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3HAHMI O peabHBIX Tpoleccax X (yHKIMOHUPOBAHHUS. PacKpBITHI MOHATHE, OOBEKT, MPEAMET, 33]1a41 U (QYHKIUHU Yp-
0aHOJIOTUH, €€ KCTOKU U COOTHOILICHUE C IPyTUMU HayKaMy, HaMe4eHbl OCHOBHBIC HAIIPaBIICHHs pa3padoTKu ypOaHoo-
I'MYECKOW TEOPHH COBPEMEHHOT0 ropojia. B aBTopckoM oHMMaHWUU ypOaHOIOTHS — HayKa, KOTOpasi M3y4aeT ropoja Kaxk
CJIOXKHBIE COIMAJIbHBIC CUCTEMBI, CBSI3aHHBIC C OKPY’KAIOIIeH cpeol u B3auMmojeicTByromme ¢ Heil. C ypbaHomornen
COMNPSKEH CUTU-MEHEIKMEHT — CHCTEMA YIPABJIECHUS TOPOJOM, BKIIOYAIOIIAs TUIAHUPOBAHUE, OPraHU3aLNI0, KOHTPOIIb
1 KOOPJIMHAIMIO BCEX ACIEKTOB TOPOJICKON JKMU3HM, B TOM YHCIIE SKOHOMHUKH, HHPPACTPYKTYPBI, TPAHCIIOPTA, COLIHATb-
HOI cepsl, sxonorun u OesonacHocty. [lokasano, yto ypOaHonorus, Kak HayKa U ydeOHasi CHeLUaIbHOCTb, 00IanaeT
YHUKQJIBHBIM M Ka4€CTBEHHO HOBBIM (DYHKIIMOHAJIBHBIM ITOTEHIUAIIOM JIJIsl pa3paboTKU KaK TEOPETHYECKUX MOJIEIICH, TaK
U NPAaKTHYECKUX PEKOMEHIAIMK 10 00eCIeueHNI0 yCTOMYNBOTO U 3()(EKTUBHOIO PEryIMPOBAHUS KU3HEAEATEILHOCTH
ropoxkaH. YpOaHOJIOTHs paccMaTpruBacT 0COOEHHOCTH TOPOICKON CPEbl M TMpeylaracT pemeHus Mo YayqIIeHHIO Kade-
CTBA JKU3HM TOPOXaH, @ CHTU-MEHEKMEHT 3aHUMACTCsl IPAKTUIECKAM YIIPABICHHEM TOPOAOM M pealii3anueil mogoo-
HBIX pereHnid. O000IIEeHB TEOPETHUECKIE MOJIENN 3apYOSKHBIX M OTEUECTBEHHBIX CHENNAINCTOB, IPOaHATN3NPOBAH
UX HBPUCTUYECKHUI MOTEHIIMA M BBISIBICHA 3HAYMMOCTh 9THX MOJIEIICH JUIsl M3y4eHHs COBPEMEHHBIX MPOOJIEM TOpO/IOB.
[pensoxeH psi HaNpaBICHUH JaIbHEHIIUX HCCIIEIOBAaHUHN, PU3BAHHBIX 00ECIIEYUTh BBIXO ITpoliecca GOPMHUPOBAHHUS
IIPOEKTHBIX PEIIEHUH B YaCTH IPOCTPAHCTBEHHOI'O Pa3BUTHUS FOPOJIOB HA HOBBIN ypoBeHsb. [1ouepkHyTa BaXKHOCTb COLM-
aJbHOH CTIPAaBEITMBOCTH M HKOJIOTMYECKOTO OJIarornoiydus B ropoackoit cpene. CTarhst MOXET OBITh HHTEPECHA Teorpa-
(am, apXuUTEKTOpam, IpaloCTPOUTEISIM, PYKOBOJHUTEIISIM OPTaHOB MCIIOJIHUTEIBHON BIIACTH, OTACIBHBIX MPEINPUITHI
U YUPEXICHHH, a TAKXKE BCEM, KTO HHTEPECYETCS] COBPEMEHHBIM Pa3BUTHEM IOPOOB B YCIOBHSIX INI00AIN3AINH.

Knrouesvie crosa: ypobanonorus; modaabHbIC IPOOIEMBI; YCTOHUNBOE pa3BUTHE; TI00ANIM3aIUs; ypOaHU3AIHUS; TO-
pozcKas cpefa OOUTaHUS; KaYeCTBO )KU3HU HACEJICHUS; CHTH-MCHEIKMCHT.

URBANOLOGY: A NEW PERSPECTIVE ON THE STUDY
OF CITIES IN THE CONTEXT OF GLOBALISATION
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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 of the 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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BBenenue

B teuenne nocnenuux 100 et npoucxomut OvicTpas ypoanuzanus. [lo nanaeim OOH, Haunnas ¢ 2007 .
OoJiee MOJIOBMHBI HACENICHHUS MHpa )HBYT B ropofax, a k 2050 r. ropoxxanamu OynyT nout 70 % sxureneit
11aHeTsl. VIMEHHO ropofia 1 Meramouchl, SIBJSIOIINECS LIEHTPaMU SKOHOMHUYECKOTO U COLUAILHOTO B3aUMO-
neiictust, reHepupytoT 80 % rodansHoro BBII. OnHako mpu 3ToM Ha HUX mpuxoastest okoso 70 % rnobanb-
HBIX BBIOGPOCOB yrieposa u 6oiee 60 % HCMONb30BaHus TIPUPOAHBIX pecypcos’. Bee 3To co3maeT MHOKECTBO
HOBBIX BBI30BOB, HAaIIpUMEp, B BONPOCAX IJIAHUPOBAHUS TOPOACKOIO MPOCTPAHCTBA U Pa3pabOTKH CTpaTeruit
OM3HeCc-coO0IEeCTBa, a B KOHEYHOM UTOTe U B YAaCTH YAYYIICHHUs KU3HU ropokad. COBpeMeHHBII ropoj co
CBOMMH JIOCTIKCHUSIMH | ITpoOIeMaMu IPeICTaBIsIeT COO0H OUeHb CIOKHBIN CaMOpPa3BUBAIOLIMIACS OPraHu3M,
KOTOPOMY HEOOXOOMMbI yCTOHYHMBOCTh, TOTOBHOCTb K JAJIbHEHUIINM BBI30BaM U 00€CHEYEHHOCTh BO3MOXKHO-
CTSIMM JUTS Pa3BUTHSI.

B benapycu taxxe HaOnomaeTcsi akTUBHBIN Mpoliece ypOaHU3alMK: TOBBIIIACTCS POJIb TOPOIOB B JKU3-
HE obOmecTBa [1]. MHOTHE JTIOMM TIEpEee3KaAOT U3 CeITLCKOM MECTHOCTH B TOPOJIa, YTOOBI TOTYUUTH JOCTYII
K JIydmield pabote, o0pa3zoBaHuIo U colpanbHol HH(pacTpykType. OqHaKo, Kak ¥ BO BCEM MHUpE, 3TO NpH-
BOJUT K BO3HHUKHOBEHHIO psifia MPOOJIEM, TAKUX KaK 3arps3HEHUE OKPYKaIOLIel cpelibl, HEXBaTKa JeIIEeBOrO
JKHJIbSI, BBICOKAsl aBTOMOOMIIM3A1Ms, BO3pACTaHUE MAasiTHUKOBOTO ABMKCHUS M3 OJIM3JIEKAIUX HACEJICHHBIX
NYHKTOB ¥ Jp. 7151 GopMHUPOBaHMs YCTOWYMBBIX TOPOJICKUX OTHOIICHUH M CO3JJaHUsI KAYeCTBEHHOH CPEebl,
OXBAaTBIBAIOIMX KaK COLIMAIbHO-IeMOTpa(uiIecKyto, TaK U reHIepHO-NPo(ecCHOHANBHYIO CTPYKTYpY Hacese-
HUS, @ TaKXKe U1 TOJAEPKaHMs €r0 37J0pOBOr0 00pa3a KU3HH, PALIMOHAJIBHOTO pacceaeHus 1 3QpPeKTuBHOrO
pa3MemieHus MPOU3BOJICTBEHHBIX CHJI IPABUTEIBCTBO U MECTHBIE BIACTH MPUHUMAIOT MEPHI MO Pa3BUTHIO
HHOPACTPYKTYPHI, YAYUIICHHIO YKOJIOTHIECKON CUTYallMd M COLMAIILHON 3amuTe. BaxkHeHM sneMeHToM
9TOH CTpaTEeruu SBJISIETCS TOAIOTOBKA COBPEMEHHBIX CIELIMAINCTOB — YpOAHOIOTOB U CUTH-MEHEKEPOB, KO-
TOpast ¢ HeJIaBHUX ITOp BEJIETCS B €IMHCTBEHHOM YUpeXIeHHNU 00pa3oBaHus — bpecTckoM rocyaapcTBeHHOM
yausepcutete nMeHu A. C. [lymkuna. HacTosmas crtaTss npu3BaHa OTBETUTH HAa BOIPOCHI O TOM, YTO MPE-
CTaBJIsIeT COOOH ypOaHOJIOTHS.

MMeHHO 3Ta HayKa MO3BOJIUT OOSCIICUUTh MMOATAHOES U YCTOWYMBOE pa3BUTHE ropojioB. Briepsrie B bena-
PYCH MOSBUIIACH BO3MOXKHOCTH 3alIOJIHUTH POOE, BOSHUKIINK B CUCTEME TEPPUTOPUATBEHOTO ITAHUPOBAHMS,
IIyTeM MOArOTOBKH COBPEMEHHBIX CIIELUAIMCTOB, KOTOPhIE MOT'YT B35ITh Ha c€0sl OTBETCTBEHHOCTH 3a (JOpMHU-
pOBaHKe rOPOJICKON MOTUTUKH (B 00IaCTH YEIOBEUECKOTO KaruTala, HHYPacTPyKTYPbl, TPAHCIIOPTA, IKOJIOTUU
Y MHBIX aCIIeKTOB, FTAPMOHUYHO COYETAIOINXCS C IEPCIEKTUBAMH MOCTOSIHHOTO PAa3BUTHS TEPPUTOPUH) U BUIST
ropoa KaKk HCTOYHUKH COLMAJIbHO-IKOHOMHYECKOTO POCTa PECITyONUKH. APXUTEKTOPBI CIEIST 38 ICTETHKO-
(uzngeckuM 00IMKOM TOpOAa, MITAHUPOBIIUKH — 33 TEM, KaK pa3IHYHbIe (YHKIHOHAIBHBIC 30HbI U DKOCUCTE-
MBI BIIMCBHIBAIOTCA B €10 TePpUTOPHI0. OJTHAKO, TOCKOIBKY BaXKHOE 3HAUEHUE JIJIs1 COBPEMEHHOTO rOpoia UMEIOT
9KOHOMMKA, THHOBALIMH, SKOJIOTHs1, COLIMaJIbHAs cdepa, KyJabTypa U APYTHe acleKThl, CyILEeCTBYeT OObEKTHBHAS
MOTPeOHOCTh B KAYECTBEHHO HOBBIX CIEIMATNCTAX, KOTOPbIE YUUTHIBAIN OBl UX MPH TUITAHUPOBAHUN TOPOICKON
TEppPUTOPUH, 0OECTIEUNBas €€ YCTOMUMBOE Pa3BUTHE U TOAACPKUBAsi CHHEPreTHUeCKUi 3P PEKT.

AKTyaJIbHOCTb U3y4€HHsI COBPEMEHHBIX FOPOJICKUX MIPOCTPAHCTB O0YCIOBICHAa MHOKECTBOM ITPOOIEM, KO-
TOpBIE BO3HUKAIOT B TOpoJiax. ITH MCCIIeIOBAHMS BaXKHBI JJ11 TOHUMAHUS TOTO, KaK YAYYIINTb KU3Hb JIOAeH
B TOPOAAX W CAEJaTh WX OoJiee MPUBJICKATEIbHBIMU KaK JUIsl CAMHX TOPOXKaH, TaKk U AJIsi TYPUCTOB, a TaKKe
[IpUBJIEYb HHBECTHULINH.

Lenbto craTbu siBIsieTcs OPMUPOBAHNE CUCTEMBI 3HAHUI 00 ypOaHOJIOTHH KaK O HayKe ¥ y4eOHOMU crieru-
AIBHOCTH, 00JIa/1al0IIel YHUKAIBHBIM U Ka4€CTBEHHO HOBBIM (DyHKIIMOHAIBHBIM MTOTEHIMAIIOM IS pa3palort-
KM TEOPETUIECKUX MOAETICH U IPAKTUUYECKUX PEKOMEH AU 110 00ECIICUCHHUIO YCTOHUUBOTO U 3(phekTHBHOTO
perynmpoBaHus )KU3HEEATEIbHOCTH TOPOXKaH. JJst TOCTIKEHUST JAHHOM IEeNTH TOCIIeI0BaTEeIbHO PeIajnch
3aJa4M [0 CUCTEMATU3alK U 0000ILECHHIO 3HAHUH PsiJia €CTECTBEHHBIX, T'YMaHUTAPHBIX, NH)KEHEPHBIX U HH-
(hOopMaLIMOHHO-TEXHOJIOTHYECKHUX HAyK O PAa3JIMYHBIX aCIIEKTaX CyLIECTBOBAaHUS U Pa3BUTHsI TOPOAOB U peallb-
HBIX IIpolieccax uX QyHKIIMOHUPOBAHUSL.

B ocHoBe ananu3a uccnenoBanuii mo ypOaHOIOTHM ¢ METOAWYECKOM TOUKHU 3pEHHsI JIEKHUT 0030p 3apyOex-
HBIX U OTEYECTBEHHBIX IMyOJIMKaLUil B 00JaCTH KOMIUIEKCHOTO M3yY€HHs TOPOJOB M INPOOJIeM UX Pa3BUTHUS.
Pesynbrarhl 3T0r0 0030pa MO3BOIUIN CPOPMYITHPOBATH PSIJT TIOJIOKCHUH.

HoBwusHna paboThl 3akiodaeTcsi B 0000LICHNN TEOPETHUECKUX MOJENIEH 3apyOeKHBIX U OTEUECTBEHHBIX
CHELUAINCTOB, aHAJIN3€ UX 3BPUCTUYECKOTO ITOTEHIIMAJA, BBISBICHUN 3HAUMMOCTH 3THX MOJENEH Ui u3y-
YEHHs] COBPEMEHHBIX MTPOOJIEM TOPOIOB U MPENJIOKEHNN aKTyaJIbHBIX HAINPaBICHUH AabHEHIIIETO HCCIe0-
BaHUS.

'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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ITocTanoBka nmpoodJieMbl

[ox rmoGanu3amueil MOHUMAETCsl MPOLecC MHTETPALlMH HAIIMOHATBHBIX SKOHOMHUK U KYJIBTYP B MUPOBYIO
SKOHOMHUKY U KyJIBTYypy. OHa TIPOSIBIIAETCS B POCTE MEXKTyHAPOJHON TOPTOBIIH, MUTPalliy pabodeit CHITbI, pac-
IMPOCTPAHCHUU TEXHOJIOTUH U I/IH(bOpMaHI/II/I, a TaKK€ B YCUWJICHUHN B3aMMO3aBUCUMOCTU MEKY IrOCyJapCTBaAaMU.
[mmobGanu3anus UMeeT Kak MOJI0KHUTEIbHBIE, TAK U OTPHIIATeNIbHBIE TTocencTBUsA. OHa CITOCOOCTBYET IKOHO-
MHUYECKOMY POCTY, ITOBBIIACT YPOBECHDb XU3HU HIO)ICI;lI B pa3BUBAOIIUXCA CTpaHax, pacmrupsaCcT BO3MOXKHOCTHU
JUIsL COTPYIHMUYECTBA TOCYAapCTB M 0OMEHA 3HAHUSMH MEKIY HUMH U B TO K€ BpeMsI IPUBOJUT K YXYILICHUIO
9KOJIOTHYECKON CHUTYaIlnH, YCHICHUIO HEPABEHCTBA, MTOTepe KyIbTYPHOU HACHTUIHOCTH U TPAIHIIHA.

['moGanu3anny NPOTHBOCTOUT Aernobanu3anus (JIoKaau3alus ) — 00paTHbII Mporecc MUPOBOTO 00IIECTBEH-
HOTO pa3BuTHs. C DKOHOMHYECKOM TOYKH 3pEHHUS OHA MPEACTABISET COO0H pacna eIMHOTO YKOHOMHYECKOTO
MIPOCTPAHCTBA, XapaKTEPU3YIOMINNCS CTUXUIHBIM HapyIIEHHEM CBOOOIHOTO ITepPEeMEIIeHNs TOBAPOB, KaluTaa
U TPYAOBBIX PECYpPCOB MEXIy cTpaHamu. [Ipu3HakaMu Aerno0anu3ayy SIBJSIFOTCS TOPTOBbIE BOWHBI, BBIXO
CTPaH W3 WHTETPAIOHHBIX COI030B, OTPAaHUYEHUS Ha CBOOOAY TMEepeABMKEHUS KamuTaia U pabovei CHITHI,
HeapdexkTnBHOE PYHKIMOHUPOBAHKE IIOOAIBHBIX SKOHOMHUYECKHX MHCTHTYTOB. OHA CBSI3aHa CO CTpemiie-
HUEM PETHOHOB K CAMOCTOSTEIPHOCTH B 00€CIIeYeHNH COOCTBEHHBIX TTOTPEOHOCTEH 3a CUET MCIIONb30BaHUS
MPEUMYIIECTBEHHO MECTHBIX PECYpCOB, UTO, B CBOIO OYepellb, CHIIKACT MOTPEOHOCTh B MEKAYHAPOIHOM
TOPTOBJIE, YUYACTHH B TIIO0AIEHOM TIepepacipeesieHHH TPOU3BOACTBEHHBIX PECYPCOB M HAAHAIIMOHAIEHOM
pETyIUpPOBaHUM SKOHOMUYECKOU €S TETbHOCTH.

Cerozans Bce OoublIe JTI0AEH COMTAIIAIOTCSI C MHCHHEM KypHAIUCTKU U ucaTeabHuIbl k. Jhkexkodc o Tom,
YTO KPYIMHEHIIHE TOpoJa MHpa CIIyXKaT OCHOBHBIM JIBHTATEIIEM MHPOBOM SKOHOMHKH [2]. dyHKIHS TOopoaa
B COBPEMCHHLIX YCJIOBUAX 3aKIIHOYACTCA B TOM, LIT06I:.I OJHOBPEMEHHO 6I)ITI) SMULCHTPOM 3KOHOMH‘I€CKOI71,
JIEJIOBOM M MHHOBAIlMOHHON akTHBHOCTU. OTCIO/Ia BHITEKAIOT KOMIUIEKC MPEUMYIIECTB IS JKU3HEIeATelb-
HOCTH YelIOBEKa M CIEKTP MPOOIeM, TaKUX KakK MEPEeHACEICHHOCTbD, MePerpyKeHHOCTh HHPPACTPYKTYPHI,
STHUYECKHE U COLMAJbHbIE KOH(IUKTHI, BEICOKAsi CTOMMOCTD JKU3HU, HU3KAsA dPPEKTUBHOCTD yNpPaBICHUS
1 HEXBaTKa pecypcos [3].

VYpbanuzanus — NpOUCXOAALINHA BO BCEM MHUPE NPOLIECC POCTa U Pa3BUTHUS TOPOJ0B, KOTOPHIH CBsI3aH C yBe-
JTUYEHUEeM YHCIIEHHOCTH HAaCEeJIeHNs, MOAEPHH3AINEH TPOMBIIIIIEHHOCTH U SKOHOMUKH, a TAK)Ke C U3MEHEHHEM
o0pa3za u3HHU Jrofiell. B Hayke npeacTaBiIeHbl TPH OCHOBHBIX TIOJIX0/Ia K MHTEPIIPETAIMH TOHATHS «ypOaHu3a-
us». B pamMkax mepBoro nojaxoaa oHa paccMaTpUBaeTCs KaK HCTOPHUYECKHI MPOIECC TIOBBIIIICHHUS POJI TOPOJIOB
B Pa3BUTHHU TOCYJapCTBa U OOIIECTBa, B paMKax BTOPOTO MOAX0/IAa — B KAYECTBE pe3yibTara COCPEeIOTOUCHUS
HACEJICHUS, MaTepUAIbHON U JYXOBHOM KYJIBTYPBI B TOPOJIaX, a B paMKax TPEThEro mojaxoja — Kak (heHOMEH
pacipocTpaHeHus TOPOICKOH KyJIBTYphI M 00pa3a >KM3HH Ha Bce cephbl UeI0BEUECKOH AeaTeIbHOCTH. B 1mo-
CIIe/IHUE JIEeCATHIICTUS ypOaHHU3alusi cTaja 0coOeHHO 3aMeTHOW. Bo MHOTMX cTpaHax HaOIroaaeTcst ObICTPHIHI
POCT TOPOJIOB, B YaCTHOCTH KPYITHBIX METANOIUCOB. DTO CBSI3aHO C TEM, YTO JIFOAM MEPEe3Kar0T B TOpoa
B ITOMICKaX paboThl, 00pa3zoBaHus U 60ee KOM(DOPTHBIX YCIOBHIA KU3HU.

T'oponckue TeppuUTOpPUE UMEIOT Pa3BUTYIO HHPACTPYKTYPY, HPOMBILUICHHOCTD, TPAHCIIOPTHYIO CETh, 8 TAKKe
pa3nuYHbIe COUHUANIbHBIE OOBEKTHI M SABISIIOTCS SApaMU YKOHOMHUYECKOH, KyIbTYpPHONH M HAyYHOW KU3HH,
B KOTOPBIX COCPEIOTOUYCHBI HayUHbIE K 00pa30BaTeNbHBIC YUPEKACHUS, KyIbTYPHBIC IICHTPbI, My3€H, TeaTphl,
KHHOTeaTpsl U T. 1. OHM Tak)Ke BBICTYNAIOT BAKHBIMU TPAHCIIOPTHBIMU Y3JIaMH, Ye€pe3 KOTOPHIE MPOXOIIT
ABTOMOOWJIbHBIC, )KEJIE3HOIOPOKHBIC, aBUAIIMOHHBIE U MOPCKHE MapiIpyThl. COOTBETCTBEHHO, ypOaHU3AIHSI
TTO3BOJISIET JIFOMSIM JKUTh B KOM(POPTHBIX YCIIOBUSX, TTOJIB30BAThCS ONlaraMu U HHPPACTPYKTYPOH, a TaKkxKe pa-
0oTtath B chepe yCIIyT U IPOMBIILIEHHOCTH. KpoMe Toro, ropojicKast )KH3Hb CITIOCOOCTBYET Pa3BUTHIO KYJIBTYPBI
W HCKYCCTBA, a TaKKe 00eCIeunBaeT JOCTYI K 00pa30BaHUIO U 34PaBOOXPAHEHHIO.

CymecTByIOT CIIeIyoIIne COBPEMEHHbBIE TeHASHITHH YpOaHN3aI[iH:

® POCT YUCIEHHOCTH ropojickoro Hacenenus (mo nanusiM OOH, k 2050 r. 1oyt TOPOCKOTO HACEIECHUS
MOXKET TOCTHYb 68 %);

® yBeJIMYCHHUE IUIOTHOCTH HACEJICHUS B TOPOJAX, YTO TIPUBOAMT K MOBHIIICHUIO HArPY3KH HA HH(pacTpyK-
TYpY ¥ BOBHUKHOBEHHIO SKOJOTMYECKUX MPOOIEeM, TAKMX KaK 3arpsi3HEHHE BO3yXa U BOABI,

® YMHOYKEHHE KOJIMYECTBA METAIOIUCOB (KPYITHBIE TOPO/Ia CTAHOBATCS Oo0Jiee MOMYISIPHBIMHU, TTOCKOJIBKY
OHU TIpeJJIararoT BEICOKUI YPOBEHB )KU3HU M JJOCTYII K PAa3IHYHBIM YCIyTam);

® Pa3BUTHE HOBBIX TEXHOJOTHH, HAITPUMEp OECIMIIOTHBIX aBTOMOOWIIEH U BUPTYyaJIbHOW peasbHOCTH, KO-
TOPBIE MOTYT IIOMOYb YJIYUYIIUTh KaU€CTBO )XU3HU B FOPOJAX U CHU3UTH HArPYy3Ky Ha OKPYIKAIOILYIO CpeI[yz.

OpHako ypOaHHU3aIHs UMEET U HETaTUBHBIC TIOCTISICTBHUS, KOTOPhIE CBS3aHbI C COIIMALHBIMU, SKOHOMHYE-
CKHMH | DKOJIOTHUECCKUMU acleKTaMu. BakHeimme u3 HUX BKIIOYAIOT CIEAYIOIIHE TPOOIEMBI:

e colMajbHbIE (POCT HANPSHKCHHOCTU MEKAY Pa3IMYHBIMU IPYNIIaMU HACEICHUs, CHU)KEHHE YPOBHS 00-
pa3oBaHUs U KyJIbTYpbI, yBEJTHMUCHHUE YHCIa OC300MHBIX U 0€3pabOTHBIX);

2World cities report — 2022...
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® 3KOHOMHYECCKHUC (HOBI)IIIIGHI/IG CTOMMOCTH KM3HU, YMCHBIICHUEC JOCTYITHOCTH XKXUJIbs, BCIIJICCK IIPECTYII-
HOCTH Y TIAJICHUE YPOBHS OC30TIaCHOCTH);

® JKOJIOTMYECKHe (3arpsi3HEHHE BO3/TyXa, BOJII M TIOUBBI, YXYIIIIEHUE KAYeCTBA KH3HU U3-32 [ITyMa H MbLITH,
U3MCHEHHUE KITUMATa).

Jliis pemieHus 3TUX IPOOIIEM HEOOXOIMMO MTPOBOIUTH TOJIMTHKY, HAIIPABICHHYIO HA YIIy4IICHHE KaueCcTBa
Cpe/bl OOMTAHUS U KU3HU HACEJICHUS Yepe3 MOBBIIICHUE JOCTYITHOCTH XKIJIbs, 3/[PaBOOXPAaHEHUS U 00pa30-
BaHUSl, CHIYKCHHE HETAaTUBHOTO BO3JICHCTBHS HA OKPYIKAIOIIYIO CPELy.

VYpOanuzanus SBISETCS CIOXKHBIM IPOIIECCOM, TPEOYIOINUM OallaHca MEXKIy ee MOJOKUTEILHBIMU U OT-
pUIIATETLHBIMY acTieKTaMu. YTOOBI COONIOCTH ATOT OallaHC U PEIIUTh HACYIIHBIC MPOOIEMbI, MHOTHE CTPaHbI
pa3padaThIBAIOT CTPATETHH FOPOJICKOTO PA3BHUTHS, KOTOPHIE BKIFOYAIOT ACHCTBHS MO YIYUIICHUIO HHPPACTPYK-
TYpBbI, CO3/IaHUIO 3€JICHBIX 30H U IMTAPKOB, MOICPIKKE MAJIOTO U CPEIHEro OM3HEca  JIp.

Pe3yabTarsl M HX 00Cy:KIeHHE

Hcropusi cranoBienus ypoéanoaoruu. C MOMEHTa 3apOXK/ICHHUS [IMBUJIM3AIIMN BAXKHYIO POJIb B ee 00111e-
CTBEHHOM ¥ 3KOHOMHYECKOM Pa3BUTHH UTPatoT ropoaa. COOTBETCTBEHHO, HHTEPEC K (POPMUPOBAHUIO TOPOIOB,
9BOJIFOLIMH PA3JINYHbBIX ACIIEKTOB NX (DYHKLIMOHUPOBAHUS KaK LIEHTPOB SKOHOMUKH, TEXHOJIOTUI ¥ 'yMaHUTapHbIX
MIPaKTUK BO3HUK oueHb paHo. [1o muenuto C. H. JleoHoBa, mepBbie H3BECTHBIE UCCIIEAOBAHMS B ATOM 00acTH,
KOTOpbIE MAPKHPYIOT Hayalo ee CTAaHOBJIEHMS KaK Hay4YHOTO HaIlpaBlIEHUs, IPUHAAJIEXKAT elle JpeBHerpede-
ckuM punocodam: [naTony, onucapuemy UaeanbHyI0 MOJEIb TOPOAA HCXOAS U3 PUI0COPCKHUX PACCYKIACHUH
0 B3aMMOJIEHCTBUU MEXIY JIIOAbMH, ¥ APHCTOTENIO, BHITIOTHUBIIEMY PacdeThl ONTHUMAIBHON YHCICHHOCTH
HacelIeHNs TOPOJIOB Ha OCHOBE aHAJIN3a 0COOCHHOCTEH OpTaHU3aIlii HECKOJIBKUX IECSITKOB ITOJIMCOB [4].

[IpompbliieHHas! pEBOIIONNS U BbI3BaHHASI €10 OBICTPasi 3BOJIIOLMS TOPOIOB KAK KOMIUIEKCHBIX LIEHTPOB —
s,Iep MPOMBIIIJIEHHOTO POCTA B YACTHOCTH ¥ 3KOHOMHUYECKOTO Pa3BUTHS B LIEJIOM, B KOTOPBIX KOHIIEHTPUPYIOTCS
MIPOMBIIIJICHHOCTh, HHYPACTPYKTYypa, 0Opa3zoBaHue, GHUHAHCHL M KyJIBTYpa, OCTPO IMOCTABHIN BOIPOC O pa-
[IUOHAJILHOM CO3JaHUU FOPOAOB, MAKCUMAJIBHO YAOOHBIX /ISl COYETaHUS MHOTOUMCIIEHHBIX SKOHOMHYECKHUX
u oOmiecTBeHHbIX GyHKIMH. COOTBETCTBEHHO, BO3HUKIIA TIpoOiieMa 3QPEeKTUBHOTO YIPaBICHUs Pa3BUTHEM
ropoaoB (MX MJIAaHUPOBKH, apXUTEKTYPbI, SKOJIOTUH U T. 1.). YpOAHOIOTHs TOJIy4niia MOLIHbIH TOITYOK.

OpnuH U3 OCHOBOTIOJNIOXKHUKOB COBpeMeHHOH ypOanonoruu B. JI. ['mazpraeB ormeuan, uto ¢ Hadana XX B.
B CTAHOBJICHUH U PA3BUTHH HAYKH O TOPOJIE BHIACIMINCH TPH HAPaBICHHSL:

1) BHewHSS popMa Topoaa U ero KOMIIO3UIMOHHASI CTPYKTYpa, B YaCTHOCTH OOJIMK rOpoja, ero apXuTeK-
TYPHBII CTHIIb, ClielU(HKa PACTIOIOKEHHS 3JaHUH 1 UX B3aUMOCBSI3H;

2) roponckas nH(GpacTPYKTypa, BKIII0Uask TPAHCIIOPTHYIO CUCTEMY, IKOHOMUKY, IEBEIOTIMEHT;

3) conmanbpHas KU3Hb TOPOIA, B TOM YHCIIE TPOOIEMBI 3aHATOCTH, 37paBOOXpaHEHUs, 00pa30BaHus u JIp. [5].

B CCCP ropoxckoe muranupoBaHue ObUIO TOAYWHEHO TPaJ0CTPOUTENEHON apXUTEKType, UYTO MIPUBEIIO
K TeperyIeTeHUIO NepBhIX AByX HamlpasieHui. Bonpocamu GpopMupoBanus ropoackoil HHPpacTpyKTypsl 3a-
Be/IOBaJla CUCTEMa TOCYJapCTBEHHOTO MJIAHWPOBAHMSA, TOTJa Kak MpoOjieMaM SKOHOMUKHU TOpojia YAEISUIOCH
HE/I0CTAaTOYHO BHUMAHUSI.

Ha 3anane nanGombiiiee pa3BUTHE MOIYYHIIO BTOPOE HANIPABIEHHE, CBI3aHHOE C aBTOMOOMIM3AINEN 1 BbI-
TECHEHHEM OOIIECTBEHHOIO TPAHCIOPTa. DTO MPHUBEJIO K BOZHUKHOBEHUIO MHOXECTBA IPOOIEM, KOTOpPbIE
TpeOyIOT pelieHus 1o ceil AeHb. K HUM OTHOCATCS yiay4dllIeHHEe SKOJIOIMYECKOM CUTyaluH, YBEIUYEHUE J10-
CTYITHOCTH OOIIIECTBEHHOTO TPAaHCIIOpTa | T. 1. [6].

TpeTbe HampaBiIeHUE MPAKTHUYECKH HE pa3padareiBaiioch 10 1960-x TT., Korga Hadajics pocT MHTEpeca
K COI[MANIbHBIM ITPOOIeMaM ropoJioB, 4eMy HeMalo rnocrnoco0cTBoBana myonukaus kauru Jx. xexooc [7].
Cerozanst 9TO HampaBieHNEe, HAIPOTHB, SBIISETCS OJHUM M3 HanOoJee akTyalbHbIX. B ero paMkax m3yyarorcs
COLIMAJIBHBIE TIPOLIECCHI, IPOUCXOAALINE B TOPOAAX (HEPaBEHCTBO, OEAHOCTb, AMCKPUMUHALIMS U T. 11.).

B onpenenenHoii cTeneHr MOKHO CYMTATh, YTO COBpeMeHHas ypOaHomorus Beiet orcuer ¢ 1996 r., korma
6bi1a npuHATa XapTus HOBOro ypOanusma®. Ee riaBHbIe MONOKEHHUS COCTABJISIOT OCHOBY TIPHHIIUIIOB Pa3yM-
HOTO ypOaHH3Ma — TEOPHH TOPOACKOTO TIaHupoBaHusi, npeanoxenHon K. Y. bennunrepom B 2002 r. u 6a3u-
pYyIOLLEHCS Ha JECITH aKCHOMAX:

1) akcroMe PKOIOTUYECKON YCTOMYMBOCTH, KOTOpasi TpeOyeT, YTOOBI TOPOJICKOE TUTAHUPOBAHUE U CTPOUTEIh-
CTBO OBUIM HalpaBJICHbl HA COXPaHEHUE IPUPOJHBIX PECYPCOB 1 MUHUMH3ALMIO HETATUBHOTO BO3JCHCTBUS Ha
TOPOJICKYIO cpely (MCIOJIb30BaHUE SKOJIOTHYECKH YUCTBIX TEXHOJIOIUH, CTPOUTENIBCTBO 3€JICHBIX 30H U pa3-
BHUTHE OOLIECTBEHHOTO TPAHCIIOPTA);

2) akcHOMe COXpaHEHUs HacIeIusl, KOTopasi IPEIonaraeT 3aluTy 1 PeCTaBpaIiio HCTOPHUUECKUX 31aHUH,
NapKOB U JIPYTHX 00BEKTOB, 00JaaI0IINX KYJIbTYPHOH IEHHOCTHIO, YTO IOMOTAaeT CO3/IaTh YHUKAIIBHBIN OOIHK
roposa u coepeyb ero NCTOPUKO-KYIETYPHOE HACIIEHeE;

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 11e71eco00pa3HOCTH TEXHOJIOTHI1, B COOTBETCTBHH C KOTOPOH TEXHOJIOTHUH, TPUMEHSEMbIE B IO-
POACKOM IIAHUPOBAHUH U CTPOUTENILCTBE, JOIKHBI OBITH 3P ()EeKTUBHBIMU 1 SKOHOMUYHBIMH (MCIIOJIb30BaHUE
AHeprodPHEKTUBHBIX CUCTEM OCBEIICHUS, OTOTUICHUS W BOXOCHAOKCHUS | 1Ip.);

4) akcrome 3P dekTUBHON HHPPACTPYKTYPBI, KOTOpast TUKTYET, YT0O0BI ropoA ObLT 3pheKTHBEH U JOCTYIIEH
IUIsl BCEX €ro JKuTenel (pa3sBuTHe 00IIECTBEHHOTO TPAHCIIOPTA, CTPOUTENBCTBO MEMIEXOJHBIX 30H U BEJIOCHU-
MIEAHBIX JOPOKEK, MOJIEPHHU3AIIHS TOPOKHBIX CETeH);

5) akcuoMe co3AaHus MECT, KOTopast oJpa3yMeBaeT OPraHU3alMio MECT JJIsl OT/IbIXA, Pa3BICUCHUH U CO-
MATHHON aKTUBHOCTHU (HAaIpuUMep, MapKoB, CKBEPOB, CIIOPTUBHBIX TUIOIMIA0K U KyJIBTYPHBIX IIEHTPOB);

6) akcuoMe COLMAIbHON JTOCTYITHOCTH, COITIACHO KOTOPOM BCE MKHUTEIU ropojia JOJIAKHBI HMETh BO3MOXK-
HOCTb IOJYYEHHUS COLMAIBHBIX YCIYT, TAKUX KaK 00pa3oBaHUE, 3IPABOOXPAHEHUE U TPAHCIOPT (pa3BUTHE
couuanbHOl MH(PPaCTPYKTYpbI, oOecredeHne ee JOCTYITHOCTH ISl BCEX CIIOEB HACEJICHUS);

7) akcMOMe TPaH3UTHO OPUEHTUPOBAHHOIO PA3BUTHSL, KOTOPAs IPeLyCMaTpUBACT IPOSKTUPOBAHUE rOpoIa
TaK, 9TOOBI €r0 KUTEIH MOTJIHU JIETKO M yA0OHO MepeBUraThes (pa3BUTHE CUCTEMBI 00IIECTBEHHOTO TPaHC-
MopTa, Co3aHne YI0OHBIX MEIIEXOAHBIX MAPIIPYTOB);

8) akcrome pernoHAIBHON MHTETPAIliN, KOTopast TpeOyeT, 4TOOBI Topo1a OBLTH HHTETPHUPOBAHEI B PETHO-
HAJBHYIO SKOHOMHUKY ¥ COLMANbHYIO HHPPACTPYKTYpyY (CO3AaHUE COBMECTHBIX MPOEKTOB, COTPYAHHYECTBO
MEXy TOpoJaMy ¥ PETHOHAMH);

9) akcroMe 4eJI0BeUeCKOTo MaciTada, KoTopasi IpeArnoaraet, YTo0bl FOPOJCKOM TN3aifH U IITaHUPOBaHUE
COOTBETCTBOBAJIHM MOTPEOHOCTSIM U BO3MOXKHOCTSIM JItoeH (34aHMsI JOJKHBI OBITH JOCTATOUYHO OONBIINMHU
W yAOOHBIMHU JUTSI )KM3HH, a 00IIeCTBEHHBIE TIPOCTPAHCTBA JJOCTATOYHO MTPOCTOPHBIMUA M KOM(OPTHBIMH JIJIs
npeacTaBuTeNeil Bcex BO3PacTOB M IPYII HACEICHNUN);

10) akcuoMe yCTaHOBJIGHHOM LEJIOCTHOCTH, KOTOPas MOApPa3yMeBaeT, 4ToObl FOPOACKas CUCTEMa ObLIa
YCTOWYMBOM, 3PPEKTUBHON U TAPMOHUYHON (KOOPAWHALIMS PA3TUUHBIX JIEMEHTOB TOPOJICKOTO IJIAHUPOBAHUS
U CTPOUTEINIBCTBA, YUET IKOJIOTHUECKUX, COUUAIBHBIX U SKOHOMUYECKUX (akTopoB) [8].

T'oponckas cpena u kauecTBO *KU3HU. [1on roposckoii cpenoit oouTanus (MpoXKUBaHMs ) IOAPA3yMEBACTCS
COBOKYITHOCTH OCHOBOTIOJIAralOIIMX YCIOBUH, CO3JaHHBIX OOLIECTBOM U MPUPOJOH B IPaHUIIAX HACEIEHHOTO
IIyHKTa, KOTOPBIE BIMSIOT HA YPOBEHb U KauecTBO xu3HU. OHa 00pasyercs Oiaropapsi COBMECTHOMY JEHCTBUIO
a0MOTHYECKUX, OMOTHYECKUX M aHTPONOTCHHBIX (PaKTOPOB W (POPMHUPYET OTHOLICHHE YEJIOBEKa K TOPOIY
u cucteMe ympasieHus. [oponckas cpena Bo3neiCTByeT Ha 310pOBbE U OJIaroIoyvyue JIoAeH, o3ToMy B Lie-
JsIX 00ECTIEYEeHUS HX XOPOILETr0 CaMOYyBCTBHS U O€301MaCHOCTH BayKHO CO3/1aBaTh KOM(MOPTHBIC YCIOBHUS IS
KHU3HH U paboThI B TOpoe.

KauecTBo k130 HaceIeHNs — KOMIUIEKCHBIN MTOKa3aTelb, KOTOPHII OTpaykaeT YPOBEHB KU3HU B CTPaHE, pPe-
THOHE WIM OTJIEJIbHOM HACEJIEHHOM IyHKTE. DTO OJUH M3 BaXKHEWIINX MHIMKATOPOB Pa3BUTOCTH CTPAaHBI,
IIOCKOJIbKY OH BJIMSIET Ha S3KOHOMHMKY, COLIMAIbHOE OJIarooyyre U ypoBeHb IPECTYIIHOCTH B OOIIECTBE.

Bricokoe kauecTBO KU3HU MOAPA3yMEBAET CIEAYIONINE acTIeKThI:

® JIOCTATOYHYIO IPOAOKUTEILHOCTD KU3HH, OAJEP)KUBACMYIO XOPOLIMM MEAULMHCKUM 00CITy )KHUBaHUEM
1 OTCYTCTBHEM 3HAYMMBIX YTPO3 JUIS )KU3HU U 3710POBbS;

e npreMIIEMbII 00beM MOTPEOICHNUS TOBAPOB U YCIYT, FapaHTUPOBAHHBIN JOCTYI K MaTepraibHBIM Ollaram;

® YIOBJICTBOPUTEJIbHBIE COLUAIBHBIE OTHOILIEHUS, OTCYTCTBHE CEPbE3HBIX OOIIECTBEHHBIX KOH(INKTOB
U yTpo3;

e (Jaroronydve CeMbH;

® JIOCTYITHOCTb 3HAaHHH, KYJIBTYPHBIX IICHHOCTEH, POPMHUPYIOIIUX JIMIHOCTH U IPEJCTABICHHS 00 OKpYKalo-
LIEM MHpE, a TAK)KE BOBMOKHOCTEH 17151 TTOJTydeHHsI 00pa30BaHMS;

® y4eT MHEHUS MHJIMBHJIA MPH PEIICHUN OOIECTBEHHBIX MPOOIIeM, CO3IaHIH OOIICTTPUHATON KapTHHEI
MUpa 1 [IPaBHJI OBEJICHHS;

® COLMAJIbHYIO IPUHAUICKHOCTb, IOTHOPABHOE Y4acTHe B O0IIECTBEHHOHN U KyJIbTYPHOM XKHU3HH;

® OTKPBITOCTH HH(POPMAINH, BKIIOYasi CBEICHUS O IMOJIOKESHUH JIe)l B OOILECTBE;

e KOM(OpPTHBIC YCIOBUS TPYHA, JAIOIIEr0 MPOCTOP JUIsl TBOPUECTBA U CaMOPEaTU3aLH, OTHOCUTEILHO
KOPOTKH paboumnii JIeHb, OCTABIISIONINI YEIOBEKY JTOCTATOYHO CBOOOIHOTO BPEMEHH JJIsl pa3HbIX 3aHSATHH.

Huskoe kauecTBO ropoJICKOi Cpejibl, B CBOIO 0YepEb, MOXKET OBITH CBS3aHO CO CIECAYIOIIUMH IPOOIEMaMu:

® HEJO0CTaTOYHO PA3BUTOM MH(PACTPYKTYpOil (OTCYyTCTBHEM OOIIECTBEHHOTO TPAHCIIOPTA MIIU €TI0 HU3KOH
JOCTYITHOCTBIO, HEXBATKOH 3€JICHBIX 30H, TPOOIeMaMi C BOJIOCHA0KEHNEM U KaHAJIU3aIlen );

® HEPABEHCTBOM PECYPCOB (Pa3aMUUsIMU B JOCTYIIHOCTH JKUJIbs, 00pa30BaHusl, 3APaBOOXPAaHEHUs U Pabo-
YHUX MECT);

e colMaJbHBIMU IpobieMaMu (OenHOCTBIO, Oe3padoTuIeii, MPECTYMHOCTRIO U IPYTHUMH HETaTUBHBIMU
SIBIIEHUSIMU, KOTOPBIE BIUAIOT HA KA4ECTBO KU3HU TOPOXKaH);

® SKOJIOTHYECKUMH MPOoOIeMaMu (3arps3HEHUEM BO3AyXa, BOJBI U MOYB, IIYMOM M MHBIMHU (pakTopamu,
KOTOPBIE BO3ACUCTBYIOT Ha 310pPOBbE TOPOXKAH);
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® KyJIBTYPHBIMH ITpoOiieMaMu (HU3KUM pa3zHOOOpa3reM KyJIbTYPhbl M HCKYCCTBA, OTCYTCTBUEM BO3MOXKHOCTEH
JUTSL KyJIBTYPHOTO Pa3BUTHS U JI0CYTA);

e npobnemaMu 6€30MacHOCTH (YIrPO3aMH TEPPOPHU3MA, HACHIIHS U TOAOOHBIMHI 00CTOSTEIbCTBAMH, KOTOPHIE
MOTYT BBI3BIBATh CTPaX M OECIMOKONCTBO y TOPOXKAH).

Crnemyet OTMETHTb, 9TO KOM(GOPTHAs TOPOJICKAs Cpea SBISIETCS OAHOBPEMEHHO U TPOIIECCOM B3aMMO/IEH-
CTBUS TIPOKMBAIOIINX B TOPOJIE JIFOAEH C TOPOJIICKUMHU CUCTEMaMH, M €T0 TIPOILYKTOM.

Co0OcTBeHHO, co3nanne KoMGOPTHOU TOPOICKOI Cpe/ibl BBICTYIIAET ITIABHOW LIEIBIO CIIEIIHAINCTOB B 00JIACTH
reorpaduu, SKOHOMHKH, apXUTEKTYPbI, TPAIOCTPOUTEIILCTBA, SKOJIOTHH, COIIHOJIOTHH, KYJIBTYPOIOTHUU U APYTHX
HayK, KOTOpbIE UCCIIEIYIOT MPOLECCHl ypOaHU3aiK, 0COOCHHOCTH €€ BIUSHHUA Ha OOIECTBO U OKPYKAIOIIYIO
Cpemy, a TaKKe pa3padaTbIBalOT CTPATETHH PA3BUTHUS TOPOJIOB M PETHOHOB.

ITo muenuto JI. M. HapuHckoro, mpodeccopa dakyasTeTa TOpOICKOTO U PETHOHAIBHOTO pa3BUTH BEICTIei
IIKOJIBI 5KOHOMHKH, KOTOPOE OH BBICKA3aJl B XO/I€ BRICTYIUIEHUS Ha Beepoccuiickom hopyme «Pa3zButue Masbix
TOPOJIOB U UCTOPUUYECKUX MmoceneHui» B 2023 T., 3HaKOBBIM COOBITHEM TMOCICAHUX JIET CTala peanu3arus
(dhenepanbHOro npoekra «@opmMupoBaHre KOM(OPTHOU TOPOJICKON CPE/IbD», 3aITyCTHBILECTO MEXaHU3MbI B3aU-
MOJIEHCTBHS BIACTH 1 00IIECTBA K MPOCTHMYINPOBABIIETO ANANOT MEKTy cTeiikxonaepamu’. ITo pesynsraram
Bcepoccuiickoro KoHKypca JIyqIuX MPOeKTOB CO3JaHusl KOM(POPTHON TOPOJCKON Cpeabl B MalIbIX TOPOIaX
¥ HCTOPUYECKHX MOCEICHNIX OblsIa 0003HaYeHa BAYKHOCTh Pa3BUTHS HE CTOJIBKO METATOIMCOB, CKOJIBKO Hace-
JICHHBIX ITYHKTOB MHBIX ()OPMATOB. DTO MMOPOIUIIO HOBYIO KYJITYPY IIPOSKTHOMN AESTEIbHOCTH, TECHO CBSI3aHHYIO
C aHAJIMTHKOW ¥ IPOTrHO3UpOBaHKeM. VHTerpaus mogoOHbIX IPOEKTOB U pEIICHH B 00JIACTH TPAaHCTIOPTHOM
Y KOMMYHaIIbHOM MH(PACTPyKTYphl 00€CIEUUT BHIXOA (DOPMUPOBAHUS MPOSKTHBIX PELICHUH B YacTH IMPO-
CTPaHCTBEHHOTO Pa3BUTHS TOPOJIOB Ha HOBBIN ypoBeHB. ONBIT pa3paboTKH MPOEKTOB KOM(OPTHOM TOPOJCKOH
CpEeIBI TOMHKEH OBITh UCTIONB30BAH IS TIOMCKA aKTYaIbHBIX ITOIXOI0B K KIINIITHON TIOJUTHKE (B TOM YHCIIE
K KOMIUIEKCHOMY COBEPIIIEHCTBOBAHUIO TeppUTOpHH). Kittouesas 3aaqa TOIT0CPOUHBIX IPOSKTOB IPOCTPAH-
CTBEHHOT'O Pa3BUTHS COCTOUT B ONPEAETICHNH TOTO, CKOJIBKO JIIO/IEi Ha KaKoi TeppUTOPUH U B KaKOH MEPUOST
OynyT npokuBath. [lanneie Borpockr J[. M. Hapunckuii kpaTko copMynupoBal clieAyomuM o0pa3oM: KTo?
rne? korna? DTo B MOJIHOM MeEpe CPABEIUBO U ISl IPOEKTOB KUJIHUILHOTO CTPOUTEILCTBA.

Yp6aunoaorus u ypéoanucruka. Pasymasim npencrasnsercs mHeHue B. B. TabonnHa o ToM, uto Gopmu-
POBaHKE HOBOTO HAyYHOTO HAIPABJICHUS MPEANONIaraeT HaTNIue HayYHOH THIIOTE3b], Ha 0a3e KOTOpoii pa3pa-
0aTBIBAIOTCS TCOPETHUCCKUE KOHCTPYKIIMN CHCTEMBI HOBOTO 3HAHUS 0 ropojie [9]. B HacTosiee Bpemst MHOTHE
Hay4YHbIE TPUOPUTETHI H3MEHSIOTCS, CMEIIAIOTCS B 001aCTh KOMILUIEKCHOTO aHaJIi3a TeX WIIM UHBIX TIPOLIECCOB
U SIBJICHUH, a BOKHEHIIICH 3a1a4eii MUPOBOI HAYKH CTAHOBUTCSI IIPOTHO3 Pa3BUTHUS IPUPOJILI 1 001ecTBa. B man-
HOM CJTy4ae Hay4YHas TUTIOTe3a 3aKIIF0Y9aeTCs B TOM, YTO IPUMEHHUTEIBHO K MPOLIECCY YpOaHHU3AINU PEIIUTh ATy
3a/1a4y BO3MOXHO HUCKJIFOUUTENBHO HA OCHOBE CHCTEMHOI'0, KOMIIJIEKCHOTO M MEXAUCLIUILTIMHAPHOIO [TOIX0/10B
K PETYJIMPOBAHMIO MTPAKTHYECKH BCEX aCMEKTOB KU3HEAEATEIHLHOCTH YeJI0BeKa B Toposie. Takum o0pa3om, Ha
IpaHHUIIC IEPEUMCIICHHBIX BBIIIE HAYK U OT/ACIbHBIX HAMPABICHUN YCUIIUSIMHU CIIEIIMATHCTOB Pa3HOTro MPOQHIIs
(hopMupyeTcst HOBasi CHHTETUYECKasi Hayka — ypOaHOJIOTHsl.

Cornacno onpenenenuto, ganHomy K. K. Kpacosckum, A. A. Cunoposuuem u M. B. A6pamoBoii, ypOa-
HOJIOTHUSI — KOMILIEKCHAsI HayKa 00 ypOaHU3aIluu, N3ydaromias ee MpoCTPaHCTBEHHO-BPEMEHHYIO THHAMUKY,
9KOHOMHKO-Teorpaduaeckne, SKOJOTHIECKUE, TeMoTpaduIecKue, TpaJoCTPOUTENbHbBIE U COIIMOTICHXOIOTH-
yeckue ocodennoctu [10].

HyXHO OTMETHTB, YTO B Y3KOM CMBICIIE YPOAHOJIOTHs JOBOJIBHO YACTO paccCMaTpUBaeTCsl KaK OTPacib
cormonorun. Tak, Ha moprane «HamuoHaneHas SHIMKIONEIMYECKas ciyxk6a Poccum»’, a Takxke B paboTe
B. B. Baruna [11] oHa onpenensieTcst Kak KOMIUIEKCHAS! HAyYHAs TUCIUILINHA, 00BeINHSIONIas 3HAHHS Pa3HBIX
oTpaciiell B MOMBITKaX CO3aHus 001Iel Teopun ropoackoro pazsutus. H. E. Slnenko cunraer ypOaHOIOTHIO
KOMIUIEKCHOHM HayKOH, KOTOpasi MCCIeayeT HCTOPHIO, COBPEMEHHOE COCTOSHUE U TIEPCIIEKTUBBI Pa3BUTHSA TO-
POJIOB, a TaKyXKe Bce MPOOIEeMBI, CBA3aHHBIE C ypOaHu3anueit’.

B nepeBozie Ha pycCcKuii SI3bIK 3TOT TEPMHUH 03HAYACT «IPAJTOBEICHHUE», U B HEM aKKyMYJIHPYIOTCs, 0000-
[IAFOTCS U UHTETPUPYIOTCS 3HAHUS O reorpauuecKux, IKOJIOTHISCKUX, SKOHOMHUIECKHX, COIIMATbHBIX, Tpa-
JOCTPOUTENBHBIX, UICTOPUUYECKUX U IPYTUX HpoLeccax, Npoucxoasimux B ropogax. E. [1. MenbukoBa npu-
BOJIWT TIepeyYeHb HayK, KOTOPHIE JIeXKaT B OCHOBE rpanoBeneHus [12]. K HUM OTHOCSTCS COIMONOTHS TOpoa
U JIEPEeBHH, TICUXOJIOTHS BOCIIPUATHS TOPOACKOM CPEbl, apXUTEKTypa U IPaOCTPOUTEIHCTBO TOPOJIa M €ro

“Tpancnsamnus Beepoccniickoro Gpopyma «Pa3BuTHE MaIbIX TOPOJOB M HCTOPHUECKHX MTOCETeHHMID [dnekTponnsii pecype]. URL:
https://www.youtube.com/watch?v=rJICNA2m_3E (mara obpamenns: 28.07.2023).

SYp6anonorus // Ham. suuuki. ciyx6a Poccuu [Dnexrponnsiii pecype]. URL: https://voluntary.ru/termin/urbanologija.html (nara
obparenus: 28.07.2023).

SSTyenro H. E. Yp6aromnorus // TomKOBHIif cI0B. 06IIeCcTBOBE]. TepMIHOB [ dmekTpoHHsIit pecype]. URL: https://www.slovarnik.ru/
html_tsot/u/urbanologi8.html (gara o6pamienus: 28.07.2023).
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arJioMepaIuu, YKOJIOTHS TOpoaa («TpaodKoIOrHIecKuil Metabonu3m» [13]), ropoackoe u armoMepauoHHOE
npoeccrHoHAIBHOE YITPaBIEHUE, TOPOACKOE MPaBO, SKOHOMHKA TOPO/Ia U €r0 arfIOMEpaIiu, CTPaTernYecKoe
TUTAHUPOBAHNE TPAIOCUCTEMBI, CTPOUTENBCTBO H CTPOUTENHFHOE HCKYCCTBO, HH()OPMAITMOJIOTHS TOPOAA U €TO
pernoHa, a Tak’Ke TOPOICKOE XO3SIHCTBO.

OmHaKo TOTMBITKH CO3AaTh KOMITIEKCHYIO TEOPHIO TOPOa MTOKa He yBEHIAIHUCH ycTiexoM [ 14] mmo psagy mpu-
9iH. Bo-niepBHIX, OOJIBIIMHCTBO CIIENUATINCTOB HE BBIXOAWMIIN 32 PAMKH CBOMX HAyK W 4acTO JEKIapHPOBAIIN
MIPOOIEMBI, KOTOPBIE MTPEIArajoCch PemaTh UX KOJJleraM U3 CMEKHBIX €CTECTBEHHBIX FITH TYMaHUTApHBIX HAyK.
Bo-BTOpBIX, MOAABIAIONIAS YaCTh UCCIIEA0OBAaHUN HOCUJIA HE MEXIUCIMIUIMHAPHBIN, a HAy4YHO-TIOMYJISIPHBIN
oTIFicaTeNbHBIN Xapakrep [9].

JI. b. Koran, o mpaBy cuutatontuiics Hapsamy ¢ B. JI. [T1a3eraeBeIM OQHIM U3 0CHOBOTIOJIOXKHUKOB ypOaHO-
JIOTUH KaK HayKH, OTMETHII, YTO «HaM HY’KHA... HayKa O TOPOJax, 0 TOPOACKHX COOOIIECTBaxX, B KOTOPOil paBHBI
B CBOMIX IpaBaxX W MHTEPECAX U TPAFAOCTPOUTENH, U TeoTpadbl, U COMMOIIOTH, U IKOHOMHUCTHI, U TTOJTUTOJIOTH,
u gemorpadsl, ¥ IOPUCTHI, 1 MYHHUIIHITAIbHBIE pAOOTHUKH, ¥ BpadH, U T. 1.» [15]. OH Taxke CUUTAI, YTO «BBI-
COKasl CTeTIeHb aJallTUBHOCTH ypOAHOIOTHH, €€ TIPUCIIOCOOIIEHHOCTh K MCIIONIB30BAHUIO B CAMOM IIHPOKOM
CIEKTPE HayK CBSI3aHBI C TEM, YTO OHA pabOTAET C TAKUMH KaTeTOpUsAMH (HyHIAMEHTAIFHOTO 3HAHUS, KOTOPHIE,
OyIyd4H B3ATHI H3 CaMOTO Ipoliecca ypOaHU3aIii, MOTYT OBITh HHTEPIIPETHPOBAHBI KAaK HA YPOBHE BHICOKOH
abCTpaKIuy, TaK U Ha MIPUKIIATHOM, OTIEPAIIMOHHOM YPOBHE, OHU MOTYT OBITh HETIOCPECTBEHHO HAOIIOJaeMbl
1 U3MepeHb» [16].

