic scenario of RCP4.5)
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Puc. 2. lnHammnKa 0)xuaaeMblX rofoBbIX CYMM OCafKOB W CpefHell roA0Boi TemnepaTypbl BO3AyXxa
(KnumaTnyeckmii cueHapmii RCP8.5)

Fig. 2. Dynamics of the expected annual rainfaills and middle for a year temperatures of air
(climatic scenario of RCP8.5)
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OxugaeTcs, 4To Mo cueHapuio RCP4.5 cpefiHee 3a paccMaTpuBaeMblii Nepuos, rogoBoe KOMYecTBO 0CaAKoB
6yget paBHO 535 MM, T. e. 88 % OT cpeAHEro MHOrOMIETHErO KoNM4YecTBa. Mpu sTOM pacnpegeneHmne ocagkos no
rogam 6yfietT o4eHb HepaBHOMEpPHbIM: NpejnonaraeTcs, 4to B 5-6 rogax u3 atmx 30 net rogosas cymMma ocaj-
KOB coCTaBUT 50-65 % OT 6a30BOI BeNNUNHbI, HE 6oniee Yem B 16 rogax NpPorHo3npyeTcs Ha ypoBHe 75-85 %
N TOSIbKO B 8 rogax AOCTUIHeT 95-115 %.

Ecnu cpaBHMBATb OXMAAEMbIE MO KNUMATUYECKUM CLEHApUAM CYyMMbI OCaflKOB, TO CNefyeT OTMeTUTb, YTO
no cueHapuo RCP8.5 cpefHee 3a paccMaTprBaeMblii Nepnos rooBoe KOAMYeCTBO OCAAKOB OyaeT 60sblue,
yeM Mo cueHaputo RCP4.5, n gocTurHeT 574 mm, 4to paBHO 94 % 0T 6a30BOI BENNYNHDI.

Mo nokasaTento YBAaXXHEHUSA, KOTOPbIM BbICTYNaeT rMapoTepMUYECKMii KoadgurumeHT CensHMHOBA (aanee -
'TK), cornacHo knumaTtuuyeckomy cueHapumto RCP4.5 oxugaetca AeBATb 3acyLuimBbiX net (puc. 3). N3 HMx
HanbO0/bLLIEA 3aCyLLNNBOCTLIO ByayT oTnmnyatbes 2021 n 2046 rr., korga N'TK coctasut 0,58 1 0,52 oTH. en.
COOTBETCTBEHHO, 3TO 03HAYaET, YTO BEreTaLMOHHbIE NEPUOAbI 3TUX NIET XapaKTepM3yHTCA 3aCy X0 cpefHeli NH-
TEHCUBHOCTMW NPV CPeAHEl 3a NeTo TemnepaType Bo3gyxa 19,6 n 19,9 °C cooTBETCTBEHHO.

BmecTe ¢ Tem no cueHapunto RCP8.5 yBennunTca KOMMYecTBO fIET C CyMMaMu ocaakoB 48-52 % oT 6a30Boi
BeNMyMHBbI. o nokasatento yBnaxHeHns oxugaerca 10 3acywinmsbix neT (cm. puc. 3). MNpuyem 0cobeHHO 3acyLu-
nmebiMmn ByayT 2026, 2034 1 2044 rr., Korga 3HaveHme 'TK coctasut 0,31; 0,58 1 0,52 OTH. efl. COOTBETCTBEHHO.

Mog, BAMAHMEM MOFOAHbIX YC0BWIA 6anaHC yrnepoja N3MeHseTCs eXXerogHo B HacTosLllee BpeMs M Npo-
LOMMKUT M3MEHATLCA B ByayLLEM.

XapakTep AUHAMUKU 0XNAAeMbIX CPeAHErofoBbIX 3HaUYeHUid banaHca yrnepoga B noyse Mpu pasHblX Ba-
praHTax BHECEHUS YA0OPEHMIA B NOMIEBOM LeCATUMONbHOM CEBOO60OPOTE MpY peann3aLmm KMmMaTnyeckoro cLe-
Hapuna RCP4.5 npeacTaBneH Ha puc. 4. PaccmaTpuBanncb Tpy BapuaHTa pacyeTta: 1) 6e3 BHeCEHMS yA0OpeHNiA;
2) C BHECEHMEM MMWHepasbHbIX yA06peHunii B fo3e NIOPDK N 3) ¢ BHECEHMEM HaBO3a B KonmyecTBe 18 T/ra. Kak
BMAHO U3 faHHbIX puc. 4, OTpULaTeNbHbIA cpefHero4oBoi 6anaHe yrnepoja oxvaaeTca B BapuaHTe 6e3 BHe-
CeHus yo0peHnii: ero 3HauyeHus byayT KonebaTtbes oT -0,120 g0 -0,379 TOHHbI yrnepoaa Ha rektap (ganee -
T Cra- ). HanmeHbLumne u3 HuX oxxuaatotcs B 2036, 2038, 2039, 2048-2050 rr. CpeaHuii 3a paccMaTpUBaeMblit
nepuoa rogoBoii 6anaHc yrnepoaa B noyee coctaBuT -0,250 1 C ra-1.

KonebaHus 6anaHca yrnepoga B noyee B BapuaHTe C BHECEHWEM MUHepanbHbIX yao06peHnin N P DK D oy-
LyT ropasfo meHblwumu: ot -0,184 go 0,101 1 C ra-1. Npryem B AeBATU rogax 0XXnAarTCA NOMOXKNUTESbHbIE
3HauveHus. CpegHuWii 3a pacCMaTpuBaeMblli Nepuof, rofoBoi 6anaHc yriepofa B noyse, Tak Xe Kak U B Ba-
pruaHTe 6e3 BHeceHWs yaobpeHui, 6yaeT oTpuuaTe/bHbIM, HO CYLeCTBEHHO MeHblW MM (Ha 0,219 T C ra-1)
n coctasnt -0,031 1 C ra-1.

BanaHc yrnepoga B noyse npy BHECEHUM HaBO3a B KOAMYeCTBe 18 T/ra oxxumaaeTcs nonoXxuTeNnbHblii. Cpes-
HWIA 3a pacCMaTpMBaeMblii Nepuof roaoBoit 6anaHc gocturHeT 0,085 T C ra-1, ogHako 6yayT aBa roga - 2046-i
n 2047-i4, koraa 6aaHc yraepoga NporHo3npyeTcs oTpuuaTensHbIi. MpeanonaraeTcs, 4To 3TU rogsl 6yayT xa-
paKTepu3oBaTbCA CaMbIMMW BbICOKMMU CpeHeroaoBbiMm (8,5-8,9 °C) n cpegHumMm 3a neTHuiA nepuog (19,9 °C)
TeMmnepaTtypamu Bo3gyxa. lNomumo atoro, 2046 r. cTaHeT U caMbIM 3aCyLU/IMBbIM.

Mpwn peanusaymm KnumaTu4deckoro cueHapna RCP8.5 npocnexunBaeTcs YyTb 60MbLUee, YEM NpU peannsa-
unn cueHapua RCP4.5, yBennyeHue rogoBoro 6anaHca yrnepoga. 910 06bACHAETCA TeEM, YTO MO CLEHapuio
RCP8.5 oxupatotcs 60nee 6naronpusTHbIE YC0BUA Tenao- U BnaroobecnevyeHHOCTU: TemnepaTypa Bo3gyxa
Oy[EeT HECKO/IbKO HUXKe CpefHeli MHOTroMieTHel, a KONMYeCTBO 0CaAKOB, 0COOEHHO HaumHasA ¢ 2040 r., - BbilLe
CpefHEero MHOr0NEeTHEro.

ConocTasneHve AaHHbIX puc. 1, 2 n 4 [eMOHCTPUPYET Cnabyro NOMOXKMTENbHYO 3aBUCMMOCTL CpefHerofo-
BOro 6anaHca yrnepoja B Noyse B MOIEBOM LeCATUMNO/IBHOM CEBOOOOPOTE OT YC0BUIA YBNAXKHEHUS 3a rog,

EcTecTBEHHO, UTO MOJ, pasHbIMU CEeNbCKOXO3ANCTBEHHBLIMU KYNbTypaMu (hOpMUpPYeTCs TObKO UM MpuUcy-
WKiA BanaHc yrnepoa, a Ha puc. 4 NpUBOLATCA OCPeLHEHHbIe MO CeBOO6GOPOTY faHHbIe, B KOTOPbIX HUBENU-
PYHOTCA 0COGEHHOCTM KaXK40li MOMEBOI KyNbTypbl. ECIM pacCMOTPETb 0XMAAeMbI FOA0BO 6anaHc yrnepoga
Ha OTAEeNbHOM MoJie, HANPUMEP 03UMON MLIEHULbI, TO 3aBUCMMOCTL OyfeT 60/1ee OTUET/IMBO BbIPAXKEHHOM.

YnyulleHne pexuma yBlaxXHeHUs NpuUBeSeT K YBeNMYEHUIO 3HaYeHus banaHca yrnepoga. bbina paccun-
TaHa CTaTMCTMYeCKas 3aBMCUMMOCTb FOA0BOro 6asaHca yrnepoga Ha nose ¢ 03MMON NIWEHWLER B LeCATUMNOb-
HOM CeBO0O0POTE OT KO/IMYECTBA OCAKOB 3a MKOHb - aBrycT (BapuaHT 6e3 BHECEHNS YA00peHniA, CLieHapuii
RCP4.5). CBsi3b XapaKTepusyeTca He3HaunTe/lbHbIM KO3(duumneHTom Koppenaumm: R =0,349 1

CnefiyeT Take OTMETUTb, YTO MPU 3HAYMTENILHOM KOMMYeCTBE 0CAAKOB Jaxke B BapuaHTe 6e3 BHeCeHUs
YA0OPEHNn 0XKNAAETCA CNabononoXnUTeNbHbIA GanaHc.

Mpu cymme ocaziKoB 3a fieTHUe Mecsubl oT 50 o 100 MM 6anaHc yrnepoga 6yfeT oTpuuaTebHbIM 1 COCTaBUT
o1-0,10 po-0,15 1 Cra- , a npu CyMMapHOM KO/IMYeCTBe 0CafKOB 3a /1eTo cBbiwe 200 MM - MOJIOXUTE/bHBIM -
B npegenax 0-0,05 T C ra-1. B rogpl, Korga cyMma 0CafiKoB OXKmaaeTtcs 6onee 220 MM, a CpeaHss TemnepaTypa
npw aToM 6yAeT cHmkeHa go 17,0-17,5 °C, rogosoii 6anaHc yrnepoda gocturHer 0,12-0,13 1 C ra-1.
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Fig. 3. Dynamics of the expected values of Selyaninov’s hydrotennal coefficient
of moistening on the climatic scenarios of RCP4.5 and RCP8.5
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Puc. 4. ImHamMu1Ka cpefHEerofoBbIX 3Ha4eHuiA GanaHca yriepoaa B noyse
MpU pasHbIX BapraHTax BHECEHUS YA0BPpeHUA B AeCATUMNONBLHOM CEBOOGOPOTE
(knumaTuyecknin cueHapuii RCP4.5)

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

PeXXum yBnaxHeHUs CyLLLeCTBEHHO BMAeT U Ha BblgeneHns yrnepoga CO2- C 13 noysbl. KOMMNIEKCHbIM
rnokasaTefieM OLEeHKMN YCOBUIA yBRaxHeHUs aBnsieTca K. Pe3ynbTaT conocTaBneHNs 0XuaaeMbiX MO KNu-
mMaTuyeckomy cueHapuio RCP4.5 (BapuaHT 6e3 BHeceHMs YA06peHNiA) rofoBbIX CYMM BbleNEHUA yriaepoaa
CO2- C 13 No4Bbl Ha NoJie C 031MON NILUEHWLEN B AeCATUNONLHOM CEBOOOOPOTE C YCNOBUAMM YBNAXKHEHUS
npeacTaB/ieH Ha puc. 5.

Kak BUAHO 13 flaHHbIX pyC. 5, HabnohaeTcs npsmast 3aBUCUMOCTb FOA0BbLIX CyMM BblfenieHus yriepoga CO2- C
13 NOYBbI OT YC0BUIA YBIAXKHEHWS BereTaloHHOro neproga. C 13BeCTHOM CTENEHbI0 OCTOPOXHOCTM MOXHO OT-
METWUTb, YTO Mpu 3HaYeHnsax 'K 3a BeretaunoHHbIli nepuog 0,5-0,8 oTH. ed. BbiaeneHwe yrnepoga CO2- C u3
nousbl coctaensiet 0,50-0,55 ToHHbI BbigeneHuit yrnepoga CO2- C Ha rektap (ganee - T CO2- Cral), nosbiwweHne
MK cnoco6cTBYET yBEIMUEHWIO BblAeNeHnin yrnepoaa, a npu I'TK, pasHom 1,4-1,6 OTH. ef., BblAeNeHWe yrnepoga
CO2- C 13 noYyBbl Ha NO/e C 03UMONA MLIeHULER Bo3pacTaeT Ao 0,70-0,75 T CO2- Cra-1.

Takoke 6bIn paccuMTaH OXMZAeMblid 6anaHc yriepoja Ha OfHOM KOHKPETHOM Mojie ceBoo6opoTa Mo AecATu-
netnam (2021-2030, 2031-2040, 2041-2050) ans Tpex BapuaHToB onbiTa: 1) 6e3 BHeceHUs yao06peHuiA;
2) C BHECEHMEM MUHepaNbHbIX YA06peHnit B fo3ax N4P4K L n NDPIK N, 3) ¢ BHECEHMEM HaBO3a Nopsiaka
9 1 18 T/ra. Oxugaemble Mo KAMMaTUYECKUM CLEHapUsAM OCPeAHEHHbIe MO AecATUNeTUSM MeTeoposioruye-
CKWe ycnoBus NpuBefeHbl B Tabnuue.

MeTeoponornyeckne ycnoBusa AecaTUNeTUiA No KNMMaTnyeckum cueHapuam RCP4.5 n RCP8.5 otnnyarotces
TemnepaTypHbIM PEXXUMOM M PEXUMOM YBNaXHeHUs. JaHHble TabnuLbl NOKasbIBaoT, YTO TeMNepaTypa Bo3ayxa
Nno 060MM CLEHapUAM 0XMUAAeTCsA HKe 6a30BOI BE/IMUMHLIL. 34eCb HET Napagokca. AT0 06BLACHAETCSA TeM, YTO
WHTEHCMBHOE MOTEMN/IEHMNE KMMaTa Hayanocb B KoHUe 1980-x rr., T. e. 1986-2005 rr., KOTOpbIe BOLU/N B pac-
yeT 6a30B0I BENNUMHbI, MPULLANCH Ha NEPUOL NOTENEHNS.

MeHbLLEee Mo CpaBHEHMHO C 6a30BOIA BE/TMUMHON KOMMYECTBO OCAAKOB NPOrHO3MPYeTCs no cueHapunio RCP4.5
M 415 NepBbIX ABYX AeCATUNETMA No cueHapntio RCP8.5, HeCKObKO 60/bLLUMM BYAET NNLLbL CPefHEroL0BOe 3Ha-
yeHme B TpeTbem gecatunetun (2041-2050) no kammaTuyeckomy cueHapumio RCP8.5. Heo6xoanmMo 0TMETUTD,
4To no BenunumHe 'K Bce Tpy AeCATUNETUSA NO KNUMATUYeCKOMY cueHapuio RCP4.5 oxugatoTcs 6onee 3acyLu-
JIMBbIMK, YeM Mo cueHaputo RCP8.5.
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Puc. 5. 3aBucmumocTb BbibpocoB yrnepoga CO2- C Ha nofie ¢ 031MOIA NLLEHNLER
B €CATUNOMLHOM CEBOOOOPOTE OT CPEeAHNX 3a BereTauyOoHHbIA Nepuog 3HaveHnid FTK
(BapuaHT 6e3 BHeCEHMSA yA0bpeHUiA, KnmaTuyeckuii cueHapuii RCP4.5)

Fig. 5. Dependence of extrass of carbon of CO2- 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)

OxXupgaemble Nno Knumatuyeckum cueHapnam RCP4.5
1 RCP8.5 meTeoponornyeckue ycnosus no 4ecaTuneTusam

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

CpepHsis 3a gecatunetve CpefHee 3a fecATuneTre CpefHwii 3a gecaTu-
ol Temneparypa Bo3gyxa, °C KO/IMYECTBO 0CafKoB, MM netve I'TIS 3a Bere-
3a MIoHb - aBryct 3arof 3a UIOHb - aBrycT 3arop Taumo:::'mezlepmop,,
basoBas BenmMunHa
1986-2005 18,8 8,0 250 611 1,30
Knumatuyeckuii cueHapuin 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
Knnmatuyeckuii cueHapuii RCP8.5
2021-2030 17,5 75 181 544 1,14
2031-2040 18,1 7.4 192 547 1,13
2041-2050 17,9 7,7 198 632 1,30

Takum 006pa3oM, Ha (hoHe 3TUX METeOpPOSIOrMYeCcKMX YCIOBUIA pacCcMaTpUBanuCh UHAMUKa OXMUAaeMbIX
OCpefHEHHbIX 3a fecATUNeTUN rof0BbIX 3HAUYeHUI GanaHca yrnepoga B noyse U BblgeneHne CO2- C Ha KOH-
KPeTHOM nose ceBoobopoTa.

[OuHamuka nporHosupyembix no cueHapusm RCP4.5 n RCP8.5 cpefHMX 3HaueHWii 6anaHca yrnepoga Ha
OlHOM KOHKPETHOM Mosie npefcTaBfieHa Ha puc. 6 n 7. pu 3ToM cnegyet UMETb B BUAY, YTO Ha 3TOM nose
B TeUeHWe LecATUNeTWS YepedyroTCs BCe CEMbCKOXO03SMCTBEHHbIE Ky/bTyphbl: KNeBep (CEHO) - 03MMas mile-
HMLA - caxapHas CBEKNA - KYKypy3a - TOpoX - 03MMas MLIeHnLa - KyKypysa - 031mas MnileHuua - caxapHas
CBEKNA - APOBO AUMeHb. NpefnonaraeTcs, YTO OHU BO3AENbIBAKOTCS NPU Pa3HbIX BapuaHTax BHECEHUA YA006-
peHnii. BnosiHe 3aKOHOMEPHO, YTO FOfOBOW GanaHC yrnepofa B MOYBE M BbIOPOCHI Yrepoga Ha OTAe/IbHOM
none ceBoo6opoTa 6YAYT N3MEHATLCA OT AECATUNETUSA K AECATUNETUIO.
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Hanbonblume n3meHeHUs rofgoBoro 6anaHca yrnepoga B noyse 0XXMAarTCs B BapmaHTe 6e3 BHECeHUS ya06pe-
HWiA. Mpy 3TOM ero BeNNUNHa ByaeT OTpULATENbHOW M AOCTATOMHO 3HaUNTeNnbHOM (10 -0,29... -0,44 T Cra-1). 0O6-
LLLei 3aKOHOMEPHOCTbLHO SBNSIETCA YBE/NMYEHME FOA0BOro 6anaHca yraepoa noyssbl v BbiaeneHns CO2- C npu nepe-
X0fe OT OJHOro BapuaHTa K Apyromy (CMm. puc. 6 u 7): 1) 6e3 BHeceHUs yL0OpeHNIA; 2) ¢ BHECEHUEM MUHEPASTbHBIX
yao6peHuii B gozax N4P4K b1 NDPOK O, 3) ¢ BHECEHMEM OpraHMYecKmX yaobpeHnii B konmuectee 9 1 18 T/ra.

B 60/1bLWINHCTBE paccMaTpuMBaeMbiX BapuaHTOB rofoBol 6anaHc yrinepofa OXuaaeTcs OTpULAaTeIbHbIM,
1 TO/IbKO NPV BHECEHWUW HaBO3a nopsaka 18 T/ra oH 6yAeT NONOXUTENbHbIM.

Mpwn peanusaymm KAMMaTmyeckoro cueHapmsa RCP8.5 HabnogaeTcs yBenMyeHne rogqoBoro 6anaHca yrne-
pojaa OT NepBOro K TPeTbeMy AecATuneTunto. [Ana knumatnueckoro cueHapus RCP4.5 rogosoii 6anaHc yrnepo-
[a B rnoyse oT nepunofa 2021-2030 rr. K nepuogy 2041-2050 rr. ToXXe yBennymeaeTcs. Ons Apyrux BapmaHToB
pacueTa aTo npocnexusaeTtcs cnabo.

lopoBsble 3HaYeHUs BblgeneHns CO2- C Ha oTAenbHOM nosne cesoobopoTta (CM. puc. 6 u 7) byayT Hau-
MeHbLUMMW B BapuaHTe 6e3 BHeceHus yaobpeHuii (0,59-0,69 T CO2- C ra-1). MNpun BHECEHUN MUHEPabHbIX
ya06peHnii rogoBble 3HauyeHns BbigeneHns CO2- C Bo3pacTatoT. Tak, N0 KNMMaTUYECKOMY cueHapuio RCP4.5
npu BHECEHUWN MUHepanbHbIX ya06peHunii B 103e N43P4K 4 roaoBble 3HaueHUs BoligeneHnii CO2- C ysenuuu-
BatoTca Ha 10-12 %, a B fo3e NOPDOK V- Ha 14-22 %.

BHeceHWe opraHMYeckmx yaoOpeHUin 3HaUMTeIbHO NOBbILLIAET UHTEHCUMBHOCTL BbigeneHns CO2- C ¢ nons
ceBoobopoTa. NMpu BHeceHUM HaBo3a nopsagka 18 T/ra oxuaaetca HanbonblUas BeMUYUHA FOLOBbIX Bblaerne-
H1in CO2- C ¢ nonsa ceBoobopoTa, KoTopas B 2,3-2,4 pasa NpeBbICMT BblgeneHns CO2- C ¢ HeyaobpeHHOro
Nons, YTO CBUAETENbCTBYET O BbICOKON MHTEHCUBHOCTM MUHepanun3alnum opraHM4eckoro BeLecTsa nouyssbl.

JKCrnepuMeHTa/bHble M3MepeHUst 6anaHca yrnepoga B noyse 1 ammccun CO2 BbINOMAHEHHbIE B Pa3/IMYHbIX
NOYBEHHO-K/IMMATUYECKMX YCNOBUSAX, NO3BOAIOT CONOCTaBUTL NOJyYEHHbIE HAMU Pe3y/bTaTbl MOLENNpoBa-
HUA C pe3ynbTataMu Apyrnx asTOPOB.
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Puc. 6. JuHamnKa 0)XuaaeMblx CpeHUX N0 JeCATUNETUAM FOL0BbIX 3HAUEHMIA
6anaHca yrnepoga v Bbibpocos yrnepoga CO2- C Ha 0Tfe/bHOM Nosie ceBoobopoTa
Npu pasHbIX BapuaHTax BHECEHNS yA00peHUiA (KNMMaTUYECKmMiA cueHapuili RCP4.5):

| - BbIGpoCckl CO2- C; Il - 6anaHc yrnepoga
Fig. 6. Dynamics of the expected mean on decades annual values
balance of carbon and extrass of carbon of CO2- C on the separate field of crop rotation
at the different variants of top-dressing (climatic scenario of RCP4.5):
| - extrass of CO2- C; Il - balance of carbon
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Puc. 7. uHamnKa 0XXunaaeMbIX CPefHNX MO feCATUNETUAM FOL0BbIX 3HAUEHWI
6anaHca yrnepoga v Bbiopocos yrnepoga CO2- C Ha 0TAeNbHOM Nose ceBoobopoTa
Npy pa3HbIX BapraHTax BHECEHWS yA06peHnii (KnMMaTnyeckmii cueHapmii RCP8.5):

| - Bblbpockbl CO2- C; Il - 6anaHc yrnepoga

Fig. 7. Dynamics of the expected mean on decades annual values
ofbalance of carbon and extrass of carbon of CO2- C on the separate field
of crop rotation at the different variants of top-dressing (climatic scenario of RCP8.5):
| - extrass of CO2- C; Il - balance of carbon

Ha ocHOBe OFpOMHOr0 MacCvBa 3KCNepUMEHTaTbHbIX AaHHbIX NPoBOAMMbIX B CLLIA uccnefosaHuii B pa-
6oTe [14, p. 802] fenaeTcs BbIBOL O CHUXEHUU COLEPXaHWUA OpraHW4eckoro yrnepoja B rno4yse npu nosbl-
LUeHWW CpefjHEroA0BOM TemMnepaTypbl Bo3ayxa 0T 5 40 17 °C, a TakKe 0 NMOM0XKUTENbHOM BAMSHAW Ha 6anaHc
yrnepoga B noyse yBennyeHusa KonmyecTtsa ocagakos oT 200 go 1000 mMM. Hamu pacCMOTpPEHbLI CLeHapHble
M3MeHeHUsl CpeAHEerofoBol TeMnepaTypbl Bo3gyxa oT 6 40 9 °C, nNpu 3TOM OXWUAAETCH, YTO MaKCUMa/bHbIiA
oTpuUAaTeNbHbIA 6anaHc yrnepoaa 6yaeT HabNAATLCA B rofbl C Hanbonee BbICOKMM YPOBHEM CpPeHEr 010BbIX
TemnepaTyp Bo3ayxa. POCT rofoBoit cymmbl ocagkos oT 300 go 800 MM 06yCNOBAMBAET NOMOXNUTENbHBIA 6a-
naHc yrnepoga B nouse. NpuBefeHHble AaHHbIE XOPOLIO COrnacytoTcs ¢ pesynsTataMmu paboTsl [14, p. 802].

B nccneposanum [23, p. 522] B ycnosuax EBponbl NoTok amuccuy CO2u13 NoyBbl Nog TpaBsHUCTOW pac-
TUTENLHOCTLIO (NacTbuila) oueHusaeTcs KomdecteoM 0,52 T CO2- C ra-1 3a rog. [14 naxoTHbIX 3eMenb
HabntogaeTcsa 60nee BbICOKOE 3HaveHme ammcemm CO2 (0,84 T CO2- C ra-13a rof). baunskne K NnpmBegeHHbIM
OLLEHKM Obl/IN MOJTyYeHbI U B HaLWIKX pacyeTax. OfHaKO OHU HECKO/LKO OT/IMHatOTCA B BapuaHTax ¢ BHECEHUEM
BbICOKO 403bl OPraHNYecKnX ya06peHnid.

BbinoniHeHHble B [24, ¢. 142] Ha yepHO3eMax JSleBobepexXHOM YKparHbl MHOFOIeTHUE U3MepeHUs banaHca
yrnepoja n ammccun CO213 YepHO3eMHO MOYBbI MO 0AHONETHUMY TPaBaMmn EMOHCTPUPYIOT CpeaHue 3Ha-
yeHuns 6anaHca yrnepoga, pasHble -0,10... -0,13 T C ra-1, n BennuunHsl notokos CO2 paBHble 0,524-0,525 T
CO2- Cra-13arog. MHoroneTHue uccnegosanus [25, c. 110], npoBefeHHbIe BO BnagmMmupckoil obnactu, no-
Kasanu, YTo NPoAyLMpOBaHMe YINeKNCI0ro rasa OfHOM 1 TOM e KyNbTypoil B pasHble rofbl BapbMpyeT B 3aBU-
CUMOCTU OT rUApoTepMUYEcKUX ycnosuid. KonebaHns Mmexay MUHUMaNbHbIM Y MaKCUMabHbIM BblAeNeHneM
CO2- C cocTaBnsitoT 111-467 kr CO2- C ra-1 ans sumeHs, 429-1356 kr/ra gns nionuHa, 141-1033 kr/ra ans
napa, 792-1259 kr/ra gns o3umoi nweHubl, 521-883 kr/ra gna kaptogens, 521-2321 kr/ra ans 3anexu.
Lnsa ycnosuid Jlntesl [26, p. 40] NpnBOAATCSA HENMHERHbIE 3aBUCMMOCTH BbIopocoB CO213 NOYBbLI OT TEMME-
paTypbl BO34yXa ¥ BAaXHOCTW NOYBLI, 0TMEYaeTca NoBbieHre amuccun CO2c¢ BHECEHWEM YA06PEHWIA.
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B BbIMOMHEHHbIX HAMU MOZE/bHbIX pacyeTax rofoBble 3Ha4YeHUs 6anaHca yrineposa B noyse U CyMMapHbIX
noTokoB aMuccun CO2MeHAKTCS OT rofa K rogy B 3aBMCMMOCTY OT METEOPO/IOrMYECKUX YCI0BUIA U BHECEHUA
yao6peHnii n coctaBnaoT oT-0,4 o +0,2 T Cra-lu ot 0,6 go 1,51 CO2- Cra-13arog cooTBeTCTBEHHO. OHU CO-
OTHOCATCA C pe3ynbTaTamy 3KCNePUMEHTA/IbHbIX M3MEPEHUA NMPUBEAEHHBIX BbILLE IMTEPATYPHbLIX NCTOYHIKOB.

3aK/o4eHne

B uenom 3a 2021-2050 rT. 0XXMAAeTCs M3MEHEHME NOKasaTeneil TEPMUYECKOTrO pexxmma 1 YCNoBUiA yBNax-
HeHus. Mo o6oum cueHapuam npegnonaraetcs 9-10 3acyLUnuMBLIX NET 3a pacCMaTpyUBaeMblil Mepuos,

OnpepneneHbl 0CO6EHHOCTU BAUAHUA BNaroTeMmnepaTypHOro pexuma Ha MHaMUKy OpraH1yeckoro yrinepoga
YyepHO3eMa 0Mo/30/1eHHOro U BblaeneHnin CO2- C npyu pa3MYHOM BHECEHMN MUHEPaNbHbIX U OPraHUYecKnx
yA06peHNIA NOA CeNbCKOXO3SMCTBEHHbIE KY/bTYpbl.

