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COBEPWEHCTBOBAHVME ME3OMACLWUTABHOIO UNCNEHHOIO
MPOITrHO3NPOBAHWMA MNMOroabl WRF-ARW B PECIMYBJ/IMKE BEJTAPYCb
NYTEM ACCUMNNTAUNN PAONONOKALUMNOHHbBIX JAHHbBIX
O BETPE N OTPAXXAEMOCTW

M. O. 3AMKO \ A. H. KPACOBCKWI?, C. K. BOPO/KO2

1Pecny6AnKaHCKuiA LLeHTp No rMApoOMeTeoposiorMun, KOHTPOSIO PafMoakT UBHOMO 3arpsisHeHNsS U MOHU T OPUHTY
OKpy>KaloLLen cpefbl, np. HesasucumocTu, 110, 220114, r. MuHcK, Benapycb
JHaumoHabHbIN HayYHO-UCCNeA0BATENBCKUIA LIEH TP MOHUTOPMHIa 030Hocteps! BITY, yn. KypuaToBa, 7, 220045,
r. MunHck, Benapycb

AHanM3npyTCA NPOrHO3bl OMACHbIX ABMEHWUIA NOroAbl, BbIMOSHEHHbIE C MOMOLLbIO YUC/IEHHOW Me3omacLuTabHo
mMogenn WRF ¢ aganTypoBaHHOW CUCTEMON acCUMUAALNN AaHHbIX PaAMO0I0KALNOHHOW OTpaXkaeMoCcTu 1 pagnanbHoi
CKOPOCTKN C ceTn 6eNopyCcCKUX LOMNNEPOBCKUX METEOPOSIOrMYecKuX nokatopos benrngpometa (2019). OnucbiBaloTcA
cnocobbl KOHTPONS KayecTBa pafMo3xa Ha OCHOBe XapaKTepUCTWK 4BOMHON nonspusauny 10KaTopoB U MeToh Tpex-
MepHOI BapuaynoHHoi accumunsauum (3D-VAR), NpUMeHSEMbIA B LeNIIX YTOYHEHNSA UCXOAHOro nons mogenn WRF.
MpuBoAATCA pe3ynbTaThl aHaM3a psaga CMOAe/TMPOBaHHbIX CllyYaeB 0CafKoB Y CU/IbHOMO BeTpa A1 pasfIMyHbIX TUMOB
LMPKYNSauun Ha Tepputopun Benapycu ¢ accuMmnnsumeid pagmosiokaumoHHbIX gaHHbIX U 6e3 Hee. BbiNosiHeHa cTaTucTm-
yeckas 1 06bEKTHO OPMEHTUPOBAHHASA OLeHKA 3TUX NPOrHO30B. Pe3y/ibTaTbl KOMIM/IEKCHOr0 aHan3a CnporHo3vpoBaHHbIX
CnyyaeB C acCUMUAALMEN pagapHoi nHopmauun AeMOHCTPUPYIOT yMeHbLUEHWE OLUMBKIN NPOrHo3a Npu3eMHOro BeTpa
Ha BbicoTe 10 M OT MOBEPXHOCTY 3eMAUN Ha 1,34 m/c Ha paHHMX Yacax NPorHosa (+6 4), a Takxke y/y4dlleHne NpPorHosa
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MeCTOMO/OXEHNS, OpUeHTaLMMN 06NnacTell BbiNageHns 0CafKoB N 061a4HbIX CTPYKTYD, COKPALLL,eHNe KOMNYECTBA NI0XKHbIX
Tpesor. MpeacTaBneHo NpeaBapUTeNbHOE 3aKN0UYEHMEe 0 BOSMOXHOCTY UCNONb30BAHUSA Pe3yNbTaToB NPOrHO30B B CUCTE-
Max HayKaCTUHra (CBepXKpPaTKOCPOUHbI/ NPOrHo3).

KnwouyeBble CNoBa: KPaTKOCPOUHbIA NporHo3 norogbl; WRF-ARW; accuMunauns gaHHbiX; 4ONNEPOBCKNIT MeTeopo-
NOrMYecKunii nokaTop; 4BONHAA NONAPU3aALUA; OLEHKA; HAYKaCTUHT.

IMPROVEMENT OF MESOSCALE NUMERICAL WEATHER PREDICTION
WRF-ARW IN THE REPUBLIC OF BELARUS BY ASSIMILATION
OF RADAR WIND AND REFLECTIVITY DATA

P.A. ZAIKO*,A. N. KRASOUSKIh S. K. BARODKA

&Republican Center ofHydrometeorology, Control o fRadioactive Contamination and Environmental
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bNational Research Centerfor Ozonosphere Monitoring, Belarusian State University,
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Corresponding author: P A. Zaiko (olly_lo@ tut.by)

The forecasts of severe weather events obtained with the WRF numerical mesoscale model with the adapted system
for assimilation of reflectivity and radial velocity data from the network of Belarusian Doppler weather radars used in
Belhydromet in 2019 are analysed. A description of the system for the echo quality control based on the radar dual-pola-
risation characteristics and the method for three-dimensional variational assimilation (3D-VAR) used to assimilate data in
the WRF model are described. The results of case studies on the simulation of precipitation and strong wind for various
circulation types in Belarus with and without radar data assimilation are given. The statistical and object-oriented verifi-
cation of these forecasts is provided. The results of the comprehensive assessment reveal a decrease in the forecast error
for 10-m wind speed for the early forecast hours (+6 h) by 1.34 m/s, as well as a more accurate forecast of the location,
orientation of the cloud systems and precipitation zones, and a decrease in the number of false alarms in the version with
assimilation. A preliminary conclusion on the possibility ofusing the forecast results in nowcasting systems is also made.

Keywords: short-range weather forecast; WRF-ARW, data assimilation; Doppler weather radar; dual-polarisation;
verification; nowcasting.

BBepgeHume

CucTeMbl Me30MacLUTabHOro YMceHHOro nporHo3a norogel (YAIM) no3sonsoT MoAennpoBaThb € 0CTaTOu-
HO BbICOKOI TOYHOCTbIO OMAacHbIe ABIEHNS KOHBEKTMBHOIO MacluTaba (MBHK, FPO3bl, LUKBANMNCTOE YCU/IEHNE
BeTpa U T. [.), HAHOCSALLME 3HAUYUTETbHbIA 3KOHOMUYECKNI YLLep6 CenbCKOMyY, NIECHOMY X03AACTBY U TpaHc-
nopty benapycnl OpHako Nofo6HbIA NPOrHO3 TpebyeT AeTann3aunmn u3-3a MasblX BPeMEHHbIX (0T HECKOSIb-
KNX MUHYT) 1 MPOCTPAHCTBEHHbIX (OT COTEH METPOB) MAacLLTab0B KOHBEKTUBHBIX IBEHNIA.

[nsi NOBbILWEHMA TOYHOCTU NPOrHO30B ONACHbIX SB/IEHWI MOroA4bl B CUCTEMAX YUC/IEHHOT0 MOAENMPOBaH A
NPUMEHSAETCA aCCUMUNALNA AaHHbIX C BbICOKUM BPEMEHHbLIM U NMPOCTPAHCTBEHHbLIM pa3peLleHneM, crnocob-
HbIX 3a()MKCUPOBaTb KOHBEKTUBHbIE AB/IEHNA HA TEPPUTOPUN CTPaHbl. K TakMM AaHHbIM OTHOCATCA Habntoge-
HMA LONIEPOBCKOr0 MeTeoposiormyeckoro nokaropa (4MPJ1).

CeTb paAMoNoKaLNOHHbIX METEOPOSIOrMYecKUX HabnwaeHnid benapycn npeactaBneHa ctaHumeii MPJ1-5
(BpecT) 1 NATbIO AOMNEPOBCKUMK METEOPOSIOTUYECKUMI SI0KaTOpamu ABOMHON nonspusaumn (MuHck, Mo-
menb, Butebek, MpogHo, BpecT), HabnoaeHNs Ha KOTOPbIX MPOU3BOAATCS C BbICOKON AUCKPETHOCTBLIO MO Bpe-
meHu (10 muH) 1 npocTpaHcTBy (0,5-1,0 Km) B paamyce 250 KM Ha 6onbluein yacTn Benapycu. OHM gaoT
YHUKaNbHYI0 MH(OPMaLMIO 0 pacrnpeieneHny nons pagmansHOro BeTpa, 0TPaXKaemocTu ruapoMeTeopos, UH-
TEHCMBHOCTU 0CaAKOB, MUKPO(U3NYECKON CTPYKTYpe 06/1aK0B 1 30HaX 061efjeHeHNS Ha TEPPUTOPUU CTPaHbI.
3Ty MH(OPMaLMIO MOXHO accuMuUnnpoBath B Mogensx Y [2].

MpoLecc acCUMUNALUN MeTEOPOSIOTUYECKMX AHHbIX HAMNPaB/ieH Ha MOCTPOeHUe 60/1ee TOYHOIO HavaIbHO-
ro COCTOSHUA aTMOC(EPbI 3a CHET BK/THOUEHNS HOBBIX, PaHEe He NCMOJb3YeMbIX HAOMIOAEHNIA C MOCNEAYOLWMM
YUYETOM OLUMBOK 3TUX HabnogeHWi 1 oWN60K NPOorHo3a mogenun. B pesynbTate cornacosaHus BCEX MeTeO-

1CenbMOE HalMOHaNbHOE coo6LLeHNe Pecny6nuku Benapych B COOTBETCTBUM C 0653aTeNbCTBAMM N0 PamMouHoii koHBeHLM OOH
06 n3mMeHeHMM KnumaTa [dnekTpoHHbI pecypc]. URL: https://unfccc.int/sites/default/files/resource/92104765_ Belarus-NC7-1-Al_
BLR_NC7.pdf (gaTa o6paLyeHus: 15.03.2020).
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POSIOTMYECKMX MOJei (hOPMUPYIOTCS HOBbIE Haya/lbHble U FrPaHUYHbIE YCI0BUSA, KOTOPblE MCMOMb3YHOTCA 415
nocnegytoLLero nporyosa [3].

Pecny6nvka benapycb He ABNAeTCA YNEHOM KPYMHbIX METEOPONOrMYeCcKUX KOHCOPLUYMOB M LEEHTPOB
(Meteo-France (®paHuwns), Met Office (BennkobputaHus) u gp.), CNOCOOHbLIX MOAEIMPOBaTb OMacHbIe AB-
NeHWsa Norofbl € yYeTOM YCBOEHHbIX PaAnO0I0KaLMOHHbLIX METEOPOIOrUYECKMX HABMOAeHNIA Ha ee TeEpPUTO-
puun. B CBA3U C 3TUM CO3[aHWNe CUCTEM aCCUMUNALMUUN faHHbIX 6eI0PYCCKMX METEOPOIOrMYECKUX NIOKATOPOB
1 NoC/iefyoLero perMoHaibHOro NPOrHO3MPOBaHUA OMAaCHbIX ABMIEHWIA MOrodbl Ans Tepputopun benapycm
npeLCcTaBnseT cob60li rocyJapCTBEHHYHO 3afaqy.

B bBenrnapomeTe 41 MPOrHO3a 0nacHbIX ABEHWIA NOrofl 6b11 pa3paboTaH KOMMOHEHT CUCTEMbI YCBOEHNS
[aHHbIX Ha3eMHbIX (He BXOAALMUX B MEXAYHAPOLHbI 0OMEH) asponornyeckmx 1 paguonokaLMoHHbIX Habo-
[eHnlA Ans aganTupoBaHHO Me3omacluTabHol yucneHHon mogenn WRF (Weather Research and Forecasting)
Ha 6a3e MeTofa TPEXMEPHOro BapuauuoHHOro ycsoeHus 3D-VAR.

Llenb cTatbu - npeacraBneHye pe3ynbTaToB UCMOMb30BaHNSA MPOrHO30B KOMYECTBA OCALKOB 1 BETPA B Me-
3omacLuTabHoin mogenu WRF Ha TeppuTopun Benapycu, NonyyYeHHbIX C MOMOLLbHO afanTUPOBaHHOW CUCTEMbI
aCCUMUAALMMN TOPU3OHTANBbHOM OTPaXKaeMOoCTW M paauanbHOR CKOPOCTU ¢ ceTu 6enopycckux AMJIP.

[ns 3Tol uenm pelleH pag 3agad: codfgaHa 6as3a gaHHbIX nporHo3os mogenn WRF ansa Tepputopun benapy-
cu; pa3paboTaHbl aBBTOMATU3MPOBaHHbIE NPOrpaMMHbIE KOMIEKChI 415 06paboTKM U KOHTPONSA HabtoLeHWiA
OMPT MuHcka, omens, Bute6cka (BbINOMHEHbI TECTUPOBaHWE W BbIGOP ONTUMaNbHOro MeToda hunbTpa-
LMW faHHbIX, MPOBefeHa HACTPOIiKa NOPOroBbIX 3HAYEHMIA, 3aNPOrpaMMUPOBaHbl 06paboTKa U KOHBepTaL s
PaAMOOKALMOHHBIX MOMEN Ha A3blke NPOrpamMMupoBaHus Python ana nocnegytoLein accuMuasaLmm), a Takxe
N5 aCCUMUAALUK pagapHbIX AaHHbIX (pacyeT KoBapuaLMOHHOW MaTpuLbl OLLIMGOK NPOrHo3a MOLENN Ha OC-
HOBe CO3faHHOl 6a3bl NPOrHO30B, HEOOX0AMMOW ANs accuMunauum Metogom 3D-VAR, HacTpolika KOHUry-
pauuu cMcTeMbl aCCUMUNALUN).

[JaeTcs KpaTKuil 0630p NPUMEHEHMS MOMYYEHHbIX NPOrHO30B A1 CUCTEM HayKacTMHra Ha TeppuUTopmm
Benapycu.

Martepuanbl U MeTOAbI UCCNef0BaHNA

Pa3BuTne CeTU MeTEOPOIOrMYECKUX TIOKATOPOB Ha TeppuTopun benapycu Hayanock B cepeguHe 1970-X IT.
C YCTaHOBKM METeoposiorMyeckoro nokaropa B asponopty Fomena (MP/1-2, 1975) (puc. 1). 3a 3To Bpems pa-
[ANO0J/IOKaLMOHHAA MEeTeopoIorus npoLuia pasBmMTUE OT MEPBbLIX HEKOTEPEHTHbLIX JIOKATOPOB A0 COBPEMEHHbIX
[LONNEPOBCKUX METEOPONOrMYECKMX NNOKATOPOB LBOMNHOM Nonspu3auumn, GUKCUPYIOLLMX ME30OLUKIIOHBI, 30Hbl
TYyp6yneHTHOCTM 1 casur BeTpa [1].

Puc. 1. Kapta pacnonoxexnus AMP/1 (a) n 06n1acTy MOAENNPOBaHNS B 3KCMIEPUMEHTE
¢ warom cetkn 9 km (DO01), 3 km (D02), 1km (DO3) (6)

Fig. 1. Map of Doppler weather radars location (a) and modeling domains in experiment
with grid size 9 km (D01), 3 km (D02), 1 km (D03) (b)

Ceiluac Ha TeppUTOpPUN CTPaHbl PaCMOOXEHbI LLIECTb METEOPONOrMYECKUX PaAMNOTOKALMOHHbBIX CUCTEM:

e AMPJ1 MuHcka (AMPJ1 gBoiiHO nonsipu3aunm ¢ 4IMHOM BOMHbI 5,3 ¢m Ha 6ase AMPJ1 «MeTeop-500C»
(Gematronic, M'epmaHus));

» AMP/1 Fomens (AMPJ1 ggoliHol nonsipusaumm ¢ ANNHOIR BoNHbI 5,5 cm Ha 6a3e AMPJ/1 «MeTeop-635C»);



>XypHan Benopycckoro rocyfapcTBeHHOro yHuBepcuteta. Neorpadums. Meonorms. 2020;2:3-13
Journal of the Belarusian State University. Geography and Geology. 2020;2:3-13

e AMP/J1 Bute6eka (AMPJ/1 aBoiiHOW nonsipusaumy ¢ AAUHONM BOAHbI 5,3 CM 1 BbICOKOI 3KBMBANEHTHO
MOLLHOCTBIO M3nyyeHus (900 kBT) Ha 6ase cuctembl JMPJI-C (OAO «HIMO “JInaHO30BCKMIA 3/1EKTpOMEXa-
HUYecKunii 3aBog”», Poccus));

* AMPJ1 I"poHo;

* IMP/1 bpecTa;

* Mp/1-5 (BpecT).

Hab6niogeHns Ha Bcex [OMNMepOBCKUX PagnonoKaLMOHHbIX CUCTEMAaX NPOMU3BOAATCA B ABYX UMMY/bCHbIX
pexumax (oTpakaemocTb (pagunyc 250 km), ckopocTb (paguyc 150 Km)) Ha 34 ypoBHSX Kaxpable 10 MUH.
B 2020 r. BBefeHbI B akcnnyatayumto JMPJ1 bpecta n AMP/ MpogHo (cm. puc. 1).

Hanb6onee nepcnekTMBHbLIMK HampaB/ieHWsIMU NPUMEHEHMST HabnaeHniA 6enopycckux AMPJI aBnsoTCS
accumunauma B mogenu Urrl, HayKacTUHI, UCNONb30BaHME MONAPU3aLMOHHBIX XapakKTepuCcTuK AN aHanusa
1 npegynpexaeHns 06 onacHbIX ABIEHUAX NOrofAbl (MUKPOLLIKBasbl, IMBHU, TYPOYNEHTHOCTb W Ap.) ANA HYX[,
asuaymu.

Cuctema KOHTPONA KayecTsa M NOAroToBKU fAaHHbIX AMPJ1 gha accummnnagmm

B 2014 r. B benrngpomete 6blna paspaboTaHa afanTMpoBaHHas CUCTEMa Me30MaclTabHOro YMCcaeHHo-
ro NporHo3npoBaHus Ha ocHoBe Mofenn WRF ans tepputopumn bBenapycu ¢ ynyudlleHHbIM NpeacTaBneHnem
reofjaHHbIX (pensed) 1 BbIGOPOM ONTMMA/bHBLIX CXeM napameTpusauun. Mogens WRF sBnseTca coBmecT-
HOI pa3paboTkoi HaumoHansHOro LeHTpa aTmocepHbix nccnegosanHmin (National Center for Atmospheric
Research, NCAR) 1 HauunoHanbHOro ynpas/ieHus oKeaHnyeckux u atMmocgepHbix seneHuid (National Oceanic
and Atmospheric Administration, NOAA).

Ha nepBom 3Tane B COOTBETCTBMM C [aHHOW CUCTEMOL 6bla NOArOTOB/EH 6a30BblA KOMMNOHEHT acCUMUNS-
LN MeTEOPONOrnYecKnx HabnwgeHnin (HasemHble n asponoruyeckne) ana mogenm WRF [1-3]. Ha BTopom
3Tare Benacb pa3paboTka CUCTEMbI KOHTPONSA Y NOLIOTOBKM 6e/10pYCCKUX PafMONOKaLMOHHbIX JaHHbIX 1 ajar-
TUPOBAHHOIO KOMMOHEHTA CUCTEMbI aCCUMUASLUN HabNOAEHNIA Ana Moaenn Ha ocHoBe MeTofa 3D-VAR.