C dunocodekoit Toukn 3peHus ypoanomoruto, mo MmaeHUIo 0. 1. TrexeeBoi, caenyeT MOHNMATh KaK HH-
TErpaTUBHYIO HAYKY, HCCIEAYIONIYIO MPOOIIEMBI TOPOJOB U TOPOACKHX CHCTEM C CAMBIX Pa3HBIX CTOPOH B UX
COBOKYIIHOCTH . DTO TEOpHs TOPOZIA, B KOTOPOI HHTETPUPYIOTCS 3HAHNS, TIPH3BAHHBIE YCTAHOBUTH U 000CHOBATH
CYIIIHOCTHBIE XapaKTEPUCTHKH TOPOAA, €r0 MICTOPUIECKHIE CMBICIBI M IPUPOJLY C OOIINX METOOIOTUIECKHX IT0-
3unmii. B pesynasrare MOXKHO paccMOTPETh TOpo]] Kak 0c000€ COMANbHOE, CTaINATBHO 3HAYMMOE, HCTOPHYECKH
00yCJIOBJICHHOE SIBJICHHE B €r0 TECHOM E€AMHCTBE C IIMBUIIU3AIMOHHBIM pa3BUTHEM o01ecTBa. B ypbanomorumn
TOPOJI BBICTYIAET KaK COMATbHO-UCTOpUYECKNN (PEHOMEH, CaMOe MOJTHOE BOIUIOMICHNE ITUBHUIIM3AIIHOHHOTO
mporecca, Ipy 3TOM YeJIOBEK 3aHUMAeT B 3TOW HayKe IIEHTPATbHOE MECTO.

Ceronns ypOaHOJIOTHS pacCMaTPHUBAETCS KaK MEXIUCITUTIMHAPHAS HayKa, 00beINHAIONIAs PsIT HallpaBsie-
HUH: TPaloCTPOUTENHCTBO U TOpOJICKoe IpoekTupoBanue [ 17; 18], akonomuky ropoma [2; 19-22], comumomnoruto
ropona [23-26], roponckoe ymnpasinenue [6; 17; 24; 25], reorpaduro roponos [26; 27]. Kaxxmomy u3 HUX 10-
CBAIIEHB MHOYKECTBO ITyOTUKANUK (B TOM YHCIIE B TAKUX BENYIINX JKypHaIax, kak «Citiesy, «City Planning
Reviews», «Urban Problems» n «Urban Studies») n yaeOHBIX m3ganmii. HaMHOTO pexe, 0COOEHHO B yIeOHOMH
JTUTEepaType, UCIOIB3yeTCs MpeiaraeéMblii aBTOpaMy HACTOAIIEH CTaThU MOJX0J K MHTEPIIpETAINH ypOaHo-
JIOTHH KaK KOMIIEKCHOM 00TacTw 3HaHUH O TOPOJCKHUX CUCTeMax [28].

B aBrOpckoM moHMMaHNH ypOaHOJIOTHS — HayKa, KOTOpast H3y4aeT ropojia Kak CII0KHBIE TEXHOCOIHAIbHBIE
CHUCTEMBI, CBSI3aHHBIE C OKPYXKAIOIIel cpenoit u B3auMoneiicTByomnie ¢ Heil. COOTBEeTCTBEHHO, YPOAHOIOT —
9TO Y4YEHBIH, KOTOPBI 3aHMMAETCs MCCIeTOBAaHNEM TOPOIOB KaK IEIOCTHBIX CHCTEM C TIOMOIIBI0 HAy9HBIX
METOJIOB, paCCMaTPHUBAET TOPOJ B KA4€CTBE €AMHOTO OpraHMU3Ma CO CBOEH CTPYKTYpOil B 0COOCHHOCTSIMU
(DYHKIIMOHUPOBAHMUSL, TOPOICKYIO CPEy € ee crenn(puKoii, mpobaeMaMu 1 XapaKTepUCTUKaMHU B3anMOJICHCTBUS
C OKpY’Karomei mpupoaoH, COIMAITBHBIE MPOIIECChI, TPOUCXOIAIINE B TOPO/IE, & TAKIKE €ro IKOHOMUYECKYTO
Y TIOJIUTHYECKYTO JKU3Hb.

OO0bexkToM n3ydeHust ypOaHOJIOTHUHN SBISETCS TOPOJ KaK IENOCTHAs CUCTeMa, BKIIIOYAIOMIash pa3TuIHbIe
JJIEMEHTHI (Teorpadudeckre, IKOIOTHIECKHEe, CONMANIbHbBIE, SKOHOMUYECKHE, TTOJUTHIECKHE, KyIbTYPHBIS
U JIp.), @ €€ MPEAMETOM BBICTYTAIOT 3aKOHOMEPHOCTH ()YHKIIMOHUPOBAHUS 1 PA3BUTHS rOpojia KakK IeJI0CTHON
CUCTEMBI C €€ TIPOCTPAHCTBEHHOM OpTaHu3aIieH, GYHKIIMOHATLHOW CTPYKTYPOM, 0COOCHHOCTSIMHU B3aUMOICH-
CTBHSI C IPUPOIHOM CPenoi, COIMAIbHBIMA, SKOHOMUYECKUMH U KyJTBTYPHBIMH TIPOIIECCAMH, IKOJIOTHYECKUMHU
npoOIemMamu.

VYpOaHonorus n3ydaet nmpoueccsl GOpMUPOBAHUS U PA3BUTHS TOPOACKUX TEPPUTOPHIA, X PYHKIIHOHAIEHBIE
Y IPOCTPAHCTBEHHBIE XapaKTEPUCTHKH, BOIIPOCHI, CBA3aHHBIE C TPAHCTIOPTOM, HH(PPACTPYKTYpOH U YIIPaBICHHEM
TOPOJIOM, a TaK)KE B3aUMOCBSI3h TOPOIOB C OKpYXkKaromiel cpemoit u oomectBoM. [1o maenwuto 1O. L. TerxeeBoid,
ypOAHONOTHS OITUPAETCs HA YPOAHUCTHKY" .

B cBoro ouepenp, ypOaHUCTHKA — 3TO MEXIUCIUIUIMHAPHOE MTPHUKIIAIHOE HANPABICHUE, KOTOPOE M3ydaeT
TOpPOJ B KOHTEKCTE Pa3BUTHI TOPOACKON CPEJIbI M B3AUMO/ICHCTBHS PA3IMYHBIX TOPOICKUAX CHCTEM /IS PEeTIeHNUS
HaCYIIHBIX IIpo0iieM ropoxkas. Yarie Bcero o ypOaHHCTHKON TOHMMAETCs! T TOPOZICKOE TNIAaHUPOBAHHE, WITH
aKTHBHOE y4JacTHe B 00CYKICHNH JTHO0 MHAITUMPOBAHUH MIPOEKTOB TOPOJICKOTO OJIaroyCTPONCTBA U YITyUIICHHUS

"Toixeesa FO. I]. UenoBek B TOPOJICKOM MPOCTPAHCTBE: (BDUIOCODCKO-AHTPOIOTOrHYECKHE OCHOBAHMS ypOAHOIOruH : aBToped.
e, ... 1-pa ¢uinoc. Hayk : 09.00.13. CII6., 2004. 35 c.
5Tam xe.
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ropozckoit cpenbl. COOTBETCTBEHHO, YPOAHUCT — ATO YETIOBEK, KOTOPHII KUBET WM paboTaeT B TOpPOJIe U 3a-
HUMAEeTCsI €ro pa3BUTHEM U ynydnieHHeM. OH MOXET OBITh apXUTEKTOPOM, AU3AHHEPOM, TPpaloCTPOUTENEM
WM OOBIYHBIM TPaKJAHWHOM, KOTOPBIH XOUET clieNiaTh CBOM Topoj1 6osiee KoM(DOPTHBIM U TIPUBIICKATEIHLHBIM
JUTST KU3HU.

Takum 00pa3om, oTIIHYHE MEXIY YpOAHOIOTOM U YPOAHUCTOM 3aKIFOYaeTCsl B TOM, YTO TEPBBIN Mpe-
cTaBIsieT co00il criennanicTa, KOTOPhIA aHATU3UPYET TOPOJI ¢ HAyYHOM TOYKM 3pEHHs, a BTOPOI — UeIoBeKa,
HEIMOCPEICTBEHHO YYacCTBYIOIIETO B *KU3HU TOPOJAA U CTPEeMsIIerocs cienarh ero jyuiie. W yp6anomoru,
¥ ypOaHUCTBI MOTYT, HAIPUMED, 3aHUMATHCSA IPOSKTUPOBAHUEM U AU3AITHOM TOPOJCKON Cpeibl, HCCIIE0BATh
TOPOJCKYIO KYJABTYPY M HACHTUYHOCTD U JP.

B aBTOpCKOM MOHUMaHUM CUTH-MEHEIKMEHT — CHCTEMA YIIPaBJIE€HUS TOPOJIOM, BKITIOYAIOIIAst IIaHUPOBa-
HUE, OpPTaHU3aIlfio, KOHTPOJIb U KOOPAMHALIMIO BCEX acCIEeKTOB rOPOJICKOM JKU3HU, B TOM UYHCIIE YIKOHOMUKH,
UHPPACTPYKTYPHI, TPAHCTIOPTA, COLUANBHON c(epbl, IKOIOTUHU 1 Oe30macHOCTH. COOTBETCTBEHHO, CUTH-Me-
HEJKep — 3TO PYKOBOANTEINb, KOTOPBIH OTBEYAET 3a yIpaBJIE€HUE TOPOJIOM U ero pazsutue. OH 1omkeH o0nanars
3HaHUSIMH B 00nacTH reorpaduu, SJKOHOMHUKH, (pUHAHCOB, MPaBa, COLUOIOTUH, TICHXOJIOTHH U JIPYTHX HayK,
4TOOBI MPUHUMATH () (HEKTUBHBIE PEIICHHS IO TOBBINICHUIO KAaUueCTBa KH3HH TOPOXKAH.

YpOaHOIOTHS U CUTH-MEHEPKMEHT TECHO CBSI3aHBI MEXKIY COOOM, TaK KaK OHM HaIlpaBJIEHb! HA YIyUIIeHUE
JKU3HU B Topojiax. YpOaHOJIOTHS N3ydaeT 0COOEHHOCTH TOPOICKOM Cpebl U MpejtaraeT peuieH st Mo MOBbI-
IICHHUIO KaueCTBa XU3HU FOPOXKaH, a CUTU-MEHEPKMEHT 3aHIMAaeTCs MPAKTUYECKUM yIPABICHUEM TOPOJOM
U peanu3anueil ’TUX pelIcHui.

OcHoBHBIE HAYYHBbIE MOAX0bI B YPOAHOJIOTHM U HaNpaBJieHUs ee pa3Butud. /i1 uzyuenus ypoano-
JIOTUH KaK HayKH U OCBOEHUS €€ KaK yueOHOH crennaabHOCTH HEOOX0IMMbI 3HAHUS B CIIEAYIOUINX 00IacTsIX:

® apXUTEKType (MPOSKTUPOBAHUE W TU3AIH TOPOJICKON CpeJibl, BKITFOUast )KMIIbIe, KOMMEpUYeCKHe U 001Ie-
CTBEHHBIE 37IaHHS);

e reorpaduu (M3yyeHHe MPOCTPAHCTBECHHOW OPraHU3allii U TEPPUTOPHAIILHON CTPYKTYpPBI TOPOJIOB BO
BCEM MX MHOTOO0Opa3Hn);

e reoMH(QOPMAIIMOHHBIX TEXHOIOTHUSX (MCIIOIB30BaHUE BOZMOKHOCTEH COBPEMEHHBIX CUCTEM sl cOopa,
XpaHeHMUs1, aHAJIM3a U Tpa@uuecKoil BU3yan3aluu JaHHBIX O TOPOJICKOH cpejie U 0COOCHHOCTSIX ee (QYHKITHO-
HUPOBAHUS);

® TpaloCTPOUTENHCTBE (pa3padoTKa TIAHOB U CTPATETHIl pa3BUTHUS TOPOAOB, B TOM YHCIIE TIO BOIIPOCAM
30HUPOBaHUS, MHPPACTPYKTYPHI U OJIAT0yCTPOHCTBA TEPPUTOPHH);

e naHamadTHOM Tu3aiiHe (MPOCKTUPOBAHKE U CO3/IaHHE JTaHAIA(TOB, KOTOPHIC YAYYIIAI0T Ka9eCTBO YKU3HH
TOpO’KaH M CIIOCOOCTBYIOT SKOJIOTHYECKOH YCTOWIMBOCTH);

® COIMOJIOTHH (M3yYeHHE COLMATBHBIX MPOLECCOB U CTPYKTYP B TOPOJICKUX COOOIIECTBAX);

® TPAHCIOPTE U JOTHCTHKE (MCCIIeI0OBaHNE CTEIIEHH MOOUIIBHOCTH U TPAHCIIOPTHON TOCTYMHOCTH, pacueT
ONITUMAJILHOTO BPEMEHHU, KOTOPOE 3aTPaunBaeTCs Ha TOCTAaBKY TPY30B U MACCAKUPOB, JIJIS CO3aHMs cOataH-
CHPOBAHHOU SKOJIOTUYHOM TPAHCIIOPTHON CUCTEMBI, 00CCIICUUBAOIICH YCTOMUYNBOE Pa3BUTHE TOPO/IA);

® SKOJIOTHH (MCCIeIOBAaHME HKOJIOTHMYECKHUX MPOOIeM M TOCIENCTBUN MX BIMSHUA HA TOPOJCKYIO Cpery
(3arpsi3HEHHE BO3/1yXa, IIIyMOBOE BO3/ICHCTBUE U YCTOMYNBOCTH K M3MEHEHHIO KIINMaTa));

® SKOHOMHKE (aHAJIN3 YKOHOMUYIECKHX MPOIECCOB B (PaKTOPOB, BIUAIONIMX Ha (QYHKIIHOHUPOBAHKE TOPOJIOB
¥ TIOBBIIIEHNE X MPHUBIEKATETbHOCTH);

® [OpUCTIpYACHIINHU (OTIpeesieH e TpaB 1 00sI3aHHOCTEH BCEX YYACTHUKOB PHIHKA HEIBMYKUMOCTH, PETYIIH-
pOBaHME BOMPOCOB I'PaJOCTPOUTENHCTBA, 30HUPOBAHUS TEPPUTOPHH, 3eMIICTIONB30BAHUS U . ).

OcHOBHBIE HAYYHBIC MTOJXO/IbI B yPOAHOIOTHH MPEACTABICHBI HA PHCYHKE.

( IOpunuueckuit J

( OKOHOMUYECKUIL ApPXUTEKTYpHBIH J

( KynerypHblii leorpaduuecknit J

OCHOBHEIE ITOIXO/IBI

( DKOJIOru4e CKHii I'moGanbHbIi J

( TexHomornyeckuii CounanbHbIi J

( TTonutnueckuii )

OCHOBHbIC Hay4YHBIC [IOJXO/IbI B YPOAHOIOTHI
Basic scientific approaches in urbanology
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Baxno moHMMaTh, YTO KaXIbIi W3 3THX MOAXOJO0B UMEET CBOM NMPEUMYIIECTBA U HEIOCTATKH, MTO3TOMY
TOJILKO UX COYETAaHHE MOXKET OMOYb HauOoJee MOJHO MOHATH NPOLECCHI, MPOUCXOASIINE B TOPOIE, U Pa3-
paborars 3(HEKTUBHBIC CTPATETHH YIIPABICHIS HM.

[TockonbKy B 0cHOBE MojTydaemMoro B benapycu o0pa3oBanus B 3Toi cepe JIeKUT UMEHHO reorpaduieckuit
OTIBIT, 0003HAYNM MTPHOPHUTETHBIC HATIPABJICHHS reorpadn, TECHO CBSI3aHHBIE C YPOAHOIOTHEH!

® APXUTEKTYPHYIO reorpaduio (M3yueHne MpoCTPaHCTBEHHBIX OTHOIICHUH MEXKITY 3JaHUSIMU 1 OKPY KaIOIIeH
CpeIoi, apXUTEKTYPHBIMU O0BEKTaMH M TIPUPOJIHBIMHI M aHTPOTIOTEHHBIMH (PaKTOPaMHM, OI[CHKA X BIUSHUS
Ha TOPOJICKYIO CPeNy, B3aUMOACHCTBUE C OKPYKAIOIICH MPUPOIOH U 0OIIECTBOM);

® TOpOACKYIO reorpaduio (paccMOTpeHre 0COOEHHOCTEH TOPOACKON CPe/ibl U CIIEHU(HKH €€ CBSA3U C MPU-
POMHBIM 1 CONMANTEHO-3KOHOMUYECKIM OKPYKEeHHEM, HCCIIEI0BAHNE IPOCTPAHCTBEHHOW OpTaHNU3aI[lH TOPOJIOB,
WX CTPYKTYpBI, GYHKIMH U THHAMUKH Pa3BHUTHS);

® KyJIBTYpHYIO reorpaduio (aHaJIM3 KyJbTYPHBIX IPOIECCOB, X POJH B (DOPMUPOBAHUHU TOPOJICKOHN HJICH-
TUYHOCTH M KYJIBTYPHOH KH3HH TOPOXKaH, 0030p My3eeB, TeaTpoB, KHHOTEATPOB, PECTOPAHOB U JIPYTUX KYJIb-
TYpPHBIX O0OBEKTOB (B TOM YMCIIE B LIEISAX AYXOBHOTO PA3BUTHUS OOIECTBA));

e conMaNbHYIO reorpaduro (M3ydeHrne COIMaIbHON CTPYKTYpPBI TOPOAOB, eMOTrpapuIecKux JaHHBIX,
HSKOHOMHYECKUX TMOKa3aTeNel, KyJIbTypHOTO Pa3HOOOpa3usi U COUMAIBHBIX MPo0iIeM, onpeaeeHne norpeod-
HOCTEH W OXKHMJIAaHUI pa3IMYHBIX TPYI HACEIEHHs U pa3padoTKa CTPATeTHil yIydIIeHUsS TOPOICKONW Cperbl
Y TIOBBIIICHNS KaueCTBa )KU3HM);

® JKOJIOTUYECKYIO Teorpaduio (MccieToBaHNe IKOIOTHIECKUX MPOOIeM TOPOAOB U MOCIEICTBUI HX BO3-
NEHCTBYS Ha OKPYXKAIONIYIO CPENy, CO3TIaHNE CTPATEeruil CHIKEHHS YPOBHS 3aTPS3HEHHOCTH BO3/yXa, BOJIBI,
MOYBBI ¥ TIPEIOTBPALLICHUS BIUSHHS JPYTHX SKOJIOTHUECKUX MTPOOIIEM, CBI3aHHBIX C IESITEIbHOCTHIO TOPOJIOB);

® 3KOHOMHYECKYIO Teorpaduro (YCTaHOBJIEHHE aCTIEKTOB AIKOHOMUYECKOH KU3HU TOPOJIOB, HX POJIH B pe-
THOHAJIBHON ¥ HALIMOHAJIbHOM SKOHOMHUKE, aHAJIU3 TOPOACKON 3KOHOMMKH, €€ OTPACIEBON CTPYKTYPBbI, TEPPHU-
TOpUATHHON OPraHM3AlNY U CTIeNU(DUKHN B3aUMOACHCTBHS C APYTUMHU TOPOJIAMH U PETHOHAMU).

Ha coBpeMeHHOM 3Tare coluanbHO-3KOHOMUYECKOTO Pa3BUTHSI OCOOYIO aKTyallbHOCTh MPUOOPETAIOT
po0IeMbl TOPOICKOTO HEPABEHCTBA B KOHTEKCTE Pa3MEIICHUs TOPOACKUX CHCTEM B IPOCTPAHCTBE. DTH BO-
MIPOCHI SBJISIOTCS MPEIMETOM aKTHBHBIX CHCTEMaTHUECKIX HCCIIeIOBAHMI 3apyOeKHBIX yUEHBIX (B OCHOBHOM
reorpadoB 1 SKOHOMHUCTOB), B CBSI3U C YEM LIEJIECOO0Opa3HBIM MPEICTABISETCS PACCMOTPEHUE UX OMBITA aHa-
TU3a, OTICHKHU U MOJICTIMPOBAHMS Pa3MEeIeHs Topo/ia B TpocTpancTBe. CIeIManuCcThl BBIIEISIOT CIEAYIOMIHe
(aKTOpbI MPOCTPAHCTBEHHOTO HEPABEHCTBA: pa3Mep JIOKaJIbHOTO PhIHKA (TUIOTHOCTH 3aHSATHIX), 3P(EKThl OT
JoKanu3anuu (BHemHue 3PPEeKThl OMHON OTpaciau) U ypOaHu3anuu (BHeIrHUE d3PPEKTh MEKOTPACICBOTO
B3aMMOJICHCTBYS) M PIHOYHBIN moTeHnnai. K kiroueBbiM MpuYrHaM KOHIIEHTPAIMA SKOHOMHYECKOW aKTHB-
HOCTHU B PErOHE OHHM OTHOCAT OObEAMHEHHE PhIHKA TPYJa, COBMECTHOE HCIIOJIb30BaHUE PECYpCOB U OOMEH
3HAaHUAMHU. YYEHBIE TaKXKe OIEHUBAIOT BIMSHNE YHCIEHHOCTH W TJIOTHOCTH HACETIEHHs Ha TMPOTYKTHBHOCTh
ropopa. [Ipumensis 3akon Llunda, oH1 00BSICHSAIOT IBOIIOLUIO TOPOJCKHX YKOHOMHUK Iy TEM COXPaHEHHS OTpe-
JIEJICHHBIX TEHACHLMH B pacrpeaesieHun pa3MepoB ropoaa [29].

OcHOBBIBasiCh Ha aHAJIM3€ COBPEMEHHBIX MUPOBBIX TEHACHIINH, B Pa3BUTHH YPOAHOJIOTHH MO)KHO HAMETUTh
HECKOJIBKO MarucTpajbHBIX HAPaBJICHUH (CBOETO pojia HayUHBIX LIKOJ): apXUTEKTYPHYIO YpOaHOIOTHIO, TOPOJI-
CKOE€ TUTAaHWPOBaHME, MPOCTPAHCTBEHHBIN aHAIIN3, COIMATIBLHYIO YPOAHOIOTHIO, SKOJIOTHYECKYI0 YPOaHOJIOTHIO,
TOPHYIO0 YpOAHOJIOTHIO M TIOA3EMHYIO YPOAHOJIOTHIO.

ApxuTekTypHas ypOaHOIOTHS pa3padaThiBaeT KOHIEIIUHN 3aCTPOIKH TOPOJCKUX TEPPUTOPHIL, UCCIETyeT
BIIUSTHUE TOPOJCKONW apXMUTEKTYphl HAa Cpeay M KauecTBO >KM3HM Jtofei. OHa OpHEeHTHpOBaHa Ha CO3/1aHHe
KOM(OPTHOH M ACTETUYECKU IPUBIIEKATEITLHOW TOPOJICKOM CPEIBI.

I'opoackoe mraHnpoBaHre U3y4daeT MPUHITUIBI U METO/IBI pa3paOOTKH MJIAHOB M CTPATETUN Pa3BUTHUSA I0O-
pona, BKJItouas onpezesieHue 1esiel 1 3a/1a4, aHaJlIu3 PECypCcoB U BOZMOKHOCTEH, KOHTPOJIb 33 peaiu3aluei
9THX pemeHuii. OHO ABIAETCS KIFOYEBHIM (PaKTOPOM YCTOHIHBOTO Pa3BUTH TOpo/a U 00eciedeHus BRICOKOTO
KauecTBa KU3HH ero oouTarenieu.

[IpocTpaHCTBEHHBIH aHATN3 TOCPEICTBOM UCCIIeIOBaHUS TeorpadMueCKUX JaHHBIX aHATM3UPYET IMPOCTPaH-
CTBEHHbIE 0COOEHHOCTH Pa3INYHBIX 0OBEKTOB U SIBICHUI TOpO/Ia M B3aHMOCBSI3U MEX/Ty HUIMHU, yCTaHABIMBAET
TEHJEHIIMH U 3aKOHOMEPHOCTH B UX MPOCTPAHCTBEHHOM PACIPEEIEHUU U TPOTHO3UPYET U3MEHEHMSL.

ComnmanpHasi ypOaHOIOTHS aKIIEHTHPYET BHUMaHHE Ha COIMABHBIX MIPOIeccax, MPOUCXOAAIINX B TOPOaXx,
W UX BIHMSHUU HA KU3HB JIIOJEH, HCCIeayeT mpoOieMbl, CBI3aHHBIC C IPOXXKHUBAHUEM B Topozae. B ux umncio
BXOJIAT MUTPAIHsl, CONMaTbHAsI CTPAaTU(UKAIUS, BOIPOCKH COMATbHON MOOMIIBHOCTH, 00pa30BaHus, 3paBo-
OXpaHEeHUs, 3aHATOCTH U T. 1.

DKonorudeckasi ypoaHOJIOTHS pacCMaTPUBAET BOTPOCH! IKOJOTUYECKON YCTOMYMBOCTH U COXPAHECHUS
MIPUPOIHON CpeABl B TOpOAaX, BKIIOUACT B ¢e0s MCCIIEIOBAHNUE BIMSHUS TOPOICKOW MHPPACTPYKTYPHI Ha
OKPYXXAaIOIIYyI0 Cpeay, pa3paboTKy IKOJIOTMYECKHX CTpAaTeruil U MJIaHOB, & TaKKe BHEAPEHUE DKOIOTUYECKH
YHUCTHIX TEXHOJIOTHH.
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Oco0oe MecTO B 3TOM pPsily 3aHUMAIOT TOpHAas ypOaHOIOTHs U MOJ3eMHast ypOaHOIOTHS.

lopras ypOaHoorus cBsi3aHa ¢ KOMIUIEKCHBIM Pa3BHTHEM TOPOJIOB U JIPYTUX HACENICHHBIX ITYHKTOB, pac-
MIOJIOKCHHBIX B TOpHON MecTHOCTH. OHa M3y4aeT 0COOCHHOCTH ypOaHU3AIWU TOPHBIX TEPPUTOPHI, 3aKOHBI
(hopMHUpOBaHUs, Pa3BUTHA U SBOJIOIMH TOPHO-TOPOACKHX CHUCTEM, a TaKKe TUIAHHPOBAaHUS, CTPOUTEIHCTBA
1 yHOpaBJICHUA TaKUMU IropoJaMu C YYE€TOM BJIIMAHUA HAa HUX KOHKPETHBIX MMPUPOIHBIX, SKOHOMUYECKUX U CO-
[IUANTLHBIX YCIOBUH. [71aBHBIE 1w ropHOl ypOaHOIOTHH — HAyYHO 00OCHOBAaHHOE TPaJ0CTPOUTEIHCTBO, Ha-
NpaBICHHOE HA COOIIOAICHHUE MTPUPOTHO-IKOHOMHYECKHIX 3aKOHOB ¥ IMPHHIMIIOB SKOJIOTHYECKOTO PABHOBECHS,
Y pa3yMHOE pa3BUTHE, COTJIACOBAHHOE C XapaKTEPUCTHKAMU CTPYKTYPhI TOPOJIOB, UX (PYHKIIUSAMH U crierudu-
KOH IJIaHUPOBKH TeppuTopuu. U TO 1 Apyroe A0IKHO HE TOJIBKO OTBEYaTh TPEOOBAHUSIM CO3aHUs ONlaronpu-
SITHOM CpeIIbI TSt )KU3HU U Pa0OThI, HO M CITIOCOOCTBOBATH JOITOCPOYHOMY YCTOHYNBOMY Pa3BUTHIO TOPOJIOB,
‘-ITO6I)I COOTBETCTBOBATH TpeGOBaHI/IHM JOCTHUKCHHU €AMHCTBA DOKOHOMHWYCCKHNX, COIIMAJIBHBIX W OKOJIOTHYCCKHUX
BbITO71 [30].

[NoxzeMHast ypOaHOIOTHSI COMPSIKEHA C KOMIUIEKCHBIM UCTIONb30BAHUEM MTOA3EMHOTO IIPOCTPAHCTBA FTOPOIOB
Y IPYTHX HACEJICHHBIX IIYHKTOB, OTBEYAIOIINM TPEOOBAHUSIM I'PaJOCTPOUTEIHLHON 3CTETUKH, COIIMATLHOM TH-
THCHBI, a TAKKEC TEXHUKO-2KOHOMHUYECKOMN ]_[eJ'IeCOO6pa3HOCTI/I. Ee rnaBHbIC e — oOecrieueHne ONTUMAaIbLHBIX
yCIIOBUH Tpyna, ObITa, OTABIXA U MEPEABIKEHUS HACEJICHHS O] 3eMJICH, YBEIMUCHHUE TUIOMAN OTKPHITHIX
03€JICHEHHBIX MPOCTPAHCTB Ha MMOBEPXHOCTH, (OPMHUPOBAHUE 30POBO, YIOOHOW M 3CTETHUYECKHU MPHBIIE-
KaTeNIbHOU moa3eMHOM cpebl. CTeneHb MCIONb30BaHus MTOJI3EMHOTO IPOCTPAHCTBA, TEXHUKA U TEXHOJIOTHS
Be/ICHUS paboT 3aBHCAT OT BEJMUMHBI TOPOJIA, XapaKTepa U COACPKaHUsI HCTOPHUYECKHU CIIOKHBILEHCS U Tiep-
CTIIEKTHBHOM 3aCTPOMKH, KOHIIEHTPAIIMU JHEBHOTO HACEJICHHUS B PA3IMYHBIX YACTIX TOPOJIa, PACYETHOTO YPOBHS
aBTOMO6I/IJ'II/I3a]_[I/II/I, MPUPOAHO-KIIUMATUYCCKUX, MHKCHCPHO-I'COJIOTHUCCKUX U JPYTUX YCJ'IOBI/II‘/‘I .

Ymubie ropona u «CumouocuTn». B 3aximrouerrne He0OX0AUMO CKa3aTh HECKOIBKO CIIOB O TeX KOHIIETI-
[USIX, B PeAJIN3aIUU KOTOPBIX CIICIUATUCTHI-ypOaHOJIOTH Oy/IyT BOCTPEOOBAHbI B IIEPBYIO ouepe/ib. Peub uuer
0 TIPOEKTaxX CO3[aHMs YMHBIX TopoioB u «Cumbuocuti» [31; 32].

HOIL YMHBIMH TOpOJaMU MMOHUMACTCA KOHUCTIIUA IOPOACKOTO pa3BUTHUA, OCHOBAHHAA HA WCIIOJIB30BaAHUN
MH()OPMAITMOHHBIX M KOMMYHHUKAITMOHHBIX TEXHOJIOTHH JUIS yITyYIIEHUS KadyecTBa KU3HU TOPOXKaH. YMHBIC
ropojia CTpeMsTCs K CO3Aanuto bosnee 3h(HeKTUBHON U yCTOWYNBOW TOPOACKON Cpebl, KOTOpas criocoOHa ajar-
THUPOBATHCS K M3MEHSIONIMMCS TOTPEOHOCTSAM HACEJICHUS U OKPY KAIOIIeH cpenbl. DTa KOHIIETIIHS BKITIOYaeT
CIICAYIOIINE 3JIEMEHTHI:

® MHTEJUIEKTyaJIbHBIE CHCTEMbI yIIPaBIeHHS (MCIIOIb30BaHUE PA3IMYHBIX JTATYIUKOB, CEHCOPOB M CHCTEM
cOopa JaHHBIX JJI1 MOHUTOPHUHTA TOPOACKOH MHPPACTPYKTYpHI (TPaHCIIOPTa, SJHEProcHabKeHusl, BOZOCHa0-
JKEHUSI U T. JI.) ¥ YIIPaBJICHHS €10);

® HMHTEJUICKTYaJ bHYI0 HHPACTPYKTYPY (co3aanne HHQPacTPyKTypbl, aBTOMAaTHYECKH ONTUMHU3UPYIOLICH
cBOM (PYHKIIMU U 00€CTIEUNBAFOIIEH JTYUIITyIO TPON3BOAUTENBHOCTH (HAPUMeEpP, YMHBIX CBETO(POPOB, KOTOPHIE
perynupyIoT IBUKEHHE TPAHCIIOPTa U CHUIKAIOT 3aTOPHI Ha JOpOrax));

® YMHBIA TpaHCIIOPT (pa3paboTKa MHTEIEKTyallbHBIX TPAHCIOPTHBIX CHCTEM, KOTOpPbIE MOBBIMIAIOT JI0-
CTYIHOCTH TPAHCIIOPTA, CHIKAIOT 3aTOPhI HA 10porax, 00ecleunBaroT 0e30MacHOCTh JBMKEHHUS U MOTYT HC-
TTOJTE30BaTHCS JJTST ONMTUMHE3AITIH MapIIPyTH3AIINH U TUTAHUPOBAHUS 00IIECTBEHHOTO TpaHcmopTa [33, 1. 2 n 4]);

® SKOJIOTHYECKHE CUCTEMBI (AKTUBHOE BHEAPEHUE IKOJIOTMUECKU YHCTHIX TEXHOIOTHI, TAKMX KaK BO30OHOB-
JsieMble UCTOYHUKH YHEPTUH, YJHEPT0d(D(DEKTUBHBIC 3aHHSI ¥ CHCTEMBI YTHITU3AI[H OTXOAOB, I YMEHBIIICHUS
BBIOPOCOB BPEIHBIX BEIIECTB B aTMOc(epy H yIydlIeHUs] KayecTBa BO3LyXa);

® WHTEPHET Belel (IMMPOKOe UCTIONB30BAHNE TEXHOJIOTHI HHTEPHETA BEIIeH TS yIPaBICHUS TOPOIACKON
HHPACTPYKTYpOH 1 o0ecrieueHus 6e30IacHOCTH (HapuMep, CHCTEM MOHUTOPUHTA 6€30ITaCHOCTH Ha YIUIax
7 B OOIIECTBEHHBIX MECTaX, CHCTEM KOHTPOJIS TOCTYIIA U BHICOHAOTIONCHMS));

e u(pOBBIC YCIYTH U MPUIOKEHHs (ITPEIOCTaBICHUE KUTEISIM HU(POBBIX YCIYT U MPUIOKEHHH, KOTO-
pBI€ TIOMOTAIOT UM YTIPABJISATH CBOMMH KU3HAMHU, TTOTydaTh HH(OPMAIIHIO O TOPOACKUX COOBITHAX U yCIyTaX,
a TaKk)Ke B3aMMOJCHCTBOBATH C TOPOACKON HHPPACTPYKTYPOK);

® CHCTEMY YMHOTO TOPOJICKOTO YIpaBlieHHUs (BHEIPEHHE HOBBIX METO/OB YIIPaBJICHUS, OCHOBAHHBIX Ha
HCIOJNBb30BaHUHU JAaHHBIX M aHAJUTHKE, YTO MO3BOJISET IPUHUMATE 00Jiee 000CHOBAaHHbBIE PEILICHHS M OTITUMH-
3UPOBATh UCIIOJBE30BAHKE pecypcoB [33, u. 4]).

B nemnom ymHbIe ropona — 310 Oyayliee TOpPOJCKOTO Pa3BUTHsI, TOCKOJIBKY OHH MPEJOCTaBISIIOT HOBBIC
BO3MOXKHOCTH ISl YITyYIIIEHUS Ka4eCTBA )KU3HM M TIOBHIIEHUS () (hEKTUBHOCTH TOPOICKON HHPPACTPYKTYPHI.

«CHUMOHOCUTH» — 3TO MPOEKT TOPOAA, pa3paboTaHHBIN sl IEMOHCTPAIMK HOBBIX PELICHUI B TOPOICKOM
TUTAHUPOBAHUU M CO3/IaHUs KOM(OPTHOW U SKOJIOTUIHOMN TOPOACKOH cpenbl. B ero ocHOBE JIEKHT 11eITOCTHBIN

IMonzemuas yp6anuctuka // TopH. sunukn. [dnextponnsii pecype]. URL: http://www.mining-enc.ru/p/podzemnaya-urbanistika
(mara obpamienust: 28.07.2023) ; Cxynos b. A. Bece tnyoke, myoke u miyoxe. CTpareruss HHHOBAIIMOHHOTO Pa3BHTHUS TOI3EMHO-
ro Topojckoro npoctpancTsa // CTpouT. sxcnept [DnekrporHsiid pecypc]. URL: https://ardexpert.ru/article/4137 (mara oOpamenns:
28.07.2023).
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1 BCEOOBEMITIONINNA TIOAXO0A K YCTOHUNBOMY TOpPOJCKOMY Pa3BUTHIO, KOTOPBIN MpeBpaIiaeT ropojcKue mpo-
0JeMbI B BO3MOXKHOCTH.

OnHUM U3 KITFOYEBBIX 371eMEHTOB «CUMOMOCHTI SBJISIETCS IIMPOKOE HCTIOIb30BaHHE 3eJICHBIX HACAKICHUH.
B ropoze 10mKkHO OBITh CO371aHO MHOKECTBO MAPKOB M CKBEPOB, KOTOPBIE HE TOJILKO BHICTYIIAIOT MECTOM OT/IHIXA,
HO ¥ 00€CTIeUNBAIOT IKOJIOTHYECKYIO YCTOMYMBOCTh. KpoMe Toro, Takoit ropoji UMeeT pa3BUTYI0 HHPpacTpyK-
TypY, BKJIFOYAIOIIYIO0 OOIECTBEHHBIN TPAHCIIOPT, MEIIEX0IHbIE 30HbI, BEJIOCUTIEIHBIE TOPOKKHU U Ap. ITO T0-
3BOJISIET JIETKO TIEPEMEIATHCS IO TOPOJLY, & TAKIKE CIIOCOOCTBYET BEJICHUIO 3I0POBOTO 00pa3a JKU3HHU. BaxkHbIM
JJIEMEHTOM SIBJISIOTCS TaK)Ke MHHOBAIIMOHHBIE TEXHOJIOTHH B CTPOUTEIHCTBE U YIIpaBiIeHU: ropoaom [31; 32].

Takum 06pazom, « CUMOHOCHTI) IEMOHCTPUPYET BO3MOKHOCTD CO3/1aHUsT KOM(DOPTHOTO U SKOJIOTHYHOTO
ropoja ¢ IpUMEHEHNEeM HOBBIX TIOAX0A0B K TOPOICKOMY TNTAHUPOBAHUIO.

Ceronns ypoBeHb ypbanuszanuu B benapycu cocrasisier 79,5 %. DTo 3Haue€HHE COOTBETCTBYET ITOKA3aTEIIO,
CBOWMCTBEHHOMY Pa3BUTHIM 3aI1aJHBIM FOCY/IapCTBaM, U MTPEBHIIIAET MOKa3aTelb, XapaKTEPHBIH 7151 TOCTCOBET-
CKHUX CTpaH, IPUYEM JIOJIS TOPOJICKOTO HACEJICHUS MTPOIOIIKAET PACTH. AKTyaJIbHBIMU I TPAJOCTPOUTEIHHOM
MTOJTUTUKHU OOJIBITMHCTBA OETOPYCCKUX PETHOHOB OCTAIOTCS CIEIYIOIINE 3aJa4H:

® YIy4lIEHUE KaueCTBa FOPOJICKOM Cpebl;

® COXpaHEHHE MaJbIX TOPOJOB U HACEIEHHBIX ITyHKTOB;

® SBOJIIOIHS IPUTOPOJIHBIX 30H OOIACTHBIX IIEHTPOB U FOPOJIOB 0OJIACTHOTO MOJYMHEHHS, ITEPEXO0J] K aryo-
MEepaloHHOMY Pa3BHUTHIO;

® TI0/bEM KOHOMHUKH PETHOHOB U COKpAIIIEHNE pa3phiBa B Ka4eCTBE KU3HU HACEJIECHH B TOpoiax o0nact-
HOTO MOYMHEHNS, T/I€ JOJKHBI OBITh 00ecieueHbl YCKOPEHHbIE TEMITHI COIIMAIbHO-9KOHOMHYECKOTO POCTa;

® CTaHOBJICHHE YMHBIX TOPOJIOB, BHEJPEHHE IIM(PPOBBIX TEXHOJOTHIA, CEPBUCOB, GYHKIIMOHAIBHAS U Kave-
CTBEHHas TpaHCc(opMaIIis TOPOACKOH CPEIbI;

® TIPOEKTHUPOBAHHE B HACENEHHBIX MyHKTaX HOBBIX PAallOHOB 3aCTPOIKM C COBPEMEHHBIMHU MapamMeTpaMu
Ka4eCTBEHHOI U pa3HO0Opa3HOil cpenpbl;

® pa3BUTHE WH)KEHEPHOW, TPAHCIIOPTHOM, a TaKKe WHAYCTPUAIBHOM, JIOTUCTHYECKOI U JIpyroi uHdppa-
CTPYKTYPBL,

® COXpaHEHHE NCTOPUKO-KYIBTYPHOTO HACIIEINS;

® TIOBBIIIEHHE KOJIOTUYECKOTO M TYPHUCTCKOTO TIOTEHITHAaNa peruona [34].

B pemenuu 3THX 3a/1a4 ONpeESIONIyI0 POIb MOTYT ChITPaTh CHEIHAINCTHI B 00JaCTH ypOaHOIOTHH
Y CUTH-MEHEPKMEHTa, a 3TO 3HAUMUT, YTO X MOATOTOBKA B bpecTckoM rocynapcTBeHHOM YHUBEPCUTETE UMe-
Hu A. C. [lymkuHa uMeeT BaKHEHIIee HApPOAHO-X03sIMCTBEHHOE 3HaueHue. OHa MOMKHA OBITH MPEAMETOM
MPUCTAIBFHOTO BHUMAHUS CO CTOPOHBI TOCY/IapCcTBa M OOIIECTBA, MOB30BAThCA MOCPKKON PyKOBOIUTENIEH
pecnyOIMKaHCKUX ¥ MECTHBIX OPTaHOB MUCTIOHUTEIHHOMN BIACTH, OTAEIBHBIX MPEINPUITHN U YUPEKACHUH.

3akjaoueHue

I/IHTGHHCKTyaHBHBIe u FJ'IO6aJ'H)HI)Ie 3KOHOMUKO-JIOT'HCTHYCCKHUE BBI3OBBI ITOCJICIHUX )Z[eCSITI/IJ'IeTI/Iﬁ CIIO-
cOOCTBOBAJIM PAa3BUTHIO TOPOAOB U MX PETHOHOB. B TO e BpeMsi KOHLIEHTPAIHsI B TOPOIaX YKOHOMHUYECKHX,
KYJBTYPHBIX U HH()OPMAIMOHHBIX PECYPCOB CO3/laJia TOTCHIIHATbHBIC BO3MOXXHOCTH JJIs TOIbeMa SKOHOMHUKHU
Ha Pa3HbBIX YPOBHSIX (OTPACICBOM, pETMOHAIBHOM, CTPAHOBOM ), & TAKXKE APYTHX chep 00IIeCTBEHHOM )KU3HH.
B HacTosmee BpeMs ropo/] IPeACTaBIAeT cOO0H CI0KHYIO CHCTEMY, KOTOPasi BKIIFOYAeT KOMIIJIEKCHI COLUAIbHO-
OKOHOMHUYECCKUX, UCTOPUICCKUX, TCOTTOJIUTUYCCKUX, IPUPOAHBIX U JAXKE IICUXOJIOTHUICCKUX @aKTOpOB, BIIHUAIO-
LIUX HA YCTOWYUBOCTb UX Pa3BUTUSL.

B cooTBeTcTBUM C TpeGOBaHI/IHMI/I BPEMCHHU BO3HHKACT yp6aHonorH;1 — UHTCIrpaTuBHasd CUHTCTUYCCKas
HayKa, KOTOpas U3y4daeT MPOoOJIEMbI TOPOJIOB M TOPOJICKHUX CHCTEM C Pa3HBIX CTOPOH B UX COBOKYITHOCTH.
HccnenoBanust CIIOXKHBIX TOPOJCKHX POILIECCOB COJACHCTBYIOT OTKa3y OT MPUBBIYHOTO apXUTEKTYPHO-TPaJI0-
CTPOUTENILHOTO BOCTIPHSITHS TOPOJICKOTO MMPOCTPAHCTBA H €r0 CTPYKTYp. OCOOEHHOCTH TaHHOH HAyKH COCTOSIT
B HeO6XOI[I/IMOCTI/I MCKANCHUTIIIMHAPHBIX 3HAaHUH paaa €CTECTBEHHO-HAYUYHBIX U T'YMAaHUTAPHBIX JUCHUILINH,
a TaK)KC B OpUCHTAIMU HAa UHTCTPAJIbHOC PCIICHUEC SKOHOMHWYCCKUX, COIUAJIBHBIX U 9KOJIOTHUYCCKUX HpOGHeM,
KOMMEPLHMAIA3ALUI0 NHTEIUIEKTYaIbHbIX U KPEATUBHBIX IIPOEKTOB Pa3BUTHUS TOPOACKON CPEIBI.

VYpOaHonorusi Mpu3BaHa CHITPaTh BaXKHYIO POJIb B Pa3BUTHHU COBPEMEHHBIX T'OPO/IOB, MMOCKOJILKY OHA IO-
MOTaeT BO BCeM MHOTOOOpa3uu MOHSThH TO, KaK (PYHKIIMOHUPYIOT TOPOAA, U TO, KaKhe U3MEHEHUs HeoOX0/1u-
MBI JUTSL YITy4IICHUS Ka4ecTBa KU3HU B HUX U pa3BuTHs. Ee ycnnns HanpaBieHbl Ha co3iaHne KoM(opTHOH
APXHUTEKTYPHO-IIPOCTPAHCTBEHHOW U COIIMAIbHO-KYJIBTYPHOH CPEbI JJIsi COBPEMEHHOI'O YeJIOBEKa C yUETOM
HOBBIX TPEHIOB Pa3BHTHUS TOPOAOB. YPOAHOIOTHS U3y4YaeT CTPYKTYPY TOPOJIOB, X IKOHOMHKY, COIIHATbHYIO
OpTaHU3aIHI0, YKOJIOTHIO U APYTHE acTeKThI AJIsl TOTO, YTOOBI co3aaBaTh Oonee 3pheKkTUBHBIE U yCTOWYHBEIC
ropoza. OHa Tak)Ke IIOMOTaeT pa3padaTbiBaTh CTPATEIHHU YIIPABICHHUS TOPOJCKON CPeIoi, KOTOpPbIE YUUTHIBAIOT
WHTEPECHl BCEX YUaCTHHUKOB, BKIIOUAs JKUTEJICH, TpeicTaBUTeIel On3Hec-coo0IIecTBa U IPAaBUTEILCTBA.

14



T'eorpagus
Geography

Ceronus KpaifHe HEOOXOIMMBI COBpEMEHHBIE CIEIHANINCThI, TOTOBBIE K HOBOW TOPOJCKON peasbHOCTH,
B KOTOPYIO MaccoBO MpoHUKaIOT [ T-cucteMb! u [ T-rakeTsl (HHTEIIIEKTyaIbHOE 00YCTPOMCTBO YITHI] U TOPOI-
CKOTO IPOCTPAHCTBA, CO3/IaHNe YMHBIX JIOMOB, TOPO/JIOB M PETHOHOB, PACIIPOCTPaHEHNE TEXHOIOTHI HHTEPHETa
BEIICH, JIOTIOJIHEHHOW peajbHOCTHU, JICKTPOHHOM JIOTUCTUKH, TU(POBOI PeaibHOCTH M aIallTUBHON COITHO-
noruu u ap.). [ToaTomy TpeOyeTcst qanpHelInas BONIONNsT HOBOW HAYKH — ypOaHOJIOTHH, KOTOpasi cMoryia Obl
BOCTIPUHSTH BCE BBI30BBI COBPEMEHHBIX TOPOIOB U IMTO3BOJIMIIA ObI YCTOWYMBO Pa3BUBATh MOCIETHIE, HECMOTPS
Ha HeocabeBarole pUCKH Pa3InYHOTO XapaKTepa.

Pa3BuTHe ropona — CIOKHBIN MTPOIECC, IIeTIas HayKa U 1axe UCKyccTBO. M To, OyaeT Tu OHO UMETh MPaBUIIb-
HYI0, TOJIOKUTEIBHYIO TUHAMUKY, IPEXKJIE BCETO 3aBUCUT OT HAIMYHS DKCIIEPTOB, KOMaH/1bI TPOo(ecCHOHAIIOB,
3aHMMAIONUXCS pa3pabOTKOil MPOEKTOB, CTpAaTeTHil U WX peanuzanueil. Muccus ypO6aHoIoroB 3akito4aercs
B TOM, YTOOBI CJIe/aTh JIF00OM HACEJICHHBIN MYHKT (B MEPBYIO 0YepPEb rOpoj) YA0OHBIM, KOM(MOPTHBIM JIJIst
JKU3HU M 00€CTIEYNTh €r0 YCTOWYNBOE pa3BUTHE.
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VIIK 504.55(476)

ITPIPOAOOXPAHHBIN ITOTEHIIUAA
OU3UKO-TEOTPAOUUYECKUX PAVIOHOB BEAAPYCH
U EI'O 3BHAYEHUE AAA HAITMOHAABHOU
IKOAOI'NYECKOU CETU

M. H. FPUJIEBCKHH"

YBenopyccruii 2ocyoapcmeennviii ynusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, benapycn

[IpencTaBneHs! pe3yabTaThl HCCIEAOBAHMUS TPUPOIOOXPAHHOTO TTOTEHINANA (PU3HKO-Teorpaduiecknx pernoHos be-
napycu (IIPOBUHIIMHN, OKPYTOB M PaiiOHOB), KOTOPBIA BIMIET Ha (hOpMUPOBAHHME HAIIMOHAIBHOMN SKOJOTHYECKONW CETH.
BHeceHbl u3MeHeHHs1 B cXeMy (PU3HKO-reorpa)uueckoro paifoHMpOBaHUs CTPaHbI, YTOYHEHbI I'PAHUIIbI U IUIOMIAAN €€
(uzuKo-reorpapuuecKux pailoHOB. YCTAHOBIIEHO, YTO OLIEHKA MPUPOJOOXPAHHOTO MMOTEHIINANA JIOJDKHA TPOBOIUTHCS
1o (U3MKO-reorpadMuecKiM pailoHaM, TaKk Kak OHU CYIICCTBEHHO Pa3IMYarOTCsl HAIMYMEM WIN OTCYTCTBHEM 3E€MeEllb
TIPUPOJHOTO KapKaca, a TaK)Ke KOJIMYECTBOM H IIJIOIIA b0 0000 OXpaHsIEeMbIX IPUPOAHBIX TeppuTopuil. [Ipeanoxena me-
TOZIMKA OTIPEEITICHUSI TPUPOJOOXPAHHOTO MOTEHIMAA KaK HHTETPAIEHOTO ITOKa3aTelsl HHEKCa COXPAaHHOCTH IPHPOTHBIX
reocucTeM U KodduireHTa 00eCedeHHOCTH 0C000 OXpaHsIeMbIMHA TPUPOAHBIMU TEPPUTOPHSIMU. PacdeTsl cBUIeTEb-
CTBYIOT O TOM, YTO 3HAYEHHUS MHAEKCA COXPAHHOCTH MPUPOAHBIX reocucteM nmi3Menstores ot 0,58 (Kombuisckast rpsiia)
1o 1,40 (Jlenpuuiikasi paBHMHA), a Bce PU3MKO-reorpaduueckue paioHbl 10 JaHHOMY TToKa3areito AudpepeHupyoTcs
Ha yeTbIpe Tpynmnsl. [To BenmmunHe ko3 dunnenta o0ecredeHHOCTH 0C000 OXPaHSIEMBIMH ITPUPOTHBIMU TEPPUTOPUSIMHU
(u3mnKo-reorpaguuecKre paioHbI TAKXKE JACIATCS Ha YEThIPE IPYNIIbl. MaKCHMaJIbHBIX 3HAaUCHHUH 3TOT KO3(HUINEHT J10-
cturaeT B 5 pusnko-reorpaMuecKux paioHax ¢ 3alOBEJHUKAMH 1 HAIIMOHAIBHBIMH NTapKaMH. 3HAYSHUSI HHTETPATBHOTO
MOKa3aTelisi MPUPOJOOXPaHHOTo MoTeHnHaxa Bapeupyrores ot 0,58 (Kombuisckas rpsga) mo 2,06 (BepxuebGepesnHckas
HU3MCHHOCTB). [To BemuunHe 3TOro mokasaress (hu3nko-reorpaduIeckre pailoHbl PaCIPEACIISIFOTCS 10 CEMH TPYIIIaM.
YcTaHOBIEHO, YTO 32 TIOCIIEJHUE TO/IbI TIPUPOOOXPAHHBII TOTEHIMAN OOJBIINHCTBA (PU3UKO-reorpaduuecKux palioHOB T0-
BBIIIACTCS B CBSI3M C YBEJIMUCHUEM IUIOMIAICH 3eMelTb IIPUPOTHOTO KapKaca M 0C000 OXpaHSIEMbIX IPHPOIHBIX TEPPUTOPHUIL.

Knrwouegwie cnosa: hpuznko-reorpaduiaeckne pailoHbl; OKpyra; IPOBUHIINN; 36MJIM IPUPOAHOTO KapKaca; COXPaHHOCTb
MPUPOIHBIX TEOCHUCTEM; 0C000 OXpaHIEeMbIC TIPHPOAHBIC TEPPUTOPHH; TPUPOIOOXPAHHBIN OTEHIINA; SKOJIOTHUECKAs CETh.
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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.

BBenenune

Ha BcemupHoMm sxoHOMHYECKOM (popyme B JKeHeBe OTMEUEHO yCHIICHHE BEPOSTHOCTH BO3HHUKHOBEHUS
SKOIOTHYECKHMX PUCKOB B OIMIKAHIIIMe TOIBI ¥ OTIPeIeeHbl MATh OCHOBHBIX SKONOTHUecKuX yrpos'. Tlepsrie
JIBE SKOJIOTMYECKHE YIPO3bl, CBI3aHHBIE C MOCIEICTBUSIMU U3MEHEHNUS KJIMMaTa U JIeCTBUEM 3KCTpEMaIbHBIX
[IOTO/IHBIX SIBJICHUH, HEOJHOKPATHO 00CYK1aIMCh HA MEXIyHAapOIHbIX KoHpepeHuusx. [lonnucansl rmobais-
HbIe comTameHus no ux npegorspamennio (Kuorckuii mpotokon u [lapmkckoe cornaiieHne, BCTYyHUBIINE
B cuity B 2005 1 2016 IT. COOTBETCTBEHHO) ¢ 0Nopoit Ha Pamounyro konsenimio OOH 06 H3MeHeHHH! KuMara®,
Pa3nuyHbIM acniekTam aHaIn3a Mep I10 aAanTaluy X03HCTBEHHON e TeIbHOCTH K MI3MEHEHUSIM KJIMMaTa To-
CBSIILIEH psii MOHOTpaduil M HAyYHBIX CTaTell OTeYeCTBEHHBIX UccienoBaTenei [1-7].

Ocobennoctr reorpadudaeckoro mookeHus: bemapycu (pa3MenieHie Ha yCTOHUNBOM qpeBHEN miatopme
C PaBHUHHBIM pelibe)OM B YMEPEHHOM KIMMATHYECKOM T0sice) OOyCIOBUIIN CPAaBHUTEIBHO HU3KUM PUCK 00-
pa3oBaHMS TPEThEH IKOJOTHUYECKON yrpo3bl, CONPSIKEHHON CO CTUXUHHBIMU OeacTBHAMU. B TO e Bpems
OCTaeTcs aKTyaJlbHbIM PUCK BOZHUKHOBEHUS YETBEPTOM IKOJIOTUYECKON yTPO3bl — AHTPOIIOTEHHBIX IKOJIOTH-
YeCcKHUX KatacTpo(, Hauboee ocTpoi U3 KOTOPHIX SIBJISIETCS TPOOIeMa MPEOI0TICHHUS TOCIICACTBUI aBapuy Ha
UepnoOsutbckoit ADC. JlanHas mpobiieMaTHkKa IMMPOKO OCBEIIeHA B pab0Tax OTEYECTBEHHBIX U 3apy0eKHBIX
yueHsx® [8—11].

Haxkonen, nsitas sKosioru4eckas yrposa cBsi3aHa ¢ norepei OHoIorn4ecKkoro u Janama@tHoro pasHooopa-
3ust. Bo MHOTOM JTaHHBIM PUCK COTPSIKEH C MOCIEICTBUAMH YEeTHIPEX IPYTHUX yTPO3, OH MPOSBISIETCA B HC-
YEe3HOBEHUH OTAEBHBIX BUIOB KUBOTHBIX M PACTEHHUH, paCIIPOCTPAHEHUH 1YKEPOIHBIX HHBa3UBHBIX BUIOB,
JeTpalallii IPUPOAHBIX JaHAMAPTOB B PE3yIbTaTe WHTCHCHUBHON XO3SHCTBEHHON JEATEIHLHOCTH, a TAKKe
B HU3KOH 3()(hEeKTUBHOCTH OKa3aHMs IKOCUCTEMHBIX yCIyr U T. 1. [12].

'The global risks report — 2019 [Electronic resource]. URL: https://www3.weforum.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 of access: 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).

SUerBepTh BeKa 1OCIIE YEPHOBBUTLCKOI KaTacTPO(bl: HTOTH M MEPCIIEKTUBBI MPEOIOICHHS : Hall. oK. Pecrr. Benapych. MuHcK
Wn-t paguonorun, 2011. 90 c. ; 30 get YepHOOBUIBCKON aBapUy: UTOTH M TIEPCIICKTHBEI IIPEOIOJICHUS €€ TIOCIEACTBUI : Hall. JOKIL.
Pecn. benapycs. Munck : Un-T paguonoruun, 2016. 116 c.
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3aja4a 1o npeoTBPALICHUIO COKpAIeH s OMOIOTHYECKOTO U JIaHAmadTHOro pasHooOpasus B benapycu
peanu3yeTrcs B paMKax MEKIYHapOAHBIX JOTOBOPOB, MOANHUCAHHBIX B KOHIE XX B., M 3aKJIIOYAETCS B pac-
ITUPEHUH CETH 0C000 oXpaHseMbIX pupoaHsIx Tepputopuii (OOIIT) u popMupoBaHHHM HAITMOHATBEHOMN KO-
JIOTHYECKOH ceTH. 3a MoCIJeHIE TO/Ibl Ha TOCYAapCTBEHHOM YPOBHE YTBEPKICH Psijl 3aKOHO/IATENIbHBIX aKTOB
B 0011aCTH COXpaHEHMs GHOTOTHYECKOT0 U TaHAA(THOTO pa3HooOpasus .

Cnenmanuctsl Hayaro-mpaktuaeckoro nearpa HAH benapycu mo 6mopecypcam pa3padoTaii KOHIIETITHIO
HaI[MOHAJIbHOMN SKOJIOTHYECKOM CeTH, KPUTEPHUH BBIJICIICHUS €€ 2JIEMEHTOB (s1€p, OXPaHHBIX 30H U IKOJIOrHYe-
CKHX KOPHUIOPOB), TIPEUIOKUIN METOMYECKIE ITOIXO/IBI K €€ MHTEeTpalnuy B [ 0CynapcTBEHHYIO CXeMy KOMIT-
JICKCHOW TeppuTOpUaibHON opranu3zanuu Pecnyonuku benapycs, a Takke coctaBuian CxeMy HallMOHAIbLHOU
9KoNorndeckoi cetu’. Ha Tepputopuul cTpaHbl BBLACIAIOTCS €BPONEHCKHE (3aI0BEAHUKH, HALIMOHAJIBHBIE TAPKU
1 HEKOTOpBIE 3aKa3HWKH, MMEIOIIIE MEXKTyHaPOIHBIA MPUPOIOOXPAHHBIN CTATYC), HAIIMOHAIBHBIE (3aKa3HUKH
pecIyOIMKaHCKOTO 3HAYESHUS) M PErHOHANBHBIE (3aKa3HUKH MECTHOTO 3HAYCHUS ) SI[pa SKOJIOTUUECKOM CEeTH, OX-
paHHBIE 30HBI, PacTIOI0KEHHBIE BOKPYT HUX, M 3KOJIOTHYeCKHEe KOpUAOopbl. CXeMa HallMOHAIBHON SKOJTOTHYECKOM
CeTH TMHAMHUYHO pa3pabaThIBaliach M MMOCTOSHHO OOHOBIISIIACK.

B xagectBe anep sxonoruyeckoit cetu Boictynaror OOIIT. Io coctosuuto Ha 2022 1. B benapycu Bbiens-
muck 1339 OOIIT, 3anumaromux 1889,3 TeIc. ra, 9To cocTaBisgeT 9 % oT miomaan CTpaHLI6. OTO0 3HaAUEHHE
MIPAKTUYECKH COOTBETCTBYET ONTHUMAJILHOMY TIOKa3aTellt0, XapaKTePHOMY JUIsl pETHOHA, KOTOPBINA PacTON0KEH
B YMEPEHHOM TeorpaduyeckoM nosce. OaHaxko OOJIBIIMHCTBO MOAOOHBIX 00BEKTOB (959) mpeacTaBisioT co00i
TIAMSATHAKH IPUPOIBI PECITyOIMKaHCKOTO H MECTHOTO 3HaueHMs1. OHM 3aHUMAFOT MaJIble TUTOIIA/IN, He 00pasyroT
CaMOCTOATENBHBIX /Ep, a AOMOIHSIOT sIpa Pa3HOTO YPOBHS U BEITIOIHAIOT CKOPEe PEKPEalMOHHYIO (DYHKIINIO,
TaK KaK SBIISIIOTCSI 00beKTaMu TIo3HaBaTebHOro Typr3mMa. Kpome toro, OOIIT u apyrue sneMeHTb 3KoJI0rnuecKon
CeTU pa3MelleHbl Ha TeppuTopun benapycu HepaBHoMepHO. [Tonecckuil paauanuoHHO-3KOJIOTHYECKUH 3ar10-
BEJIHHUK ILIOMIa]b10 216,9 ThIC. ra, KOTOPBIH 3aHUMACT TEPPUTOPHIO, HAaHOOJIeE 3arPsI3HCHHY IO PaIMOHYKITHIaMHU
B pe3yinbTare aBapuu Ha YepHoObuibckoit ADC, obmanaer ocoobim cratycoM u kK OOIIT we otHocHTCs [12].

Odummanpasie qanasie 00 OOIIT mpuBoAATCS, KaK MPAaBUIIO, IO aIMUHUCTPATUBHBIM SIWHHUIIAM — 00-
nactsM U paiionam. Oanako rpanunsl OOIIT BeimensroTCS B 3aBUCUMOCTH OT MPUPOIHBIX 0COOEHHOCTEH
TEPPUTOPHH, IOATOMY MHOTHE U3 HUX (bepesnHckuii OnocQepHsIii 3a0BEeHNIK, HAIIHOHAIBbHBIE TTapku «[Ipu-
ATCKUIY, «benoBexckas myma» u «Hapodanckuil», 3akazHuku «Beironomianckoey, «Kpacubiit bopy, « EnbHs»,
«Hamubokckuit», «Cpennsis [Ipunsite» u Ip.) pacnoiararoTcs B IpejiesiaX HECKOIbKUX aJIMUHUCTPATUBHBIX
paitonoB uin oonacteid. Otnenpabie OOIIT (HanmnonansHbi napk «benoBexckas myimay, 3aka3zHuk «lIpudyx-
ckoe [Tonecbe» u 1p.) pa3MenatoTcs Ha TOCYIapCTBEHHBIX IPAHUIIAX  UIMEIOT MPOJOKEHUE B COMPEACTBHBIX
ctpanax. CnenoarensHo, OOIIT momKHBI U3y4yaThesl B MPEENax MPUPOJHBIX PETHOHOB, XapaKTepU3yIo-
ITUXCST OOITHOCTHIO TIPOUCXOXKICHUS 1 OTHOTHITHOCTHIO TIPOTEKaHNS (PU3UKO-TeorpapuuecKux MpoIecCoB.

B Benapycu nmpoBezieHb! pa3niyHbIe BUIBI TPHPOAHOTO pafOHUPOBaHUs (TreoMOP(OIOrHIecKoe, arpoKInMa-
THYECKOE, Te000TaHNYECKOE) OTACIBHBIX MPUPOIHBIX KOMIIOHEHTOB, BEITIOJTHEHO KOMIUIEKCHOE JIaHIA(THOE
pationnpoBanue [13]. Ilo MHEHHIO aBTOpa HACTOAIIECH CTAThH, /U OLIEHKH MPUPOIOOXPAHHOTO MOTEHIINAJA
B HauOOJIbIIICH CTEIICHU TIOAXOAUT KOMIUIEKCHOE (hr3uKo-reorpaduueckoe paiionuposanue. Llenb paboTs 3a-
KJTFOYaeTCs B BBISIBIICHUH OCOOCHHOCTEH pa3MelIeH s 3eMelb IPUPOIHOTO KapKaca 1 OIIeHKE IPUPOI00XPAHHOTO
noTeHIana GU3nKo-reorpaGuuecKkux pernoHoOB CTpaHbl. B kadecTBe 00bEKTa MCCIICAOBAHUS BHICTYIAIOT
¢usuko-reorpapuueckue paitonst (OI'P), okpyra u npoBunuuu benapycu, a B kauecTBe ero npeaMeTa — npu-
POIOOXPAHHBIN IMOTEHIINA PETHOHOB CTPAaHbBI M €TO POJIb B CO3/IaHNHU €INHON DKOJIOTHIECKOH CeTH.

Merononoruyeckoid OCHOBOM OLEHKH ITPUPOJOOXPAHHOTO MTOTEHIMAJIA SIBJISIOTCS MOJOKEHUS U IIPUHIIUIIBI
T€0dKOJIOTHH, JaHAmaToBegeHNs, PU3nuecko reorpaduu u npupogonoiabp3osanus. [log repMuHoM «mipupo-
JIOOXPaHHBIN MOTEHINAI U OIM3KUM €My TI0 COJePIKaHUIO0 MTOHATHEM ITPHPOIHO-IKOJIOTHIECKUI TOTEHIINAIDY
paccMarpuBaeTcsl COBOKYITHOCTh CBOMCTB ITPUPOTHOM Cpe/ibl, 00eCIeYHBAIOIINX TOTPEOHOCTH YeIOBEKA B IPH-
POIHBIX pecypcax M MO3BOJISAIONIMX T€OCUCTEMAM BBIMOIHATH YKOJIOTHUECKHE, CPETOPOPMUPYIOIINE U ICTE-
TUYecKre (PyHKIUH, MOJAEP)KUBATH KOJIOTHIECKH 11€JIeCO00pa3HOe PaBHOBECHE TEPPUTOPHUH, YCTOWIHBOCTD
T€OCUCTEM M CIOCOOHOCTH MPUPOIHBIX CPeJl K CAMOBOCCTAHOBIICHHUIO U CAMOOYHIICHUIO [ 14].

406 0c060 oXpaHTEMBIX TIPHPOIHBIX TEPPUTOPHSX : 3akoH Pecr. Bemapych ot 15 Hos6. 2018 . Ne 150-3 [Dnektponnsit pecype] //
Kowucynsrautl Lroc. Benapycs / OO0 «HOpCrekrpy». Munck, 2018 ; O HaunonansHOM 1aHe JedCTBHI [0 COXPAHSHHIO U YCTOHYHBOMY
HCIOJIb30BAaHUIO OMOJIOrHYecKoro pasHoodpasus Ha 2021-2025 rozp! : nocranosnenne Cosera Munuctpos Pecn. benapycs ot 21 nek.
2021 . Ne 733 [Dnexrponnstii pecypce] // KoncynsrantlImoc. berapycs / OO0 «¥OpCriextpy. Munck, 2021 ; O6 sxomorindeckoit cets : Ykas
Ipesunenra Pecn. Benapyce ot 13 mapra 2018 1. Ne 108 [Dnexrponnsiii pecypc] / Koncymnsrantllntoc. Benapycs / OO0 «tOpCriektpy.
MumHck, 2018 ; Cxema palioHaIBHOTO pa3MeNeH st 0000 OXPaHSIEMBIX TPUPOAHBIX TEPPUTOPHH PECITyOINKAHCKOTO 3HAYEHHS 10 1 sTH-
Bapst 2025 1. // O pa3BUTHH CHCTEMBI 0C000 OXpaHsIEMBIX IPHPOIHBIX TEPPUTOPHIA : TocTaHoBIeHHe CoBeta MunmcTpoB Pecn. benmapycs
ot 2 uronst 2014 . Ne 649 [Dnexrponusiii pecypce] // KoncynsrantlLintoc. Benapyces / OO0 «¥OpCriextpy». Munck, 2023.

306 skomoruueckoii cetr : Ykas ITpesunenra Pecn. benapycs or 13 mapra 2018 1. Ne 108...

0co60 oxpansembie MpupoIHEIE TeppuTopn Pecy6muxu Bemapyck. Kapra [dmekrpormsiit pecypc]. URL: https://www.minpri-
roda.gov.by/ru/oxanaterrkarta-ru (zara obpamenus: 15.05.2023).
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MaTepl/laJIbl U METOAbI UCCJICAOBAHUSA

B cooTBeTcTBHM ¢ eMMHOI 0011IeeBPOTICHCKON CHCTEMOM pailoOHNPOBaHUS CYIITH bemapych BXOIHUT B COCTaB
Takol (hu3nKo-reorpaduueckoii crpansl, kak Bocrouno-EBponeiickas paBanHa, pazmemnaercs B EBponerickoit
00JIaCTH CMEUIaHHBIX JIECOB M BKJIIOYaeT 5 (u3nKo-reorpaduueckux nposunuuii [15;16]. Oun nuddepen-
LUPYIOTCS 10 oporpaduueckuM rpaHuiiaM, 00yCIOBIMBAIOIINM pa3HbIi FeHe3HC pelibeda U HApaBIEHHOCTh
¢uznko-reorpaguUECKUX MPOLECCOB, C YUETOM BBICOTHOTO sipyca. Mckmouenne cocrasuser benopycckas
[Too3zepckast MpOBHUHIIKS, KOTOPAsi BBIAEIAETCS HA OCHOBAaHWU BO3PACTa, COOTBETCTBYIOIIETO MOCIEIHEMY
OJIEICHEHUIO, B ee pesibede mpecTaBIeHbl BO3BBIIIEHHOCTH, PABHUHBI 1 HUI3MEHHOCTH. FOKHBIM ITpeieioMm
MIPOBHHIINY SBISIETCS TPAHUIIA TIOCIIEIHET0 TT003EPCKOTO OJICACHEHNS.

Mo mpeobaiarouM YeTBEPTUYHBIM OTIIOKEHHUSIM U OJJHOBO3PACTHBIM THIIAM pelibeda KilacCUuPUIUPYIOTCS
14 ¢usuxo-reorpaduyeckux okpyroB. OHH, B CBOIO ouepenb, aensitcs Ha 50 OI'P B 3aBucuMocTr OT THIA
penbeda U NOYBEHHO-PACTHTEIBHOTO TTOKPOBA.

Bce ¢usuko-reorpaduyeckre mpoBHHIMH, OKPYTa U paifOHbI UIMEIOT XapaKTepHble yepThl. OHU OTIMYAIOTCS
ucropueit HopMUPOBaHHSL, HAITPABIEHHOCTHIO COBPEMEHHBIX I'eorpapuIecKkrx MPOLEecCoB, a TAKKE 0COOEHHOC-
TAMU KJIMMara, IOYB M PaCTUTEIHHOCTH. B MX Tpenenax o0pa3yoTcsl yHUKaIbHbBIE IPUPOIAHBIE 00BEKTHI, KOTO-
phBIe, KaK MpaBuiIo, mpencTaBisior codoir OOITT. [l onpeneneHust pernoHaIbHOHN CITeITU(UKH pacpe e ICHIs
3HaYeHUM NoKazaresnei, XapakTepru3youX MPUPOA00XPaHHbBIN MTOTeHIIMa benapycu, aHaIM3UpOBAJIUCH JIaHHBIE
0 CTPYKTYpE 3eMJIeNONIL30BaHN B Pa3pese aIMHHUCTPATUBHEIX PAifOHOB MO cOCTOsHMIO Ha | suBaps 2022 1.7

C noMoIIIbI0 CpaBHUTEIBHO-TEOrpadguiIecKoro, CTaTHCTHIECKOTO M KapTOrpaduuecKoro MeTo0B IIPOBEICHEI
pacdeTsl pacnpeaeneH s 3HaYeHUH MoKa3aTelel MPUPOI00XPaHHOTO MOTEHIIMAIA B IPEAEIaX eAMHUT] (PHU3HKO-
reorpauuecKkoro paiOHMPOBaHUs U ycTaHOBiIeHa HanOombmas auddepenunanus 1ist GI'P. OcHoBHBIMEU
MOKAa3aTesIIMU, HEOOXOIMMBIMHU JIJIsl OLIEHKU MTPUPOAOOXPAHHOTO TOTEHIIUAIA TEPPUTOPHUH, SIBIISIOTCS MHACKC
COXpaHHOCTHU NpHPoAHbIX TeocucteM (U ) u koapdunuent obecneuennoct OOIIT (Kygpp)-

Jran 1: onpeneneHre 0N TUIOMau (GU3NKO-reorpadudecKuX PETHOHOB OT OOIIEH IIomaan CTpaHbI
C UCIIOJIb30BaHUEM WHCTPYMEHTOB MporpaMMHOTro obecneueHus ArcGIS. ComocTaBieHne dTOTO IMoKa3aTe-
7l ¢ TaHHBIMU O TTOJINTUKO-aAMUHHACTPATUBHOM JIeTICHHH bernapycu MO3BOIHMIIO BEIYUCIUTE JIOJIO TUTOMIAIH
aJIMUHUCTPATUBHBIX PAOHOB OT IJIOMIAH OTACTBHBIX (PU3UKO-TeOrpadUuecKuX eAUHUIL.

Jtan 2: pacueT J0JU IO PA3IMYHBIX BUIOB 3€MeJb IIPUPOIHOTO KapKkaca (JIECHbIe 3eMJIH, JTyTOBbIE
3eMJIM, a TAK)KE 3eMJIM MOJ] IPEBECHO-KYCTAPHUKOBOW PaCTUTEIBLHOCTHIO, 3eMJIH MOl OTKPBITBIMU 00JIOTaMHU
Y 36MJIH TTOJ] BOJTHBIMHU 00BEKTaMHM) OT 00IIIeH momanu kaxaoro ®I'P [17].

Iran 3: BeIsiCHEHHE 3HaYeHUi W[ Bcex pusnko-reorpaduueckux NpoBUHIUII, OKPYTOB U PailOHOB.

MeTomoM 3KCTIePTHOH OIIEHKH YCTAHOBIIEHO, YTO B HANOOJIBINIEH CTETIEHH SKOJIOTHYEeCKHE (DYHKITUU TTPOSIB-
JISTFOTCS Y 3€MeJTh IO OTKPBHITEIMH OostoTamMu. OHU MOYTH HE 33JeHCTBYIOTCS B X031 CTBEHHON JIEATEIIEHOCTH,
B ocHoBHOM BMemiaroT OOIIT, mpencraBistror co0o0il g/ipa SKOJIOTHUECKON CEeTH, OMarONpHATHO BIUSIOT Ha
ra3oBbIil cocTaB aTMOc(hepbl 1 MUKPOKIMMAT, PETYIUPYIOT YPOBEHb I'PYHTOBBIX BOJI M COXPaHSIOT OHOJIO-
rHYECKoe pazHooOpasue. JIecHbIe 3eMIIM TaK)Ke BBITTOJTHSIIOT Pa3UYHBIC KOJIOTHUECKHE (YHKIUH, OTHAKO
MPEUMYLIECTBEHHO OHU SIBJISIFOTCS BTOPUYHBIMU 110 MTPOUCXOXKIACHUIO U B OOJIBbILIEH CTETIEHU Y4acTBYIOT B XO-
35IICTBEHHOM JESATENTbHOCTH. 3€MIIH, 3aHAThIE €CTECTBEHHBIMHM M MCKYCCTBEHHBIMH BOJHBIMU aKBaTOPHUAMH,
OTIINYAIOTCS HanOoJee crenu(puIecKUMHE YCIOBUIMHU (DOPMUPOBAHHS, UMEIOT BXKHOE 3HAYCHUE JJIs1 CO3/TaHuUS
9KOJIOTHYECKHUX KOPUIOPOB, OHU CHIIbHEE OCTAILHBIX T€OCHCTEM TPE0Opa30BaHbl YEIIOBEKOM U TTOBEPIKEHBI
3arpsI3HEHUIO B PE3YJIbTaTe XO3SACTBEHHOH NesTeNbHOCTH. B CBOIO 04epe/ib, 3eMIIH IO APEeBECHO-KYCTapHU-
KOBOW pPacCTHUTENHFHOCTHIO OPTaHU3YIOT IKOJIOTHYECKHAE KOPHIOPHI MEXK/TY JIECHBIMU M OOJIOTHBIMU MacCHBaMU
Y BBICTYTAIOT BAYKHBIM 3B€HOM 3KOJIOTHYECKOH ceT. OIHaKo OHM, KaK MPaBUIIO, BOSHUKAIOT HA MECTE BBIBE-
JICHHBIX U3 CEIBCKOX035IIICTBEHHOT0 000pOTa CEHOKOCOB, MACTOMII M HU3KOTIPOYKTHBHBIX MTAXOTHBIX 3€MElb,
MOATOMY OTJIMYAIOTCSI MEHBIIEH COXPAaHHOCTBIO MPUPOIHBIX (yHKIMH. HakoHel, TyroBbie 3eMi (€CTeCTBEHHBIC
CEHOKOCHI M MacTOMIIa) OTHOCATCS NPEUMYIIECTBEHHO K CEIbCKOXO3SHCTBEHHBIM JIaHAIIA(QTaM, OHU B Hau-
OosiplIeli cTeneHn MPeoOpa3oBaHbl YCIIOBEKOM.

JUI1s KaxT0T0 M3 MIEPEYHCIIEHHBIX BHJIOB 3€MeITh IPUPOTHOTO KapKaca orpe/iesieH KodPHUINEHT 3HAYUMOCTH
ot 1 (JryroBeie 3emin) 10 2 (3eMJIM IO OTKPBITBIMH 60s10TaMu) ¢ marom 0,25. 3nayenus - paccunThiBanuch
o opmyiie

28505+ 1758 ec + 1,580, + 1,258 r
So6Lu

rie S, — IWIOIIA/lb 3€MEJIb IO/l OTKPBITHIMK OO0JIOTaMH; S, . — IUIOIIA/Ib JIECHBIX 3€MeJIb; S, — IUIOIIA/Ib 3EMEIb

10/l BOXHBIMU OOBEKTAMHU; SKyCT — IUIOIIA[Ib 3€MENb MO APEBECHO-KYCTAPHUKOBOW PACTUTEIBHOCTHIO; SHyr -
TUIOLIA/Ib JIYTOBBIX 3€MEJIb; S06Lu — oOmias rwiomans OI'P.

+ Sﬂyr

CIr —

"PeecTp 3eMemBbHBIX pecypcoB Pecry6mikn Bemapycs [nextpormsiif pecype]. URL: http://www.gki.gov.by/ru/activity branches-
land-reestr (nara obpamenus: 15.03.2023).
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Itan 4: pacuet 3HaueHuU K1, KOTOPBII XapakTepu3yeT IUIOIaAHble U (PyHKIIMOHAIBHBIE 0COOEHHOCTH
pasmernienus copeMmentoi cetu OOIIT. ITo HeoOXOTUMO OCYIIECTBHUTH, IIOTOMY YTO HE BCE 3€MJIA TPUPOIHOTO
KapKaca UrparoT BaKHYIO POJib B (DOPMUPOBAHUU sijiep dKooruueckoi cetu. Jlanusie o pasmeniennn OOIT
Ha TeppuTopuu benapycu B34Thl ¢ caiita MUHUCTEPCTBA IPUPOAHBIX PECYPCOB U OXPAaHbI OKPYKAOLLEN CPENIb
Pecrny6rmuku Benapycs®.

B 3aBucumoctu ot sxonornueckoit 3Haunmoctu OOIIT benapycu MOXKHO YCIIOBHO pa3aenuTh Ha MATh TPYIIL.
B niepByto rpynmy (¢ Hanbosee BeIpasKeHHON IPUPOA00XpaHHoi hyHKIHeH ) BxoauT bepesunckuii OnochepHbiit
3aMoBeJHNUK. BTOpyIo Ipymiy cOCTaBIAIOT HALIMOHAIBHBIEC TAPKH, KOTOPbIC BBIMOJIHSIOT B OOJIbILICH CTETIEHN
[IPOCBETUTENBCKYIO, HAYYHYIO U PEKPCALIMOHHYIO (DYHKIMHU U B MEHBILCH CTETIEHN IPUPOLOOXPAHHYIO QYHK-
nuto. OOIIT mepBoii ¥ BTOPOH I'pyNIl BEICTYNAIOT SIAPAMHU JKOJIOTMUYECKOM CETH €BPOMNEHCKOro 3HAYEHUS.
TpeTbs rpynna BKIIOYAET 3aKa3HUKH PECITyOIMKaHCKOTO 3HAaUeHUS (IPEUMYILECTBEHHO Spa KOOI HYECKOM
CeTH HALlMOHAJIBHOTO 3HaueHUs ). B ueTBepTyro Ipymily BXOIAT 3aKa3HUKH MECTHOTO 3HAYCHUS, IPUPOIOOX-
paHHast QyHKIIMS KOTOPHIX HIDKE (OOBIYHO s/Ipa SKOJIOTHYECKON CETH MECTHOTO 3HadeHws ). HakoHer, msaTyio
IPYMITy COCTABIISIOT NAaMATHUKU IPUPOJIBI PECITyOIMKaHCKOTO M MECTHOTO 3HadeHus. OHU 3aHMMAIOT HE3HA-
YUTENbHbIE IJIOIAAN, TaK KAaK [IPEJCTABICHbl TOUCUYHBIMH O0BEKTaMU (BaJyHbl, BEKOBBIE U PEAKHUE ICPEBb,
POIHUKH), ¥ BEITIONHSIOT B OCHOBHOM peKpeannoHuyio Gyukmmro. [lemecooOpa3Ho mpu pacderax 3HaAUCHUU
MIPUPOJOOXPAHHOTO MOTEHIHANIA YIUTHIBATH HE TOJIBKO TUIOIIA b TaMsATHUKOB IIPUPOJIBI, HO M X KOJIIMYECTRBO.
Kaknast u3 3TUX TPy uMeeT cBoi ko3 GUuueHT 3HauuMocTh — oT 1 (msitas rpymnmna) jo 2 (nepsas rpyrrna)
¢ marom 0,25. Koadduiment 3Ha4MMOCTH TaMITHUKOB NPUpob! yBennunBaeTcst Ha 0,01 3a Kaxablii 0ObEKT.

Yto6s1 Kor B HekoTOpeIx PI'P, B koTOpBIX OOIIT 0TCYTCTBYIOT, HE paBHsACA 3HaueHUIO 0, ero mpea-
JIaraeTCsl PaCCUMTHIBATE 10 (popmyIie

28, + 1,758 + 1,535 + 1,258503 + S, - 0,015
Koonr=1+ S ’

o611

rae S,,, — IUI0Iaab 3all0BEIHUKOB; Sy — IUIOIIAAb HAIMOHANBHBIX IIAPKOB; S;p; — IJIOMIAb 3aKa3HUKOB Pe-
CIyOJIMKAHCKOTO 3HAUCHHUS; S35 — IUIOIIAAb 3aKa3HUKOB MECTHOIO 3HAYCHHUS; S, — IUIONIAb TaMITHUKOB
HPHUPOBL; 71 — KOIMIECTBO MAaMATHUKOB HPHPOMBL; S5, — 00mas miomans OI'P.

Jrtan S: pacueT 3HaUECHUH HHTErpabHOIrO IOoKa3aTess npupogooxpanHoro norenuuana (MIly;) ®I'P kak
Ipou3BeeHNs BenunH nokasareneit Mo 1 Kyopr

Pe3yabTarsl M NX 00Cy:KI1eHHE

Hcnonp3oBaHue HHCTPYMEHTOB IporpaMMHoro odecneueHuss ArcGIS npu moaroroBke KapThl (PU3UKO-
reorpaduuecKoro paioHUpoOBaHUs K myOnukanuu B HOBoM HanmonaneHOoM atinace PecnyOonuku benapych
IT03BOJIMJIO YTOUHUTH KOHTYPHI 0TAeNbHBIX OI'P (MuHCKOM BO3BBIIIIEHHOCTH, ONMIMSHCKON BO3BBIIIEHHOCTH,
Jlokmmikoi paBHUHBL, YallHUKCKON paBHHUHBI, YIIadcko-JIyKOMIIBCKOM BO3BBIIIEHHOCTH, JI€NBUMIIKON PaBHUHBI
1 Mo3bIpcko-tOpoBrYCKOil BO3BEIIIEHHOCTH), a Takke WX Ha3zBaHUs. OI'P paznuuarorcs He TOIBKO 0COOCH-
HOCTSIMH TIPUPOJHBIX KOMIIOHEHTOB, HO U pa3MepaMH, KOTopble BapbupyroTcs oT 89,20 Toic. ra ([ pomHeHCcKas
BO3BBINMIEHHOCTH) 0 1240,82 ThIC. Ta (Slcenpauacko-Crynkas HU3MEeHHOCTh). Kak mpaBwito, 601pIIIMHI
mromaasmu oomanarot OI'P, reomoro-reomopdoirornaeckas 0CHOBa KOTOPBIX IIPEICTaBlIeHa HUI3MEHHO CTIMU
1 paBHUHaMu (Tabm. 1).

Tabnuma 1
IIpuponooxpaunubiii norenuunaa ®I'P beaapycu
Table 1
Environmental potential of physical and geographical regions of Belarus
3eMITH IIPUPOTHOTO
Du3HKO- N KapKaE:a oonTt
N Ousnko-reorpaduyuecKuii [Tnomans, p
reorpadpuueckuii . Uepr Koonr | Ay
OKpyT panox ThIC. Ta | [Tnomans, | Jos, ITnomans, | Jlos,
TBIC. T % TBIC. Ta %

benopyccras Iloozepckas nposunyusi

Hewepno-I'opogokckast
BO3BBIIICHHOCTH (/)

299,26 | 260,25 | 87,0 | 1,43 | 40505,9 | 13,5 | 1,182 | 1,69

gHTe&ZKOC Cypaxkckas paBHUHA (2) 180,20 136,10 | 75,5 | 1,19 | 1373,9 | 0,8 | 1,011 | 1,20

003€ephe
P Burebckast BO3BBIIIEHHOCTS (3) 208,60 142,65 | 684 | 1,07 158,0 0,1 | 1,001 | 1,07
Jlydocckas paBHuHA (4) 207,77 | 132,23 | 63,6 | 0,98 | 18102,2| 8,7 | 1,123 | 1,10

80c060 oxpansemble IpupoaHble TeppuTopuy Pecy6nuku Benapycs. Kapra...
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[Ipononxenune Tabm. 1
Continuation of the table 1

3eMJT PUPOIHOTO
- OOIIT
Pusmuico N Ousnko-reorpaduecKuii IInomans, Kapkaca
reorpagpuIecKuit N Uenr Koorr | Ay
OKpYT panon TBIC. Ta | [Tiowanp, | dous, [Tnomans, | Joms,
TBIC. Ta % TBIC. T %
EpaC“ch""e Ocseiicko-Bpacnasckue rpsst (5) | 330,20 | 241,87 | 73,3 | 1,14 101 411,4| 30,7 | 1,509 | 1,72
003€ephe
JlucHeHcKasi HU3MEHHOCTH (6) 22420 | 146,57 | 65,4 | 098 |23626,4| 10,5 | 1,147 | 1,12
IlonBunbe [Mosnonkast HU3MEHHOCTH (7) 648,90 508,23 | 78,3 | 1,26 |98 110,4 | 15,1 | 1,224 | 1,54
[lymunuHCcKas paBHUHA (8) 386,85 | 282,41 | 73,0 | 1,15 | 8334,2 | 2,2 |1,030| 1,18
YamrHukckas paBHUHA (9) 152,85 108,28 | 70,8 | 1,07 | 21422,6| 14,0 | 1,190 | 1,27
Hapouano- | Yiuaucko-JlyKomubcias 404,36 | 305,06 | 754 | 1,20 | 33332 | 0.8 [ 1,011 1,21
Viadckoe BO3BBIIICHHOCTH (/0)
IToosepse CaeHisHCKHE Tpszbl (/1) 316,60 | 220,67 | 69,7 | 1,06 |27 189,4| 8,6 | 1,120 1,19
Hapouanckas paBauHa (12) 238,90 168,99 | 70,7 | 1,11 |107 259,8| 44,9 | 1,762 | 1,96
3anaono-benopycckas nposunyus
Burneiickast HU3MEHHOCTS (/3) 441,60 | 298,60 | 67,6 | 1,05 | 9012,0 | 2,0 | 1,026 | 1,08
OmMsTHCKasT BO3BBIIIIEHHOCTH (/4) | 288,28 175,28 | 60,8 | 0,95 | 10042,2| 3,5 | 1,043 | 0,99
| MuHCKast BO3BBIIIIEHHOCTH (/5) 675,34 | 376,61 | 55,8 | 0,88 |22931,1| 3,4 |1,050]| 0,92
HenTpanbHblil
okpyr Bero- Joxmmmiikast paBHuHa (16) 119,54 88,86 | 74,3 | 1,20 | 10924 | 0,9 |1,024 | 1,23

pycckoii rpsiapl | BepxneOepesunckas

279,52 | 208,28 | 74,5 | 1,21 106 433.9| 38,1 | 1,705 | 2,06
HU3MEHHOCTH (/7)

Bopucosckas Bo3BbILIEHHAS

248,79 | 170,82 | 68,7 | 1,13 | 3381,6 | 1,4 | 1,018 | 1,15
paBuuHa (/8)

CpenneneMaHnckas

370,27 | 217,51 | 58,7 | 0,92 |79169,3 | 21,4 | 1,314 | 1,21
HU3MEHHOCTH (/9)

BepxuenemaHnckas
IMonemanbe H3MeHHOCTS (20) 364,26 | 229,36 | 63,0 | 1,02 |97216,3| 26,7 | 1,393 | 1,42
Jlunckas paauHa (21) 441,21 248,87 | 56,4 | 0,85 |12691,2| 2,9 |1,036| 0,88
CronbOroBckast paBHUHA (22) 216,49 | 132,89 | 61,4 | 0,97 | 4846,1 | 2,2 | 1,032 ] 1,0
Ipomnencras 89,20 | 49,75 | 558|089 | 112,6 | 0,1 |1,001| 0,89
BO3BBIIIICHHOCTS (23)
Bonakosbicckas
FOro-sananbiit | posspmmennocts (24) 404,55 | 204,75 | 50,6 | 0,78 | 127119 | 3,1 | 1,043 | 0,81
OKpyT
Benopycexosi | COHMMCKAA BOSBLINCHHAS 193,63 | 106,96 | 552 | 0,85 | 8202,9 | 42 | 1,061 0,90
paBHUHA (25)
TPSIBI
Hosorpyacias 340,24 | 198,18 | 582 | 0,89 | 6874,1 | 2,0 | 1,027 0,91
BO3BBIIICHHOCTH (26)
Kombuisckas rpsina (27) 175,95 70,56 40,1 | 0,58 862,3 0,5 [ 1,006 | 0,58
Bocmouno-Benopycckas nposunyus
OpraHckast BO3BBIIICHHOCTE (28) | 347,50 186,01 | 53,5 | 0,83 | 3988,1 1,1 [1,014] 0,84
Topeuxo-Mctncnapbexas B03- | yeg 57 | 14224 | 493 | 0,73 | 190,0 | 0,1 | 1,001 | 0,73
BBIIIICHHOCTH (29)
[Honuenposbe o M -
PIIAHCKO- VIOTHIICBCa 965,48 | 521,42 | 54,0 | 0,83 | 7649.8 | 0,8 | 1,010 0,84
pasuuHa (30)
KoctrokoBuuckas paBHuHa (31) 685,24 | 482,89 | 70,5 | 1,10 |599429| 8,7 | 1,115]| 1,23
IIpeononeccras nposunyus
[pyxanckas paBauHa (32) 478,68 | 30830 | 64,4 | 1,03 |161 841,6| 33,8 | 1,584 | 1,63
3anannoe BapanoButckas panta (33) 307,65 | 189,78 | 61,7 | 0,97 [20636,7 | 6,7 | 1,094 | 1,06
IIpenmnonecse
Cnyukas paBauna (34) 421,50 | 198,04 | 47,0 | 0,71 | 3843.6 | 0,9 |1,013| 0,72
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Okonuanue Tabdm. 1
Ending of the table 1

3eMiIM IpUpPOTHOTO

Dusnko- ® . K OOIIT
. M3UKO-TeorpaduIecKuit [lmomans, apkaca
reorpaduaeckuit - Uenr Koonr | Ay
OKpyT panon TeIC. Ta | [Towanp, | Jois, Tlnomans, | Jdoms,
TBIC. Ta % TBIC. Ta %
TyxoBuuckas pasununa (35) 490,97 | 279,05 | 56,8 | 0,89 | 13682,9| 2,8 |1,038] 0,93
Hemmpameobepesunckas 1087,55 | 74038 | 68,1 | 1,10 |96 133,4| 8.8 | 1,123 | 1,24
paBHuHA (36)
rBIOCTO’*H"e Bobpyiickas pasuuna (37) 556,87 | 388,87 | 69,8 | 1,12 |23 163,7| 4,2 | 1,059 1,19
peaAnoIeche
Kouepcro-Poradesckas 331,37 | 200,18 | 604 | 0,95 | 4856 | 0,1 |1,002| 0,95
paBHHHa (38)
Yeuepckas paBrnna (39) 596,15 | 357,81 | 60,0 | 0,96 |28735,1| 4,8 |1,067 | 1,02
HOJZECCKG}Z npoeuUHYyUs
BricokoBckas paHuHa (40) 393,18 | 218,34 | 55,5 | 0,84 | 225442 | 5,7 | 1,077 | 0,90
g%fgci‘;oe Maiopurckas pasunna (47) 317,04 | 201,74 | 63,6 | 0,98 [32402,8| 10,2 | 1,142 | 1,12
Pasnuna 3aroposse (42) 240,17 | 153,50 | 63,9 | 0,96 | 1431,7 | 0,6 |1,007| 0,97

Scenbauncko-Crynkast

1240,82 | 891,01 | 71,8 | 1,15 [115470,7| 9,3 | 1,134 1,30
[pumsitckoe | HUBMEGHHOCTE (43)

ITonecne
Cpenuenpunirckas 921,41 | 705,26 | 76,5 | 1,24 [363753,7| 39.5 [ 1,612 2.0
HU3MEHHOCTS (44)
Jlenpunnikast paBHUHA (45) 456,03 376,70 | 82,6 | 1,40 | 7536,5 1,7 1,021 1,43
Mos3sipckoe M 0
TMonecke O3BIPCKO-TLPOBHACKA 167,37 | 122,57 | 732 | 1,20 | 18249,9 | 10,9 | 1,120 | 1,34

BO3BBIIICHHOCTE (46)
KomarkeBuuckast paBauHa (47) 458,46 | 328,47 | 71,6 | 1,17 | 7377,1 1,6 | 1,024 | 1,20

BacuiieBnuckas
ToMmensckoe | HH3MEHHOCTH (48)

684,07 | 473,39 | 69,2 | 1,13 | 4166,3 | 0,6 | 1,008 | 1,14

TTonecwe -
Peaunmio-Coxcxas 713.91 | 41844 | 58,6 | 092 | 571364 | 8.0 |1.112] 1,02
HU3MEHHOCTH (49)
KomapuHckas am3menHocts (50) | 362,38 | 289,74 | 80,0 | 1,32 3,2 0 1,0 | 1,32

Mpumeuanue. Hudpps B ckoOkax COOTBETCTBYIOT 0003HaUSHUIM Ha puc. 1-3.

OI'P paznugaroTcs o CTENEHU XO35HCTBEHHOH 0CBOCHHOCTH, IPE0OPa30BAHHOCTH JAHAMA(TOB U CTPYK-
Type 3eMehb, PACTIONOXKEHHBIX B UX mpeaenax. Ha ¢popmupoBanne sxonoruaeckon ceta B OI'P BiamseT moms
IJIOMIAIN 3eMEeITb MTPUPOTHOTO KapKaca, KOTOPBIE MTPEICTaBICHbI IPUPOIHBIME 1 IPUPOAHO-AHTPOIIOT€HHBIMU
9KOCHCTEMaMH (JIECHBIMHU, OOJIOTHBIMH, JTYTOBBIMH, APEBECHO-KYCTAPHUKOBBIMU M aKBaJIbHBIMH), OT OOIIEH
mwiomaau pernona. HecMoTpsi Ha JJOCTaTOYHO BBICOKYIO CTENEHb CEJIbCKOXO035UCTBEHHOM 0CBOEHHOCTH be-
JapycH, 3eMJIH IPUPOTHOTO KapKaca 3aHUMAIOT B CpeHEM OKOJIo 65,5 % ot mmomanu crpansl. [To @I'P stor
ToKa3aTelb pazaudaercs Oonee 4yeM B 2 pasa, oH Bapsupyercs ot 87,0 % (Hemepao-I opomokckas BO3BBIIICH-
HOCTh) 110 40,1 % (Kombuisckas rpsaa). 3HaunTenbHble momann (6omnee 75 %) cOXpaHUBIINXCS PUPOTHBIX
9KOCHCTEM XapaKTePHBI Ipeske Beero A oTaenbHbIX OI'P bemopycckoii [Toozepcekoii (Hemepao-I opomokckas
BO3BBIINIEHHOCTH, Cypaykckasi paBHUHA, [lomorkas HUI3MEHHOCTh, Yiaucko-JIlykoMiTbCKkasi BO3BBIIIEHHOCTD)
u ITonecckoit (Jlempumniikasi paBarHa, CpeaHENPUIATCKAasS HU3MEHHOCTh, KoMapuHCKass HU3MEHHOCTB) TPO-
BuHIMH. Ci1abast 0CBOCHHOCTb TEPPUTOPHUH OOBSICHACTCS HU3KUM IIIOOPOIUEM IT0YB, HX 3a00JI0UCHHOCTHIO
1 3aTPSA3HEHHOCTHIO paanoHykimaamu. K paitoram ¢ Gombiel mpeoOpa3oBaHHOCTHIO MPUPOIHBIX TEOCHCTEM
(menee 55 %) ornocstes OI'P 3amagno-benopycckoii (Konbibckas rpsina, BoiakoBeicckast BO3BBIIIEHHOCTD ),
Boctouno-benopycckoii (Opranckas BO3BBIIIEHHOCTD, | 0penko-McTrcaBIbcKast BO3BBIIIICHHOCTH, OpIraH-
cko-Morunésckas papauHa) u [Ipeamnonecckoit (Ciytikast paBHIHA) TPOBUHITHH.

Cpenu 3emMens MPUPOJHOTO KapKaca MpeobIaiaoT JeCHbIE IKOCHCTEMBI, KOTOpBIe MTOKpBIBatoT 0T 20,2 %
(Kombutbekast rpsima) mo 67,2 % (Jlensunmkas paBanHa) Tepputopun benapycu. bonee 50 % ot mmomanu
crpansl (Hemepno-I'opomokckas BO3BEIIIICHHOCTh, BepxHebepe3nHcKkas HI3MEHHOCTD, JloKITuITkast paBHUHA,
BopucoBckas Bo3BEIICHHAS paBHUHA, L[eHTpanpHOOEpe3nHCKas paBHIHA, boOpyiickas paBHUHA, JIeTpaniKas
paBuuHA, Mo3bIpcko-FKOpoButcKas BO3BBIIIIEHHOCTh, KommaTkeBiuckas paBHIHA, BacuineBrdckas HI3SMEHHOCTD
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n KomapuHckast HU3MEHHOCTB) 3aHATHI lecaMu. B otnensHbix OI'P (Kombuibekas rpsaa, Ciryikas paBHUHA,
lopernko-McTrcnaBiIbCKasi BO3BBIIIEHHOCTh, pABHUHA 3aropofibe) JeCHbIe 3eMITU MOKphIBatoT MeHee 30 %
TeppuTopuu cTpansl. Ha npoTspkenun nocneannx 30 JeT miomanb JECHBIX 3eMenb B npeaenax Bcex OI'P
YBEJINUMBACTCA.

Hemuoro MeHbIIyI0 IUI0IIa A6 32aHUMAIOT JIyTroBble 3eMiid. Cpeau HUX MpeolnagaroT BTOPHYHBIE YKOCUCTE-
MBI ¢ CEHOKOCAMH U macTommamMu. JIyroBoi pacTHTENIbHOCTRIO TOKPHITH OT 5,7 % (Hemepmo-I opogokckas
BO3BBILICHHOCTD) 10 19,8 % (paBHKHA 3aropoabe) TEPPUTOPHUHN CTpaHbl. B mocieanue roas! miomanp Jyros
yMmeHnbImiack Bo Bcex @I'P na Benumuuny ot 0,6 % (Buneiickas HusmeHHocts) 10 8,2 % (JIydgocckas pas-
HuHa). CoKpalleHHe Pa3MepOB JIYTOBBIX COOOIIECTB OOBSICHAETCS BBICOKUMHU TEMIIAaMH 3apacTaHusl IyTOBBIX
(PUTOIICHO30B IPEBECHO-KYCTAPHUKOBOM PACTUTEIBLHOCTBIO B PE3YJIbTAaTe CHUKEHUS YUCICHHOCTH CEITLCKOTO
HACEeJICHHU, a CJIEI0BATEIIbHO, 1 IIOT0JIOBbS CKOTA, @ TAKXKE U3-3a HCUE3HOBEHHSI CEJIbCKUX II0CEIEHUH, IToCe -
CTBUI 3arpsi3HEHMSI CEbCKOX03SIMCTBEHHBIX YTOAUN PaMOHYKINUAAMU U 3KCIIAHCUU COPHBIX U MHBA3UBHBIX
BHJIOB PACTEHHH, IPUBOAALINX K OYpbSHU3AIMH JYTOBBIX (PUTOLIEHO30B.

JpeBecHO-KyCTapHUKOBAs PACTUTEIBHOCTD 3aHUMAET MOYTH 5 % OT 3eMesibHOr0 (JOH1a CTPaHBI U 1O IJI0-
1AM pacupOCTPaHEHHUs YCTYHAET TOIBKO JIECHOW U JIyrOoBOW pacTuTenbHocTH. B pa3spese OI'P ee nons co-
craisiet ot 1,5 % (Cnymkas pasamna) 1o 13,1 % (Cypaxckast paBHuHa). boree 3HaunTe IbHBIE TUTOIIATH
3€MelIb IIOKPBITHI IPEBECHO-KYCTAPHUKOBOM pacTuTenbHOCThIO B PI'P benopycckoit [Too3epckoii mpoBuHLUY,
9TO OOBSICHAETCS BHIBOJIOM M3 CEIHCKOXO3SHCTBEHHOTO 000pOTa MAIOTIPOAYKTHBHBIX 3€MEIlb, MEJTKOKOHTYP-
HOCTBIO YTOJIUH U 3apacTaHreM OBIBIIMX CEHOKOCOB M MACTOMI KyCTAPHUKOM B CBSI3H C COKPALLCHUEM TOTO-
noBbs ckoTa. Bo Becex OI'P, kpome Crynkoii paBHUHBL, 3a nocieaaue 20 JieT miomaab 3eMeib Mo/ APEBECHO-
KyCTapHHUKOBOH PacTUTEIbHOCTBIO YBEJINIMIIACE.

Baknoe 3HaueHme cpeu 3eMenb NPUPOAHOTO Kapkaca uMeroT bonota. [Tocne mmpokomactabHO# Mennopa-
MU TUTOIIA/h OTKPBITHIX 00I0T B benmapycn cuiibHO COKpaTHiIach, OAHAKO OHU 3aHUMAIOT 3,6 % OT 3eMeTbHOTO
¢donzaa ctpansl. bonbmmHCTBO OTKPBITHIX 60110T ceronus 3ausTel OOIIT. Camas Boicokast (12,7 %) nomst 3emenb
0] OTKPHITHIMU 00JI0TaMU OTMeueHa B rpesenax CpeaHenpuIiaTCKoi HU3MEHHOCTH, a camas Huskas (0,6 %)
3aukcupoBaHa Ha MUHCKOH BO3BbIIEHHOCTH U CTOI00BCKOM paBHUHE. Jlyullie Bcero oTKpbIThIe 00J10Ta CO-
xpanuiuck B 6onpimHcTBe OI'P benopycckoit [Toozepckoit u [lonecckoii npoBuHnmii. Hamerusiasics B mpo-
LIJIOM CTOJIETUH TEHAEHIMA YMEHBILCHNS pa3MepoB O0JIOT IPoAoJKaeTCs U B HacTosmee Bpemst. [Ipakriuuecku
B0 Bcex @I'P cTpansl miomanb 60JI0T HE3HAYUTEIBHO COKpalaeTcs (Kak IpaBuiio, Ha JOJIH MIPOLICHTA).

Hanmenbmryro Tepputopuio (2,3 %) cpemu 3eMelb MPUPOITHOTO KapKaca 3aHIMAIOT aKBAJTbHBIE YKOCHCTEMBI
C BOJHOHM PacTUTEIBHOCTBIO, KOTOPbIe Hanbosee paBHOMEPHO pacnpenenstores mo bemapycu. Mx miomanp
kosebnercst ot 0,9 % (KoctrokoBuuckas pasauna) 10 7,1 % (Ocseiicko-bpacnaBckue rpsiabpl). Yame Beero
3eMJTH TI0J] BOAHBIMU 00beKTaMu BeTpedatorces B OonmbmmHcTBe PI'P Benopycckoit [Too3epckoit mpoBUHITHH.
3a nocneaHue roAbl pa3Mephl 3eMeb 3TOM KaTeropuu NPaKTUYECKH HE H3MEHUIIHCh.

C y4eToM 3KOJIOTHYECKON 3HaUMMOCTH 3€MeJIb IPUPOAHOTO KapKaca paccuuTanbl 3HadeHus e u npo-
BeaeHa rpynnupoBka OI'P ctpansl mo nanHomy nokasarento (puc. 1). Bce ®I'P nuddepenuuposanucsy Ha
YeThIPE TPYTIIbI.

B rpynny co 3nauennem U - 6onee 1,21 Bxopat 6 GI'P, pacnonoxkeHnHbIx npeumymiecTseHHO B [Tonecckoit
u benopycckoii IToozepckoit mpoBUHIMAX, a Takke B 3anagHo-benopycckoil mpoBuHLMK. OHU XapakTepu-
3yIOTCS OONBITIMH TUTOTIAASIMHA JIECHBIX 3eMeh (0omee 40 %), a B HeKoTOpBIX paroHax (Jlexpuniikas paBHIHA,
Komapunckas HuzmeHHocTb 1 Hetepio-I'opookckasi BO3BBILIEHHOCTD) JIECUCTOCTh IOCTUTAET MaKCUMAaJIbHBIX
Benmn4uH 10 cTpaHe (6omee 60 %). Kpome TOr0, 3HAUNTETHHBIC TUIOIIAINA 3aHATHI 36MJISIMH TIOJT OTKPBITHIMHU
Oosoramu (6onee 4 %), ocobeHHO MHOTO UX 3aUKCHpOBaHO B npeaeiax CpeaHenpunsITCKOM HU3MEHHOCTH.

JI0BOJIBHO BBICOKasi COXPAHHOCTh MPUPOAHBIX reocucteM xapakrepHa st 20 OI'P, koTopble coCcTaBIsAIOT
rpymnmy co 3HadenueM M. 1,01-1,20. B nannyto rpynmy Bxoxat ®I'P, pasmemeHHble B pa3sIudHBIX IIPO-
BUHLUSAX U OTJIMYAIOLINECS MOBBIIIEHHON JECUCTOCTHIO, a TAK)KE CPEAHUMH MOKa3aTeIsIMU TUIOIAIN 3€MEIb
C IPEBECHO-KYCTAPHUKOBOM, JTYTOBOU U OOJIOTHOM pacTUTEITHLHOCTRIO.

I'pynmy co 3nauennem U - 0,81-1,0 06pazyror 20 OI'P, GonbIIMHCTBO U3 KOTOPBIX PACIIONOKEHBI B IIPEAEIax
3anagao-benopycckoit 1 Boctouno-benopycckoit mpoBUHIIMIA, TydIlle OCBOCHHBIX B CEIbCKOXO035HCTBEHHOM
OTHOLICHUH.

Haxkonen, 4 ®I'P ¢ nHanbonee mionopoAHBIMU TOYBAMH XapaKTEPU3YIOTCSI MUHUMAIBHOW COXPAaHHOCTBIO
HPUPOIHBIX FEOCUCTEM M (POPMUPYIOT rpymmy co 3HaueHneM W menee 0,81.

Baxxnyro ponb B CO31aHNN HAIMOHAIBLHOW SKOJOTUYECKON CETH UTpaeT HAJIMYUE HE TOJNBKO 3eMeJb MPH-
POIHOTO KapKaca (MMOTeHIIHAIbHBIX SKOJIOTHUECKUX KOPHIOPOB), HO M YHUKAJIBHBIX TPUPOAHBIX TEOCUCTEM, HA
6a3e koropbix popmupytorcst OOIIT (sxonoruueckue sapa). OOIIT Taxke HepaBHOMEPHO PACHPOCTPAHSIIOTCS
no crpane. [{yns onpenenenus TeppuTopuanbHeix ocodbennocteit pazmeniennss OOIIT paccunTanbl 3HAYCHUS
Koorr- 1o nannomy noxasarento ®I'P benapycu nensarcs Ha 4eTsIpe TpymIisl (pHc. 2).
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Puc. 1. Pacnpenenenne ®I'P benapycu no rpynmnam B 3aBUCHMOCTH OT 3Ha9eHUH M-
O603nauennble 1uppamu 1-50 paitonst cm. B Tabm. 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 rpynmy co 3nauenneM Kqgppp 60mee 1,50 Bxonsat 5 ®I'P. Beicokne nokaszarenn obecrneuennoctu OOIIT
o0bscHstoTest HanmmureM B OI'P atoit rpynmel kpynabix OOIIT (3amoBeqHrKa WM HAITMOHAILHOTO MApKa),
a TaKXKe 3aKa3HUKOB U MaMSITHUKOB IPUPOBI.

I'pynmy co 3nauenuem Ko 1,21-1,50 o6pasyror 3 @I'P. CpaBHUTENBHO BEICOKHE OKA3aTeIH 0OECIIeUeH-
Hoctu OOIIT B nanHbIX palioHax 00yCIIOBIEHBI HAXOXKICHHEM B X Ipeaesiax OOJIBIIMX 10 IUIOMAaAN 3aKas3-
HUKOB pecmyonukaHckoro 3HaueHns («KospsHCckuiy, «Enpas», «KpacHsiit bopy, «Hammbokckwity, «O3Epe»,
«I'pomHeHCKAs MyIa»  T. 1.).

B cBoro ouepens, rpymiy co 3HaueHueM Ky opr 1,11-1,20 cocrasisitor 11 OI'P, pacnonokeHHbIX B pa3HbIX
npoBUHIMAX. sl HUX XapakTepHbl cpeaHue nokaszarenu ooecneueHnoct OOIIT.

HaunbGonbiee konuuectso OI'P (31) Bxoaut B rpymy co 3HauenueM Ky 1,0-1,10. OrcyTcTBHe nin Manoe
guciio OOIIT B aTux paiioHax 0OBSICHAETCS BHICOKOW XO3SHCTBEHHOH OCBOSHHOCTHIO TEPPUTOPHH CTPAHBI.
B 10 e Bpems OI'P mannoit rpynmsl nMetot noteHman s popmupoBanus HoBeix OOIIT. Cnenyer oTme-
THTH, 9TO B HEKOTOPBIX DI'P (ButeOckast BO3BBIIICHHOCTH, KoMapuHCcKass HI3MEHHOCTh, CypajkcKasi paBHUHA,
Vimaucko-JIykomiabckasi BO3BbIIIEHHOCTh, Konblbckas rpsaa, Ciyikas paBHuHA, KinndyeBcko-PoraueBckas
paBHuHa, ['openiko-McTucnaBibckast BO3BBIIIEHHOCTh, Opiancko-Morunésckas paBHHHA, BacuieBuuckas
HHM3MEHHOCTh) B HacTosulee BpeMs Kyqpr He mpesbimaer 3Hadenns 1,01. B uux OOIIT npexncrasnens! oT-
JeNbHBIMU MaMSATHUKaMU IPUPOIB! JINOO HEOOIBIIMMHU O IUIOMAAN 3aKka3HuKamMu. KomapuHckas HU3MEH-
HOCTb HECKOJIBKO BBINAAAET U3 MPEUIOKEHHOIO PsiJia, IOTOMY YTO OHA HAXOAWUTCS Ha TEPPUTOPUHU, Hanbosee
3arpsi3HEHHON paJIMOHYKIIMIAMU, U B €€ npefenax pasmeniaercs [lonecckuil paauaiioHHO-3KOI0THYECKUAM
3amoBeIHUK, KOTOphIid He oTHOCHTCS K OOIIT cTpansr.
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I Gosee 1,50

[ 121-1,50 Tpannuet
¢bu3nKo-reorpagUIECKHX PErnOHOB!
[ ]111-1,2

MPOBUHIUI
[ ]10-110

paiioHoB
Puc. 2. Pacnpenenenne ®I'P benapycu mo rpynmam B 3aBucuMocTy oT 3HaueHnit Koo
O603Ha4yeHHbIe udppamu 1-50 paiioHsl cM. B Tab. 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

Jl1d coBepIIEHCTBOBAaHUS HALIMOHAIBHOM 9KOJIOTUYECKON CETH, OAAEP KaHUs CTapbIX U CO3JaHMs HOBBIX
9KOJIOTHYECKHX SI/IEP, KOPHIOPOB U OXPAHHBIX 30H, IPUJIETAIONINX K HUM, BaXKHBI CBEJICHHS O IPUPOA00XPAH-
HoM noreHuuaine ®I'P. Pacuersl nokasanu, uto 3Hauenus Ul Ha Tepputopuu benapycu uzmenstorcs ot 0,58
(Kompuibckas rpsima) no 1,96 (Hapouanckas paauna). Bece @I'P o manHOMYy mokasarento qudgepeHIupyoTcs
Ha ceMb rpym (puc. 3).

B rpynny ¢ nau6onee Huskumu 3HaueHusmu Ul (menee 0,81) Bxomsar 3 ®OI'P, pa3meleHHbIX B pa3HbIX
¢uzuKo-reorpaduueckux NPoBUHIMAX (Tab. 2). OHM OTINYAIOTCS BBICOKOH CEIbCKOXO35HCTBEHHON OCBOCH-
HOCTBIO, TO3TOMY B UX IIpe/iesiaX HaXOATCS OTHOCUTEIHHO HEOOIBIINE IUIOMIA N 3eMelTb IPUPOIHOTO KapKaca,
a IPUPOOOXPAHHBIA MOTEHIIAN XapaKTEPU3yeTCsl KaK HU3KUH.

I'pynmy co 3nauennem Ul 0,81-1,0 cocrasmstor 14 OI'P, pacrionokeHHBIX TPEUMYIIECTBEHHO B ITpeenax
3amanno-bemnopycckoit m Boctouno-benopycckoit mpoBuHIuit. Jlomst 3eMenhb MPUPOIHOTO KapKaca B HUX TaKKe
yCTyMaeT CPeJHUM TOKa3aTeIIsIM 10 CTPaHe, YTO 3aTpyAHAET POPMUPOBAHNE SKOJIOTHYECKUX KOPUIOPOB IPU
MIPOEKTHPOBAHNU DKOJIOTHYECKON CETH.

Camoe 6oubiioe xonuuectBo OI'P obpasyer rpyniy co 3HauenueM Ul 1,01-1,20. K Heil otHOCSTCS
paiioHBl BCcex MPOBHHLMI, Kpome Bocrouno-benopycckoii, Ho HanOombIlee MPeICTaBUTENbCTBO XapaKTEPHO
st OT'P Benopycckoii [1oozepckoi mposuHiu. Bennunna npuponooxpanHoro noreHuana OI'P nannoi
TpynIbl OJMKe BCETO K CPeHEMY TIOKa3aTelio o cTpaHe. B ux mpenenax oObIYHO pa3MenIeHbl sSapa dKOJI0-
TMYECKOM CeTH HallMOHAIBHOTO M PETMOHAIILHOTO 3HAUYEHUSI.

26



T'eorpagus
Geography

3nagenus UIT

B Goree 1,80 [ ]1,01-1,20 ['panuIB

- 1,61-1,80 |:| 0,81-1,0 (usnKo-reorpagUIeCKUX PEerHOHOB:
B IPOBUHIUH

[ 141-1,60 [ ] menee 0,81 paiioHoB

[ ]121-1.40

Puc. 3. Pacnpenenenne ®I'P benapycu no rpynmam B 3aBUCHMOCTH OT 3HaueHni WUl ;.
O6o3na4ennsle nudpamu 1-50 paitonst cMm. B Tad1. 1

Fig. 3. Distribution of physical and geographical regions of Belarus by groups
depending on the values of the integral indicator of the environmental potential.
Marked with numbers 1-50 regions see on the table 1

Tabnuma 2

Pacnpenenenne ®I'P benapycu, BXoAsiluX B pa3inyHbIe
(usuxo-reorpaguyeckne NPOBMHUUMH, 110 TPYNIIAM B 3aBUCHMOCTH OT 3Havenuii MIl

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

Konnuectso ®I'P no rpynmam

®dusuko-reorpaduueckas B 3aBUCUMOCTH OT 3Ha4eHui Uy
pad WMy, |y, — Wy,
p

MiH

TIPOBUHIUA

"¢ Menee bonee
0.81 0,81-1,0 { 1,01-1,20 {1,21-1,40{1,41-1,60|1,61-1,80 1.80

Benopyccxkas [Toozepckas | 1,39 1,07-1,96 0

3ananno-benopycckas 1,05 0,58-2,06

Bocrouno-benopycckast 1,11 0,73-1,23
IIpenmonecckas 0,94 0,90-2,0
Tlonecckas 1,31 0,58-2,06 2 4 3 0

IIpumeuanue. I/IHanp — cpennee sHaueHue Mllyy; Ullyy —— munnmansroe suadenne Ullyy; Wy, — MakcnmaibHOe 3Ha-
yenue Ullyy.
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I'pynmy co 3nauenuem Ul 1,21-1,40 cocrasustor 9 OI'P Beex npounnuii. I1o 3 @I'P BXoasT B rpymibl
co 3HauenueM Ml 1,41-1,60; 1,61-1,80 u 6oxnee 1,80. IIpakTuuecku BCe OHU OTIMYAKOTCS BHICOKUMM I10-
Ka3aTesIs MU COXPAaHHOCTH MPUPOAHBIX F€O0CUCTEM, OOIBITUMH TUTONIAASIMHU JIECOB U OOJIOT, HAIWYHEM KPYTTHBIX
OOIIT. B ux npenenax pa3MeIIeHbI SIpa dKOJIOTHICCKON CETH eBPOINEHCKOTO W HAIIMOHATBLHOTO 3HAUCHUS.

[IpoBeneHHbIC paHee pacueThl 3HAYCHUH MPUPoIooxpanHoro nmoTennuana OI'P [14] mo3BosIOT MPOCIEANTD
ero IMHAMUKY 3a nocienuue 15-20 net. YcTtanoBieHo, 4To npakTuiaecku Bo Bcex OI'P Beipocnu mokaszarenn
Wenr v Koo mo3ToMy yBenuuuinuch U 3HaueHus Ul ;. CoxpaHHOCTh IPUPOIHBIX F€OCUCTEM I1OBBICUIIACH
B CBSI3H C PACHIMPEHHUEM IJIOIA/IM JIECHBIX 3€MeITb 1 3eMeJIb IO/ IPeBECHO-KYCTaPHUKOBON PACTUTENEHOCTHIO.
3a a"anuzupyemblil iepuon Beipocin pasmepsl OOITT, n3MeHnIuch UX KaTeropuy, YTO MPUBEIIO K yBeITHde-
Huto 3HaueHuil Ky, Kpome toro, B mpeasiayiieM McciaeJOBaHUM HE YUUTBIBAIUCh MAMSATHUKU [IPUPOALL
MECTHOTO 3HAYEHHI.

CymiecTBeHHOE TIOBBILIIEHUE MPUPOJTOOXPAHHOTO MOTeHIana otMedaercst B @I'P rpymm co 3HaueHnem
NIl 1,61-1,80 u 6onee 1,80 (c xpynusiMu OOIIT). Taxxke 3TOT nmokasarensb cuiibHO Belpoc B OI'P beno-
pycckoii [Toozepckoit MPOBUHIINM, T7I€ OTPOMHBIMH TEMIIAaMH MTOBBICUIINCH JIECUCTOCTh U 3aKyCTapEHHOCTbD.
B mpenenax Munckoil Bo3BbIIIeHHOCTH, CIIOHUMCKON BO3BBIIIEHHOW paBHUHBI, bapaHOBHYCKOI paBHUHBI,
Cnyuxoii paBHuHBI 1 BacuneBnuckoit HU3MeHHOCTH 3HaueHus Wl HEMHOrO CHU3MIIMCH MM OCTAJINCh Ha
MIpeKHEM YPOBHE.

3akjaoueHue

Ha ¢popmupoBanue HaMOHAILHOM 3KOJIOTUYECKOH CETH BIUSIIOT MPUPOIHBIE 0COOCHHOCTH TEPPUTOPHUH, T10-
3TOMY IUIOTHOCTH CETH HMEET PErnOHAIIbHbBIC OTIINYHS. BBIpasKeHHOCTh SKOJIOTHYECKHX KOPHIOPOB M Oy(PepHBIX
30H OIIPEAEIISIETCs. HAJIMYUEM 3€Mellb IIPUPOIHOTO KapKaca (JIECHBIX 3€MeJlb, JIyTOBBIX 3€MeJlb, a TAKIKE 3eMelIb
10T OTKPBITHIMHU OOJIOTaMH, 3€MEJIb IOJT IPEBECHO-KYCTapPHUKOBOM paCTUTEILHOCTHIO ¥ 3€MeJIb 0] BOAHBIMU
00BbEKTaMH), IJIONIA](b M YKOJIOTHYECKasi 3HAYMMOCTh KOTOPBIX CYIIeCTBEHHO pasnuuatorcs no GI'P crpansl.

ITocpencrtBoMm W XapakTepusyOTCs TEPPUTOPUAIbHBIE OCOOEHHOCTHU 3€Meib IIPUPOAHOIO Kapkaca
C YYETOM HX dKoJoruueckoit 3Haunmoctu. Ero Benuunnsl uzmenstores ot 0,58 (Kombuibckas rpaaa) no 1,40
(Jlenpunnkast paBHuHa) ¥ o3BOJISIIOT A depeniposats OI'P Ha yeTbipe rpymisbl.

C nomomsio Ko MoxkHO ycTaHoBUTS cienuduky pazmemntenus OOIIT B mpenenax ®I'P. On noka3biBaeT
YHUKaJIBHOCTH 3€MeJb IPUPOTHOTO KapKaca, 4To AaeT Bo3MOKHOCTh BhLAETUTh OOIIT paznuuHbIX KaTeropuii.
Hawubounee Boicokuii mokasarens Ko (0omnee 1,5) cBoiicten aist @I'P, B mpenenax KOTOPBIX paclonaratoTcs
siipa dKOJIOTHYECKOW ceTu eBporneiickoro 3HaueHus (Hapouanckas paBHuHa, BepxneOGepe3snHckas HU3MEH-
HoCTh, OcBelicko-bpacnasckue rpsabl, [Ipyxanckas paBanna u CpenHenpuraTckas HUI3MEHHOCTh). B psine
OI'P koahdpunuent 6nuzok k 3HaueHuo 0, mockonbky B HUX OTCyTcTBYOT OOIIT Mnm oHU mpencTaBieHbI
MaMSATHUKaAMH TIPUPOJIBI.

bnaronapst UIlj;;; MoxkHO GoJee MOIHO 0XapaKTepU30BaTh MOTEHINAIBHBIE BO3MOXHOCTH (POPMHUPOBAHUS
9KOJIOTMUYECKOH CeTH, TaK KaK OH OIpe/ieNsieT 0COOCHHOCTH Pa3MelIeHus BCexX ee aIeMeHToB. Ha Tepputopun
benapycu 3Hauenus atoro nokaszarens usmenstores ot 0,58 (Kombiisckas rpsaa) no 2,06 (BepxuebGepesnnckas
HI3MeHHOCTS). [To Bemmunne Ul ; ®I'P nuddepennupyrorcs Ha ceMb rpymnm. PailoHbI, KOTOpbIE OTHOCATCS
K rpynmnam co 3Hadenuem Ul 1,21-1,40; 1,41-1,60; 1,61-1,80 u 6onee 1,80, BKito4aroT siipa 3KOIOTHYECKOIT
CETH €BPOIEHCKOro U HAIIMOHAJILHOTO 3HAYEHU S, BOJHBIE U JIECHBIE IKOJIOTUYECKNE KOPUIOPHI U B JOCTATOU-
HOM CTENeHH! BBIMOJIHAIOT 33/1a4y 110 COXpPaHEHNI0 OMOJIOTHYecKoro paznooopasus. @I'P rpymnm co 3HaueHneM
NIl menee 0,81; 0,81-1,0 u 1,01-1,20 TpeOyrot Oosee npucTaabHOIO BHUMAHUS K Pa3MELIEHUIO JIEMEHTOB
9KOJIOTHYECKOH CETH.
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VK 913:621(100)
ANHAMMUKA PA3BUTUA ATOMHOWM SHEPTETUKU B MUPE

JI. O. CYIIKEBHYY, A. H. IIIABEJIB", C. C. MUXAH/IOB"

YBenopyccruii 2ocyoapcmeennviii ynusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Benapyce

Ha ocHoBe o¢uunanpHBIX CTAaTHCTHYECKUX JAHHBIX MEKAYHAPOIHBIX opraHusanuii B cdepe snepretnkn (Mexmy-
HApOJIHOE areHTCTBO 10 aTOMHOW 3HEPruM, MEXIyHapOoIHOE SHEPreTHYECKOe areHTCTBO) MPOBEICH aHAIN3 JUHAMHU-
K{ Pa3BUTHA U COBPEMEHHOTO COCTOSIHUS aTOMHOM 3HepreTuky B Mupe. C HCIOIh30BaHHEM PETPOCIIEKTHBHOTO METO/IA
MpeASIoKEHA IePUOIU3AIMS PA3BUTHUS OTPACIU U JJaHa XapaKTepUCTHUKA BBIAEICHHBIM 3TanaM. C MOMOIIBI0 MaTeMaTu-
KO-CTaTHCTHYECKHX OLICHOK, CPAaBHHUTEILHO-TeOrpa)HuecKoro  KapTorpa)iuecKoro MEeTo/10B NOJydyeHa COBpEMEHHast
KapTHHA Pa3BUTHsI aTOMHOM SHEPTETHKN B MUPE B CTPaHOBOM pazpese. [IokazaHo rmocTeneHHoe YCTOHYMBOE COKpaIIeHIE
YAETBHOTO BECAa aTOMHOM T€HEPAINH B 00IIEMHPOBOM 00BbEME BBIPAOOTKH EKTPOIHEPTHH, UTO MPOUCXOIUT B PE3YIIb-
TaTre CBOPAYMBAHUS TEMIIOB Pa3BUTHS JAHHOTO CEKTOpa 3HEPreTHKH B CTpaHax 3amagHoi EBpomsl u Slnonnu Ha done
aroMo()OOHBIX HACTPOSHHH MTPABUTEIBCTB U MECTHOTO HaceseHust. OHAKO OTMEYEHO, YTO POAOIDKAETCS aKTUBHOE Pa3-
BUTHE aTOMHOMN SHEPreTUKU B A3HaTCKO- THXOOKEaHCKOM pPEernoHe, YTO MOATBEPIKIaeTCsd MHTCHCUBHBIM CTPOUTEIECTBOM
SIIEpHBIX 9HEpro6i0koB B Kurae u MHanm, a TakKe MepCcreKTHBaMU MOSBICHHS HOBBIX CTPaH Ha MHUPOBOH KapTe Mmpo-
n3BojicTBa aroMuoit sHeprun (benapycs, OAD, banrnaznem, Eruner, Typrus). B yciaoBusix HeoOX0ANMOCTH CHU)KCHHS
BBEIOPOCOB yriiepoaa B arMocdepy, a TakKe HCUEPIIaeMOCTH 3allacoB yIIIEBOJOPOIHOTO TOIUIMBA M UX YIOPOXKaHUS Ha
MHPOBOM PBIHKE I MHOTUX CTPaH aTOMHAsl SHEPTETHKA MOXKET CTaTh €ANHCTBEHHBIM HCTOYHUKOM YCTOMUYMBOM 371€K-
TpOreHepalyy B OJNMKaiiei NepcreKTHBE, YTO MO3BOJIUT OTPACIIN BEPHYTh YTPaueHHbIC MTO3UIIMU HA MUPOBOM dHEpre-
THYECKOM pBIHKE.

Knrouegvie cnosa: MupOBasi SHEPIETUKA; TIPOM3BOACTBO AJIEKTPOIHEPTHH; aTOMHas nekrpoctanims; ADC; saepHbIi
peakTop; 100bIYa ypaHa; IMHAMUKA Pa3BUTHS; OCOOCHHOCTH pa3MeleHHs.
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DYNAMICS AND SPATIAL FEATURES OF THE DEVELOPMENT
OF NUCLEAR ENERGY IN THE WORLD
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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). In the 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 of the countries of the world in terms of the level of socio-economic
development, the situation in the energy sector of the 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 if the development of renewable energy in the world is given priority in the context of the concept of
a low-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 of this study.

The purpose of the study is to identify spatial-temporal features of the development of nuclear energy in
the world. The object of the study was the global nuclear power industry cutaway by country, and the subject
of the study was the development trends and spatial features of the 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 of the 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 of the positioning of the 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. Ivanter,
V. V. Semikashev [8], A. B. Sekacheva [9], V. V. Petushkova [10]) are devoted to the study of the 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
of the 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
of'a comprehensive assessment of trade 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 of the 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 of the coexistence of nuclear technology 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 of the energy efficiency of the Belarusian econo-
my and including an analysis of the role of the Belarusian NPP (BeINPP) in raising the level of the 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 of the commissioning of the BeINPP [19].

The methodological aspects of the study were determined by traditional approaches to the study of the 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 of the history of nuclear energy production in the world according to the dynamics
of its main indicators made it possible to periodise the development of the industry. On the basis of mapping of
statistical indicators characterising the nuclear power industry in the context of the countries of the world using
the ArcGIS software package were determined its spatial features of the 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 20" and the beginning of the 21°' 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 of the world population. The
highest growth rates of energy consumption were observed in the 2000s before the global financial crisis of
2008. However, in 20002010 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)'.

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 of this 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 of electricity 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 of the 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 of the economy, etc. In accordance with the provisions of the
concept of sustainable development in order to achieve maximum energy efficiency of the economy it is necessary
to maintain a balance electricity and energy conservation. Therefore, the value of the 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 of the 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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Periodisation of the development of nuclear energy in the world. Nuclear power, which has been develo-
ped since the beginning of the second half of the 20™ century, is currently one of the most important subsector
of the world energy.

The «atomisation» of the 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 of the development of nuclear energy in the world allows us to periodise its deve-
lopment, highlighting the following stages:

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

e widespread use of nuclear energy (1962—1970);

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

e deceleration of the development and curtailment of nuclear energy (1986—2008);

e 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 of the 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 of almost 21 reactors per year). At that 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 Islandy» in the USA, which slightly slowed down the
development of the industry (in 1979 only 8 reactor plants were put into operation).

The turning point in the development of nuclear energy in the world was the nuclear disaster at the 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 at the same time, the construction of a 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 of the
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 of the 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
a group 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 of the limited renovation of the 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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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 of 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 squarey, 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 of accelerating the pace of socio-economic development.
Nuclear energy is a possible solution to the energy problem, because nuclear fuel has a huge energy intensity:
1 kg of uranium enriched to 4 %, with complete burnup, releases energy equivalent to burning about 100 t of
high-quality coal or 60 t 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 of World 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 t°.

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://www?2.bgs.ac.uk/mineralsuk/
statistics/wms.cfc?method=searchWMS (date of access: 28.02.2023).
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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 of the 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 of them is used. Fourth, there is an increase
in long-term contracting. In addition, given the prospects for the commissioning of new 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 for the 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 in the 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 of nuclear reactors and the construction of NPPs, the countries
of the world can be divided into three groups:

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

o 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;

e importing countries of nuclear technologies (Turkey, Egypt, Brazil, etc.). This group of countries is rep-
resented by new members of the «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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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.
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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 of the development of nuclear energy include North America, where after the 2000s
electricity production stabilised at 935 bln 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 bln 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).

At the country level the largest producers of nuclear 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 first ten — about 85 %. This indicates a high level of concentration
of nuclear 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 of NPPs are located in the Northern Nemisphere and are concen-
trated mainly in developed countries. At the 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 of them, 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 %.
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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 of the role of nuclear energy in the countries of the world are shown in fig. 10.
This map shows that in the highly developed countries of Western Europe, Japan, Sweden and Lithuania, there
is a tendency 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 «Koebergy» in order to extend its operation life until 2050.
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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 a total capacity of 5700 MW. The most powerful NPP in Russia is Leningrad — 4 nuclear reactors with
a total capacity of 4017 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 of the national economy. The installed
capacity of the BeINPP, located in the northern part of the Grodno region near the town of Ostrovets and
consisting of two power units, is 2400 MW. After the launch of the second power unit at maximum capacity,
it is predicted that about 40 % of the electricity in the country will be generated at the expense of NPP. This
will replace about 4.5 bln m® of 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 of the development of the world nuclear power industry is subject to cyclicality, like many
other economic processes. However, the cause of crises in the industry, unlike other areas of the economy, are
man-made disasters — accidents at NPPs that violate the global ecological balance and threaten the existence
of the world community. This provokes a revision of national energy policies and adjustment of programs and
plans for the development of the energy industry.

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

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

e 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;

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

In the future, the ratio of these trends will determine the level of development of the world nuclear energy.
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CBS3b MEJXAY ATMOC®EPHO! ILIUPKYASITVENA
1 HEBAATOITPUATHBIMU METEOPOAOTUYECKUMU ABAEHUSIMUA
HA TEPPUTOPUU BEAAPYCU B ITEPMOA U3MEHEHUSI KAUMATA
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[IpeacraBneHsl pe3ynbTaThl OLGHKH CBSA3M MEXIY MHACKCAaMH (MOAaMH) arMOC(hEpHON HUPKYISALIUA B ATIaHTHKO-
EBporeiickom cexrope (nHaexc CeBepo-ATIaHTHYECKOTO KOIeOaHust, MHAEKC APKTHUYECKOro Kojiebanus u nnjaexe CkaH-
JIMHABCKOTO OJIOKMPOBAHMSI) M YUCIIOM JTHEW C HEOIaronpusITHBIMU SIBICHUSIMH TIOTO/Ib! (HHTEHCHBHBIC OCAJIKH, METEIN
1 Tpo3bl). [Tosrydens! cTaTuCTHYECKH 3HAYNMBbIE KOI(GOHUIUEHTH! Koppessiiuy. [Ioka3aHo, 4To BbINaAeHHE HHTCHCUBHBIX
0CazKoB 3UMOH Ha TeppuTopun bemapycu conpspkeHo ¢ mpeobiaganieM NoIoKUTeNbHOH a3kl CeBepo-ATIaHTHIECKOTO
1 APKTHUYECKOTO KoJIeOaHMiA, a TaKKe C TIEPEMEIIICHUEM CeBEPOaTIaHTHUSCKUX IIMKIOHOB. [ToBTOpsSieMOCTs MeTenei, Ha-
NPOTHB, SBJISIETCs Oosiee BBICOKOH MPH YCTaHOBICHHU OTpUIaTesibHOM (azbl CeBepo-ATIaHTHYECKOTO U APKTHYECKOTO
KosiebaHuii. JIeToM MHTEHCHBHBIE OCA/IKU YaCTUYHO CBSI3aHbI C JOMMHUPOBAaHHEM oTpHLarenbHOH (aszbl CeBepo-ATiaH-
THYECKOTO U APKTHYECKOTO KOJIEOaHUH, a TaKkKe C BBIXOAAMH IOKHBIX IUKIOHOB. HambonbInas OBTOpsieMOCTh TPO3
OTMEYAETCS IIPH YCTAHOBJICHUH TTOJIOKUTEIbHON (pa3bl CKaHANHABCKOTO OJIOKUPOBAHMS.
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RELATIONSHIP BETWEEN ATMOSPHERIC CIRCULATION
AND NATURAL HAZARDS OVER THE TERRITORY OF BELARUS
DURING THE PERIOD OF CLIMATE CHANGE
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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.

BBenenune

B ycnoBusix naMeHeHus KIMMaTa, MOBBILIEHHUS TEMIIEPATY Pl U BIa)KHOCTH BO3/yXa B IIOCIEAHNE AECITH-
JIETHsI OTMEUaeTCs YBEJIIMUEHUE Ynciia HeOnaronpusTHeIX siBneHui morogsl. C 1980 r. ux mOBTOPSIEMOCTb Ha
TeppuTopun EBponsl Belpocina Basoe [ 1]. Bo3HHKHOBEHME 3KCTpEMATIbHBIX METEOPOIOTHYECKUX SIBJICHHH CBSI-
3aHO C HUPKYIALUeH aTMOCchepsl. YBEInYeHHE KOJTMYeCTBA BOASHOTO Napa yCHUIUBAET ainadaTnueckuii HarpeB
U CIIOCOOCTBYET MOBBILICHUIO HHTEHCUBHOCTH BHETPONMYECKUX LUKIOHOB [2]. Hampuwmep, 3a 1958-2009 rr.
B CeBepHOM nonymapuu Haj CeBepHO ATIIaHTHKON BO3pOCIa aKTHBHOCTh MHTEHCUBHBIX IMKJIOHOB 3UMOI1 [3].
CesepHas EBpomna yarie Ipyrux perHoHOB CTPAJAeT OT SKCTPEMaJIbHBIX 3UMHHUX SIBICHUH, TAKUX KaK CHEro-
a/Ibl, 3aTOKH XOJIOHOTO BO3yXa, 3MMHHUE OypH U CHIIbHBIC cHeronabl. CHiIbHBIC BETPBI M METENIN Hanbosee
pacnpocTpaHeHbl HaJ ATIAHTUKON M B IPUOPEKHBIX paiioHax.

Eme ogauM daxropom GopMUpPOBaHHS METEOPOIOTHUECKIX SKCTPEMYMOB BBICTYTaeT arMochepHoe OIoKH-
pOBaHue, KOTOPOE COMPSIKEHO € YCTaHOBJIEHHEM OOIIMPHOTO aHTULMKIIOHA HaJl TeppuTopuei EBporbl, uTo Hapy-
LIaeT 3aaHbIi MEPEeHOC BO3MLYLIHBIX MacC B CPEIHUX MIUPoTax. ATMochepHoe OOKHpOBaHUE TPUBOIUT K OT-
pHLIaTEIbHBIM aHOMAJIHAM OCAJIKOB B paiiOHE aHTULMKIIOHA U X TIOJIOKUTEIBHBIM aHOMAJIUSM Ha (PPOHTAIIBHBIX
paznenax Oapuueckux cucteM [4]. Bmecte ¢ TeM MOBBILICHHE TEMIIEPATyPhI M BIAKHOCTH BO3/1yXa CIOCOOCTBYET
BO3HUKHOBEHHUIO MIOJIOXKUTEIBHBIX TPEHAO0B KOHBEKTHBHBIX ITpo1ieccoB B armocgepe Haxa FOsxHoii, LlenTpanbHoit
u CeBepHoii EBpornioii [5], ¢ KoTopsIMU CBSi3aHbI HAaHOOJIee MHTEHCHBHBIE OTIACHBIE METEOPOJIOTNUECKHUE SBICHHMSI.

Cpenu HeOnaronpuaTHBIX aTMOC(EpHBIX SBICHUI Hanboee 3aMeTHBI pOCT MoKa3arenel, 3adukcupo-
BaHHBII Ha TeppUTOpUH EBpONBI B MOCIEHNE ACCATHIICTHS, XapaKTepeH Jis rpo3 (yBETUUMUBAIOTCS YHCIIO
Y MHTEHCUBHOCTH JIETHUX TPpo3 [6], ocodenno Hax Llentpanproit u HOxuHol EBpomnoii [7]). UaTEeHCHBHOCTH
rpajia B 3TOM PErHOHE OTINYAETCSA OTCYTCTBUEM 3HAYMMBIX TPEHA0B 3a 30-JIETHUI TEPHO]], YMEHBIIAETCS YHCIIO
CJIy4yaeB BBINAJCHUS rpaga O0JIbIIOro pa3mMepa, HO OMHOBPEMEHHO € 3TUM YBEIMYUBACTCS JUAMETP KPYTHHOK
rpana [8]. Ha tepputopuu [lonbmm Bo3pocio ncio aHei ¢ TymanoM (Ha 5 aneii 3a 10 neT) u rpo3amu (Ha
2 nus 3a 10 j1er), oAHaKO OTCYTCTBYIOT 3HAUUMBbIE TEHICHIIMY B OTHOILICHUH KOJIMYECTBA THEH C rpajoM U ro-
sonenioM [9]. Pe3ynbraTsl aHanu3a JaHHBIX O TOPU30HTAIBHON BUIMMOCTH ITOKa3bIBAIOT, YTO B EBpore uactota
BO3HUKHOBEHHSI YCIOBHU MII0X0H BUAMMOCTH (0—8 KM) U TaKuX SIBICHUSX, KAK TYMaH, MIJIa ¥ AbIMKA, CHU-
3unack 3a nocieaaue 30 jget. 1o 00yCloBICHO H3MEHEHUSIMHU B a3p030JIbHON Harpy3ke u obnagnoctu [10].

Cunsnble BeTpsl B CeBepHoil u LlenTpansHOi EBpore B 0CHOBHOM CBSI3aHBI C IIUKIOHAMH, BO3HUKAIOIUMHU
Hajg CesepHoll ATnantukoil u CeBepHbIM MopeM [11], a HuKIIOHSBI, 3apokaatomuecs HaJl Cpenn3eMHBIM MO-
peM, MOTYT BBI3BIBAaTh CHIIbHBIE BeTpbl HaJ FOsknoit EBponoii [12]. Ha Gonbiueit uactu Tepputopun EBponbl
OTMeYaeTcsl yMEHbILICHHE CPEAHEr0I0BBIX 3HaueHui BeTpa [13; 14] B pe3yasrare 6osiee 4acToro ycTaHoBJe-
HUS OJIOKMPYIOMIMX aHTUIUKIOHOB HaJ CeBepo-BocTouHoi ATIAaHTUKON U CHHYKEHHSI 30HAJIBHOTO IIEPeHOCa.
Ho necMotps Ha nanenue ckopocTu BeTpa B LlenTpansHoil u Boctounoii Espone [15; 16], BozpacTtaer moBTo-
psieMoCTb IIKBaJOB U cMepuell B Ykpaune [16] u [Tonbme [17].
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Ha reppuropun benapycu B meproa noTeruieHust KIuMara, KoTopbii npumresncs Ha 1989-2020 rr., yBenudu-
Jach OBTOPSIEMOCTH YHCTIA JHEH C TOJIONIEOM, TPO3aMU, TPAJOM U MHTEHCUBHBIMU ocaakamu [ 18; 19]. B netauit
MIEPHOJI Ha OOJIBITUHCTBE METEOPOIOTHUECKHUX CTAHITUI CTPAaHbI ObLIO 3a(pUKCUPOBAHO, YTO CYTOUHBIC MAKCH-
MYMBI OCa/IKOB, 00YyCJIOBJIEHHBIC B OCHOBHOM KOHBEKTHBHBIMU ITpo1ieccaMu, Bo3pociu Ha 20-25 % [20]. Cuu-
JKaeTCs MOBTOPSIEMOCTh YMCIA THEH ¢ TYMaHOM, METEISIMU, HU3KOM BUIUMOCTBIO U CUJIBHBIM BeTpoM [18].
Ha done obmiero mageHns CKOpoCTH BeTpa Ha TeppuTopun bemapycn MakCHMalbHBIN TOPBIB BETPa COKPATUIICS
Ha 1-5 M/c B 3UMHMIA IEPUOJ, HO YBEIUYWICS Ha 1—3 M/C B JIETHUH CE30H, 4TO OBUIO 3apETUCTPUPOBAHO HA
OOJIBIIMHCTBE METEOPOJIOTMUECKUX CTAHIIUHI. DTO 0OBIICHSAETCS YCHIICHUEM B TEIIJIOE BPEMsl 0Jla KOHBEKTHB-
HBIX TIPOIECCOB B arMocdepe [21].

B cBs13u ¢ HEOOXOAMMOCTHIO aHAIIN3a PA3HOHAIIPABICHHBIX TPEH/IOB MTOBTOPSAEMOCTH HEONATOTPUATHBIX SIB-
neHni moroAp!l B benapycn v pa3nuyHbIX YCIOBHH X (DOPMUPOBAHHUS [IETHIO PA0OTHI BEICTYTIAET yCTAHOBIICHHE
CBSI3H MEXK Ty aTMOC(epHOM MUPKYIAIHEH B ATIIaHTHKO-EBPOIIEHCKOM CEKTOPE 1 TIOBTOPSEMOCTHIO OTIEITHHBIX
METEOPOJIOTHUECKHX SIBICHUH (IPO3bI, TPaj, MHTEHCUBHBIE OCAJKH, TyMaH, ToJ0JIe/l, METeIH, BUAUMOCTh Me-
Hee 1 kM, BeTep co CKopoCThio 14 M/c 1 OoJiee) Ha TEPPUTOPHUM CTPaHbI B TIEpUOJ] TpaHC(OpMAIUK KIIUMAaTa.

Martepuajbl 1 METObI HCCJIETOBAHUS

B pabote ncnosnp3oBaHbl JaHHBIE O IOBTOPSIEMOCTH CIIy4aeB MHTEHCHUBHBIX OocankoB (Oozee 15 MM 3a
12 1), rpo3, rpaga, TymMaHa, cuuibHOTO BeTpa (14 mM/c u 6onee), HU3KOH BuaUMOCTH (MeHee 1 kM), rojoiena
U MeTeJIed, OTMEYEHHBIX Ha Tepputopuu benapycu. McxonHble CBeEHUS IPEACTABICHBI B BUAE YACIA JHEN
C Ka)K/JIbIM NEPEUHMCIICHHBIM SIBICHNUEM 32 MECSII], 3apETUCTPUPOBAHHBIX Ha 42 METEOPOJIOTrHUYECKUX CTAaHIIMIX
HaOmonaTenbHON cetn benruapomera, 3a nepuox ¢ 1975 mo 2022 .

CBs3b MeX Iy arMOC(hEepHON HUPKYISILMEH U TOBTOPSIEMOCTbIO HEOJIaronpUsATHBIX SIBICHUH OTO/IbI HA TEPPHU-
Topuu benapycu ycraHoBiIeHa Ha OCHOBAHUY MECSYHBIX 3HAYCHUI MHAEKCOB (MOA) aTMOC(EPHON LNPKYISILNUT
B ATiranTHKO-EBpOITelickoM cekrope: uHaekca CeBepo-ATianTuaeckoro konebanus (manee — uaaexc NAO),
uHjeKca ApKTuueckoro kosiebanus (nanee — unaeke AO) u unaekca CkaHIUHABCKOTO OlOKMpoBaHus (aa-
nee — uaaekc SCAND) — 3a mepuon ¢ 1975 mo 2022 .

B xauecTBe 0CHOBHOTO METO/1a UCCIIEA0BAHMS IPUMEHEH KOPPEISIIMOHHBIN aHanu3. [[i1st Bcex aHanusupye-
MBIX [TOKa3aTesIel 0 JaHHBIM 33 COOTBETCTBYIOILUE MECALbI BBIYUCIIEHBI KOAP(PUIIMEHTHI KOPPEISILUH (7)) MEXK-
Iy 3HaU€HHUSMU HHIEKCOB aTMOC(HEPHON HUPKYIALUHI U OCPEAHEHHBIM II0 CTPaHE YUCIIOM AHEH ¢ HeOaromnpu-
ATHBIMH METEOPOJIOTHIECKUMHU SBJICHUSIMH, 3a(UKCHPOBAHHBIX HA KAKOW CTAaHIINU. B 11eTsIX OlleHKH ypOBHS
CTaTUCTUYECKON 3HAYMMOCTH (p) KOXPPHUIIMEHTOB KOPPEISLIUH UCTIONBL30BaH f-Kputepuii CthionenTa. Craru-
CTHYECKHUE PacueThl U MOATOTOBKA IpadMueCcKoro Marepuaa BBIITOJHEHBI ¢ TOMOLIbIO ONOIMOTEeK pandas,
NumPy, SciPy, Matplotlib a3bika nporpammupoBanus Python (3.11).

Pe3yabTarhl M HX 00Cy:KIeHHE

AtMochepHast TUPKYISIHS B ATIIAaHTHKO-EBPOIIEHCKOM CEKTOPE HIpaeT BayKHYIO POJIb [T pETHOHAIBHOTO
kiauMata EBpornbl. UHaeKehl aTMOC(hEepHON UPKYIISIUHN — [TOKa3aTeNn TII00aIbHON U3MEHYMBOCTH aTMOc(e-
PBL, KOTOPBIC XapaKTEPU3YIOT TPAHCPOPMAIIUU PETHOHATIBHBIX MTPOIeccoB. OCHOBHBIM ()aKTOPOM U3MEHEHHSI
peruoHaNbpHOTO KiinMara siBisieTcsi CeBepo-ATiaHTHUECKOe Koliebanue [22], onpenensroniee HHTEHCUBHOCTh
3aI1a{HOTO TepeHoca BO3AYIIHBIX MacC B 3aBUCHMOCTH OT TPAJHEeHTa JaBICHHS MEXITYy A30PCKUM aHTHIIH-
kioHOM U Mcmanackum rukinoHoM. Jlonrocpounsie TeHaeHIH CeBepo-ATIaHTHYECKOTO KoJieOaHus, KOTOphIe
MPOSIBISLTACH B 18992018 IT., OTIIUIAIOTCS HEMTOCTOSTHCTBOM M BBICOKON MEKTOI0BOM U MEXKIEKATHOW N3MEH-
yuBocThI0. C cepenunbl 1960-X rr. HAOIIOIACTCS MOJOKHUTEIbHASI TCHICHITHS K 00JIee 30HAIbHOU [IUPKYJISILIUU
C MSATKHMU W BIQKHBIMU 3UMaMH U MOBBINIEHHOW MOBTOPSEMOCTBIO 1ITOpMOB B LleHTpansHoi u CeBepHOI
Esporre [23]. Onnako nociie cepeannbl 1990-x IT. HaMeTHIIaCh TEHSHIIHS K 00Jiee MEPUIMOHAIBHOM IUPKY-
JSIUH ¥ 00JIee XOJIOIHBIM IIEPUOAAM 3UMOM, YTO 00YCIIOBIICHO JIBUKEHUEM BO3IYITHBIX MacC BOCTOYHOTO MITH
CEBEpPHOTO HampaBJieHUs (OTpHUTIATEIbHBIC 3HaUCHUS HHAcKca NAO).

st Benmapycu IpoCIIe)KUBAETCS CTATUCTUICCKY 3HAUNMAs CBSI3b MKy 3HaueHUIME HHaAekca NAO u Tem-
TepaTypoi Bo3ayxa ¢ AeKadpst 10 MapT, PH dTOM BETHUHHEI 7 cocTaBisioT 0,45-0,55 [24; 25]. [Ipeobmananue
MTOJIOKUTENBbHOH (a3bl CeBepo-ATiIaHTHIECKOTO Kostebanus B 1960—90-x IT. koppenupyeT ¢ 0oyiee 3aMETHBIM
poctoMm (Ha 2,4 °C) TemmepaTyphbl B 3UMHEE BpeMsI Tofla Ha TEPPUTOPUN CTPAHBI 110 CPABHEHHUIO C JICTHUM
ce3onoM. Ho ¢ 2000-x rT. mpociexuBaeTcst oOpaTrHasi TSHIASHITUS: 0ojiee MHTEHCUBHO TIOBBIIIIACTCS TEMIIE-
paTypa Bo3ayxa JieToM [26]. B pekuMe yBIaXHEHHUS B 3MMHUHN CE30H yBEIMUNBAIOTCS (Ha 3—5 MM 3a 10 Jrer)
TTOJIOKUTEIIPHBIC BETUIUHBI TPEHIOB CE30HHBIX CyMM ocaakoB [27]. OgHako B Mae, aBryCcTe M CEHTIOpe
OTMEYaeTCs TeHACHIINA K YMEHBIIICHHIO KOIMYecTBa ocankoB [28]. Brimanenne ocajkoB, B TOM YHCIIE OCA/I-
KOB MHTEHCHUBHOTO XapaKTepa, CBA3aHO C IUKIOHWYECKOHN NeATeTbHOCTHIO, @ B TEIUIBIN MepHo/ To/Ia OHO
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COTIPSDKEHO ¥ ¢ KoHBeKIuel B arMmocdepe. C 1970-X IT. MOBBIIIASTCS YaCTOTa BOSHUKHOBEHHS IMKJIOHOB B Ce-
BepHoii 1 LlenTpansnoit EBpore [29; 30], 0cOOSHHO MTOBTOPSIEMOCTE CEBEPOATIAHTHICCKUX ITUKIIOHOB B 3UMHHN
CE30H, UTO NMPHUBEJIO K YBEJIIMUCHHUIO KoJInyecTBa ocakoB B CeBepHOil EBporie 1 ux cHKeHuto B LleHTpanbHOM
Espone.

Ha puc. 1, a, mpencrasnen rpaduk cBsi3u Mexay 3HaueHusMHU nHaekca NAO U ocpelHeHHBIM 110 CTpaHe
YHCIIOM CIIy4aeB BBINAJCHNSI HHTEHCUBHBIX 0CAIKOB, 3a()MKCUPOBAHHBIX Ha 42 METEOPOJIOTHUECKUX CTAaHIIMAX
Benapycwu, B 3umumii nepuoa. Bennuuna » cocrasnsiet 0,60 (pu p < 5 %). 3UMOIl Ipy MOJIOKUTENBHBIX 3HA-
yeHusix naaekca NAO anuHHbIE BOTHBI B atMocdepe (TOCTIOICTBYIOMINH 3amafHbIi TOTOK BO3AYIIHBIX Macc
B CPEIHUX IMPOTAX, KOTOPBIH SBISIETCS] BOJIHOOOPA3HBIM ) XapaKTepu3yloTcs Majoi aMrummTyaoit. [Tyt mukio-
HOB, IIEPEMELIAIOLINXCS BAOJb JUIMHHBIX BOJIH, IPOJIETAIOT MPAKTUYIECKHU NPSIMOJIMHENHO C 3aaa Ha BOCTOK,
OHHU OJIOKMPYIOT 3aTOK XOJIOAHBIX BO3IYIIHBIX Macc Ha TeppuTopHio EBpomnsl n 00ycioBIMBaIOT BhINaJACHUE
0CaJIKOB Ha BCEM ITyTH ClIeZloBaHuUs. B X0101HO€ Bpems rojia B OCHOBHOM MMEHHO MOII[HBIE CEBEPOATIIAHTHYE-
CKH€ IIUKJIOHBI, CPOPMHUPOBAHHBIE Y BOCTOUHBIX MoOepexuii CeBepHOi AMEpUKH, IPUHOCAT OOMUIIBHbIE 0CATKU
Ha Tepputopuio benapycu [31]. [Ipu oTpumareasHbIX 3HaUeHUSIX HHIACKca NAO yBeTHINBACTCS aMIUTATYAA
BOJIH ¥ Npeo0iIagaeT MEepUAMOHAIBHBINA THIT aTMOC(HEPHON HUPKYIISILNH, JJIs1 KOTOPOTO XapaKTEPHbI KaK BbI-
XOJIbl IOJKHBIX LUKJIOHOB, CTIOCOOHBIX NMPHUHECTH OOMJIbHBIE OCAJKH Ha TEPPUTOPHUIO CTPAHBI, TAK U 3aTOKH
XOJIOJTHOTO apKTHYECKOTO BO3AyXa C aHTHIIUKIOHOM M OTCYTCTBHE OCAJIKOB.

B nerHuii ce30H cBA3b MexkAy 3HaUeHUsIMH nHAEKca NAO M 4nuCiIOM JHEH ¢ MHTEHCUBHBIMHM OCaJKaMHU
saBisieTcs Oonee cnaboi, yeM B 3uMHUHN nepuon (puc. 1, 6). Benuunna r cocrasnser —0,43 (pu p < 5 %).
OtpunarensHble 3Ha4eHns: nHAekca NAO U UX MEHee TecHas CBsI3b C aHAIM3UPYEMbIMH MTOKa3aTeNsIMU 00b-
SICHSIFOTCSI YBEJIMYEHNEM WHTEHCHBHOCTH BBIMAJCHUS OCAIKOB JIETOM. DTO OOYCIIOBIEHO MPOXOXKIEHUEM
FOXKHBIX IIUKIOHOB (25 % (6e3 y4yeTra (ppOHTANBHBIX pa3[esioB) OT 00IEero oobemMa BBITIQAAIOIINX OCAIKOB)
Y KOHBEKTUBHBIMHU siBieHUsIME B atMocdepe (10—12 % oT o01iero ooObemMa 0caikoB, BHITIATAIONINX B TEIUTBIHA ce-
30H, @ IMEHHO C Mas 1o aBrycr) [31].
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Puc. 1. T'paduk cBsa3u Mex 1y 3HaucHUsAIME nHAeKkca NAO
¥ YUCIIOM JTHeW ¢ MHTEHCHBHBIMHU OCaJIKaMH
¢ nexabpst mo MapT (a) U ¢ UIOHS MO aBrycT (0)

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)

ApkTHueckoe kojiebaHne MpeACcTaBIsieT co00i pasHOHAIIPABICHHOE CMEIICHIE aTMOC(HEPHOTO TaBICHUS
MEXIy APKTUKOH M CPEeAHUMH LIUPOTaMU CeBepHOM yacTu Tuxoro okeana u Artnantuku. [lpu ycranoine-
HUH MOJIOKUATENEHON (a3bl APKTHUECKOTO KoJieOaHHsI BEAYIINI MOTOK CPEJHUX IIUPOT HAMPABJICH Ha CeBep,
TE€M CaMbIM KOJIMYECTBO BTOPraeMoro B CpelHHe HMIMPOTHI XOJIOAHOTO BO3/IyXa YMEHbBIIAETCS, TOTAA KaK MpH
JOMHHHPOBAaHUH OTPHULATEILHON (ha3bl CTPYHHOE TEUEHHE CABUTAeTCs HA IOT, YTO MO3BOJISIET APKTUIECKOMY
BO31lyXy MPOHUKATh B CPEIHUE IIUPOTHI [32].

C nayana 2000-x rr. mpeo0nagaroT oTpuLaresbHast Ga3a ApKTHYECKOTro KoJieOaHUsI B MEPUAMOHATBHBIN THIT
HUPKYIAInUY B ATiianTuko-EBponeiickom cexrope. 3UMoil yBeTH4YeHNE KOJTMYECTBA 0CAJIKOB Ha TEPPUTOPUU
benapycu cBS3aHO C MOBBILIEHHEM MOBTOPSIEMOCTH BOSHUKHOBEHUS FOXKHBIX LIMKIOHOB, KOTOPBIE MIPHUHOCST
obOmibHBIE ocanku [31]. Benmnunna r Mexay 3HaueHUsIMU uHAEKca AO U OCpeTHEHHBIM YHCIIOM CITy4YaeB HH-
TEHCUBHBIX ocasikoB cocranisiet 0,71 (pu p <5 %) (puc. 2, a).
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B rerueiii ce3on Ha TeppuTopuu benapycn 3ahuKkcHpoBaHbl OTPUIIATENLHBIE TPEHIBI IETHUX CYMM OCaIKOB
B OTJEJIbHBIC MECSILIBI, YTO MOKHO OOBSICHUTh CHUKECHUEM LIMKJIOHUYECKOH aKTUBHOCTH JIETOM, YMEHBILICHUEM
4acTOThl BO3HUKHOBEHHUS LIMKJIOHOB M YCHJICHHEM 3aCyIJIMBOCTH KJIMMara BO BPEMsl YCTAHOBJICHHUS OTPH-
Hare’abHOH (pa3bl APKTHUECKOTO KOJIeOaHusl M POCTa MOBTOPSEMOCTH MEPHINOHATIBHBIX THITOB IIUPKYIISLINH.
Benuunna r Mmexry 3HaueHUAMH HHJekca AO U YHCIIOM ClTydaeB HHTEHCHBHBIX 0CcaikoB cocTtaniseT —0,46
(pu p < 5 %) (puc. 2, 6). OxHAaKo Ha TeppUTOPHUH bemapycu oTMedaeTcst pOCT CYTOUYHBIX MAKCHMYMOB OCaJl-
KOB, OOYCIIOBJICHHBIH KOHBEKTHBHBIMH ITpolieccamu B atmochepe [20].

BosznukHOBeHHE MeTeelt BBI3BaHO MpeodiiailaHieM oTpularebHOH (a3sl CeBepo-ATIaHTHIECKOTO U ApK-
THYECKOTO KOJIEOaHUH M yCTAaHOBICHUEM MEPHIMOHAIBHOTO TUIIA aTMOCHEPHOH IUPKYISIUH, TPH KOTOPOM
OTMEYAIOTCS BBIXOJbI FO’KHBIX IUKIOHOB. C FOXKHBIMHM LIMKJIOHAMH CBsI3aHa HauOOJbIIasi IOBTOPSIEMOCTb
MeTenel Ha Tepputopun ctpansl [33]. Ha puc. 3 npencraBnensl rpaduku CBSI3U MKy 3HAYCHUSIMHA HHJIEK-
ca NAO (puc. 3, a) u ungekca AO (puc. 3, 6) 1 yuciIoM JHEW ¢ MeTensiMu. Benuuunsl 7 coctasnstor —0,54

u —0,43 coorBeTcTBEHHO (TIpH p < 5 %) M YKA3bIBAIOT HA BBICOKYIO ITOBTOPSEMOCTh JHEH C METENSIMH MPU
HU3KUX 3HaueHnsaxX naaekcoB NAO n AO.
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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)
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Puc. 3. Tpaduk CBsI3U MEXKY 3HAUYCHUSIMHI
nujexcoB NAO (a) 1 AO (6) n uuciioM JHEl ¢ MeTesIMH
¢ exadpst Mo 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 mociennue necsatuieTus 3Ta cBI3b ociaadeBaeT 3a cUeT U3MEHEHHUS B PEKUME BBITIAICHUS TBEPJIBIX
0CaJIKOB M XapaKTePU3yeTCsl 3SHAYUMBIM CHIKEHHEM TIPOJIOJKATENIEHOCTH BBITIA/IEHHS 0CAIKOB B TBEp/I0i (haze
M3-32 YCTOMYMBOTO MOBBIIIEHUS TEMITEPATypPhl BO3IyXa.

C momomrsto uuaekca SCAND mMoxHO omucars moroay B EBporne u BbLACTHTH XapakTepHBIE 3aKOHOMEP-
HOCTH, Ha0IfoaeMble B pazHoe Bpemsi roga. OH B 3HAUNTEILHON CTETICHH OTIPE/ISIISICTCSl TUTIONIEM JIaBIICHUS
Mexay FOxnoit EBporoit m CkannnnaBuei. Biaustaue atMmochepHOTo 6J0KHPOBAaHMS Ha TTOBTOPSIEMOCTE He-
OnaronpuATHBIX SBICHUI Ha TEPPUTOPUH bernapycu B OCHOBHOM ITPOCIIEKHUBAETCS B TEIUTBIN TIEpHOJ] TO/1a, OHO
CBSI3aHO C YCTaHOBJICHHEM 3aCYIILIMBBIX IOTOJHBIX YCIOBUH.

[Ipu noMUHUpPOBaHHUU OTpHULIATEIBHON (Pa3bl CkaHIMHABCKOTO OJIOKMPOBaHMS 00JIACTh HU3KOTO JIABJICHUS
cocpenoroucHa B CeBepHoii EBporre, a 0051acTh BRICOKOTO NTaBJIICHUS — Ha OombIei yacth LleHTpanbHOi
u lOxnoit EBponbl. Cyxast norona gpukcupyercsi BO MHOI'MX peruoHax EBpOITBI BIUIOTH 10 CEBEPHOI 4acTh
Cesepo-EBporeiickoii paBHHHBI, a OoJiee BIakHas, YeM OOBIYHO, MTOTOAA OTMEYAETCs TOJNBKO Ha KpaiHeM
ceBepe KOHTHHEHTa. Takoe pacrpeselieHue NaBJeHHs CBHIICTEIbCTBYET O BOSHUKHOBeHHH B EBpone 00-
IIMPHOTO AHTUITUKIIOHA, C KOTOPHIM CBSI3aHBI MPOJOJKUATENBHBIE TIEpHObI NeduiinTa ocaakoB. Kak mokasa-
HO B IyOnuKauu [4], ¢ aHTUIMKIIOHAMH COTIPSKEHBI 3aCyXH, ITOBTOPSIEMOCTh KOTOPHIX B bemapycu pacrer
B TIOCII/IHNE AecATUiIeTHs. Ha TeppuTOpur CTpaHbl 3Ta TEHACHIUS BBIPAKACTCS B COKPAILICHUH MTPOIOJI-
JKUTETHFHOCTH BBITIAJICHUST ocaakoB jJeToM Ha 15-20 % 3a mocnemnne 30 iet, 9To OBLIO 3aUKCHPOBAHO HA
OONBITMHCTBE METEOPOIOTHUECKIX CTAaHITNH. B TO ke Bpems CyTOuHbIe MAKCHMYMBI OCaJIKOB JIETOM BBIPOCITH
Ha 20-25 % [27].

Ha puc. 4 npencrasiens! rpaduku cBsi3u Mexay 3HaueHHsiMU nHaekca SCAND 1 ocpeJHEHHBIM 10 CTpaHe
YHCIIOM JTHEH C TPO3aMH, KOTOPBIE COMPOBOXKIAIOTCS HHTCHCHBHBIMU OcajkaMu. BenmunHel 7 coctasistor 0,42;
0,44 u 0,34 B mae (puc. 4, a), utone (puc. 4, 6) u utone (puc. 4, 8) cooTBeTcTBeHHO (TIipn p < 5 %). MHBIMEU

CJIOBaMH, ITPY BBICOKUX 3HaueHUsX nHaekca SCAND HabmronaeTcst 00IbIIOe KOMHMYECTBO JTHEH ¢ Tpo3aMu Ha
TeppuTopuu benapycu.
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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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HeBbicokasi, HO CTaTUCTHUYCCKH 3HAYMMAasl CBS3b MEKIY aTMOC(EpHBIM OJIOKUPOBAHUEM M YHCIIOM TI'PO3
00BSICHSICTCSI PaCPOCTPaHEHUEM 00JIaCTH BBICOKOTO JaBJieHUs Ha OoJibitiel yactu EBpornbl. OHa XapakTepu-
3yetcs Hu3KuMu BennunHaMu uaaekca SCAND 1 BBICOKOM 4aCTOTOH yCTaHOBICHUS ITUTEIHHBIX aHTHITHKIOHOB
(TPOAOIKUTENLHOCTRIO HE MEHEE 5 JHEH ), BIUSIONTUX Ha moroay jJetoM B bemapycu [21] u crmocoOCcTByOmux
YCUJICHUIO 3aCyNIIUBLIX ycnoBuid. [Ipu momoxkurenpbHbIX 3HaueHus X uHaekca SCAND B Teruiblit ce30H HaJ
TeppuTopueit EBpornbl mpeobianaeT o0nacTh HU3KOTO JaBJICHUS, OTMEYaeTcsl Oojiee BiIaXKHas 1MOrojia U B yc-
JIOBUSX BBICOKHMX TEMIIEpaTyp M HEyCTOWYUBOH cTpaTuduKanuu B aTMochepe GopMUpyrOTCsl NHTCHCUBHBIC
OCAJIKH B COIIPOBOXKICHUY I'PO30BON JEATEIBHOCTH.

3akjaueHne

B pesynbrare olleHKH KOPPEJSLUN MEXKly BeTHUMHAMHU HHIEKCOB arMocepHoi mupkymsiiun (NAO, AO
u SCAND) 1 konmn4ecTBOM AHEH ¢ HEOIAarompusTHBIMHU SIBJICHISIMHU TTOTOBI Ha TeppuTopuu benapycu ycra-
HOBJIEHA CTAaTUCTHYECKH 3HaYMMasl CBA3b MEPBBIX C MOBTOPSAEMOCTHIO CIIy4aeB HHTEHCUBHBIX OCAIKOB, METe-
JIel ¥ TPO3, T. €. ABJICHUH, ((OPMHUPYIONIMXCS TPEUMYIIIECTBEHHO BCIIEICTBHE IIMKIIOHUYECKON AESTEIbHOCTH.
TymaHn, rpaj, HU3Kasi BUIUMOCTb, JbIMKa U CHIIBHBIN BETEpP COIPSDKEHBI ¢ OoJiee TIOKATbHBIMH yCIOBUSIMHU HX
BO3HHKHOBEHHS — HEYCTOWYMBOH cTpaTHduKanueit arMochepbl, HHBEPCUSIMH, KOTOPbIE HE MOTYT OBITh OIH-
CaHBbI C TIOMOIIBIO MTOKa3aTeNeil N3MEHUYMBOCTH KPYITHOMACIITAOHON [IUPKYIISAIIH.

Brlnagenne HTEHCUBHBIX 0CAJIKOB 3MMOI Ha TeppuTOpuH benapycu orMedaercs mpyu yCTaHOBICHUH T10-
noxutensHol (azer CeBepo-ATIaHTHYECKOTO U APKTHYECKOTO KOJIeOaHUI M TIepeMEeNeHHH MOIIHBIX CeBe-
pOaTIIaHTHYECKUX IIMKIOHOB Yepe3 Erpony. [ToBTOpsieMocTh MeTesne, HAMPOTUB, SIBIIIETCS 00Jiee BHICOKOM
pH JOMHUHHPOBAHUHU OTpHIAaTeNbHON (ha3bl CeBepo-ATIaHTHYECKOTO U APKTHUECKOTO KoJeOaHHH, Koraa
(hopMHPYIOTCS YCIIOBHSI 115l BRIXOIOB FOKHBIX IMKIJIOHOB. JIeTOM ycTaHOBIIEHA oOpaTHast CBSI3b MEX/1y 3Haue-
Husimu uHIEKCOB NAO u AO ¥ 4UCIIOM JHEH C MHTEHCUBHBIMHU 0CaJIKaMH, YTO 00YCIIOBJICHO ITPe00IaiaHueM
MEPHUIMOHATBHBIX THITOB IIUPKYJISIIMN U OTPHLATENBHBIX (a3 CeBepo-ATIaHTHYECKOTO U APKTHYECKOTO KoJie-
0aHuWH ¥ BBI3BAHO 00JIee BBICOKOM MMOBTOPSIEMOCTHIO IOXKHBIX IIUKJIIOHOB, TIPUHOCSIINX OCAJIKU HA TEPPUTOPHUIO
Benapycu. [ToBTopsieMoCcTh Tpo3 BO MHOTOM CBsI3aHa C YaCTOTON OJIOKMPOBaHUsI BEYIIETO IIOTOKA B aTMOc(hepe
B pe3yJbTare yCTaHOBJICHHS OOIMPHBIX U ATUTENbHBIX aHTHIUKIOHOB. [Ipy JOMUHUPOBAHHUH MTOJTOKUTEIBHOM
(a3bl CKaHIMHABCKOTO OJIOKMPOBAHUS U TPeoOialaHuK 00IacTH HU3KOTO JIABJICHUS HA 3HAYUTEIBHON YacTH
Tepputopun EBporbl oTMeuaeTcs 0osiee BhICOKast TOBTOPSIEMOCTh I'po3 B benmapycu.
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TUAPOXVMUYECKUM PEJKUM AILTUAOTPO®HEIX O3EP .
BEAAPYCHU B YCAOBUAX KAUMATUYECKNX U3MEHEHUN
N AHTPOIIOTEHHOUM HAI'PY3KU

H. 0. CYXOBHJIO", A. H. MOPO3", A. A. HOBHK?", ]I. b. BIACOBA"

YBenopyccruii 2ocyoapemeennviii ynusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Berapyce

AtuiorpodHbIC 03epa — YHUKAJIBHBIC Tl TSPPUTOPUE benapycu BOIOEMbI, KOTOPBIC XapaKTEPHU3YIOTCSI MUHUMAITb-
HBIMU 3HAUCHHSIMHA KOHIICHTPAIIMH BEIICCTB, PACTBOPCHHBIX B BOAHON Macce. OHM 00Nagar0T BBHICOKOH UYBCTBHTEIIb-
HOCTBIO K U3MEHEHHUIO TPUPOTHO-KITMMATUYECKUX YCIOBUI HA BOJOCOOpAX M K aHTPOMOTEHHOMN TpaHC)OpMAIIUK BOIHO-
0, THAPOXUMHUYECKOTO U TEPMHUECKOTO PEKUMOB, HO TP ATOM JIOCTATOYHO CJIa00 pearupyroT Ha BOCCTAHOBUTEIIbHbIC
Mmepornpusitus. O3epa MoJoOHOr0 THUMA SIBJSIFOTCS MECTaMKU OOMTaHHsS MPEACTABUTENICH PEKUX M OXPaHIEMBIX BHIOB
¢utopsl U dayHel. M3ydeHrne COBPEMEHHOIO COCTOSIHUS all0TPOPHBIX 03€p MO3BOJUT YCTAHOBUTH HAMEYAIOIINECS TCH-
JICHIIUU SBTPO(QHUPOBAHUS HA PAaHHUX ITAIaX ¥ MPUHATH MEPhI, HAIIPABICHHBIC HA TIPEIOTBPAICHUE ACTPAIalliy JTAaHHBIX
JIUMHOCHUCTEM W MCYC3HOBCHHS IPEICTABUTEICH OXPAHICMBIX BUIOB aKBa(IOPHl. AHATM3UPOBAJICS THAPOXUMUICCKHIA
pekuM au0TpodHBIX 03ep benapycu B yCIOBHAX KIMMATUYECKUX U3MEHEHHI U aHTPOMOTEHHOTO BO3/ICHCTBUS HA UX
BoJI0cOOpBI. VcerenoBanne THAPOXUMUIECKUX TTOKa3aTenel BOCbMHU aluaoTpodHbIX o3ep benapycu mokasano, 4To 1o
cpaBHEHHUIO ¢ KOHIIOM 1970-x — HaganoMm 1980-X IT. B HUX MOBBICHIICS YPOBEHb MHHEPATIH3AIMHA BOJABI U KOHIICHTpPA-
MM aMMOHHU-MOHA, a TAKKE CHU3WINCH 3HAYCHUS COICPIKAHMS KHUCIOPOa, PAaCTBOPEHHOIO B BOIHOW Macce, U Mpo-
3paqHocTh. B 03epax CButsasb n benoe (JlyHnHeukunit paiion) jetoMm y 1Ha (OPMHUpPYETCsSl CEPOBOJOPOIHASI 30HA. ITO
CBUJICTEIBCTBYET 00 YXYAIICHUU 3KOJOTHYCCKOTO COCTOSHUS alUAOTPOPHBIX 03ep. Pe3ynbraThl UCCIEIOBAHUS MOTYT
OBITh IPUMEHEHBI JIJIsI YIPABICHUST BOAHBIMU YKOCUCTEMAaMH, IIPU UX BOCCTAHOBICHUH, ONITUMU3AIIH XO3SHCTBEHHOTO
HCIIONIb30BaHUsI BOZOCOOPOB 03ep, a TaKkKe B 00pa30BaTEIHLHOM MPOIECCE B LEAX MOATOTOBKH CIEIUATHCTOB — FHPO-
METEOPOJIOTOB 1 T'€0JKOJIOTOB.

Knroueswie cnosa: auunorpodHoe 03epo; BOAOCOOP; THAPOXUMHICCKHNA PEKUAM; IKOIIOTHIESCKOE COCTOSIHUE; M3MEHE-
HHUE KJIMMara; aHTPOIOreHHOE BO3/IeiCTRHE.

Brazooapruocmes. ViccnenoBanue BBITIOIHEHO IPH (PHHAHCOBOM TOaaepKKe bemopycckoro pecyoaukanckoro Gouma

(byHIaMEeHTabHBIX HCCIIEIOBAaHUN B paMKaxX Hay4yHOro rnpoekra X22M-069.

OO0pa3en UUTUPOBAHUS:

Cyxosuno HIO, Mopo3 AU, Hosuk AA, Brnacosa Ib. I'mapoxu-
MHYECKHI peKHM anuaoTpodHsIX 03ep bemapycn B ycmoBusIx
KIMMaTUYeCKUX U3MEHEHUH 1 aHTPOIIOTeHHOM Harpy3ku. Kyp-
nan Benopycckozo eocyoapcmeennozo ynusepcumema. I eocpa-
¢usa. I'eonoeus. 2023;2:58—69.
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ABTOpBI:

Huna IOpvesna Cyxosuno — xannuiar reorpaguuecKux HayK;
3aBEYIOIINN HAayYHO-UCCIIEI0BATEIbCKON JTabopaTopueit o3e-
poBenenust paxyspreTa reorpadun 1 reOnHOOPMaTHKH.
Anexceii Heopesuu Mopo3 — ctyneHt dakynbsrera reorpaduu
u reourpopmaruku. HaydHblii pyKOBOAUTEIb — KaHAUIAT I'e€0-
rpaduueckux Hayk T. I. Tabanpayk.

Anexceii Anexcanoposuyu Hosux — xanuar reorpaduueckux
HayK, JOLEHT; JIOIEHT Kadenpsl o0Iero 3eMiIeBeICHHs U T'H-
JIPOMETEOpOoJIoruu aKynsreTa reorpaduu u reOnH(GpOPMATHKH.
/apva bBopucoena Bracoea — Mnaamii HayqHblid COTPYIHUK
Hay4HO-HCCJIEI0BATENIbCKOI JTabopaTopuu o3epoBeneHus ¢a-
KyJIbTeTa reorpaguu u reonH(pOPMaTHUKY.
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HYDROCHEMICAL REGIME OF BELARUS
ACIDOTROPHIC LAKES UNDER CONDITIONS
OF CLIMATIC CHANGES AND ANTHROPOGENIC LOAD
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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 aquaflora. 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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BBenenue

Cpeau Bcero MHOTooOpasus 03ep, pa3inyaroniuxcst KaKk CTPOCHUEM KOTJIOBHH, BUAOM BOJHOTO MUTAHUS,
XMMHUYECKHM COCTaBOM BOJI, TaK M YPOBHEM MPOIYLIUPOBAHUS, OCOOHSIKOM CTOSIT 03€pa, KOTOPbIE HMEIOT HU3KYIO
MIPOIYKTUBHOCTb, ClIeNM(HUUECKUE YEPTHl A30HAIBHOTO XapakTepa (BoaopasaeabHoe NON0KEeHNE BOT0CO0pOB),
MaJble pa3Mepbl, THAPOJIOTHUECKYI0 3aMKHYTOCTb, BEpXOBbIE 00JI0Ta Ha BOAOCOOpE, a TaKKe HeOOIbIINE MO-
Ka3aTeld MUHEPaIN3alui U aKTUBHOHN peakiiy BOABI.

Tepmun «anunorpoHsie o3epa» Brepsbie Obl1 BBeaeH A. @. Tunemanom B 1928 1. [Tog sTuM noHsiTHEeM
MOJpa3yMeBaIMCh HU3KOMPOAYKTHBHBIE 03€pa CO 3HAYCHUSIMHU BOIOPOAHOTO MoKa3zarens Hike 5,5. B 1933 .
Inakuun Mommmypa pasaenin anunoTpodHble 03epa Ha Ba THIIA: B 03€PaX MEPBOTO THIIA KMCIAS PEaKIHs
cpeabl 00yciIoBiIeHa 0COOCHHOCTSIMH MOACTUIIAIOLIMX [TOPOA, a B 03€pax BTOPOTO THUMA — OMOJIOTHYECKUMH
nponeccamu. K qanHol K1accuuKanuy no3aHee ObuT J0OABICH TPETHIA THIT 03€P, 3aKUCIEHUE KOTOPHIX BbI-
3BaHO BBINAJACHUEM KHCIOTHBIX IOXAEH, T. €. BIUsiHHEM aHTpororeHHoro ¢gakropa [1]. [Tozxe b. M. Anek-
CaHJIPOB MpHU pa3pabOTKe TUIIOIOTUH 03€p Ha OCHOBE OMOIOTHYECKHUX MIOKa3aTesel BbIACIHI TaK Ha3bIBaeMble
anunorpodHble (auuaHble) o3epa. B mepByto ouepens OH monaraics Ha KOJHMYECTBEHHBIE (IPOAYKLIHMOHHBIE)
KPUTEPHH Pa3BUTHUS GIOPHI U hayHbl, HO HE pacCMaTpUBal BUAOBOW COCTaB THAPOOHOHTOB [2].

B mocneanue ronpl uccnenoBaHue auAOTPO(HBIX 03ep MPOBOAUTCS B OCHOBHOM THAPOOHOIOTaMH, OHO
HampaBJIeHO Ha YCTaHOBIIEHHE 0COOCHHOCTEH (PYHKIIMOHHPOBAHUS OTACIBHBIX COOOIIECTB U UX aJanTaluu
K KHCJIOH peakuuu cpefsl ooutanus. OqHUM U3 Hanbosee 3y4eHHBIX sBisieTcst 03. Kpeiitep (mrat Operow,
CIIA), umeroriee BylIkaHHUECKoe poucxoxaenue [3, p. 180].

B CCCP nepsble uccnenoBanus auoTpoGHBIX BOLOEMOB CBsi3aHbl ¢ AestenbHocThio C. H. Cxanoscekoro,
I'. I. Bunbepra u ap. B kauecTBe XapaKTepHBIX UYepT 3aKUCICHHBIX BOZOEMOB YKa3bIBAJIUCh HU3KME 3HAYCHUS
COZEPKaHMsI Kb, IOJHOE WM MTOYTH MOJTHOE OTCYTCTBUE THAPOKapOOHATOB, a TAKXKE CYNb(aTHBIN KJ1acc
BoJ. B nanmpHeiineM 0coOEHHOCTH CTPYKTYPHI U clieriudrka GyHKIHOHUPOBAHUS OMOTHI OOTOTHBIX TYMH(H-
LUPOBAHHBIX BOJOEMOB, B TOM YHCJIE€ allUJOTPOGHBIX, aHATU3UPOBAIKCH ITIaBHBIM 00pa3oM Ha IpUMeEpe 03ep
Kapenuu n Jlennnrpaackoii o6nactu, rie OHU MOTYYHIN Haubosee MUPOKoe pacipocTpanenue [4; 5].

B 1994 . 6611 u3nan coopHuk TpynoB UHcTuTyTa OMonorun BHyTpeHHux Boa umeHu U. /1. [Tananuna [6].
B HeM onmcaHbl 0COOEHHOCTH YKOCUCTEM 03€p € KHCIION peakuueil cpeabl JJapBHHCKOTO TOCYaapCTBEHHOTO
npupoaHoro 6uocgepHoro 3anoBenHuka (Bonoronckas n Spocnasckas obnactu, Poccust), rae 3akucienue
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MMEI0 KaK €CTECTBCHHBIC, TAK U aHTPOIIOTCHHBIC TPUYHMHBI ¢ TIPe0dalaHueM NIepBhIX. ABTOpaMHU COOpHUKA
Yalie paccMaTpuBaINCh 03€pa, PACTIOIOKEHHBIE B ITPEJIEIax BEPXOBBIX OOJIOT, YTO HECKOJIBKO OTIIMYAET UX OT
00BEKTOB HACTOSIICTO UCCIICIOBAHUSL.

B Bbenapycu anmnnorpodHbie BOJOEMBI, pa3MelIeHHbIe BHE KPYIHBIX BEPXOBBIX 0O0JOT, 0OHAPYKUIHCH
B 1970-X I'T. B X0JI€ MacopTU3aIuu 03ep. BriepBbie KOMITTIEKCHO OBUTH OMTUCAHBI TOJJOOHBIE 03epa, OTPEICIICHbI
COCTaB BOJHOU MacCChI, THAPOJIIOTHUECKUE U TUAPOOUOTOTHIECKIE 0COOCHHOCTH ATHX BogoeMoB [7]. [Tpu mac-
MOpTH3aIru 00BEKTOB BBISBJICHO, YTO MPAKTUYECKU BCE 03epa UMCIOT Ha BOJocOOpe HEOOBIOH BEpXOBOK
OOJIOTHBIN MacCHB, KOTOPBIH CIY)KUT UCTOYHHKOM 00pa30BaHuUs 'yMYyCOBBIX KHCIIOT. B kitaccudukanum, npes-
noxenHoi O. @. SIKylIko, OHM OTHECEHBI K 03epaM MEPBOTO THIA — IITYOOKUM HEOOJBIIMM ME30TPOpHBIM
o3epaM ¢ mpuszHakamu onurorpoduu [8]. OgHako Takoe yTBEp)KIECHHUE HE COBCEM OOOCHOBAHHO, TaK Kak,
HECMOTpS Ha CXOXKECTh HEKOTOPBIX KIacCHU(UKAIUOHHBIX MPU3HAKOB, MaKCUMaJllbHasl MTyOnMHa T0J00HBIX
BOJI0EMOB peiko npesbiniaet 10 M. B HacTosiee Bpemst Ha Tepputopun benapycu otienbHbIe anua0TpoQHbIE
03epa U3y4JaroTCs B KOHTEKCTE BBISIBICHUS 3aKOHOMEPHOCTEN pacpoCTpaHeHH IPEICTaBUTENIEH OXPaHIEMBIX
BHJIOB aKBa(JIOpbl, B OCHOBHOM MOJYIIHUKA 03epHOTO (Isoetes lacustris L.) u nodenuun Jloprmana (Lobelia
dortmanna L.) [9].

Cpenu Bcex BOJJOEMOB CTPaHbI 03epa anug0TPOPHOTO THTIA CUUTAIOTCS HAUMEHEe PaclpOCTPAaHEHHBIMH.
M. U. TlerpoBa yTO4HMIIA OCOOCHHOCTH PACIOIOKEHUS STUX BOAOEMOB, a TaK)Ke OTpe/Iesuiia mapaMmeTphbl
Y XapaKTepUCTUKHU Cpebl aluaoTpodHbIX o3ep bemapycu [10].

Ha HexoTopsIX anugoTpo(HBIX 03epax MMEIOTCS MyHKThl HAOIIOEHUS 32 COCTOSTHUEM BbICIIEH BOIHON
pacTuTeNpHOCTH HanmoHanbHOM crcTeMbl MOHUTOPUHTA OKpYsKatoliel cpenbl. Kpome 00pasiioB camoii Boj-
HOM pacTUTEIHHOCTH, OTOMPAIOTCS MPOOBI BOJIBI M IOHHBIX OTJIOKEHHUH JITS aHATTN3a UX XUMUYECKOTO COCTaBa.
HccnenoBanusi, KOTOpbIE MPOBOAATCS B paMkax HalMoHanbHOM cHCTEMbl MOHUTOPUHIA OKPYXKAIOILIEH Cpebl,
OCYIIECTBIISAIOTCA pa3 B 5—10 J1eT, HO B OCHOBHOM OXBAaThIBAIOT KIIIOUEBBIE YYACTKH U SIBIIIOTCA €IUHUYHBIMHU
¥ HECHCTEMATHYHBIMH ' .

W3-3a caboro xapakrepa BOJ0OOMEHA M HU3KUX 3HaU€HUH KOHIIEHTPALIUH BEI[ECTB, PACTBOPEHHBIX B BOAHON
Macce, alI0TpodHbIE 03epa CHIILHO YS3BUMBI K U3MEHEHHIO OKPYKAIOIIEeH Cpeibl, KOTOPOE 00YCIIOBICHO KaK
KJIMMaTUYeCKUMU CJIBUTAMH, TaK U aHTPOTIOT€HHOM Harpy3Koil. 3To MOXKET MPUBECTH K MCUE3HOBEHHIO MpeJi-
CTaBHTEJICH OXpaHsIEMBIX BUJIOB BOAHOM (iiopkl u ayHsbl. [1o 3Toii puvnHe HEOOXOAUMO JETATBHO U3YyYUTh
Cpefy pacrpocTpaHeHHs MpeICTaBUTeNell OXpaHAeMbIX BUI0B PACTEHHUH B LIEJISIX CBOEBPEMEHHOTO BBISIBICHUS
WM3MEHEHUH B XUMHUYECKOM COCTaBE BOJIbI, THPOJIOTHYECKOM, Ta30BOM U TeMIIepaTypHOM pexkumax [11].

AKTyaJlbHOCTh MCCTIEIOBaHUS alluI0TPO(HBIX 03€p MPOAUKTOBAHA HECKOJIBKUMHU MPUUMHAMU — HUCKITIO-
YUTEIHFHO PEIKON BCTPEYaeMOCThIO YHUKAIBHBIX JJIs TEppUTOpUHU benapycu BomoeMoB JaHHOTO THUTA U MX
BBICOKOH YSI3BUMOCTBIO K BHEITHEMY KIMMAaTHYECKOMY W aHTPOIIOTeHHOMY Bo3JeiicTBuio. Tpancdopmanum,
KOTOPBIE MIPOUCXOJIAT B allUAOTPO(DHBIX 03epax, MPUBOIAT K NCUE3HOBEHUIO U COKPAIEHUIO YHCia TpeacTa-
BUTEJEH OOMTAIOMNX B HUX PEIKUX M PEIMKTOBBIX BUJOB, TAKMX KaK MOIYIIHUK 03epHBIN U Jo6enus opt-
MaHa, — OMOMHIMKATOPOB U3MEHEHUS KJIINMATa, 3arps3HeHUs] 1 9BTPO(UKAIIIH BOI.

Lenp wccnenoBanusi — aHAJIH3 THIPOXUMHUECKOTO peknMma auaoTpodHbeix o3ep benapycu B ycrnoBHax
KJIMMaTUYeCKUX U3MEHEHNH U aHTPOTIOT€HHOTO BO3ACHCTBHA Ha MX BOJOCOOPEI.

MaTepna.mﬂ U METOAbI UCCJICTOBAHUSA

I/ICXOIIHI)IMI/I CBCACHHUAMMU IMOCIYXKNIIW JaHHBIC HATYPHBIX HaGJHOIIeHI/Iﬁ u (1)0HI{OBBI€ Martepuajibl HAy4YHO-
HCCIIeIOBATENbCKOW JIa00paTOpHK 03epoBeicHUs (paKyibTeTa reorpaduu u renHpopmaTuku beropycckoro
rOCyJJapCTBEHHOTO YHUBepcHuTeTa 3a epros ¢ 1971 mo 2022 1., koTopble BKIFOYAOT HHPOpMAIHIo 0 Mopdome-
TPUYECKHUX ¥ TUIPOXMMUYECKUX MapaMeTpax anuaoTpodHBIX 03ep, 0COOCHHOCTSIX UX BOAOCOOPOB H XapaKkTepe
Bo100OMeHa”. TIpHUMeHsAIHCh TI0IeBOH, TabOPaTOPHEI, CPABHUTEIBHO- M SKOJIOTO-TeorpadudecKuii METOJIbI,
a TaKk)Ke METOJbl CHCTEMHOTO aHalli3a U MaTeMaTHYECKOH CTAaTUCTHKH (PErpecCHOHHBIN, KOPPEISIIMOHHBIH
aHaImn3).

W3 o0miero xonmvecTBa M3BECTHBIX allMIOTPO(HBIX 03ep HCCIEeNOBaHBl BOCEMb MOJICIBHBIX BOJIOCMOB,
UMEIOIIUX TUIHYHBIE TpU3Haku. OHU pa3inyaroTcss MOpPOMETpHUEit, TeHE3UCOM KOTIIOBUH, XUMUYECKHM CO-
CTaBOM BOJIbI U CTETICHBIO0 OMOTCHHOM HArPy3KH, TIOATOMY JJOCTATOUHO IOJIHO OTPaXKaroT MPUPOAHBIE 0COOEH-
HOCTH anuaoTpodHBIX 03ep benapycu. I'eorpaduueckoe nonoxeHne 00bEKTOB UCCIEAOBAHUS IPEACTABICHO
Ha puc. 1.

Tposenente HaGMIoNERMIt 32 pecypcaMi BOXHOH PacTHTETFHOCTH, a TAKKe 33 CPEIoif ee MpomspacTanms : oraet o HUP / BI'Y ;
pyk. b. I1. BnacoB. Munck, 2000-2016. Ne I'P 20164690.

2KoMIIIeKCHOE TUMHOJIOTHYECKoe 06CIeIOBaHHE 03ePHBIX BO0eMOB Benopycenn : otuer o HUP / BI'Y ; pyk. O. ®. Skymuiko.
Mumnck, 1971-1980. XJI-J103-671717 ; IIpoBenenne HaOMIOACHMIT 3a pecypcaMy BOIHOH pacTUTENBHOCTH... ; Baacos b. I1., Axyw-
ko O. @., I'uzesuu I C. O3epa benapycu : cipaBounuk. MuHck : Muncktunmnpoekt, 2004. 284 c.
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Puc. 1. Kaprocxema pacnonoxeHus: 00beKTOB UCCIECIOBaHNS.
O6o3nauenust: I — IToosepse; II — Lentpanbuas benapycs; III — Ionecse

Fig. 1. Map of the location of research objects.
Designations: I — Poozerie; II — Central Belarus; ITII — Polesie

BonbmmHCTBO aHaMUM3UPYEeMBIX 03ep NprypoueHb! K [Tononkoii o3epHO-eTHUKOBOM HU3KMHE, OAHAKO 03. CBH-
TS3b PACTIONOKEHO Ha HOBOTpyICKOI KOHEUHO-MOPEHHOM BO3BBIIICHHOCTH, 03. nbruams — B ipenenax CBeH-
LTHCKUX JIETHUKOBBIX I'pAf, a 03. benoe (JIynuneuxuii paiion) — Ha JIOrHITMHCKON BOJTHO-JIEIHUKOBOM paBHHUHE.

O3epa UMEIOT JIETHUKOBOE, pexke KapcToBoe (03epa Cutssb u benoe (JlyHunenkuii paiion)) npoucxoxie-
HHE, OTHOCSTCS K YACITy HENTyOOKHX M HEOOJBILINX 110 IO BOAOEMOB. VX KOTJIOBUHBI XapaKTEPHU3YIOTCS
MPOCTBIM CTPOEHUEM: OKPYTIION WITH OBaJIHHOU (hOpMOHi, TUTAaBHOM OEPETOBO TMHIEH, BOPOHKOOOPa3HOU O~
BOJIHOM YacThIO. Y3Kas, rmoyioras Juropaib 3anuMaeT 10—20 % oT miomaay akBaTopyun, OHa CJI0KEHa TIECKOM
1 3aWJICHHBIM IlecKoM. Hemmmpokuii, kKpyToli cyOnnTOpaIbHbIH CKIIOH 00pa30BaH OlecYaHeHHBIM WIIOM. JIoxke
wiockoe. bepera aunnorpodHsix 03ep [loo3epbs yalie Bcero KpyThie, CI0KEHHBIE IECKOM U TOPGOM, 3apOCIIne
BOIHO-00JIOTHOM pacTUTENsHOCTRIO. [loliMa He BeIpakeHa. CKIIOHBI KOTIIOBHH (BBICOTa 5—10 M) Ha OTHETHHBIX
y4YacTKax KpyThle, HO Yallle MMOJIorHe, OHU 00pa30BaHbl MIECKOM, B OCHOBHOM IOKPBITHI JiecoM. BogocOopsl
03ep UMEIOT MajTyIo miomazns — ot 0,25 km? (03. Mnsrunus) 10 2,02 km? (03. Uep6ombicio). MakcuManbHOI
nomazipio o6nagaer Bogocoop 03. Cutass (9,04 kv?). Penbed npenMyIecTBEHHO KPYITHOXOIMHCTHIIH, MO-
JIOTOBOJIHUCTBIN, CKJIOHBI YaIlle CIIOKEHBI IIECKOM, TIOKPBITHI COCHOBBIM JiecoM. Ha Bogoc6ope mmouru Bcex o3ep
PpacIoioKeHbl HEOOJIBIINE MAaCCUBBI BEPXOBBIX 0OOJIOT, MPUMBIKAIOIIMX K akBaTopuu. [ mapoiorunyeckas ceTh
Ha BoiocOopax 03ep He pa3BUTA, IPAKTHUECKU BCE BOAOEMBI HE MMEIOT BIAAAIONINX BOJZOTOKOB.

YPOBEHHBIH pexUM 03ep CTaOWIBHBIN. 32 MHOTOJIETHUH MEPHO, 110 JAHHBIM HAOIOEHUH, OTMEYatoTCs
HEe3HauuTeJIbHbIE KoJeOaHs yPOBHS BObI B TOZ0BOM LIUKJIE.

B nmpuxogHo# yactu BogHOTO Oananca nmpeo0iagaroT IPUTOK TPYHTOBBIX BOJI M OCAJIKH Ha 3epKaJio 03epa,
a B €r0 pacXoJHON YacTH JJOMUHUPYET HCHIApEeHUe ¢ MoBepXHOCTH 03ep. 13 03. CBUTA3b BeITEeKaeT p. CBOpOT-
Ba, OCTAJIbHBIC 03€pa SIBJISIOTCS OeccToUHbIMU. BogooOMmeH 3amemyienHblii. OcHOBHBIE MOpdoMeTpuyeckue
XapaKTEPUCTUKU HCCIEAYEMbIX 03€p IPUBEICHBI B TA0JIHILIE.

MopdomeTpryeckne XapaKTepUCTHKH HCCJIelyeMbIX 03ep

Morphometric characteristics of studied lakes

XapaKTepuCTHKI
Osepo Paiion IInomane, | O6beM, |Makcumansnas | Cpennsis | Otkpel- | [myOun- ELHSCI%?I; 0110?61405 a
KM MIH M° n1yOuHa, M | IyOMHA, M| TOCTb nocrs | SN 2 P, | BOMOOOMERE,
KM et
benoe JlyHunenxuit 0,23 1,75 17,0 7,6 0,03 99,13 0,31 44,80
benoe [Tononkuit 1,0 8,42 19,6 8,4 0,12 8,40 1,80 21,05
boxbioe 1ot 048 | 1,50 6,0 3,1 015 | 397 1,12 6,0
OcTpoBUTO
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OkKoHYaHue TAaOIUI B
Ending of the table

XapakrepucTHKU
Osepo Paiion ITnomane, | O6veMm, | MakcumanbHast | CpenHss Otkpel- | [iyOun- IInomae Tepuon
KM MIH M niyOuHa, M | DIyOWHA, M| TOCTb HOCTh Boucgfzop % Boﬂoigreﬂa’
Bpenno Bepxuensunckuii| 0,21 0,54 4.6 1,9 0,15 20,36 0,30 6,90
I'my6okoe ITonornkmit 0,42 2,20 11,5 5,2 0,08 6,93 1,94 3,58
WUnerunus | Msigenbckuid 0,08 0,43 15,6 5,1 0,02 179,89 0,25 8,07
CBHUTS3b HoBorpynckwuii 2,24 7,76 15,0 3,4 0,52 5,80 9,04 5,0
UepOomsicio | [Tomoukunit 0,50 1,67 6,9 33 0,15 4,18 2,02 3,71

I'mapoxummdecknii pesxuM 03ep GOpPMHUPYETCS MO BIUSHUEM XapakTepa MUTaHus (aTMoc]epHbIe 0CAIKH),
TUAPOIOTHIECKUX 0COOEHHOCTEH, COCTaBa MPUTOYHBIX BOA M MOP(OMETPHUIECKOTO CTPOSHUS KOTIOBUHBI.
Heb6omnpmas mmomans Bomocbopa U OTCYTCTBHE MOBEPXHOCTHOTO MPUTOKA CITOCOOCTBYIOT CTAOMIBHOCTH
XMMHUYECKOTO COCTaBa BOJHOW MacChl B TCUCHHE BETETAI[MIOHHOTO CE30HA. 3HAUMTENbHBIC TIIyOUHBI 03€p
MpU UX MaJoH MJIOUIaa1 COAEUCTBYIOT YCTAHOBIIEHUIO B TEIIOE BPEMS TOfla MPSAMOI TeMIepaTypHOH cTpa-
TI/I(l)I/IKaLII/II/I3.

JIOHHBIE OTIIOKEHHS BOJJOEMOB XapaKTEPH3YIOTCS YETKO BRIPAKEHHBIM MOSICHBIM pacIipe/ieIeHneM 1 00Ha-
PYKUBAIOT 3aKOHOMEPHOCTb, OTIpeiesieMyo (hOpMOIl KOTIIOBHHEI M PacTOiIOKEeHHEM IITyOnH. MuHepalbHbIe
0CaJIKA MEJKOBOJIHON MpHOpeKHOM 30HBI 03€p MPEACTaBICHBI ECKOM M 3aWJICHHBIM reckoM. JIuTopais
u CY6J'II/ITOpaJ'ILHI)II‘/‘I CKJIOH BBICTJIAHBI ITECKOM, HIMPUHA MOJOCHI UBMCHACTCA OT HECKOJIbBKUX MCTPOB B 03€-
pax bpenno, YUepoomsicio, [mybokoe u bonbimoe OctpoButo g0 70—100 M B 03epax benoe (ITomorkmit
paiion) u CBuTs3b. B cyOnuTopanyu u Ha rpaHHLIe ¢ HEH K IIECYaHbIM 0CaIKaM MIPUMEIINBAIOTCS aJIeBPUTOBBIE
YaCTHUIIBI U POPMUPYETCS orecuaHeHHbIH ui. [Tocneaauii 00pas3yeT CILUIONIHY0 HEMPEPHIBHYIO MOJIO0CY IIIH-
puHoii oT 10-25 M B 03epax UepOomeicio, bomwsimoe OctpoBuro u bpenno 1o 100-200 M B 03epax CBUTS3b,
benoe (Jlyaunenkwuii paiion) u benoe (Ilomonknii pation). HanMmensIas mimpruHa 3ajeraHus nia oTMeYeHa
BJIOJIb TIOJIOTUX ¥ 3200J104eHHBIX OeperoB. C ryOHHO NeCOK 3aMelaeTcst 3auICHHBIM MTECKOM U OTIeCYaHEeH-
HBIM 1JIOM. B 1iryG0KOBOIHO YacTH 03epHOT0 JI0%ka PacIpoCcTpaHeHbl TOHKOETPUTOBBIE canporenu . Dot
TUT 0caAKoB 3aHuMaet 10 80 % oT miomaau aHa o3ep. OCHOBHBIM HCTOYHHUKOM HAKOIUICHHUS! OPraHUYECKOTO
BEII[ECTBA CaIlpoIIeNiell CITyKaT IJIaBHBIM 00pa30M IJIaHKTOHHBIE OPTaHU3MbI M OCTATKU BBICIINX PACTCHHA.

Bce o3epa ommmuarorcs ciaObIM pa3BUTHEM XU3HWA. BHUIOBOW cOCTaB THIIPOOMOHTOB OCTHBIN, TPOAYK-
1M HU3Kas. Beicmiast BogHas pacTUTEIBHOCTH B O3€pax HE MOJydnia MIMPOKOTo pacrnpocTpanenus. OHa
MIpesicTaBjIeHa MOITYOTPYKEHHBIMU PACTEHUAMH, 3aHUMAIOIIMMU JINTOPAIIFHYIO 30HY Ha Tiryoune ot 0,2 10
0,7 M (pa3nuunbie BUbI ocoku (Carex sp.), TPOCTHUK OOBIKHOBeHHBIN (Phragmites australis (Cav.) Trin. ex
Steud.), cutnsr 6onotHbl (Eleocharis palustris (L.) Roem. & Schult.). TpocTHHK 00pa3yeT CHIBHO pa3-
PEeXKEHHBIE 3apPOCTU HA OTJENBHBIX YYaCTKaX JINTOPAJIN y caMoro ypesa Bojabl. B aToM ke mosice MecTamu
BIoNb OeperoB o3zep CButsss, benoe (Jlynnnenkuii paitoH) u bpegHo BcTpewaercs peaknuid, oOXpaHsIeMBbIid
BH] — noOenwust Jloptmana. PacTenns ¢ miaBaroruMu JTUCTHSIMHU B 03€pax pPa3BUTHI ¢1ab0 MIIH OTCYTCTBYIOT.
Cpenu HUX HauboJiee paclpoOCTpaHEHbI KyBIIMHKA ducTo-0enas (Nymphaea candida J. Presl & C. Presl),
KyObItika sxentas (Nuphar lutea (L.) Sm.), paect mnasaroimuii (Potamogeton natans L.), roper] 3eMHOBOTHBIN
(Polygonum amphibium L.). KyBIuMHKa 1 Topel BCTpeyaroTcsl €AMHUYHBIMU SK3eMILIsIpaMu B 3aiuBax. [lo-
I'Py’KEHHBIE PACTEHUS HE OTIIMYAIOTCS BUIOBBIM pa3HOOOpa3ueM, OHH TIPEJCTaBICHBI B OCHOBHOM AJIo/iee
kaHanckolt (Elodea canadensis Michx.), TOTyITHIKOM O3€pHBIM, a TaK)Ke Pa3IMYHBIMH BUAAMH PIECTOB
(Potamogeton sp.) u MxoB (Fontinalis sp.). OXpaHseMbIid BUJ TIOTYITHAK O3EPHBIA MMPOU3PACTACT B IIPH-
OpexHOI yacTH Bcex o3ep Ha riyouHe ot 0,7 mo 3,3 M. BumoBoii coctaB (hUTOTUIAHKTOHA KpaiHe OeleH,
Mpeo0IagaroT 3eJIeHbIe BOJOPOCTH. 300TUTAHKTOH M 3000€HTOC TaK)Ke XapaKTePU3YIOTCS Clla0bIM pa3BH-
tueM. B 3001mtankrone 03. bpeano ormeueno Hanuume peakoro s o3ep benapycu ronomneans ropdaroro
(Holopedium gibberum Zaddach), xoTopslii oOuTaer B c1aboMHUHEpaIM30BaHHBIX Bogax. O3epa OTHOCSTCS
K XHPOHOMHTHO-OJIUTOXETHOMY THITY.

AHanmu3upyeMble 03epa SIBISIOTCS CITab0NPOAYKTHBHBIMA BOJOEMAaMH, MX HXTHO(ayHa KIaCCHDUITHPYETCS
KaK OKyHEBO-IIlyubsi. M3 pwIO 311eCh BoasTCs 1yKa (Esox lucius L.), okyns (Perca fluviatilis L.), iiotrsa (Rutilus
rutilus L.), xapace (Carassius carassius L.) u munb (Tinca tinca L.).

*[poBenenue HAGTIONEHHIT 38 PECyPCaMU BOXHOMN PACTHTETHHOCTH. ..
“Tam xe.
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Pe3y.m)TaT1>1 H UX 06cy>1<)1elme

ITox BrustHEEM crieruUUSCKUX YCIOBUH Ha BOMOCOOpax (BBICOKAS JIECUCTOCTh, HATMINE HEOOJBIIIOTO
00JI0THOTO MacCHBa, MPEOOIaaHIe ITeCYaHbIX TTOKPOBHBIX OTIOKEHHH) B H3yIaeMbIX 03epax chopMupoBaics
THAPOXAUMHYECKUAN PEKUM, OTIIHYAIONIMIACS OT 30HAJIHOTO, XapaKTEPHOTO /71 OOIBITMHCTBA BofoeMoB bena-
pycu. Cpeny yHHKAJIBHBIX CBOMCTB alluI0TPO(HBIX 03€p CIeAyeT OTMETUTh HU3KYI0 MUHEPAIN3aINio BOJbI,
MaJjible 3HaYeHUs KOHIIEHTPALUU APYTUX BEUIECTB, PACTBOPEHHBIX B BOAHON Macce, KHCIYIO PEaKIIUIO CPEIbI
Y HEBBICOKYTO IIBETHOCTb.

I"a30BBIif pe’KUM 03ep TECHO CBS3aH C UX MOpdoMeTpueH, TPOPUISCKUM CTaTyCOM B TEPMHUUIECKOH CTpaTH-
(ukanmeit. Ha puc. 2 oTpaykeHbl KpUBBIE BEPTHKAIHEHOTO pacIpeieNICHIs] KUCIOPOo/ia, PACTBOPEHHOTO B BOJIE
o3ep benoe (Jlyaunenxwuit paiton), beioe (Ilomorkmit paiion), bpemto u [T1y6okoe, a Takke IoKa3aTeIu Tep-
MHYECKOH CTpaTH(UKAIINH ITHX BOIOEMOB B IEPHOI IeTHEH crarHanuu 2022 1.
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Puc. 2. BeprukaibHOe pacipeielleHue KHCIOPOoa, PACTBOPEHHOTO B BOJIE
o3ep benoe (Jlynunenkwuii paiion) (a), benoe (ITononxwuii paiion) (6),
Bpenno (6) u ['mybokoe (), 1 TepMudecKast CTpaTH(PHUKAIIS TUX BOJOEMOB
B Iiepuoz JieTHel ctarHauuu 2022 1.

CrutonHo# TMHUEH 0003HAYCH YPOBEHB HACBIICHHS BOJIBI KHCIOPOJIOM,
MYHKTHPHOH — TeMIeparypa Bo/Ibl
Fig. 2. Vertical distribution of oxygen dissolved in the water of lakes Beloe (Luninets District) (a),
Beloe (Polotsk District) (), 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

XapakTepUCTUKOW CHITBI TEMITepaTypHOH cTparn(uKamy SBISETCS TePMHUUECKasl YCTOHIMBOCTE 03ep. Ee
CTETIEHb OMPEAETSETCS Ha OCHOBAaHUH TOTO, KaKylo paboTy HEOOXOIMMO COBEPIIHUTD JUIS TIEpeBoa 03epa B CO-
CTOSIHHE FOMOTEPMHH B aiHabaTHYECKUX YCIOBHAX. MakcuMaibHoe 3HaueHue (270 [Ik/M?) TEpMUYECKOM YCTOM-
YUBOCTH BOJHOU MacChl BO BpeMsI HaOIIOIeHUH 3a TemmepaTypoii Boasl ¢ 1971 mo 2022 1. 66110 3apUKCHPOBAHO
B 03. besoe (Jlynunenxkuii paiion). Hecmorpst Ha 00s1b11yt0 ityOuny 03. benoe (Ionorkuit paiioH), mokasareiib
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TEpPMHUECKOH YCTOHUMBOCTH €T0 BOXHOM Macchl 6611 Huke (196 JIk/M?). DTo CBA3aHO C TYUIIMMH YCIOBHAME
BEPTUKAITBHOTO U TOPU30HTAILHOTO BoooOMeHa 03. beroe (ITomorkuii paiton) BeeACTBIE OONBINIOHN TUTOIIA N
€ro BOJTHOM MOBEPXHOCTH (TUIOMIA/(b BOJOEMOB pa3nuyiaeTcs B 4,5 paza). B MenkoBOIHBIX HeCTpaTHPHUIIUPO-
BaHHBIX 03€pax TOKazaTelb TEPMHUYECKOHN ycTOHUMBOCTH OBLT On30K K 3HadeHuto 0. Tak, B 03. bpenHo sta
BenmumHa coctasuna 2,0 Jx/m%, a B 03. Uepoombicio — 7,66 Jix/m>.

Xots nosneBoe obcnenoBanre o3ep B 2022 1. MpOBOAMIOCH MTPU OTHOCHUTEIBHO HEBBICOKMX TeMIlepaTypax
Bo31yxa (70 +22 °C), ObIT OTMEUYCH POCT 3HAUYCHHUN TEPMUUECKOH yCTOHYMBOCTH B OOJBITMHCTBE BOJAOEMOB.
HUckimrouenne coctanisieT 03. CBUTS3b, MOJIEBBIE MCCIIE0BAHNS KOTOPOTO MPOXOIMIIN IIPY TEMIIepaType BO3ayXa
oxono +18 °C, a Takxe 03. YepOoMBICTIO, KOTOPOE TIOCTATOYHO aKTHBHO MEpPEeMEIINBaIoch BeTpoM. B HecTpaTu-
¢dunmpoBaHHbIX 03epax bpenro u bonboe OcTpoBHUTO MOKa3aTeN TEPMUIECKON YCTOHUNBOCTH U3MEHIITUCH
HeCyIIeCTBEHHO, B 03. ['Ty6okoe onu Bozpociu ¢ 11,87 10 35,64 Jlx/m* (B 3 pasa), a B 03. Benoe (JlyHuHenkuit
paiton) nocturmu 281,3 JIx/M%. YeusieHne TeMIepaTypHOii cTpaTH(UKAINK TPUBOIUT K H3MEHEHHUIO Fa30BOT0
pekrMa BOJI0eMOB U (POPMHUPOBAHHIO BEPTUKATHHON HEOAHOPOIHOCTH XMMHUECKOTO COCTaBa BOJIBI.

[Tpumepom BooeMa ¢ BBIPaKEHHOW TEPMHUUECKON cTpaTuUKaineii, HO ¢ OTCYTCTBYIOIICH KUCIOPOTHON
crparudukanuei sisercs 03. benoe ([Tonoukwuii paiion). Temneparypa Bojibl B HeM noHnxkaercst Ha 14 °C —
¢ 21,9 °C y nmoBepxHoctu 10 7,9 °C y AHa, B TO BpeMs KaK 3HAYEHUS CO/IepKaHUs KUCIIOPO/ia, PACTBOPEHHOTO
B BOJIHOM Macce, kosieoitores B ipeenax 79—-100 %.

[Tpu GIU3KUX TOKa3aTelNs X ITYOWHBI U CXOKEM XapaKTepe TeMIIEPaTyPHOH cTpaTH(HUKAIINU KHCIOPOIHAS
crparudukanys B 03. benoe (JlyHuHenkuit paifloH) cylecTBEHHO OTIMYACTCSI OT KUCIOPOTHON cTparuuka-
un B 03. benoe (ITonomkuii paiion). B mpunoBepXHOCTHOM clloe BOABI HAOMIOMACTCSI COCTOSTHUE, OIHM3KOe
K KHCJIOPOJTHOMY HACBHIIIEHNI0. MaKCUMAaIbHBIH MOKa3aTeNb KOHIIEHTPAIMH KUCJIOpo/ia OTMEUEH Ha HIDKHEN
rpanwuie smmMHroHa (125 %). ImyGxe 10 M pacrionokeHa 30Ha aHOKCHU ¢ CEpOBOIOPoaoM. B 03. CBUT:3b,
I7ic B THIIOJIMMHUOHE TaK)Ke OTCYTCTBYET PAaCTBOPEHHBIN KHCIIOPO/, BOJa HAYWHACT NMPHOOpETaTh 3amax ce-
POBOOPO/IA C TIIYOUHBI 9 M.

B 03. Bpeano, HecMOTpsl Ha OTCYTCTBUE TEPMUYECCKON CTpaTUPHUKAINHU, POPMUPYETCS JTOCTATOYHO YETKO
BBIpa)KCHHASI KHCJIOPOIHAS CTpaTH(OUKAIINS CO CHIKEHHEM 3HaYeHHUH KOHIICHTPAIIMU KUCIIOPOJIa, PACTBOPEHHO-
ro B BOJHOM Macce, ¢ 9,2 Mr/aM° Ha r1youne 2 m jo 2,1 Mr/am> y aaa (umu ¢ 107,5 mo 23,8 %).

B cBoto ouepensp, B 03. [1yOoKoe MpUCYTCTBYET KaK TEMIIEpaTypHOE, TaK M KHCIOPOIHOE paccIOoeHHe BOIHON
MAacChl, OJTHAKO YPOBEHb HACBIIICHNS BOJbI KHCIIOPOIOM Yy JIHA He OIyckaeTcs Huke 3,6 mr/am® (wmm 32 %).

Cremyer OTMETHTB, YTO C MOMEHTA ITIEPBOTO MOJIEBOTO 00CIIE0BAHMS KUCIOPOIHBIN PEKUM alluOTPOPHBIX
03ep YXYIIIWICS: B OOIBIITMHCTBE BOJJOEMOB MOSIBHIIACH OTCYTCTBOBABIIIAS paHEe KUCIOPOJIHAS CTpaTH(PUKAIIHS,
a B o3epax Ceuts3b u benoe (Jlynunenkunit paiioH) B THIIOIMMHUOHE COPMUPOBAIIACH CEPOBOIOPOIHAS 30HA,
YTO CBUJICTEIBCTBYET O HEOIArOMPUATHOM IKOJIOTHYECKOM COCTOSIHUH 03€eP.

Munepanu3zanusi BoAbl B aliu0TPO(HBIX 03epax Ha MPOTSHKEHUU BCETO MEpHojia UCCIe0BaHus Oblia
HU3KOM M M3MEHsuIach oT 5,4 Mr/mM® 1o coctosamio Ha 2001 . B 03. Bpemuo 10 65,5 Mr/aM® o COCTOSHMIO
Ha 2022 r. B 03. benoe ([Tomomkwuii paiion). Boga 03ep 0THOCUTCS K THAPOKAPOOHATHOMY KJIACCY KaIbI[HEBOU
W MarHueBoi rpymi. Ha puc. 3 npeacraBieHbl 3HaYCHUST KOHIEHTPAIMH IIABHBIX HOHOB B TOBEPXHOCTHOM
cJioe BOJIBI aliu0TpoHBIX 03ep benapycu ¢ uroist mo aBryct 2022 1.

Benoe (JlyanHeukwuii paitoH)
Benoe (ITonomxkwuii paiion)
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Bpenno
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Puc. 3. KoHleHTpaus INIaBHBIX HOHOB B TOBEPXHOCTHOM CJIO€ BOJIBI HCCIICLyEMBIX 03€p
¢ 1oy 1o aBryct 2022 1.

Fig. 3. Concentration of main ions in surface water layer of studied lakes
from July to August 2022
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W3 puc. 3 BugHO, uTo 03epa Uepbomeicio, bpeano, [mybokoe u UnbruHus XxapakTepusyroTcs O4eHb OJn3-
KMMH BEJIMYMHAMH MUHEpau3aiui (0kosto 30—32 Mr/am®) 1 CXOKUM HOHHBIM COCTaBOM BOJIBL. Bosee BhIcOKast
MUHEpalu3anus Boibl B 03. bonbimoe OcTpoBHTO 00YCIIOBICHA MTOBBIIICHHBIMU 3HAYEHUSIMH KOHIIEHTPAIHH
B HEHl XJIOPUI-MOHOB, HCTOYHHK MOCTYIIJIEHUS KOTOPBIX €Ile MPEACTOUT YTOUHUTH, TOCKOIBKY MUHEpaIbHbIE
yAOOpEHHUS U MTeCUYaHO-COJIEBbIC CMECH B TIpeJieNiaX 3aJIeCEHHOTO cllabo OCBOGHHOTO BOIOCOOpa HE HCIIONb3Y-
FOTCSI, a OJIDKANTITIE TTPOMBITIICHHBIE TIPEATIPUATHS pacIioyiaraloTes 6oee 4eM B 35 kKM oT Bogoema. B o3epax
benoe (Jlynunenkuii paitoH) 1 CBUTSA3b OTHOCHTEIHHO BRICOKASt MHHEPAIU3AIIHS BOIBI BEI3BaHA X aKTHBHBIM
peKpeaIoHHbIM UCTIONb30BaHUEM, a B 03. benoe ([Tomomkuii paiioH) — 60iee XOpolieit Mo CPaBHEHUIO C JIPY-
TUMH BOJIOEMaMH CEJIbCKOXO03sHCTBEHHONW OCBOCHHOCTHIO BOI0COO0DA.

Ha puc. 4 orpaxkeHa TuHaMKKa IMOKa3aTesiell OTHOCUTENILHOIO COIEpKaHMs IJIaBHBIX HOHOB B BoJie 03. bpe-
HO. 3a nmocnennue 45 et coctas BoAbl n3MeHuics. B 1978-2001 rr. Bona oTHocHach K cynb(aTHOMY Kiaccy
KaJbIMeBOM rpynmsl, a B 2008 . — K TuapokapOoHaTHOMY Kilaccy KanbluueBol rpymnmsl. B 2013 . coctas Bozbl
COOTBETCTBOBAJ T'MIPOKapOOHATHOMY KJIacCy MarHHEBOW rpynmbl. Takue koneOaHusi KOHIEHTPAIHMU THIPO-
KapOOHAT-MOHA MOTYT SABJIATHCS PU3HAKOM HEYyCTOMYMNBOTO KapOOHATHOTO PaBHOBECHS B BoJoeMe. B maHHbIiH
MOMEHT BOJIa OTHOCHTCS K THAPOKAPOOHATHOMY KJIACCY KaJIbIIMEBON TPYIIIIHL.
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Puc. 4. lunamuka noka3sarelsieil OTHOCUTEIFHOTO CO/ICPIKAHUS TJIABHBIX HOHOB
B BoJie 03. bpenHo ¢ 1978 mo 2022 1.

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

3a rmepuo N3y4eHUs XUMUYECKOTO COCTaBa BOJIbI alA0TPO(HBIX 03ep benapycu 3Ha4eHUs MUHEpaln3a-
LMY BOABI B HUX yBeNU4IUIuCh. B 03. bpeano 3a 20 net onu Bozpocinu B 6 pa3, B 03epax bonburoe OctpoBuTo,
benoe (ITomoukwuii paiton) u benoe (Jlynuneuxuii paiion) — mpuMepHo B 2 pa3a, a B 03. CBuTa3b — B 1,5 paza.

[TokazaTeny KOHIIEHTpaMKA OMOTEHHBIX 3JIEMEHTOB B BOJIE aHAIM3HPYEMBIX 03€p CYIIECTBEHHO pa3inda-
FOTCs. 3HAUEHUS cojiepikaHus pocdar-noHa BO BCEX 03epax, 32 UCKIFOUEHHUEM THITOTMMHNOHA 03. bemoe (Jly-
HUHELKHUH paiioH), HAXOAMJINCh Ha YPOBHE HM)KE UyBCTBUTEILHOCTH MeTo/ia m3Mepenust. B 03. benoe (Jlynu-
HeIKHii paiton) oun coctasumu 0,021 mr/mv’. TToka3aTenh KOHIIGHTPAIIME HUTPUT-HOHA HE TIPEBBICHI TIOPOT
YYBCTBUTEIBHOCTH MeToza onpesenetus (0,003 mr/am®) Hu B 01HOI Touke 0T6Opa IPO6 BOBL. 3HAUYCHHUS CO-
JIepKaHUS HUTPAT- 1 aMMOHHI-HOHOB B BOJIE MOJICJIBHBIX alluAOTPO(dHBIX 03ep benapycu ¢ uromns mo aBrycr
2022 r. npuBeeHBI Ha puc. 5.

[Ipu mocTaTouHOM KOJIMYeCTBE PACTBOPCHHOTO B BOJIE KUCIOpO/a MpeodaaaeT HUTparHas popMa azora,
a pu ero nedunnuTe — aMMOHUITHasA. B uccnemyemMbIx BojloeMax aHHas 3aKOHOMEPHOCTh COOIIOaeTCs.
Taxk, B 03epax Uepoomeicio, benoe ([lomomnkwuii paiion), ['my6okoe u Minbruaus foMuHUpYeT HATpaTHAs GopMa
a30Ta, a B OCTAJbHBIX BoJOeMax — aMMoHuiHasa. B 03. benoe (Jlynunenkuii paiiloH) OTMEUEHO MpEBBIIICHUE
3HAUEHUH MPeJETbHO JOMYCTUMON KOHIIEHTPAMd aMMOHUWHOTO a30Ta JiJIsl X031MCTBEHHO-ITUTHEBOTO BOJIO-
cHaOxxeHus B 1,6 pasa, s peroopasseneHus B 6,3 paza. OCHOBHON MPUYMHON YBEIMUCHUS TaHHOTO TTOKa3a-
TeJs IBJISIETCS OOBIION HEKOHTPOIUPYEMBIN IMTOTOK OT/IBIXAFOIINX, 0COOCHHO B BEIXOAHBIE JHU. [IpeBbieHus
3HAUYCHUH MPEAETbHO TOMYCTUMON KOHIICHTPALUU HUTPATHOTO a30Ta 00HApYKEeHO He OBLIIO.

BenruuHbl BOMOPOIHOTO MOKa3aress B alfuioTpodHBIX 03epax benapycu 3a mepuos mpoBeieH s OJIEeBbIX
HCCIIeIOBAaHUH MEHSUTHCH OT 4,2 B 03. [lty6okoe 1o 8,4 B 03. benoe (JIyaunernkwmii paiton) (puc. 6).

W3meHeHne BeIMYWH BOJIOPOTHOTO MOKA3aTels CBUIETEIBCTBYET 00 OCIIa0NeHHH OOJIOTHOTO MUTAHUS
M3YYEHHBIX 03€p U MePexoie OTACIBHBIX U3 HUX U3 alluAOTPO(HBIX BOZOEMOB B 3BTpodHEIe. B MHOTONIETHEM
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paspese HanboJiee CHIIbHBIN POCT 3HAYCHHUI BOJAOPOAHOrO Mmokaszaress (¢ 6,5 B 1989 r. 1o 8,4 B 2022 1.) Ha-
omonaetcs B 03. benoe (JlyanHenkwmii paiion). 9To MpUBEJIO K PE3KOMY COKPAIIEHHIO B BOJIOEME TUTOIIA e
pacIpocTpaHeHus MOMYLUIHUKA 03EPHOT0, YTO TOBOPUT O TpaHC(OpPMALIUHU 03epa U3 alluA0TPOGHOI0 COCTOSIHUS
B 3BTpodHOe. B 3umumii nepuon 2023 1. 3HAYCHUE BOAOPOIHOTO TOKa3aTessl CHU3MIOCH J10 5,4. [Tockonbky
03. benoe (JlynuHenkuit palioH) pacmoioKEeHO IJKHEE, YeM OCTAIbHBIC O0BEKTHI HACTOSIIETO UCCIICTOBAHUS,
€ro MOXXHO HCIOJIb30BaTh B KaYECTBE MOZAEIBHOIO BOJOEMA NPH U3yUYEHHH TpaHC(HOPMALUN JIUMHOCHCTEM
B YCJIOBUSIX N3MEHSIIOIIETOCS KIIUMaTa.

WHuTerpanpHbIM MOKa3aTelleM, MO3BOJSIONIMM A0CTATOUYHO OBICTPO BH3YAJIBHO OILICHUTH YKOJIOTHUECKOE
COCTOSIHHE BOJIOEMA, SIBIISICTCSI TPO3PAYHOCTH BOBI (puc. 7). Kak mpaBuiio, CBETIIOBOIHBIC alluOTPOpHBIE
03epa XxapaKTepHu3yIoTCs BEICOKOU po3padHocThio. O3epa benoe (I[lomonkwii paiion) n [mybokoe BeaenSIOTCS
HanOombILeil A BogoeMoB benapycn mpo3pauHOCThIO, YTO CBUAETENBCTBYET O XOPOIIEM KaueCTBE X BOI.
Jlerom 2022 1. moka3aresu Mpo3pavyHOCTH BOJBI B 00bEKTaxX UccienoBanus kojaedanuce ot 2,1 M B 03. bpeano
1o 6,5 M B 03. benoe (IToxonkuit paiion). HanGonee Beicokas (9,5 M) mpo3padHOCTh B BETETAIlMOHHBIN TEPHO]T
Opu1a 3ahukcrpoBana B 03. [ ydokoe 17 uronst 1977 1., 310 ABIAETCS PEKOPIHON BETMIHHOM 1Tt 03ep bemapycn.

a/a 6/b
T s A
=
= 0,40 0,38 2 45¢
= 035 = 40 4,07
S 030 w3
Z 025 Z 30r
= O 0,21 5 25}
g 0,20 0,18 g 5
£ 0,15 0,13 2200
5 , & |
Z 0lo 0,10 0,10 = 1>
£ 05 0.0 0,05 g LOT 0.29
2 2 0’3 I 0,05 == 919 005 005 0.14 0,05
FLF L L F oy FL & L L F & O
@©Z§® e‘?‘i\o&Qoq"} ‘on& %66& «"6& Ogt*&$ @Q <°@z¢o&<oé\’¢9® &0‘3} %Q‘Z& 4’@6& ‘oﬂé QQ;X&' @Q
P S < S P <$ S S
&‘J&Q oI R &Qb F T DR &Qb
& &
& & &
& Q< & Q<
Puc. 5. KoHuleHTpanusi HUTPaT-moHOB (&) 1 aMMOHHI-HOHOB ()
B IIOBEPXHOCTHOM CJIO€ BOJIBI HCCIIEIyeMBIX 03€p
¢ urons 1o asrycr 2022 .
Fig. 5. Concentration of nitrate-ions (a) and ammonium-ions (b)
in surface water layer of studied lakes
from July to August 2022
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Fig. 6. Hydrogen index values in water of studied lakes
from July to August 2022
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Benoe (Jlyrunernxuii paiioH) 4.0
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Puc. 7. TIpo3pauHOCTb BOJIbI, H3MEPEHHAs! C MIOMOLIBIO ucka CEKKH, B HCCIETyeMbIX 03epax
¢ urois 1o aBryct 2022 1.

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

B 3uMHuit iepro u3-3a HU3KKX TEMIIEPaTyp BOJIbI U KOPOTKOT'O CBETOBOI'O JIHS OnoMacca (PUTOIJIAHKTOHA, KaK
MIPaBWJIO, CHIYKACTCS, YTO IIPUBOJIHUT K TOBBIIICHUIO ITPO3pavyHOCTH Boibl. Tak, B 03. benoe (ITomomkuii paiioH)
16 deppans 2023 1. 3HaYeHKE TOTO MToKa3arens gocturaio 10,0 m, a B 03. Ceuts3s 14 gespanst 2023 . — 4,2 M,
gT0 OoJiee ueM B 1,5 pasa BBIIIE TPO3PATHOCTH JICTOM.

Hauboree cylecTBeHHOE CHHKEHUE TIPO3PAuHOCTH BOJIBI 32 IEPHO]T HAOIOICHUH IPOU30IILIO B 03. CBUT3b
(c 7,0 mo 2,5 m), Taxke CUIbHO COKPATHIIMCh 3TH MOKa3aresu B o3epax [irydokoe (¢ 9,5 1o 6,0 m) u Bpenno (¢ 4,6
1o 2,1 m). Poct ipo3paunoctu ¢ 4,2 1o 6,5 M ormedeH B 03. benoe (Ilomoukwuii paiion).

L{BeTHOCTB BOJIBI ABNIACTCA BKHBIM ITOKA3aTEIEM €€ KaueCTBa U OTPEENIeTCs TOJeH CoAepKaHus B BO-
JloeMe (yJIbBOKUCIIOT, COSIMHEHUH TPEXBAJICHTHOT'O )KeJie3a M TYMYCOBBIX KHCIIOT. B OTKpBITOH YacTu Bojoe-
MOB y MIOBEPXHOCTH BOJIa BOCbMHU UCCICAOBaHHBIX 03ep benapycu xapakrepusyeTcs HU3KOU U OYeHb HU3KOH
BETHOCTHIO (0T 5° 1o 50°). B nmpupoHHOM ciioe, a Takke y OeperoB, MPUMBIKAIOIINX K OOJOTHBIM MacCH-
BaM, I[BETHOCTH BOZBI B TIEPHOABI HHTEHCHBHOTO OOJIOTHOTO MUTAHUS MOXKET OBITH HECKOJIBKO BBIIIIE.

Jlyis ydyera Bcero KOMILIEKCa apaMeTPOB, OTPAXKAIOIIUX XUMUYECKUN COCTAB BObI AllUI0TPODHBIX 03ep
Benapycwu, BEITIOIHEH KIacTePHBIN aHATN3, KOTOPBII [TO3BOJINII Pa3/ieIUTh X HA TPU Kiiactepa (puc. 8). B ka-
YECTBE BXOJIHBIX JAHHBIX MCIIOIH30BAIUCH 3HAYCHHUS BOJIOPOIHOTO TTOKA3aTelNsl, [IBETHOCTH U MPO3PAYHOCTH
BOJIBI, & TAK)KE KOHIIEHTPAIINH TIIABHBIX HOHOB U OMOTE€HHBIX AJIEMEHTOB.
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XHUMHYECKOTO COCTaBa BOJIBI HCCIICAYEMBIX 03€p

Fig. 8. The results of cluster analysis of chemical composition
of water in studied lakes
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[lepBrIii k1acTep 00pa3yroT 03epa, MOIBEPKEHHBIC aHTPOIIOTCHHOMY BO3JICHCTBHIO CHIIbHEE OCTABHBIX
BogoeMoB (03epa benoe (Jlynunenkuii paiion), Ceutsss u Uepbomeicio). Bropoii knactep GopMupyror o3epa,
KOTOpBIE B OOJBIIEH CTETIEHH OTIMYAIOTCS HEHAPYIIEHHBIM XHMUYECKIM COCTaBOM BOJIBI, OJJHAKO HCITBITHIBAIOT
BIIUSTHUE XO3SIICTBEHHOM JIesATENBHOCTH ueoBeka (o3epa bpenno, benoe (Ilomoukuit pation) u ['myGokoe).
Oszepa TpeThero KiacTepa 001a1al0T COCTAaBOM BOJIBI, OJTM3KHUM K €CTECTBEHHOMY, IIOCKOIIBKY OHH PACTIOJIOXKe-
HbI B 1200 OCBOCHHBIX U YIAJICHHBIX OT MOCEJIeHUH paiioHax (03. bosnbiioe OcTpoBUTO) JIMOO B 3a110BETHON
30He HarmonaneHoTO Mapka «HapoyaHckuid» ¢ orpaHHYeHnEeM X03HCTBEHHOH AeaTeIbHOCTH (03. UnbruHus).

3akaoueHue

3a mpomeAne AeCITHISTUS XUMUYECKH COCTaB BOJHOW Macchl anuaoTpodubx o3ep bemapycu npe-
TepIell Cephe3HbIC U3MECHECHUS. BOTBITMHCTBO U3 KCCIeIOBaHHBIX B 2022 T. BOZOEMOB JaHHOTO THIIA HE SIB-
JISTFOTCS KIIACCHYECKUMHE alluIOTPO(HBIME BOJOSMaMH CO 3HAYCHHUSIME BOJJOPOTHOTO ITOKAa3aresst HUxKe 5,5.
Kax mpaBuio, onn xosiebanuck B peaenax 4,2—7,2. Peakuust Bomsl B 03. benoe (Jlynunenkunii paiion) Onlia
CJ1a00IIET0YHOH.

YBennueHrne MUHEpaN3alliuy BOJIbI, 3HAYSHUI KOHIIEHTPAlnd aMMOHHUI-HOHA, CHIDKEHUE TTOKa3aremneit
CoJIepKaHMsI KMCIOPO/ia, PACTBOPSHHOT'O B BOJHOM Macce, U MPO3pavyHOCTH BOJIbI CBUACTEILCTBYIOT 00 yXy/I-
IICHUH YKOJIOTHYECKOTO COCTOSHISI anua0Tpo(HbIX 03ep benapycu. OCHOBHOM MPUYMHON TaKUX H3MEHEHHUN
SIBJISICTCSI XO3SICTBEHHAS ACATEIBHOCTD YeI0BeKa. POCT YKCiia OTABIXAIOIIMX Ha BCEX 03€Pax, 3a UCKIFUCHHEM
03. Vnbrunms, MoBJiek 3a cOO0M JOMONHUTEIBHBIN MPUTOK OMOTCHHBIX AIEMEHTOB. TYpPUCTHYECKUE CTOSIHKU
Y KeMITHHTH, pa3duThie Ha o3epax YepOomeicio, bombioe Octposuro u Imybokoe, He 060pyI0BaHbI BOJIOHE-
MIPOHUIIAEMBIMHU BBITPEOHBIMU ssMaMu. HerocTaTtounas nH(GOPMUPOBAHHOCTD HACEIICHUS TPUBOJIUT K TOMY, UTO
MBIThE TIOCY/Ibl M BBITTOJIHEHUE THTUEHUYECKHX MPOIIEAYP C UCIIOI30BAHUEM CHHTETHYECKUX TOBEPXHOCTHO-
AKTUBHBIX BEIIECTB YaCTO OCYIIECTBIISIFOTCS MHOTOYMCICHHBIMHU OTIBIXAOIMMH HETIOCPEICTBEHHO B 03€pax.

Jis ipenoTBpaIieHus TaTbHEUITUX HETaTUBHBIX U3MEHEHUH B UCCIICAYEMBIX 03epax PEKOMEHIYETCS CO-
OIOaTh PEKUM OXPaHBI C OTPAaHUISHUEM HCITOF30BaHMS BOJOEMOB B PEKPEAITMOHHBIX EJSIX ITyTeM Peryin-
POBaHMUS YUCIICHHOCTH OT/BIXAIIUX. KpoMe yMeHbIIICHHs aHTPOTIOTCHHOM HAarpy3KH B TEILIbIN [IEPHOJI rojia,
TpejyIaraeTcs MpoBe/IeHIE adparliy BOAHON MacChl IITyOOKHX 03€p JUIs 000TaleHIs TUTTOTMMHIOHA KHCIOPO-
oM. B ciiydae pocTa BeTMYMH BOJOPOHOIO MOKA3aTelsl U IOCTHXKCHUST UM 3HAYCHHUS BhIIe 7,5 HE0OX0IUMO
CHU3UTh YPOBEHb KHCJIOTHOCTH BOJIOEMOB. JTO MO3BOJIUT 00€30MMaCUTh NIPEACTABUTEIICH OXpaHIeMbIX BHIIOB
Makpo(HTOB, 300IUIAHKTOHA U UXTHO(AYHEI.

Pe3ynbraThl IpoBEIEHHOTO UCCIIEIOBAHUS MOTYT ObITh IIPUMEHEHBI JIIsI YITPABJICHHS BOJHBIMH SKOCHCTEMA-
MU, TIPH TUTAHUPOBAHUH UX PAIlHOHAILHOTO HCITOIF30BaHUS, IOATOTOBKE PEKOMEH/IAINH TI0 BOCCTaHOBIICHUIO
MO/IOOHBIX BOJIOEMOB, IIPU ONTHMH3AIMH XO3SIMCTBEHHOM JIEATEIIBHOCTH Ha BOAOCOOpax o3ep, a TaKKe B 00-
pa3oBareIbHOM MPOIIECCe B MENSX 00yUeHHs CIIeNUaINCTOB — THIPOIOTOB U THAPOIKOIOTOB.
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NMHAUKALIMOHHASA POAb
PAAVMAABHOTO ITPPOCTA COCHBI OBBIKHOBEHHOM
B OOEHKE AMHAMUKU COCTOAHUA BEPXOBbBIX BOAOT
BEAOPYCCKOIO ITOAECHA

E. B. MATIOLIIEBCKAAY

YBenopyccruii 2ocyoapcmeennuiii ynusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Benapyco

WzyueHbI 0COOCHHOCTH peaKIiH COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.), mpon3pacTaroieil Ha OHOM U3 BEPXOBBIX
6omot benopycckoro ITonecks, ycnoBHs KOTOPOro MOKHO PacCMaTpPUBATh KaK MECCUMAIIBHBIE TT0 OTHOIICHUIO K APEBECHBIM
HaCaXJICHUSIM, Ha N3MEHEHHE PErMOHAIBHOIO KJIMMaTa KaK BEIyIIero SKOJIOrn4eckoro gakropa. B kauecTBe oObekTa uc-
CJIe/IOBaHMsI BEICTYIIHII COCHSIK OarypHUKOBO-c(arHoBbIil. [Ipeqmerom nccienoBanust siBUiICs aOCONIOTHBIH MUHUMAIb-
HBIM 1 MaKCUMaJIbHBIN paguanbHbI IPUPOCT COBPEMEHHBIX HACAXJIEHUH cOCHBI B Bo3pacte 10 305 net. [Ipumensiucs
OCHOBHBIE METO/IbI, UCTIOIb3YEMBIE B ICHIPOXPOHOIOTUH 1 JACHAPOKINMATOJIIOTHH, — COIIOCTABICHUE U CPABHUTEIBHBIN
aHanms. [IpoceskeHa mocineg0BaTeIbHOCTh BEPOSTHOM TpaHc(opMaIiy yCcaoBUi YBIaKHEHNS U 00BOIHEHHOCTH bermo-
pycckoro [lonechbst B rosiolieHe 3a Nepruoj OTCYTCTBUSI HHCTPYMEHTAIBHBIX HAOMIOCHNH 32 XapaKTepHCTHKAMH KIIMaTa
(KOJIMYECTBOM COJTHEUHOM pa/inaluy, TeMIepaTypoi Bo3ayxa, 00beMOM 0CaJIKOB), & TAKXKE 110 JIAHHBIM HanOoJIee JUIMHHO-
psiHOW MeTeocTaHIMH perroHa (BacuneBnun). YcTaHOBIIEHO, YTO U3MEHEHHE TIPUPOAHBIX YCIOBUH, 00YCIOBICHHOE
BIIMSTHUEM E€CTECTBEHHBIX M QHTPOIOTEHHBIX (OCYIINTENbHAs MeTopalus) (akTopoB U BeIpaXKaromeecs B TpaHcopMaIuu
51a(OrHAPOIIOTHIECKO 0OCTaHOBKH, ITPOSIBIISICTCS B PA3HOHATIPABICHHON IMHAMHUKE PAANAIBHOTO IPHPOCTA HACAXKICHHUN
COCHBI, pa3MEIIEeHHON Ha BEPXOBOM 00JIOTE.

Knrouesste cnosa: benopycckoe Ilonecse; BepxoBoe O0IOTO; COCHA; COCHOBBINH OHOLICHO3; paanaIbHbINA MPUPOCT;
H3MEHEHHE KITHMAaTa; MeTHOPALIHSL.

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

K. V. MATSIUSHEUSKAYA*?

aBelarusian 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.

BBenenue

J1s yCTOMYMBOTO M PaliOHAIEHOTO MCIIOIB30BAHMS JIECHBIX PECYPCOB TAKOTO HAMPSHKEHHOTO C YKOJIOTH-
YeCKOW TOYKH 3pEHHsI pernoHa, kak beiopycckoe [lonecke, HEOOXOANMO YUUTHIBATh KaK €CTECTBEHHYIO, TaK
1 00yCIIOBIICHHYIO XO35IICTBEHHOH I TENILHOCTHIO YeI0BEeKa TUHAMUKY MPUPOAHBIX ycloBul. OObeKTHBHAS,
TIOJIHAS U IOCTOBEPHAs OLICHKA ITOCIIEACTBUI KPYTHOMACIITAOHBIX CIUIOLIHOIECOCEYHBIX PYOOK M OCYLIUTEIbHON
MeJHopanuy, ooecredeHne cTa0MIbHOTO ()YHKIIMOHUPOBAHUS TTPUPOTHBIX OOJOTHBIX KOMIUIEKCOB TPEOYyIOT
NpUBJIEYCHUS] UHPOPMALIUU O COCTOSIHUM BEPXOBBIX OOJIOT, PEryIUPYIONINX BOJHBIA PEXKUM COTPENEITbHBIX
JICCHBIX JIAH/IIa(hTOB, KOTOPBIE PA3MEIIAOTCS Ha IIECUaHOM JIMTOJIOIMYECKON OCHOBE, XapaKTepHoH 1is bero-
pycckoro Ilonecksi. MOHUTOPHUHT COCTOSIHHS BEPXOBBIX OOJIOT CTaJl 0COOCHHO aKTyaleH B 0OCTOSTEIbCTBAX,
Korza Ha ()OHE COBPEMEHHBIX U3MEHEHHUH KIIMMaTa YBEIHUHNBASTCS TpsMasi 1 KOCBEHHAsi aHTPOITOTeHHAas Ha-
rpy3ka Ha OMOIICHO3HI.

Peaknus gecHbIX cOOOIIECTB HA TPaHC(HOPMALIMIO KIIMMATa B PErHOHAILHOM MaciuTabe MOXKET BBICTYAaTh
B KaueCTBE MHAMKATOPa III00ATBHBIX IEPECTPOEK MIPUPOAHON cpeabl. [lpeBecHble pacTeHus, Kak J0CTaTOYHO
JTOTITOYKUBYIIHE OPTAaHNU3MBI CO CIIOKHBIMU MEXaHN3MaMH (DU3HOIOTHYECKOTO PETYINPOBAHUS )KU3HEIEATEIb-
HOCTH B M3MEHUYMBBIX yCIOBHUSAX OOWTAaHMS, Ojaroiapsi HATMYHUIO TOJUYHBIX KOJIEI| IPEBECHHBI, B KOTOPBIX
(UKCUPYIOTCS DKOJIOTUUECKHE aHHbIe, SIBISIOTCS Hanboee MHPOPMATHBHBIM OOBEKTOM ISl OLICHKH TaKHX MPO-
neccoB. Hanbonee akTyaabHbIM IPEACTaBIISETCS N3yUEHUE IPUPOIHBIX SKOCUCTEM B TIECCUMAIbHBIX YCIOBHUSX,
TIPU KOTOPBIX JIaXKe MaJOaMIUTUTYIHOE KoJieOaHne METEOPOJIOTHIECKIX MapaMeTpoB (TeMIepaTypsl BO3AyXa
1 00beMa 0CaJIKOB) MOXKET MIPUBECTH K CYIIECTBEHHBIM TpaHC(HOPMAIIHSIM B )KU3HEACATEIILHOCTH PACTCHUH.

[leccuMamnbHbIEe SKOJIOTMYECKHUE YCIOBHS, B KOTOPHIX HaXOJATCS HACAKIEHHS COCHBI, IpOU3pacTaroien
Ha BEPXOBBIX 00J0TaX (rMAPOPHIBHOCTE, OETHOCTh, KUCIIOTHOCTD M HU3Kas TeMIeparypa cyocrpara (topda)
B TIEPUO]T BETETAIIMH PACTEHHH ), ONIPEIENIAIOT OCHOBHBIE ITApaMETPhI TONUYHOTO KOJIbITA IpeBecHHEI. [1o aTrM
npuanHaMm T. T. butBuHCKac cunTan, 9To YyrHETEHHOCTh COCHBI CIIYXKHUT MPEMATCTBHEM ISl BBITIOTHEHUS
JEHIPOKIMMATHYECKIX MCCIEAOBaHUN Ha BepXxoBbIX Oonorax [1]. Ilpu mpoBeaeHUH MOZOOHBIX M3BICKAHUN
Ha Tepputopun benapycu A. 1. Pycanenko pekoMeH0Ball aHAJIM3UPOBATh KPYITHOMEPHBIE PEIKOCTONHbBIE
JIepeBbs, IpOU3pacTarole Ha MUHepaibHbIX TouBax [2]. JI. I1. Cmoiisik rmokaszai, 4To pagualibHbIA MPUPOCT
COCHBI, PacCIOJIOKEHHOI Ha BEpXOBBIX 00JIOTaX, MOCie TpaHCHOPMALIUU WX BOJHBIX YCIOBUH B pe3ylibTare
OCYIIMTEIHLHONW MEIHOpPALUU MEHsIeTCsl He3HAUUTEIbHO [3].

MHorounciaeHHbIe AEHAPOKIMMaTHYECKIE HCClleoBaHus, TpoBeieHHbIe B Poccun, CLLA u crpanax EBponst
n Oazupyromuecs Ha U3y4YeHUH PaIiaIbHOTO IPUPOCTA JePEBbEB, HIMEIOT JOCTATOYHO JUIUTENBHYIO HCTOPHIO
HE TOJIBKO B CBS3M C M3MEHEHNEM KIIMMara, HO M M3-3a HEOOXOIMMOCTH MTPEOI0JIEHUS PETYIIPHO BOSHUKABIITIX
po0ieM erpanaiuu JecoB [4—17]. B neHapoximMaTonoruu HaunHasi ¢ paboThl OCHOBOIIOJIOKHUKA Teorpa-
¢um pactennit B Poccun A. H. beketoa [ 18] yrBepauinocs npeactaBieHHe O TOM, YTO INIAaBHBIMH (haKTOpaMH,
BIUSIONINME Ha COCTOSTHHE APEBOCTOS M €r0 PaJHallbHBIN MPUPOCT, SBISIOTCA KIUMaTndeckne pakTopbl —
TeMIieparypa Bo3iyxa u o0beM ocaakoB. Haubornee 1ioqoTBOPHBIME B 3TOM OTHOIIEHHH OBLUTH M3BICKAHUS
amepukaHckux ectectpoucnbitarencii A. E. Jlyrnaca [19] u I. C. @purca [20], ocymecTtBiennsie B 1914-1941
u 1955-1974 rr. coorBeTcTBeHHO. OHM OKOHYATEIHbHO OMPENEIUIN OCHOBHOW MPUHIUI JECHAPOKINMATOIIO-
TUH — IPUHIUI TUMUTHPYIOIero Gaxropa. J[enapoxnmMaTindeckue uccieaoBanus B bemapycu mpoBoauimch
B. H. Kucenessim u K. /1. UyOaHOBBIM OJJTHOBPEMEHHO C N3yYEHNEM 0COOCHHOCTEH BO3AEHCTBHS aHTPOIIOTEHHBIX
(hbakropoB Ha necHble dkocucTemsl [21]. JI. 1. Cmousik, A. A. bon6oryHos u B. C. PoMmaHOB npoananu3upoBaiu
cneun(puKy BIMSHUS peibeda v IITyOHHBI 3aJIeraHus TPYHTOBBIX BOJL B IECUYaHBIX 31a()0TONaxX Ha paIualbHbII
MPUPOCT HACAXKIECHUIM COCHBI B Pa3JIMUHbIX KIUMaTnuyeckux yciaoBusix [22]. E. I IleTpoB yuuTsiBas norou-
HO-KJIMMaTH4Yeckre (PaKTOpsI MPH OTPEAETICHIH BOJHOTO PEXMMa IIeCUaHbIX MTOYB ITOJI IIEHO3aMHU COCHBI [23].
JuHaMuKka pajnanbHOTO MPUPOCTa COCHBI OOBIKHOBEHHOW B OMOreorieHo3ax bemapycu mMetomaMu IeHIpo-
KIMMATHYeCKOTO MOHMTOpUHTa u3ydanach A. E. SIporoeiM'. B pesynsrate nccienoBaHuii, mpoBeieHHBIX

"Spomoe A. E. JlunamuKa paguaIbHOTO TIPHPOCTA COCHBI OOBRIKHOBEHHOM B GHONEH03aX HA TeppUTOPHH bemapycw : aBToped.
IC. ... KaHa. reorp. Hayk : 25.00.23. Mumnck, 2008. 23 c.
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B. H. Kucenessim u E. B. MartomeBckoii, ycTaHOBIIEHAa HEOTHO3HAYHOCTh PEAKIINH JACPEBHEB (€U, COCHBI
u 1y0a) Ha OAMH M TOT K€ KIMMaTH4YecKuid GakTop (TeMreparypy Bo3ayxa Mk 00beM 0CaaKoB) [24], mputom
YTO pasHbIC MO MPUPOAE BO3ACHCTBHS SKOIOTHIECKHE (PAKTOPHI (KINMMAaTHYECKHE U aHTPOIIOTCHHBIE (TEXHO-
TEeHHOE 3arps3HCHHE, BOJAO3EMETbHAS MEITHOPAIINS)) CIIOCOOHBI CXOAHBIM 00pa30M OTPaXKaThCs Ha TEKYIIEM
pazuaNibHOM MPUPOCTE, B YACTHOCTH TIPUBOAMTS K €r0 jienpeccui. GakTop He MOXKET ObITh IMMUTHPYIOIIAM
Ha MPOTSHKEHUH BCETO PA3BUTHUS COBPEMEHHBIX MMOKOJICHHHI IPEBOCTOS, U €T0 BIMSIHNAE Ha TOT MJIM HHOM SKOTOI
MPOSIBIISICTCS B ONIPEACTICHHBIC BPEMEHHBIC OTPE3KH, PA3IHUAIOIINECS 110 KIMMAaTHIECKUM MOoKa3aTeisiM [25].

Hcnonp3oBaHne NaHHBIX O PajdaIbHOM MPUPOCTE COCHBI B SKCTPEMAIbHBIX IKOJIOTHUECKUX YCIOBHAX
BEPXOBOTO 0O0JIOTa MO3BOJISIET BBISIBUTH MPHYMHBI BPDEMEHHOW M3MEHYMBOCTH COCTOSIHUSI M CTBOJIOBOHM TPO-
JOYKTHBHOCTH JIECHBIX IICHO30B M OLICHUTH KaueCTBO Cpe/ibl OOMTAaHUs JaHHOU JpeBecHOW mopoxsl. Llems
WCCIEeIOBaHUS — U3yUYeHHEe 0COOCHHOCTEH peaKIui COCHBI OOBIKHOBEeHHOU (Pinus sylvestris L.), mpouspa-
CTAIOLIECH Ha OTHOM U3 BEpXOBBIX 00s10T benopycckoro [lonechs, ycioBHus KOTOPOTO MOXHO PaccMaTpUBaTh
KaK IIecCUMaJIbHBIE 110 OTHOIICHUIO K JIPEBECHBIM HACAXKICHUIM, Ha H3MEHEHHE PETHOHAIBHOTO KJIMMaTa Kak
BE/IYILIETO SKOJIOTnYecKoro (hakropa. st AOCTHKEHNS TOCTABICHHOH e MPUMEHSIIICH OCHOBHBIE METOIHI,
HCTIOJIb3yEeMbIE B ICHAPOXPOHOJIOTHH U IEHAPOKIMMATOIIOTHH, — COTIOCTABIICHNUE M CPABHUTEIBHBIN aHAIN3.

MaTepl/la.]'lbl U METOAbI UCCJICAOBAHUSA

[IpencraBurenu Buna P. sylvestris L., uMeroniue, mo-BuuMoMy, HauOOJBIINKI cpeau coceH benopycckoro
[Tonecws Bo3pact, ObLIM 0OHAPY>KEHBI HAa BEPXOBOM 00JIOTE, KOTOPOE PACIIONOKEHO B OBaJIbHOM 3aMKHYTOM MTOHH-
YKEHUH TToTriepevHIKoM 710 1,5 kM ceBepree 1. Kpyku (CBetioropcekuii paiton, [ omenbckast 00:1acTb) B MeXTypedbe
pex bepesnns! u [Itnuan, HaxozsmmeMcs BHE 30HBI BIUSHUS MEIHOPATUBHBIX pa00T Ha PEKUM I'PYHTOBBIX BOJI.

Tum neca — cocHsIK OaryabHUKOBO-c(parHOBbINA. MIcTOUHMKOM (DaKTHUECKUX JaHHBIX O TUHAMUKE ITHPUHBI
TOIMYHOTO KOJIbLA JPEBECHHBI BBICTYIIHIIN MAaCTEP-XPOHOJIOIMH CTBOJIOBOM MPOTYKTUBHOCTH COBPEMEHHBIX
IIOKOJICHUH COCHBI, KOTOPBIE IIOJIyYEHbI B PE3YJIbTaTe HOJICBBIX UCCIIEA0BAHUMN, IPOBEICHHBIX 110 OOILEIPUHSTOMH,
aIanTHPOBAHHOM K ycinoBusaM benapycu metomuke. OOpa3ibl ApeBecHHbI (KEPHBI) OTOUPATUCH C IPUMEHEHUEM
BO3pacTHOro Oypasa Ha BbicoTe 1,3 M (Y 1epeBbeB, paciodoKeHHBIX Ha BEPXOBBIX 00J10TaxX, Ha BbicoTe 0,5 M).
Kak nokasan onbIT ACHAPOKIMMATHYECKUX HCCIIEA0BaHNH, JOCTaTOYHO HEe MeHee 10 00pasLoB JpeBeCUHbI
IU1s1 IOJTY4EHMsI HaZIeKHOM 0cpeJHEHHON HH(OpMaLnH 0 pajiuaibHOM IpUpocTe. BhieneHsl naTh BO3PACTHBIX
ceputii (85, 115, 140, 250 u 305 net) ¢ 1020 nepeBbsimu B Kak10i U3 HUX. 11 aHamu3a u 0000IIEHUs ero
PE3yJIbTaTOB YUUTHIBAJICS MUHUMAJIBHBII U MAKCUMAJIBHBII PaJHaIbHbII IPUPOCT KAK0U BO3PACTHON CEPUN.

VY4acTku BEpXOBOro 00J10Ta 3aHUMAIOT OBaJIbHBIC B IUIaHE, OECCTOUHBIC ME30IMIOHMKCHHUS TOTIEPEUYHUKOM
ot 0,5 mo 1,5 kM. OT60p 06pa3IoB Topda ISt OTPEaeTICHIS ero 00TAHUIECKOTO COCTaBa BHIITOJIHEH TTOCIIOHHO
¢ uaTepBanoM 10 cMm. B cTpoenun topdsaHoil 3amexu, OTpakaroei dTanbl U3MEHEHHUS IPUPOAHON Cpebl
pEerMoHa B TOJIOLIEHE, BBIIENIAIOTCS HECKOJIBKO TOPU30HTOB: BepxoBoe 601010 (0,1-0,9 M, anryctudonmym-
Topd) — nepexonHoe 60moto (0,9-1,5 M, mymIMIEBbIH U MyIHULIEBO-CHArHOBBIN TOp() — HU3UHHOE 00JOTO
(1,5-1,8 M, TPOCTHUKOBO-OCOKOBBIH TOp( ¢ KOpoii onbxu) — BepxoBoe 0omoto (1,8-2,5 M, arTyCcTHhOMTHYM-
Topd, HenHxuepruBo-charHoBeit Topd) — nepexonHoe 60m0to (2,5-3,0 M, meixuepruBo-charHoBsit TOPD).
TpOCTHIUKOBO-0COKOBOE HU3MHHOE OOJIOTO MOTIIO TIOSIBUTHCSI BHYTPH BEPXOBOT0O 00J10Ta pH TpaHchopManuu
XMMHYECKOr0 COCTaBa MUTAIOLIMX BOJ. B 3aMKkHyTOH Manopa3MepHOil KOTJIIOBHHE Takoe COObITHE B TOPQO-
TeHEe3€ BO3MOKHO TOJILKO TIPH JUTHTESIEHOM 3aTOIICHUH TIPIIICTAIONTHX TEPPUTOPHH [26].

B ycnoBusix ce30HHONM pUTMHMKHM YMEPEHHOTO 11051Ca HA PAIMAJIbHBIA IPUPOCT IPEBECHBIX PACTEHUI B TEUEHUE
UX OHTOTEHE3a OAHOBPEMEHHO BO3JCHCTBYIOT MHOTHE dKoIornyeckue Gpakropsl. CKpbITas B JUHAMUYECKUX
cepusiX TOAMYHBIX Kosel MH(OpMAaLus IOMOTaeT NPUHUMATh PELICHUs B 00IaCTH UCIIOJIB30BaHUS IPUPO-
HBIX PECYPCOB M OXPAHBI OKPYKAOWIEH CPeIbl, a TAKKE BBICTYIIAET KaK BEPOSATHBIN ITOKA3aTeNIb H3MEHEHNN
KJIMMaTUYECKON CUTYalUU.

3T0 00CTOATENHCTBO MO3BOJIHIIO IPOAHATM3UPOBATH MHOTOJIETHUE KOJIeOaHHs paAnaIbHOTO IPUPOCTa CO-
BPEMEHHBIX IOKOJICHHUH €11 X COCHBI 3a IIEPUO/I, KOTJJa HHCTPYMEHTAIbHbIC HAOIIOICHHUS €11Ie HEe TIPOBOIHMIIHCE,
1 32 BpeMs BBIIIOJIHEHHS n3MepeHuil Ha MeTeocTaHuusax benapycu. Hanbosnee nH$popMaTuBHBIM M €JUHCTBEHHO
JOCTYTHBIM CTIOCOOOM BBISABICHHS JMHAMHUKHN KIIMMATHYECKUX YCIOBUH SBUIIOCH U3Y4YEHNE PaINaIbHOTO TIPH-
pOoCTa BETMKOBO3PACTHBIX JI€PEBbEB.

Pe3ynbrarsl METEOPOIOTMUECKUX HAOIIONECHNUH, TPOBEACHHBIX Ha KOHKPETHBIX METEOCTAHLIUSIX, OTPAXKAIOT HE
TOJIBKO PETHOHAIIBHYIO, HO U MHUPOBYIO IMHAMHKY KiIuMata. I JeHApOXPOHOKINMATHYECKUX UCCIIEIOBAHUM
Ba)XHOCTB ITPEACTABIISET AaHAIN3 N3MEHEHN OCHOBHBIX METEOPOIOTUIECKHUX TIOKa3aTelIei, ONpeesoInX mnep-
BUYHYIO NMPOYKTUBHOCTD JIPEBECHHBI (B JAHHOM CITy4ae NIUPUHY €€ TOAMYHOIO KOJblLia), — TEMITEpaTyphl BO3yXa
n o0beMa ocaikoB. HanbospIiee 3HaueHne 1Sl HACTOAIIETO UCCIICIOBAHUS UMENN HeNPEePbIBHbIC HAOIIONCHNUS
3a TeMIeparypoi Bo3ayxa Ha MeTeocTaHnu Bacunesnan HaumHast ¢ 1881 1. Kpome Toro, ObuH IpHBICYCHBI
cBezieHus o kmuMmare bemopycckoro Ilonechst u conpenenbHBIX TEPPUTOPH 3a mepuon ¢ 1875 1., a uMeHHO
JaHHBIE O TEMIIEpaType BO3AyXa U 00beMe 0CaIKOB, 3a)MKCUPOBaHHbIC HAa MeTeocTaHlusX [opku, Bacunesnun
u [Tunack 3a 1875-1897 rr. [27].
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OreHKa YKOJOTHYECKHX MOCIEACTBUI KPYITHOMACIITAOHOW OCYNIMTEIHHONH METHOPAIA Ha TEPPUTOPUN
Benopycckoro Ionecks: HekoppekTHa 0e3 ydeTa eCTECTBEHHOH PUTMHUKH YBIQKHEHHOCTH ATOTO PErHOHa
B pe3yIbTare TpaHchopMaIiy KIUMaTndecKnuX ycloBuil. Takas puTMUKa SIBIAETCS TPUIHHON N3MEHYUBOCTH
COCTOSIHUS JIECHBIX SKOCUCTEM (B ITaHHOM cily4ae JECHOTO BEpXOBOro 00J0Ta), onpeesisieMon IyOnHOH 3a-
JIETaHusl TPYHTOBBIX BOJ] BHE 30HBI BEPOATHOTO BIMSIHUS MEIMOPATUBHBIX CUCTEM HA UX YPOBHEHHBIN PEKHUM.

HecMoTpst Ha 3HAUUTENBHYIO YIANEHHOCTh TeppuTopun benopycckoro Ilonechst oT paloHOB aKTHBHOTO
BYJIKAHM3MA, TIOCJICICTBHUS BO3ICHCTBUS BYJKAaHHUYECKOTO adpO30Jis Ha XapaKTEPUCTUKU aTMOC(epsl Mpo-
CJIE’KUBAIOTCS B PEAKIIMH TOAMYHOTO KOJIbIIA ApeBecHHbI. [locie MHTEeHCHBHBIX BYJIKaHHYECKUX U3BEPIKEHUH
YCIIOBUSI, U3HAYATBHO HEOIAroNpHUsATHBIE I COCHBI, Pa3MeIlIeHHOW Ha BEPXOBOM 00JI0TE, MOTYT ITPHOOpETaTh
JKCTpeMallbHBIN XapakTep (HOHMKEHHE TEeMIIEpaTyphl BO3/lyXa, YBEJIMUCHHUE KOJTMUecTBa ocaikoB). KpymnHbie
M3BEPIKEHUS BYJKaHOB B CeBEpHOM IOIYIIAPUH BBI3BIBAIOT CHIKEHHE TEMIIepaTyphl BO3/lyXa U BEAYT K Je-
Ipeccuu paananbHOTO PHPOCTA APEBECHBIX PACTeHHi Ha ceBepe EBpasun’. O6HApYKeHHE BYIKAHUIECKOTO
CUrHaJsia 00ecreuynBaeT IMOJHOTY aHaJIu3a IPUPOIHBIX (PAaKTOPOB BOZHUKHOBEHUS HKOJIOTHYECKHUX U IPHPOAO-
pecypcHBIX TpoOIeM B COCTOSTHIH JIECHBIX HacKACHNUN [28].

MHoronetHsisi HOroAM4HAasi K3MEHYMBOCTh MUHUMAJIbHOIO HHIUBUYaIbHOTO PaAHAIbHOIO IPUPOCTA UC-
CJICZIOBAaHHBIX BO3PACTHBIX CEPUH COCHBI, PACIONOKEHHON Ha BEPXOBOM 0O0JI0TE, Ha KOTOPOM HalItomaeTcst
€CTECTBEHHBIN XOJ] Pa3BUTHS JPEBOCTO, IETATILHO OTPAYKAET )KU3HEHHOE COCTOSIHUE IPEBOCTOS B 3aBHCHMOCTH
oT ero Bo3pacra (puc. 1).

Teppuropus benopycckoro ITosechs IpUHANIEKUAT FOKHON TEIION HEYCTOMYMBO-BIAKHOW arpoKjIMMaruye-
CKO¥1 30HE. Pe3ynbrarsl HaOMIOACHMH, KOTOPBIC TTPOBOAMIINCE HA MeTeoCTaHInu Bacunesnun (52,28° c. 1.,
29,60° B. 11.), pacCTOJIOKEHHOM B IIeHTpabHOM dacTu [Ipursarckoro [lonechs, MO3BONSIOT yCTaHOBUTH KITMMATH-
YeCcKHe yCIIOBHS HApacTaHHs CTBOJIOBOI MacChl COCHBI, pa3MeIIeHHOM Ha BepXoBoM Ooiote. COOTBETCTBYIOIINE
JTAHHBIE TIPEICTAaBICHBI B Ta0muIle. B mporiecce n3MeHeHHsI KITMMAaTHIECKUX YCIOBHH HCCIIEAYeMOM TepPUTOPUH
BBIJIEJISIIOTCS CIIEAYIOLINE BpeMEHHbIEe 0Tpe3ku: iepron 1879—1906 rr. — HeycToMUNBO-BIIaKHAS,, OTHOCUTEIIEHO
npoxJIaHas nepsas (paza nepBoi KIMMAaTHYSCKOM SIOXU CO CPEIHETO0BBIM 00bEMOM OCaKOB 617 MM mpu
CpeIHET0I0BOM TeMIreparype Bo3myxa 6,2 °C; mepuon 1907—1940 rT. — BnakHast, OTHOCUTEILHO TEIUIas BTopast
(aza nepBoii KIIMMaTHYECKOH SMOXU CO CPEITHEr0AOBBIM KOJIMIECTBOM OCAIKOB 715 MM IpH CpeAHETON0BOM TeMIIe-
parype Bo3ayxa 6,4 °C; nepuon 1941-1976 1. — HeyCTONUMBO-BIIAXKHAS, OTHOCUTEJILHO ITPOXJIaJHAs TiepBas (ha3a
BTOPOU KIIMMAaTHYECKOH ATIOXH CO CPEIHETOIOBBIM 00bEMOM 0CcaaKoB 603 MM IpH CpeIHETOIOBON TeMITepaType
Bo3ayxa 6,8 °C; mepuox 1977-2006 rr. — BinaxkHasi, OTHOCHTEJILHO TeIuiasi BTopasi (paza BTOPOil KITMMaTHIeCKOH
SIIOXH CO CPETHETONOBBIM KOJTMIECTBOM OCATKOB 643 MM IpH CPEeIHETO0BOM TeMIeparype Bo3myxa 6,8 °C.

B naugane coero pazsurns (¢ 1764 mo 1787 1.) B KIMMaTHYECKUX YCIOBUSAX, CBOMCTBEHHBIX €BPOIEHCKON
TEPPHUTOPHH, TIOKOJIeHHE 250-JIETHUX COCEH HaXOMJIOCh B COCTOSIHUM ITOCTOSIHHOTO YTHETCHUS (paguaabHbII
npupoct 0,5-0,1 mm). C XVIII B. oTMeuascst poct Yuciia MPOsIBICHUH 3anafHol GOPMBI ITUPKYIISIIUN BO3-
IYITHBIX Macc ¢ O0MMM npeolialaHieM BOCTOYHOW W MEPHAMOHAIBFHOW (POPM MHUPKYISAINNA BO3AYITHBIX
Macc, 4TO CIOCOOCTBOBAJIO YBEIMUYECHHUIO BIAKHOCTH BO3yXa M MMOBTOPSIEMOCTH MOPO3HBIX THEH U, COOTBET-
CTBEHHO, pa3BUTHIO JIeAHUKOB. Oxomno 1720 1. 3adMKCcHpOBaHbl 3HAYUTENBHBIC IBUKECHUS JICTHIUKOB B AJIbITax
u CxanaunaBun. B CeBeproii EBpore, a nmenHo B VMcnanann, 0COOEHHO MOIIHBIM OBIJIO MX HACTYILUICHHE
B 1740-50-x rr. B aTOT Meprox o0mias moBTOPSIEMOCTh YHCIa TMPOSBICHUN MEPUIMOHAILHONW M BOCTOYHOM
(hopM IIMPKYIALINHU BO3TYIITHBIX MACC €IIle MPEBhIIIaia MOBTOPSIEMOCTh KOJIMYECTBA POSBICHUH 3amaHoi (Gop-
MBI HUPKYJSILMK BO3AYLIIHBIX Macc. B reduenue 1760—90-x IT. mpoaoixkanoch IporpecCUpPOBAHNUE alnbIIUHCKUX
JIGAHUKOB, MAKCUMYM HX pacrpocTpaneHus 0bu1 1ocTurHyT B 1820 . D10 nocneanee miodanbHOE nepeMeleHne
TOPHBIX JIEAHUKOB HA TEPPUTOPUH EBPOIIBI 03HAMEHOBAJIO KOHELl MAJIOT0 JIEIHUKOBOTO ITepuoja. B ykazanHoe
BpEeMs OTMEYAJICS HHTEHCUBHBINM POCT YHCIIA MPOSBICHUH 3amaHON (pOPMBI IUPKYIAINAN BO3IYITHBIX Macc
C COXpaHeHHEM OOJIBILON TOBTOPSIEMOCTH KOJIMYECTBA MPOSBICHUH MEPUAMOHATBHON (POPMBI IUPKYISALIUT
BO3AYIIHBIX Macc. CoueTaHue MaHHBIX (HOPM MUPKYISAIHH BO3AYIIHBIX Macc CIOCOOCTBOBAJIO TMOBHIIEHUIO
BJIKHOCTH BO3/yXa, YCTAHOBJICHUIO 3MMHHUX XOJIOAOB U MpoxJjaaHoro uera [29; 30].

B 1774-1785 rr. mocne B3pbiBa Bynkana [lanagasa Ha 0. SIBa B 1772 I. 1 U3BEP)KEHUS €BPOTICHCKOTO ByIKaHa
Besysuii B 1779 1. mokosnenue 250-JI€THUX COCEH HAXOAMIOCHh Ha TPAaHW BBDKUBAHUS (paaudadbHBI IPHPOCT
0,05 mm). HanGonpiee yxyameHue J€COpPaCTUTEIbHBIX YCIOBHH Ha BEPXOBOM OOJIOTE M, CIEIOBATENBHO,
YKU3HEHHOTO COCTOSIHUS COCHBI, ToCTUTIIEeH 20 JIeT, COMyTCTBOBAJIO OTHUM M3 CAMBIX MOIIHBIX 332 MUHYBIIINE
1000 neT n3BepxkeHUsIM ByJIKaHOB Jlaku u I pUMCBOTH, KOTOpBIE pacnoioxeHsl Ha 0. Mcmanaus, B 1783—-1784 rr.
B Teuenune cnenyromux 2-3 neT temmneparypa Bo3ayxa B CeBepHOM nomymapuu cHusmiack Ha 1,3 °C. Otu
W3BEPIKCHUS BBI3BAJIM HEYPOXKal U rojiojl BO MHOTMX €BPOICHCKUX CTpaHaxX HakaHyHe Benukol GppaHiry3ckoi
pesomtoruu 1789—1794 rr. ToHKMI CITO¥ TTeTiIa MPUCYTCTBOBAI HaJl OONBINEH YacThio TeppuTopun EBpasum,
BIu10Th J10 Kutas [31].

*Bonxosa E. M. Mopdonoro-6uonoruueckue 0COGEHHOCTH U H3MEHYUBOCTh COCHBI OOBIKHOBEHHOM, MPOM3PACTAIONIEH B YCIOBH-
SIX ONUTOTPO(MHBIX OONOT CpeHeN U I0XKHOM Talry : aBToped. auc. ... Kauj. ouoi. Hayk : 03.00.05. M., 2000. 24 c.
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Puc. 1. MHOTONETHHIA HOFOI[H‘IHBIﬁ X04 UBMEHYUBOCTU MUHUMAJIbHOI'O MHAUBUAYAJIbHOI'O paauajbHOI'O IIPpUPOCTa

Fig. 1. Multiyear course of variability of minimum individual tree-ring growth

NPOBEIEHHBIX HA MeTeocTaHUUM Bacunesuun, 3a nepuos ¢ 1879 no 2006 r.

BO3PACTHBIX CEPHl COCHBI HAa TEPPUTOPHHU BepxoBoro 6onora Kpyku:
a— 85 net; 6 — 115 net; 6 — 140 net; 2 — 250 et

of pine trees age series of on the upland bog Kruki:
a — 85 years; b — 115 years; ¢ — 140 years; d — 250 years

IMoka3aTren N3MEHYHUBOCTH KJIMMATA MO JAHHBIM Haﬁnm}lennﬁ,

Indicators of climate variability based on observations

carried out at the meteorological station Vasilevichi from 1879 to 2006

Temneparypa Bozayxa, °C O0beM 0canKkoB, MM
Hepuon Maii — Maii — OxTts6ps — | B cpennem Maii — Maii — Oxts16ps — | B cpennem
HIOHb CEHTAOph anpernb 3a 10] HIOHBb CEHTAOph amnpenb 3a TOx
Ilepsas knumamuueckas snoxa
1879-1906 15,4 15,7 -0,6 6,2 149 367 296 617
1907-1940 15,3 15,6 -0,3 6,4 144 384 324 715
Bmopas knumamuyeckasn snoxa
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

Hapacranwue cTBOIOBO# MacChI IepeBbeB aKTHBU3UPOBAIOCH B 1790—1815 rr. B nanpHelinem ObICTphIe TEM-
bl YBEJIMUEHUS paliaIbHOTO IPUPOCTA 10 MAaKCUMAIbHBIX 3HaueHu (3,9 MM k 1790 1) u BbICOKas CTBOJIOBAS
MIPOIYKTUBHOCTbH COCHBI COXPAHSJIMCh JOCTATOYHO AJTUTEIBHOE BPEMsl, HECMOTPS Ha OIOIHO-KJINMaTHIECKUe

ycnoBust (Brirouas mepuoy] 1809—1812 rr. ¢ kpaliHe HU3KUMU 3UMHUMHE TEMIIEpaTypaMH BO3yXa).

OdeBHIHO, HAYMHAS ¢ cepeTuHbl XX B. YCHIMIOCH HAllPpaBICHHOE YMEHBIIICHIE CTBOJIOBOM IPOTYKTUBHOCTH
COCHBI B KOHTPACTHBIX MOTO/IHBIX ycJIOBUAX. 3acyxu 1839, 1868 u 1874 rr. uepenoBanucsk ¢ HaBOAHEHUAMH,
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0COOCHHO CHIbHBIMHU M3 KOTOPBIX SIBJISUTMCH HaBogHEeHUs 1845 n 1861 rr. Jlo 1845 1. BeICOKHE 3HAUYCHUS pajiy-
AIBHOTO MPUPOCTa OBUIM CBOMCTBEHHBI HACAXKICHHUSIM COCHBI, Pa3MEIICHHON Ha BEPXOBBIX 00JI0TaX HE TOIBKO
Benopycckoro [Tonecks (bonora Kpacnas kopuma (Cseroropckuii iecxos) u [lepynoso (Bpectckwuii necxos),
Brironomanckuii 6onotHeri MaccuB (["aHIieBUYCKuii 1ecxo03)), HO U cpenHel nonockl bemapycu (6omota [ly-
6oBsrit mor (YepBeHcknii necxos), [pommurkoe (Kpynckuii tecxo3)), a Takxke bernopycckoro [Toozepss (6omoto
Mox ([ucuenckwuii mecxo3)). COCHSIK MITUCTBIN, TPOU3PACTAIONINI Ha KBapIIEBBIX Mmeckax CBETIIOTOPCKOTO
necxo3a, u 190-1eTHHEe COCHBI, COXpPaHUBIINECS B MapKe KYJIbTYPHI U OT/bIXxa UMeHu 50-netust Bennkoro Ok-
Ts0pst (MUHCK), IMEJH BBICOKHE TTOKA3aTEeIH paluaibHOrO IPUPOCTa UMEHHO B 3TH TOJbl. bombias cTBooBas
MIPOAYKTUBHOCTb, BBIABICHHAS IEHAPOXPOHOIOTHYECKUM METOJIOM, B JAaHHBIN epros oTMedeHa y 250-1eTHux
Iy0oB u 245-neTHUX coceH [28]. MoXHO roBOpUTH 00 00111l 3HAYNTEITBHOM CTBOJIOBOM MPOAYKTUBHOCTH CO-
cHbl B KoHIe X VIII 1 nHayane XIX B. HE3aBUCUMO OT €€ MECTOHAXOXKACHUS U YCIOBUM IPOU3pacTaHUsI HA BCEi
tepputopuu bemapycu. Hanbonee BeposITHOW MIPUIHHON TOTO TMOCITY KT TTeTIe]T M3BEPTaBIIerocsl ByIKaHa
Jlaku, pactipocTpaHuBIIMiicS HaJ Bceil Tepputopueii EBpasun. FiMeHHO OH MOT SIBUTbCS yAOOpEHHEM IS
JISCHOTO TIOKpoBa benapycu, Haxonsieics B IEHTPaJIbHOM YacTH €BPOIEHCKOro CyOKOHTHHEHTA [32].

JanpHeiilee NpogoHKUTEIbEHOE SKCTPEMAIbHOE YTHETEHHUE COCHBI, Pa3MELICHHOW Ha BEPXOBOM 0O0JIOTE,
KOTOPOE€ BBIPA3UJIOCh B MPEACIbHO HU3KOM paguanbHoM npupocte (0,05 MM), BBI3BaHO KIMMAaTHYeCKUMHU
YCIOBHUSIMH, BOSHUKIIMMHM MOCJIE OKOHYAHUSI MaJIOW JIEAHUKOBOH 3noxu. Ha HUX KpaTKOBPEMEHHO BIMSUIN
KpYIIHeHIIe ByJIKaHu4eCcKre u3BepkeHusi. ConocTaBIeHNe BpEMEHHBIX OTPE3KOB, Ha MIPOTSKEHNH KOTOPBIX
MIPOMCXOMIT HAMMEHBIINI paananbHbIid ipupocT 305-1eTHel COCHBI, ¢ IepHoaMH BYJKaHUYECKOM aKTHB-
HOCTH yKa3bIBaeT Ha TO, YTO MOJ0O0HOE BIIOJIHE BEPOSITHO [32].

MHoroseTHUI NOrOAMYHBIM X0 M3MEHYMBOCTH MAKCUMAaJIbHOTO MHJMBHIyaJIbHOTO PagUalbHOTO MpHU-
pocTa BO3pAacTHBIX CEpUil COCHBI, PACIIONOKECHHON Ha BEPXOBOM OOJIOTE, OTPa)kaeT MOTCHLIUAIbHBIC MPO-
JOYKLIMOHHBIE BO3MOYKHOCTH JUISI HAPAaCTaHMs CTBOJIOBOM MACChl B YCIIOBHUSIX U3MEHEHUS] METEOPOJIOTHIECKUX
BeTM4uH (puc. 2).

[TonaBieHHOE )XKU3HEHHOE COCTOSIHHE JIpeBOCTOs /10 1785 . oTpaskeHO B JIEMPECCHH MaKCUMAIBHOTO0, KaK
¥ MUHUMAaJIBHOTO, PaJHabHOTO MPUPOCTA BO3PACTHBIX CEPHUil COCHBI B T€X MPUPOAHBIX YCIOBHUAX, KOTOPbIE
CIIOKUJIUCH K 3TOMY BPEMEHH, T. €. B YCIOBHAX TaK Ha3bIBaeMoil Benukoi 3uMbl 17811782 rr. [32].

B 1809 1. B30opBasicst 0€36IMSHHBIN CUIIBHBIN TponnYecKuii BynkaH. [locnenoBasiiee 3a STHM OXJIaXKIACHHUE
arMocdeps! ObLTO MHOTOKPATHO YCHUIICHO N3BEPKEHNEM WHIOHE3UICKOTo ByakaHa TamOGopa B 1815 1., 4To BBI-
3BaJI0 HKCTPEMAIILHO XOJIOAHYIO 11oroay. B npeBecHo-KobLeBOH XPOHOIOrUK NOKoIeHUs 250-J1eTHUX cOCeH
XOJIOMHBIN BCeMUPHBIN kuMaT orMedeH B 18141819 rr. nenpeccueii paauansHoro mpupocta. B 1831-1835 rr.
OHa IOCJIEZI0BaJIa 3a U3BEPKEHNEM LIEHTpallbHOaMepUKaHCKoro BynkaHa Kocurynna.

CHmkeHre MaKCUMaJIbHOTO PaaualbHOTO MpUpocTa nocie 1852 1. Obl10 NpUypOvYeHO K Hauyary HanOoJb-
IIEro MOXOJIO0AaHMs, COMPOBOXKIABILIETOCS HEITPEPBIBHBIMU XOJIOAHBIMHU JOXKISIMH, Ha TeppUTOpUH BocTouHo-
EBporneiickoil paBHUHBI B MaJIbIM JIETHUKOBBIM MEPHUO/I.

B XX B. Bo3HUKIIN (0Jiee OlaronpusiTHbIE YCIIOBHSI, MEHEE OCJIOKHEHHBIE BYJIKAHUYECKUMHU COOBITHSIMH,
JUISL COCHBI, pPa3MEIIeHHON Ha BEPXOBOM 00JI0TE, €3 aHTPOIIOTEHHOTO BMEIIATEIbCTBA B €T0 €CTECTBEHHBIN
XOJ1 pa3BUTHA. BO3MOXXHOCTB peasin3anny ero NpoayKIIMOHHOTO OTEHI[alla B HapaCTaHUHU CTBOJIOBOM MaccChl
yBEJIMUYWIACh. Y BO3PACTHBIX cepuil cocHbl, focturmei 140, 115 u 85 net, mokazarenu cpegHero roaMuyHOro
paauansHOTO TIipUpocta (0,37; 0,43 1 0,72 MM COOTBETCTBEHHO) OKa3aJIMCh OOJBIIE, YeM aHAJIOTUIHOE 3HAYe-
Hue y nokoseHus 250-netanx coceH (0,34 mm).

Takasi akTUBU3aLMsI B HAPACTAHUU CTBOJIOBOM MAacChl MOIVIa IIPOM30MTH B U3MEHMBIINXCS BOAHBIX yCIIO-
BHSX BEPXOBOTO 00JI0Ta (CHM)KEHHE er0 OOBOJHEHHOCTH B Pe3yJbTaTe Tak Ha3bIBAEMOTO OOIIETO OCYIIEHUS
1873—1898 1T., KOTOpPOE OCYIIECTRISIOCH cornacHo [ enepansHoMy miany ocyiieHus [lonecss, pazpadboTan-
nomy U. U. XKununckum). 3a 25 net aearenbHOCTH 3amagHoi SKCIEAULIUH 10 OCYIICHUIO OOJIOT BBIMOJIHE-
HBI OCYIIUTENIbHBIC paOOThl HA TEPPUTOPUH TUTOMIABI0 1,5 MIIH JecsITHH, paciupersl 127 BEpCT MajbIX peKk
1 IpOpBITHI 4367 BepCT KaHAJIOB. XOTS HCCIENOBAaHHOE BEPXOBOE OOJIOTO HE OCYIIAIOCh, OHO OKAa3aJI0Ch Ha
TEPPUTOPHUH OOLLETO OCYILIEHHUS, YTO HE MOIJIO HE CKa3aThCsl Ha COCTOSIHUNU 3TOro Oosota. CienoBarenbHo, €ro
JIECOPACTUTEIbHBIE YCIOBHS YIYUIIHIUCE.

B 1898 r. mocune npekpatieHus padboThl 3anaHON SKCIIEAULIUH 10 OCYIIEHHI0 60510T 00BogHEHHOCTH bero-
pycckoro Ilonecbs ymeHbImIach. B 9K0IOrn4ecKoM OTHOIIEHUH 3TO OKa3aJ0oCh 3HAYMMBIM (PaKTOPOM IpHU
JaJIbHEHIINX BOAHO-3EMEIbHBIX MEITHOPALIUIX.

MaxkcuManbHbIH HHIAUBUYaJIbHBII paJinalibHbIN IPUPOCT APEBOCTOS B NCCIEJOBAHHBIX IIOKOJICHUSX COCHBI,
pa3MeIIEeHHOI Ha BEPXOBOM 00JIOTE, KAK M Y HACaXICHUH COCHBI, PACIIOJIOKEHHOMN Ha IIeCYaHbIX aBTOMOP(HBIX
U onryruipoMopdHbIX ouBax benopycckoro [Nonechbs, kak mpaBuiio, He UMEN OJJHOTOJJMYHON KaJIeHIapHOH
MIPUBSI3KU U MEHSJICS BO BpeMeHu. [1o 3Toi mpudrHe cpoku mofaBieHus MPOAYyKIIMOHHOTO TOTEHIIMAaJIa COCHBI
B HapacTaHUU CTBOJIOBOI MacChl B FOABI C MOBBIILIEHHON YBIAKHEHHOCTBIO HE BCET/1a COBIAJIANIM.
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Puc. 2. MHOTONETHUI TOTOAMYHBIIN XO/] U3MEHUMBOCTH MaKCUMAILHOTO HHIUBHIYATbHOTO PATHAILHOTO MPUPOCTA
BO3PACTHBIX CEPHIl COCHBI HA TEPPUTOPHHU BepXoBoro OonoTa Kpyku:
a— 65 net; 6 — 115 aet; 6 — 140 net; 2 — 170 ner

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, xorga cpeqHErooBoe KOJIMYECTBO OCAIKOB COCTaBMIIO 828 MM, a KOJHMYECTBO OCAJKOB 32 Be-
TeTAIMOHHBIA mepuon — 457 MM, Jenpeccus paguaibHOTO MPUPOCTa CIYUIMIACh Y TOKoJIeHUs 115-meTHux
COCEH. AHOMAJILHO CYpOBBIC 3MMHHUE XOJIOAa HETAaTUBHO OTPA3MIMCh Ha PaJNaIbHOM MPUPOCTE TTOKOJICHUH
140- u 115-nmeTHUX cOCeH. YTHETECHUE MOKOJICHUS 85-JIETHUX COCEH TAK)KE BBHI3BAHO AHOMAJIBHBIM KOJIMYE-
CTBOM 0OCaJIKOB B 1953 T, Korzia MX cpeHerofoBoi oobeM goctur 905 MM, a 00beM 0cajIKoB 3a MEPUO] C Mast
10 CEHTAOPH — 527 MM.

[Mocxne 1974 r., oTimuaBierocst GOIbIION YBIXKHEHHOCTBIO BETeTAlMOHHOTO epHo/ia (KOIMYECTBO 0CAKOB
B 9TO BpeMsi COCTaBIJIO 422 MM TIpU CPEIHET0JOBOM 00beMe OCaJKOB 618 MM), HE MMOCIISI0BAIIO TIPOIOIIKH-
TEJIBHOTO CHIYKCHUS Ka9eCTBA )KU3HEHHOTO COCTOSIHUS TPEX MOKOJICHHH COCEH. DTa TEHICHIIUS COXPaHsUIach
unocsue 1977 r., korga KOIM4eCTBO 0CAIKOB 32 IEPHOJL ¢ Masi IO CEHTAOPb 10CcTUIII0 449 MM TIpU CPEAHETr0JJ0BOM
oobeme ocankoB 707 Mmm. Ha yrHeTeHHOE COCTOSIHUE APEBOCTOSI HE BIIHSIIO 3aTOTICHHE 00JI0Ta BO BPEMsI OCEH-
He-3uMHeTo HaBogHeHust 1974—1975 rr. u Becennero nmaBojaka 1975 1., B pe3ynbTaTe KOTOPBIX O] BOJOM OKa-
3aJIMCh OOLITMPHBIC HU3MEHHBIE TIpocTpancTBa benopycckoro [Tonecks. Tonbko nocie 1980 1. (cpeaHeroqoBoi
00BbEM 0CaJIKOB cOocTaBmII 735 MM, a 00BbEM 0CaJIKOB 3a BETETAIMOHHBIN Tepro — 496 MM), KOTia MPOU301ILIO0
n3BepkeHue Byiakana CeHr-XeleHce, HayaloCch MOCTENICHHOE CHIKEHUE CTBOJIOBOW MPOAYKTHBHOCTH TIOKOJIE-
Huii 140- u 85-netHux coceH. B 3acymmmBom, 1963-M, rony (CpemHErogoBoe KOJIUIECTBO OCATKOB PABHSIOCH
416 MM, KOJTMYECTBO OCAJKOB 32 MEPHUOJI C Mast [0 UIOHb — 63 MM, a 3a NepPHOJ C Mas 10 CEHTAOpPb — 169 MM),
KOTJIa M3Beprajcs ByJKaH ATYHT, paJraibHbII IPHUPOCT COCHBI, PACTIONOKEHHON Ha BEPXOBOM OOJIOTE, TOCTHT,
10 BCEH BUIUMOCTH, MUHUMAJBHBIX BOBMOXKHBIX 3HaueHui (0,2—0,3 Mm).
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JleHIpOKOBIIEBBIC XPOHOJIOTHH COCHBI Ha BEPXOBBIX 0OJIOTaX BKIIOYAIOT JICTOTHUCH JIECHBIX TOXKAPOB,
KOTOpbIe Ha Tepputopuu benopycckoro Ilosecks B UCTOPUYECKOM MPOIILJIOM M MOCJE OCYIIUTEIbHOU MEIHO-
paruu npruoOpeTaiu OMyCTOIUTEIbHBINA MaciiTa0. JIeHIpOXPOHOIOTNISCKUI aHAIM3 MHOTOJICTHEH TUHAMUKU
MUHUMAJIBHOTO PaIHabHOTO MPUPOCTa COCHBI, Pa3MEIICHHON Ha BEPXOBOM 00JIOTE, MTO3BOJIUJ YCTAHOBUTH
MOCJIEIOBATEILHOCTH (DUKCUPOBAHHBIX TTOXKapoB Bo Bpemeru (1839, 1868, 1881, 1925, 1959, 1986, 2007) [31].

3akjaueHne

MHoroneTHui X0 U3MCHUYMBOCTU MAKCUMAJIbHOTO U MUHHUMAJIBHOTO PaAHWaJIbHOIO IMPUPOCTa OTpaAXKacT
CIIOKHBIH, B OTAENbHBIE BPEMEHHbIE OTPE3KH IMUKINYECKUN XapaKkTep peaju3aliil COCHOW CBOETO MPOAyK-
OUOHHOTI'O IIOTCHIIHUAJIa. HI/IKJ’H/I‘-IHOCTB paaruajabHOIO IMPpUpOCTa, MO-BUAUMOMY, OTIINYACTCA CIIOHTAHHOCTBIO,
B YCJIOBHUAX OTHOCHUTECJIIBLHOT'O ITOCTOAHCTBA 9KOJIOTHYECKOM 06CTaHOBKI/I OH HC IMoJABEpracAa nmpaMomMy MEJIno-
paTHBHOMY BO3JICHCTBHIO BEpXOBOro Oonora Ha oOmeM (GoHe COBPEeMEHHBIX KIIMMATHYECKUX M3MEHEHHH.
HeGmaronpusiTHbie YCIOBHS TSI COCHBI, PACTIONIOKEHHON Ha BEPXOBOM 00JI0TE, MPHUOOPETAIOT SKCTPEMATHHBIN
XapakTep (MOHMKEHUE TeMIIepaTypbl BO3/1yXa, yBEJINYeHHE 00beMa 0CaAKOB) MOCIIE MOIIIHBIX BYJIKAaHHUECKUX
U3Bep)KEHHUH. BinsiHIE ByTKaHWYECKOTO CUTHAIA HA KF3MEHYMBOCTb TOJI0OBOTO KOJIBIIA IPEBECHHBI CIIOCOOCTBYET
KOPPEKTHOIN MHTEPIPETAINH SKOJIOTHUECKUX U IPUPOIOPECYPCHBIX MPOOIJIeM, BOSHUKHOBEHHE KOTOPBIX 00Y-
CJIOBIIEHO BO3pacTaloUIei U pa3HOHAMPABICHHON aHTPOMOTEHHON HArpy3K0il Ha OUOIEHO3BI C YIETOM CYIIle-
CTBYIOLIEH €CTECTBEHHON AMHAMUKH IPUPOAHON CPENIBI, U UX IIPOTHO3UPOBAHUIO.
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VIK 911.6

MHOJXECTBEHHOE PETPECCUOHHOE MOAEANPOBAHMUE:
COBPEMEHHOE ITPOCTPAHCTBEHHOE ITAAHMPOBAHWE
N SdKOHOMHWYECKOE MOAEANPOBAHUE MHAYCTPUUN TYPU3MA
(HA TIPUMEPE IIIEKUHCKOT'O PAMIOHA)

H. APTYHOBY

YUucmumym zeoepaguu Azepbaiioncana, np. I. [Jucasuda, 115, AZ 1143, 2. Baxy, Azepbaiioican

[IpoBencHBI TIIATENBHBIN aHATIN3 TEPPUTOPHAIEHOTO TUTAHUPOBAHUS TYPHUCTHUCCKOW OTPACId M MHOYKCCTBCHHBIH
PEeTPECCHOHHBIN aHaTN3 T0X0I0B OT Typu3Ma B [llexkurckom paitore 3a 2010-2021 rr. OcHOBHOH 3a/1aueii HCCIICTOBaHUS
CTaJo BBIABICHHE (DAaKTOPOB, BIHSIOMNX HAa (POPMHUPOBAHHE JOXOAOB B TYPHUCTUYECKOH OTPACIH B KOHTEKCTE PETHO-
HaJIM3alu 1 COBPEMCHHOI'O HAITPABJICHHUSA PAa3BUTUA TypHU3Ma. 21.]'[5[ JOCTHIKCHUS MOCTaBJIEHHOU e ObLITH N3Yy4YCHBI
CYIIECTBYIOIME TEOPETUUECKUE MOAXObI K TEPPUTOPUATLHOMY TUIAHHPOBAHUIO TypH3Ma, PACCMOTPEHBI JIOCTOMHCTBA
U HEIOCTATKH TYPUCTUYECKOH OTpAaciH, MpOoaHaIN3UpOBaHa MOCIE0BaTeIbHOCTD TuIaHupoBanus. [Ipu ncenenoBannn
(haKTOpPOB, BIHSIONINX HAa TYPU3M, IPHMEHSITUCH METO/IBI CPABHUTEIFHOTO, PETPECCHOHHOTO H KOPPEIAIIMOHHOTO aHAIH3a,
a OKOHYATEIIHHBIN BapUaHT MaTeMaTHIECKON CTAaTUCTHYECKO MOIEIH OB ITOTYYeH Ha OCHOBE HCIIOIH30BAHM TIOCTIEI0-
BaTEIBHBIX MOJICJICH MyTEM BBIABIDKEHHS TUTIOTE3. B X01e mccae1oBaHus yCTaHOBICHO, YTO KOJTHMYECTBO TOCTHHUYHBIX
HOMEpOB ¥ MHOCTPAHHBIX TYPUCTOB SIBIISIETCS OCHOBHBIM (hakTopoM (opmHpoBaHus 10X0A0B. [IpeioxkenHas Mozienb
MMeNa cleyloue XapakTepuctakn: p < 0,005 u R* = 0,488 6, uto caenano ee OKOHYATENLHBIM BapHaHTOM. B paGote
MIOYEPKUBACTCS BAYKHOCTD TIIYOOKOTO M3y4YEeHUS TEKYIUX M OyIyIINX CHUTYyaIHid JTI000T0 MCCIIeI0BAaTEIbCKOTO HalpaB-
JICHHS, a TaK)Ke PACCMOTPEHUS TAaKUX BOIPOCOB IDIAHUPOBAHHS TypH3Ma, KaK 3(P(PEKTHBHOE HCIOIb30BaHUE PECYypCOB
1 TIPOTHO3MPOBAHHUE JTOXOJOB. BEIMeckazaHHOE CBHICTEIBCTBYET O TOM, YTO COKpAIEHHE JOXOAOB OT TypHU3Ma CBSI3aHO
MIPEXK/Ie BCErO CO CHIDKCHWEM MHTEpeca HHOCTPAHIIEB, BEI3BAHHOTO POCTOM IICH Ha MPOKUBAHKE B TOCTHHUIAX W MTUTA-
nue. Kpome Toro, B Hacrosiiiee BpeMst JIMAUPYIOT pernonsl ['adana u ['ax, npu 5ToM TypUCTHYECKHE TIOTOKH HarpaBJie-
HBI B cTopoRny oT lllexuHckoro paiioHa. B 1iesom pe3ynbsrarsl IPOBEIEHHOTO HCCIIEIOBAHMS NAIOT IIEHHYI0 HH(POPMAIIUIO
0 (haxTOpax, BIUSIONIMX Ha JOXOJB! OT Typu3Ma B llleknHCcKOM paiioHe, YTO MOKET CIIocOOCTBOBATH PUHSTHIO PEILICHUN
B HHIYCTpUU Typu3Ma. CIelaHHbIC BBIBOIBI IOMOTYT 3aHTEPECOBAHHBIM CTOPOHAM OIIPEICITUTh KITFOYCBBIC TOUKH POCTa
WHAYCTPHUH U IPUHSITH COOTBETCTBYIOIINE MEPHI JIsl IPUBJICICHHUS OOIBIIET0 KOMHYIECTBA TYPHICTOB, a TAKXKE YBEITNICHHUS
JIOXOZIOB.

Knrueevie cnoea: mpoCcTpaHCTBEHHOE IUIAHUPOBAHUE; UHIYCTPHs TypU3Ma; perpeccuoHHas Mojens; [lexunckuii
paiioH; TPOrHO3MPOBAHNE; IUTAHUPOBAHNE TypH3Ma.

bnazooapnocms. ABTOp BBRIpaXkaeT O1aronapHOCTh aHOHUMHBIM PELIEH3EHTaM H3/IaHUS 32 IICHHBIE PEKOMEHIAINH,
KOTOPBIE TIOMOTIIH YJIYYIIUTh TEOPETUUECKYIO YaCTh UCCIIEIOBAHMUS.
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MULTIPLE REGRESSION MODELLING:
CONTEMPORARY SPATIAL PLANNING
AND ECONOMIC MODELLING OF TOURISM INDUSTRY
(CASE STUDY OF SHAKI DISTRICT)

N.ARTUNOV?
Anstitute of Geography of Azerbaijan, 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 R? = 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 of tourism 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 of tourism 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 of tourism 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 of the 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 of tourism in the country as well:

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

e cxistence of rules and laws which assume formation of the legal framework and legislation;

e 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 of the sectors towards a common goal within the framework of the adopted plan.

Economic benefits. One of the reasons for the need for tourism planning is economic efficiency, that is, the
ability to generate income. The development of tourism 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 of tourism can lead to the protection
and maintenance of cultural, natural, and ecological resources in development.

Development of sustainable 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 of human 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 of tourism planning: assessment
of tourist 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 recent times. The main goal is to ensure the optimality of the 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 of tourism planning: definition of the system, goals, and objec-
tives, collection of relevant information; data analysis and interpretation, preliminary planning and analysis;
approval and finalisation of the 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 of the 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 of tourism in the country, the President of the Republic of Azerbaijan
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signed the Decree of 1 September 2016 «On additional measures related to the development of tourism 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 of the 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 tourismy, 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 Bashy of Shaki district (including hotel complex «Carvansaray» in
Shaki City), historical-architectural reserve «Kish» operates as part of the tourist office.

The main purpose of the research is to analyse the issues of territorial planning of tourism, to determine the
main factors that affect development, and to find out the direction of the tourism development in the region
for the period of 2010-2021. Here, the main goals are to assess the current situation in the field of tourism and
determine the direction of it’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 of the 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 km? and 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.
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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=By+Bix; + B, + ... +B,x, + &,
where v is the dependent variable (income); x is independent variables (capacity, number of rooms, number of
employees, foreign tourists, citizens); 3 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 of the average of the 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 of the
most frequently used varieties are called «econometric models», including regression and discriminant ana-
lysis [17]. These behavioural models attempt to 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 of the Michigan regional travel market survey by applying multiple regression analysis and found that
only a few of those 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 of a 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 of the 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 of the relationship between the variables (linear, logarithmic, exponential,
etc.) [28]. Regression analysis is particularly affected by distributional characteristics [29].

Building the model. The construction of the 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 of the
p-value is measured. As a result, the most suitable model is proposed. The question of what 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 that p > 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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Model 1 and model 2 after adding factors

Table 1

Parameters

Model 1 (once capacity, number of rooms,
employees, and number of foreign
and domestic tourists)

Model 2 (number of rooms,
foreign 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 R?

0.4845

0.4172

Adjusted R?

0.2268

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

0.08107

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 that p > 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 of the 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
The function used to build the model
Im(formula = incomes ~ hotel rooms + foreign, data = df’)
Distribution statistics of surpluses
Minimal First quartile Median Third quartile Maximal
-403.0 -172.74 —34.78 28.11 1396.07
Statistics of influencing factors (standard errors, p-values)
Parameters Estimate Standard error t-Value Pr (>1)
Intercept —425.5433 618.4495 —0.688 0.5035
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 model fits
Residual standard error | Multiple R? Adjusted R? F-statistic | p-Value is 0.04083
is 437.8 on 13 degrees is 0.4886 i 0.2946 on 1 is 4.132
of freedom and 13 degrees
of freedom

Note. Significant codes are 0****70.001'**70.01'*/0.05".70.1"" 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 of tourism in the research region, it is

85



Kypnaa Besopycckoro rocynapcrseHHoro ynusepcurera. ['eorpagus. I'eostorns. 2023;2:80-89
Journal of the Belarusian State University. Geography and Geology. 2023;2:80—89

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 less' than the number of 2021. Taking into account their economic values, it is 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 of the 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 3™ after 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 3 times 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 3 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.

If we 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 of tourists is seen not only in Shaki district but also in other districts.
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Fig. 2. Graphics of foreigners and citizens by years
(prepared on the data of statistical reports
of the State Statistical Committee of the 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 of the country’s citizens in domestic tou-
rism has had a positive effect on the development of tourism in the Shaki district. So, if the 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.

If we look at the 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 a tendency of increasing and decreasing the total
number. Thus, in 2010, the number of employees 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]:

i(xkz i) —f)

R(i)_\/f’:‘(l = an: :

where m is the number of samples; R (z) measures the correlation between the feature i and the class standard;
x;. ; 1s the feature value of the feature i of the sample k; x; is the average value of the feature i; y, represents the

value of the sample k; y represents the class standard mean value of the sample . According to the definition
formula, the variation range of R(i) is between —1 and 1 [32]. When R (1) =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 1 and 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 (z) =0, the variables x and y 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 nearer to 1 or —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 of the 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).

Looking 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 20102021
(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 values were obtained, and
finally, the optimal model has been proposed. The estimation model is found to be y =—425.5 + 3.7x, + 0.12x,.
Here, the dependent variable income is denoted by y, x, is the number of hotel rooms, and x, is the number
of foreign tourists. The prediction can be given by the mentioned formula. However, the 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 revenues if other independent
indicators except hotel rooms and foreign tourist parameters are kept stable. In this case, it is sufficent to add
the corresponding numbers to the dependent variables. In the model, R? = 0.488 6 is the average explanatory
value. This suggests that there will be other variables involved in determining the number of returns.

Conclusions

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 or two 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 of the scientific innovations of the 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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PAANOTEHHASA TEITAOTEHEPALIVIA
B ITOPOAAX KPUCTAAANMYECKOTO ®YHAAMEHTA BEAAPYCU

B. 1. 3VH", E. H. JOCEBA®

YBenopyccruii 2ocyoapemeennuiii ynusepcumem, np. Hesasucumocmu, 4, 220030, 2. Munck, Benapyco
D Hayuno-npouseodcmeennwiii yenmp no eeonozuu, yu. Akademura Kynpeeuua, 7, 220084, 2. Munck, Benapyce

[T10THOCTH TETIOBOTO IMTOTOKA — HAnOOJIee BayKHBIH ITapaMeTp, XapaKTepU3yIONINH TePMUIECKUI PEXKUM JIUTOC(HEPHI.
Pacnipenienenue IIOTHOCTH TEIIOBOTO ITOTOKA B 3¢MHOW KOpE M BEpXHEH MaHTHU MEHsIeTCsl ¢ ITyOnHOoM. PopMupoBaHue
MIOTOKA BKJIIOYAET J1Ba OJHOBPEMEHHBIX IIPOLlecca: MOCTYIIEHUE IEPBOM €r0 YaCTH U3 MAaHTHU B OCHOBAaHHE KOPBI, a TAKKe
TeHEPALUIO BTOPOH 4acTU B IOPOJAX, CIararolliuX 3eMHYIO KOpY, 3a CYET pacnajia paguoaKTUBHBIX H30TONOB. DTOT MPO-
LIECC N3BECTEH KaK IPOU3BOJICTBO PaJAMOTeHHOTO0 Teruta. OCHOBHYIO YacTh TEIJIOTeHEPAIH B 3eMHO KOope 00ecIieunBaioT
JIOJTOXKUBYILUE U30TOIBI ypaHa, TOpUs U Kanusl. Jlpyriue painoakTUBHBIE U30TOMNbI YUUTBIBAIOTCS pPeAKo. BonbmMHCTBO
uccienoBareieii He NPUHUMAIOT BO BHUMaHHE TEIUIONPOAYKIUIO B Ipe/ieaX HemIyOOKOro 0CaJ04HOro YexJia, repe-
KpBIBAIOLIETO 3eMHYI0 Kopy. Teppuropust benapycu orHocuTest k okemOpuiickoii Bocrouno-EBpomnetickoii margopme.
Ee kpucramnnyeckuil pyHIaMEHT MEPEKPHIT JOCTATOYHO TOHKMMHU OTIOKEHUSIMH. B HeM mpoOypeH psij CKBaKUH IO
HepaBHOMepHOH ceTH. M3 mopHsATOTO KepHa 0T0Opansl Ooiee 420 00pa3moB TOPHBIX MOPOJ KPUCTAIUINYECKOTo (QyH/a-
MEHTA, KOTOPBIE UCCIIEI0BAaHbI B IIEJISIX OIPE/IENICHUS] KOHLEHTPALMH JOJITOKUBYIIMX PaJMOAKTHBHBIX H30TOIIOB B Jlabopa-
TOPHBIX YCJIOBHSIX ¢ HOMOIIbIO raMma-paguomerpa PYT'-91M «Ananu». YpoBeHb pacueTHON TEIUIOreHepalii BapbUpyeT
B LIMPOKHX NPEZesax ¢ TeHACHINEH K 0os1ee BBICOKMM 3HAYEHUSIM y KHCIIBIX KPUCTANINYECKUX nopoa. HamHoro Menbime
TI0Ka3aTeJ TEeIJIOBBIACICHHUS XapaKTEePHBI ISl TOPOJI OCHOBHOTO cocTaBa. Ha npakTuke BO3MOXKHO MOTyYeHHE 00pa3IoB
TIOPOJIBI TOJIBKO JUISl CAMBIX BEPXHHX BCKPBITHIX OypEHHEM rOpU30HTOB 3eMHOH KOpBI. B ¢Bsi3u ¢ oTcyTCTBHEM 00pa3IoB
KPUCTAJUINYECKHX MTOPOJ AJISl BCETO pa3pesa 36 MHOM KOPbI HIMPOKO HCIIOIb3YIOTCS HECKOIBKO MOIETIEH N3MEHEHUS! KOJIH-
YecTBa TeIIONPOAYKIMHU C IIyOHMHON MCXO/s U3 3HAUCHUH CKOPOCTH IPOIOIBHBIX CEHCMUYECKUX BOJIH.

Knrwouesvie cnosa: T€OTEPMUSI; TEIJIOBOU TIOTOK; JOJITOKUBYIINE PATMOAKTUBHBIC N30TOTIIBI; TETIOICHEPAILUA, PATUOMETD.
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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. It is 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.

BBenenue

Tepputopus benapycu oTHOCUTCS K TokeMOpwuiickolr Bocrouno-EBpomnetickoit miardopme. Ha Gomprmeit
IJIOIIA/IA CTPaHBbI, 3a UcKItoueHueM [lpunsrckoro mporunda, BoctouHolt yactu Ilomsccko-bpectckoit Bia-
JuHbl 1 OpIIaHCKOW BIAJAMHBI, KPUCTAIUIMUECKUH (PyHIaMEHT MEPEKPHIT TOHKUM (IIEPBbIC COTHH METPOB)
1aTOpMEHHBIM 9eXJIOM. B Tipeaenax BmaawmH MOIIHOCTH OCAIOYHOMN TONIIH Bo3pactaeT mo 1,0—1,7 kM,
U TOJILKO B HanOoJee MorpyKeHHbIX Oj0kax [Ipumsitckoro mporuba oHa JoCTUTAET 4—5 KM U B HECKOJIBKUX
ciayuasx 6 km [1; 2].

TermoBoii pekUM 3eMHOM KOPBI B 9aCTHOCTH M JINTOC(EPHI B IIEJIOM TECHO CBA3aH C TSKTOHUKOH ¥ TCOAMHAMHU-
KOIi paccMarprBaeMoro perroHa. OCHOBHBIMU ITapaMeTPaMy TETLIOBOTO TOJISl PETHOHA SIBIISIOTCS HAOM0IacMble
TeMIlepaTypa, TeOTepMUYCCKIM TPAIUCHT U IJIOTHOCTh TEIUIOBOTO TTOTOKA. [locienusst oTHoCUTCS K Haubosee
Ba)XHBIM CBOMCTBAM, ONPEEIISIONINM TETIOBON PEXKUM 3€MHOM KOPBI U BEpXHEH MaHTUH, U PACCMaTPUBAETCS
KaK OJlHa M3 3HAYMMBIX XapaKTePUCTHK, KOTOPbIEe UACHTU(DUIIUPYIOT 0COOEHHOCTH T'€0JI0r0-TEKTOHHYECKOTO
CTPOEHHUS U T€OIMHAMMKHU peruoHa [3]. @opmMupoBaHue TEIIOBOTO MOTOKA B 36MHOW KOpE BKJIIOYAeT /[Ba
OTHOBpPEMEHHBIX TPOIlecca: MOCTYTNIEHHE TIEPBOI €r0 YacTH M3 MaHTHH B TIOOIIBY 3€MHOM KOPHI U TeHepa-
LIMIO BTOPOH YaCTHU MOPOAaMHU, CIararolliuMU KOPY U COACPKAIIUMU U30TONbI PaIUOAKTUBHBIX 3JIEMEHTOB. X
CIIOHTAHHBIA pacmaj COMPOBOKIACTCS BBIICICHUEM PAaINOTCHHOTO TEIIa — PAAUOTEHHOM TeIJIOTeHepaInuei.
Omna obecrieuynBaeTcst B OCHOBHOM JIOJITOKMBYIITUMH M30TOIIAMH ypaHa, TOPHs 1 Kanus. [|pyrue paanoakTus-
HBIE 3JIEMEHTHI BHOCST HE3HAUUTEJIBHBIN BKJIAJ B OCOOCHHOCTH TEIJIOBOTO TOJIS KOPBI U B IO/IABIISIONIEM
OONBITMHCTBE CITy4acB HE paccMarpuBaroTcs [4].

3HaYeHNe TUIOTHOCTH TETIJIOBOTO MTOTOKA, HYIIETO U3 3€MHBIX HENp, SBJSETCS BAKHEHIINM MHINKATOPOM
TeOIMHAMUYECKOW aKTUBHOCTH CTPYKTYP JIUTOC(HEPHI KAK Ha COBPEMEHHOM ATalle X Pa3BUTHS, TaK U B T€OJIOTH-
YecKoM TporuioM. J{iist pacuera pacnpeesieH s TeMIIEPaTyphbl B pa3pe3e JIUTOC(epbl U MAHTHIHOTO TEIJIOBOTO
MTOTOKa pa3paboTaHbl TPH OCHOBHBIE MOZICNTH N3MEHEHHN I HHTEHCUBHOCTH TETIOTEHEPAITUH C TITyOMHON — CTy-
MeHyaras, JMHEeWHAas U SKCIIOHeHIMaNbHas [5]. U3BecTHBI U Apyryue MOACIU, HallpuMep nocioiftHas. B kaxmaom
ClIydyae OTIPABHBIM MapaMeTPOM CUHUTACTCS 3HAYCHUE PATUOTCHHON TEIUIOTCHEPAllnd KOHCOIUANPOBAHHOMN
3eMHOH KOpHI B €€ BEPXHHUX CIOSX (Y 36MHOI MOBEPXHOCTH). B pesynprare 3TOT mapameTp SBISIETCS OTHUM
13 HanOoJee BaXHBIX MPU MIOCTPOCHUU MOJIeIel Te0JUHAMHYECKUX 00CTaHOBOK.

MeToauka onpeaecjJIcHus1 ypoBHH pazmore}moﬁ TEIIOreHEpauuu

Juis onipenesieHus okas3aresei TeHepaluy paJioreHHOTO TeTia ObLUTH MPOaHaI3upoBaHbl Ooee 420 00-
Pa3IoB TOPHBIX MOPOJT PA3IMYHOTO COCTaBa, OTOOPAHHBIX W3 KepHA CKBAXKMH, C TIOMOIIBIO KOTOPHIX ObLIa
BCKPBITA BEPXHSIS 4acTh KpUcTaUTMUecKoro pyHaamenta benapycu [6]. B 1ies1om ¢ yueTom onpesiesieHuil, BbI-
MIOJTHEHHBIX B KOHIIC MTPOIIIOTO CTOJICTHS, KOJIMYECTBO 00Pa3IlOB, UCCIICAOBAHHBIX HA COJCPIKAHUE U30TOIIOB
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ypaHa, Topus 1 Kanus, 10cTursio okoio 600 ex. Our 0TOOpaHbI U3 KepHA CKBAKUH, KOTOPBIE OBIITH TPOOYPEHBI
B npeienax benapycu v BCKpbUIH KpUCTALUTHYECKU pyHIaMeHT benopycckoit anTeknmussl, [Ipursrckoro mpo-
ruba, 6enopycckoit gactu [lommsiccko-bpecTckoit Bnaauusl, [lonecckoit cenyoBuHbl 1 OpIaHCKON BIaJWHBI.
Heb6ombmmoe konmmaecTBO 00pa3moB W3yUCHO B 3amagHoi yactu Poccnm (8 00pasmoB u3 ckBaxuH «JIoOHOY,
«Opem», «CMmoneHcky, «SpieBoy, «Pocnasnby, «Cepebpsiaka» u « MummmHa ropay), a Takke B bantuiickoit
cuHeknm3e Ha Tepputopun Jlutesl (12 00pasnos u3 ckBaxul «Bapena-JIT-982» u «BunmanTaii-1»).

OTt0op KepHOBOrO Matepuasa Ha Tepputopur benapycu BeimonHsuics HaunHas ¢ koHUa 1960-x 10 KoHIAa
1990-x rr., Ha Tepputopuu Poccuun u JIuteBbel — B 0cHOBHOM B TedeHue 1970-90-x rr. [InoTHas ceTh CkBa-
JKUH, C TIOMOIIBIO KOTOPBIX ObUT BCKPBHIT KPUCTAUIMYCCKUN (DYHIAMEHT, OTHOCUTCS K IICHTPAJIbHOU 4acTH
Benopycckoli anTeknu3bl 1 MukanieBUIcKo-KUTKOBHUCKOMY BBICTYITY PyHaameHTa. Ci1abo M3yd4eHHBIMU
MeTOoZIoM TiTyOoKoro Oypenwmst octatoTcsi OpIaHckasi BiaguHa U ee npojomkeHue B Poccun. bonbmmHCTBO
MMEBIINXCS B PACTIOPsKEHUH 00pas3IoB ObLUTH M3BJICUEHBI U3 KepHA CKBaYKUH, TPOOYpeHHBIX B bemopycckoin
AHTEKIIN3€e, 3HAUUTEITFHO MEHBIIIEE KOJIMYECTBO 00Pa3IoB — U3 KEPHA CKBAXKUH, PACTIONOKEHHBIX B [IpurmsT-
ckoM miporude. Kpucrammueckue nmopojas! ¢pyHaamenta OpIaHCKOW BITaJIMHBI MPEACTABICHBI MEHEE YeM
10 oOpa3ramu, 0OTOOpaHHBIMU U3 CKBa)KHH, KOTOpPBIE TPOOYPEHBI KaK Ha OEJIOPYCCKOM, TaK U Ha POCCUICKON
cropoHe BrnaauHbl. HanMenee m3yden ¢ynnament [lommsaccko-bpecTckoit Bria uHbL.

Pacnipenenenne ckBaxuH oTpakeHo Ha puc. 1. Takue MaccoBbIe HCCIIEIOBAaHUS IPOBOAWINCE B bemapycu
Brepseie. B 1980-x rr. mo nannumaruse JI. A. L{pioynu u M. C. XKyka B HayuHbIX uHCTUTYTaX Poccun (Bcee-
COIO3HBIA HAyYHO-HUCCIIEAO0BATEIbCKUM reojgornyeckuil uHcTuTyT umenu A. I1. Kapnunckoro, Beecorosnblit
Hay4YHO-HCCIIC0BATCILCKIA HHCTUTYT SACPHON TeO(DH3NKH 1 TeOXUMUN) U YKpauHsl (MHCTUTYT Teohr3uKn
umenu C. U. Cyo0oruna HAH Ykpauusl) ObIJIO ONPEICIICHO COACPKaHUE PaJMOAKTUBHBIX H30TOIIOB B €/IH-
HUYHBIX 00pa3iax KPUCTALTUICCKUX MOPO/T.
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Puc. 1. PacnipenienieHre CKBayKHH, 3 KOTOPBIX OBLTH 0TOOpaHBI 00pa3bl KepHa
JUISL N3y4eHNs UX PaJIMOreHHOH TemIoreHepanum
(BA — Benopycckast anrexiusa; JIPT — JlykoBcko-ParHoBckuii roper;
OB — Opmanckas Bnagusa; [16B — I[Mommsiccko-bpecrckas BaanHa;
[1C — Ilonecckas cemnoBuHa; [1I1 — Ipunsrckuii mporud)

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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OmnpezeneHre KOHIIEHTPAIINH U30TOIOB ypaHa, TOPHSI ¥ KaJIKs TPOBOIMIIOCH Ha ramMMa-paauomeTpe PYT-91M
«Anaumy» (Hay4HO-IPOU3BOCTBEHHOE YAaCTHOE NpenpusTHe «Anann», benapycs)! (puc. 2, a). Ipusuum ero
JIEUCTBUSI OCHOBAH Ha aHAJIN3€ AMIUIUTYIHOTO PacHpeeICHUsI CBETOBBIX UMITYJIbCOB, BOSHUKAIOIIUX B CLIMH-
TUJUSITUOHHOM JETEKTOPE IPH MONAJaHUU B HErO TaMMa-KBaHTOB.

ala

0/b

Puc. 2. O6uwmit Bug ramma-paauomerpa PYT-91M «Ananny (a)
U €r0 BHYTPEHHHI BUJ IIPH CHATOM cocyne Mapunemu (6)

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

I'amma-pagunomerp PYT-91M «Anaam» mpeaHazHadeH It SKCIIPECCHOTO OTpPeAeIICHHs TI0 TaMMa-H3Tyde-
HUIO YIeTbHOH 1 00BbeMHOIl aKTHBHOCTH PaJHOHYKIHIOB €CTECTBEHHOTo mpoucxoxkaenus > Cs, 1*4Cs, YK,
226Ra, 22Th ¢ unauKanueii aGCOMOTHBIX CTATHCTHYECKUX TIOTPENIHOCTEH U3MEPEHHS U BHIYHCIEHHEM CyM-
MapHOM yzenbHOM 3P PEeKTUBHON aKTUBHOCTH JJIsl LIMPOKOTO KJlacca UCCIIeyeMbIX 00pas1oB (B BoJE, IIOYBE,
MPOIYKTaX MUTAHUS, IPOLYKLIUH >KUBOTHOBOJICTBA U PACTEHUEBO/ICTBA, ChIPhE U MaTepUaiax, CTPOUTEIbHBIX
MaTepuanax, TOpHIX OPOJIaX, JIeCo- U MAIoOMaTepHaIax, XJI0Im4aTo0yMaxKHbIX TKaHAX, CyXux TpaBax)’ [7].

Bepxusist yacTh npuOopa MMeeT MOBOPOTHYIO CBHHIIOBYIO KPBIIIKY, 00€CIEUUBAIOILYIO JOCTYI K CIHH-
TWLIITOPY. B KauecTBe nerekropa raMma-kBaHToB ucnonbiyercs: kpuctamn NaJ(Tl) pasmepom 40 x 40 mm,
3aKJTFOYEHHBIN B KPYTOBYIO CBHHIIOBYIO 0001MY. VI3MennpueHHBII 00pa3er TOpHOH MOPOIbI IIOMEIIAETCs B CIIe-
[IHabHYI0 KIOBEeTY (cocyn Mapunemnn) oosemoMm 0,5 11, KoTopast o0yieraeT KpuUcTaml aeTekTopa. KioBeTsl
¢ IpoOOH yCTaHABIMBAIOTCS B CBUHILIOBBIN 3aIIUTHBIN SKpaH, KOTOPBIH Mepe HadyaloM U3MEpEeHHH 3aKpbIBa-
eTCs CBMHIIOBOI KPBINIKOH, yMeHbINaomeil BIMsAHIE BHEIIHEro (OHOBOrO M3mydeHus® (puc. 2, 6). Joctyn
K aHAJIM3UPYEeMOil TpoOe o0ecriednBaeTCsl OTKPBITHEM TTOBOPOTHON YacTH CBHUHIIOBOH KpbITkd. CBUHIIOBAS
3amuTa Ipudopa U ero MOBOPOTHOM KPBIIIKH 3aKII0YeHa B METAJUIMYECKUN KOPILYC.

CBeTOBBIC BCIIBILIKH Y€PE3 CBETOBO/I MONAAAIOT Ha POTOKATOA (POTORNEKTPOHHOTO YMHOKHUTEIS U IpeoOpasy-
10TCA B DNIEKTPUUECKUE CUTHAIIBI, KOTOPBIE TIOCHIE YCHIEHHS ITOCTYTAIOT B 610K CETeKINH UMITYIbcoB” (pHc. 3).
B Gnioke ceneknmu UMITYJIECOB BBITIONHSETCS COPTUPOBKA UMITYIIBCOB IO 256 aMIUIUTYIHBIM KaHallaM, TeM
CaMBIM M3MEPSETCS UX aMILTUTYIHOE pacIpeaesieHne MPOMOPIIMOHAIBLHO SHEPTUU PETUCTPUPYEMBIX TaMMa-
KBaHTOB. B 010ke 00pabOTKH UMITYIbCOB aHATM3UPYIOTCSl 3HAYCHHS paclpeesiCHH U BEIYUCISIETCS aKTHB-
HOCTb aHAJIM3UPYEMBIX PATHOHYKIIHIOB, OH YIPaBIIseT paboToi OJI0Ka CEJIEKLIUH UMITYJIECOB U yCTaHABIMBACT
KOJINYECTBEHHBIE XapaKTEPUCTHUKU HOHU3UPYIOIIETO U3IIYyUCHUSL. DTO IT03BOJIET ONPEACIISITh BKIIAAbl H30TOIIOB
TOpHS ¥ KaJIisl B CyMMapHYIO aKTHBHOCTB TIpoOsL. ITpupoasslii ypas mumtb Ha 0,72 % cocTouT U3 n3oTomna >>U,
Toraa kak 99,27 % OT ero cTpyKTyphl cocTapiseT nzoron >°U [8]. B cBS3H ¢ HE3HAYMTENHEHBIM NPOIIEHTHBIM
conepanueM u3otona >°U B 06111eM ypaHe B IPHPOIHOM Cpe/ie yPOBEHb €r0 TEMIOreHePAIiI HE yUUTHIBANICH.
AKTUBHOCTSG | T HyKIMAA 238U sinisteTcst HU3KOM 1 COCTABISIET npuoIu3uTenbHO 12,5 KBK, 4TO OCIOXKHSIET ero
BBISIBJICHUE raMMa-pajuoMeTpoM PYT-91M «AaHmy, Mo3ToMy KOHIEHTpanus n3ororna 22U onpenensiach
10 COZIEP’KAHMIO MPOIYKTA €ro pacmaja — u3orona **°Ra.

Tamma-pammomerpst PYT-91M-2 «Aanmy : oMicaHie THITA CPEICTB H3Meperwit s [oc. peecTpa cpecTB u3MepeHHit [ IMeKTpoH-
He1i pecype]. URL: http://media.belgim.by/grsi/9894.pdf (nara oopamenus: 25.05.2023) ; F'amma-paguometp PYT-91M [DnexTpoHHBIH
pecypc]. URL: http://forum.rhbz.org/topic.php?forum=2&topic=174 (nara obpamienus: 25.05.2023).

“T'amma-pagmomerp PYT-91M [Dnexrponnsiii pecype]. URL: http://forum.rhbz.org/topic.php?forum=2&topic=174 (1ara obpamre-
Hust: 25.05.2023).

STamma-pagiomerp PYT-91M [Dnexrpornsiii pecype]. URL: http:/forum.rhbz.org/topic.php?forum=57&topic=337 (nara o6pa-
menust: 25.05.2023).

‘dynkuponansHas cxeMa raMma-paanoMerpa [dnekTpoHHsri pecype]. URL: https:/studfile.net/preview/7083546/page:5 (nara 06-
pamenus: 25.05.2023).
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Puc. 3. YrpouieHHas: GpyHKIIMOHAIbHAs cxeMa ramma-pagiomerpa PYT-91M «Ananun»:
I — uccnenyemslit oopaserr (mpoda); 2 — kroBera (cocyn MapuHen);
3 — 3alUTHBIN CBUHLIOBBII 9KpaH; 4 — IOBOPOTHAS! CBUHIIOBAsI KPBILLIKA;
5 — cuuaTHsiTop Nal(Tl); 6 — cBetoBox; 7 — POTOIIEKTPOHHBII YMHOXKHTEID

Fig. 3. Simplified functional diagram of the 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

[ponecc n3mepeHnii HAYMHAETCS MTOCIIE TOMEICHHUS Pa3po0IeHHOTO 00pa3iia BHy TP IPUOOpa, 3aKPHITHS
KPBIIIKK U BKIIIOYEHUS paguomerpa. [IpogoimKUTeIbHOCTh PETUCTPAli B 3HAYUTETILHON CTETIeHH 3aBUCUT
OT aKTUBHOCTH HM3y4aeMoro obpasia, JJsi MaJIOaKTUBHBIX P00 BpeMs U3MEPEHHS MOXKET JOXOAHTH JI0 He-
CKOJIBKHX JECATKOB MHUHYT. [IpHHIMI JeicTBUS raMMa-paJroMeTpa OCHOBAH Ha IMOJCYETE YUCIa CBETOBBIX
HMIIYJIbCOB, BO3HUKAIOIINX B CUUHTUIUIILIMOHHOM JIE€TEKTOPE, IIPHY IIONIaAaHUH Ha HEro raMMa-KBaHToB. Yncio
3apErUCTPUPOBAHHBIX B €IMHHIY BPEMEHU CBETOBBIX MMITYJIbCOB OJHO3HAYHO CBSI3aHO C AaKTUBHOCTBIO HC-
clemyeMoro oopasa.

st moBbIeHUs 3PPEKTUBHOCTH PETUCTPAIIMN CBETOBBIX MUMITYJILCOB, BOZHUKAIOIINX B CIMHTUILISITOPE
[IpY [OT1IaHMH B HETO TaMMa-KBaHTOB OT UCCIIeAyeMOro oopasiia, KioBeTa ¢ IpoOOoi ycTaHABIMBAETCSI B CBHH-
LOBBIH 3aIIUTHBIN SKPaH MOJ] 3aKPHITON CBUHIIOBOM KPBILIKOW, yMEHBIIAIOUICH BIUSHUE BHELIIHETO (JOHOBOTO
W3Ty4CHUSI.

bnox nHAMKAaLMYU U ynpaBiIeHUs] ONPEAEISeT PEKUMBbI PadOThl IPUOOPa U MOKA3bIBAET PE3YJIbTaThl U3-
MepeHus. Pexxnm paboTel raMma-paguoMeTpa 3aJaeTcsl C TOMOINbI0 14 KHOMOK Ha ero mepeaHeil maHenu
(cM. puc. 2, a). Pe3ynbraTsl H3MepeHH 0TOOpaKaIOTCsI Ha IBYX KHIKOKPHCTANTUUYECKAX HHIUKaTopax. B ne-
BOM OKHE TIOKa3bIBA€TCs 3HAYCHUE yAETbHOI aKTUBHOCTH, & B [TPABOM — 3HAUCHHE TIOIPEIIHOCTH U3MEPEHUSI.
B 1eBOM OKHe HHIMIUPYeTCs Takke Macca Ipoos! (B Kr)°.

Wzmepenus kaxaoro odpasua (Kak MpaBuiIo, NPOJOKUTEIBHOCTIO 0 30 MHH) BBIOTHSUIUCH JIBAXKIBI.
OTHOCHTENbHAS TOTPEITHOCTH MPH 3TOM cocTaBisuia 00sraHO 10-25 %. Jlo 50 % ona yBenmnumBanach mpu
HU3KUX 3HAYCHHSIX aKTHBHOCTH (0T 3 1m0 10 BK/KF)6.

SOyHKIMOHANLHAS CXeMa TaMMa-pajMoMeTpa... ; HasHaueHne u TeXHHUecKue XapakTepucTukn [Dnextponubiii pecype]. URL:
https://studfile.net/preview/9899020/page:24 (nara obpamenns: 25.05.2023).
*T'amma-paanomeTpsl PYT-91M-2 «Anauun...
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PagnoakTuBHBIE 3JIEMEHTBI
B [10pOAaxX KpUCTAINYecKoro ¢pynnamenra bemapycun

ConepxaHue paJuoaKTUBHBIX 3JIEMEHTOB M BEeJIMYMHA TEIUIOT€HEpalui B MOpojaxX KpUCTAJUIMYECKOTO
¢dynaamenTa benapycu npsiMo CBsI3aHbI C UX MUHEPAJILHBIM U XHMUYECKHM cOCTaBOM. CBEJICHHUS O HA3BAHUSX
¥ HOMepax CKBaXXHH, U3 KOTOPBIX OTOMPAJIMCh aHAIN3UPYEeMble 00pasIibl, O pe3ylibTaTax n3MEpeHHi 10 ypaHy,
TOPHIO ¥ KAJIHIO B €IMHUIIAX YACIBHON aKTUBHOCTH (B BK/KT) 1 KOHIIEHTpauuu (B I/T), @ TAaKXKe O TUIIE TOPHOH
NOPOJIBI U €€ IUIOTHOCTH BHOCWIIHMCH B Tabnuiy ¢opmara Excel. Jlanee BBIYUCISIICS YPOBEHb PaJHOTCHHOM
Ternorenepanuu (B MKBT/M®). TIpuMep KOMIMIAIMM HCXOAHEIX U TIOMYYEHHBIX JaHHBIX MpUBEIEH B Ta0m. 1
JUTSL PsiJia CKBAXKMH, C MOMOIIBIO KOTOPBIX OBUT BCKPBIT KPUCTAIIMUECKUH (QYHIAMEHT B LIEHTPAIBHOW YacTh
Benapycu (muct kaptbl N-35-XXI (CronOibr)).

[lepecuer 3HaueHUI aKTUBHOCTHU KaXkJIOTO AJIEMEHTA B 3HAYEHHS BECOBOM KOHIICHTPAIIUH OCYIIECTBISIICS
o hopmyiie

0=28-10°4-T,
rae O — Macca palioakTUBHOTO JIEMEHTa (B IpaMMax ), akTUBHOCTb KoToporo paBHa 1 Ku; 4 — atomnas mac-
ca, r; T — mepuon noaypacnana, et [9].

C yuetom Toro uto 1 Ku=3,7 - 10'° Bk, B pesynbrare HeO6X0MMMBIX BHIYUCIEHUI OBUTH HOMYYeHBI CIETYIO-
e 3naueHns: 1 Bk 2%U=8,1013 - 107 r; 1 bk 2?Th =2,4386 - 10*1; 1 Bk K = 3,9654 - 10 .

W3BeCTHO, YTO Kajuil COCTOMT U3 TPEX M30TONOB: paanoakTHeHOro uzorona ‘’K (0,012 %) u cTabHIbHBIX
u3otomnos >’K (93,258 %) u “'K (6,730 %)’.

YpoBeHb reHepauy paJuoreHHOTO TeIlia BEIYUCISUICS IO GopMyIie

Ho=(a-U+b-Th+c-K),
e H — KOJMYeCTBO BBIIACICHHOTO Tera B 1 M nopoabl, MKBT; G — IIIOTHOCTH OPO/IBI, kr/m; U, Thu K —
3HAUYEHUsI KOHLCHTPALUHU PaIMOAKTUBHBIX JIEMEHTOB ypaHa, TOPHsI U KaJIHs COOTBETCTBEHHO, ONpeieiieMble
OTHOLICHUEM MacChl paAHOaKTHBHBIX H30TOIOB K O0IIEH Macce rOpHOM OPOsL; a, b, ¢ — epecueTHbIe Kodd-
(utmenTsl, paBHbIE 9,73 - 107%;2,63 - 107 1 3,57 - 10~° BT/KT COOTBETCTBEHHO [10].

3Ha4eHHsl paclpenesieHUus] CyMMapHO paMOreHHOM TerloreHepalyy, co3/1aBaeMoil H30TONaM1 ypaHa,
TOPHS U KaJusl, TpuBeAeHbI Ha pHc. 4. Okoio 10 oqMHOYHBIX 00pa310B, TOKA3aTEIN TEIUIOTeHEPALIMT KOTOPBIX
6ombine 10 MkBT/M?, Ha TpaduKe He OTOOPAKEHDL.
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Puc. 4. Pactipenienenue paguoreHHoH TeIIoreHepay B opoax
KpHUCTamiaeckoro ¢pyHnamenta benapycu

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

Haunbonpiee KommuecTBO N3y4EHHBIX 00pa3I0B TOPHBIX TOPOJ (0Koso 148) MMEIOT 3HAYCHUS TEIIOTeHE-
parmu o1 0,2 10 1,0 MkBT/M°. OHU H3BIICUEHBI M3 CKBAXKUH, PACIIONOKEHHBIX B LIGHTPANIbHOI yacTh benopyc-
CKOW aHTEKJIN3bI — IPEBHEHN CTPYKTYPHI JOKEMOPHUHCKOTO BO3pACcTa, caMast BEpXHSSA YaCTh KPUCTATIINIECKOTO
(dyHIaMeHTa KOTOpOii, BEpOATHO, ObliIa 3poANpOBaHa U pazMbiTa. O0pas1bl, 0TOOpaHHBIE U3 CKBaKMH, KOTOPbIE
npoOypeHbl B CTPYKTypax mnaneo3orickoro Bospacra (I[Ipunsrckuit mporud u BocTouHas yacthb Iloamsiccko-
BpecTckoil BIanHbl), 00/ Iat0T MOBBIIEHHBIMA TTOKa3aTeNsMu TerioreHepannn (1-3 MkBT/M?), oHaKo
3/1eCh U3yYEHO 3HAYUTEIILHO MEHBIIIe 00pa3IoB KepHa.

"Isotopes of potassium [Electronic resource]. URL: https://en.wikipedia.org/wiki/Isotopes_of potassium (date of access: 25.05.2023).
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IIpumep cBOAKH JAHHBIX

An example of the data summary

Ne i/t CxBaxnHa 238U, Br/kr 28U, o/t 232Th, Br/kr 232Th, r/t YK, br/kr | K, r/t
1 Cr-147-223.5 31,1 2,52 12,2 2,97 130,5 0,52
2 Cr-147-226 21,8 1,77 11,7 2,85 0 0
3 Cr1-194-333,3 25,7 2,08 12,2 2,97 203,2 0,80
4 Cr-212-114 31,2 2,53 8,8 2,14 284,5 1,13
5 Cr-220-313 30,6 2,48 19,5 4,75 2224 0,88
6 Cr1-220-340 55,7 4,51 26,2 6,39 357,2 1,42
7 Cr-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 Cr-234-137,5 19,3 1,56 8,7 2,12 0 0
10 | Cr-235-131 39,3 3,18 35,9 8,75 898,9 3,56
11 Cr1-239-240 7,6 0,61 3,9 0,95 0 0
12 C1-239-294 34,0 2,75 21,2 5,17 4,8 0,19
13 Cr-239-332 26,2 2,12 13,6 3,32 0 0
14 | Cr-239-472 20,3 1,64 15,4 3,75 0 0
15 Cr1-239-478 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 1414 11,45 45,7 11,14 999,6 3,96
18 Cr1-239-643 7,1 0,57 20,8 5,07 0 0
19 Cr1-239-657,5 14,8 1,19 7,5 1,83 0 0

20 | Cr-243-248,8-249,8 35,8 2,90 1,5 3,66 857,8 3,40
21 C1-243-279-283 23,2 1,88 17,6 4,29 408,8 1,62
22 C1-243-279-283a 27,8 2,25 14,3 3,49 459,7 1,82
23 Cr-243-282,3 67,7 5,48 19,3 4,71 775,7 3,08
24 | Cr-243-283,5-284,5 23,2 1,88 17,6 4,29 408,8 1,62
25 Cr-243-345-351 0 0 0 0 7,3 0,29
26 Cr-243-412-418 13,2 1,07 12,5 3,05 7,9 0,31
27 Cr1-250-520 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 | Cr-251-542 0 0 0 0 0 0

31 Cr1-302-261,5-270,5 20,1 1,63 9,1 2,22 257,9 1,02
32 Cr1-302-295-308 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 | Cr-306-413,3 28,2 2,28 18,1 4,41 0 0

35 Cr1-306-459,5-469 2,3 0,19 6,7 1,63 3,2 0,13
36 Ct1-306-490 20,4 1,65 11,8 2,88 53,6 0,21
37 Ct1-306-505-505,5 0 0 0 0 1483 0,59
38 Cr1-307-366 20,2 1,64 9,2 2,24 0 0

39 Cr1-307-446 18,3 1,48 7,6 1,85 0 0

40 | Cr-307-454 8,8 0,71 6,1 1,49 0 0

41 Crt-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 Cr1-307-490 26,2 2,12 11,7 2,85 23,8 0,09
44 | C1-516-549 (PyGexxeBuum) 15,8 1,3 (1,0) 19,4 4,7 (6,0) 209,2 0,80
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10 U3Yy4YeHHBbIM 00pa31aM FOPHbLIX MOPOJ

concerning the analysed rock samples

Tabonauma 1

Table 1

Tennorenepanus,

ILnoTHOCTS,

Kogur 70 MKBT/M Kr/m Topona
0,44 0,95 - [Tnaruorueiic aMmpuO0I-OMOTUTOBBII
0 0,69 2800 Cnanert aMm(pHuOOIOBBIN C MTAPUTOM
0,67 0,85 - [Tmarmoruetic aMnuOOI-OHOTUTOBEIH
0,95 0,94 2800 AmpuboHUT OMOTUTCOACPIKAIIHN
0,74 1,09 - [Tnaruorueiic OMOTUT-aM(PUOOTOBBIH
1,19 1,82 - ITnarnorueiic OMOTUTOBBIH
0 0,74 — [Tmarnoruetic aMmpuOOIOBBIH
3,50 1,88 2670 I'paHuT KpyNHO3EpHUCTHIN
0 0,59 2850 Merannabas
2,99 1,72 2670 I'paHUT KPYITHO3EPHHUCTHIN
0 0,23 — Ampubdomut
0,16 1,27 3100 AmMduOOIHUT TpaHATOBBIN
0 0,82 — AMpHUOOIUT rpaHaTOBbIH
0 0,72 2800 AmbpudonmuT
0 0,34 — [Tmarnoruetic aMmnrOOTOBBIN
3,30 3,70 2670 I'panut
3,33 4,27 - I'panut
0 0,53 — AMOHUOOIUT MarHeTUTOBBIH
0 0,54 3300 I'panar-mupoKceHOBas MOPO/Ia C MAaTHETUTOM
2,86 1,34 — [InaruorpaHuT NerMaTouIHbIN ¢ TypMaJIuHOM
1,36 0,96 - IInaruorueiic OMOTUTOBBIM
1,53 0,97 — I'panHuT TypManuHCOAEPIKALIHIHA
2,59 2,13 2850 I'panut
1,36 0,96 — I'paHuT rpeii3eHI3NPOBAHHBIN C TYPMAaJIHHOM
0,24 0 2750 [Tnarnorueiic KyYMMHUHITOHUTOBBIN € TypMaJINHOM
0,26 0,54 2800 [Tnaruoruetic aMmduOOIOBBIN
0 0,34 - Ampudonut
1,49 1,48 - Ampubdomut
0 0,58 — Ksapmut ampuO0oI-MarHeTHTOBBIH
0 0 2700 [Tnaruoruetic
0,86 0,69 2800 [Tnaruoruetic aMmpuOOIOBBIN
0,69 0,77 - Crnaner; am(puOOIOBEIHA
0 0,66 — [Tmaruoruetic aMpuOOIOBBIN
0 0,95 — [Tnarnorueiic rpanar-amQnO0I0BEINA
0,11 0,19 3000 Cranen; amuOO0IOBBIN C TpaHATOM M MarHeTUTOM
0,18 0,71 2950 I'Hetic TpaHaTOBBIH
0,49 0,05 2900 Crnanent aMm(puOOIOBBIN TpaHATCOACPKAIIHN
0 0,61 — AmbudonmuT
0 0,54 - Ampudonut
0 0,30 - Ampudonut
3,86 4,97 - I'panut
0,12 1,03 - [Tnaruoruetic aMmpuOOIOBBIN
0,07 0,79 - [Tnaruoruetic aMmpuOOIOBBIN
0,7 (0,8) 0,77 2794 Mukporseic snuaoT-aMproO0oI0BhIi
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PaanoakTuBHBIC 3JIEMEHTHI IPUCYTCTBYIOT B COCTABE BCEX TOPHBIX MOPoj. M3mydyaemast SHEpTrus pauoaKTHB-
HOTO pacrajia mpeBpaIaeTcs B TEIIo MocpencTBoM abcopOin. Ha oHe Toro, 4To KOHIECHTPAIHS B OTACTBHBIX
o0pas3iax COBMAAONINX U TIOXO0KUX TUIIOB ITOPOJI MOXKET OBITh Pa3HOH, OOHAPYKUBACTCS 00IIee PABUIIO.

BrijiernsitoTes 11IeCTh THIIOB TOPHBIX MOPOJ] KPUCTAINYECKOro yHaaMeHTa bemapycu, pa3mudaroniuxcs
CpPEeIHUMH 3HAUYCHUSMH CONCPKaHUS PATHOAKTHBHBIX 3JIEMEHTOB (Tabm. 2).

[To momyueHHBIM paHee pe3ysbraTaM [6] u ¢ y4eToM MpeoOIaJaroiiX THIIOB MeTaMOP()UUSCKUX U UHTPY-
3MBHBIX MOPOJI B OTJCJIBHBIX CTPYKTYPHBIX 30HaX (PyHIaMEHTA BBISBICHBI PA3JIMUMsl B COACPKAHUH PAIUO-
AKTUBHBIX U30TOIOB U BEJIMYMHE TEIIOTeHeparuu (tabm. 3).

Tabnuma 2

CoaepikaHue paJiHOAKTHBHBIX 3J1eMEHTOB H YPOBEHb PaHOTeHHOIi TenIoreHepann
[JIABHBIX THIIOB NOPOJ KpUCTaInyeckoro ¢pynaamenta 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

[Tapamerpst

YpoBeHb paguo-
% I'eHHOI! Terore-
Hepanmm, MKBT/M®

Turnsl TOPHBIX OPOJ S 22T K

001>

VnpTpadasuTsl U yIsTpaMaduThl apreJIOBIIHHCKOTO KOMITICK-
ca, HEKOTOpbIe pa3HOCTH aM(UOOJIOBBIX ClIaHIeB U KapOo-| 0,06-2,10 0,9-4,7 Memnee 0,1 0,20-0,75
HATHBIC TTOPOJIBI OKOJIOBCKOM cepuu

Meramopdudeckre Iopoabl OCHOBHOTO U CPEJHETO COCTaBa
IIYYHHCKOH ¥ OKOJIOBCKOH cepuii 1 aM(pHOOIHT-THEHCOBOTO
KOMITIEKCa (KPUCTAIUINIECKUE CIAHIIBI, aMpuOomuThl, amdpu- | 0,38-2,81 1,5-4,2 0,1-0,9 0,03-1,10
00J10BBIC U rpaHaT-aM(HUOOIOBEIC CIIAHIBI, aM(PHOOIOBEIC
THEWCBI), SHACPOUTHI, Tab0pOHIBI

Marmaruueckre mopojsl OCHOBHOTO M CPEIHEro cocTaBa
(MeTagnabassl, TUOPUTHI), METAMOP(HUICCKIE TTOPO/IBI (aM-
(100I-OMOTUTOBBIE 1 OMOTUTOBBIE THEHMCHI, CEPUIIMT-XJIO-
PHUTOBBIC CIIAHIIBI)

1,20-540 | 2,8-99 1,1-2,1 0,75-2,30

MarmarndecKkye Hopoibl CPETHET0 U KMCIIOT0 cocTaBa (KBap-
LIEBBIE ANOPUTHL, TPAHOJHOPHTHI, TPAHUTBHI), [PAHUTOTHEHCHI,
TpaxuaH/Ie3UTHI, a TAKXKE MeTaMop(HuIecKue mopoas! (Tpa-
HaT-OMOTHUTOBBIC THEHUCHI Iy YMHCKOM U KyJTa)KHHCKON CepHii)

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

Marmaruyeckue IOPOAbI KUCJIOTO COCTaBa (‘IapHOKI/ITI)I, rpa-

o 2,40-8,80 | 4,2-19,7 3,2-4,4 1,40—-4,50
HUTBI, FPAaHUTOTHEICHI)

Marmaruueckue mopo/ibl KUCIOr0 COCTaBa ¢ MOBBIIIEHHOM
KaJMEBOM IIETIOYHOCTHIO (CYOIIeoYHbIe U panakuBunono0- | 10,70-16,60 | 30,6—82,6 4,4-6,2 5,50-9,10
HBIC TPAHHUTHI, CHEHUTHI)

[pumeuanuns: 1. Pazpaborano Ha ocHOBe JaHHBIX IyOnmmkanuu [11]. 2. 3xeck 1 B Tabi. 2 cymMMapHOE IPOIEHTHOE COAepKaHue
crabubHoro msorona *’K n paguoaxrusroro nsorona ‘’K B usyuennom o6pasue oGosnadaercs kak Kg,.

Tabnuma 3

Conepaxanye pailO0aAKTUBHBIX 3J1€MEHTOB H YPOBEHb PAJIHOTr¢HHOI TelIoreHepanuu
B MOPOJAX IMIABHBIX CTPYKTYPHBIX 30H H HHTPY3HBHBIX MAaCCHBOB KpPHCTaIn4Yeckoro ¢pynaamenta 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

ITapamerpst

CTpyKTypHBIE 30HbBI
Y HHTPY3UBHBIC MaCCHBBI

YpoBenb pajuo-
Kogup %0 | TEHHOM Temiorene-
pauuu, MKBT/™?

28, B8y | 22, | 22T, 40 40
Bx/kr r/T Bx/kr r/T Bx/kr r/T

3anaouasn wacms Benapycu

I'panynuToBbIe O10KH 25,06 | 2,03 | 22,09 | 5,39 | 472,5 | 1,87 | 1,58 1,10

30HbI O1acToMUIIOHUTOB beropyccko-

. 63,60 | 5,15 | 64,11 | 17,09 |1082,0 | 4,01 | 3,61 2,95
[Tpubantuiickoro rpaHyIMTOBOTO Iosica
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Okonuanue Tabm. 3
Ending of the table 3

[Tapamerpsl
CTpyKTypHBIE 30HbI VpOBEHE paHo-
1 UHTPY3UBHBIC MaCCUBBI 238U’ 238U’ 232Th’ 232Th’ 40K’ 40K’ K s % | TeHHOM TeIuIoreHe-
Bk/kr r/T BK/kr r/T Bx/kr r/T o6 3
patn, MKBT/M
MocToscknii n pyrue MaccHBel ¢y6- | 55 64 | 1153 | 226,17 | 55,15 | 15849 | 3.82 | 5.25 7,27
I[E€JIOYHBIX TPAHUTOB
Llenmpanvnas wacme Benrapycu
Paiionst pactipoctpancnus amuoOmuT-| 34 56 | 598 | 2304 | 580 | 322,1 | 1,76 | 1,08 1,28
THENCOBOI0 KOMIUIEKCA ’ ’ ’ ’ ’ ’ ’ ’
OxkoJoBcKasi TpabCH-CUHKIUHAIb, CJI0-
JKeHHas TOPOaMu CllaHleBo-THeicoBoro | 24,93 | 2,01 | 14,29 | 3,54 | 182,6 | 0,76 | 0,63 0,86
KOMIUTEKCa (OKOJIOBCKASI CEPHS)
VibrpamaduTOBbIC MACCHBBI 18,11 1,47 9,90 2,41 43,1 | 0,17 | 0,14 0,65
bobosmsnciuii maccus panaxusunonod-| ¢ 53| 945 | 9724 | 2371 [1357,3| 493 | 4,52 4,64
HBIX TPAHUTOB ’ ’ ’ ’ ’ ’ ’ ’
F0z0-60cmounas wacme berapycu
Bparunckuii rpaHyIMTOBBI MaccuB 37,82 | 3,06 | 42,81 | 10,43 | 720,3 | 2,69 | 2,40 1,82
Paiionst pactipoctpancnus ampuoomiT-| 54 95 | 5 05 | 1998 | 486 | 406,7 | 0,66 | 135 0,99
THEMCOBOI0 KOMIUIEKCA ’ ’ ’ ’ ’ ’ ’ ’
Ocnuiko-MuraesiacKiit ByIKaHOWIY- | 3 37 | 553 | 3025 | 737 | 7133 | 121 | 2,42 138
TOHMYECKUI MOsIC ’ ’ ’ ’ ’ ’ ’ ’
CeBepHbIif 3HTOKOHTAKT KopocTeHcKoTo 0238 | 747 | 9848 | 240 113365 4.65 | 4.46 4.08
panakuBUIPAHUTHOIO MacCUBa ’ ’ ’ ’ ’ ’ ’ ’
BoboBHsHCKas BriaJnHA 66,82 | 5,41 | 55,64 | 13,57 [1034,0| 4,10 | 3,44 2,67
OBpyuckas BraguHa 70,10 | 5,68 | 54,42 | 13,27 | 621,3 | 2,46 | 2,07 2,73

IIpumeuanue. Pazpaborano Ha ocHOBE JaHHBIX myOnukammu [11].

Ha puc. 5-7 o pe3ynbraram uzyuenus 6osee 420 00pasioB ropHbIX mopo pyHaameHTa benapycu nokasana
CBSI3b MEXKY 3HAYCHUSIMHU KOHLICHTPAIUNA U30TOIIOB 238U, 22Th u K u YPOBHEM OO0IIIel TeIIOreHEepaIlnu.
B niepBoM mpubnImKeHHUN Bce TPU HaOOpa TOUYCK Ha Tpadukax MOKHO YIIPOIIEHHO alIPOKCUMHUPOBATE TIPSI-
MBIMH JTHHUSMHA. HanOonp1inii BKIa/1 B TEIJIOTEHEPAINIO 00€CTIEYHBAIOT U30TOTIBI 238U u 2**Th, 3HauMTEIBHO

MEHBIIHH BKJIa] BHOCHT u30Tom ‘K.
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C YPOBHEM PaJUOT€HHO TeIUIOreHepaluuu

Fig. 5. Relationship between *%U isotope concentration
and the level of radiogenic heat generation
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Fig. 6. Relationship between 2**Th isotope concentration
and the level of radiogenic heat generation
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C YPOBHEM PaIMOTeHHOM TeIIoreHepaIiH

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

Ha ¢one noBbIlIeHNst 00IIETO YPOBHSI TEIUIOTCHEPAINY TI0 MEPE YBEITUYCHNUS 3HAUCHUH COJIePIKaHUS H30-
TOTIa HAaOIIOAaeTCs PsIJl TOYEK B HIDKHEH MpaBoil yacTH rpaduka 3a mpeaenamMu 00JacTH UX KyJHOTO paciipe-
JeJIleHus. ITO MOYKHO CBS3aTh Kak C BO3MOKHBIMH TIOTPEITHOCTSMH OTIpE/IeTICHHS TT0Ka3aTenel KOHIIEHTPaIiy
m3otomna 2>U, Tak ¥ ¢ ero NoJBIKHOCTHIO (MUTpaIMeil) B IOpo/Iax.

KonnuecTBO pacTBOPHUMOT0o KOMIIOHEHTA PAJUOAKTUBHBIX SJICMECHTOB YBEIIMYUBACTCS C POCTOM 3HAUCHUMA
UX OOIIETO COJepIKAHUs, U OH CTAHOBUTCS IMOJIBIXKHBIM, TI0 MEpPE TOTO KaK BOJa MUTPUPYET Yepe3 MOPOy.
Bricokas mOABMIKHOCTH 3THX AJIEMEHTOB JIMTOC(HEPHI SBISIETCS MPUINHON YBEJIHYCHHS TIOKa3aTeleld ux
KOHIICHTPAIIMU B BEPXHUX CIIOSIX 3€MHOM KOPHI KaK eIe He 3aBEepIIMBIIETOCs IpoIliecca, HaOIoaaeMoro Ha
MPOTSHKEHNH Bcell uctopuu 3emin. [IpocTpaHCTBEHHOE W XPOHOJIOTHYECKOE pacipeeieHie HCTOYHUKOB
PaIuOaKTUBHOTO TEIIA OKA3bIBACT OOJBINOE BIUSHUE Ha TEMIIEpaTypHOE Tojie Heap 3emutn, Tak kKak 30—-50 %
IJIOTHOCTH TEIUIOBOTO MOTOKA, 3a()MKCUPOBAHHOTO Y IMOBEPXHOCTH, BBI3BaHBI PACIIaJIOM HECTAOMIIbHBIX
n30toroB [12]. CuuraeTcsi Takke, 4TO B MpeJieiaxX OJHOPOIHBIX CIIOEB JUTOC(EPHI paclpe/IesieHue TeIio-
TeHEPUPYIOIIUX PAJIMOAKTUBHBIX JIEMEHTOB HE 0CTAETCS MOCTOSHHBIM U HE COOTBETCTBYET MOKa3aTeIsIM HX
KOHIICHTpAINH, HaOTI0IaeMbIM B BEpXHEH 9acTH 3eMHOH KOpBI. YPOBEHb PaJIMOT€HHON TETIOTeHEpaIliy Ha
ITyOMHAX, HeOCTYMHBIX OypEHHT0, KOCBEHHO OTICHUBAETCS MCXO/S N3 3HAYSHHUH CKOPOCTH PacCIpOCTPAHEHUS
MIPOMIOJIBHBIX CeCMIYeCKUX BOJH [13].
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Ha puc. 6 1 7 OTpakeHO COOTHONIEHHE 3HAUYEHHUIT KOHIIEHTparuy n30TonoB >>Th n *°K B u3ydeHHbIX 06-
pasiiax ¢ ypoBHEM CyMMAapHOH paJMOTeHHO TEMIOTeHePAIH, BHIIEISEMOi OT COBMECTHOTO BIMSHHS H30-
toros ***U, ?**Th u “°K. Ha ¢oHe MOHOTOHHOTO YBeJIHUEHHUS UX KOHIIEHTPALMK U CBA3AHHOTO C 3TUM POCTa
00BEMOB TEIUIOBbIIENEHHs TakKe HaOII0aaeTcs pa3dpoc TOUeK, MPeXk/ie BCEro B BEPXHUX YacTAX rpaduKoB.

Pe3yabTarsl M nX 00cy:KI1eHHE

TerutoBo# MOTOK SIBISIETCS OJHUM M3 IIABHBIX HCXOJHBIX TTAPAMETPOB IPHU pa3zpadOTKe Te0JHHAMUIECKHX
Mojelell 3eMHOM KOpBI B YaCTHOCTH U acTEHOC(EpHI B 11esIoM [3]. 3HaYCHHS paHOTCHHON TEILIOTCHEpaIluy
CYIIECTBEHHO BIMSIIOT Ha IPOrHO3HOE paclpeiesIeHUe TEIJI0BOrO MOTOKA B Pa3pese 36MHOM KOPbI Pa3IudHbIX
PErvoHOB U Ha BBIJEJIEHNE ero MpoBUHLNH [14].

[Ipobnema n3yueHHs: KOHIIEHTPAIMH PAJNOAKTUBHBIX JIOJNTOXKHUBYIIUX MU30TOIOB B TOPHBIX MOPOAAX KPH-
craymieckoro GyanamenTa bemapycu BO3HUKIIA B CBSI3M C aHAJIM30M IDIOTHOCTH TETIIOBOTO ITOTOKA B PETHO-
HE U OLCHKOM ero COCTaBIISIOLICH, TeHEPUPYEMOl B BEpXHEH YacTh 3eMHOM KOPbI BCIECACTBUE UX pachaja.
OCHOBHOJ#1 BKJIaJl B PaJIMOTE€HHYIO TEIIOreHepaluio BHocAT m3otomnsl 222U, *2Th n *°K. Bonee 99 % paawo-
TeHHOTO TEeIUIa, TeHEPHPYEMOTO B HEJJPax IIAHETHI, TaKkke 00yCIOBICHO ATUMH dnieMeHTamu [ 15]. B paguoren-
HOI1 reHepal|y TeIlIa yJacTBYIOT U ApyrHe H30Tomsl, Hanpumep 2*Sn, °In, #Rb. Onnaxo u3-3a Manoii nomm
KOHIIEHTPAIIMH ¥ HEBBICOKOTO YPOBHs TEILIOTeHepaIuy (1j1s IPHPOHOTo H30Toma o Rb 3HaueHHe TOro mo-
Ka3arens coctabnseT Bcero 1072 B1/r) ux Bkmaj HecymecTeH (oxono 1 %) [12], n Ha NpakTHKe JaHHBIE
M30TOTIBI HE yUNTHIBAIOTCA. B 11e710M MUHEpaIsl ypaHa ¥ TOPUS UMEIOT 3HaUYeHNe Ha OOJBIINX IUIOMAISX, T7Ie
OHH 0OHApYKE€HBI B KAYECTBE MUKPODJIEMEHTOB. TOIBKO B CBOEM TIIOOATFHOM PACIIPOCTPAHEHUH OHH BHOCST
BKJIaJ B obO1iee Terto 3emiu [12].

B o0macTsix cTamoHapHOTO TEMJIOBOTO PeXHMa (OTACIbHBIC CTPYKTYPBl APEBHUX CTAOMIM3UPOBAHHBIX
wiaTGopM, IUTHI U CKIIa4arbie oonactu GaHepo30sl) BKIIA/ PaJUOTeHHON TEIJIOTeHEpalluy B TEIUIOBOH 110~
Tok paBHsieTcst 40—70 % [15; 16]. lnst cuibHO 3pOIMPOBAHHOTO TPAHUTOTHEHCOBOTO CJI0SI 3MHOW KOPBI JTOJIS
COCTaBJIAIOLICH TEIJIOBOTO MOTOKA XapaKTEPU3yeTCsl BECbMa HU3KUMH 3HAUCHHUSMU.

Hons conep:kanusi ypaHa, TOpUsL U KaJlusl yBEJITUUMBACTCS MIPH 00JIee BEICOKMX 3HAYCHUSIX KOHICHTPALUU
KpeMHe3eMa B TI0poJie. ITH TPH dIIEMEHTa MOYKHO HAITH B TOPHBIX OpoJax. MexaHU3MbI CBS3bIBAHHSI TPUBOJIST
K 00pa30BaHMIO IByX OCHOBHBIX KOMITOHEHTOB — JIETKOPACTBOPHMOTO U MEHEEe pacTBOPHUMOro. MeHee pacTBo-
pUMast 4acTh 3aKPEIUISeTCS B KPUCTAIUIMYECKOM PElIeTKe OHOTO MM HECKOJIBKHUX OTACIbHBIX MHUHEPAJIOB,
BXOJSIIIMX WJIM BCTPOCHHBIX B CTPYKTYpy MUHepaia. JlerkopacTBopumast yacth abcopOupyercst Ha rpaHUIax
3epeH JIN00 Ha TTOBEPXHOCTH KPUCTAJIIOB MJIM HAXOAUTCS B MOpax mopoas! (puc. §) [12].
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Puc. 8. KoHleHTpauus 1erkopacTBOPHMON YacTH ypaHa,
coaeprkaterocs B cueHure (Banb-I'mys, Aapckuii maccus, IlIBeiinapus).
Ucrtounux: [17], c usBMeHEHUSIMU

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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PacTBOoprMas cocTaBisIoNIas painoaKTUBHBIX JIEMEHTOB YBEINYMBAETCSA MPOMOPIIMOHATIBHO UX O0IIen
KOHILIEHTPAllUU U CTAHOBUTCS MOJBM)KHOM, KaK TOJIBKO BOAA MUIPUPYET uepe3 MOpoxy. DTa MUTpaLusl Mpu-
BOJUT K IepepacnpeesieHII0 ypaHa U Topusi. Takoe nepepacrnpenenenne NpoucXoanuT He TOJIbKO IPH BbIBE-
TPUBAHUM, HO U IIPH OCTBIBAHUN UHTPY3UH B BepxHel yacTu 3eMHol Kopsl [18; 19]. Bropoii npouiecc MoxkeT
JlaKe TIPUBECTH K TIepepactpeieIeHHI0 OTHOCUTEIFHO PACTBOPUMBIX KOMIIOHEHTOB. B cBsi3u ¢ 9THM 00pas3iibl,
MOJIyYECHHBIE U3 KOPbI BEIBETPUBAHUS KPUCTAIUIMYECKUX IIOPOJ, HE OTOMPAIIUCH.

3akjaoueHue

Pesynbrarel mpoBeeHHOTO MCCIEOBAHNS PAIUOTEHHON TEIIOTeHepaIii 00pasoB KPUCTAIITUNIECKOTO
(yHIaMeHTa TOKa3bIBAIOT, YTO 3HAUEHHS TEIIOT€HEPAIINH YIILTPAOCHOBHBIX U OCHOBHBIX TIOPOT (YABTpaMaduThl,
am¢puo0HuThI, aM(pUOOTIOBBIE CIIAHIILI, Ta00OPOUIBI, MeTaIMa0a3bl) ABJISIOTCS 00JIee HU3KUMHE, YeM 3HAUCHUS
TETUIOTEHEPAIlUA KUCIBIX MOPOJ (TPaHUTOTHEUCHI, TPAHUTHI, PUOJIUTHI, CHEHUTHI). OHOTUITHBIC TTOPOIBI,
BXOJIAIIIME B COCTAB Pa3HBIX BEMIECTBEHHBIX KOMIUIEKCOB W PACIIPOCTPAHEHHBIE B PA3TMYHBIX CTPYKTYPHBIX
30HaX KPUCTALNTUIECKOTO (PyHIaMEHTa, IMEIOT OJTM3KHE 3HAYCHUS COJICPIKAHUS SJIEMEHTOB.

MuHUMaJIbHBIC 3HAYCHUS TApaMETPOB CBSI3aHBI C YIBTpaMa(GUIeCKUMU IOPOJAAMH U MeTaMOp(pUIeCKUMU
oOpaszoBanussMu OKOJIOBCKOW TpabeH-CHHKIIMHAIK, 00JIee BBICOKHE — ¢ 00JIACTSIMH TPEUMYIIIECTBEHHOTO pac-
MIPOCTPaHEHUS TOPOT aMPHUOOTUT-THEHCOBOTO KOMIUIEKCA B IIEHTPAIBHOM 1 FOT0-BOCTOYHON JacTsax bemapycn,
a Tak)Ke MOPOJIBI TPAHYIIUTOBBIX OJ0KOB B benopyccko-IIpubantuiickom mosice. 30HbI O1aCTOMUIIOHUTOB, pa3-
JISJISFOIINE ITH OJOKH, MMEIOT MOBBIMIEHHYO TEILIOTEHEPAIUI0, 00YCIOBICHHYIO Pa3BUTHEM B UX IMpejieiax
Pa3HOOOpa3HBIX TPAHUTOUIOB.

MakcumanbpHOE COfiepKaHHe M30TOMOB M CaMble OOJBIINE BETHYMHBI TEMJIOTEHEPAIINd CBOHCTBEHHBI
HanOoJlee MOJOABIM CYOIETIOYHBIM U PAaKUBHUIIOAOOHBIM TPAaHUTAM MOCTOBCKOTO, 00OOOBHSTHCKOTO H KO-
POCTEHCKOTO KOMILIEKCOB panakuBUTPaHUTHOU Gopmaruu. OHU 00OTaIEHbI TOPHEM, KOTOPHIH KOHIICH-
TPUPYETCS B MOHAIIUTE, OPTUTE, TOPUTE, IIUPKOHE U APYTHUX AKIECCOPHBIX MUHEpaax, a TakKe YpaHOM
1 PEIKO3EeMEIIbHBIMU dJIeMeHTaMHu. [lopoasl pamakuBUTpaHUTHOW GopMamuu Ha 3amaae Bocrouno-EBpo-
MEeHWCKOTO KpaToHA CJararT OONMIMPHBIE MAaCCUBHL. B pailoHax WX pacmpocTpaHeHHs Takxke 3a(hpuKCHUpOBaH
MOBBIIEHHBIA TEMIOBOU MOTOK.

Bornee BrIcOKOE 3HaUeHNE TEIUIOTeHEpalny HabogaeTcs B ceBepHoil 30He [Ipumnsarckoro nporuda. B ckBa-
xmne «bapcykn-60» ono cocrasiser 2,15 MkBt/M?, B ckBaxkune «Cymosuua» — 7,0-5,5 MxBt/M. B apyrux
CKBa)KMHAX [MOKA3aTeNb TeIioreHepanuu uamensercs ot 0,56 no 5,50 MKBT/M. YpoBeHb PaIMOT€HHOH TEII0-
TeHepalliK B CKBaXKMHAX, TPOOYypEeHHBIX Ha boOoBHIHCKOM BhICTYIIE Benopycckoii aHTeKIIN3bI, SIBISETCS HU3-
knM (0,52-1,24 MxBT/M%), 01HAKO /1S OIMHOYHBIX 0OPa3IoB OH Bo3pacTaeT j0 3,35 MxBt/m’. Ha ocransHoit
TEPPUTOPUH aHTEKIIM3bI 3HAYCHHE TeILIOreHeparmn Koeomercs o 1 1o 2 MxB1/M>. B Opinanckoii Biaanne
HanbOoNbIIAs BEINUMHA TerIoBbIAeneHns (2,62 MKBT/M?) onpesieniena s 0jHOTO 06pa3la YaCTHYHO BhI-
BETPEJIOTO THEekca, MOAHITOTr0 U3 ckBakuHbl « TJI-29», rae 3a00i BCKPBUT TOJIBKO 30HY BBIBETPUBAHUS (TUTY-
ouna 776—782 m). B ckBaxkune «BacuneBnuu-15» OpiiaHCKON BIIaUHBI 3HAYCHUE TEIUIOTCHEPAIIMU JTOCTH-
raet 2,15 MxB1/M>. B ipyrux oGpasiiax TopHbIX OPOJ] OHO XapakTepusyercst Kak Huskoe (1-2 MkBt/m?), uto
COIJIaCcyeTCsl C HeBBICOKMM HAOIFOIAeMBIM TETIIIOBBIM TTOTOKOM. M3 ckBaxuHBI « CMOJIEHCK- 1 », pacTIONOKeHHOH
B poccutickoii yactu OpIIaHCKO# BITaIUHbBI, H3Y4YeH TOJIbKO 1 0Opa3er] rab0po, ypoBEeHb €ro TEIUIOTeHEPaIuU
eme ke (0,56 MkBT/M?).
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IOBI/IHEI/I

J UBILEES

Hukoaann KoHcTaHTHMHOBHUY
YEPTKO

Mikalai Kanstancinavich
CHARTKO

Co Hst pOXKACHUS JOKTOpa reorpaduieckux HaykK,
npoteccopa Hukonas Koncrantunosnua Yeptko, po-
(heccopa kadepbl OYBOBEICHHUS U TOMH(OPMAITHOH-
HBIX cucTeM (hakyibrera reorpaduu U reouHpopma-
THKH Belopycckoro rocy1apcTBEHHOTO YHHBEPCHUTETA,
8 sauBaps 2024 r. ucnionunutes 90 net. H. K. Yeptro —
W3BECTHBIN Oenopycckuii pusukoreorpad, aBrop pa-
00T 1O reOXUMHUH JIaHIIA()TOB, TEOXUMHH arpoJiaH/I-
ma)ToB, FTEOXUMHUYECKOH IKOJIOTHH, TOYBOBEICHUIO,
MareMaTH4eCcKUM METoiaM B reorpadum.

Hukonait KoncTaHTHHOBHY pOMiICS B KPECThSIH-
ckoi cembe B 7. MocthiThiun (bapanoBuuckuil paii-
oH, bpectckast o6nacts). JIt06003HATETLHOCTS U LielIe-
YCTPEMIICHHOCTB BO BpeMsi y4eObl Ha reorpad)uuecKoM
tdaxynerere BI'Y (1952-1957) onpenenuium nuHTEepec
H. K. Yeprko k HayuHO# paboTe, KOTOPbIH OH MPOSBIISUIT
Ha4YMHasl CO BTOPOro Kypca. [log pykoBoaCTBOM Mpo-
(eccopa B. A. JlemeHTheBa ObLITH BITOJIHEHbI /1B Ha-
yuHbIe pabOoThI: KapTa IITyOHHBI pacuieHeHus peibeda
Benapycwu, nonoxxeHHasi B OCHOBY OJIHOMMEHHOM KapThl
st Atnaca BCCP (1958); kapTa n3oanomMai rpo3 Ha

3€MHOM IlIape, COCTaBIeHHasl coBMeCTHO ¢ B. . Hay-
MEHKO (BIOCJIACTBUH MTpodeccopoM bpectckoro rocy-
napcTBeHHOro yHuBepcutera uMenu A. C. Ilymkuna).
Ha pecny0inkaHCKOM KOHKYPCE CTYJICHUESCKUX paboT
OHH OBUIM OTMEUEHBI MOYETHBIMU rpaMoTaMu MUHU-
crepctBa oopazoBanus BCCP.

[Tocne oxonuanust yuusepcutera H. K. UepTko
pabotan y4yutesneMm reorpaduu B CpeiHEH IIKOJe,
a B 1959 r. o npemnokenuto nmpodeccopa O. d. SAxym-
Ko noctynui B actiupantypy bI'Y. B 1962 r. on 3ansin
JIOJDKHOCTH MJIQJIIIETr0 HAyYHOTO COTPYJHHKA Hayd-
HO-HCCIIE0BATENBCKOM T1a00paTopuu ONOXUMUH TTOYB
reorpaduyeckoro dakynsrera BI'Y. B 1969 1. Huxomnait
KoHcTanTnHOBHY ObLT IIEpeBe/IeH Ha JOJHKHOCTh CTap-
1Iero npenojasarels KageIpbl TOYBOBEACHUS U T€0-
noruu reorpaduyeckoro gakynsrera, a B 19721992 rr.
OH sIBJISIICA Ao1ieHTOM 3Toi Kadeapsl. C 1992 o 2020 .
H. K. Yeptko pabotai npodeccopoM kadeapsl ouBo-
Be/ICHUSI M TeOMH(OPMAIIMOHHBIX CUCTEM (paKyibTeTa
reorpadun u reoundopmaruxu BI'Y. B HacTosiiee Bpe-
Msl OH HAXO/IUTCSI Ha 3aCITY’)KEHHOM OTJIbIXE.
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B 1968 . Hukomait KonctaHTHHOBHY 3aI{UTHII KaH-
JUIATCKYI0 TUccepTannio « MUKpO3JIEeMEeHTHI B MOY-
Bax roro-zamnajaHoil wactu bpectckoro Ilomecesy,
B 1991 1. — mokTOopcKyto auccepranuio «I eoxumus arpo-
nanmmadToB benapycu u ux ontumuzanus. B 1993 .
eMy OBUIO PUCBOEHO yUeHOe 3BaHue mpodeccopa.

H. K. UepTtko unran o0beMHbIE Kypchl «I €OXUMHS»,
«[eoxumus nanmmadray, «I'eorpadus mous ¢ ocHoBa-
MU MTOYBOBE/ICHUS», «MaTeMaTndeckie MEeTO bl B reo-
rpadui» ¥ BENI PsiJi CIICIUAIBHBIX TUCIIATUINH.

Kpowme Toro, Hukonait KOHCTaHTHHOBHY 3aJ105KUI
OCHOBBI TEOXVIMHUU arpoyiaiamadToB v pa3BUBal 3TO
HOBO€ Hay4YHOE HallpaBlieHHe, pa3palaThIBarolee
KJIaCCU(DUKALINIO U CTPYKTYPY JaHAIIA(TOB, CIIOCOOBI
WX OIIEHKHU M ONTHMM3AIINH, a TAK)KE HeHTpaIu3aiu
TOKCUYECKHUX 3JIEMEHTOB U coeinHeHuil. Ilox ero py-
KOBOZICTBOM 3aIllMIIeHBI | JOKTOpCKas AMCCEepTarys
u 5 kauauaarckux auccepranuid. H. K. YepTtko sBisics
Hay4YHBIM PyKOBOJIUTENIEM U HCTIONHUTeNeM 16 Kpyn-
HBIX Hay4YHO-HCCIIEI0BATENBCKUX padOT, BBITOIHEHHBIX
B paMKax rocyJapCTBEHHBIX NMPOTpaMM OpPHUEHTHPO-
BaHHBIX ()YHIaMEHTaIbHBIX HccienoBanuii «IIpupos-
HbIe KoMITIeKCh» (2001-2005) u «IIpupomomnonb3o-
Banue» (2006—2010), rocynapcTBEHHBIX MPOTPaMM
HayuHbIX uccienoBanuil «IIpupogHo-pecypcHslii o-
terruam» (2011-2015) u «IIpuponomnonszoBanue
u sxoyorus» (2016-2020).

Huxonaii KonctanTuHOBUY OmmyOIMKOBal Oosee
350 Hay4HbIX, y4eOHBIX U Y4eOHO-METOINYECKUX pa-
00T, B TOM uncie 5 MoHorpaduii, 53 yueOHuKa, yueo-
HBIX U y4eOHO-METOAMUYECKHUX TI0co0us, 2 aBTOPCKUX
cBUETENbCTBA. K €ro OCHOBHBIM Tpy/aM OTHOCATCS
cnenyromue: «XKpimmné rmedsn (1976), «leoxumust
nannmadra (1981, 2011), «Maremariueckue MeTo-
161 B (pmzngeckoit reorpadun» (1987), « ACHOBHI rea-

ximii» (2001), «[eoxumuyeckas sxonorus» (2002),
«Teoxumus» (2016), «[eorpadust mouB ¢ 0OCHOBaMHU
nouyBoBeneHus» (2000, 2011), «IlTonesas u maboparop-
Hasl MpaKTUKa 1o mouBoBeaeHuto» (1974, 1981, 2003),
«Maremarndeckue MeToibl B reorpadum» (2009), «I'eo-
rpadus nouB benapycu» (2011), «['eoxumust 1 3K0I0-
THUSI XUMUYIECKUX 1eMeHTOB (2008), «bronmornueckas
(byHKIUs XUMUYecKnX dneMenToB» (2012, 2022), «Ieo-
XUMUYECKas onmTuMm3aIus JanamadTosy (2018).

H. K. YepTKo akTHBHO 3aHUMAJICS OOIIIECTBEHHOM pa-
0O0TOI, ABIISIICS TIpe/iceiaTeNieM Y4eOHO-MeTOTMUECKOM
KOMHCCHU reorpaduieckoro gakynsrera bI'Y, unenom
HAyIHO-METOJMYECKOTO OOBEIUHEHUS 10 Teorpaduu
npu MunnctepcTBe oOpazoBanus Pecryonmku bena-
PYyCh, 3KCTIEpTOM 110 (hyHTaMEHTATbHBIM HCCIIEIOBAHUAM
HAH benapycu. 3a akTHBHYI0 y4eOHO-METOIMYECKYIO,
Hay4YHO-MCCIIE0BATEIBCKYIO U O0IIECTBEHHYIO pado-
Ty Huxonaii KoncrantoBny HarpaxieH [louetHoi
rpamotoii BepxoBroro Cosera BCCP (1971), roOuneii-
HOU Menaibio «3a mpobnectHbiit Tpym» (1970) Ilpesu-
nmuyma Bepxosroro Cosera CCCP, menansio «Berepan
Tpyna» (1985), moueTHBIMU TpaMOTaMH U TPaMOTaMHU
MunucrepcTBa obpazoBanus PecmyOmuku bemapych,
Benopycckoro rocyaapcTBEHHOTO YHUBEPCUTETA U JIPY-
THX OpraHu3alyii, yI0CTOeH MMOYETHOTO 3BaHus «3a-
CITy>KeHHBIH paboTHUK benopycckoro rocygapcTBeH-
HOTO YHHUBEPCUTETa», HarPyIHOTO 3HaKa «OTINYHUK
obpazoBanus» MunucTepcTBa 00pazoBanust Pecrryonuku
Bbenapyce u Harpyanoro 3Haka «100 et BI'V».

CotpynHukH paxynbrera reorpaduu u reonHdpop-
Matuku bI'Y, Koneru u y4eHuKy cepieuHo Mo3/IpaB-
nsr0T Hukonas KoncraHTHHOBHYA ¢ F00OHIIEEM, JKETIA0T
eMy 100pOTo 3I0OPOBBS U OJIATOTIOTYYHSI.

A. A. Kapnuuenxo'

! Anexcanop Anexcandposuu Kapnuuenxo — KaHguaar TeorpauaecKuX HayK, TOMEHT; TONEHT Kadyephl TTOYBOBEICHHS H TCOHH-
(hOpMaIIOHHBIX CUCTEM (aKyabpTeTa reorpauu 1 reonH(pOopMaTUKN bemopycckoro rocynapcTBEHHOTO YHHUBEPCUTETA.

Aliaksandr A. Karpichenka, PhD (geography), docent; associate professor at the department of soil science and geoinformation
systems, faculty of geography and geoinformatics, Belarusian State University.
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VIIK 332.334(075.8)
Knebanosuy H. B. 3eMenbHblii KagacTp [DNeKTpOHHBIN pecypc] : AMEeKTPOH. yued.-MeTo]. KOMILIEKC IS
crert. 1-56 02 02 «I'eonndopmanmonnsie cuctemsl» / H. B. Kitebanosud, JI. . CmbikoBud ; BI'Y. DnektpoH.
TekcToBbIe 1aH. MuHck : BI'Y, 2023. 154 c. : ui., Tadn. bubmuorp.: ¢. 153—154. Pexxum nocrtyma: https://elib.
bsu.by/handle/123456789/296851. 3arn. ¢ skpana. Hen. B BI'Y 03.05.2023, Ne 004103052023.
DOnexTpoHHBIH yueOHO-MeToanueckuit komruieke (Y MK) npenHaszHaueH Ui CTYAEHTOB, 00y4JatonuXcs
o crienrasibHOCTH 1-56 02 02 «['eomrdopmarmonnsie cucteMbl». Comepkanne DY MK npeamnosnaraet moBsI-
menue d(h(HEeKTHBHOCTH YITpaBIeHUS 00pa30BaTeIbHBIM ITPOIIECCOM M CaMOCTOSITEIIbHOM paboTOl CTY/IEHTOB
110 OCBOGHHUIO Y4eOHOW MUCIUIUIMHEI «3eMeNbHBII KaJacTpy ¢ TIOMOIIBIO BHEIPEHUS B 00pa30BaTEIbHBIN
IIpoliecC MHHOBAIMOHHBIX 00pa30BaTENbHBIX TEXHOJIOTHH, 00eCTIedeHre KaueCTBEHHOU ITOJITOTOBKH BBICOKO-
KBUTH()AIMPOBAHHBIX CIIEIINAIHCTOB.

VIIK 634(075.8)
Mamiowesckas E. B. OcHOBBI ca0oBOACTBA [ DIEKTPOHHEIN pecypc] : 2IEKTPOH. yaed.-MeTo . KOMIUIEKC JIJIs
crer. 1-31 02 01 «['eorpacdmus (1o HanpaBiIeHUsIM)», Harpasienue cretl. 1-31 02 01-02 «['eorpadus (HayuHo-
regarornaeckas neareasHocTh)» / E. B. Matiomesckas, M. C. Kactpurikas ; BI'Y. D1eKTpoH. TEKCTOBBIE JIaH.
Munck : BI'Y, 2023. 88 c. bubnuorp.: c. 87-88. Pexxum nocryma: https://elib.bsu.by/handle/123456789/297451.
3arn. ¢ skpana. Jen. B BI'Y 22.05.2023, Ne 004822052023.

OnexTpoHHBIH yueOHO-MeToamueckuii komruieke (DYMK) no yuebnoit quctuminae «OCHOBBI CaJl0BOJI-
CTBa» TMpeaHa3HAuEeH JIJIsl O0YJAIOIINXCS MO CIIEIUANBHOCTH «reorpadus (1o HampasieHusM)y. Conepikanue
OYMK npenmnonaraet co31aHue yCIOBUNA, CONEUCTBYIOIIMX OCBOEHUIO CTYAEHTAaMU [TPOrPAMMBI TUCLHUIUIHHBIL.

VIK 910.1(075.8)
Tanau E. Y. Metoasbl puznko-reorpadpuyecKux uccaeqo0BaHuiil [ DIeKTPOHHBINA pecypc] : IeKTPOoH. yueo.-
meton. kKomruieke as crerl. 1-31 02 01 «I'eorpadus (1o HampaBiIeHUsIM )», Hanpasienne creil. 1-31 02 01-02
«l'eorpadus (HayuHo-niemarormueckas nesarenbHocTs)» / E. U. Nanait, H. B. 'aruna, W. U. Cuacthas ; BI'Y.
OneKTpoH. TekcToBbIe JaH. MuHck : BI'Y, 2023. 95 c.: wi., Tabn. bubnworp.: c. 92-93. Pexwum noctyna: https://
elib.bsu.by/handle/123456789/297719. 3arn. ¢ skpana. Jlem. B BI'Y 29.05.2023, Ne 005029052023.
DJNeKTpOHHBINH yueOHO-MeTonudeckwii komrieke (OYMK) npenHasHavyeH Ui CTyIeHTOB, 00yYaromuXcs 1Mo
crrernanbHOoCcTH 1-31 02 01 «I'eorpadus (o HanpasneHusM)». B Y MK uznokeHbl COBpeMEHHBIC METOJEI,
MIPUEMBI ¥ METOJIKA N3yYEHUS U OPTaHU3AINU OTPACIEBHIX M KOMIUIEKCHBIX (PH3UKO-TEOTpaduaecKix uecie-
nmoBaHui. [IpeacTaBieHsl TeMaTHKa Ja0OPAaTOPHBIX M MPAKTHICCKUX 3aHATHH, TPHOIH3UTEIHHBIA TIepedeHb
BOIPOCOB K 3a4eTy, 3aJJaHUi B TECTOBOW (hopMe, BOIIPOCHI ISl CAMOKOHTPOJIS I pEKOMEHIyeMast TUTeparypa
JUTSL N3Y9EHUS JUCIIATIIHBL.
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VIK 553.061.12/17(075.8)

I'ene3uc MecTOpOKAEHUH MOJE3HBIX HCKONAEMBIX [ DIEKTPOHHBIN pecypc] : AMEKTPOH. yued.-MeTo . KOM-
IJICKC C KpeaTUBHBIM KoMmoHeHToM s crell. 1-51 01 01 «['eonorus u pa3Beaka MECTOPOXKICHUN MOJIE3HBIX
nckomnaembrx» / BI'Y ; cocrt. /1. JI. TBopoHoBHuY-CeBpyK. DieKTpoH. TeKcToBbIe naH. MuHck : BI'Y, 2023. 39 ¢. :
ni., Tabn. bubmuorp.: c. 38. Pexxum nmoctyna: https://elib.bsu.by/handle/123456789/298062. 3ari. ¢ sxpana.
Hemn. B BI'Y 05.06.2023, Ne 005405062023.

DNeKTpoHHBIH yueOHO-MeToanueckuii komiuieke (OYMK) npennasHadeH i CTyJCHTOB, 00yUYarOIIIXCs
no crienmansHocTh 1-51 01 01 «I'eomorus u pasBenka MECTOPOXKICHUN MONIE3HBIX UCKOMaeMbIx». Conepika-
Hue DYMK npeanonaraeT noeimeHne 3h(HEKTUBHOCTH YITpaBIeHUs] 00pa30BaTeIbHBIM ITPOIIECCOM U CaMO-
CTOSITEIIBHOM PabOTOH CTYIEHTOB 110 OCBOCHHUIO YUEOHOM AMCHUTITUHBI «] @HEe3UC MECTOPOXKICHUH MMOJE3HBIX
HCKOTIa€MBIX» C TIOMOIIIBIO0 BHEJPEHUSI B 00pa30BaTEIbHBIN MPOIECC MHHOBAIMOHHBIX 00pa30BaTEIbHBIX
TEXHOIIOTUH, 00eCTIeYeHIE Ka9YeCTBEHHOM MTOATOTOBKH BHICOKOKBATH(DUIINPOBAHHBIX CIIEIIUATHCTOB-T€0JIOTOB.

VIIK 550.8(075.8)

IMoucku u pa3BeaKa MeCTOPOKIEHHU MOJIE3HBIX HCKOMAaeMbIX [ DJIIEKTPOHHEIHN pecypc] : AIeKTPOH. yueo.-
Metoa. komrutieke s crer. 1-51 01 01 «['eonorust u pa3Beika MECTOPOKIACHUH MMOJIE3HBIX UCKOMTAEMBIX) /
BI'Y ; coct. . JI. TBopoHOBHY-CeBpyK. DNEeKTPOH. TeKCTOBBIE AaH. MuHck : BI'Y, 2023. 39 c. : ui., Tabm.
Bbubmuorp.: ¢. 38-39. Pexxum noctyna: https://elib.bsu.by/handle/123456789/298066. 3arn. ¢ skpana. Jem.
B BI'Y 05.06.2023, Ne 005505062023.

DneKTpoHHBIH yueOHO-MeToamueckuii komruieke (OYMK) npennasHadeH i CTyJeHTOB, 00yUJaIOIIIXCs
o criermaigbHoCcTH 1-51 01 01 «['eonorus u pa3Benka MECTOPOKICHUH MOJIE3HBIX UCKOMaeMbIx». CofepiKaHue
OYMK npenmnonaraeT moBeITIIeHUE YPPEKTUBHOCTH YIIPABJICHHS 00pa30BaTEILHBIM IPOIECCOM B CaMOCTOS-
TEJIHHOU pabOTON CTYJICHTOB 110 OCBOSHUIO YueOHOM nuctuiinHbl «[lorcku 1 pa3Benka MeCTOPOXKICHUH 110-
JIE3HBIX UCKOIIAEMBIX» C IIOMOIIBIO BHEAPEHISI B 00pa30BaTeIbHBIN MPOIIECC MHHOBAIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOIIOTHH, 00ecTiedeHre Ka9eCTBEHHOM IMTOATOTOBKH BHICOKOKBATH(DHIINPOBAHHBIX CIIEIIUATHCTOB-T€0JIOTOB.

VIAK 551.5(075.8)

Ineoko 1O. A. JxoHoOMUYecKasi MeTeOPOJIOTUs [ DIEKTPOHHBIN pecypc] : JIEKTPOH. yue0.-MeTo]]. KOMITIIEKC
st criett. 7-06-0532-02 «'uppomereoponorus» / 10. A. I'nmenko, B. M. Jlanmo ; BI'Y. DnektpoH. TekcTo-
Bble JaH. MuHck : BI'Y, 2023. 153 c. : un. bubauorp.: c. 150-153. Pexxum noctyma: https://elib.bsu.by/
handle/123456789/298278. 3aru. ¢ skpana. [lemn. B BI'Y 07.06.2023, Ne 005707062023.

OneKTpoHHbIH yueOHO-MeTonnueckuii komrieke (QYMK) no yueOHOW aucuuIuimHe « DKOHOMHUYECKas
METEOPOJIOTHSD IPEeTHASHAYCH IJIS CTYASHTOB crieruaibHoCTH 7-06-0532-02 «'mapomeTeopoaorus (haKyib-
TeTa reorpaduu u reonndpopmaruku benopycckoro rocynapcTBeHHOro ynuBepcutera. B conepxannn OYMK
paccMmarpuBaeTcs, C OTHOM CTOPOHBI, HOHATHE O THAPOMETEOPOIOTHYECKON 0€30aCHOCTH CTPAHBI, UyBCTBH-
TEIHHOCTHU MOTPEOUTENS K THAPOMETEOPOIOrHIecKoMy (haKTopy, C APYTOil CTOPOHBI, CTETIEHh 3aBUCHMOCTH
noTpeduTesei OT THAPOMETEOPOIOTHIECKOTO (haKTopa, a TaKKe SIKOHOMUUECKUH 3 dekT oT rcrmonb30BaHus
ruzpoMeTeoponornaeckoi napopmannu. [IpeacrapieHsl TeMaTka, coliepKaHue 1 MeTOAMYeCKIe PEKOMEHIa-
LY JUIS BBITTOJTHEHUS IPAKTUYECKUX PA0OT, IepeueHb BOIPOCOB M 3aJ[aHH JIJIs yIIPABIISIEMON CAMOCTOSTEIb-
HO paboTHI CTYICHTOB, MPUMEPHBIN IIEPEICHD 3aJaHUH B TECTOBOH (DOPME JJIT HITOTOBOTO U MTPOMEKYTOUHOTO
KOHTPOJISI 3HAHUH.

VIK 631:551.509.3(075.8)

lasvroenxo O. B. ArpoMeTeopoornieckoe Nporuo3upoBanue [ DISKTPOHHBIA pecypc] : AIeKTpoH. yueo.-
MeTon. koMIuieke i cnen. 1-31 02 02 «['mapomereopornorus» / O. B. [aBeiaenko ; BI'Y. Dnexrpon. Tek-
croBeie gaH. Munck : BI'Y, 2023. 117 c¢. bubnuorp.: ¢. 114—115. Pexxum nocrtyma: https://elib.bsu.by/
handle/123456789/298569. 3aru. ¢ skpana. [len. B BI'Y 12.06.2023, Ne 005812062023.

OnekTpoHHBIH yueOHO-MeToanyeckuit komruieke (Y MK) npennazHadeH Juist CTYJICHTOB CIIEIHATbHOCTH
1-31 02 02 «I'mapomeTeoposorus» (akyiprera reorpadun u reonHpopMaTukn beaopycckoro rocynapcTBEHHOTO
yauBepcutera. B OYMK paccmarpuBatoTcst ICTOpHS MPOTHO3UPOBAHUS B arPOMETEOPOIIOTHH, BUIBI arpoMe-
TEOPOJIOTUYECKUX TTPOTHO30B, METOANKH X Pa3pabdOTKH, COCTABICHUS M OLIEHKH. [IpescTraBneHs TeMaTnKa
1 METOIUYECKUE PEKOMEHIAIMH 10 BBIIOJIHEHHIO MPAKTHYECKUX PadoT U 3a1aHUi yIpaBiIsIeMoi caMoCTos-
TEJBHOM PabOThl CTYACHTOB, TIEPEYCHb BONPOCOB ISl MOATOTOBKH K CEMHHAPCKUM 3aHSITHSIM, TIPUMEPHBIT
NepedeHb BOIPOCOB AJIS 3a4eTa o y4yeOHOW ANCHUIIMHE «ATPOMETEOPOIOTHUECKOE IPOTHO3UPOBAHHEY.
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VIK 561.087(075.8)+581.33.087(075.8)

Tucapuyx H. M. OcHOBBI MAJMHOJIOTUH [ DIEKTPOHHBIHN pecypc] : SIEKTPOH. y4e0.-METOI. KOMITIEKC (aBT. KYpC)
s cent. 1-31 02 01 «I'eorpadus (1o HaripasieHusiM)», Harpasienue crerl. 1-31 02 01-02 «I'eorpadus (Hayano-
nearoruyeckas aesTeabHocTb)» / H. M. ITucapuyk, 1. K. Ejxosudesa ; BI'Y. DnekTpoH. TeKCTOBbIC 1aH. MUHCK :
BI'Y, 2023. 187 c. : Tabn. bubmuorp.: ¢. 186—187. Pexxum noctyna: https://elib.bsu.by/handle/123456789/300210.
3ari. ¢ okpana. Jlem. B BI'Y 27.06.2023, Ne 006427062023.

OnexTpoHHBIN yyeOHo-MeTonnyecknii komruieke (DYMK) (aBropckuii Kypc) 1o y4eOHOM IUCHIUTUIHHE
«OCHOBBI TTAIMHOJIOTHIWY» MPEHA3HAYCH Ul 00yYaroNuXcsl Ha Teorpauueckux crenuanbHocTsX. Paspa-
00TaH Ha OCHOBE HAYYHBIX W METOJUYECKUX UCCIEIOBAHUN aBTOPOB, COBPEMEHHBIX JOCTHKEHUH B 00IacTH
NAJIMHOJIOTHH W aJIallTHPOBaH 10/ 00pa3oBaTebHbBIN Mpolecc. BriroyaeT TeopeTHIecKid, MpakTHIeCKH
1 BCTIOMOTaTeIBHBIN pa3Aelibl, a TAKKE pasaen KoHTpours 3uanui. Conepkanue OYMK npeamnonaraeT co3nanue
YCJIOBHM, CONEUCTBYIOIMX OCBOCHUIO CTYIEHTAMM IIPOTPAMMBbI JIUCLMILINHBIL.

VIK 551.79(476)+551.89(476)+561:581.33:551.7(476)

T'eosnoruveckue paspessl LsiuonJieiicTonesa u rojgoueHa beaapyeu [DnexTpoHHBIH pecype] : B 5 T.
T. 3. bacceiin Hemana / 5. K. Enosuuera, E. H. Ipo3n ; nox pex. fA. K. EnosudeBoii ; BI'Y. DnekrpoH. Tek-
ctoBbie JaH. Munck : BI'Y, 2023. 371 c. : wi. bubnuorp.: ¢. 351-357. Pexxum noctyna: https://elib.bsu.by/
handle/123456789/301002. 3aru. ¢ akpana. Jlen. B BI'Y 06.09.2023, Ne 007706092023.

Jannas paboTta BMemaeT pa3pessl IISIHUOIIISHCTOIeHA U TOJIO0IEHa, KOTOPBIE OBUTN N3y4YeHBI Ha TEPPUTOPUN
benapycu B 6acceitae pexku Heman (318 en.), a Takxke B npeaenax Kanuaunrpaackoi oomactu Poccun (14 en.).
[MorpeOHOCTH B UX MyOIUKAIMK B €JMHON MOHOTpaduy BhI3BaHA HEOOXOIUMOCTBIO JIETAIBLHO U TTOJTHO TIPei-
CTaBUTh MAJIMHOJIOTHYECKYIO XapaKTepUCTUKY 332 pa3pe3oB, a TaK)Ke OTPa3UTh B3IVISLA aBTOPOB HA pPEIIeHUE
npobieM crpaturpadun U majgeorcorpaguu KBaprepa B COBPEMEHHOM MTOHUMAHUHU PAa3BUTHS MIPUPOTHON
CpeIbl M MEKPETHOHALHOW Teosiornyeckor Koppessinun. [Ipusenena pacmmpennas 6udnrorpadus mo BceMm
HUMCIOIIINMCA Hy6J'II/IKaHI/I$IM MAJMHOJIOTUYCCKN U3YUYCHHBIX Pa3pe30B, a TAKXKE MCIIOJIb30BaHbI MaT€purajibl
(hOHIOBBIX MCCIICAOBAHUH, HAXOIAIIMXCS B MAJIMHOJIOIMYECKOM Oa3ze gaHHbIX benapycu.

PaGora BrITIONTHEHA 10 TMYHOW MHUIIMATHBE aBTOPOB U MPEIHA3HAYEHAa JIJIsl yYE€HBIX B 00IaCTH YETBEPTHY-
HOW TEO0JIOTHH, TTaJICOHTOJIOTUH, MTaeoreorpaduu, a Takke OOIIMPHOTO Kpyra CIeUalIUCTOB-CTPaTUrpadoB,
MAJIMHOJIOTOB, TasleoreorpadoB, KIMMATOJIOTOB, IKOJIOTOB HayYHO-UCCIIEIOBATEIbCKHX, YIEOHBIX YUPEKACHUI
1 IMPOU3BOJACTBEHHBIX I'€OJIOTHUYCCKUX OpFaHI/I?,aHI/Iﬁ.

VIIK 556.5.048(075.8)

Jlonyx I1. C. I'maponorudyeckne pacuerbl [DIEKTPOHHBINA pecypc] : JMEeKTPOH. y4e0.-MeTO/I. KOMIUIEKC /IS
crerl. 6-05 0532 02 «['mapomereoposiorus» / I1. C. Jlomyx ; BI'Y. DnekTpoH. TekcToBbie gaH. MuHck : BI'Y,
2023. 91 c. : w1, Tabn. bubmauorp.: ¢. 90-91. Pexxum noctyna: https://elib.bsu.by/handle/123456789/303892.
3ar. ¢ okpana. Jlen. B BI'Y 30.10.2023, Ne 009330102023.

OnexTpoHHBIN yueOHO-MeToamuecknii Kommuieke (OYMK) no yueOnoit aucummumae «[ mapomornyeckne
pacdeTsD» MpeaHa3HavYeH ISl CTyAeHTOB criennanbHocTh 6-05 0532 02 «I'uppomereopomnorus». B 9YMK co-
JiepIKaTcsi BOIIPOCHI IPeIMeTa U cocTaBa Kypca «[ maponorndeckue pacyeThbl», HCTOPHS HAYKH, METOTUYECKIE
0COOCHHOCTH THAPOIOTHYECKUX PACUETOB IO ONPEJIEIICHUIO MTapaMETPOB TOOBOTO CTOKA PEK NPU HAIIUYWH,
HEAOCTATOYHOCTH U OTCYTCTBUU AaHHBIX THAPOMETPUUCCKUX Ha6HIO,Z[eHI/II71, BHYTPHUIOAOBOI'O paCIIpEACICHUA
CTOKa, MaKCUMAJIbHBIX pacXoAd0B BOAbI BECCHHETO MOJIOBO/AbA, JICTHC-OCCHHUX ITaBOJAKOB NP HAJIMYUHW U OT-
CYyTCTBUH JaHHBIX HAOTIOMCHIH.
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JKypuan exmouen Bvicuwei ammecmayuonnou komuccueli Pecnybnuxu benapycew 6 I[lepeuens Hayunvix
u30aHutl 0151 ONYOIUKOBAHUS PE3VILINAMOE OUCCEPINAYUOHHBIX UCCIE008AHULL NO 2€02PAPUUECKUM U 2e071020-

MUHEPANTOCUHECKUM HAYKAM.

JKypuan exniouen 6 bubnuoepaghuueckyro 6a3y OauHblX HayuHblx nyoruxayuil « Poccutickuil unoekc Hayu-
Hoeo yumuposanusay (PUHL]), China National Knowledge Infrastructure.
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