MokasaHo, 4YTO yNyulleHUe pexnma yBnaxHeHnUs NpusefeT K YBENUYEHNIO 3HaUeHUa BanaHca yrinepoja.
3aBMCMMOCTbL FOA0BOro 6anaHca yraepofga Ha nosie ¢ 03MMOW MLeHWLER B fecAaTUNONbHOM CeBO060pOTe
OT KONMYecTBa 0CaAKOB 3a /1eTO (BapuaHT 6e3 BHeCEHUS YA0OpeHniA) xapakTepu3ayeTcss Koa@uLUMeEHTOM
koppensauumn 0,349. Mpu cymme ocagkoB oT 50 go 100 mm 6anaHc yrnepoga 6yaeT oTpuuatenbHbIM K CO-
ctaBnt -0,10.-0,15 7 C ra- . [Mpn cymmapHOM KOMMYeCTBE O0CafKOB 3a NeTo 601ee 200 MM 6anaHC 0Xu-
[aeTcs nonoxuTenbHblil - B npegenax 0-0,05 1 C ra-1. B rofbl, KOrga cyMMa fIeTHUX OCaflKOB MPeBbLICUT
220 MM, a cpefiHAs TemrepaTypa npu aTom cHusnuTtes go 17,0-17,5 °C, rofoBoi 6anaHc yrnepoja LOCTUr-
HeT 0,12-0,13 7 C ra-1L.

YcTaHoBNeHa npsiMas 3aBMCUMOCTb FOA0BbIX CyMM BblgeneHns yrnepoga CO2- C 13 noysbl OT YCNOBUIA YB-
NaXKHEHWA BereTauMoHHOro nepuoga. Mpu 3HayeHnsax ' TK 3a BeretauunoHHsIii nepuog 0,5-0,8 oTH. ed. amuc-
cusa yrnepoga CO2- C n3 nousbl coctaBuT 0,50-0,55 T CO2- C ra-1, npu yXyALeHUN YCNoBUiA yBNaXKHEHNS
nosbiweHne MK cnoco6CcTByeT yBENMYEHNIO BblaeNeHnin yrnepoda, a npu MK, pasHom 1,4-1,6 OTH. eq,,
BblgeneHve yrnepoga CO2- C 13 noyBbl Ha Nofe ¢ 03MMOW NweHuuen sospactet go 0,70-0,75 1 CO2- C ra-1.

OTMeueHo, 4YTo HanbonbluMe U3MEHeHWUs rofoBoro 6anaHca yrnepofa B Nnoyse OXWAKTCA B BapuaHTe
6e3 BHeceHWsa yaobpeHunit. Mpu 3TOM ero BefMuMHa BGydeT OTpULaTeNbHOW U [OCTATOMHO 3HAYMTENbHON
(80 -0,29. -0,44 1 C ra-1). O6Lein 3aKOHOMEPHOCTLIO ABMSIETCS YBEIMUYEHME TOA0BOro 6anaHca yrnepoga
noysbl 1 BbigeneHns CO2- C npu nepexofe OT OJHOrO BapMaHTa BHECEHUS yA06peHnii K ApyroMy 1 Hapa-
LWMBaHUM [03bl (0T MUHepanbHbIX yaoopeHuii N4PAK B K opraHuyeckuM nopagka 18 1/ra). B 601bLINHCTBE
paccMaTpMBaeMbIX BapvaHTOB rofloBoi GanaHc yriepoga 0XuLaeTca oTpuLaTesibHbIM, U TOMIbKO B BapuaHTe
BHECEHUSs OpraHu4eckux ygobpeHuii B konmyecTse 18 T/ra oH ByaeT NOMOXKUTE/bHBIM.

B ycnoBusax n3mMeHeHUs KaMMaTa MPOCNeXMBaeTCa yBenuyeHre rogoBoro 6anaHca yrnepoga u rofoBbixX
cymMM BblgeneHms yrnepoga CO2- C 13 nousbl 0T nepeoro (2021-2030) ko BTopomMy (2031-2040) 1 TpeTbemy
(2041-2050) gecaTuneTnam paccMaTpyMBaeMoro nepuoga.

MpuBeLeHHbIE MaTepUanbl NOKa3bIBAKOT, YTO MOJ BAUSHUEM MOrOAHbLIX YCI0BUI 6anaHe yrneposa v amuc-
cnst CO2- C N3MEHSIHOTCA eXerofHo Ha COBpeMEHHOM 3Tane 1 NPoAomKaT N3MeHSTLCS B Oyayuiem. MNpu aTom
3HaueHne GanaHca yrnepoga v BbigeneHus CO2- C 6yayT HaxoauTbes B ropa3go 60/blieil 3aBMCMMOCTU OT
YCNOBUI YBN@KHEHUS, YeM OT TeMMNepaTypbl BO34yXa W NOUBbl. YyulleHNe YC0BUIA YBNaXHEHUS NPUBOAUT
K 3HaYMTeNbHOMY NOBbILWEHNIO BbigeneHns CO2- C ¢ noneit ceeoobopoTa. ANnUTenbHOe NPUMEHEHME pas-
NNYHBIX CUCTEM YA00PeHUIA 0Ka3blBaeT 3HAUYUTE/IbHOE MOMIOXUTENbHOE BAMSAHUE Ha GanaHC yrnepoga v Bbl-
fenenua CO2- C.
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LBNKNOHNYECKAA AKTNBHOCTbL N NOBTOPAEMOCTb
OMACHbIX ABJTEHNW MOroabl HAL TEPPUTOPUEWN BEJTAPYCU

E.H. CYMAK1WN.T. CEMEHOBA2

XeenrmgpomeT, np. HesasucumocTw, 110, 220114, r. MuHck, benapycb
20pecckuit rocyfapcTBEHHbIA 3KONOTMYECKUIA YyHUBEPCUTET,
yn. JlbBoBCckas, 15, 65016, r. Ogecca, YKpaunHa

B nocnegHue gecaTunetus Bo Bcem Mupe U B Pecny6nvke Benapycb B 4aCTHOCTU OCTPO BCTan BOMPOC O BAMSHUM
norofbl Ha pasBUTUE OTpac/ieil HAPOAHOrO XO035SMCTBA U XU3HEAEATENbHOCTb Hace/leHUs. Pe3kne N3MeHeHMs NOrogHbIX
YCNOBWIA MOTYT NPUBOAUTL K BOSHUKHOBEHUIO HEG1AronpuATHLIX U ONAacHbIX METEOPOIOrMYECKNX ABEHU, HAHOCALLUX
3HAYNTENbHbINA yLIep6 3KOHOMUWKE CTpaHbl. B cTaTbe pacCMOTpeHa NOBTOPAEMOCTb OMACHbIX ABAEHWIA MOrogbl B LUKIO-
Hax pa3/InyHbIX TPAEKTOPWiA, KOTOpPble NepemelLannch Yepes Tepputoputo Pecnyb6nmkn Benapycs B 1995-2015 rr. YcTa-
HOB/IEHO, YTO OMacHble ABNEHMS NOTO4bl BbI3BaHbl KOXXHbLIMU 1 3anajHbiMy bapuyecknmm ob6paszoBaHuamu. MpoaHannsm-
poBaHa MeXrogosas U Ce30HHasA MOBTOPSEMOCTb 3TUX LMK/JOHOB U NOKa3aHO, YTO MaKCUManbHOE UX KOMMYECTBO ObIN0
XapaKTepHO B OCHOBHOM [N IETHEr0 Mepuoja, a TakKe NepexofHblX ce30HOB roga. CnefoBaTtesibHO, OMacHble AB/IEHNS
norogbl nMpexae Bcero 06ycNOBAMBANUCL PA3BUTUEM MHTEHCUBHOW KOHBEKUMW Ha aTMOCHepHbIX ppoHTax. Hanbonb-
LYK NOBTOPSEMOCTb B LMK/IOHAX KaK HOXXHbIX, TaK U 3anafHblX TPaeKTOpPWiA MMeNu OYeHb CUbHbIE [OXAW, CHeronagbl
1 BeTpbl. Ha fonto KpymHOro rpaja v CUAbHOTO HaAMNaHWs MOKPOro CHera NpULANCL eAVHUYHbIE Cny4van, KOTopble
(hUKCUPOBAUCH NIOKANLHO MO TEPPUTOPUU CTPaHbI.

Kniouesble cnosa: LMKNOHUYECKAA LUPKYNALUA; TPAEKTOPUU LMKIOHOB; OMNacHble ABNEHNA NOrobl.

THE CYCLONIC ACTIVITY AND FREQUENCY
OF DANGEROUS WEATHER PHENOMENA
OVER THE TERRITORY OF BELARUS
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In recent decades in the world, and in the Republic of Belarus in particular, the question ofthe 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.

BBegeHve

MpaKTUYecKn BCA XO3AWCTBEHHAA LeATENbHOCTb M MOBCEAHEBHAsA XKWU3Hb MIHOAENA CBA3AHbI C MOTOAHbLIMU
ycnosuamMu. OHWM MOryT 6bITb 6NaronpuATHLIMK, & MOTYT NPEeACTaBNATb ONpefeneHHble TPYLHOCTHU, HaHO-
CUTb yLlepb, BbI3biBaTL paspyLUeHuns, co34aBaTb Yrpo3y XWU3HW 1 340POBbI0 YenioBeyecTa. Ha Tepputopum
Benapycu exxerofjHo perucTpupyroTca onacHble asneHns norofbl (OAM) —pupogHble NPoLecChl U ABNEHMUS,
BO3HMKaOLLME NOL BAUSHWEM Pas/IMUHbIX MPUPOAHBLIX (HaKTOPOB UM UX COYETaHWUA M OKasbiBalolime no-
paxkatollee BO3AeCTBME Ha NIOMEN, CenbCKOoe XO35MCTBO, 00BEKTHI IKOHOMUKM U OKpYXXatoLlyto cpegy [1].
B cpegHem OAM exerogHo HaHocAT Pecny6nmke benapych yuiep6 B pasmepe 2,18 maH gonn. [2], HanbonbLwas
[l0NA KOTOPOro MPUXOAMTCS Ha OYeHb CUJIbHbIE JOX/AM W NIMBHU, @ TAKXKE OYeHb CUJbHble BETPLI (B TOM YnC/e
WKBanbl) —67,3 1 27,5 % COOTBETCTBEHHO. 3HaYMTeNbHbIE NOCNEACTBUS A1 3KOHOMUKW rocyaapcTea MMesnn
3acyxm 1992, 1994—1997, 1999, 2001 1 2002 rr., CW/bHbIE HABOJHEHNS M MAaBOAKM B HOXHbIX paiOHaX CTpaHb!
B 1974, 1979, 1993 1 1999 rr. [3]. B nocnegHue rofbl B CBA3M € yYacTuBmmmucs cinydaamm OAM skoHoMKYe-
CKvie MOTepw CTpaHbl BO3POCAU eLLle 60/bLUE, BbISBIEHA MO/IHAs 3aBUCMMOCTb 00bEKTOB 3KOHOMUKM OT BO3AEl-
CTBMA NPUPOSHBLIX (PaKTOPOB. Tak, B pe3y/ibTaTe BOSHUKHOBEHMWS Pa3pyLUUTENbHbIX LUKBANIOB HA TEPPUTOPUAX
CeNbX03MpeanpuaTNiA HabNLaeTCs NofieraHne KysbTyp, B NECHbIX X03AACTBaX FMOHET /e, a B XMUULLHO-
KOMMYHa/IbHbIX NPOUCXOAUT 06pYyLLEHNE KPOBE/b, MOBPEXAEHME NMHWIA 3neKTponepesay U, Kak crnefcTBue,
06eCTOYMBAHME HACe/IEHHbIX MYHKTOB. BBUAY YBennyeHWs NOBTOPSAEMOCTU OTTeNenel 1 3aMOpPO3KOB YXyS-
LLAIOTCS YCOBUSA SKCNIyaTalumn 34aHni, YMeHbLUAeTCA UX 4ONTOBEYHOCTb. POCT KOMYeCTBa fHEN € CMIbHON
YapoW 0TpMLUaTeNbHO CKa3blBaeTCs Ha (PYHKLUOHUPOBAHUM CUCTEM MOT/IOLWEHNS TeNa Ha 3NeKTPOCTaHLMSX,
NPUBOANT K YBEIMUEHUNIO 3aTpaT Ha MoAAepXXaHue ONTUManbHON TemnepaTypbl BO34yxXa B noMeLleHuax. N3-
MEHEHWS CHeroBbIX, NIeA40BbIX, FON0NEAHbIX HArPY30K OTPaXKAKTCA Ha YCTOMUYMBOCTY 3/1EKTPOCHabXeHMA. 1o-
3TOMY YCTaHOB/EHWEe MPOCTPaHCTBEHHO-BPEMEHHbIX 3aKOHOMepHOCTel hopmumposaHuns OAlN npuobpeTaeTt
0CO6YI0 aKTya/lbHOCTb U UMeeT 60MbLIoe NPaKTUYeCKOe 3HaYeHUe.

Kak n3BecTHO [4—6], 60nbwnHCTBO OAl, HAHOCALMX CEPbE3HbIi MaTepuanbHbIi yliepd, BO3HMKAKOT
B 001aCTV LUKMIOHNYECKOW LMPKYNaLmMM. B cBA3U C 3TUM HEOOXO0AMMO MpoBefeHWe MCCMef0BaHUA No aHa-
NN3Y LUUKIOHUYECKNX 06pa3oBaHuii, OKasblBaOLWKUX BANAHUE Ha TEPPUTOPUIO M3YYaeMOro pernoHa. MHTeH-
CMBHOCTb LIMK/TOHMYECKOI aKTUBHOCTU B EBpONe 3aBNCUT OT AMHAMUKW LIeHTPOB feiicTBMS aTtMocgepsbl B Ce-
BepHOW ATNaHTUKe U MOMIOXKEeHWs BeAyLLEero notoka B Tponoctepe [7-9]. MoaToMy TekyLme KIMMaTU4eckume
N3MEHEHUA MOTYT B/IMATb HA TPAEKTOPUM U FNYBUHY LIMKNOHOB, a CNnefoBaTe/lbHO, U Ha BO3HUKHOBEHMe OAN.

B 3apy6exxHOil nuTepaType AOCTATOYHO MHOIO paboT MOCBSALLEHO BO3AENCTBUIO PasHbIX TUMOB LMKIO-
HoB Ha hopmmpoBaHue OAl. Tak, B 0AHOM 13 NepBbIX UccneaoBaHmin [10] npoBeaeHa Knaccugpukaunsa Luk-
NOHOB Haf, CeBepO-3anagHoi YacTbio ATNaHTUKK, ObI0 BbIE/IEHO BOCEMb TUMOB B 3aBUCUMOCTMW OT PailoHOB
3apOXKAEHUS, TPAEKTOPUIA NepeBMKEHNS U BINSHNSA Ha BOSHUKHOBEHWE LUTOPMOBBIX SBIEHWIA B NPUBPEXHON
30He. B pab6otax [11; 12] aHanM3upytoTCA CMELLAIOLLMECS U3 HOXKHbIX LWMPOT UMKOHbI M Bbl3blBaeMble UMUK
OANNM Hap TeppuTOpMeit BocTouHoi EBponbl. HOBYO KnacCcMhMKauuio LMKNOHUYECKNX TPpaeKTopuid Hag EB-
poMoii, BKNIOYAKOLLYO AeBATb TUMOB, MNPEAOXUAN aBcTpuiickme ydyeHsle [13]. imu Takxe 6bin onpegeneH
BK/1af, pa3HbIX TUNOB LWK/IOHOB B (hOPMUPOBaHUE IKCTPEMASbHBIX 0CAAKOB Haf, KOHTUHEHTOM. BbISBNEHO,
4TO PUCK BbINafEHNA MHTEHCUBHbLIX 0CafKoB Hag LleHTpanbHoi EBponoli B 3HaUNTENIbHON CTeNeHn 3aBUCuUT
OT TPaeKToOpUM UMKNOHa. Tak, B toro-3anagHoi yactu Monblum, Yexmm 1 Ha 3anage Cnoeakun 7 u3 10 cnyyaes
CUJIbHbIX 0CaAKOB CBA3aHbl C LUKNOHaMW, NepeaBuratoLwMMucs ¢ cesepa Mitannm B CToOpoHy MonbLin npasee
ANbNURCKMX rop.

Pecny6nnka benapycb pacrnosnoxeHa B LeHTpe BocTouHoli EBponbl, M0O3TOMY 60MbLWINMHCTBO LMKIOHOB,
CMELLLAIOLLMXCA B 3Ty YaCTb KOHTUHEHTA, MPOXOAAT Yepes ee Tepputoputo. Ana LaHHOTO pernoHa xapak-
TEPHLIMUW ABNAIOTCA Ceaytowne TUMNbl TPaeKTOpPMIA LMKIOHOB: 3anafHble, ceBepo-3anafHble (HbipsoLue)
N 10XHble [14].
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ViccnenoBaHms LUKNOHWYECKON LesATeNbHOCTU 1 ee BAWSHUA Ha MOrofHble ycnosus benapycu, B TOM yuc-
Ne Ha BO3HMKHOBeHMe OAl, npuxoadrcs B OCHOBHOM Ha 1950-80-e rr. AHa/lM30M TPaeKTOPUIA LMK/IOHOB
pa3NnNYHbIX HaMpaBMEHHOCTEN 3aHMMANIMCh Takmne yuyeHble, Kak B. H. flenewko, C. 3. bapckas, O. U. KO6ou-
HMKOBa, J1. . MaTBeeBa, A. B. AMenbueHKo 1 ap. bbino BbisgeAeHO [15; 16], 4TO HbIPSIOLME LIMKNOHbI HECYT
3HauNTeNIbHble U3MEHEHMA B NOrofe ctpaHbl. Mpu aTOM Npy CMeLLeHNW LUKIOHa Yepes pecny6nKy ocafku
B BUZE AOXAA WX CHera yxXyaLwatoT BUAMMOCTb Ha foporax 40 1KM U MeHee, T. e. ABNAKTCA 40CTATOYHO UH-
TEHCUBHbLIMUW, 0CO6EHHO BONN3M NPU3EMHOrO LIEHTPaA LMKIOHA. A B Clyvae NepesBudKeHns LMKNOHa BOCTOY-
Hee Benapycu, Korga 0OCHOBHOe BMAHWE Ha MOrofy 0Ka3blBatOT ero aTMocepHble PPOHTLI, MPU 3HAYNTESb-
HbIX U3MEHEHMAX aTMOC(ePHOro gasneHuns (8-10 rMa 3a 3 u) BeTep NO CTPaHe MOXeT ycuameatbes 4o 25 m/c
n 6onee. Camble Cu/bHbIE BETPbI, CKOPOCTb KOTOPbIX gocTurana 25-28 m/c, a nHorga 32-34 m/c, oTMevanuch
Npu NepemMeLLeH HbIPAIOLKX LMKIOHOB ¢ HOpBEXCKOro Mops Yepe3 BOTHMYECKUiA 3aMB Ha eBPONERCKyHo
Tepputoputo Poccuu (ETP), korga vepes benapycb NpoXoauan nx XonofHble (hpoHTaNbHbIE pa3jensl.

KOXXHble LMKMOHbI, 3ap0XKAasich Haf TEM0A MOPCKOA NOBEPXHOCTbLIO, HECYT B TEM/IbIX CEKTOpax Tponuye-
CKMWI1 cpean3eMHOMOPCKNIA BO34YX, OT/INYAKOLLMIACA NOBbILLIEHHbIM B1aroCOAEPXXaHNEM, YTO ABNSETCA OAHOW
M3 MNPUYNH BbINaLEHNA NHTEHCUBHbLIX OCafKOB B CUCTEME TaKMX LUMKMIOHOB. Konn4yecTso 0cafKoB LOCTUTaeT
CBOEro MnnKa K MOMEHTY MakCUMa/bHOr0 PasBUTUS LUMKNOHA W Pe3KO YMEeHbLUaeTCa B CTafuun ero 3anosnHe-
HuaA [17; 18]. B 3uMHWIA Nepuoj KXKHbIE LMKNOHbI NPUHOCAT 06W/bHblE CHEronadbl: CYTOYHOE KO/TMYECTBO
0CalKOB MOXeT [OX0AWTb A0 15-19 MM, B OTAENbHbIX ClyYasax AOCTUras KpUTepus onacHbix - 20 Mm 1 60-
nee [19]. B coyeTaHuM C CUMIbHBLIM BETPOM 3TO NPUBOAUT K 06pa30BaHNI0 MeTeNei, CHEXHbIX OypaHoB, YTO
BbI3bIBAET 00OPbIBbI IMHWIA 3/1EKTPOMEPESAY U CHEXHbIE 3aHOCHI Ha Aoporax. B Tensbiii CE30H C HXKHbIMU
LMKNOHaMW CBA3aHblI MHTEHCUBHbIE NINBHEBbLIE LOXAW, TPO3bl, FPad, WKBasbl U yparaHsbl.

Mo gaHHbIM [20], O4eHb CU/bHbIE OCAAKN B OAHOM HXKHOM LIMKIOHE MOFYT OTMeYaTbCA Ha OfHOMN-ABYX
CTaHUMAX METeOpONOrnyecKoii cetn benapycu. B HOUHOE BpeMsi OHW 06YCOBNEHbI BAUSHUEM TEMI0ro PPoH-
Ta U BbiNajatoT BONU3N LeHTpa LMK/IOHA, a JHEM OMNpefenstoTcs BO3AeCTBMEM XONOLHOr0 (hPOHTANBHOMO
pasgena c BOHaMU 1 HabNI4A0TCA Yy BEPLUNH BOTHOBbIX BO3MYLLEHWIA. B Tennbiil neprog roga npu passuTunm
KOHBEKLMMN Ha ()pOHTAX KOMMYECTBO 0cafgkoB MOXeT gocturatb 30-60 mm 3a 14. B 5 % cnyvaeB CKOPOCTb
BeTpa, 00yCnoBNEHHas BbIXOAOM HOXKHOIO LMK/IOHA, cocTaBnsAeT 25-29 m/c.

O. N. KO6o4yHmMKoBa [21] aHann3npoBana ocagku B benapycu, Bbi3BaHHbIE BIUAHUEM HOXKHbIX LIMKIOHOB. Pe-
3ynbTaTbl NOKAa3au, YTO Haubosnee UHTEHCMBHbIE ocagku (50-120 MM) BbiNagann Npu CMeLLEHUN LKIIOHOB
C ceBepa MTanum yepes BeHrepckyto HM3MeEHHOCTb, KapnaTbl, ceBepo-3anafHble paioHbl YKpanHbl Ha LieHT-
pasibHyt0 YacTb benapycu. INpu TpaeKTopUM KXKHOTO LIMK/IOHA, MPOXOAALLeli Yepes LEHTP YKpanHbl Ha CeBepo-
BOCTOK ETP, cunbHble 0cagKn 0TMeYaloTCcs B OCHOBHOM Ha HOro-BOCTOKe benapycu, a npu ycnoBuun, YTO OHU
COMPOBOXJAOTCA rpo3amMu B TEMSI0e BPeMS rofa, X KO/IMYeCcTBO MOXET focturatb Kputepusa OAN.

UepHOMOpPCKME LMKNOHbI, BEIXOAALLME Ha pecryb/MKy, TakKe Bbi3blBAKOT MHTEHCUBHbLIE OMACHbIE OCafKK,
0C06EHHO MpK PasBUTMU LMKIOHA MO BbICOTE 1 3aMef/IeHUN ero xXofa Haf TeppuTopuein benapycu [22].

3anafiHble aTnaHTUYecKue LMKNOHbI B LieIOM AaloT HEMHOro 0cafikoB no ctpaHe (11-17 % oT rogoBoro Ko-
nunyecTBa) [23]. Hanbonbluasa nx 4acTb BbiMagaeT B 3anafHbIX U CeBepo-3anafHbixX paiioHax (4o 22 MM B Buae
CHera B XONOAHbIA nepnog roga). Kak yrny6nsiowmecs, Tak 1 3anoHALWNECH LUKIOHbI MOTYT COMPOBOX-
[aTbCA MHTEHCMBHbLIMK OCaflkamu, B CPefHEM OHW BbIMajaloT [ABa-TPW pas3a B rof, a Ha tore U Mectamu o
BOCTOKY Benapycw - pa3 B nonyrogve. B Tennbiii nepuog, 3anagHsle Buxpun B 80 % clyyaeB BbI3bIBAOT 3HAYUM-
TefbHble 0cafKu. Yalle BCEro UMKIIOHBI ABNAIOTCA yraybnaoowmmmuca. MakcumanbHOe KONMYECTBO OCaKOB
B TaKMX UuKnoHax (40-50 mm) HabnogaeTca 4Ba pasa B Nonyrogue.

Ha coBpeMeHHOM 3Tane MOXHO OTMeTUTb uccnefosaHus B. @. SloruHosa, M. H. LWnoka n gp. B pa6o-
Tax [3; 24; 25] My n3ydyanncb NPOCTPaHCTBEHHbIE 3aKOHOMePHOCTU OANM 1 3aBMCUMOCTb MX NMOBTOPSEMOCTH
OT 0CO6EHHOCTEN NOACTUNAIOLLLE MOBEPXHOCTM 1 U3MEHEHWIA knMmaTa. B [26] paccmaTprBanach B3anMOCBS3b
MeXAy pasfIMyHbIMKU TUnaMu uupkynauum no b. J1. J3epaseesckomMy 1 nosTopseMoctoio OAr. NpoaHanm3npo-
BaB YMCNO [HEN C MepUAMNOHANbHO CEBEPHOW U MEPUANOHANBHOM HOXHOW LMPKYNAUUIMM aTMoChepb! B pas-
Hble Ce30HbI U B TEYEHWNE roja, aBTOPbI NPULLY K BbIBOAY, YTO HAMETMBLUAACA TEHAEHLMA COKPALLEHNS KONUYe-
CTBa fjHel C AaHHbIMY TUNamMu LUPKYNALUIA MOXET NPMBECTU K YMeHbLLEHWIO NoBTOpsieMocTn OANN Ha 6onbLueit
yacTv eBponeickoi Tepputopun CHI, BKntovas benapyce.

Llenbto faHHOro uccrefosaHnsa ABNAeTca aHann3 nostopsemoct OAlN B LMKMIOHAX Pa3/IMiHbIX TPAEKTO-
PWiA, KOTOpPble MepemeLlannch Yepes Tepputoputo benapycn B 1995-2015 I.

MaTtepuvanbl 1 METOAbI UCC/IEA0BaHNSA

B npegpbigyLeil paboTe aBTopoB [27] 6bIAM paccMOTPEHbl 0CO6EHHOCTU MEPESBUKEHUS LIUKIOHOB TUNO-
BbIX TpaekTopuii yepes benapycs B 1995-2015 rr. ACXOAHLIMW AaHHLIMU AN aHaNU3a LMKNOHWYECKON aKTUB-
HOCTU MOCAY>XWAN NPU3eMHbIe cMHoNTU4Yeckue kapThbl (00, 06, 12, 18 n 21 UTC) MMPOBbIX MPOrHOCTUYECKUX
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ueHTpoB Met Office (UKMO) u Deutscher Wetterdienst (DWD), a Takxe KapTbl 6apuyeckoii Tonorpagmm
AT-500, 06paboTaHHbIe NporpammHbIM KoMnsiekcom «FMIC MeTeo» B benrngpomerte.

OnpegeneHne LMKNOHUYECKUX XapaKTepUCTUK NPOBOAMIOCH C UCNOJb30BaHMEM MaHyaslbHOro MeTofa,
3aK/0YaloLLerocs B nocneoBaTe/lLHOM aHanu3e 6-4acoBbIX MPU3EMHbIX CUHONTUYECKUX KapT. MMonoxeHve
LMK/OHA BbISIBAANOCL BU3yaSlbHO MO KOH(Urypauuu nepeoil 3aMKHYTOW M306apbl 1 MUHMMAIbHOMY [aB-
NEHNIO B LeHTpe. B pacueT 6panncb TOMbKO T€ LUK/OHbI, KOTOpble B 11060 MOMEHT BpeMeHM nonaganm
B Npefenibl TeppUTOPUM CTPaHbl, 1 NPX 3TOM MEPUOL UX CYLLECTBOBAHMUA OblN HE MEHee TpeX CYTOK OT MO-
MeHTa 3apOXKAeHns 40 cTaguu 3anonHeHns. s Toro 4Tobbl 6e30WM604HO onpeaennTb NyTb 6apuyecknx
06pa3oBaHNii 1 NX 3BONOLMIO, Ha KapTax 6apuyeckoli Tonorpadun AT-500 ycTaHaBAMBaOCh HanpaBneHune
BefyLLero noToka.

B cOOTBETCTBUM C CYLLECTBYIOWMMI Knaccugpmkaumamm [14] K 3anagHbiM LUKIOHAM OblM OTHECEHbI 3a-
poXAaBLUMECs B LUMPOTHOM nonoce 48-60° c. L. 1 NepeMeLlaBLUMECS C 3anaja Ha BOCTOK yepe3 benapyce;
K HOXXHbIM - (hOpMMpoBaBLLMeCH Haf palioHamu Cpean3eMHOMOPbS, baikaHCKOro mosiyoctpoBa v YepHoro
MOPS 1 BMOCMEACTBUW BbIXOLMBLUME Ha TepPUTOPUIO Benapycu; K HbIPSOWMUM - LUKIOHUYeCKMe obpa3osa-
HUA, 3apoXAaBLUnecs B BbICOKMX LLUMPOTAX M CMeLLaBLInecs Yepes pecnybanKky K tory 1 toro-BocToky.

Mo pe3ynbTaTaMm mMccnefoBaHus 6blna co3faHa 6as3a faHHbIX OCHOBHbIX XapaKTepUCTUK LIMKIOHOB, BKO-
yasi reorpauyeckme KoopanHaTbl Hauana v KOHLA TPaeKTOPUiA, MOOXKEHMA NPU3EMHOTO LIeHTpa LMKI0HA Haf,
TeppuTopueli benapycu, faTy U COOTBETCTBEHHOE 3HAYeHWe MUHUMASILHOrO AaBneHus. [na Bu3yanusauuu
TPaeKTopuiA LMKIOHOB NPUMeHSANCA rpaduyecknii nakeT Generic Mapping Tools (GMT).

B Kagoii cTpaHe, B 3aBUCUMOCTU OT ee PU3MKO-reorpamyeckoro NooXeHns, CyLLecTByOT CBOM KpuTe-
pun OAM. B Pecny6nuke benapycb cornacHo TKIM 17.10-06-2008 [28] npuHATLI cnegytoLine 3Ha4YeHns, npu
KOTOPbIX METEOPOJIOrMYECKME ABMEHUA CHMTAIOTCSA ONacHbIMK (Tabn. 1).