Benopycckve AMPJ1 sBnsA0TCA MHOronapameTpuyeckumMm (Moaspmn3aLoHHbIMK), YTO MO3BOMISET NPOBO-
OUTb 60Mee TOYHbIA aHanu3 NOMex OT HEMeTEOPOIoOrMYecKUX 0O6BLEKTOB M ONpesensTb MUKPO(PU3INUYECKYHO
CTPYKTYpY MeTeoo6bekTa (ha3oBoe COCTOSIHWME, (hopma FMAPOMETEOPOB), pas3fnuyatb CHer, NMBEHb, rpag,
a TaKXXe JoXab cnaboi, cpefHein n CUIbHON NHTEHCUBHOCTH.

B xopge HabnwofeHuniA AMPJ1 opmupyeTca Habop OCHOBHbIX BbIXOAHbLIX NapameTpoB, UCMO/b3YeMbIX Ha
3Tane KOHTPO/S U HeMOCPeACTBEHHO AF aCCUMUNALMN: PafMONOKaLMOHHAs OTPaXKaeMOCTb FOPU3OHTASILHON
nonapusauuun (DBZH); pagnansHas ckopocTh (VRAD); WwWuprHa AONJepOBCKOro cnekTpa paguanbHbIX CKo-
poctein (WRAD); KoadduuneHT Kpocc-koppensumm (RHOHV); anpdepeHumnansHas oTpaxaemocts (ZDR);
andgepeHymansHas dasa (PHIDP); yaensHbil hasosbiii casur (KDP).

B kayecTBe OCHOBHbIX METOLOB YyAaNeHUs MOMex B pPaguoioKalMOHHbIX AaHHbLIX MPUMEHSANCH (DUNLTP
abenna [4] v MeTo4 MAEHTU(MUKALUN NOMEX HA OCHOBE HEYETKOW IOrMKU 418 NONSPU3aLUOHHBLIX XapaKTepu-
cTuk (fuzzy echo classification) [5]. bonee getanbHO MeToAbl paccMaTpuBaroTcs B [6]. CTOUT OTMETUTDL, UTO
CO3JaHne CUCTeMbI KOHTPO/IA NO3BON/IO0 OTPUNLTPOBATL MOMEXM U NOATOTOBUTL PAANONOKALUOHHbIE AaHHbIE,
Heobxo4MMble Npy NocnefytoLLein accumunsaymmn B mogens WRF. ABTopamu NpoBefeH psaf 3KCNepyMeHTOB No
oLeHKe 3thPEeKTMBHOCTM (PUIbTPaLMM HE METEOPOIorMyeckoro axa ¢ AMPJT MuHcka, Fomens, Bute6cka Bbl-
6paHHLIMW MeTofamMu 1 NOABGOPY KpUTEpPUEB PUALTPaLMU. Pe3y/bTaTbl MOKa3anu, YTo NPUMeHSeMbIA UabLTP
Ha OCHOBE HEYEeTKOW NIOTUKMN MOKPLIBAET CTaHAPTHbIE KPUTEPUW (DUNbTPaLUK, UCNOMb3yeMble MPU aHaIn3e
axa AMP1 (koahdmumeHT Kpocc-koppensymm meHee 0,7-0,8 (He meTeoponoruyeckunin), gugdhepeHumnanbHas
oTpaxaemocTb 6onee 4-5 n gp.).

3atem 6bIn pa3paboTaH NPOrpamMMHbIA KOMMEKC /15 aBTOMaTU3MPOBAHHON KOHEYHOM NOArOTOBKM pajmno-
NOKAUMOHHBIX JaHHbIX, BK/IOHatoLL Ml Npeobpa3oBaHme B KOOPAMHATLI cucTeMbl Mogenuposanus WRF, nepe-
CYET KOMMOHEHTOB CKOPOCTU BETPa 1 roOpM30HTaNIbHOM OTPaXKaeMOCTU Ha peasibHble BbICOTbI U MpescTase-
HWe faHHbIX B hopmarte, TpebyeMOM CUCTEMOM YCBOEHUSA faHHbIX.

AccuMUnALMM pagnonoKaumMoHHbIX JaHHbIX B mogens WRF-ARW

B ocHOBe aganTMpOBaHHOI CUCTEMbI YCBOEHMS AaHHbIX MPJ/1 B BenrnapomeTe neXUT TPEXMEPHbI Ba-
pyaumoHHbIn MeToq (3D-VAR), B KOTOPOM HeCOrn1acoBaHHOCTb MeXAy MPOrHO30M W HabnaeHUaMK npea-
CTaBnsieTca B BUAe PyHKuUMoHana [3; 7]. HaxoxageHne MUMHUMYMOB JaHHOIO (DYHKLMOHaNa 0T MCKOMOrO Bek-
TOPa COCTOAHMA CUCTEMbI X MO3BOMSET PELLUTL 3agady

i (X)=1(X- XHTBL(X - Xf)+1 (XB H(X))tr- (XES- H (X)),
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roe X ecTb BEKTOp, NPeACTaBAAOLWMIA NCKOMOE MOfe - COCTOSHME aTMOC(epbl Ha CETKE B MOMEHT aHa/Iu3a;
X f- mone nporHo3a no ruapoauHaMMYeckon mogenu atmocepsl; B - maTpuLa koBapmauuid oWM60K NPOrHo3a;
X (B5- BeKTOp HabnogeHuin; R - maTpuua KoBapuauuii owmbok HabnogeHwin; H - onepatop HabnwogeHwui,
CBA3bIBAOLLMIA HABNIOLEHWS C UCTUHHBIM COCTOSIHMEM aTMocdepbl. [ MUHUMM3aUUKM JaHHOTO (YHKLMO-
Hana NPUMEHSETCA METOZ, COMPSXKEHHbIX FPagUeHTOB, KOTOPbIV BKNKOYAET OLEHKY M3MEHEHUSI KOHTPO/bHbIX
nepemMeHHbIX (Temnepatypa, yaenbHas BAaXHOCTb, AaBIEHWE HA YPOBHE 3eM/IU, 3aBUXPEHHOCTb U JUBEPreH-
ums). Konnuectso utepauuii coctasnno ot 15 go 20 4ns pasnuyHbIX Cly4aes.

OTpaxarefibHas cnocobHOCTb, HabnogaemMas Ha IOKATOPe, MOXET OblTb aCCUMWUIMPOBAHA B UMCNEHHYIO
mogens WRF Heckonbkumu cnocobamu. Mepsblidi cnocob npegnonaraet aCCUMUAALMIO TOPU3OHTa/IbHONR OT-
paaeMoCTW HanpsAMYI0 Yepes onepaTtop OTpaXxaTe/bHO cnocobHOCTM. BTopoii cnoco6 No3BoNseT accumu-
NMPOBaTh JaHHble Yepe3 napameTpbl COAEPXKaHMs [OXKAEBOI BOAbI B 06/1aKax, OLEeHWBAEMbIE MO OTpaXKaTeslb-
HOI cnocobHocTW. OH TaKXXe BK/IHOYAET OLEHKY COfepXaHus CHera, Kpyrbl v Apyrux BULOB BNaru B obnake.
B HacToslLLeM nccnefoBaHmM MCMOb30BaICA BTOPOI NOAX0S A/ yueTa BAnsHUA Habo4aemMoro Bnarosanaca
Jaxe Npu OTCYTCTBUM AOXAEBON BOALI HA HaYa/lbHOM Yacy pacueta [4].

AcCcumMUnALMS faHHbIX 0 paguanbHOM BeTpe NMPOU3BOAUTCA NYTEM MepecyeTa pafuanbHON CKOpoCTH ¢ No-
KaTtopa B KOMMOHEHTbI CKOPOCTU BETpa MOAENU: pafnabHblii BETEP VI MOXHO OMpPeAenunTb, NCNob3ys KOM-
MOHeHTbl BeTpa (M, V, W), BEPTUKa/IbHYIO CKOPOCTb ABWXEHUS TMAPOMETEOPOB (CBA3AHHYIO C AOXAEBbIMU
Kannsmu) vt n pacctosHue 0T pafapa 40 ToukW. BepTuKanbHas CKOPOCTb Vi pacCUMTLIBAETCA U3 MaccoBOro
COAEpXaHNs SOXAEBbIX Kanefb qrc KoppekLumeit BbicoThbl [3]:

0 0
RS )@+ y-y z

Z_
vr = \Y/ +(w- vtl—
r r

0,125

vt=5,40 (q —
J
rge u, V, W - KOMMOHEHTbI CKOPOCTW B [EKapTOBbIX KOOpAMHATax, M/C; X, Y, Z - MEeCTOMOMOXEHUe pajapa;
x,yQ z0- nonoxeHwe HabMIOAEHNS; I - PACCTOSHUE MEXAY pPafapom 1 HabMAeHNeM; ps- MPU3EMHOe faBfe-
HWe; gr- MaccoBOe COAEepXKaHWe A0XAeBOI BOAbI, [/KI; p - AaBMeHMe Ha cTaHUuuK (pagape).

BbluncnnTenbHbIi 3KCNEPUMEHT

[N oueHKM BO3MOXHOCTU NCMO/Mb30BaHNA pa3paboTaHHON CUCTeMbl acCCUMUAALMK faHHbIX AMPJI, npo-
rHO3a OnacHbIX AIBMEHMI NoroApl (0cafaKu, BeTEP) NPOBOANNCA PAA YNCNEHHbIX 3KCnepumeHTOB (10 cnyyaes),
BK/IOYAKOLWNX pa3/iInyHble CUHONTUYECKUE cuTyaumm Ha Tepputopumn benapycu B 2017-2020 rr. Cnyyam
OblIM pasfienieHbl Ha TPU rPYMMbl COOTBETCTBEHHO BeyLL UM TUNaM LMPKYN[L MU, 00yCoBMBAIOLWUM NOrosy
Ha TeppuTopuun benapycu: 3anafiHble N HbIPAOLWME LUKIOHLI U UX (PPOHTANIbHbIE Pa3fefibl; HXKHbIE LUKN0-
Hbl; aHTULMKNOHbI (Tabn. 1) [8]. AN Bcex CMOAENUPOBAHHBIX ClyyYaeB OTMeYvannuch HebnaronpusaTHble (HA)
1 onacHble (OH) sABNEHMS NOrofbl.

Tabnuya 1
OnwncaHne NPOMOAENNPOBaHHbIX CUHONTUYECKNX CUTYyaL M
Table 1
Description of modeling synoptic conditions
Konuuectso Buabl He6naronpuaTHbIX Bugbl onacHbIX
Tunbl UMPKYNALUN o o Mecsay,
cnyvaes ABMEHWI NOrofbl SABMEHMNIA Norogpl
Xapa (+34°), cunbHbI
3anagHble o
foxab (15 mm 3a 12 4), cunb-  OueHb CUIbHBLIA BOXAb deBpans,
N HblpAlWwmne 3 o o
HbI UBEHb, CUNbHBLIN BETEP (57 mm 3a 12 4) MapT, UMb
LMKNOHbI
(22 m/c), wkBan
['po3bl, rpag, CUNbHbIN o AHBapb
MpoAoMKNTENbHbI
HOXHble LOXAb, CHer, rononeguua, . (2 cnyuas),
5 0YeHb CUNbHbIN BOXAb
LMKNOHbI wkBanbl (15-24 m/c), xapa aBrycr
o (50-130 mm)
(+35°) (3 cnyuas)
Mali,
AHTULNKNOHBI 2 TyMaH, 3aMOpPO3KM OTcyTcTBOBANM
CeHTAGPb
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B uensax mofenvMpoBaHWsi CUHONTUYECKNX YCIOBUIA MCMONb30Baach CUCTEMA Me30MacLUITabHOro NPorHo-
31poBaHmMs Ans TeppuTopUN benapycn Ha 0OCHOBE HeruapocTaTuyeckon mogenn WRF-ARW sepcun 4.0 [6; 9].

MporHo3 paccunTbiBancs ¢ 3a61aroBpeMeHHOCTbIO +24 4 ansa Tpex obnactein pasmepom 300 x 300 y3noB
C warom ceTkn 9; 3 n 1 km Ha 40-Eta ypoBHsX. BHelwHsAs o6nactb (9 KM) NOKpbIBana Tepputopuio EBponbi.
B kayecTBe Haya/ibHbIX U GOKOBbLIX FPaHUYHbIX YCAOBUIA MCNONL30BANUCL NPOrHo3sl Mogenu GFS (Global
Forecast System). AaHHble AMPJ/1 MuHcka, AMPJ1 Fomensa n AMP/1 Bute6eka (2019) accummnupoBanimnch
metogom 3D-VAR B cpoK, 61M3KMA K UCXOAHOMY CPOKY nporHosa (00; 06; 12; 18 4y UTC), BO BpeMEHHOM
OKHe +1 4. 1ns y4yeTa owmn60K nporHosa mogeny WRF 6bina nocTpoeHa KoBapuaumnoHHas matpumua (GoHOBbIX
oWwKn6oK NporHosa mogenu 3a 10 AHel Ana Kaxxgoro cnydyas Ha ocHoee MmeToga NMC (National Meteorological
Center) [6; 7].

[na KOHTpoNs napansiesibHO BbINOMHANOCL MOAENNPOBaHWE BbIOPAHHBIX C/TyYaeB ¢ acCUMUNALMeid pagmo-
NOKAaLMOHHbIX AaHHbIX 1 6e3 Hee. [ns 06nacT MoAenMpoBaHns ¢ HanboNbWMM LWaroM CeTKu (9 Km) yuer
KOHBEKTMBHbIX NPOLLECCOB NPOBOANICA Yepe3 cXemy napameTpusaumun KavHa - ®putwa, ans 6onee KpynHbIX
obnacTeit (3 n 1km) - Hanpsmyto [6; 9].

OueHKa 1cnonb3oBaHMs NpPorHo3os mMogenn WRF ¢ accumunsaumein pagmonoKaunoHHbIX
JaHHbIX 419 NPOorHo3a ocajKoB U BETPa

[ns onpegeneHwst BAUAHUA aCCUMWINPOBAHHBIX PaAMOTIOKALMOHHbBIX AaHHbIX Ha pe3ynbTaTbl MPOrHo3a
B NMPOMOJE/IMPOBaHHbIX Cy4Yasx NPOBOAUANCL CTATUCTUYECKAs Y 06BEKTHO OPMEHTMPOBAaHHAS OLEHKU Npo-
FHO30B C acCUMUNALNEN 1 6e3 Hee.

Ha sTane cTaTUCTUYECKOR OLEHKM paccumTbiBanuck cpegHue (ME) n abecontoTHble (MAE) ownbkn, cpepHe-
KBagpaTunyeckas owmnbka (RMSE) n kKoaduumeHT koppenaumm MNMupcoHa R Ha Kaxkable 3 4 4ns TemMnepaTypsl,
[laBfeHNs, CKOPOCTM BETpa U Ha 124 Ans 0cagkoB B COOTBETCTBUM C peKoMeHpaumsmu (Ttabn. 2) [10]. B ka-
4ecTBe KOHTPO/bHbIX NCMOMb30BaNNCL HabMOAEHUS 49 HazeMHbIX METeoponormyeckmux CTaHuuin Benapycu
M KapTbl OMAacHbIX ABNeHWUIA Norodbl No faHHbIM METEOPO/0OTMYECKUX PAANONOKALNOHHBIX CUCTEM.

CTaTucTnyeckas OLeHKa pe3ynbTaToB BCEX CyYaeB MOZE/IMPOBaHNS rOBOPUT 06 Omnpene/leHHOM MOMOXN-
Te/IbHOM B/ISIHAW aCCUMUAALMM PaAnNOOKaLMOHHbIX HAbMIOAeHUIA B HaYa/bHble Yacbl MPOrHO3a Ha yCnewwHoCTb
BOCMPOM3BEAEHNSA CKOPOCTN Npu3emMHoro setpa (BbicoTa 10 M) v pacnpefeneHns nons ocagkos (cm. Tabn. 2).

Tabnuya 2
OueHKa NporHo3a CKOpocTM NPU3eMHOro BeTpa (M/c) Ha BbicoTe 10 M Mo BceM cnyyasam (+3, +6 u)
Table 2
Verification of the wind speed forecasts (m/s) at 10 m for all cases (+3, +6 h)
ME MAE RMSE R
3abnarospe-
MeHHOCTb, U ~ 0e3 accumu- caccumu-  6e3 accumMu-  c accumu-  6e3 accuMu- ¢ accumu-  6e3 accuMu- € accumm-
nagum naymen nagun naymen nagun naymen nagum naymnen
+3 0,98 0,84 1,73 1,44 2,25 2,14 0,84 0,86
+6 1,74 1,41 1,97 1,89 4,18 3,26 0,67 0,71

OwnbKa CKOpOCTM BETpa B NETHWUIA NEPUOL 0Kasanacb MeHbLUe, YeM B NepexofHble U 3MMHWI Nepuoabl.
B kauecTBe npumepa NeTHEro 1 3MHero NepuosoB NpesCcTaB/eH X0 CKOPOCTM NPU3eMHOro BeTpa (BblcoTa
10 m) Ha cTaHuun BepxHeaBuHcka (24.08.2017) n ctaHuum Mosbips (26.01.2019). Ha BceM nHTepBase npo-
rHo3a [0 24 4 B NIETHMIN Nepuoj owmnbka NPOrHo3a CKOPOCTU BeTpa C aCCUMUAALMERA pafmoNioKaLMOHHbIX
[aHHbIX 6blNa 3HAYUTENBHO HUXKE, YeM B BapuaHTe 6e3 accumunsaumm (puc. 2). Ans 3SMMHEro cfiyyas B nepBbIxX
Yacax olmn6Ka 6e3 acCMMUALMM OKazanacb MeHbLUE, HO K HOUHBIM CPOKaM 06e ownbKu cpasHsanucs (puc. 3).

Pe3y/nbTaTbl NPOrHO3a KOMMYecTBa 0CAAKOB OLEHMBAIUCL ABYMSA Croco6aMun: ¢ NMOMOLLLIO pacyeTa noka-
3aTtesiell No Tabnmue conpsXKeHHOCTN U 0O6BLEKTHO OpUEeHTUPOBaHHbLIM MeTogoM MODE (Method for Object-
Based Diagnostic Evaluation) [11].

B pe3ynbTaTe CTaTUCTUYECKOM OLEHKW MPOrHO30B MeTEeOPOIorMyecknx noseit o6Lwas onpasabiBaeMoCTb
nporHo3a ocafkos (PC) ysenuuunace Ha 1% ana nepsbiX 12 4 NporHo3a 4nsa NeTHMX nepuofos. MNokasartenb
nporHo3sa Hanuums asneHus (POD) c accumunsumein gaHHbix AMPJT 6bin Bbiwe Ha 1 %. Ynyywwuncs no-
Kasateslb nNporHosa otcytcTeua seneHns (PODN) Ha 3 %, 1 cokpaTuics nokasaTenb N0XHbIX Tpesor (FAR)
Ha 1,5 %. 3HaueHune Kputepusa Mupca - Obyxosa (HK) roBopuT 0 4OCTAaTOYHO BbICOKOM CMOCO6HOCTN MO-
[leNN K BbISIBMEHUIO C/YYaeB C Ha/iMuMeM U OTCYTCTBMEM OCAfKOB: ANs BapuaHTa 6e3 accumunauum - 0,57,
c accumunsiumein - 0,61 (Tabn. 3). Hambonbllee NONOXKUTENbHOE BUSHUE aCCUMUAALUUN PaflapHbIX faHHbIX
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Ha NPOrHO3 0CafKoB TaKXe HabNAaN0Ch B IETHUI NEpUoL, YTO MOXET ObITb CBA3AHO C aKTUBHbLIMW TEPMOLN-
HamMuUyeckMMm npoueccamu B Tponocdepe [12]. Ans NpoOrHO30B B 3UMHUIA U NEPEXOLHbLINA Nepuobl NPOLEeHT
NOXHbIX TPEBOI OKa3a/ca BblLLe.

Puc. 2. MporHo3 ckopocTu NpU3eMHOro BeTpa Ha BbicoTe 10 M, m/c: OBS - HabnoaeHns Ha CTaHLmK
BepxHepBnHcka; WRF DO1 - 6e3 accummnauymmn; WRFDA DO1 - ¢ accumunsaumein. 24.08.2017 r.

Fig. 2. Wind speed forecast on the height 10 m, m/s: OBS - Verhnedvinsk station observations;
WRF D01 - without assimilation; WRFDA D01 - with assimilation. 24.08.2017

OBS
WRFDO01
WRFDA D01

Puc. 3. MporHo3 ckopocTu NpU3eMHOro BeTpa Ha BbicoTe 10 M, m/c: OBS - HabntofeHns
Ha cTaHuMn Mo3blipsa; WRF D01 - 6e3 accumunsiuun; WRFDA D01 - ¢ accumunsiymeii. 26.01.2019 r.

Fig. 3. Wind speed forecast on the height 10 m, m/s: OBS - Mozyr station observations;
WRF D01 - without assimilation; WRFDA D01 - with assimilation. 26.01.2019

Ta6bnuya 3

CTaTucTuYeckas oLleHKa NporHosa
SIB/IEHNS 0CaAKOB ANns neta (+3, +6 u)

Table 3

Statistic verification of precipitation
phenomena for summer (+3, +6 h)

MokasaTenu oGk, %  Bes accumunauum  C accumunsimeit

PC 78 79
POD 85 86
PODN 74 77
FAR 29 27
HK 0,57 0,61

Mpumepom NporHo3a 0cafKoB C accMMmunsumnein N 6e3 Hee JaHHbIX PaguMO0/IOKATOPOB B NETHWIA nepuog
MOXET CTaTb cnydyait 02.08.2017 r., Koraa HabnrAanock NPOXOXAEHNE aKTMBHbIX (DPOHTANbHbIX Pa3fenoB
LMKOHA Yepe3 Tepputoputo benapycu, CONpoBOXAaBLLIeecs rpo3amm pasnyHOM MHTEHCUBHOCTU U LLIKBAN-
CTbIM ycuneHvueM BeTpa (puc. 4). BapnaHT ¢ accumunsaumein (AS) 6onee TOYHO CNPOrHO3MPOBa BbiNajeHue
0CaflKOB MO CEBEPHON YacTu cTpaHbl. BapuaHT 6e3 accumunsaummn (NA) cnporHo3MpoBan LEeHTPbl Bbinage-
HUSA O0CAfIKOB Ha 3Ha4MTeNnbHOM yfaneHun - 6onee 150 kKM OT HabMOgaeMbIX. ITO AaeT OCHOBaHWE rOBOPUTL
0 MeHee TOYHOM MPOrHO3e MeCTONOOXEHNSA ANA MOLeNNpoBaHuMs 6e3 accumunaumm. Ha puc. 5 npeacrasneH
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rpadvk pacnpefeneHns NporHo3a KoamMyecTsa BbiMaBLmMX 0cagkos 3a 12 4 (¢ accumunsuuein (PRECIP AS) -
15 mm 3a 12 4, 6e3 accumunsaymmn (PRECIP NA) - 0 mm 3a 12 u).

BapunaHT 6e3 acCMMUAALMN PagnoN0KaLNOHHbIX AaHHbLIX CNPOrHO3MpoBaa 061acTy BblNafeHNs 0CcafKoB
Ha 3HaunTeNIbHOM yaaneHun (6onee 150 KM) OT HabNKOAAEMbIX HA CTaHLUKN BepxHeaBUHCKA.

ala

Puc. 4. KapTa pacnpegeneHus ocafkos (B MUAAMMeTpax 3a 12 u): a - ¢ accumunsumeid gaHHbix (AS);
6 - 6e3 accummnaumm (NA). 02.08.2017 r.

Fig. 4. Map of precipitation distribution (in millimeters per 12 h): a - with data assimilation (AS);
b - without assimilation (n A). 02.08.2017

Puc. 5. PacnpegeneHune konmuyectsa ocagkoB (PRECIP) ¢ accumunauumein (AS)
1 HabnogeHns Ha ctaHuun (OBS) BepxHeasuHcka. 02.08.2017 T.

Fig. 5. Precipitation distribution (PRECIP) with assimilation (AS) and observa-
tions at the station (OBS) Verkhnedvinsk. 02.08.2017

Hanbonblunii nHTepec NpeacTaBnAaT pe3ynbTaTel MMeHHO MODE-oueHKW, NpUMeHseMoli 4N aHanmsa
MPOrHO30B BbICOKO/OKA/IM30BaHHbIX ABNEHUIA (CU/bHbIE 0CAAKM, CUMbHBIA BeTep, 06/1efeHeHNs, TypOyneHT-
HOCTb 1 A4p.) [11]. imeHHO meTo4 MODE no3BONSET BbINOIHUTL HE TOMIbKO KOMIMYECTBEHHYO OLEHKY (onpas-
fganca - 100 %, He onpaspancs - 0 %), HO M KayeCTBEHHYHO (HAaCKOMbKO 6/13KO OblI0 NPOCTPAHCTBEHHOE
pacnpefeneHue nons 0cagkos K peanbHoMy) [13]. OCHOBHbIM UCTOYHUKOM HabntoLeHWI NPOBEPKU A/1S Bbl-
[eneHHbIX 00BbEKTOB ABNAIOTCA PafMONOKALNOHHbIE faHHbIE.

B 70 % cnyvyaeB mMogenupoBaHua Ha Tepputopuun benapycu oTMeyanucb CufibHble ocafku. AcCUMnna-
LMS JaHHbIX M03BOMIa CNPOrHO3MPOBaTL IoKanu3aumio 061acTeil BbiNnageHUs 0CafKoB 3HAUYMTENbHO BvKe
K peanbHOW W CHU3NTb KONMYECTBO JIOXKHBLIX TPEBOT, & TaK)Xe CKOPPEeKTMPOBaTh MPOCTPAHCTBEHHOE pacrpe-
[leneHune 1 opueHTaLmMo 06nadvHbIX CMCTEM, NpoAyuMpyowmnx ocagku. Mpu aTom 06a BapuaHTa (C accuMumns-
uueli n 6e3 Hee) B 57 % NpoMOAeNMPOBaHHbIX CNyYaeB Aann NpeBbllleHMEe KOMYECTBa BbiMaBLUMX 0CaAKOB
Hag HabnogaemMbiMy. M0NOXKUTENbHBIA 3(h(EKT UMeN MeCTO TOMbKO Ha nepBble 6-12 4 NPorHo3sa ¢ acCUMm-
nAumeid, 3T0 06BACHAETCA HEOOXOAMMOCTbLIO YYeTa HOBbIX JaHHbIX 41 YTOUHEeHUs chopMUpOBaBLLECs no-
rogHon cutyaumm B 60/ee NO3aHME Yackl, 0COBEHHO B NeTHUI nepuog. CTOUT OTMETUTb, YTO BONLLUMHCTBO
MCMOMb3yeMbIX B MUPOBOI MPaKTUKe CUCTEM acCCUMUAALMKN PaboTaloT B LUKINYECKOM PeXXUME, C MPUTOKOM
HOBbIX METEOPOIOrMYECKUX JaHHbIX MEX/Y OCHOBHbIMMW CpOKaMu NporHo3sa mogeneit (00; 06; 12; 18 y UTC).

10



[eorpacms
Geography

B cnyuyae cunbHbIX ocagkoB (24.08.2017) accummnnaums AaHHbIX N03BosnAa 60/ee TOYHO CNPOrHo3mMpoBaTh
BTOPOVi MUK WX BbINageHns. MNporHo3 cKopocTM BETpa W ero nopbIBOB ABASETCA OAHWM M3 Hanbonee CNOXHbIX
MO NPOrHO3MPOBaHMIO NapaMeTpoB. AHanu3 pacnpegeneHns owmnboK NPorHo3a CKOpoCTY BeTpa Ha BbicoTe 10 M
rnokasan abCconoTHOe YNyYlleHye B BapuaHTe C aCCUMUNALMEN: HaMMeHbLUAs CpefHss ownbKa NporHosa ¢ ac-
cuMmnsaLmeid coctaBuna Ha +15 4 nporHosa 1,5 m/c, HanbonbLasa focTurana Ha +18 4 nporHosa 3,6 m/c.

OueHka nokasaTesneil OTHOLLEHUA Mollageid Habn4aeMbIX 30H OCAfKOB K CMOAENMPOBAHHbLIM A1 Ba-
praHTa ¢ accuMmunaLmein paguonoKaLMoHHbIX faHHbIX - 2,5, 6e3 ycBoeHus - 0,4, 4To roBopuT 0 60/1ee TOYHOM
MPOrHo3e njouiaam BbiNafeHnsa CUMbHbIX 0CaLKOB N YMEHbLLIEHUN MOKas3aTess IOXKHbIX TPeBOr B C/lyyae ¢ ac-
cumnnsaumein ansa netHero nepuoga (24.08.2017) (pwuc. 6). MporHo3 MecTonoNoXeHNs okasancs 601ee TOUHbIM
B BapuaHTe ¢ accuMunsauneii jaHHbiX: 4 06bekTa U3 10 HaX0AMMCh Ha pacCcTosHUM MeHee 50 KM OT peasibHbiIX.
[nsa cpaBHeHMA: 6e3 accuMmaaLmmn B paguyce 50 KM 06HapyeH ToMbKOo 1 06bekT (Tabn. 4).

6'b

Puc. 6. KapTbl 30H ocagkos gna MODE-oueHKM: a - 6e3 acCumnnaumm;
6 - c accumunsuveir. 24.08.2017 r.

Fig. 6. Maps of precipitation areas for MODE verification: a - without assimilation;
b - with assimilation. 24.08.2017

Ta6bnuuya 4

PesynbTatbl MODE-0LEHKM NMPOrHo3a MecTOMO/I0XEHNA U KONMYecTBa 0CaKOB
ana tepputopun benapycu (o6nacte D02, +3 u, 24.08.2017)

Table 4

The results of MODE verification of precipitation forecast
for the territory of the Republic of Belarus (region D02), +3 h, 24.08.2017)

Kputepmun MODE-oLEeHKM OBS WRF WRFDA
Konn4yectBo 06bEKTOB 8 9 10
OTHOwWeHMe naowageli HabngaemMbIX i 0.4 25
30H 0CaIKOB K CMOAENNPOBaHHbIM
MHTEHCMBHOCTb, MM/Y 6 0,2 1
YpaneHHoCcTb MeHee Yyem Ha 100 km - 2 4
YpaneHHoCTb MeHee Yyem Ha 50 KM - 1 4

KoMnNneKcHbI aHann3 cnyvyaeB MOAENMPOBaHUSA NMOTOAHbIX YCNOBUIA Ha TeppuTopun Benapycn B pasnuy-
Hble CE30HbI roAa roBOPUT O BO3MOXHOCTW MCMO/b30BaHNS Pe3yNbTaToB UCCNeJ0BaHNUS AN1s MPOrHO3a onac-
HbIX SIBNEHWUIA, CBA3aHHbIX C KOHBeKLMel (0cafKu, BeTep) B NETHUIA nepuog,.

Pe3ynbTaTbl paboTbl CUCTEMbI ME30MACLUTABHOr0 MPOrHO3MPOBAHUSA C aCCUMUNALMENR PafMONOKaLMOHHbIX
AaHHbIX Ha 6aze Mogenn WRF MoryT 6bITb MCMONb30BaHbl B KOMMOHEHTE «MPOrHOCTMYECKUiA pagap» (Hay-
KacTuHr) cuctembl «FC-meTeo». COBpeMEHHbIE CUCTEMbl HayKAaCTUHIa UCMOMb3YHOT NPOTrHO3bl YNCNEHHBIX
Mogeneii ¢ acCUMUNSLMER pagnonoKaLMoHHbIX U CMYTHUKOBBIX AaHHbIX, YTO NMO3BOJISIET NPEOA0NETb «paso-
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rpeB» rMapoAVHaMMYECKO Mogenn (CnmHam) Ha NepBbIX Yacax MPOrHO3MpOBaHUs, CBA3AHHBLIN C HECOrnaco-
BaHHOCTbIO METEOPO/IOrNYECKUX HaYalbHbIX NOMER, N YMEHbLINTL OLUIMOKY NPOrHO3a NoKan3aLmnmy 061aqHbIxX
CTPYKTYp 1 30H 0cagkos [14].

Mpy NpOrHo3e MONOXEHWS 30H 0CaAKOB W OMACHbIX ABAEHWIA NOroAbl (MMBHW, TPO3bl, FPag) B KOMMOHEHTE
«MPOTrHOCTUYECKNIA pagap» NMPUMEHSIETCS TPaeKTOpHasa MOAeNb, MOCTPOEHHAs Ha 1306apMyUecKoil NOBEPXHO-
CTMW, COOTBETCTBYIOLLEN YPOBHIO MAaKCUMaNbHOM oTpaxkaTensHoi cnocobHocTn AMP/I. Ans nporHosa nepeme-
LLLEeHNA rPO30BbIX AYEEK UCMONb3YeTCA NapaMeTp KOHBEPreHLMn noToka Bnarn B npusemMHom cnoe (MFC) [15].
Y aenbHOe BNarocofepkaHue paccUnThIBAeTCA N0 JaHHLIM 06 OTHOCUTE/IbHOW BNXKHOCTW Ha YPOBHE CTaHLuK,
y4yeT BeTpa Npou3BOAMTCA B MOAE/N NOrPaHUYHOro Cros.

3ak/1royeHue

MpencTaBieHbl BapuaHTbl UCMONb30BaHUSA Pe3ybTaToB MPOrHO30B YMNCAEHHON Me30MacluTabHon Mogenm
WRF-ARW ¢ accumunsaumein pagumonoKalMoHHOro BETpa 1 0TpaXkaeMoCTL 151 MPOrHO3a 0NacHbIX SBNEHUIA
norofbl Ha Tepputopun benapycu. AsTopamu 6bli NPOBEAEH PAL YMC/IEHHbIX 3KCNepumeHToB (2017-2020)
N cAenaHbl CTaTUCTUYECKas U 0ObEKTHO OpUeHTUpoBaHHas oueHkn (MODE) BAnusHMS acCUMUNNPOBAHHbIX
[aHHbIX Ha pe3y/nbTaTbl MPOrHo3a.

OueHKa pe3ynbTaToB MOAENNPOBAHNSA Cy4aeB OMacHbIX 1 HEOGNAroNpUATHBLIX ABIEHWIA NOrofbl Ha Teppu-
TOopuM benapycy ¢ MOMOLLLIO ABYX pa3/iniHbIX MOLXOAO0B MOKa3sasa NnoioXuTenbHOe BNUAHME Ha MPOrHO3 Npu-
3eMHOro BeTpa ¥ 0cafKoB. MporHo3 Betpa (+6 4) yayyllunacs 3a cyeT YMeHbLUEHNS CpeHeKBaLpaTUYecKoi
ownbKn Ha 0,92 m/c. CTaTUCTMYeCKas OLleHKa MPOrHO3a 0cafKoB NMoKasana yny4lleHne o6Lieil onpaBabiBae-
MOCTM NPOrHO30B Ha 1% Ans BapuaHTa c acCMMUNSALMEN PaguonoKaLMOHHbIX AaHHbIX B NeTHUIA nepuog, [16].
Kpome T0ro, 061-eKTHO OPMEHTUPOBAHHLIA aHaIM3 NPOLEMOHCTPUPOBA COKpalLleHWe NaoLajeid 30H Bbina-
JeHUsA CUNbHBIX 0CaAKOB 1 60Jlee KOPPEKTHOE PacrofioXeHNe AaHHbIX 30H M0 CPaBHEHWIO C BapuaHTOM 6e3
accumunauun. Mpu 3ToM 06a BapraHTa NoKa3aiv 3aBbllLeHWe MPOrHO3MPYEMbIX NAOLLaAel 30H 0CaKOB (JIOX-
Hble TPEBOrM) OTHOCUTENbHO Habtogaembix ¢ noMoLybio AMPJ1. PazpaboTaHHas cucTema npoLuia npeasapu-
Te/lbHOe TeCTMpoBaHWe B benrngpomere n peKoMeHAYeTCA K UCNO/b30BaHWIO /15 YTOUYHEHUS NMPOrHO30B BeTpa
1 0CafKOB B NETHWIN Nepuog Ha Tepputopuu benapycu. TecTupoBaHue B CUCTEMe HayKacTuHra benrmgpometa
noKasano, 4To NoJlyYeHHble NPOrHo3bl Mogenn WRF ¢ accummnnsumein faHHbIX MOTYT YCMELWHO NPUMEHATHLCA
B KAQYeCTBE UCXOLHbIX B KOMMOHEHTe «MPOrHOCTUYECKNIA pasap» Komnnekca «IMC-meTeox.
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AHATN3 METEOPOJIOTMYECKOW OBECTAHOBKW B YC/1IOBUAX
OBJIEQEHEHWNA W TONOJIEOA

0. A.TNEAKO\ E. C. BEPEXXKOBA2

DBenopycckuii rocygapcTBEHHbI yHUBEpCcuTeT, np. HesasucumocTw, 4, 220030, r. MuHck, benapycb
JPecnybANKaAHCKNIA LEHT P NO TMAPOMETEOPONOrMM, KOHT PO PafgN0aKTUBHOTMO 3arpA3HEHNA U MOHUT OPUHTY
oKpy>Katowei cpeabl, np. HesasucumocTn, 110, 220114, r. MuHck, Benapychb

McecneposaHa npobnema o6ecrneyeHuns 6e3o0nacHOCTU BO3AYLUHbIX CYA0B Ha TeppuTopun Pecrnybnnkun benapych v He-
NMOCPEACTBEHHO Ha TeppuTopuu aspogpoma MuHck. O6negeHeHWe 1 rononef - o4HW U3 Haubosnee onacHbIX MeTeo-
PONOrMYECKNX ABMEHNI ANa aBMauun. B Lensax npegynpexxgeHns aBUaLVOHHbIX MPOUCLUECTBUIA, CBSA3aHHBIX C HUMM,
Heo6Xo0ANMMO MMeTb YeTKOe MpefcTaB/ieHMe 0 3aKOHOMEPHOCTAX UX BO3HUKHOBEHWS M pacnpefenieHns, a Takxke 06 nx
B3aMMOCBS3M MeXay co60i. [1na nccnefoBaHns NpPoOCTPaHCTBEHHO-BPEMEHHbIX 3aKOHOMEPHOCTel pacnpege/ieHns ro-
nonepa BbiNonHeHa 06paboTKa (PaKTUYECKMX MeTeoposiornyeckux gaHHblx Benrngpometa 3a 1989-2016 rr. no Bcem
METEOPOSIOrMYECKNM CTaHUMAM Pecnybnmku benapycb. MoCTpoeHbl U NpoaHasiM3npoBaHbl FrpadimKmy XpoHO0r MYECKOT O
X0fa CpefHeMecAYHOro Kom4yecTsa AHei ¢ ronosiedom 1 CpefHEerofoBOro KonMyecTsa fHel ¢ rononeiom no BCeM me-
TEOPO/IOrMYeCKMM CTaHUMAM Ha Tepputopumn Pecny6nmky Benapych 3a BbilleyKasaHHbI Nepuog. MsyyeHa TeHAeHLmMA
N3MEHEHUS CPeHErofoBOro KosmyecTsa gHel ¢ rosonegom 3a 1989-2016 rr. Mo gaHHbIM aBUaLMOHHON MeTeoposIorn-
YecKOI CTaHLMW rpaxaaHcKol « MUHCK», NpoBefeH aHanus o6nefeHeHns 3a 2014-2018 rr. PaccMOTpeHbl CONYTCTBYHO-
LLie METEOPOSIOrMYECKMNe 3NeMEHTbI, Takue Kak opma 06/1aKoB, Hanpas/ieHVe U cuna BeTpa, Temnepatypa BO3fyxa,
a TakXe cMHONTMYecKasa cuTyaums. Kapta npocTpaHCTBEHHO-BPEMEHHOIO pacnpefeneHns rononeja nocTpoeHa ¢ no-
MOLL IO ArcG IS MeTO40M paBHbIX NHTEPBAJIOB.

KntoueBble €/10Ba: aBMaLMoHHasi MeTeOpOosIorvs; 06/efjeHeHe BO3AYLLIHOIO CyAHa; rofones; 6e30macHoOCTb MoeToB;
obnefeHeHume.

ANALYSIS OF THE METEOROLOGICAL SITUATION
IN THE CONDITIONS OF ICING AND ICE

Y.A. HLEDKO*, K. S. BERAZHKOVADb

Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
[Republican Centerfor Hydrometeorology ofRadioactive Contamination and Environmental Monitoring,
110 Niezalieznasci Avenue, Minsk 220114, Belarus
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The article is devoted to the study of the problem of ensuring the safety of aircraft on the territory of the Republic of
Belarus and, directly, on the territory of the Minsk airfield. Icing and ice are some of the most dangerous meteorological
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phenomena for aviation. Inorderto prevent accidents related to these phenomena, it is necessary to have a clear idea of the
laws of their occurrence and distribution, as well as their relationship to each other. To study the spatial and temporal pat-
terns of ice distribution, the actual meteorological data of Belhydromet for 1989-2016 were processed at all meteorologi-
cal stations of the Republic of Belarus. Also, charts of the chronological progress of the average monthly number of days
with ice and the average annual number of days with ice at all meteorological stations on the territory of the Republic of
Belarus for the above period were constructed and analyzed. The tendency to change the average annual number of days
with ice over the period from 1989 to 2016 is analysed. The icing analysis for 2014-2018 was also carried out according
to the data of the Civil Aviation Meteorological Station «Minsk». The accompanying meteorological elements, such as
the shape of the clouds, the direction and strength of the wind, air temperature, as well as the synoptic situation, are ana-
lysed. The map of the spatio-temporal distribution of ice is constructed usingArcG IS by the method of equal intervals.

Keywords: aviation meteorology; icing of aircraft; ice; flight safety; icing.

BBepgeHune

Bo3HMKHOBeHMe 06nefeHeHNA1n rononesa Ha TeppUTOPUM aspoLpoma Co3aeT OnacHOCTb A/19 COBEPLUEHMS
B3/1€Ta-NOCaAKM BO3AYLIHOMO cyfHa. [pn HanMumMm gaHHbIX ABIEHWUI OHO KpaiiHe pefKo CMOXET COBEpLUMTb
nocagky v B 99 % cnyvaeB yXo4uT Ha 3anmacHoi aspogpom. OfHako 06/1efeHeHne 1 ronones OKasblBaloT He-
raTMBHOE B/IMSIHWE He TOMbKO Ha BO3AYLUHbIE CYAa, HO N Ha3eMHble 00BLEKTbI, B YACTHOCTM Ha Ha3eMHbIe UH-
YKEHEPHbIe COOPY>XXeHus aspogpoma. Mpu aToOM co3L4aeTca OnpefeNieHHbIN psag TPYAHOCTeR B 06ecneyeHmn no-
NeTOB rpakAaHCKOIi aBMalmmn, 6e3aBapuinHO aKCcnyaTaluMn aBUaLMOHHOW TEXHUKN U APYTUX TPAHCMOPTHbIX
cpencTs. MNoanaepxaHue B 3KCMyaTaUMOHHOM COCTOSIHAM a3pOAPOMHBIX U AOPOXHbIX MOKPbITUIA B JaHHbIX yC-
NOBUSX BNeYeT 3a CO60i yBeIMUeHKe 3aTpaTt, MaTeprasibHbIX U IIOACKUX PeCYPCOB. B Lienom gaHHas cutyaums
MOXET 0Ka3blBaTb HEraTMBHOE BO3AENCTBME HA PErYNAPHOCTb, 3P(PEKTUBHOCTL M 6€30NaCHOCTb MOJIETOB BO3-
OywHbIX cyfoB. CTeneHb yulep6a CHUXaeTCs Npu CBOEBPEMEHHOM A0BefEeHUW MH(OopMaLUM MeTeoponoru-
YyecKMM OpraHoMm go notpebuTtenein. NMpobneme HaseMHOro o6neaeHeHMs (rononenoo6pasoBaHUs) MNOCBSLLEH
60NbLLION LMKN paboT 0TeYECTBEHHbIX U 3apy6eXXHbIX aBTOPOB, 0C06eHHO B 1970-80-x rr. OgHako, HECMOTpPS
Ha onpejeneHHble HayuYHble U TEXHUYECKME AOCTUXKEHUS B €€ PEeLLUEHUUN, UMetoTCS 3a4a4l, KoTopble TpebytoT
COBEPLUEHCTBOBAHNSA 3HAHMI 0 (hU3MUECKUX NpoLeccax 06/1efeHeHNS Ha3eMHbIX 06bEKTOB, BbISIBNEHUS 1 yYe-
Ta (haKTOpPOB, CMOCOGCTBYIOLLNX BOSHUKHOBEHWIO 3TOTO SIBMIEHMS.

Llenb nccnefoBaHua - MpoBefeHWe aHanu3a MeTeoposiormyeckoii 06CTaHOBKM B YCOBUAX 061efeHeHNs
1 TONONeLHbIX ABEHNIA Ha TeppuTopumn Pecny6imkn benapych.

K OCHOBHbIM 3afja4yam OTHOCATCS:

* aHa/IM3 METEOPONOrMNYECKNX YCTOBUIA U CUHOMTUYECKON CUTyaLumn, 06yCOBNBAKOLLNX BOSHUKHOBEHME
o6nefeHeHNs;

* N3y4YeHUe B3anMOCBSA3M BO3HUKHOBEHUA FON0NEHbIX ABMEHUIA 1 061eleHeHNs BO3AYLLHbIX CY0B Ha Tep-
pUTOPMM aBUALMOHHON MEeTEOPOIONMYECKON CTaHL UK rPaXXAaHCKOK « MUHCK»;

* N3y4YeHne 3aKOHOMEepPHOCTEN NPOCTPaHCTBEHHO-BPEMEHHOIO pacnpefefieHns rononefHblxX SBAeHWUA Ha
Tepputopuu Benapycw.

MeToamka nccnegoBaHusa

B Pecny6nvke benapycb Bonpocam NpOCTPaHCTBEHHO-BPEMEHHOMO pacrpegeneHns rofoneHbIX sBneHuni
YAenanocb Hemano BHUMaHuA [2; 3]. CneayeT OTMETUTbL, YTO UCCNEL0BaHNUSA HOCUIN arpOMETEOPOIOrnyecKoe
HarnpasneHve, UX pe3ybTaTbl HALLW LUIMPOKOE NPUMEHEHME B CeNIbCKOM X03AcTBe. Of4HAKO Npu 3TOM He U3y-
Yanacb 06/71aCTb aBUALMOHHOK METEOPOIONUK, YTO CHUXKAN0 YPOBEHb METEOPOIOrMYECKOr0 06CTYXMBAHUA NO-
NeTOB rpaXAaHCKoM aBmalmn, obecrneymBaroLero 6e30nacHoCTb. A Takxke He 6blna npoaHanu3npoBaHa cBs3b
MEeTEeopOsIorMYecKnX yCnoBmin BO3HUKHOBEHUA rofoNesa Ha B3NeTHO-NOCaf04HOM Nonoce 1 06/1eileHeHns BO3-
JYLUHBIX CYf0B HAa TEpPMTOpMU aspoapoma MuHCK. B 3apy6exxHbIX CTpaHax NpoBOAMIUCE NCCeA0BaHUsA 06/1e-
JEeHEeHNs BO3AYLUHbIX CyAoB [4; 5]. MonyyeHHble pe3ynbTaTbl MPUMEHUMbI A1 MOATOTOBKM K OCEHHE-3VMHEMY
HaBMTaLMOHHOMY Nepuosy ANCNETYEPCKOro M NETHOrO COCTaBOB.

B faHHOM mMccnefoBaHMM aBTOPbI MCMOb30BaN Takme MeTobl, KakK UCTOPUYECKNIA, aHaIMTUYECKNIA, pa-
[INONOKALMOHHbINA, CTATUCTUYECKNIA N MaTeMaTUYECKMIA (YACTOTHBIN 1 (haKTOPHbIA aHanM3bl), a Takke MeTOo-
[bl N3yUYeHNs 1 0606LLeHNs 0TEYECTBEHHOI 1 3apyBeXHO MPaKTUKK, CPpaBHEHMS, KnaccuthmKaumm n MeTos
paBHbIX MHTepBanoB B ArcGlIS.

1PyKoBOACTBO NO NPOTUBOO6GNEAEHNTENLHON 3alMTe BO3AYLWHbIX cyaoB Ha 3emne (Doc9640-AN/940) [SneKTpPOHHBbIA pecypc].
2-e m3fg. [b. M.] : MexayHapogHas opraHusauns rpaxgaHckon asmauum, 2000. 38 ¢. URL: https://docplayer.ru/29563011-Rukovodstvo-
po-protivoobledenitelnoy-zashchite-vozdushnyh-sudov-na-zemle.html (gata obpauyeHns: 21.02.2017).
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[ns aHanm3a u cocTaBneHWst MPOCTPAHCTBEHHO-BPEMEHHOI KapThl FOM0MEAHbIX ABAEHUA NPUMEHAINCH
(hakTUYecKre MeTEOPOIOrnyeckme aaHHble benrngpomertasa 1989-2016 rr. no 49 MeTeOpoNOrMYECKUM CTaH-
umsam (puc. 1). iccnefoBaHne CMHONTMYECKOW CUTyauumun, CONYTCTBYHOLLEA 06/1eeHEHINI0, a TaKxKe B3auMo-
CBA13U TO/0MEAHbIX ABMEHWIA 1 061eAeHEHNS BO3AYLUHbIX CYAO0B B MPU3EMHOM C/I0€ MPOBOAMIOCH Ha OCHOBA-
HUWN (HaKTUYECKUX AaHHbIX 3a 2014-2018 rr. (3TOT Nepuog UCronb30BaH B CBA3M C OTCYTCTBMEM 6a3bl 6onee
paHHMX HabMIOAEHWIA Ha asapoapome MUHCK).

Mony4yeHHble MaTepuasnbl 6bi1M 06paboTaHbl C NOMOLLLID CTATUCTUUYECKUX U MaTeMaTUyeCKMX MeTOof0B,
MO3BOIUBLUUX MOMYYUTL [OCTOBEPHbIE MPOCTPAHCTBEHHO-BPEMEHHbIE XapaKTEPUCTUKM NPOCTPAHCTBEHHO-
BPEMEHHOTr0 pacrpefenieHns n3yyaeMbiX ONacHbIX ABEHWI U NPeACTaBUThL UX B BUAE TpadiMKoB, Auarpamm,
Tabnuy [6].

Puc. 1. Cxema pacnofioxxeHusi METeOpPOI0orMyeckux cTaHLuii benrmapomerta
(cocTaBneHa no gaHHbIM MH(OPMaLMOHHO-CMPaBoYHOro noptanaPogoda.by 3a 2016 r.)

Fig. 1. Layout of meteorological stations of Belhydromet
(compiled by the author based on Belhydromet data for 2016)

Monbop 1 06paboTKa (haKTUYECKUX METEOPONOruYeckmUx AaHHbIX benrugpomeTra NpoBOAUANCH B COOT-
BETCTBUM C METEOPOSIOrMYECKUMUN CPOKAMU B 3/IEKTPOHHOM Buae. Busyanmsaums akTuyecknux MeTeoposno-
rMyecknX JaHHbIX BbIMOSHEHA C MOMOLLbLIO MPOrpaMmmHoro npogykra ArcGIS meTo0M paBHbIX MHTEPBA/IOB.

PesynbTaTbl UCCMEA0BAHMS U UX 0BCYXAEHWE

K onmacHbIM Ans aBnaLny ABeHNAM NOrofbl, CBS3aHHbLIM C 3aMep3atoLL UMy 0cafKamu, 0THOCATCS 06nefe-
HEHWe 1 rononeg.

O6neaeHeHWe - O4HO M3 HanMbonee HeOGNAronpUATHLIX METEOPOSIOrMUYECKNX SBAEHWI, OT KOTOPOrO 3aBu-
CUT 6e30MacHOCTb M PErynspHOCTb MOMETOB BO3AYLIHbIX cyaoB. ObneaeHeHUe npeAcTaBaseT coboii noboe
OT/IOXKEHWE WM MOKPbITME N30 Nbfa HA MOBEPXHOCTW BO3AYLUHOIO CyAHa, BbI3BaHHOE CTOSIKHOBEHMEM U 3a-
Mep3aHEeM XWULKNX TMAPOMETE0POB. [JaHHble OT/IOXKEHUA Nbfja MOTYT CO34aTh Yrpo3y 6e30nmacHOCTM Mose-
Ta 1 fake NPUBECTU K ONACHOMY MPOUCLLECTBMIO. B pesynbTaTe 06/1efeHeHMs YXyALLatoTca adpoanHaMMYecKmne
1 NeTHble XapaKTEPUCTUKIN CaMOSIETOB:

* YMEHbLUAETCS NOALEMHAS CUNA;

* CHXKAIOTCA NMOTOMOK M MaKCMMasnbHas CKOPOCTb MOMETa;

* MOHMXAETCHA BEPTUKa/IbHAsA CKOPOCTb Habopa BbICOThI;

* BO3pacTaeT NoTpe6Has MOLHOCTb A4/ NosieTa Ha 3afaHHOM CKOpoCTK;

* YBENYMBAETCA pacxog Tonnumea [7].

MpurunHammn 06nefeHeHNs ABNAIOTCA ABa OCHOBHbIX MpoLiecca:

1) cy6av1mMaLms BOAAHOTO Napa Ha NoBepXHOCTM BO3AYLLHbIX CyA0B (06pa3yeTcs B TeX ciyyasx, Korga TeM-
nepaTtypa NOBEPXHOCTU BO3AYLIHOMO Cy[jHa HUXe TemnepaTypbl Bo3gyxa). [aHHoe OTNI0oXKeHUe Nbja He ABAS-
eTCA CYLLEeCTBEHHbIM;
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2) 3aMep3aHue nepeoxNaXAeHHbIX Kanenb, CTA/KUBAOWMUXCA C I0O60BbIMW YacTAMW BO3AYLUHOMO Cy4Ha
npu nosete B 06/1akax, ocagkax, TyMaHe.

[na oboux cnyyaeB 0653aTe/IbHbIM YC/IOBUEM ABMISIETCA OTpULLATENbHAA TEMNepaTypa NoBepxXHOCTM ca-
moseTa.

OTnoXeHuns Nbja MOTyT BbI3BaTb HapyLleHWe paboThbl KapbropaTopa, NPUEMHUKA BO3AYLLIHOMO AaBieHuns,
BO3yX03ab0pHMKOB, cTabunmnsaTopa u gp. B pesynbtate 06nefeHeHNA Kpblna HapyLllaeTcs HOpManbHoe 06-
TeKaHWe ero BO3AYLUHbIM MOTOKOM, MPOUCXOANT MPEXAEBPEMEHHBIA CPbIB MOTOKA U CHWKEHWE MOLbEMHON
CWUNbl Kpblna, obpasyeTcs Ha nepefHei KpOMKe ctabunusaTopa fed, YXYALaeTcs YCTOMUYMBOCTL camoneTta
1 yNpaB/iSeMOCTb UM B PeXXUMe MpenocaZoyHOro niaHupoBaHus. 3-3a 06nefeHeHNs HapyXXHbIX aHTEHH Ha-
pyluaeTcs pagnMocBasb. Jled Ha OKHax KabuHbl CUbHO YXYLIaeT 0630p, 3aTPYAHSAET 3aX0/ Ha NocajKy 1 camy
nocagky. MNpu obnesfeHeHUW BO3AYX03a00PHNKOB MOTYT MOBPEXAATbCA 3NEMEHTbl KOHCTPYKUUW ABUraTenei.
MonagaHne Nbfja B KOMMNPECCOP HEKOTOPbLIX TUMOB ra3oTypOVHHLIX ABUraTeNieil MOXeT NPUBECTU K UX CaMo-
NPOW3BO/ILHOMY BbIK/TIOUYEHMIO.

B 3aBMCMMOCTM OT TMNa caMosieTa BapbUpyeTca YyBCTBUTENLHOCTL K 06/1eAeHeHU0. BosgyLiuHble cyaa
C MOPLUHEBLIMU 1 TYPOOBMHTOBLIMU ABUFATENAMMW B HAMBO/bLLEA CTENEHN MOABEPXKEHbI 006/1eJEHEHNIO, & CO-
BPEMEHHbIE peaKTUBHbIE CaMOneThbl - B HauMeHbLUel. Ecnn obnefeHeHne HabntogaeTcs B NoseTe, TO valle
BCEro /IbA0M MOKPbIBAKOTCA N060BbIE YaCTKW feTaneli BO3LAYLLUHbIX CYA0B, & BO BPeMs CTOSHKM Ha 3eM/le - BepX-
HKe YaCTUN KPbl/beB, XBOCTOBOE OMepeHune, (o3e/sX 1 NonacTu BUHTOB BepToseTa [8].

Ha oCHOBe [aHHbIX C aBUALMOHHON METEOPO/IONMUYECKON CTaHL MK IPaXKAaHCKON « MUHCK» Ha TeppuTOpum
aspogpoma B 2014-2018 rr. 66110 3amkcupoBaHo 917 cnydyaes 06/1efeHEHUS BO3LYLLUHbIX CYA0B, U3 KOTOPbIX
TO/IbKO 48 NpPon30LL/IM B MPU3EMHOM CNOoe, T. e. 869 c/iyyaeB - BO Bpems Mnoseta, a ato 95 % BCeX C/yyaes.

B 3aBMCUMOCTU OT MHTEHCUMBHOCTMK 06/1ejeHEH NS BO3LYLLHOIO CyHa BbIAeNATCS CNeAyIoLLne ero TUMb:

* cnaboe - CKOpOCTb OTNIOXKeHMs He 60nee 0,5 MM/MUH, CKOPOCTb HapacTaHUs fbfia MOXET c03aBaTh Npo-
6nembl, ecnu NoneT B TaKUX YCNOBUAX NPoLosiXaeTcs 6onee 1y;

* YMepeHHOoe - CKOpOCTb 0T/I0XKeHUs oT 0,5 o 1,0 MM/MWH, CKOPOCTb HapacTaHUs Nbfa TakoBa, YTO Jaxe
KpaTKoBpeMeHHOe 06/1efieHeEHNEe NOTEHLUMAILHO ONacHO U HEOBXOAUMO NPUMEHeHUEe aHTNO61eeHUTENBHOIO
06opyoBaHunS;

* CU/IbHOE - CKOPOCTb OT/NIOXeHUSA 6onee 1,0 MM/MUH, CKOPOCTb HapacTaHWA Nbja TakoBa, YTO NPUMEHEHWS
aHTNOo6NeleHNTENbHOro 060PYA0BaHNSA HELOCTATOUHO, HEOOXO0AMM HeMe/1IeHHbIM BbIXO[, CaMo/ieTa U3 30HbI
061eaeHeHNs.

KonuuyecTtBo cnyyaeB 061efeHeHNs BO3AYLUHbLIX CYA0B 1 UX NPOLEHTHOE COOTHOWeHe 3a 2014-2018 rr.
npeacTasfeHbl Ha puc. 2 1 3.

Puc. 2. KonnyectBo cnyyaeB 061eaeHeHUs Puc. 3. YaenbHblii Bec cnyyaes o6nefeHeHus
BO3AYLHbIX cyfoB (2014-2018) BO3AYLWHbIX cyaoB (2014-2018)

Fig. 2. The number of aircraft icing events Fig. 3. The proportion of aircraft icing cases
and specific gravity (2014-2018) (2014-2018)

AHanusnpys puc. 2 1 3, MOXHO OTMETUTb, UTO HaMBONbLLEE KOMMUECTBO CyyaeB 06neaeHeHuns (49,4 %),
3aMKCUPOBaHHbIX Ha aspoapoMe MUHCK, NPpUX0AMTCA Ha 06nefjeHeHWe ¢ YMePEHHON MHTEHCUMBHOCTbLIO, He-
MHOrMM MeHee (41,4 %) - Ha 06nefieHeHNEe CO C/laboil MHTEHCMBHOCTbLIO, KOTOPOE He CUMTAETCS OMacCHbIM
NS ABMXEHNA BO3LYLUHbIX CYyf0B. B aTUX cnyyYasx He BbINUCLIBAKOTCA NpeaynpexaeHuns no aspoipomy u He
BHOCMTCS MH(hOpMALKA B NONETHYHO AOKYMeHTauuo. Hanbonee onacHo obnefeHeHUe ¢ CULHON UHTEHCUB-
HOCTbI0, OHO cocTaBifeT 9,2 %, 0HaKO JaHHOE fB/IEHME ClyYaeTCsl HAMHOIO pexe.

CpefHemecsyHOe pacnpeaeneHne ciyyaeB 06neaeHeHmns 3a 2014-2018 Ir. 1 UX yAenbHbIil BEC NpeacTaB-
NeHbl Ha pyc. 4 1 5 cOOTBETCTBEHHO. KoMyecTBeHHbIE NOKa3aTeNu yKasaHbl B Tabn. L
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Puc. 4. CpefHemMeCsAYHOE KOMIMYECTBO C/y4YaeB
06nefeHeHns 3a 2014-2018 rr.

Fig. 4. The average monthly number of icing events
for the period from 2014 to 2018

Puc. 5. YaenbHblii BeC cpejHEMECSIYHOIO KO/IMYECTBa CyyaeB
06nefeHeHNs BO34YLWHbIX cyaoB (2014-2018)

Fig. 5. Percentage of average monthly number of aircraft
icing events (2014-2018)

B pesynbTaTe aHanm3a puc. 4 1 5 MOXHO cAenatb BbIBOZ O TOM, UTO 06LLasA TEHAEHLUA CPefHEMECAUYHOrO
KO/IMYeCTBa CNyvaeB ¢ 06/1efleHeHNEM BO3AYLUHbLIX CY[0B 3a rof, He MeHseTcs. Ko/MyecTBeHHbIe pa3nnyms
Hab/loAalTCA TOMIbKO B 3VMHME MecCsLbl: MakKCUMaibHOE YMC/O ClyYaeB 3a)MKCMPOBAHO B IHBape WU Aeka-
6pe - 213 1 215 coOTBETCTBEHHO. I HAO60POT - B Ten/ble MecsLbl CnyYvan 06nefeHeHNs peakn, MMHUMasb-
HbI1 MOKa3aTeNb 3apermcTPUpPOBaH B aBrycte. 3a 5 et 66110 0TMeyeHo Bcero 2 cnyyas (0,2 %) obnegeHeHMs.

CUMHONTMYECKME YCOBYS, ABASIOLMECH MPUYNHOWA 0BeAeHEHMS, CBA3aHbl B MEPBYHO 04epefb C pasBuTu-
eM (PpoHTanbHO 061ayHOCTU. BO (DpoHTabHBIX 06/1aKax BEPOATHOCTb YMEPEHHOIO U CU/bHOIO 06nefeHe-
HUS B HECKO/LKO pa3 60/1bLLe N0 CPaBHEHUIO C BHYTPUMACCOBbIMUK 06/1akamn. CrunbHOe 06nefileHeHe oTMeYa-
€TCA B Y3KO0i nosioce WwupuHoi 150-200 KM B6/IM3M NMHUK (OPOHTA'Y 3eMHOI MOBEPXHOCTU. B 30He aKTMBHbIX
TennbIX ()POHTOB CUNbHOE 06n1eaeHeHne HabntogaeTca B 300-350 KM OT NnHKUK (DpoHTA. BO BHYTPMMACCOBbLIX
o6naKax BEpTUKaNbHOI0 PasBUTUA MOXET BCTPeYaThCsl Kak YMEPEHHOE, Tak 1 CUNbHOe 06neaeHeHne [9].

AHanusz 061a4HOCTH, COMYTCTBYHOLLEN 001efeHEHNIO BO3AYLUHBIX CY0B, NMPpeACcTaB/eH B Tabn. 1u Ha puc. 6.

Ta6bnuua 1
dopmbl 06n1akoB Npu 061egeHeHnn (2014-2018)
Table 1
The shapes of the clouds during icing (2014-2018)
®opmMbl 061aKoB MocneacTBums Uucno cnyyaes %
CB  KyueBo-J0X[eBble B03MOXEeH CUMbHbIV Npo3payHblii neg 186 19,2
Ac BbICOKOKYUYEBbIE 13M0OpO3b OT Nerkoi 4o yMepeHHOM’ 62 6,4
Sc CnoucTo-kydesbie YMepeHHbIli UHER, KOrga ypoBeHb 348 35.9

3aMep3aHna AoCTaToyHO HU3KNT
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OKOoHuaHue Tabn. 1
Ending table 1
®opMmbl 06M1aK0B MocneacTeus Yucno cnydaes %

YMepeHHas cMellaHHas rnasypb
Ns CnoucTto-foxpaeBble P yp 154 15,8
Ha HUXXHUX YPOBHAX

HeT yrposbl 06neeHEHNS NN NETKUIA
NHEeNR

MToro 970 100

St CnoucTtble 220 22,7

Puc. 6. ®opmbl 06/1aK0B, CONYTCTBYHOLLME CAyYasasM
o06nefeHeHns (2014-2018)

Fig. 6. Cloud shapes associated with icing events (2014-2018)

B 1abn. 1npegctaBneHbl pasivyHble (POpMbl 06/1aK0B, KOTOPbIE ABASUCL COMYTCTBYHOLWMMUN NPU CyYasnx
06n1eileHeHNA 1 BbINv NPeACTaB/EHbI Kak B KAYECTBe JOMUHAHTHbIX, Tak U B COBOKYMHOCTM C gpyrumn. U3 1abn. 1
1 puc. 6 BUAHO, YTO HaMbosee YacTo CONPOBOXAAOLLMMU 06efileHeHNe 061aKaMM ABNISKOTCA CIOUCTO-KYYEBbIE.
Pexke Apyrux B 3TOM C/ly4ae OTMeYatoTCs BbICOKOKYUeBble 06M1aKa.

[nsa 6onee fgeTanbHOro PpacCMOTPEHMS 3aBUCMMOCTU HaIMUUS U MHTEHCUBHOCTU 06/1ejeHeHNs OT CUHOM-
TMYECKOI CMTyauun GbIIM PacCMOTPEHBI BCE CMyYan BO3HWMKHOBeHUA aBneHus (2014-2018), oHKM npeacTas-
NeHbl B Tabn. 2 1 Ha puc. 7.

Kak BUAHO 13 Tabn. 2, onTuMasibHble YCNOBUA AN 06pa30BaHUs CULHOTO 06/1efleHeHUS BO3AYLLUHbIX CY-
[0B HabntogaloTca BO PPoHTanbHbIX 06nakax (80 %). Bo BHyTpumaccoBbiX 06nakax npeobnagaet cnaboe
1 ymepeHHoe obnegeHeHune (20 %).

[ns 6onee [eTanbHOro pPacCMOTPEHWS METEOPOsIOrMYECKUX YC/OBUI HEOBXOAMMO NpOoaHau3npoBaTh
npeobnafatoLLlee Hanpas/ieHVWe BeTpa BO Bpems 06/1e4eHEHNs BO3AYLIHbIX CyaoB. C 3TOi uenbko 6bina no-
CTpoeHa po3a BeTpoB (puc. 8).

Tabnunuya 2

Y aenbHbli BeC pa3HOW MHTEHCUBHOCTM 06/1efleHeHNA caMOIeTOB
Npu pasINYHbIX CUHONTUYECKNX cnTyaumsax (2014-2018), %

Table 2

The specific gravity of different intensities of icing of airplanes
in various synoptic situations (2014-2018), %

NHTEHCUBHOCTL 06/1efieHeHUs .
Y AenbHblii Bec B 06LLEM
CuHonTu4eckas O6Lee KoNMYecTBo Cry4aes 0Bbeme Crydaes

CuTyauus 0bnefeHeHnsa B cooTBeTcTBMM  Cnaboe  YMmepeHHoe — CubHOe o6neaeHeHns, %
” M '
C CMHOMTUYECKON cUTyaLmeit

®poHTanbHble obnaka

Tennblin GpoHT 100 44 49 7 30
Tennblii cekTop 100 39 54 7 5
XO0NnoAHbIA QpPOHT 100 37 52 11 25
D POHT OKKNO3UKN 100 40 50 10 20
MToro 80
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CuHonTuyeckas
cUTyaums

LnknoH
AHTULWKNOH
CennoBnHa

[MepefHAA YacTb
NOXOMHBI

TbinoBas YyacTb
NOXOUHBI

NToro

MHTEHCUBHOCTb 06ﬂe,queHVIﬂ

O6Lee KONMYECTBO CyYaeB
06nefeHeHns B COOTBETCTBUN  Cnaboe
C CMHOMNTWYECKON cUTyaumei

100
100
100

100

100

YMepeHHoe

BHyTpumaccosble o6naka

61
42
43

33

30

29
52
43

53

62

CunbHoe

10

14

14

mTennblii PoHT
Tennblii cekTop
XO0noAHbI GPoOHT
DPOHT OKK/HO3UN

mLInknoH

BAHTULMWKNOH
mCe//10BMHA
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Puc. 7. YfenbHbll BeC KONMUecTBa cyyaeB 06/1efjeHeHNs B 3aBUCUMOCTH
OT CMHOMTUYECKON cuTyauum (2014-2018), %

Fig. 7. The proportion of the number of cases of icing, depending
on the synoptic situation (2014-2018), %

Puc. 8. Po3a BeTpoB, conyTCTBYHOLWasA CayyasMm 0bnefeHeHNs
BO3AYLWHbIX cyaoB (2014-2018)

Fig. 8. Wind rose associated with aircraft icing (2014-2018)
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Mpwn aHanuse puc. 8 BUAHO, YTO NpeobnafaloLium Hanpas/ieHWEM BeTpa B YCNOBUAX 06pa3oBaHus obne-
[EeHEeHMNs ABNAETCA OT H0ro-BOCTOKa-BocTOKa (107 cny4yaeB) 40 toro-toro-soctoka (170 cnyyaes), U4TO Kak pa3
M eCTb OfiHA U3 NPUYUH 06pa3oBaHns NeisdHOW KOPKK (Tennblil BO3ayX).

Kpome Toro, obnefieHeHe BO3AYLIHOMO CyAHa 06YC/I0B/IMBAET Ha/MuMe 0TpuLaTe/IbHON TemnepaTypbl No-
BEPXHOCTMW BO3AYLLHOIO CyfiHa 1 NPUCYTCTBME B BO3LYXE CKOHAEHCUPOBaHHOM Bnarn. MommumMo 3Toro, Temne-
patypa BMecTe C pa3MepoM Karefb BAWUSET Ha BUA U NJOTHOCTb HapacTaloLero fbaa.

CornacHo sKcrnepumMeHTabHbIM JaHHbIM 06/1eleHeHEe BO3AYLLIHOMO CyHa Yalle Bcero HabnohaeTcs, Kor-
[ia TemnepaTtypa BO34yXxa CHKaeTcs o -24...-25 °C. Ha Tepputopumn aspogpoma MUHCK 06nefieHeHne Hau-
60nee yacTo 06pa3oBbIBanoCL Npu Temnepatypax ot 0 4o -12 °C (Tabn. 3). Takad TemnepaTypa COOTBETCTBYeET
XUAKOKanenbHbIM 06/1aKam.

Tabnuua 3
MoBTOpsSieMOCTb TeMMepaTypbl BO3AyXa BO Bpems 06/1eileHeH NS
Table 3

Repeatability of air temperature during icing of aircraft

TemnepaTypa Bo3ayxa, °C  KonmuecTBo cnyyaeB MoBTOpsieMocCTb, %
>+12 8 0,87
OT 0 po +12 235 25,63
OT0pg0-12 663 72,30
<-12 11 1,20

McTouHuk: [10].

Uem HWKe TeMnepaTypa BO3AyXa, TeM 60/bLUe BepOATHOCTL TOFO, YTO NePeoxNaXAeHHas Kanis 3aMep3HeT
npu yaape 0 NOBEPXHOCTb CaMosIeTa, a 3T0 NPUBeSET K 06pa3oBaHuMio n3moposn. ObneieHeHe MOXET 06pa3o-
BbIBaTbCA, KOrfa Temreparypa Bo3ayxa (hakTUUeCKU BbiLle HyNs U TeMnepaTypa NOBEPXHOCTU camosieTa HUXe
Hyns. [lJaHHOe yCnoBMe MOXET MMeTb MECTO, eC/ln CaMO/eT HeaBHO CHU3U/CA OT 60/1ee HU3KMX TeMnepaTyp.

Kak ynomuHanocb paHee, 20 % cnyyaeB o6nefjieHeHNs BO3AYLIHOIO CyfHa HabntofalnTca Ha MOBEPXHO-
CTW 3eMN. XOTA OHWU He TakK OMacHbl B CBA3M C HAXOXJEHWEM BO3AYLUHOrO CyfiHa B MOKOE Y BO3MOXHOCTbIO
YyCTpPaHeHUs NefsHol KOPKK € MOMOLLbI 06paboTKM cneunasibHbIMK pacTBOpaMu, HeO6X0AUMO PacCcMOTPeTb
MPUYNHBI UX BOZHUKHOBEHMS. MeTeoponormyeckme yCnoBms nNosBneHns 061eAeHeHNS Y 3eM/TN CXOXKN C TEMMU,
NpU KOTOpbIX 06pasyeTcsa ronones, KOCBEHHO BANSIOLLMIA Ha ero BOSHUKHOBEHWE. B Lensix 6onee getanbHOro
paccMOTPeHNs B3aMMOCBA3M TaKMX ONAacHbIX ABNEHWUIA /19 aBuaLun, Kak ronones u obneaeHeHue, npeacras-
neH puc. 9. Ha Hem oToGpaXkeHa MH(OpPMaLMa 0 KONMYECTBE AHeN ¢ 06/71e4eHEHEM W TON0NEL0M B SHBApe,
theBpane, Hosi6pe 1 aekabpe 2014-2016 rT.

Mpu aHannse puc. 9 BUAHO, YTO KpKBble 061eAEeHEHNS U FON0MeAa NPaKTUYECKN NAEHTUYHBI, YTO rOBOPUT
0 B3aMMOCBS3M UCCNEeLYEMbIX OMACHbIX METEOPOIOTMYECKUX ABMEHMIA. 13 NOCTpOeHUs rpadurka, npeacTas-
NEHHOro Ha puc. 9, UCMOJb30BANIUCL KOMIMUYECTBEHHbIE NOKa3aTe M CyvaeB HACTYMNEHUS OMAaCHbIX SBAEHWA.

K

8 25 -
6- 20 -
u

2014 . 2015 r. 2016 .

______ Tononep, O6neaeHeHNe

Puc. 9. KonnuyecTBeHHble NoKasaTenn onacHbix siBneHuii (2014-2016)
Fig. 9. Quantitative indicators of hazardous events (2014-2016)
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PacuyeTbl, NPOBEAEHHbIE Ha OCHOBaHWM JaHHbLIX pUC. 9, CBUAETENLCTBYHOT O TOM, YTO Ha yKa3aHHbI Nepuoj
6b110 0TMeUeHO 39 AHel ¢ rononeaom u 27 gHelr ¢ obnegeHeHWeM (OT 3eMIM W BbIWe), YTO COOTBETCTBYET
70 % Hanuums onacHbIX ABAEHNA. OTCYTCTBME ClyvaeB 06/1efeHeHNS BO3AYLLIHbIX CYA0B B oCTanbHble 30 %
[Hel ¢ rononesom He roBoput 06 MX HEBO3MOXHOCTW, a MOXET ObITb Pe3ynsTaToOM 3abnaroBpeMeHHOro npo-
BefleHUS MPOTMBOOGNEAEHNTENBHOM 06PabOTKM BO3AYLIHbLIX CyA0B. K coxaneHuto, hakTUYecKoe Hanmune
cnyyaeB 06/1eleHeH NS BHE a3poApoMa 3aMKCMpoBaTh NPaKTUYECKN HEBO3MOXHO, 0COBEHHO B COOTBETCTBUM
C MeTeoposiornyeckmumm cpokamun. OAHako, onupasch Ha (hakT B3aMMOCBA3UN 06MefjleHeHNs 1 rononeaa, Mox-
HO YaCTUYHO MONb30BATbCH KApPTO MPOCTPAHCTBEHHO-BPEMEHHOro pacrnpefeneHns rononefHbIX ABAEHWIA
Ha TeppuTopun benapycw.

lononep - 3T0 06pasoBaHMe KOPKU fibAa Ha MOBEPXHOCTM 3eM/IN, BETKaX AepeBbEB, MPOBOAAX U ONopaXx NNHWIA
anekTponepegay UnnM Ha NtobbIX APYT1X NoBepXHOCTAX. OH 06pa3yeTcs B pesynbTaTe 3amMmep3aHunst aTMOCHePHbIX
0CafikoB (JOX[Ab, TYMaH, U3MOPO03b, MOKPBIA CHEF UM CHEr C JOXAEeM), MONajaroLLMX Ha XONOAHYH NOBepX-
HOCTb, KOTOpas eLLe He ycnesa CorpeTbCs 3a BPeMs KPaTKOBPEMEHHOMO BTOPXKEHMSA Ten/bIX BO3AYLUHbLIX Mace.
Uallle BCero ronones MMeeT MecTo Npu KXXHbIX 1 HOro-3anafHbIx BeTpax. B xonogHoe Bpems ronones obpasyetcs
BONM3MN He3aMep3LUKX BOAOEMOB. VIHbIMU cnoBamu, Npu OpMMPOBaHUY Fonofeda aTMocepHas Bnara MMeeT
Temnepatypy 4yTb Bbille 0 cC, a BETBM A€PeBbEB, MPOBOAA, MeTa/IMYECKUE KOHCTPYKLMM (M NOBEPXHOCTb
3eM/IM) eLLe He COrpesiuchb U XapakTepusyrTcs oTpuuaTtesibHbiMK Temnepatypamm (0T -3 go -15 °C) [9].

Ob6pasoBaHue rononega NPOUCXOAMT UCKAKUUTENBHO NpU Nepenagax Temnepatyp. OH onaceH Ans ABu-
XYLLUXCA TPAHCMOPTHbIX CPeacTB 1 ntofdei. Ho Kpome aToro, ronones, o6ycnosnueatoLLnii nefsHble HapoCTbl
Ha NpoBofax NMHWIA 3neKTponepesay, co3faeT LOMONHWUTENbHbIE BECOBbIE W BETPOBblE HArpy3ku U MOXET
npuBecTn K 06pbIBy NpoBodos [2; 3]. MpocTpaHCTBEHHO-BPEMEHHOE pacrpejeneHne rofionefHbIX ABNeHui
no TeppuTOpUN pecnybaukn npeacTasieHo Ha puc. 10.

MeTeoponornyeckas
cTaHuma BepxHeaBUHCK
KonuyectBo aHeli
Monouk
2-6 LLlapKoBLynHa
0-17 Aokwunubl Nenens CeHHO
TAHVK
BnmMmaHbl
bBopucos
BonoxuH
Morunés
BepesunHo
L yumH [oBorpypok
CTon6Ub! MapbuHa Fopka Cnasropos  KocTiokoeul
BonkoBbICK BapaHoBuun Bo6pyiick
XKnobux
[aHueBnun
OKTA6pb
Mpy>aHbl
BbICOKD? Monecckas lomens
Bacunesnun
MuHck Mos3bipb

Nenbunypl

Puc. 10. MpocTpaHCTBEHHOE pacnpefeneHne CpefHero4oBoro KoamyecTsa gHeli ¢ rononegom no pecny6nmke (1989-2016)
Fig. 10. Spatial distribution of the average annual number of days with ice in the republic (1989-2016)
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AHnanusnpysa puc. 10, HeoOX0AMMO OTMETUTb, YTO Haubosee 4acToe BO3HWKHOBEHWE rosonefa Habnwo-
[laeTca Ha BOCTOKe ["poAHEHCKoI 06nactu (MeTeoponornyeckas ctaHums «HoBorpyaok» - 22,4 oHs B rogy),
HECKO/IbKO MEeHbLUMM MOKa3aTenem xapaktepusyeTtca Morunésckas 06nacTb, HOro-BoOCTOYHas 4acTb MUHCKOM
1 ceBepHas YacTb ToMenbckoit 0bnacTn. Hambonee peako ronones 0TMeyaeTcs Ha MeTeoposiorMYeCcKon cTaH-
uMm Knuuesa n gnmtes 2,5 gHA B rogy, NPUMEPHO Takue XXe nokKasaTeNn XapakTepHbl ANS HOXKHOW YacTu
BpecTckoii 06nacTu, a TakKe CeBepo-3anagHoi yacT MUHCKOI 0bnacTu.

Ha puc. 11 npefcTaBneH XPOHOIOTMYECKNIA X0 CpeIHEMECAYHOIO KOJIMYECTBA AHel ¢ rononeaom ¢ 1989
no 2016 r.

[ononefHble ABEHUA HabNOAAOTCA B XONOAHOe Bpema roga. Ha puc. 11 xopowo BUAHO, 4TO Hambonee
XapakKTepHbl OHU Ans Aekabps - 3,1 AHA, 8 MUHUMaNbHOE MX YWAC/N0 O0TMEYaeTcs B Mae U CEHTAOpe 1 cocTaB-
nset 0,001 n 0,004 cooTBETCTBEHHO Bnarofaps peaKUM MOHWXKEHUAM TemnepaTypbl. CpegHeMecsyHbIin no-
kasartesnb - 0,8 gHs.

Ha puc. 12 oTpaXkeH XpOHONOrMYECKUiA X0 CPeAHEro4oBoro KOIMYecTBa fHel ¢ rojonefoM Ha TeppuTo-
pun pecnybnmnku 3a 1989-2016 rr.

Puc. 11. XpoHONOrMyecKnii Xo4 cpeaHEMECYHOIo KONnYecTsa gHel
¢ rononegom no benapycu (1989-2016)

Fig. 11. Chronological progress of the average monthly number of days
with ice in the Republic of Belarus (1989-2016)

Puc. 12. XpoHonornyeckuii Xxos cpejHerooBoro KonmuecTsa fHeli ¢ rononefom
Ha TeppuTopun pecnybamnkm (1989-2016)

Fig. 12. Chronological progress of the average annual number of days with ice
on the territory of the republic (1989-2016)

Kak cnefyet u3 puc. 12, MakCMManbHOe KOJIMYECTBO Cy4aeB C rososieoM otmeyanocb B 1997 r. - 13,6 gHs,
HEMHOrMM MeHee - 13,3 gHs - 3admkcupoBaHo B 2003 . MUHMMAabHBIA XXe NOoKasaTeNnb XapakTepeH Ans
1993 r. - 7,1 aHs, ana 2012 r. - 7,7 aHs. CpefHerooBoi nokasatens coctasun 10,0 gHA. pathmk nokasbiBaeT
OTCYTCTBUE TEHAEHLWU UM COBCEM HE3HAYUTESbHbIW POCT.

Hanb6onblluee KONUMYECTBO [HEN C roNonesoM Ha Tepputopun pecny6imMkmy 0TMeYaeTcs ¢ HoAbpa no (e.-
pajb, pexxe B anpenie u ceHTabpe. B Tennblil neprog roga gaHHoe fiBfeHne He HabMAaeTCs B CBA3M C OTCYT-
CTBMEM OTpMLATENbHbLIX TEMMEPATYP.

[ononepn cUbHO yXyALaeT TOPMO3HYHO CNOCOBHOCTb BO3AYLUHOMO CYfHAa U CLENHble KauyecTBa B3/1eTHO-
Mocaf04HON MOMOChl, TEM CaMbiM 06YCI0BNNBaAs BbITa/IKMBaHME BO3AYLIHOMO CyAHa 3a Npejesbl B3/IETHO-MO-
Caflo4HON Nonochl.
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3aK/ueHune

Mpu BO3HUKHOBEHUW 06/1efjleHeHNS BO3AYLLUHBIX CYJ0B U rON0/1efAHbIX ABJEHWI HA a3pOApPOME B YC/IOBUAX
OTCYTCTBMWS 3a6/1ar0BPEMEHHOI NPOrHOCTUYECKOA METEOPOIOrMUECKO MH(OPMALIMK MOABASETCS ONAaCHOCTb
4e/I0BEYECKMX U 3KOHOMMYECKMX NOTePb. Bo n3bexaHne NofgobHON cMTyaumm He06X0AMMO He TOMIbKO 1CCe-
[0BaHMe camMmoro npowecca X BO3HUKHOBEHWS M PaCCMOTPEHME COMYTCTBYHOLLEA CMHOMTUYECKOR cuTyauuu,
HO ¥ feTasbHOe M3yyeHne 0COBEHHOCTEN aspoapoma HeMoCcpeACTBEHHO. AHaNU3MPYs MOMYYEHHYO UHGOP-
MaLMIO B X0fe 1CCNefoBaHUs, MOXHO cfeNnaTb crefytoLme BbIBOAbI.

1. ObnefeHeHWe BO3AYLUHbIX CYJ0B, HAXOAALLMXCA B HEMOCPEACTBEHHOW 6/1M30CTU K 3eMHOI NOBEPXHOCTH,
HanpsaMyo B3aMMOCBA3aHO C COMYTCTBYHOLUMU FONI0NIEAHBIMU SABNEHUAMU Ha Tepputopun aspogpoma. Ha
OCHOBaHWW aKTUYECKMX METEOPO/IONMYECKUX faHHbIX, UCMO/b30BAHHbIX MPWU UCCNEeA0BAHUN, YCTAHOB/EHO,
uyto 70 % fHei co cnyvasMu 06nefeHeHNs COMPOBOXAANNCL HanMyMeM rononiefa Ha aspogpome. OfHako
CTOUT OTMETUTb, YTO B OOLLMIA pacyeT He BHOCUIUCH AaHHble O HaM4uK 06nefleHeHNs BO3AYLLUHbIX CYA0B Ha
a3pojpome, y KOTopbIX Oblsia NnpoBefeHa 06paboTka NPoTUBO06IeAeHNTENIbHLIMW COCTaBaMu, T. e. NPejoTBpa-
Wanncb cnyyvan obnefieHeHUs BO3LYLWIHbIX CYA0B. AHaWM3 NPUBEAEHHON MH(opMaLMK NPOBeLEH NO (haKTu-
YECKMM MEeTEOpOIOrMYecKUM AaHHbIM aBUALMOHHOK METeopOIOTMYECKON CTaHLMUN TPaXAAHCKOW «MUHCK»
32 2014-2016 rr.

2. NpocTpaHCTBEHHO-BPEMEHHOE pacnpeaeneHune ronofiefHbIX ABIeHNA Ha TeppuTopun Pecny6nnkmn bena-
pycCb CBUAETENIbCTBYET O TOM, UTO MakCUMasibHbI/ NOKa3aTeNb UMeST MECTO HA METEOPOIOrMYECKOW CTaHLUK
HoBorpyaka u coctaBun 22,4 fiHS B rogy, a MMHUMA/bHbIA 3ahMKCUPOBaH Ha METEOPOOrMYECKOl CTaHLUK
Knnuesa - 2,5 gHA. Takke 0TMeYaeTcs HafmMune He3HaAUYUTeIbHOW MONOXUTENIbHON TEHAEHL MW NPU aHanu-
3¢ M3MEHEHUS CPeAHEro4oBOro KonmMyecTsa AHein ¢ rononefom 3a 1989-2016 rr. FogoBoe pacnpegeneHune
0CTaeTCs KNacCMUYECKUM C APKO BblIPaXXEHHbIM 3UMHUM MaKCUMYMOM W OTCYTCTBUEM TO/I0NEAHbIX ABNEHWI
B /leTHee Bpems. PacripefeneHve no naowaan UMeeT crefytolime 0cCoO6eHHOCTU. 30HA MAKCUMAaIbHbIX 3Ha-
YyeHuli HabNhaeTcs NO KOHTYPY TeEPPUTOPMM pecnybankm ¢ 3anaja Ha CeBepo-BOCTOK. 30HbI MUHUMasbHbIX
3HayeHUli pacnonoXeHbl «NATHaMWU» Ha ceBepo-3anase MUHCKOIN 06nacTu, Ha tore bpecTcKol 1 oro-3anage
Morunésckoin obnactu.

KapTorpaguyeckue mMatepuasibl LenecoobpasHo UCNob30BaTh NPU COCTaBEHUM NPOrHO30B ONACHbIX B-
NEHW Ha 6onee paHHel CTagumM NX NOATOTOBKM B Liensx obecneyeHns 6e30MacHOCTU MONETOB.
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YK 556.5

COBPEMEHHbBIE NSMEHEHUWA CTOKOBbLIX XAPAKTEPNCTUK
PEK BOJ/IbLUOINO KABKASA

n. C. AIMEBA1

DbaKknHCKWIA rocyfapcTBEHHbIA YHUBEPCUTET, Y. 3axuga Xanunosa, 23, AZ1148, r. baky, Asepbaiig>kaH

MpeacTaBneHbl pe3ynbTaTbl aHaM3a COBPEMEHHbIX M3MEHEHWIA FO40BOr0 CTOKA, €ro0 OCHOBHbIX COCTaBAAOLMX -
NOA3eMHOr0 1 NOBEPXHOCTHOMO CTOKOB, a TakKXXe MWUHUMA/IbHOrO 3UMHEr0 U JIeTHe-0CEHHEro CTOKOB peK bonbLuoro
KaBkasa B npefenax Asepb6aiigxaHa. MNpnBognTca KpaTtkuii 0630p paHee BbIMO/THEHHbIX UCCNEA0BaHNA N3MEHEHNS CTOKaA
no ctpaHe. OTMeYaeTCs, 4YTO B 3TUX paboTax NPUMeHeH MeTOf reorpamyeckoro CpaBHeHUsA U NINHEHbIA TPeH40BbIN
aHanu3. CgenaH BbIBOA O TOM, YTO [0 CUX MOP He N3yYeHbl TPaHChopMaL MM NOBEPXHOCTHONO M MOA3EMHOI0 CTOKOB PeEK
BonbLioro Kaskasa, 06ycnoBfeHHble M3MeHeHMEM KanMaTa. MpoaHanv3MpoBaHbl AaHHbIe N0 CTOKY 17 rMApOornyecKmx
NYHKTOB HabnwaeHns 3a 1934-2017 rr. Bce 3Tn rMaponornveckme MyHKTbl HA6/4eHUSA PacnosioXeHbl B TOPHON Ya-
CTU peyHbIX 6acceiHoB, T. e. CTOKOBbIe XapaKTePUCTUKIN ONPeAenstoT eCTeCTBEHHbIV UM YC/TOBHO-eCTECTBEHHbIN pe-
XUM peK. 0f0BbIe 3HAYEeHUS MOA3EMHOr0 CTOKa Obl/IV YCTaHOBMEHbI Kak CpefHee apuiMeTUYeCKoe CpeHeMECAYHOr0
MVHVMAa/IbHOI0 3VMHEro U fleTHe-0CEHHEro pacxofoB BOAbl. ['0f0Bble 3HAYEHUSA MOBEPXHOCTHOr0 CTOKa paccyUnTaHbl
KaK pasHuua Mexay rofosbiM U MOA3eMHbIM CTOKaMu. Vicnonb3oBaH MeToj reorpamyeckoro cpaBHeHUs. PacyeTbl
1 0606LLEHNSA MOMYYEHHbIX Pe3yNIbTaTOB BbINOHEHbI A4/15 PA3/IMYHbIX MEPUOA0B COMNacHO peKoMeHaumam BcemmpHoi
METEOopPO0/I0rMYecKoi opraHusanmmn. BeisseneHo, 4To 3a 1981-2010 n2001-2017 rr. NOBEPXHOCTHbIN CTOK PEK M3y4aemMoro
pernoHa yMeHbLUMW/ICA MO CPaBHEHMIO CO CTOKOM 3a 6a30BbIii nepuog (1961-1990). 370 06bACHAETCA yMEHbLUEHNEM KO-
NMyecTBa aTMOCEPHbIX 0CaAKOB B BUE CHera 1 CHKeHnem o6bema BeCeHHero nonosogbs. OfHako MMeno MecTo 6onee
CYLLLeCTBEHHOE YBe/NIMYEeHME NOA3eMHOr0 CTOKa pPeK, No3ToMy B LLe/IOM N0 PernoHy Habnwgancsa pocT rofosoro cToka.
JnHaMyKa N3mMeHeHNs MMHUMaIbHOTO CTOKa pek, 0CO6eHHO B 3MMHUIA CE30H, TAKXKe MOMTOXKNTENbHASA, TaK Kak B TeHeHue
NocnefHNX JeCATUNETUI CHEXHbI MOKPOB TaeT paHbLue 06bIYHOT0, B pesy/bTaTe c034alTcs 6naronpuaTHbIE YC/I0BUSA
415 hopMmnpoBaHUSA MOL3EMHbIX BOA, MUTAOLLMX PEKW B MEPUOAbI MUHUMA/IbHOTO CToKa. OTMeYaeTCs, YTO BbISIB/IEHHbI
XapakTep M3MeHeHUS pas3/IMyHbIX NoKasaTefeil Pe4HOro CToKa B M3y4aeMOM PermoHe CBA3aH C NoTenjeHneM KInMMarta.

KntoueBble cnoBa: Gonbluoii KaBKas; rofoBoii CTOK; MoA3eMHblii CTOK; NMOBEPXHOCTHbIN CTOK; METOA CPaBHEHUS; W3-
MEHEeHUA KIMmaTa; MUHUMa/bHbIN CTOK.

MODERN CHANGES OF THE RUNOFF CHARACTERISTICS OF
THE RIVERS OF THE GREATER CAUCASUS

I.S.ALIYEVAa

Baku State University, 23 Zahid Halilov Street, Baku AZ1148, Azerbaijan

The article is devoted to the analysis of modern changes in annual runoff, its main components - underground and sur-
face runoff, as well as the minimum winter and summer-autumn runoff rivers of the Greater Caucasus within Azerbaijan.
A brief review of previous studies on flow changes in the country is given. It is noted that in these works the method of
geographical comparison and linear trend analysis were used. It is concluded that the changes in the surface and under-
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ground runoffof the rivers of the Greater Caucasus due to climate change have notyet been analysed. The data on the run-
off of 17 hydrological observation points covering 1934-2017 were analysed. All these hydrological observation points
are located in the mountainous part of the river basins, i. e. runoffindices characterise the natural or conditionally natural
regime of rivers. The annual values of the underground flow were determined as the arithmetic average of the monthly
average minimum winter and summer-autumn water discharges. The annual values of surface runoff are calculated as the
difference between annual and underground runoff. The method of geographical comparison is used. Calculations and
generalisations of the results obtained are performed for different periods, according to the recommendations of the World
Meteorological Organisation. It was revealed that, for 1981-2010 and 2001-2017 surface runoff of the rivers of the stu-
died region decreased compared to runoff for the base period (1961-1990), due to a decrease in the amount of snow pre-
cipitation and a decrease in the volume of spring flood. However, there was a more significant increase in the underground
flow of rivers and, therefore, an increase in annual flow was observed throughout the region. The dynamics of changes in
the minimum river flow, especially in the winter season, is also positive, since over the past decades the snow cover has
been melting earlier than usual, and favorable conditions are being created for the formation of groundwater that feeds the
rivers during periods of minimal runoff. It is noted that the revealed nature of changes in various indices of river flow in
the studied region is associated with climate change.

Keywords: Greater Caucasus; annual runoff; underground runoff; surface runoff; comparison method; climate change;
minimum flow.

BBepgeHune

HauaBweecsa ¢ 1970-Xx IT. rnobanbHoOe NOTEMAeHWe ABAAETCA HEOCMOPUMbIM (hakKTOM M NOATBEPXKAAETCA
MHOFO4YMCNEHHbIMU HabnoaeHnaMKM. ToBbicunach rnobanbHas CpeaHas TemnepaTypa Bo3fdyxa U OKeaHWue-
CKOIi BOAbl, 0TMEYaeTCs aKTUBHOE TasHWE CHEXHOMo MOKPOBa U NefHUKOB, NOBbILIaeTCH ypoBeHb MupoBoro
okeaHa. B 1950-2005 rr. rnobanbHas npu3emHas TemnepaTypa Bo3gyxa nosbicunack Ha 0,74 °C, un 3a no-
cnegHue 50 neT noTtenneHme yckopunock [1]. B ycnosusix AsepbaiigKaHa OHO Havyanocb NpMMepHo ¢ 1978 r.
n coctasuno 0,7 °C [2].

Mpoekumnmn KNMMaTa, NOMyYeHHbIE C UCMO/b30BAHMEM PAja KAMMATUYECKUX MOAeNel, NoKasbiBalT, YTo
B XXI B. ncnapeHue, KonnM4yecTBo BOAAHOroO napa B aTmociepe, cpefHee KONMYeCTBO aTMOCHEPHbIX ocaf-
KOB yBenmuyatcs. 13-3a Toro, 4to BO BCeX KOMMOHEHTaX rMaponornyeckoro uukna Haénwgatotcs 1-10-neT-
HMe ecTecTBEHHble KonebaHus, TPYAHO 0OHAPYXXUTb B 3TUX KOMMOHEHTaX TPeHAbl C ANNHHBLIMW Nepruogamu.
MocKoNbKy CyLlecTBYlOLLas CeTb rMAPONOrMYECKMX MYHKTOB HabnofeHns pacnpejenieHa HepagHOMEPHO Mo
3eMHOMY LUapy, A/IMHbI PAA0B HabMoAeHNI ABAAIOTCA OrpaHUUYeHHbIMU U (DU3MKO-Teorpaguyeckme ycnosus
pa3NNYHbIX PEFMOHOB OTANYAKOTCA, B TPEHAAX MHOMUX TMAPOSIOrMYECKNX NapaMeTpoB MMEKOT MeCTO Heonpe-
fAeneHHocTu [3].

KnumaTunueckue nokasaTenu U3MeHSIOTCA U Ha TeppuTopun AsepbaiigkaHal B 1991-2015 rr. (no cpaBHe-
HMto ¢ 1961-1990 rr.) cpeaHss rogoBas TeMnepaTypa Bo3ayxa no crpaHe nosbicknacb Ha 0,7 °C (Ha bonbLiom
KaBkase - Ha 0,4 °C), a TakXXe yBenn4eHue Temnepatypbl Hab10AaeTCs BO BCEX BbICOTHbIX MOscax CTPaHbl.
Hanbonblee NoBbILLEHNE TEMMNEPATYPbl XapaKTepHo Ans BbicoT 6onee 1000 M. B 370l 30He 3a 2007-2015 .
pocT Temnepatypbl coctasun 1,1 °C. B AsepbaiifxaHe 3a 1991-2015 rr. rogosas cyMMa 0CaZikoB yBe/nun-
nacb Ha 11,0 mm. s 30HbI Bbilwe 1000 m 3Ta umdpa coctaBuna scero 5,0 mm. 3a 1986-2013 rr. naowagm
ropHbIX NefHMKOB bonblioro Kaekasa ymeHbwnnucs Ha 0,04-0,17 kM2 [2].

B pa6oTte [4] oTMeyaeTcs, YTO METO/bl, UCNOMb3yEMbIE A/t OLLEHKW BNSAHUA U3MEHEHWUIA KNMMaTa Ha pey-
HOI CTOK, AensaTca Ha e rpynnbl. [NepBas rpynna o6beAUHAET SMNMPUYECKUE METO/bI, OCHOBAHHbIE Ha 00-
paboTKe UMEKLLNXCS AaHHbIX TMAPOMETEOPOSIONMYECKMNX HabNtoAeH NI B pe4HOM bacceitHe [5-8].

Ko BTOpOIi rpynne 0THOCATCS METOAbl, 6a3npyroLLMecs Ha COBMECTHOM MCNONb30BaHWW MOAENel rmapo-
NOTNYECKOro LMKMA CyLIW U rNobaNbHbIX KNMMaTuyeckux mogenein [9-11]. 3T1a rpynna MeToA0B NO3BONSET
NydLle y4ynTbiBaTb pa3Hoobpasne PU3NYECKUX MEXAHN3MOB peakLmMn rmaposornyeckont CUCTeMbl Ha KIMMa-
TUYecKue Bo3aencTens [4].

Mo cpaBHEHMIO C APYrUMW XapaKTepuCTUKaMU PEeYHOro CTOKa M3MEHEHUS rofoBOro CTOKa PeK U3ydeHbl
Nyulle 1 BbISiBMEHbI ONpefeneHHble 3aKOHOMepHOCTW. B [14] oTMeudeHo, YTo B XX B. 13-3a MOBbILLIEHNSA TEM-
nepatypbl Bo3gyxa Ha 1 °C rno6anbHblil peyHOW CTOK yBenmununcs Ha 4 %. OfHako He BCe uccnefoBaten
COrNacHbl C 3TUM BbIBOLOM W CUUTAIOT, YTO YBe/IMUeHMe r100a/1bHbION0 PEYHOro CTOKA CBA3aHO C YCUIEHUEM
BAIMSHUA He TOMIbKO KAUMaTMYecKux ¢akTopos [13], a TakKe C YMeHbLUeHWEM MCNapeHus, Bbl3BaHHbIM pO-
CTOM KOHLEHTpaLmm yrnekucnoro rasa [14].

ITNepBoe HaymoHanbHoe coobuieHne AsepbaiigkaHckoin Pecny6nvkn no PamouHoi koHBeHUMn OOH 06 n3meHeHMM KanmaTa.
baky : [6. n.], 2000. 88 c.
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Mo M3MEHEHMO CEe30HHOFO CTOKa Hanbosiee AOCTOBEPHbIE Pe3y/ibTaTbl MOAYUYEHb! A4S PEK TEPPUTOPWIA,
roe B 3MMHME Mecsilbl 0CafKM BbiMafaloT B BuAe cHera. MOCKOMbKy CHera 6bIBaeT Masio U CHEXHBbIA NMOKPOB
HauMHaeT TafATb paHbLUe 00bIYHOro, HabMoLaeTCA YMEHbLLEHNE 06beMa BECEHHETO NONOBOLbS U YBEIMYEHME
31MHero cTtoka [15]. Hanbonee cusbHble M3MEHEHUS CTOKA MPOMCXOAST B HU3KOTOPHbIX paiioHaX CO CabbiM
CHEXHbIM MOKPOBOM. B GyayLlem B 3TMX palioHax MakCUMa/lbHble Pacxoibl BOAbl 6yayT MMeTb MECTO MUHM-
MYM Ha Mecsil, paHblLie 06bI4HOr0. B palioHax co clabbiM CHEXHbIM NMOKPOBOM U TaMm, Ie BOOOLLe He OblBaeT
CHera, M3MeHEeHUs CTOKa CUbHee 3aBUCAT OT KO/IMYECTBA JOXKAEBbLIX 0CaJKOB, HeXe/un oT TeMmnepaTypbl. Co-
rN1aCHO NPOrHO3aM Ha TaKUX TEPPUTOPUAX BO B/IaXKHbIV CE30H CTOK YBEIMYNTCA, & B 3aCYLUNBbIA YMEHbLLNT-
c. Kpome Toro, 3acyLuniuBbIil mepuog CTaHeT 60nee NPOLO/MKUTENbHBIM.

B AsepbaiifkaHe nccnefoBaHMs N0 M3MEHEHUIO K/MMaTa U ero BAWSHUIO Ha PEYHOIN CTOK HavaTbl B KOH-
ue XX B. B 3TOT nepmog 6b110 YyCTaHOB/IEHO, YTO FO0BOW, BECEHHWIA W NETHWUIA CTOKKU psaga pek (Kyawan-
yaii, SleHkopaH4aii U HaxuuyeBaHuaii), 6acceliHbl KOTOPbIX PACcMONOXeHbI B Pa3NMYHbIX PEFMOHAX CTPaHbl,
YMEHBLUAIOTCH, a 3UMHUIA U OCEHHUI CTOKU, HA0b0pPOT, yBenmumBaroTca [16]. CpaBHUTENbHBIA aHanu3 cTo-
KOBbIX XapaKTepucTuk 3a 1930-1961 n 1962-1995 rr. nokasan, 4TO BO BCeX pernoHax AsepbaiigxaHa B 3MM-
HMe MecALbl CTOK MablX U cpegHux pek ysennumncs Ha 20-40 % [17; 18]. Mo3xe B [2] ¢ nomoLblo MeToaa
NNHERHOTO TpeHJa BbINOMHEH aHanu3 HabnwgeHnid (1960-2015) OCHOBHbIX CTOKOBbIX XapaKTEPUCTUK pPek
(rofoBOIA, MaKCMManbHbIA U MUHUMA/bHBIR). BbISBAEHO, YTO A1 60MbLIMHCTBA PACCMOTPEHHBIX PeK Fof4o-
BO M MaKCMMasbHbIA CTOKU YMEHbLUIAKOTCS, @ MUHUMA/bHBIA 3MMHUIA CTOK YBENMUYMBaETCA. AHanornyHble
nccnegoBaHns npoeefeHbl U B [19]. B 3Toii paboTe ¢ MCNOMb30BaHWEM AaHHbIX N0 29 pekaM LOMOSTHUTENb-
HO pPacCMOTPEeH MUHVMAJTbHBIA NI6THE-0CEHHWIA CTOK U 415 UX 0600LLeHNS NPUMEHEH HECKO/IbKO MHOM noj-
X04. TaK, AN KaX[0ro 13 Nt NpUMpPOAHbIX pernoHoB AsepbaiigkaHa (CeBEPO-BOCTOUHBIA CKMOH BonbLIoro
KaBKasa, HXXHbIA CKNOH Bonblioro KaBkasa, CeBep0-BOCTOUHbIA CKNOH Manoro KaBkasa, HOro-BOCTOUHBINA
CKnoH Manoro KaBeka3sa 1 HaxunuyeBaHb, JIeHKOpaHb) Mo gaHHbIM MOAY/bHbIX KO3P(PULNEHTOB COOTBETCTBYHO-
LLeil CTOKOBOW XapaKTePUCTUKK Bblaiv NOCTPOEHbI 0606LLEHHbIE NIMHEHbIE TPEHb! U BbIMOHEHA OLEHKA X
CTaTUCTUYECKON 3HAYMMOCTW. YCTaHOBMIEHO, YTO FOJOBOM CTOK PEK CEBEPO-BOCTOYHOrO CK/OHa Bonblioro
KaBka3a ocTaeTcs 63 M3MeHeHWIA, a PEK KXKHOFO CKN0Ha yBennumsaeTtcs. o Bcemy bonbliomy KaBkasy mMak-
CUMasibHbI/ CTOK PeK YMeHbLUAeTCs, MUHUMa/bHbIV 3UMHWUIA CTOK BO3pacTaeT. MUHMMAaNbHBIA NeTHWIA CTOK
PeK CeBepO-BOCTOYHOIO CK/I0HA YMEHbLUAETCS, a Pek 0XXHOro CK/0Ha yBennumnBaeTcs. Moxoxue pe3ynbTarhbl
6b111 NONYYEeHbI MPU aHanM3e 0606LEeHHbIX TMHENHbLIX TPEHAO0B OTHOLLEHNIA 3KCTPEMASTbHBIX XapaKTepuUcTmK
cToKa (MMHMMAaNbHbIA N MaKCUMasbHbIA CTOKWN) K rofoBOMY CTOKY [20].

Llenb HacTosiLLei paboThl - OLeHKa COBPEMEHHOM TpaHC(POpPMaL MU MOBEPXHOCTHOMO 1 MOA3EMHOr0 CTOKOB
pek Bonblioro Kaekasa, 00yC/I0BNEHHbIX U3MEHEHVEM KTMMATA, U BbISIB/IEHWE UX PETMOHa/TbHBIX 0COGEHHOCTEN.

MaTepuanbl 1 MeTOAbl UCCeA0BaHNS

AHann3 coBpeMeHHbIX U3MEHEHWN roA0BOro, NOBEPXHOCTHOIO W NOA3EMHOM0 CTOKOB pek bonblioro Kas-
Ka3a BbIMOJIHEH METOAOM reorpamuyeckoro cpaBHeHus. VMIcnonb3oBaHbl faHHble Mo CTOKy 3a 1934-2017 rr.
17 rnaponornyeckmx NOCToB, AeACTBYHOWMX Ha 15 pekax, C eCTeCTBEHHbIM WU YC/IOBHO-ECTECTBEHHbIM
PeXVWMOM (CM. PUCYHOK). Bce 3Tu rupponornyeckue NyHKTbl HabMHOAEHWS PacrofnoXeHbl B FOPHOI 4acTu
peyHbIX 6acceiHoB, T. €. B 30He (POPMUPOBAHUA PEYHOr0 CTOKa. [prB/eUYEHHbIe K aHanun3y pagbl Habnwge-
HWI ABNAIOTCA penpe3eHTaTUBHbIMUW, MOCKO/IbKY MUHMMAbHAs UX A/IMHA COCTaBNAET 57 IET U OHK coaepxart
HeCKOoNbKO (a3 pasIM4yHO BOAHOCTU. [T0fl0Bble 3HAYEHMS NOA3EMHOr0 CTOKa 6blv OnpefeneHbl Kak cpefHee
apuMeTUYeCcKoe CpesHEMECAYHON0 MUHUMASILHOTO 3UMHETO U IETHE-OCEHHEr0 pacxofoB BoAbl [21].

['0f0Bble 3HAYEHUS MOBEPXHOCTHOIO CTOKA paccumMTaHbl KaK pasHuLUa Mexay rofoBbiM W MOA3EMHbIM
CTOKamu.

[ns onpefeneHnss HOPM KAMMATWYECKMX MOKasaTeneil B YCNOBUAX COBPEMEHHbLIX M3MEHEHW Kaumarta
BcemupHas meTeoposnioruyeckas opraHusaums (BMO) pekomeHayeT ucnonb3oBaTs 30-neTHUE nepuofbli2 MNpu
OLeHKe M3MeHeHMI knnmata 3a 6a30Bblil NPUHAT nepuof ¢ 1961 no 1990 r., KOTOPbIA O0CTaeTCA HEU3MEHHbIM
N MOXeT ObITb U3MEHEH TO/IKO B C/ly4ae, eCv UMeeTCs NpuynHa, 060CHOBaHHAsA C Hay4YHOW TOYKM 3PEHUS.
CornacHo BbILLENPUBEAEHHBIM PeKOMeHAaunsM BMO HOpMbl KNMMaTUYeCKMX NnokasaTenein kaxgble 10 net
JOMKHbI ObITb paccuMTaHbl 3aHOBO. B HacTosilee BpeMs pacyeTHbIMU ABAAOTCH AaHHble 3a 1981-2010 rr.
Cnepgytownii nepuog oxsatbiBaeT 1991-2020 rr. Takoi noaxos N03BOASET CPaBHUTL U 0600LNTL HOPMbI K/K-
MaTUYecKnX nokasartenei B MacLuTabe BCEro 3eMHOro wapa. Heobxo4umMo 0TMETUTb, YTO B COBPEMEHHOM MeX-
OYHApPOAHOW MpaKTUKe 415 OLEHKW BAUSAHUA U3MEHEHWIA KNMMaTa Ha PeYHOl CTOK TakXKe MCMOMb3yTes 3Tu
nepuogbl.

2WMO-No. 49. Technical Regulations ; WMO-No. 100. Historical practices regarding climate normal ; WMO/TD-No. 341. Calcu-
lation of Monthly and Annual 30-Year Standard Normals ; WMO/TD-No. 1188. Handbook on CLIMAT and CLIMAT TEMP Reporting.
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Cxema NoCTOB HaGMIOAeHUIA: | - CeBepO-BOCTOUHBIA CKNOH BoMblIoro Kaskasa;

Il - WunpeaHckas 30Ha; 111 - 6acceiiH p. MaHbIX (AnasaHu)
Scheme of observation points: | - north-eastern slope of the Greater Caucasus;
Il - Shirvan zone; Il - basin of the Ganikh River (Alazani)

B Haweii paboTe Bce pacyeTbl 1 0606LLEHNS NX Pe3yNbTaTOB BbIMO/HEHb! C Y4eTOM peKoMeHzaumin BMO
Ans AByx nepmogos: 1961-1990 n 1981-2010 rr. CTOKOBbIe XapaKTEPUCTUKMN LOMNOJTHATENIbHO NPOaHann3npo-
BaHbl 3a nepuog fo 1960 r. n 3a 2001-2017 rr.

PesynbTaTbl 1 UX 06CYXAEHNE

MoaoBOM CTOK. Kak y>ke 0TMeuanoch, 3a 6a3oBblil nepnod NpuHATbl 1961-1990 rr., N03TOMY BHavane ocy-
LLEeCTB/IEHO CPaBHEHWE CPeAHEMHOrOIETHUX 3HAYEHUIA rOA0BOr0 CTOKAa C COOTBETCTBYHOLLMMU BEMYUHAMM
CTOKa, paccyMTaHHbIMM 3a nepuog Ao 1960 r. (Tabn. 1). Ha Tpex pekax (Kyamanuaid - nyHKT Kpbi3, Kapa-
yaii - Prok n Xapmugopuaii - XantaH) rmaponoruyeckme HabnwaeHna Havanucb B 1960 r., cneaoBaTenbHo,
B Tabn. 1cBefeHMs NO 3TUM pPeKaM OTCYTCTBYIOT.

Ta6bnuya 1

M3meHeHWe rofoBoro cToka pek bonblioro Kaskasa 3a 1961-1990 rr.
Nno cpaBHEHWUIO ¢ nepuogom fo 1960 r., %

Table 1

Changes in the annual runoff of the rivers of the Greater Caucasus for 1961-1990
compared with the period before 1960, %

Cpeanue Cpeanne M3meHeHUe CpefHUX MHOFONETHUX
Peka - nyHKT paCXOAbl BOAH  pacxogsl B0 pacxoRos po
(8o 1960 r.) (1961-1990) m3c %
Kycapuaii - Ky3syH 4,53 4,63 0,10 2,14
Kypgnanyaii - Ktonuyan 6,93 6,68 - 0,25 3,61
Bensenunuai - TeHrsanTol 3,49 4,04 0,55 15,6
[>xaragxykuan - PyctoB 0,68 0,76 0,08 11,8
MmpanmaHuain - KapaHoxyp 4,28 6,30 2,02 47,2
AXxoxuali - XaHarsx 1,46 1,52 0,06 4,10
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OKOHuaHue Tabn. 1
Ending table 1

Cpepanue Cpeanue M3MeHeHMe CpeaHNX MHOTONETHUX
Peka- nyHiT PaCXOZsl BOZH  paCXOZsl B0 pacxoos son
(8o 1960 r.) (1961-1990) m3c %
[eokuait - eokuait 13,3 12,0 -1,30 13,3
Alipnyain - bawpgawarunib 2,60 2,97 0,37 14,2
Alipuyain - YcTbe 11,6 14,8 3,2 27,6
Yyxagypmas - YcTbe 0,55 0,62 0,07 12,7
KaliHap - YcTbe 0,22 0,33 0,11 50,0
[Oamapuuk - YcTbe 1,38 1,40 0,02 1,45
Tanavali - 3akaTtana 3,51 3,84 0,33 9,40
benokaH4ai - BenoKaHbl 3,73 4,02 0,29 7,77

Kak BugHo 13 Tabn. 1, cpefm pacCMOTPeHHbIX 14 pek Tonbko ans asyx (Kyauanuai - Kronuvan v Meok-
yali - eokyaid) rogoBoI CTOK 3a 6a30BbIi Nepuo Obl MeHbLLIE MO CPaBHEHMIO ¢ NpeabIAyLWw MM nepuogom. Ans
OCTaNbHbIX 12 pek 6a30BbIli NEPUOA XapaKTepusyeTcs NOBbILLEHHON BOAHOCTLIO. [11 peK CeBEPO-BOCTOUHOrO
cknoHa bonblioro Kaekasa, LLInpBaHCKOW 30HbI U 6acceiHa p. MaHbIx (AnasaHu) yBenuyeHne rogoBoro cToka
B cpeaHem cocTasnseT 3,07; 4,10 n 18,6 % cooTBeTCTBEHHO. [1pKn conocTaBieHUW 3HaYeHWIn TOL0BOr0 CTOKa
N APYTUX XapaKTepUCTUK PEUHOIO CTOKA, BbIYMC/IEHHbIX 32 pa3/inyHble Nepuofbl C COOTBETCTBYIOLWUMU CTOKO-
BbIMM MoKa3aTensmm 6a30BOro neproaa, aToT (akT cnefyeT YUUTbIBaTb.

B 1981-2010 rr. Ha Tpex NyHKTax HabMaeHNs U3 CEMU, PacnoOXKEHHbIX B PeUHbIX GacceliHax ceBepo-
BOCTOYHOrO CK/I0OHa bonblioro Kaskasa, rogoBoii CTOK, N0 CPaBHEHWUIO C 6a30BbIM NePUOLOM, YMEHbLUUACA.
O[iHaKo, HECMOTPSA Ha 3TO, B AaHHOM palioHe B LIe/IOM CyMMapHbIiA rofoBol CTOK pek ysenuuuncs. PocT ro-
[IOBOT0 CTOKa Habntogancs u Ha Bcex pekax 6acceliHa p. MaHbIX (AnasaHu). CyMMmapHbIii TOA0BOI CTOK peK
yMeHbLUMACA TONbKO B LLInpBaHcKoli 30He (Tabn. 2).

Tabnuua 2

MN3MeHeHne xapaKTepuUCTUK CToKa pek bonblioro Kaskasa 3a 1981-2010 rr.
no cpaBHeHuto ¢ 1961-1990 rr., %

Table 2

Changes in runoff characteristics of the rivers of the Greater Caucasus for 1981-2010
compared with the 1961-1990, %

lopgoBoii  [OBEPXHOCTHbIM  [0A3eMHbIN MuHMManbHbIA  MUHUMaNbHbIA NeTHe-

PaitoHbI o ”
CTOK CTOK CTOK 3UMHUWIA CTOK OCEHHWIA CTOK
Pekun ceBepo-BOCTOYHOTO +4.33 -5.96 4118 +26.7 +4.33
CK/IOHa
Peku LLinpsatckoit -5,91 -9,31 2,31 +7,55 -7,99
30HbI
Pekun 6acceiiHa p. MaHbIX +17.6 -7.09 +37.0 +35.0 +36,7

(AnasaHn)

B 2001-2017 rr. BO BCeX Tpex paiioHax bonbworo KaBkasa MMeno MecTo YBEIMYEHNE TO0BOI0 CTOKa peK
(tabn. 3).

lMoBepXHOCTHBIV CTOK. B 1981-2010 IT. BO BCex pailoHax bonbluoro KaBkasa Hab/1t04anoch YMeHbLLEHNE
MOBEPXHOCTHOMO CTOKa (cM. Tabn. 2). 3a 2001-2017 rr. Ha pekax LLInpBaHCKOI 30HbI 3Ta COCTaBNAOLWAA rofo-
BOr0 CTOKa yBenuuunach Ha 3,43 %, HO B OCTa/IbHbIX ABYX paliloHaX yMeHbLUeHWe NPOLO/MKAIOCh (CM. Tabn. 3).

MopaseMHbIli cTOK. B 1981-2010 IT. B ABYX pailioHax (CEBEPO-BOCTOUHbI CK/IOH BonbLioro KaBkasa u 6ac-
ceiiH p. MaHbIX (AnasaHu)) BeNMYMHA NOA3EMHOIO CTOKA PEK Obl/a BbILLE MO CPAaBHEHWUIO C 6A30BbIM MNEPUOAOM.
Tonbko B LLIMpBaHCKOI 30He 3Ta XapaKTepuCTHKa CTOKa CTasia MeHbLLe, Y4TO, MO-BULUMOMY, CBA3AHO C YMEHb-
LLEHNEM MOA3EMHOI0 Y MMHUMaNbHOIO NIeTHE-0CEHHEr0 CTOKOB MOIHOBOAHOM pekn Meokyaid. 3a 2001-2017 rr.
BO BCEX pailoHax MMeN0 MeCTO CyLIeCTBEHHOE YBe/IMYeHe NOA3EMHOr0 CTOKa (CM. Tabn. 3).
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MpefcTaBnseTcs, YTO B NOC/eAHUE HECKO/IbKO AECATUNETWIA YBEIMHYEHME NOA3EMHOr0 CTOKA PEK CBA3aHO
C M3MEHEHMEM KiuMaTa. PaHee y)xe 0TMeYanoch, YTO rofoBble 3HAUYEHWS NOL3EMHOMO CTOKA Obl/IN BbIYMCEHDI
N0 MUHUMaNbHLIM 3UMHUM 1 IETHE-0CEHHMM pacxodam Bofbl. MHOTOUYNCIEHHbIE UCCef0BaHUS, BbIMOHEH-
Hble B pasfIMUHbIX PErMOHaxX 3eMHOTO Liapa, MOKa3bIBalOT, YTO B YCMOBUAX U3MEHEHWS KiMMmaTa B 6acceliHax
pekK, rae ocafku BbINafaldT B OCHOBHOM B BUAE CHEra, PEeXXUM PEK U3MEHUIICS, TOYHEE, N3MEHUINCL BPEMEH-
Hble rpaHuLbI (ha3 BOAHOTO pexxuma. BenefcTBre NOBbILWEHUS TeMnepaTypbl BO34yXa B 3UMHUIA nepunog 60/1b-
LUYIO YaCcTb OCAfKOB COCTABMSKOT AOXAW, U MO CPABHEHWIO C NPeLblAYLLMM MEPUOAOM CHEr HauMHAaeT TasTb
Ha 0AHy-[Be Hefdenw paHblue [1].

Tabnuua 3

MN3MeHeHMe xapaKTepuUcTUK cToKa pek bonblioro Kaskasa 3a 2001-2017 rr.
no cpaBHeHMo ¢ 1961-1990 rr., %

Table 3

Changes in the runoff characteristics of the rivers of the Greater Caucasus for 2001-2017
compared with the 1961-1990, %

lopgoBoit  [MoBEPXHOCTHbIA  [MoA3eMHbli  MUHUMaNnbHbIA ~ MUHUMaNbHbIA NeTHe-

PaiioHbI " N,
CTOK CTOK CTOK 3VIMHUI CTOK OCEHHWI CTOK
Pekun ceBepo-BOCTOYHOTO +19.6 117 +35.7 +68.0 +20.3
CK/IOHa
Pexn Llinpsatckon +10,6 +3,43 +16,4 +37,0 0,00
30HbI
Pekun 6acceiiHa p. MaHbIX +16.7 20,1 +385 +36.1 +35.,6

(AnasaHn)

MuHUManbHbIA cToK. B 1981-2010 rr. BO BCEX pailoHaX MUHUManbHbIA 3UMHWIA CTOK PeK yBenuuu-
s, @ MUHUMa/IbHbI/ NIETHE-OCEHHWUIA CTOK YMEHbLUWCA TONbKO Ha pekax LLinpBaHCKoii 30HbI (CM. Tabn. 2).
3a 2001-2017 rr. BO BCEX paiOHAX MUHUMANbHbIA 3UMHNIA CTOK PEK 3HAUYNTE/IbHO BbIPOC. MUHUMAaNbHbIA
NeTHe-0CeHHUI CTOK pek LLIMPBaHCKO 30HbI HE U3MEHWIICS, & B IBYX ApYruX paiioHax yBenmuumics (cm. Tabsn. 3).

3aK/1rueHmne

B pe3ynbTarte BbINO/HEHHbIX UCCNEL0BaHNIA YCTaHOB/IEHO, YTO MOBEPXHOCTHBIN CTOK peK bonbluoro Kaskasa
3a 1981-2010 1 2001-2017 rr. yMeHbLUWACA NO CPaBHEHMIO CO CTOKOM 6a3oBoro nepuoja (1961-1990). Op-
HaKo OflHOBPEMEHHO C YMeHbLUEHNEM NOBEPXHOCTHOr0 CTOKA NPOUCXOAWN0 YBENIMYEHNE NOA3EMHOr0 CTOKA
PeK, 1 NO3TOMY N0 PernoHy HabnAanoch NoBbILEHWe FOA40BOr0 CTOKa. [159 MUHUMAaIbHOIO CTOKa, 0CO6EHHO
B 3MHWIA CE30H, TaKXKe XapaKTepHO yBenueHne. Bee 310 CBUAETENLCTBYET O TOM, UTO B CBS3U C U3MEHEHWEM
K/MMata Bo3poc/sia HepaBHOMEPHOCTb BHYTPUIOA0BOr0 pacnpefenieHns peyHoro cToka. B Lenom pocrt ecte-
CTBEHHOIi 3apery/iMpoBaHHOCTM CTOKA YNyULLaeT YC/0BMS BOAONO/b30BaHNSA B Ma/IOBOAHbIE CE30HbI, O4HAKO
CHWKeHVe 06beMa BECEHHEr0 MooBOAbSA CO3LaeT NpobeMy ¢ 3anoHeHUEM BOAOXPaHWUNLL, WU 3TO LOHKHO
ObITb YUTEHO NpK pa3paboTKe Mep NO afanTaumm K U3MEHEHWNIO KMMaTa.

Ha bosnbluom Kaskase 2013-2019 rr. 66111 ManoBogHbIMKU, U No3ToMy nocne 2020 r. cnegyeT NOBTOPUTH
3TUW pacyeTbl C UCMOoMb30BaHWeM AaHHbIX 3a 1991-2020 rr.
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METOAONOIMMYECKWE TMPOBJIEMbI N MOAXOAbI
K BbIABJEHNIKO N OUEHKE TUTTNMYHDbBIX N PEAKUX
NAHAWA®D®TOB PECIMNYB/IMKW BEJTAPYCb

r.. MAPUMHKEBWY \ C. 1. KY3bMWHA E. E. AABbIANK’, A. B. BOBKO1

DBenopycckuii rocygapcTBEHHbI yHUBepcuTeT, np. HesasucumocTw, 4, 220030, r. MuHck, benapycb

MpoBeAeH aHaU3 U3yUYeHHOCTW NPo6/eMbl BbISIB/IEHWSI N OLEHKU TUMUYHbIX U PeAKMUX NaHAWadToB, KOTopbIii no-
Kasasl, UTo B 3TOI cthepe 3HAHMI HAKOM/EH AOCTATOYHO 6OMbLUOI MaTepyasn No WAEHTU(UKALUM TaKUX NaHALahToB
N KPUTEPUSIM UX OLIEHKMW. YCTAHOBMIEHO, UTO HEJOCTATOUHOE BHMMAaHUE YAeNsieTcsl BONPOCaM KacCUpuKaLum, a Takke
KapTorpadMpoBaHuio NaHALahToB, UCMO/Ib30BAHUI0 MaTeEMATUUYECKUX METOA0B WX OLeHKW. MpeanoxeHa Hay4Has KOH-
Lenuusi UcCnefoBaHUsSt TUMMYHBIX U PeAKUX NaHAWAmToB, KOTOpast COAEPXUT YeTbIPe YPOBHS UX M3yUeHUs1 (CTPaHOBOIA,
pervoHanbHbli, CybpernoHanbHbIiA, NoKabHbIR). OnpefeneHbl COOTBETCTBYHOLLME YPOBHIO MacluTabbl paboT, equHULbI
KnaccuurKaumm naHawahToB, KPUTEPUN U MHAMKATOPLI UX BbleneHUs. Tak, Ha CTPaHOBOM YPOBHe KPUTEPUEM OLIEHKM
TUMUYHbIX JTAHALLA(TOB SABMSETCS CTEMNEHb PENPE3eHTATUBHOCTY, 3aBUCSLLAS 0T BUOKIMMATUYECKMX (HaKTOPOB 1 KPYMHbIX
pa3MepoB NMaHALWAMTHOr0 KOHTYpa, Ha PervoHaibHOM (MPOBUHLMA/ILHOM) - pa3Mep KOHTYpa AOMUHAHTHbIX TaHALLIAhTOB
MPOBUHLUM 1 UHAEKC NaHAWadTHOro pasHoobpasus, Ha CyGpernoHasibHOM - CTerneHb aHTPOMOreHHOW TpaHcthopmauuu,
Ha /IOK&/IbHOM - YPOBEeHb aTTPAKTUBHOCTU. OCHOBHbLIMU KPUTEPUSIMI OLLEHKM PEAKUX NaHALLAdTOB HA CTPAHOBOM YPOBHE
BbICTYNalOT HEGO/bLLOI pa3mMep KOHTYpa U CTeNeHb YHUKaIbHOCTH, HA PEFMOHA/IBHOM - MOKasaTe/lb BCTPEUaeMOoCTH, Ha
cy6pernoHanbHOM - eCTECTBEHHOCTM, Ha IOK/IbHOM - ysi3BUMOCTW. ChopMrpoBaHa reoMHopMaLoHHas 6asa AaHHbIX,
paspaboTaHa METOAMKA BbISIB/IEHUS TUMUYHBIX U PEAKUX NaHALLA(TOB 1 MX TUnosorus. MpoBedeHa OLeHKa 1 NOAroToB/eHa
KapTa flaHALaiTHOro pasHoo6pasunsi, KOTopast MoKasasna, YTo TUMUYHbIE NTaHALIA(TbI XapaKTepU3yTCs BbICOKUM U cpej-
HVM YPOBHEM PasHO06pasunsi, a peaKue - CPefHNM 1M HU3KUM. BbINosiHeHa OLEeHKa BCTPEUaeMOCTU PeLKUX MaHALLIAgTOB,
NO3BO/IMBLLIAS BbIAENNTb TPW TPYMMbI - HU3KOM, CPefiHeld, BbICOKOI BCTPeUYaeMoCTH, Co34aHbl X CAMCOK M KapTa BCTpeYae-
MocTu. OnpegaesneHo, 4To 0C060i 0XpaHbl TPEBYHOT YHUKa/IbHbIE NlaHAWAdTbI, KOTOpble BOLL/M B COCTaB FPYMMbl C HU3KOIA
BCTPEUaEMOCTbH. YCTaHOB/EHA NPSIMAasi B3aMMOCBSI3b MEX Y YPOBHEM NaHALLIAGTHOr0 pa3Hoo6pasusi 1 BCTPEYaeMOoCTbH0.
Mpeanaraemble KpUTEPUW BbIAEEHNS U OLEHKM TUMUYHBIX M PeAKUX MaHALAgTOB MOTYT UCMO/b30BaTLCS NMPY 0praHu3aLmm
1M Npeo6pazoBaHNM 0C060 OXPaHSIEMbIX MPUPOAHBIX TEPPUTOPWIA, 0HOPMIEHUI UX NAcMOPTOB M OXPaHHbIX 06513aTebCTB.

KntoueBble €oBa: TUMUYHLIV NaHALWANT; peAKuid naHawadT; naHawahTHoe pasHoobpasve; BCTPEYAeMOCTb faHA-

WwadTa; KPUTEPUM OLIEHKM NaHALLaghToB.
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ABTOpPbI:

lanuHa MlocmuhoBHa MapLumHKeBNY - JOKTOP reorpatmyeckmnx
HayK, Npoheccop; rnaBHbli Hay4HbIA COTPYAHWUK Hay4HO-KUCCe-
[l0BaTe/NbCKOW NabopaTopuu 3KoN0rMm naHAawagpToB hakynbTeTa
reorpagmm n reonHpopMaTmKu.

Casenuit irHaTbesny KysbMUH - KaHAWAAT reorpauyeckux
HayK, [OLEHT; 3aBefyloLunii Hay4yHo-nccnefoBaTeNibckoii nabo-
paTtopwueli akonorum naHawaghToB akynbTeTa reorpadum u reo-
VH(OPMAaTUKN.

EneHa EBreHbeBHa [laBblANK - CTapLIniA HayUHbI COTPYLHUK
Hay4HO-1cCnefoBaTeNnbCKoV nabopaTopmm aKoNornm naHawad-
TOB (haky/nbTeTa reorpagum n reonHHOPMaTUKu.

Anekceilt BaneHTWHOBMY BOBKO - CTapLINiA HAay4HbIA COTPYA-
HWK Hay4HO-MCCNeA0BaTeNbCKOW nabopaTopun 3KONOrMmM NaHa-
WwadToB hakynbTeTa reorpagum n reonHHOPMaTUKU.
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BnarogapHocTb. My6nnkauna nogrotosneHa B pamkax npoekta Ne 1.37 rocyaapCTBEHHON MpPOrpaMmbl Hay4HbIX
nccnegoBaHuii «Mpupogononb3oBaHne 1 akonorusa» (nognporpamma «MpupogHble pecypchbl 1 aKonornyeckas 6esonac-
HOCTb») