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O60CcHOBaHO (hopMUpoBaHUe yp6aHOIOrUM Kak HOBOW CUHTETUYECKOW HayKu 0 ropofax. B Heli cucTeMaTmanpoBaHbl
1 0606LLEeHbI aKTya/lbHble CBEAEHWUSA PSifia eCTECTBEHHbIX, FTYMaHUTAPHbIX, WHXEHEPHbIX U MHHOPMAaLMOHHO-TEXHO/O-
FMYECKMX HayK O Pas/iMYHbIX acnekTax CyLLeCTBOBaHWS 1 PasBUTUSI FTOPOAOB U chOPMMPOBaH 06LLMIA KapKac CUCTEMbI
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3HaHWIi 0 peasibHbIX NMPOLEcCax UX PYHKLMOHMPOBAHNS. PacKpbITbl MOHSATUE, 06LEKT, NPeAMeT, 3a7aun U yHKLWKN yp-
6aHO/I0rMK, ee UCTOKMN 1 COOTHOLLEHWE C APYTMUW HayKamu, HameueHbl OCHOBHbIE HanpaBneHnsl paspaboTky yp6aHoo-
rMYEeCKoii TeOpMUM COBPEMEHHOTO ropoja. B aBTOPCKOM MOHUMaHUM yp6aHoMorus - Hayka, KoTopasi U3y4yaeT ropoga Kak
CMOXHbIE COLMa/IbHbIE CUCTEMbI, CBSI3aHHbIE C OKPYXaloLLel cpefoit 1 B3aMMopgelicTBytoLLne ¢ Heil. C yp6aHonoruei
COMPSIXXEH CUTU-MEHEMKMEHT - CUCTEMA YNpPaB/eHUsi FTOPOLOM, BK/OUAIOLLAsA M1aHUPOBaHUE, OPraHn3aLuio, KOHTPO/b
M KOOPAMHALMI0 BCEX acMeKTOB FOPOACKOM XXU3HW, B TOM YMC/E 3KOHOMUKU, UH(PACTPYKTYpPbl, TPAHCMOPTA, CoLnalb-
HOIA cthepbl, aKonorum 1 6esonacHocTu. MokasaHo, YTo ypbaHoI0rusi, Kak Hayka 1 yuebHasi creuuanbHOCTh, 06nasaeT
YHUKa/IbHbIM 1 KaUYeCTBEHHO HOBbLIM (DYHKLIMOHA/IbHBIM NMOTEHLMAN0M A/t Pa3paboTKM KaK TEOPETUUECKUX MOJESEN, Tak
M NPaKTUYeCKMX PEKOMeHAALMIA Mo 06ecriedeHno YCTOMUMBOTO 1 3(h(EKTUBHOIO PEryIMPOBaHUS XU3HELEATEbHOCTY
ropoxaH. Yp6aHonorusi paccMaTpuBaeT 0CO6EHHOCTM TOPOACKOW Cpefbl U Npej/iaraeT peLleHuns no yIyyLlleHnI0 Kade-
CTBa XXM3HW FOPOXaH, a CUTU-MEeHE[KMEHT 3aHUMAeTCsl NMPAKTUUECKMM YrpaB/ieHNeM FOPOAOM W peanusaumeid nogo6-
HbIX peLleHnii. O606LLEHbI TEOPETUUECKME MOJENN 3apPY6EXHbIX Y 0TEUECTBEHHbIX CMELUasiucToB, NpoaHaIusnpoBaH
UX 3BPUCTUYECKMI NMOTEHLMAN W BbISIBNIEHA 3HAUMMOCTb 3TUX MOJENEN /1A N3yueHnsi COBPEMEHHbIX NPOG/eM Fopo/oB.
MpeanoxeH psa HanpaeBneHW danbHeLnX nccnefoBaHNiA, NPU3BaHHbIX 06eCMeUnTb BbIXOF NpoLecca PopMMpPOBaHNS
MPOEKTHbIX PELLEHWIA B YaCTV NMPOCTPAHCTBEHHOMO Pa3BUTUSI FOPOLOB Ha HOBbIY ypOBeHb. [MoguepKHyTa BaXKHOCTb COLM-
anbHOI CNpaBesIMBOCTU U 3KOMOMMYECKOro 6rarononyyns B ropoAckoli cpege. CTaTbsi MOXET 6bITb MHTEPECHA reorpa-
(ham, apxuTeKTopam, rpafocTPOUTENsIM, PYKOBOAWUTE/NSIM OPraHOB UCMOMHUTENIbHOW BNacTyW, OTAENbHbIX NPeAnpuaTuii
W yUpeXxeHnii, a TakKe BCEM, KTO MHTEPECYETCS COBPEMEHHbIM PasBUTKEM FOPOZOB B YC/IOBUSIX FN106a1n3aLmm.

Kntouesble cnosa: ypbaHonorus; rnobanbHbie Npo6/emMbl; YCTOMUMBOE pa3BuTHe; rnobanmsaums; ypbaHmsaums; ro-
pogckas cpefia 06MTaHMA; KaueCTBO XXMU3HW HaceNeHUs; CUTU-MEeHEIXKMEHT.

URBANOLOGY: A NEW PERSPECTIVE ON THE STUDY
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The article is devoted to the substantiation of the formation of urbanology as a new synthetic science of cities. It sys-
tematises and generalises the actual knowledge of a number of natural, humanitarian, engineering and information-tech-
nological sciences about the peculiarities of various aspects of the existence and development of cities and forms a general
framework ofthe system of knowledge about the real processes of their functioning. The main provisions of the article re-
veal the concept, object, subject, tasks and functions of urbanology, its origins and correlation with other sciences, outline
the main directions of development of urbanological theory of the modern city. In the author’s understanding, urbanology
is a science that studies cities as complex social systems connected with the environment and interacting with it. City
management is closely related to it - the system of city management, which includes planning, organisation, control and
coordination of all aspects of urban life, including economy, infrastructure, transport, social sphere, ecology and security.
It is shown that urbanology, as a science and academic speciality, has a unique and qualitatively new functional potential
for the development of both theoretical models and practical recommendations to ensure sustainable and effective regu-
lation of urban life. Urbanology studies the features of the urban environment and offers solutions to improve the quality
of life of citizens, and city management is engaged in the practical management of the city and the implementation of
these solutions. The scientific novelty of the presented results lies in the generalisation of theoretical models of foreign
and domestic researchers, analysis of their heuristic potential and identification of their significance for the study of con-
temporary urban problems. The authors also propose a number of new directions for further research, designed to ensure
a new level of the process of forming design solutions in terms of spatial development of cities. The article emphasises
the importance of social justice and ecological well-being in the urban environment. It may be of interest to geographers,
architects, urban planners, heads of executive authorities, individual enterprises and institutions, as well as to all those
who are interested in modern urban development in the context of globalisation.

Keywords: urbanology; global problems; sustainable development; globalisation; urbanisation; urban environment;
quality of life; city management.
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BBegeHune

B TeueHune nocnegHmx 100 net npoucxoaut BbicTpas ypbaHusaums. Mo gaHHbIM OOH, HaumHas ¢ 2007 T.
6onee NOMOBMHbI HaceNeHNs MUpa XUBYT B ropofax, a K 2050 r. ropoxkaHamu 6yayT nouTtu 70 % Xutenei
nnaHeTbl. IMEHHO ropoja v Meranonauckl, ABAAOLWMECA LeHTPaMy SKOHOMUYECKOro M COLMaNIbHOro B3aumo-
[encTeus, reHepupytoT 80 % rnobanbHoro BBI1. OgHaKo Npu 3TOM Ha HMX NpuxoasaTca okono 70 % rno6ans-
HbIX BbIOPOCOB yrnepoga u 6onee 60 % 1CMNonb30BaHWUSA NPUPOAHBLIX PeCypcoBl Bee 3TO Co34aeT MHOXECTBO
HOBbIX BbI30BOB, HarpuMep, B BONPOCax NAaHMpOBaHWS rOPOACKOr0 MPOCTPaHCTBA M pa3paboTKy CTpaTeruii
613HeC-c006LLeCTBa, a B KOHEYHOM UTOFE M B YAaCTM YNYULIEHWS XXU3HU ropoXkaH. COBpPEMEHHEIA ropog co
CBOMMW AOCTUDKEHUAMU 1 Npobiemamm NpeacTaBnseT co60i 04eHb CI0XHbIV CaMOPa3BUBAIOLLNIACS OpraHuM3M,
KOTOPOMY He0ob6X0fMMbl YCTONYMBOCTb, FTOTOBHOCTb K Aa/IbHEMLLMM BbI30BaM M 06eCneYeHHOCTb BO3MOXHO-
CTAMU ANS Pa3BUTUA.

B Benapycu Takke Habn04aeTca aKTUBHLIA Mpouecc ypbaHusaumu: noBbIWAeTCA poib FrOPOLOB B XW3-
HK obuwecTsa [1]. MHOrMe nAN NepeesxXaroT M3 CebCKON MECTHOCTM B ropofa, YToObl NOAYYNTb AOCTYN
K nydlleil pabote, 06pa3oBaHMIO U coLManbHONM MHGpPacTpykType. OfHako, Kak 1 BO BCeEM MUpe, 3TO Npu-
BOAUT K BO3HMKHOBEHUIO psija NpobseM, TakmX Kak 3arps3HeHue OKpY>KatoLleid cpefbl, HeXBaTKa AeLleBoro
XU/bS, BbICOKas aBTOMOGMUAN3ALMSA, BO3pacTaHWe MasTHUKOBOIO ABWKEHMUS U3 6/IM3NexaLinX HaceneHHbIX
MYHKTOB W Ap. Ans GpopMupoBaHMs YCTOWUYUBLIX FTOPOACKUX OTHOLIEHWUIA U CO3[aHMs KaUeCTBEHHOW cpefpbl,
0XBaTbIBAIOLLMX KaK COLManbHO-AeMOrpauyeckyto, Tak U reHAepHO-NPogeccnoHabHY0 CTPYKTYPY Hacene-
HUS, a TaKXKe 419 NOoALepXaHWs ero 340p0oBoro 06pasa X13HK, paunoHanbHOro paccefieHns 1 ah(heKTUBHOIO
pasmeLLeHuns MPOU3BOACTBEHHbIX CUM NPABUTENLCTBO U MECTHbIe BacTW NPUHMMAKOT MEPbI M0 PasBUTUIO
MHPACTPYKTYPbI, YAYYLLEHNIO 3KOOMMYECKOA CUTYaLMn N COLMabHONM 3almTe. BaXHENLLUM 31eMEHTOM
3TOW cTpaTerum aBnseTcs NOAroToBKa COBPeMEHHbIX CNeLUancToB - ypbaHONoroB 1 CUTU-MEHeLXepoB, KO-
TOpas C HefaBHMX NoOp BefeTcsA B eAMHCTBEHHOM yupexeHUun o6pa3oBaHus - bpecTCKOM rocyapcTBeHHOM
yHuBepcuTeTe umeHn A. C. IMNMywknHa. HacToswaa ctaTbst NpU3BaHa OTBETUTL HA BOMPOCHI O TOM, YTO npes-
CTaBnseT coboii ypbaHonorus.

VIMEHHO 3Ta Hayka Mo3BOAWUT 06ecneunTb NMO3TanHOE U YCTOYMBOE pa3BUTMe ropofoB. Brnepsble B Bena-
pycy nosiBnaack BO3MOXHOCTb 3aro/IHATL NMPO6es, BO3HUKLLMIA B CUCTEME TEPPUTOPUATLHOTO M1aHUPOBAHNS,
nyTem NOArOTOBKY COBPEMEHHbIX CMELUaNNCTOB, KOTOPble MOrYT B35iTb Ha ce6s OTBETCTBEHHOCTL 3a (hopmu-
pOBaHue ropoAcKoi NOANTUKK (B 06/1aCTH YENOBEYECKOTO KanuTana, MH(PacTpyKTypbl, TPAHCMOPTa, 3KOA0rMn
1 VHbIX aCNEKTOB, rAPMOHMNYHO COYETAIOLLMXCS C MEPCNEKTUBAMU NOCTOAHHOIO Pa3BUTUSA TEPPUTOPUN) U BUAAT
ropoja Kak MCTOYHUKWN COLMaNbHO-9KOHOMMYECKOro pocTa pecnybnnku. ApXUTEKTOPbI CNefaT 3a 3CTETUKO-
(h13nyecKUM 06/IMKOM ropoja, NIaHWPOBLLKKN - 3a TEM, KakK pa3inyHble PYyHKUNOHaNbHbIE 30HbI U 3KOCUCTE-
Mbl BMWCLIBAKOTCA B €ro TeppuToputo. OfHAKO, NOCKOJIbKY BAXKHOE 3HAYEHWE A/151 COBPEMEHHOI 0 ropoja UMetoT
9KOHOMUKA, MHHOBALMK, 3KOMNOrus, couumanbHas cepa, KybTypa u Apyrue acnekTbl, CyLLecTBYeT 00beKTUBHAA
NOTPe6HOCTb B KAYECTBEHHO HOBbIX CMELMANNCTaX, KOTOPbIE YUNTbIBASIM Obl X MPY MaHMPOBaHUN FTOPOACKON
TeppuTOpUK, 0GecneynBas ee yCTONUMBOE Pa3BUTKE W MOALEPXKMNBAA CUHEPTETUYECKMNIA 3AeKT.

AKTYanbHOCTb U3YyYeHUS COBPEMEHHbIX FOPOACKUX MPOCTPAHCTB 06YCNOB/IEHA MHOXECTBOM NPOo6/EM, KO-
TOpble BO3HMKAIOT B ropojax. 3TU UccnefoBaHNa BaXXHbI 419 MOHUMAaHUA TOro, Kak YNy4LINUTb XWU3Hb oel
B ropofjax v cfenatb ux 6onee npusieKaTeslbHbIMU Kak A1 cCamnX ropoXaH, Tak v Ans TYPUCTOB, a Takxke
npuBAeYb UHBECTULUN.

Llenbto cTaTby ABNSETCS POPMUPOBAHNE CUCTEMbI 3HAHMIA 06 YPOaHONOr K KaK 0 HayKe 1 y4ye6Hol cneyu-
aNbHOCTU, 061aAatoLLel YHUKANbHBIM 1 KA4eCTBEHHO HOBbIM (DYHKLMOHANbHBIM NOTEHLMAN0M Ans pa3paboT-
KU TEOPETUYECKMX MOLENEN N NPaKTUYECKMX PEKOMEHAaL A Mo 06ecneveHnto yCTonunBoro 1 apheKTUBHOro
PerynmMpoBaHus XN3HeeaTe/IbHOCTM FOpoXaH. [1s JOCTUXKEHMS fJaHHON Lenn nocnefoBaTe/lbHO pewlanunch
3a/ja4m No cucTeMaTun3aumm 1 0606LEeHNI0 3HAHWNIA psAfa eCTECTBEHHbIX, T'YMaHUTAPHbIX, UHXEHEPHbIX U UH-
(hopMaLMOHHO-TEXHOMOMMYECKMX HAYK O Pa3fIMYHbIX aCMeKTax CyLLecTBOBAHUA U pa3BUTUSA rOPOSOB U peasib-
HbIX MpoLeccax nx yHKLUOHUPOBAHUS.

B ocHoBe aHanu3a UcciefoBaHuii no ypoaHonornm ¢ METOANYECKOM TOUKU 3pEHNS NEXUT 0630p 3apybex-
HbIX U OTEYECTBEHHbIX My6aMKaunii B 061aCT KOMMIEKCHOTO U3Y4YeHUs TOPOLOB M Mpo6aeM MX pasBuTUS.
Pe3ynbTaTbl 3TOro 0630pa N03BOAWAN CPOPMYNNPOBATL PAL NOMOXKEHMWIA.

HoBu3Ha paboTbl 3aKNOYaeTcs B 00606LEHNN TEOPETUUYECKMX MOAENeN 3apyOeXKHbIX U 0TeYECTBEHHbIX
cneunanncToB, aHann3e UX 3BPUCTUYECKOrO NOTEHLUMANa, BbISBAEHUN 3HAYMMOCTU 3TUX MOfJenel Ans usy-
YeHWs COBPEMEHHbIX NPO6aeM roposoB M NpefnoXeHUN aKTyabHbIX HanpaB/eHUA fanbHelero nccneno-
BaHMA.

'World cities report - 2022: envisaging the future of cities [Electronic resource]. URL: https://unhabitat.org/world-cities-report-
2022-envisaging-the-future-of-cities (date of access: 28.07.2023-.
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MocTaHoBKa npobriembl

Mog rno6anusauueid NOHNMMaeTCA NPOLLECC UHTErpaLny HaUMOHaIbHbLIX 3KOHOMUK U KY/bTYp B MUPOBYHO
3KOHOMWUKY ¥ KynbTypy. OHa NposBAseTCsA B POCTe MeXAYHapOLHOW TOProsav, Murpawum paboyen cubl, pac-
MPOCTPaHEHNU TEXHOMOTUIA U MHOPMALUHK, a TAKKE B YCUIEHUW B3aMMO3aBUCUMOCTW MEXAY rocyjapcTBaMu.
"nobanusaums MMeeT Kak NONOXUTENbHbIE, TaK 1 OTpULAaTe/lbHble nocnefcTeus. OHa crnoco6CTBYeT 3KOHO-
MWUYECKOMY POCTY, MOBbILIAET YPOBEHb XU3HW NIOLEN B Pa3BMBAIOLLMXCS CTPaHaX, PacLinpseT BO3MOXHOCTU
[Na COTPYLHUYECTBA rOCYapcTB M 06MeHa 3HAHNAMKN MEXAY HUMU U B TO XXe BPeMS NPUBOAUT K YXYALLEHUIO
3KONOTrMYECKOW CUTyaLun, YCUNEHNIO HEPABEHCTBA, NOTepe Ky/IbTYPHOW MAEHTUYHOCTU U TpaguLmii.

"nobanunsaumm NpoTUBOCTOMT Aernobannsaums (nokanmsaums) - 06paTHbIA MPOLECC MUPOBOI0 00LLECTBEH-
HOro pa3smTus. C 3KOHOMUYECKOI TOUYKW 3peHNs OHa NpeLCcTaBnseT cob0i pacnaj e4MHOro 3KOHOMUYECKOr0
NPOCTPaHCTBa, XapaKTePU3YIOLLNIACA CTUXUIAHBIM HapyLLIeHMeM CBOGOAHOIO NepemeLLeHrs TOBapoB, Kanutana
N TPYLOBbIX PECYpCoB Mexay cTpaHamu. MpusHakamu gerno6annsannm SBasat0TCS TOProBble BOWMHBI, BbIXOL,
CTpaH U3 MHTErpauMoHHbIX COK30B, OFpaHUYeHNs Ha CBOOOAY NepedBMKEHUA KanuTana u paboyeld cusbl,
Heath(heKTUBHOE (DYHKLMOHUPOBaHME rN106anbHbIX 3KOHOMUYECKUX MHCTUTYTOB. OHa CBfi3aHa CO CTpemse-
HWEM PerMoHOB K CaMOCTOATE/IbHOCTU B 06ecneveHnn co6CTBEHHbIX MOTPEe6HOCTEN 3a CHeT UCNONb30BaHUs
MPeUMYLLECTBEHHO MECTHbIX PEeCYpPCOB, YTO, B CBOK OYepefb, CHUXXAET MOTPEeOHOCTb B MEXAYHApPOAHOW
TOProBfe, y4acTuu B rnobanbHOM nepepacrnpefeneHny NpomM3BOACTBEHHbLIX PECYPCOB U HAAHALMOHAIbLHOM
perynmpoBaHnm 3KOHOMUYECKOW AeATeNbHOCTH.

CerogHs Bce 60/bLUE NHOAEA COrNALLIAKTCA C MHEHMEM XXYPHANNCTKU 1 nucaTebHuLbl Ik, [ykeko6e 0 ToMm,
4TO KpYMNHelilume ropoja mMmupa ciy>at OCHOBHbIM ABWUFaTeseM MUPOBOIA 3KOHOMUKK [2]. DyHKUMA ropoga
B COBPEMEHHbIX YCMOBUAX 3aK/10YAeTCH B TOM, YTOObl OAHOBPEMEHHO 6biTb SMULEHTPOM 3KOHOMUYECKOWA,
[,eN0BOl U MHHOBALMOHHON akTMBHOCTK. OTCHOAA BbITEKAOT KOMMIEKC MPENMYLLECTB AN XU3HEAeATeNb-
HOCTMW YeNoBEKa M CNeKTp npobnem, TakUX Kak nepeHaceNeHHOCTb, NMeperpy>XXeHHOCTb MH(PACTPYKTYpbI,
3THUYECKME U COUMa/IbHbIE KOH(UKTbI, BbICOKAA CTOMMOCTb XWU3HUW, HU3KaA 3PPEKTUBHOCTb ynpaBneHns
1 HexBaTKa pecypcos [3].

YpbaHu3aLms - NponcxoiaLLmMin BO BCEM MUPE NPOLLECC pocTa U pa3BMTUS TOPOA0B, KOTOPLIN CBSA3aH C yBe-
NNYEHNEM YNCIEHHOCTM HaceNeHnsl, MoAepHMU3aLnein NPOMbILLNEHHOCTY U SKOHOMUKM, a TaKXKe C U3MEHEHWEM
06pa3sa Xn3HuW nogei. B Hayke npefcTaBieHbl TP OCHOBHbIX MOAXO0Aa K MHTEpNpeTaLuy NoHATUs «ypbaHumsa-
ums». B pamkax nepeoro NoAxoja OHa paccMaTprBaeTCs Kak UCTOPUYECKMIA MPOLLECC NMOBbLILLIEHNS PO/ TOPO0B
B pasBUTUK rocyfapctea u o6LLecTBa, B paMmKax BTOPOro nofAxoja - B KauecTBe pe3y/ibTara cocpefoToHeHUs
HacefneHns, MaTepmasbHOM U AYXOBHOW Ky/nbTypbl B FOPOfax, a B paMKax TPeTbero noaxoga - Kak eHoMeH
pacnpocTpaHeHUst TOPOACKONA KynbTypbl M 06pa3a Xu3HM Ha Bce cepbl YesoBevecKoii geatebHoCcT. B no-
cnegHve aecAaTuneTns ypbaHunsauma ctana ocob6eHHO 3aMeTHON. Bo MHOrMX cTpaHax HabnoaaeTcst ObICTPbIi
POCT ropofioB, B YaCTHOCTU KPYMHbLIX MEranosimcoB. 3T0 CBA3aHO C TEM, YTO NHOAM Nepee3xkaloT B roposa
B nmouckax paboTbl, 06pa3oBaHna 1 601ee KOMBOPTHbLIX YCOBUIA XUIHN.

["opofcKue TeppuTOpPUM UMEKOT Pa3BUTYIO MH(PACTPYKTYPY, MPOMBILLIEHHOCTb, TPAHCMOPTHYHO CETb, a TakXkKe
pasnnyHble couunanbHble 06bEKTHI U ABAAIOTCA A4paMU 3KOHOMUYECKOW, KYNbTYPHOW U HAYYHOWN XXU3HU,
B KOTOPbIX COCPeAOTOUEHbI HayYHble U 06pa3oBaTe/ibHble YUPEXAEHNS, KYbTYPHbIe LEHTPbI, MYy3eu, TeaTpsl,
KMHOTEeaTpbl U T. A. OHU TakXKe BbICTYNalOT BaXKHbIMWU TPAHCMOPTHLIMY Y3/1aMu, Yepe3 KOTopble NPOXoaaT
aBTOMOOM/IbHbIE, Xee3HOA0POXKHbIE, aBUaLMOHHbIE U MOPCKME MapLupyTel. COOTBETCTBEHHO, YpbaHu3auus
MO3BO/ISIET JIOAAM XUTb B KOM(OPTHbLIX YC/I0BUAX, NO/b30BaTbCA 6naramu n MHGPacTPyKTYpOI, a Takxe pa-
6oTaTh B clhepe yCnyr 1 NPOMbILLIEHHOCTU. KpoMe TOro, ropofckas Xu3Hb Croco6CTBYET Pa3BUTUIO KYNbTYpbl
M UCKYCCTBA, a TaKkxe obecneynBaeT SOCTYM K 06pa30BaHWIO 1 34paBOOXPaHEHNIO.

CyLLecTBYIOT CcliefytoLLe COBPEMEHHbIE TEHAEHLMW ypbaHU3aLuu:

* POCT YNCNEHHOCTM FOPOACKOro HaceneHus (no gaHHbiM OOH, k 2050 I. 4oNs rOpOACKOro HaceneHus
MOXET foCTUYbL 68 %);

* yBe/MYeHue NA0THOCTW HaceNeHns B ropofax, YTo NPUBOAUT K MOBbILLEHWNIO HArPY3KW Ha MH(DPacTPyK-
TYPY Y BO3HUKHOBEHWIO 3KOMOrMYECKMX NPOo6/IeM, TaKUX Kak 3arpsasHeHve Bo34yXa 1 BOAb;

* YMHOXEHUWe KOMMYecTBa MeranonucoB (KpynHble ropoja ctaHoBATCA 60/1ee NONyAsApHbIMU, MOCKO/bKY
OHU NpeanaratoT BbICOKUIA YPOBEHb XU3HW U AOCTYN K Pa3NUYHBIM YCyram);

* pa3BMTUE HOBbIX TEXHOMOIWIA, HanpuMep 6ecnuIOTHLIX aBTOMOGU/IEN 1N BUPTYanbHOW peanbHOCTH, KO-
TOpblE MOTYT MOMOYb YNYULLIWNTb KAUYECTBO XM3HW B FOPoax v CHU3UTb Harpy3Ky Ha OKpYXarolLyto cpeny?2.

OfHako yp6aHu13aumus NMeeT 1 HeraTUBHbIE MOCNEACTBUS, KOTOPbIE CBA3aHbI C COLMAIbHLIMW, 3KOHOMUYe-
CKUMM W 3KOIOTMYECKMMI acneKTamu. BaxkHelilume 13 H1X BKAKYAIOT criefytoLine npobniembi:

* couManbHble (POCT HANPSXKEHHOCTU MEXAY Pa3/IMYHbIMU FPYNNamMy HaCeNeHUs, CHUXEHUe YPOBHSA 06-
pa3oBaHUs 1 KyNnbTypbl, YBEANYEHME Yncna 6e340MHbIX 1 6e3paboTHbIX);

2World cities report - 2022...
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* 3KOHOMMYECKME (MOBbILLEHWNE CTOMMOCTM XN3HMW, YMEHbLUEHNE SOCTYMHOCTU XWbS, BCIECK NPECTyn-
HOCTW ¥ NageHne ypoBHS 6e30NacHOCTH);

* 3KO/I0TMYecKme (3arpsisHeHMe BO3L4yXa, BOAbI 1 MOUBLI, YXYALLIEHWNE Ka4ecTBa XXM3HM U3-3a LyMma U Mbiau,
N3MEHEHME K/TMMaTa).

[nsa pelweHuns aTux npo6siem Heo6XoAUMO MPOBOAMTL NOIMTUKY, HANPaBAEHHYIO Ha yy4lleHWe KayecTBa
cpefbl 0OUTaHNA 1 XXU3HU HACeNeHUs Yepes NMOBbILLEHUE LOCTYMHOCTY XWUAbA, 34paBO0OXpaHeHns n 06paso-
BaHMS, CHIDKEHVE HEraTMBHOIO BO3LEACTBMS Ha OKPY>XXalOLWYIo cpesy.

YpbaHnzauma ABSeTCS CNOXHbLIM MPOLECCOM, Tpebyowmum 6anaHca MeXay ee NoNOXUTENbHbIMU U OT-
puuaTenbHbIMKU acnekTamn. UTobbl CO60CTY 3TOT 6anaHC U PellnTb HacyLWHble NPo6aemMbl, MHOTME CTPaHbl
pa3pabaTbiBaloT CTPaTernm ropoLcKoro pasBnTKSA, KOTOPbIe BKIOYAKOT AeNCTBUA MO YAYULIEHUIO UHDPACTPYK-
TYpbl, CO34aHMIO 3eNeHbIX 30H W NapKoB, NOAAEPKKE Manoro u cpefHero 6usHeca v ap.

Pe3ynbTaTbl U UX 06CYXKAEHWe

WcTopusa ctaHoBNeHUA ypb6aHonornn. C MOMeHTa 3apoXXAeHNa LMBUIN3AL MU BaXKHYIO POJb B ee 00bLe-
CTBEHHOM W1 3KOHOMWUYECKOM Pa3BUTUU UrpatoT ropoga. COOTBETCTBEHHO, MHTEPEC K (hOPMUPOBaHUIO FOPOLOB,
3BO/MOLLMM PA3INYHBIX aCNEKTOB UX PYHKLMOHUPOBAHUA Kak LLeHTPOB 3KOHOMMUKW, TEXHONOIMIA U T'YMaHUTapHbIX
NPakTUK BO3HUK 0YeHb paHo. Mo mHeHuto C. H. JleoHOBa, NepBble N3BECTHbIE UCCe0BaHWSA B 3TOW 06/1acTy,
KOTOpble MapKMPYIOT Hayano ee CTAHOB/IEHUA KaK HAYYHOro Hamnpas/ieHUs, NpUHaaexar elle ApeBHerpeye-
CKUM mnococham: MnaToHy, onuncaeLlemMy naeanbHy Moaenb ropoga ncxoas n3 grunocoCKnx paccy X aeHui
0 B3aMMOAENCTBUN MEXAY NoabMU, N APUCTOTENIO, BbIMOSHMBLLEMY pacyeTbl ONTUMANIbHOW YUCEHHOCTY
HacefneHns ropofoB Ha OCHOBE aHa/M3a 0CO6eHHOCTEl OpraHu3aLn HeCKOMbKUX AeCATKOB Nonncos [4].

MpombILLIeHHAas PeBOMOLUS U BblI3BAHHAS €t0 ObICTPast 3BOJIOLMS FOPOLOB KaK KOMMIEKCHbIX LIEHTPOB -
A4ep NPOMbILLEHHOMO POCTa B YHACTHOCTY U 3KOHOMUYECKOT O Pa3BUTUA B LIE/IOM, B KOTOPbIX KOHLEHTPUPYHOTCS
NPOMbILLNEHHOCTb, UHPPACTPYKTYpa, 06pa3oBaHue, (DMHAHChI U KyNbTypa, OCTPO MOCTaBUIM BOMPOC O pa-
LMOHAILHOM CO3[aHUWN rOPOLOB, MAaKCUMaIbHO YA06HbIX A/1F cOYeTaHUS MHOIOYMUCIEHHbBIX 3KOHOMUYECKIMX
N 06WEeCTBEHHbIX DYHKLMA. COOTBETCTBEHHO, BO3HMKNA Npobnema 3hheKTUBHOIO ynpaBneHNs pa3BUTUEM
ropofos (MX NAaHUPOBKW, apXUTEKTYPbI, 3KOMOTUW U T. A4.). Yp6aHON0rus nofyymnia MOLWHbIA TONYOK.

OAnH 13 0CHOBOMOJIOXHWKOB COBPEMEHHOW ypbaHonorun B. J1. [nasbiueB 0TMevasn, 4To ¢ Havana XX B.
B CTAHOBJ/IEHWUMW U Pa3BUTWUM HAYKW O FOPOJE BbIAENNAUCH TPU HANPaB/eHNs:

1) BHelHAs opma ropoja v ero KOMMo3uLMoHHas CTPYKTYpa, B HaCTHOCTM 06/IMK ropofa, ero apxuTek-
TYPHBIA CTUNB, crieuudrKa pacnonoXxeHns 34aHnii U X B3aMMOCBS3K;

2) ropofcKas MH(PacTpyKTypa, BKIOYas TPAHCNOPTHYHO CUCTEMY, SKOHOMUKY, AE€BENONMEHT;

3) coymanbHas XX13Hb ropoja, B TOM Ynce NpobnemMbl 3aHATOCTH, 34paBoOOXpaHeHNs, 0bpa3oBaHus 1 ap. [5].

B CCCP ropofckoe naaHupoBaHue 6blfi0 NOJYMHEHO FPafOCTPOUTENLHON apXUTEKTYpe, YTO NPMBENO
K MepenneTeHUIo NepBbIX ABYX HarpasfieHWiA. Bonpocamu (popMMpoBaHUS TOPOLCKON MH(PaCTPYKTYpbl 3a-
BefloBasia CMCTeMa rocyapCTBEHHOrO MIaHMPOBaHMSA, TOra Kak npobnemMaM 3KOHOMUKK ropofa yaensanoch
HeJ0CTaTOYHO BHUMAHUS.

Ha 3anage HanbosbLIee pa3BMTUE NOMYYMIO BTOPOE HamnpaB/eHne, CBA3aHHOe C aBTOMObMAn3aLueli n Bbl-
TeCHEHMEM O0OLLECTBEHHOr0 TpaHcrnopTa. 3T0 NPUBENO K BO3HUKHOBEHWMIO MHOXECTBa NpobsieM, KOTopble
TpebytoT peLleHns Mo ceit feHb. K HUM OTHOCATCS YyydlleHWe 3KONOrMYeCcKOn CUTyauumn, yBenudeHue fo-
CTYMNHOCTW 06LLECTBEHHOrO TpaHcnopTa u T. 4. [6].

TpeTbe HanpaBfeHWe NpaKTUYeCKM He paspabaTbiBanocb A0 1960-x rr., Korga Havancs pocT MHTepeca
K coumanbHbIM Npo6iemMamM ropogos, Yemy HeEMano nocnoco6cTeoBana nyb6ankauns KHurn . Axeko6e [7].
CerofiHsl 3T0O Hanpas/ieHWe, HanpoTUB, ABNSETCA OAHUM W3 HaMbonee akTyanbHbIX. B ero pamkax nsyvatrcs
coumanbHble NPOLLeCChl, NPOUCXoAsLLMe B ropojax (HepaBeHCTBO, 6e4HOCTb, AUCKPUMUHALMA U T. 4.).

B onpepgeneHHOl CTENEHN MOXHO CYMTaTb, YTO COBpeEMeHHas ypbaHonorus seaeT otcyet ¢ 1996 r., korga
6blna NpuHATa XapTua HoBoro yp6aHusma3. Ee rnaBHbIe NONOXKEHUS COCTaBASKOT OCHOBY NPUHLUUMNOB pasyM-
HOro ypbaHuama - Teopuu ropoAcKoro naaHMpoBaHus, npeanoxeHHoi K. Y. BeHHuHrepom B 2002 r. n 6a3u-
pytoLLeiica Ha AecaTn akcMomax:

1) aKkcrOMe 3KONIOrMYEeCKOM YCTOMUMBOCTH, KOTOpas TpebyeT, YUTo6bI FOPOACKOe NaHUPOBaHKE U CTPOUTE b-
CTBO OblIM HaMpaB/eHbl Ha COXpPaHeHWe MPUPOSHBIX PECYPCOB Y MUHUMM3ALMIO HEraTUBHOTO BO3AENCTBUSA Ha
rOpPoOACKyt0 cpefy (MCMONb30BaHME 3KOMOTUYECKU YNCTLIX TEXHOOINIA, CTPOUTENLCTBO 3€/1eHbIX 30H M pas-
BUTKE O6LLECTBEHHOrO TPAHCMOPTa);

2) aKCMOMe COXpaHeHUs Hacneans, KoTopas NpeanonaraeT 3aWuTy v pecTaBpaLMio UCTOPUYECKUX 34aHWIA,
MapKoB U ApyrnX 06B-EKTOB, 061a4at0LLUX KY/IbTYPHOM LEHHOCTHIO, YTO MOMOTaeT co34aTh YHUKa/bHbI 061K
ropofa v cbepeyb ero UCTOPUKO-KYNbTYPHOE Hacneaue;

3The charter of the new urbanism [Electronic resource]. URL: https://www.cnu.org/who-we-are/charter-new-urbanism (date of ac-
cess: 28.07.2023).
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3) akcuome Lieniecoo6pasHOCTY TEXHONOI WA, B COOTBETCTBUU C KOTOPOI TEXHONOTMK, MPUMEHSEMbIE B FO-
POACKOM MJIaHNPOBAHUN N CTPOUTENLCTBE, SO/MKHbI ObITh 3P PEKTUBHBIMY N 3KOHOMUYHbIMU (UCMO/b30BaHMe
3HeproaHeKTUBHbLIX CUCTEM OCBELLLEHWSA, OTOMNIEHNS 1 BOLOCHABXeHUs 1 4p.);

4) akcrome 3thheKTUBHOW NHAPACTPYKTYPbI, KOTOpas AMKTYET, YT0ObI ropog 6bin 3(HEKTMBEH M AOCTYMNEH
[N BCEX €ro XuTenei (pa3suTre 06LLeCTBEHHOMO TPaHCNopTa, CTPOUTE/IbCTBO MELUEXOAHbIX 30H U BE0CU-
nefHbIX JOPOXeEK, MOJepHM3aL M LOPOXHbIX CeTelr);

5) akcuoMme co3faHnsA MecT, KOTopas NogpasyMeBaeT opraHvM3auuio MecT 418 0TAbIXa, pa3BeyeHnii n co-
LUManbHOW akTUBHOCTM (HanpuMmep, NapKoB, CKBEPOB, CMOPTUBHLIX MNOLLAA0K U KYNbTYPHbIX LLEHTPOB);

6) akcrome coLmansHOM JOCTYNHOCTK, COMacHO KOTOPOW BCE XUTEN ropofa A0/MKHbI UMeTb BO3MOXK-
HOCTb MONYYEHUS CouManbHbIX YCyr, TaKUX Kak 06pa3oBaHue, 34paBoOXpaHeHue 1 TpaHcnopT (pa3suTue
coumnanbHOn MHAPACTPYKTYpbl, 06ecrneyeHne ee 4OCTYNHOCTU /19 BCEX C/TIOEB HACENEHMS);

7) aKkCMOMe TPaH3UTHO OPUEHTMPOBAHHOIO Pa3BUTHKSA, KOTOpas NpeaycMaTpuBaeT NMPOEKTUPOBaHKe ropoja
Tak, YToObl €ro XXMTEeAM MOrAN Nerko U yaobHo nepeasuratbea (pasBuTUE CUCTEMbl OOLLECTBEHHOIO TpaHC-
nopTa, cozfaHune yao6HbIX NewexoAHblX MapLLpyTOB);

8) aKkCMOMe pernoHanbHoi MHTerpauun, Kotopas TpebyeT, YTobbl ropoaa 6biM UHTEFPMPOBaHbLI B PErMo-
Ha/lbHYI0 3KOHOMMWKY W COLMabHY0 MHPaCTPYKTYpy (CO3A4aHMe COBMECTHbLIX MPOEKTOB, COTPYAHUYECTBO
MeXay ropogamu u permoHamu);

9) akCMOMe YeNloBEeYeCKOro Maclltaba, Kotopas npegnonaraeT, 4To6bl FOPOACKON An3aliH 1 NNaHUPoBaHUe
COOTBETCTBOBa/IM NOTPEOHOCTAM M BO3MOXHOCTAM Ntofder (34aHWs LO/MKHbI ObITh OCTATOYHO 6OMbLIUMU
N YAO6GHLIMU A1 XKM3HMW, a 00LLEeCTBEHHbIE MPOCTPAHCTBA LOCTATOYHO NPOCTOPHLIMU N KOM(POPTHLIMK A/15
npeacTaBuUTeNell BCEX BO3PACTOB M rPynn HaceneHus);

10) akcMoMe YCTaHOB/IEHHOM LeN0CTHOCTK, KOTopas nofpasyMeBaeT, YTO6bl ropofckas cuctema 6bina
YCTONYMBOW, 3hhEKTUBHOI 1 rapMOHNYHOW (KOOPAMHALIMA Pa3INYHbIX 3/IEMEHTOB FOPOACKOro NaaHMpPoBaHNs
N CTPOUTENBLCTBA, YUET 3KOSIOMMYECKUX, CoLManbHbIX 1 3KOHOMUYECKUX hakTopos) [8].

Mopoackas cpeaa v KayecTBO XKM3HW. Mo ropoAcKoii cpeaoin 06uTaHns (MPoXmnBaHMs) NogpasymMeBaeTcs
COBOKYMHOCTb OCHOBOMOJIAratoLnx ycioBuii, Co34aHHbIX 06LLECTBOM M MPUPOAOIA B FpaHULAX HACENIEHHOr0
MYHKTAa, KOTOPbIE BAUSIOT HA YPOBEHb 1 KaueCTBO Xn3HM. OHa 0bpasyeTcs 61arofaps COBMECTHOMY AeliCTBUIO
abnoTUYECKMX, BUOTMYECKNX M aHTPOMOreHHbIX (PaKTOPOB M (POPMMPYET OTHOLLEHME YeNOBEKa K ropogy
1 cucTeme ynpasneHus. Fopoackas cpefa BO3AeicTBYeT Ha 340p0Bbe 1 6narononyyune nogeli, N03ToOMy B Lie-
Nsx o6ecrneyeHns X XOpOLLEro caMmoyyBCTBUSA U 6e30MacHOCTM BaXKHO CO3[aBaTh KOM(OPTHbIE YCN0BUSA ANS
XU3HW 1 paboTsl B ropoje.

KauecTBO XXM3HWN HaceneHns - KOMMNIEKCHbI NoKa3aTeslb, KOTOPbIA OTPaXKaeT YPOBEHb XMU3HU B CTPaHe, pe-
rMOHE WU OTAeNbHOM HACeNleHHOM MyHKTe. 3TO OAWH U3 BOXXHEMLWNX UHAMKATOPOB Pa3BUTOCTU CTPaHBI,
MOCKO/IbKY OH B/IUSIET HA SKOHOMUKY, COLManbHOe 6/1arononyyme 1 ypoBeHb NPecTynHoCTH B 00LLECTBe.

BbICOKOE KaueCTBO XM3HW NOApasyMeBaeT CnefyHoLine acnekTbl:

* [0CTaTOYHYHO MPOLO/MKNTENBHOCTb XXMN3HU, NOAAEPXKUBAEMYIO XOPOLLIMM MEeLULMHCKAM 06CTYXXNBaHNEM
M OTCYTCTBMEM 3HAYMMbIX YTPO3 415 XKU3HWN U 340POBbS;

* npremsnemMblii 06beM NOTPeBIEHNs TOBAPOB M YCYT, FapaHTMPOBaHHBINA LOCTYM K MaTepuabHbIM Gnaram;

* Y[0BNETBOPUTENbHbIE COLMANbHbIE OTHOLLEHNS, OTCYTCTBME CEPbe3HbIX 0OLLECTBEHHbIX KOH(IMKTOB
N Yrpos;

« Gnarononyvune cembh;

* [OCTYMHOCTb 3HAHWI, KY/IbTYPHbIX LIEHHOCTEN, POPMUPYIOLLMX TMYHOCTL U NPeACTaB/EHNS 06 OKpYXKato-
Lem MUpe, a TakxKe BO3MOXKHOCTEN 418 NonyyeHns obpa3oBaHus;

* yyeT MHEHUA WUHAMBUAA NPU PeLLUeHUM 0OLLECTBEHHbIX MPO6/EM, CO3LaHMU O6LLENPUHATON KapTUHBI
MUpa 1 Npasui NoOBeLeHNS;

* COUMaNbHY NPUHAANEXHOCTb, NOMHOMNPABHOE YYacTMe B 0OLLECTBEHHOM U Ky/IbTYPHOMN YXUN3HU;

* OTKpbITOCTb UHOPMALMK, BK/IKOUAs CBEAEHNS O MONOXEHUN AeN B 06LLECTBE;

* KOM(hOpPTHbIE YCNOBUA TpyZa, Aalolero npocTop Ans TBOPYeCTBa U caMopeann3auumn, OTHOCUTENBHO
KOPOTKWiA pabounii AeHb, OCTaBNAKOLWMIA YeN0BEKY 10CTaTOYHO CBOOOAHOIO0 BPEMEHM ANS Pa3HbIX 3aHATUIA.

Hu3koe kauecTBO ropoACKoii Cpefbl, B CBOK OUepefb, MOXET ObITb CBA3AHO CO CeAYHOLMMM NPo6ieMamu:

* HefO0CTaTOYHO Pa3BMTOMN MH(PACTPYKTYPOW (OTCYTCTBMEM OOLLECTBEHHOIO TPAHCNOPTA UAN €r0 HU3KOI
[LOCTYMHOCTLI, HEXBATKOM 3€/1eHbIX 30H, MPo61eMamu ¢ BOJOCHaGXEHNEM 1 KaHann3aLuuei);

* HepaBeHCTBOM pecypcoB (pa3nnumnsmMu B 4OCTYMHOCTU XWbs, 06pa3oBaHms, 34paBOOXpaHeHUs 1 pabo-
UYMX MECT);

* coumanbHbiMU npobnemMamu (6efgHOCTbIO, 6e3paboTuLeid, MPECTYMHOCTLIO U APYTUMU HEraTUBHLIMM
ABNEHUSMM, KOTOPbIE BANAIOT Ha KAYECTBO XXMU3HU FOPOXKaH);

* 3KOMIOrMYecKMMmM npobnemamu (3arpsasHeHMeM BO3Ayxa, BOAbI U NOYB, LIYMOM U UHbIMU (akTopamu,
KOTOpble BO3LENCTBYIOT Ha 3[40P0Bbe roOpoXaH);
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* KyNbTYpHbIMU Npo6/ieMamu (HA3KMM pasHO0bpa3vem KynbTypbl 1 UCKYCCTBA, OTCYTCTBEM BO3MOXHOCTEN
Na KYyNbTYPHOr0 pasBuTus U 4ocyra);

* npob6nemamu 6e3onacHocTu (yrposamu Teppopusma, Hacunmna U NOL406HbLIMM 0BCTOATENLCTBAMM, KOTOPbIE
MOTYT BbI3bIBaTb CTPax M 6eCrOKOWCTBO Y ropoxaH).

CnepyeT 0OTMeTUTb, YTO KOMOPTHas FOPOACKas cpeja ABAseTcs 04HOBPEMEHHO U NPOLLECCOM B3auMOAeN-
CTBMS NPOXMBAIOLMX B ropofe NoAel ¢ FOPOLCKUMU CUCTEMaMU, U ero MpPoLYKTOM.

Co6CTBEHHO, co34aHme KOMOPTHOM rOPOACKOIA Cpefibl BEICTYMAET [MTaBHOM Lie/bio CNeLmannucToB B 061acTm
reorpaum, 3KOHOMUKK, apXUTEKTYpPbI, FPaSOCTPOUTENILCTBA, SKOIOMMM, COLMONOrNN, KYNbTYPOIOrUN 1 APYrux
HayK, KOTOpble MccnefyroT npouecchl ypbaHu3almm, 0COGEHHOCTU ee BAUAHUSA Ha 0OLLECTBO 1 OKPYXKAIOLLYHO
cpeny, a Takxke pa3pabaTtbiBatOT CTpaTerny pasBuMTUA roposoB U PerMoHOB.

Mo mHeHuto [. M. HapurHckoro, npodeccopa hakynbTeTa ropoAckoro 1 permoHanbHoro passuTns Boicluei
LLKO/Ibl SKOHOMUKM, KOTOPOE OH BbICKa3as B X0fe BbICTYN/IeHNs Ha Becepoccuiickom gopyme «Pa3BuTue manbix
ropofoB U UCTOPMYECKMX MoceneHnii» B 2023 T., 3HaKOBbIM COGbLITMEM MOCMEAHUX NET CTana peannsayus
thefiepasibHOro nNpoekTa «PopMUpoBaHMe KOM(OPTHO rOpOLCKO cpefbl», 3anyCTUBLUEr0 MeXaHU3Mbl B3au-
MOZeNCTBUA BNacTK 1 06LL,eCTBa U NPOCTUMY/IMPOBABLLErO ANanor Mexay cTeiikxongepamud. o pesynstatam
Bcepoccmiickoro KOHKypca Nyudllmx NpPoekToB cO34aHUsa KOMMOPTHOM ropofckoi cpefdbl B MasibiX ropofax
N UCTOPUYECKNX NOCeNeHNAX 6blna 0603HaYeHa BaXXHOCTb Pa3BUTUA He CTONLKO MEranosiMcoB, CKOMbKO Hace-
NEHHbIX NYHKTOB MHbIX (DOPMaTOB. 3TO MOPOAM/IO HOBYHO KY/IbTYPY NMPOEKTHO AesTeNIbHOCT, TECHO CBA3aHHYHO
C aHaIMTMKOW 1 NPOrHO3MpoBaHMeM. VIHTerpauus nogo6HbIX NPOEKTOB 1 pelleHnii B 061aCTW TPaHCMOPTHO
M KOMMYHanbHOW MH(PaCcTPYKTYpbl 06eCneyunT BbiX0L (POPMUPOBAHNA NPOEKTHbLIX PELUEHW B YacTu npo-
CTPAHCTBEHHOI0 Pa3BUTUS rOPOAOB Ha HOBbIN YPOBeHb. ONbIT pa3paboTKy NPOeKTOB KOM(OPTHO roOpoACKOiA
cpefbl 4O/MKeH ObITb UCMO/b30BaH ANA NOUCKA aKTyaNbHbIX NOAXOLO0B K XUWLLHOWA NoNnTuKe (B TOM yunchne
K KOMMN/IEKCHOMY COBEPLUEHCTBOBAHUIO TeppuTopumn). Knrouesas 3agada 4orocpoUHbIX MPOEKTOB NPOCTpaH-
CTBEHHOr0 Pa3BMTUA COCTOUT B OMPeAEesIEHNN TOTr0, CKOMLKO H0AEA Ha Kakoli TeppUTOPUIM U B KaKoi nepuog,
6yayT npoxunsatb. daHHble Bonpock! . M. HapuHCKKWiA KpaTKo chopMynupoBas cneaytowmnm ob6pasom: KTo?
rae? Korga? 370 B NOJIHOWM Mepe crnpaBe/IMBO U 4151 MPOEKTOB XW/NLLHOIMO CTPOUTENLCTBA.

Ypb6aHonorusa n yp6aHuctuka. PasymHbIM npeacTasnseTca MHeHve B. B. Ta6onnHa o ToM, 4TO (hopmu-
poBaHMe HOBOr0 Hay4HOro Harpas/ieHUs NpeanonaraeT HannumMe HayyHom rmnoTessl, Ha 6a3e KOTOPOIA paspa-
6aTbIBalOTCA TEOPETUYECKME KOHCTPYKLMM CUCTEMbI HOBOIO 3HaHUA 0 ropoge [9]. B HacTosLee BpemMs MHOTMe
Hay4Hble MPUOPUTETbI M3MEHSIOTCA, CMELLLaOTCA B 06/1aCTb KOMIM/IEKCHOTO aHam3a TexX Uan UHbIX NPOLLeccoB
1 ABNEHWI, a BaXHeLLel 3aaqeil MMPOBOA HayKM CTaHOBUTCS MPOrHO3 PasBUTUS NPUPOLbI 1 0bLiecTBa. B aaH-
HOM Cfly4ae Hay4Has rurnoTesa 3aknio4vaeTcsa B TOM, HTO MPUMEHUTENBHO K Npoueccy ypbaHu3auum pelnTs 3Ty
3a/1a4y BO3MOXHO UCK/TIOUMTENIbHO Ha OCHOBE CUCTEMHOI0, KOMIM/IEKCHOTO Y MEeXANCLUUMIMHAPHOTO NMOAX040B
K pPerynMpoBaHunIo NPakTUYeCKM BCEX aCMEKTOB XU3HeLeATeIbHOCTU Ye/loBeKa B ropoje. Takum o6pa3oM, Ha
rpaHuLe NepeyncieHHbIX Bbille HAYK U OTAe/IbHbIX HanpasieHWUi yCUamaMm CneymnanmcToB pasHoro npoguns
hopmupyeTca HOoBas CUHTETUYECKas HayKa - ypbaHonorus.

CornacHo onpegeneHunto, gaHHomy K. K. Kpacosckum, A. A. Cugoposuuem n . B. A6pamoBoii, ypba-
HOMOrWsA - KOMMeKCHasa Hayka 06 ypbaHu3auuu, nsyvarowias ee npocTpaHCTBEHHO-BPEMEHHYIO AWHAMUKY,
3KOHOMUKO-Teorpapuyeckme, aKonornyeckune, gemorpagpuyeckme, rpagocTpouTeibHbIe U COLMONCUXONOMN-
yeckune ocobeHHocTn [10].

Hy>XHO OTMeTWUTb, YTO B Y3KOM CMbIC/le yp6aHOM0rns AOBOJILHO YacTO pacCMaTpuBAaETCs Kak 0Tpac/b
couymonorun. Tak, Ha noptane «HauuMoHanbHasa aHUMKNIONeAMYeckas cnyxba Poccuu»h a Takxe B paboTte
B. B. Baruna [11] oHa onpefensetca Kak KOMMIEKCHasA Hay4yHas ANCUMNIMHA, 06beANHAOWAA 3HAHUA PasHbIX
oTpacneli B NOMNbITKAX CO34aHNs 06LLeil Teopun ropogckoro passutus. H. E. AueHKO cumTaeT ypbaHooruw
KOMM/IEKCHOW HayKOM, KOTopas ucciegyet UCTOPUI0, COBPEMEHHOE COCTOSIHUE U MepCneKTBbI PasBUTUS TO-
pofoB, a TakXke Bce NPob/eMbl, CBA3aHHbIe ¢ ypbaHu3aLmeio.

B nepeBoje Ha pycCcKMil A3bIK 3TOT TEPMUH 03HAYaET «rPajoBefeHne», N B HEM aKKyMyaupytoTcs, 0606-
LWAKTCA U UHTErPUPYIOTCA 3HAHUS O reorpagMyecknx, SKONOrMYECKMX, IKOHOMUYECKUX, COLNANbHbIX, rpa-
[LOCTPOUTENbHBIX, MCTOPUYECKUX U APYTUX NpoLeccax, npomcxoaawux B ropogax. E. M. MeHblunkoBa npu-
BOAUT NepeyeHb HayK, KOTOpble NexaT B 0CHOBe rpagosegeHus [12]. K HUM oTHOCATCA coumonorus ropoga
N [OEPEBHM, MCMXONOrNA BOCMPUATUS TOPOACKON Cpedbl, apXMTEKTypa 1 rpajoCcTpoUTeIbCTBO FOpoda 1 ero

4TpaHcnsauns Beepoccuiickoro dopyma «Pa3BuTue MasibiX FOPOJ0B Y UCTOPUYECKUX NOCeNeHNii» [DneKTpoHHbI pecypc]. URL:
https://www.youtube.com/watch?v=rJICNA2m_3E (gata o6patieHuns: 28.07.2023).

5Yp6aHonorus // Hau. sHumkn. cnyx6a Poccun [SnekTpoHHbIi pecypc]. URL: https://voluntary.ru/termin/urbanologija.html (gata
obpauieHmns: 28.07.2023).

BlueHkoH. E. Yp6aHonorus // TonkoBblii CNOB. 06LL,eCTBOBeS,. TEPMUHOB [SNeKTPOHHBIN pecypc]. URL: https://www.slovamik.ru/
html_tsot/u/urbanologi8.html (gata o6paweHmns: 28.07.2023).
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arsomMepauun, 3Konorua ropoga («rpafo3konoruyeckunii metabonusm» [13]), ropofckoe u arnoMmepaloHHoe
npoteccnoHanbHoe ynpaBneHue, ropoAckoe NpaBo, 3KOHOMUMKA FOPO/a 1 ero arjiomepauun, CTpaTernyeckoe
NNaHWPOBaHWe rPafoCUCTEMbI, CTPOUTENLCTBO U CTPOUTENIbHOE UCKYCCTBO, MHPOPMALMONOrus ropoga v ero
PervioHa, a Takxxe ropofcKoe X03sICTBO.

OfHako NonbITKX cOo34aTh KOMMIEKCHYHO TEOPMIO rOpoja Noka He yBeHYannch ycnexom [14] no psgy npu-
UMH. Bo-nepBbixX, 60MbLIMHCTBO CMELMATMCTOB He BbIXOAUAN 3@ PaMKM CBOMX HayK W 4acTo feKnapuposanu
npo6iembl, KOTOpbIe Npeaaranoch pewarb UX KoAeraMm U3 CMeXHbIX eCTECTBEHHbIX U TYMaHUTapPHbIX HayK.
Bo-BTOpbIX, NOAaBAsAKOLLaA YaCTb UCCEA0BAHNI HOCUIA HE MEXAUCLMNIMHAPHBINA, 8 Hay4YHO-MOMYNSPHbINA
onucaTeNbHbI XapakTep [9].

J1. B. KoraH, no npaBy cuntarowuinica Hapagy ¢ B. J1. [nasblueBbiM 0AHUM 3 OCHOBOMOMOXHMKOB yp6aHo-
NOTWMW KaK HayKu, OTMETW/, UTO «HaM HY>XXHa... HayKa 0 ropofax, 0 rOpoACKMNX CO06LLECTBaX, B KOTOPOiA paBHbI
B CBOMX NpaBax U UHTepecax U rpagocTpouTenu, 1 reorpagsl, U COLMONONU, U SKOHOMUCTLI, U MOANTONOTN,
1 gemorpagsbl, U KOPUCTbI, U MyHULMNANTbHbIE PABOTHUKK, 1 Bpaun, U T. 4.» [15]. OH Takxe cunTan, YTo «Bbl-
CoKas CTeneHb afjanTMBHOCTU ypbaHOIOrnm, ee NPUCMOCOBNEHHOCTL K MCNO/b30BaHWIO B CAMOM LUMPOKOM
CMEKTPe HayK CBA3aHbI C TeM, YTO OHa paboTaeT C TaKMMM KaTeropusamm yHAaMeHTa/IbHOr0 3HaHWS, KOTOpbIe,
Oyayum B3ATHl N3 CamMOro npouecca ypbaHusaumm, MoryT 6biTb MHTEPNPETMPOBaHbI KaK Ha YPOBHE BbICOKON
abcTpakuuy, Tak 1 Ha MPUKNagHOM, onepaLyoHHOM YPOBHE, OHW MOTYT ObITb HEMOCPEACTBEHHO Hab/IOAaeMbI
1 n3MepeHbI» [16].

C ¢unocockoit Toukm 3peHns ypbaHonorut, no MHeHuto KO. L. TbixeeBoid, cnegyeT NOHUMaTh KakK WH-
TerpaTuBHYH HayKy, UcCneaytoLLlyto Npo6aemMbl FOPOLOB M FOPOACKUX CUCTEM C CaMblX PasHbIX CTOPOH B UX
COBOKYMHOCTWT. 3TO TEOPUS FOPOAA, B KOTOPOIA MHTErpUPYHOTCS 3HaHUS, MPU3BaHHbIe YCTaHOBUTbL M 000CHOBATb
CYLLHOCTHbIE XapaKTEPUCTMKMN FOPOAa, er0 MCTOPUYECKME CMbIC/IbI M NPUPOAY C 0OLLUX METOA0N0MMYECKUX MO-
31UWiA. B pesynbTaTe MOXHO pacCMOTPETb ropoj Kak 0c060e coLuaibHOE, CTaananibHO 3HAYMMOE, UCTOPUYECKN
00YC/TIOBNEHHOE AABNEHWE B €r0 TECHOM eJMHCTBE C LMBUAN3ALMOHHbIM pa3BuTreM 0bLLecTBa. B ypbaHonormm
ropof BbICTYMaeT Kak CoLManbHO-UCTOPUYECKNiA (DEHOMEH, CamMmOe MOJTHOE BOMOLLEHWNE LMBUIN3ALUOHHOMO
npouecca, Npy 3TOM Ye/I0BEK 3aHUMAET B 3TON Hayke LieHTpasbHOe MECTO.

CerogHs ypbaHoorua paccMaTpuBaeTCcs Kak MeXAncLMnanHapHas Hayka, 00beiMHAOLWAa psj Hanpase-
HWIA: TPagoCTPOUTENBCTBO M FOPOACKOe NpoeKTupoBaHme [17; 18], skoHoMuKyY ropoga [2; 19-22], coumonoruto
ropoga [23-26], ropoackoe ynpasnenue [6; 17; 24; 25], reorpacguto ropogos [26; 27]. Kaxgomy 13 HUX no-
CBSAILLEHbI MHOXECTBO Ny6nMKaumii (B TOM Uncne B TaKUX BeAYLLUX XypHanaX, Kak «Cities», «City Planning
Reviews», «Urban Problems» n «Urban Studies») n yuyebHbIX n3gaHuii. HamHOro pexxe, 0C06eHHO B y4Ye6HOIA
nnTepaType, UCMO/Mb3yeTcs NpeasaraemMblil aBTOpamy HaCTOSALLEN cTaTby MOAXOA K MHTeprpeTauun ypbaHo-
NOTUKN KaK KOMMMNEKCHOM 061acTy 3HaHWIA 0 TOPOACKUX cuctemax [28].

B aBTOPCKOM NOHUMaHUK ypOaHOMOrUS - Hayka, KOTopas M3y4yaeT ropofa Kak Cl10XHble TEXHOCOLNanbHbIe
CUCTEMbI, CBSI3aHHbIE C OKpY>KatoLlei cpeioin U B3aumoaeincTByoLLme ¢ Heil. COOTBETCTBEHHO, ypbaHomor -
3TO YYeHbli, KOTOPbIA 3aHMMAeTCA UCCef0BaHNEM FOPOAOB Kak LLeNIOCTHBLIX CUCTEM C MOMOLLBI0 HayUHbIX
MeTO/0B, paccMaTpMBaeT ropof B KauyecTBe €4UHOr0 OpraHuM3Ma CO CBOE CTPYKTYpOW M 0COBEHHOCTAMU
(hYHKLMOHMPOBaHUS, TOPOACKYH Cpeay C ee cneLugurKoii, npobaemamm 1 xapakTepucTUKaMm B3auMoLencTans
C OKpYyXXatoLLeld MpMpOAOWA, coumanbHbie MPOLECCh, NPOUCXOAALLNE B TOPOAE, a TakKe ero SKOHOMUYECKYH)
1 NOIMTUYECKYHO YKU3Hb.

OO6BEKTOM M3yyeHUs ypbaHONOrumn SBASETCA FOPOJ Kak LieNoCTHas CUCTeMa, BKIOYAKOLWAsA pas/inyHble
anemeHTbl (reorpanyeckne, 3KOMOTMYECKME, COLMabHbIe, 3KOHOMUYECKNE, MOIMTUYECKME, KY/bTYPHbIE
M ap.), a ee NpeaMETOM BbICTYNaKT 3aKOHOMEPHOCTM (DYHKLMOHNPOBAHMSA W Pa3BUTUS FOPOAa Kak LLeNoCTHO
CUCTEMbI C ee MPOCTPAHCTBEHHOW OpraHu3aumein, PyHKLNOHANbHOW CTPYKTYPOI1, 0CO6EHHOCTAMI B3auMOoei-
CTBMWS C NPUPOAHON Cpefoli, coLnanbHbIMM, SKOHOMUYECKUMI 1 KYNTbTYPHBIMW NPOLLECCaMM, 3KONOTMYECKUMU
npobnemamu.

Yp6aHonorusa usyyaeT npoLeccsl POPMUPOBAHUSA U PA3BUTWS FTOPOLCKUX TEPPUTOPUIA, NX YHKLMOHANbHBIE
1 MPOCTPAHCTBEHHbIE XapaKTEPUCTUKM, BONPOCHI, CBA3aHHbIE C TPAHCMNOPTOM, MHPACTPYKTYPOIA 1 ynpaBieHnem
ropoAoMm, a TakXKe B3aMMOCBS3b FOPOA0B C OKPYXKatoLLeli cpeoi 1 o6LiecTBoM. Mo MHeHuto HO. L. ThixeeBold,
ypb6aHonorus onupaetca Ha ypbaHncTukys.

B cBOO ovepefb, ypOaHUCTMKA - 3TO MEXANCLMNIMHAPHOE MPUKIaAHOe HanpaBneHWe, KOTOpoe n3y4vaet
ropof B KOHTEKCTE pa3BUTUSA FOPOLCKON Cpefbl U B3aMOAERCTBMS Pa3IMUYHbIX FOPOACKUX CUCTEM /15 peLleHmns
HacyLLHbIX MPo61eM ropoxaH. Yate Bcero nog yp6aH1MCcTUKON NOHMMAETCA UAKN FOPOACKOE MaHnpoBaHue, Un
aKTVBHOE yyacTune B 06CYXXAEHUN MMBO MHULIMMPOBAHNM MPOEKTOB rOPOACKOro 6/1aroyCcTpoincTBa 1 ynyuLleHus

1TbixeeBa HO. LI. YenoBek B ropofCcKoM MpPOCTPaHCTBE: (MNOCOGCKO-aHTPOMONOrNYeCKNEe OCHOBaHWSA yp6aHonorum : asToped.
auc. ... a-pa ¢wmnoc. Hayk : 09.00.13. CI6., 2004. 35 c.
8Tam xe.

10



eorpacus
Geography

ropoAckoii cpefpl. COOTBETCTBEHHO, YPOAHUCT - 3TO Ye/IOBEK, KOTOPbIN XMBET UK paboTaeT B ropoje U 3a-
HMMaeTCs ero pasBMTUEM U yy4lieHneM. OH MOXET OblTb apXUTEKTOPOM, AM3aAHEpPOM, FPajgoCcTpouTeNiem
NN 0BbIYHBIM FPaXKAaHUHOM, KOTOPLIA XOUeT CAenaTb CBOM ropog 6onee KOMOPTHLIM U MPUB/EKATE/TbHBIM
L7151 XKNU3HW.

Takum 06pa3om, oTAnuMe Mexay ypbaHonorom v yp6aHUCTOM 3aK/o4aeTcs B TOM, YTO MepBbIi Npea-
CTaBNseT COOOWA CreumanncTa, KOTOpbliA aHaNM3NPYET ropoj, C Hay4YHOW TOYKM 3PeHNs, a BTOPOIA - YeNoBeKa,
HeMoCcpeACTBEHHO YYaCTBYHOLLETO B XXU3HW ropoja WU CTpeMsLLerocs caenartb ero nydwe. W ypbaHonoru,
1 ypBaHUCTbl MOTYT, HaNpPMUMep, 3aHNMaTbCS NMPOEKTUPOBAHMEM 1 LM3aAHOM FOPOACKON Cpeabl, NCCefoBaTh
FOPOACKYIO Ky/NbTypy U UAEHTUYHOCTb 1 Ap.

B aBTOPCKOM MOHUMaHUW CUTWU-MEHEXKMEHT - CUCTeMa ynpaB/ieHns rOpoLOM, BK/KOUatoLLas naaHMpoBa-
HWe, OpraHu3auuio, KOHTPO/b M KOOPAMHALUI0 BCEX acMeKTOB FOPOACKON XWU3HW, B TOM YKNC/Ie 3KOHOMUKM,
MHPACTPYKTYpPbl, TPAHCMOPTA, COLManbHON cepbl, 3Konorum n 6e3onacHocT. COOTBETCTBEHHO, CUTU-Me-
HeXep - 3TO PYKOBOAMTENb, KOTOPLIV OTBEYaET 3a yrpaBaeHne ropoAoM 1 ero passutrne. OH Jo/mMKeH 06nafaTh
3HaHUAMMK B 06/1aCTV reorpadum, 3KOHOMUKK, (PUHAHCOB, MpaBa, COLMOMOTUN, NMCUXONO0TMU U APYTUX Hayk,
4TO6bI NPMHUMATL 3(h(EKTUBHbIE PELUEHNS MO NOBbILEHNIO KaYeCTBa XXU3HU FOPOXaH.

Yp6aHonorus n cCUTU-MeHe)XMeHT TECHO CBA3aHbl MEXAY COO0M, Tak Kak OHV HanpaB/ieHbl Ha Yy4LleHne
XKU3HU B ropojax. YpbaHonorns nsyyaetT 0CO6EHHOCT rOPOACKON Cpedbl U NpeAnaraeT peLeHns no noBbl-
LUEHWIO KA4yecTBa XXU3HW FOPOXKaH, a CUTU-MEHEMKMEHT 3aHMMAETCs NPaKTUYECKMM YNPaBEHNEM FOPOLOM
N peannaauneit 3TUX PeLLEHWiA.

OCHOBHbIe Hay4Hble MOAX0A4bl B yp6aHOIOrMN 1 HanpaBieHns ee pasBuTus. [ns usyyeHms ypbaHo-
NOTMY KaK HayKn 1 OCBOEHUS ee KakK y4ebOHOli creumnabHOCTM HE0OXO0ANMBI 3HaHMS B CNeAYOLWNX 061acTsX:

* apxuTekType (MPOEKTMPOBaHWE ¥ An3aiiH FTOPOACKON cpefbl, BKAOYas XU/ble, KOMMEpYeCKme 1 obLe-
CTBEHHbIE 34aHNS);

* reorpaguu (M3yyYeHMe MPOCTPAHCTBEHHOI OpraHU3aLuyM U TEPPUTOPUAIbHON CTPYKTYpPbl FOPOAOB BO
BCEM WX MHOroobpasnn);

* TeOMH(OPMALNOHHBLIX TEXHOIOMMAX (MCMONb30BaHNE BO3MOXHOCTE COBPEMEHHBIX CMCTEM A1 coopa,
XpaHeHUs, aHanMn3a n rpauyeckoin Bu3yanmsalumm jaHHbIX O FOPOACKONM Cpefe U 0COOEHHOCTAX ee (DYHKLMO-
HNPOBaHUA);

* rpagocTpomTenbcTBe (pa3paboTka MNaHOB M CTPaTeruii pasBuTUS rOpPoLOB, B TOM YKC/Ie NO BOnNpocam
30HMPOBaHUS, MHPACTPYKTYPbI U 61aroycTpoiicTBa TEpPUTOPUN);

* NaHAWwahTHOM Au3aiiHe (MPOEKTUPOBaHME U CO3LaHMe NaHALLAa(TOB, KOTOPbIE Yy4LLAKT Ka4eCTBO XKU3HM
ropoXkaH 1 CNOCOGCTBYHOT 3KOMOTMYECKOI YCTOMUYMBOCTH);

 couuonornu (M3yyeHne coumanbHbIX MPOLECCOB M CTPYKTYP B FOPOACKMX CO06LLECTBax);

* TpaHcnopTe U NOrUCTUKe (MCCNeoBaHMe CTeNeHN MOOGUILHOCTH 1 TPAHCMOPTHOM SOCTYMHOCTHU, pacyeT
ONTUMabHOrO BPEMEHU, KOTOPOE 3aTpauMBaeTca Ha JOCTaBKY rpy30B M MacCaXupoB, 418 co3faHus cbanaH-
CUPOBaHHOI 3KONOIMYHOW TPAHCMNOPTHOW CMCTEMbI, 06ecneumnBatoLLeil yCTOMYMBOE pPa3BUTME FOPOAa);

* 3KOM0rMK (MccnefoBaHNe 3KOMOTMYECKUX NPO6/eM M MOCMEACTBMIA X BAUSHUS Ha FTOPOACKYIO cpegy
(3arpsisHeHVe BO3LyXa, LUYMOBOE BO3AEACTBME U YCTOMUNBOCTb K M3MEHEHUIO KNNMATA));

* 3KOHOMMKe (aHa/IM3 3KOHOMUYECKIMX MPOLLECCOB 1 (PAKTOPOB, BANUSAOLLMX HA (DYHKLNOHNPOBaHNE rOpPO/0B
1 MOBbILLEHVE UX NPUBEKATENBHOCTW);

* opucnpygeHumu (onpegeneHre npae n 0653aHHOCTEN BCEX YHACTHUKOB PbIHKA HEABVMXKMMOCTH, PEryiu-
poBaHMe BOMPOCOB FPajoCcTpOnTeNbCTBA, 30HNPOBAHUS TEPPUTOPUIA, 3eM/IENONBL30BAHUS U Ap.).

OCHOBHbIe Hay4Hble NOAX04bl B yp6aHONOrMmn NpescTaBneHbl Ha PUCYHKE.

(  HOpwuguuecknii )

[ OKOHOMHYECKUHI ApPXUTEKTYPHBIHA ]

C Kynerypablil leorpaduuecknii

[

OCHOBHEIE TOIXO/IEI

OKOIIOrHYeCKui I'moGansueIi

[ TexHonorunueckuii CouuanbHblii )

[ Monntnyecknii )

OCHOBHbIe Hay4Hble N0AX04bl B yp6aHON0runm
Basic scientific approaches in urbanology

1



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteta. Neorpadus. Meonorms. 2023;2:3-16
Journal of the Belarusian State University. Geography and Geology. 2023;2:3-16

Ba)KHO NOHMMAaTb, YTO KaXKAblii U3 3TUX MOLXOLOB MMEET CBOM MPEMMYLLEecTBa U HeJOCTaTKM, NO3TOMY
TOMIbKO MX COYETaHME MOXET NMOMOYb Hambosiee MOMHO MOHATL MPOLECChI, MPONCXOAALLME B TOPOAE, U pas-
paboTaTb 3hPEeKTUBHbIE CTPATErMM YNPABNEHUS UM.

MockonbKy B OCHOBE MoJlydaemoro B benapycn 06pa3oBaHus B 3Tl Cepe NeXUT UMEHHO reorpatnyeckuii
OnbIT, 0603Ha4YUM MPUOPUTETHLIE HaMpaBneHWs reorpagun, TECHO CBA3aHHble C ypbaHoNoruei:

* APXWUTEKTYPHYHO reorpadmio (M3yyeHne NPOCTPAHCTBEHHbLIX OTHOLLEHWIA MEXAY 30aHUSMU 1 OKPY>KatoLLLe
Cpefoii, apXUTEKTYPHBIMU 06bEKTaMW M NPUPOAHBLIMU U aHTPOMOFEHHbIMU (haKTOpamu, OLEHKa NX BIUAHWS
Ha rOpO/ACKYHO Ccpeay, B3aMOAeNCcTBMe C OKPYXXKatoLWwen Npupoaoi 1 o6LLecTBOM);

* TFOPOACKY'O reorpagmto (paccMoTpeHne 0CO6EHHOCTEN ropoACKO cpebl U CneuntnKn ee CBsA3N ¢ Npu-
POAHBLIM 1 COLMAbHO-3KOHOMUYECKUM OKPY)XXEHUEM, UCCMe0BaHMe NPOCTPAHCTBEHHOM OpraHM3aL My ropojos,
NX CTPYKTYpPbIl, QYHKLMWA 1 AUHAMUKN Pa3BUTURA);

* KyNbTYPHYIO reorpaguio (aHanu3 KynbTYpHbIX MPOLECCOB, X POaX B (hOPMMPOBAHUMW FOPOACKOW MAEH-
TUYHOCTM U KYNbTYPHOW XXMN3HW FOPOXaH, 0630p My3eeB, TeaTPOB, KMHOTEATPOB, PECTOPAHOB U APYTUX Ky/lb-
TYPHbIX 06bEKTOB (B TOM YMC/E B LENAX AYXOBHOI0 pa3BuTuA 06LLecTBa));

* cOUManbHy reorpaduio (U3yyeHue COLUANbHOW CTPYKTYPbl FOPOAOB, AeMOrpaUuUecKnx AaHHbIX,
3KOHOMUYECKNX MOKasaTeneid, KynbTypHOro pasHo06pasus 1 coLmanbHbIX Npobnem, onpeaeneHue noTped-
HOCTEN 1 OXMAAHWIA Pa3MUHBIX TPYNM HaceNeHus U pas3paboTka CTpaTeruii ynyuylleHns ropoackoin cpeapi
1 NOBbILLEHNS KaYeCTBa XNU3HW);

* 3KOJIOFMYECKYHO reorpauio (MccnefoBaHWe 3KONOrMyeckux npobsiem ropofos 1M NocneAcTBUlA UX BO3-
[eNCTBMS Ha OKPYXXAIOLLYHO Cpedy, CO3JaHune CTpaTernii CHUXKEeHWs YPOBHSA 3arpsisHEHHOCTW BO34yXa, BOAb,
MOYBbLI M NPeAOTBPALLEHMNS BANSHUSA APYTNX SKONOTMYECKUX NPO6/eM, CBA3aHHBIX C AeSTeNbHOCTbIO FOPOLOB);

* 3KOHOMMYECKYIO reorpaduio (yCTaHOB/IEHME acMeKTOB 3KOHOMMYECKON XU3HU FOPOAOB, X POSN B pe-
TMOHaNbHOW M HaLMOHabHOW 3KOHOMMKE, aHan3 ropoackoli 3KOHOMUKW, ee 0TPac/eBOW CTPYKTYpPbI, TEPPU-
TOpPUanbLHOM OpraHnu3aLmu 1 cneLmpuKn B3aumMoaencTBms ¢ 4PYrMMy ropogamm U permoHamum).

Ha coBpemMeHHOM 3Tane CoLMasbHO-3KOHOMUYECKOTO pa3BUTUA 0COBYH aKTyasbHOCTb NpuobpeTatoT
npo6siemMbl FOPOACKOr0 HEPaBEHCTBA B KOHTEKCTE pasMeLLeHMst TOPOACKMX CUCTEM B MPOCTPaHCTBE. ITM BO-
NpOoChbl SABAAOTCS NPEAMETOM aKTUBHbBIX CUCTEMATUYECKNX UCCEe[0BaHUNI 3apyBeXHbIX YUYeHbIX (B OCHOBHOM
reorpa)oB 1 3KOHOMWCTOB), B CBA3M C YeM Lies1eCo06pasHbIM NPeACcTaBseTcs pacCMOTPEHME MX OMbITa aHa-
N33, OLEHKU U MOAENNPOBaHUSA pa3MeLLeHns roposa B npocTpaHcTee. CnewmanuncTbl BbIAeNAT CeayroLme
(hakTOpbl NPOCTPAHCTBEHHOI0 HEPABEHCTBA: pa3Mep I0KaSIbHOMo pblHKa (MI0THOCTL 3aHATbIX), APQPeKThl OT
nokanusaunn (BHewwHue 3hheKTbl 04HOW oTpacan) u ypbaHusauumn (BHewwHUe 3hPeKTbl MEXO0TPac eBoro
B3aMMO/ENCTBMSA) N PbIHOYHbIM NoTeHUMan. K KnoueBbIM NPMYMHAM KOHLEHTPaLUmM 3KOHOMUYECKON aKTUB-
HOCTW B PErMOHE OHU OTHOCAT 06beJMHEHUE pbIHKA TPYLa, COBMECTHOE MCMO/b30BaHUE PECYPCOB M 06MEH
3HAHWSAMU. YUeHble TakXKe OLeHUBAKOT BAUSHUE YMCIEHHOCTU U MAOTHOCTU HAaCeNEeHNS Ha NPOAYKTUBHOCTb
ropoga. MpumeHss 3akoH Linnda, oHY 06BbACHAIOT 3BOIOLMIO TOPOACKNX 3KOHOMUK MYTEM COXpaHeHUs onpe-
JleNeHHbIX TEHAEHUMIA B pacnpeaeneHmmn pasmepos ropoaa [29].

OCHOBbIBasICb Ha aHa/IM3e COBPEMEHHbIX MUPOBbLIX TEHAEHLMIA, B pa3BUTUN yPOaHOMOr M MOXHO HAMETUTb
HECKO/IbKO MarncTpabHbIX HarnpasieHnii (CBOEro poa HayuHbIX LUKO/): apXUTEKTYPHY ypbaHoMorun, ropos-
CKO€ NnaHMpoBaHue, MPOCTPaHCTBEHHbIV aHaN3, couuanbHy ypoaHONOr o, 3KON0rMYecKyo ypbaHonoruio,
rOpHY0 Yp6aHOMOrno 1 NoA3eMHYH0 yp6aHOoNoruto.

ApXunTeKTypHasa ypbaHonorus paspabarbiBaeT KOHLENLUM 3aCTPOMKN FOPOLCKUX TEPPUTOPUIA, nccnegyet
B/IMSIHME TOPOLCKON apXMTEKTYPbl Ha CPefy M KayeCTBO XW3HU nogeil. OHa OpUEHTMPOBaHA Ha co3daHue
KOMMOPTHOM 1 3CTETUYECKU NPUBMEKATENIbHON FOPOACKONA cpesbl.

"opoAcKoe MaaHMpOBaHME M3y4yaeT MPUHLMMLI U METOAbI pa3paboTKM MIaHOB M CTpaTernii passuTus ro-
pofa, BK/to4aa onpefesnieHne Leneid 1 3afad, aHaau3 pecypcoB U BO3MOXHOCTe, KOHTPO/b 3a peanu3saLmei
3TUX peLLeHnid. OHO ABNAETCS K/HOYEBLIM (PAKTOPOM YCTONYMBOro Pa3BuTUA ropoga 1 o6ecneyeHmns BbICOKOro
KauyecTBa XXM3HU ero obutartenei.

MpoCTpaHCTBEHHLIA aHaIM3 NOCPEACTBOM UCCEL0BaHNSA FeorpaiMuecknx JaHHbIX aHaIM3MpPyeT NPOCTpaH-
CTBEHHbIE 0COGEHHOCTM Pa3INYHbIX 06BEKTOB 1 AB/IEHNI FOPOAA U B3aMMOCBSI3M MEXAY HUMU, yCTaHaB/IMBaeT
TeHAEHUNM 1 3aKOHOMEPHOCTU B MX NPOCTPAHCTBEHHOM pacnpefeneHnn U NPOorHO3NpPyeT N3MEHEHMS.

CoumanbHas ypb6aHONOrns akLeHTUpYeT BHUMaHNE Ha COoLMabHbIX MpoLeccax, NpoMcXoaaLimnx B ropogax,
M X BIMSIHUW Ha XXU3Hb NIOLe, uccnefyeTt npobiemMbl, CBA3aHHbIE C MPOXMBaHWEM B ropoge. B nx uncno
BXOAAT MUTpaLms, coumnanbHas cTpaTugukalms, BONpoCckl CoLmanbHOM Mo6UNLHOCTH, 06pa3oBaHus, 34paBo-
OXpaHeHUs, 3aHATOCTU U T. 4.

3kKonornyeckas yp6aHonorus paccmaTpubaeT BONPOCbI 3KOOMMYECKOW YCTOUWYMBOCTU U COXPaHEHUS
NPUPOLHOIA cpeabl B ropofax, BKAKOUaeT B ce6s nccnefoBaHne BAUSAHWSA TOPOACKOA MH(PaCTPYKTYphbl Ha
OKpYXXaloLLylo cpedy, pa3paboTKy 3KO0rMYeCKUX CTpaTeruii U NnaHoB, a TaKXe BHEeAPEHUE 3KONOrMYecKu
YUCTbIX TEXHOMOMUA.
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Oco60e MeCTO B 3TOM psfy 3aHMMalOT ropHas yp6aHonormsa 1 nogseMHas ypbaHonorus.

"opHas ypbaHOoOrus CBsizaHa C KOMM/IEKCHLIM Pa3BUTMEM FOPOAOB M APYTUX HACENeHHbIX MYHKTOB, pac-
MOMIOXKEHHBIX B FTOPHOA MecTHOCTU. OHa M3y4vaeT 0COOEHHOCTM ypbaHM3aLny FOPHbIX TEPPUTOPUIA, 3aKOHbI
(hOpMMPOBaHUSA, PasBUTMS W 3BOMIOLMM FTOPHO-TOPOACKUX CUCTEM, a TaKXe MaaHMpPOBaHWs, CTPOUTENbCTBA
1 ynpaBieHWs TakuMU ropojamMm ¢ YH4eTOM BANAHUS Ha HUX KOHKPETHbIX NMPUPOAHbLIX, SKOHOMUYECKUX U CO-
LManbHbIX YCNOBWIA. NaBHbIE Liesv FOPHOI yp6aHoNorum - Hay4yHo 060CHOBaHHOe rpafoCTPOMTeNbCTBO, Ha-
npasfieHHOe Ha cobNtofeHre NPUPOLHO-3KOHOMUYECKMX 3aKOHOB U NMPUHLMMOB 3KOM0MMYECKOro paBHOBeCKS,
1 pa3yMHOe pa3BMTME, COrnacoBaHHOE C XapaKTepucTUKaMu CTPYKTYpPbl FOPOAOB, UX PYHKLUUAMU U cneundu-
KOW NiaHUpOBKY TeppuToprun. M TO 1 Apyroe fO/MKHO He TOMbKO 0TBeYaTb TPeboBaHMAM co3faHns 6naronpu-
ATHOW cpeabl 415 XXU3HK 1 paboTbl, HO 1 CNOCOOCTBOBATL JO/ITOCPOYHOMY YCTOWUMBOMY Pa3BUTMHO FOPOAOB,
4TOObLI COOTBETCTBOBATL TPEOOBAHUAM LOCTVXEHUS 4UHCTBA SKOHOMUYECKMX, COLNAIbHBIX 1 3KOIOTUYECKNX
Bbirog [30].

MogzemHas yp6aHo10rs ConpsbkeHa ¢ KOMMAEKCHbLIM UCMO/Ib30BaHWEM MOA3EMHOr0 NPOCTPaHCTBA rOPoLOB
M LPYrUX HACeNeHHbIX MYHKTOB, OTBEYAOLW MM TpeboBaHWAM rpafoCcTPOMTENbHON 3CTETUKN, COLMANTbHOM T1-
rMeHbl, a TakKe TEXHUKO-3KOHOMUYECKOM LienecoobpasHocTu. Ee rnasHble Lenn - obecneyeHre ONTUMabHbIX
yCnoBuiA Tpyda, ObiTa, OTAbIXA U NEPeABUKEHUS HACeNeHUA NOL 3eMeld, YBeNudeHue naowann oTKpbITbIX
03€/IEHEHHbIX NPOCTPAHCTB Ha NOBEPXHOCTU, (HOPMUPOBAHME 3L40POBOM, YAOOHOW M 3CTETUYECKM MpUBe-
KaTenbHOM noA3eMHoON cpefbl. CTeneHb MCNONbL30BaHMA NOA3EMHOI0 NPOCTPAHCTBA, TEXHUKA Y TEXHONOr NS
BefeHNs paboT 3aBMCAT OT BE/IMUMNHBI TOPOAA, XapaKTepa U COAEPXKaHNs NCTOPUYECKN CNIOXMBLLEACS U nep-
CMEKTUBHOW 3aCTPOIKM, KOHLEHTpaLuy AHEBHOT O HACENEHNS B Pa3/IMYHbIX YACTAX FOpPoa, PacHeTHOrO YPOBHS
aBTOMOOMAN3ALMN, MPUPOAHO-KTUMATUYECKUX, NHXXEHEPHO-TE0NOMMYECKUX U APYTUX YCOBUIAY.

YMHble ropoga n «CnmbrnocnuTun». B 3akntoyeHne Heob6X0ANMMO CKa3aTb HECKO/LKO C/I0B O TEX KOHLEnN-
UMsX, B peannsaLmm KOTopbIX CNeLmanmncTbl-ypoaHonoru 6yayT BOCTPe60BaHbI B NepBYLO ovepelb. Peub naet
0 MpoeKTax co3faHns YMHbIX ropogos 1 «Cumoénocnutm» [31; 32].

Mof yMHbIMKW ropojaMy NOHUMAETCA KOHLIENUMSA ropoAcKoro passmTus, OCHOBaHHas Ha MCMOJb30BaHUN
NH(POPMALUOHHBIX N KOMMYHUKALMOHHbLIX TEXHONOTUIA AN8 YNYULIEHWUS KayeCcTBa XXU3HWU FOpoXKaH. YMHbIe
ropoja cTpemaTcs K co3faHunto 60nee a(heKTUBHOM M YCTOWUYMBOI FOPOACKON Cpebl, KoTopas cnocobHa agan-
TUPOBATLCA K U3MEHAIOLLMMCA NOTPEBHOCTAM HACceNleHUS U OKPYXKatoLLeil cpefibl. 3Ta KOHLENUNSA BKKOYaeT
crnefytoLmne 3NeMeHTbI:

* VHTENNIeKTyaNlbHble CUCTEMbI YNpaBieHns (MCNOb30BaHKE PasiMyHbIX JAaTYMKOB, CEHCOPOB U CUCTEM
cbopa faHHbIX AN MOHUTOPMHIA FOPOACKON MH(PaCTPYKTYpbl (TPAHCMOPTA, 3HEProCcHabXeHNUs, BOAOCHA6-
XKEHWA U T. A.) U YNPaBIEHUS €10);

* VHTENNIEKTYaNbHY MH(PACTPYKTYpPY (CO3a4aHne MH(PACTPYKTYpPbl, aBBTOMAaTUYECKN ONTUMU3NPYHOLLLET
CBOM (hYHKLMM 1 06ecneymBatoLLei NydLlyto Npon3BoANTENbHOCTb (HaMpuMep, YMHbIX CBETO(OPOB, KOTOPbIE
PEryNUPYIOT ABMXKEHUE TPAHCNOPTA M CHWKAKOT 3aTOpbl Ha Joporax));

* YMHbI/ TpaHcnopT (pa3paboTka MHTENNEKTYa/IbHbIX TPAHCMOPTHbLIX CUCTEM, KOTOpPble MOBLILWAOT 40-
CTYMHOCTb TPAHCNOPTa, CHWXKAIOT 3aTopbl Ha Aoporax, obecrneynBaloT 6€30MacHOCTb ABUXEHUS U MOTYT UC-
No/1b30BaThCA AN ONTUMU3ALMM MapLUPYyTU3aL MU U NAaHUPOBaHUSA 06LLECTBEHHOrO TpaHcnopTa [33, U. 2 1 4]);

* 3KO/I0TMYECKME CUCTEMbI (aKTUBHOE BHEAPEHWNE IKOTOMMUYECKM YNCTLIX TEXHOMOT NI, TaKNX KakK BO30OHOB-
NSIEMbl€ UCTOYHWUKW SHEPTUW, SHEPTO3((EKTMNBHbIE 34aHUA U CUCTEMbI YTUAN3AL MU OTXOAO0B, A/ YMEHbLIEHUS
BbIGPOCOB BpeAHbIX BELLECTB B aTMOC(epy M YNyULleHUs KavecTBa BO34yXa);

* MHTEPHET Belleli (LLIMPOKOe MCMO/b30BaHMe TEXHONOMUIA MHTEPHETA BeLLelt AN8 ynpaBneHns ropoacKoi
NHMPaCTPYKTYpPOIi 1 06ecneyeHmns 6e3onacHOCTU (HanpuMep, CUCTEM MOHMTOPMUHIA 6€30MacHOCTM Ha ynLax
N B 06LLECTBEHHbIX MeCTax, CUCTEM KOHTPO/A 4OCTYNa U BUAEOHAONI04eHNA));

* UMpPOBbIe YCAYTX U NPUNOXKeHUs (NpefocTaBfeHNe XUTENAM LUMPPOBLIX YCAYT U NPUNOXKEHWI, KOTO-
pble NOMOralT UM YNpaB/ifTb CBOUMU XMU3HAMU, NONYyYaTb MHHOPMALMIO O FOPOLCKUX COBLITUAX U yCayrax,
a TaKkXXe B3avMOJeNCTBOBaTbL C FOPOLCKOM MH(PaCTPYKTYpoOit);

* CMCTEMY YMHOIO FOPOACKOro ynpaBfeHus (BHeApeHVe HOBbIX METOAOB YMpaBfeHUs, OCHOBAHHbIX Ha
MCMOMb30BAHMUN AaHHbIX U aHA/IUTUKE, YTO MO3BONSET MPUHMMATL 60/1ee 060CHOBAHHbIE PeLLeHNs 1 ONTUMU-
31poBaTb MCNONb30BaHME pecypcoB [33, u. 4]).

B uenom ymHble ropofga - 3To GyayLiee ropoACcKOro pasBuTHs, MOCKOMbKY OHWM MPefOCTaBAAIOT HOBble
BO3MOXHOCTU A1 YYYLLEHUA KaYeCTBa XKM3HM U NOBbILLEHNS 3(eKTUBHOCTIN rOPOACKOW MHGPACTPYKTYPbI.

«CMOMOCUTU» - 3TO NPOEKT ropofa, paspaboTaHHbI A1 AEMOHCTPALMN HOBbIX peLleHnii B TOPOACKOM
NMaHUPOBAHUN 1 CO34aHNA KOM(OPTHOI U 3KONOTMYHOWN FOPOACKONA Cpeabl. B ero 0CHOBE NEXWT Lie/IOCTHbIA

dlogsemHan ypbaHncTuka // FopH. aHUMKN. [3neKTpoHHbIA pecypc]. URL: http://www.mining-enc.ru/p/podzemnaya-urbanistika
(mata obpaweHus: 28.07.2023) ; Ckynos b. A. Bce rnybxe, rnyoxe n rnyoxe. CTpaTerms UHHOBALMOHHOIO pPa3BMTUS NOA3EMHO-
ro ropoAckoro npoctpaHcTBa // CTpout, akcnepT [SnekTpoHHbIA pecypc]. URL: https://ardexpert.ru/article/4137 (gata obpalyeHus:
28.07.2023).
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1 BCEOOBLEMJTIOLMI NMOAXOA K YCTONYMBOMY FOPOACKOMY PasBUTUIO, KOTOPbIA MpeBpaLLaeT ropojckue npo-
61eMbl B BO3MOXHOCTM.

OLHVIM U3 KTHOUEBbIX 3/1EMEHTOB «CUMOMOCUTIY ABNSIETCA LLMPOKOE NCMO/b30BaHME 3e/1eHbIX HACKAEHNIA.
B ropoge 4oMHO 6bITb CO3aH0 MHOXECTBO MapKOB ¥ CKBEPOB, KOTOPbIE He TO/bKO BbICTYMAKT MECTOM OTAbIXa,
HO 1 06ecneyYnBatoT 3KOOTMYECKYHD YCTONUMBOCTb. Kpome TOro, Takoii ropof MeeT pa3BuTyr UHDPaCTPYK-
TYpY, BK/THOUAIOLLYIO 06LLECTBEHHbIA TPAHCMOPT, NeLIeX04HbIe 30HbI, BE/IOCUMNEAHbIE LOPOXKN 1 ap. 3TO no-
3BOIAET NIErKo NnepemeLLaTbCs Mo ropogy, a Takxxe croco6CTBYeT BEAEHMIO 340POBOro 06pasa Xu3Hu. BaxHbIM
3/1IEMEHTOM SIBNAKOTCA TAKXKe MHHOBALMOHHbIE TEXHONOMNW B CTPOUTENLCTBE M yNpaBneHun ropogom [31; 32].

Takum 06pa3om, «CUMBMOCUTI» AEMOHCTPUPYET BO3MOXKHOCTb CO3A4aHNA KOM(OPTHOIO 1 3KONOrMYHOIO0
ropofa c NpyMeHeHMeM HOBbIX MOAXO0LO0B K rOPOACKOMY NiaHUPOBaHWUIO.

CerogHs ypoBeHb ypbaHu3auun B benapycu coctaBnsieT 79,5 %. 9T0 3HaUYeHMe COOTBETCTBYET NOKa3aTento,
CBOCTBEHHOMY Pa3BMTbIM 3anafHbIM rocyapcTBaM, 1 MPeBbILLAET NOKa3aTe b, XapaKTepHbIiA 4715 NOCTCOBET-
CKUX CTpaH, NMpu1yeM L0/ rOpOLCKOro HaceneHns NPoAoIKaeT pacTu. AKTyalbHbIMU 41 TPajoCTPOUTENTbHOM
NOMNTUKK 60NbLLIMHCTBA BEM0PYCCKUX PETMOHOB OCTAtOTCA ClefyoLLne 3ajaqn:

* YNyulleHWe KayecTBa rOPOACKON cpefpl;

* COXpaHeHWe MasblX ropofoB N HaceNeHHbIX MYHKTOB;

* 3BOJIOLMSA NPUTOPOAHBIX 30H 06/1aCTHbIX LLEEHTPOB U rOpoA0B 061aCTHOr0 NOAYNHEHMUS, NMEPEXOL K arno-
MepaLuoHHOMY Pas3BUTUIO;

* MoAbLEM 3KOHOMUKM PErMOHOB M COKpaLLeH/e paspbiBa B KAYeCTBE XU3HWN HaceNeHns B ropofax obnact-
HOro NOAYUHEHWS, rhe fOMKHbI ObITb 06ecneyeHbl YCKOPEHHbIe TEMMbI COLUANbHO-3KOHOMUYECKOTO POCTa;

* CTaHOBJIEHWE YMHbIX FOPOJO0B, BHEAPEHME LM(POBLIX TEXHOIOTUIA, CEPBMCOB, (YHKLMOHAbHAsA U Kaye-
CTBEHHas TpaHc(opmaL s ropoAcKoi cpefpl;

* MPOEKTMPOBaHWE B HACENIEHHbIX MYHKTaX HOBLIX PaiOHOB 3aCTPOWKM C COBPEMEHHLIMU NapameTpamu
KauyeCTBEHHOI 1 pa3HO06pa3Holi cpeabl;

e pasBMTUE WHXXEHEPHOW, TPAHCMOPTHOW, a TakKXe MHAYCTPUANbHOW, NOTUCTUYECKON 1 APYroi MHdpa-
CTPYKTYpBbI;

* COXpaHeHWe UCTOPUKO-KYNbTYPHOIO Hacneams;

* TOBbILIEHME 3KOMOMMYECKOr0 Y TYPUCTCKOrO NOTeHLUMana pernoHa [34].

B pelueHnmn 3TuX 3afay onpefensitoLllyto posb MOryT CbirpaTb CNeumanncTsl B 061acTu yp6aHonormm
N CUTU-MEHEPKMEHTA, @ 3TO 3HAYUT, YTO UX NOAr0TOBKA B BpecTCKOM rocyfapcTBEHHOM YHUBEPCUTETE UMe-
Hu A. C. MNyLlWKNHa UMeET BaXKHelLLee HapOAHO-X03AACTBEHHOE 3HaYeHne. OHa AO/KHA ObITb MPeaMeToM
MPUCTa/IbHOr0 BHUMaHMWS CO CTOPOHbI FOCYAapcTBa M 06LLeCTBa, NM0Mb30BaThCA NOLAEPXKKOW PYKOBOAMTENEN
pecny6/MKaHCKMX U MECTHbIX OPraHOB UCMOTHUTENbHON BNACTU, OTAEMbHbIX NPEANPUATUI U YUPEXAEHWIA.

3akJiroueHue

WNHTennekTyanbHble 1 rnobanbHble 3KOHOMUKO-/IOTMCTUYECKNE BbI30BbI NOCAEAHWNX AECATUNETUIA cno-
co6CTBOBa/IN Pa3BUTUIO TOPOJOB U UX PErMOHOB. B TO e Bpems KOHLeHTpauus B ropofax 3KOHOMUYECKMX,
KYNbTYPHbIX U UHPOPMALMOHHBIX PECYPCOB co34ana NoTeHLMabHble BO3MOXHOCTU 418 NO4beMa 3KOHOMUKN
Ha pa3HbIX YPOBHAX (0TpacneBoOM, PermoHasbHOM, CTPaHOBOM), a TakXxe ApYrux cdep 06LLeCTBEHHOMN XU3HN.
B HacTosLLee Bpems ropos nNpescTaBnseT Co60M CNOXHYI0 CUCTEMY, KOTOpPas BK/IHOYAET KOMMNJIEKChI COLMaIbHO-
3KOHOMUYECKNX, UCTOPUYECKUX, FEONONUTUYECKMX, NMPUPOLHBIX U AaXKe NCUXO0I0rMYecKnX hakTopoB, BAUAIO-
LMX Ha YCTOWUYMBOCTbL UX PA3BUTUS.

B cooTBeTCTBMM C TpeOGOBaHUAMU BPEMEHU BO3HUKAeT ypbaHONOrmsa - UHTerpaTuBHas CUHTETMYeCKas
Hayka, KoTopas u3y4daeT npo6seMbl ropofoB M ropoACKUX CUCTEM C PasHbIX CTOPOH B UX COBOKYMHOCTW.
VccnefoBaHUA CNOXHbLIX FTOPOACKMUX NPOLLECCOB COAENCTBYIOT OTKa3y OT NMPUBLIYHOIO apXUTEKTYPHO-rpajo-
CTPOUTENILHOIO BOCNPUATMSA rOPOACKOro NPOCTPaHCTBA M ero CTPYKTYP. OCOBEHHOCTU aHHOM HayKM COCTOSAT
B HEOOXOAMMOCTY MEXANCLUNANHAPHBIX 3HAHWI PAJA eCTECTBEHHO-HAYUYHbIX U F'YMaHUTapHbIX AUCLUNINH,
a TaKkKe B OpUEHTaL MM Ha UHTErpasbHOe peLleHne 3SKOHOMUYECKUX, COLMaNbHbIX U 3KONOTMYeCKUX Npobem,
KOMMepLUMann3aLnio NHTENIEKTYaNbHbIX U KPeaTUBHbLIX NMPOEKTOB PasBUTUSA FOPOACKONA cpesbl.

YpbaHonorua npusBaHa cbirpatb BaXKHYIO posib B Pa3BUTUM COBPEMEHHbLIX FOPOLOB, MOCKONLKY OHa No-
MoraeT BO BCEM MHOroo6pasvm NoHATb TO, KaK PYHKLMOHUPYIOT roposa, 1 To, Kakme U3MeHeHUs Heobxoaum-
Mbl AN18 YAYULLEHUS KauecTBa XXU3HU B HUX U pa3BUTUA. Ee ycunns HanpasfieHbl Ha co3faHue KOMGOPTHOA
apXMTEKTYPHO-NPOCTPAHCTBEHHOW U COLMAbHO-KYIbTYPHOW cpefibl AN COBPEMEHHOIO Ye/10BEKA C YHeTOM
HOBbIX TPEHJ0B Pa3BUTUSA FOPOLOB. YPOaHOMOr s U3y4vaeT CTPYKTYPY rOPOAOB, UX 3KOHOMUKY, COLUaIbHYIO
OpraHu3aumnto, 3KON0rno 1 Apyrue acrnekTbl 45 TOro, YTobbl co3faBaTh 60n1ee 3PPEKTUBHbIE U YCTONYMBLIE
ropoga. OHa TaKXe NoMoraeT paspabartbiBaTh CTpaTerny ynpasneHUs ropoAcKoin cpefioi, KOTopble YUUTbIBaOT
MHTEpechl BCEX YYACTHUKOB, BKKOYas XUTeNel, npeacTaBuTeneil 6u3Hec-coobLLecTBa 1 NpaBUTELCTBA.
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CerogHsa KpaiiHe He06X0AMMbl COBPEMEHHbIE CMEeLManncTbl, rOTOBblE K HOBOI FOPOACKOA peanbHOCTH,
B KOTOPYO MaccoBO MPOHMKaOT I T-cucTeMbl U IT-ragkeTbl (MHTeNNEKTyaNbHOe 06YCTPOIACTBO YULL U FOpoj-
CKOro NPOCTPaHCTBa, CO3JjaHMe YMHbIX JOMOB, FOPOOB U PEFMOHOB, PACNPOCTPaHeHNe TEXHOJIOTUIA MHTEPHETa
BeLLei, AONO/THEHHON peaibHOCTW, 3NeKTPOHHOW NOTMCTUKK, LMK POBOIA peanbHOCTM 1 afanTUBHOI COLMO-
noruu un ap.). Moatomy TpebyeTcs AanbHellas 3BOMOLMS HOBO HayKu - ypbaHONOrnm, Kotopast CMorna bl
BOCMPUHSATL BCE BbI30Bbl COBPEMEHHbIX FOPOAO0B 1 NM0O3B0/IU/IA Obl YCTOWYMBO Pa3BMBaTh NOC/IELHUE, HECMOTPS
Ha HeocnabeBatoLLMe PUCKM Pa3IMUHOro XapakTepa.

Pa3BuTUE ropoja- CNOXHbIM NpOLEeCE, Lenas Hayka u faxe UCKycCTBO. U To, 6yfeT M OHO UMETb MpaBUfib-
HYI0, MOSIOXKMNTENIbHYIO AMHAMUKY, NPEXe BCEro 3aBUCUT OT HANIMUMA IKCMEPTOB, KOMaHAbI NPOeccUoHanos,
3aHUMaKOLLMXCA pa3paboTKOM MPOEKTOB, CTpaTernii  nx peannsauuein. Muceua yp6aHonoroB 3ak/oyaeTcs
B TOM, YTO6bl cAenatb N06O0I HaCceneHHbIn NYHKT (B NepBYI0 oYepefb ropoa) yAoOHbIM, KOMGOPTHbIM ANns
XKU3HU 1 06ecneYnTb ero ycToinumBoe pasBuTue.
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NMPUPOJOOXPAHHBIN noTtenyuan
®PUN3NKO-TEOMPAPUNYECKNX PANIOHOB BEJIAPYCU
N Ero 3HAYEHUE ANA HALMOHAJIbHOWN
9KO/TOTMUYECKOW CETU

M. H. BPUNEBCKUNN L

1Benopycckuini rocyfapcTBEHHbIA yHUBEpCcUTeT, nNp. HesaBucumocTu, 4, 220030, r. MuHck, benapych

MpencTaBneHbl pesynbTaTbl UCCeA0BaHUA NPUPOLOOXPAHHOI0 NoTeHUMana Yu3nKo-reorpapruyecknx permoHos be-
napycun (NPOBMHLMIA, OKPYroB 1 paioHOB), KOTOPbIA BANSET Ha (hOPMUPOBaHMe HaLMOHANbHOW 3KOMOMMYEeCKOW CeTu.
BHeceHbl U3MEHEHUA B CXeMY (DM3MKO-reorpadmyeckoro palioHMpoBaHMA CTPaHbl, YTOYHEHbI FpaHuUbl U Naowaan ee
(hn3nkKo-reorpadmyecknx paioHoB. Y CTaHOB/IEHO, YTO OLEHKa NPUPOA0OXPAHHOI0 MoTeHUMana 4O/HKHA NPoBOANTLCS
no u3nKo-reorpaiMyeckMmM paoHam, Tak Kak OHW CYLLeCTBEHHO Pa3iMyarnTcs Han4vmMem Wan OTCYyTCTBMEM 3eMeflb
NPYPOAHOI0 KapKaca, a Takxke KOMYeCTBOM M N0LWajbo 0060 OXpaHAeMbIX MPUPOAHbIX TeppuTopuii. MpegnoxeHa me-
ToAMKa OMnpejesieHnsa NPMPOA0OXPaHHOro NOTeHLMaNna Kak MHTErpasibHOro nokasartesns NHAeKca COXPaHHOCTU NPUPOAHBIX
reocucTeM 1 KoapurumeHTa 06eCneYeHHOCTN 0C060 OXPaHsAEMbIMU MPUPOAHLIMU TEPPUTOPUAMU. PacyeTbl CBUAETENb-
CTBYIOT O TOM, YTO 3HaYeHUS NHLEKCA COXPaHHOCTU MPUPOAHbLIX reocucteM m3MeHstoTcesa oT 0,58 (Konbinbckasa rpaga)
40 1,40 (Jlenbumukas paBHUHa), a Bce (hM3MKo-reorpaduyeckre panoHbl No JaHHOMY nokasaTento guddepeHUMpyoTCs
Ha yeTbIpe rpynnbl. Mo BeNMUYnHe KoathduumeHTa 06ecrnevyeHHOCTN 0C060 OXpPaHAEMbIMU MPUPOAHBIMU TEPPUTOPUSAMU
(hr3nKo-reorpamyeckune panoHbl TaKxxe AeNATCA Ha YeTbIpe rpynnbl. MakcuManbHbIX 3Ha4eHWA 3TOT KOIPMhULMNEHT 40-
cTuraet B 5 hr3nKo-reorpamyeckmx paioHax ¢ 3anoBefjHUKamMmm U HauMoHabHbIMY NapKaMu. 3Ha4eHUs MHTErpasibHOro
nokasatens NpMpoA00XpPaHHOro noTeHuuana BapbupytoTcs oT 0,58 (Konbinbckas rpsiga) o 2,06 (BepxHebepesanHckas
HU3MeHHOCTb). 10 BeMUMHe 3TOro nokasaTens (M3MKo-reorpaduyeckrie palioHbl pacnpeaensoTca No CeEMU rpynnam.
YCTaHOB/EHO, UTO 3a NOC/IeAHME Fofbl MPMPOL00XPaHHbI MOTeHLMan 60/1bLIMHCTBA (hM3NKO-TeorpaduyecKnx paioHoB no-
BbILLIAETCA B CBSA3M C yBeNMYeHNeM NoLLageli 3eMefb NPUPOAHOIo KapKaca 1 0060 0XpaHseMbiX NMPUPOSHbBIX TEPPUTOPUIA.

KntoueBble cnoBa: (m3nKo-reorpatmyeckie paioHbl; 0Kpyra; NPoBUHLAW; 3eMJIM NMPUPOLHOI0 KapKaca; COXPaHHOCTb
NPUPOAHbIX re0CUCTEM; 0C060 OXPaHsieMble MPUPOAHbIE TEPPUTOPUN; NMPUPOLOOXPAHHbIN NOTEHLMA; 3KOOrMYecKas CeTb.

O6pasey ULUTUPOBAHUA:

Bpunesckuit MH. MprupoaooxpaHHbI NoTeHumMan hnM3nKo-reo-
rpaymyecknx painoHos benapycu u ero 3HavyeHve 4na Haumo-
Ha/lbHOM 3KONOrnMueckoi ceTu. XXypHan benopycckoro rocygap-
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ENVIRONMENTAL POTENTIAL OF THE PHYSICAL
AND GEOGRAPHICAL REGIONS OF BELARUS AND ITS SIGNIFICANCE
FOR THE NATIONAL ECOLOGICAL NETWORK

M. N. BRYLEUSKI*

Belarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus

The results of a study of the environmental potential of the physical and geographical regions of Belarus of the rank of
provinces, districts and regions, on which the formation of a national ecological network depends, are presented. Changes
have been made to the scheme of physical and geographical zoning of the country, the boundaries and areas of physical
and geographical regions have been clarified. It has been established that the assessment of the environmental potential
should be carried out by physical and geographical regions, since they differ significantly in the presence of natural frame
lands, the number and area of specially protected natural areas. A method for determining the environmental potential is
proposed as an integral indicator of the index of preservation of natural geosystems and the coefficient of provision of
specially protected natural areas. Calculations have shown that the index of conservation of natural geosystems varies
from 0.58 (Kopyl Ridge) to 1.40 (Lelchitsa Plain), and all physical and geographical regions were differentiated into four
groups according to this indicator. The physical and geographical regions were also divided into four groups according
to the value of the coefficient of provision with specially protected natural areas. The coefficient reaches its maximum
values in 5 physical and geographical regions with reserves and national parks. The integral indicator of the environmen-
tal potential in the territory of Belarus varies from 0.58 (Kopyl Ridge) to 2.06 (Upper Berezina Lowland). The physical
and geographical regions were divided into seven groups according to the magnitude of their environmental potential.
It has been established that in recent years there has been an increase in the conservation potential of most physical and
geographical regions due to the growth in the area of natural frame land and the increase in the area of specially protected
natural areas.

Keywords: physical and geographical regions; districts; provinces; natural framework lands; preservation of natural
geosystems; specially protected natural areas; environmental potential; ecological network.

BBegeHune

Ha BceMrpHOM 3KOHOMUYECKOM (hopyMe B XKeHeBe OTMEeYeHO YCWUeHWe BEePOSTHOCTU BO3HUKHOBEHUSA
3KONOrMYECKUX PUCKOB B G/IMDKaLLIME TOAbl 1 OMpefeNieHbl NATb OCHOBHbIX 3KOM0TMYecKnX yrpo3sl Mep.ble
[Be 3KOI0rMYeCcKme yrposbl, CBA3aHHbIE C MOC/IEACTBMSAMN USMEHEHNS KMMAaTa U AeiCTBMEM 3KCTPEMasbHbIX
MOrofHbIX ABNEHMUIA, HEOLHOKPATHO 06CYXXAANNCh Ha MEeXAYHapOAHbIX KoOHepeHUmsX. MognucaHbl rnobans-
Hble COrfalleHns Mo mx npegoTepalieHnto (KMoTckuii npoTokon u MapukcKoe cornalleHue, BCTYNUBLUNE
B cuny B 2005 1 2016 rT. COOTBETCTBEHHO) C OMOPOIi Ha PaMoyHyto KoHBeHLMIO OOH 06 n3MeHeHUM Knumarta2.
Pa3nMyHbIM acnekTaM aHanu3a Mep no afganTaunmn X039ACTBEHHON AeATENIbHOCTM K U3MEHEHNAM KiMmata no-
CBSILLIEH psa MOHOrpacthnili U Hay4YHbIX CTaTeil 0TeYeCTBEHHbIX Uccnegosarteneit [1-7].

OCob6eHHOCTU reorpathMyeckoro NonoXeHus benapycu (pasmeLleHne Ha YCTOMYMBO ApeBHel nnaTgopme
C PaBHUHHbLIM penbed)oM B YMEPEHHOM K/IMMATUYECKOM Mosice) 06YCNOBWAW CPaBHUTENIbHO HU3KWIA PUCK 00-
pa3oBaHWa TPeTbel 3KONOTMYECKOM Yrpo3bl, CONPSXKEHHOW CO CTUXUNHbIMKU BeAcTBUAMU. B TO Xe Bpems
0CTaeTCs aKTya/ibHbIM PUCK BO3HUKHOBEHWSA YETBEPTON 3KOMOrMYECKOMN Yrpo3bl - aHTPONOreHHbIX 3KOM0rn-
YyecKUX KatacTpod), Hanbonee 0CTPOI 13 KOTOPLIX ABASETCA NPo6ieMa NpeconeHns NocneCTBUIA aBapun Ha
UepHobbinbckoint ASC. daHHas npobneMaTuka LUMPOKO OCBellleHa B paboTax 0TeYeCTBEHHbIX U 3apyOeXKHbIX
yuyeHbIx3 [8- 11].

HakoHeL,, naTas 3KoNornyeckas yrposa ceszaHa c noTepein 61MoaorMyeckoro 1 naHawaghTHOro pasHoobpa-
31s. BO MHOrOM faHHbIli PUCK COMPSKEH C MOCeACTBUAMMU YETbIpeX APYTUX Yrpo3, OH MPOsBASETCA B UC-
4e3HOBEHWMW OTAENbHbIX BUAOB XXUBOTHBIX 1 PACTEHWIA, PaCNpOCTPaHEHNUN YY>KEPOLHbIX MHBA3UBHbLIX BUOB,
Jerpagjauuny NnpMpoaHbIX NaHAWagpToB B pe3ynbTaTe UHTEHCUBHOWM X03SACTBEHHON AeATeNbHOCTU, a Takxke
B HU3KOI 3DPeKTUBHOCTM OKa3aHUS 3KOCMCTEMHBIX yCnyr n T. a. [12].

'"The global risks report - 2019 [Electronic resource]. URL: https://www3.wefomm.org/docs/WEF_Global_Risks_Report_2019.
pdf (date of access: 05.05.2023).

2Why does sharing the road matter? [Electronic resource]. URL: https://www.unenvironment.org/explore-topics/transport/what-we-
do/share-road/why-does-sharing-road-matter (date ofaccess: 05.05.2023) ; Climate action: reducing emissions from transport [Electronic
resource]. URL: http://ec.europa.eu/clima/policies/transport/indexen.htm (date of access: 05.05.2023).

34eTBepTb BeKa NOC/E YePHOOLINBLCKOW KaTacTpodbl: UTOMM U NePCreKTUBbLI MPe0foNeHns : Hay,. Jokn. Pecn. benapycb. MUHCK :
WH-T paguonorun, 2011. 90 c. ; 30 neT YepHOObLINLCKOW aBapnn: UTOTM 1 NEPCMEKTUBLI NPEOA0NEHNS ee NOCNEACTBUIA : Hal,. LOKA.
Pecn. benapycb. MuHck : IH-T pagnonorum, 2016. 116 c.
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3aflaya no npefoTBpaLLeHNIO0 COKpaLLeHMsa 6UON0rMYecKoro 1 naHawagTHoOro pasHoobpasms B benapycu
peanusyeTca B pamKax MeXAyHapoAHbIX [OroBOpPOB, MOAMUCAHHbLIX B KOHUEe XX B., U 3aK/lo4yaeTcs B pac-
LLUMPEHUM CETU 0C060 OXPaHAEMbIX NPUPOAHLIX Tepputopuii (OOTT) 1 thopMUPOBaHUM HaLMOHaNbHOI 3KO-
NOTUYECKO ceTn. 3a mocnefHUe rofibl Ha rocyjapCTBEHHOM YPOBHE YTBEPXK/AEH PAL 3aKOHOATe/IbHbIX aKTOB
B 061acTu coOXpaHeHMs 6MOOMMYeCcKOro 1 naHaWwagTHOro pasHoobpasmnss.

Cneymannctbl HayuHo-npakTmyeckoro ueHtpa HAH Benapycu no 6uopecypcam pas3paboTany KOHUENLMIo
HaLMOHa/IbHOWN 3KONOrMYEeCKOl CETU, KPUTEPUU BbIeNIEHUS ee 3/1EMEHTOB (Aep, OXPaHHbIX 30H U 3KOMIOrMYe-
CKMX KOPWUAOPOB), NPeA/IOKMAN METOAUYECKME MOAXOAb! K €6 UHTerpaLmm B Focy1apCTBEHHYIO CXEMY KOMI-
NeKCHOI TeppuTopranbHoi opraHunsauum Pecnybnmnku benapych, a Takxke cocTaBunn CxeMy HaLMOHaNbHOM
3KONOrMYecKoii ceTns Ha TeppuTopmm CTpaHbl BbILENAOTCA eBporneickue (3anoBefHUKN, HaLMOHa/IbHbIE NapKu
N HEKOTOPbIE 3aKa3HUKKW, UMeKoLWne MeXAYHapoaHbIA NPUPOA0OXPaHHbINA CTaTyC), HaLMOHaNbHble (3aKa3HWUKK
pecny6MKaHCKOro 3HaYeHNS) 1 permoHasibHble (3aKa3HUKM MECTHOIO 3HAUYeHMA) AApa 3KO/TOMMYECKOM CeTU, OX-
paHHbIE 30HbI, PACMOOXEHHbIE BOKPYT HUX, U 3KOMOTMYeCKUe Kopuaopsl. Cxema HaLMoHa/IbHOM 3KO/T0rMYEeCKoi
ceTn AUHaMU4HO paspabaTbiBanach ¥ NOCTOAHHO 0OHOBNANACH.

B kauecTBe faep akonorunyeckoii cetu BoictynatoT OOMT. Mo cocTosiHMio Ha 2022 1. B Benapycu Bblaens-
nmck 1339 OOIT, 3aHumarowmx 1889,3 Teic. ra, 4To coctasnseT 9 % OT nsowaan cTpaHbl6. 3TO 3HaYeHue
NpaKTUYeCKN COOTBETCTBYET ONTUMA/IbHOMY MOKa3aTento, XapakTepHOMY [/15 PermoHa, KOTOpPbIA pacrosioxXeH
B YMEPEHHOM reorpacgmyeckom nosice. OfHaKo 60N1bLUNMHCTBO NOAO6HbLIX 06bEKTOB (959) NpeACTaBNAOT COOON
NaMATHUKN NPUPOabI pecny6/IMKaHCKOro U MECTHOIO 3HaYeHUs. OHY 3aHUMAIOT Mavlble M/0Laam, He 0bpasytoT
CaMOCTOATENbHbIX AAEP, @ LOMOMHAOT A4pa Pa3HOro YPOBHS U BbINOHAIOT CKOPEe PeKpeaLoHHY0 yHKLUMIO,
TaK Kak BS0TCA 00beKTaMM1 No3HaBaTe/lbHOro Typusma. Kpome Toro, OOMT v Apyrue aneMeHTbl 3KON0rM4ecKoii
ceTu pasmelleHbl Ha TeppuTopmmn Benapycn HepaBHOMepPHO. Monecckunii pagualoHHO-3KONOMMYEeCKIUn 3ano-
BeHUK Naowaabo 216,9 Thic. ra, KOTOPbIA 3aHUMAET TePPUTOPUIO, Hanbosee 3arpsa3HEHHY0 pafMoHYKIMAaMN
B pe3y/bTaTe aBapum Ha YepHobbinbckoih ASC, obnafaeT ocobbiM cTatycom 1 K OOMT He oTHocuTtes [12].

OdmumancHble gaHHble 06 OOMT npuBOAATCS, Kak npasuio, No agMUHUCTPATMBHbLIM efuMHULAM - 06-
nactam u paioHam. OgHako rpaHuusl OOMT BbIgeNATCA B 3aBUCMMOCTM OT MPUPOAHbLIX 0COBEHHOCTEN
TeppuTOpMM, MO3TOMY MHOTUE U3 HUX (Bepe3nHCKM 6rochepHbIii 3aNoBeHUK, HaLMOHaIbHbIE NapKu «Mpu-
NATCKUIA», «benoBexckan nyLa» 1 «HapoyaHCKWit», 3aKka3HMKK «BblroHowaHCcKoe», «KpacHbIil Bop», «EnbHs»,
«Hanmbokckuii», «CpegHss MNpunaTe» v 4p.) pacnonaratoTcs B NpeAenax HeCKOMbKUX afMUHUCTPATUBHbIX
paiioHoB nnn obnacteir. OTaenbHble OONMT (HaunoHanbHbI Napk «benoBexxckas nyLa», 3akasHUK «Mprnoyx-
cKoe Moneckbe» 1 Ap.) pasMeLLatoTca Ha rocyJapCTBEHHbIX FPaHULAX U UMEOT NPOLO/MKEHUE B CONPeaebHbIX
cTpaHax. CnegosaTenbHo, OOMT foMXKHbI U3yyaTbCA B Npejenax NpupogHbIX PermoHOB, XapaKTepusyto-
LMXCA OBLLHOCTbIO MPOUCXOXKAEHNUSA U OLHOTUNHOCTLIO NPOTEKaHWUA (PU3NKO-reorpauyeckmx nNpoLeccos.

B Benapycu npoBefeHbl pa3nnyHble BUAbI NPUPOAHOr0 painoHnpoBaHus (reoMopgoornyeckoe, arpoKnnmMa-
TUYECKOe, re060TaHNYECKOE) OTAE/bHbIX MPUPOLHBIX KOMMOHEHTOB, BbINO/NHEHO KOMMEKCHOE NaHAWwapTHoe
paiioHmMpoBaHue [13]. Mo MHeHWUIO aBTOpa HacTOsALWEN CTaTbM, ANS OLEHKN NPUPOAOOXPAHHOr0 NoTeHUMana
B HaMbO/bLLEN CTENEHN NOAXOANT KOMMIEKCHOe U3MKO-reorpagmyeckoe painoHnpoBaHue. Lienb paboTsl 3a-
K/H0YaEeTCS B BbISIBIEHUM 0COBEHHOCTEN pasMeLLeHNs 3eMefb NPUPOSHOTO KapKaca M OLEeHKe NpupoLo0XpaHHOro
noTeHumana gpuU3nKo-reorpaMyeckmx permoHoB cTpaHbl. B KayecTBe 06beKTa UccnefoBaHUs BbICTyMaT
(hm3nKo-reorpauyeckue panoHbl (PIP), okpyra n npoBuHLMM benapycu, a B Ka4ecTBe ero npeamerta - npu-
POLOOXPaHHbI/ NOTEHL AN PErMOHOB CTPaHbl U €ro posib B CO34aHWNMN e4UHON 3KONOTMYECKOW CETH.

MeToL0M10rn4ecKoii OCHOBOI OLIEHKM NPMPOLOOXPAaHHOM0 NOTEHLMaNa ABASKTCA MOMOXKEHUS U NPUHLMUMbI
reoakonornu, naHawagpToseseHns, GU3NYecKoii reorpadum 1 NPMPOLONo/bL30BaHWs. Mog TEPMUHOM «NPUpo-
[,00XPaHHbI MOTeHUMaN» 1 6IM3KUM eMy MO COLEPXXaHUIO MOHATUEM «MPUPOAHO-3KON0M MYECKMI NOTEHLMaN»
paccMaTpuBaeTCs COBOKYMHOCTbL CBOWCTB MPUPOAHOI cpefpl, 06ecneumBatoLLnx NoTpebHOCTY YenoBeka B Npu-
POLHbIX pecypcax W Mo3BONAOLWMX reOCUCTEMAM BbINOMHATL 3KON0rMYeckune, cpesothopMupyoLLmMe n acte-
TUYeCKMe (YHKLUN, NOLAEPXKMBATL IKOMOrMUYECKM Lieniecoobpa3Hoe paBHOBeCHE TEPPUTOPUM, YCTOMUNBOCTb
reocMcTeM M CNOCOBHOCTbL MPUPOAHbLIX CPed K CAaMOBOCCTAHOB/IEHMIO U CaMOOuUMLLLeHNO [14].

406 0c060 0xpaHsieMbIX MPUPOAHBLIX TeppuTOpKAX : 3akoH Pecn. Benapych oT 15 HOsA6. 2018 1. No 150-3 [3neKTpoHHbI pecypc] //
KoHcynbTanTMtoc. Benapycs / OO0 «HOpCnekTp». MuHck, 2018 ; O HaunoHanbHOM nnaHe AecTBUIA MO COXPAHEHUIO N YCTONYMBOMY
MCMO0/Mb30BaHMIO BMONOrMYecKoro pasHoobpasms Ha 2021-2025 rogpl : noctaHoBneHne Coseta MuHucTpoB Pecn. Benapych oT 21 fek.
2021 r. Ne 733 [9nekTpoHHbIii pecypc] // KoncynbTaHTlntoc. Benapyck / OO0 «HOpCnekTp». MuHcK, 2021 ; O6 3K0N0rnMyeckoi cetn : Ykas
Mpe3ungeHTa Pecn. Benapych oT 13 mapTta 2018 r. No 108 [3nekTpoHHbIii pecypc] // KoHeynbTaHToc. Benapycs / OO0 «HOpCnekTp».
MuHCcK, 2018 ; Cxema paLnoHaibHOro pasmMeLleHns 0C060 0XpaHSaeMbIX NPUPOAHbLIX TEPPUTOPUIA pecny6IMKaHCKOro 3HaYeHns 4o 1H-
Bapsa 2025 r. // O pa3BuTUX CMCTEMbI 0CO60 OXPaHAEMbIX NPUPOAHBIX TEPPUTOPWIA : nocTaHosneHne CoBeta MuHMcTpoB Pecn. benapych
oT 2 nons 2014 r. Ne 649 [3nekTpoHHbIi pecypc] // KoHcynbTaHTIt0C. Benapycs / OO0 «HOpCnekTp». MuHck, 2023.

506 akonoruyeckoii cetu : Ykas MNMpe3sngeHTa Pecn. Benapych ot 13 mapta 2018 . Ne 108...

60c060 oxpaHsieMble NpMpoAHble TeppuTopun Pecnybnnku Benapych. KapTta [3nekTpoHHsbIin pecypc]. URL: https://www.minpri-
roda.gov.by/ru/oxanaterrkarta-ru (gata o6pawexms: 15.05.2023).
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Matepuasbl 1 MeToAbl UCC/eA0BaHNS

B COOTBETCTBUM C €ANHOI 06LLLEEBPONEACKO CUCTEMOI paiioHMPOBaHUA CyLLM Benapycb BXOAWUT B COCTaB
TaKoW (hM3nKo-reorpagmyeckoii cTpaHbl, Kak BocTouHo-EBponeiickas paBHMHa, pasmellaeTcsi B EBponeiickoi
061aCcTN CMeLlaHHbIX NIECOB M BKIOYAET 5 M3nKo-reorpaduueckmnx npoBuHunii [15; 16]. OHu anddepeH-
LMpYHOTCA N0 OporpaduyecknM rpaHmLamM, o6ycnoBnNBatOLLM pasHblli FeHe3nc penbeda 1 HanpaBeHHOCTb
(hn3nko-reorpayeckmx rnpoLeccos, ¢ y4eTOM BbICOTHOrO sipyca. VckntoyeHne coctaBnseT benopycckas
Moo3epckas NPOBUHLMA, KOTOpPas BbifeNseTcqd Ha OCHOBaHWM BO3pPacTa, COOTBETCTBYIOLLErO MOC/efHEMY
ONefleHeHWto, B ee pefibedhe NpeACcTaB/eHbl BO3BbILEHHOCTU, PaBHUHbLI Y HU3MEHHOCTMW. KOXHbLIM Mpesesniom
NPOBUHLMY ABNSETCA rpaHuLLa NocnefHEro No03epCKoro onefeHeHus.

Mo npeobnagatoLMm YeTBEPTUYHbIM OT/IOKEHUSAM U OLHOBO3PACTHbLIM TMaM pefbetha KnaccupumumnpyoTes
14 dumsnko-reorpaduyeckmx okpyros. OHW, B CBOKO ovepedb, AensTcs Ha 50 ®IP B 3aBUCMMOCTM OT TMMa
penbeta n NoYBEHHO-PACTUTE/ILHOTO MOKPOBA.

Bce ¢usnko-reorpaduyeckne NpoBUHLMM, OKPYra 1 paioHbl UMeKT XapakTepHble YepTbl. OHM OT/IMYAKOTCS
ncTopueli PopMUpPOBaHUS, HaNPaBEHHOCTLIO COBPEMEHHbIX reorpamMyeckmx npoLLeccos, a Takke 0CoO6eHHOC-
TAMU KNMMaTa, NOYB 1 PaCTUTENLHOCTU. B X npefenax o6pa3yoTcs YHUKabHbIE MPUPOAHbIE 00bEKTHI, KOTO-
pble, Kak npaeno, npeacTasnaoT co6oin OOMT. [Ans onpefeneHns permoHanbHOM cneungukn pacnpeseneHus
3HauYeHUIA NoKasaTenen, XxapakTepu3yoLLMX NPUPOACOXPaHHbIA NoTeHUuan benapycy, aHanM3MpoBauCh AaHHbIe
0 CTPYKTYpe 3eM/IEN0/b30BaHUA B pa3pese aAMUHMUCTPATMBHbIX PailoHOB NO COCTOSIHUIO Ha 1aHBapsa 2022 r.7

C NOMOLLbIO CpaBHUTENbHO-Teorpauyeckoro, CTaTUCTUYECKOro U KapTorpauueckoro MeToLoB NPoBeAeHbl
pacueTbl pacrpegeneHns 3HauYeHui NokasaTesiell NPMPOA0OXPaHHOr0 NOTeHLMana B npegenax eanHuL, pranko-
reorpauyeckoro paioHMpoBaHWA ¥ yCTaHOBNeHa Hanbonbwas anddepeHumaumsa ansg ®rP. OCHOBHbIMM
nokasarensmMm, Heo6XoANMbIMU N5 OLEHKW NPUPOLOOXPAHHOI0 NOTEHLUMANA TEPPUTOPUM, ABNAIOTCA UHAEKC
COXpaHHOCTU NpupogHbIx reocuctemM (NAT) n KoshpuumneHT obecneyeHHocTn OOMT (KOAT).

JT1an 1: onpegeneHve f0NM NaowWwaan GpuU3nMKo-reorpauyeckmx permoHoB OT obLLeid naoLiagn CTpaHsbl
C UCMOoMb30BaHWEM WMHCTPYMEHTOB nporpammHoro obecrnedeHuns ArcGIS. ConoctaBneHue 3Toro nokasarte-
NA C AaHHbIMW O MOIMTUKO-aAMUHUCTPATUBHOM feneHnn benapycu no3Boanao BbIYUCIUTL JOMKO NAOLLALM
aAMUHUCTPATUBHbIX PAiOHOB OT MAOLWAAN OTAEMNbHbLIX (DU3NKO-Teorpaimuyecknx eauHuLL.

JTan 2: pacyeTt fonu NaowWam pa3nnuyHbIX BUA0B 3eMeflb MPUPOLHOro Kapkaca (NecHble 3emM/u, yrosble
3eMJIM, a TaKXKe 3eMJIM NOA APEeBECHO-KYCTapHWUKOBOI pacTUTEe/IbHOCTLIO, 3eMM MO OTKPbITLIMU 60/10TamMu
1 3eM/IM NOA BOAHbIMK 06beKTamMu) 0T 06Lein nnowaan Kaxaoro ®rP [17].

3Tan 3: BbisicCHEHNE 3HaYeHUA AT Bcex (M3MKO-reorpatmyeckmx NpOBUHLNIA, OKPYrOB 1 palioHOB.

MeTof0M 3KCNEPTHOM OLLEHKW YCTaHOB/IEHO, UTO B HAUOONbLLEN CTENeHU 3KON0ormyeckue hyHKLUM NposiB-
NAKTCA Y 3eMefb NOA OTKPbITbIMK 60n10TaMn. OHU NOYTU He 33AeCTBYIOTCA B X03AWCTBEHHOM AeATeNbHOCTH,
B OCHOBHOM BMmeLLaoT OOMT, npeAcTaBAsAlOT cO60M SApa 3KONOrMYeCKoW ceTu, 61aronpusaTHO BANUSIOT Ha
rasoBblil COCTaB aTMOCEPbl U MUKPOKAMMAT, PEryMpyroT YPOBEHb FPYHTOBbLIX BOA M COXpaHAT 6uono-
rmyeckoe pasHoobpasue. JIeCHble 3eMJIM TakKXXe BbINOMHAKOT Pas3fMyYHble 3KONOrMYECKME (PYHKLUUU, OfHAKO
NPEUMYLLECTBEHHO OHUW ABNAIOTCA BTOPUUHBIMU MO MPOUCXOXKAEHUIO U B BOJIbLLEN CTEMEHW YYaCTBYIOT B XO-
3AACTBEHHOW LeSTeNbHOCTW. 3eM/n, 3aHATble eCTECTBEHHbIMU M UCKYCCTBEHHbLIMU BOAHLIMU aKBATOPUSAMMU,
OT/InHatoTCA Hambosee crneLnpmyecKUMy ycnoBuammn opMUpoBaHus, UMEIOT BXKHOE 3HAYEHME ANS COo34aHus
3KO/IOrMYeCcKUX KOPUAOPOB, OHW CUJIbHEE OCTa/lbHbIX reoCnCcTEM Npeobpa3oBaHbl YENIOBEKOM U NOABEPXKEHbI
3arpsA3HeHnto B pesy/bTare X039MCTBEHHON AeaTeNsHOCTU. B CBOIO oyepefb, 3eMv NOA APEBECHO-KYCTapHU-
KOBOWA pacTUTE/IbHOCTHIO OPraHn3yoT 3KOMOTMYECKUe KOPUAOPb!I MeXAY NECHbIMU U 60/10THbIMK MaccnBamMu
1 BbICTYMAKT BXXHbIM 3BEHOM 3KO/10rMyeckoi cetn. OfHaKo OHW, KaK NpaBunao, BO3HNKAKOT Ha MecTe BbiBe-
LEeHHbIX N3 CeIbCKOX03ANCTBEHHOI0 060p0Ta CEHOKOCOB, MAacTOULL, M HU3KOMPOAYKTUBHBIX NaXOTHbLIX 3eMefb,
MO3TOMY OT/IMHAIOTCH MEHbLLEN COXPaHHOCTHI0 NPUPOAHbLIX PYHKLUMIA. HakoHeL, NyroBble 3eMn (eCTECTBEHHbIE
CEHOKOChI 1 MacTouLia) OTHOCATCA NPEUMYLLECTBEHHO K Ce/IbCKOX03AWCTBEHHbLIM NaHladTaM, OHU B Hau-
60/bLUER cTeneHn Npeobpa3oBaHbl Ye/TOBEKOM.

[ns Kaxxaoro U3 nepevncneHHbIX BULOB 3eMeslb NPUPOAHOTo KapKaca onpefesieH Ko3gh(huLUeHT 3Ha4NMOCTH
oT 1 (nyrosble 3emnn) 4o 2 (3eMaun Nog oTKPbITbIMK 60n10Tamu) ¢ warom 0,25. 3HadeHus AT paccunTbiBanCh
no opmyne

276on + 1,75Snee + 1,5%0p4 + 1,257KycT + ~nyr
menr-

So6u.\
rae S6gi- nnowagb 3emesnb NOA OTKPbITbIMKU 6010TamMu; S A - NoLWagb NECHbIX 3eMeNb; S N - naowagb 3emenb
noj BOAHbIMK 0O0beKTaMM; S - Nowagb 3eMeflb Noj APEBECHO-KYCTAPHUKOBOW PacTUTENbHOCTLIO; S -

naowagb nyroebix 3eMenb; Sg64- obwas nnowags Ore.

TPeecTp 3eMenbHbIX pecypcoB Pecny6nmkn Benapych [SnekTpoHHbIi pecypc]. URL: http://www.gki.gov.by/ru/activity branches-
land-reestr (gaTa o6paweruns: 15.03.2023).
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3Tan 4: pacyeT 3HayeHMin KOO, KOTOPLIA XapaKTepu3syeT niowagHble N PYHKLMOHAIbHbIE 0COOEHHOCTU
pasmeLLeHuns coBpeMeHHo ceTn OOMT. 3T0 HE0OXOAUMO OCYLLECTBUTb, MOTOMY YTO He BCE 3eM/IM MPUPOLHOTO
KapKaca UrpatT BaXKHYH0 posib B hOPMMPOBaHUN Sep 3KONOTMYeCKoi ceTu. daHHble 0 pasmelleHmn OOMT
Ha TeppuTOopumn Benapycu B3AThI € caiiTa MUHMCTePCTBA NPUMPOLHBIX PECYPCOB 1 OXPaHbl OKPY>KaKoLLeit cpegbl
Pecny6nukun Benapycb8.

B 3aBMCUMOCTY OT 3KoN0rnyeckoii 3HaunmoctT OOMT Benapycn MOXHO YC/TOBHO pa3fenunTb Ha NATh rpynn.
B nepByto rpynny (C Hanbonee BblpaXXeHHON NPUPOA00XPaHHON DYHKLMEN) BXOANT Bepe3nHCKNiA 61noctepHblii
3anoBefHUK. BTOpyl rpynny COCTaBASIOT HaLMOHa/IbHbIE NApKKW, KOTOPbIE BbIMOMHAKT B 60/bLUE CTENEHN
MPOCBETUTENLCKYIO, HAYUHYIO N PEKPEALMOHHYH (YHKLMM U B MEHbLLIEA CTEMEHN MPUPOAOOXPAHHYIO PYHK-
umto. OOMT nepBoit 1 BTOPOI Trpynn BbICTYMAKOT A4paMy 3KOMOTMYECKO CeTW eBPOMENCKOro 3HauveHus.
TpeTbs rpynna BKAKOYAET 3aKa3HWUKM Pecny6/IMKaHCKOro 3Ha4YeHns (NpenumyLL,ecTBEHHO Apa 3KOOrMYECKOA
CeTW HaUMOHA/IbHOTO 3Ha4YeHus). B YeTBepTytO rpynny BXOAAT 3aKa3HWKWM MeCTHOrO 3Ha4yeHus, NpupoLoox-
paHHas QyHKLMSA KOTOPbIX HXKe (06bIYHO SiApa 9KOTIOTMYECKOM CeTM MECTHOr0O 3HaueHWs). HakoHel, naTyto
rpynny cocTaBflOT NaMATHUKW NPUPOAbLI Pecny6/IMKaHCKOro U MeCTHOro 3HadeHus. OHW 3aHUMAlOT He3Ha-
yuTenbHble MOLWaan, Tak Kak NpeacTaBneHbl TOYEYHbIMU 06bEKTAMU (BayHbl, BEKOBbIE U pefikKue AepeBbs,
POAHVKM), W BbIMOMHAIOT B OCHOBHOM peKpeaLMoHHY0 (yHKUMIO. LienecoobpasHo npu pacyeTax 3HayYeHuii
NPUPOLOOXPAHHOI0 NOTEHLMANA YUUTLIBATL HE TOLKO MI0WAaAb NaMATHUKOB MPUPOAbLI, HO U MX KOMIMYECTBO.
Kaxgas 13 aTux rpynmn MMeeT CBO KOAPMULMNEHT 3HAUMMOCTN - oT 1 (naTas rpynna) ao 2 (nepsas rpynna)
¢ warom 0,25. KoaththuMeHT 3HAYMMOCTU NaMATHUKOB Npupoabl yBennumeaeTcs Ha 0,01 3a KaXkKAblil 06beKT.

UTto6bl KOO B HekoTopbIX PP, B KoTOpbiXx OOTMT OTCYTCTBYIOT, He paBHANCS 3HadeHuto 0, ero npeg-
naraeTcs paccymTbIBaTh NoO hopmyse

2N+ 1755Hn+ 15S3P3+ i S N+ SfiiMe 0,01«
KQOm- 1+
0oLy,

rge S - naowagb 3anoBefHUKOB; SM - MaoWaib HaLuWMOHaNbHbIX NapkoB; S3P3- nowajb 3aKa3HMKOB pe-
Cny6AMKaHCKOro 3HayeHus; S3VB- Nowaab 3aka3HMKOB MECTHOr0 3HauveHus; S A - njowajs naMsTHUKOB
NpMpoabl; N - KOMMYECTBO NaMATHWUKOB npupogsl; S A - obuwaa nnowagb Pre.

JT1an 5: pacuyeT 3Ha4YeHUA MHTerpaibHOro NokasaTens NpMpPoaooxpaHHoro noteHyunana (UMnn) ®IP kak
npoun3BeAeHNs BeNNYMH nokaszateneid MAT n KOOT.

Pe3ynbTaTbl 1 UX 06CY>KAeHNe

icnonb3oBaHME MHCTPYMEHTOB nporpammHoro obecneyeHuns ArcGIS npu nofroToBke KapTbl (OM3NKO-
reorpauyeckoro palioHMpoBaHus K ny6nukaumm B HOBOM HauuoHansHOM atnace Pecny6nuku benapych
MO3BOINMI0 YTOUYHUTb KOHTYPbI 0TAeNbHbIX TP (MUHCKON BO3BbILLIEHHOCTU, OLWMSAHCKOW BO3BbILLEHHOCTH,
Jokwnukol paBHUHbI, YalHUKCKON paBHUHBI, Y11auCKO-/TyKOM/IbCKOW BO3BbILLEHHOCTM, J1ebUMLIKOA paBHUHBI
1 Mo3bIpcko-HOpoBNUCKOW BO3BLILLEHHOCTH), @ TakXe X Ha3BaHusA. PP pas3nnyaroTcs He TOMbKO 0COGEH-
HOCTSIMW NPUPOLHBLIX KOMMOHEHTOB, HO U pa3mepamu, KOoTopble BapbupytoTcs oT 89,20 Thic. ra (FpoaHeHcKast
BO3BbILIEHHOCTL) A0 1240,82 Thic. ra (AcenbgnHcKo-CnyLkas HU3MeHHOCTb). Kak npasuio, 60/bwmMm
nnowagamu obnagatot ®IP, reonoro-reomopgonormyeckas 0CHoBa KOTOpbIX NpescTaBneHa HU3MEHHOCTAMM
1 paBHUHamu (Tabn. 1).

Ta6bnnua 1
MpupogooxpaHHbIi NnoTeHyman ®IP Benapycu
Table 1
Environmental potential of physical and geographical regions of Belarus
3eMnu NprpoaHoro
PusnKo- i Kapkaca oont
o ®u3snKo-reorpadmueckunii Mnowagb, p
Feorpadpl/l”eCKMM pa|7|0H ThIC. Ta Wenr Koont  WMnn
OKpyT . Mnowapnb, Aong, Mnowapab, [Aons,
ThiC. Ta % TbIC. Ta %
Benopycckas Moo3epckas NpoBUHLMSA
Heuepao-TopoAokckas 299,26 260,25 87,0 143 405059 135 1182 169
BO3BbIWEHHOCTb (1)
ﬁ"”e“"oe Cypaxckas paBHUHa (2) 180,20 136,10 755 1,19 13739 0,8 1,011 1,20
003epbe
P BuTebckas BO3BbIWEHHOCTH (3) 208,60 142,65 68,4 1,07 158,0 0,1 1,001 1,07
Jlyyocckasa paBHUHa (4) 207,77 132,23 63,6 0,98 18 102,2 8,7 1,123 1,10

80c060 oxpaHsieMble NPUPoAHble TeppuTopuK Pecny6nmkn benapyce. KapTa...
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Pu3nKo-
reorpauyeckui
OKpyr

bpacnaeckoe
[Moosepbe

MopBuHbLE

HapouaHo-
Yuwauckoe
Moo3sepbe

LleHTpanbHbIi
oKpyr beno-
PYCCKOW rpafbl

[ToHeMaHbe

KO ro-3anagHbiii

oKpyr
Benopycckoii

rpsabl

MopgHenpoBbe

3anagHoe
Mpegnonecobe
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du3nkKo-reorpauyeckmnii
paiioH

OcBeiicko-bpacnasckue rpsagbl (5)

[OuncHeHcKkas HU3MeHHOCTb (6)
Monoukas HU3MeHHOCTb (7)
L ymunnHckas paBHuHa (8)
YawHUKcKas paBHuHa (9)

Yuwaucko-J/1yKkomnbckas
BO3BbIWEHHOCTL (10)

CBeHusiHCKMe rpagbl (11)

HapouyaHckas paBHuHa (12)

Buneickas HU3MeHHOCTb (13)

OWwMsAHCKas BO3BbILWEHHOCTb (14)

MMuHCKas BO3BbIWEeHHOCTb (15)
[JoKwnukaa paBHuHa (16)

BepxHebepesnmHckas
HU3MeHHOCTb (17)

BopucoBckas BO3BbIlLEeHHas
paBHuHa (18)

CpefjHeHeMaHCKas
HU3MeHHOCTL (19)

BepxHeHeMaHCKas
HU3MeHHOCTb (20)

Ninpckas paBHuHa (21)
CTonbuyoBcKasa paBHMHa (22)

[poaHeHcKasd
BO3BbIWEHHOCTb (23)

BonkoBbicckas
BO3BbIWEHHOCTb (24)

CnoHMMcKas BO3BbILEHHAA
paBHMHa (25)

HoBorpyackas
BO3BbIWEHHOCTb (26)

Konbinbckasa rpsga (27)

OplwaHcKas BO3BbILEHHOCTH (28)

[opeuko-McTucnaBnbCcKas BO3-

BblLWEHHOCTH (29)

OpuwaHcko-Morunésckas
paBHuHa (30)

KocTokoBuuckas paBHuHa (31)

Mpy>xaHckasa paBHMHa (32)

BapaHoBMuckas paBHuHa (33)

Mnowags, Kapkaca

ToIC. FA  Mnowaps, [Aons,
ThIC. Ta %

330,20 241,87 73,3
224,20 146,57 65,4
648,90 508,23 78,3
386,85 282,41 73,0
152,85 108,28 70,8
404,36 305,06 75,4
316,60 220,67 69,7
238,90 168,99 70,7

3anagHo-benopycckas nposuHUMA
441,60 298,60 67,6
288,28 175,28 60,8
675,34 376,61 55,8
119,54 88,86 74,3
279,52 208,28 74,5
248,79 170,82 68,7
370,27 217,51 58,7
364,26 229,36 63,0
441,21 248,87 56,4
216,49 132,89 61,4
89,20 49,75 55,8
404,55 204,75 50,6
193,63 106,96 55,2
340,24 198,18 58,2
175,95 70,56 40,1

BocTouHO-Benopycckas npoBuHLMA
347,50 186,01 53,5
288,57 142,24 493
965,48 521,42 54,0
685,24 482,89 70,5

Mpegnonecckas NPOBUHLNA

478,68 308,30 644
307,65 189,78 61,7
421,50 198,04 47,0

Cnyukas paBHuHa(34)

3eMNu NPUPOAHOT0

Nenr

1,14

0,98
1,26
1,15
1,07

1,20

1,06
111

0,92

1,02

0,85
0,97

0,89

0,78

0,85

0,89

0,58

0,83

0,73

0,83

1,10

1,03
0,97
0,71

MpogonxeHune Ta6n.

oonTt

Mnowapab, Aons,
ThbIC. Ta %

101 411,4 30,7

23 626,4 10,5
98 1104 151
83342 2,2
214226 14,0

3333,2 0,8

27 1894 8,6
107 259,8 44,9

9012,0 2,0
10042,2 35
229311 34

1092,4 0,9

106 433,9 38,1

3381,6 1.4

79 169,3 21,4

97 216,3 26,7
126912 29
4846,1 2,2

112,6 0,1
127119 31
8202,9 4,2
6874,1 2,0
862,3 0,5
3988,1 11

190,0 0,1
7649,8 0,8
599429 8,7

161 841,6 33,8
20 636,7 6,7
38436 0,9

KoonT

1,509

1,147
1,224
1,030
1,190

1,011

1,120
1,762

1,026
1,043
1,050
1,024

1,705

1,018

1,314

1,393

1,036
1,032

1,001

1,043

1,061

1,027

1,006

1,014

1,001

1,010
1,115
1,584

1,094
1,013

Mnn

1,72

1,12
1,54
1,18
1,27

1,21
1,19

1,96

1,08
0,99
0,92
1,23

2,06

1,15

1,21

1,42

0,88
1,0

0,89

0,81

0,90

0,91

0,58

0,84

0,73

0,84

1,23

1,63
1,06
0,72

1

Continuation of the table 1
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OKoHuyaHue Tabn. 1
Ending of the table 1

3eMu NPUPOAHOro

dusMKo- . KapKaca oonTt
. du3nko-reorpauyeckmnii Mnowapp, p
reorpaguyeckuii alioH THIC. ra Wenr Koont WMun
OKpyT p : Mnowapab, JAons, Mnowaab, Aons,
TbIC. Ta % TbIC. Ta %
MyxoBunuckasa paBHuHa (35) 490,97 279,05 56,8 0,89 136829 2,8 1,038 0,93

LienTpanbHoGepesnckas 108755 740,38 68,1 1,0 96 1334 88 1123 1,24

paBHUHa(36)
BocTouHoe g 50 lickas pasuHa (37) 556,87 388,87 69,8 112 23 1637 42 1059 119
Mpepnonecobe ' !
:;;:;:;ggoraqescmﬂ 33137 200,18 60,4 0095 4856 01 1,002 0,95
Yeyepckasa paBHMHa (39) 596,15 357,81 60,0 0,96 287351 4,8 1,067 1,02
Monecckas NpoOBUHLMSA
BbicokoBCcKas paBHUHa (40) 393,18 218,34 55,5 0,84 225442 57 1,077 0,90
E%icechbKeoe ManopuTckas paBHuHa (41) 317,04 201,74 63,6 0,98 324028 10,2 1,142 1,12
PaBHuHa 3aropogbe (42) 240,17 153,50 63,9 0,96 14317 0,6 1,007 0,97

AcenbanHcko-CnyuKas

1240,82 891,01 71,8 1,15 115470,7 93 1,134 1,30
Mpunatckoe  HU3MEHHOCTL (43)

Monecbe
CpearenpunaTckas 921,41 70526 76,5 124 3637537 395 1612 2,0
HU3MEHHOCTb(44)
Nenbunukasa paBHuHa (45) 456,03 376,70 82,6 1,40 7536,5 1,7 1,021 1,43
Mo3bipckoe o
Monecke Mo3bipcko-tO posutickas 167,37 122,57 732 120 182499 10,9 1,120 1,34

BO3BbIWEHHOCTb (46)

KonaTkeBnuckas paBHuHa (47) 458,46 328,47 716 1,17 7377,1 16 1,024 1,20

Bacunesuckas 684,07 47339 69,2 113 41663 0,6 1,008 114
FOMeNbCKoe HU3MEHHOCTbL (48) '
Monecbe -

Peunuko-Coxckasn 713,91 418,44 586 0,92 57 1364 80 1,112 1,02

HU3MEHHOCTb (49)

KomapuHckas HusmeHHocTb (50) 362,38 289,74 80,0 1,32 3,2 0 1,0 1,32

MpumedaHune. Lndpbl B CKOGKAaxX COOTBETCTBYHOT 0603HAUEHUAM Ha puc. 1-3.

®IP pa3nmyatoTca Mo CTerneHy X03SMCTBEHHOM 0CBOEHHOCTHW, MPeo6pa3oBaHHOCTM NaHAWAGTOB U CTPYK-
Type 3eMefb, pPacrnonoXeHHbIX B UX Npeaenax. Ha hopmupoBaHme aKonormyeckoi cetn B ®IP BnmseT gons
njoLlaam 3eMesb NPUPOLHOro Kapkaca, KOTopble NpeAcTaB/ieHbl MPUPOLHLIMU U MPUPOLHO-aHTPOMOreHHbIMM
aKocucTeMamu (fIeCHbIMU, GOMOTHBIMU, NIYTOBbIMMW, APEBECHO-KYCTapHUKOBLIMY U aKBa/lbHbIMK), OT 06LLei
nnowaaun pernoHa. HecmMoTps Ha LOCTATOYHO BbICOKYH CTeMeHb CeflbCKOXO03AWCTBEHHOM OCBOEHHOCTM Be-
nlapycu, 3eM/i1 NPUPOLHOro Kapkaca 3aHMMarloT B CpefHEM 0K0o 65,5 % oT nnowaan ctpanbl. Mo ®IP atot
nokKasaTesib pa3nnyaetcsa 6onee 4yem B 2 pasa, OH BapbupyeTcs oT 87,0 % (Hewepao-ropogokckas BO3BbILEH-
HocTb) ao 40,1 % (Konbinbeckas rpsga). 3HaumTenbHble naowaan (6onee 75 %) cCOXpaHUBLLMXCS NPUPOAHbIX
3KOCMCTEM XapaKTepHbI Npexae BCero Ansa oTaensHbix ®IP Benopycckoii Moo3sepckoii (Hewepao-Iopogokckas
BO3BbILWEHHOCTb, Cypaxckas paBHWUHA, [onoLKas HU3MEHHOCTb, YLIauCKo-JTyKOM/bCKas BO3BbILLIEHHOCTD)
n Monecckoi (Jlenbumnukas paBHUHa, CpegHenpunaTCKas HU3MEHHOCTb, KOMapuHCKasi HU3MEHHOCTb) Npo-
BUHUMIA. Cnabasi 0CBOEHHOCTb TEPPUTOPUN 0BBACHSAETCA HU3KMM NA0LOPOAMEM MOYB, UX 3a60/10YEHHOCTLIO
W 3arpsisBHEHHOCTBIO paguoHyknaamu. K paioHam ¢ 60/bLueli Npeo6pa3oBaHHOCTLH MPUPOAHBIX FTEOCMCTEM
(meHee 55 %) oTHocsiTcs PP 3anagHo-Benopycckoi (Konbinbckas rpsaaa, BonkoBbICCKas BO3BbILIEHHOCTb),
BocTouHo-Benopycckoii (OpLuaHcKas BO3BbILLEHHOCTb, ["opeLKo-McTucnaBNbCKast BO3BbILWEHHOCTb, OpLuaH-
cko-Morunéeckas paBHuHa) u Mpegnonecckoi (Cnyukas paBHUHA) NPOBUHLWIA.

Cpeawu 3eMefb NPUPOAHOro Kapkaca Npeo6iafaroT NecHble 3KOCUCTEMbI, KOTopble NOKpbiBakoT oT 20,2 %
(Konbinbckas rpaga) ao 67,2 % (Jlenbumukas paBHuHa) Tepputopun benapycu. bonee 50 % oT nnowagm
cTpaHbl (Hewepo-ropogoKcKas BO3BbILWEHHOCTL, BepxHebepe3nHcKas HU3MEHHOCTb, JOKLWNLKaa paBHUHA,
BopucoBckas BO3BbILeHHasA paBHUHa, LleHTpanbHo6epe3nHcKas paBHNHA, bobpyiickas paBHMHa, JlenbuniKas
paBHMHa, M03bIpCcKO-HOpOBMUCKasA BO3BbILLEHHOCTL, KOMaTKeBMYCKas paBHHA, BacuneBnyckas HU3MEHHOCTb
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1 KomapuHcKas HU3MEHHOCTb) 3aHATbl necamun. B oTaenbHbix PP (Konbinbckas rpsga, Cnyukas paBHMHa,
"opeuKo-McTrcnaBnbCKas BO3BbILLEHHOCTb, PaBHUHA 3aropojbe) NecHble 3eMn NokpbiBaloT MeHee 30 %
TeppuTopuun cTpaHbl. Ha npotsxeHun nocnegHux 30 neT naowanb NIeCHbIX 3eMenb B npegenax scex ®IP
YBE/INYMBAETCS.

HeMHOro MeHbLUYH NAoWaib 3aHUMAtOT SIyroBble 3emaun. Cpeaun HUX Npeob1afatoT BTOPUYHbIE 3KOCUCTE-
Mbl C CEHOKOCaMM 1 nactéuwamu. JIyroBoin pacTUTeNbHOCTbIO NOKPbIThI 0T 5,7 % (Hewepao-ropogokckas
BO3BbILWEHHOCTb) 40 19,8 % (paBHMHa 3aropofbe) TeppUTOPMM CTpaHbl. B nocnegHue rofdbl nnowasb nyros
yMeHbLUmMnack Bo Bcex PP Ha BennumHy ot 0,6 % (Bunelickas HU3MEHHOCTL) A0 8,2 % (Jlyvocckas pas-
HuHa). CokpalleHne pa3MepoB NYroBbIX COO6LLECTB 06BACHAETCA BbICOKMMMW TeMNamMu 3apacTaHus yroBbIixX
(hMTOLLEHO30B [PEBECHO-KYCTAapPHMKOBOMN PacTUTENbHOCTBLIO B Pe3Y/bTaTe CHUMKEHUS YNCNEHHOCTHU CEMbCKOro
HaceneHus, a cfnefoBaTeNlbHO, M NOrofiIoBbS CKOTA, a TAKXKE 13-3a MCUE3HOBEHMSA CeMTbCKMX MOCeNeHNIA, nocnes-
CTBWIA 3arpsA3HEHUA CEe/TIbCKOXO03ANCTBEHHbIX YOI PaguOHYKANAAMU Y SKCNAHCWMIN COPHbIX Y MHBA3MBHbIX
BUJOB PacTeHWA, NPUBOJALLUX K BYpbAHN3ALMMN NYTOBbIX (PUTOLLEHO30B.

[ peBecHO-KyCTapHUKOBAsA PacTUTE/IbHOCTb 3aHUMAET NoYTK 5 % OT 3eMefIbHOro hoHAa CTPaHbl 1 Mo no-
WaAn pacrnpocTpaHeHMs YCTynaeT TONbKO IECHOW U NyroBoi pacTUTenbHOCTU. B pa3pese ®IP ee gons co-
cTasnset ot 1,5 % (Cnyukaa paBHuHa) f0 13,1 % (Cypaxckas paBHWHA). Bonee 3HauMTeNbHble NAOWaAu
3eMefb NMOKPbITbl 4PEBECHO-KYCTapHUKOBOW pacTUTENbHOCTLIO B P Benopycckoli Moo3epcKoii NPOBUHLNN,
YTO 06BACHAETCH BbIBOLAOM U3 CE/TIbCKOXO3ANCTBEHHOr0 060p0Ta ManonpoAYKTUBHBIX 3eMeflb, METKOKOHTYp-
HOCTbIO YroaniA 1 3apacTaHneM ObIBLUMX CEHOKOCOB U MacTOULL KYCTapHUKOM B CBSA3M C COKpaLL,eHMeM Noro-
noBbsi ckoTa. Bo Bcex ®I'P, kpome CnyuKoii paBHUHBI, 3a nocnegHue 20 neT naowags 3eMenb Nog ApeBecHo-
KyCTapHWKOBOI pacTUTENIbHOCTLIO YBEUUMUNACh.

BakHOe 3HaYeHWe cpeay 3emesb MPUPOAHOro Kapkaca MMetoT 60/10Ta. Mocne wupokomMacTabHoN Menmopa-
LMY nnowags oTKpbIThIX 60/10T B benapycu cuibHO COKPaTUIach, 0fHaK0O OHY 3aHUMaloT 3,6 % OT 3eMeNbHOro
thoHAa cTpaHbl. BONbLIMHCTBO OTKPbITbIX 6010T cerogHs 3aHsATbl OOMT. Camas Bbicokas (12,7 %) fons 3emenb
nog OTKPbITbIMW 6010TaMK OTMeYeHa B npegenax CpefHenpunATCKOA HU3MEHHOCTH, a camas Huskas (0,6 %)
3ahMKcmMpoBaHa Ha MWHCKOM BO3BbILLEHHOCTU 1 CTON6LLOBCKOM paBHUHe. Jlydlle BCEro OTKpbITbie 60/10Ta CO-
XpaHunucoh B 6onblumMHcTBe ®IP Benopycckoii Moo3epckoii 1 Monecckoit NPoBUHLMIA. HaMeTuBLLIAACS B NPO-
LLU/IOM CTONETUM TEHAEHLMS YMEHbLLEHNS pa3MepoB 60/10T MPOA0MHKAETCH U B HAcTosLLee Bpems. MpakTUYecKku
Bo Bcex ®I'P cTpaHbl Nnowasib 60/10T HE3HAUYUTENBLHO COoKpaLlaeTcs (KaK NpaBuio, Ha f0W NPOLEHTA).

HanMmeHbLLYt0 TeppuTopuio (2,3 %) cpeau 3emMenb NPUPOAHOro Kapkaca 3aHMMAal0T akBas/lbHble 3KOCUCTEMbI
C BOJHOI pacTUTE/IbHOCTbLIO, KOTOpble Hanbonee paBHOMEPHO pacnpegenstoTca no benapycu. Vx nnowagp
kone6netcs ot 0,9 % (KocTiokoBmucKasi paBHuHa) o 7,1 % (Ocselicko-bpacnasckue rpsgel). Yauie Bcero
3eM/IM NOJA BOAHLIMM 06beKTaMK BCTpeyatoTcs B 60nblUMHCTBE ®IP Benopycckoii Moo3epckoil MPOBUHLNN.
3a nocnegHve rofpl pasmepbl 3eMeflb 3TON KaTeropuy NPakTUYeckn He N3MEHUUCH.

C y4eTOM 3KO/IOTMYECKO 3HAUMMOCTY 3eMeNb NPUPOAHOro Kapkaca paccumTtaHbl 3HadeHus AT u npo-
BedeHa rpynnuposka ®IP cTpaHbl No gaHHOMY nokasatento (puc. 1). Bce ®I'P andpepeHumpoBanmch Ha
YyeTblpe rpynnbl.

B rpynny co 3HaueHnem AT 6onee 1,21 Bxoaat 6 ®I'P, pacnonoXeHHbIX NPeMMYLLECTBEHHO B [M0N1eCCKOi
n Benopycckoil Mo03epcKoil MPoBNHLMSAX, a Takke B 3anafHo-Benopycckoii NpoBuHUMK. OHKW XapaKTepu-
3yroTCa 601bLUNMMY NNOLAASAMM NECHbIX 3eMesb (6onee 40 %), a B HEKOTOPbIX paiioHax (JlefbuunLKas paBHUHa,
KomapuHcKas HU3MeHHOCTb U Hellepio-MopofoKcKas BO3BbILLEHHOCTb) NeCUCTOCTb AOCTUMAeT MaKCUMabHbIX
Be/IMUMH No cTpaHe (bonee 60 %). Kpome TOro, 3HaumMTesIbHble MAOLWaAM 3aHATbI 3eMAAMU NOJ, OTKPLITLIMU
6onotamu (6onee 4 %), 0CO6EHHO MHOMO MX 3a)MKCMPOBAHO B npedenax CpefHENPUNATCKOW HU3MEHHOCTN.

[0BONLHO BbICOKAsA COXPAHHOCTb MPUPOAHbLIX reocucTeM xapakrepHa ans 20 ®I'P, KoTopble COCTaBAAOT
rpynny co 3HavyeHvem AT 1,01-1,20. B gaHHyto rpynny BxogaT ®IP, pa3melleHHble B pasfINYHbIX MPo-
BUHLMAX 1 OT/IMYAIOLLMECS MOBbLILIEHHON NECUCTOCTLIO, a TaKXKe CpefHUMK NoKasaTesmMmn NaoLLaan 3emeb
C peBECHO-KYCTapHWKOBOWA, TYrOBOI 1 60N0THOI PacTUTE/IbHOCThHO.

"pynny co 3Ha4veHnem NAT 0,81-1,0 06pasytoT 20 ®I'P, 60/1bLUMHCTBO 13 KOTOPbIX PacrofioXeHbl B npegenax
3anagHo-benopycckoii 1 BocTouHO-Benopycckoit NpoBUHLMIA, Nyulle 0CBOEHHbIX B CE/IbCKOX03AACTBEHHOM
OTHOLUEHMU.

HakoHel, 4 ®I'P ¢ Hanbonee NNOAOPOAHBIMM NOYBAMUN XapPaKTEPU3YIOTCA MUHUMaNbHOW COXPaHHOCTLHO
NPUPOLHBIX FeoCUCTEM U (POPMUPYIOT rpynny co 3HaveHnem NAT meHee 0,81.

BaxHy0 posib B CO3jaHUUN HALMOHAIbHOW 3KOMOrMYeCcKol CeT UrpaeT Halnymne He TO/bKO 3eMenb Mnpu-
pOLHOro Kapkaca (MoTeHunanbHbIX 3KONOTMYECKUX KOPULOPOB), HO U YHUKabHbIX NPUPOAHbIX FE0CUCTEM, Ha
6a3e KoTopbIx hopmupytoTca OOMT (akonormyeckue sapa). OOMT TakxKe HepaBHOMEPHO PacnpoCTPaHAOTCS
no cTpaHe. [nsa onpeaeneHuns TepputTopuanbHbiX 0cobeHHOCTeN pasmelteHuss OOMT paccunTaHbl 3HaYEHUS
KOOT. Mo gaHHomy nokasatento ®IP benapycu genarca Ha YyeTbipe rpynnbl (puc. 2).
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1,01- 1,20 ["paHnLbI

(hr3nKo-reorpadmyeckmx permMoHoB:
0,81-1,0 o

--------- NPOBUHLMIA
MeHee 0,81 - paiioHoB

Puc. 1. PacnpeaeneHne ®I'P Benapycu no rpynnam B 3aBUCUMOCTU OT 3HadeHuii AT,
0O603HaveHHble ungpamm 1-50 paitoHbl cm. B Tabn. 1

Fig. 1. Distribution of physical and geographical regions of Belarus by groups
depending on the values of index of conservation of natural geosystems.
Marked with numbers 1-50 regions see on the table 1

B rpynny co 3HauyeHnem KO 60nee 1,50 BxogaTt 5 ®IP. Boicokune nokasatenu obecrneveHHocTn OOMT
06BACHAOTCA Hannumem B ®IP aToi rpynnbl KpynHbix OOMT (3anoBeAHMKa UM HaLMOHaNbHOIO Mapka),
a TaKXe 3aKasHMKOB M NaMATHUKOB NPUPOAbI.

"pynny co 3HaveHnem KOO 1,21-1,50 o6pasytoT 3 ®IP. CpaBHUTE/NbHO BbICOKME NOKasaTen o6ecneyveH-
HocT OOMT B faHHbIX paioHax 06yCnoBeHbl HAXOXAEHMEM B UX Npedenax 60MbLIKMX NO NAOWaAn 3aKas-
HMKOB pecnyb6nKaHCKOro 3HavyeHns («Ko3bSHCKMi», «EnbHsA», «KpacHblil Bop», «Hannbokckuii», «O3épbl»,
«["pogHeHCKas nyLa» U T. 4.).

B cBoto o4yepeab, rpynny co 3HadeHnem KOO 1,11-1,20 coctaBnatoT 11 PP, pacrnonodeHHbIX B pasHbIX
NPoBMHUMAX. [Ng HAX XapaKTepHbl cpeaHne nokasaTenu obecnevyeHHoctn OOMT.

Hanb6onbLuee konnyectso ®IP (31) Bxogut B rpynny co 3HadeHrem KOO 1,0-1,10. OTcyTcTBUE MK Manoe
yucno OOMT B 3TUX palioHaxX 06bACHAETCA BbICOKON X03MCTBEHHON OCBOEHHOCTLIO TEPPUTOPUM CTPaHbI.
B 10 e Bpemsa PP gaHHOW rpynnbl UMEKOT NOTeHLMan Ans popMmpoBaHua HoBbix OOMT. CnegyeT oTMme-
TUTb, 4YTO B HEKOTOPbIX PP (BuTebCcKas BO3BbILLIEHHOCTL, KOMapUHCKas HU3MEHHOCTb, CypaXKckas paBHUHaA,
Ywaucko-JIyKom/ibCKas BO3BbILWEHHOCTb, Konbinbckasa rpaga, Cnyukas paBHuHa, Knnyescko-Porayesckas
paBHMHa, Topeuko-McTucnaenbCKas BO3BbILWEHHOCTL, OpluaHcko-Morunésckasa paBHuHa, Bacunesnyckas
HU3MEHHOCTb) B HacTosilee BpeMma Ko He npeBblwaeT 3HadyeHna 1,01. B Hux OOMT npefcTaBneHbl OT-
JeNbHbIMU NaMATHUKAMKU NPpUpoLbl NMMB0 HebOMbLIMMK MO NAOWAAN 3aKa3HUKamMKU. KoMapuHCKas HU3MEeH-
HOCTb HECKO/IbKO BbiNafaeT U3 NpefnoXeHHOro psaga, MoToMy YTO OHa HaxXOAUTCA Ha TeppuTopun, Hambonee
3arpsA3HEHHON paguoHyKNugamu, u B ee npegenax pasMelaerca MNonecckunii pagnaLmoHHO-3KON0MMYECKNIA
3anoBefHMK, KOTOpbIA He oTHocuTCA K OOMT cTpaHbl.
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1,21-150 ["paHuLbI

(h13MKO-reorpauUecKmnx permoHoB:
111-120 NpoBUHLNIA
10-1,10 e paioHoB

Puc. 2. PacnpegeneHve ®IP Benapycu no rpynnam B 3aBMCUMOCTU OT 3HauyeHuii KOO
O603HayeHHble ynudpamn 1-50 palioHbl cM. B Tabn. 1

Fig. 2. Distribution of physical and geographical regions of Belarus by groups
depending on the values of the coefficient of provision of the territory
with nature protection objects.

Marked with numbers 1-50 regions see on the table 1

[lns coBepLUEHCTBOBAHNSA HALMOHA/IbHOI 3KOMOMMYECKON CeTU, MOAAEPXKAHNSA CTapbIX U CO34aHNS HOBbIX
3KO/I0rMyecKux afep, KOPMA0POB 1 OXPaHHbIX 30H, NPUEratLWwmx K HAM, BaXKHbl CBeleHUs 0 NPUPOLOOXPaH-
HOM noTteHuwmane ®I'P. PacyeTbl Nokasanu, 4To 3HavyeHus VIl nn Ha Tepputopumn benapycu nsmeHarotces ot 0,58
(Konbinbckas rpaga) o 1,96 (HapouaHckas paBHUHa). Bece ®IP no gaHHOMY nokasatento gudgepeHumpyroTes
Ha cemb rpynn (puc. 3).

B rpynny ¢ Han6onee HU3KUMK 3HadeHuamn UMM (meHee 0,81) Bxoaat 3 PP, pasmeLleHHbIX B pasHbIX
h13nKo-reorpamueckmnx NPoBMHLUMAX (Tabn. 2). OHM OTANYAKOTCA BbICOKOW Ce/TbCKOXO03SMCTBEHHOW OCBOEH-
HOCTbIO, MO3TOMY B UX Npefenax HaxoaaTcs OTHOCUTENIbHO He6obLUIMe NnoLaim 3eMeflb MPUPOLHOI0 Kapkaca,
a NPMPOLOOXPaHHbIV MOTEHLMAN XapaKTePU3YEeTCA KaK HU3KUIA.

"pynny co 3HayeHnem LIIT10,81-1,0 cocTaBnatoT 14 ®I'P, pacrnonoXeHHbIX NPenmyLL,ecTBEHHO B Npegenax
3anagHo-benopycckoli u BocTouHo-Benopycckoit NpoBUHLMIA. [lons 3eMenb NPMPOAHOro KapKaca B HUX TaKXe
YyCTynaeT cpefHMM NOKa3aTeNsiM Mo CTPaHe, YTO 3aTPYAHSAET (POPMMPOBAHUE IKOSOTMYECKUX KOPULOPOB Mpu
MPOEKTMPOBaHMMN 3KOTIOTUYECKON CETU.

Camoe 6onbLuoe Konu4yecTBo ®IP ob6pasyeT rpynny co 3HayeHmem UMM 1,01-1,20. K Heit oTHocsTCS
paiioHbl BCeX NPOBUHLMIA, KpoMe BoCTOUHO-Beopycckoit, Ho HanbosbLlee NPeacTaBUTENLCTBO XapakTepHO
ansa ®IrP benopycckoit Moo3epckoii NpoBMHLUMW. BennyunHa npMpogooxpaHHOro noteHumana ®rP gaHHowA
rpynnsl 6MXe BCEro K cpefHeMy nokasaTesnto Mo cTpaHe. B nx npefenax o6bIYHO pasMeLLeHbl a4pa 3KoNo-
rMYecKol ceT HaLMOHANIbHOIO U PErMOHA/IbHOTO 3HAYeHMS.

26



eorpacus

Geography
Puc. 3. PacnpegenexHve ®I'P Benapycu no rpynnam B 3aBUCMMOCTU OT 3HadeHunin AMITL
0O603HaveHHble ungpamm 1-50 paitoHbl cm. B Tabn. 1
Fig. 3. Distribution of physical and geographical regions of Belarus by groups
depending on the values of the integral indicator ofthe environmental potential.
Marked with numbers 1-50 regions see on the table 1
Tabnuya 2
PacnpepeneHne ®I'P benapycu, BXOAALWNX B pa3nyHble
(hn3mko-reorpauyeckmne NPOBUHLUN, NO FPynnam B 3aBUCUMOCTY OT 3HaueHuiA UMITI
Table 2
Distribution of physical and geographical regions of Belarus
included in various physical and geographical provinces by groups
depending on the values of the integral indicator of the environmental potential
Konunyecteo ®I'P no rpynnam
®U3NKO-reorpaduyeckas B 3aBMCMMOCTM OT 3HayeHuii AMnn
NPOBUHLMA NMnne UMnn,,, - M0, Mehee Bonee
0,81-1,0 1,01-1,20 1,21-1,40 1,41-1,60 1,61-1,80
0,81 1,80

Benopycckas Noo3sepckas 1,39 1,07-1,96 0 0 6 2 1 2 1

3anagHo-benopycckas 1,05 0,58-2,06 1 8 2 2 1 0 1

BocTtouHo-benopycckas 1,11 0,73-1,23 1 2 0 1 0 0 0

Mpegnonecckas 0,94 0,90-2,0 1 2 3 1 0 1 0

Monecckas 1,31 0,58-2,06 0 2 4 3 1 0 1

MpumeyaHue. UMITI - cpegHee 3HayeHune ATMTTT UMIT1 - muHMManbHoe 3HaveHve UTMTTE UMTTT - MakcumanbHoe 3Ha-
YyeHvie NMIT1
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pynny co 3HayeHnem UTMIT11,21-1,40 coctaBnaT 9 ®IP Bcex npoBuHLUMiA. Mo 3 PP BXOAAT B rpynmbl
co 3HaveHuem MMM 1,41-1,60; 1,61-1,80 1 6onee 1,80. MpaKTMYeCKK BCe OHWU OTANYAKOTCA BbICOKMMM MO-
KasaTensamy COXpaHHOCTU NPUPOLHbLIX FreocucTeM, 60/bLLIMMMI NOWAAAMY IECOB U 6ONOT, HAIMUYUEM KPYMHbIX
OOINT. B ux npegenax pasmeLLeHbl gapa 3KOJ0rMYecKoii CeT eBPONeicKoro N HaLMOHaIbHOrO 3HaYeHMs.

MpoBeAeHHbIE paHee pacyeTbl 3HAYeHWIH NPMPOA00XPaHHOr0 NoTeHUnana ®IP [14] no3BonatoT NpocneanTb
ero JMHamuky 3a nocnefHue 15-20 fieT. YCTaHOB/IEHO, YTO NPaKTUYeckn Bo BCex PP BbIpoCIM Mokasarenu
NAT n KOJT, noatomy yBenunuamch u 3HadyeHnsa VMIML CoxpaHHOCTb MPUPOAHbLIX FEOCUCTEM MOBLICU/IACH
B CBAI3U C pacLUMPeHMeM MJIOLLaaN TECHbIX 3eMeflb U 3eMeflb NOJ, fPeBECHO-KYCTapHMKOBOW PacTUTEIbHOCTLIO.
3a aHa/IM3MpyembliA neprog Beipocan pasMepbl OOMT, N3MEHUIUCH UX KaTeropuu, YTo MPUBE/O K yBenmye-
HWIO 3HauveHni i KOO Kpome TOro, B npefblgyLieM MUCCnefoBaHNW He YUYUTbIBA/INCL NaMATHUKW NPUPOAbI
MECTHOIO 3HayeHus.

CylecTBEHHOE MOBbILWEHWE MPUPOLOOXPAHHOIO NoTeHuuana otMeyaetca B ®IP rpynn co 3HayeHvnem
MMIm 1,61-1,80 n 6onee 1,80 (c kpynHbiMn OOMMT). Takke 3TOT NoKasaTeNlb CUbHO Bbipoc B ®I'P beno-
pycckoii Mo03epCcKoin NPOBUHLMU, T4e OFPOMHbLIMW TEMMAaMW MOBbICU/INCH NECUCTOCTb U 3aKYCTapeHHOCTb.
B npegenax MWHCKOI BO3BbILEHHOCTN, CNOHMMCKOIA BO3BbILLIEHHOW pPaBHWMHbI, BapaHOBMYCKOI paBHUHbI,
Cnyukoii paBHUHbI 1 BacnneBMYCcKoil HU3MEHHOCTU 3HauyeHust TITTIHEMHOTO CHU3WANCL UAWM OCTaNnCh Ha
MPeXHeMm ypoBHe.

3akJiroueHue

Ha (hopMmpoBaHmne HaLMOHa/IbHOM 3KONOrMYECKOW CETU BANSIOT NPUPOAHLIE OCOBEHHOCTU TEPPUTOPUK, NOo-
3TOMY NIOTHOCTb CETU UMEET PErMOHaSbHbIE OTINYMSA. BbIpaXKEHHOCTL 3KOM0MMYECKMX KOPULOPOB U BY(epHbIX
30H OnpefenseTcs HaimymMeM 3emMenb NPUPOAHOro Kapkaca (JIeCHbIX 3eMeflb, SIYroBbIX 3eMeflb, a TAKXKe 3eMeflb
nof OTKPbITbIMK 60N0TaMK, 3eMeSb NOL LPEeBECHO-KYCTapHUKOBOMN PacTUTEIbHOCTbLIO U 3eMeflb Mof BOAHbIMU
06bekTaMu), Naowasib 1 3K0OrMyeckas 3Ha4MMOCTb KOTOPbIX CYLLLECTBEHHO pasnuyaroTces no ®IP cTpaHsbl.

Mocpeacteom NAT XapakTepu3yoTcs TeppuTopraibHble 0COOEHHOCTH 3eMeflb NPUPOLHOro Kapkaca
C YUYeTOM UX 3KONOrMYeCcKOi 3HaUMMOoCTU. Ero BenuumHel nsmeHsaoTcs ot 0,58 (Konbinbeckaa rpsga) go 1,40
(Nenbumnukas paBHMHA) 1M NO3BONAKOT AudepeHLMpoBaTe PP Ha YeTbipe rpynmbl.

C nomoubto KOO MOXHO YCTaHOBUTL cneumunky pasmeleHns OOMT B npegenax ®IrP. OH nokasbiBaeT
YHUKaNbHOCTb 3eMeflb NPUPOLHOI0 KapKaca, YTo faeT BO3MOXHOCTb BblAenntb OOMT pasinyHbIX KaTeropuii.
Han6onee BbicoKuii nokasatens KO (6onee 1,5) cBolicTBeH s ®IP, B npefenax KOTOPbIX pacrofaratoTcs
A4pa 3KOIOrMYecKol CeTU eBpomnenckoro 3HavyeHus (HapoyaHckas paBHUHa, BepxHebepe3nHCKas HU3MEH-
HocTb, OcBelicko-Bpacnasckue rpsagbl, MNpyxaHckas paBHUHA U CpefHenpunATCKas HU3MEHHOCTL). B page
®IP KoahhuumneHT 6AM30K K 3HaYeHUto 0, NOCKOMbKY B HUX OTCyTCTBYOT OOMT mam oHW npeacTaBneHsb
NamATHUKaMU MPUPOLbI.

Bnarogaps UMITIMOXHO 60nee MOIHO OXapaKTepr3oBaTh NOTEHLMANIbHbIE BO3MOXHOCTU (hOPMUPOBaHMS
3KOJIOTMYECKON CETH, TaK Kak OH onpeensieT 0CO6eHHOCTU pa3MeLLeHNs BCeX ee 3/IeMeHTOoB. Ha TeppuTtopuu
Benapycu 3HaueHUsa 3Toro nokasatens uaMeHstoTca ot 0,58 (Konbinsckas rpsga) fo 2,06 (BepxHebepesnHckas
HU3MeHHOCTb). o BennunHe NMTMIPIP auddepeHLMpyOTcs Ha CeMb rpynn. PalioHbl, KOTOPble OTHOCATCH
K rpynnam co 3HayeHuem MMIM11,21-1,40; 1,41-1,60; 1,61-1,80 n 6onee 1,80, BKAKOYAIOT i4pa 3KONOTMUECKOM
CeTn eBPONECKOro U HaLMOHaNbHOI0 3HaYeHUs, BOAHbIE U NIECHbIE 3KOIOTUYECKe KOPUAOPL! 1 B 4OCTATOu-
HOI CTeneHN BbINOHAIOT 3a4a4y N0 COXpaHeHWo 61Monornyeckoro pasHoobpasus. ®rP rpynmn co 3HavyeHneM
MMIMiveHee 0,81; 0,81-1,0 1 1,01- 1,20 TpebytoT 601€€ NPUCTaNbHOIO BHUMaHWA K pa3MeLLeHNI0 3/1IEMEHTOB
3KOJIOTMYECKOM CeTW.
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YK 913:621(100)
ONHAMUWKA PA3BUTUA ATOMHOW SHEPFETUKWN B MUPE

N. 0. CYWKEBWYY A. H. LUABE/Ib1, C. C. MUXAMNNOB1

"BenopyCccKuin rocyaapcTBEHHbIA yHUBepcMTET, Np. HesasucumocTu, 4, 220030, r. MuHck, Benapychb

Ha ocHOoBe omumanbHbIX CTAaTUCTUHECKMX JaHHbIX MEXAYHapPOAHbIX OpraHu3auuii B cdepe aHepreTukn (Mexay-
HapoAHOe areHTCTBO MO aTOMHOW 3Hepruun, MexayHapogHoe 3HepreTUYecKoe areHTCTBO) MPOBeAeH aHasIv3 AMHaMMU-
K/ pasBUTUSA 1 COBPEMEHHOIO COCTOAHWUS aTOMHOI 3HepreTMkKM B mmnpe. C UCMO0/Ib30BaHNEM PeTPOCNEKTUBHOIO MeToga
npegnoXeHa nepuoam3saumnsa pasBuTUs 0Tpacan 1 flaHa XxapakKTepucTKa BbljenieHHbIM 3Tanam. C noMoLLblo MaTemaTu-
KO-CTaTUCTUYECKMX OLEHOK, CPaBHUTE/IbHO-reorpauyeckoro 1 Kaptorpamyeckoro MeTofloB MoJjlyyeHa COBPeMeHHas
KapTuHa pasBuTUSA aTOMHOM 3HePreTMKN B MUpe B CTPAHOBOM paspese. NMoKa3aHO NOCTeNeHHOe yCTONUYMBOE COKpaLLeHne
yLeNbHOro Beca aTOMHOW reHepaLuun B 06LLEMUPOBOM 06beMe BbIPaboTKM 3M1EKTPO3HEPT MM, YTO MPOUCXOAUT B pesysib-
TaTe CBOpauYMBaHNA TEMMNOB Pa3BUTMA [JaHHOIO CEKTOpa 3HePreTUKM B cTpaHax 3anagHoi EBponbl n ANoHWK Ha ¢oHe
aTomMoh06HbIX HACTPOEHMIA NPaBUTENLCTB M MECTHOTO HacenieHns. OAHAaKO 0TMeYEeHO, YTO MPOJO/KAETCA aKTUBHOE pas-
BMTWE aTOMHOI 3HEPreTUKN B A3MaTCKO-TNXO0KEAHCKOM PErMoHe, YTO NOATBEPXKAAeTCA UHTEHCUBHbLIM CTPOUTE/TLCTBOM
AfepHbIX 3HeprobaokoB B Kutae n NHamn, a Takxke nepcneKTnBaMu MOSB/EHWS HOBbIX CTPaH Ha MUPOBOI KapTe Npo-
N3BOACTBA aTOMHoI 3Heprun (Benapycb, OAD, BaHrnagewl, Erunet, Typuns). B ycioBnsaX He06X0LMMOCTU CHUXEHNS
BbI6GPOCOB yrnepoga B atMociepy, a Takke 1MCHepnaemMocTy 3anacoB yr/ieBofOPOAHOr0 TONAMBA U NX YAOPOXaHUSA Ha
MWPOBOM PbIHKE /19 MHOTMX CTPaH aTOMHas 3HepreTnka MOXeT CTaTb e4UHCTBEHHbIM UCTOYHNKOM YCTONUYNBON 3neK-
TporeHepaummn B 6nvxarniLueli nepcneKTMBe, YTO NO3BOMINT OTPAC/IN BEPHYTb YTPayeHHble NO3LMM Ha MMPOBOM 3HEpre-
TUYECKOM PbIHKE.

KntoueBble CoBa: MVUpOBasi 3HEPreTMKA; MPOU3BOACTBO 3/IEKTPOIHEPTMM; aToOMHas aMeKTpocTaHumsi; ASC; sifepHbIi

PeaKTop, fobblya ypaHa; AMHaMWKa pasBUTUA; 0CO6EHHOCTU pasmMeLeHnA.
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DYNAMICS AND SPATIAL FEATURES OF THE DEVELOPMENT
OF NUCLEAR ENERGY IN THE WORLD
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Belarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus
Corresponding author: A. N. Shavel’(alexxxshavel@ gmail.com)

The comprehensive analysis of the dynamics of development and the current state of nuclear energy production in
the world was carried out based on the official statistics of international organisations in the energy sector (International
Atomic Energy Agency, International Energy Agency). Using the retrospective method, the authors propose a periodi-
sation of the development of the industry and give a description of the identified stages. On the basis of mathematical
and statistical estimates, comparative geographic and cartographic approaches has been obtained a modern picture of the
development of nuclear energy in the world in the country context. The analysis showed a gradual steady reduction in
the share of nuclear generation in the global volume of electricity generation, which is taking place against the backdrop
of curtailing the development of this energy sector in Western Europe and Japan against the backdrop of atomophobic sen-
timents of governments and the local population. However, the active development of nuclear energy in the Asia-Pacific
region continues, which is confirmed by the intensive construction of nuclear power units in China and India as well as
the prospects for the emergence of new countries on the world map of nuclear energy production (Belarus, United Arab
Emirates, Bangladesh, Egypt, Turkey). Inthe context of the need to reduce carbon emissions into the atmosphere and the
depletion of hydrocarbon fuel reserves, coupled with their rise in prices on the world market, for many countries nuclear
energy may become the only source of sustainable power generation in the short term, which will allow the industry to
regain its lost positions in the global energy market.

Keywords: world energy; electricity generation; nuclear power plant; NPP; nuclear reactor; uranium mining; deve-
lopment dynamics; location features.

Introduction

Energy is the basic sector of the economy of any country: the development of the entire economic com-
plex depends on the level of development and efficiency of functioning of energy production. Considering
the significant continuing differentiation ofthe countries ofthe world in terms ofthe level of socio-economic
development, the situation in the energy sector ofthe states also varies greatly. This leads to the fact that there
is an excess of electricity production in some countries, and in others - its shortage.

The state of the electric power industry in the countries is determined by the level of economic develop-
ment, the availability and provision of states with fuel and energy resources, their investment opportunities
and energy infrastructure development. According to the uneven distribution of fossil fuels, which is the basis
for generating thermal energy, many countries are forced to purchase significant amounts of energy resources,
which increases their energy dependence on supplier countries. In this case, the most likely alternative to fossil
fuels is the use of renewable energy sources and the development of nuclear energy.

And ifthe development of renewable energy in the world is given priority in the context ofthe concept of
alow-carbon economy and net-zero emissions, then in relation to nuclear energy there is an ambiguous situation
associated with atomophobia and fears about possible accidents at nuclear power plants (NPPs), as well as for
the time being still unresolved problem of integrated processing, storage and disposal of spent nuclear fuel.

Currently, multidirectional trends are observed in the development of nuclear energy in the world, when
some countries increase the production of electricity at NPPs through the construction of new power units,
while others, on the contrary, curtail the activities of already functioning facilities. This is largely due to the
reasons outlined above, but still, the desire to reduce energy dependence on hydrocarbon fuel suppliers, reduce
energy operation costs and greenhouse gas emissions encourage many countries to build nuclear power units
and develop nuclear energy. This fact requires both rethinking and evaluation of spatial differences in the pro-
cesses under consideration, which determines the relevance ofthis study.

The purpose of the study is to identify spatial-temporal features of the development of nuclear energy in
the world. The object ofthe study was the global nuclear power industry cutaway by country, and the subject
ofthe study was the development trends and spatial features ofthe location of NPPs in the world.

State of knowledge of the issue and research methodology

Scientific interest in nuclear energy production in the modern world is determined by a new round of its
development through the coverage of countries that were not previously involved in the production of electricity
at NPPs. However, in many European countries there has been a steady trend towards the shutdown of existing
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reactors, and the lack of projects for the construction of new NPPs in the region is leading to a restructuring of
the geographical picture ofthe location of nuclear power in the modern world. Therefore, the main attention
to the industry is riveted in countries where the industry is developing most dynamically.

In the scientific literature, there is traditionally a consistently high interest in the economic and geographi-
cal study of nuclear energy. The most accessible scientific publications on this topic are prepared by Russian
scientists. The main content of their research is devoted to an overview of certain aspects of the development
and deployment of nuclear energy in the world. These are, for example, the works of S. Ju. Modnikova [1],
E. O. Shorohova [2], T. A. Zhuchkova [3]. Traditionally, Russian authors pay attention to the geopolitical and
economic aspects ofthe positioning ofthe Russian Federation in the global nuclear energy market: S. S. Alabjan
and V. V. Rogov [4], S. Z. Zhiznin and V. M. Timokhov [5; 6]. Some studies (M. I. Romanov [7], V. V. lvanter,
V. V. Semikashev [8], A. B. Sekacheva [9], V. V. Petushkova [10]) are devoted to the study ofthe development
of nuclear energy in certain countries of the world. E. L. Loginov studied the trends in the world’s nuclear
energy in the post-crisis period for the industry after the accident at the NPP «Fukushima-1» and predicted
the strengthening of the role of Russia’s nuclear energy complex in the global and national markets [11].
A comprehensive analysis of the world nuclear power industry with a forecast up to 2050 is presented in the
B. I. Nigmatulin’s article [12].

Sufficient attention has been paid to the development of nuclear energy in China in recent years. The authors
ofthe studies (Zhang Xiaoping, Lu Dadao, Chen Mingxing, Gao Shanshan, Wu Aiping [13]) emphasise its high
importance for the country and the world community, considering the international climate change agenda, the
need to strengthen national energy security and increase the competitiveness of industrial production. On the basis
ofa comprehensive assessment oftrade flows between countries associated with the operation of nuclear energy,
the authors identified the competitive advantages of the industry for the existing nuclear powers. Based on the
results of a comprehensive assessment of competitiveness in the nuclear power industry, the authors identified
countries with the highest values ofthe indicator (USA, Russia, Canada, France and China), which occupy a lead-
ing position in ensuring the construction of new NPPs. In addition, the study predicts an increase in the role of
the Asia-Pacific region, which in the future may become the center of nuclear energy production in the world.

The interest in the geography of nuclear energy among other scientists from far abroad does not subside.
Among recent works, it can be highlighted the study ofthe coexistence ofnucleartechnology with society, and
the benefits, problems and social transformations generated by this phenomenon, prepared by B. Alexis-Mar-
tin and T. Davies [14], as well as geographical studies devoted to the justification of sites for NPPs in Ghana
(E. B. Agyekum, F. Amjad, F. Aslam, A. Ali [15]) and Canada (R. Almalki, J. Piwowar, J. Siemer [16]) and etc.

Belarusian researchers make their contribution to the development of modern ideas about the development
of nuclear energy in the world as a whole and in Belarus in particular. It is worth noting the work of a team of
authors headed by V. M. Tsilibina [17] devoted to the study ofthe energy efficiency ofthe Belarusian econo-
my and including an analysis ofthe role ofthe Belarusian NPP (BelNPP) in raising the level ofthe country’s
socio-economic development. T. G. Zorina are being developed issues of integration of the BeINPP into the
Belarusian energy system [18]. B. I. Popov’s research is being carried out in the field of the formation of
a comprehensive tariff policy for energy resources in the context ofthe commissioning ofthe BelNPP [19].

The methodological aspects ofthe study were determined by traditional approaches to the study ofthe global
industry. On the basis of open data from international organisations in the energy sector (International Energy
Agency (IEA), International Atomic Energy Agency (IAEA)) was compiled a statistical database characterising
the development of nuclear energy both around the world and in the context of individual states.

A retrospective analysis ofthe history ofnuclear energy production in the world according to the dynamics
of its main indicators made it possible to periodise the development ofthe industry. On the basis of mapping of
statistical indicators characterising the nuclear power industry in the context ofthe countries ofthe world using
the ArcGIS software package were determined its spatial features ofthe location and development.

Results and discussion

Trends in the development of the electric power industry in the world and the role of nuclear energy.
The end of the 20th and the beginning of the 21st centuries were characterised by a significant increase in
electricity consumption in the world (fig. 1), which was associated with the intensive development of industry
in developing countries, a further increase in electricity consumption in developed countries and the gradual
replacement of the use of fossil fuels by renewable electricity. During the period 1990-2020, the volume of
electricity consumption in the world increased by 2.29 times (from 10.9 to 24.9 PW ¢h). Per capita electricity
consumption over the period under review increased to a much lesser extent (by 1.56 times) from 2.06 to
2.31 MW ¢h per person per year, which was associated with 1.47 times increase ofthe world population. The
highest growth rates of energy consumption were observed in the 2000s before the global financial crisis of
2008. However, in 2000-2010 the whole growth rate of energy consumption was 1.4 times.
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Fig. 1. Dynamics of electricity consumption in the world total (TW ¢h) and per capita (MW ¢h per capita)
in 1990-2020 (compiled by the authors according to the IEA data)

The developed countries of the world had low growth rates of energy consumption in 1990-2020 (in the
USA - 1.44 times, Japan - 1.17 times, Europe - 1.22 times), but developing countries at that time showed
a grandiose growth (China - 12.4 times, Indonesia - 9.1 times, Turkey - 6 times, India - 5.5 times, Saudi
Arabia - 5.5 times, Brazil - 2.5 times)1

However, as mentioned above, the level of development of the electric power industry in the countries of
the world varies greatly. Among the indicators that characterise these disproportions, one can pay attention to
electricity consumption per capita (fig. 2) - the most important macroeconomic indicator that demonstrates the
degree to which the population is provided with electricity. The level of electricity consumption in a country
depends on its availability, market demand, tariffs, breadth of electricity use and other factors.

In 2020 world average value ofthis indicator was 3.21 MW ¢h per person per year. At the forefront are such
countries as Iceland, Norway, Bahrain, Qatar, Kuwait, Finland, Canada, where consumption is more than 15 MW ¢h
per person. In addition to them, the USA, Sweden, the countries of Western Europe, Gulf states and Australia are
distinguished by significant volumes of electricity consumption. The lowest indicators ofelectricity consumption
are typical for the countries of Africa, overpopulated South Asia and individual countries of Latin America.

Another important indicator is the electricity intensity of GDP, which reflects the ratio between the consumption
of electricity and the volume of the country’s GDP. This indicator, along with the energy intensity of GDP,
characterises the energy efficiency ofthe economy in the country. The value of this indicator depends on many
factors, including the level of industrial development, the degree of electrification of production processes, transport
infrastructure and the domestic sector, the structure ofthe economy, etc. In accordance with the provisions ofthe
concept of sustainable development in order to achieve maximum energy efficiency ofthe economy it is necessary
to maintain a balance electricity and energy conservation. Therefore, the value ofthe GDP electricity intensity
indicator should simultaneously correspond to the possibilities of economic growth and ensure the rational use
of energy resources. As practice shows in contrast to the energy intensity of GDP, high values of the electricity
intensity of GDP are observed in highly developed countries and low values - in developing countries (fig. 3).
This is due to the fact that electricity is a universal type of energy that can be easily and quickly transmitted
over long distances, and thereby satisfy the need for timeliness, reliability and quality ofthe supplied energy.

The global value of this indicator in 2020 was 187 kW <h per 1000 US dollars. The highest value of this
indicator is in Iceland - 971 kW <h per 1000 US dollars, Bhutan - 532, Bahrain - 441, Tajikistan - 429,
Kyrgyzstan - 414 kW <h per 1000 US dollars. The lowest value is in most African countries (Sierra Leone -
9 kW <h per 1000 US dollars, Chad - 8 kW <h per 1000 US dollars), which indicates the low power supply of
countries and the still weak use of electricity in production. The surplus of electricity production in a number
of countries makes it possible to actively develop energy-intensive industries (for example, electric steelmaking,
smelting of non-ferrous metals such as aluminum, magnesium, titanium, refining of non-ferrous metals, etc.).

'Energy statistics data browser // International Energy Agency : website. URL: https://www.iea.org/data-and-statistics/data-tools/
energy-statistics-data-browser (date of access: 02.05.2023).
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Fig. 2. Electricity consumption per capita by countries in 2020
(compiled by the authors according to the IEA data)
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Fig. 3. Electricity intensity of GDP by countries in 2020
(compiled by the authors according to the IEA data)
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Periodisation of the development of nuclear energy in the world. Nuclear power, which has been develo-
ped since the beginning ofthe second half ofthe 20th century, is currently one ofthe most important subsector
ofthe world energy.

The «atomisation» ofthe world’s electric power industry took place gradually, since only a limited number
of countries in the world possessed the necessary technologies and their growth was rather slow. The maximum
growth rates of nuclear energy were observed in the 1970s and the first half of the 1980s. After major nuclear
accidents at the NPP «Three Mile Island» (1979), Chernobyl NPP (1986) and NPP «Fukushima-1» (2011),
the development of nuclear energy was drastically slowed down. But in recent years the nuclear industry has
gradually begun to recover, which manifested both in the construction of new facilities and in the expansion
of its geographical representation.

A retrospective analysis ofthe development of nuclear energy in the world allows us to periodise its deve-
lopment, highlighting the following stages:

« pioneering development of nuclear energy (first-built reactors) (1954-1961);

» widespread use of nuclear energy (1962-1970);

» mass development and intensification of nuclear energy (1971-1985);

« deceleration ofthe development and curtailment of nuclear energy (1986-2008);

* limited renovation of the nuclear power industry (2009 - present).

During the period of pioneering development of nuclear energy (1954-1961), 19 nuclear reactors were put
into operation (on the average of 2.5 reactor plants per year). Only Russia (USSR), the USA, United Kingdom
and France possessed the technologies for creating nuclear reactors (fig. 4), which limited the geography of
the distribution of NPPs [20]. The average capacity ofthe commissioned power units was less than 100 MW.

At the stage of widespread use of nuclear energy (1962-1970), 75 reactors were launched (on the average
of 8.5 reactors per year). The average capacity of the introduced power units amounted to just over 200 MW.
In 1970 NPPs operated in 15 states [20].

During the period of mass development and intensification of the industry (1971-1985), a total of 334 nu-
clear reactors were commissioned (on the average ofalmost 21 reactors per year). Atthat time the energy crisis
contributed to the intensification of the construction of NPPs, which led to an increase in the prices of fossil
fuels [20]. The number of countries operating nuclear reactors has grown to 26, and the average unit capacity
of power units commissioned has approached 1000 MW. During this period (in 1979), the first major accident
in the nuclear industry occurred at the NPP «Three Mile Island» in the USA, which slightly slowed down the
development ofthe industry (in 1979 only 8 reactor plants were put into operation).

The turning pointin the development of nuclear energy in the world was the nuclear disaster atthe Chernobyl
NPP (1986) in the USSR, after which the construction of new power units in the world was almost completely
curtailed for a certain time. At first, only power units were put into operation, which were in a fairly high degree of
construction readiness, but atthe same time, the construction ofa number of power units was completely frozen.

The period that began after the tragedy at the Chernobyl NPP can be described as the stage of deceleration
of the development and curtailment of nuclear energy (1986-2008). If in 1984 and 1985 34 nuclear reactors
were put into operation, then already in 1986 - 23 reactors, and in 1991 - only 4 reactors [20]. The end ofthe
period can be called 2008, when for the first time in the history of nuclear energy in the world not a single
nuclear reactor was launched at NPPs. Although the intensification ofthe construction of NPPs began in 2007,
and in subsequent years the number of nuclear reactors under construction has steadily grown (in 2010, the
construction of 16 nuclear reactors was laid down).

The curtailment of the mass commissioning of new nuclear reactors is also associated with the cyclical
development of the industry, which is called the «anti-nuclear trend» [11]. Its essence lies in the periodic
reduction in the commissioning of nuclear energy capacities, which occurs due to the freezing of previously
adopted programmes for the development of nuclear energy against the backdrop of major nuclear accidents.
Against this background, many developed countries make decisions to terminate the operation of existing
NPPs or refuse to build new ones (for example, Japan, Germany, Italy, Switzerland). At the same time, there is
agroup of countries that abandon plans for the further development of nuclear energy, subject to the tightening
of safety parameters for the operation of NPPs.

The current stage ofthe limited renovation ofthe nuclear power industry (2009 - present) is characterised
by an increasing interest in nuclear power generation not in traditional «nuclear» countries, but in countries
that have not previously used the possibilities of generating electricity at NPPs. The number of countries in
which NPPs are operating or being built has increased to 38 units. The annual commissioning of nuclear
reactors has practically reached the value of 6 units per year. As of 2021, 56 reactors with a total capacity of
58.1 GW were under construction. Safer pressurised water reactors have appeared (for example, the Russian
NPP-2006 project of generation 3+) with a nominal unit power of 1200-1400 MW and with the potential to
increase up to 1600 MW.
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Fig. 4. Periods for countries to become nuclear power producers
(compiled by the authors according to the IAEAZ2 data)

2Lountry nuclear power profiles //International Atomic Energy Agency : website. URL: https://cnpp.iaea.org/pages/index.hhn (date of access: 03.05.2023)
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Development trends and spatial features of nuclear power production in the modern world. Despite
the anti-nuclear public opinion, the production of electricity at NPPs in the world grew until 2007 inclusive.
However, the global financial crisis 0 2008 and then the accident at the NPP «Fukushima-1», led to a reduction
in the production of nuclear electricity. This was due, among other things, to the shutdown of NPPs in Japan
and some EU countries. Nuclear generation in 2020 accounts for 2674 TW <h, which is the fourth position in
the global electricity balance after coal, natural gas and hydroelectric power plants (fig. 5).

The maximum share of nuclear generation in the global electrical balance was observed in the middle of
1990s - 17.5 %, after which it began to decline and in 2020 amounted to only 10.0 % of global electricity
production.

However, despite the decline in the share of electricity generation in the world, nuclear power in the struc-
ture of world energy supply currently retains its significant role. This is due to the fact that nuclear energy is
a unique technology that, despite existing risks, is able to provide a reliable, relatively inexpensive and envi-
ronmentally responsible energy supply that is consistent with the leading concepts and strategies of global and
national socio-economic development. Among such concepts stand out the concept of sustainable development,
the concept of «green square», the concept of low-carbon economy, the concept of green economy, etc., which
are interconnected with each other. They are based on key components that are influenced by the development
of nuclear energy: the socio-economic sphere, energy, ecology and technology development. Nuclear energy
provides enterprises with relatively cheap electricity and solves the acute issue of reducing greenhouse gas
emissions into the atmosphere, which is why it is increasingly becoming the basis for the stability of energy
markets, and hence the entire country’s industry. The low share of the fuel component in the cost of nuclear
generation, about 10-15 %, allows the consumer to predict prices for the entire life cycle, which is almost
100 years.

In addition to macroeconomic effects from the development of nuclear energy, a positive impact is also
observed for the region where it is located in the form ofaccelerating the pace of socio-economic development.
Nuclear energy is a possible solution to the energy problem, because nuclear fuel has a huge energy intensity:
1kg ofuranium enriched to 4 %, with complete burnup, releases energy equivalent to burning about 100t of
high-quality coal or 60t of oil [21]. There is also the possibility of reusing nuclear fuel. However, the uranium
market is very specific and deserves separate consideration.

The nuclear fuel market has significant differences from the organic fuel market. It includes not only the
extraction and transportation of raw materials to the place of consumption, but consists of a whole chain of
sequentially repeating processes that make up the nuclear fuel cycle. It includes uranium mining, purification
from impurities, enrichment, production of nuclear fuel and production of electricity based on it, soaking,
long-term storage, processing and disposal of spent nuclear fuel.

The raw material basis of nuclear fuel is natural uranium. According to the data ofWorld Nuclear Association,
the world reserves of uranium in 2020 amounted to 6147.8 thsd t. They are characterised by uneven distribution.
More than half (56.4 %) of all reserves are located in four countries: Australia (26.2 %), Kazakhstan (14.0 %),
Canada (8.7 %) and Russia (7.5 %). Namibia (7.3 %), South Africa (5.2 %), Brazil (4.5 %), Niger (4.5 %) and
China (4.0 %) also have large uranium reserves.

Uranium mining in the world has an unstable dynamic, which is associated with the cyclical development of
nuclear energy and the instability of prices on the world market for this resource. In 1990, 42.0 thsd t of uranium
ores were mined, but subsequently, until 2007, uranium mining was practically in the range of 30-40 thsd t
per year. After that, a gradual increase in production began, the peak of which fell on 2016 (62.2 thsd t) and
was associated with a decrease in prices for uranium raw materials. However, starting from 2017, uranium
prices began to grow, therefore, subsequently, its production decreased significantly (by 1.3 times) and in 2020
amounted to 47.7 thsd t3

The main «players» in the uranium market are the countries in whose territory its main reserves are con-
centrated. The list of leading countries in uranium mining has been reshuffled (previously the United States,
South Africa, Canada, France, Gabon were in the leading positions), and the geography of production has also
expanded. In 2020, Kazakhstan ranked first in the world in terms of uranium production (annual production
volume is 19.5 thsd t). It is followed by Australia (6.2 thsd t), Namibia (5.4 thsd t), Canada (3.9 thsd t), Uz-
bekistan (3.5 thsd t), Niger (3.0 thsd t), Russia (2.9 thsd t), China (1.9 thsd t).

The largest uranium mining companies in the world are «Kazatomprom» (Kazakhstan, 10.7 thsd t), «Orano»
(France, 4.5 thsd t), «Uranium One» (Russia, 4.3 thsd t), «<CGN» (China, 3.7 thsd t), «Navoi Mining» (Uzbeki-
stan, 3.5 thsd t), «<CNNC» (China, 3.3 thsd t), «BHP» (Australia, 3.3 thsd t), «Cameco» (Canada, 3.0 thsd t),
«ARMZ» (Russia, 2.8 thsd t).

3World mineral statistics data [Electronic resource] // British Geological Survey : website. URL: https://www2.bgs.ac.uk/mineralsuk/
statistics/wms.cfc?method=searchWMS (date of access: 28.02.2023).

39


https://www2.bgs.ac.uk/mineralsuk/

9452

Fig. 5. Electricity generation by source in 1990-2020
(compiled by the authors according to the IEA data)

The development of the world natural uranium market is due to several fundamental factors. First, the
increase in demand for uranium is associated with the restart of Japanese NPPs, as well as the commissioning
of new power units in China, India, the Republic of Korea and other countries where there is no infrastructure
component ofthe uranium raw material base. Secondly, the decline in uranium supply is due to the intensive
development of existing deposits and the cost of developing new ones. Thirdly, there is a reduction in the in-
volvement of secondary sources of uranium as the most liquid part ofthem is used. Fourth, there is an increase
in long-term contracting. In addition, given the prospects for the commissioning ofnew nuclear power facilities
until 2025, there is a need to develop new deposits with a higher cost, which will lead to a further increase in
uranium prices [22].

The market for the production of direct nuclear fuel is segmented, which is due to the manufacture of
nuclear fuel for specific types of reactors in accordance with standards. A limited number of companies are
represented here, the largest of which are manufacturers of rods for «light water» reactors: «TVEL» (Russia),
«Westinghouse» (USA), «Framatome-FBFC» (France); manufacturers of rods for «heavy water» reactors -
«Cameco and GNF-Canada» (Canada), «DAE Nuclear Fuel Complex» (India). This situation characterises the
high monopolisation of the nuclear fuel market.

In addition to the monopolisation of the nuclear fuel market, the limited number of countries possessing
technologies forthe development and construction of nuclear power units is indicative. This largely determines
the geopolitical factor in relation to the cooperation of countries in the development of nuclear energy, which
can be seen inthe fig. 6. Traditional allies help their partners develop nuclear energy, and also get the opportu-
nity to earn money on construction (capital investments in the construction of NPPs are among the highest in
the energy industry) and create a positive international image for themselves. In relation to the availability of
technologies and capabilities for the production ofnuclear reactors and the construction of NPPs, the countries
ofthe world can be divided into three groups:

« exporting countries oftechnologies in nuclear power engineering (France, Germany, Russia, USA, Republic
of Korea). This group of countries is both the developer oftheir own nuclear reactors with the corresponding
industrial facilities, and also exports their own nuclear technologies for the construction of NPPs abroad;

« self-sufficient countries (Canada, China, India, Japan, Sweden, United Kingdom). This group of countries
are developers and manufacturers of their own nuclear reactors, but they have not exported their own nuclear
technologies;

 importing countries of nuclear technologies (Turkey, Egypt, Brazil, etc.). This group of countries is rep-
resented by new members ofthe «club» of nuclear powers. They do not have NPP construction technologies
and import them from the countries of the first group.
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Fig. 6. Geographical pattern of the distribution of states with NPPs, depending on the dominant origin of reactor facilities
(compiled by the authors according to the IAEA data)
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The spread of nuclear energy in the macroregions of the world is uneven, which is associated with the
availability of energy resources, technological development, growing demand for electricity and other factors.
In the regional structure of electricity generation (fig. 7), the largest share of nuclear energy is observed in
Europe (21.6 %), which is associated with the intensive development of the industry in past periods against
the background of a shortage of its own fossil fuel resources. In addition, a high share of electricity generation
is typical for North America (17.9 %) and the CIS countries (15.6 %). In other regions, the share of nuclear
generation remains significantly below the global average.

m Oil m Naturalgas m Coal m Nuclear m Hydro Renewable energy sources m Other sources

Fig. 7. Electricity generation by source in regions in 2020
(compiled by the authors according to the IEA data)

According to the dynamics of NPP development in macroregions they can be divided into three groups. The
regions with the stabilisation ofthe development of nuclear energy include North America, where after the 2000s
electricity production stabilised at 935 bin kW ¢h. The regions with a decrease in energy generation at NPPs
include Europe, where for the period from 2004 (the maximum generation was recorded - 1122.7 bin kW ¢h)
to 2020, there was a drop of 25.4 %. The remaining regions form the third group - with the growth of electri-
city production at NPPs (Africa, South and Central America, the Middle East, a group of CIS countries and
the Asia-Pacific region).

Atthe country level the largest producers ofnuclear energy in the world are the USA, China, France, Russia
and the Republic of Korea (fig. 8). The first three countries account for more than half of all nuclear power
generation, the first five - about 70 %, the firstten - about 85 %. This indicates a high level of concentration
ofnuclear power generation, but at the same time, the number of countries with NPPs has increased compared
to 1990 from 28 to 33 units.

In total up to the beginning of 2021 there are 442 functioning nuclear reactors in the world (fig. 9). The
USA has the largest fleet of nuclear reactors (93 units), followed by France (56 units), China (50 units), Russia
(38 units), Japan (33 units). The vast majority ofNPPs are located in the Northern Nemisphere and are concen-
trated mainly in developed countries. Atthe same time, it is worth noting the intensive development of nuclear
energy in the states with which the prospects of this industry are associated - China, India and the Republic
of Korea. In the Southern Hemisphere, NPPs operate only in Argentina, Brazil and South Africa. The only
macroregion of the world where there is no nuclear power is Australia and Oceania.

Among all countries operating NPPs, only in nine ofthem, nuclear energy is the dominant energy source
in the production of electrical energy (fig. 9): France (66.7 %), Slovakia (53.4 %), Ukraine (52.8 %), Hun-
gary (46.0 %), Bulgaria (40.8 %), Belgium (38.7 %), Czech Republic (37.4 %), Slovenia (37.0 %), Fin-
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land (33.9 %), Sweden (30.0 %). The share of NPPs in the electricity balance of countries is shown in
fig. 9. Among the nuclear power countries, China stands out. Its peculiarity lies in the fact that a huge NPP
capacity (47.5 GW) is concentrated here, and the country is in second place in the world in terms of nuclear
energy generation. However, the share of NPPs in the structure of electricity generation is insignificant and
amounts to only 4.9 %.

USA

China

France

Russia

Republic of Korea
Canada
Ukraine
Germany

Spain

Sweden

United Kingdom
Japan

India

Belgium
Taiwan (China)
Czech Republic
Switzerland
Finland
Bulgaria
Hungary
Slovakia

Brazil

South Africa
Mexico
Romania
Argentina
Pakistan
Slovenia

Iran
Netherlands
Armenia
United Arab Emirates
Belarus
Lithuania

0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0
Electricity generation, TW ¢h

= 1990 = 2020

Fig. 8. Electricity generation at NPPs by countries in 1990 and 2020
(compiled by the authors according to the IAEA data)

Trends reflecting the dynamics ofthe role of nuclear energy in the countries ofthe world are shown in fig. 10.
This map shows that in the highly developed countries ofWestern Europe, Japan, Sweden and Lithuania, there
is atendency to reduce electricity generation and the share of NPPs in the energy production structure. These
trends are due to the refusal to use the nuclear industry in energy production and the transition to alternative
energy sources (wind farms, solar power plants, etc.). In the South Africa, there is a slight decrease in electricity
generation and the share of nuclear energy in total electricity generation, this is due to the modernisation of
2 nuclear reactors at the only NPP «Koeberg» in order to extend its operation life until 2050.
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Fig. 9. Nuclear power development indicators by countries in 2020
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Separately, it is worth highlighting a group of countries, including the USA, the Republic of Korea and
Mexico, where there is a tendency to increase electricity generation, but at the same time, there is a decrease
in the share of NPPs in the structure of its production, which is associated with a more significant increase in
electricity generation from other sources.

In the third group of countries, there is a general trend towards an increase in electricity generation and the
share of NPPs in the energy production structure. It is especially worth noting such countries as the China,
Russia and India, where high rates of development of nuclear energy are observed.

The largest NPP in the world in terms of installed capacity according to IAEA data is «Kashiwazaki-
Kariva» (Japan). It includes 7 reactors with a total capacity of 7965 MW, but after Fukushima disaster
they are operational suspended. In second place is the South Korean NPP «Kori», which also consists of
7 reactors with a total capacity of 489 MW. It is the largest operating NPP in the world. In third place is
Bruce NPP (Canada). The capacity of its 8 reactors is 6358 MW. The largest NPP in the post-Soviet space
is the Zaporozhye NPP (Ukraine), which is currently temporarily stopped. It consists of 6 nuclear reactors
with atotal capacity of 5700 MW. The most powerful NPP in Russia is Leningrad - 4 nuclear reactors with
a total capacity of 40 17 MW.

At present, there is a certain kind of renaissance of nuclear energy. In 2020, 5 nuclear power units with
a total capacity of 5521 MW were connected to the power grid, including the first power unit of the Belaru-
sian NPP, construction of new power units began in China (3 units) and Turkey (1 unit). Currently, the largest
number of nuclear reactors under construction is characteristic of China (18 units), India (7 units), Turkey
(4 units). Three reactors are being built in the Russia, the Republic of Korea, and the United Arab Emirates.
However, the depletion of hydrocarbon resources, the need to green the energy sector and the economic effi-
ciency of NPPs (faster payback compared to thermal power plants) lead to an appeal to the development of
nuclear energy. So, even after the accident at a NPP in Japan, a number of developed countries (USA, United
Kingdom, France, Sweden), countries of Eastern Europe (Bulgaria, Hungary, Poland, Czech Republic), CIS
countries (Armenia, Belarus, Kazakhstan, Ukraine), Asian countries (Bangladesh, Vietnam, Indonesia, India,
Iran, China, the Republic of Korea, Taiwan, Turkey) confirmed their plans for the development of nuclear
power, albeit with the condition of tightening the parameters for ensuring safe operation. In many of these
countries, NPPs are being built, expanded or will be built. The largest program for the development of nuclear
energy belongs to China, and India, Russia, the Republic of Korea, and others also have significant plans for
nuclear energy.

Since 2020 Belarus has been among the atomic powers. The country attaches great importance to the de-
velopment of nuclear energy, which should increase the energy security ofthe national economy. The installed
capacity of the BeINPP, located in the northern part of the Grodno region near the town of Ostrovets and
consisting oftwo power units, is 2400 MW. After the launch ofthe second power unit at maximum capacity,
it is predicted that about 40 % ofthe electricity in the country will be generated at the expense of NPP. This
will replace about 4.5 bln m3of natural gas and reduce carbon dioxide emissions into the atmosphere, which
should bring both economic and environmental benefits not only for Belarus, but for the entire European region.

Conclusions

Thus, nuclear energy has established itself as a steadily developing industry that has firmly taken its place
in the global electricity production. The modern image of nuclear energy is formed mainly by developed
countries, followed by rapidly developing economies of the world (China, India, Republic of Korea). The
Russia is emerging as a world leader in the export of nuclear technology and the construction of NPPs outside
its territory.

The dynamics ofthe development ofthe world nuclear power industry is subject to cyclicality, like many
other economic processes. However, the cause of crises in the industry, unlike other areas ofthe economy, are
man-made disasters - accidents at NPPs that violate the global ecological balance and threaten the existence
ofthe world community. This provokes a revision of national energy policies and adjustment of programs and
plans for the development ofthe energy industry.

At the present stage, three trends can be distinguished in the prospects for the development of nuclear
energy in countries:

« reducing the development of nuclear energy mainly in developed countries;

 continued development of nuclear energy in developed countries that are leaders in nuclear energy and
possess nuclear technologies, and developing countries that are advanced in terms of economic growth;

 the emergence of new players, mainly among developing economies, seeking to ensure their energy
security through nuclear energy.

In the future, the ratio ofthese trends will determine the level of development of the world nuclear energy.
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CBf13b MEXAY ATMOC®EPHOW LMPKYNALMEWN
N HEBJIAFOMPUATHBIMU METEOPOJIOTMUYECKVMU ABJIEHUAMU
HA TEPPUTOPUN BEJIAPYCU B MEPNOJ N3IMEHEHUSA KIUMATA

V. C. IAHUIOBWY 1,2, E. C. BEPEXXKOBA?2

WIHCTUTYT npupogonons3osaHns HAH Benapycu, yn. ®paHumcka CkopuHbl, 10, 220114, r. MuHck, Benapych
2benopycckuii rocyaapcTBEHHbIN yHUBEpcUTeT, np. HesasmcnmocTw, 4, 220030, r. MuHck, Benapycb

MpeAcTaBfeHbl Pe3y/ibTaTbl OLEHKN CBSI3U MeXAY MHAeKcaMu (Mofjamu) aTMOCthepHOW LMpKynauum B ATIaHTUKO-
EBponeiickom cekTope (MHAeKc CeBepo-ATNIaHTUYECKOT0 KoneGaHwsl, MHAEKC APKTUYECKOT0 KonebaHns U uHaekc CKaH-
OVIHABCKOrO 6/10KMPOBAHKS) 1 YUC/IOM [Held ¢ He6NaronpusaTHLIMY SIBJIEHUSIMU MOroAbl (MHTEHCVBHbIE 0CALKWU, METenu
¥ rpo3bl). MofyyYeHbl CTAaTUCTUYECKM 3HAUMMble KOIDMULIMEHTBI KOppensumn. MokasaHo, YTo BbiNafeHne MHTEHCUBHBIX
0CafKOB 3UMOIA Ha TeppuTopuK Benapycu conpsiXeHo ¢ Npeo6iaaHneM NoNOXKUTENbHOM (hasbl CeBepo-ATNaHTUYECKOTO
1 APKTUYECKOro KonebaHuii, a Takxke C NepemMeLLLleHMeM CeBepoaT/IaHTUUECKMX LIMK/IOHOB. MoBTopsieMocTb MeTeneld, Ha-
NpoTuB, siB/sieTcs 60/ee BbICOKOW NPV YCTaHOBIEHUN OTpULaTebHOl (hasbl CeBepo-ATAaHTUYECKOTO Y APKTUYECKOTO
KonebaHuii. JIETOM MHTEHCKBHbIE 0CafKU YaCTUYHO CBS3aHbl C JOMUHUPOBaHVeM o0TpurLaTenbHol dasbl CeBepo-ATnaH-
TUYECKOr0 M APKTUYECKOro KoMebaHuid, a TakkKe C BbIXOJAMU HXKHbIX LUMKIOHOB. Han6osbluas noBTOPSieMOCTb Fpo3
0TMeyYaeTcs NPW YCTaHOB/IEHWM MOMIOXUTeNbHOW (hasbl CKaHAMHABCKOr0 6/10KUPOBaHUSI.

KntouyeBble C/10Ba: MHTEHCUBHbIE 0CafKW; METENN; rpo3bl; OnacHble ABMEHUA; NHOEKCDI (MO,CI,bI) aTMOC(*JEpHOVI unp-

Kynaunn; UMK/OHbI.
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RELATIONSHIP BETWEEN ATMOSPHERIC CIRCULATION
AND NATURAL HAZARDS OVER THE TERRITORY OF BELARUS
DURING THE PERIOD OF CLIMATE CHANGE

I.S.DANILOVICHah K. S. BEREZHKOVAD

Institutefor Nature Management, National Academy o fSciences o fBelarus,
10 Frarnyska Skaryny Street, Minsk 220114, Belarus
bBelarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus

Corresponding author: K. S. Berezhkova (katarina0704@ tut.by)

The study presents an assessment of the relationship between atmospheric circulation indices (modes) in the Atlan-
tic-European sector (North Atlantic Oscillation index, Arctic Oscillation index, and Scandinavian Blocking index) and
natural hazards, such as heavy precipitation, blizzards and thunderstorms. Statistically significant correlation coefficients
were detected for these modes and events. It is shown that the intense precipitation over the territory of Belarus in winter
is associated with the positive phase of the North Atlantic and Arctic Oscillations and North Atlantic cyclones tracks.
However, snowstorms frequency is higher at the negative phase of the North Atlantic and Arctic Oscillations. In summer,
intense precipitation is partly associated with the negative phase of North Atlantic and Arctic Oscillations and the southern
cyclones outlets. The greatest frequency of thunderstorms is observed with positive phase of the Scandinavian Blocking.

Keywords: heavy precipitation; blizzards; thunderstorms; natural hazards; atmospheric circulation indices (modes);
cyclones.

BBegeHune

B ycnoBusax nameHeHMs KNMMaTa, NOBbILLEHNS TeMMNepPaTypbl U BAAXHOCTU BO34yXa B NOcCnefHMe AecaTu-
NeTs 0OTMeYaeTca yBeNuyeHue yucna HebnaronpusaTHbIX asneHnid norogsl. C 1980 r. MX NOBTOPSEMOCTb Ha
Tepputopumn EBponbl Bbipocna BABoe [1]. BO3HUKHOBEHME 3KCTPEMaIbHbIX METEOPOIOrMYECKUX ABMEHWNIA CBS-
3aHO C UMpKynsauueld atmocgepsl. YBenvueHne KonmyecTsa BOAAHOIO napa ycuamnaaeTt agmabaTuyeckunin Harpes
1 CNOCOGCTBYET MOBbILIEHUIO MHTEHCUBHOCTU BHETPONUYECKUX LUKMIOHOB [2]. Hanpumep, 3a 1958-2009 rr.
B €eBepHOM nonywapuu Hag CeBepHO ATNaHTUKON BO3pOCNa aKTUBHOCTb MHTEHCUBHbIX LIUKIOHOB 3UMOi [3].
CeBepHas EBpona valle Apyrmx perMoHoB CTpajaeT 0T IKCTPeMasbHbIX 3UMHUX ABNEHWUIA, TAKMX KaK CHero-
nagpl, 3aTOKW X0N04HOM0 BO3AYXa, 3UMHME 6ypu 1 CuibHble cHeronagbl. CuibHble BETPbI U METeIN Hanbonee
pacnpocTpaHeHbl Haf ATNAHTUKON U B NPUOPEXHbIX panoHax.

Elle ogHVUM (hakTopoM (POPMMPOBaAHUA METEOPOSIOMMYECKMX IKCTPEMYMOB BbICTYMNaeT aTMoc(epHoe 6/10KK-
poBaHue, KOTOPOe COMPSXEHO C YCTaHOB/IEHNEM OOLLMPHOr0 aHTULMKIOHA Haf TeppuTopueit EBponsl, 4To Hapy-
LUaeT 3anafHblil MepeHoC BO3AYLLHbIX MAcC B CPeAHMUX LIMpoTax. ATMocHhepHoe 610KMpoBaHue NPUBOLUT K OT-
pvuaTenbHbIM aHOMaIMSAM 0CAIKOB B palioHe aHTULMKIOHA Y X NONOXUTENIbHBIM aHOMaINAM Ha (DPOHTa/IbHbIX
pasgenax 6apuyeckux cuctem [4]. BMecTe ¢ TeM NOBbILLEHWE TEMMEPATYPbI U BAAXHOCTW BO34YyXa CNOCO6CTBYET
BO3HWMKHOBEHWIO MOMIOXKMUTENbHBLIX TPEH0B KOHBEKTUBHBIX NMPOLLECCOB B aTMocdepe Haf FOXHOW, LieHTpanbHol
1 CesepHoil EBponoli [5], ¢ KOTOpbIMY CBSi3aHbl HaMb01ee MHTEHCUBHbIE OMAacHbIE METEOPOIOTNYECKNE ABEHNS.

Cpefn HebnaronpuATHbIX aTMOCHEPHBIX ABNEHWNA Hanbonee 3amMeTHbIN POCT nokasaTenei, 3auKcupo-
BaHHbIN Ha TeppuTOopMM EBpoMbI B NocnegHne AecATUNETUs, XapakTepeH 405 rpo3s (YBennynBaroTcs YMCNo
N MHTEHCMBHOCTb NIETHUX rpo3 [6], ocobeHHO Haf LieHTpansHoOW u KOXxHoi EBponoid [7]). IHTEHCUBHOCTL
rpaja B 3TOM permoHe OT/IMHAETCA OTCYTCTBUEM 3HAUMMbIX TPEHAO0B 3a 30-NeTHUI Nepros, YMeHbLUAEeTCA YNCN0
cny4aeB BbiMageHus rpaga 601bworo pasmepa, HoO 0A4HOBPEMEHHO C 3TUM YBe/IMUMBaeTCs AUaMeTP KPYMNUHOK
rpaga [8]. Ha Tepputopum Monbliy BO3POCAO YMCNO AHEN ¢ TymaHOM (Ha 5 gHeli 3a 10 neT) v rposamu (Ha
2 oHs 3a 10 neT), 0jHaKo OTCYTCTBYOT 3HAUMMbIE TEHAEHL MW B OTHOLUEHUW KONIMYECTBA [HEN C FpafioM U ro-
nonegom [9]. Pe3ynbTaThbl aHanNM3a fJaHHbIX 0 FOPU30HTaNbHOM BUAMMOCTM NOKa3blBatoT, YT0 B EBpone yactoTa
BO3HWKHOBEHMS YCNOBUIA NI0X0M BUAUMOCTH (0-8 KM) Npu TaKUX ABNEHUAX, KaK TYMaH, Mria v AbIMKa, CHU-
3unack 3a nocnegHue 30 neT. 3T0 06YCNOBAEHO U3MEHEHUAMM B a3p030/IbHON Harpyske n obnayHocTy [10].

CunbHble BeTpbl B CeBepHoW v LieHTpasnbHON EBpone B OCHOBHOM CBA3aHbI C LIMK/IOHAMU, BO3HUKAIOLLUMM
Hag CeBepHoli ATnaHTMKoM 1 CeBepHbIM MopeM [11], a UMKOHBI, 3apoXpatowwmecs Hag CpefM3eMHbIM MO-
peM, MOryT BblI3bIBaTb CU/bHbIE BETPbI Haf KOXxHoWM EBponoit [12]. Ha 6onbLueit yacTn TeppuTopumn EBponb!
OTMEYaeTCs YMeHbLUEHNE CPeHEroAoBbIX 3Ha4eHnii BeTpa [13; 14] B pesynbTate 601€e 4acToro ycraHoBse-
HUSA 6IOKMPYIOLLUX aHTULUKAOHOB Haf CeBepo-BoCTOUYHOM ATNaHTUKOMN U CHXKEHWS 30HA/TIbHOTO NepeHoca.
Ho HecMOTps Ha NageHne cKOpocTuM BeTpa B LieHTpanbHol 1 BocTouHol EBpone [15; 16], Bo3pacTaeT NoBTO-
pseMOCTb LUKBANOB U cMepyelt B YKpavHe [16] v Monbwe [17].
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Ha TeppuTopun Benapycu B neprog NOTENEHNS KMMaTa, KOTOpbIA npuienca Ha 1989-2020 rr., yBenuuu-
nacb NOBTOPAEMOCTb YNC/A AHEN C FOI0NefoM, rpo3amu, FpasoM U MHTEHCUBHBIMU ocagkamu [18; 19]. B neTHwuit
nepuog Ha 60NbLLIMHCTBE METEOPO/IONMYECKNX CTaHUMIA CTpaHbl Obl10 3aDMKCUPOBAHO, YTO CYTOUHbIE MaKCh-
MYMbl 0CafIKOB, 06YC/I0B/IEHHbIE B OCHOBHOM KOHBEKTUBHbIMM MpoLeccamu, Bo3pocan Ha 20-25 % [20]. CHu-
)KaeTcs NOBTOPAEMOCTb YMCAa AHel € TyMaHOM, MeTeNsiMu, HU3KOM BUAUMOCTbIO M CU/bHbIM BeTpoM [18].
Ha thoHe 06Lero nageHns CKOPOCTY BETPa Ha Tepputopun Benapycy MakcumasbHbIA NOPbIB BETPa COKpaTu/cs
Ha 1-5 m/C B 3MMHWIA Nepuog, HO yBennunnacs Ha 1-3 m/c B NeTHUIA Ce30H, YTO ObIN0 3aperncTpMpoBaHO Ha
60/bLUMHCTBE METEOPO/IOTUYECKMX CTAHLMA. 3TO 06BACHSAETCA YCUMIEHMEM B TEM/0e BpeMs rofa KOHBEKTMB-
HbIX MpoLeccoB B aTMochepe [21].

B cBsi3M ¢ HE06XOAMMOCTbLIO aHaM3a pa3HoHaNPaBeHHbIX TPEH0B NOBTOPSEMOCTM HEGNArONPUATHBIX AB-
NeHWii norogbl B benapycu n pasnnyHbIX yCnoBuii nx hopMMpoBaHUs Lie/blo paboThl BbICTYNAeT yCTaHOB/IEHUE
CBA3U MeXJy aTMOC(epHON LMpKynsaumein B ATNaHTUKO-EBPONENCKOM CEKTOPE 1 MOBTOPSAEMOCTbIO OTAEbHbIX
MEeTeopOIornyecKnx saeneHuii (rposbl, rpag, UHTEHCMBHLIE OCafKW, TYMaH, rofones, MeTenu, BUAUMOCTb Me-
Hee 1KwMm, BeTep CO CKOpOCTbiO 14 M/C 1 60nee) Ha TEpPUTOPUN CTPaHbl B NEPMOA TpaHCchopMaLmMm Kiumara.

MaTepuanbl 1 MeToabl UCC/ef0BaHNS

B paboTe mMcnosb30BaHbl faHHble O MOBTOPSAEMOCTM C/lyYaeB MHTEHCUBHbLIX 0cafKoB (6onee 15 Mm 3a
12 v), rpos, rpaga, TymaHa, cunbHoro setpa (14 m/c n 6onee), HA3KOW BUAMMOCTM (MeHee 1 KM), rononega
N MeTeneld, OTMeYeHHbIX Ha TeppuTopun benapycu. VicxogHble cBefleHns NpefCcTaB/eHbl B BUAE YMcna gHei
C KaXAbIM NepeymcrieHHbIM SB/IEHUEM 3a MeCsL, 3aperncTpMpoBaHHbIX Ha 42 METEOPOOrMYECKNX CTaHLMAX
HabnogaTensHol ceTn Benrngpometa, 3a nepmnod ¢ 1975 no 2022 r.

CBs3b MeXY aTMOC(HEPHON LIMPKYSLMeli 1 MOBTOPSEMOCTLIO HEGarONPUATHBIX ABAEHNIA NOTOAbl Ha Teppu-
TOpuK benapycu ycTaHOB/IEHA HA OCHOBaHUM MECAYHbIX 3HAUYEHWIA UHAEKCOB (MOJ) aTMOCHEPHON LMPKYauum
B ATnaHTMKo-EBponeiickom cekTope: nHgekca CeBepo-ATnaHTUUeckoro Konebanus (ganee - nHgekc NAO),
MHAeKca APKTMYeCKOoro KonebaHus (ganee - nHgekc AO) n nHaekca CkaHAMHABCKOro 6/10KMpoBaHus (ga-
nee - nHgekc SCAND) - 3a nepuog ¢ 1975 no 2022 r.

B kauecTBe OCHOBHOIO MeTOAa MCC/Ief0BaHUA NPUMEHEH KOPPENALMOHHBIA aHanu3. [1ns Bcex aHanm3npye-
MbIX NOKa3aTefei no faHHbIM 3a COOTBETCTBYIOLLME MECALbI BbIUMCEHbI KOIDMMLMEHTbI KOppenauum (r) mex-
[y 3HAYEHMAMUN UHLEKCOB aTMOCHEPHON LMPKYNALUN U OCPeJHEHHbLIM MO CTPaHe YMUC/IOM AHel ¢ Hebnaronpu-
ATHLIMU METEOPONOrMYECKUMM ABNEHNUAMM, 3aIUKCMPOBAHHbIX Ha KaXKA0M CTaHUMK. B Lensix oLeHKM YPOBHS
CTaTUCTUYECKOWN 3HAUMMOCTU (p) KO3(h(MLNEHTOB KOPPENsLMU NCNOMb30BaH t-kpuTepuin CTblogeHTa. Ctatu-
CTUYECKMe pacyeTbl U NOAFOTOBKA rpauyeckoro maTepuana BbINOHEHbI C MOMOLLbLIO 6M6MOTEK pandas,
NumPy, SciPy, Matplotlib a3bika nporpammupoBaHms Python (3.11).

Pe3ynbTaTbl 1 UX 06CYX/EHNE

ATMmOCHepHas uupKynaums B ATNaHTUKO-EBPOMENCKOM CEKTOpe UTrpaeT BaXKHYHO POJib 4151 PErMOHALHOIO
KnvmaTa EBponel. VIHAEKCbl aTMOCKHEPHON LMPKYAALUM - nokasaTenu rnobasbHoi N3MeHUNBOCTY aTMocde-
pbl, KOTOpPble XapaKTepu3yoT TpaHChopMaL M pernoHabHbIX NpoLeccoB. OCHOBHbLIM (akTOPOM U3MEHEHNS
PErnoHanbHOro KnumMara senseTca CeBepo-ATnaHTUYeCKOe KonebaHue [22], onpefensioliee MHTEHCUBHOCTb
3anaZiHoOro rnepeHoca BO3AYLIHbIX MacC B 3aBUCMMOCTU OT rpagueHTa faBneHns Mexay A30pCKUM aHTULK-
KNIOHOM 1 IcnaHACcKUM LMKNOHOM. [lonrocpoyHble TeHAeHUun CeBepo-ATNaHTUYECKOT0 KonebaHus, KOoTopble
npossnsnnce B 1899-2018 rr., 0OTINYAKOTCA HEMOCTOSIHCTBOM W BbICOKOW MEXXT0/I0BOI N MeXAeKaaHOl N3MeH-
ymBocTbto. C cepeanHbl 1960-X IT. HAGNHOAAETCA NONOXNTENbHAA TEHAEHLMSA K 60/ee 30HaNbHOM LMPKY ALK
C MATKUMU U BAKHBLIMW 3UMaMy 1 MOBbILLIEHHON MOBTOPSEMOCTLIO WTOPMOB B LleHTpanbHoM 1 CeBepHoii
EBpone [23]. OgHako nocne cepefuHbl 1990-x IT. HaMeTUNach TeHAEHUUA K 601ee MepUANOHaNbHOM LUPKY-
NAUUKN 1 601ee XONOAHBIM Neprojam 3MMOoM, YTO 06YCNOBNEHO [BMXEHMEM BO3AYLLUHbIX MAacC BOCTOUHOIO UK
CeBepHOro HarnpasfieHns (oTpuuaTenbHble 3HadeHus nHaekca NAO).

[ns benapycy npocnexuneaeTcs CTaTUCTUYECKM 3HAYMMan CBA3b MeXAY 3HavyeHuaMn nHgekca NAO m tem-
nepaTypoii Bo3ayxa Cc Aekabpsi No MapT, Npu 3TOM Be/IMUMHbI I cocTaBnsAoT 0,45-0,55 [24; 25]. MpeobnagaHue
NOMOXNTENbHON (hasbl CeBepo-ATNaHTUYECKOr0 KonebaHns B 1960-90-x IT. KOPPenuMpyeT ¢ 60/1ee 3aMeTHbIM
pocToM (Ha 2,4 °C) TemnepaTypbl B 3MHee BpPeMs rofja Ha TeppPUTOPUM CTPaHbl MO CPABHEHWUIO C JIETHUM
ce3oHOM. Ho ¢ 2000-x rr. npocnexmBaeTca obpaTHast TeHAeHUMSA: 601ee NMHTEHCMBHO MOBbILIAETCS Temne-
paTypa Bo3ayxa neTom [26]. B pexxume yBnaXKHEHUS B 3MMHWIA CE30H yBe/mumnBatoTca (Ha 3-5 mm 3a 10 neT)
NONOXMUTENbHbIE BEe/IMUMHBI TPEHAOB CE30HHbLIX CYMM 0cafkos [27]. OfHaKo B Mae, aBrycte U CeHTAbpe
OTMeYaeTCs TEHAEHLMSA K YMEHbLLIEHMIO KONUYECTBa 0CaAKoB [28]. BbinajeHue 0cafikoB, B TOM YuC/e ocaf-
KOB MHTEHCUBHOIO XapakTepa, CBA3aHO C LMKIOHMYECKON [esTe/IbHOCTbIO, a B TEM/bIA NMepUoj roga oHo
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COMpPSXKEHO U € KOHBeKUwMeli B aTMoctepe. C 1970-X IT. NOBbILLIAETCS YaCTOTa BOSHUKHOBEHMWSA LIMKNOHOB B Ce-
BepHoi1 1 LleHTpansHoi EBpone [29; 30], 0co6eHHO NOBTOPAEMOCTL CEBEPOATIaHTUYECKUX LUKIOHOB B 3UMHUIA
Ce30H, YTO MPUBENO K YBEIMUEHMIO KONMYeCcTBa 0CcakoB B CeBepHOI EBpone 1 nx CHWXeHuto B LieHTpanbHoi
EBporne.

Ha puc. 1, a, npeActaBneH rpauk cBsasu mexay 3HaveHusmu nHgekca NAO v ocpefHeHHbIM MO CTpaHe
YMC/IOM C/y4aeB BbINAAEHNA MHTEHCUBHBIX 0CALKOB, 3aDMKCUPOBaHHbLIX HA 42 METEOPONOrNYECKMX CTaHLMAX
Benapycu, B 3umMHuWiA nepuof. BenuunHa r coctaBnset 0,60 (npup <5 %). 3uMoli NpW NONOXKMUTENbHBIX 3Ha-
yeHuax nHgekca NAO AnnHHbIe BOMHbI B aTMocepe (rocnoAcTBYOWMIA 3anafHblli NOTOK BO3AYLUHbIX Macc
B CPeLHUX LLUMPOTax, KOTOPbIA ABNSETCA BONHOOOPa3HbIM) XapaKTepun3yroTCs Manol amnauTygoi. MyTu umkno-
HOB, MepemMeLLatoLLMXCa BAOMb A/MHHBIX BOMH, NPOEratT NpakTUYeckn NpsMosIMHERHO ¢ 3anaja Ha BOCTOK,
OHMW BNOKMPYIOT 3aTOK XOM0AHbIX BO3AYLUHbLIX MacC Ha TeppuTopuio EBponbl M 06yCNOBAMBAKOT BbiNajeHue
0CaflIKOB Ha BCem NyTW cnefoBaHus. B xonogHoe BpeMs rofa B OCHOBHOM UMEHHO MOLLHbIE CEBepoaTiaHThye-
CKUe LMKOHbI, CPOPMUPOBaHHbIE Y BOCTOUHbIX Nobepexuii CeBepHON AMEpPUKK, NPUHOCAT 00U/IbHbIE 0CAAKM
Ha TeppuToputo benapycu [31]. Mpu oTpuuaTenbHbIX 3HadeHUaX nHgekca NAO yBenmumBaeTcs amnantyga
BOJIH U NpeobnajaeT MeEPUANOHANbHBIA TUM aTMOCHEPHON LUPKYNALUK, AN KOTOPOro XapakTepHbl Kak Bbl-
XO[bl KOXHbIX LWUKIOHOB, CMNOCO6HbLIX NPUHECTU O6UMIbHbIE 0CAAKN HA TEPPUTOPUIO CTPaHbl, TakK U 3aTOKU
XO0/10HOT0 apKTUYECKOro BO3yXa C aHTULMKIOHOM U OTCYTCTBME OCALKOB.

B neTHwWii ce30H cBA3b MeXAy 3HavyeHuaMn nmHgekca NAO 1 4McnoM AHEeR ¢ MHTEHCUBHBLIMK OCagKamu
ABNSeTCA 60nee cnaboi, yem B 3MMHUIA nepuog (puc. 1, 6). BennumnHa r coctaBnset -0,43 (Npup < 5 %).
OTpuuarensHble 3HadeHns nHaekca NAO 1 UX MeHee TecHaa CBA3b C aHaNU3npyeMbIMK NoKasaTenamu 06b-
ACHAIOTCA YBE/IMYEHNEM UHTEHCMBHOCTY BbIMafeHWs 0CafKoB /IeTOM. 3T0 00YC/M0BAEHO MPOXOXKAEHNeM
FOXHbIX LMKMIOHOB (25 % (6e3 yuyeTa (pOHTaNbHbLIX pa3fenos) oT 06wero o6bema BbiNafaloLWMX 0CajKoB)
1 KOHBEKTWBHbIMW fiBNeHUAMM B aTMocdepe (10-12 % ot obLyero o6beMa 0cajKoB, BbINaLaroLnX B TENbINA ce-
30H, @ UMEHHO ¢ Mas Mo aBrycr) [31].

Yncno gHei Yucno gHeit
C MHTEHCMBHbIMMW 0CafKaMu C MHTEHCUBHBIMM 0CafKamu

Puc. 1. I'patuk cBA3M Mexay 3HauyeHusmun nHgekca NAO
W YNCNOM fHeld C MHTEHCVBHBIMUW 0CaaKaMu
C fekabps no mapT (a) u ¢ noHA no aerycT (6)

Fig. 1. Graph of the relationship between NAO index values
and the number of days with heavy precipitation from December to March (a)
and from June to August (b)

ApKTnYeckoe KonebaHue npefcraBnseT coboii pasHoHanpaBieHHOe CMeLleHne aTMOCQepPHOro aBneHuns
Mexay APKTUKON U CPeAHMMU LUMPOTaMU CeBEepHOM YacTu TUXOro okeaHa U ATnaHTuKW. Mpu ycTaHoBne-
HMW NONOXKUTENbHOM (has3bl APKTUYECKOro KonebaHus BeayLLniA MOTOK CPeAHMX LWMPOT HanpaB/ieH Ha cesep,
TEM CaMblM KOJINYECTBO BTOPraeMoro B CpefHue LMPOThl XO/IOLHOIO BO3JYyXa YMeHbLUAeTcs, Torja Kak npu
JOMUHMPOBAHUN OTPULATENIbHOW (ha3bl CTPYMHOE TeYeHWe CABUIAeTCs Ha tor, YTO NO3BOMSET apKTUYECKOMY
BO34YXY MPOHUKaTb B cpefiHMe WupoTsl [32].

C Hayana 2000-x IT. NnpeobnagatoT oTpuLaTenbHas d)asa APKTMYECKOTO KoniebaHnsa U MepUANOHANbHBIA TUM
UMPKYNauum B ATNaHTMKO-EBponeiickoMm cekTope. 3UMOI yBennYeHe KOMYecTBa 0CafjKOB Ha TEPPUTOPMM
benapycu cBA3aHO C MOBbILLEHWEM NOBTOPAEMOCTY BO3HUKHOBEHWSA HOXHbIX LIMKNOHOB, KOTOpPble MPUHOCAT
06unbHble ocagku [31]. BenuunHa r Mexay 3HadyeHnamMmn nHaekca AO 1 0CpefHeHHbIM YUCNIOM Cly4aeB UH-
TEHCMBHbIX 0cagkos cocTasnseT 0,71 (npup <5 %) (puc. 2, a).
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B TennbIli ce30H Ha TeppuTopumn Benapycuy 3amKCUpoBaHbl OTpULATeNbHbIE TPEHALI NETHUX CYMM OCafKOB
B OTAe/IbHble MeCALbl, YTO MOXHO 00BACHUTL CHUMKEHUEM LMKNOHNYECKOA aKTUBHOCTU SIETOM, YMEHbLLIEHWEM
4acTOTbl BO3HUKHOBEHWA LMK/IOHOB U YCUIEHWEM 3acyLUIMBOCTM K/MMaTa BO BPEMS YCTAHOB/IEHUSA OTpU-
LaTefibHOI (hasbl APKTUYECKOr0 KofiebaHus 1 pocTa NOBTOPSEMOCTY MEPUANOHANBHBIX TUMOB LUPKYALMUN.
BennuunHa r mexzay 3HaveHuamun nHpekca AO 1 YUC/IOM CllyYaeB MHTEHCUBHbLIX OCafKOB cocTaBnseT -0,46
(npup < 5%) (puc. 2, 6). OgHako Ha TeppuTOopUK Benapycn 0TMeYaeTcst POCT CYTOUYHbIX MakCMMYMOB OCaf-
KOB, 00YC/OBNEHHbIV KOHBEKTUBHbLIMU npoLeccamun B atmochepe [20].

Bo3HUKHOBEHWE MeTeneli Bbl3BaHO NpeobnagaHmeM oTpuLaTensHol dasbl CeBepo-ATnaHTUYECKOro 1 Apk-
TUYECKOro KonebaHwin 1 ycTaHOBMEHNEM MEPUAMOHANBHOIO TUNa aTMOCHEePHON LMPKYAALUK, NPU KOTOPOM
O0TMEYaTCA BbIXOAbl HOXKHbIX UMKAOHOB. C HOXHLIMU LMKAOHAMMK CBsidaHa Hanbo/bLlas MOBTOPSAEMOCTb
meTenein Ha Tepputopum ctpanbl [33]. Ha puc. 3 npeactasneHbl rpagiukuy CBA3N MeXAY 3HaYeHUAMU UHOeK-
ca NAO (puc. 3, a) n nHgekca AO (puc. 3, 6) 1 Uncnom gHeld ¢ meTensaMu. BennyuHel r coctasnsatoT -0,54
1 -0,43 co0TBETCTBEHHO (MpUp < 5 %) U yKa3biBalOT Ha BbICOKYI MOBTOPSEMOCTb AHEW ¢ MeTensaMu npu
HN3KNX 3HaveHuax nHaekcos NAO u AO.

7,5 100 125 150 175 20,0

Yucno gHeii Yucno gHeid
C MIHTEHCUBHbLIMMW OCafKamu C MHTEHCUBHBLIMU 0CafKamu

Puc. 2. I'padmk cBA3W Mexay 3HaveHmamu nHgekca AO
Y YNCNOM [HEW C MHTEHCUBHBIMM OCafKamu
C fekabps no mapT (a) 1 ¢ UoHA no asrycT (6)

Fig. 2. Graph of the relationship between AO index values
and the number of days with heavy precipitation
from December to March (a) and from June to August (b)

6/b

Uucno gHein ¢ MeTenbio Yncno gHeit ¢ MeTensbio

Puc. 3. I'pathmk cBA3M MeXAY 3HAYEHUAMMN
nHaekcoB NAO (a) n AO (6) v Yncnom fHeid ¢ MeETENAMM
C fekabps no mapT
Fig. 3. Graph of the relationship between NAO (a)
and AO (b) index values and the number of days with blizzards
from December to March
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Ho B nocnefiHne gecATUNeTUs ata cBA3b 0CnabeBaeT 3a CYET U3MEHEHUSA B PeXMMe BbiNafeHWUs TBEpAbIX
0CaflKOB U XapaKTepu3yeTcs 3HaUMMbIM CHUXEHMEM MPOAOIXUTENbHOCTY BbiNafeHWs 0CafKoB B TBEPAOi (hase
3-3a YCTOMYMBOr0O NOBbILLIEHNS TeMMepaTypbl BO3LyXa.

C nomouybto nHaekca SCAND moXHO onucatb norogy B EBpone v BblgennTb XapakTepHble 3aKOHOMEp-
HOCTK, Habnofaemble B pasHoe BpeMs roga. OH B 3HAUNTE/IbHOM CTEMEeHN OnpeaenseTca AMMNONeM AaBneHus
mexay KOxxHoii EBponoit n CkaHauHaBued. BanaHue atMochepHOro 610KMpoOBaHWS Ha NOBTOPSEMOCTb He-
61aronpuATHLIX ABNEHWI Ha TeppuTopuKn benapycn B 0CHOBHOM NPOCNEXMBAETCA B TENbIV NEPUOA roga, OHO
CBAA3aHO C YCTAHOB/IEHWEM 3aCYLUNBbIX NOrO4HbLIX YCOBUIA.

Mpu foMUHMPOBaHMK OTpuLaTenbHol asbl CKaHAMHABCKOIO 6/10KMPOBaHUA 06N1acTb HU3KOTO [aBfieHuNs
cocpefoToyeHa B CeBepHoil EBpone, a 06/1acTb BbICOKOTO [aBfieHMs - Ha 6oblieid YacTu LieHTpanbHoi
1 KOxxHol Esponbl. Cyxas noroga uKCUpyeTcs BO MHOTMX pernoHax EBponbl BNAOThL [0 CEBEPHON YacTu
CeBepo-EBponeiickoil paBHUHBI, a 60nee BnaxHas, YeM 00bIYHO, NOrofa OTMeYaeTCs TOMbKO Ha KpaiHem
ceBepe KOHTWHeHTa. Takoe pacrpefeneHvie [aBneHUs CBUAETENbCTBYeT O BO3HWKHOBEHUM B EBpone 06-
LUMPHOrO aHTULMKIOHA, C KOTOPbIM CBS3aHbl NPOLO/MKUTENbHbIE NEpUoabl deduunta ocaakoB. Kak nokasa-
HO B ny6nukaummn [4], ¢ aHTULMK/IOHaMU COMPSXKEHbI 3aCyXW, MOBTOPAEMOCTb KOTOPbIX B Benapycu pactet
B NnocfefHve fecATunetusa. Ha Tepputopuu CTpaHbl 3Ta TEHAEHLMSA BblpaXkaeTca B COKpaLleHuUW nposon-
YKUTENbHOCTW BbIMafeHns 0cafKoB netoM Ha 15-20 % 3a nocnegHue 30 feT, 4TO 6bIN0 3aPUKCMPOBAHO Ha
60/bLUMHCTBE METEOPOOrMYECKMNX CTaHLUMA. B TO XXe BpeMsi CyTOUHbIE MaKCMMYMbl OCafKOB IETOM BbIPOC/N
Ha 20-25 % [27].

Ha puc. 4 npefcTaBneHbl rpamkm cBA3N Mexay 3HadyeHnaMn nHaekca SCAND v ocpefiHEHHbIM MO CTpaHe
4MCNOM JHE C rpo3amu, KOTOpble CONPOBOXAAIOTCSH MHTEHCUBHbIMU OCaaKaMu. BennuuHel r coctasnstoT 0,42;
0,44 n 0,34 B mae (puc. 4, a), utoHe (puc. 4, 6) n utone (puc. 4, B) COOTBETCTBEHHO (NpMp < 5 %). NHbIMK
cioBamu, npu BbICOKMX 3HaYeHnax uHgekca SCAND HabntofaeTcs 60nbLIOE KONYECTBO fHeli C rpo3aMu Ha
TeppuTopuu Benapycu.

B/c

Yucno aHeit ¢ meTenbio
Puc. 4. I'paduk cBA3n Mexpay 3HadeHmsamu nHgekca SCAND
1 YACIOM fAHEN ¢ rpo3amu B Mae (@), utoHe (6) 1 ntone (B)

Fig. 4. Graph of the relationship between SCAND index values
and the number of days with thunderstorms
in May (a), June (b) and July (c)
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HeBbICOKas, HO CTAaTUCTUYECKM 3HAYMMAs CBA3b MEXAY aTMOCHepHbIM GN0KUMPOBAHWEM M YMC/IOM TPO3
00bSACHAETCA pacnpoCcTpaHeHMEM 06/1aCTU BbICOKOTO AaBfeHus Ha bonbLueid yactu EBponbl. OHa XxapakTepu-
3yeTcs HU3KUMKM BennumnHamm nHaekca SCAND 1 BbICOKOR YaCTOTOW yCTaHOBAEHNS ANTESTbHbIX aHTULMKIOHOB
(MPOAOMKNTENBHOCTLIO He MeHee 5 HE), BAMAIOLLMX HA Morody neTom B benapycu [21] n cnoco6CTBYHOLNX
YCUNEHUIO 3aCyLUNNBbLIX YCNOBWA. MpK NONOXNTENbHBIX 3HAYeHMsAX UHAekca SCAND B Tensblil Ce30H Haf
TeppuTopueid EBponbl npeo6nagaeT 0651acTb HU3KOMO AaBfeHNs, 0TMevaeTcsa 60/1ee BnaxKHas moroja u B yc-
NOBUSAX BbICOKMX TEMMEPATYP W HEYCTOWUMBON cTpaTUmKaLnm B aTMocdepe GOpPMUPYIOTCA MHTEHCUBHbIE
0CaKun B COMPOBOXAEHMNMN FPO30BOI feATE/IbHOCTU.

3aksiroueHue

B pesynbTaTe OLEHKM KOPpensaumMm Mexay BenuuymMHaMm UHAEKCOB aTMoctepHol uupkynaumm (NAO, AO
n SCAND) 1 Konn4ecTBoM fHel ¢ He6naronpuaTHLIMU ABNEHUAMU NOrofsl Ha Tepputopun benapycu ycta-
HOBNEHa CTaTUCTUYECKM 3HAUYMMAas CBA3b NEPBbLIX C MOBTOPSEMOCTbLIO C/Ty4aeB MHTEHCUBHbLIX 0CaJKOB, MeTe-
Nei 1 rpos, T. e. ABAEHWIA, (HOPMUPYIOLLMXCA NPEUMYLLECTBEHHO BCNEACTBUE LIMKIOHUYECKON AeaTeNbHOCTU.
TyMaH, rpag, HU3Kas BUAMMOCTb, AbIMKa U CUJIbHbIV BETEP COMPSKEHbI C 60/1ee NOKa/IbHbIMU YCIOBUSAMU UX
BO3HWKHOBEHMWS - HEYyCTOMYMBON cTpaTudmKaLmein atMmocdepbl, UHBEPCUAMU, KOTOPbIE HE MOTYT 6bITb OMU-
CaHbl C MOMOLLLI0 NOKa3aTenein N3MeHYMBOCTN KPYNHOMACLLTAGHON LUPKYNALUK.

BbinaseHne MHTEHCUBHbLIX 0CALKOB 3UMOI Ha TeppuTopuun benapycu oTMeyaeTcs Npu ycTaHOB/EHWUM MO-
NnoXxuTenbHoW thasbl CeBepo-ATNAaHTUYECKOr0 Y APKTUYECKOr0 KonebaHuii 1 nepemMeLLeHN MOLLHbIX ceBe-
poaTnaHTUYeCcKnX LMKIOHOB Yepe3 EBpony. MOBTOPSeMOCTb MeTesieil, HaNpoTuB, SBNSeTCA 60/1ee BbICOKOM
npu SOMWHMPOBaHWUM OTpuLaTensHol (hassl CeBepo-ATNaHTUUECKOrO U APKTUYECKOro KonebaHwid, Korga
(hOpMUPYHOTCA YCIOBUA 415 BbIXOLOB KOXKHbIX LIMKNOHOB. JIeTOM YCTaHOBNeHa 06paTHas CBA3b MeX Ay 3Haue-
Husmm nHaekcos NAO 1 AO 1 YMCNoM AHeRn C MHTEHCMBHbLIMUK OCafKamu, 4To 06yCnoBneHo npeobnagaHnem
MepUANOHAbHBIX TUMOB LMPKYNALMK U oTpuLaTensHbix a3 CeBepo-ATNaHTUYECKOr0o 1 APKTUYECKOro Kose-
6aHuii 1 BbI3BaHO 60/1ee BbICOKOI MOBTOPSEMOCTHHIO FOXHbIX LIMKIOHOB, NPUHOCALLNX OCAAKN HA TEPPUTOPULIO
Benapycu. MoBTOPAEMOCTb P03 BO MHOMOM CBSi3aHa C YaCTOTOM 6/I0KMPOBaHNA BeLyLLero noToka B aTMoctepe
B pe3y/ibTarte YCTaHOB/IEHWUS OBLLUMPHBIX U A/INTENIbHbIX aHTULMKIOHOB. Mpu JOMUHUPOBAHUU NONOXUTENLHON
thasbl CkaHAMHABCKOro 6/10KMpoBaHMA U npecbnagaHny 061acT HU3KOMO AaBEHMS Ha 3HAYNTENbHONM YacTu
TeppuTopun EBponbl 0TMeyaeTca 6onee BbLICOKasAs NOBTOPSEMOCTL Fpo3 B benapycy.
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FMMAPOXUMUUYECKNA PEXUM ALUNAOTPO®DHBbIX O3EP _
BENTAPYCWN B YCNOBUNAX KIIMMATUHECKUNX M3SMEHEHWNN
N AHTPOIMNOIMEHHOW HATPY3KW

H. 0. CYXOBUMNOA A. 1. MOPO31d A. A. HOBUKA A. b. BTACOBATL

NBenopycckuii rocyfapcTBeHHbI yHMBepcuTeT, np. HesasucumocTn, 4, 220030, r. MuHck, benapych

AunpoTpodHbIe 03epa - YHUKasbHbIe A8 TeppuTopun benapycu Bof0eMbl, KOTOPbIe XapaKTEPU3YOTCA MUHUMASTb-
HbIMW 3HAYEeHMAMW KOHLEHTpaLMn BeLLEeCcTB, pacTBOPeHHbIX B BOAHOM Macce. OHM 06/1afaloT BbICOKON YyBCTBUTE/b-
HOCTbIO K U3MEHEHMIO NPUPOSHO-KIMMATMUECKNX YC/I0BMIA Ha BOLOCO60pax 1 K aHTPOMOreHHo TpaHcopMaumny BOAHO-
ro, rMAPOXMMNYECKOr0 Y TEPMUYECKOTO PEXMMOB, HO MPU 3TOM AOCTATOYHO €Nabo pearmpyroT Ha BOCCTaHOBUTE/IbHbIE
MeponpuaTua. O3epa NoAo6HOr0 TUNa ABNAIOTCA MecTaMy 06UMTaHMA NpeAcTaBUTeNein PeaKnx U OXpaHseMblX BUAOB
riopbl 1 dayHbl. N3yyeHne CoBPeMeHHOr0 COCTOAHUA auuAoTPOMHbBIX 03ep MO3BO/IUT YCTAHOBUTHL HameYaroLLnecs TeH-
[eHUUM 3BTPOhMPOBaHUA Ha PaHHUX 3Tanax v NPUHATL Mepbl, HarNpaB/ieHHbIe Ha NPefoTBPaLLeHne Aerpajaunm jaHHbIX
NIMMHOCUCTEM W MCYE3HOBEHWS NPeACTaBUTENEN 0XpaHSAeMbIX BUA0B akBadiopbl. AHANN3NPOBAICH TMAPOXUMUYECKUI
peXxxum aungoTpodHbIX 03ep Benapycu B yCnoBUAX KNMMaTUYECKNX U3MEHEHWUI N aHTPOMOreHHOro BO3AeNCTBUA Ha MX
Bogochbopbl. ViccnefoBaHve rngpoxXxvMUYecKnX nokasatesieil BOCbMU aungoTpodHbIX 03ep Benapycu nokasano, 4To Mo
CpaBHEHMNIO C KOHUOM 1970-x - Hayasiom 1980-X IT. B HUX MOBbLICU/ICA YPOBEHb MUHepasmM3auun BoAbl N KOHLEHTpa-
LM aMMOHWIA-MOHA, & Takke CHU3WINChb 3HAYeHUs COfepXaHUsA KMCopoga, pacTBOPEHHOro B BOAHOW Macce, U Npo-
3payHocTb. B 03epax CBuTA3b M Benoe (JTlyHUHeLKwWii paiioH) neToM y AHa hopMupyeTcs CepOBOAOPOAHAsA 30Ha. 3TO
CBUAETeNbCTBYET 00 YXyALIEHNM 3KO/I0rMYecKoro COCTOAHMA aungoTpodHbIX 03ep. Pe3ynbTaTbl uccnefoBaHNsA MoryT
ObITb MPUMEHEHbI AN YyNPaBieHns BOAHbIMU 3KOCMCTEMaMU, NPY NX BOCCTAHOBEHUN, ONTUMM3ALUN XO3AACTBEHHOIO
MCMosib30BaHMA BOLOCOOPOB 03ep, a TaKKe B 06pa3oBaTe/IbHOM MpPoLEecce B LENAX NOArOTOBKM CNELNasnucToB - rngpo-
METEOPOJIOroB N re03KosI0roB.

Knto4yesble cnosa: auMAOTpOd]HOE 03€epo; BOAOC60p; FVI,quXVIMVI‘-IeCKVIVI PEXNM; 3KO/TIOrN4YeCKoe COCTOAHUE; N3MEHE-
HWE KnnmMarta, aHTPONoreHHoe BO3,IJ|EI7ICTBVI6.

BnarogapHocTb. VccnesoBaHue BbINO/IHEHO NpY PUHAHCOBOI NnogaepykKe Benopycckoro pecny6/1MKaHeKoro oHaa

(hyHAaMeHTa/IbHbIX NCCNeLOBaHNI B paMKax Hay4yHOro npoekta X22M-069.

O6pasey ULUTUPOBAHUA:

Cyxoswuno HKO, Mopo3 AW, Hosuk AA, Bnacosa Ab. M'mapoxu-
MUYECKUIA peXXum aumaoTpogHbIX 03ep benapycu B ycnoBumax
KNMMaTUYeCKNX N3MEHEHWI N aHTPOMOreHHON Harpysku. XXyp-
Han benopycckoro rocygapcTBeHHOroyHuBepcuTeTa. eorpa-
¢us. T'eonorus. 2023;2:58-69.

EDN: LDQHRD
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HYDROCHEMICAL REGIME OF BELARUS
ACIDOTROPHIC LAKES UNDER CONDITIONS
OF CLIMATIC CHANGES AND ANTHROPOGENIC LOAD

N. Yu SUKHOVILOgA. I. MAROZ*, A. A. NOVIK*, D. B. VLASOVA*

*Belarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus
Corresponding author: N. Yu. Sukhovilo (sukhovilony@ bsu.by)

Acidotrophic lakes are unique reservoirs for the territory of Belarus, which are characterised by a minimum concen-
tration of dissolved substances. They are very sensitive to changes in natural and climatic conditions in watersheds and
anthropogenic transformation of water, hydrochemical and thermal regimes, but at the same time they react rather weakly
to restoration measures. Lakes of this type are habitats for rare and protected species of flora and fauna. The study of the
current state of acidotrophic lakes will make it possible to identify emerging trends in eutrophication at an early stage and
to take measures aimed at preventing the degradation of these limnosystems and the disappearance of protected species
of aguaflora. The purpose of the study is the analysis of hydrochemical regime of acidotrophic lakes in Belarus under the
conditions of climate change and anthropogenic impact on their watersheds. An analysis of the hydrochemical parameters
of eight acidotrophic lakes in Belarus showed that, compared with the late 1970s - early 1980s there was an increase in
water mineralisation, ammonium ion concentration, a decrease in the concentration of dissolved oxygen and transparency.
In the lakes Svityaz and Beloe (Luninets district), a hydrogen sulfide zone forms near the bottom in summer. This testifies
to the deterioration of the ecological state of acidotrophic lakes. The results of the study can be used for the management
of aquatic ecosystems, during their restoration, optimisation of the economic use of lake catchment areas, in the educa-
tional process in the training of hydrometeorologists and geoecologists.

Keywords: acidotrophic lake; catchment; hydrochemical regime; ecological state; climate change; anthropogenic impact.
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BBegeHune

Cpefu Bcero MHOroo6pasus 03ep, pasMyatoLMxca Kak CTPOeHWEM KOT/I0BUH, BULOM BOAHOIO MUTaHuWs,
XUMUYECKMUM COCTaBOM BOf, Tak U YPOBHEM MPOAYLMPOBaHMUSA, OCOBHAKOM CTOAT 03epa, KOTOpble UMEKT HU3KYHO
NPOAYKTUBHOCTb, Creuufuyeckne YepTbl a30HaIbHOI0 XapakTepa (BoLopa3ae/ibHoe NosioXeHre Bogocbopos),
Masible pasMepbl, FTMAPONOrMYecKyto 3aMKHYTOCTb, BEPXOBble 60/10Ta Ha BOLOC6Ope, a Takxe HebOobLIne No-
KazaTes MUHepanusaunm n akTMBHOM peakLuun Bogpl.

TepMyH «aunMaoTpodHble 03epa» Brepsble 6bin BBeAeH A. ®. TuHeMaHoM B 1928 T. [og 3TUM NOHATUEM
nogpasyMeBasiCb HU3KOMNPOLYKTMBHbIE 03epa CO 3Ha4YEeHUAMU BOAOPOAHOIO nokasartens Hke 5,5. B 1933 T.
LLnHK1un Mowmmypa pasfenin aumaoTpotHbie 03epa Ha Ba TUMa: B 03epax NepBoro TMna Kucnas peakuus
cpefbl 06ycnoBneHa 0CO6eHHOCTAMU MOACTUIAIOLLMX NOPOA, & B 03epaxX BTOPOro Tvna - 6MosiormyecKumum
npoueccamu. K gaHHOM Knaccugmkaumy nosgHee 6bin gobasnieH TpETUA TUMN 03ep, 3aKUCNEHNE KOTOPbIX Bbl-
3BaHO BbINAfIEHNEM KUCMOTHbIX AOX/EN, T. €. BMUSHUEM aHTpoMoreHHoro takrtopa [1]. Mo3xe b. M. Anek-
CaHApOB Npu pa3paboTKe TUMOAOT MK 03ep Ha OCHOBE 6MONOTMYECKNX NOKasaTenel BblAe I TaK HasblBaeMble
aunaoTpodHble (aunaHbe) o3epa. B nepByto oyepelb OH nonarancs Ha KONUYeCTBeHHble (MPOLYKLUUOHHBIE)
KpUTEPUN pa3BuTUS (Dopbl U dayHbl, HO HE pacCMaTpMBan BMAOBOM COCTaB rnMapoounoHToB [2].

B nocnegHue rofpl nccnefoBaHve auugoTPOMHbLIX 03ep MPOBOAUTCSH B OCHOBHOM rMapobuosioraMu, oHo
HanpaB/eHO Ha YCTaHOBJ/IEHWE 0COBEHHOCTEN (DYHKLMOHMPOBAaHMS OTAEMbHbIX COOOLECTB U NX afanTauumm
K KUC/OW peakummn cpefbl 06uTaHms. OQHUM 13 Haubonee N3y4veHHbIX fBnseTca 03. Kpelitep (wTat OperoH,
CLUA), nmetoLlee By/nKaHWYecKoe npomcxoxaeHuve [3, p. 180].

B CCCP nepBble nccnefoBaHms auMaoTpoMHbIX BOAOEMOB CBsi3aHbl ¢ feAaTenbHocTbio C. H. CKagoBCKoro,
I. I. BuH6epra v gp. B KayecTBe XapaKTepHbIX YepT 3aKMCNEHHbIX BOAOEMOB YKa3blBa/IMCb HU3KME 3HAYEHUS
COAEPXKaHWs KaibLysl, NOMHOE UM NOYTK MOSIHOE OTCYTCTBME rMAPOKapboHATOB, a TakKe Cy/b(aTHbIN Knacc
BoA. B ganbHeilieM 0CO6eHHOCTM CTPYKTYPbI 1 cneuungmnka GhyHKLUOHNPOBaHNSA 6UOTbI 60N0THLIX FyMUu-
LMPOBaHHbLIX BOLOEMOB, B TOM YMC/e auMA0TPOGHbIX, aHAM3MPOBAUChL FNaBHLIM 00pa3oM Ha npruMepe 03ep
Kapenuu n JIeHWHIpafaCcKoi 06nacTu, rae OHKM NOyYnan Hambonee WNPOKoe pacnpocTpaHeHue [4; 5].

B 1994 r. 6611 n3gaH c60pHMK TPyAoB NHCTUTYTa 6MONOrnmM BHYTPEHHMX Bog UMeHn L. [. ManaHuHa [6].
B Hem onmcaHbl 0COGEHHOCTM 3KOCMCTEM 03ep C KUCNOI peakumei cpefbl [JapBMHCKOIO rocyfapcTBEHHOMO
npupogHoro 6uocepHoro 3anosefHunka (Bonorogckas u fpocnasckas obnactu, Poccus), rae 3akucieHme
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MMEJI0 KaK eCTeCTBEHHbIE, TaK U aHTPOMOreHHbIe MPUYUHBI C MpecbnagaHem nepebix. ABTOpamu cO0pHMKa
yallle paccMaTpMBaMCh 03epa, PacrnoioKeHHbIE B Mpefeax BepPX0BbIX 60/10T, YTO HECKO/IbKO OTAMYAEeT UX OT
00BLEKTOB HACTOSALLEr0 NCCef0BaHUs.

B Benapycu aumMpoTpodHbie BOAOEMbI, pa3MeLLEeHHbIe BHE KPYMHbIX BEPXOBbIX 60/0T, 06HAPYXUINCh
B 1970-x IT. B X0fe macnopTusalmu osep. BnepBbie KOMMIEKCHO ObIIM ONUCaHbI NOA06HLIE 03epa, ONpPeseneHsbl
COCTaB BOJHOI MacChbl, FMAPONornyeckue 1 ruapoobnonornyeckme 0CoO6eHHOCTM 3TuxX Bogoemos [7]. Mpw nac-
nopTM3auun 06LEKTOB BbISIB/IEHO, YTO MPAKTUYECKM BCe 03epa MMEHT Ha BOA0cbope He6O0bLION BEPXOBOi
60NIOTHBI MaccuB, KOTOPbIV CAYXWUT UCTOUHMKOM 06pa30BaHmMs FyMyCOBbIX KACNOT. B knaccudurkauuum, npeg-
noxeHHoli O. ®. FAKyLIKO, OHN OTHECEHbI K 03epam NepBOro Tuna - rAy60KMM He60MbLINM Me30TPOPHbLIM
o3epam C npusHakamu onurotpodun [8]. OgHako Takoe yTBEPXAEHMe He COBCEM 060CHOBAHHO, TaK Kak,
HECMOTPS Ha CXOXECTb HEKOTOPbIX KNacCM(MKaLMOHHBIX NPU3HAKOB, MaKC/MMabHas rny6uHa nogo6HbIX
BOAOEMOB peAKo npe.bitaeT 10 M. B HacTosiLee BpeMs Ha TeppuTopun benapycu oTaeNbHble aungoTPOdHbIe
03epa 13y4aroTcs B KOHTEKCTE BbISIB/IEHNS 3aKOHOMEPHOCTEN pacnpoCcTpaHeHns NpeACcTaBUTENEA OXpaHseMbIX
BMAOB akBagiopbl, B OCHOBHOM MOnyLHMKa 03epHoro (Isoetes lacustris L.) n no6enun foptmaHa (Lobelia
dortmanna L.) [9].

Cpeay Bcex BOAOEMOB CTpaHbl 03epa auugoTpOHOro TUna CYUMTaTCA HaMeHee PacrnpoCTPaHEeHHbIMU.
M. W. MeTpoBa yToO4YHMAA OCOBEHHOCTM PacMoNOXEeHNS 3TUX BOLOEMOB, a TaKKe Onpeaenunsa napameTpsbi
N XapaKTepucTUKKN cpeabl aunaoTpodHbIx o3ep benapycu [10].

Ha HekoTopbIX aunAoTPOdHbLIX 03epax MMEHTCA MYHKTbl HabMOA4EHMS 33 COCTOSIHMEM BbICLUEA BOLHOM
pacTuTensHOCTY HaunoHanbHOM cMcTeMbl MOHUTOPUHTA OKpYXKatoLwein cpeabl. Kpome 06pasLoB camoil BOA-
HOW pacTUTeNbHOCTW, 0TOMPAIOTCA MPO6bI BOAbLI U SOHHBIX OT/IOXKEHWA 415 aHaM3a X XMMUYECKOTO COCTaBa.
ViccnepoBaHusl, KOTOpPbIE MPOBOAATCS B pamkax HauuoHanbHol CMCTeMbl MOHUTOPMHIA OKPYXKaKoLLEeR cpefbl,
ocyLLecTBAATCA pa3 B 5-10 /16T, HO B OCHOBHOM OXBAaTbIBAIOT K/IHOUEBbIE YHACTKU U BAAOTCS €4UHNYHBIMY
M HecucTemaTuyHbIMUL

M3-3a cnaboro xapakTepa BOL006MEHA U HU3KNX 3HAUEHWI KOHLLEHTPALLMM BELLLECTB, PACTBOPEHHbIX B BOAHON
macce, auMaoTpotHbIe 03epa CUJTbHO YA3BUMbI K U3MEHEHUIO OKPYXKAKOLLER cpefbl, KOTOpoe 06yCOBNEHO Kak
KAMMaTNYECKMMM CABUTaMM, TaK U aHTPOMOTeHHOW Harpy3Koid. 3T0 MOXeT MPUBECTM K MCHE3HOBEHUIO Npej-
CTaBMTeNleil OXpaHseMbIX BUAOB BOGHOM (nopbl M (hayHbl. 10 3TOl NpUYMHe HEOOXOAMMO LeTalbHO U3YUNTh
cpefy pacnpocTpaHeHuWs MpeacTaBMTeNeid 0XpaHseMblX BULOB PACTEHWIA B Lie/IIiX CBOEBPEMEHHOTO BbISIBIEHNS
N3MEHEHWI B XMMUYECKOM COCTaBe BOAbI, TMAPOMOrMYECKOM, ra30BOM 1 TeMnepaTypHOM pexumax [11].

AKTyanbHOCTb UCCMeA0BaHNA auugoTPOHbIX 03ep NPOAMKTOBAHA HECKOMbKMMU MPUYMHAMU - UCKIIHO-
YNTeNbHO PefKOi BCTPEYAEMOCTbIO YHUKa/IbHBIX 41 TeppuTtopumn bBenapycu BOLOEMOB AAHHOMO TWUMa U KX
BbICOKOIi YSI3BUMOCTbLIO K BHELLUHEMY KAMMATUYeCKOMY U aHTPOMOreHHOMY BO3ZAeiCTBMIO. TpaHchopmaumm,
KOTOpble NPOUCXOAAT B aLMAOTPOPHBLIX 03epax, MPUBOAAT K MCUE3HOBEHMIO 1 COKPALLEHWIO Yucna npeacra-
BUTENEl 0OMTAKOWUX B HUX PEAKUX W PENMKTOBbLIX BUAOB, TaKMX KaK NOMYLIHMK 03epHbIA U nobenus JopT-
MaHa, - 6UOMHANKATOPOB M3MEHEHMWS KIMMATa, 3arpsisHeHNs 1 3BTPOGUKaLMM BOS,

Llenb mnccnefoBaHms - aHanu3 rmapoXMMUYECKOro pexnmMa aumaoTpodHbix o3ep benapycu B ycnoBmuax
KAMMaTUYEeCKNX N3MEHEHUIA U aHTPOMOTeHHOT0 BO3AENCTBNSA Ha X BOAOCGOPbI.

Matepuasbl 1 MeToAbl UCC/EA0BaHNS

NcxoaHbIMY CBEAEHUAMU NOCNYXUIN AaHHble HATYPHbLIX HAOGNIOAEHWA U (DOHAO0BLIE MaTepuasbl Hay4HO-
nccnefoBaTensCKor nabopaTopun 03epoBefeHNs (hakynbTeTa reorpagum U renHopMaTukn benopycckoro
rocyaapCTBeHHOro yHmBepcuTeTa 3a neprog ¢ 1971 no 2022 r., KOTOpble BKKOYAKOT MH(opMaLMo 0 Moptome-
TPUYECKMX U TUAPOXUMUYECKUX NapaMeTpax aungoTPOgHbIX 03ep, 0CO6EHHOCTAX UX BOAOCOOPOB U XapakTepe
B0O4006MEHa2. MpMMEHANUCHL MONEBOI, NaboPaTOPHbIA, CPaBHUTENBbHO- U SKONOr0-reorpamyecknii MeToapl,
a TaKKe MeTofbl CUCTEMHOrO aHa/m3a U MaTemMaTUUecKOn CTaTUCTUKKN (PerpecCUOHHbIN, KOPPenaLnOHHbIRA
aHanm3).

N3 06LLero KonmyecTsa M3BECTHLIX aUUAOTPOGHbLIX 03ep MUCCNef0BaHbl BOCEMb MOJE/NbHbLIX BOAOEMOB,
NMEOLMX TUNUYHbIE NPU3HaKU. OHKU pas3nnyalTcsd MOphoMeTpUeid, reHe3MCOM KOT/I0BUH, XUMUYECKUM CO-
CTaBOM BO/bl U CTENEHLIO OMOrEeHHOM Harpy3ku, N03TOMY A0CTAaTOYHO MOSTHO OTPaXatoT NPUPOAHbLIE 0COBEH-
HOCTM aumnAoTpodHbIX 03ep Benapycu. eorpaduyeckoe NonoXeHne 06bLEKTOB UCCNEA0BAHUA NPELCTABIEHO
Ha puc. 1

TposeaeHmne HabnAeHWIA 3a pecypcaMi BOAHON pacTUTENbHOCTH, a TakXKe 3a Cpefoi ee npomspacTtaHus : ot4yeT o HAP /Bry ;
pyk. B. . BnacoB. MuHck, 2000-2016. Ne 'P 20164690.

AKomnneKcHoe NMMHOMOrYeckoe 06cnefoBaHMe 03epHbIX BOJ0eMOB benopyccun : otyeT 0 HUP / BI'Y ; pyk. O. ®. AKywKo.
MuHck, 1971-1980. X[-N103-671717 ; MNMpoBeaeHne HabnoaeHniA 3a pecypcaMn BOAHON pacTUTeNnbHOCTU... ; Bnacos B. M., Akyw-
ko O. ®., 'uresuy I'. C. O3epa benapycu : cnpaBovHUK. MUHCK : MuHCKTUNNpoekT, 2004. 284 c.
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>TUHUA

Morunés

® MuHCK
©IpogHo

03. CBUTHA3b

Puc. 1. KapTocxema pacnonoxeHus 06beKTOB UCCeA0BaHMS.

O603HayeHuns: | - Moosepbe; I - LeHTpanbHas benapyce; |11 - Monecke
Fig. 1. Map ofthe location of research objects.
Designations: | - Poozerie; Il - Central Belarus; 111 - Polesie

BONbLUNHCTBO aHaIM3MpyeMbIX 03ep NPUYpoUeHbl K MOoN0LKOM 03epHO-NeLHNKOBOW HU3KHE, 0fHaKo 03. CBU-
TA3b PacrnofioXXeHo Ha HOBOrpyACKO KOHEYHO-MOPEHHO BO3BbILLEHHOCTH, 03. INbrnHus - B npepenax CBeH-
USHCKMX NleAHUKOBBIX rpag, a 03. benoe (JlyHUHeL KWl paiioH) - Ha JIOrMWMHCKON BOAHO-NEeAHNKOBOM paBHUHE.

O3sepa MMetoT NleHNKOBOE, pexke KapcToBoe (03epa CBUTA3b U Benoe (JTyHUHeUKuiA pailoH)) npomcxoxae-
HWe, OTHOCATCA K YMCNY HErny60oKuX 1 HeBOoMbLUMX NO NA0LWAaAMN BOLOEMOB. VX KOTNOBMHBI XapakTepusyoTca
MPOCTbIM CTPOEHMEM: OKPYI/I0/ UNN 0BasibHOI (hOPMOiA, NNaBHOW 6eperoBoit NMHMeR, BOPOHKO0OPa3HO noj-
BOAHOW YacTblo. Y3Kas, nonoras nutopanb 3aHumaet 10-20 % oT naowanmn akBatopun, OHa CNoXeHa NneckoM
1 3aUNIeHHbIM NeckoM. Helmpokuia, KpyToli cybnmnTopanbHbIiil CKNOH 06pa3oBaH onecyYaHeHHbIM WUIoM. J1oxe
nnockoe. bepera aunaoTpoHbIX 03ep M003epbs Yallle BCEro KpyThble, CI0XKEHHbIE MECKOM M TOpoM, 3apocLuue
BOAHO-60M10THON pacTUTENbHOCTLIO. MoiiMa He BbipaXeHa. CKIOHbI KOT/IOBUH (BbICOTa 5-10 M) Ha OTAeNbHbIX
yyacTkax KpyTble, HO yallle Mosiorne, OHU 06pa3oBaHbl NECKOM, B OCHOBHOM MOKpPbITLI 1ecoM. Bogoc6opel
03ep MMEKT Manyto naowags - ot 0,25 kM2 (03. inbrnnHma) go 2,02 km2(03. Yep6ombicno). MakcumanbHOiA
nnowaabto obnagaet Bogoc6op 03. CeutA3b (9,04 KM2). Penbedh NpenMyLLeCTBEHHO KPYMHOXOAMUCTbINA, Mo-
NOFOBOJTHUCTbIN, CK/IOHbI Yallle CNI0XKEeHbI MECKOM, MOKPbITbl COCHOBLIM NecoM. Ha Bogocbope No4TH BCex 03ep
PacnosnoXeHbl HeGO/MbLINE MaCCUBbI BEPXOBbIX 60/0T, NPUMbIKAIOLMX K akBaTopun. maponormyeckas cetb
Ha BO0CO0pax 03ep He pa3BuUTa, NPaKTMYECKM BCE BOLOEMbI HE UMEKOT BNajatoLux BOAOTOKOB.

YPOBEHHbIV PeXKUM 03ep CTabubHbIA. 32 MHOTOMETHUIA Nepuog, No faHHbIM HabnoAeHWA, 0TMeYalTCs
He3HauUTeNbHblE KONebaHMs YPOBHA BOAbI B FOLOBOM LMKIE.

B npuxogHoii yacTu BogHOro 6anaHca npeobnafaloT NPUTOK rPYHTOBBLIX BOA M 0CaJKW Ha 3epKano 03epa,
a B ero pacxofHoi YacTu JOMUHMPYET UcnapeHne ¢ MoBepxXHOCTM 03ep. M3 03. CBUTA3b BbiTekaeT p. CBOpPOT-
Ba, OCTa/lbHble 03epa ABNSAIOTCA 6eCCTOYHbIMW. BoaooOMeH 3amef1eHHbI. OCHOBHbIE MOpP(OMeTpUYecKme
XapaKTepUCTMKN Uccneayembix 03ep NpuBeAeHbl B Tabnuue.

MopdomeTpryeckme XapakKTepuUcTUKM UcCieayemblx 03ep

Morphometric characteristics of studied lakes

XapaKTepucTuku
Osepo PaifioH Mnowags, O6bem, MakcumansHaa CpeaHsa — OTKpbl-  [1y6uH- Mnowane  Tlepvop
Bofoc6opa, BOLOOGMEHa,
KM2 M/H M3 rnybuvHa, M rnybuHa, M TOCTb HOCTb
KM2 net
Benoe NTyHuHeuKN i 0,23 1,75 17,0 7,6 0,03 99,13 0,31 44,80
Benoe Monouknii 1,0 8,42 19,6 8,4 0,12 8,40 1,80 21,05
Bonbwoe Monoukuii 0,48 1,50 6,0 3,1 0,15 3,97 1,12 6,0
OcTpoBuTo
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OKOHYaHuMe Tabnuuybl
Ending of the table

XapakTepucTukn
Osepo PaiioH Mnowaas, O6Gvem, MakcumanbHas CpegHss — OTKpbl-  [y6uH- Mnowiaas epuoa
KM2 M/H M3 rnyéuHa, M raybuvHa, M TOCTb HOCTb BOA?(?; Pa, Bo,qo](?lgineHa,
BpenHo BepxHeaBUHCKWIA 0,21 0,54 4,6 1,9 0,15 20,36 0,30 6,90
Fny6okoe Monoukni 0,42 2,20 11,5 5,2 0,08 6,93 1,94 3,58
Mnbrunnsa Msagenbckui 0,08 0,43 15,6 5,1 0,02 179,89 0,25 8,07
CBuUTA3L HoBorpypgckuii 2,24 7,76 15,0 3,4 0,52 5,80 9,04 5,0
Yepbombicno Monouykunii 0,50 1,67 6,9 3,3 0,15 4,18 2,02 3,71

CMapOXMMMYECKUIA pexkum 03ep hopMUPYETCA NOL BANSAHMEM XapaKTepa NuTaHusa (aTMOChepHble 0cagkm),
rMAPONOrnYeckMx 0CO6EHHOCTER, cocTaBa NPUTOYHbLIX BOS 1 MOP(OMETPUYECKOTO CTPOEHUS KOT/I0BUHDI.
Heb6onbwasa nnowags Bogocbopa U OTCYTCTBME MOBEPXHOCTHOIO MPUTOKA CNOCOGCTBYOT CTabUNbHOCTK
XMMWUYECKOro COCTaBa BOAHOIM MacCbl B TeYeHME BEreTauMOHHOro Ce30Ha. 3HaunTeslbHble TyOuHbI 03ep
npu UX Manoi Niowaamn coaencTBYOT YCTaHOB/IEHMIO B TEM/I0e BPEMS roAa NpAMOi TemnepaTypHoli cTpa-
TUpmKaunn3.

[lOHHbIE OTNI0XKEHNSA BOLOEMOB XapaKTePU3YTCA YETKO BbIPaXXeHHbIM MOACHbLIM pacnpeseneHnem 1 obHa-
PY>XMBAKOT 3aKOHOMEPHOCTb, OMpejensemMyo hOpMOi KOTNOBUHBI U PACNON0XEHWEM FyOUH. MuHepabHble
0cafKyu MeNKOBOAHON MPMOPEXHON 30HbI 03ep MpeLCTaBMeHbl NECKOM U 3aU/IeHHbIM MeckoM. Jlutopanb
M Cy6NMTOPanbHbIA CKIOH BbICTNaHbl MECKOM, LUMPKUHA MOIOChl U3MEHSETCA OT HECKONIbKMX METPOB B 03e-
pax bpegHo, Uepbombicno, Fny6okoe n bonbwoe OctpoButo fo 70-100 M B 03epax benoe (Monoukuii
paiioH) n CeuTA3b. B cybnmntopanu 1 Ha rpaHuLLe ¢ Held K necyaHbIM 0CaZikam NpUMELLIMBalOTCS alleBpUTOBbIE
YyacTuubl U hopMUpyeTCs onecHaHeHHbI un. MocnegHnii 06pasyeT CNNOLLHYI0 HENPEPLIBHYO NOOCY LINK-
puHoin ot 10-25 m B 03epax Yepbombicno, bonbloe Octposnuto 1 bpeaHo ao 100-200 m B 03epax CBUTA3b,
Benoe (JlyHnHeuKunii paitoH) n Benoe (Monoukuii painoH). HauMeHbLas WWPWHA 3aNeraHns nna oTMeyeHa
BLO/Ib NONOrNX M 3a60104eHHbIX 6epero. C rny6unHOI MeCOK 3aMeLL,aeTca 3auieHHbIM NEeCKOM 1 ONecHYaHeH-
HbIM 1IOM. B r1y60KOBOAHOM 4acTW 03epPHONO /10Xa pacnpocTpaHeHbl TOHKOAETPUTOBLIE canponennd. 3ToTt
TMN 0CafKoB 3aHnMaeT 40 80 % oT nnowaanm fHa o3ep. OCHOBHbLIM UCTOYHUKOM HaKOMNJIEHWUS OpraHM4yeckoro
BelllecTBa canponesieil CNyXaT rnaBHbIM 00pa3oM MAHKTOHHbIE OPraHU3Mbl U OCTATKM BbICLUUX PaCTEHWA.

Bce 03epa oTAnyaloTCs cnabbiM pasBUTMEM XKXU3HWU. Bugosoli cocTaB rmgpobuoHTOB 6edHbIN, NposyK-
UMSA HU3Kas. Bbiclwias BoAgHas pacTMTeNbHOCTb B 03epax He MOMyYuna LWMPOKOro pacnpoctpaHeHus. OHa
npesAcTaB/ieHa NOAYNOrPY>XEHHbIMU PaCTEHUAMM, 3aHUMAIOLLMMU TMTOPa/IbHYH0 30HY Ha ry6uHe ot 0,2 o
0,7 m (pa3nnyHble BUAbI 0cOKM (Carex sp.), TPOCTHUK 06bIKHOBeHHbI (Phragmites australis (Cav.) Trin. ex
Steud.), cuTHar 6onoTHbln (Eleocharis palustris (L.) Roem. & Schult.). TpocTHMK 06pa3yeT cunLHO pas-
peXeHHble 3apoc/v Ha OTAe/IbHbIX YyYacTKax MTopanu y caMoro ypesa BoAbl. B 3ToM e nosice mectamu
BAONb GeperoB o3ep CBUTA3b, Benoe (JIyHUHeUKWA palioH) u BpegHO BCTpeYaeTcs pPeaKuii, OXpaHsSeMbIiA
BUg - nobenus LopTmaHa. PacTeHus ¢ nnaBalWyMm TUCTbSMU B 03epax pasBuThl €1abo nan OTCYTCTBYHOT.
Cpean HUX Hanbonee pacnpocTpaHeHbl KyBlWMHKa uncTo-6enas (Nymphaea Candida J. Presl & C. Presl),
Kybbiwkaxentas (Nuphar lutea (L.) Sm.), paecTt nnaBatowuin (Potamogeton natans L.), rope, 3eMHOBO/HbIiA
(Polygonum amphibium L.). KyBLIMHKa 1 rOpeL, BCTpeYaroTcs eMHUYHBIMU 3K3eMMAsSpaMn B 3anmBax. Mo-
rpy>XeHHble pacTeHUs He OT/IMYalOTCA BUAOBLIM pasHoobpasmem, OHM NpeAcTaBneHbl B OCHOBHOM 310/geii
KaHagackol (Elodea canadensis Michx.), NonyLWHWKOM 03epHbIM, a TaKXe pasIMYyHbIMWU BULAMUW PLECTOB
(Potamogeton sp.) n mxoB (Fontinalis sp.). OxpaHsiemMblii BUJ NONYLWIHWK 03ePHbIA Npon3pacTaeT B Npu-
OpeXxXHoli YacTu Bcex 03ep Ha rnybuHe oT 0,7 go 3,3 M. BnaoBoli coctaB hMTOMNNAHKTOHA KpaliHe GefeH,
npeo6nagatoT 3e/eHble BOAOPOCAN. 300MNaHKTOH M 3000€HTOC TaKXe XapakTepm3yloTcsi cnabbiM pas3su-
TWeM. B 300n1aHKTOHe 03. bpeflHO OTMeYeHO HanMuume peakoro Ans o3ep benapycu rononegus ropéaToro
(Holopedium gibberum Zaddach), koTopbili 06uTaet B cnaboMmnHepann3oBaHHbIX Bogax. O3epa 0THOCATCA
K XMPOHOMUAHO-0/IUTOXETHOMY TUMY.

AHanusupyemble 03epa ABAAOTCA C1abonpoLyKTUBHbLIMU BOAOEMAMM, UX MXTUO(AayHa KnaccugpuumpyeTcs
KaK OKyHeBO-LLy4bs. 3 pbl6 34eck BogsaTca wyka (Esox lucius L.), okyHb (Percafluviatilis L.), nnotsa (Rutilus
rutilus L.), kapacb (Carassius carassius L.) n nuHb (Tinca tinca L.).

FpoBeseHMe HAbNIOAEHWIA 3a pecypcamMu BOAHOI pacTUTENbHOCTH...
4Tam xe.
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Pe3ynbTaTbl U UX 06CYXaeHME

Mog BAusiHMeM crieynduyecknx ycnosmii Ha Bogocbopax (BblCOKasi NeCUCTOCTb, Hann4yme HebosbLIOro
60/10THOr0 MaccuBa, NpeobnagaHne necyaHbIX NOKPOBHbIX OTNIOXKEHMWIA) B M3yvaeMbIX 03epax cthopMmupoBacs
rMAPOXMMUYECKUIA PEXXMM, OTIMYAIOLLMIACS OT 30Ha/IbHOI0, XapaKTepHoro Ans 60/bLIMHCTBA BOA0EMOB bena-
pycn. Cpean YHUKanbHbIX CBOWCTB auuA0TPOGHbIX 03ep CneayeT OTMETUTb HU3KYHO MUHEpann3aLmio Bofdbl,
Masible 3HaYeHUs KOHLEHTpaLny Apyrux BewwecTs, paCTBOPEHHbIX B BOAHOM Macce, KUCMYO peakuuto cpefbl
1 HEBBICOKYH LBETHOCTD.

["a30BbIil peXXMM 03ep TECHO CBSA3aH C X MOP(IOMETPUER, TPOGMUECKMM CTAaTyCOM M TEPMUYECKON CTpaTu-
thumkaumeir. Ha puc. 2 oTpaXkeHbl KpUBble BEPTUKA/IbHOTO pacrnpeeneHns KMcnopoga, pacTBOPEHHONO B BOAE
03ep benoe (JTyHUHeuKnii paiioH), Benoe (Monoukuii painoH), bpeaHo n My6oKoe, a TakXKe NokasaTenu Tep-
MUYECKOI cTpaTU(MKaLmMm 3TUX BOJOEMOB B Nepnof neTHein ctarHaumm 2022 r.

6/b
HacbiweHve kucnopogom, %

Puc. 2. BepTukasbHOe pacnpegeneHvie K1cnopoja, pacTBOPEHHOro B BOAe
03ep Benoe (JlyHuHeuKwuit paiioH) (a), Benoe (Monoukuii paiioH) (6),
BpegHo (e) n Fny6okoe (r), n TepMmuyeckas cTpatupukaumnsa sTuX BOLOEMOB
B Mepuof NeTHel ctarHauum 2022 T.

CnnoLHol NMHWeli 0603HaYeH YPOBEHb HaCbILLEHUS BOAbI KUCIOPOAOM,
NMYHKTUPHO - TeMnepaTypa BOfbl

Fig. 2. Vertical distribution of oxygen dissolved in the water of lakes Beloe (Luninets District) (a),
Beloe (Polotsk District) (b), Bredno (c), and Glubokoe (d) and thermal stratification
of these reservoirs during the summer period of 2022.
The solid line indicates the level of water saturation with oxygen,
the dotted line indicates the water temperature

XapaKTepucTUKOI Cubl TEMNEPATYPHOI cTpaTudmKaummn SBAseTca TepMmyeckas yCToMumMBOCTb 03ep. Ee
CTeneHb ONpeaensieTcs Ha OCHOBAHUM TOrO, KakKyto paboTy HEO6XO4MMO COBEpLUNTL A5 NepeBoja 03epa B CO-
CTOSIHME FOMOTEPMUN B afnabaTnyeCKmX ycnoBusax. MakcumanbHoe 3HaveHre (270 I>k/M2) TepMUYECKOR yCTON-
YMBOCTM BOAHOI Macchl BO BpeMs HabMOAEHWIA 3a TeMnepaTypoit Boapsl ¢ 1971 no 2022 r. 66110 3aiMKCMPOBaHO
B 03. benoe (J1yHWUHeLKunii paiioH). HecMoTpsa Ha 60MbLuyto rny6uHy 03. benoe (Monoukuii paioH), nokasatesb
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TEPMUYECKOl YCTOMUYMBOCTM €ro BOAHOM Macchl 6bin HYKe (196 Ix/M2). 3TO CBA3AHO C TyYLINMU YCIOBUSIMU
BEPTUKaNbHOIO 1 FOPU30HTaNIbHOrO BOJ00OMeHa 03. benoe (Monoukuii paiioH) BcneacTBMe 60/bLLIOK MaoLaan
€ro BOZHOIi NOBEPXHOCTM (Mowasb BOLOEMOB pasfimyaeTcs B 4,5 pasa). B MenkoBOAHbIX HecTpaTugmumnpo-
BaHHbIX 03epax MokasaTenb TePMUYECKOI YCTOMWYMBOCTU 6bin 6/M30K K 3HaveHuto 0. Tak, B 03. BpeaHo aTa
Benn4YnHa coctasmna 2,0 Ix/m2, a B 03. Uepbombicno - 7,66 Ix/m2.

XoTs nonesoe obcnegosaHve o03ep B 2022 r. NpoOBOAUIOCL NPY OTHOCUTENIbLHO HEBLICOKMX TemmnepaTypax
Bo3gyxa (0 +22 °C), 6bl1 OTMEYEH POCT 3HAYEHUIA TEPMUYECKOI YCTOMNYMBOCTI B BO/MbLLUMHCTBE BOJOEMOB.
VcknroueHue cocTaBnsfeT 03. CBUTA3b, NOJEBbIE UCCNE[0BaHUA KOTOPOro MPOXOAUAN NPU TeMMNepaType BO34yXa
0Kono +18 °C, a Takxe 03. Uep60oMbIC/0, KOTOPOE JOCTATOYHO aKTUBHO NEPeMELLMBANOCH BETPOM. B HecTpaTu-
(hmumMpoBaHHbIX 03epax BpegHo n bonbluoe OCTPOBMTO NOKa3aTe M TEPMUYECKOI YCTONYMBOCTY M3MEHWINCH
HecCyLLeCTBEeHHO, B 03. [Ty6okoe oHu Bo3pocnu ¢ 11,87 go 35,64 Ox/m2(B 3 pasa), a B 03. benoe (JlyHUHeLKNiA
paiioH) gocturnm 281,3 /M2 YcuneHme TemnepaTypHOI CTpaTudmKaL M NpUBOANT K MU3MEHEHWIO Fa30BOr0
peXuma BogOEMOB M ()OPMUPOBAHMIO BEPTUKA/IbHON HEOLHOPOAHOCTM XMMUYECKOIO COCTaBa BOAbI.

Mpumepom BOJ0eMA C BbIPAXKEHHOW TEPMUYECKOW CTPaTU(IMKALMER, HO C OTCYTCTBYHOLLEA KMCNOPOAHOI
cTpaTudukauueit sensetca o3. benoe (Monoukuii paitoH). TemnepaTypa BoAbl B HEM MOHMKaeTcs Ha 14 °C -
€ 21,9 °Cy noeepxHocTn fo 7,9 °Cy fiHa, B TO BPEMSA KaK 3HaUYeHUs cofepXXaHnsa KMCNopoaa, paCTBOPEHHOIO
B BOAHOI Macce, KonebntoTcs B npefgenax 79-100 %.

Mpu 6AM3KNX MOKasaTensax rnyouHbl K CXOXEM XapaKTepe TeMMepaTypHOli CTpaTUMKaLnmM KUCIOPO4Has
cTpaTuukaumsa B 03. benoe (JTlyHUHeUKWiA paiioH) CyLLECTBEHHO OT/IMYAETCA OT KUCNOPOAHON CTpaTudmKa-
umm B 03. bBenoe (MonouKmnii painoH). B NpunoBepXHOCTHOM CNOe BOAbl HAGMIOAAETCS COCTOAHME, BNN3KOE
K KUC/TOPOAHOMY HacbILeHNI0. MaKCcMaslbHbIA NoKasaTeslb KOHLEHTPaLUnM KUCI0poLa OTMEUEH Ha HUXKHEN
rpaHuue anuammMHuoHa (125 %). Fny6xxke 10 M pacrnonoXeHa 30Ha aHOKCUK ¢ cepoBo4opoAoM. B 03. CBuTA3b,
rfe B r’MNOMIMMHMOHE TakXKe OTCYTCTBYET paCTBOPEHHbI KACMOPOA, BO4a Ha4YMHaeT npuobpeTaTs 3amax ce-
poBogopoda ¢ rny6éuHsl 9 m.

B 03. BpeHO, HECMOTPS Ha OTCYTCTBME TEPMUYECKOI cTpaTudukaumm, hopMmnpyeTcs 4OCTaTOMHO YETKO
BbIpaXXEHHas KMCNOPOAHas CTPaTM(UKALNSA CO CHKEHMNEM 3HAUYEHNIA KOHLLEHTPALL MM KUCNIOPOAA, PACTBOPEHHO-
ro B BOAHOW Macce, ¢ 9,2 mr/gm3Ha rnybuHe 2 m go 2,1 mr/gm3y gHa (unm ¢ 107,5 go 23,8 %).

B cBoto ouepefp, B 03. [Ty60K0e MPUCYTCTBYET Kak TeMNepaTypHOe, Tak 1 KUCMOPOAHOe Pacc/ioeHne BOAHON
Maccbl, 0HaKO YPOBEHb HaCbILLeHNs1 BOAbl KUCNOPOLOM Y AHA He onycKaeTcs Huke 3,6 mr/am3 (nnmn 32 %).

CnepyeT OTMETUTb, YTO C MOMEHTa MEPBOr0 NOMEBOro 06CeA0BaHUA KNCOPOLHBIA PEXUM aunA0TPODHbIX
03ep yxyawmncs: B 601bLLNHCTBE BOAOEMOB MOSBUIACL OTCYTCTBOBaBLUAA paHee K1CNO0POLHas cTpaTudukauus,
a B 03epax CBuTA3b 1 benoe (JTyHWHeLKWI paitioH) B rMNOMMHUOHE CPOPMUMPOBanach CePOBOLOPOAHAS 30Ha,
YTO CBUAETENILCTBYET O HEGNArONPUATHOM 3KONOrMUYECKOM COCTOSIHUN 03€ep.

MuHepanusaumns BofAbl B auMAOTPOMPHbLIX 03epax Ha NPOTSXEHWU BCEro nepuofa uccnefoBaHus 6bina
HWU3KOI 1 n3meHsanacb oT 5,4 mr/gmM3 no cocTosHMto Ha 2001 r. B 03. bpegHo A0 65,5 Mr/AM3 No COCTOSHMIO
Ha 2022 r. B 03. benoe (MonouKuii paintoH). Boaa 03ep OTHOCUTCS K TMAPOKapbOHATHOMY Knaccy KanbLWeBoi
M MarHueBow rpynn. Ha puc. 3 npefcTaBneHbl 3HAUYEHNS KOHLEHTPALMU FNaBHbIX MOHOB B MOBEPXHOCTHOM
cnoe BoAbl aLMAOTPOdHbLIX 03ep benapycu ¢ nonsa no asryct 2022 r.

Benoe (JTyHUHeL KW paiioH)
Benoe (Monoukwnii panon)
BonbLuoe OcTPoBUTO
BpenHo

"ny6okoe

NnbrmHna

CeuTS3b

YepboMbIcno
0 10 20 30 40 50 60 70
KoHLeHTpaLusa NoHOB, Mr/am3

HCO* Ca i Mg mCI i SO2- *Na' WK+

Puc. 3. KoHLeHTpawuus rnaBHbIX MOHOB B MOBEPXHOCTHOM C/l0€ BOAbl UCCNeAyeMbIX 03ep
C uons no aeryct 2022 .

Fig. 3. Concentration of main ions in surface water layer of studied lakes
from July to August 2022
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M3 puc. 3 BUAHO, 4To 03epa Yepbombicno, bpeaHo, Mny6okoe 1 NnbrmHUs XapakTepusyroTcs o4eHb 61m3-
KUMU BEIMYMHaAMM MUHepanusauum (okono 30-32 Mr/am3) n CX0XMM MOHHBIM COCTaBOM BOAbl. bonee BbicOKast
MUHepanu3auusa Bogbl B 03. bonboe OCTPOBUTO 00YC/OB/IEHA NOBBILEHHBLIMY 3HAYEHUAMW KOHLEHTpaLum
B Hell XNOPUA-NOHOB, UCTOYHMK NMOCTYMN/IEHUS KOTOPbLIX elle NPeiCTOUT YTOUHUTL, NOCKO/IbKY MUHEPabHbIE
YyLOGpeHNs 1 NecyaHo-coeBble CMECK B Npejenax 3aneceHHoro ¢/1labo 0CBOEHHOro BoA0c60pa He UCMOosb3y-
t0TCA, a GnvKaLLmMe NPoMbILLIEHHbIE NPEANPUATUA pacrionaratoTcs 6oee Yyem B 35 KM OT BogoeMa. B o3epax
Benoe (JTyHUHeLKuiA paiioH) n CBUTSA3b OTHOCUTE/ILHO BbICOKAsA MUHEPann3aLnsa Bobl Bbi3BaHa NX aKTUBHbLIM
peKpeaLMoHHbIM UCMONbL30BaHNEM, a B 03. Benoe (Monoukuii painoH) - 60/1ee XOpOLLei No CPaBHEHUIO C ApY-
rMMU BOLOEMAMU CeIbCKOXO03ACTBEHHO 0CBOEHHOCTbLIO BOLOCOOpa.

Ha puc. 4 oTpaxkeHa AnHaM1Ka nokasateneli 0THOCUTENILHOIO COAEePXaHus raBHbIX MOHOB B Bofe 03. bpea-
HO. 3a nocnegHue 45 net coctasB BoAbl U3MeHuncs. B 1978-2001 rr. Boga oTHOCUAACh K CynbaTHOMY Knaccy
KanbLMEeBO rpynnbl, a B 2008 I. - K rmapokap6oHaTHOMY Knaccy KanbLueBoli rpynnbl. B 2013 T. cocTaB Bobl
COOTBETCTBOBAS MMAPOKAPOOHATHOMY KacCy MarHWeBOW rpynnbl. Takue KonebaHus KOHLEHTpauum rmgpo-
KapboHaT-1noHa MOryT ABMIATLCA NPU3HAKOM HEYyCTOMYMBOro KapboHaTHOro paBHOBeCKs B BOAOEME. B AaHHbIiA
MOMEHT BOJa OTHOCUTCA K rMpokapboHaTHOMY KacCy KafbLMeBON rpymnnbi.

0 10 20 30 40 50 60 70 80 90 100
[onsa noHos, %-3kB

HCO3 Cr mS02 Caz+ "Mg2 "Na+ wunK+

Puc. 4. lInHamunKa nokasaTene OTHOCUTENBLHOTO COAEPXAaHWSA FNaBHbIX MOHOB
B Boje 03. bpeagHo ¢ 1978 no 2022 r

Fig. 4. The dynamicof indicators of the relative content of main ions
in Bredno Lake from 1978 to 2022

3a nepuof U3yyeHus XMMUYECKOro cocTaBa Bofbl aunAoTPOMHbIX 03ep Benapycu 3HaueHUs MuHepanusa-
Lu1mn BOAbI B HUX yBennumnuce. B 03. bpegHo 3a 20 fieT oHM BO3pOC/KM B 6 pa3, B 03epax bonbwoe OCTpoBUTO,
Benoe (Monoukuii paitoH) n benoe (JTyHNHELKWIA pailoH) - MPUMEPHO B 2 pa3a, a B 03. CBUTA3bL - B 1,5 pasa.

Moka3aTenu KOHLEHTpaL MM 6UOreHHbIX 3/1EMEHTOB B BOZEe aHanu3mMpyeMbiX 03ep CYLLEeCTBEHHO pasnnya-
0TCA. 3Ha4YeHUs cogepxaHus hoctaT-noHa BO BCEX 03epax, 3a UCK/OUEHMEM TMNOMMHUOHA 03. Benoe (J1y-
HUHELLKWNIA palioH), HaXO4W/IUCb Ha YPOBHE HUXXE YYBCTBUTENLHOCTM MeToda UsmepeHus. B 03. benoe (JlyHu-
HeLKuniA painoH) oHu cocTaBunm 0,021 mr/am3. MNMokasaTenb KOHUEHTPaLUN HUTPUT-MOHA He NPEBbLICAA Nopor
YyBCTBUTE/LHOCTU MeToZa onpefeneHuns (0,003 mr/am3) HY B 04HOI ToUuKe 0T60pa NPO6 BOAbl. 3HaYEeHUs CO-
[ep>XaHus HUTPaT- U aMMOHWIA-MOHOB B BOfe MOJe/bHbIX aUnuoTPOMHLIX 03ep benapycu ¢ nions no asryct
2022 r. npuBefeHbl Ha puc. b.

Mpwn focTaTOYHOM KO/MMYECTBE PacTBOPEHHOIO B BOAE KMcnopofa npeobnafaeT HUTpaTHasa opma as3oTa,
a npu ero gepuumnTe - aMMOHUIHaa. B nccnegyeMbix BofoemMax faHHas 3aKOHOMEPHOCTbL CobntofaeTcs.
Tak, B 03epax Yepbombicno, benoe (Monoukuii paion), Fny6okoe 1 MNbrmHmMsa LOMUHUPYET HUTPaTHas opma
a30Ta, a B 0CTa/lbHbIX BOJ0eMax - aMMOHUIAHas. B 03. benoe (JTyHUHeLKWIA paidioH) OTMEYEHO NpeBbILLeHME
3HayeHUli NpefenbLHO AONYCTUMOW KOHLUEHTpaL MM aMMOHUIAHOIO a3oTa A5 X039NCTBEHHO-MUTLEBOIO BOAO-
CHabxxeHus B 1,6 pasa, Ans pbibopas3seseHuns B 6,3 paza. OCHOBHON NPUUNHON YBENNYEHUA LaHHOTO MoKasa-
Tens ABnseTcs 60bLION HEKOHTPONNPYEMbI/ MOTOK OTAbIXatOLWMX, 0COBEHHO B BbIXOAHbIE AHU. [peBbILLIeHNs
3HaYeHWii NpeAesnibHO JOMYCTUMOI KOHLEHTPaLMM HATPATHOTO a30Ta 06HapYXXeHO He BbIsO.

BennunHbl BOLOPOLHOIO NoKasaTens B aungoTpodPHbIX 03epax benapycu 3a nepunog NpoBefeHUs NoeBbIX
nccnenoBaHnin meHsnncb ot 4,2 B 03. Fny6okoe Ao 8,4 B 03. benoe (JlyHUHeLKuit palioH) (puc. 6).

Vi3MeHeHWe BeNMYMH BOLOPOLHOr0 nokasatens CBUAETeNbCTBYET 06 ocnabneHnm 6010THOM0 NUTaHUA
M3YUYEHHbIX 03ep U Nepexoje OTAeNbHbIX U3 HUX U3 aLMA0TPOHbIX BOLOEMOB B 3BTPOMHbIE. B MHOro/eTHEM
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pa3pe3e Hanbonee CUbHbIA POCT 3HAUYeHWIA BOAOPOAHOro nokasarens (¢ 6,5 B 1989 r. go 8,4 B 2022 r.) Ha-
6ntopaetca B 03. benoe (JTyHUHeLKWIA paiioH). DTO NPUBENIO K PE3KOMY COKPALLEHUIO B BOAOEME NoLLaaeid
pacnpocTpaHeHnsa NoyLLIHWKa 03epHOr0, YTO FOBOPUT O TPaHC(OpMaL MK 03epa U3 auugoTPOPHOro COCTOAHMSA
B 3BTpohHOe. B 3umHuii nepmnog 2023 T. 3HayeHMe BOJOPOAHOrO NMokasaTensi CHU3UNOCL A0 5,4. MOCKONbKY
03. benoe (JTyHUHeUKniA paiioH) pacronoXeHO HXKHEE, YeM OCTa/lbHble 06BEKTbI HACTOSALLENO UCCeA0BaHNS,
€ro MOXHO MCM0/Mb30BaTh B Ka4ecTBe MOAE/IbHOr0 BOLOEMa NPW U3YYeHUU TpaHchopMaLumn MMMHOCUCTEM
B YC/I0BUAX U3MEHSIOLLErOCA KMMmarTa.

NHTerpanbHbIM nokasatenem, no3BONAIOLMM [OCTATOYHO ObICTPO BM3yasSlbHO OLEHUTb 3KONOrMYEeCcKoe
COCTOSIHME BOZOEMaA, ABASETCA MPO3payHOCTb BoAbl (puc. 7). Kak npasBuio, CBeTNOBOAHbIE auMA0TPOgHbIE
03epa XapakTepu3ytoTcs BbICOKON Npo3padHocTbio. O3epa benoe (Monowukuii paiioH) u FyBoKoe BbigeNsoTes
HambosbLUeld Ans BoA0eMOB benapycy Npo3pavyHOCTbIO, YTO CBUAETE/IbCTBYET O XOPOLUEM KayecTBe WX BOL,
Netom 2022 r. nokasaTenn NpPo3pavyHOCTM BOAbl B 06bEKTaX UccnefoBaHus Konebanucs ot 2,1 M B 03. bpegHo
[0 6,5 M B 03. benoe (Monoukwuii paitoH). Hanbonee Bbicokas (9,5 M) MPo3pavyHOCTb B BereTaLMOHHbIA Nepnof,
6blna 3admkcrpoBaHa B 03. Ny6okoe 17 noHs 1977 1., 3TO ABNSETCA PEKOPLHOMN BeNMUUHOW ans o3ep benapycu.

Puc. 5. KoHUeHTpaumus HUTpaT-noHOB (a) 1 aMMOHWIA-MOHOB (6)
B MOBEPXHOCTHOM CNOE BOAbI UCCNEAYEMbIX 03ep
c uionsa no asryct 2022 r.

Fig. 5. Concentration of nitrate-ions (a) and ammonium-ions (b)
in surface water layer of studied lakes
from July to August 2022

Benoe (JTyHUHeLKWiA paioH) n m 84
Benoe (Monoukwii paiioH)
BonbLuoe OcTpoBUTO 58
BpegHo 5,0
I ny6okoe m 42
MnbrnHua
CBuUTS3b n m 72

YepbombIcno 6,1

0 2 4 6 8 10
BogopoaHbI nokasatesb

Puc. 6. BenunHbI BOAOPOAHOrO NMOKasaTens B BOAE UCCNeAyeMbIX 03ep
C uons no aeryct 2022 .

Fig. 6. Hydrogen index values in water of studied lakes
from July to August 2022
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Benoe (JTyHMHeL KW paiioH)
Benoe (Monoukwii paiioH)
BonbLuoe OcTPoBUTO
BpenHo

"ny6okoe

NnbrmHma

CBuTSA3b

Yepbombicno

[MpospayHoCTb, M

Puc. 7. Mpo3paqyHOCTb BOAbI, M3MepeHHas ¢ NOMOLLbIO Ancka CeKKu, B UCCneayemMblX 03epax
c uionsa no aeryct 2022 r.

Fig. 7. Transparency measured with a Secchi depth in studied lakes
from July to August 2022

B 31MHMI1 Nepnog 13-3a HU3KMX TeMNepaTyp BOAbl M KOPOTKOrO CBETOBOI 0 AHS 61oMacca (PMTOMIaHKTOHA, Kak
MpaBn0, CHWXKAETCS, YTO MPUBOANT K MOBbLILLIEHUIO NPO3PaYHOCTU BoAbl. Tak, B 03. benoe (Monoukuii paiioH)
16 peBpansa 2023 r. 3HaueHWe 3TOro nokasatens gocturano 10,0 m, a B 03. CeuTA3b 14 (heBpansa 2023 1. - 4,2 m,
4yTo 6onee yem B 1,5 pasa Bbile NPO3PavyHOCTU IETOM.

Han6ornee cyLLecTBEHHOE CHUXKEHME NPO3PaYHOCTM BOAbI 3a NePUO HaboAeHNIA NPOM30LLNo B 03. CBUTA3Db
(c 7,0 go 2,5 m), TaKXXe CUbHO COKPaTUAMCL 3TU NOKa3aTenu B 03epax Mny6okoe (¢ 9,5 go 6,0 m) n BpeaHo (c 4,6
[0 2,1 m). PocT npo3payHocTu ¢ 4,2 0o 6,5 M 0TMeyeH B 03. benoe (MonouKkuii painor).

LIBETHOCTb BOAbI IBNSIETCA BAXHbLIM MOKa3aTe/leM ee KauecTBa U OnpesenseTcs 4oNeid cofepKaHus B BO-
foeMe (PyNbBOKMCIIOT, COeAUHEHUI TPeXBaNeHTHOr 0 Xefe3a U N'yMycoBbIX KUCNOT. B OTKPbITOI YacTu Bojoe-
MOB Y MOBEPXHOCTU BOAa BOCbMU NCCe0BaHHbIX 03ep benapycu xapakTepusyeTcsl HU3KOM 1 OUeHb HU3KOM
uBeTHocTblo (0T 5° go 50°). B NnpnAOHHOM Cfoe, a TakXe y 6eperos, NPMMbIKaIOLWMNX K 6ONOTHLIM Maccu-
BaM, LLBETHOCTb BOAbl B Nepnoibl MUHTEHCUBHOIO GOMOTHOTO NUTAHUA MOXET BbITb HECKO/bKO BbILLE.

[nsa yyeTa Bcero Komnsekca napaMeTpoB, 0TPaXatoLLMX XMMUYECKMIA cOCTaB BOAbl aLuuA0TPOdHbLIX 03ep
Benapycu, BbINOMHEH KNACTEPHbIV aHaIM3, KOTOPLIA NO3BOAWA pPa3fenuTb UX Ha Tpu KnacTepa (puc. 8). B Ka-
4yecTBE BXOAHbIX AaHHbIX UCMOMb30BA/INCL 3HAYEHUS BOLOPOAHOr0 NokKasaTens, LBEeTHOCTU U NPO3PavyHOCTU
BOAbI, @ TaKXKe KOHLEHTPaL MU rnaBHbIX MOHOB N BMOreHHbIX 3/1EMEHTOB.

A
S 40-

Puc. 8. PesynbTaTbl KNacTepHOro aHanmsa
XMMUYECKOr0O COCTaBa BO/bI UCCNEAYeMbIX 03ep

Fig. 8. The results of cluster analysis of chemical composition
of water in studied lakes
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MepBbIil KnacTep 06pa3ytoT 03epa, NOABEPXKEHHbIE AHTPOMOTEHHOMY BO3AENCTBUIO CUTbHEE OCTasIbHbIX
BOA0eMOB (03epa benoe (JlyHMHeLKniA paitoH), CBuTs3b 1 Uepbombicno). BTopoii knacTep hopMUpyOT 03epa,
KOTOpbIE B 60/IbLUEN CTENEHN OT/IMYAKOTCA HEHAPYLUEHHbBIM XUMWYECKUM COCTaBOM BOfbl, O4HAKO UCMbITLIBAOT
BNMSIHME XO3SMCTBEHHON AeATenbHOCTM YenoBeka (o3epa bpeaHo, Benoe (Monoukwuii paiioH) u Fny6okoe).
O3sepa TpeTbero knactepa 06nafaroT cOCTaBOM BOAbI, 6/IM3KUM K ECTECTBEHHOMY, NOCKO/bKY OHU pacnosioxe-
Hbl B CNabo OCBOEHHbLIX U yAaneHHbIX OT noceneHunin paoHax (03. bonblwoe OcTpoBUTO) NM6GO B 3aN0BEAHON
30He HaumoHanbHOro napka «HapoyaHcKuit» ¢ orpaHuYeHnem X039MCTBEHHON fesATelbHOCTH (03. INbrnHus).

3akntoueHue

3a npowegwve AecATUNETMS XMMUYECKUA COCTaB BOAHOIM Macchl auugoTpodHbiX o3ep Benapycu npe-
Tepresn cepbes3Hble N3MeHeHUs. BONbLWMHCTBO M3 UccefoBaHHbIX B 2022 . BOLOEMOB [aHHOro Tuna He AB-
NAKOTCH KNacCUYecKUMn aumgoTpodpHbIMM BOJOEMaMM CO 3HAYEHUAMY BOAOPOAHOr0 nokasatens Humke 5,5.
Kak npaBuno, oHn Konebanuce B npeaenax 4,2-7,2. Peakumsi Boabl B 03. benoe (JTlyHWHeLKWii paiioH) Gblna
CNaboLLeT0OYHON.

YBennyeHne MUHepanu3auun Bofbl, 3HaYEHUA KOHLEHTPaLUM aMMOHWA-UOHA, CHUDKEHWE MoKasaTenel
cofepyaHus Knucnopoga, paCTBOPEHHOI0 B BOAHOW Macce, U NPO3pavyHOCTU BOAbI CBUAETE/ILCTBYIOT 06 yXya-
LLIEHUN 3KOSTIOTUYECKOTO COCTOSHUS aunaoTpodHbIX 03ep benapycn. OCHOBHOM NPUUYNHON TaKUX U3MEHEHNIA
ABNSETCA XO3ANCTBEHHAA eATe/IbHOCTb Ye/IOBEKA. POCT Ymcna OTAbIXaloLMX Ha BCEX 03epaX, 3a UCK/OUYEHNEM
03. nbrmHus, noenek 3a co60i LONONHUTENbHLIA NPUTOK BUOreHHbIX 3/1EMEHTOB. TYPUCTUYECKME CTOSHKM
N KEMMUHIK, pa3buTble Ha 03epax Yepbombicno, bonboe OcTtpoButo n FNybokoe, He 060pyA0BaHbI BOLOHE-
NPOHMLAEMbIMU BbIFPEGHLIMU AMaMU. HefocTaTouHas MHDOPMMPOBAHHOCTb HACENeHNUsA NPUBOAUT K TOMY, YTO
MbITbe NOCY/bl U BbINOSIHEHWE TUTUEHUYECKMX NPOLeYpP C UCMO/b30BAaHUEM CUHTETUYECKUX NMOBEPXHOCTHO-
aKTMBHbIX BELLECTB YaCcTO OCYLLECTBNAOTCA MHOMOYMUC/IEHHBIMU OTAbLIXaKOLWUMY HENOCPELCTBEHHO B 03epax.

[ns npegoTBpaleHns fafbHEeAWnX HeraTUBHbIX M3MEHEHUI B NCCNIeAYEMBIX 03epax PEKOMeHAYeTCs Co-
6nt0faTh PEXMM OXPaHbl C OrpaHUYEHMEM UCNONb30BaHNA BOLOEMOB B pEKpeaLOHHbIX Lensax nyTeM perynu-
POBaHWS YNCNEHHOCTY OTAbIXalLWmX. Kpome yMeHbLIEHWS aHTPOMOreHHOM Harpy3Ky B TENAbIA NepUof, roga,
npegnaraeTca NpoBefeHVe aspaLmm BOAHOM Macchl Fy60Kux 03ep 411 060raLleHns rmnoIMMHUOHA KUCI0PO-
[oM. B cniyyae pocTa BeIMYMH BOAOPOLHOI0 NoKasaTens v AOCTUXKEHUSA UM 3HAYEHUA Bbllle 7,5 He06X0AMMO
CHM3UTb YPOBEHb KUCNOTHOCTW BOLOEMOB. 3TO NO3BO/IMT 06e30nNacuTb NpeacTaBuTeNeil OXpaHaeMblX BUAOB
MaKpo(pUTOB, 300MN1aHKTOHA U UXTUOMAYHbI.

Pe3ynbTaThl MPOBEAEHHOI0 UCCNEA0BAHNA MOTYT ObITb NPUMEHEHbI 419 YNPaBIeHNA BOAHLIMU SKOCUCTEMA-
MU, NPU NIaHUPOBaHWUM UX PaLMOHaNbHOM0 UCMOMb30BaHUA, MNOAIOTOBKE peKOMeHAaLMiA M0 BOCCTaHOB/IEHUIO
Nof06HbLIX BOLOEMOB, MPU ONTMMU3ALUM XO3ANCTBEHHON AeATebHOCTU Ha BOAOCOOpax 03ep, a Takke B 06-
pa3oBaTe/lbHOM MpoLecce B Lensax 0byyeHus CrneymnanmcToB - rMaposioros v rmipo3akosnoros.
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MHOVNKAULUMOHHAA POJIb
PAOVANBHOIO MPUPOCTA COCHbl OBbIKHOBEHHO
B OULEHKE ANHAMWNKWN COCTOAHNA BEPXOBbIX BOJIOT
BEJ/IOPYCCKOI'O MNMOJIECbA

E. B. MATIOLLEBCKAAL

1Benopycckuii rocyfapcTBeHHbIN yHMBepcuTeT, np. HesasncumocTw, 4, 220030, r. MuHcK, Benapych

M3yueHbl 0CO6EHHOCTM peaKLymn CoCHbI 06bIKHOBeHHOI (Pinus sylvestris L.), npov3pacTatoLLeii Ha 0OfHOM U3 BEPXOBbIX
6onoT Benopycckoro Mosecks, yC10BUSt KOTOPOTo MOXHO paccMaTpuBaTh Kak MeCCUMaIbHbIE M0 OTHOLLEHUIO K APEBECHbIM
HacaKAeHUsIM, Ha U3MEHEHWE PerroHaIbHOr0 KMMaTa Kak BefyLLero aKosiormyeckoro haktopa. B kauecTBe 06beKTa 1C-
CnefjoBaHMsA BbICTYNWU/ COCHSIK 6ary/IbHUKOBO-CharHoBbIi. MpeaMeToM MccejoBaHUs ABUCS abCOMOTHbIA MUHUMASb-
HbI U MaKcUMasibHbI paguabHbIA MPUPOCT COBPEMEHHbIX HacaXaeHWUiA cocHbl B Bo3pacTe 40 305 neT. MpumeHAnuch
OCHOBHbIe MeTOAbl, UCNOMb3yeMble B A€HAPOXPOHOOMNN 1 AeHAPOK/IMMATOIOTAY, - COMOCTaB/IEHUE U CPABHUTE/bHBbINA
aHanu3. MpocnexeHa nocnefoBaTe/IbHOCTb BEPOATHON TpaHcopmaLum ycnoBuii yBRaxkHeHUs 1 06BogHEHHOCTW Befo-
pycckoro lMonecbs B ro/ioLeHe 3a Nepuog 0TCYTCTBUS MHCTPYMEHTa/IbHbIX HaBMOAeHUI 3a XapaKTepucTMKaMy Kiumara
(KONMYeCTBOM COJTHEUHOI pagnaLum, TeMnepaTypoii Bo3gyxa, 06beMOM 0CafiKOB), a TaKxXKe Mo AaHHbIM HanGosee A/IMHHO-
PSILHOI MeTeoCTaHUMW pervoHa (BacuneBnun). YCTaHOBMEHO, YTO U3MEHEHUWE MPUPOAHbLIX YCI0BWIA, 06YCIOBIEHHOE
B/IMSIHWEM €CTECTBEHHbIX U aHTPOMOreHHbIX (OCYLUUTE/IbHAS Me/iMopaLus) PakTopoB U BbipaxatolLieecs B TpaHcopMaLmm
34aor AposIorMYecKoii 06CTaHOBKM, NPOSIBAISIETCS B pa3HOHaNpPaB/eHHOl AUHAMIVKe PagnasibHOro NpUpPoCcTa HacaxaeHWi
COCHBbI, pa3MelLieHHOl Ha BepXoBOM 60/10Te.

KntoueBble cnosa: Benopycckoe Monecbe; BepxoBoe 60/10TO; COCHA; COCHOBbIW GMOLIEHO3; pafuaibHbIA NPUPOCT;
M3MeHEeHWNe KIMMaTa; MenopaLus.

INDICATIVE ROLE OF PINE RADIAL GROWTH
FOR ASSESSING THE DYNAMICS OF THE STATE
OF UPLAND BOGS BELARUSIAN POLESIE

K. V. MATSIUSHEUSKAYAa

Belarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus

The aim of the study was to investigate the peculiarities of the reaction of pine trees (Pinus sylvestris L.) growing in
one of the upland bogs in the Belarusian Polesie, the conditions of which can be regarded as pessimal in relation to tree
plantations, to the change of regional climate as a leading environmental factor. The object of the study was a pine-le-
dum-sphagnum forest. The subject of the study was the absolute minimum and maximum radial growth of currently gro-
wing pine stands aged up to 305 years. The main methods used in dendrochronology and dendroclimatology (the method
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of comparison and comparative analysis) were applied to achieve the goal. The sequence of probable changes in hydra-
tion and watering conditions in Belarusian Polesie in the Holocene was traced for the period of absence of instrumental
observations of climate characteristics (amount of solar radiation, air temperature, precipitation) and according to the
data of the longest meteorological station in the region (Vasilevichi). It was established that the change in natural condi-
tions of the region, caused by the influence of natural and anthropogenic (drainage reclamation) factors, expressed in the
change of edaphohydrological conditions, is manifested in the multidirectional dynamics of wood diameter growth in pine
stands growing in the upland bog.

Keywords: Belarusian Polesie; upland bog; pine; pine biocoenosis; tree-ring growth; climate change; drainage meli-
oration.

BBegeHune

[N ycToinumBoro v paLmoHansHOro UCnonb3oBaHUs NECHbIX PECYPCOB TaKOro HanpsXXeHHOro ¢ 3KoNoru-
YeCKOW TOUKM 3peHnst pernoHa, Kak benopycckoe lMonecbe, HEOOXOAMMO YUUTbLIBATL KaK eCTECTBEHHYHO, TaK
1 06YCNOBNEHHYIO XO3MCTBEHHOW AeATeIbHOCTLIO YeI0BEKA AUHAMUKY MPUPOAHLIX YCN0BUIA. O6bEKTUBHaS,
noJiHas 1 40CTOBEPHas OLEeHKa NOCNeCTBUIN KPYNHOMACLUTaOHbIX CM/IOLWHOECOCEYHBIX PY6OK M OCYLUUTENLHOM
menuopauuu, obecriedeHne cTabubHOro MYHKUMOHMPOBaHMA NPUPOAHBLIX 60/I0THLIX KOMMIEKCOB TPEOYIOT
NpuBeYeHNs MHPOPMaLMM O COCTOSHUM BEPXOBLIX BO/OT, Perynnpyowmnx BOAHbLIA PeXUM COMpeaenbHbIX
NecHbIX NaHALWagToB, KOTOPbIE pa3MeLLarTCca Ha NecyaHo TMTONOrMYecKo OCHOBE, XapakTepHol ans beno-
pycckoro Monecbs. MOHUTOPUHT COCTOSAHNA BEPXOBbLIX B0MOT CTan 0COBEHHO aKTyasneH B 06CTOATENbCTBAX,
KOorfja Ha POHe COBPEMEHHbIX U3MEHEHWIA KNUMaTa yBEeIMUMBAETCA MPAMas U KOCBEHHAs aHTPOMOreHHas Ha-
rpyska Ha 61OLEeHO3bI.

Peakuus necHbIx COO6LLECTB Ha TpaHCHOPMaLMIO KNMMaTa B PErMoHaIbHOM MacLuTabe MOXET BbICTyNaTb
B Ka4ecTBe UHAMKaTopa rnobanbHbIX NepecTpoek NPUPOAHON cpelbl. [peBecHble pacTeHus, Kak L0CTaTOuHO
[LONrOXMUBYLLME OPraHWU3Mbl CO CNIOXHBLIMU MeXaHU3MaMu (PU3N0N0rMYECKOT0 PEryIMPOBaHUSA XU3HEeeATe b-
HOCTM B U3MEHUYMBLIX YCNOBUAX 0OMTaHUA, 6narofaps HalIMuMI0 TOAUYHbIX KONEL, APEBECUHbI, B KOTOPbIX
(hMKCUPYHOTCA 3KONOTMYECKME faHHbIe, ABAIOTCA Hamboee MHHOPMAaTUBHBLIM 0OBLEKTOM 151 OLLEHKW TaKUX Npo-
LieccoB. Hambonee akTyasibHbIM NPeACTaBASETCA U3yUYeHUe NPUPOLHBIX 3KOCUCTEM B MECCUMaNbHbIX YCI0BUAX,
NP1 KOTOPbIX faXe ManoaMnauTygHoe KonebaHue MeTeOpONornYeckmMx napameTpoB (TeMnepaTypbl Bo3gyxa
1 06beMa 0CafikoB) MOXKET MPUBECTYU K CYLLECTBEHHbIM TPaHC(HOPMaLMAM B XXU3HeLeATelbHOCTU PacTeHWIA.

MeccmanbHble 3KOMOrMYecKue yCoBus, B KOTOPbIX HaXOAATCA HACaX/AEHUS COCHbI, NMpou3pacTatoLLeit
Ha BepxoBbix 6010Tax (rMapoPubHOCTL, 66AHOCTL, KUCNOTHOCTL M HU3Kas TemnepaTypa cy6cTpata (Topda)
B NepUOZ Beretauum pacTeHni), onpesensitoT OCHOBHbIE NapameTpbl FOAUYHOIO KOJbLa APeBECUHBI. 10 3TUM
npuunHam T T BWTBMHCKAC cuuTan, YTO YrHETEHHOCTb COCHbl CNYXUT MPEnATCTBMEM A/18 BblMONHEHWS
[LEeHAPOKINMATUYECKMX UCCNeoBaHN Ha BepXoBbIX 60n0Tax [1]. Mpu npoBeaeHUM NOJOGHbLIX WU3bICKAHWIA
Ha TeppuTopun benapycu A. N. PycaneHKO peKOMeHA0Ba aHanM3upoBaTb KPYNHOMepHbIe PelKOCTONHbIE
JepeBbs, Npov3pacTarolme Ha MUHepanbHbIX noysax [2]. J1. M. CMonsK nokasasn, 4To pagunanbHbIi MpupocT
COCHbI, pacro/fioXKeHHON Ha BepXOBbIX 6010Tax, Nocne TpaHCHOpPMaLun UX BOLHbLIX YC0BWIA B pesynbTaTe
OCYLUMTENbHOW Menmopauny MeHSIeTCcs HeaHaunTenbHo [3].

MHorouncneHHble eHAPOKIMMATUYECKME NCCIef0BaHUA, NpoBeeHHble B Poccun, CLUA v cTpaHax EBporibl
1 6a3npyroLLMecs Ha U3yUeHUW pafnanbHOro NpUpocTa JepeBbeB, MMEIOT OCTATOUHO A/UTENbHYIO UCTOPUIO
He TO/bKO B CBSA3M C U3MEHEHWEM K/IMMATa, HO W 13-3a HEOOXO0AMMOCTM NPEOS0NEHNS PErYNISPHO BO3HUKABLLNX
npobnem gerpagauum necos [4-17]. B AeHAPOKNMMATONONMMN HauMHasa ¢ paboTbl OCHOBOMOJIOXHMKA reorpa-
thmm pacteHmii B Poccumn A. H. bekeTosa [18] yTBepAnnoCh NpeAcTaBneHne 0 TOM, YTO F/1aBHbIMU PakTopamu,
BAMSIOLLMMUN Ha COCTOSIHWE LPEBOCTON U €ro pagunanbHbIil MPUPOCT, ABASKOTCA KAUMaTUYeckue PakTopsbl -
Temnepartypa Bo3fyxa 1 06beM 0caZikoB. Hanbonee niofoTBOPHLIMU B 3TOM OTHOLUEHWUMW OblIN U3bICKaHUSA
amepuKaHCKux ecTecTBoucnbiTatenein A. E. Ayrnaca [19] u . C. dpuTca [20], ocyLiecTBneHHble B 1914-1941
n 1955-1974 rr. cooTBeTCTBEHHO. OHM OKOHYaTE/NIbHO OMpPeAeNMAN OCHOBHOWM MPMHLMN AEHAPOKIMMATONO-
rMn - NPUHLKAN TUMUTUPYIOLLEro thakTopa. JeHapoknnumaTmnyeckune nccnefosaHus B benapycu nposogmanch
B. H. Kucenesbivm 1 K. [, Yy6aHOBbIM 0JHOBPEMEHHO C U3y4YeHNEM 0COBEHHOCTEN BO3AEACTBISA aHTPOMOreHHbIX
(hakTOpOB Ha NecHble akocucTembl [21]. J1. T. Cmonsk, A. A. bon6oTyHos 1 B. C. PomaHOB nNpoaHaiM3npoBam
cneuuguKy BANSHUS penbeda v ryOuHbI 3aneraHns rpyHTOBLIX BOJ, B MeCUaHbIX 34a0Tonax Ha pagnanbHbli
MPUPOCT HACAKAEHNI COCHbI B Pa3fIMUHbIX KAMMATUYeCKuX ycnoBusax [22]. E. I. [eTpoB yunTbiBan NOroj-
HO-KNMMaTnYecKune PakTopbl NpY onpeseneHn BOGHOIO PeXKmMMa necyaHblX NoYB noj LeHo3amm cocHbl [23].
[unHamuka pagnansHOro npupocTa coCcHbl 06bIKHOBEHHONW B 6uoreoLeHo3ax benapycu metogamu geHapo-
KIMMaTUYeCKOro MOHUTOPUHIa nsyyanacb A. E. ApoToBbiMl B pe3ynbTaTe uccnefoBaHnil, NpoBeaeHHbIX

¥ipoTos A. E. IuHamuka pagnanbHOro NpUpocTa COCHbl 0ObIKHOBEHHOM B 6MOLEHO3ax Ha TeppuTopun benapycu : aBToped.
[uc. ... KaH4. reorp. Hayk :25.00.23. MuHck, 2008. 23 c.
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B. H. Knucenesbim 1 E. B. MaTtoLLEBCKOIA, YCTaHOBMEHA HEOAHO3HAYHOCTb PeakLUnn AepeBLEB (€11, COCHbI
1 ay6a) Ha OfIVH 1 TOT XKe KNuMaTU4eckuid haktop (Temnepatypy Bo3fdyxa Mam o6bem ocagkoB) [24], npuTom
4TO pasHble N0 NPUPOLE BO3AENCTBUSA 3KONOrMyeckne aktopbl (KNMMaTUYeCKue 1 aHTPOMNoreHHble (TEXHO-
reHHoe 3arpssHeHue, BOLO3EMelbHAA Menuopayms)) cnocobHbl CXO4HbIM 06pPa30M OTPaXaTbCs Ha TEKYLLEM
paguanbHOM NPUPOCTe, B YACTHOCTU NPUBOAUTL K ero genpeccun. ®aktop He MOXET ObITb IMMUTUPYIOLLUM
Ha MPOTSHXKEHWU BCErO Pa3BUTMS COBPEMEHHbLIX NOKONEHWIA APEBOCTOS, 1 €ro BAMAHWE Ha TOT WX MHOM 3KOTON
NPOSAB/ISETCA B ONpefefieHHble BPEMEHHbIE OTPE3KU, pa3finyatoLmecs no KAMMaTUYecKMM nokasarenam [25].

Wcnonb3oBaHue JaHHbIX O paguanbHOM MPUPOCTE COCHbl B 3KCTPEMasIbHbIX 3KOMOrMYECKUX YCNOBUAX
BEPXOBOr0 60/10Ta NO3BOJIAET BbIABUTL MPUYMHBI BPEMEHHOW M3MEHUYMBOCTU COCTOSIHWMSA U CTBOJIOBOI MpO-
OYKTUBHOCTM fIECHbIX LLEHO30B W OLEHUTb KayecTBO cpefbl 06MTaHWsA AaHHON ApeBecHol nopogbl. Lienb
nccnefoBaHms - M3ydeHne 0CO6EHHOCTEN peakUMn COCHbl 00bIKHOBEHHOM (Pinus sylvestris L.), nponspa-
CTatoLLeli Ha OHOM U3 BepPX0BbIX 6010T benopycckoro Monecks, yCNOBUA KOTOPOro MOXHO paccmaTtpuBaTth
KaK neccuMasibHble Mo OTHOLUIEHUIO K [peBECHbIM HaCaXAeHUAM, Ha U3MEHEHWE PErMOHANBHOIO KMMaTa Kak
BEAYLLEr0 3K0MOMMYeCKOro thaktopa. a1 JOCTvXKeHNUs NOCTaBNEHHOW e MPUMEHAINCH OCHOBHbIE METOAI,
NCNosb3yemMble B AEHAPOXPOHONOMMU U AeHAPOKAUMATONOIMU, - COMOCTaB/EHNE U CPABHUTESIbHbIV aHan3.

MaTtepnanbl 1 MeToAbl UccnefoBaHUA

MpeacTtasutenu suaa P. sylvestris L., umetoline, no-emammMmomy, HambonblLWA Cpean coceH benopycckoro
Monecbs BO3pacT, Oblnv 06HapYKeHbI Ha BEPXOBOM 60/10Te, KOTOPOE PaCcMoIoXeHO B 0Ba/IbHOM 3aMKHYTOM MOHW-
YXEHUU nonepevyHNKoM Ao 1,5 kv cesepHee 4. Kpyku (CBeTnoropckuid painoH, Momenbckas 061acTb) B MEXAYpeybe
pek bepe3unHbl 1 MTUYK, HAXOAALLEMCS BHE 30HbI BIMAHWUSA Me/IMOPaTUBHbLIX Pab0T Ha PEXKUM FPYHTOBbLIX BOL.

Twn neca - COCHAK 6arynbHWKOBO-CHArHoBbIA. ICTOUHNKOM (DaKTUUECKUX AaHHbIX 0 AMHAMUKE LUVPUHBI
roAUYHOr0 KOfblia ApeBecUHbl BbICTYNUAN MAcTeP-XPOHONOMUN CTBONOBOM NPOAYKTUBHOCTN COBPEMEHHbIX
MOKOJ/IEHUIA COCHbI, KOTOPbIE MOJTyYeHbl B pe3y/ibTaTe NOeBbIX UCCNeA0BaHMUIA, NPOBEAEHHbIX MO O6LLENPUHATON,
afanTUpoBaHHON K ycnoBusamM benapycu metoamke. ObpasLbl ApeBechHbl (KePHbI) 0TOMPAIUCL C MPUMEHEHMEM
BO3pacTHOro 6ypasa Ha BbicoTe 1,3 M (Y AepeBbeB, PacnoIOXeHHbIX Ha BEPXOBbIX 60/10TaX, Ha BbicoTe 0,5 m).
Kak nokasan onbIT A4eHAPOKAMMATUYECKUX UCCNEf0BaHUIA, [OCTaTOMHO He MeHee 10 06pasLoB ApeBeCHHbI
[NA NONYYEHUS HafeXXHOW 0CpeHEeHHON H(opMaLMm 0 paguansHOM NpupocTe. BolgeneHbl NATh BO3PACTHbIX
cepwii (85, 115, 140, 250 n 305 net) ¢ 10-20 gepeBbAMU B KaXaol U3 HKUX. [na aHanm3a u 06006LLEHUA ero
pe3ynbTaToB YUUTbIBANCA MUHUMA/bHBIA N MaKCUMaNbHbIV pagnanbHblil TPUPOCT KaXKa0ii BO3PaCcTHOM cepun.

Y4acTky BepxoBoro 60/10Ta 3aHUMaKOT OBa/IbHbIE B MaHe, 6ECCTOUHbIE ME30NOHWKEHNS NONepeyHUKOM
ot 0,5 fo 1,5 km. OT60Op 06pa3LoB TOpPda 414 ONpeaeneHns ero 60TaHNYECKOro cocTasa BbIMOHEH MNOCN0NHO
¢ nHTepsasiom 10 cm. B cTpoeHUn TOPGSHON 3anexu, oTpaxkarolleid 3Tanbl M3MEHEHNS NPUPOAHON cpefbl
pervoHa B rosioLeHe, BbIAENATCH HECKONLKO FOpPU30HTOB: BepxoBoe 6onoto (0,1-0,9 M, aHryctugonnym-
Toph) N nepexogHoe 6on01o (0,9-1,5 M, NyLWNLUEBLIVA U NYLWNLEBO-CHArHOBbIA TOpd) N HU3MHHOE 60M10TO
(1,5-1,8 M, TPOCTHUKOBO-OCOKOBbLIV TOPM C KOPOR onbxn) N BepxoBoe 60010710 (1,8-2,5 M, aHrycTugonnym-
TOp(, WenxuepnBo-ctharHoBbli Topd) A nepexogHoe 60n10T0 (2,5-3,0 M, WeNXLepnBo-ctharHoBbIi Topd).
TPOCTHMKOBO-O0COKOBOE HU3UHHOE 60/10TO MOr/10 NOSBUTLCS BHYTPU BEPXOBOro 6010Ta Npu TpaHchopmMauum
XMMUYECKOr0 COCTaBa NUTalLWMX Bog. B 3aMKHYTOW ManopasmMepHO KOTNOBUHE Takoe cobbiTve B TOpgo-
reHese BO3MOXHO TO/IbKO NPUW AANTENbHOM 3aTOMNIEHUN NPUEraloLLnx Teppmutopuin [26].

B ycnoBumsix ce30HHOM pUTMUKIN YMEPEHHOTO NosiCa Ha paguasibHblA MPUPOCT APEBECHBIX PACTEHWI B TEUEHNE
MX OHTOreHe3a OfHOBPEMEHHO BO3AENCTBYHOT MHOTUE 3KOMOruyeckue aktopbl. CKpbiTas B UHAMUYECKUX
cepusX roguyHbIX Konew, MH(opMaL s NoMOoraeT NpUHUMAaTh pelleHns B 061acTy UCNONb30BaHUA NpUpoa-
HbIX PECYPCOB 1 OXpaHbl OKPY>KaKOLLEN cpefbl, a TAKXKEe BbICTYMaeT Kak BEPOATHbLIN MOKa3aTe/lb U3MEHEHW
KIMMaTUYEeCKOl cUTyaLmm.

3T0 06CTOATENILCTBO MNO3BO/INII0 NPOAHANN3NPOBATL MHOMO/1eTHUE KONebaHna pasmanbHOro npmMpocTa co-
BPEMEHHbIX MOKO/IEHWI €11 U COCHbI 3a MepUo, KOrfa UHCTPYMeHTabHbIe HabMo4eHWs eLle He NPOBOAUINCS,
1 3a BPEMS BbINOSHEHNSA U3MepeHUIA Ha MeTeocTaHLmMsAxX benapycu. Hanbonee MHHOPMaTUBHBLIM U eAUHCTBEHHO
LOCTYMHBIM CNOCO6G0M BbISIBNEHWS AUHAMUKU KNMMATUYECKNX YCTOBUIA ABUIOCH M3YUEHUE pafuaibHOro npu-
pocTa BeNIMKOBO3PACTHbIX JePeBLEB.

Pe3ynbTaTbl METEOPOIOTMYECKUX HABMIOAEHNWIA, NPOBEAEHHbIX Ha KOHKPETHbIX METEOCTaHLUAX, OTPaXKAOT He
TO/IbKO PErMOHANbHYIO, HO U MUPOBYIO AUHAMUKY KiuMmata. [ns AeHAPOXPOHOKIMMATUYECKUX UCCNe0BaHNI
BaXXHOCTb NPELCTaBMAET aHaIM3 M3MEHEHWI OCHOBHbLIX METEOPOIOrMYECKNX MOKAa3aTeNei, onpeaenstowmx nep-
BUYHYIO NPOAYKTUBHOCTb ApPeBeCUHbI (B JaHHOM C/lyyae LUMPUHY ee FoAMYHOro KosbLa), - TemnepaTypbl BO3gyxa
1 0bbema ocafKkoB. Hanbonbllee 3HaYeHNe 419 HACTOSALLEr0 UCCNeA0BaAHNA UMENN HENPEPbIBHbIE HabMOAeHNS
3a TEMMepaTypoil Bo3ayxa Ha meTeoCcTaHUUN BacuneBnun HaunHasa ¢ 1881 r. Kpome Toro, 6b1im NpuBAeYeHsbl
cBefleHus o Knumate benopycckoro Monecbs U conpegenibHbIX TeppUTOPUiA 3a nepuog ¢ 1875 r., a UMEHHO
[aHHbIe 0 TeMMNepaType BO34yXa U 06beMe 0CafKoB, 3aMKCUPOBaHHbIE Ha MeTeOCTaHLUMAX Fopku, Bacunesnun
1 MuHCK 3a 1875-1897 rr. [27].
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Pe3ynbTaTbl U UX 06CYKAEHWe

Oue€HKa 3K0M0rMYeCKNX NoCNeACTBUI KPYMHOMACLUTAOHOM OCYLLIMTENbHON Menopaunum Ha TeppuTopum
Benopycckoro Monecbs HEKOPpPeKTHa 6e3 yyeTa eCTECTBEHHOW PUTMUKM YBN@XHEHHOCTU 3TOr0 permoHa
B pe3y/ibTaTe TpaHC(hopMaL M KNMMaTUYeCKnX ycnoBuid. Takas putTMunka SBnseTcs NpUYUHON U3MEHUMBOCTHU
COCTOSIHMSA NTECHbIX 3KocucTeM (B JaHHOM Cnyvae NecHOro BepxoBoro 60510T1a), onpeaensieMoin rnybnuHoi 3a-
NeraHuns rpyHTOBbIX BOJ BHE 30HbI BEPOATHOIO BAUAHWUSA MEIMOPATUBHBIX CUCTEM Ha UX YPOBHEHHbI PEXMUM.

HecmoTpsa Ha 3HauUUTENbHYHO YAaneHHOCTb TeppuTopun bBenopycckoro Monecbst 0T palioHOB aKTUBHOIO
BY/IKaHM3Ma, MOCNeACTBUA BO3AENCTBNSA BY/IKAHMYECKOrO a3po30/a Ha XapaKTepUCTUKKN aTMocepsb! npo-
C/IEXMBAKTCA B peakumny rogMYHOro KonbLia peBecuHbl. Mocie MHTEHCUBHBIX BY/IKAHUYECKUX U3BEPXKEHNI
YCNoBUA, N3HaYaNbHO He61aronpusATHbIE /15 COCHbI, pa3MeLLeHHO Ha BepX0BOM 60/10Te, MOTYT NpuobpeTaTthb
3KCTpeMasibHbIA XapakTep (MOHMWKEeHVEe TeMNepaTypbl BO34YXa, YBE/IMUYEHME KONNYeCcTBa 0caakoB). KpynHble
N3BEPXKEHNA BYNKaHOB B CeBEPHOM MOMYLLAPUN BbI3bIBAIOT CHUXKEHUWE TeMepaTypbl BO3ayxa 1 BeAyT K Je-
npeccumn pagmanbHOro NpUpocTa APeBecHbIX pacTeHuli Ha ceBepe EBpasnun2. O6HapyXeHUe BYNKaHWYECKOro
curHana obecneyvBaeT NOSHOTY aHann3a NPUPOAHbIX (haKTOPOB BO3HUKHOBEHUS 3KONOTMYECKUX 1 NPUPOJ0-
PECYPCHbIX NPO6/EM B COCTOSHMM NECHbIX HacaxaeHWiA [28].

MHOroneTHaa norofmMyHas M3MeHUNBOCTb MUHUMaNLHOIO MHAMBUAYAILHOIO paguaibHOro npupocTa nc-
C/leJOBaHHbIX BO3PACTHbLIX CEPUI COCHbI, PacnoOXeHHON Ha BepXOBOM 60/10Te, Ha KOTOPOM Hab/ofaeTcs
€CTECTBEHHbIIi XO4 Pa3BUTUSA LPEBOCTOA, AeTa/lbHO 0TPaXaeT XKU3HEHHOE COCTOSHME PEBOCTOS B 3aBMCHMOCTU
OT ero Bo3pacta (puc. 1).

TeppuTopus Benopycckoro Monecbst NPUHAANEXMNT HOXKHOW TEMOI HEYCTONYMBO-BNAKHON arpoknMmaTmnye-
CKOIi 30He. Pe3ynbTaTbl HabMOAEHWIA, KOTOPblE MPOBOAMANCL Ha MeTeocTaHUuK Bacunesnun (52,28° c. wi.,
29,60° B. A.), pacnoNOXeHHOM B LieHTpanbHOW yacTu Mpunatckoro Monecss, N03BONAT YCTAHOBUTL KAMMATU-
yecKue yCcnoBus HapacTaHWs CTBOMIOBOW MacChl COCHbI, Pa3MeLL,eHHOI Ha BepxoBoM 60n10Te. COOTBETCTBYHOLLME
[aHHble NpecTaBneHbl B Tabnuue. B npouecce M3MEHEHMS KNMMaTUYECKNX YCNOBWIA UCCIeLyeMOii TeppuTopmn
BbIAENAIOTCA CNefytoLune BpeMeHHble 0Tpe3ku: nepuog 1879-1906 IT. - HeyCTONYMBO-BNAXKHASA, OTHOCUTENbHO
npoxnagHas nepeas (basa NepBoii KIMMaTUYECKOli 3MOXM CO CpeHerofoBbIM 06bEMOM 0CaaKoB 617 MM npu
CpefHerofoBoi TemnepaType Bo3ayxa 6,2 °C; nepuog 1907-1940 rr. - BNaxHas, 0THOCUTENIbHO Tensias BTopast
(haza nepBoli KNIMMAaTUYECKOM 3MOXM CO CPeHErof0BbLIM KOIMHYECTBOM 0CAIKOB 715 MM Npu cpefHerofoBoi Temne-
paType Bo3ayxa 6,4 °C; nepnog 1941-1976 IT. - HeyCTOWYNBO-BNaXKHasA, OTHOCUTENbHO NPOX/afHas nepeas hasa
BTOPOI KIMMaTUYeCKOli 3MOXU CO CpeHErofoBbIM 06eMOM 0cafkoB 603 MM Npu CPeaHErof0BOI TeMnepaType
Bo3ayxa 6,8 °C; nepuog 1977-2006 rr. - BnaKHas, OTHOCMTENbHO Tensas BTopas (a3a BTOPOI KIMMaTUYECKOI
3M0XM CO CpeHEro0BbIM KOIMYECTBOM 0CaIKOB 643 MM Mpw cpeHErooBoi TeMnepaType Bo3ayxa 6,8 °C.

B Hauane cBoero pa3suTtus (C 1764 no 1787 r.) B KIMMaTMYECKNX YCNOBUSX, CBONCTBEHHbIX EBPONENCKO
TeppuTopun, NoKoneHne 250-1€THNUX COCEH HAaXOAUIOCh B COCTOAHUM NOCTOSHHOIO YrHeTeHUs (paguanbHbil
npupoct 0,5-0,1 mm). C XVIII B. 0oTMeYanca pocT yncna nposiBNeHnid 3anagHoin opmbl LMPKYNSLUN BO3-
OYLWHbIX Macc ¢ 06Wum npeobnagaHmemM BOCTOYHOW M MEPUAMOHANLHOW (DOPM LMPKYASALUA BO3AYLLIHbIX
Macc, 4TO CNoCO6CTBOBAO YBEIMYEHUIO BAXKHOCTM BO34YyXa U MOBTOPSEMOCTU MOPO3HbIX AHEeW U, COOTBeT-
CTBEHHO, Pa3BMTUIO lefHUKOB. OKoMo 1720 r. 3athMKCMPOBaHbI 3HAUNTENIbHbIE ABUXEHUSA NeAHMNKOB B Aflbrax
n CkaHgvnHaBun. B CesepHoli EBpone, a MMeHHO B VicnaHanW, 0CO6EHHO MOLLHBIM 6bIN0 MX HACTYM/eHUe
B 1740-50-x rr. B 3T0T nepuog o6Lias NOBTOPAEMOCTb YMCa NPOSBAEHUA MEPUANOHANBHON U BOCTOYHOM
(hopM LUpKyNALUM BO3AYLLIHBLIX Mace €eLLe MpeBblllana MOBTOPAEMOCTb KOMMYECTBa NPOsBAEHWI 3anagHo dop-
Mbl LMPKYNALMM BO3AYLLIHbIX Macc. B TeueHme 1760-90-X IT. NpoA0/MKanoch NPOrpeccMpoBaHmne abnUinckmx
NefHUKOB, MaKCMMYM WX pacnpocTpaHeHns 6bin 4ocTUrHYT B 1820 I. 3T0 nocnegHee rnobanbHOe nepemMeLLeHmne
rOPHbIX NeJHUKOB Ha TeppMTOPUKN EBPONbLI 03HAMEHOBA/IO KOHEL, Ma/Ioro Ie4HUKOBOro nepuoga. B ykaszaHHoe
BPEMS OTMEYancs MHTEHCWBHbIMA POCT YMc/a NPOABIEHNI 3anagHON hOpPMbl LMPKYIALUM BO3AYLIHbLIX Macc
C cOoXpaHeHneM 60NbLUOK NOBTOPAEMOCTM KOANYECTBA NPOABEHN MEPULNOHANILHON POPMbI LUPKYAALUN
BO34YLWHbIX Macc. CoyeTaHue JaHHbIX (OPM LUMPKYNALMM BO3LYLIHbLIX MacC Crnoco6CTBOBaNO MOBbLILIEHWIO
BNXXKHOCTW BO34YyXa, YCTAHOB/EHUIO 3UMHUX XO/M040B U nNpoxnagHoro neta [29; 30].

B 1774-1785 rIT. nocne B3pbiBa By/KaHa [NanagasH Ha 0. AABa B 1772 I. 1 N3BEPXXEHMS EBPOMENCKOro By/ikaHa
BesyBuii B 1779 . nokoneHne 250-neTHUX COCEH HAXOAMIOCh Ha FPaHN BbDKMBaHWA (pagnanbHblil NpupocT
0,05 mm). Hanbonbluee yxyfLleHne NecopacTuTelbHbIX YCNOBUIA Ha BEPXOBOM 60/10Te U, CMeAoBaTeslbHO,
YXU3HEHHOT 0 COCTOAHWA COCHBI, AocTuriiein 20 neT, CONyTCTBOBANIO O4HUM M3 CaMbIX MOLLHbLIX 32 MUHYBLLWE
1000 neT n3BepXXeHNAM BYJIKAHOB J1aku 1 ['pUMCBOTH, KOTOPbIE PaCno/oXeHbl Ha 0. VcnaHaus, B 1783-1784 .
B TeueHuve cnegyowmx 2-3 neT TemnepaTypa Bo3gyxa B CeBepHOM nonywapum cHusunace Ha 1,3 °C. 3tu
N3BEPXKEHNSA BbI3Ba/IN HEYPOXKAWA U FON0[ BO MHOTMX EBPOMENCKNX CTpaHaX HakaHyHe BennKoit paHLy3CKoi
pesontoumy 1789-1794 rr. TOHKMIA C0iA Nenna NPUCcyTCTBOBaN Haf, 60/bLUER YacTbio TeppuTOopumn EBpasuu,
BNoTb go Kurtas [31].

Bonkosa E. M. Mopdonoro-6monormyeckme 0CO6eHHOCTM N M3MEHUYMBOCTL COCHbI 06bIKHOBEHHOI, NpoM3pacTatoLLeii B yCnoBu-
AX ONUTroTPOHbLIX 6ONOT CPeAHel 1 OXKHOW Tairu : aBToped. AuUC. ... KaHA. 6uon. Hayk : 03.00.05. M., 2000. 24 c.
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Puc. 1. MHOroneTHuiA NOroAnYHbIA X04 N3MEHYMBOCTY MUHUMAbHOIO NHANBUAYaNbHOIO pagnanbHOro npupocTa
BO3PACTHbIX CEPUIA COCHbI HA TEPPUTOPUN BepxoBoro 6onota Kpyku:
a- 85neT; 6- 115 net; B- 140 neT; r - 250 net

Fig. 1. Multiyear course of variability of minimum individual tree-ring growth
of pine trees age series of on the upland bog Kruki:
a - 85years; b - 115 years; ¢ - 140 years; d - 250 years

MNMokasaTenu N3MeHYNBOCTU KAMMaTa no AaHHbIM HablofeHWA,
NpoBeJeHHbIX Ha MeTeocTaHUMK Bacunesunuu, 3a nepuog ¢ 1879 no 2006 r.

Indicators of climate variability based on observations
carried out at the meteorological station Vasilevichi from 1879 to 2006

Temnepatypa Bo3ayxa, °C O6bem ocagkoB, MM
Mepnog Mai - Mai - OKTa6pb - B cpeaHem Maii - Mai - OKTa6pb - B cpegHem
NIOHb CeHTABPb anpesb 3arog NIOHb CeHTA6Pb anpenb 3arog

[MepBaa KNMMaTKUYeckas anoxa

1879-1906 154 15,7 -0,6 6,2 149 367 296 617
1907-1940 15,3 15,6 -0,3 6,4 144 384 324 715
BTopasa kaMMaTunyeckas anoxa
1941-1976 15,4 15,8 -0,5 6,3 126 318 285 603
1977-2006 15,5 15,8 0,4 6,8 141 374 269 643

HapacTaHwue CTBO/I0BOI MacChl AepeBLEB aKTMBM3NPOBanoch B 1790-1815 rr. B ganbHeiwem 6bICTpble TEM-
Mbl YBeIMUYEeHUS pagnanbHOro NpupocTa 40 MakcUMasbHbIX 3HaueHui (3,9 mm K 1790 r.) 1 BbicOKasi CTBOJIOBas!
NPOAYKTUBHOCTb COCHbI COXPAHANNCH AOCTaTOYHO ANNTENIbHOE BPEMS, HECMOTPS Ha NOrO4HO-KNIUMaTUYecKme
ycnosus (Bkntouas nepmog 1809-1812 rrT. ¢ KpaitHe HU3KMMMW 3UMHMMMW TEMNEPaTypaMmn BO3ayxa).

OueBMAHO, HauMHas ¢ cepeuHbl X1X B. yCUIUIOCh HanpaB/ieHHOe YMeHbLUIEHWE CTBOIOBOI NPOAYKTUBHOCTY
COCHbl B KOHTPACTHbIX NOroAHbIX ycnosmax. 3acyxu 1839, 1868 n 1874 rr. yepefoBasnCb C HABOAHEHUSAMM,
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0CO6EHHO CU/IbHLIMW U3 KOTOPbIX ABASNNCE HaBOAHEHMS 1845 1 1861 rr. lo 1845 r. BbICOKME 3HAYeHUs pagu-
a/IbHOT0 MpUpocTa 6bINM CBONCTBEHHbI HACAXKAEHUAM COCHBbI, Pa3MeLLLEHHOI Ha BEPXOBbIX 60/710Tax He TO/bKO
Benopycckoro Monecbs (6onota KpacHas kopuma (CBeTnoropckuii necxos) u MepyHoBo (bpecTckuii necxos),
BbIroHowWwaHcKniA 6010THbIA MaccuB (MaHLEBUYCKUIA NECX03)), HO K cpefHeli nonockl benapycu (6onota Ay-
60BbIiA lor (YepseHcKkuii necxo3s), Mpowwnukoe (Kpynckuii necxos)), a Takxke benopycckoro Moosepbs (60/10T0
Mox (OucHeHcKuiA necxo3s)). COCHAK MLWCTHIA, NpoM3pacTalowmnii Ha KBapLeBbiX neckax CBETNOrOpcKoro
Nlecxosa, U 190-/1eTHME COCHbI, COXPaHMBLUMECA B Mapke KynbTypbl U 0TAbIXa MMeHU 50-netus Benvkoro Ok-
TA6psA (MUHCK), UMenn BbICOKME NOKa3aTenu paguaibHOro npupocTa UMeHHO B 3TW rofbl. bosbluas cTeosoBast
NPOAYKTUBHOCTb, BbISIBfIEHHAA AeHAPOXPOHONOrMYECKUM METOA0M, B AaHHbIN Nepuof oTMedeHay 250-neTHUX
[y60B 1 245-neTHUX coceH [28]. MOXXHO roBopuTb 06 06LLeil 3Ha4MTeNIbHOW CTBOI0BOW NPOAYKTUBHOCTU CO-
CHbI B KOHUe XV 111 n Hayane XX B. HE3aBUCMMO OT ee MECTOHAXOX/AEHUSA 1 YCTOBUIA Npon3pacTaHmMs Ha BCei
TeppuTopun Benapycu. Havnbonee BepoATHOM NMPUUMHOL 3TOr0 MOCAY>XUA Nenes U3BeprasLLerocs ByfkaHa
JNakn, pacnpocTpaHuUBLUMIACS Hag Bceli TeppuTopueli EBpasun. IMEHHO OH MOT SiIBUTbCA yA06peHnem ans
NecHOro nokposa benapycu, HaxoaALLENCA B LLIEHTPaNbHOM YacTy eBPONENCKOro CybKoHTUHeHTa [32].

[JanbHeliliee NpofomKUTENbHOE 3KCTPEMASIbHOE YTHETEHME COCHbI, pa3MeLLLeHHON Ha BepXOBOM 60/10Te,
KOTOpOE BbIpas3nioch B NpefesbHO HU3KOM paguansHom npupocte (0,05 MM), BbI3BAHO KAUMATUYECKUMU
YCNOBUAMM, BOZHUKLLMMU MOCAE OKOHYaHWUS Masioil NegHNKOBONM 3NoXu. Ha HUX KpaTKOBPEMEHHO BAUAMM
KpYMHeLwne ByKaHNYeCcKe n3BepXeHus. ConocTaBieHne BpeMEeHHbIX OTPE3KOB, Ha MPOTSHXKEHNN KOTOPbIX
NPOMCXOANN HaMMEHbLUWIA pagnanbHblil NpupocT 305-N1eTHER COCHbI, C MepUoaamn ByNKaHWYECKOW aKTUB-
HOCTM YKa3blBaeT Ha TO, YTO NOA06HOe BNO/HE BepoATHO [32].

MHOroneTHMIN NOroAUYHbIA X04 U3MEHYMBOCTU MaKCUMa/IbHOT0 UHAMBUAYaNbHOrO paguanbHoro npu-
pocTa BO3PaCTHbIX CEPWMIA COCHbI, PACNONOXEHHOW Ha BEPXOBOM 60/10Te, OTpaXKaeT MOTeHUMaNbHble Npo-
OYKLMOHHbIE BO3MOXHOCTW ANS HapacTaHWs CTBO/OBOM MAcChl B YC/I0BUAX N3MEHEHNS METEOPOIOr NYECKNX
BENNYMH (puc. 2).

lNofaBneHHOe XXM3HEHHOE COCTOsAAHWE ApeBOCTOs 40 1785 I. OTpaXKeHOo B Aenpeccuy MakCrmanbHOro, Kak
M MUHUMa/IbHOTO, PauanbHOro MPUpoCTa BO3PACTHBIX CEPUIA COCHbI B TEX MPUPOAHbLIX YCN0BUSX, KOTOpbIe
CMOXMWNUCL K 3TOMY BPEMEHW, T. €. B YC/IOBMAX TaK Ha3blBaEMOW BENNKOMN 3uMbl 1781-1782 rr. [32].

B 1809 r. B3opBasncs 6e3bIMAHHbIA CU/bHBLIA TPOMUYECKUIA BY/KaH. MocnefoBaBLLee 3a 3TUM OXNaXKAeHMe
aTmocepbl 6bI10 MHOTOKPaTHO YCU/IEHO N3BEPXXEHMEM MHAOHE3UINCKOro BykaHa Tam6opa B 1815 r., 4To BbI-
3Ba/10 3KCTPEMasIbHO XOMOAHYHO norody. B apeBecHO-KOMbLEBOM XPOHOIOrMM NOKoNeHnst 250-1eTHUX COCeH
X0NOAHbIA BCEMUPHbI KNMMaT oTMeueH B 1814-1819 rT. genpeccueli paguansHoro npupocta. B 1831-1835 1.
OHa nocnejoBana 3a U3BepXXeHWeM LeHTpaslbHOaMepPUKaHCKOro By/IKaHa KocuryuHa.

CHWKeHNe MaKCUManbHOro paguanbHoro npupocta nocne 1852 r. 66110 NPUYPOUEHO K Havany Hanbosb-
LLIero NoXos04aHusa, ConpoBOXAaBLUerocs HenpepbIBHbIMU X0OAHbIMU AOXAAMM, Ha TeppuTOopUmn BocTouHO-
EBponeiickoi paBHUHbI B Masblil NTeAHWKOBbI Nepuo.

B XX B. BO3HMKNKN 60Mee 61aronpusATHbIE YCNOBUSA, MEHEE OCNOXHEHHbIe BY/IKAHWYECKUMU COBbITUAMMU,
ON151 COCHBbI, pa3MeLLeHHOl Ha BepXoBOM 60/110Te, 663 aHTPOMOreHHOro BMELLATeNbCTBA B €r0 eCTECTBEHHBIN
X0[, pa3BuTus. BO3MOXHOCTbL peann3anum et NPOLYKLUMOHHOIO NOTeHLMana B HapacTaHUW CTBO/IOBOI Macchbl
YBENNUNIACh. Y BO3PACTHbIX CEpUiA COCHBI, gocTurwein 140, 115 n 85 feT, nokasaTenu cpefHero rofMyHoro
pagnanbHoro npupocta (0,37; 0,43 1 0,72 MM COOTBETCTBEHHO) OKa3anUCb 60/bLUE, YEM aHaIOMMYHOE 3Ha4e-
Hue y nokoneHus 250-n1eTHmx coceH (0,34 Mm).

Takasi akTMBM3aLMa B HapacTaHWW CTBO/IOBOI Maccbl MOr/a NPOU30ATH B M3MEHUBLUMXCSA BOAHbIX YCNO-
BMSAX BEpX0BOro 60/10Ta (CHMXeHWe ero 06BOAHEHHOCTU B pe3ynbTaTe TakK Ha3bIBaEMOro 06LLEr0 OCyLUeHUs
1873-1898 rr., KOTOPOE OCYLLECTBAANOCHL COrnacHo MeHepanbHOMY MnaHy ocyweHus Monecbs, paspaboTaH-
Homy W. WI. XKunuHckum). 3a 25 net fedatensHOCTM 3anafHoM aKcneanummy no ocylweHuto 6010T BbINO/He-
Hbl OCYLUWTE/IbHbIE PaboTbl Ha TepPUTOPUY NoWaablo 1,5 MAH AeCATUH, paclumpeHbl 127 BepCcT MalibiX pek
1 NpopbITbl 4367 BepcT KaHa/oB. XOTA UCC/e0BaHHOE BEPX0OBOe 60/10TO He OCYLUANOCh, OHO OKa3anoch Ha
TeppUTOpPUN 0BLLEr0 OCYLLEHNS, YTO HE MOI/I0 He CKa3aTbCA Ha COCTOAHWUM 3TOro 6osiota. CnefoBatesibHO, ero
NecopacTuTeNlbHble YCN0BUS YNYULUWNCS.

B 1898 r. nocne npekpalleHms paboTbl 3anagHol 3KCneAnL MM Mo OCYyLLIEHMO 60/10T 06BOAHEHHOCTb Beno-
pycckoro onecbs yMeHbLIMNACh. B 3KOMOrMYECKOM OTHOLLEHMM 3TO 0KAa3as0Ch 3HAYMMbIM (HaKTOPOM Mpu
JanbHelLWmnX BOAHO-3eMeNIbHbIX MefimopauusXx.

MakcrManbHbIA MHAMBUAYA/bHbIA pagnanbHblil NPUPOCT LPEBOCTOS B UCCMEL0BaHHbIX MOKOEHUSAX COCHBI,
pasMeLLeHHO Ha BepXOBOM 60/10TE, KaK MY HaCaXXAEeHW COCHbI, PaCMON0XEHHOMR Ha NecyaHbIX aBTOMOPGHbIX
1 NoNyrnapomMopdHbIX nousax benopycckoro Monecks, Kak NpaBuio, He MMen OAHOTOANYHOW KaneHAapHO
MPUBSA3KM U MeHSNCA BO BpeMeHW. 0 3TO NpuYMHe CPOKM NOAABMEHNS NPOAYKLUOHHOMO NMOTEeHLMana CoCHbI
B HapacTaHWW CTBOJIOBOM MaccChl B rofibl C NOBbILLIEHHOWN YBNaXXHEHHOCTbLIO HE BCErja coBnajanu.
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Puc. 2. MHOroneTHWMiA NOroAnYHbIA X0 N3MEHYMBOCTM MaKCUMaNbHOTO MHAMBUAYANIbHOTO paananbHOro npupocTa
BO3PACTHbIX CEPUIA COCHbI Ha TEPPUTOPUN BepxoBoro 6onota Kpyku:
a- 65net; 6- 115 net; B- 140 net; r - 170 net

Fig. 2. Multiyear course of variability of maximum individual tree-ring growth
of pine trees age series of on the upland bog Kruki:
a - 65 years; b - 115 years; ¢ - 140 years; d - 170 years

B 1914 r., Korga cpefiHerof0Boe KO/IMYECTBO OCafKOB COCTaBWM/I0 828 MM, a KOMMYeCTBO 0CafKOB 3a Be-
retauMoHHbIN nepnod - 457 MM, Aenpeccus paguanbHOro NpUpocTa cayymnack y nokoneHns 115-neTHux
coceH. AHOMa/lbHO CYpOBble 3MMHWE X0/M0[4a HEFraTUBHO OTPA3UINCh Ha pagnanbHOM NPUPOCTE NMOKONEHWIA
140- n 115-neTHUX COCEH. YTHETeHMe MOKoNeHUss 85-1eTHUX COCEH TaKXXe Bbl3BaHO aHOMaslbHbIM KOJinye-
CTBOM 0cafkoB B 1953 T., KOrga nx cpegHerofoBoi o6bem goctur 905 mm, a 06beM 0CaAKOB 3a NEpUoA C Mas
Mo CeHTABPb - 527 MM.

Mocne 1974 r., oTAnYaBLIErocs 60NbLIOIA YBNaXXHEHHOCTbIO BEreTaLMoHHOro nepmogaa (KomMyecTBo 0CafKoB
B 3TO BPeMSs COCTaBWUIO0 422 MM Mpu CpefHErofoBoM 06bemMe 0CafKoB 618 MM), He NocnefoBano NPOSOMKU-
TEIbHOI0 CHUXXEHWS KauyecTBa XXU3HEHHOr0 COCTOAHUSA TPeX NOKOIEHUIA COCEH. DTa TEHAEHLUUA COXPaHANach
nnocne 1977 r., KOraa KonMyecTBo 0CaAKOB 3a MEPMOA C Masi MO CEHTAGPL 4OCTUIN0 449 MM NpU CPeaHEr040BOM
06beme ocagkoB 707 MM. Ha yrHeTeHHOe COCTOSIHME APEBOCTOS He BANAO 3aToneHne 60/10Ta BO BPEMS OCEH-
He-3MMHero HaBogHeHus 1974-1975 rr. 1 BeceHHero nasogka 1975 r., B pe3ynbTaTe KOTOPbIX MO BOAOI OKa-
3anuncb 06LIMPHBbIE HU3MEHHbIE NPOCcTpaHCcTBa Benopycckoro Monecbs. Tonbko nocne 1980 r. (cpegHerooBoi
06bem ocagkoB cocTtaBua 735 MM, a 06beM 0CafIKOB 3a BeretaunoHHbIN nepnog - 496 Mm), Korga npou3oLuno
n3BepXkeHne BynkaHa CeHT-XeneHc, Ha4yanocb NOCTENEHHOE CHMXKEHME CTBOMOBOM NPOAYKTUBHOCTM NOKO/e-
HWMiA 140- n 85-neTHNMX coceH. B 3acywnueom, 1963-m, rogy (CpeaHerofoBoe KONMYeCTBO 0CaAKOB PaBHAMOChH
416 MM, KOJIMYECTBO OCALKOB 3a Nepuos ¢ Mast No UKOHbL - 63 MM, a 3a Nepuos ¢ Mast Mo CEHTAOPL - 169 MM),
Korfa nsseprancs By/ikaH AryHr, pafmasnbHblil NPUPOCT COCHbI, PACNOI0XKEHHOI Ha BEpXOBOM 60/10Te, JOCTUT,
no BCel BUAMMOCTM, MUHUMANbHbLIX BO3MOXHbIX 3HaveHun (0,2-0,3 mm).
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[JeHapoKonbLEBbIE XPOHONOTUU COCHbI HA BEPXOBLIX 6010TaxX BKAKYAKT NIETONUCH JIECHLIX MOXApOoB.,
KOTOpble Ha TeppuTopumn benopycckoro Nonecbs B MCTOPUYECKOM MPOLL/IOM M MOC/e OCYLIUTENLHOR Menno-
pauun nprobpeTanm onyCcTOLWNTeNbHbIA MacluTab. JeHAPOXPOHON0rMYECKUIA aHa/IM3 MHOTOMIETHER ANHAMUKN
MWHUMaIbHOIO PajnasbHOro MPUpPOCTa COCHbI, Pa3MELLEHHON Ha BepX0BOM 60/10Te, MO3BOMNA YCTAHOBUTH
nocnefoBaTelbHOCTb (OMKCMPOBaHHbLIX NOXapoB BO BpeMeHu (1839, 1868, 1881, 1925, 1959, 1986, 2007) [31].

3aksiroueHue

MHOroNeTHN X04 W3MEHYMBOCTM MaKCMMa/IbHOr0 1 MUHMMA/IbHOFO pagnasbHOro MpUpocTa oTpaxaeT
CMIOXHbIW, B OTAeNbHblE BPEMEHHbIE OTPE3KM LMKIUYECKUI XapakTep peann3alnmn COCHOM CBOEro NpoaykK-
LMOHHOr0 noTeHumana. LIMKAMYHOCTL pagmanbHOro npyupocTa, no-BUAUMOMY, OT/IMYAETCH CNOHTaHHOCTLIO,
B YC/I0BMSAX OTHOCUTE/IbHOTO MNOCTOSHCTBA 3KO/IOTMYECKON 06CTaHOBKM OH He MoABepraics npsiMmoMy Meamno-
paTMBHOMY BO3AENCTBUIO BEPXOBOr0 6010Ta Ha 06LWEM (JOHE COBPEMEHHbIX KAMMATUUYECKUX M3MEHEHWIA.
He6naronpusaTHble yCNoBMUSA NS COCHbI, PACMNONOXEHHON Ha BEPXOBOM 60/10Te, NPMOBpeTatoT IKCTPEMasbHbIA
XapakTtep (MOHWXeHWe TeMnepaTypbl BO34yXa, yBennyeHve o6bema 0cafKoB) MNOC/1e MOLLHbIX BY/TKAHNYECKMX
N3BEPXXEHWIA. BAnsHMe ByIKAHMYECKOrO CUTHaIa Ha M3MEHUYMBOCTL FOLOBOr0 KO/bLia APEBECHHbI CNOCO6CTBYET
KOPPEKTHOW MHTeprpeTaLum 3KON0rMYECKUX U NPUPOLOPECYPCHBIX NPO6/eM, BOSHUKHOBEHWE KOTOPbLIX 00Y-
C/IOB/IEHO BO3pacTatoLLeld U pasHOHANpPaBAeHHOW aHTPOMNOreHHOM Harpy3Koi Ha 61OLEeHO3bI C YYETOM Cylle-
CTBYHOLLE/ eCTeCTBEHHOW AUHAMMKN NPUPOLHON cpefbl, N UX MPOrHO3MPOBAHUIO.

Bubnvorpagmyeckme cCbku

1. buteuHckac TT. leHApoKIMMaTM4eckue nccnefosanus. JleHuHrpas: M'vapometeonsaat; 1974, 172 c.

2. PycaneHko AW. MogunyHbIil NpMpOCT [epeBbeB 1 BnaroobecneyeHHOCTh. MUHCK: Hayka n TexHuka; 1986. 238 c.

3. Cmonsk JIM. bonoTHble neca n ux mennopauus. KOpkesuy NI, pegaktop. MuHek: Hayka n TexHuka; 1969. 209 c.

4. MaTtoweBckasa EB, ApotoB AE. XXusHeHHble opMbl cocHbl Pinus sylvestris Ha BepxoBbIx 60n10Tax Benopycckoro Monechbs.
B: Bopobbés A,C, pefakrop. AKTYanbHble BONPOCHI yCT 0AYMBOIo NPUPOA0N0Nb30BaHMA: Hay4YHO-MeTOoANYecKoe obecneyeHre n npakTu-
yeckoe pelleHne. MaTepuanbl Me>kayHapogHOW HayYHO-NPaKTUYeCKOoN KOHgepeHLn, NocBALLeHHOR 60-neTuo HIJ akonorun naHg-
wadgToB (hakynbTeTa reorpacmu n reonHgopmaTukn BI'yY; 9-11 Hosbpsa 2022 r.; MuHck, benapycb. MuHck: BI'Y; 2022, ¢. 139-142.

5. BaraHoB EA, Mnewnkos ®N. Cuctema MOHUTOPMHIA IECOB Kak OCHOBA UX PaLMOHAaNbHOr0 UCMO0/b30BaHWS U YCTOMRUYNBOrO
pa3suTns. CUOMPCKMiA aKonornyecknin >kypHan. 1998;5(1):3-8.

6. Auclair AND, Lill JT, Revenga C. The role of climate variability and global warming in the dieback of Northern Hardwoods.
Water, Air and Soil Pollution. 1996;91(3-4):163-186.

7. Boryczka J, Stopa-Boryczka M. Natural and anthropogenic changes of climatic in Europe. Acta Universitatis Carolinae. Geo-
graphica. 1997;32:57-64.

8. Fisher M. Decline in the juniper woodlands of Raydah Reserve in southwestern Saudi Arabia: a response to climate changes?
Global Ecology and Biogeography Letters. 1997;6(5):379-386. DOI: 10.2307/2997338.

9. Holtmeier F-K. Mountain timberlines: ecology, patchiness, and dynamics. Dordrecht: Kluwer Academic Publishers; 2003. 369 p.
(Advances in Global Change Research; volume 14).

10. Huttl RT, Schneider BU, Farrell EP. Forests of the temperate region: gaps in knowledge and research needs. ForestEcology and
Management. 2000;132(1):83-96. DOI: 10.1016/S0378-1127(00)00381-9.

11. Gramer H, Gramer-Middendorf M. Untersuchungen uber Zusammenhange zwischen Schadensperioden und Klimafactoren in
mitteleuropaischen Forsten seft 1851. Pflanzenschutz Nachrichten Bayer. 1984;37(2):208-334.

12. Korpel S. Dinamika prirodneho smrekoveho lesa v zapadnych Tatrach na priklade SPR Kotlovy Zlab. Zbornikprac o Tatran-
skom narodnomparku. 1993;33:193-225.

13. Kullman L. Recent cooling and recession of Norway spruce (Picea abies (L.) Karst.) in the forest-alpine tundra ecotone ofthe
Swedish Scandes. Journal ofBiogeography. 1996;23(6):843-854.

14. Lebourgeois F. Climatic signals in earlywood, latewood and total ring widths of Corsican pine from western France. Annals of
ForestScience. 2000;57(2):155-164. DOI: 10.1051/forest:2000166.

15. Parmesan C, Yoho G. A globally coherent fingerprint of climate change impacts across natural systems. Nature. 2003;421:37-42.
DOI: 10.1038/nature01286.

16. Schweingruber F. Tree-rings and environment. Dendroecology. Berne: Paul Haupt; 1996. 609 p.

17. Treter U. Dendrookologische Untersuchungen in Flechten-Fichten-Waldland in Zentral-Labrador (Ungava, Kanada). Heidelberger
Geographische Arbeiten. 1996;104:529-542.

18. beketoB AH. O BAMAHUM KNMMaTa Ha Bo3pacTaHue COCHbl U enn. B: bekeToB AH, pegakTtop. Tpyabl [MepBoro chesga pycckux
ecTecTBOMCNbITaTeENen B CaHKT-MeTepbypre, nponcxoausLLero ¢ 28 aekabpa 1867 no 4 aueaps 1868 r. OTaeneHne 60TaHUKM.
CaHkT-MeTepbypr: Tunorpagus MImnepaTopckoil akagemun Hayk; 1868. c. 111-163.

19. Douglass AE. Tree-rings and chronology. Tucson: University of Arizona; 1937. 36 p. (University of Arizona Bulletin; volu-
me 8, No. 4).

20. Fritts HC. Tree-rings and climate. London: Academic Press; 1976. 567 p.

21. Kncenes BH, Yyb6aHos K. JlaHawac THo-3Konoruueckne nccnefosanuna benopycckoro Monecbs. MuHCK: Hayka u TeXHUKa;
1979. 104 c.

22. Cmonsak J1M, bon6otyHoB AA, PomaHoB BC. BinsaHue penbeda Ha M3MeHYMBOCTb paananibHOro NpupocTa cocHbl. B: Kaliptok-
wrmnc J1A, pegaktop. leHApOXpoHONorms n aeHapokaumaTonorus. Hoocmbmpek: Hayka; 1986. c. 114-122.

77



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteTa. Meorpacums. Meonorus. 2023;2:70-79
Journal of the Belarusian State University. Geography and Geology. 2023;2:70-79

23. MeTpos EI. BogHbI pe>XKnuM 1 NPOAYKTUBHOCTb 1ECHbIX (DM TOLEHO30B Ha N0YBax aTMOCKEePHOro yBnaXkHeHus. MuHck: Hayka
M TexHuka; 1983. 213 c.

24. Knucenes BH, Marttowesckas EB. 3konorus enu. JlornHos B®, pepaktop. MuHck: BI'y; 2004. 217 c.

25. Kucenes BH, Marttowesckas EB, ApotoB AE, Mutpaxosuu MA. XBoiiHble neca Benapycu B COBPEMEHHbIX KNMMaTUYECKNX
YCNoBUAX (AeHAPOKAMMATMYecknii aHanus). Knucenes BH, pegaktop. MuHck: MpaBo 1 akoHomuka; 2010. 202 c.

26. [lemakos tOT1. [lnarHoCcTNKa yCTOiUMBOCT M NECHbIX 3KOCUCTEM (MeTOA0M0TMUYeCKINe M MeToaMYeckme acnekThl). Molukap-
Ona: Mepnognka Mapuin 3n; 2000. 416 c.

27. BoenikoB AW. Knumart Monecbs. B: XunnHckunin MW, coctaButens. MpunodXkenns K ouepky paboT 3anagHoit akcneanuun no
ocyweHuto 6onoT, 1873-1892 rr. CaHkT-MNeTepbypr: M3gaHne MuHMCTepcTBa 3eMnefenns U rocyfapCTBEHHbIX MMyLLecT; 1899.
c. 1-132.

28. Kucenes BH, MaTiowesckaa EB, ApotoB AE, Mutpaxosud MNMA. Ocob6eHHOCTM pagnanbHOro NpMpocTa COCHbl Ha BEPXO0BbLIX
6onoTax benopycckoro Monecbs. BecuibAMY. Cepbia 3, ®isika. MaTamaTblka. IHpapmaTbika. bisnoris. Mearpadis. 2010;3:35-39.

29. bokos BH, Bopo6beB BH. VI3MeHUMBOCTb aTMOCHEPHON LMPKYNALUN 1 N3MEHEHUE KNMMATA. YUeHble 3annckun POCCHiickoro
rocyapcTBEHHOI0 rMApoOMeTeoponornyeckoroyHmsepcuTeTa. 2010;13:83-88.

30. M'mpc AA. MHoroneTHue KonebaHus aTMOCHEPHO LMPKYAALWNA U LONTOCPOYHbIE MeTE0PONOrMyeckne NPorHo3bl. JIeHUHrpasa:
FmpopomeTteounsaat; 1971. 280 c.

31. Marttowesckas EB. ®akTopbl U3MEHUNBOCT M pagnanbHOro npupocTa AepesbeB. Kucenes BH, pegaktop. MuHck: br'y; 2017.
231 c

32. MaTtoweBckasa EB, Jopoxko HB. BynkaHnyeckue n3BepxXeHns Kak haktop M3MeH4YMBOCTU CTBOIOBOW NPOAYKTUBHOCTYU CO-
CHbl Ha BepX0BbIX 60noTax benapycu. B: ®apTbiwes AH, pegaktop. Cubupb 1 anbHuii BocTok Poccun B chopMmupytoLiemcs npo-
cTpaHcTBe bonbwoi Eepasun. MaTepuansl X X 06UNeiiHOl HayYHON KOHhepeHuun (C MeXKayHapoAHbIM yyacTWeEM) MONOAbIX reo-
rpacpos Cubupu nlansHero Boctoka; 24-29 mas 2021 r.; MipkyTck, Poccus. VpkyTck: N3gatensctBo MIHCTUTYTa reorpadmm MMeHN
B. B. CouaBbl CO PAH; 2021. c. 60-63.

References

1 Bitvinskas TT. Dendroklimaticheskie issledovaniya [Dendroclimatic studies]. Leningrad: Gidrometeoizdat; 1974. 172 p. Russian.

2. Rusalenko Al. Godichnyiprirost derev’ev i vlagoobespechennost’ [Annual growth of trees and moisture availability]. Minsk:
Nauka i tekhnika; 1986. 238 p. Russian.

3. Smolyak LP. Bolotnye lesa i ikh melioratsiya [Swamp forests and their reclamation]. Yurkevich ID, editor. Minsk: Nauka i tekh-
nika; 1969. 209 p. Russian.

4. Matsiusheuskaya KV, Yarotov AE. [Life forms of pine Pinus sylvestris in the upland bogs of the Belarusian Polesie]. In: Vo-
rob’ev DS, editor. Aktualhye voprosy ustoichivogoprirodopolzovaniya: nauchno-metodicheskoe obespechenie iprakticheskoe reshe-
nie. Materialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii, posvyashchennoi 60-letiyu NIL ekologii landshaftov fakul teta
geografii i geoinformatikiBGU; 9-11 noyabrya 2022g.; Minsk, Belarus’ [Actual issues of sustainable nature management: scientific
and methodological support and practical solution. Proceedings of the International scientific and practical conference devoted to the
60thanniversary ofthe Research Institute of Landscape Ecology ofthe faculty of geography and geoinformatics of the Belarusian State
University; 2022 November 9-11; Minsk, Belarus]. Minsk: Belarusian State University; 2022. p. 139-142. Russian.

5. Vaganov EA, Pleshikov FI. [Forest monitoring system as a basis for their rational use and sustainable development]. Sibirskii
ekologicheskii zhurnal. 1998;5(1):3-8. Russian.

6. Auclair AND, Lill JT, Revenga C. The role of climate variability and global warming in the dieback of Northern Hardwoods.
Water, Air and Soil Pollution. 1996;91(3-4):163-186.

7. Boryczka J, Stopa-Boryczka M. Natural and anthropogenic changes of climatic in Europe. Acta Universitatis Carolinae. Geo-
graphica. 1997;32:57-64.

8. Fisher M. Decline in the juniper woodlands of Raydah Reserve in southwestern Saudi Arabia: a response to climate changes?
Global Ecology and Biogeography Letters. 1997;6(5):379-386. DOI: 10.2307/2997338.

9. Holtmeier F-K. Mountain timberlines: ecology, patchiness, and dynamics. Dordrecht: Kluwer Academic Publishers; 2003. 369 p.
(Advances in Global Change Research; volume 14).

10. Huttl RT, Schneider BU, Farrell EP. Forests of the temperate region: gaps in knowledge and research needs. Forest Ecology and
Management. 2000;132(1):83-96. DOI: 10.1016/S0378-1127(00)00381-9.

11. Gramer H, Gramer-Middendorf M. Untersuchungen uber Zusammenhange zwischen Schadensperioden und Klimafactoren in
mitteleuropaischen Forsten seft 1851. Pflanzenschutz Nachrichten Bayer. 1984;37(2):208-334.

12. Korpel S. Dinamika prirodneho smrekoveho lesa v zapadnych Tatrach na priklade SPR Kotlovy Zlab. Zbornikprac o Tatran-
skom narodnomparku. 1993;33:193-225.

13. Kullman L. Recent cooling and recession of Norway spruce (Picea abies (L.) Karst.) in the forest-alpine tundra ecotone of the
Swedish Scandes. Journal o fBiogeography. 1996;23(6):843-854.

14. Lebourgeois F. Climatic signals in earlywood, latewood and total ring widths of Corsican pine from western France. Annals of
Forest Science. 2000;57(2):155-164. DOI: 10.1051/forest:2000166.

15. Parmesan C, Yoho G. A globally coherent fingerprint of climate change impacts across natural systems. Nature. 2003;421:37-42.
DOI: 10.1038/nature01286.

16. Schweingruber F. Tree-rings and environment. Dendroecology. Berne: Paul Haupt; 1996. 609 p.

17. Treter U. Dendrookologische Untersuchungen in Flechten-Fichten-Waldland in Zentral-Labrador (Ungava, Kanada). Heidel-
berger Geographische Arbeiten. 1996;104:529-542.

18. Beketov AN. [On the influence of climate on the growth of pine and spruce]. In: Beketov AN, editor. Trudy Pervogo s ®zda
russkikh estestvoispytatelei v Sankt-Peterburge, proiskhodivshego s 28 dekabrya 1867po 4yanvarya 1868 g. Otdelenie botaniki [Pro-
ceedings of the First congress of Russian naturalists in Saint Petersburg, which took place from 1867 December 28 to 1868 January 4.
Department of botany]. Saint Petersburg: Tipografiya Imperatorskoi akademii nauk; 1868. p. 111-163. Russian.

78



eorpacus
Geography

19. Douglass AE. Tree-rings and chronology. Tucson: University ofArizona; 1937. 36 p. (University ofArizona Bulletin; volume 8,
No. 4).

20. Fritts HC. Tree-rings and climate. London: Academic Press; 1976. 567 p.

21. Kiselev VN, Chubanov KD. Landshaftno-ekologicheskie issledovaniya Belorusskogo Polesya [Landscape-ecological studies
ofthe Belarusian Polesie]. Minsk: Nauka i tekhnika; 1979. 104 p. Russian.

22. Smolyak LP, Bolbotunov AA, Romanov VS. [Relief influence on the variability of radial growth of pine]. In: Kairyukshtis LA,
editor. Dendrokhronologiya i dendroklimatologiya [Dendrochronology and dendroclimatology]. Novosibirsk: Nauka; 1986. p. 114-122.
Russian.

23. Petrov EG. Vodnyi rezhim iproduktivnost’lesnykhfitotsenozov napochvakh atmosfernogo uvlazhneniya [Water regime and pro-
ductivity of forest phytocenoses on soils of atmospheric moistening]. Minsk: Nauka i tekhnika; 1983. 213 p. Russian.

24. Kiselev VN, Matsiusheuskaya KV. Ekologiya eli [Ecology of a spruce tree]. Loginov VF, editor. Minsk: Belarusian State Uni-
versity; 2004. 217 p. Russian.

25. Kiselev VN, Matsiusheuskaya KV, Yarotov AE, Mitrakhovich PA. Khvoinye lesa Belarusi v sovremennykh klimaticheskikh
usloviyakh (dendroklimaticheskii analiz) [Coniferous forests of Belarus in modern climatic conditions (dendroclimatic analysis)].
Kiselev VN, editor. Minsk: Pravo i ekonomika; 2010. 202 p. Russian.

26. Demakov YuP. Diagnostika ustoichivosti lesnykh ekosistem (metodologicheskie i metodicheskie aspekty) [Diagnostics of stabi-
lity of forest ecosystems (methodological and methodological aspects)]. loshkar-Ola: Periodika Marii EI; 2000. 416 p. Russian.

27. Voeikov Al. [Climate of Polesie]. In: Zhilinskii 11, compiler. Prilozheniya k ocherku rabot Zapadnoi ekspeditsiipo osusheniyu
bolot, 1873-1892 gg. [Appendices to the Sketch of the western expedition to drain the swamps, 1873-1892]. Saint Petersburg: Izdanie
Ministerstva zemledeliya i gosudarstvennykh imushchestv; 1899. p. 1-132. Russian.

28. Kiselev VN, Matsiusheuskaya KV, Yarotov AE, Mitrakhovich PA. [Peculiarities of radial growth of pine on the upland bogs of
Belarusian Polesie]. VesciBDPU. Series 3, Physics. Mathematics. Informatics. Biology. Geography. 2010;3:35-39. Russian.

29. Bokov VN, Vorobyev VN. Variability of atmospheric circulation and variability of a climate. Proceedings o fthe Russian State
Hydrometeorological University. 2010;13:83-88. Russian.

30. GirsAA. Mnogoletnie kolebaniya atmosfernoi tsirkulyatsii i dolgosrochnye meteorologicheskieprognozy [Multiyear variations
of atmospheric circulation and long-term meteorological forecasts]. Leningrad: Gidrometeoizdat; 1971. 280 p. Russian.

31. Matsiusheuskaya KV Faktory izmenchivostiradialhogoprirosta derevev [Factors oftree radial growth variability]. Kiselev VN,
editor. Minsk: Belarusian State University; 2017. 231 p. Russian.

32. Matsiusheuskaya KV, Dorozhko NV. Volcanic eruptions as a factor of variability of pine stem productivity in the upper swamps
of Belarus. In: Fartyshev AN, editor. Siberia and the Far East ofRussia in the emerging space of Greater Eurasia. Proceedings of
the 20thanniversary scientific conference (with international participation) ofyoung geographers ofSiberia and the Far East; 2021
May 24-29; Irkutsk, Russia. Irkutsk: lzdatel’stvo Instituta geografii imeni V B. Sochavy SO RAN; 2021. p. 60-63. Russian.

MonyyeHa 02.05.2023 / ucnpasneHa 21.09.2023 / npuHaTa 27.09.2023.
Received 02.05.2023 / revised 21.09.2023 / accepted 27.09.2023.

79



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteTa. eorpacums. Meonorus. 2023;2:80-89
Journal of the Belarusian State University. Geography and Geology. 2023;2:80-89

YK 911.6

MHOXECTBEHHOE PEMPECCNMOHHOE MOAOE/TMPOBAHWE:
COBPEMEHHOE TNMPOCTPAHCTBEHHOE TNJTAHNPOBAHWE
N SKOHOMWNYECKOE MOAE/TNMPOBAHWVE UHAYCTPUN TYPU3MA
(HA MPUMEPE LUEKVHCKOIO PANOHA)

H. APTYHOB1

WIHCTUTYT reorpadgum Asepbaig>kana, np. I'. I>kasnga, 115, AZ 1143, 1. baky, Asepb6alig>kaH

MpoBefeHbl TWATeNbHbIA aHANW3 TEPPUTOPUANBHOTO NAAHUPOBAHUA TYPUCTUUYECKOR OTPACcM U MHOXECTBEHHbIN
perpeccuMoHHbI aHanM3 4OX0A0B OT Typu3ma B LLleknHckom painoHe 3a 2010-2021 rr. OCHOBHOW 3aga4yeil nccnegoBaHns
CTano BbifBNeHME (DAKTOPOB, BAMAKOLWMNUX Ha HhOPMUPOBaHUE LOXOA0B B TYPUCTUYECKOW OTPac/nM B KOHTEKCTE Peruno-
Hanusauum n COBPEMEHHOro HanpaBneHUa pa3BUTUA Typusma. [na LOCTMXKEHUA NOCTaBNEHHOW Lenun 6bian n3yyeHbl
cyllecTBylOULMEe TeopeTUYeCcKMe NOAXOAbl K TEPPUTOPUANbHOMY MAAHUPOBaAHUIO Typu3ma, pacCMOTPeHbl JOCTOMHCTBA
N HefOCTaTKN TYPUCTUYECKOW oTpacnu, npoaHanM3npoBaHa nocnefoBaTeNbHOCTb NnaHuposaHusa. MNpu nccnegoBaHunm
(hakToOpOB, BANAOWNX HA TYPU3M, NTPUMEHANNCH MeTOAbl CPaBHUTENbHOTO, PEFPECCMOHHON0 U KOPPesALMOHHOM0 aHanmsa,
a OKOHYaTe/bHbI/i BApMAHT MaTeMaTU4eCKON CTaTUCTUYECKON MoAenmn 6bia1 NONYYeH HA OCHOBE UCNO/b30BaHUA NOCNes0-
BaTe/NbHbIX MOJeNel NyTeM BblABUXEHUSA T1MNoTe3. B xofde nccnefoBaHnUa yCTaHOBIEHO, YTO KOIMYECTBO FOCTUHUYHBIX
HOMEpPOB M MHOCTPaHHbIX TYPUCTOB ABNAETCA OCHOBHbLIM (haKTOPOM (hOpMUPOBaHMA LOX0L0B. [pefnoxeHHas Mofenb
nMmena cnegyrolme xapaktepuctmkum: p <0,005 n R2= 10,4886, 4To cfenano ee oKoOH4YaTe/bHbIM BapuaHToM. B paboTe
NOAYEPKMBAETCH BaXHOCTb rNy60KOr0o M3y4yeHUa TekKywWwmnx n 6yaywnux cutyauuin nio6oro nccnefoBaTefi.CKOro Hanpas-
NeHNs, a TaKXXe PacCMOTPEHUs TakKMX BOMPOCOB NNaHUMPOBaHWUA Typu3ma, Kak ah(heKTUBHOEe MCNONb30BaHME PecypcoB
1 NPOrHO3MpoOBaHMNe LOX00B. BbllweckasaHHOe CBUAETENbCTBYET O TOM, YTO COKpalleHWe JOX0L0B OT TYpM3Ma CBA3aHO
npexpe BCEro co CHUXEHWEM WHTepeca MHOCTPAHLEB, BbI3BAHHOTO POCTOM LiEH HAa MPOXWBaHWe B FOCTUHMLAX U NUTa-
Hue. Kpome TOro, B HacTosliee BpeMa NUAUPYIOT pernoHbl Mabana n Max, npu 3ToM TypucTMYEeCKUEe NOTOKMW Hanpasne-
Hbl B CTOPOHY OT LLeknHCcKOro paitoHa. B uenom pesynbTatbl NPOBEAEHHOr0 UCCNeA0BaHNA Jal0T LEHHY0 H(opMaLuto
0 (hakTOpax, BAUAILWNX Ha OX0Abl OT Typu3Ma B LLI eKMHCKOM paitoHe, 4TO MOXET CNoco6CTBOBaTb NPUHATUIO peLLEeHN
B UHAYCTpUY Typusma. CaenaHHble BbIBOAbI MOMOTYT 3aMHTEPeCOBaHHbIM CTOPOHAM ONMpPeAennTb KNo4YeBble TOUKKN pocTa
WHLYCTPUY U NPUHATb COOTBETCTBYHOLLME MePbl ANA NPpUBNEYEHUSA 60NbLLIEro KOIMYeCcTBa TYPUCTOB, & TAKXE YBeNNYeHNA
[0X0[J0B.

Kntouyesble CNOBA: NPOCTPAHCTBEHHOE NJAHWPOBaHMeE; UHAYCTPUSA TypuU3ma, perpeccuoHHas mogenb; LU eKnHCKuii
paiioH; NPOrHO3MpOBaHMe; NNaHUpPOBaHMe Typu3ma.
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MULTIPLE REGRESSION MODELLING:
CONTEMPORARY SPATIAL PLANNING
AND ECONOMIC MODELLING OF TOURISM INDUSTRY
(CASE STUDY OF SHAKI DISTRICT)

N. ARTUNOV3

Jnstitute of Geography ofAzerbaijan, 115 H. Javid Avenue, Baku AZ 1143, Azerbaijan

The study conducted a thorough analysis of the territorial planning of the tourism industry and a multiple regression
analysis of tourism revenues in the Shaki district from 2010 to 2021. The main objective of the research was to identify
the factors influencing the formation of income in the tourism industry in the context of regionalisation and the current
direction of tourism development. Studying the negative and positive aspects of the tourism industry and the planning
sequence, as well as the existing theoretical approaches to tourism planning, was necessary to achieve this goal. Compa-
rative analysis, regression analysis, and correlation analysis methods were used to analyse the factors affecting tourism,
and the final version of the mathematical statistical model was obtained based on successive models by establishing
hypotheses. The study found that the number of hotel rooms and foreign tourists is the main influential factor in the for-
mation of income. The proposed model had following parameters: p < 0.005 and R2= 0.488 6, making it the final option.
The research highlights the importance of deep learning about current and future situations of any research destination
and tourism planning issues, such as the effective use of resources and the prediction of incomes. It demonstrates that
the reduction in tourism income is primarily due to the decrease in foreign tourists’ interest caused by rising hotel and
food costs. The research also reveals that the focus has shifted to other neighbouring districts, such as Gabala and Gakh,
with tourist flows directed away from the Shaki district. Overall, this study provides valuable insights into the factors af-
fecting tourism revenue in the Shaki district, which can inform future policy and decision-making in the tourism industry.
As aresult of these findings, stakeholders will be able to identify the key drivers of tourism growth and take the necessary
measures to attract more tourists and increase revenue from tourism.

Keywords: spatial planning; tourism industry; regression model; Shaki district; prediction; tourism planning.
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Introduction

An increase in the population’s income leads to a rise in its cultural and living standards, which results
in the expansion of interest in other countries and people, enhancement in the number of tourist activities, and
the formation of the tourism industry [1]. There are several views and approaches to tourism. J. Holloway
describes tourism as problematic in establishing clear lines between shoppers and tourists [2]. There is no
commonly accepted definition of the tourism industry. R. Mill and A. Morrison point out that it is difficult to
describe tourism as an industry because there are many complementary and competing activities among tourism
businesses [3]. They integrate the definitions oftourism into a common context, emphasising the relationship
between travel, tourism, leisure, and recreation. In their approach, they continue to define this relationship as
«fuzzy» and distinguish that all tourism involves travel but not all travel is tourism. Nevertheless, the tourism
industry is often portrayed as just an activity. In the above approaches, the formation of tourism as a sepa-
rate industry and the emerging ideas in this field are clearly defined.

Tourism is a very fast-growing sector of the economy and it is becoming increasingly widespread among
nations.Taking into account its economic, socio-cultural, and environmental impact potential, it is clear that
these impacts can be positive or negative depending on whether tourism is planned or not, and how well it is
planned and implemente [4].

In other words, tourism planning is the process oftourism development [5], and the main goal is to ensure
sustainable development in tourism. There are usually issues that need to be followed in the planning schedule
and sequence to minimise the negative potential oftourism and maximise its benefits.

Since the tourism industry covers various industries, it should be dealt comprehensively and planning should
be done according to individual components. The complexity ofthe industry calls for coordinated, integrated,
and careful planning between all tourism stakeholders, including tourism-related and involved sectors. The
following conditionsmust be fulfilled for the development oftourism in the country as well:

» implementation of planning policy that can be at the national, regional, and local scale;

« existence of rules and laws which assume formation ofthe legal framework and legislation;

» control of the plan that must include the body responsible for monitoring its implementation and
dynamics [6].
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According to S. Roday, A. Biwal, and V. Joshi «unplanned and unregulated tourism has long-term adverse
effects on society, culture, ecology, and economy» and at the same time «proper planning should ensure sys-
tematic operation to achieve desired results and success» [7, p. 436-437]. J. Ezani defines planning as «the
act or process of making plans and designs for a particular project or enterprise» [8, p. 1]. Tourism planning
should involve many stakeholders and have a common vision, direction, and commitment [9]. In tourism plan-
ning, each country should have a national tourism policy that will address tourism-related issues and advocate
the need for tourism planning. In addition to the necessity of the above-mentioned conditions during tourism
planning, the following are mentioned.

Integrated tourism development. The fact that the tourism industry covers many different sectors allows to
coordinate activities ofthe sectors towards a common goal within the framework of the adopted plan.

Economic benefits. One ofthe reasons for the need for tourism planning is economic efficiency, that is, the
ability to generate income. The development oftourism requires a large capital investment, where the main goal
is to finance one or more areas and forecast revenues. Planning helps to achieve financial gain from tourism.

Protection. Planning helps to ensure conservation by optimising tourism benefits and preventing problems.
During the tourism, historical places, archaeological monuments, cultural centres, scenic and touristic places,
and mental components must be protected. Planning assists to implement policies, regulations and laws that
will ensure their continued maintenance and availability. Proper planning oftourism can lead to the protection
and maintenance of cultural, natural, and ecological resources in development.

Development ofsustainable tourism. Among the modern industries, there is a great need to protect natu-
ral and culturally important places and the environment in the development of tourism (monuments, beach
resorts, and wildlife reserves).

Development o fhuman resources. In addition to the services of professionals, tourism requires skilled and
unskilled labour. Planning helps to determine the number of human resources needed, the skills required,
and how they can be acquired.

Security. The tourism plan addresses internal security issues, crimes committed by tourists, and crimes
against tourists by host community members.

Tourism planning requires a painstaking and logical course followed in order of priority and it is important
to follow the process. The following phases are mentioned as different stages oftourism planning: assessment
oftourist demand and supply, determination of objectives, spatial planning, basic infrastructure, financial plan-
ning, human resource planning, administrative management structure, marketing and promotion, monitoring
of results, time factor.

However, some changes have occurred in the general structure of planning and new approaches have been
proposed in recenttimes. The main goal is to ensure the optimality ofthe process and to achieve the result in the
medium and near future. This will help to prevent wasted time and financial loss. Some authors [7, p. 440-441]
present more similar and more simple sequence oftourism planning: definition ofthe system, goals, and objec-
tives, collection of relevant information; data analysis and interpretation, preliminary planning and analysis;
approval and finalisation ofthe plan, implementation and monitoring of the final plan.

The tourism industry mainly includes inns, hotels, tourism companies, service areas, small workshops, and
enterprises engaged in the production of souvenirs and gifts. Social services, production enterprises, museums,
catering facilities, transport companies, advertising, tour operators, travel agencies, and other infrastructures
are involved as the main enterprises that form the tourism product. It is necessary to group the enterprises in-
volved in the formation ofthe tourism services market, taking into account infrastructure areas directly related
to tourism, supply and production services, complex services (provided by tour operators, travel agencies, and
other tourist organisers).

The spatial planning concept is increasingly prominent in discussions and strategies focusing on regional
planning and tourism development. Spatial planning and the tourism industry are two various concepts, in fact,
they are greatly interrelated. Spatial planning can be used as an instrument for coordinating socio-economic
development by preventing environmental problems and simultaneously protecting the natural and cultural
environment [10]. At the same time significant implications for how a given destination should be planned,
developed and operated must be taken into account during both spatial and economic planning [11]. Let’s
summarise given concepts. Spatial planning in tourism is an integral part of socio-economic planning [12]
and the continuous activity of society which aimed to organise, arrange and equip certain spatial entities in the
function of their marketing possibilities, availability of tourism, and socio-economic goals, with the effort to
maximise the positive and minimise the negative social, economic and spatial effects of tourism [13].

Summing up the above-mentioned ideas, it is clear that the primary goal here is to ensure the planning
process, economic sustainability, sustainable development, and maximum results. A number of programmes
and acts have been adopted in order to ensure the sustainable development of tourism in the research region.
Important work has been done in the field oftourism in the country, the President ofthe Republic of Azerbaijan
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signed the Decree of 1 September 2016 «On additional measures related to the development oftourism in the
Republic of Azerbaijan» and the strategic road map for the development of the specialised tourism industry
was adopted on 6 December 2016 in the country.

For this purpose, according to the Decree ofthe President of the Republic of Azerbaijan of 20 April 2018
«On some measures related to the improvement of state management in the field of culture and tourism», the
State Tourism Agency was established, and within this framework, the tourism brand was formed and pro-
moted on a local and international levels and work in the direction of increasing competitiveness was started.
Azerbaijan Tourism Bureau was established under the agency and its information base was expanded. State
historical-architectural reserve «Yukhari Bash» of Shaki district (including hotel complex «Carvansaray» in
Shaki City), historical-architectural reserve «Kish» operates as part of the tourist office.

The main purpose ofthe research is to analyse the issues ofterritorial planning oftourism, to determine the
main factors that affect development, and to find out the direction of the tourism development in the region
for the period 0f2010-2021. Here, the main goals are to assess the current situation in the field oftourism and
determine the direction ofit’s development. A number of hypotheses have been put forward for these purposes.

First of them is to reveal factors that affect the income of hotels and hotel-type enterprises in the Shaki
district. The second hypothesis is to determine the relationship between the employment ofthe population in
tourism and hotel income. The third hypothesis suggests studying of correlation between fields in the tourism
district. And according to the fourth hypothesis it is necessary to forecast revenues in the tourism region and
to build the most appropriate model.

Materials and methods

Studied area. The total area of Shaki district is 2488 km2and it is the second largest district of Azerbaijan
after Guba district, located in the northwest of the republic (fig. 1). The administrative district is surrounded
by the Dagestan Republic of the Russian Federation from the north, Oguz from the east, Yevlakh from the
south, and Gakh from the west.

47°0'0"E. 47°10'0"E. 47°20'0"E. 47°30'0"E.

Fig. 1. Studied area (Shaki district) (prepared in ArcGIS 10.3)
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Methods. Comperative, correlation and regression analysis were used and a model was built to predict the
studied area for the period of 2010-2021. For this purpose, statistical data have been used and factors that
could affect the income of hotels were calculated. The R programming language was used in the construction
of the mathematical-statistical model. A number of parameters that formulate and have a significant influ-
ence on region’s tourism income were taken into account in building the model: one-time capacity of hotels,
number of hotel rooms, number of employees, number of foreign tourists, and number of citizens.

Several factors influence the formation of the income of hotels in the Shaki district. It is for this reason
that the multiple regression method was used in the analysis by region. In cases where there is one dependent
and more than one independent variable, the multiple linear regression model that examines the relationship
between the variables is expressed as follows:

Y=Pc+PJl +B22+ mm+ P)Xn+ "
where yis the dependent variable (income); x is independent variables (capacity, number of rooms, number of
employees, foreign tourists, citizens); p is intercept.

To use multiple linear regression analysis, the factors of the model must be provided. The terms of this
regression model can be summarised as follows: condition of normality, linearity condition, constant change
condition, absence of autocorrelation, absence of multicollinearity problem between independent variables,
equality ofthe average ofthe error terms to zero and it’s proximity to zero [14]. Some pre-requisities to carry
linear regression model are the following:

« there is linear relationship between quantitative dependent and independent variables;

« there is no presence of autocorrelation of residuals;

* the mean of residuals is zero;

» there is equal variance of residuall or presence of homoscedasticity;
the independent variables are uncorrelated with errors;

« there is absence of multicollinearity [15].

Regression analysis. A number of models have been developed as a way to attempt to measure and predict
incomes about tourism [16]. The most recent models have utilised either a matrix, factor analysis, or cluster
analysis and ect. P. J. Sheldon and T. Var discussed five general groups of forecasting techniques, some ofthe
most frequently used varieties are called «econometric models», including regression and discriminant ana-
lysis [17]. These behavioural models attemptto determine cause and effect relationships between travel trends
and imputed causal factors [18].

Regression analysis is an actively used mathematical statistical method. Its easy and understandable appli-
cation, and fast results thanks to statistical package programmes lead to an increase in interest in regression
analysis in scientific research, and use of multivariate statistical techniques has been growing in the social science
literature, allowing researchers to answer complex research questions and test multivariate models [19]. The
technique has provided tourism researchers with a comprehensive means for testing and modifying theoretical
models and it is comparatively more sophisticated than other multivariate statistical techniques [20]. A. D. Tasci
studied the relative impact of factors influencing destination image, by analysing the large scale and longitudinal
dataset ofthe Michigan regional travel market survey by applying multiple regression analysis and found that
only a few ofthose selected variables (i. e. age, race and visitation) play curicial role in destination image [21].

Regression analysis examines the relationship between a variable and one or more independent varia-
bles [22]. In regression analysis, there is a cause-and-effect relationship between these variables, and this
relationship is explained by a mathematical model [23]. This model is called a regression equation or a regressi-
on model. A model consisting ofa dependent variable and an independent variable is called a simple regression
model [24], while a model consisting of a dependent variable and multiple independent variables is called
a multiple regression model [25].

The goal is to create an estimation equation that can be used to estimate the dependent variable with the
help ofthe independent variable or variables [26]. To make reliable predictions using a regression model, you
need to know the state of the relationship between the variables in the model [27]. The regression model to be
used varies depending on the state ofthe relationship between the variables (linear, logarithmic, exponential,
etc.) [28]. Regression analysis is particularly affected by distributional characteristics [29].

Building the model. The construction ofthe model is carried out in stages. First, the stable variable with the
highest correlation with the dependent variable is added and the p-value is looked at in the F-statistic. Conse-
cutively, other influencing factors are included in the model and the increasing and decreasing tendency ofthe
p-value is measured. As a result, the most suitable model is proposed. The question ofwhat factors affect hotel
revenues in the Shaki district, proposed in first hypothesis, was tested one by one with the following models.
After entering all the components (with the enter method), it is set as model 1 Looking at the F-statistic of
model 1, we see thatp > 0.18, some variables are removed from the model (table 1 (model 1)). Regression
analysis is continued by keeping some of the variables constant in building the model.
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Table 1
Model 1 and model 2 after adding factors
Model 1 (once capacity, number of rooms, Model 2 (number of rooms,
Parameters employees, and number of foreign foreign and domestic tourists,
and domestic tourists) when one-time capacity)
Residual standard error 458.3 on 10 degrees of freedom 444.9 on 12 degrees of freedom
Multiple R2 0.4845 0.417 2
Adjusted R2 0.226 8 0.2715
F-statistic 1.88 on 5 and 10 degrees of freedom  2.864 on 3 and 12 degrees of freedom
p-Value 0.1851 0.081 07

Model 2 differs from the previous model: there some variables were removed, a new variable was added.
After the regression analysis is established, when we look at the value of the F-statistic, we see thatp > 0.08,
which means that the most ideal result has not been achieved in this model. However, it is possible to maintain
variables by taking a wide margin of error.

Results and discussion

Table 2 shows the construction ofthe model as well. Here, unlike the previous ones, a number of influencing
factors have been removed, only the number of hotel rooms, the arrival of foreigners in the region, and the
impact on hotel revenues based on this have been studied. Also,p <0.04 was obtained in the F-statistic, which
is considered the most appropriate model. This model fully explains fourth hypothesis and it is possible to
make its predictions.

Table 2
Model 3 (regression model): statistical values and metrics
Thefunction used to build the model
Im(formula = incomes ~ hotel_rooms + foreign, data = df)
Distribution statistics ofsurpluses
Minimal First quartile Median Third quartile Maximal
-403.0 -172.74 -34.78 28.11 1396.07
Statistics ofinfluencingfactors (standard errors, p-values)
Parameters Estimate Standard error t-Value Pr (>[t))
Intercept -425.543 3 618.4495 -0.688 0.503 5
Hotel rooms 3.6773 2.3394 1.572 0.1400
Foreign 0.1189 0.056 5 2.104 0.0554
Metrics that measure how well the modelfits
Residual standard error Multiple R2 Adjusted R2 F-statistic p-Value is 0.040 83
is 437.8 on 13 degrees is 0.4886 is0.2946 on 1 is 4.132
of freedom and 13 degrees
of freedom

Note. Significant codesare 0'***'0.001'**'0.01'*'0.05"'.'0.1""1.
Data analysis. Shaki district is one of the main tourism centres of Azerbaijan. The tourism infrastructure

of the region is covered by the construction of inns and hotels, the construction of the transport system, and
the creation and operation of service areas. To analyse the current state oftourism in the research region, it is
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enough to look at the information of the State Statistical Committee on Tourism. Looking at the statistics of
tourist tickets sold in the Shaki district, we see that this figure is equal to 582. In 2019, 218 tour packages were
sold, which is 2 times less1than the number of 2021. Taking into account their economic values, itis clear that
the income from these sales in 2019 was 190.9 thsd manats, and in 2021 it was 69.2 thsd manats, which means
a 64 % decrease. However, the registration of general indicators is almost non-existent in the administrative
regions ofthe Shaki - Zagatala region. Thus, there are only 2 years of data.

There is an increasing and decreasing trend in the capacity of hotels and inns operating in the region
between 2010 and 2021 due to seasonly demand. Thus, in 2010, the capacity of hotels in the Shaki district was
576 places, in 2015 it has increased by 109 places, and in 2021 it decreased again by 103 places and returned
to its previous state. During the mentioned period, the highest indicator was recorded in 2016 (808 places).
When analysed by economic region, it ranked 3rdafter Gabala and Gakh districts.

If we look at the income from hotels in the region, a decreasing trend is observed in 2010-2021. The
income of hotels was 2210.5 thsd manats in 2010, in 2015 it decreased by 52 % to 1068.9 thsd manats, and in
2021 it decreased by 26 % to 796 thsd manats. If we look at the general figures, we can see that the income
has decreased up to 3times in 11 years. Also, the share of Shaki in the Shaki - Zagatala economic region has
dropped sharply in the mentioned period. Thus, the share of Shaki in the economic region decreased from
55.4 % in 2010 to 41.0 % in 2015 and to 4.0 % in 2021. This is a very low indicator. Analysing by region, it
becomes clear that it lags behind only Gabala district. However, in 2021, for the first time it fell behind in the
Gakh district and fell to the 3rd level.

One of the main conditions for the development of the tourism market and the sale of tourism products
is meeting the tourist demand. Two factors play a key role in the formation of the tourism industry in
Shaki district and in the increase of hotel revenues: visiting of foreigners and visiting of citizens of the
country.

Ifwe pay attention on the level of foreigners coming to the region and staying, it can be seen that between
2010 and 2021, increasing recorded initially, but in the last period, a sharp decrease was observed (fig. 2).
According to statistics, in 2010, 2110 foreign citizens visited the region, and in 2015, it increased by 26 %
compared to the previous year and reached 2852 people. In 2021, it has decreased 14 times at a sharp speed.
The number of foreigners has changed between 200-300 people in the last two years. The decrease in the
number oftourists is seen not only in Shaki district but also in other districts.

Fig. 2. Graphics of foreigners and citizens by years
(prepared on the data of statistical reports
ofthe State Statistical Committee ofthe Republic of Azerbaijan)

The highest indicator for the region was obtained in 2019 when there were 8447 people. The leadership in
the economic region belongs to the Gabala district. The involvement ofthe country’s citizens in domestic tou-
rism has had a positive effect on the development oftourism in the Shaki district. So, ifthe number of citizens
was 4209 in 2010, it reached 9974 people in 2015, which means an increase of more than 2 times compared to

'Socio-economic development of regions. Statistical collection [Electronic resource]. URL: https://www.stat.gov.az/menu/6/statis-
tical_yearbooks/ (date of access: 20.12.2022) (in Azerbaijani).
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the previous year. However, it decreased again by the same amount and returned to its previous state in 2021.
When analysing the Shaki - Zagatala economic region, we observe that the share of Shaki among the regions
visited by citizens has decreased in recent times.

Ifwe look atthe number of employees working in the service sector, we see that the highest indicator was
recorded in the region in 2019. In the following years, there is atendency ofincreasing and decreasing the total
number. Thus, in 2010, the number ofemployees increased from 109 people to 177 people (38 %), and in 2021,
it decreased again by the same amount to the level of 2010. There is no stability in the number of employees
and it varies depending on the current situation.

Correlation analysis. Correlation analysis is applied between the given influencing factors and the rela-
tionship between two or more variables is studied. Correlation can be studied by two methods, diagrammatic
method and mathematic method. Diagrammatically it is studied with the help of scatter diagram which cannot
provide exact value of correlation in all case. Mathematically many methods and formulas are there however
Pearson’s method is widely used [30]. The Pearson correlation analysis is a common criterion to measure the
correlation between variables, which is defined as following [31]:

m

Rh=" .

i-Xiy z v -y)
K=1 K=t

where m is the number of samples; R (i) measures the correlation between the feature i and the class standard;
xk iis the feature value ofthe feature i ofthe sample k; xiis the average value ofthe feature i; ykrepresents the
value ofthe sample k; y represents the class standard mean value ofthe sample k. According to the definition
formula, the variation range of R(i is between -1 and 1[32]. When R (i) =1, the feature i is positively linear
correlated with the class standard; when R (i) =-1, the feature i is negatively linear correlated with the class
standard. As the degree of correlation between the feature i and the class standard varies, the value of R (i
changed between 0 and 1 The larger the value of R (i) is, the greater the contribution of the feature i to clas-
sification is. There was a weak correlation between features and class standard when R (i) <0.3. There was
a low correlation between features and class standard when 0.3 <R (i) <0.5. There was a significant correlation
between features and class standard when 0.5 <R (i) < 0.8. There was a high correlation between features and
class standard when 0.8 <R (i < 1[33]. To summurise all above mentioned indicators the Pearson correlation
coefficient is displayed between -1 and 1and is expressed as follows: if R (i) = 1, the correlation is said to be
perfect positive; if R(i) = -1, the correlation is said to be perfect negative; if R (i) = 0, the variables x andy are
said to be uncorrelated; if 0 <R (i) > 0.4, it is low correlation; if 0.4 <R (i) < 0.7, it is moderate correlation;
if 0.7 <R (i) < 1, it is high correlation [34].

The value of correlation coefficients nearerto 1or -1 be interpreted as very high positive or negative cor-
relation and nearing zero is considered as very low [35].

When looking at the correlation in the formation ofthe income of hotels and hotel-type enterprises in the

tourism industry in the Shaki district, it can be seen that there is a moderate relationship between their income
and hotel numbers, number of employees, foreign and domestic tourists, and it varies between 0.42 and 0.52
fig. 3).
( gLoz)king at the correlation analysis of employees with other factors, it is observed that there is a medium
relationship between the one-time capacity, the number of hotel rooms, and a high relationship with the total
number of tourists. In other words, the number of employees in the region, the mentioned factors play an
important role.

The highest correlation between the number of single capacity and the number of employees is due to
qualified personnel, the relationship between them varies between 0.64 and 0.70 on average. The main fac-
tor is the increase and decrease in the number of tourists. According to C. A. Gunn [36] the limitation of

the skewness coefficient between 1 and -1 can be interpreted as the distribution showing close to normal
distribution.
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Fig. 3. Factors affecting hotel revenues in tourism correlation analysis between 2QqLg§-2021
(based on statistical data in R programming language)

Assesment of results. During the research, the forward selection method and stepwise selection method
were investigated during the construction of the model. In each model, different vBRRies were obtained, and
finally, the optimal model has been proposed. The estimation model is found to bey =-425.5 + 3.7xj + 0.12x2.
Here, the dependent variable income is denoted by y, x1is the number of hotel rooms, and x2is the number
of foreign tourists. The prediction can be given by the mentioned formula. Howevern.zhe value of -425.5 is
not practical value because such a situation would not occur in reality. It is considered a necessary breakpoint
parameter for prediction. Based on the formula, it is possible to forecast tourism reveifUés if other independent
indicators except hotel rooms and foreign tourist parameters are kept stable. In this casg, it is sufficent to add
the corresponding numbers to the dependent variables. In the model, R2=0.488 6 is the average explanatory
value. This suggests that there will be other variables involved in determining the nuf@er of returns.

Conclusions -10

The research examined the major factors that impact tourism income in the Shaki district from 2010 to
2021, and the degree of influence of these factors. It was found that the number of foreign tourists and hotel
room occupancy were the primary drivers of tourism income. The majority of tourists preferred hotel rooms
for one ortwo people, and a decrease in the number of beds led to a reduction in costs for cleaning and heating
the rooms, which in turn resulted in an increase in hotel revenues.

The decline in tourism income in Shaki district has been observed recently. While the COVID-19 pande-
mic is believed to be a significant factor, it should be noted that the decline began before the pandemic, and
a partial recovery was observed towards the end of it. Nonetheless, our analysis demonstrates that the reduction
in tourism income is primarily due to the decrease in foreign tourists’ interest caused by rising hotel and food
costs. Foreign tourists are the primary source of income compared to domestic tourists and play a significant
role in revenue generation.

One ofthe scientific innovations ofthe research is the creation of a regression analysis and model, as well
as comparative and correlation analyses for the region, which are being implemented for the first time. During
the correlation analysis, it was discovered that the relationship between employees and income in revenue
generation is 0.43, implying that workers or skilled personnel influence 43 % of the income.

Tourism spatial planning and the organisation of package tours, as well as enhancing the appeal of desti-
nations, are all essential factors in revenue growth, and they should be considered when planning. However,
the research reveals that the focus has shifted to other neighbouring regions, such as Gabala and Gakh, with
tourist flows directed away from Shaki district.

Despite a well-organised tourism industry in the Shaki district, the current state of tourism fails to reflect
this. In addition to the previously mentioned factors, hotel revenue is also impacted by changes in the number
of guest nights, service quality, customer satisfaction, and current prices. Since information about other pa-
rameters is unavailable, only these aspects were evaluated.
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PAOANOIEHHAA TEMJ/JONEHEPALINA
B MOPOAJAX KPUCTATTMHECKOIO ®YHOAMEHTA BE/NAPYCHU

B. . 3YWU E. . TOCEBA?2)

NBenopycckuii rocyaapcTBeHHbIN yHMBEPCUTET, Np. HesasmucumocTy, 4, 220030, . MuHcK, Benapycb
2JHay4HOo-NpoM3BOACTBEHHbIN LeHTP Mo reonormu, yn. AkageMmka Kynpesuya, 7, 220084, r. MuHck, Benapycb

MN0THOCTL TEM/IOBOr0 MOTOKA - HanGo/ee BaKHbIV MapameTp, XapaKTepusyoL i TepMUYECKUIA PEXUM NNTOCHEPbI.
PacnpegesieHve N0THOCTU TEM/I0BOr0 NOTOKA B 3MHOI Kope 1 BepXHeli MaHTUM MEHSIETCS ¢ Fy6UHON. dopMMpoBaHme
NOTOKA BK/IOYAET iBa 0AHOBPEMEHHbIX NMPOLEcca: NocTymnseHne NepBoii ero YacTv 13 MaHTUM B OCHOBaHWE KOpbl, a TakxXe
reHepaLuio BTOPOIi 4acTu B NOpojax, CraraloLinx 3eMHY0 Kopy, 3a CUeT pacnajia paguoaKTUBHbIX M30TOMOB. STOT Mpo-
LIeCC M3BECTEH KaK MPOM3BOACTBO PaAMOreHHoro Tenia. OCHOBHYHO YacTb TEMNIOreHepaLMm B 3eMHOI Kope 06ecrneunBatoT
JONTOXMBYLLME U30TOMbI ypaHa, TOpUsi U Kanusi. Jpyrue pagvMoakTUBHbIE M30TOMbI YUUTLIBAKTCS PEAKO. Bo/bLIMHCTBO
nccnegoBaTesieil He MPUHMMAIOT BO BHUMaHue TEMA0oNpoAyKUMIO B npefenax Herny6oKoro ocajouyHoro yexna, nepe-
KPbIBAIOLLIETro 3eMHyt0 Kopy. TeppuTopus Benapycy 0THOCUTCS K JOKeMGPUIACKOI BocTouHo-EBponeiickoii nnaTdgopme.
Ee KpucTannyecknii hyHAaMeHT MepeKpbIT LOCTATOUHO TOHKMMU OT/IOKEHWUSIMU. B HeM Npo6ypeH psifi CKBaXUH Mo
HepaBHOMEPHOIA ceTu. 3 NoAHSATOro KepHa oTo6paHbl 6onee 420 06pasL0B FOPHbIX MOPOL KPUCTaNIMYecKOro tyHaa-
MeHTa, KOTOpbIE UCC/ef0BaHbI B LieNISIX ONPee/ieHUsl KOHLEHTPALMN A0NTOXMBYLLNX PaAM0aKTUBHBIX M30TOMNOB B abopa-
TOPHbIX YCIOBUSX C MOMOLLbI0 raMMa-paguomeTpaPY M-91M «AfaHun». YpoBeHb pacyeTHOM TenoreHepaLMm BapbmpyeT
B LMPOKWX Npefenax ¢ TeHAeHLMel K 60/1ee BbICOKMM 3HAUEHUSIM Y KUC/IbIX KPUCTaI/IMYECKUX NMOpod. HaMHOro MeHbLUve
MoKasaTe/n Ten/I0BbIeNIEHUS XapaKTePHbI /11 MOPOA OCHOBHOIO cOCcTaBa. Ha npakTvike BO3MOXHO MoslyyeHne 06pasLioB
MOPO/bl TOMBKO [J151 CaMbIX BEPXHUX BCKPbITbIX 6YPEHNEM rOPU30OHTOB 3eMHOI Kopbl. B CBA3K ¢ 0TCyTCTBMEM 06pa3sLioB
KPUCTaNNINUECKUX MOPOZ ANS BCEr0 pa3pe3a 3eMHOM KOpbl LLMPOKO UCMO/b3YHTCA HECKOIbKO MoAeseli MU3MEHEHUST KO-
YecTBa TEN/IONPOAYKLMM C FTYGUHOM UCXOASA U3 3HAUEHWIA CKOPOCTY NPOAOIbHBIX CEAAICMUYECKINX BOJTH.

KntoueBble CnoBa: reoTepmus; TeM/10B0l NOTOK; AO/ITOXUBYLLME PAANOAKTBHBIE U30TOMbI; TEMN/I0reHepaLys; pagMoMeTp.

O6pasey ULUTMPOBAHUA:

3yii BU, NoceBa EV. PagnoreHHas TennoreHepawus B nopogax
Kpuctannnyeckoro qyHgameHTa benapycu. XXypHan benopyc-
CKOro rocyfjlapcTBeHHOro yHusepcuTeTa. eorpacus. Feono-
rms. 2023;2:90-104.

EDN: UUZXEB

ABTOpbI:

Bnagumup NrHaTbeBuy 3yil - LOKTOP reonoro-MmHepanoru-
YyecKmnx Hayk, npogeccop; npodeccop Kadeapbl permoHanbHol
reonorumn akynbTeTa reorpagum n reoHHoOpPMaTmKu.
EnusaseTallBaHoBHa/loceBa- MNaALInii HayYHbI COTPYAHUK.

90

For citation:

Zui VI, Loseva El. Radiogenic heat production from rocks of
the crystalline basement within Belarus. Journal of the Bela-
rusian State University. Geography and Geology. 2023;2:90-104.
Russian.

EDN: UUZXEB

Authors:

Vladimir I. Zui, doctor of science (geology and mineralogy),
full professor; professor at the department of regional geology,
faculty of geography and geoinformatics.

zui@bsu.by

Elisaveta l. Loseva, junior researcher.


mailto:zui@bsu.by

feonorusa
Geology

RADIOGENIC HEAT PRODUCTION FROM ROCKS
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Heat flow density is the most representative parameter characterising the lithospheric thermal regime. Its formation
includes two simultaneous processes: the entry of its first part from the mantle into the base of the crust, as well as the
generation of the second part in rocks that make up the Earth’s crust due to the decay of radioactive isotopes. Itis known
as a radiogenic heat production. The main part of the production rate within the crust is the decay of long living isotopes
of Uranium, Thorium and Potassium. Other radioactive isotopes are taken into account seldom. Most researchers don’t
take into account also the heat production within shallow sedimentary cover overlying the crust. The territory of Bela-
rus belongs to the Precambrian East European Platform. Its crystalline basement is hidden under rather thin sediments.
A number of irregularly spaced boreholes were drilled into the crystalline basement. More than 420 rock samples of crys-
talline rocks were collected from their drill cores and analysed for the concentration of long living radioactive isotopes
in laboratory conditions using the RUG-91M «Adani» gamma-radiometer. The calculated heat production is varied in
a wide range with the tendency of its higher values for acid crystalline rocks. Considerably lower heat generation relates
to rocks of basis composition. In practice it is possible to get rock samples only for the uppermost drilled horizons of the
crust. Due to a lack of crystalline rock samples for deeper horizons, several models of heat production variation with depth
derived from seismic velocities are widely used for the whole crustal section.

Keywords: geothermics; heat flow; long living radioactive isotopes; heat production; radiometer.

BBegeHune

TeppuTopusi benapycn oTHOCUTCA K JOKeEMOpUIACKOl BocTouHo-EBponelickoi nnatdopme. Ha 60nbLueli
nnaowagn cTpaHel, 3a UCKNOYeHneM MpunsTCKOro npornbéa, BOCTOYHOM YacTh Moansaccko-bpecTckoii Bna-
OWHbI 1 OpLUAHCKOW BMaAuHbl, KpUCTANNNYECKNA (DyHAAMEHT MepPeKpbIT TOHKUM (MepBble COTHU MeTpOB)
nnaTtopMeHHbIM YexnoM. B npefenax BnaguH MOLLHOCTb 0Caf04HON Tonwm Bo3pacTtaeT o 1,0-1,7 Kw,
1 TOMbKO B Haubonee NOrpy>XXeHHbIX 610Kax MpunATCKOro npornbda oHa gocturaet 4-5 KM Y B HECKONIbKMX
cnyyvasax 6 kv [1; 2].

TenoBOI peXKnM 3eMHOI KOPbI B YaCTHOCTU W IMTOCEPLI B LIeNOM TECHO CBSA3aH C TEKTOHWUKOM U reognHamu-
KO paccMaTprBaeMoro permoHa. OCHOBHbIMU MapameTpamu TEMI0BOro MO/ PErmoHa ABASTCa Habaaemble
Temnepartypa, reoTepMUYecKnin rpagueHT 1 NIOTHOCTbL TENI0BOMO NOTOKA. MocneHAs 0THOCMTCA K Hanbonee
Ba>KHbIM CBOWCTBaM, ONpeAenstoLL M TEN0BON PeXXMM 3eMHOM KOpbl U BEPXHEN MaHTUK, K pacCMaTpuUBaeTcs
KaK OfiHa M3 3HAYMMbIX XapaKTePUCTUK, KOTOPble NAEHTUPULUPYIOT 0COBEHHOCTU re0N0ro-TeKTOHUYECKOro
CTPOEHNS W reofuMHamMmuKy pernoHa [3]. ®opmupoBaHUe Tenn0BOro NOTOKAa B 3eMHOW KOpe BK/OYaeT ABa
O[lHOBPEMEHHbIX MpoLecca: NOCTynjeHWe NepBoi ero YacTu U3 MaHTUMW B MOAOLLUBY 3eMHOI KOpbl U reHepa-
LMK BTOPOI YacTN NOPOAamMu, craratolMMm Kopy 1 cofepKallMm U30ToMbl PafMoakTUBHbLIX 31eMeHTOB. X
CMOHTaHHbIM pacnaj ConpoBOXAaeTCs BblAe/IeHNEM PaANOreHHOro Tenna - paguoreHHow TennoreHepawuen.
OHa o6ecneyrBaeTcsi B OCHOBHOM A0NTOXMBYLLUMW M30TONAMK ypaHa, Topus 1 Kanusa. [pyrue paguoakTus-
Hble 3/1EMEHTbI BHOCAT HE3HAYMTENbHbIA BKIaZ B 0COOEHHOCTM TEMIOBOrO MO KOPbl U B NOAABMSHOLLEM
60bLIMHCTBE ClyYaeB He paccMatpusatoTcs [4].

3HayeHWe NJOTHOCTM TENIOBOTO MOTOKA, UAYLLEr0 U3 3eMHbIX Hefp, ABNSAETCA BAXKHEALLMM UHANKATOPOM
reoiHaMUYeCKol aKTMBHOCTU CTPYKTYP INTOCGEpbI KaK Ha COBPEMEHHOM 3Tare UX pasBuTUs, Tak 1 B reo/oru-
4yecKoM npownioM. [1ns pacyeTa pacnpefeneHus TeMnepaTypbl B paspese MTocheps! ¥ MaHTUIAHOTO TEMNI0BOro
NoToKa pa3paboTaHbl TPU OCHOBHbIE MOZENN U3MEHEHWUA MHTEHCUBHOCTU TENIOreHepauny ¢ rny6uHom - cTy-
neHyaTasi, MHeNHasA 1 SKCNoHeHUanbHas [5]. VI3BeCTHbI U 4pyrue MOAeNMW, HanpuMep nNocnoiHas. B kaxaom
c/lyyae OTMpaBHbIM NapameTpoOM CUMTAETCHA 3HAYeHWe PafMOreHHON TennoreHepawum KOHCONUANPOBAHHOW
3eMHOI KOpbl B €6 BEPXHUX €nosx (Y 3eMHOW NOBepxHOCTW). B pe3ynbTaTe aTOT NapameTp ABMASETCA OL4HUM
13 Hanbosnee BaXKHbIX NPU MOCTPOEHMNM MOAENEN reoguHaMMYecknx 06CTaHOBOK.

MeToauKa onpeaeneHns ypoBHS paguoreHHon TenoreHepaLum

[Ons onpefeneHus nokasateneli reHepawmy pafuMoreHHoro Tena 6l npoaHanm3npoBaHbl 6onee 420 06-
pasLoB FOPHbLIX MOPOJ PA3NMUYHOFO COCTaBa, 0TOBPAHHbIX U3 KEPHA CKBaXMH, C MOMOLLbI KOTOPbIX 6blia
BCKPbITa BEPXHSISA YaCcTb KPUCTaNIMYeCKoro hyHhameHTa benapycu [6]. B LesoM ¢ yueToM onpeseneHuit, Bbi-
MOMIHEHHbIX B KOHLIE MPOLLIOro CTONETUs, KONMYECTBO 06pa3sLioB, UCCNELOBaHHbIX Ha COAEpPXaHVe 130TOMOB
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ypaHa, Topua 1 Kanus, 4ocTurio okono 600 en. OHM 0TO6paHbl U3 KepHa CKBAXKMH, KOTopble 6blan NpobypeHbI
B Npefenax benapycu 1 BCKpbIINM KpUCTaNANYeCKUiA (hyHaaMeHT beniopycckoi aHTekm3bl, MpunaTckoro npo-
rmba, 6enopycckoii yactu Mognsccko-bpecTckoi BnagnHel, Monecckoi ceaoBrHbl M OpLUAHCKOW BNaguHbI.
Heb6onblloe KONMYecTBo 06pa3LOB M3y4YeHO B 3anafHoi Yactu Poccum (8 06pasLoB M3 CKBAXUH «J106HO»,
«Open», «CMONeHCK», «ApLEeBO», «Pocnasnb», «CepebpsHKa» M «MULLMHA ropa»), a TakkKe B banTuiickoi
CUHEKNN3e Ha TeppuTopmmM JInTebl (12 06pasLoB 13 CKBaXWH «BapeHa-/1T-982» n «BuamaHTaii-1»).

OT60p KepHOBOro MaTepuana Ha TeppuTopmmn Benapycu BbIMONHANCA Ha4YMHas ¢ KoHua 1960-x J0 KOHLa
1990-x rr., Ha TeppuTopun Poccun n JINTBbI - B OCHOBHOM B TeyeHue 1970-90-x rr. noTHaa ceTb CKBa-
XXUH, C MOMOLLBI0 KOTOPbIX OblT BCKPLIT KPUCTaNIUYECKUA (PYHAAMEHT, OTHOCUTCA K LeHTpasbHO YacTu
Benopycckoi aHTeknM3bl U MuKalleBuucko-XXUTKOBUYCKOMY BbICTYNY (yHAameHTa. Cnabo M3y4eHHbIMU
MeTofO0M rNny6oKoro 6ypeHus octatotcs OpLluaHCcKas BnaguvHa u ee NpofosixeHne B Poccun. BONbLUIMHCTBO
MMEBLUMNXCA B pacnopsiXKeHnMn 06pa3LoB OblIN U3BMEYEHbI U3 KEPHA CKBaXKMH, NPO6YpPeHHbIX B Benopycckoli
aHTEK/I3e, 3HAYMTENbHO MeHbLUee KOIMYeCcTBO 06pasLoB - U3 KePHA CKBaXXWUH, PacnosfioXeHHbIX B MpunaT-
CKOM npormbe. Kpuctananueckme nopogsl hyHaameHTa OpLluaHCKoi BnaguHbl MpeACTaBeHbl MEHee YeM
10 obpasuamu, 0TO6paHHbLIMW U3 CKBAXMWH, KOTOPblE NPOBGYpPeHbI Kak Ha 6enopyccKoit, Tak 1 Ha POCCUMIACKOi
CTOPOHe BNaguHbl. HaumeHee n3ydeH yHaaMeHT MoAnsiccKo-bpecTCKoi BNaguHbl.

PacnpegeneHve cKBaXXUH OTpaXkeHO Ha puc. 1 Takue maccoBble ucc/efoBaHMUA NPOBOAMAUCL B Benapycu
Bnepsble. B 1980-x rr. no nHmymatmee J1. A. Lbioynn n M. C. XXyka B Hay4HbIX MHCTUTYTax Poccun (Bce-
COHO3HbIV Hay4YHO-UCCNefoBaTeNlbCKUIA Fe0NOrMYeCKUin MHCTUTYT uMeHn A. . KapnuHckoro, BcecotosHbil
Hay4HO-MUCCNeA0BaTeNIbCKUI MHCTUTYT A4EPHON reopusnkn n reoxmumun) n YkpanHbol (MIHCTUTYT reogmsnku
nmeHmn C. . Cyb660TuHa HAH YKpavHbl) 6bI10 onpefeneHo cofepXaHue pagnoakTUBHbLIX U30TOMNOB B efu-
HUYHbIX 06pasLax KpucTanInyeckmx nopog.

Puc. 1 PacnpefieneHune CKBaXWH, U3 KOTOPbIX Oblaiv 0TO6paHbl 06pasLbl KepHa
ANA N3YYeHWUs UX PafuoreHHoN TenaoreHepaymm
(BA - Benopycckas aHTeknmsa; JIPT - JIyKOBCKO-PaTHOBCKUIA ropcT;
OB - OpuwaHckas srnagvHa; MNBB - Moanaccko-bpectckasa BnagnHa;
MC - Monecckas cegnosuHa; MM - Mpunatckuii nporuno)

Fig. 1. Distribution of boreholes from which core samples were taken
to study of their radiogenic heat production
(BA - Belarusian Anteclise; LRH - Lukow-Ratno Horst;
OD - Orsha Depression; PBD - Podlasie - Brest Depression;
PS - Polesian Saddle; PT - Pripyat Trough)
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OnpefeneHne KOHLEHTpaL MM N30TONOB ypaHa, TOPUs U Kanus NPoBOAMIOCH HA ramma-paguomeTpe PYT-91M
«AfaHun» (Hay4HO-NPOM3BOACTBEHHOE YacTHOE NpeanpusTue «AgaHun», benapycb)l(puc. 2, a). MpuHymMn ero
[ecTBMA OCHOBaH Ha aHann3e amnanTyLHOro pacnpefeneHns CBETOBbLIX MMMY/IbCOB, BOSHUKAIOLWUX B CLUH-
TUIALMOHHOM [eTEKTOpe Npu NonajgaHnM B HEro raMMa-KBaHToB.

ala

Puc. 2. O6wwuin Bug ramma-pagunometpa PYT-91M «ApfaHu» (a)
W €ro BHYTPEHHWIA BUA Npu CHATOM cocyfe Mapuxennu (6)

Fig. 2. General view of the RUG-91M «Adani» gamma radiometer (a)
and its internal view with the Marinelli vessel removed (b)

Mamma-paguometp PYT-91M «AfaHn» npefHasHayeH A/1g 3KCrpPeccHoro onpejesieHns no raMmma-unsnyye-
HUIO yAeNbHOM 1 06bEMHOI aKTUBHOCTM PafVMOHYKNNAOB eCTECTBEHHOr0 npomncxoxaeHus 137Cs, 134Cs, 4K,
26Ra, 2XTh ¢ nHamkaumeli abCoNOTHLIX CTATUCTUUYECKUX NOrPELLIHOCTEN N3MEPEHNSA U BbIYUCIEHWNEM CYM-
MapHOW yaenbHoI 3 eKTUBHOI aKTUBHOCTM ANS LUMPOKOFO Knacca uccnegyembix 06pasuos (B BOAE, NOYBE,
NPOAYKTax NUTaHus, NPoAyKL MW XXUBOTHOBOACTBA U PACTEHUEBOLCTBA, Cbipbe Y MaTepuanax, CTPOUTENbHbIX
maTepuanax, ropHbIX Nopogax, fIeco- 1 NuaoMartepuanax, Xn1on4atodbymMaxHbIX TKaHsX, Cyxux Tpasax)2 [7].

BepxHss yacTb npubopa MMeeT MOBOPOTHYH CBMHLOBYH KPbILLIKY, 06€CMeUYnBatOLLY0 JOCTYN K CLMH-
Tmnnatopy. B kayecTBe feTekTopa raMma-KBaHTOB mcnosib3yetcd Kpuctann NaJ(TIl) pasmepom 40 x 40 mm,
3aKJ/THOUEHHbI B KPYTOBYHO CBUHLOBYH 000/iMY. 13MenbyeHHbIn 06pa3el, FOpHOM NopoAbl MOMeLLaeTcs B cre-
uuansHyto KioBeTy (cocys MapuHennn) o6semom 0,5 1, koTopas obneraet kpuctann getekropa. KroseTbl
C Npo6oli ycTaHaBNNBAKTCS B CBUHLLOBbIN 3alLUTHBIA 3KpaH, KOTOPbIV nepej HavaioM M3MepeHUin 3aKpbiBa-
eTCs CBMHL0BOI KPbILWKOW, YMEHbLUAKOLWEN BANSAHWNE BHELLHero )oHoBoro nsny4veHma3 (puc. 2, 6). Joctyn
K aHanm3mpyemoii npobe obecrneynBaeTcs OTKPbITUEM MOBOPOTHOW YacTW CBUHLOBOW KpbILWKWA. CBUHLOBas
3awmTa Npmbopa u ero MOBOPOTHOW KPbILLIKM 3aK/TKOUEHA B META/IIMYECKUIA KOpMyC.

CBeToBble BCMbILLIKM Yepe3 CBETOBOA, MOMaAatoT Ha POTOKaTos, (hOTO3NEKTPOHHOI0 YMHOXMTENS 1 Npeobpasy-
HOTCA B 3IEKTPUYECKME CUTHASBI, KOTOPbIE MOC/E YCUNEeHUSA NOCTYNAKoT B 6/10K cenekuuu nMmnynscos4(puc. 3).
B 6n0ke cenekuuv MMMNynbCOB BbIMOMHAETCA COPTUPOBKA MMMYNLCOB MO 256 aMNAUTYAHbIM KaHanam, Tem
CamMbIM M3MepsAeTCA UX aMrIMTyLHOe pacnpejesieHne nponopLMoHanbHO 3HEPTrUn PerucTpupyemMbix raMmma-
KBaHTOB. B 6/10ke 06paboTKM MMMY/bCOB aHaNM3NPYHTCA 3HAUYEeHUS pacnpefeneHnii 1 BblYUCNSETCA aKTUB-
HOCTb aHanM3npyemMbIX pafUOHYKNNA0B, OH yNpaBaseT paboToi 610ka cenekumMm MMNyIbLCOB M ycTaHaBIMBaeT
KO/IMYECTBEHHbIE XapaKTEPUCTUKN MOHU3NPYIOLLETO U3NYYeHNs. DTO MO3BOMSET ONPeAenaTb BKNajbl U30TOMOB
TOPYS W Ka/nsi B CyMMapHYH aKTMBHOCTb Mpo6kl. MprupoAHbIi ypaH nnwb Ha 0,72 % cocTouT 13 nsotona 238U,
Torga Kak 99,27 % oT ero cTpyKTypbl coctaBnsfeT usoton 238U [8]. B ¢BA3M C HE3HAYUTENbHbIM MPOLEHTHbIM
cofiepxaHuem nsotona 238U B 06LLeM ypaHe B NPUPOLHOI cpefie YPOBEHb ero TenaoreHepawmm He yUmnTbIBascs.
AKTUBHOCTb 11 Hyknnaa 238U fBNSeTCA HU3KOW 1 COCTaBNAeT NpM6nn3nTenbHO 12,5 KBK, UTO OCNOXHAET ero
BbISIB/IEHVE TaMMa-pagmomeTpom PYT-91M «AfaHu», NO3TOMY KOHLEeHTpauumsa nsotona 238U onpegensnach
Mo cofepXaHuo NpPoAyKTa ero pacnaga - nsorona 26Ra.

Tramma-pagnomeTpbl PYT-91M-2 «AfaHu» :onucaHune Tuna cpeacts nsMepeHuii ans oc. peectpa cpefcTs U3MepeHuin [SNeKTpoH-
HbIiA pecypc]. URL: http://media.belgim.by/grsi/9894.pdf (nata o6patieHus: 25.05.2023) ; Famma-pagmometp PYTT-91M [S1eKTPOHHBIi
pecypc]. URL: http://forum.rhbz.org/topic.php?forum=2&topic=174 (gata obpaiweHuns: 25.05.2023).

X amma-pagnometp PYT-91M [3nekTpoHHbIN pecypc]. URL: http://forum.rhbz.org/topic.php?forum=2&topic=174 (gata obpalie-
Hus: 25.05.2023).

Jamma-pagnomeTp PYT-91M [OnekTpoHHsbI pecypc]. URL: http://forum.rhbz.org/topic.php?forum=57&topic=337 (maTta 06pa-
WweHus: 25.05.2023).

4DyHKLMOHaNbHaa CXxeMa raMmMa-paguomeTpa [SnekTpoHHbIl pecypc]. URL: https://studfile.net/preview/7083546/page:5 (gata 06-
paLeHma: 25.05.2023).
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Puc. 3. YnpolleHHas yHKLMOHaNbHasa cxeMa ramma-pagmomeTtpa PYT-91M «ApgaHu»:
1- uccnegyemsblin obpasel, (Npoba); 2 - KtoBeTa (cocya Mapuxennn);
3 - 3alUUTHBIA CBMHLLOBbIN 3KpaH; 4 - NOBOPOTHAA CBMHLIOBASA KPbILLKA;
5- cymHTunnatop Nal(Tl); 6 - ceeToBoA; 7- (DOTOINEKTPOHHbIA YMHOXUTENb

Fig. 3. Simplified functional diagram ofthe RUG-91M «Adani» gamma radiometer:
1- test sample (sample); 2 - cuvette (Marinelli vessel);
3 - protective lead screen; 4 - rotary lead cover;
5 - Nal(TI) scintillator; 6 - light guide; 7- photomultiplier

Mpovuecc n3mMepeHnii HaYMHaEeTCA Noce NOMeLLeHNs pa3apobaeHHOro obpasLa BHyTpb Npubopa, 3aKpbITUS
KPbILLIKW 1 BKNKOYEHUS paguomeTpa. MpoLo/mKUTeNsHOCTL PErMCcTpauun B 3Ha4YMTeNbHOW CTEMEHW 3aBUCUT
OT aKTUBHOCTM M3y4YaemMoro obpasua, AN MasoakTUBHbIX MPo6 BPeMS U3MEPEHUsS MOXET AOXOAMTb [0 He-
CKONbKUX LeCATKOB MUHYT. MpuHLMN aeicTBUA ramma-pagroMeTpa OCHOBaH Ha MOJCYeTe Yucia CBeTOBbIX
MMMYNbCOB, BOZHWKAKOLNX B CUMHTUANALUOHHOM AeTeKTOpe, NPy NonafaHumn Ha Hero raMmma-KBaHToB. Yncno
3apernucTpmpoBaHHbIX B eAUHULY BPEMEHWN CBETOBbIX MMMY/LCOB OfHO3HAYHO CBS3aHO C AKTMBHOCTbLIO WC-
cnegyemoro obpasua.

[nsa noBblleHns 3hPeKTUBHOCTM perncTpaunuy CBeTOBbIX UMMYNbCOB, BOZHUKAKOLLNUX B CUMHTUANATOPE
npu nonajaHum B HEro raMma-KBaHTOB OT UcCnefyeMoro obpasLa, KioBeTa c Npo6oii ycTaHaB/IMBAETCA B CBUH-
LIOBbIVA 3aLLUTHbI 3KPaH Noj 3aKPbITON CBUHLLOBOW KPbILLKON, YMeHbLUIAIOLLEN BAUSHUE BHELLHEr0 (POHOBOrO
N3NyYeHus.

BNok MHAnKauun 1 ynpaeneHns onpegensier pexunmsl paboTbl npudopa U NokasbiBaeT pe3ynbTaTbl W3-
MepeHus. Pexxum paboTbl raMMa-paguMoMeTpa 3aJaeTcsi C NOMOLLbi0 14 KHOMOK Ha ero nepefHeli naHenm
(cm. puc. 2, a). Pe3ynbTaThbl M3MEPeHUIA 0TOBPaXKAIOTCA Ha ABYX XULKOKPUCTANNNYECKUX MHAMKATOpax. B ne-
BOM OKHE MO0Ka3blBaeTCs 3HaUYeHne yaeNbHOM akTUBHOCTU, @ B PaBOM - 3HAYeHWe MOrpeLuHOCTU N3MEPEHNS.
B neBoM OKHe MHAMLMPYeETCA TakxKe macca npobbl (B Kr)5.

N3mepeHus kaxporo obpasua (Kak npaBuio, Npojo/mKUTeIbHOCTLI0 M0 30 MUH) BbINOMHANUCH ABAXKAbI.
OTHOCUTENbHAsA MOrPeWwHOCTb NPK 3TOM cocTaBnsina 06bl4HO 10-25 %. o 50 % oHa yBenmumBanacb npw
HU3KUX 3HavyeHnAX akTuBHOCTK (0T 3 4o 10 BK/Kr)6.

(hYHKLMOHaNbHasa cxema raMma-pafMoMeTpa... ; HasHaueHue N TeXHUYECKME XapaKTepucTukn [SneKTpoHHbIA pecypc]. URL:
https://studfile.net/preview/9899020/page:24 (gaTa obpauyeHns: 25.05.2023).
@ amma-pagnomeTpbl PYT-91M-2 «AfaHu»...
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Pal0aKTUBHbIE 3/1IEMEHTbI
B MOpojax KpuUcTannnyeckoro pyHaameHTa benapycu

CogfepxaHne pafio0aKTUBHbLIX 3/1IEMEHTOB U BENMUMHA TENJ0reHepaLMy B Nopogax KpUcTaninuyeckoro
thyHaameHTa benapycu npsaMo cBs3aHbl C UX MUHEPabHbIM U XMMUYECKUM COCTaBoM. CBefieHMs 0 Ha3BaHUAX
1 HOMepax CKBaXKMH, U3 KOTOPbIX 0TOMpannch aHam3mpyemble 06pasLbl, 0 pe3ynbTaTtax U3MepeHunin no ypaHy,
TOPUIO U KaINt0 B eIMHNLAX YAeNbHON aKTUBHOCTU (B BK/KI) 1 KOHLEHTpauuu (B r/T), a TakXe 0 TUMe ropHoi
nopofabl 1 ee NAOTHOCTM BHOCUMAWUCL B Tabnuuy ¢opmarta Excel. Janee Bbl4UCAANCA YPOBEHb PAAUOTEeHHOIA
TennoreHepauuu (B8 MKBT/M3). Mpumep KOMNUAALUN UCXOAHBIX U MOSTYYEHHbIX faHHbIX NpuBeseH B Tabn. 1
ONa pafa CKBaXKUH, C MOMOLLbI0 KOTOPbIX Obla1 BCKPLIT KPUCTANIMYECKUA (DYHAAMEHT B LLEHTPanbHOW YacTu
Benapycu (nucT KapTbl N-35-XXI (CTon6ubl)).

MepecyeT 3HaYeHW aKTUBHOCTU KaXKAOro 3/1eMeHTa B 3HaUeHWst BECOBOW KOHLEHTpaLuu ocyLLecTBAANCS
no gopmyne

Q=28 +10-6A T,
rge Q - macca paguoakTUBHOIMO 3fieMeHTa (B rpaMMax), aKTUBHOCTb KOTOPOro pasHa 1 Ku; A - aToMHas Mac-
ca, r; T - nepuog nonypacnaga, net [9].

Cyuetom T0ro yto 1Kn=3,7 » 1010BK, B pe3ynbTaTe HEOOXOANMbIX BbIMMCEHNIA BbINN NOMYYEHbI CEAYHO-
Lme 3HadveHns: 1bk 238U =8,1013 +10-5r1; 1Bk 22Th =2,4386 « 10-4T1; 15Kk 40K = 3,9654 « 10-6 T.

VI3BECTHO, UTO Kanuii COCTOUT M3 TPEX M30TOMOB: paanoakTUBHOro nsotona 40K (0,012 %) n cTabunbHbIX
nsotonos 3K (93,258 %) n 41K (6,730 %)7.

YpoBeHb reHepaLum pagnoreHHoro Tenna Bbl4ncnsnca no gopmyne

Ao=(a*U+beTh +c *K),
rae A - KonmMyecTBO BblgeneHHOro tenna B 1 m3nopogbl, MKBT; ¢ - NAOTHOCTb nopofbl, Kr/m3; U, Th n K -
3HaYeHUs KOHLEHTPaL MU pajMoaKTUBHbIX 3/IEMEHTOB ypaHa, TOPUS 1 Kains COOTBETCTBEHHO, OnpesensemMble
OTHOLLEHMEM MacCChl PafM0aKTNBHbIX M30TOMOB K 06LLel Macce ropHOI NopoAbl; a, b, ¢ - nepecueTHble KO3G-
hrymeHTbl, paBHble 9,73 « 10-5; 2,63 « 10-5 1 3,57 « 10-9 BT/Kr cooTBeTCcTBEHHO [10].

3HaueHus pacnpegeneHns CyMMapHOW paguoreHHol TenjoreHepaumm, co3faBaeMoi N30ToNaMmn ypaHa,
TOpUA U Kanus, npuBeeHbl Ha puc. 4. Okono 10 oAMHOYHbIX 06pa3LL0B, NOKa3aTeNn TenaoreHepaLum KOTopbIxX
6onblwe 10 MKBT/M3, Ha rpadivke He OTOOPaXKEHbI.

YpoBeHb paAnoreHHoN’ TenoreHepaumm, MKBT/m3

Puc. 4. PacnpefeneHue pafMoreHHoli TennoreHepauum B nopogax
KpucTannuueckoro gyHaameHTa Benapycu

Fig. 4. The distribution of radiogenic heat generation in rocks
of the crystalline basement of Belarus

Hanbonbluee KONMYeCTBO U3YUEHHbIX 006pa3L,oB ropHbIX Nopos (0kono 148) MMeroT 3HaYeHUs TensnoreHe-
pauum ot 0,2 1o 1,0 MKBT/M3. OHU M3BNEYEHbI U3 CKBAXWH, PACcMNO/OXeHHbIX B LLeHTpanbHoW Yactu benopyc-
CKOI aHTEKNN3bI - APeBHel CTPYKTYpPbl JOKEMOPUIACKOrO BO3pacTa, caMmas BEPXHSAS YaCTb KPUCTa//IMUECKOrO
(hyHZlaMeHTa KOTOPOi1, BEPOATHO, Obl1a 3poaupoBaHa v pasmbiTa. O6pasLibl, 0TOOPaHHbIE U3 CKBaXKUH, KOTOpPbIE
npobypeHbl B CTPYKTYpax Naneo3oiickoro sospacta (MpunaTckuiA npormé m BOCTOYHas YacTb lMognsccko-
BpecTckoli BnafuHbl), 061a4at0T NOBbILWEHHBIMU NOKasaTensaMmu TennoreHepayum (1-3 mkBT/mM3), ogHako
3[1eCb U3YYeHO 3HaUYNTENIbHO MeHbLLIe 06pa3LLoB KepHa.

Tsotopes of potassium [Electronic resource]. URL: https://en.wikipedia.org/wiki/lsotopes_of_potassium (date of access: 25.05.2023).
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Mpumep CBOAKU AaHHbIX

An example of the data summary

Ne n/n CKBaXXWHa 23U, BK/Kr U, i/t 23Th, BK/Kr 22Th, it 4K, BK/Kr 1K, rit
1 CT-147-223,5 31,1 2,52 12,2 2,97 130,5 0,52
2 CT-147-226 21,8 1,77 11,7 2,85 0 0
3 CT-194-333,3 25,7 2,08 12,2 2,97 203,2 0,80
4 Cr-212-114 31,2 2,53 8,8 2,14 2845 1,13
5 CT1-220-313 30,6 2,48 19,5 4,75 222,4 0,88
6 CT1-220-340 55,7 4,51 26,2 6,39 357,2 1,42
7 CT1-227-187,5 22,9 1,85 13,0 3,17 0 0
8 Cr-231-121 39,1 3,17 42,6 10,39 1053,0 4,17
9 CT1-234-137,5 19,3 1,56 8,7 2,12 0 0
10 CT-235-131 39,3 3,18 35,9 8,75 898,9 3,56
1 CT1-239-240 7,6 0,61 3,9 0,95 0 0
12 CT-239-294 34,0 2,75 21,2 5,17 4.8 0,19
13 CT-239-332 26,2 2,12 13,6 3,32 0 0
14 CT1-239-472 20,3 1,64 15,4 3,75 0 0
15 CT1-239-478 2,0 0,16 16,5 4,02 0 0
16 CT-239-610 130,1 10,54 37,9 9,24 991,5 3,93
17 CT-239-610 141,4 11,45 45,7 11,14 999,6 3,96
18 CT-239-643 7,1 0,57 20,8 5,07 0 0
19 CT1-239-657,5 14,8 1,19 7,5 1,83 0 0
20 CT-243-248,8-249,8 35,8 2,90 15 3,66 857,8 3,40
21 CT-243-279-283 23,2 1,88 17,6 4,29 408,8 1,62
22 CT1-243-279-283a 27,8 2,25 14,3 3,49 459,7 1,82
23 CT-243-282,3 67,7 5,48 19,3 4,71 775,7 3,08
24 CT1-243-283,5-284,5 23,2 1,88 17,6 4,29 408,8 1,62
25 CT1-243-345-351 0 0 0 0 7,3 0,29
26 CT1-243-412-418 13,2 1,07 12,5 3,05 7,9 0,31
27 CT1-250-520 6,2 0,50 11,0 2,71 0,0 0,00
28 Cr-251-458 39,5 3,20 25,6 6,24 450,2 1,78
29 CT-251-494 15,1 1,22 13,8 3,36 0 0
30 CT-251-542 0 0 0 0 0 0
31 CT1-302-261,5-270,5 20,1 1,63 9,1 2,22 257,9 1,02
32 CT-302-295-308 22,7 1,84 10,9 2,66 208,7 0,83
33 CT-303-586 15,8 1,28 17,3 4,22 0 0
34 CT-306-413,3 28,2 2,28 18,1 4,41 0 0
35 CT1-306-459,5-469 2,3 0,19 6,7 1,63 3,2 0,13
36 CT-306-490 20,4 1,65 11,8 2,88 53,6 0,21
37 CT1-306-505-505,5 0 0 0 0 148,3 0,59
38 CT-307-366 20,2 1,64 9,2 2,24 0 0
39 CT1-307-446 18,3 1,48 7,6 1,85 0 0
40 CT-307-454 8,8 0,71 6,1 1,49 0 0
41 Ct-307-477 169,1 13,70 47,3 11,53 1158,0 4,59
42 CT-307-488 34,1 2,76 14,9 3,63 36,5 0,14
43 CT-307-490 26,2 2,12 11,7 2,85 23,8 0,09
44 CT1-516-549 (Py6exeBuun) 15,8 1,3 (1,0) 19,4 4,7 (6,0) 209,2 0,80
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Mo M3yuYeHHbIM 06pa3sLaM ropHbIX Nopos,

concerning the analysed rock samples

TennoreHepauus,
Ko % MKBT/M3
0,44 0,95
0 0,69
0,67 0,85
0,95 0,94
0,74 1,09
1,19 1,82
0 0,74
3,50 1,88
0 0,59
2,99 1,72
0 0,23
0,16 1,27
0 0,82
0 0,72
0 0,34
3,30 3,70
3,33 4,27
0 0,53
0 0,54
2,86 1,34
1,36 0,96
1,53 0,97
2,59 2,13
1,36 0,96
0,24 0
0,26 0,54
0 0,34
1,49 1,48
0 0,58
0 0
0,86 0,69
0,69 0,77
0 0,66
0 0,95
0,11 0,19
0,18 0,71
0,49 0,05
0 0,61
0 0,54
0 0,30
3,86 4,97
0,12 1,03
0,07 0,79
0,7 (0,8) 0,77

[10THOCTb,
Kr/m3

2800

2800
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2800

3000
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MnarnorHeic aMmpun60n-6MOTUTOBDIN
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MnarnorHeic aMmpun601-6MOTUTOBbIN
AMGPN60ANT BUOTUTCOAEPIXKALLNTA
MnarnorHeic 6MOTMT-aMpN60N0BbIN
MnarvorHeinc 6UOTUTOBbIN
MnarnorHeic ampun6010BbI i

paHUT KPYNHO3EPHUCTbIN
MeTagunabas

paHUT KPYNHO3EPHUCTbIN
Ampnoéonnt

AMGUNO6ONT rpaHaToBbIA
AMGUN6ONNT rpaHaToBbIA
Ampnoéonnt

MnarnorHeic ampun6010BbI i

[paHnt

[paHnt

AMGPNOONNT MarHeTUTOBbI i

IpaHaT-NMMPOKCEHOBAs MOPOAa C MarHeTUTOM
MnarnorpaHnuT NermMaTouaHbIi ¢ TYpManmHOM

MnarnorHeinc 6UOTUTOBLIN
[paHnT TypManuHcogepXaLini
[paHnt

FpaHWT rpeii3eHN3NPOBaHHbI C TYPManuHOM

feonorusa
Geology

Tabnuya 1

Table 1

MnarnorHeic KYMMUHITOHUTOBbIA C TYpManuHom

MnarnorHeic ampun6010BbI i
Ampnoéonnt

Ampnoéonnt

KBapuuT ampunb60on-marHeTUTOBLIN
MnarnorHeic

MnarnorHeic ampun6010BbI i
CnaHel, amn6010BbIA
MnarnorHeic ampun6010BbI A
MnarnorHeic rpaHaT-ampn6010BbINA

CnaHel, aM(n600BbIA C rPpaHAaTOM U MarHeTUTOM

["Helc rpaHaToBbIiA

CnaHel, aM(n6010BbIA FpaHaTCoAepXKaLnii

Ampnoéonnt

Ampnoéonnt

Ampnoéonnt

[paHut

MnarnorHeic ampun6010BbI i
MnarnorHeic ampun6010BbI i
MuKporHeiic anngoT-amunb0on0BbIi
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Pafn0aKTVBHbIE 31EMEHTHLI MPUCYTCTBYIOT B COCTaBe BCEX FOPHbIX MOPOA. V3nyyaemas sHeprus pagmoakTvB-
HOro pacnaja npeBpaLLaeTcs B TeM/10 NocpescTBOM abcopbumm. Ha hoHe TOro, YTo KOHLEHTpaL M B OTAENbHbIX
o6pasuax coBnafaloLLnx 1 NOXoXMX TUMOB NOPOS MOXeT 6blTb pa3HON, 06HapyXMBaeTca 0bLLee Npasuio.

Bbl4enstoTcs WeCcTb TUMOB FOPHbIX NOPOS KPUCTaIMYECKOro PyHaameHTa benapycu, pasnuyarowmxcs
CpefHMMM 3HAYEHMAMU COAEPXKaHUA PafM0aKTUBHbIX 3N1eMeEHTOB (Tabs. 2).

Mo nonyyeHHbIM paHee pesynbTatam [6] 1 ¢ yyeToM Npeo6nagatoLmx TUMNOB METAMOP(HUYECKUX U UHTPY-
3MBHbIX MOPOS B OTAE/bHbIX CTPYKTYPHbIX 30HaX (PyHAAMEHTa BbISBIEHbI Pa3Mums B CO4EPXaHUUN pagno-
aKTVBHbIX M30TOMOB M BENNYMHE TennoreHepauum (Tabn. 3).

Tabnuuya 2

CogepxxaHue pagnoakTUBHbIX 3/IEMEHTOB M YPOBEHb PaAMOreHHON TenaoreHepaymm
rnaBHbIX TUMOB MOPOJ KPUCTanIM4eckoro yHgameHTa benapycu
Table 2
Content of radioactive elements and the level of radiogenic heat generation of the main types
of rocks of the crystalline basement of Belarus
MapameTpbl

YpoBeHb paguo-
U, r/t 22Th, rit K citE% reHHoli Tensore-
Hepauun, MKBT/mM3

Tunbl TOPHbIX NOPOA

YnbTpaba3uTbl M ynbTpaMaguTbl apreNoBLLMHCKOTO0 KOMM/IEK-
ca, HEKOTOpble pa3HOCTN amM(Mb0oN0oBbLIX cnaHues n kap6o- 0,06-2,10 0,9-4,7 MeHee 0,1 0,20-0,75
HaTHble NOPOAbl OKOMOBCKOW cepum

MeTamopgryeckme Noposbl 0OCHOBHOIO U CPEHEr0 cOCTaBa

LW YYMHCKOI N OKO/TOBCKOM cepuii  ammbonnT-rHencoBoro

KoMnnekca (KpucTanamyeckue cnaHuybl, ampun6oauntel, ampu- 0,38-2,81 1,5-4,2 0,1-0,9 0,03-1,10
60n0Bble U rpaHaT-aM(pun6010Bble CNaHUbl, aMphnb0on0BbIE

rHelcbl), 3HAep6MTLI, rabbponabl

MarmaTuyeckme nopoAbl OCHOBHOTO U CpeAHEero cocTtaBa
(meTagmnabasbl, AUOPUTLI), MeTamopduyeckme nopoabl (am-
hn60n-6MOTNTOBLIE U BUOTUTOBbLIE THENCLI, CEPULUT-XN0-
PUTOBbIE CNaHLbl)

1,20-5,40 2,8-9,9 1,1-2,1 0,75-2,30

MarmaTtunyeckune nopoabl CpeHero n KMcaoro coctasa (KBap-
LieBble AUOPUTLI, TPAHOANOPUTLI, FTPAHUTbI), TPAHUTOTHENCHI,
TpaxuaHfe3uThl, a TaKXKe MeTamopduueckue nopopabl (rpa-
HaT-6MOTUTOBbIE FTHENCHI LLYYUHCKON N KYNaXXUHCKOR cepuii)

1,60-4,50 2,7-11,7 2,0-2,8 0,80-2,0

MarmaTtmnyeckue nopoabl KUCNOT0 cOCTaBa (LlapHOKI/ITbI, rpa-

o 2,40-8,80 4,2-19,7 3,2-4,4 1,40-4,50
HUTbI, TPAHUTOTHEWCHI)

MarmaTnuyeckne Nopofbl KNCNOT0 COCTaBa C MOBbIWEHHOM
KanneBon LeNOYHOCTbIO (cybuienoyHble n panakusunogo6- 10,70-16,60 30,6-82,6 4,4-6,2 5,50-9,10
Hble TPaHUTbI, CUEHUTbI)

MpumevaHus: 1 Pa3paboTaHO Ha OCHOBE AaHHbIX Ny6auKauum [11]. 2. 3aeck 1 B Tabn. 2 CyMMapHOe NPOoLEHTHOE CofepKaHue
cTabunbHoro nsotona K 1 pagmMoakTMBHOro M3oTona 40K B M3y4eHHOM 06pa3iie 0603HauaeTcs Kak Kooy

Tabnuya 3

CopepXaHue pagnmoaKTUBHbIX 3/1EMEHTOB M YPOBEHb PaAUOreHHO TennoreHepaumm
B NMOPOAAXx rMaBHbIX CTPYKTYPHbIX 30H U MHTPY3MBHbIX MAcCUBOB KPUCTaNIMUecKoro gyHaameHTa Benapycu

Table 3
Content of radioactive elements and the level of radiogenic heat generation
in rocks of the main structural zones and intrusive basement massifs of Belarus
MapameTpsbl
CTPYKTYpPHbIe 30HbI YpoBeHb paano-
N NHTPY3UBHbIE MacCUBbI m"’ m'l’ Mh' Mh' zﬂ(’ zﬂ(’ K % reHzoﬁ Tenpn(f"reHe_
BK/Kr r/T BK/Kr r/t BK/Kr r/t oAy %

pauun, MKBT/mM3
3anagHas yacTb benapycu
[paHynmTOBbIE 610KK 25,06 2,03 22,09 5,39 4725 1,87 1,58 1,10

30HblI 61aCTOMUNOHUTOB BEenopyccko-

o 63,60 5,15 64,11 17,09 1082,0 4,01 3,61 2,95
Mpu6anTUiiCKOro rpaHynMTOBOro nosca
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CTPYKTYpHbIE 30HbI
U MHTPY3NBHbIE MacCuBbI

MoCTOBCKUi 1 Apyrue maccusbl cy6-
LLIeSIOYHBIX TPAHUTOB

PalioHbl pacnpocTpaHeHUst aMpn6oInT-
rHelicoBOro Kommnaekca

OKosoBcKas rpabeH-CUHK/IWHANL, C0-
YKEHHas nopofamm CnaHLeBO-rHencoBoro
KoMr/ieKca (OKOJSI0BCKas cepus)

YnbTpamaduToBble MacCUBSI

B06OBHSAHCKMIA MaccvB panakuBunogo6-
HbIX FPaHNTOB

BparvHcKuii rpaHyIMToBbI MaccuB

PaiioHbl pacnpocTpaHeHusi aMu6omnT-
rHelicoBOro Kommnekca

OCHWLKO-MWUKaLLEBUYCKUIA BYIKAHOM/TY-
TOHWYECKWIA NOSIC

CeBepHblii 3HLOKOHTaKT KOPOCTEHCKOr0
panakuBMrpaHWTHOrO MaccrBa

Bob6oBHsIHCKast BnagnHa
OBpyucKas BnagmHa

U,
BK/Kr

152,64

LleHTpansHasa yacTb benapycu

34,26

24,93

18,11

116,53

2,78

2,01

1,47

9,45

23U, 2Th,
riT BK/Kr
11,53 226,17

23,94

14,29

9,90

97,24

237Th,
riT

55,15

5,82

3,54

2,41

23,71

MapameTpbl

4K,
BK/Kr

1584,9

322,1

182,6

43,1

1357,3

FOro-socTO4YHaa yacTb benapycu

37,82

24,92

31,37

92,38

66,82
70,10

3,06

2,02

2,53

7,47

541
5,68

42,81

19,98

30,25

98,48

55,64
54,42

MpumeyaHune. Pa3paboTaHO Ha OCHOBE AaHHbIX Nybnukauum [11].

10,43

4,86

7,37

24,0

13,57
13,27

720,3

406,7

713,3

1336,5

1034,0
621,3

4K,
riT

3,82

1,76

0,76

0,17

4,93

2,69

0,66

121

4,65

4,10
2,46
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OKOHYaHue Tab6bn. 3
Ending of the table 3

YpoBeHb pagmno-

KAy % FeHHOM Tensoretqe-
pauuun, MKBT/M3
5,25 7,27
1,08 1,28
0,63 0,86
0,14 0,65
4,52 4,64
2,40 1,82
1,35 0,99
2,42 1,38
4,46 4,08
3,44 2,67
2,07 2,73

Ha puc. 5-7 no pesynbtatam m3y4veHns 6onee 420 06pa3L,oB ropHbIX Nopos hyHaameHTa benapycy nokasaHa
CBA3b MEXAY 3HAYeHWAMU KOHUeHTpauum m3otonos 238U, 22Th n 4K 1 ypoBHeM 06LLeli TenaoreHepawmu.
B nepsomM npubamXeHUn BCe TpU Habopa TOUEK Ha rpafurikax MOXHO YNPOLEHHO annpoKCUMUpoBaTh nps-
MbIMW UHMAMW. HanbonblUKii BKNag B TenaoreHepaumio obecneumsatot usotonsl 228U n 2XTh, 3HaUMTENbHO

MeHbLUNIA BKNag BHOCUT n3oTon 40K.

Puc. 5. CBsi3b 3HauYeHUIA KOHLEHTpaLMmn nsoTtona 238U
C YPOBHEM paaunoreHHol TenaoreHepayum

Fig. 5. Relationship between 238U isotope concentration
and the level of radiogenic heat generation
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Puc. 6. CBfi3b 3HA4YEHUI KOHLEHTpauum nsotona 22Th
C YPOBHEM PajMOreHHon TennoreHepawmm

Fig. 6. Relationship between 232Th isotope concentration
and the level of radiogenic heat generation

Puc. 7. CBsi3b 3Ha4eHMI KOHLEHTpaLmm nsoTtona 40K
C YPOBHEM PaAMOreHHON TennoreHepawumm

Fig. 7. Relationship between 40K isotope concentration
and the level of radiogenic heat generation

Ha ¢oHe NoBbILLEHNS 06LLEro YPOBHS TeNAOreHepaLun no Mepe YBeNMUeHUs 3HaueHnid CofepdxaHus n3o-
TOna HabnaaeTcs pag ToUeK B HYKHEN NpaBoli YacTu rpadumka 3a npefenamu ob6nactu Ux Ky4Horo pacrnpe-
feneHns. 3TO MOXHO CBSi3aTb Kak C BO3MOXHbLIMW MOrPELLHOCTAMU OnpeeneHns nokasateneli KOHLeHTpawmm
nsoTona 28U, Tak W C ero nofABMXHOCTbIO (MUrpaLmen) B mopogax.

KonnyecTBo pacTBOPUMOro KOMMOHEHTA PafMOaKTUBHbIX 3IEMEHTOB YBEIMUMBAETCA C POCTOM 3HAUYEH WA
nX 06LLEero CoAepXXaHusi, U OH CTAHOBUTCS MOABWXHbLIM, M0 Mepe TOro Kak Bofa MUrPUpPYeT Yepe3 nopoy.
BbicoKasi MOABMXHOCTb 3TUX 3/IEMEHTOB NUTOCHEPbI ABAAETCA NMPUUYUHON YBEMYEHUS MokasaTtenei ux
KOHLeHTpaLuy B BEPXHUX CNOSX 3eMHOM KOpbl Kak elle He 3aBepLlUMBLLErocs npouecca, HabnwaaeMoro Ha
NPOTSHXEHUUN Bceld nctopum 3eman. MpPoCTPaHCTBEHHOE U XPOHOMIOTUMYECKOe pacnpejeneHne UCTOYHWUKOB
pafMoaKTUBHOTIO Ternsa oKasblBaeT 60/bLLOe BIMAHME HA TeMNepaTypHoe nose Hedp 3emnu, Tak kak 30-50 %
NJOTHOCTU TEN/OBOro MOTOKA, 3aMKCUPOBAHHOIO Y NOBEPXHOCTU, Bbl3BaHbl pPacnagoM HecTabunbHbIX
n3otonos [12]. CunTaeTca Takxe, UTO B Npefesnax Og4HOPOLHbIX C/0EB MTOCHEPLI pacnpesesieHne Tenso-
FEHEPUPYIOLWNX PafMOaKTUBHbIX 3/1IEMEHTOB He OCTAETCA MOCTOSHHbLIM U He COOTBETCTBYET MOKa3aTenam ux
KOHLeHTpauuu, Hab/toAaemMbIM B BEPXHEI YacTU 3eMHOI KOpbl. YPOBEHb PaauOreHHOol TenoreHepauny Ha
rny6uHax, HeJOCTYMNHbIX BYPEHNI0, KOCBEHHO OLLeHMBAETCSA UCXOLA U3 3HAUEHUIA CKOPOCTU pacnpoCcTpaHeHns
NPOAONbHbIX CeliCMMYecKMX BonH [13].
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Ha puc. 6 1 7 0TpaXXeHO COOTHOLLEHME 3HaYeHUIA KOHLeHTpauuy n3otonos 2XTh n 40K B U3yUYeHHbIX 06-
pasuax ¢ ypoBHEM CyMMapHOW paguoreHHoR TennoreHepawumm, BolgenseMoii 0T COBMECTHOIO BAUSHUS U30-
TonoB 238U, 22Th 1 4K. Ha (hoHe MOHOTOHHOIO YBE/IMYEHUS NX KOHLLEHTPaLUn 1 CBA3AHHOIO C 3TUM pocTa
00bEMOB TenoBbIAENEHNS TaKXe HabntofaeTcs pasbpoc ToUeK, NPeXAe BCEro B BEPXHUX YacTaX rpatiKoB.

Pe3ynbTaTbl U UX 06CY>XXAEHWe

TennoBoi NOTOK ABNAETCA OAHUM W3 FNaBHbIX UCXOAHBIX NapamMeTpoB Npu pa3paboTke reofMHaMUYeCKNX
MoJenei 3eMHOW Kopbl B YHaCTHOCTM U acTeHochepbl B Lenom [3]. 3HaueHns pafnoreHHow TennoreHepauum
CYLL,ECTBEHHO BAMSIOT Ha NPOrHO3HOE pacnpejesieHne TenJ0BOro NOTOKa B pa3pese 3eMHOI KOpbl pasfinyHbIX
PErnmoHOB U Ha BblfefieHNe ero NPoBUHUNIA [14].

Mpobnema n3yyeHNs KOHUEHTPaLMM PafnoaKTUBHbIX LONTOXMBYLLUX M30TOMOB B FOPHbLIX NOPOAax Kpu-
CTannuyeckoro yHaameHTa benapycu BO3HUKNA B CBA3M C aHA/IM30M MOTHOCTM TENIOBOMO MOTOKA B PErno-
HE M OLEHKOI ero COCTaBAAOLLEN, reHepnpyeMoii B BEPXHe YacTh 3eMHOI KOpbl BCNEACTBME MX pacnaja.
OCHOBHOW BKnaf B paguoreHHyro TeMI0reHepawnto BHOCAT n3oTonsl 238U, 232Th n 4K. bonee 99 % paawno-
reHHOro Tenna, reHepupyemMoro B Hefipax niaHeTbl, TakXke 06yCNoBneHO 3TUMK aneMeHTamu [15]. B paguores-
HOIi reHepaumm Tenna y4acTBYOT 1 Apyrue U30oTonbl, Hanpumep 124Sn, 118n, 8Mb. OgHako 13-3a Masioin gonun
KOHLEHTPaLUN 1N HEBLICOKOIO YPOBHA TennoreHepauumn (4nsa npupogHoro mnsortona 8Mb 3HayeHMe 3Toro no-
KasaTtens coctaenseT Bcero 10-12 BT/r) ux Bknag HecyuwectBeH (0kono 1 %) [12], u Ha nNpakTWKe daHHble
M30TOMbI HE YYMTLIBAKOTCA. B LLeIoM MUHepabl ypaHa U TOPUS UMeoT 3Ha4YeHMe Ha 60/1bLLINX NAowWwaasx, rae
OHU 0OHApPY>KeHbl B KA4eCTBE MUKPO3NIEMEHTOB. TO/bKO B CBOEM N106a/1bHOM pacnpocTpaHeHU OHWU BHOCAT
BKNag B obuiee Tenso 3emnn [12].

B o6nacTax cTauMoHapHOro TenjaoBOro pexuma (0TAeNbHble CTPYKTYPbl PEBHUX CTAOUAN3NPOBAHHbIX
nnatopM, WNUTbl U cknag4yaTble 06nacTn haHepo30s) BKNad paguoreHHo TennoreHepaymMm B TeNI0BOW no-
TOK paBHsieTca 40-70 % [15; 16]. Ana cMabHO 3p0AMPOBAHHONO FPaHMTOMHECOBOrO C0s 3eMHOI KOpbI 405
COCTaBNAOLLEN TEMI0BOr0 NOTOKA XapaKTepusyeTcs BeCbMa HU3KUMU 3HAYEHNSIMU.

[Jonga cogepxaHus ypaHa, TOpUa 1 Kanus yBeNnUYMBaeTCa Npu 60/ee BbICOKUX 3HAYEHUAX KOHLEHTpaLmu
KpemHe3ema B nopoje. STW TpU 3NeMeHTa MOXKHO HalTU B rOPHbIX NMopogax. MexaHW3Mbl CBA3bIBaHUSA NPUBOAAT
K 06pa3oBaHuIO ByX OCHOBHbIX KOMMOHEHTOB - /IerKOpacTBOPUMOro ¥ MeHee pacTBOpMMOro. MeHee pacTBo-
puvMas 4acTb 3aKpennseTcs B KPUCTaNIMYECKON peLleTke 04HOr0 UM HECKONbKUX OTAeNbHbIX MUHEepanos,
BXOAALLMX UM BCTPOEHHbLIX B CTPYKTYPY MUHepana. JlerkopacTBoprmasi YacTb abcopbmpyeTca Ha rpaHuLax
3epeH IM60 Ha NOBEPXHOCTW KPUCTANN0B UM HaXoaUTCs B mopax nopofgbl (puc. 8) [12].

Puc. 8. KOHLEeHTpauums nerkopacTBOPMMOIA YacTu ypaHa,
cogepxalerocs B cmeHmTe (Banb-Inys, Aapckuii maccus, LLBeiuapus).
McTouHuk: [17], c u3MeHeHMAMM

Fig. 8. Concentration of the easily soluble part of the uranium contented
in syenite (Val Giuv, Aarmassif, Switzerland).
Source: [17], modified
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PacTBOpMMas COCTaBMAIOLWLAA PaAMOAKTUBHbIX 3IEMEHTOB YBEIMYMBAETCA NPONOPLMOHANLHO UX 06LL el
KOHLLEHTpauuy 1 CTaHOBUTCS MOABVXHOM, KaK TOMbKO BOJa MUTPUPYET Yepe3 nopogy. 3Ta Murpayus npu-
BOAWT K NepepacnpesesnieHunio ypaHa n Topus. Takoe nepepacnpefeneHne NpoucxognT He TONbKO Npu BbiBe-
TPMBaHMM, HO U NPW OCTbIBAHWUM UHTPY3UI B BEPXHE YacTy 3eMHO Kopbl [18; 19]. BTopoii npouecc MoXeT
JaXe NPUBECTYM K NepepacnpeseneHnio 0THOCUTENbHO PaCTBOPUMbIX KOMMOHEHTOB. B CBS3M ¢ 3TM 06pasLibl,
MOSTyYEeHHbIE M3 KOPbI BbIBETPUBAHWS KPUCTA/TMYECKUX MOPOS, He 0T6Upanuch.

3akJiroueHue

Pe3ynbTaTbl NPOBEAEHHOr0 UCCNeL0BaHMS PAAMOreHHON TenaoreHepauuy 06pasLoB KpUCTaIM4YecKoro
(hyHZaMeHTa NMoKasbIBatoT, YTO 3HAYEHUS TenoreHepawm yibTPAOCHOBHbIX M OCHOBHbIX NOPoA, (YNbTpaMapuThbl,
amun60n1Thl, amrb0on0oBbIe cnaHupbl, rabbpounabl, MeTagmadassl) ABNAIOTCA 60/1ee HU3KUMU, YeM 3HAYEHUS
TenjoreHepawuuy KUCabix Nopos (rpaHUTOrHENChl, rpaHnTbl, PUOAUTLI, CUEHUTLI). OLHOTUNHbIE NOPOAbI,
BXOffLLME B COCTaB pasHbIX BeLLeCTBEHHbIX KOMMIEKCOB 1 PacrnpoCcTpaHeHHble B Pas3/inyHbIX CTPYKTYPHbIX
30HaX KpUCTa/IMYeCKOro PyHAaMeHTa, UMEKT 6/IM3KME 3HAUYEHUS COAEepXKaHNSA 31IEMEHTOB.

MuHUManbHbIe 3HaYeHUs NapaMeTPOB CBSA3aHbI C yNbTpaMaguyecKuMm Nopojamm 1 meTaMop@uUYecKumMm
o6pasoBaHMAMN OKONOBCKON rpabeH-CUHKIMHaNN, 60/1ee BbICOKUE - ¢ 061acTAMU NPenMyLLeCTBEHHOI0 pac-
MPOCTpaHeHMs Nopog amPro0IMT-rHeiCOBOro KOMM/IEKCA B LLleHTPabHOI 1 KOr0-BOCTOYHO YacTax benapycwm,
a TaKKe nMopojasl rpaHyMToBbIX 610K0B B Benopyccko-MNprnbantuitckom nosice. 30HbI 61aCTOMUIOHUTOB, pas-
JensoLme aTn 6710K1, UMEHOT NOBBILIEHHYIO TenoreHepauunto, 06yC0BEHHYO pa3BUTUEM B UX Npejenax
pa3Ho06pa3HbIX FPaHNTONOB.

MakcrManbHOe COofepXKaHne U30TOMOB U Camble 6OMbLUME BENNYMHBI TEMNOreHepaLm CBONCTBEHHDI
Hanbonee MonoAbiM CybLLENOYHBIM U PanakMBMNOoA0OHbIM FpaHUTaM MOCTOBCKOr0o, 6060BHSHCKOIO M KO-
POCTEHCKOro KOMMNEKCOB panakMBUTrpaHUTHON opmauum. OHU oboralleHbl TOpUeM, KOTOPbIA KOHLIEeH-
TpUpyeTCcs B MOHaLuUTe, OpTUTe, TOPUTE, LUPKOHE M APYTUX aKLEeCCOPHbIX MUHepanax, a Takke ypaHoMm
N peLKO3EMENbHbIMU 3/IeMeHTaMu. [opogbl panakMBMIPaHUTHOR hopMauny Ha 3anage BocTouHo-EBpo-
MeicKOro KpaTtoHa craratoT 06LUMpHbIE MaccuBbl. B pailoHax Mx pacnpocTpaHeHMs Takxke 3aiMKCMpOBaH
NOBbILLIEHHbI TENI0BOI MOTOK.

Bonee BbICOKOE 3HaueHVe TennoreHepawm HabnogaeTca B ceBepHO 30He MpunsaTckoro nporuba. B ckea-
XUHe «bapcykun-60» oHo cocTaBnseT 2,15 MKBT/M3, B ckBaxuHe «Cygosuua» - 7,0-5,5 MkBT/M3. B gpyrux
CKBa)KMHax NoKasaTe/lb TennoreHepauumn nameHsetcsa ot 0,56 1o 5,50 MKBT/M3. Y poBeHb paivoreHHoi Tenno-
reHepawmm B CKBaXKMHax, NpobypeHHbIX Ha BOGOBHAHCKOM BbICTYNe benopyccKoi aHTeKNN3bI, ABASETCA HU3-
Kum (0,52-1,24 mkBT/M3), 0HaKO Ans OAUHOYHBLIX 06pa3LoB OH Bo3pacTaeT Ao 3,35 MKBT/M3. Ha ocTanbHol
TEePPUTOPUN aHTEK/IM3bI 3HAYeHMe TenaoreHepauun konebnetcs ot 140 2 mkBT/mM3. B OpLuaHCKoOW BnagnHe
Hanbonbllas BeNMUYMHa TennosblgeneHuns (2,62 MkBT/mM3) onpegeneHa Ang ogHoro obpasya YaCTUYHO Bbli-
BETPESIoro rHelica, NOAHATOr0 U3 CKBaXWHbI «TJ1-29», rae 3a60i BCKPbIN TOMbKO 30HY BbIBETpUBaHUA (rny-
6uHa 776-782 m). B ckBaxkuHe «Bacuniesnyn-15» OpLUaHCKON BNaguHbI 3HaAYeHWe TennoreHepaymm 4OCTU-
raet 2,15 mkBT/mM3. B gpyrux o6pasuax ropHbix Nopoj OHO XapakTepusyetca Kak Hu3Koe (1-2 MkBT/m3), uto
COrnacyeTcs C HEBLICOKMM HabM04aeMbIM TEM0BbIM MOTOKOM. 13 CKBaXXMHbI «CMOEHCK-1%», pacnooKeHHOM
B pocCMIiCKON YacTu OpLuaHCKOl BNaguHbl, 3y4YeH ToNbKo 1 06pasel, rabbpo, ypoBeHb ero TensoreHepawum
ewe Hwxe (0,56 MkBT/M3).

Bubnuorpadmyeckme CCbIKM

1 lapeukuin PI', MatseeB AB, MaxHauy AC, pegaktopsl. "'eonorusa benapycu. MMHCK: VIHCTUTYT reonornyecknx Hayk HAH bena-
pycu; 2001. 815 c.

2. MaxHau AC, lapeuknii PI', MaTtBeeB AB. OcHoBbl reonorun benapycu. MaxHay AC, pegaktop. MuHck: WHCTUTYT reonoruye-
ckux Hayk HAH Benapycu; 2004. 392 c.

3. XyTtopckoii M/. BeegeHue B reoTepmuto. MockBa: V3gatenbctBo Poccuiickoro yHuBepcuTeTa Apy>6bl Hapogos; 1996.
156 c.

4. Rybach L. Determination of heat production rate. In: Haenel R, Rybach L, Stegena L, editors. Handbook o fterrestrial heat-
flow density determination: guidelines and recommendations o fthe International Heat Flow Commission. Dordrecht: Springer; 1988.
p. 125-142.

5. XyTopckoin M[3, Monsk BI'. Ponb pagnoreHHoi TennoreHepayumn B GopMmMpoBaHny NOBEPXHOCTHOMO TEM/I0BOrO MOTOKa. IMeo-
TekToHuKa. 2016;2:43-61. DOI: 10.7868/S0016853X16020041.

6. loceBa EWN, 3yt BU, AkcameHToBa HB. PaguoreHHas TennoreHepanus ropHbIX NOPOA rMaBHbIX CTPYKTYPHbIX 30H U UHTPY-
3MBHbIX MacCVBOB KpucTaninueckoro gyHgamerta benapycu. B: AHowko AW, pegaktop. Mpo6neMbl BOAHLIX PECYPCOB, re0TepMun
1 reoakonorun. MaTepnansl Me>XayHapoAHON HayYHON KOH(epeHuumn, noceaweHHon 100-ne T Co AHA POXKAEHNS akajeMuka
. B. boromonoBa; 1-3 uoHa 2005 r.; MuHck, Benapycb. Tom 1. MUHCK: VIHCTUTYT reoxumun n reopmsmkn HAH benapycu; 2005.
c. 270-272.

102



feonorusa
Geology

7. PozaHoB Afl, AHTOHOB O®, Apunax HJ1, lumuHd EB. OnbIT paboTbl ¢ raMma-paguomeTpom PYT-91 «ApgaHu». nrueHa u ca-
HUTapua. 1994;2:40-41.

8. Audi G, Bersillon O, Blachot J, Wapstra AH. The NUBASE evaluation of nuclear and decay properties. Nuclear Physics A.
2003;729(1):3-128. DOI: 10.1016/j.nuclphysa.2003.11.001.

9. Nop6ywwuHa NB, 3umnH A®, Cepatokosa AC. PagnomeTpuyeckne n a4epHo-reodusmnyeckne MeToabl NOUCKOB W pa3Beaku
MECTOPOXKAEHNIA None3HbIx nckonaembix. Mockea: ATomusgat; 1970. 376 c.

10. MouceeHko YW, Cmbicnos AA. TemnepaTypa 3eMHbIX Heap. JleHuHrpaa: Hepgpa; 1986. 178 c.

11. 3yii BN, AkcameHToBa HB, JloceBa EV. YpaH, Topuii, Kannii n paguoreHHas TennoreHepauns B nopogax KpUcTananyeckoro
thyHaameHTa benapycu. B: Jlykawes OB, pegaktop. CoBpemMeHHble Npo6neMbl reoOXMMumM, reonormn 1 NOUCKOB MECTOPOXKAEHUIA No-
Ne3HbIX UcKonaemblx. MaTepuansl Me>XayHapoHOl Hay4HO KOH(hepeHLun, NocBALLEHHOR 100-1eTUIO CO AHA POXKAEHUS akajemMuKa
KoHcTaHTwuHa NrHaTbesnya Jlykawesa (1907-1987); 14-16mapTa 2007 r.; MuHck, benapycb. MuHck: M3gatensckuid LeHTp Bry;
2007. c. 20-23.

12. Buntebarth G. Geothermics: an introduction. Chapman IM, Chapman DS, translators. Berlin: Springer Berlin Heidelberg; 1984.
144 p.

13. Rybach L. The relationship between seismic velocity and radioactive heat production in crustal rocks: an exponential law.
Pageoph. 1978;117:75-82.

14. Drury M. Heat flow provinces reconsidered. Physics ofthe Earth and Planetary Interiors. 1987;49(1-2):78-96. DOI: 10.1016/
0031-9201(87)90133-6.

15. CmbicnoB AA, MouceeHko YW, Yagosuy T3. Tennosoii pe>kuM npagnoakTUBHOCTb 3emmn. JleHnHrpag: Hegpa; 1979. 191 c.

16. KyTtac PW, NopauneHko BB. Tennosoe none YkpauHbl. Kues: Haykosa fiymka; 1971. 140 c.

17. Labhart TP, Rybach L. Granite und Uranvererzungen in den Schweizer Alpen. Geologische Rundschau. 1974;63:135-147.

18. Buntebarth G. Methoder zur Abschatzung der WarmefluBdichteaus dem oberen Mantel. Geologische Rundschau. 1976;65:
809-819.

19. Rybach L, Buntebarth G. Heat generating radioelements in granitic magmas. Journal o fVolcanology and Geothermal Research.
1981;10(4):395-404. DOI: 10.1016/0377-0273(81)90088-3.

References

1 Garetskii RG, Matveev AV, Makhnach AS, editors. Geologiya Belarusi [Geology of Belarus]. Minsk: Institute of Geological
Sciences of the National Academy of Sciences of Belarus; 2001. 815 p. Russian.

2. Makhnach AS, Garetskii RG, Matveev AV. Osnovy geologii Belarusi [Fundamentals ofthe geology of Belarus]. Makhnach AS,
editor. Minsk: Institute of Geological Sciences of the National Academy of Sciences of Belarus; 2004. 392 p. Russian.

3. Khutorskoi MD. Vvedenie vgeotermiyu [Introduction to geothermics]. Moscow: Izdatel’stvo Rossiiskogo universiteta druzhby
narodov; 1996. 156 p. Russian.

4. Rybach L. Determination of heat production rate. In: Haenel R, Rybach L, Stegena L, editors. Handbook o fterrestrial heat-
flow density determination: guidelines and recommendations o fthe International Heat Flow Commission. Dordrecht: Springer; 1988.
p. 125-142.

5. Khutorskoi MD, Polyak BG. Role of radiogenic heat generation in surface heat flow formation. Geotectonics. 2016;2:43-61.
Russian. DOI: 10.7868/S0016853X16020041.

6. Loseva El, Zui VI, Aksamentova NV. [Radiogenic heat generation of rocks of the main structural zones and intrusive mas-
sifs of the crystalline basement of Belarus]. In: Anoshko Yal, editor. Problemy vodnykh resursov, geotermii i geoekologii. Materialy
Mezhdunarodnoi nauchnoi konferentsii, posvyashchennoi 100-letiyu so dnya rozhdeniya akademika G. V Bogomolova; 1-3 iyunya
2005 g.; Minsk, Belarus’ Tom 1 [Problems of water resources, geothermal and geoecology. Proceedings of the International scien-
tific conference dedicated to the 100th anniversary of the birth of academician G. V Bogomolov; 2005 June 1-3; Minsk, Belarus.
Volume 1]. Minsk: Institute of Geochemistry and Geophysics of the National Academy of Sciences of Belarus; 2005. p. 270-272.
Russian.

7. Rozanov AD, Antonov OF, Dridzh NL, Limin BV. [Experience with gamma-radiometer RUG-91 «Adani»]. Gigiena i sanita-
riya. 1994;2:40-41. Russian.

8. Audi G, Bersillon O, Blachot J, Wapstra AH. The NUBASE evaluation of nuclear and decay properties. Nuclear Physics A.
2003;729(1):3-128. DOI: 10.1016/j.nuclphysa.2003.11.001.

9. Gorbushina LV, Zimin DF, Serdyukova AS. Radiometricheskie iyaderno-geofizicheskie metodypoiskov i razvedki mestorozh-
denii poleznykh iskopaemykh [Radiometric and nuclear-geophysical methods of prospecting and exploration of mineral deposits].
Moscow: Atomizdat; 1970. 376 p. Russian.

10. Moiseenko Ul, Smyslov AA. Temperatura zemnykh nedr [The temperature of the earth’s interior]. Leningrad: Nedra; 1986.
178 p. Russian.

11. Zui VI, Aksamentova NV, Loseva El. [Uranium, thorium, potassium and radiogenic heat generation in rocks of the crystalline
basement of Belarus]. In: Lukashev OV, editor. Sovremennyeproblemy geokhimii, geologii ipoiskov mestorozhdeniipoleznykh isko-
paemykh. Materialy Mezhdunarodnoi nauchnoi konferentsii, posvyaschennoi 100-letiyu so dnya rozhdeniya arademika Konstantina
Ignatyevicha Lukasheva (1907-1987); 14-16 marta 2007 g.; Minsk, Belarus’[Modern problems of geochemistry, geology and the
search for mineral deposits. Proceedings of the International scientific conference dedicated to the 100th anniversary of the birth of
academician Konstantin Ignatievich Lukashev (1907-1987); 2007 March 14-16; Minsk, Belarus]. Minsk: lzdatel’skii tsentr BGU;
2007. p. 20-23. Russian.

12. Buntebarth G. Geothermics: an introduction. Chapman IM, Chapman DS, translators. Berlin: Springer Berlin Heidelberg; 1984.
144 p.

13. Rybach L. The relationship between seismic velocity and radioactive heat production in crustal rocks: an exponential law.
Pageoph. 1978;117:75-82.

103



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteta. Neorpadums. Meonorms. 2023;2:90-104
Journal of the Belarusian State University. Geography and Geology. 2023;2:90-104

14. Drury M. Heat flow provinces reconsidered. Physics o fthe Earth and Planetary Interiors. 1987;49(1-2):78-96. DOI: 10.1016/
0031-9201(87)90133-6.

15. Smyslov AA, Moiseenko Ul, Chadovich TZ. Teplovoi rezhim i radioaktivnost’Zemli [Thermal regime and radioactivity of the
Earth]. Leningrad: Nedra; 1979. 191 p. Russian.

16. Kutas RI, Gordienko VV Teplovoepole Ukrainy [Thermal field of Ukraine]. Kyiv: Naukova dumka; 1971. 140 p. Russian.

17. Labhart TP, Rybach L. Granite und Uranvererzungen in den Schweizer Alpen. Geologische Rundschau. 1974;63:135-147.

18. Buntebarth G. Methoder zur Abschatzung der WarmefluBdichteaus dem oberen Mantel. Geologische Rundschau. 1976;65:
809-819.

19. Rybach L, Buntebarth G. Heat generating radioelements in granitic magmas. Journal o f Volcanology and Geothermal Research.
1981;10(4):395-404. DOI: 10.1016/0377-0273(81)90088-3.

MonyyeHa 19.05.2023 / npuHaTa 28.08.2023.
Received 19.05.2023 / accepted 28.08.2023.



HO sunen

Hukonain KoHCTaHTUHOBWY

UEPTKO

Mikalai Kanstancinavich
CHARTKO

Co [iHS pOX/eHUA AOKTOPa reorpamyecknx Hayk,
npogeccopa Hukonas KoHcTaHTUHOBUYA YepTKo, Npo-
theccopa Katheapbl NOYBOBEAEHMNS U FEOUH(OPMALLMOH-
HbIX CUCTEM (PakynbTeTa reorpamm n reouHgpopma-
TUKW BenopyccKoro rocyapcTBeHHOr0 yH1BEPCUTETA,
8 auBapsa 2024 r. ucnonHutea 90 net. H. K. YepTko -
N3BECTHbIV Benopycckuii usnkoreorpad), aBTop pa-
60T N0 reoXMMnUM NaHALWagToB, FEOXUMUKN arponaHi-
LWadTOoB, reOXUMMNUECKOW 3KONOrMU, NOYBOBELEHMIO,
mMaTeMaTUYecKMM MeTodaM B reorpaqum.

Hwukonaii KOHCTaHTUHOBMY POAUNCS B KPECTbSH-
CKoli cemMbe B A. MocTbITblun (BapaHOBMYCKUIA paii-
OH, bpecTckas 06n1acTb). J1l0603HATENBHOCTb U Lene-
YCTPEMNEHHOCTb BO BpPeMS y4ebbl Ha reorpatmyeckom
thakynbTeTe BI'Y (1952-1957) onpefenunu nHTepec
H. K. UepTko K Hay4HOI1 paboTe, KOTOPbIA OH NPOSBASAN
HauuHas co BTOpOro Kypca. o pyKoBoACTBOM Mpo-
theccopa B. A. lemeHTbeBa 6bInK BbINOHEHbI ABE Ha-
YUHble paboTbl: KapTa rnyouHbl pacyneHeHns pensega
Benapycu, NonoXxeHHast B OCHOBY OHOMMEHHOM KapThl
anst Atnaca bCCP (1958); kapTa nsoaHomasn rpo3 Ha

vJUBILEES

3eMHOM LLape, coCTaB/eHHaa CoBMeCTHO ¢ B. H. Hay-
MeHKO (BrocneAcTBMmM Npodeccopom bpecTcKoro rocy-
[apCTBEeHHOro yHuBepcuteTa nMenmn A. C. MyLKnHa).
Ha pecny6/11MKkaHCKOM KOHKYpCe CTYfeHUYecKnx paboT
OHM 6bINIY OTMEYEHbI MOYETHbIMU rpamoTaMmm MuHu-
cTepcTBa o6pasoBaHunsa BCCP.

Mocne okoH4aHus yHuBepcuTetTa H. K. UepTko
paboTan yuuTenem reorpagum B CpefHeli LUKONe,
aB 1959 r. no npeanoxexuto npogeccopa O. P. AxyLw-
KO MocTynun B acnupaHtypy bI'y. B 1962 r. oH 3aHaN
[LOMKHOCTb MMAALEro HayYHoOro COTpyAHUKA Hayu-
HO-MCCNel0BaTEeIbCKOM NabopaTopun 6UOXMMKM NOYB
reorpaduyeckoro akynbtetaBI'yY B 1969 r. Hukonaii
KOHCTaHTUHOBMY ObIN NepeBesieH Ha JO/MKHOCTL CTap-
Lero npenojasatens Kaenpbl NOYBOBEAEHUA U TE0-
noruv reorpagmyeckoro akynbteta, aB 1972-1992 rr.
OH IBNSANCS AOLEHTOM 3TOW Kadheapbl. C 1992 no 2020 r.
H. K. YepTko paboTan npocgeccopom Kadheapbl NO4BO-
BefleHNs 1 reonHHOPMaLMOHHbIX CUCTEM (PaKybTeTa
reorpacumm n reonHhopmatkn BI'Y B HacTosLee Bpe-
MS OH HaXOAMTCS Ha 3aC/Y>KEHHOM OT[bIXeE.
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B 1968 r. Hukonaii KOHCTaHTMHOBWY 3aLUTWA KaH-
ANAATCKYH0 auccepTaunio «MUKpPO3neMeHTbl B NoY-
Bax lOro-sanafgHoin yactu Bpectckoro lMoneckbs»,
B 1991 r. - LOKTOPCKYIO AmMccepTauumio «eoxumms arpo-
naHgwadgToB benapycn n ux ontTuMmsaymsa». B 1993 T.
eMy 6bl/10 NPMCBOEHO Y4eHOoe 3BaHue npodeccopa.

H. K. YepTKo untan 06beMHbIE KypCbl <[ €0XUMMS»,
«eoxmmusa naHawadgta», «leorpadus noys ¢ 0OCHOBa-
MW NOYBOBEAEHNA», «MaTeMaTUYeCKe METOAbI B Feo-
rpauu» 1 Ben psg cneunanbHbIX AUCLUMANH.

Kpome Toro, Hukonaii KOHCTaHTUHOBMWY 3a/10XKUJT
OCHOBbI FEOXUMWUW arponaHAWagpToB 1 pa3sBuBas aTo
HOBOe Hay4yHOe HarnpaB/fieHue, paspabaTbiBalollee
Knaccugukaumnio n CTpykKTypy naHawadgTtos, Cnocobsl
MX OLEHKM 1 ONTMMU3ALMK, a TaKKe HeTpanusaumm
TOKCMYECKMX 3/IEMEHTOB 1 COeAMHEHWIA. Mog ero py-
KOBOZCTBOM 3alliuLleHbl 1 fOKTOpCKaa guccepTaums
1 5 kaHanaaTckunx aucceptaumii. H. K. YepTko sBnsnca
Hay4HbIM PYKOBOAWUTENEM WU UCNONHUTENEM 16 Kpyn-
HbIX Hay4HO-MCCeA0BATENIbCKUX PaboT, BbIMONHEHHbIX
B paMKax rocyfjapCTBEHHbIX NPOrpamm OpPUEHTUPO-
BaHHbIX PYHAAMEHTaNIbHbIX UCCNef0BaHMi «[prpoa-
Hble KoMnekcbl» (2001-2005) u «MpupoLononb30-
BaHMe» (2006-2010), rocyaapCTBEHHbIX NPOrpamm
Hay4YHbIX 1ccnefoBaHuii «pMPOAHO-PECYPCHBIN NO-
TeHumnan» (2011-2015) n «lMpupoaononbL3oBaHue
n akonorus» (2016-2020).

Hwukonail KoHCTaHTUMHOBUY onMy6/MKoBan 6onee
350 Hay4HbIX, Y4e6HbIX 1 Y4eObHO-MEeTOAMUYECKMX pa-
60T, B TOM uncne 5 moHorpaduii, 53 yuebHuKa, yueo-
HbIX 1 Y4eB6HO-MeTOANYECKMX NOCOOUSA, 2 aBTOPCKMX
cBuaetenscTBa. K ero 0CHOBHbIM Tpyfam OTHOCATCA
cnegytowme: «Kblyué rnebol» (1976), «Feoxumus
naHgwadTa (1981, 2011), «MartemaTuyeckmue mMeTo-
Abl B msnyeckoii reorpadmm» (1987), «ACHOBbI rea-

Ximii» (2001), «"eoxmmmyeckas akonorus» (2002),
«eoxumusa» (2016), «Ceorpagmsa No4B ¢ 0OCHOBaMU
noysoBegeHns» (2000, 2011), «Monesas n nabopatop-
Has NnpakTKKa no no4soBegeHnto» (1974, 1981, 2003),
«Martematuyeckune metogbl B reorpagum» (2009), «I"eo-
rpagus nous benapycu» (2011), «Feoxummsa n aKono-
rnsi XMMmUYeckunx anemeHToB» (2008), «bronoruyeckas
(DYHKUMSA XMMUYECKUX 3n1IeMeHTOB» (2012, 2022), «["eo-
XUMUYeCKas onTuMm3auma naHgwadtos» (2018).

H. K. UepTKo aKTMBHO 3aHMMasICsi 00LL,ECTBEHHOA pa-
60TOI4, ABNANCA NpeaceaaTeneM y4ebHO-MeTOANYECKON
KOMMCCUM reorpaguyeckoro dakynbteta by, uneHom
Hay4YHO-MEeTO4MYECKOro 06beAMHEHMS NO reorpadmm
npn MuHucTepcTBe 06pasoBaHna Pecny6nmku bena-
PYCb, 3KCMEPTOM MO (PyHAAMEHTa/IbHBIM UCC/EL0BAHNAM
HAH Benapycu. 3a akT1BHYH Y4eOHO-METOANYECKY!HO,
Hay4HO-MCCeAoBaTe/IbCKY0 1 06LWEeCTBEHHYO pabo-
Ty Hukonaii KoHCTaHTUHOBMY HarpaxgeH [NoyeTHOM
rpamoToin BepxoBHoro Coeeta BCCP (1971), tobunei-
HOW Mefanblo «3a fo6necTHbI Tpyg» (1970) Mpesu-
Anyma BepxosHoro Coseta CCCP, meganbio «BeTtepaH
Tpyga» (1985), No4YeTHbIMK rpamoTaMmn 1 rpaMmoTamMm
MuHucTepcTBa 06pasoBaHust Pecny6nnku benapychb,
Benopycckoro rocyiapcTBeHHOr0 YHUBepCUTeTa U Apy-
rMX OpraHv3auuii, ygoCTOeH NOYETHOro 3BaHUsA «3a-
CNY>XeHHbI paboTHMK Benopycckoro rocynapCcTBeH-
HOro YHMBEPCUTETa», HarpyaHoro 3Haka «OTANYHUK
06pa3oBaHNs» MuHMCTepcTBa 06pa3oBaHKs Pecnybnmku
benapycb 1 HarpygHoro 3Haka «100 nieT Bl Y».

CoTpyaHVKNM (hakynbTeTa reorpagmm n reomHpop-
MaTuku BI'Y, Konneru n yyeHMKn cepgeyHo nosapas-
naT Hukonass KoHCTaHTMHOBKMYA C HOOWUIEEM, XKenatoT
emy f06poro 340p0Bbs U 61arononyUns.

A. A. KapnunyeHkol

AnekcaHap AnekcaHapoBny KapnunueHko - KaHAMAAT reorpaduyeckux Hayk, JOLEHT; fOLEHT Kadeapbl MOYBOBELEHNS U T€OUH-
(hopMaLMOHHbIX CUCTEM (haKynbTeTa reorpauu 1 reouHopmaTuky Benopycckoro rocyfapcTBeHHOro YH1BepcuTeTa.
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cneu. 1-56 02 02 «"eonHpopmaLnoHHble cuctembl» / H. B. KnebaHosud, J1. . CMbIKoBWY ; BI'Y. 31eKTPOH.
TeKCToBble faH. MuHcK : BI'Y, 2023. 154 c. : un., Tabn. buénaunorp.: ¢. 153-154. Pexxum goctyna: https://elib.
bsu.by/handle/123456789/296851. 3arn. ¢ akpaHa. Aen. B bI'yY 03.05.2023, Ne 004103052023.
DNeKTPOHHBIN y4yebHO-MeToauYecKniA komnneke (3YMK) npegHasHaueH Ans CTYAEHTOB, 06y4atoLMXCcs
no creuuansHocTn 1-56 02 02 «I"eouMH(popmaLMoHHbIe cucTeMbl». CogepxaHne Y MK npegnonaraet nosbi-
LeHne 3hPeKTUBHOCTM YNpaBieHMst 06pa3oBaTe/lbHbIM NPOLLECCOM M CaMOCTOATE/IbHOM paboTol CTYAEHTOB
M0 OCBOEHMWIO YUYEOHON AMCUUNANHBI «3eMeNbHbIA KafacTp» € NMOMOLLbI0 BHEAPEHUS B 06pa3oBaTe/bHbIi
MpOoLEecC NMHHOBALMOHHbIX 06pa30BaTe/IbHbIX TEXHOM0IMIA, 06ecneveHe KaueCTBEHHOW NOATOTOBKN BbICOKO-
KBaIMPULMPOBAaHHBIX CNeLUanncToB.

YOK 634(075.8)
MaTtowesckas E. B. OCHOBbI CafloBOACTBA [3N1EeKTPOHHbIN pecypc] : 3MeKTPOH. yueb.-MeToA. KOMMeKE Ans
cneu. 1-31 02 01 «["eorpadmsa (no HanpasneHWsIM)», HanpasneHue crey,. 1-31 02 01-02 «leorpagus (Hay4Ho-
nefjarornyeckas fesatenbHOCTb)» / E. B. Martiowesckas, M. C. KacTpuuykas ; BI'Y. 9neKTpoH. TeKCTOBbIe faH.
MuHck :BIrY, 2023. 88 c. bubnuorp.: c. 87-88. Pexxum goctyna: https://elib.bsu.by/handle/123456789/297451.
3arn. c akpaHa. Oen. B BI'yY 22.05.2023, Ne 004822052023.

DNeKTPOHHBIA y4yebHO-MeToauYecknii komnneke (3YMK) no yyebHoi aucumnnnHe «OCHOBbI Caf0BOA-
CTBa» MpefHasHayeH 414 0byvatowmxcsa no cneunansHoCTy «reorpagms (no HarmpaeneHusam)». CogepxkaHme
3YMK npegnonaraeT co3faHue YCN0BMUiA, COAEACTBYIOLLMX OCBOEHUIO CTYAEHTaMy MPOrpaMMbl AUCLUMINHBI.

YAK910.1(075.8)
lanaii E. . MeToabl hn3nMKo-reorpamnuecKux UccnefaoBaHnin [OneKTPOHHbIA pecypc] : 3NEKTPOH. yyeb.-
MeTof4. Komnnekc ans cney,. 1-31 02 01 «[Ceorpadums (no HanpaBneHWAM)», HanpasneHue cnew,. 1-31 02 01-02
«[eorpadus (HayyHo-negarornyeckas aeatensHocTb)» / E. V. Tanait, H. B. laruna, N. L. CuyacTHas ; BIY.
DNeKTPOH. TEKCTOBbIE AaH. MuHcK : BI'Y, 2023. 95 c.: un., Tabn. bubnwuorp.: c. 92-93. Pexxum goctyna: https://
elib.bsu.by/handle/123456789/297719. 3arn. ¢ akpaHa. fen. B BI'Y 29.05.2023, Ne 005029052023.
DNeKTPOHHbIW y4yebHO-MeToAMYeCKNIA Komnneke (Y MK) npeaHasHayeH Ans CTyAeHTOB, 00yYaroLLMXcs no
cneunanbHocTy 1-31 02 01 «[eorpathums (no HanpaeneHnam)». B 3YMK n3n0xeHbl COBpeEMeHHbIE METOAbI,
npuembl U METOAMKA U3YUEHUS N OpraHn3aLnm 0TpacnesbiX U KOMMNIEKCHbIX (DU3NKO-Teorpaguyecknx nccne-
noBaHuiA. MpefcTaBneHbl TemMaTuKa 1abopaTopHbIX Y MPAKTUYECKUX 3aHATUIA, NPUOAN3UTE/IbHBIA NepeyeHb
BOMPOCOB K 3a4eTy, 3afaHnii B TECTOBOM (hopMe, BONPOCHI A/15 CAMOKOHTPO/SA U peKOMeHayemas nntepaTypa
ANA U3yUYeHNUs AUCLUNINHBI.
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YOK553.061.12/17(075.8)

MeHe3nc MeCTOPOXAeHWIA NOJIe3HbIX UCKOMAaeMbIX [SNEKTPOHHbIN pecypc] : 3MeKTPOH. y4yeb.-MeTof. KOM-
NNeKc ¢ KpeaTUBHbIM KOMMOHEHTOM Ans crel,. 1-51 01 01 «[eonorus n pa3Begka MeCTOPOXAEHWUIA MONE3HbIX
nckonaembix» / BI'Y ; coct. A. /1. TBOPOHOBMY-CeBPYK. 3NEKTPOH. TEKCTOBbIE AaH. MuHck : BI'Y, 2023. 39 ¢. :
nn., Tabn. bubnwuorp.: c. 38. Pexxum goctyna: https://elib.bsu.by/handle/123456789/298062. 3arn. ¢ akpaHa.
Jen. B BI'Y 05.06.2023, Ne 005405062023.

DNEKTPOHHbI yuebHO-MeToANYECKNA KoMnneKe (QYMK) npeaHasHaveH Ansi CTYAEHTOB, 00yvaroLLMXCS
no cneuunansHoctTh 1-51 01 01 «["eonorvs 1 passeaka MeCTOPOXAEHNA NOME3HbIX MCKONaeMbix». Coaepxa-
Hve QY MK npesnonaraet NoBbIEHNE 3PPEKTUBHOCTY YNpasBieHUs 06pa3oBaTe/ibHbIM NPOLECCOM U camo-
CTOATE/IbHOW paboToi CTYAEHTOB MO OCBOEHUIO YYEBHOW ANCUMNAMHLI «[eHe3MC MECTOPOXKAEHWIA NONEe3HbIX
MCKONaeMbIX» C MOMOLLbI0 BHEAPEHUS B 06pa30BaTe/bHbIA MPOLECC MHHOBALMOHHbIX 06pa30BaTe/ibHbIX
TEXHONOTUiA, 06ecneyeHne Ka4eCTBEHHOM NOArOTOBKY BbICOKOKBA/IMPULMPOBAHHBIX CNELannCTOB-re0/I0roB.

YAK 550.8(075.8)

Monckun n passeka MECTOPOXAEHUI NOSIE3HbIX NCKOMAeMbIX [SNEKTPOHHLIN pecypc] : 3NeKTPOH. yueo.-
meTof. Komnnekc ansa cnew. 1-51 01 01 «[eonorus n passegka MeCTOPOXKAEHUA NONE3HbIX UCKONaeMbIxX» /
Bry ;coct. A. 1. TeopoHoBUNY-CeBpYK. DNEeKTPOH. TEKCTOBbIe AaH. MuHck : BIY, 2023. 39 c. : un., Tabn.
Bubnuorp.: c. 38-39. Pexxum goctyna: https://elib.bsu.by/handle/123456789/298066. 3arn. ¢ skpaHa. [en.
B bI'Y 05.06.2023, Ne 005505062023.

DNeKTPOHHBIN yyebHO-MeToANYeCKMiA koMmnneke (3YMK) npegHasHayeH ANs CTYAEHTOB, 06yYaroLLMXCs
no cneymanbHocTn 1-51 01 01 «"eonorus 1 passefka MeCTOPOXAEHWI NONE3HbIX MCKOMaeMbix». CogepxKaHue
3YMK npegnonaraeT nosbilweHne 3 HEKTUBHOCTA YNpaBaeHnUs 06pa3oBaTe/lbHbIM NPOLLECCOM U CaMOCTOS-
Te/lbHOli paboToii CTYAEHTOB NO OCBOEHUIO Y4Ye6HOM AucLMnanHbl «MONCKM 1 pa3BegKa MeCTOPOXKAEHUIA No-
Ne3HbIX NCKOMaeMbIX» C MOMOLLbI0 BHEAPEHUS B 06pa30BaTe/bHbIN NPOLECC MHHOBALMOHHbLIX 06pa30BaTe/ilbHbIX
TEXHOOTUiA, 06ecneyeHne Ka4eCTBEHHOM NOArOTOBKM BbICOKOKBA/IMPULMPOBAHHBIX CNELannCTOB-re0/I0r0B.

YAK 551.5(075.8)

epko FO. A. SKOHOMMUYECKasA MeTeoposIorua [SNeKTPOHHBIN pecypc] : 3M1eKTPOH. y4eb.-MeTo4. KOMMIeKC
ans cnew,. 7-06-0532-02 «'mapometeoponorusa» / KO. A. 'negko, B. M. Jlanno ; BI'Y. OneKTpoH. TeKCTo-
Bble gaH. MuHck : BI'Y, 2023. 153 c. : un. bubnnorp.: c. 150-153. Pexxum goctyna: https://elib.bsu.by/
handle/123456789/298278. 3arn. ¢ skpaHa. fen. B BI'Y 07.06.2023, Ne 005707062023.

DNeKTPOHHbIN yuyebHO-MeTOANYECKU KoMmnneke (AYMK) no yue6HoOl ancumnanHe «KOHOMUYECKaS
MeTeoponorus» NpegHasHaveH gnsa CTyaeHToB cneymanbHocTn 7-06-0532-02 «MgpoMeTeoponorms» gakyb-
TeTa reorpaduu n reonHgopmaTkm benopycckoro rocyaapcTBeHHOro yHusepceuteta. B cogepxaHun Y MK
paccmaTpurBaeTCs, C OLHON CTOPOHbI, MOHATUE O TMAPOMETEOPOIOTMYECKOl 6e30NacHOCTM CTPaHbl, YyBCTBU-
Te/IbHOCTW MOTPebMTeNs K ruapoMeTeoposiornyeoTomy (akTopy, ¢ APYrov CTOPOHbI, CTeNeHb 3aBUCMMOCTU
noTpebuTenein oT rMapoOMeTEOPOSIONMYECKOro (haKTopa, a TakKe 3KOHOMMUYECKNIA 3(hheKT OT MCNONb30BaHUS
rMAPOMETEOPOIOrMYECKON HAopMaLMK. MpefcTaBNeHbl TEMATUKA, COepXXaHue N MEeTOANYECKME PEKOMEH -
LMY 419 BbINOMHEHMS NPAKTMYeCKUX paboT, nepeyeHb BONPOCOB U 3alaHnil 411 ynpaBiseMoii caMmoCToATe b-
HOM paboThbl CTYLEHTOB, NPUMEPHbIA NepeyeHb 3aaHnii B TECTOBOW (hopMe A1 UTOFOBOr0 M MPOMEXYTOUHOI0
KOHTPO/S 3HAHWA.

YOK 631:551.509.3(075.8)

OaBblgeHko O. B. ArpoMeTeoponornyeckoe NporHo3MpoBaHne [ANeKTPOHHbIN pecypc] : aneKTPoH. yueb.-
MeTof. Komnekc ansa cnewd. 1-31 02 02 «Iugpometeoposnorus» / O. B. OaBblgeHKO ; BI'Y. 9neKTpoH. Tek-
cToBble gaH. MuHck : BIY, 2023. 117 c. bubnauorp.: c¢. 114-115. Pexxum goctyna: https://elib.bsu.by/
handle/123456789/298569. 3arn. ¢ skpaHa. [en. B BI'Y 12.06.2023, Ne 005812062023.

ONEKTPOHHBIA yuyebHO-MeToAnYeCcKniA Komnneke (Y MK) npefHasHayeH Ans CTyAEHTOB CheunanbHOCTy
1-31 02 02 «"'mapomeTeoponormsy» thakynbTeTa reorpafum n reoMHPOPMaTMKM benopycckoro rocyiapcTBeHHOro
yHuBepcuteta. B 3YMK paccmarpumaroTcs MCTOPUA NMPOrHO3MPOBAHUA B arpOMeTe0posIorun, BubI arpome-
TEOPOJIOrMYeCKMX NPOrHO30B, METOAMKN UX pa3paboTKK, COCTaBMIEHUS N OLEeHKW. TMpeAcTaBeHbl TeMaTuka
N MeTOAMYECKNE PEKOMeHALUN N0 BbINO/HEHWUIO NPaKTUYeCKMX paboT 1 3afaHuii ynpaBnsemoin caMocTos-
TeNbHOM paboTbl CTYAEHTOB, MepeyeHb BOMPOCOB ANS NMOATOTOBKM K CEMUHAPCKUM 3aHATUAM, NPUMEPHbIA
nepeyeHb BOMPOCOB A/ 3a4eTa Mo Y4ebHOl ancumnanHe « ArpoMeTe0pONOrMYeckoe NPoOrHo3npPoBaHue.
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YK 561.087(075.8)+581.33.087(075.8)

MucapuykH. M. OCHOBbI Na/IMHONOINW [SNEKTPOHHBIA Pecypc] : 3NeKTPOH. yueb.-MeToA. KOMMEKC (aBT. Kypc)
ansa cney, 1-31 02 01 «"eorpadms (no HanpaeneHWsM)», HanpasneHune cney, 1-31 02 01-02 «I"eorpadms (Hay4Ho-
negarormyeckas gestenibHocTb)» / H. M. Mucapuyk, A. K. EnoBuyesa ; BI'Y. 9neKTpoH. TeKCTOBbIe AaH. MUHCK :
BIry, 2023. 187 c. :1abn. bubnuorp.: ¢. 186-187. Pexxum goctyna: https://elib.bsu.by/handle/123456789/300210.
3arn. ¢ akpaHa. fen. B BI'Y 27.06.2023, Ne 006427062023.

DNEeKTPOHHbIA yyebHO-MeToAMYecKMIA Komnneke (AYMK) (aBTopckuid Kypc) no y4ye6HOW AuCUMUMINHE
«OCHOBbI MannHONOrUU» MNpefHasHayveH 415 06yyaroLLMXca Ha reorpauyeckux creymansHocTax. Paspa-
60TaH Ha OCHOBE HAY4HbIX U METOLMYECKMX UCC/IEA0BaHNI aBTOPOB, COBPEMEHHbIX JOCTMXEHWI B 061aCTy
NaqnMHOMOTMM 1 afanTMpPOBaH Moj 06pa3oBaTe/ibHbI MpoLecc. BKoUuaeT TEOPeTUYECKUA, NPaKTUYECKMii
1 BCOMOraTe/NbHbIV pas3gesnsbl, a Takke pasgen KOHTpons 3HaHuii. CogepxxaHue 3YMK npegnonaraeT cosgaHue
YCNOBWIA, COAENCTBYHOLLMX OCBOEHWIO CTYAEHTaMM1 MPOrpamMMbl AUCLUMNHDI.

YOK551.79(476)+551.89(476)+561:581.33:551.7(476)

Ceonornyeckne paspesbl rnsunoneincToleHa 1 ronoueHa benapycn [OneKTpoHHbIA pecypc] :B 5 T
T. 3. bacceitH HemaHa / A. K. EnoBuuesa, E. H. Apo3a ; nog pea. A. K. EnoBuyeBoit ; BI'Y. 3NeKTPOH. TeK-
CToBble AaH. MuHcK : BIY, 2023. 371 c. : wn. bubnuorp.: c. 351-357. Pexxum goctyna: https://elib.bsu.by/
handle/123456789/301002. 3arn. ¢ akpaHa. Oen. B BI'Y 06.09.2023, Ne 007706092023.

[JaHHas paboTa BMeLLLaeT paspesbl MALMONIENCTOLEHA U FOMIOLEHa, KOTOPbIE Obl/IM M3YUeHbl HA TEPPUTOPUM
Benapycu B 6acceiiHe pekn HemaH (318 ea.), a Takke B npefdenax KannHuHrpaackoi o6nactu Poccum (14 en.).
MoTpebHOCTb B MX Ny6NMKaLUN B €ANHON MOHOTpaduy Bbi3BaHa HEOOXOAUMOCTbIO AeTa/IbHO W MOMTHO Mpej-
CTaBUTb NaIMHONOTMYECKYHO XapaKTepucTuky 332 paspesos, a TakKe 0TPa3uTb B3rNA4 aBTOPOB Ha peLleHue
npobnem cTpaturpadguu 1 naneoreorpaduy KBapTepa B COBPEMEHHOM MOHWMaHWUMW Pa3BUTUS NPUPOSHOIA
cpefbl M MEeXPErnoHanbHOM reonornyeckoi koppensuum. MNMpueedeHa pacluvpeHHas 6ubnnorpadgus no scem
UMerLWMMea Ny6IMKauusaM NasuHONOrMYeCKN U3YYeHHbIX pa3pes3oB, a TakXke WUCNo/b30BaHbl MaTepuasbl
(hOHAOBbIX UCCNEA0BAHNA, HAXOL4ALLMXCA B MA/IMHONOIMYECKON 6ase faHHbIX Benapycu.

PaboTa BbINO/IHEHA NO IMYHO NHMLMATKBE aBTOPOB U NpeAHa3HaveHa Ans y4YeHblX B 06/1aCTu YeTBepTUY-
HO reonoruu, NaneoHTONOrMKM, Naneoreorpanu, a TaKke 06LIMPHONO Kpyra cneunanncToB-cTpaTurpados,
NasMHOMOr0B, MaseoreorpagoB, KNMMaTo/0roB, SKO/I0r0B HayYHO-UCCNEA0BATE/TbCKNX, YUEOHBIX YUPEXAEHW
1 MPOU3BOACTBEHHbIX F€0/IONMYECKNX OpraHn3aLmii.

YK 556.5.048(075.8)

Nonyx M. C. F'maponornyeckme pacyeTbl [SNeKTPOHHBIA pecypc] : 3MeKTPOH. yueb.-MeTOA. KOMMJIEKC A5
cneu. 6-05 0532 02 «Imapometeoponorua» / M. C. Jlonyx ; BI'Y. SneKTPoH. TeKCToBble faH. MuHcK : BIY,
2023. 91 c. : un., Tabn. bubnuorp.: c. 90-91. Pexxum goctyna: https://elib.bsu.by/handle/123456789/303892.
3arn. ¢ skpaHa. Jen. B BI'Y 30.10.2023, Ne 009330102023.

DNeKTPOHHBIN yyebHO-MeToAnYecKniA koMmnneke (QYMK) no yuyebHol gucumnamHe «maponornyeckue
pacyeTbl» MpegHasHauveH 4na CTyLeHTOB cneynansHocTn 6-05 0532 02 «fnapometeoponorus». B 3YMK co-
Jepxxartcs BONpochl NpeAMeTa 1 cocTaBa Kypca «[ MApOoNormyeckKmne pacyeTbl», ICTOPUA HAYKW, METOANYECKUE
0COBEHHOCTU FMAPONOrMYECKUX PacHeTOB NO OMpejeNieHno NapaMeTpoB ro40BOr0 CTOKA PeK NpW Hannuuu,
HeAO0CTaTOYHOCTU M OTCYTCTBUM JaHHbIX TMAPOMETPUYECKUX HABMOAEHWNIA, BHYTPMIOLOBOIO pacnpeieneHus
CTOKa, MaKCMMasibHbIX PACXOA0B BOAbl BECEHHEr0 MOM0BOAbS, NETHE-0CEHHMNX MaBOAKOB NMPW HaMYMK 1 OT-
CYTCTBWM LaHHbIX HAOMOAEHNIA.
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