Tabnuua 1
MepeyeHb OAM gna Tepputopun benapycu
Table 1
List of dangerous weather phenomena for the territory of Belarus

HazsaHue OAl

OueHb CUMbHbIN BETEP
(B TOM ymncne WKBan u cMepy)

OueHb CUMbHBIN J0XAb
(MOKpbI1 CHEr, AOXAb CO CHEroM)

OueHb CUNbHbIV NNBEHb
(04eHb CUMBbHbIV NUBHEBLIWA JOXAb)

OueHb CUNbHbIN CHer

MpofoMXKNTENbHbIV 0YeHb
CUNbHBIA AOX b

KpynHblii rpag

CunbHas meTenb

CunbHbIi rononeq,

CunbHOe HannnaHne MOKPOro cHera

CUNbHOE CNOXHOE OTIoXKEeHNe (Croi
NbJa, U3MOPO3W U MOKPOTO CHera)

CWNbHbBIA TyMaH

OueHb CU/BHbBIA MOPO3

OueHb cunbHas xapa

McTouHuK: [28].
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XapakTepuCcTUKM 1 KpuTepun unu onpegeneHms OAN

MakcumManbHas cKopocTb BeTpa (BKMtoYyas nopbiBbl) 25 M/c 1 6onee

KonuyecTBo aTtMocepHbliX 0CaAKoB He MeHee 50 MM 3a nepuof He 6onee 12 4

KonmuecTBo aTMOC(HEpPHbIX 0CafKOB He MeHee 30 MM 3a Mepuog He Gonee 1y

KonuyecTBo aTtMocepHbIiX 0CaAKoB He MeHee 20 MM 3a nepuof He 6onee 12 4

KonuyecTBo atmocepHbliX 0cagKoB He MeHee 100 MM 3a nepuopg 6onee 12 u,
HO mMeHee 48 u

["pag guameTpom He MeHee 20 MM

MepeHOC cHera npu 3HavYeHUaX cpefHeil ckopocTu BeTpa 15 m/c n 6onee
NPOAO/MKNTENIbHOCTLIO He MeHee 12 4 npu BugumocTn MeHee 500 m

[nameTp 0TNOXEHWA CNoSA Nbjja Ha NPOBOAAX FON0MeAHOro cTaHka 20 MM
n 6onee

LnameTp 0TN0OXeHNS MOKPOFO CHera Ha NPoBOZax rofloNefjHoro ctaHka 35 Mm
n bonee

[nameTp CNOXHOro OT/I0XKEHUS Ha NPOBOAAX rof0NeAHOro cTaHka 35 MM
n bonee

TymaH npu 3HayeHUn BUAMMOCTN 50 M 1 MeHee NPOAONXKNTENbHOCTLIO
He MeHee 12y

3HayeHMe MUHMMaNbHOW TeMnepaTypbl Bo3gyxa -35 °C 1 Huxe

3HayeHMe MakcumanbHOM Temnepatypbl Bo3gyxa +35 °C u Bbile



Meorpacgus
Geography

VicxogHbIMM MaTepuanamu npu aHanmse nostopsemoctn OAN B benapycu NOCNY>XUIK AaHHbIe N0 MeTeo-
CTaHUMAM rocyapCTBEHHOMO KAMMaTMYecKoro Kagactpa MuHucTepcTsa NpUpPOoLHbIX PECYPCOB U OXpaHbl OK-
py>Xarowein cpegbl Pecnybnnku Benapych 3a nepuog ¢ 1995 no 2015 r. [29].

B HacTosem nccnefoBaHUM No Kaxgomy otobpaHHomy cnyyato OAM 66110 onpefeneHo, KakuM CUHOM-
TUYECKMM MPOLLecCOM 06YCoBMeHa NOroga B MOMEHT BO3HUKHOBeHMs OAlN B faHHOM paiioHe. B ganbHeii-
LLeM pacCMaTpMBa/INCb TOMLKO Te ciaydaun, B KOTOpbIX OAl BbiN0 CBA3AHO C LMKIOHWYECKON LUPKYNsaUuei.
B pe3ynbTarte BblgeneHa rpynna LMKI0HOB, Bbi3BaBLUNX BO3HUKHOBeHWe OAl Ha TeppuTopun benapycu.

OCHOBHbIe METOAbI, MCMO/b30BaHHLIE B UCCEA0BAHUN, - CTAaTUCTUYECKMIA, KapTOrpaduyeckuii 1 cMHONTU-
yecKuid. MpocTpaHCTBEHHbIE 0CO06eHHOCTU OAT BU3yanm3ampoBaancb ¢ MOMOLLbHO rpadimyeckoro naketa GMT.

PesynbTaThl UccnegoBaHNA

LInknoHnyeckas akTMBHOCTb Haf benapycbio. B xoae npoBefleHHOro paHee aBTopamu MccfiefoBa-
Hust [27] 6bI1O BbISIBNEHO, YTO Yepe3 TeppuTopuio Benapycu 3a paccMaTpuBaeMblii Mepyog NepeMecTnaioch
323 LMKNOHa pa3HbIX TUMOB TPAEKTOPWUiA, T. €. B cpefHeM uX 6b110 15-16 B rog. Ha 400 HXHBIX LUK/IOHOB
npuwnock 184 cny4van (57 % ot o6Liero KonmMyecTsa), 3anafgHble 1 Hblpsatowme coctasmnmn 70 n 69 cnyyaes
COOTBETCTBEHHO (0K0M0 20 % KaxKAblil Tun). Hanbonbliuee KONMYeCTBO LIMKIOHOB BCeX TUNoB (21-23 cny-
yas B rog) Habnoganocs B 1998, 2004, 2008 1 2009 rr., npy 3TOM Npeo6nafaoLLuMm 6bIN HXKHbIE LIMKIOHBI
(B cpegHeM 9 cnyyaeB B rof). MuHMManbHOe KOIMYECTBO LMKIOHOB BCeX TUMOB (0KoMo 10 cnyyaes) 6b110
oTMeyeHo B 2014-2015 rT., YTO KOCBEHHO MOXXET CBMAETENbCTBOBATb 00 YCUNEHWUW aHTULMKIOHUYECKOrO
XapaKkTepa pernoHanbHON LMPKynauumM aTMoctepbl B KOHLE UCCeLyeMOro nepuoga.

MpakTnyeckn Bce 3anafiHble LMKIOHbI, KOTOpble BbLIXOAWAW Ha TeppuToputo Benapycu, obpa3oBannch
B nonoce wupoT 50-60° c. w. Hag 3anagHoil ATnaHTMKOI, BennkobpuTaHueil, CeBepHbIM MOPEM U HOrOM
BanTuiickoro. OCHOBHOI 0CO6EHHOCTbLIO 3TUX LIMK/IOHOB SBASAN0CH M3MEHEHWE TPAeKTOPWiA Mocne nepeceye-
Hus Benapycu: 60MbLIMHCTBO M3 HUX NOBOPaYMBaNMN K CEBEPO-BOCTOKY, HEKOTOpPbIE - K tOry. KOXHbIe LUKNo-
Hbl MEPeMeLLaIUCb Ha TEPPUTOPMIO CTPaHbl U3 BCEX pailoHOB Cpean3eMHOMOpbLS, bankaHCKOro noanyocTpoBa
1 YepHoro mMops. HelpAtoLive LMKNOHbI Yalle BCEro 3apoXKaainch Hag HOpBEXCKUM MOPEM 1 NPOXOANIN Yepes
CkaHfMHaBCKMIA NOMYOCTPOB, a Haf pPecnyb/MKOoi NOBOpauMBanu K CeBepO-BOCTOKY.

3a paccmaTtpuBaeMblii NMepuoj cpefHee AaBfieHWe B LieHTpax LMKNOHOB Haf benapycbto cocTaBuio
990-991 rMa ans HeIpALWKX 1 3anagHbIX, 997 rlla gns rXKHbIX. HenocpeaCcTBEHHO HA TEPPUTOPUIO CTPaHBI
HOXKHbIE LMK/IOHbI BbIXOAUIM C faBfieHveM okono 1001 rlla, 3anagHble - 997 rlla, Heipaowme - 995 rla.
B 6onblunHCTBe ciyyaeB (58-64 %) LMKNOHbI BCEX TPAEKTOPWIA Yry6nsnnch Haf pecnyo6/InKoi.

LlmknoHsl, o6ycnosusine OAMN B benapycu. Ha fonto UMKIOHOB, Bbi3BaBlmx OAl, npuwnocs 84 cny-
yan, T. e. 26 % OT 06LLEro KONMYECTBA LMKNOHOB, BbILIEALLNX HA TEPPUTOPUIO Benapycu NpuseMHbIM LIEHTPOM.
M3 HUX tOXKHblE cOCTaBUM 74 cnyyas, 3anagHble - 10, Hbipstowme 6apuyeckue obpasoBaHus OANM He BbI3BaIN.

HanbonbLlee KONMYEeCTBO H0XHbIX LIMKNOHOB, 06ycnosmBLunx OAl, oTMmeyvanock B 1996-1998, 2008, 2009
n 2013 rr. (no 5-7 cnyvaeBs), HaumeHblee - B 2001, 2003, 2011 n 2015 rr. (no 2 cny4as). Mpu o6wem He-
60/1bLLIOM KONNYECTBE 3anagHblX LMKIOHOB, Bbi3BaBwmMx OAM, B 1998 1 2004 rr. Ha UX JOO NPULLNIOCL MO
2 cnyvas, a B 0CTalbHble rogbl - No 1cnay4vato (puc. 1).
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Puc. 1. MoBTOpsemMocTb LMKIOHOB, 06ycnosmemx OAM B benapycu 3a nepuog 1995-2015 .

Fig. 1. Frequency of cyclones, causing dangerous weather phenomena
over Belarus during the period of 1995-2015
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BONbLIMHCTBO HOXHbIX LIMKIOHOB, MOJ BMAHWEM KOTOPbIX BO3HWKanM OAl, o6pa3oBanvch Haf 3anajHbim
CpegmnseMHOMOpbEM 1 TeHY33CKMM 3anMBOM - 14 cnydvaes, a Takke BeHrepckoii n [lyHalicKoi HU3MEHHOC-
TAMmM - 12 cnyyaeB (puc. 2). HaumeHbLUee KOMMYECTBO LMKNOHOB, Bbi3BaBLIMX OAl, npuwno u3 painoHos
Jreiickoro mops 1 0. Kput - nuwb 2 cnyyas. KOxHble LUMKIOHWYecKue 0b6pa3oBaHus, 00ycnoBMBLUME HaU-
6onbLiee konnyecTso OAN B 04HOM LMKIIOHE, 3apoAnnuch Hag 3anagHbiM Cpean3eMHOMOPLEM U TeHY33CKUM
3a/MBOM, a Takke WTtanveint n Agpuatmyeckum mopem. LIMKNoHbI 3anafHbiX TPaeKTOpWii, KOTOPbIE BbI3BaM
O4AIN B Benapycw 3a nccnegyemblil nepruog, BO3HUKAN B OCHOBHOM Haf ATNaHTMKOW 1 BennkobputaHueii.
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Puc. 2. KapTa-cxema TpaeKTopuii NepemMeLLeHns LIKIOHOB,
o6ycnosuBLIMX OAMN B Benapycy 3a nepmog 1995-2015 rr.:
1- 1OXHbIE; 2 - 3anagHble; 3 - paiioH 3apOXXAEHNS FOKHBIX;
4 - paiioH 3apoXaeHus 3anagHbIX;
5 - palioH 3anofiHeHVs KXKHbIX; 6 - pavioH 3anoIHeHNS 3anafHbIX

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

MakcumasnbHas MOBTOPSAEMOCTb HXKHbLIX LMK/IOHOB, C KOTOpbIMU cBsidaHbl OAl, oTMevanach B Tensblii
neprog (c Mas no aBryct) - okono 12-14 cnyuvaes, T. €. KXAbIV BTOPOI rof CyLLeCTBYET BEPOATHOCTb BbIX04a
«MOr000MNACHbIX» HXHbIX LIUKNOHOB. B ocTanbHble MecsLbl MOBTOPAEMOCTb HOXKHbIX LMKN0HOB ¢ OANN 6bina
HeBe/nnKa n konebanacb 0T 10 5 cnyyaes, T. €. B CpefHEM KaXAbl/i NATbIA-LUECTON rof. 3T0 MOXHO 06bsc-
HUTb CHUXXEHWEM WHTEHCMBHOCTU LUWK/IOHOB Y YMEHbLUEHNEM KOHTPACTHOCTM Ha aTMOCHEPHbLIX PPOHTAX
B pesy/ibTaTe BAMSHUA TEPMUYECKOro (hakTopa, 0CO6EHHO B NepPexoiHble Nepuoabl rofa.

MouTn nonoBmHa 3anagHbIX LnMkKNoHoB (40-50 %), o6ycnosumeLlumx OANN, Habnoganach B Ut0fe U aBrycre.
B 31MHMe MecALbl LMKNOHbI 3anafHblX TpaekTopuii OAl He BbI3blBaN, a B MEPEXOAHbIE CE30HbI FOAa UX no-
BTOPSEMOCTb 6blfia HEBENNKA - MO OAHOMY LIMK/IOHY B Kbl Mecsal, ¢ OAM.

MoeTopsiemocTb OAN B HOXHbIX LMKIOHAX. PacnpeaeneHne no cesoHam (Tabn. 2) 3a uccnegyemiii ne-
pvoj nokasasno, YTo HambosbLLas NOBTOPSEMOCTb OUEHb CUMbHBIX LOXKAEN B HOXKHbIX LMKIOHAX Oblia Xapak-
TepHa NS MoNs 1 aBrycra - 72 n 46 cnyyaeB COOTBETCTBEHHO, YTO COCTaB/AET B CPEAHEM OT 2 10 4 cnyyaes
B MeCSiL, eXXerofHo. HaumeHbLUee KOIMYECTBO OYeHb CUJIbHBIX A0XAel HabNto4anoch B CEHTABPE U OKTAOpE,
a TaKxke mae - no 5 cnyyaeB. OueHb CUbHBIVA CHEr Yalle BCero Bbinafan B MapTe - 22 c/y4as, T. €. KaKAbll
oA C BbIXOLOM HOXKHOIO LIMK/IOHA B 3TOM BECEHHEM MecsLe Obli CBA3aH C/yyaidl 04eHb CUTbHOTO CHeronaga.
B ocTanbHble MecsLbl X0N04HOM0 nepuoja roga 0TMeyanoch oT 140 7 0YeHb CUbHbIX CHEronagos, T. e. Be-
POSATHOCTb BO3HUKHOBEHUSA 3TOro OAlN Hebonblas. LLKBanbl B OXHbLIX LMKNOHAX HAbN04aNNCL B OCHOBHOM
B Tenoe nonyrojue, MakcMmanbHasa NoBTOPAEMOCTb MPULLACh Ha UKOHL U nionb - 15 1 14 cnyyaes, a Hau-
MeHbLLUasA 0TMeYanach B MEPEXOAHbIA CE30H - B anpene u okTsa6pe. B xonogHoe Bpems rofa BepOSTHOCTb BO3-
HWKHOBEHMS OYeHb CU/bHbLIX BETPOB, BK/HOUAA LUKBa/bI, B HOXKHbIX LMKIOHaX MUHUManbHa. KpynHbIid rpag
BbiMaja B KOHLLE Mad, a TaKXe B MIOHE U UIOfE.
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Ta6bnunua 2
MoBTopsieMocTb OANN B UMKIOHAX pa3finyHbIX TPAEKTOPUiA
Haj TeppuTOopueid benapycu 3a nepuog 1995-2015 rr
Table 2
Frequency of dangerous weather phenomena
for the territory of Belarus during the period of 1995-2015
HOXHble LK/IOHBI 3anafiHble L/K/IOHbI
Bug OSIM a o o 2 a o ~od
b5 3 Be 2 3, 8 B,
0 o ! o} 3 o !
n 4 n 4
OueHb CUNbHBbIN BeTep, 7 i 1 41 59 1 i 9 1 4

B TOM YucCne wkKBan

OueHb CUNbLHBIA JO0Xab,
B TOM Yncne NUBHEBbIN 7 - 11 150 168 - - - 6 6
N NPOAO/IKNTENbHbI

OueHb CUNbHBbIW CHEr 9 9 22 - 40 6 - - - 6
KpynHblii rpag, - - 2 8 10 - - - 1 1
CunbHOe HanunaHune 9 3 i i 5 i i i i i

MOKPOro cHera

Bcero 25 12 46 199 282 7 - 2 8 17

AHann3 NpocTpaHCcTBEHHOrO pacnpefeneHns OAMN nokasasn, Yto HambosbLIas NOBTOPAEMOCTb OYEHb CUMb-
HbIX foX[el 6blna XxapakTepHa B OCHOBHOM A8 KpPalHUX KXXHbIX paiioHOB BpecTckoit obnactu - oT 10
[0 16 cnyyaeB (puc. 3, a). OYeHb CU/bHbIE BETPbI U CHeronafbl Habnw4anMCcL NPEUMYLLECTBEHHO B BOCTOY-
HOW YacTu cTpaHbl - 0T 4 0 9 1 0T 3 40 6 cNy4YaeB COOTBETCTBEHHO (puc. 3, 6, B). CuibHOE HanunaHne MOKpO-
ro CHera v KpymnHbIii rpag - 4OCTaTOMHO pefKue aBneHus Ans benapycu, 0HaKo OHWM HAHOCAT 3HAYUTEIbHbIN
ywep6 Kak HaceneHuto, Tak U OTpacnsmM HapofHOro xossiictea. CpefHee 3a rof YMcfio fHei ¢ rpagoMm Ha
TeppuTtopun Benapycu konebnerca ot 140 2, Bo3pacTas OT HU3WH K BO3BbILWEHHOCTAM [25]. 3a nepuog mc-
cnefoBaHusa ¢ He6ONbLLOW NOBTOPAEMOCTbLIO 1-2 ciyyas CU/IbHOe HasMnaHue MOKpPOro CHera v KpynHbli rpag
(hMKCMpoBasIMCb NOKabHO No cTpaHe (puc. 3, 1).

OcHoBHas fon18 OAN B KOXHbIX LUKIOHAX 3a UCCNefYyeMbliA Nepuos, NpULLIACch Ha OYEHb CUJIbHbIE JOXAM
NIMBHEBOrO 1 NPOAO/HKMTENLHOIO XapakTepa (168 cnyyaes, T. e. 60 % oT o6wero konmyectea OAlM). Cymma
BbIMaBLLIMX 0cagkoB Konebanacb oT 50 go 112 mm 3a 3-12 4 (154 cnydvaa) n ot 120 go 199 mm 3a 2-3 cyT
(13 cnyyaeB). Bbin Takke 0TMeYeH 1 cnyyaii KPaTKOBPEMEHHOIO OYEHb CU/ILHOTO NIMBHA Ha TeppuTopun o-
MenbCKol 061acTu B Houb Ha 1uons 2011 r., Korga Bbinano 32 MM 3a 52 MuH. CUHONTUYECKas CUTyaLmus BO
BCeX cy4yasx onpeaensnach BO3AeCTBMEM NMPU3EMHbIX LLEHTPOB LIMKIOHOB UM UX aTMOCHEPHbLIX (DPOHTOB.

OueHb cubHble CHeronadbl No pecny6nnke coctasunm 40 cnyyaes (14 % ot o6wero yucna OAr). B oc-
HOBHOM OHW Obl/IN BbI3BaHbl BAUSAHWEM aKTUBHbLIX HOXHbIX LUKIOHOB UM ManonoABUXHbLIX PPOHTaNbHbLIX
pasgenos ¢ BofHamu. KonmnuecTBo ocagkoB Konebanocb 0T 20 4o 29 MM 3a nepuog 7-12 4. BOMbWWHCTBO
LIMK/IOHOB, 06YC/MIOBUBLLMX MAaKCUMA/IbHOE YMC/I0 OYEHb CUMbHbLIX CHEronazos no ctpaHe, Obiin rny6okuMu
H6apnyecknmmn obpasoBaHUsSMM C AaBneHWeM B LeHTpe oT 976 go 986 rlla. Bbixogs Ha TeppuToputo bena-
pycu, OHW Yray6nsanch 1 CyLLecTBEHHO 3amMeNsaNncb. 34ecb CTOUT OTMETUTL CNOXHbIE NOrOAHbIE YC0BUS,
KoTopble Habntoganuck B pecny6nuke 15 mapta 2013 r. B CBA3M C NepemMeLleHneM O4eHb aKTUBHOMO LMK/IOHA
(naBneHue B LeHTpe 978 ra) ¢ YKpanHbl Ha IOro-BOCTOUHbIE paitoHbl Benapycu (puc. 4). Ha 6onbLieit YacTu
CTpaHbl NPOLLIN CUMbHbIE OCAfKX B OCHOBHOM B BU/E CHera, Nno 0ro-BOCTOKY - A0X[SA, NepexofdLlero B MOK-
PbIil CHer. B IOXHbIX U LIEHTPa/IbHbIX paiioHaX OTMEeYanncb OYeHb CUJIbHbIE CHeronadbl - oT 20 0 26 MM
3a 124 (puc. 5). OcagKun conpoBOXAannChb CUNbHBLIM MOPLIBUCTbIM BETPOM (15-24 m/c), Habntoganacb 04eHb
CUNibHas MeTeflb, Ha Joporax CUTyaLus OCM0XHANACh CHEXHbIMW 3aHOCamK. 10 HOro-BOCTOKY pecny6anku
O0TMeYanncb HasMnaHWe MOKPOTo CHera, rofioned, Bo BTOPOIA NOMOBUHE AHSA Ha Joporax obpasoBanacb roao-
neauua. 3a Nepuog BNAHNS LMKIOHA, HECMOTPSA Ha CU/bHBIA NOPLIBUCTbLIV BETEP U METesb, BO MHOTMX paiio-
HaX CTpaHbl MPUPOCT CHera cocTaBun 5-15 cm, mectamum gocturan 16-32 cwm [30].
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etc r/d

56 56

52 52

Puc. 3. MNosTopsiemocTb OANT, BbI3BaHHbLIX FOXHBLIMW LiMKNOHaMK 3a nepunog 1995-2015 rr.:
a- 0YeHb CUNbHBIN fOXAb; 6 - 04eHb CUMbHbINA BETEP; B - OYEHb CW/bHbIA CHEronag;
I - CWbHOE HanMNaHMe MOKPOro CHera (CUHWIA LBET) 1 KPYMHbIV rpag (KpacHbIi 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)

OTtmeTum, yTo 23-24 heBpansa 1999 r. norogy B cTpaHe Onpefensan aKTUBHbIA LUK/IOH, KOTOPbIA 06-
pasoBanca Haf paiioHamu ANEHHUHCKOro MoayocTpoBa W Mof Kro-3anajHbiMK NOTOKaMy CMeLLancs Ha
TeppuTopuio Benapycu, yrnyomslunch Hag pecnybnaukoin o 976 rfa v 3ameanve CBOM xod. B pesynbTaTe
Ha 60/bLUE YacTy CTPaHbl NPOLLIN UHTEHCUBHbIE CHeronagbl (10-19 Mm), a Mo BOCTOUHON NOMOBUHE OHU
JOCTUINN KpuTepusa onacHbix (20-23 mm). MecTamy Habnoganoch CUIbHOE HaunaHWe MOKPOro cHera
(45 MM - Ha MeTeocTaHUUKN XXUTKOBMYUN).

OueHb CUbHOE HamnaHne MOKporo cHera (57 mm 3a 13 4) oTMevanoch Takxe 11 HosA6ps 2007 T. no toro-
BOCTOKY benapycu, Korfa Ha Tepputopuio pecny6anku BbllleNl aKTUBHBIA HXHbIA LUKIOH, CMeLLaBLIniica
C palioHOB YepHOro Mops yepe3 BOCTOUYHYHO YacTb YKpauHbl U benapycu Ha cTpaHbl bantun. NHTeHCUBHbIE
CHeronagpl U CUMIbHOE HanMMNaHne MOKPOro CHera Habnlo4annch Ha CeBepHON nepudepumn yraybnatoLerocs
LMKIOHa.
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Puc. 4. MpusemHas kapTa 3a 15 mapta 2013 r. (15 UTC) - BbIXOZ KXHOMO LIMK/IOHa,
CONPOBOXaBLLUErocs CUbHLIMU CHeronagamu
(yKa3aHa TpaeKTopus LMKNOHa 3a nepuog 15-16 mapta 2013 r.)

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)

Puc. 5. PacnipesieneHue konuyectsa ocagkos (Mm) ¢ 9:00 go 21:00 15 mapTta 2013 r.
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 cunbHble BeTpbl (59 cnyyaes, BKIOYAs LWIKBasbl) B pecrnybivke BO3HUKANWN B OCHOBHOM M0OJ, BNUS-
HVEM Me[/IEHHO ABMXYLUUXCA (DPOHTANbHbIX Pa3fenos, BAO/b KOTOPbIX 06pa30BbIBa/ICL BOMIHOBbLIE BO3MY-
LLEeHNs, NMPEUMYLLECTBEHHO B [HEBHOE BPeMs MpU 60MbLINX TemMrepaTypHbIX KOHTpacTax no o6e CTOPOHbI
aTMoc(epHOro poHTa. B HOYHbIe Yacbl OYeHb CUMbHbIV BeTep Habnrganca peako (6 cnyyaes) B ThbIIOBbIX
4acTAX LMKNOHOB MPU 3HAUYNTENbHBLIX 6apuUyecKnX rpafmeHTax, Korjga U3MeHeHuUs aTMOCHepHOro AaBneHus
pocturanu 8-10 rlMa 3a 3 4. MakcumanbHble NOPbLIBbLI BETpa cocTasuau 25-32 wic.

3a nepuog nccnefoBaHWsA KpynHbIi rpag gnameTpom oT 20 4o 60 MM Bbinafjan B JHEBHOE BPEMS B TEMN/IbIiA
nepuog roga, Korga 4 aToro co3garTca Hambonee 6naronpuAaTHbIE YCNOBUS - BbICOKME TeMnepaTypbl BO3-
JyXa 'y 3eMHOIi MOBepXHOCTU, 60/bLIas BOAHOCTb 06/1akoB. Kak 1 B Ciy4yae CO LUKBafamMu, CUHOMTUYECKas
CUTyaums onpegensnacb BANAHNMEM KOHTPaCTHbIX (PPOHTaNbHbIX pa3fenos ¢ BoAHaMu. Tak, 14 uona 2000 r.
TeppuTopus Benapycy Haxoaunack nog BO3AeACTBUEM HOXKHOIO LIMK/IOHA M er0 aKTUBHbIX aTMOCHEPHbIX (DPOH-
TOB (pnc. 6). BO BTOPOI NOMOBMHE AHA HA XONOAHOM (PPOHTE Hayana pas3BMBaTbCA MOLLHAS Ky4eBO-40XKAeBas
06/1a4HOCTb, YTO CBMAETENLCTBOBA/IO O CUALHON KOHBEKLUM B CUCTEME LMKIOHA. MecTtamu no pecny6iumke
MPOLUN CUMIbHBIE IMBHW, CONPOBOXAaBLUNECA TPO3aMK, BbINaZeHWEM MeNKOro U KpynHoro rpaga. B pesynb-
TaTe 6bIIM YaCTUYHO paspyLUeHbl U MOBPEXAEHbI MPOU3BOACTBEHHbIE MOMELLEHUA U AOMA YACTHOIO CEKTO-
pa, MOATOMN/IEHbI COTHU FEeKTapOB Ce/IbX03YroAmniA, 06eCTOUEHbI AeCATKI HACENEHHbIX MYHKTOB M3-3a 06PLIBOB
NNHWA anekTponepefad. B necax o6pasoBannch 3aBajibl fepeBbeB naowansto fo 10 ra. KpynHbimM rpagom
NoBpeXAeHo 60/bLIOe KOMYECTBO aBTOMOOU/EN, pa3buThbl CTEKNA U KPOBS XUbIX LOMOB U YUPEXAEeHUI.

MoBTopaemocTb OAN B 3anafHbIX LUKNoHaX. Kak yXe ynoMuHanoch, b 10 aTnaHTUYeCcKnx LMKo-
HOB (14 % oT 06Lero KonnyecTsa) Bbi3Banu OAN B benapycu. Hanbonslas nosropsemocTs OAN npuwinach
Ha 0YeHb CU/bHbIE CHeronaabl U JoXAW - no 6 cnyyaes (35 % OT 06LLEr0 KO/IMYECTBA), & TaKXKEe OYeHb CUJIb-
Hble BETPbI, B TOM YMC/e LWKBanbl, - 4 cnyyas. KpynHbii rpag Bbinan nnLb O4WH pas.

OueHb Cu/ibHbIE JOXAWM W NIMBHW, CBA3aHHble B benapycu ¢ 3anafHbIMK LMKNOHAMU, Habnoganucs ne-
TOM - C UIOHA no aBrycT (1-3 cnyyasa B MecAy) (CM. Tabn. 2). OYeHb CU/bHbIE CHEronagbl - TOIbKO B HOSIGpe
(6 cnyyaes 3a Becb nepuof uccnefosaHus). Mo 1 cnyyaro 04eHb CUMbHBIX BETPOB (DMKCMPOBAOCh B MapTe,
Mae, aBrycrte u okTabpe. KpynHblil rpag oTMeYascs B uione.

Puc. 6. MpusemHas kapTa (1306apbl 6e/10r0 LBeTa)
1 kapTa AT-500 (uBeTHas wWwkana) 3a 14 nons 2000 r. (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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AHanM3 NpoCcTPaHCTBEHHOrO pacnpegeneHnsa nokasan, uto OAlN nmenn nokanbHbI Xapaktep (puc. 7).
OueHb CUMbHbIE AOXAN NPOLLW B CEBEPO-3anafHbIX PErMOHaX CTPaHbl, a TakK)Ke MecTaMm Mo tory. OYeHb CU/lb-
Hble cHeronagbl 66111 CBOMNCTBEHHbI MOrMNEBCKON, a Takxke 3anagy romenbckoi 06nactu. O4eHb CUMbHbIE BET-
pbl OTMeYaINChb Ha MeTeocTaHUMAX LLLyunH, Monouk n OKTA6pb, a KpYMHbIA rpag - Ha MeTeocTaHumm OpLua.

Puc. 7. MNoetopsemocts OAl, BbI3BaHHbLIX
3anagHbIMU LIMKIOHaMK 3a nepuog 1995-2015 .

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

XapakTepHOi 0COGEHHOCTLIO aTNaHTUYECKUX LMKOHOB, 00YCNOBMBLUNX OYEHb CUJIbHbIE AOXAMW KaK NUB-
HeBoro (B AHeBHOE Bpems), TaK M 06/10XKHOro xapakTepa (B HOYHbIE Yacbl), 6bII0 X MeA/IeHHOe MepeMeLLe-
Hue uyepes benapycb. MuHMManbHOE JaBfeHWE B LEHTPE LMKAOHOB Hafj pecny6nmkoi konebanock ot 980
fo 1005 rMa, npu aTOM, BbIXOAS Ha TEPPUTOPUIO CTPaHbl, 3anagHble LUKIOHbI NPOAOMKaIN YraybnaThes.
KonnyecTtso BbINaBLUMX OMACHbIX 0CaAKOB cocTasnsano ot 35 Ao 38 MM 3a nepuof 35-45 MUH u gocturano
51-65 MM 3a MOJICYTOK.

OueHb Cu/bHbIE CHeronagbl ¢ KOM4ecTBOM ocafkos 21-30 MM, BeTep nopbiBaMu ao 19-24 m/c, metenu
M CHEeXHble 3aHOCbl Ha fOporax HabaaanMch No Kro-BOCTOKY pecnybankmn npy cMeweHnn ¢ 3anagHoi EB-
POMbI aKTUBHOIO BO/THOBOTO LUKMNOHA 20-21 Hosi6ps 2004 r. (puc. 8). LIMKNOHMYECKNA BUXPb MPOXOAMN Yepes
t0XKHbIe PaiioHbl CTPaHbl, 3HAUYNTENBHO YMEHbLLUUB CKOPOCTb, HO NPOA0/MKaa yrnyonateca go 982,5 rfa (nage-
Hue faBneHunst Hag benapycbto coctaBuno 5 rlla 3a 3 4). MNMepeMecTMBLUMCH 3a npedenbl CTpaHbl Ha CMOneH-
CKYI0 06/1acTb Poccum, UMKAOH JOCTUT MakKCUMasbHOWM CTafmu cBoero passutus (975 rfla), MHTEHCMBHOCTb
cHeronagos Haf benapycblo ocnabena.

LLIkBanmMcTOe ycueHue BeTpa 4o 26-28 m/c B 3anafiHbIX LMKIOHAX B TEN/bIA Nepuog roga, ConpoBoX.as-
LLIEeCA MHTEHCMBHBLIMMN IUBHAMU U rpo3amm, OTMEYanocb B MOMEHT MakCUManbHOro Mporpesa BO34yxa npu
CMELLEHMU BEPLUMH BOJTHOBbIX BO3MYLLEHUIA HA XON04HbIX aTMOCKHEPHbIX PPOHTAX, pasfenstoLmnx KOHTpacT-
Hble BO3AYLUHbIE MACChl, Yepe3 MYyHKT HabngeHnid. B nepexogHble Ce30Hbl rofa MakCUManbHble MOPbIBbI
BeTpa 28-30 M/c (PUKCUPOBANUCL B YTPEHHME U BEYEPHME YACHI B ThIIOBbIX YaCTAX YXOAALMX rNYO6OKMX Lin-
KNOHOB (#aBneHue B LeHTpe 983-995 rlMa), korga poct aTMOCHEPHOro AaBeHNA 3a X0N04HbIM (DPOHTaNIbHbIM
pasgenom coctasnsan 9-11 rlfasa 3 u.

KpynHblii rpag gnametpom 20 MM (1 cnyvaid) B 3anagHbiX LMKAOHAX BbiNaa B fHEBHbIe Yackl 1 uons
1998 r. Ha ()pOHTE OKK/IO3UN B HEYCTOWUMBOI BO3AYLLHON Macce, B6AM3M NPU3EMHOTO LieHTPa LMK/IOHa.
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Puc. 8. Mpun3emHan kapTa 3a 20 Hos6ps 2004 r. (00 UTC) - nepemelLeHmne
3anagHoro LMK/I0Ha, BbI3BABLLErO CU/bHbIE CHEronagbl

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

3aK/1o4eHne

LInknoHnyeckas akTUBHOCTb B TedeHue mnccnegyemoro nepuoga (1995-2015) xapaktepusoBanacb BbICO-
KO NOBTOPAEMOCTLIO LIMKNOHOB BCEX TUMOB TPaeKToOpWiA Hag TeppuTopuein benapycu. OgHako OANN Bbi3Baam
NULWLb LMKNOHUYECKME BUXPU KOXKHbBIX U 3aNafHbIX TpaeKTopuid. MNaBHbIM 06pa3oM C 3TUMU LIMKIOHaAMM Bbinn
CBfi3aHbl 0YEHb CUJIbHbIE JOXAW W LUKBa/bl, CHEronabl.

OCHOBHbIMK palioHaMu (HhOPMUPOBaHNUS HXKHbLIX LUKIOHOB, Bbi3BaBwNX OAMN B benapycu, 6binn 3anag-
Hoe Cpepan3eMHOMOpbe, FeHy33CKuMiA 3a1B, a Takke BeHrepckas u lyHaickas HU3MEHHOCTU. BOMbLUMHCTBO
FOXXHbIX LIUK/IOHOB, MOB/NSABLUMX HA BO3HUKHOBeHMEe OAN B pecny6auke, CMeLLanuch B TENSbIA NEPUOS roga,
cnegosatensHo, OAMN npexzae Bcero 6bINU CBA3aHbl C pa3BUTUEM Ha aTMOCHEPHbLIX PPOHTAX MHTEHCUBHOW
KOHBEKLMW, 06YCNOBNMNBAIOLLEN O4eHb CUMIbHbIE NMBHU, BbiMafeHWe KPYMHOro rpaja, 06pasoBaHmne MOLLHbLIX
rpo3, LWKBaIOB 1 CMepUEil.

3anagHble LUMKAOHBI, Bbi3Baslme OAlN B benapycu, 06pa3oBbiBaiNCh B OCHOBHOM Haf ATNaHTUYECKUM
OKeaHOM. XapakTepHOl 0CO6EHHOCTLIO AaHHbIX LMKIOHOB 6bIN0 ObICTPOE CMeLLeHWe Haf 3anagHol Esponoi
N CYLLECTBEHHOe 3amef/ieHne Xo4a Hag benapycolo, YTO NPUBOAWIO K BO3SHUKHOBEHUIO OYeHb CUJIbHbIX LOXK-
[lell Kak IMBHEeBOro, Tak WU NPOLO/MKUTE/IbHOrO XapakTepa B NETHUIA nepuof roga. W nub 04YeHb CUSbHbIE
BETPbI, B TOM YuMC/Ie LUKBasbI, 6611 006YCNOBAEHbI FYGOKUMN LUKIOHaMK, NepeMeLLaowummucs ¢ 60bwnMu
CKOPOCTSIMU MPU 3HAUUTENbHbIX 6apuyecKnX rpagueHTax.

OTNNMUNTENLHOK 0COGEHHOCTBIO KaK FOXHbIX, TaK M 3anafHbIX LUK/IOHOB, BbI3BaBLUMX 601bWNMHCTBO OAlN
B benapycu, ctano ux yraybneHue Haf TeppuTopuelt CTpaHsbl, T. €. OHW BbIXOAMAW Ha pecrny6/1uKy UHTEHCUB-
HbIMWU 1 aKTUBHLIMU, NMPEUMYLLLECTBEHHO 34€eCh AOCTUras MakCUMasbHOW CTaAunn CBOEro PasBuUTUS.
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OONTTONEPUNOAHBIE MSMEHEHWA
TEMIMEPATYPbI BO3AYXA B TATAPCTAHE
N NX CUEHAPUN B TEKYLWEM CTOJIETUN

t0. M. MEPEBEAEHLEBA K. M. LLAHTA/IMHCKN A
. LWWEPCTIOKOB1,A. A. HUKOJTAEB1

DKaszaHckuin (MpuBoA>KCKNI) hefepanbHblii yHUBEPCUTET,
yn. Kpemnesckas, 18, 420008, r. KasaHb, Poccus
2BCcepocCuiicKunii Hay4HO-NCCneaoBaTeNbCKUA UHCTUTYT
rMApoMeTeoponormyeckoin nichopmaymm - MupoBoii LEHTP AaHHbIX,
yn. Koponesa, 6, 249035, r. O6HuHCK, Kany>kckas 065., Poccus

PaccmoTpeHbl fonronepuofHble kofebaHua TeMnepaTypbl BO3Ayxa Ha Tepputopun Pecnybnunku TatapctaHd B X X-X X BB.
OnpegeneHbl Nepnofbl 0AHO3HAYHOTO M3MEHEHWUS MPU3EMHON TemMnepaTypbl BO3AyXa. Y CTaHOBMEHO, YTO ¢ 1970-x IT.
no 2017 r. cpeaHAsA 3MMHAA TemnepaTypa B [prKa3aHCKOM pervoHe Bbipocna 6onee yem Ha 3 °C, a cpefHAA NeTHAA TeM-
nepaTypa yBenuumnacb npn6an3ntensHo Ha 2 °C. MokasaH BKnag NpoLeccos rnobanbHOro macwtaba B U3MEHYMBOCTb
Temnepatypsbl MpukKasaHCKOro permoHa: 3umoi oH coctaBun 37 %, netom - 23 %. BbIMOMHEH KOPPENALMOHHbIA aHanm3
aHOManui cpefHero0Bo TemnepaTypbl Bo34yxa B KasaHn 1 psagoB aHoOManuii TemnepaTypbl BO34yXa Haj KOHTUHEHTa-
MU, a TaKXKe TeMMepaTypbl NOBEPXHOCTU OKeaHa B KaXA0M Yy3/le KoOpAuHaT Ha 3eMHOM Liape 3a 1880-2017 rr. O6Hapy-
XEHbI JanbHUe CBA3M B None TemnepaTypbl Mexay KasaHblo v yaaneHHbIMyU pernoHamm 3emnu. OTMeYeHo, YTo J0Nro-
nepuogHble konebanms knumata B KasaHu NpoUCXOAAT CUHXPOHHO C KonebaHWAMMW TeMnepaTypbl BO34yXa B BbICOKUX
wupoTax Asum n CesepHoit Amepukm, Ha [anbHem BocToke u ore ABCTpannu, a TakxXe C MU3MEHEHUAMY TemnepaTypbl
MOBEPXHOCTHbIX BOA B CeBepHOM J1efoBUTOM, VIHAMIACKOM M TUXOM OKeaHaxX. BbicKa3aHO MpefnofioXeHWe 0 Hanuyuu
rno6anbHOro MexaHu3Ma, peryanpyroLLero 4onronepmogHole KonebaHnsa KnvMarta Ha Bceid 3eMie B TedeHe PaCCMOTPEH-
Horo 200-neTHero uHTepBana HabnogeHwid. Mo gaHHbIM npoekTa CMIP5 mocTpoeHbl KIMMaTU4YecKne cueHapum gns
KasaHuu go koHua XXI B.

Kniouesble cnosa: Temneparypa Bo3gyxa; U3MeHEeHUs KNumara; NVHENHbIN TPEHA; KNUMaTu4veckme moaenun; Knnma-
TUYECKNE CueHapun.
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LONG-PERIOD CHANGES OF THE AIR TEMPERATURE
IN TATARSTAN AND THEIR FORECAST
TILL THE END OF THE 21stCENTURY

Yu. P. PEREVEDENTSEVa3 K. M. SHANTALINSKIIg
B. G. SHERSTUKOVRhA.A. NIKOLAEVa

&azan Federal University, 18 Kremlyovskaya Street, Kazan 420008, Russia
[Russian Research Institute o fHydrometeorological Information - World Data Center,
6 Koroleva Street, Obninsk 249035, Kaluga region, Russia

Corresponding author: Yu. P. Perevedentsev (ypereved@kpfu.ru)

Long-term changes in air temperature on the territory of the Republic of Tatarstan in the 20t+2 14 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 CMIP5 project, climatic scenarios were built for Kazan until the end of the 214 century.

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

CoBpeMeHHOe COCTOsIHME MCCef0BaHNiA B 061aCTW KMMaTa OTPAXKEHO B OLEHOYHbIX foKNafax Mexnpa-
BUTENbCTBEHHOMN rPynmnbl 3KCNepToB No nsMeHeHuto knumata (MITAUK) [1] v Pocrugpometa [2]. B 2011 r.
Ha XVI BceMpHOM METEOPOSIOrMYECKOM KOHrpecce yTBep)KAeHa rnobanbHasi pamoyHasi OCHOBa AN Ku-
maTumyeckoro obenyxmsanmsa (FTPOKO), Bkntovatowas B ceb6si CUCTEMbI FTMAPOMETEOPONIOTUYECKNX Habto-
OEHUI N MOLEeNMPOBaHUA KNUMATa, UHPOPMALUOHHYIO KIMMATUYECKYK0 CUCTEMY M CUCTeMY obecrneyeHus
KNMMaTUYeCcKON MHGopMaLumein Nonb3oBaTenell CEKTOPOB 3KOHOMMWKIM 1 COLManbHOl cdepbl. Bce 3To 4OMKHO
cnoco6CcTBOBaThL afanTauuy K NPOUCXOAALMM KIUMATUUYECKUM U3MEHEHUSAM, YNPaBNeHU0 BO3HUKaOLWUMU
puckamu. B pasHbix permoHax Poccun BefyTcs UCCNeA0BaHUA MO M3YYEHUIO M3MEHUYMBOCTM KAMMaTa U Aun-
HaMWKW noKasaTenieil ero akcTpemanbHocTu. Tak, B 2008 r. KoNneKT1BOM KadeLpbl MeTEOPOSIOr MK, KAMMaTo-
noruu n akonorumn atmMocgepbl KasaHckoro ¢efepansHoOro yHuBepcuTeTa 6blia ony6avMkoBaHa MOHOrpagus
«Knumatunyeckne ycnosus n pecypcol Pecny6nukun TatapcTaH» [3], B KOTOpPOM faHa OLEeHKa U3MEHeHWsM
KNumaTa M KNMMaTU4ecKnx pecypcoB Mo pesynbTaTaM MeTEeOopOnormyeckmx HabnwgeHuii 3a 1966-2004 rr.
BmecTe ¢ TeM HEO6XOAMMO OTMETUTL, YTO 3a MocfiegHue 14 neT NPOM3OLLN 3aMeTHbIE U3MEHEHUS Peruno-
HaNbHOr0 KAMMaTa: B 3MMHWUI NepUOA BO3HUKMA TEHAEHLUMA K MOHWKEHNIO TEMMEPATYpPbl, a B NETHUIA - K ee
MOBbILWEHMIO. [1OCTaTOMHO YMNOMSHYTb ANUTeNbHYH 3acyxy netom 2010 r., korga Temnepartypa B TatapcTaHe
pocTturana 39 °C, 4To NPUBENO K CHMKEHMIO YPOXKaHOCTU CeIbCKOXO3SNMCTBEHHbIX KyNbTyp Ha 51-65 % no
CPaBHEHMIO CO CpeaHeit ypoXKaliHOCTbIO 3a NpeALlecTBytoLime 5 neT. Kpome Toro, B utone - aBrycte 2010 r. pes-
KO BO3pOC/ia CMEPTHOCTb CPEAM NOXMIbIX N0Ael N3-3a KpaliHe HebnaronpuATHbIX 3KCTPeMasbHbIX yCoBui [4].

Pecny6nuka TaTtapcTaH No CBOMM 3KOHOMWYECKUM MOKasaTensM U pasBUTUIO COLMAbHOW cepbl BXOAUT
B umcno nuaepos Poccuiickoi deaepaunn. TeM He MeHee paf ee OTPaceid, U Npexxje BCEro ceNbCKOoe, ecHoe
V1 KWUNNLLHO-KOMMYHa/IbHOE XO03A/ACTBO, peKpeaLoHHO-TYPUCTCKUI KOMNIEKC, 3aBUCAT Kak 0T 3KCTPeMasbHbIX
SBNEHWNIA NOrofbl, Tak U OT JONITOBPEMEHHbIX KAMMATUYECKUX U3MEHEHWA. [pyMep TOMY - WHTEHCUBHbIE
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3acyxm 1995, 1998, 1999, 2010 n 2016 rr., NpUHECLUMNE 3HAYNTENbHbIN YLEp6 CeNbCKOMY U NECHOMY XO03Aii-
cTBY. [103TOMY M3yUeHMe HAaCTOALMUX 1 ByLyLLMX pacnpeaeneHunin nokasaTeneli KNMMaTta, OLeHKa Knmmatmyec-
KOro noTeHumana pernoHa (Tenso- v BnaroobecrneyeHHOCTH, pagnaLMoHHOro 6anaHca, NPOLO/MIKUTENIBHOCTH
NeprooB C 3KCTPEMA/IbHbIMU 3HAYEHUAMU TeMNEPaTypbl BO3JyXa U aTMOCHEPHbIX 0CafKOB) B UHTepecax
3KOHOMMWKW 1 HaCeNeHns NPeLCTaBNAITCA aKTyabHbIMU.

Llenbto paboTbl ABASETCS aHaNU3 JO/ITONePMOAHbIX M3MEHEHMIA TeMNepaTypbl Bo3ayxa B TaTapcTaHe B XX
n XXI BB.

MaTtepuvanbl 1 MeToAbI UCCNef0BaHNSA

B KauyecTBe MCXOAHOI0 MaTepuana uccnefoBaHnsa 6blm UCNOMb30BaHbl CPeAHME MECAYHbIE 3HAYEHUS TeM-
nepatypbl Bo3gyxa 3a nepuod ¢ 1928 no 2017 r. Ha MeTeopoNorMYeckKux ctaHumax KasaHb-yHnsepcutet, Ba-
30Bble MU Apck. CTaHUua Ka3aHb-YHUBEPCUTET HaxoAMUTCA B LLIeHTpe ropofa, cTaHuua BA3oBble pacnonaraertcs
B 40 KM K 3anagy oT KasaHu, a cTaHumsa Apck - B 60 KM K CeBep0-BOCTOKY (puc. 1).

Mo cpefHUM MeCAYHbIM [aHHbIM paccyMTaHbl CpeAHMe rofoBble (HBapb - Aekabpb), 3uMHUe (Lekabpb -
theBpanb) 1 NeTHUe (MIOHb - aBrycT) 3HaYeHUs TemnepaTypbl BO3AyXa.

B uensx BbiABNEHUS Hanbonee KpynHOMACLITaOHbIX U3MEHEHWI ObINN NCMOMb30BaHbl BPEMEHHbIE PSfbI
aHoMafnnii NpPUNoBEePXHOCTHOM TeMnepaTypbl BO3AyXa, OCPeAHEHHON No TeppuTopmum CeBepHOro NoayLlapus
(1928-2017), KoTOpble NOArOTOBNEHbI B OTAENe UCCNef0BaHUSA KNMMaTa YHusepcuteta BocTouHOMA
(nanee - gaHHble CRU) [5].

[ns 0bHapyXeHMs ganbHUX CBA3EN B Nose TemnepaTtypbl Mexay KasaHblo 1 yaaieHHbIMU permoHammn 3emnu
MCNonb30BaNChL Matepuanbl HabNLeHWI 3a TemMnepaTypoil Bo3gyxa (TB) Ha MeTeoponornyeckoi ctaHumm
KaszaHb-yHuBepcuTeT 3a 1828-2017 rr., a TakXXe CBeJeHUs 0 TeMnepaType NoBepxHOCTH okeaHa (TMO) B y3-
nax reorpatuyeckoli CeTKHY € LWarom 2 X 2° LmMpoTsbl U gonroTsl 3a 1854-2017 rr. [6-8] u gaHHble CRU 0 Tem-
nepartype BO34yxa Haf, KOHTUHEHTaMW B y3/1aX reorpaMyeckoil CeTKM ¢ Lwarom 5x5° WwupoTsl U 4ONroThl 3a
1880-2017 .

Puc. 1. PacnonoxeHue MeTeopoorMyecknx CTaHLUmiA B TaTapcTaHe U Ha ConpeaenbHbIX TeppUToprsax
Fig. 1. Location of meteorological stations in Tatarstan and in adjacent territories
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Maccue gaHHbIx 0 TIMO ERSST v3b npeacTtaBnseT co6oil BOCCTAaHOB/EHHbIE Psfbl MECAYHbIX aHOMaNWii
TeMMepaTypbl MOBEPXHOCTY OKeaHa OTHOCMTENLHO HOPM 3a 1971-2000 rr. 3ano/iHeHWe NPONyCcKoB CTaTUCTU-
YeCcKMMM MeToLaMU BbINOJIHEHO aBTOpaMy Maccusa. B otnuuyme ot Bepcun ERSST v3 HoBas Bepcus ERSST
v3b He BK/OYaeT CNYTHWKOBbIE AaHHble, KOTOPblE, KaK OblN0 YCTaHOBMIEHO, BbI3bIBAKT C/IMLLIKOM CUbHOE
CMeLLeHMe.

MaccuB faHHbIX 0 TB Hag KOHTUHEHTaMU COLEPXUT aHOMannM MecayHO TeMmnepaTypbl B y3iax reorpa-
(hMUeCcKoW CETKM C LaroM 5 x5° WnpoTbl 1 AOArOTbI OTHOCUTENBHO HOPM 3a 1961-1990 rr. [5].

[ns nccnefoBaHnsa AONTONEPUOAHBIX N3MEHEHWI TEMMEPATYPHOrO PeXuma NPUMEHSNNCH CrAaXKMBaHWe
BPEMEHHbIX PAAOB 7-NETHUM CKOMb3ALWMM OCPeAHEHMEM, HA3KOUACTOTHasa umdposas punbTpaumsa (HY dunbtp
MoTTepa), MeTOA KOPPENALMOHHOr0 aHa/In3a.

Hamu 6b1n0 NpoBeAeHO TeCTMpoBaHMe 38 KNMMaTUYeCKUX Mofeneit nocneaHero nokoneHns CMIPS (cou-
pled model intercomparison project) no psgy KpuTepueB, TaKUX KakK KO3((MUMEHT HaKNOHA IMHEHOro
TpeHaa (KHJIT), pasHOCTb KIMMATUYECKMX HOPM, KO3(M(MULMEHT NapHOWA KOPPEenaumMm Mexmgy cMmoaenvpo-
BaHHbIMW TemnepaTypaMy BO3dyxa W pesynbTaTaMi HabMaeHWid, cpeaHee abCcontoTHoe OTKNOHeHMe (5),
cpefHeKBagpaTU4YecKan owmbKa NporHosa (a).

Mo nToram KOMMNIEKCHOIO aHanum3a pesynbTaToB TeCTUPOBaHUS Bblv 0TOBPaHbI 7 Hanbonee ahHeKTUBHLIX
mogeneit - BNU-ESM, CMCC-CM, MPI-ESM-LR, MPI-ESM-MR, GISS-E2-H, EC-EARTH, FIO-ESM, ko-
TOpble MCMO/b30BANNCL AN MOMYYEHNS KNMMATUYECKMX Npoekunii B KasaHu Ha nepnog 2005-2100 rr.

MporHocTrnyeckmne pacyeTbl 6a3MpoBanCh Ha pe3ybTaTax aHcamb1eBbIX pacyeToB 0TOBPaHHbIX 7 KNnMa-
TUYeckux mofenei ns npoekta CMIP5. MogenbHble faHHbIe N0 PEKOHCTPYKLMUK TemMnepaTypHOro psaja B ne-
pnog 1850-2005 rr. cpaBHMBaNUCh C AaHHbIMU METEOHAO/I0AEH NI Ha METEOCTaHU MU KasaHb-yYHMBEPCUTET.

Pe3ynbTaTbl U NX 00CY>KAEHWE

CoBpeMeHHbIe M3MEHeHUs KMMaTta, ConpoBoXaatoLmnecs Bce 60nee 4aCcTbIMU U UHTEHCUBHBLIMU NPUPOL-
HbIMW KaTak/M3Mamu, OKa3blBalTCA Hambonee 4YyBCTBUTENbHbIMU AN MPUPOLbl, 3KOHOMUKU U HacefeHus
KOHKPETHbIX pPernoHoB. CTaHOBUTCS aKTyasbHOM 3afaya OUEHWTb POSib €CTECTBEHHbLIX (TEM/0BOE COCTOSHUE
NOBEPXHOCTU ATNaHTUYECKOr0 OKeaHa, LIUPKYNALuUa aTMocgepbl, CONHEYHas U reOMarHUTHas akTUBHOCTb) U aH-
TPOMNOreHHbIX (HakTOpoB (POCT KOHLEHTPaL M1 NapHUKOBbLIX ra3oB) B POPMMPOBAHUU NOTOAHLIX U KAMMaTuYe-
CKUX aHOMa/INIA, BK/KOYas IKCTPeMasibHble, Ha TeppuTopun TaTapcTaHa, UcCnefoBaTh AUHAMUKY KIMMATUUECKMX
pecypcoB 1 CNPOrHO3MpoBaTh ByayLive N3MeHeHUs KAMMaTa B MHTepecax 3SKOHOMUKM 1 HaceneHus [3; 9; 10].

N3meHeHns Npu3eMHOW TeMnepaTypbl B [prKa3aHCKOM pernoHe. PaccMOTpMM TeMnepaTypHbIi pe-
UM B [pMKa3aHCKOM peruoHe B Lensx onpeaeneHus cTeneHy BAMSHUA Ha HEro (hakTopoB pasIMyHOro Mac-
WwTaba 1 OLEHKN BO3MOXHbIX M3MEHEHUI TemMnepaTypbl B 6yayluem (Tabn. 1).

Tabnuua 1
CpefiHve KBafpaTUYECKMNE OTK/IOHEHUA, CpefjH/e MHOTOMIeTHUE,
MaKCUManbHble U MUHUMa/bHbIe 3HAYEHUA NPU3eMHON TeMnepaTypbl Bo3gyxa (°C)
B MpuUKa3aHCKOM PervioHe 3a pasnnyHble Nnepuosbl 0CpegHeHus
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
XapakTepucTnkm log (aHBapb - Aekabpb) 3vma (gexabpb - (heBpasib) JleTo (MoHb - aBrycr)
Temneparypsl
BO3/yXa KasaHb  Bs3oBble Apck KasaHb ~ BsisoBble Apck KasaHb  BssoBble Apck
1928-2017 rr.
Hopma 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 rr.

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
MuH. 1,42 0,63 0,12 -17,50 -18,17 -18,80 16,30 15,20 14,73
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OKOH4YaHue Tabn. 1
Ending table 1

XapakTepucTukm log (AHBapb - fexabpb) 3nMa (gexabpb - (eBpasb) JleTo (MtoHb - aBrycr)
Temnepatypbl
BO3yXa KasaHb  BsA30Bble ApcK KasaHb  Bs3oBble ApcK KasaHb  Bs30Bble Apck
1958-1987 .
Hopma 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
Makc. 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.
Hopma 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
MuH. 3,96 3,18 2,66 -13,13 -13,97 -14,67 16,67 15,93 15,80

MpumeuaHue. Hopma - cpefHVe MHOTOneTHME 3HadeHus; CKO - cpefHue KBafpaTUYecKue OTK/IOHEHMUS; MakC. U MUH. -
MaKC/Ma/ibHble U MUHUMa/IbHbIE BEIMUMNHbI COOTBETCTBEHHO.

MHoroneTHWiA Xof TemnepaTypbl Ha CTaHLMAX PermoHa npakTu4eckn aHanorndeH. KoapduumeHTsl Kop-
pensauumn Bo BCe Ce30HbI rofa NpeBocxoasT BennymnHy 0,95. OfHaKo CBsi3W BO BTOPOW NOMIOBUHE UCCNeLYeMOro
nepuoga, Korga Habnto4aeTcs COBPeMEeHHbIA aTan rnobanbHOro noTenseHus, Boiwe (KO3MMULMEHT Koppens-
umn He meHee 0,98). OCO6EHHOCTUN U3MEHEHWNIN TEPMUYECKOTO peXxxrnmMa B KasaHu cBA3aHbl CO cneunfpuyecku-
MW YCMIOBUAMU KPYNHOrO ropoja.

BbINOMHEHHOE CrNaXnBaHye BPeMEHHbIX PSA0B aHOMaIMiA TeMnepaTypbl 0THOCUTEIbHO HOPM 1961-1990 rr.
npy NOMOLLM HU3KOYACTOTHOM (hMNbTPaLMmM € MON0CON nponyckaHus 6onee 20 NeT TakKe 06HapY>XMBaeT cy-
LLECTBEHHbIN POCT TeMnepaTypbl Kak Ha TeppuTopun Bcero CeBepHOro nosyLlapus, Tak U B MNpukasaHCKOM
permoHe (puc. 2).

Kpome TOro, crnaxusaHue no3sonunno 6onee feTanbHO ONpefenuTb Neprodbl OAHO3HAYHOr0 U3MeHeHUs
np13eMHOl TemnepaTypbl Bo3gyxa. Tak, 3uMoii ¢ 1928 no 1957 r. Temnepatypa B UCCNeAYEMOM PErMOHe MNo-
BblLLIas1Iacb CO CKOpOCThio nopaaka 0,6-0,8 °C 3a 10 net, fanee go 1970 r. 0oTMeYanocb HEKOTOPOE MOHMXKEHME
TemrnepaTtypbl Ha BeinumHy okono 0,8 °C. 3atem ¢ Hayana 1970-x IT. NPOUCXOANN0 NHTEHCMBHOE MOTENJ/IEHNE
KnrmaTa MprkKasaHCKOro pernoHa, KOTopoe ¢ KoHLa XX B. CyLLEeCTBEHHO 0C1ab/0 1 CMEHUNOCh HE3HAYMTe b-
HbIM MOX0/104aH1eM, a B KOHLe nepBoro gecatunnetus XXI B. 3MMHAA TemnepaTypa BHOBb CTa/a yBe/IMUYNBaThCA.
B pe3ynbTaTe Mo KPpUBOI HU3KOUYACTOTHO KOMMOHEHTbI CPeAHAa 3uMHASA TeMnepatypa ¢ 1928 no 2017 r. B Ka-
3aHU Bblpocna Ha 4,7 °C, B Ba3oBbIx - Ha 4,2 °C, B Apcke - Ha 4,1 °C.

MHaye nsmeHsnacb cpefHAA NETHAS TeMnepaTypa Bo3fLyxa. B Havane nccneflyemoro nHTepsasna npuMepHo
[0 BTOpOI NonoBuHbI 1970-x T. TemnepaTypa B 06LeM MOHMXanacb, UCMbITbIBas KonebaHWs ¢ nNepuoLom
okono 20 neT. 3a 3TO BPeMSI CHVKEHME cocTaBuno npumepHo 1,3 °C 3a ropogomM u npubnusntensHo 0,7 °C
B KasaHu, 4To SBM/OCL CNeACTBMEM OTENAIOLWEro BAUAHWUSA FOPOACKMX ycnoBuii. C cepefuHbl 1970-X IT.
B [MprKa3aHCKOM pernoHe, Kak 1 B LieJIOM NO NONyLLapuio, Ha4yanocb MHTEHCUBHOE NOTeneHue, B pe3ynbTare
KOTOPOro CpefHAs NeTHASA Temnepartypa ysenmumnacs Ha 1,9 °C 3a ropogom v Ha 2,2 °C B KaszaHu.

N3meHeHuWs cpefiHell rofoBol TemnepaTypbl BO3ayxa Hocuiu 6onee paBHOMepPHbI XapakTep. PocT cpej-
Heil rofoBOI TeMnepaTypbl Havancs ¢ cepeanHbl 1940-x rr., n 4o 1990 r. ero ckopocTb B KasaHu 6bina 0,17 °C
3a 10 nert, a 3a ropogom coctasnana 0,11-0,12 °C 3a 10 net. [lanee noTenneHme npomcxognno 6onee Bbico-
KUMK Temnamu: B KasaHW CKOPOCTb MOBbLILIEHWS CpefHel rofoBol TeMnepaTypbl B 3TOT MPOMEXYTOK Bpe-
meHn gocturna 0,6 °C 3a 10 net, a B cenbckoli mecTHocTh - 0,5 °C 3a 10 neT. B pe3ynbtate B KasaHu ¢ 1945
no 2017 r. cpeaHAs rofosas Temnepartypa ysennumnach Ha 2,7 °C, a B BA3oBbIX 1 Apcke - Ha 2,1 °C. Takum
06pa3oM, Kak y>e yKa3blBasioCh paHee, MOBbILUEHWE CPefHel rofoBol TeMnepaTypbl 3a BeCb UCCNefyeMblid
nepuoa onpeaensnocs B OCHOBHOM YBe/IMYeHWEM CpefHel 3UMHeR TemnepaTypsbl.

Kak BUAHO M3 puc. 2, U3MeHeHUs TemmnepaTypbl B MNpUKa3aHCKOM perMoHe XOTs U Hocunu 6onee pes-
KU XapakTep, TEM He MeHee NPOTeKasin OCTaTOYHO COrfacoBaHHO C U3MEHEHUAMM TemnepaTypbl Bcero Ce-
BEpPHOro NonyLlwapusa Kak 3uMoi, Tak U neToM. OCOGeHHO 3TO OTHOCUTCA K MOC/aefHeMy aTany noTenseHus,
HavaBsLLemycs B cepefuHe 1970-X IT. YKa3aHHble KonebaHus TemnepaTypbl BO3Ayxa SABAAKOTCA pe3ybTaToM
[encTBua rnobanbHbIX, PerMoHabHbIX U NOKa/IbHbIX (PAKTOPOB. [1a OLeHKM BKafa rnobanbHbIX (hakTopoB
B M3MEHUYMBOCTb Temrnepatyp [NprkasaHCKOro pernoHa BbIYMCAAANCh KOIP(ULMEHTLI KOPPensLmMmn aHoManuii
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Puc. 2. HuskoyacToTHast KOMMNOHEHTA C nepuogoM 6onee 20 neT aHOMasni
npu3emMHo TeMnepaTypbl Bo3gyxa (°C) B MNpukasaHCKOM permoHe 1 CeBepHOM MoyLapum
31MMoit (eKkabpb - (heBpanb) (a) u netom (MioHb - aBrycT) (6):

1- KasaHb-yHuBepcuTeT; 2 - Bsasosble; 3 - Apck; 4 - CeBepHoe nosnyLuapue (no gaHHsiv 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)

TemnepaTtyp pernoHa n CeBepHOro noayLlapus B LeAOM, MpuyeM He TOMbKO 3a BeCb UCCNeayeMblii Nepuos, Ho
¥ 3a ABa NoAnepuoga, nepsblii U3 KOTOPbIX NpeacTaBaseT cob0i NPOMEXYTOK BPEMEHU, NpeaLlecTBOBAaBLLMWA
nocnegHemy notenneHunto (1928-1976), BTopoii - cOGCTBEHHO HaMb0ee BbipaXKEHHYHO YaCTb 3TOr0 NoTense-
Hua (c 1977 no 2017 r.).

3HaueHna Ko3((ULNEHTOB KOPpensLmmn 3a BeCb Nepuos uccnefoBaHus 3MMoil coctasunu okono 0,61,
a netom - 0,48. B 1928-1976 rr. oHn paBHsAnucb 0,52 u 0,40 cooTBeTCTBEHHO, a B 1977-2017 rr. - 0,52
n 0,53. YBenuyeHne KoapuLmneHTa B 1eTHUA Ce30H NOCeAHero nepnoja cea3aHo ¢ 60/1ee paBHOMEPHbLIM
NOBbILUEHWEM NIETHEN TeMMepaTypbl B 3TOT NPOMEXYTOK BpeMeHU. MocKonbKy KBagpaT KoadduLmeHTa Kop-
pensunn xapakTepusyeT BKMaL PakTopuasbHOro npusHaka B M3MEHUYMBOCTb Pe3y/ibTaTUBHOIO NpU3HaKa,
a KonebaHWa TemnepaTypbl BCcero CeBepHOro nonywapus onpeaensaoTcs BAUSHUEM MPOLLECCOB rno6asb-
HOro macluTaba, MOXHO OLEHWUTbL BKMaf NocnefHNX B U3MEHYMBOCTb TEMNEPaTypbl NprUKa3aHCKOro pervoHa.
JTOT BKNAA He 0CTaeTCs MOCTOSAHHLIM B TeUeHMe rofa. 3a BECh e UCCeyeMblii nepnos 3MMOI OH COCTaBuUs
37 %, a netom - 23 %.

[anbHue cBA3M B none Temnepatypbl Mexay KasaHblo 1 yaaneHHbIMU pernoHamm 3emnu. B npo6-
Neme KoniebaHMn KNMMaTa BaXXHOe MECTO 3aHWMalOT KIMmaTuyeckue Bapuaumm B maclitabax BpeMeHW OT
HECKOJIbKMX fIET 10 HECKOMIbKNX BEKOB. VI3MeHeHuns TemnepaTypbl B COCefHMX MYyHKTax 06bIYHO B3aMM03aBU-
cuMbl. Koppenauusa KonebaHwii MeTeoponormyeckux napamMmeTpoB BO3MOXHa Kak Ha 6Nn3KMX MeTeocTaHLmuax
B npejenax 3aMKHYTON TeppuToOpUn, Tak 1 B Y4ANEHHbIX APYT OT Apyra parioHax. [Ans yganeHHbIX B3aumMogei-
CTBUIA NPUMEHSETCH TEPMUH «AaNbHNE CBA3N».

MpocTpaHCTBeHHble MaclTabbl 04YaroB OLHOPOAHbLIX KOMebaHMl KnumaTa CBA3aHbl C X BPpeMeHHbIMU
MacwiTabamu. Mpu 3TOM MexaHWU3Mbl HOPMUPOBAHUA XOPOLLEN KOPPEeNauny U3MeHeHUA TeMnepaTypsl BO
BpeMeHU Ha B6MIM3KMX PACCTOSHUAX U B YAaneHHbIX paiioHaxX MOryT ObiTb pasHbIMKU, NO3ITOMY NPOCTpPaH-
CTBEHHbIE KOpPPenauun JoNronepuoaHbIX KonebaHwin paccmaTpusaloTca B 4aHHON paboTe OTAeNbHO OT KO-
pPOTKOMEPUOLHBIX.

B uensax noncka npunoBepXHOCTHbIX JONTOBPEMEHHBIX AanbHUX CBA3el Mexay KasaHblo U yaaneHHbIMU
TOYKaMU 3eMHOTO Llapa NPoBeAEHO CNefytoLlee UccrefoBaHme.
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3a 200-1eTHIOK NCTOPUIO METEOPONOTNYECKNX HAbBNOAeHNIA B Ka3aHN MOXHO BbleNNTb COCTaBAAOLLME
KonebaHuii KnMmaTta ¢ pasHbiMy YacToTamu. Ha puc. 3 nokasaH MHOFOMIeTHWI X0[, CPeAHEro0BO Temnepary-
pbl BO34yxa B Ka3aHu 1 ee CriaXeHHble N0 7 rofamM 3HaveHus.
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Puc. 3. CpegHerozfoBas Temnepatypa Bo3gyxa (T)
1 ee CrnaxeHHble No 7 rofamM 3HadeHus (t7) B KasaHu

Fig. 3. Average annual air temperature (T) and its 7-year smoothed values (t7) in Kazan

WN3BecTHO, uTo B XX B. Ha 3eMmfie Habnofanuch ABa rnodanbHbIX NOTENSIEHUA KMMaTa: MepBoe npouc-
xoauno B 1930-40-x rr., BTOPOE Hayanocb ¢ cepegnHbl 1970-x rr. Mo sBepcun MITAUK, nepsoe notenseHue
BbI3BAHO MPUPOLHbLIMY NPUYMHAMMW, & BTOPOE ABAETCHA CMeACTBUEM YCUIEHUS NAPHUKOBOIO agh(hekTa 3a cyeT
aHTPOMOreHHOro YBENNYEHNA KOHLEHTPpaLUKM YrIeKnUenoro rasa B atmocgepe [1].

B KasaHu nofo6Hble N3MEHEHUS KnnmaTa npoucxognnu Ha 20-30 neT paHbLUe, YeM Ha BCEM 3eMHOM LLApe.
Tak, B anoxy nepBoro rno6asbHOro NOTenIEHUs HavBbICLLAA CPeAHerofoBas TemMneparypa Bo3gyxa B KasaHu
Ha6ntoganack B 1925 r. 3aTemM OHa NOHMXanacb 0 MUHUMYMa B 1941 1., a HauUMHaa ¢ 1942 I. u 40 HaCTosLLEro
BPeMeHU MOBbILLAETCA.

3a nocnegHue 200 feT, KPOMe yKasaHHbIX ABYX MOTeNeHWi, Ha puc. 3 BUAHbI MEXTIOA0BblE KonebaHus
TemnepaTypbl C MEPUOSAMM OT HECKOMIbKMX NET A0 ABYX-TPeX AecaTuneTuid. MpegMeTom mnccnefoBaHuii 6binm
KonebaHms ¢ nepnogamm 6onee 7 net.

[anee paccMOTpUM MHOroseTHUe KonebaHus aHOManuii cpefHerofoBoi Temnepatypbl B KasaHu nocne
WCK/IOYEHUS JIMHENHOrO TPeHAa U CriaXuBaHWUS KOPOTKOMEPUOAHbIX KonebaHuint Temnepatypbl METOA0M
CKONb3AWMX CPefHUX MO 7-neTuam. TpeHn ncknoyancsa Ha nHtepsane 1880-2017 rr. AHaNOrM4YHO TPeHabl
6bIN NCKKOYEHbI U3 CPEAHEr0LO0BbIX CIIAXKEHHbIX MO 7-1eTUAM 3HaYeHW TeMnepaTypbl BO3LyXa Haj KOHTU-
HeHTaMu B y3nax 5 x 5° reorpamyeckoi CeTKn 1 N3 CPeAHErofoBbIX Cr/IaXXEHHbIX TaKUM XKe 00pa3oM 3Haue-
HWIA TemnepaTypbl MOBEPXHOCTM MMPOBOro oKeaHa B y3nax 2 X 2°.

Boeluncasannck KoathhuLUMeHTbl KOPPenaumn Mexay psgom MnojlydyeHHbIX aHOManvil CpeaHerofoBoi Tem-
nepatypbl BO3gyxa B KasaHu 1 psgamMy aHoManuii Temnepatypbl BO34yXa Haj KOHTUHEHTaMU 1 TeMnepaTypsl
MOBEPXHOCTM OKeaHa B KaXKaoM Yy3/e reorpadyeckoi ceTkn Ha 3emne 3a 1880-2017 rr. MpocTpaHCTBEHHOE
pacnpegeneHune noayyeHHbIX KO3hMULMEHTOB KOPPenaumnm nokasaHo Ha kapte (puc. 4).

W3 puc. 4 BUAHO, 4TO TEeCHble CBA3W C KO3ghdmumeHTammn Koppensuun Boiwe 0,6 HabnogaroTcs B 06LIMp-
HOM palioHe Ha reorpaguuyeckux LIMpoTax, 6am3knx K KasaHu, 1 Ha gonrotax oT LieHTpanbHOro pervoHa
Poccuun go Ypana un fjaxe B npuneratoLLein yactn 3anagHot Cubumpun. JaHHblid palioH 04HOTUMHbLIX Koneba-
HWIA TemnepaTypbl HaXoAUTCS B 30He OCHOBHOIO 3amnafHO-BOCTOYHOIO MepeHoca BO3AYLLIHbIX MAcc, KOTOPbI
CNoCco6CTBYET PacnpoCTPaHEHNIO NPOCTPaHCTBEHHBIX CBA3EM BAOMbL reorpauyeckoii LimpoTel. [Janee, BO BCe
CTOPOHbI 0T Ka3aHu 1 yKa3aHHOro NpueraroLLero permoHa NpoCcTpaHCTBEHHbIE CBA3M oc/iabeBatoT.

OfHaKo Ha HEKOTOPOM yAaneHnmn KO3aPMULNEHTbl KOppensumum onaTb Bo3pacTatoT (CM. puc. 4), NokasbiBas
JanbHuWe cBA3W KonebaHWil TemnepaTypbl B KasaHu u gpyrux paiioHax CeBepHOro v KOXHOro monyLiapwi
3emnn. Cyas no 6onblwiMM KoshduumeHTam Koppensauun (cebiwwe 0,5), gonronepnogHsie KonebaHns Knnmarta
B KasaHy NpomcxoasT CUHXPOHHO C KonebaHUsMM TemnepaTypbl BO3yxa B BbICOKMX WMpoTax A3un un Cesep-
HO AMepuKku, Ha [anbHem BocToke 1 tore ABCTpanuu, a Takke ¢ U3MeHeHUsMU TeMnepaTypbl MOBEPXHOCT-
HbIX Bog, B CeBepHOM JleoBUTOM, VIHAWMACKOM M TUXOM OKeaHax.
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Puc. 4. KoadthmumeHTbI Koppenaumm cpeiHerogoBoii Temnepatypbl B KasaHu
C TemMnepaTypoii BO3gyXa Haj KOHTUHEHTaMU B y3/1ax Yepes 5° LWmpoTbl 1 AONTOTbl,
a TaKkKe C TemrepaTypoii MOBEPXHOCTM OKeaHa B y3/1ax Yepes 2° mpoTbl 1 4oNroThl 3a 1880-2017 .
(Temnepartypa CriaxeHa no 7-1eTuam, MMHerHbINA TPEHA UCKIKOYEH)

Fig. 4. Correlation coefficients of average annual temperature in Kazan
with air temperature over continents in nodes of 5° grid
and ocean surface temperature in nodes of 2° grid for 1880-2017
(temperature is smoothed on 7 years, the linear trend is excluded)
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Ha puc. 5 nokasaHbl konebaHusa knnumarta B KasaHu 1 Ha tore ABCTpanuu.

KoathmumeHT Koppenaunn mexay konebaHmsmu TB B KasaHu 1 Ha tore ABCTpanvMu 0Kas3asics paBHbIM
0,78. Ecnn NpoCcTpaHCTBEHHbIE CBA3W B paiiOHax, HEMOCPEACTBEHHO Npuierarolmx K KasaHu, MoXHO 06bsic-
HUTbL afiBeKuueid 1 nepemeLlLMBaHUEM BO3AYLUHbIX Macc, TO CBA3WN C yAafeHHbIMU 06/1acTaMU afBeKLMei
06BACHUTL HENb3A.

Kaxablii U3 0TMeYeHHbIX palioHOB AafibHUX CBA3E MMeeT CBOM OCOBEHHOCTU, 3aCiy>KUBatoLLMe LOMOJSHU-
TeNIbHOro M3y4yeHus. B npunonspHoit yactn CeBepHOro NosnyLuapus 06,1acTu BbICOKUX KOPPENALMIA OXBATbIBAOT
PernoH ceBepHOro MarHUTHOIO MOJIHOCA W aBpopasibHYHO 30HY, B KOTOPYHO MOMajatoT 3apsdKeHHble HacTuLbl npu
MarHUTHbIX BYpAX B rofbl MOBbILIEHHOW COMHEYHOW aKTMBHOCTM. MpocTpaHCTBEHHas CTPYKTypa MarHWTHOrO
nons 3eMu CO34aeT B BbICOKMX LUMPOTax Hanbonee 61aronpusaTHbIE YCIOBUS 418 BTOPXEHUS 3apsXEHHbIX COJ-
HeYHbIX YacTuUL, B BEPXHIOO aTMocdepy. B aTol e yacTu CeBepHOro J1eJOBUTOro OKeaHa BA0/b NO6epexbs npo-
XO[MUT OKeaHNYeCKOoe TeUeHue 1 NAeT UHTEHCUBHBIN TENN00OMEH B CUCTEME OKeaH - aTMocdepa B TeN/bIA Ce30H.

Ha JanbHem BocToke BAOMb BCEro nobepexbst palioHbl MOBbLILIEHHON KOPPensaunm aHoManuii TemnepaTy-
pbl B KasaHu ¢ TeMnepaTypoii B y3nax CETKM OXBaTbIBAKOT 06/1aCTU MOLLHbIX Te4eHMn TUXOro okeaHa. U Ha
TeppuTopun ABCTpannm Hanbonee BePOATHLIM UCTOYHUKOM KOMiebaHWi KnnMaTa ABAA0TCA KonebaHns xapak-
TEPUCTUK CAMOr0 MOLLHOIO OKEaHWYeCKOro TeYeHWs 3anajHbiX BEeTPOB.

B VIHAMIACKOM OKeaHe 06/1acTV BbICOKMX Koppensuuid konebarnuii TIMO ¢ TemnepaTypoit B KasaHu coBna-
[atoT € 30HaMM MaccaTHbIX TeYeHul B palioHe ABCTpanumn n OkeaHum 1 ocobeHHo B KOXxHOo-KuTaiickom mope.

Ha ocHoBe npusefeHHbIX ()akTOB BO3HMKAET NPEANOJIOXKEHNE O HAMYUK TN06aILHOTO MexXaHu3ma, pery-
NVPYIOLLLEro A0NroNepuoaHble KonebaHns Knumarta Ha Bceil 3emne Ha npoTskeHun 200-n1eTHein nuctopumn me-
TEoponormyeckmx HabnwgeHuii. OueBMAHO, YTO paboTa 3TOr0 NPUPOAHOIO MexaHu3Ma Havanacb 3afonro 4o
nccnefyeMoro BpeMeHHOro MHTepBana HabMAeHniA 1 npogomkaeTcs A0 cux nop. Ecnu nepeoe rnobansHoe
notennieHve B KasaHn 1 Ha 3emfie ABSNOCH OYepefHOM BOMHOW My/bTUAEKALHBIX MPUPOSHBLIX KOnebaHwi,
TO Nogo6Hble KoNebaHua KnumaTa fOMKHbI NOBTOPATLCA. B KasaHu BTOpoe noTensieHne Havanocs B 1942 r.,
B APYTuX 06/1acTAX - NO3AHEE UM PaHbLLEe B 3aBUCUMOCTM OT PerMoHanbHbIX YCI0BUIA.

CTOPOHHVKM aHTPOMOreHHO MMNOTe3bl COBPEMEHHOTO MOTEM/IEHMSA KMMaTa ero Ha4aioM CYMTaloT cepeau-
Hy 1970-X IT., UMEHHO B 3T rOAbl YE/10BEYECTBO BOLLSIO B 3MOXY MHTEHCUBHOIO CXXUIaHNA CKOMaeMoro Tonavsa
1 YCKOPEHHOTrO MOBbILLEHNS KOHLEHTPaL MM YIeKUCOoro rasa B atMoctepe. Ecnv B nocnefHeit uetseptu XX B.
[,06aBWICS aHTPONOreHHbIV (PaKTop, TO HeMb3sA BCe MOTEMAEHNE B 3TW FOfbl CHATATb aHTPOMNOreHHbIM. OCHOBY
N3MEHEHWI KNMMATa, KakK 1 paHbLle, COCTaBNSAT NPUPOAHbIe KONebaHUs ¢ HeM3MeHHbIM MeXaHW3MOM Ha Mpo-
TSOKEHWUU BCe MCTOpMM YenoBedecTBa. MoaTBEPXKAEHNEM 3TOTO ABAAKOTCA AaNbHUE CBA3W Ha LONTONePUOSHbIX
KonebaHMAX KIMMaTa, yCTaHOBUBLLMECA ropa3fo paHbLe aHTPONOreHHOro YCuieHns napHUKoBOro aexTa.

[na cpaBHEHWUs MPOBeAeH aHaNW3 AanbHUX CBA3EA Ha KOPOTKOMEPMOAHbIX (He 6onee 7 neT) KonebaHmsX
Knumata (puc. 6).

ABcTpanivs
KasaHb
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Puc. 5. CrnaxeHHas Temnepatypa (6e3 TpeHza)

B KasaHu v Ha tore ABCTpainm
(140° B. 4., 35° 10. .)

Fig. 5. Smoothed temperature (without trend)
in Kazan and South Australia
(140° E, 35° 9)
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Fig. 6. Correlation coefficients of short-period climate fluctuations
in Kazan with temperature fluctuations in the grid nodes
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3 ncxoaHbIX CpeAHEerofoBbIX 3HAUEHNI ObINM BbIYTEHbLI CKOMb3ALLME CPeAHMe MO 7-neTusm. B pesynbTate
B psfax OTK/MOHeHWIA ocTannch KonebaHusa ¢ nepuogamm meHee 7 fieT. AHaNOMMYHO NONYYeHbl pAgbl 0TKAO-
HEHWIA TemnepaTypbl B y3nax. BolumcneHbl KOSQOULMEHTLI KOPPENsaLUmM MeXay OTKIOHEHUAMU Temnepary-
pbl B Ka3aHu 1 aHa/IorMYyHbIMN OTK/IOHEHUAMW TEMIMEPATYPbI MO BCEM y3/1aM. Ha KapTy HaHeCeHbl 3HaYeHus
KO3(h(PULMEHTOB B y3nax.

Mo KOPOTKOMEPUOHbIM KONebaHNsM He BbISIBNIEHO AanbHUX CBSA3eid. CyLLecTBEHHbIE KOppensauuu obHapy-
XXeHbl TONbKO B cocefjHMX ¢ KasaHblo LieHTpanbHoMm, CpeiHEBO/MKCKOM pernoHax u B 3anagHoii Cnbupn Ha
TEX Xe LuMpoTax.

Moka3aHHble Ha puc. 4 fanbHKe CBA3WN Ha LONTOMNEPUOLHBIX KONEBAHUAX KNUMaTa MOXHO 06BACHUTL efu-
HbIM MEXaHWM3MOM MOAAEPXKaHNSA KonebaHWi rnobanbHo aTMOCHEPHON 1 OKeaHNYECKOW LIMPKYSLUN C y4yac-
TUEeM TENN006MeHa MeXy OKeaHOM M aTMocqepoid. A NPOCTPAHCTBEHHbIE CBA3U Ha KOPOTKOMEPUOAHbIX KO-
nebaHmsX (CM. puc. 6) - sBNeHNe NOKanbHOE, 3aBUCSLLLEE B 6OMbLLE Mepe OT 3anafH0-BOCTOYHOrO MepeHoca
BO3JYLUHbIX Macc M OT permoHabHbIX (PU3NKO-reorpatmyecknx yCnoBuii.

CueHapun nameHeHua TemnepaTtypbl B KasaHu fo koHuya XXI B. B nocnegHee Bpems 60/bLLIOE KONK-
4ecTBO WCCMIEA0BAaHMIA B MUPE MOCBALLEHO U3YYEHUH HACTOAWMX U ByAyLIMX U3MEHEHUIA KaumaTta 3emu.
Hanbonee 06LWIMPHBIA aHaIN3 TEKYLLEro COCTOSHMA KAMMaTa, ero KonebaHuii n ux nocneAcTBuii npeacras-
NeH B OLIEHOYHbIX 0KNaaax BcemupHoli MmeTeoponormyeckoi opranunsauum (BMO), Bbinyckaembix MITOUK.
MMpPOBLIMU METEOPONOrMYECKUMU LIEHTPAMUW U HALMOHANTbHLIMU CY>X6aMu PerynspHo U3gatTcs MHOro4Ymc-
NeHHble 0630pbl MOHUTOPUHTA KAMMaTa. B yacTHOCTUW, MH(opMaumsa 06 M3MEHEHMAX KMMaTa Ha TeppuTo-
pumn Poccuu npefcTaBfieHa B OLEHOYHbIX foKnafax PocruapomMeta [2] 1 eXerofHbixX AoKnafax 0 COCTOSAHUU
KmMmara.

CnepyeT 3aMeTWTb, YTO OCHOBHbIM MHCTPYMEHTOM NPOrHO3MPOBaHWSA BYAYLLMX N3MEHEHWI KNMaTa AB-
NAKTCA rnobaibHble KAMMaTUYeCKMe MOoZenu 00LLeid LMPKyNnaumMm aTmoctepbl U OKeaHa. B ocHoBe uXx ne-
YXUT MOJeNupoBaHue B3anMOLeNCTBUA MeXAY PasNUYHbIMU KOMMNOHEHTAMMW KNMMAaTUYECKOWA CUCTEMbI 3eM/IN
1 BHELLHUMW (haKTopamu eCTECTBEHHOTO M aHTPOMOreHHOro XapakTepa. B 370 cBS3M HaMGO/bLUYHO BaXKHOCTb
npuobpeTaeT BOMNPOC O COOTBETCTBMM MOZE/bHbIX PACHETOB U (PAKTMYECKMX AaHHbIX HabMOAeHNI, OLeHKa
KOTOPOro NpuMMeHWUTeNbHO K Poccum BbinonHsanack B [11; 12]. AKTya/lbHOCTb 3TOFO BOMpPOCa Bbi3BaHa He-
006XOAMMOCTBIO MPUHATUSA BAXKHbIX SKOHOMUYECKMX U MOIMTUYECKNX PELLEHNI N0 afanTauny K M3MeHEeHUsM
KnuMaTta. Takas afganTaums BO3MOXHA, eC/IN HEOMpPeAeNeHHOCTb OLeHOK COOTBETCTBYHOLMX NOCNEACTBUIA He
C/IMLLKOM BefinKa. Hadve mMoryT 6biTb BblOpaHbl OLLIMGOYHbIE CTpaTerun, KoTopble NpusedyT K 60nee 3HaUU-
TeNlbHOMY YLep6y, YeM MOTepu, CBA3aHHbIE C CaMUMU KIMMATUYECKUMUN BO3AENCTBUSMU. TPUHATO CUMTaTh,
4TO JOCTOBEPHOCTb PacyeTOB U3MEHEHUI KnMmaTa onpeaensieTcs Cnoco6HOCTLI0 MOoZeneil BOCMPOU3BOANTD
ero npoLuaoe cocTtosHue. [as Toro 4Tobbl y6eanTLCS, UTO MOAENM NPaBUIbHO BOCMPOU3BOAAT COBPEMEHHbI
KMMaT, HY>XHO NPOBOAMTb MX BCECTOPOHHEE TECTUPOBAHUE OTHOCUTE/IbLHO MaTepuanoB HabAAEHWIA 1 Npo-
BepSATb peakLMo Ha pa3nyHble BHELLHWE BO3AENCTBUS.

B HacTosLLleM 1CCef0BaHNN B KAYECTBE UCXOAHbIX AAHHbIX UCMO/b30BAIUCL PE3Y/bTaTbl MCTOPUYECKMX
pacyeToB TemmnepaTypbl Bo3ayxa no 38 mogenam npoekta CMIP5 1 HabnioaeHus 3a TemnepaTypoil Bosayxa.
NPOBOAUBLLMECA B METEOPONOrnYecKoi obcepBaTopumn KasaHCKOro (hegepansHOro YHUBEpCUTeTa B Nepuog,
1861-2012 rr.

B paboTe paccmatpmBanuce cnegytouine mogenu 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-CAM5; 10) CMCC-CM; 11) CMCC-CMS; 12) CNRM-CMS5;
13) CSIR0-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-AO0; 25) HadGEM2-CC; 26) HadGEM2-ES; 27) INMCM4; 28) IPSL-CM5A-LR; 29) IPSL-
CM5A-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.

[N ymeHblUeHWs HeonpeaeneHHOCTU KIMMATUYECKMUX NPOEKLWNIA, CBA3AHHOM CO c/lyvaliHbIMW OLIMBKaMK
OTAENbHbIX MOAENEN, LLMPOKO NPUMEHSAETCSH aHCaMb6/1eBbI/i METOA, COCTOALLMIA B TOM, YTO pe3ynbTaTbl HEKO-
TOPOro yucna mogenei ycpegHatotcs. [0 HeaBHEro BpeMeHW CUMTanoch, YTo Yem 6onbLIe Mogenein BXOAUT
B aHcambnb, TeM 6onee TOYUHbIM ABASeTCs pesy/bTar. Mpu cpaBHeHWW aHCaM6/eBbIX UCTOPUYECKUX pac-
YeToB, BbINOMHEHHbLIX M0 38 mMogensam npoekta CMIP5, ¢ hakTUYeCKUMWN JaHHbIMW TeMMepaTypbl BO3ayxa
Ha TeppuTopun Pecny6/mky TatapcTaH 6bI710 YCTAHOBMEHO, YTO 3TU Pe3Yy/bTaTbl HECKO/IbKO 3aBbILLUEHbI N0
CPaBHEHUIO C HabMOAeHUAMU. DTO MOKa3bIBAET Lie/1ec006pa3HOCTL NPOBOAUTL TECTUPOBAHME U UCKOYATb
13 aHcambns MOZenn, KOTOpble BOCMPOU3BOAAT U3MEHEHUS KIMMaTa B pacCMaTpMBaeMOM PernuoHe ¢ cylle-
CTBEHHOW OLLVOKOWA.

CornacHo aHam3y faHHbIX puUc. 7, rae NpefAcTaB/ieHbl pe3ynbTaTbl aHCaMObeBbIX pPacyeToB s CLeHa-
pueB RCP2.6, RCP4.5 n RCP8.5, B paccMaTprBaeMblii NEPUO 0XIAAETCA NOBbILLEHNE TeMMEPATYPbl BO3AyXa
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B KasaHu Kak B fiHBape, Tak 1 B utofe. [1pn 3TOM BENNYMHA U3MEHEHWSA BapbUpPYeTCA Mo Ce30HaM 1 B 3aBUCK-
MOCTM OT CLeHapus KOHLEHTpaLun NapHWKOBbIX ra3oB. Hanbonblume 3HayeHUs YBeNMYeHUs TeMnepaTypsbl
BO34yxa Mo ce3oHaM MonydeHbl Ans cueHapua RCP8.5. B cpegHem no aHCambto 0XuAaeTca pocT cpefHe-
SIHBapPCKOIi TeMnepaTypbl Bo3ayxa Ha 8,2 °C, cpeaHentonbekoli - Ha 5,2 °C.

ala ob
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
logpl logpl
--------- RCP26 --—-- RCP45 ---------RCP8.5

Puc. 7. Mpoekuumn cpegHeMecAYHbIX 3Ha4YeHWA TeMmepaTypbl BO3AyXa B iHBape (a)
n uione (6) no aHcamb6no mogeneli 3a nepyog 2005-2100 rT. 415 pasnnyHbIX CLEHapueB

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

BbINOMHEHHbIE pacyeTbl N0 aHCaMO6H0 MOoesnel MoKasanu Hananune 3HaYMMbIX U3MEHEHUI TeMnepaTypbl
Bo3gyxa B KasaHu, a Take nmapameTpoB W KIMMaTUYeCKUX UHAEKCOB, 3aBUCALLMX OT UCCNeLyeMbIX MeTeo-
POSIOTMYECKUX BENMYMH. MPOrHo3npyemble BEIMUMHBI TECHO CBA3aHbLI C MONOXWUTE/bHBIMU TPEHAaMW TeM-
nepatypbl Bo3ayxa (Tabn. 2). PacyeTHble AaHHble CE30HHbLIX WM FOAO0BbIX KOMebaHWii TeMnepaTypbl BO3gyxa
BapbMUPYIOT B 3aBMCUMOCTHM OT TMNa Mogenu. BennuunHa pasbpoca B HEKOTOPbIX CyYasX OKasblBanach 3Hauu-
TEe/bHOM, HO HaMpaBNEHHOCTb MPOLECCOB OCTaBaslacb COrlaCOBaHHOM N0 6OMbLINHCTBY MOAENENA.

Tabnuuya 2

KoathhmumeHT HakoHa IMHENHOro TpeHa TemnepaTypbl Bo3gyxa (rpagycos Lienbcus 3a 10 net)
4na aHcamb6ns u3 7 mogeneid CMIP5 gns pasnnyHbIX cleHapres

Table 2
Linear trend inclination coefficient (degrees Celsius for 10 years) of air temperature
for an ensemble of 7 CMIP5 models for different scenarios
CueHapuii [ogpl 3nma BecHa Jeto OceHb
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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BennunHa Temnepatypbl Bo3fyxa B 60NbLLUMHCTBE CyYaeB 3aBuCeNa OT CLEeHapus M3MEeHEHNS KOHLEHTpa-
LMW NApHUKOBLIX ra3oB. HavMeHbLUMe N3MEHEHNSA TeMMNepaTypbl OblIM XapaKTepHb! 415 caMoro 6naronpuar-
Horo cueHapusi RCP2.6, a Hambonbline - ANs arpeccuBHoOro cueHapma RCP8.5, npu KOTOpOM OXugaeTcs
camoe 3HauMTe/lbHOe YBeNNYEHNE KOHLIEHTPaL MU NapHUKOBbIX ra3oB. MHOroNneTHWE TPeHAbl TemMnepaTtypsbl
BO3/yXa NOATBEPXAAT UAEHTUYHbIE TEHAEHLMN U3MEHEHUSA KIMMATUYECKMUX XApaKTEPUCTUK U UHLEKCOB.
Kak BMgHO 13 Tabn. 2, npu cueHapuax RCP4.5 n RCP8.5 Bo Bce mecsubl 2005-2100 rr. uMeeT MeCcTo pocT
Temnepatypbl, NPUYEeM Hanbonee BeNMK OH B 3UMHUIA Nepuog, YTO MOXET NPUBECTU K CYLLECTBEHHLIM 13Me-
HEHUAM KnumaTa pernoHa. MNonyyeHHble pacyeTHbIe 3HAYEHNSA TemMnepaTypbl BO3AyxXa 415 pacCMaTprBaemoii
TEPPUTOPUM XOPOLLO COrNacytoTca C pe3ynbTaTamMy aHaIoTUYHbIX UCCNef0BaHNIA, BbIMOMHSAEMbIX 3apybex-
HbIMW 1 POCCUACKMMM YYEHBIMU, U MOTYT 6bITb UCMO/b30BaHbI NPY AOITOCPOYHbLIX NPUBAMKEHHbIX OLEHKAaX
KMMaTUYECKMNX U3MEHEHWIA B ropoje.

3aK/1o4eHne

Mo pesynbTaraMm MCCNef0OBaHUA MOXHO CLe/aTh CNefyoLne BbIBOAbI.

1. i3meHeHWs NpU3eMHOI TeMnepaTypbl Bo3ayxa B [MpuKazaHCKOM permoHe UMetoT HepaBHOMEPHbII Kose-
6aTenbHbIV XapakTep: B nepuog ¢ 1828 no 1957 r. 3umoii TemnepaTypa noBblllanach co ckopocTbto 0,6-0,8 °C
3a 10 net, a 3atem noHusunack Ha 0,8 °C k 1970 r. C Hayana 1970-x Ir. BHOBb MPOUCXOAWNIO €e aKTUBHOE
noBbiLleHne, ocnabeBllee B KOHLUe XX B. (He3HauMTe/lbHOe MOXOM0faHMe), B KOHLE MEepBOro AecATU/IeTUs
XXI B. 3MMHAA TemnepaTtypa BHOBb CTasna Bo3pactatb. B uenom ana KasaHu cpefHas 3UMHAS Temnepatypa
Bblpocna Ha 4,7 °C, uto Ha 0,5-0,6 °C 60nbLUe, YEM Ha CENIbCKMUX CTaHLUSX.

2. IleTHAA TeMnepaTtypa B peruoHe, OCTUTHYB MUHUMaIbHOIO 3HayeHna B Havane 1970-X IT., KakK U B 3UM-
HUIA nepuos, ¢ cepednHbl 1970-X IT. MHTEHCMBHO BO3pacTaeT. ITO NPUBE/O K MOBLILUEHWUIO CpefHelt NeTHel
Temnepatypbl B KasaHu Ha 2,2 °C, 3a ropogom - Ha 1,9 °C. Bknag rno6anbHoro gaktopa B M3MEHUYMBOCTb
Temnepatypbl INprKa3aHCKOro pernoHa sumoli coctasun 37 %, netom - 23 %.

3. KoppenaunoHHbIii aHanu3 psaoB aHOManuin cpeHero4oBoi Temnepatypbl Bo3ayxa B KaszaHu 1 psagoB
aHoManuii TeMnepaTypbl B y3nax perynspHoi CeTKM Haf, KOHTUHEHTaMW U OKeaHamu, NOoyUYeHHbIX B pe3ysib-
TaTe UCKNOYEHUSA TMHENHOrO TPEHAA U CrNXKNBaHNSA KOPOTKONEPUOLHbIX KonebaHnii TemnepaTypbl METOA0M
CKONb3ALWUX 7-NEeTHUX CPeAHUX, NoKasan, YTo Hanbosee TecHble CBA3U (KOI(PULMEHTLI KOPPEensuumn cBbl-
we 0,6) HabnogatoTes Mexxay KasaHbio U npuieraioLwMMm permoHamu eBponeiickoii yact Poccun 1 3anaa-
HO Cubupu.

4. fonronepuogHele KonebaHus TeMnepaTypbl B KasaHu MPOUCXOAAT NOYTU CUHXPOHHO C U3MEHEHUAMU
TemnepaTypbl BO3Jyxa W NMOBEPXHOCTU OKeaHa B yAaneHHbIX paiioHax CeBepHOro v HKOXHOro nonyLlapuia
3emnu. Tak, KO3hpUUUEHT Koppensuumn Mexay TemnepaTtypaMmu Bo3gyxa B KasaHu 1 Ha tore ABcTpanuu goc-
TUraet 3HaveHus 0,78. KonebaHusa TemnepaTypbl Bo3ayxa B KazaHu B pa3HbIX BPEMEHHbIX MacllTabax UMeroT
HeoAMHaKoBYIO Npupody. KopoTkonepuogHble KonebaHus (40 7 NeT) Bbi3BaHbl SI0KabHbIMU (akTopamu. CBasu
06Hapy>XMBAKTCA NNLLb C COCEAHUMU pernoHamu. JonronepuoaHble CUHXPOHHbLIE KonebaHus TeMnepaTypsbl
BO3yXa M TemnepaTtypbl NOBEPXHOCTU OKeaHa B Pa3HblX YaCTAX 3eMUN ABMAKTCA CNe[CTBMEM HEKOTOPOro
06LLero rnobanbHOro MexaHu3ma nogaepXkaHua konebaHuii rnobanbHol aTMOCHEPHON 1 OKeaHUYeCKol Lup-
KYNsuum ¢ yd4acTuem TensoobMeHa B CUCTeME OKeaH - aTMocepa.

5. Hanbonee TecHble fanbHue CBS3W KonebaHui TemnepaTypbl B KazaHu 06Hapy>KeHbl C KonebaHUAMM
B palioHax TeyeHuii B Tuxom, MiHauiickom n CesepHOM J1eJOBUTOM OKeaHax, a Takke B 06/71aCTU CeBepHOro
MarHMTHOrO MOJIOCA U B 30He BbICOKMX LUMPOT, B KOTOPbIX MarHUTHOE none 3eMau co3fano Hanbonee 6naro-
NPUATHbIE YCNIOBUS A5 BTOPXKEHWUS B BEPXHIOKD aTMOCHEPY 3apsXeHHbIX YacTUL, 13 Kocmoca.

6. Mo gaHHbIM aHcaM6ns KnuMaTudeckux mogeneid CMIPS nonyyeHbl OLEHKW AONTONEPUOAHBLIX N3MEHe-
HUIA TeMnepaTypbl Bo3gyxa B KasaHu 4o KoHua XXI B. 3a cHeT aHTpONoreHHoro hakropa. B yactHocTu, no
Hanbornee «KeCcTKOMy» cleHapuio RCP8.5 K KOHLY CTONETWS 0XMAAETCA NOBbILIEHNE CPeAHESHBAPCKO TeM-
nepatypbl NpM6IM3NTeNLHO Ha 8 °C, a CpeAHenNtoNbCKOl - NpuMepHO Ha 4 °C. Be3yCnoBHO, faHHas OLEeHKa
3aBbllleHa, MOCKONbKY He YYUTbIBAeT B/WSHUE eCTECTBEHHbIX (haKTOPOB W MPeyBeNnYMBaeT posib aHTPono-
reHHOro BO3AeNCTBUSA.
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TUMNbl PEYHbBLIX AOJ/TIMH UNDERFIT STREAMS
HA TEPPUTOPUN BEJIAPYCW

T.KAMNUKUNZA. &. CAHbKO2, 0. 0. TPUDOHOB2

MWMHCTUTYT reorpacun YHusepcuteTa AHa KoxaHosckoro B Kenble,
yn. CTechaHa XXepomckoro, 5, 25-369, r. Kenbue, Monbwa
2benopycckunii rocyaapcTBEHHbIA yHuBepcnTeT, np. HezasucumocTw, 4, 220030, r. MuHck, Benapycb

Mo maTepuanam reosoro-reoMopdonormyecknx nccnefoBaHuii U pesynbTatam aHanusa gaHHbIX AUCTaHLUMOHHOIO 30H-
[LMPOBaHNA BblAeNeHbl HECKONIbKO TUMOB peyHbIX foNnuH underfit streams Ha TeppuTopun Benapycu. OHM pasnuuatoTcs
MeXay co60¥ No penbedy, 0COBEHHOCTAM aKKYMYIALUM OTNOXEHUIA 1 3Tanam NOCTrAALMAaNbHOW 3BONOLMM. VX y4acTKK
pacnonoxXeHbl Kak B 0X6MHAX CTOKA Ta/iblX IeAHNKOBbLIX BOA, TaK W B Npefenax 3aHAPOBbIX PaBHUH. BblsiBNeHbl cnefyto-
Wwme TUNbI: JHENPOBCKWIA (OAWMH aKTUBHbIA U OANH MEPTBbI pyKaB A0/WHbI), APYTCKWIA (y3Kas (hnoBManbHas 1 LWMpoKas
HedtoBMaNbHasA 30HbI B Npejenax 0AHOW fOAUHBI, U3rMBbI NOMbI MOTYT HanoMKWHATbL MeaHApbl Naneopycna), 3anagHo-
6epe3nHCKNIA, BKOYAIOLLINA 3PO3NOHHbIV 1 HE3PO3UOHHLIV BapuaHTbl (NpefACcTaBAeHbl BCE 3Tanbl Pa3BUTMSA PEKN: MHOFO-
pyKaBHble pycna - 60nblMe MeaHAPbl - Masble MeaHApbl), NPancnoUckuii (MepTBbIe PeYHbIE pyC/a, B TOM YMCie MeaHLpu-

pyloLLMe Ha 3aHAPOBbIX PaBHUHAX).

KntoueBble cnoBa: reomopdgonorus; underfit streams; aBofoLuUs LONUH; TUNW3ALUS LONUH; AUCTAHLMOHHOE 30HAU-

poBaHue 3emnu.
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TYPES OF UNDERFIT STREAM VALLEYS
ON THE TERRITORY OF BELARUS
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Corresponding author: Yu. Yu. Trifonov (yurytrifon@gmail.com)

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 ofvalleys 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 palaeo-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.

BBeneHne

TepMmuH underfit streams Kak Mofenb pa3BUTUA PeYHbIX MOTOKOB U Teppac 6bin o6ocHoBaH I X. Abtopn [1].
Ha Tepputopuu benapycu y4acTKM TaKMX peUHbIX JOJIMH BCTPEUYarTCA Kak B 30He MocneAHero (noo3epckoro)
ONlefleHEHNS, TaK U B 30HaX pa3BMTUS 6onee ApPeBHUX NeAHUKOBLIX NMOKPOBOB [2]. Peka cumTaetcs underfit,
€C/IM OHa MPOTeKaeT B AO0JIMHE, BbipabOTaHHON 60/ee KPYMHbIM BOAOTOKOM, KOTOPbIA (DYHKLMOHMPOBA Ha
paHHeM 3Tane 3BOMOLMU PEKN U XapaKTePN30BasICs 60/bLIOA 3pO3MOHHOI CMOCOBHOCTLIO U, COOTBETCTBEH-
HO, YCKOPEHHbIM TEMMOM aKKyMynsLuunM OTIOXKEHWA. Ha TeKyL il MOMEHT aBTOpaMun YCTaHOB/EHbI U B pas-
NIMYHON Mepe M3yYeHbl OKO/0 NOyTopa AEeCATKOB Y4acTKOB pPeyHbIX AoavH underfit streams Ha TeppuTopmm
Benapycu (puc. 1).

daKTUYecKuii MaTepuan no 3BO/IOLMM PeYHbIX AOMMH Ha Tepputopumn benapycu cobupancs asTopamu
¢ 1990-x rr. [2-4]. Llenbto HacTosLlen paboThl SABNSETCA 0606LLEHNE HAKOM/EHHbIX AaHHbIX MO Pa3BUTUIO
peYHbIX AOSIMH, pacCMaTpuBaeMOMy B pamkax KoHuenuuu underfit streams, a Takke TMNU3auMs y4acTKOB
TaKMX PeYHbIX JO/VH, BbISB/EHHbIX Ha TeppuTopun Benapycw.

MaTtepuansl 1 MeTodbl UccnefoBaHNA

Vicnonb3oBanuch cnefytoline nonesble U 1abopaTopHble MeTOAbI: FeOMOP(ONOrMYECcKnii, NaneoHToo-
rnyeckunii (CnopoBo-NbINbLEBON, NaNe0Kapnoornyecknii, ManakoayHMCTUUYECKNIA), FTeOXPOHONOTNYECKNIA
(pagmoyrnepogHbiit). Kpome T0ro, B xofe WCCMeA0BaHWIA BbIMOHANOCL FeOMOP(ONOrMYeckoe U reonoru-
yeckoe KapTorpagupoBaHue C MPUMEHEHMEM [aHHbIX AWCTAHLUWOHHOrO 30HAMpoBaHus 3emnun (433) -
CHUMKOB Benopycckoro kocmuuyeckoro annapata (BKA), a Takxke opTohoTonnaHoB U LUMDPOBLIX MOAenei
penbeda (LUMP), cocTaBfeHHbIX N0 pe3ynbTataM hOTOrpaMMETPUYECKO 06paboTKM MaTepuanoB KpymnHo-
MaclUTabHbIX reofe3nyecknx cCbemok v aspootocbemok (APC). MocnegHne oCcyLECTBAANNCL HA TEPPUTO-
pun Pecny6nnkun benapycb rocygapcteeHHbIM npeanpusatem «benMCXAI W». MpefctaBneHHble B paboTe
pacTpoBble MATPULLbl BLICOT MUCC/IEAYEMbIX Y4aCTKOB CPOPMUPOBaHbI Ha ocHOBe LIMP, nonyyeHHbIX NyTem
(hOTOrpamMmeTpUYECKOro CrylleHust N1aHOBO-BbICOTHONO 060CHOBAHUS B CTEPEOCKOMUYECKOM pPeXnme.

YcnoBus hopmmpoBaHns fonvH underfit streams

Pekn YepHomopckoro 6acceitHa (AHenp, bepesnHa, Agpos, Opwuua, Cox 1 gp.) B TeYEHNE MaKCUMasb-
HOro pacnpocTpaHeHns NO03epCKOro NefHMKa U 40 MOMeHTa ero 6bICTPOR Aerpajalun NUTannuchb Nepurns-
UnanbHbIMK Bodamu [5; 6]. B HacToswwee BpeMs OHK aBnatoTcsA underfit streams. KonmyecTBo nocTynatoLL el
B HUX BOAbI CTa/I0 HECOM3MEPUMO MeHbLLUe. Pa3BUTUE LONMH 3TUX PeK ObII0 pe3ynbTaToM PErpeccuBHOrO 4BU-
YKEHNS UCTOYHUKOB MWUTaHWA BCMes 3a lefHNKOBbIM MOKPOBOM. OfHaKO 3TOT NPOLLECC 3aKOHYMICa GbICTPO,
cpasy nocne OTCTYMNMeHNs NefHMKa OT FpaHnLbl MakKCUManbHOMo pacnpocTpaHeHus [7].
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Puc. 1 YuacTkuy peyHbix gonvH underfit streams Ha Tepputopumn benapycu:
1- rpaHuua MakCYMasibHOro pacnpocTpaHeHUs NMO03ePCKOro O/efieHeHUS;
2 - uccnegyemble yyacTku fonvH underfit streams

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

YBenunyeHue NoTOKOB BOAbI, CBA3aHHbLIX CO COPOCOM NEPUTNIALMANbHBIX BOA U3 NPUeAHUKOBbIX BOLOEMOB
Ha tor, BbI3Ba/0 OOKOBYHO 3p03MI0 B floNnHaX. bonee ApeBHME Teppackl Ha yYacTKaxX AOMH, PacnoNOXeHHbIX
B HEMOCPeACTBEHHON 6/IM30CTW OT NeJAHOrO MOKPOBa, OblNM paspyLleHbl. Tak, B 100 KM OT ()poHTa NefHMKa
MpaKTUYeCKn ncyesna paHHenoosepckasa 13-meTposas Teppaca p. bepesuHsl (y 4. Mypago), rae anitosuii nepe-
KpbIBa1 MypPaBUHCKME MeX/IeJHUKOBbIE OTNIOXeHNs. B gonuHe p. AHenp npu6ausutensHo B 200 KM OT (PpoHTa
NefHUKa B palioHe I. Porayesa nouTy NOAHOCTLIO Bbl Pa3MbIT ansiloBUiA CPeaHEN003epCKOro Bo3pacTa, AaTupo-
BaHHbIA 36-40 TbiC. NeT Ha3ag [2]. Bavke K POHTY NeAHMKa APEBHUI anntoBUiA COXPaAHUIICA NOKASIbHO B MC-
KOMaemMoM BUe, YacTO OH OTAeNeH OT Bbllle3anerarowux 601ee MoNoAbIX YPOBHEN antoBUA MeP3N0THbIMM
CTPYKTYypamu, HanpumMep B paiioHe HaceneHHbIX NYHKTOB Jy6poBHO M MuUTbLKOBLLMHA Ha 10-MeTpoBOIi Teppace
p. AHenp [3] v 6n13 a. TNnBKMH Ha 8-MeTPOBOIA Teppace p. bepesnHbl [8].

bokoBas 3po3ua npuBena K pacluMpeHUto SOJIMHbI p. bepesnHbl U MOABEHWIO 3PO3MOHHbLIX CErMEHTOB
MO34HEN003epCKUX Teppac, BCTPeYaloLMXCs NpU nepeceyeHnn pekoin 60pmcoBckux rpag. JdonuHa p. OHenp
Bbile . OpLn npuobpena B 3T0 BPEMS CIerka U3BUANUCTbIE NIAHOBLIE OYepTaHWUS C U30MHYTbIMWU MeaHpamMu
(BapuaHTbIl C-1 1 YacTUYHO C-3 cornacHo Knaccudgmkaumm Ootopu [1]).

MNpuMepbl y4acTKOB peyHbIX aonvH underfit streams

LonuHa p. AHenp mexay r. Opweii n r. LLUKNOBOM. Y4acToK AennTcs ABaXkbl Ha ABa pyKaBa, KOTOpble
(hYHKLMOHUPOBANN OHOBPEMEHHO B MepPUOAbl BbICOKMX MaBoAKoB (puc. 2). Mocne ymeHbLUeHNS NaBoAKoB
aKTVBHbIM OCTaBa/ICA TONLKO OAVH pyKas. 3TO NMO3BOMNIO BBECTU B Knaccugukaumo gonuH underfit streams
TWUM, Ha3BaHHbIA AHeNPOBCKUM [3; 4].

JTOT TUN HEAOCTaTOYHOr O NUTaHUS PeKN NPOABUICA B penbede f0NUHbI B Ka4ecTBe OPOLLEHHbLIX PYKaBOB.
B uHTepBane no3gHWiA NNeACTOLUEH - TFOMOLEH TONLKO OAMH PyKaB (hYHKUMOHMPOBaN Kak peyHas Ao/mHa.
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Puvc. 2. ®dparmeHT opTodoTonnaHa n matpuua ebicoT (LIMP) yuacTka fonuHbl p. [Henp
mexay . Opwueii u r. LLIknoBom, cocTaBneHHble no matepuanam ADC

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

EcTecTBeHHOe KaHaM3MPOBaHME PEKM NPUBENO K TOMY, YTO ee pa3BUTME ObII0 OrpaHUYeHO BepTUKa/IbHbIM
HapacTaHMeM aJI/It0BKS 13-3a er0 M36bITOYHOIO HAKOMIEHMA B Y3KOI NoiiMe BAOMNb KaHa/IM3MPOBaHHOIO pycha.
®a3bl NOBbIWEHNS U CHKEHNA (DNHOBMANTbHOM aKTUBHOCTU 3aDMKCMPOBaHbI B CTPOEHUN MOWMbI B BUE UC-
KOMaeMmbIX MoYB. BTopble pyKaBa MMEHT CNpsSIMAEHHbIE ouepTaHus. OHW napannefibHbl rNaBHOM AonuHe. Ta-
Kue cBoeobpasHble MePTBbIe AONNHbI ANHONK 9-14 KM M LUMPUHOA 0KONO 1 KM MPOCNEXMBAKOTCS HA YPOBHE
10-MeTpoBOIA Teppachl, MOYTU MOMHOCTLIO 3aHATON TopthsHMKOM (puc. 3).

JonuHa p. Bepe3nHbl 613 ycTba p. Ywun. MpsaMonvHeliHble o4epTaHns YCTYNOB KOPEHHbIX CKNOHOB KOC-
BEHHO YKa3blBalOT Ha MHOFOPYKaBHOCTb IEAHNKOBOW peku, chOpMMPOBaBLLIEH BbICOKME Teppachk! A0MHbI. 3TK
Teppacbl NoApe3atoTca psAoM 60MbLIMX NaneomeaHApoB. [MoiiMa 3aHUMaeT LeHTPasIbHYO YacTb J0nMHbI. OHa
chopMMpOBaHa pPasNNyYHbIMMK reHepaLmsmMn MablX rofioLeHOBbIX MeaHApoB (puc. 4).

MocneneaHNKoOBas 3BONOLMS AONNH peK [Henp u bepesnHa nponcxoanna no-pasHoOMY, YTO MOXET ObITb
CBS13aHO C Pa3/IMYHbIM NPOSIBIEHMNEM TISILMON30CTAaTUUECKNX ABMXKEHWNIA. Peka [JHenp npoTeKana B 30He C Xa-
paKTEPHbIMW BEPTUKANbHBIMU ABMXKEHMAMM [3], Torga Kak B AonuHe p. Bepe3nHbl Takne ABUXKEHUS ecin
1 MPOMCXOANNN, TO 6blIM HAMHOTO cnabee [8]. OTO HalNO CBOE OTPaXKEHME B CTPOEHMM MOWM 06enx pek, rae
(hasbl MaBOAKOB PErMCTPMPYHOTCA NO-pasHOMY B KaXKAO0i M3 gonuH. Peka [Henp Bpe3anacb B NOACTUMAOLLME
OT/IOXKEHNSA, U MO3TOMY ee AO0NNHA OYEeHb Y3Kas C OT[AEeNbHbIMW CErMEHTAMMN HAaAMOMMEHHbIX Teppac 1 Noim.
BbiCOKas CTabMNbHOCTL BPE3aloLLErocs pycna orpaHM4YMBana HapallMBaHMe 060MX YPOBHEN MONMbI TOMbKO
BEPTUKaNbHbIM POCTOM BHEPYC/OBbIX OT/IOXKEHWIA, a YBENNYEHNE CKOPOCTW CeAUMEHTALMN Ha MOWME BbI3bl-
Ba/1I0 (hOPMUPOBAHME MCKOMAEMbIX MOYB. B oTAnume ot p. [JHenp cBOH AOAMHY B rONOLEHE BHO pacluMpuia
p. bepesnHa, noapesas 1 pa3pyLuas MOoAble MOO3ePCKME TEPPAChI, YTO MPUBESO K CO3AaHUI0 OYEHb LUVPOKOI
MOMMbI C MHOTOYMC/IEHHBIMI 03epamMU-CTapuLaMKU: BO MHOTMX MECTaxX OHa 3aHMMaeT MOYTU BCHO LUNPUHY
[0NVHbI. [103TOMY Ha noiiMme p. Bepe3nHbl MOXHO 0OHAPYXXUTb NMH3bl 0CAAKOB 13 Pa3HOBO3PACTHbIX CEpuii
NOMNMEHHOro anitoBuA. B nepmnoabl NOBbILLEHHON aKTUBHOCTU PeKa cpesana MeaH/apbl U MeHsa TUM 0CaaKo-
HaKOM/IeHNs B MOMMeHHbIX 03epax. [locnefHee TakXXe MOI/O ObiTh BbI3BaHO NEPEMELLEHMEM pyCa.

111



>KypHan Benopycckoro rocygapcTBeHHOro yHusepcuteTa. Feorpadums. Meonormsa. 2019;2:108-120
Journal of the Belarusian State University. Geography and Geology. 2019;2:108-120

Puc. 3. Cxema CTPOeHWs yyacTka A0MHbI p. [Henp mexay r. Opuueii v r. LUknosom:
1- CKNMOH [ONMWHBI; 2 - CK/OHbI OCTaHL0B; 3 - GPOLLEHHbIE 3aTOPQOBAHHBIE PyKaBa [ONVHbI;
4 - MOpEeHHble OTNIOXKEHUS; 5 - NECOK U rpaBuid; 6 - MECOK; 7 - FANHWUCTbIA NECOK;
8- cynecb; 9 - cyrnmHok; 10 - opraHoreHHas cynecb/CyrivHok; 11 - TopgsHMCTas cynech;
12 - opraHoreHHbIiA 4eTpuT; 13 - KOCTU MAeKONMUTaOLWMX; 14 - PakoBMHbLI MOJITHOCKOB.
NcTouHuk: [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; 10 - organic silt; 11 - peaty silt;
12 - organic detritus; 13 - mammalian bones; 14 - mollusk shells.
Source: [4
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Puc. 4. Y4yacTok fonvHbl p. Bepe3nHbl 613 ycTbst p. Yium no Matepuanam APC:
a - (bparmeHT opTohoTOMNAHa; 6 - MaTpuLa BbICOT

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

Takke, BepOSTHO, NELHNKOBbLIE BOAb! N3 paiioHa r. CMONEeHCKa CTeKanu K tory no gonuHe p. Cox. Janee
OT rpaHuLbl NocnefHero OfiefIEcHEHNA peKa yHacnefoBana paHee CyLLecTBOBaBLUME JIeJHUKOBbIE NOXOUHbI,
a B paiioHe gepeBeHb MpucHo n OgHononbe oHa nmeeT npusHaku underfit stream [9; 10] (puc. 5). MonoueHo-
Basl nolima co cfiejaMm 60KOBOMO BPe3aHMs pycna peku 3aHMMaeT MpPaKTUUYeCKN BCe AHO LO/MHBI.

B TO >xe Bpems BHYTpY Hee ecTb MepTBas A0/IMHA, KOTOpas HaxOAWUTCS Ha BbICOTe OKO/0 2 M Haj YPOBHEM
PEKU 1 OTAefNeHa OT 30Hbl MeaHAPVMPOBaHUA MU30/IMPOBAHHBLIMU U BbITAHYTLIMU MO XO4Y AOMIMHbLI MecYaHbIMK
(c maneoreHoBbIM LIOKOMEM) OCTaHLaMU, NOAHUMAIOLLMMUCSA Ha BbICOTY 7-8 M Haf noimoii. OTCyTCcTBUE 34€eCh
CNnesjoB MeaHAPUPOBaHMWS YKa3biBaeT Ha TO, YTO MepTBas 40/IMHA B MO34HEM NNEACTOLEHE U rofoLeHe QyHKLMO-
HMpOBa/a B 3HAUYMTENLHOW CTENEHW He3aBUCUMO OT pekun. B no3aHem gpuace 1 paHHeEM rofioleHe B He6O0/bLLINX
BOAOEMaX, PacroOXeHHbIX Ha NolimMe, HakanaMBaINCL 03ePHbIA Meprenb 1 KapboHaTHbIE Cynecy ¢ MHOro4Yuc-
NeHHbIMW PaKoOBMHaMM NPEeCHOBOAHbIX MOAIHOCKOB [11-13].

Hwke no TeyeHuto B palioHe I. Fomens NpaBOCTOPOHHSAS YacTb f0/UHbI p. COX nojpesaHa cepusimm 60/b-
LUINX ManeomMeaHpoB, Ha NOpPsAL0K 6onee KPYMNHbLIX N0 CPaBHEHMWIO C rO/IOLEHOBLIMU U3NyyYnHaMm (puc. 6).

LonuHa p. pyTu B paiioHe I. BenbiHMyeit. IHOW Tun gonnH underfit streams BCTpeuaeTcs B MecTax pacnpo-
CTpaHeHUns 6onee ApeBHUX anntoBUANbHBLIX OTNIOXKEHWUIA, YeM Noo3epckue. Takue peku, Kak Mtuus [14], OpyTb,
Heponns [15], TeKyT No ApeBHUM NEPUTNALUATBHBIM NOX6MHAM U TPaHCHOPMUPYIOT TONLKO Y3KUWe Nosica BLOMb
pycna [2]. Hanpumep, p. ApyTb B paitoHe I. benbiHnyeld (0Tpe3ok MyTa - Munablumnym) MCnonb3yeT CTapyto ned-
HMKOBYIO NOXOWHY COXCKOro ofiefleHeHus, npopesatollyto LleHTpasibHO6epe3suHCKYHO (hOBUOTISLUAIbHYIO
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paBHUHY (puc. 7). LUnprHa gonvHel konednetea ot 1,5 4o 2,5 kM. Ha fHe 40AWHbI cCOXpaHuach NO3AHEN003ep-
CKasl nec4aHas Teppaca BbICOTON 5-6 M B BUAE Y3KMX CErMEHTOB M 3P03MOHHbIX OCTaHL0B. B A0MMHe LMpWHOIiA
0,5—21,5 KM MOXXHO BbIAeNNTb [Ba YPOBHS, COOTBETCTBYHOLLME ABYM OCHOBHbIM 3TarnamM pa3suTus NOAMbI.

MepBblli YypoBeHb (OKOMO 2/3 LWIMPUHLI fHa) 6e3 cnefoB NPOTEKAtOLWEN pekn 3aHAT TOPPAHUKOM, Hapac-
TalLWUM € KoHUa annepefa. ®noBUaNbHbIA YPOBEHb ABASETCS OTHOCMTENIbLHO Y3KMM M COCTOMT U3 psaja
Pa3HOBO3PAaCTHbIX FOMOLEHOBbLIX NMMH3 [15]. 3TO MoXoXe Ha CTPOeHWe MPagonuHbl p. Bebxu B bGacceiiHe
p. BuxHbl B MonbLue [16].

[onuHa p. 3anagHoit bepe3nHbl y A. AneuleHsiTa BONOXWHCKOro paoHa. CnefytoLme y4acTKu pey-
HbIX JoAuH underfit streams BcTpeyvaloTcs B NpafofiMHax (N0X6MHaxX CTOKa TafblX NefHUKOBbLIX BOfA), pac-
MOJIOXEHHbIX Ha NPeAnosibe NOCNeAHEro oneAeHeHns. TUNUYHLIM NPUMEPOM SBASETCA A0NMHA p. 3anagHoi
bepesnHbl y . AnewieHsaTa BonoxunHekoro palioHa (puc. 8). 3T0 TUN MapruHasbHbIX NOXOWH CTOKA TasiblX
NeHWKOBbIX B0, (MapruHanbHbIX NPagosnH).

Puc. 5. CtpoeHwe nesoro 6eperap. Cox 6713 . OgHononbe:

1- norpebeHHas MoYBa; 2 - ryMyCcMpOBaHHbIe OT/IOXEHMS U Topd); 3 - /TyroBOi Meprens;
4 - necok; 5- Mecok, Cynecb M CYrNHOK; 6 - NeCOK M Cynech; 7 - 3anfIeHHbIN Necok;
8 - Mecok 1 cynecb 03epHO-NeHUKOBOrO THNa
Fig. 5. The structure of the left bank of the Sozh River near Odnopolie village:

1- 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. bonbLume naneomeaHaps! B fonmHe p. Cox HuxKe 1. Fomens
Ha NaHXpoMaTM4ecKom CH1UMKe 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. Cxemartnyeckume reoniormyeckune paspessbl B JonnHax pek Heponnau n dpyTu:

1- KopeHHas NopoAa; 2 - rpaBwWii c MecKoM; 3 - Mecok; 4 - NecoK C NPOCONKamMm CYrNHKa;
5 - pentoBuanbHbIA NECOoK; 6 - 30M10BbI NECOK (AtoHa); 7- Nepec/ioeHns Necka n CyrnHKa;
8- cynecb; 9- cyrmvHok; 10 - un (aneBput); 11 - TopdsHoM un; 12 - Topd;

13 - nyrosas xenesHas pyaa; 14 - apxeonorunyeckuie aptethakTbl;

15 - petpur; 16 - cybtoccunbHble peBECHbIE OCTATKM.

McTouHuK: [15]

Fig. 7. Schematic geological profiles in the valleys of the Neroplya and Drat 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; 10 - silt; 11 - peaty silt; 12 - peat; 13 - meadow ores;
14 - archaeological artifacts; 15 - detritus; 16 - subfossil trees.

Source: [15]

Puc. 8. YuacTok gonvHbl p. 3anagHoli bepesuHbl y 4, AnelleHsTa BooXuHCKoro paioHa
no matepuanam APC: a - hparmMeHT opTooTonaHa; 6 - MaTpuLa BeICOT

Fig. 8. A section ofthe Western Berezina River valley
near the Aleshchenyata village (Volozhin district)
based on aerial photography data: a - orthophotomap fragment; b - DEM
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Peku 3aTOro Tuna BblTeKanu M3 NpuaeLHUKOBbLIX BOLOEMOB, B YaCTHOCTW W3 MOKPbLITOrO /IbAOM BOLOEMA
B palioHe HblHelHero 03. Hapoub, Ha 3anaf no JonvHe p. Bunun. Ha yyacTkax uccnefoBaHwil aToro tuna
peK ObiNn 0O6HAPYXXeHbI Takue U3MEHEHUS B CTPYKTYpe pycna: MHOropyKaBHOe - 60/bLUve MeaHApb! - Masible
MeaHapbl [2]. C nepmofoM MakCMMabHOro NOCTYMN/EHWS TaslbiX BOA U NOCNeAYHOWMMMN peLecCMBHbIMK tha-
3aMu gernsumaumm ceasaHo obpas3oBaHMe BbICOKMX (10- 1 5-MeTpoBOiA) hAHOBMOrNALManbHbIX Teppac, Hab-
NIOAaeMbIX B paspesax Mexay AepeBHaAMU Yrbl u Kanabiku. B paiioHe a. AnelieHsATa BbICOKas Teppaca noj-
pesaHa IByMs naseomeaHpamu ¢ 60nbwinmu paguycom (okono 200 m) u wnpuHoii (6onee 100 m), elle aABa U3
HWX Bpe3aHbl B CKNOHbI J0NMHbI. MOLWHOCTL TOpda B Npejeniax 3Tx najieoMeaHapoB 4OCTUIaeT HECKOMBbKNX
meTpoB. NogowBa Topda B paspese «AneleHsaTa» gatupoaHa 5840 + 120 BP (4836-4547 cal. BC). O6pa-
30BaHMe Topa Hayanoch CyLeCcTBeHHO No3fHee o6pa3oBaHWsA naneomeaHapos (puc. 9). 3aTopdoBbiBaHWIO
npefLUIecTBOBa ANNTE/bHbIA NEPUOL HAKOMEHWS KNacTUUECKOro MaTepuana.

Puc. 9. CxemaTN4YeCKmWii reonormyeckmin npodusib
yepes fonuHy p. 3anagHoii bepesuHbl B npegenax OLWMSAHCKOA KOHEYHO-MOPEHHOM rpsigbl:
1 - OTNOXEHMs! KOPEHHbIX CKMOHOB; 2 - MECOK C FpaBueM; 3 - MEeCOK; 4 - MblNeBaTbIi NECOK U CYMech;
5 - CYINMHOK; 6 - TopaHOl un; 7 - Topd; 8 - OTNOXKEHUS [eN0BNa/IbHbIX KOHYCOB BblHOCA.
McTouHuk: [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: [§

Cnabble BepTUKa/bHble NOAHATUA [17] 1 ObICTPOE CHWKEHME pacXofa CTOKa MPUBEIN K TOMy, 4To p. 3anag-
Has bepe3nHa B ronoLeHe nMena o4eHb cnabyro 3p03MOHHYIO CUY U UL He3HAYMTeNbHO Bpe3anach B Nof-
CTUNatoLLMe OTIOXKEHUSA, COXPaHAA NPU 3TOM 60/blUNe NaneomMeaHpbl. B noiime BblpaxeHbl HeboNbLINE W3-
NYYUHBI 1 NaneomeaHApbl ¢ paguycamn He 6onee 30-40 M 1 WKpUHO 15-20 M, KOTOpbIE PYHKLMOHMPOBASIN
B rofioueHe. MN1oxoi gpeHax Npusen K 3HaYMTeNbHOMY Pa3BUTUIO 60N0T U TOPQPAHMKOB Ha IHe BCeli JOMUHDI.

JonuHa p. 3anagHoi bepesnHbl xHee OLWIMSHCKUX KPaeBbiX NefHUKOBbLIX rpsg. Pycna pek 6acceiiHa
p. 3anafHoi BepesunHbl pa3BUBaIMChL 3A€Ch Ha 3aHAPOBOM KOHYCe BbiHOCA (Jllo6YaHCKast BOAHO-NEAHMKOBAs HU-
31Ha). OHW MpeTepnenn CyLLeCTBEHHbIe M1aHOBblE Neped)opMUpPOBaHNSA BBUAY OTCYTCTBUS NaTepasibHbIX Mpe-
rpag. bpolleHHble pykaBa U MepTBble YYacTKM JOMIMH Pa3HOro BO3pacTa PaccpefoTOUeHbl Xa0TUYHO MO 3HaYK-
TensHol TeppuTopun (puc. 10, a). MeaHApupytoLLee pyco OAHON 13 TaKMX MePTBbIX LO/WH, NPeSNoNoKUTeNbHO
npa-Vicnoun, nmeeT NPOTsHXXeHHOCTb 6onee 20 kv (puc. 10, r). TpaeKTopumn COBPEMEHHOIA p. icnoumn 1 npagonu-
Hbl pacxoasTcs Bo3ne 4. AuKoBo-Ieckn BonoXuHCKoro paiioHa. [anee oHV nponeratoT napannensHo Apyr apyry
Ha paccTosHMmM 0Koo 4 kM. lNpa-Vcnoub, Kak 1 coBpeMeHHas p. Mcnoys, «Bnafgaet» B p. 3anagHyto bepesuHy
okono 4. lMeTyxoBo VIBbeBCKOro palioHa. MogoLusa Topda 13 paspesa «IeTyxoBo» gatvposaHa 3430 + 100 BP
(1880-1630 cal. BC). O6pa3oBaHue Topda Ha4yaocb 3HaUUTeNIbHO NO34Hee 06pa3oBaHns NPaLoINHbI.

JonuHa p. HemaH 6113 NMTOBCKO-6eN0pYyCCKO rpaHuLbl. B aTol MECTHOCTY AO0/IMHA TakXkKe BbIXOLUT Ha
3aHApPOBYIO paBHMHY (O3epckasi BOAHO-NEAHMKOBaA HU3MHA) (puc. 11). ¥Y3kue yyacTkum Teppacbl Tl n TI, oTHO-
CALLMECS K paHHEMY W cpeaHemy apuacy [18], 6binn ciopMMpoBaHbI ellle MHOTOPYKaBHOI peKoid. [o3xe npou-
30LLI1a CMeHa B PasBUTUM PEKM, U C MPaBOi CTOPOHbI JONMHbI HMKE A. [oXu Ha ypoBHe Teppackl T (13-14 wm)
COXpaHWUnMCh 6onbLUMe NaneomeaHapsl Jlykasuua n Poiicte [19-21]. B nonepeyHoM paspese 3TMX NaieomMmeaH/poB
(wwrpwrHoin 400-1000 M) o6pallaeT BHMMaHME y3kas 30Ha Tanbeera (4o 200 M) 1 04eHb LLMPOKOE I0XKE PEKU, UTO
YKa3blBa€eT Ha Ha4a/lbHYH0 CTaAMIo KOHLIEHTPaLMKW pyCia v Ype3BblbainHo CUAbHYHO M3MEHUMBOCTbL CTOKa [20]. AHa-
NOTUYHbIE PyCna BCTPEUADTCA B HACTOSILLEE BPEMS B pailoHax pacnpoCcTpaHeHNst MHOTO/IeTHel Mep3noThl [22].
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Puc. 10. BacceiiH p. 3anagHoi bepesunHbl kXxHee OLIMSHCKO KOHEYHO-MOPEHHOM rpsifbl:
a - OpoLUeHHble pyKaBa 1 MePTBbIE YYaCTKUN A0NWH (CHUMOK BKA);
6 - mepTBas gonuHa npa-Mcnoumn (BKA); B - y4acToK nccnefoBaHuii
y 4. MeTyxoBo VBbeBcKoro paitoHa (optotoTtoniaH no APC);
I - Y4acTok f. MeTyxoBo (MaTpumLa 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 palaeo-Isloch (BKA); c - aresearch site near the Petukhovo village,
Ivie district (orthophotomap based on aerial photography data);
d - Petukhovo site (DEM)

Puc. 11. Matpuua BbICOT y4acTKa A0NMHbI p. HemaH
6113 NIMTOBCKO-6€M10PYCCKOI FpaHuLb

Fig. 11. DEM of the Neman valley section
near the Lithuanian-Belarusian border
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ManakothayHUCTUYECKINI aHann3 [23] 1 naneob0TaHNYeCcKMe NccneaoBaHns KapboHaTHbIX Cynecei n3 no-
[OLLIBbI IMH3 060MX ManeoMeaHpoB YKasbiBAKOT Ha TO, YTO pycno 61mn3 4. JlykaBuubl Hauyano popMmnpoBaThes
B KoHUe 6ennuHra [20], a B pa3pese «PoiicTe» - B KOHUe annepega [21]. 310 BNOMHE cornacyetcs ¢ 6onee
paHHMMKM gaTupoBkamu (11 080-11 050 BP) 3anonHeHns opraHMKoi TepMOKapCTOBO-CTapOPEYHOi1 3anaanHbl
B paspese «[oxa» [18]. bonblive naneomeaHapbl (PYHKLMOHNPOBAM Ha 3TOM OTpe3ke p. HeMaH Ha MpoTsxe-
HMW BCEro MO3AHENeHNKOBbS, a TeMMbl Bpe3aHus p. HemaH Obisivi OTHOCUTENbHO HEGOMbLLUMMY MOYTKW A0 anfe-
pegfa. BnocneacTsum passmnTue SONMHLI NPUBENO K TOMY, YTO 06a naneomeaHpa CyLecTBOBa/IM aBTOHOMHO, 6e3
KOHTaKTa C peKo, BHa4ane Kak o3epa (J/lykaeuua go npegbopeana, a PoicTe - 40 CpeaHeli aTnaHTUKN), a MOKe
KaK TopghsiHuKM [21]. B TopdhsiHnKe JlykaBuua Obin BbISBIEH NEpMoj CUbHON M3MEHUMBOCTM TMAPOIOTNYE-
CKUX YCMOBUIA K KOHLY aTNaHTUKW, YTO MOF/0 ObiTb BbI3BAHO 3HAYUTE/IbHLIMU KOe6aHUAMMW 1 HecTabusb-
HOCTbIO K/lMMmaTta 3Toro Bpemexu [2].

BbiBOabI

Mo TunNy yHacnegoBaHHbIX (hAH0BMANLHBLIX POPM peUHbIX 4onnH underfit streams paccmaTtpriBaeMble y4acT-
KN peK MOXHO pa3fennTb Ha yHacnefoBaBLUMe IOXOWHbI CTOKa NeHUKOBLIX BOA Y CHOPMUPOBABLUMECS HA
3aHAPOBbIX paBHMHaX. CoxpaHMBLUMECH anntoBUabHble (OPMbI C NPeAbIAYLLUX 3TANOB 3BOIOLMMN PEK NO-
3BONSIOT NOApPa3AenunTb pPeyHble AonuHbl underfit streams Ha cnegytoLne TUNbI.

1. AHenpoBCKuWiA TUN, paHee Ha3blBaemblil TUNOM [Henpa [4], - 3TO MepTBas W aKTUBHAS YacTW LONUHbI.
OHWU pa3pgendaTca 3p03VOHHbIMU ocTaHLuaMu. K AHENPOBCKOMY TUMY OTHOCATCA YYacTKW AONWHBI p. OHerp
Mexay r. Opueid u r. LUknoBoM 1 fonuHsl p. Cox y 4. MNprcHo BeTKOBCKOro paioHa.

2. ApyTckuii TMN - ofHa WKMPOKasa [onvHa, 60/blIas YacTb KOTOPON 3aTopthoBaHa. BbigensoTtcs gnio-
BManbHas U HegoBUanbHaa yacTu. LLinpokas HedoBranbHas 4acTb AO/IMHbI 3aHATA TOPHAHUKAMU U He
MMeET cnefoB (hOBUANLHON aKTMBHOCTU C MO3AHEr0 rnsuMana U B rofioleHe. Y3kas YacTb ChopMUpoBaHa
(hnroBMaNIbHLIMUK NpoLeccaMm B rofoeHe. 3rnbbl 4ONNHBI MOTYT HaNOMUHATL U3rMbbl pycna 06pa3oBasLLel
ee npapeku. [pyTCKUil TUN xapakTepeH Ans p. ApyTu HUXKe . BenbiHUYeit, a Takxe ANns peK, pacnonoXeHHbIX
Ha ceBepo-BOCTOKe Monblin (Taknx Kak bebxxa, Hapes).

3. 3anafHOOEePE3NHCKNIA TUM - NPOCNEXMBAKOTCA BCE 3Tarbl Pa3BUTUA pycna: MHOrOPYKaBHOCTb - 60/1b-
Wwue (No3gHenefHUKOBLIE) MeaHApbl - Manble (FONOLEeHOBbIE) MeaHApbl. Mpexae BCero K JaHHOMY Tuny OT-
HocuTca p. 3anagHas bepesnHa Bosne r. BonoxuHa. YpoBeHb ¢ 60MbLLIMMU MeaHApamMu pacnonoXeH TOMbKO
He3Ha4YUTe/IbHO BbILLE FO/IOLLEHOBOM Noimbl. B 3ToM Tune fonuH underfit streams BblAens0TCS HE3PO3NOHHbIE
1 3PO3MOHHbIE BapuaHTbl. He3po3MOHHOMY BapuaHTy COOTBETCTBYeT A0/MNHa p. 3anafHol bepesnHsbl y I. Bo-
NOXWHa 1 foNnHa p. bepesunHbl BO3ne YCTbA P. YUKW, SPO3UOHHLIV BapuaHT - 3T0 foNnHa p. HemaH y 4. Foxu,
rae no3gHernsumnanbHble MeaHapbl HAXo4ATCA Ha ypoBHe 10 M Bbille ypesa BoAbl B PEKE.

4. Mpancnoycknini TUN - 3T0 MepTBble peyHble pycna, B TOM 4YMCfie MeaHApUupytoLLme, pacnonoXeHHbIe
B Mpefenax 3aHApPOBbIX paBHWH. OHM cnabo BpesaHbl B 3aHAP W NAOX0 BblpaXeHbl B penbede, Ho Aelngpu-
pytoTca no matepuanam 443 no xapakTepHbIM NaHOBLIM OYEPTAHUAM CMeHbI PaCTUTeNIbHbIX accoLmaLnii.

Tunusaums peyHsix gonuH underfit streams benapycu B 6yayLueM MOXeT ObITb JOMOMHEHA Y YTOUYHEHA.
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NTOIMM N3YYEHNA TEM1OBOIO NOTOKA B HUTTEPUN

N.AKVUHBIEMWA B. 1. 3Y 2

XYHusepcnTeT Onabucam OHabaHg>Ko, Aro-MBoite, OryH, Hurepus
Jbenopycckunii rocyfapcTBeHHbIA yHuBepcUTeT, np. HesaBucumocTu, 4, 220030, r. MuHcK, Benapych

TpafMUNOHHBIA NOAXOS K N3MEPEHMIO TeNIOBOro NOTOKA BKAKOYAET fBa mapameTpa: reoTepMUYECKUin rpagneHT
1 TENNONPOBOAHOCTb FOPHbIX NOPOA, Cnarakwlwnx paccMaTprMBaemblii MHTepBan rNy6buHbl. FeoTepMuyecKnii rpagmeHT
onpeaenaT U3 TepMOrpamMmmbl, 3aperMcTPpMpoBaHHOW B CKBaXKMHe, a TEMNIONPOBOAHOCTbL - MyTeM 1abopaTopHbIX W3-
MepeHunii 0To6paHHbIX 06pa3LL0B FOpPHbLIX MOPOS. V3BEeCTHbI BapuaLuy 3TOro NoAXoAa OTHOCMTENIbHO Fre0TepMUYEcKOro
rpagveHTa u 3HayeHWi TennonpoBoAHOCTU. OfHAKO Ha MHOTUX NAOWaAAX OTCYTCTBYIOT CKBaXMWHbI AN perncrpauuu
TepMorpamm WAU No KpaviHeil Mepe ANS NOAYYEHUS HECKONbKMX 3aMepoB TemmnepaTypbl Ha MPOMEXYTOUYHbIX 3a605X,
B pe3y/bTaTe Yero TpPagMLMOHHbIA METOA HeNb3s NpUMeHUTb. B Hurepun, B paiioHax, rge HeT rny60KnNX CKBaXWH, 6bin
LIMPOKO MCMOMb30BaH HOBbI METOZ ONpefeneHns TENI0BOro NOTOKa, 6a3nMpyoLWniica Ha oueHKe rny6uHbl KpOBAW 1 NO-
[OLWBblI MarHUTOAKTUBHOIO Tena NPy aHann3e KapT MarHWTHOro nons. Mofowsa MarHUTOaKTUBHOMO Tena COOTBETCTBYeT
TemnepaType noBepxHocTW Kiopu, HWXe KOTOPOW rOpHble NOPOAbl TEPSAIOT MarHWTHbIe CBOMCTBA. VI3BECTHO, YTO 3TO
npoucxoAunT npu Temnepartype okoso 580 °C, KoTopas HeCKO/IbKO BapbUpyeTcs B 3aBUCMMOCTU OT COfiepXKaHnsa marHe-
TUTa B MarHUTOAKTUBHOM Tefie. TennoBoi NOTOK BbIYNCAAT NYTEM YMHOXEHUA Fe0TEPMUYECKOr0 rpajueHTa B 3TOM
UHTepBane rny6vHbI Ha TeNI0NPOBOAHOCTb FOPHbIX Nopod. iMeeTcs psAf pa3spo3HEHHbIX 3HAYeHWI TeNJ0BOro NOTOKa
B Hurepuu, paccumtaHHoro obonmun metofamu. CocTasneHa npegsapuTesibHas KapTa Ten10BOro NoToka, OCHOBaHHAS Ha
[LOCTYMHbIX AaHHbIX. CpaBHeHVe BeIMYMH TeMI0BOro NOTOKa, ONpPefeneHHbIX ABYMS MeTO4aMU, 415 HECKOMbKUX pPermo-
HOB CTpaHbl MO3BOMNO BbIBUTL UX COOTBETCTBUE.

Kniouesble cnosa: reotepmus; TeNnN0BOW NOTOK; MarHUTHOe Mone; nsotepma 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 ofthe 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 % ofthe 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 ofthe 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
anumber 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 ofthe division
the temperature at the base of the considered depth interval T2minus the

temperature at its top Tj by the interval length z2- zj =L (fig. 1).

grad T = AT/Ah = (T2- Tj)/(z2- zj.

Two temperature values T2 and Tj could be used as readings from

a thermogram at two depths z2and zj or two temperatures at two interme-

diate positions of a bottom hole in the same well could be used. The heat

conductivity ofselected rock samples from a drill core, taken from the con-

sidered depth interval, is determined by laboratory measurements. When

Fig. 1 Temperature profile the thermogram was not recorded, thes_e two temperature valugs: could_ be

and heat flow gzwithin rocks taken as temperatures recorded attwo 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. fortopography, 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 ofthe magnetic field. The method
is aimed to determine the depths to the top and base ofthe 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 ofthe 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 ofthe 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 ofthe causative body
and base ofthe Curie point. Ifthe magnetization of a set of two-dimensional bodies is completely random and

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

p(k)=Axexp( k( (I- exp[-]k|(Zb- Z,)]2))

where Aj is a constant; Ztand Zbrepresent the depths to the top and bottom ofthe 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 hQ of a magnetic
source from the slope of the longest wavelength part ofthe 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]

VPZ) =InA- 2nk
k

where A is a constant.
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The second step permits estimating the depth to the top boundary hj from the slope ofthe second longest
wavelength part of the spectrum [6; 16; 19].

In"P (k) = InB - 2n|k|h,

where B is the sum of constant independent of \h\.
The basal depth hbis calculated from the equation [6; 16; 21].

hb=2h0- hj,
where hOdenotes centroid depth; hj represents to the top boundary. An example is shown in fig. 2.

0.0 0.2 0.4 0.6 0.8 1.0
Wavenumber ljfcl,rad/km

Wavenumber |jfd, 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 ZOdepth and b - an example to estimate the Ztdepth.
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-v/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 (Fe304), the most common magnetic material in igneous rocks, is around 580 °C,
however, an increase in titanium (Ti) content of titanomagnetite (Fe2- xTixO3 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 oftitanium. The estimated value 0f580 °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-j °C-1 [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 % ofthis 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.

12° N-

4°N-

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 lul-
lemmeden Basin, which extends through the border into the Niger territory. The lullemmeden, 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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ofthe 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 ofthe 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-1K-1). 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/m2

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, Zb Reference Heat E%VWI%?SW’
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 9.65 161 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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Longitude

10.55
10.45
10.75
10.40
10.34
4.46
5.10
5.70
5.12
5.16
5.17
5.50
5.17
5.90
4.46
4.46
477
4.46
4.58
5.60
4.59
5.50
5.83
4.60
5.17
5.12
4.58
4.46
5.11

Latitude

9.60
9.25
9.25
9.60
9.25
7.48
7.48
7.48
7.38
7.43
7.30
7.24
7.16
7.16
7.16
7.24
7.40
7.36
7.46
7.40
7.20
7.37
7.62
7.35
7.48
7.48
7.22
7.33
7.48

Z,

4.32
3.24
121
2.11
3.98
0.852
0.945
0.878
0.727
0.780
0.645
0.646
0.666
0.626
0.713
0.766

0.807
0.791
1.025
0.735
0.901

0.812
0.827
0.827
0.646
0.922
1.000

Vi)

9.55
12.35
9.92
1541
9.22
21.91
13.40
13.46
12.35
14.42
12.37
14.94
11.48
16.68
20.11
13.24

20.16
17.83
15.33
18.61
13.52

11.77
13.70
13.86
15.01
14.35
13.89

Heat flow density map

Reference

22
22
22
22
22
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

Ending table

Heat flow density,
mwW/m2

139.36
89.71
149.95
94.1
157.3
66.2 (63.10)
108.2
107.7
117.4
100.6
117.2
97.1
126.3
86.9
72.1
109.5
104.42
71.9
81.3
94.6
77.9
107.24
102.26
1232
105.8
104.6
96.6
101.0
104.4
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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.

volcanism.

Discussion

Available heat flow data are nonuniformly distributed within the territory ofthe 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

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/m2
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.

2° 4° 6° 8° 10° 12° 14°

50 100 150

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- Aand 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 m\W/m2

160
140
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1 100

E 60
40

20
1 2 3 4 5 6 7 8 9 10

Sector number

Fig. 5. Heat flow density profile A- A
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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/m2. 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/m2 A low heat flow
anomaly 0f40-50 mW/m2is traced in the central part of the Niger Delta. It increases in all directions outwards
of this cold zone to 70-80 mW/m2.

A high heat flow anomaly above 100 mW/m2 exists within the studied parts of Borno Basin. Itjoins 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/m2revealed around the Ikogosi warm spring. The Sokoto
Basin in the north of the country is shown by increased heat flow to 70-80 mW/m2. 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/m2
in its northern part to 80 mW/m2southward. Heat flow density ofthe Nigerian part of the Adamava highlands and
the central part ofthe Benue Trough varies in limits of 55-60 mW/m2increasing to 70 mW/m2to 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/m2 [46]. In the eastern part of the structure, it ranges from 29 to 55 mW/m2with an
average value of 42.5 mW/m2. Lower heat flow (less 35 mW/m2 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/m2 [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/m2). 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 ofthe Chad Basin the heat flow derived from the magnetic field analysis ranges from 63.8
to 141.9 mW/m2 [54]. Its similar values, determined by this method, in the Sokoto Basin [8; 38; 55; 56] range
from 52.4 to 98.6 mW/m2.

For the Anambra Basin, the estimated heat flow density varies from 38 to 99 mW/m2 [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/m2with an average value of 80.1 mW/m2

Analysis fulfilled for the Nupe Basin shows that the HFD varies from 30 to 120 mW/m2 [36]. In the south-

eastern and southwestern parts of this basin, it is less than 60 mW/m2, and increases to more than 100 mW/m2in

its northeastern and northwestern parts. For the Jalingo and environs in the northeastern Nigeria the heat flow
is estimated between 53 and 61 mW/m2[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
guartzite 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/m2. 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/m2, 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 ofthe 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 aeromagnetic 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
ofthe 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/m2and 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 «geothermal» 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 ofthe 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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MEOTEPMUNYECKOE TMOJIE 30HbI NMEPEXOAA
MEXAY AHATOTMNCKOW NNINTON .
N BOCTOUHO-EBPOTENCKOW TIJTAT®OPMOW

CUAMAKMAHCYPW ®AP1

IBenopyccknini rocygapcTBEHHbIN yHUBEpCUTeT, np. HeszasucumocTw, 4, 220030, r. MuHck, Benapycb

B BoCTOYHOW yacTu CpefM3eMHOro Mops BblAeNAOT O6LUMPHYO MPOBUHLMIO HU3KOFO TeNA0BOr0 MOTOKA, MPOCTU-
patouiytoca Bo BceM bacceliHe mops BocTouHee Kputa (JleBaHTUHCKOe Mope), BkAoyas Knnp n ceBepHblil Ervnet. eo-
NOTUA TEPPUTOPUM BOCTOYHOW AHATONMUKN CNOXHA W3-3a HefaBHel TEKTOHWYECKOW W BYNKAHMYECKOW aKTUBHOCTW. ITOT
PervuoH BK/IOYAET FNaBHble TEKTOHUYECKMe 610KM MOHTUACKNX rop, AHATONNACKO-TaBPUACKNIA MOAC U CYTYPHYIO 30HY
Butnuca, CeBepo- 1 BOoCTOYHO-AHATONNIACKWI pa3noMbl. Bo MHOTMX YacTax AHaToOAMW BCTpevarTcs ohMoamnTbl U MOMO-
[ible BY/IKaHM4YecKune nopodbl. YepHoe Mope OKpYXeHO Anbnuitcko-Immanaiickum cknagyaTtbiM nosicom (KpbiM, BonbLioi
KaBkas, MoHTuiickme ropbl, Pogono-CTpaHKCcKMil maccuB, BocTouHoe CpegHeropbe, CeBepHas [Jobpyaka) v ApeBHUMMU
TEeKTOHWYECKMMM 610KaMM Pa3NMYHOro NPOMNCXOXAEHMA U BO3pacTa, TakuMmn Kak BocTouHo-EBponeiickuii kpaToH, Musnii-
ckasa nnatgopma, CTtambynbckas 30Ha n Agykapo-TpuaneTckas cknagyaTas cuctema. B UepHoM mope npeo6iagaeT HU3KMi
TennoBoi NOTOK. HanmMeHbL Ve 3HaveHns (MeHee 30 MBT/M2) 3aperncTpmpoBaHbl B LLeHTPa/bHbIX YaCcTAX 3anagHoro n Boc-
TOYHOro 6acceiiHOB YepHOro Mops ¢ MakCMManbHO MOLLHOCTBIO 0Caf04HbIX OTNIOXEHWI. ['e0TepMUYeCKre nccnesoBaHus
Ha TeppuTopuu YKpauHbl BefyTca B TeyeHue 45 net. MHorme oco6eHHOCTY Tena0BOro Nofis OCTarTCA HeU3yUYeHHbIMU.
3T0 OTHOCMTCA, B YaCTHOCTYU, K YKPauHCKOMY LMTY W KOXXHOM YyacTu pernoHa Kapnat. B uenom tepputopus anbnuinckoi
cknagyatoctu B npegenax Typuuu, MpamopHoro n 3reiickoro mopeii, KaBkasa xapakTepusyeTcs BbICOKMM TeMa0BbIM M0-
TOKOM. AHOMannsa ero HambonbLW KX 3HaveHnin (6onee 100-150 MBT/M2) oTmeuaeTcs Ha 3anage Typuuu, rae npeobnagaroT
TEKTOHMYECKME YCNOBUA PaCTAXKEHNA 1 BEAETCA UCMOb30BaHMe NOA3EMHOI0 napa AN BblpaboTKW 3n1eKTposaHeprum. Mo-
CTPOeHbl KapTa 1 Tpu Npodnas TeNI0BOro NOTOKA, NepecekaroLMx N3y4aemblil PernoH.

Kniouesble cnosa: CpegusemHoe mope; Kunp; Typuus; YepHoe mMope; YKpanHa; reoTepMUYeckoe none; TennoBoi no-
TOK; anbnuiicknii oporeHes; bonbloin Kaskas.
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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/m2)
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/m2) 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 Palaeocene arc magmatism (e. g. Pontide
Arc [4-6]); 2) development of accretionary-type fore-arc basins (e. g. Haymana-Polatli Basin [7]; Tuz Golu
Basin [8]); 3) Late Palaeocene to Miocene and younger post-collisional magmatism [9-12]; 4) the develop-
ment of several blue schist belts (e. g. Late Cretaceous Tav8anli 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 ofthe 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 ofthe Black Sea and the configuration ofthe 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 ofthe East European Craton is shown in fig. 2.

Mountains of Crimea are a part ofthe Alpine-Himalayan folding located in south ofthe plain part ofthe 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 ofthe 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.

18°  21°  24°  27°  30° 33° 36° 39° 42° 45°  48°

18°  21°  24°  27°  30° 33° 36° 39° 42° 45° 48°

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 - EastAnatolian Fault; DsF - Dead Sea Fault; Ne Af - North East Anatolian Fault;
EPF - Ezinepazari Fault; CTF - Cephalonia Transform Fault; PTF - Paphos Transform Fault;
CMT - Main Caucasus Thrust; MRF - Main Recent Fault

28° 30° 32° 34° 36° 38° 40° 42°

Fig. 2. Main tectonic elements of the Black Sea region and adjacent tectonic units [31].
Abbreviations: SorT - Sorokin Trough; K-TT - Kerch-Taman Trough; SinT - Sinop Trough
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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/m2 After omitting of very low values, the average heat flow
ofremaining 18 observations was less than 30 mW/m2. 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 ofthe 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/m2 and accor-
ding to [45] the average from 40 heat flow sites is (47 + 27) and (39 £ 6) mW/m2near Cyprus. On Cyprus, it is
(28.0 + 8.0) mW/m2 The estimated heat flow in northern Egypt ranges from (38.3 + 7.0) to (49.9 + 9.3) mW/m2,
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/m2along a SSE trend [46]. It apparently correlates with an increase
in crustal thickness, which is about 23 km at the northwestern base ofthe 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.

Heat flow density, mW/m

Fig. 3. Heat flow density histogram for the Eastern Mediterranean

10 15 20 25 30 35 40 45 50 55
Heat flow density, mW/m

Fig. 4. Heat flow density histogram for Cyprus
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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 oftheir changeability from 10-12 until 200 and even 696 mW/m2 (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/m2 A long trailing tail with heat flow exceeding 100 mW/m2exists in the right part
ofthe histogram.

20 -

5 10 15 20 25 30 35 40 45 50 55
Heat flow density, mW/m2

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 ofthe last century. The summary ofthe 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/m2 This diagram shows close to the normal heat flow distributions complicated by its
right side with higher values above 60 mW/m2, observed in the southwestern corner ofthe sea near shores of
Bulgaria. Several heat flow stations within this sector show even higher heat flow up to 80-90 mW/m2.

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 of20-40 mW/m2 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 ofthe map. The heat flow within the whole area is changing
in a wide range from as low as ca 20 mW/m2, typical for the eastern Mediterranean and Cyprus, until more
than 100-200 mW/m2within 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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ofthe 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 ofthe map
have to be revised in future after new heat flow data will be accumulated.

Fig. 6. Positions of marine heat flow stations and adjacent geothermally studied onshore boreholes.
Abbreviations: BLS - Black Sea; SAz - Sea ofAzov; SMa - Sea of Marmara;
GE - Georgia; MD - Moldova; RO - Romania; RU - Russia; TR - Turkey; UA - Ukraine

Fig. 7. Heat flow density histogram for the Western Black Sea Basin
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Fig. 8. Heat flow density histogram for the Eastern Black Sea Basin

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



>YXypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteTa. Meorpadms. Meonorns. 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 ofthe Alpine-Himalayan Belt to the old crustal blocks forming the East European Platform
within southern Ukraine in frames ofthe 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?2)
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/m2) 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/m2 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 seaterrigenous 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/m2 [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 ofthe ancient East European Platform, a part ofthe Epipaleozoic Scythian
Plate, a part ofthe Alpine-Himalayan Folded System. Itis represented by the Crimean mega-anticline bordered
by the Indolo-Kuban Edge Sag and a region ofthe bathypelagic depression ofthe 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/m2 with a mean value around
60-70 mW/m2 (see fig. 5). The fig. 10 shows that the extensional tectonics of the region of western Turkey,
south ofthe 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;
NEAF - North East Anatolian Fault; CTF - Cephalonia Transform Fault;
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/m2 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.

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)1 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 MWt up to 2010. Moreover, the updated calculations regarding the geothermal heat capacity potential
of Turkey is concentrated at 60 000 MWtgeothermal heat potential [63]. The total geothermal theoretical elect-
ricity potential of Turkey (hydrothermal, depth 0-3 km) has been calculated as 4500 MWe [64].

The installed geothermal heat capacity is 3262.3 MWt for direct use (including heat pumps) and 650 MWe
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 MWe (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/m2
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 ofthe heat flow density variation within the
region are shown infig. 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/m2within 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 mwW/m2for 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/m2within 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 ofthe 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/m2is 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/m2. It is even lower in the Western Black Sea Basin (around 20-40 mW/m?2). In all
four figures, broken lines show the general trend of heat flow variations along these profiles.
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Mineral Research and Exploration (MTA) of Turkey [Electronic resource]. URL: http:/Amww.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/m2 The highest anomaly with individual HFD values exceeding
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100-140 mW/m2exists within the western part ofthe Anatolian Plate, which belongs to the Alpine crustal folding
and evidences the extensional tectonics. Lower values within the region of 20-40 mW/m2are 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 ofthe 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 ofthe 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 ofthe 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 ofwater 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/m2
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 ofheat flow density on the thickness of sediments of different ages. The heat flow values corrected
for the effect of sedimentation are 45-55 mW/m2 The upper mantle contribution is 35-40 mW/m2 Nearly the
same Moho heat flow values are typical characteristic for the surrounding Alpine-type structures.
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HAYUYHbIN ®OPYM MEXAYHAPOJHOW
ACCOUMNALIN NAHOLWLADTHOW 3KO0I NI

SCIENTIFIC FORUM OF THE INTERNATIONAL
ASSOCIATION FOR LANDSCAPE ECOLOGY

C 1no 5 wmona 2019 r. B MunaHe, ropoge ¢ 60-
raTbiM UCTOPUYECKUM Hacnegmem, O4HOM U3 Kpyn-
HeALNX MPOMBILLISIEHHBIX U KYbTYPHbIX LEHTPOB
N TPaHCMOPTHbIX Y3/10B COBPEMEHHON VTanuu, npo-
xoaun X BceMUpHbI KOHrpecc MexayHapoaHoi
accoumaunn naHgwadTHol akonorum (International
Association for Landscape Ecology, IALE). ®opym
nposoamaca B MunaHcKoM yHuBepcuteTe BUKOKKa
(Universita degli Studi diMilano-Bicocca) - MHOro-
NPo(UILHOM BbiCLIEM Y4eOHOM 3aBefeHWUMW, 3aHU-
MatoLLleMcs NoAroTOBKOM cneumanucTos B obnactu
€CTECTBEHHbIX HayK, 3KOHOMWKW, 3KONOrMYecKoro
MeHe[)KMeHTa, Typu3mMa W OKpyXaloLlei cpegbl,
a TakXke Hay4HbIMU MUCCEf0BaHUAMUN B 3TUX OTpac-
NSAX 3HAHWIA.

B paboTe KoHrpecca MNpuHANM yyacTue 6onee
700 npeacTtaBuTeneit 64 cTpaH, YTO CBWAETENbCT-
BYET He TO/IbKO 06 aKTya/iHOCTW, HO W O MpaKTu-
YECKOM 3HaYMMOCTU pe3ynbTaToB NaHALaTHO-3KO-
NOTNYECKNX WUCCNefoBaHW ANA JOCTUXEHUS Lenen
M 3afa4y YCTOMYMBOrO pa3BUTUS B pPasfinUHbIX pe-
rMoHax Mupa B YC/IOBMSAX BO3pacTaloLmMX 3KONOru-
YeCKUX PUCKOB, 00YCOBMEHHbIX NPUPOAHBLIMU U aH-
TPONOreHHbIMU (hakTopamu.

OTNMYNTENbHON O0COBEHHOCTLIO NaHALWapTHOM
3KONOTUM KaK HAy4HOW OTpac/in 3HaHWiA ABNseTcs
M3yyeHWe W aHaiM3 MPOCTPAHCTBEHHbLIX Pa3NYuiA
N CTPYKTYPHO-(DYHKLIMOHANIbHON OpraHv3auuM npu-
POAHbLIX CUCTEM W WUX aHTPOMOreHHO-npeobpa3oBaH-
HbIX BapwaHToB. lpn 3TOM 0C060e BHUMaHWe Yyae-
nseTcs onpefeneHno 6UoU3NYECKNX, COLMaIbHBIX
N 3KOHOMUYECKUX MPWUUUH W MOCNEeACTBUA NaHA-
lwagTHO HeogHopodHoCTW. CregyeT NpuU3HaTb, YTO
NaHAwagpTHas 3KONOrms, HeCMoOTps Ha 6/M30CTb Le-
Neil ¢ KnaccMyeckum naHawadpToBeAeHMEM, MNOny-
YMBLUMM Pa3BUTUE B MOCTCOBETCKUX CTpaHax, UMeeT
P4 CYLLEeCTBEHHbLIX KOHLENTYa/lbHbIX U MEeTOAO0/0-

rMYeckux OT/MYMiA. Mpexae BCero B NaHAWadTHON
akonorun npeo6nagaeT NPUHLAUN BUOLLEHTPUYHOCTM,
a MPUMEHSIEMbI NPY 3TOM 6MO3K0N0rMYECKNA NOAXO0L,
HaleneH Ha BbISBIEHWE MNPOCTPAHCTBEHHOMO Aacrek-
Ta (PYHKLUMOHMPOBAHNA MeCTO0OUTaHWI N AUHAMUKK
akocuctem. CyleCTBEHHOE 3HaYeHWe NpuaaeTcs npo-
CTPAHCTBEHHbIM OTHOLLEHWAM, a TakKe B3aMMOCBSA-
3M MPOCTPAHCTBEHHON CTPYKTYPbl 1 MPOTEKaoLWNX
B NaHAwadTe 3KONOrMYeCKUX MPOLECCOB, BVSHUIO
NnoceACTBUIA 3eM1EN0Nb30BaHUS Ha AUHAMUKY NaHa-
wagrtoB. Mpy MX M3y4YyeHWM LUMPOKO MPUMEHSHOTCS
COBPEMEeHHbIe METO/bl U NOAX0AbI, 6a3upytoLuecs Ha
reonHhOPMaLMOHHbIX TEXHOMOMUSAX, BKIKOYas AMCTaH-
LIMOHHbIE METO/bl UCCNeA0BaHNIA 3eMHOI MOBEPXHOCTU
1 NPOTEKaLLMX B NPUPOSHOI cpefie NPOL,EecCcoB.

B HacTosLlee Bpems B cepe naHALWAPTHON 3KO/O-
rMmn paboTaloT 1 TECHO COTPYLHUYAOT YUeHbIe U crie-
LManucTbl He TONbKO B 061acTu reorpagun, buonornu
N 3KONMOTMW, HO U TEPPUTOPMANbHOIO MIaHUPOBaHNS,
3KOHOMWKMN NPUPOAONO0/b30BaHUSA, FTeOUHHOPMALNOH-
HbIX CUCTEM, NPMPOAOOXPAHHOro aena u ap. O6 aTom
CBUAETENbCTBYET MporpamMmma Hay4yHOro KOHrpecca,
BK/IIOYABLUAsA LUMPOKUIA CMNEKTP BOMPOCOB, 06CYX-
[leHVNe KOTOPbIX NPOXOAMIO B (hOopMe 3aKa3HbIX Mie-
HapHbIX U MOCTEPHbIX A0KMNaAoB, CUMMNO3WYMOB, OT-
[eNbHbIX CECCUiA, KPYTNbIX CTONOB. B pamkax opyma
6b111 paccMoTpeHbl 60/1ee 20 TeMaTUYeCKUX 061acTei
NaHAWapTHO-3KONOMMYECKNX uccneaoBaHnin. K Hau-
60fiee 3HAUYMMBLIM U LUMPOKO 06CY>KAaeEMbIM MOXHO
OTHECTW BOMPOChI, CBSi3aHHble C Pa3paboTKoi Teope-
TUKO-METOA0M0rMYECKMX MOAXOLOB NaHAWagpTHOM
3KOMIOrMN, OLEHKOM M COXpaHeHWeM naHAWwafTHOro
1 BMONOrMYECKOro pasHoobpasms, Hay4HbIM 060CHO-
BaHVWEM MeponpusTUiA MO YNpaBneHWto, NNaHUpPOoBa-
HAKO U NPOCTPaHCTBEHHON opraHm3auum naHgwad-
TOB, onpefeneHveM (YHKUMIA W NpeaocTaBnsgeMbIX
naHAwahTamMmm 3KOCUCTEMHBIX YCAYr, NPUMEHEHUEM
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M C-TexHoNoOrnin ans BbISBMEHWUS, aHanM3a U ONTK-
M&/IbHOr0 UCMONb30BaHNA NaHAWaPTHLIX CTPYKTYP,
3KONOrMYeCcKMM 060CHOBAHWEM MPOEKTUPOBAHUSA TO-
POACKUX TEPPUTOPUIA, OLIEHKOI aerpadaumm naHawadg-
TOB U 3KOCMCTEM W UX NOCNEACTBUIA.

Haunbonee npuopuTeTHbIE HaNPaBeHUs COBPeMEH-
HOI NnaHAWAaQTHOW 3KONOTrMK 1 chepbl ee MPUMEHEHUS
6bIM OTpaKeHbl B 0630pPHO-aHaIMTUYECKMX MeHap-
HbIX [O0KMafax, ¢ KOTOPbIMU BbICTYMUAN WU3BECTHbIE
yuyeHble B 001aCTU BAMSHUA KNIUMaTUYECKUX W3Me-
HeHM Ha naHawadTel (I HareHgpa (H. Nagendra),
WHams), rnobanbHOi TpaHchopMaLuuy naHawahTHbIX
cTpyktyp (3. dnnuc (E. Ellis), CLLUA), guHamMnKun ro-
POACKUX cUCTEM B M3MeHsowemca mupe (I LaHe
(G. Shane) n 3. Bann (E. Wall), BenukobputaHus),
MYbTUANCLUUMMHAPHOIO XapakTepa NaHAwapTHOM
3KOMIOMMM 1 €ro NPUMEHEHUS NPU OLEHKE XO3ANCTBEH-
Hoil peatenbHocTn (K. MakumoHn (G. Pacchioni),
Ntanus).

B cBoeM oTyeTHOM foknafe 3a 2014-2019 rr. npe-
3ngeHT IALE npodeccop K. ®topet (K. Furst) ns lep-
MaHWK Hapaay ¢ 00LLEel XapaKTEPUCTUKOMA 1 aHaNIM30M
[leATeNbHOCTN opraHM3almm ykasana Ha HamepeHune
npucoefHnTbL K IALE B KayecTBe HaLNOHaNbHbIX OT-
feneHnii naHaWaghTHO-3K0N0rMYeckue accoumarmm
Benapycu, Poccun, VicnaHun n Typunn. B HacTosLlee
BpeMsA B Halleli pecnyb6ivMke MPOBOAATCA BHYTpU-
rocyfapcTBeHHble NPOLefypbl MO CO34aHWMI0 TakKou
accoymaunn. OAHOBPEMEHHO 6bliM 00BLSABNEHbI pe-
3yNbTaTbl BbIGOPOB UCMNONHUTENBLHOTO KoMuTeTa IALE
Ha nepuog 2020-2024 rT. 1 coobLeHo 06 n3bpaHum
npesneHToM opraHusaumMm npogeccopa YHUBepCH-
TeTa wTtaTa CeBepHasi KaponuHa (CLUA) P. Cuenna
(R. Schell).

Mo 3aKka3y oprkomuTeTa KOHrpecca 6enopycckue
yyacTHukn B. M. AuyxHo (BI'Y) n H. H. Libibynb-
ko (BenHUWMA) BbicTynuau ¢ 4OKNaAOM Ha TeMy
«[1pOCTpaHCTBEHHO-BPEMEHHOW aHan3 TpaHc(opMa-
UM pagUOHYKNNLHOIO 3arpsi3HEHUsT arpo3KOCUCTEM
33 MOCTYEPHOObITLCKUIA MEPUOa».

3 Bcero pasHoobpasns TeM, pacCMOTPEHHbIX Ha
KOHrpecce, 0c060ro BHUMaHMUA 3acC/y>MBaloT 1ccne-
[l0BaHMA MO OLeHKe NpefocTaBnsieMbIX NaHAaLlagTa-
MW 3KOCUCTEMHbIX ycnyr. MocnegHue BCneacTaue cy-
LLEeCTBOBAHWSA Pa3/IMYHOr0 TUNa NaHAWafToB BbINOM-
HAOT aCCUMWMNALMOHHYIO, 3alMTHYI0, PeKpealyoH-
HYt0, OY(epHY0 M KOMMEHCaALMOHHYIO (YHKLMK,
obecneynBatOT 3CTETUYECKYIO NPUB/IEKATENBHOCTb
naHALWwadToB, COAENCTBYOT COXPaHEHMIO NPMPOAHOI0
N KynbTYpHOrO Hacnefus M TeM CaMbiM OKa3blBaOT
MONOXMTE/IbHOE BO3AENCTBUE HA KAUYeCTBO XM3HeAes-

TeNbHOCTMW NIIOfEA N COXPAHHOCTb CaMMX 3KOCUCTEM.
370 3aK/MUYeHNe CYLLECTBEHHO pacLIMpseT UCMO/ib-
3yeMYI0 10 HeZJaBHEr0 BPEMeHW MHTepnpeTaLuto no-
HATUSA «MPUPOAHBIA KanuTas», COrnacHo KOTOPOWA OH
BOCNPMHUMAETCS TO/MIbKO KaK pecypcHas Kateropus,
o6nafaroLas CTOMMOCTbIO, MPUBELEHHOW K MWpO-
BbIM LieHaMm Ha NpupofHble pecypcbl. CerofHsa cuu-
TaeTcs, 4TO MPUPOAHbLIA KanuTan BKOYaeT B cebs
He TO/MbKO PECYpPCHYI0 COCTaBASAOLLYIO, HO U WK-
POKMIA CNeKTp NpeAoCcTaBAseMbIX 3IKOCUCTEMHbIX
ycnyr, HeoBXOAMMbIX Kak A/ CaMOMOAnepXaHus
NPUPOLHBIX PECYpPCoB, TaK M ANA UX pauuMoHanbHO-
ro UCMO0/b30BaHUSA Ha Pa3HbIX YPOBHAX OpraHun3alum
OKpy>atouleid cpegpl. MpumeHeHMe naHAWaTHOro
nosxofa npu peanu3awuum pecypcHoi KoHLenumm no-
3BONIAET MEPENTN OT abCONOTMN3ALUN SKOHOMUUECKMNX
LIEHHOCTeW K 3K0/I0r0-3KOHOMUYECKUM NpruopuTeTam
YCTOWYMBOrO PasBuTWsA, B YeM, COBCTBEHHO, W 3a-
KMYaeTcs 3Konornyecknii nmnepatme. K coxarne-
Huo, B Pecny6nuke Benapycb Nogo6HbIA NOAXOA
elle He Hallen LIMPOKOro MPUMEHEHWS Y HAXOLUTCS
Ha cTagum obeyxaeHns. OfHaKO ero NpakTUYecKas 3Ha-
YMMOCTb O4YeBUHA U TPebyeT pacLLuMpeHuns 1 ycKope-
HWUSA HaY4YHO-NMOMCKOBBIX U NPUKNafHbIX UCCNenoBa-
HWii B 3TOI 06nacTu.

Bo Bpems paboTbl KOHTpecca YYaCTHUKU MOT/u
03HaKOMUTBLCA € 6MBIMOrpayecKnMm BbiCTaBKaMm
nsgatenscts Springer, Oxford University Press, Wiley
M 4p., CNeunann3npyroLwmxcs Ha BbiMyCcKe NPMpOao-
BEAYECKOli MTepaTypbl, B TOM YMCie Mo naHgwadTo-
BeJleHMI0, a TaKXe 3akasaTb Heob6XOAuMble KHUTW,
OyKneTbl, KapTbl U Apyrve Buibl U3gaHuid. MpuHmn-
MatoLLeil CTOPOHOI OblIM OpraHn30BaHbl BECbMa Ha-
CbILLEHHbIE, UHTEPECHbIE W MO/E3HbIE OAHOAHEBHbIE
HayuYHble 3KCKypcuM B pasHble pervmoHbl CeBepHOI
WTanun, B 3agady KOTOPbIX BXOLUNO O3HAKOMJIEHME
C MPaKTUKOW paLmnoHanbHOro MCnob30BaHns 1 oxpa-
Hbl NaHAWAaPTOB PasIMYHOIO0 (PYHKLMOHANIBHOIO Ha-
3HaueHus.

B uenom pesynbtatbl paboTbl X BCEMUPHOrO KOH-
rpecca MexayHapoaHoii accoumnauumn naHgwagTHON
3KO0M0rMK NOATBEPAWAN, YTO NaHALwadTHas 3KoNoruns
CNOXMnachb Kak caMoCTOATeIbHAA Hay4Has 1 06pa3o-
BaTe/lbHasA AMCLMNMHA, UMEIOLLAsA NPaKTUKO-OPUEH-
TUPOBaHHbIN XapakTep 1 UrparoLLas KaUeBYy posb
B Aefie ONTMMM3aLMM NPMPOAONO0b30BaHMS, YCTORYM-
BOTO PasBUTUSA PETMOHOB M KOHCTPYKTMBHOIO peLle-
HWS 3ada4 rapMOHMYECKUX B3aMMOOTHOLLUEHUI B CU-
CTeMe YeNlOBEK - MPUPOoAHas cpefa.

B. M. AuyxHol

BaneHTUH MUHOBUY FLYXHO - KaHAMZAT CEIbCKOXO3SMCTBEHHBIX HAaYK, OLEHT, AeCTBUTE/bHBINA uneH MexayHapoaHoi acco-
umMaumy NaHAWadTHON 3KONOTWN; BeAYLLWiA HAYYHbIA COTPYAHWK Hay4HO-UCCNIEA0BATENbCKON N1aGopaTOpyi 3KOMOTMN NaHALLAdTOB

(hakynbTeTa reorpaum 1 reouHpopmaTuky Bry.

Valentin M. Yatsukhno, PhD (agricultural sciences), docent, full member of the International Association for Landscape Ecology;
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AHHOTALUNN AETTOHNPOBAHHbBLIX B BI'Y PABOT
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YK 502.172(476)(082)+008(476)(082)+502/504(476)(082)

MprUpoAHbIE N KYNIbTYPHbIE NaMATHUKMW 1 OCHOBHbIE MPO6/EMbI COCTOAHNA OKpYXKatoLw e cpeabl Bena-
PycU 1 conpeaenbHblX CTpaH [DNeKTPOHHBIA pecypc] : MexBy3. €O. Hayy. paboT CTYAeHTOB, MarncTPaHTOB,
acrnupaHToB 1 npenogasaTeneit reorp. tak. bI'Y n bpl'y um. A. C. MylwKuHa, dak. akon. meauumnHbl MIMrIU
nv. A. [. Caxaposa by, 6von. tak. BI'Y wm. IN. M. Maweposa : B 2 u. / Haydy. pea. A. K. Enosnyesa [ ap.] ;
BI'Y. OneKTpoH. TekcToBble faH. MuHck : By, 2019. 906 c. : un. bnénuorp. B TekcTe. Pexxum gocTyna: http://
elib.bsu.by/handle/123456789/226580. 3arn. ¢ skpaHa. Aen. 08.08.2019, Ne 008408082019.

[JaHHaa paboTa BMeLaeT 37 cTaTeil, B KOTOPbIX OTPaXKeHbl HaMb01ee akTyaslbHble BONPOChI KYPCOBbIX, AN-
MAOMHbIX, MarucTepcKUX paboT CTYAEHTOB M Hay4HbIX UCCNEA0BaHNIA NpenojasaTeneid, pacCMaTpUBAIOLLNX
NpUpoAHbIe (Fe0IOTUYECKME paspesbl MALMONIeRCTOLEHa U FOIOLEHA) U KYNbTYPHbIE MaMATHUKN PErMoHa,
a TaKKe OCHOBHble MPO6MEMbl COCTOSHUA OKpYXXatoLleld cpegbl benapycu n conpefenbHbix cTpaH. MoTpe6-
HOCTb UX Ny6aMKaLmmn B efUHOM COOPHUKE Bbi3BaHA HEOOXOAUMOCTbLIO Hanbosnee NOMHO NPeACTaBUTL B3rNaL
aBTOPOB Ha pelLLeHne Npobnem cTpaturpadum, naneoreorpadgun, naHAWadTHLIX UCCNEA0BaHNIA, TYPUCTCKO-
peKpeaLnoHHOro NOTEHLMaNa 1 3KOSIOTMYECKOW OLLEHKM COCTOSIHWS! KOMIMOHEHTOB NPUPOAHOI Cpefbl PernoHa
1 COMpegenbHbIX TEPPUTOPMWIA.

CO60OpHUK PeKOMEH/IYeTCs y4eHbIM B 06/1aCTV Naneoreorpadum, hm3nyeckoin reorpadum, sKonorum, Typus-
Ma, YeTBEPTMYHO reosorny, cneymanmcTaMm Npon3BOACTBEHHbIX FE0/I0MMUYECKMX OpraHu3alnuii Npu BeLeHUm
KpyMHOMAacLUTabHOM reosIorMYecKoin CbeMKM, a Takxke Ans 0OLUMPHONO Kpyra CrewLmanucToB-cTpaTurpagos,
MaseoHTO/I0roB, Najaeoreorpados, KNMMaToNOroB, Nase03KoN0roB Hay4YHo-UCCNef0BaTeIbCKUX U YUEOHbIX Yu-
peXaeHUn.
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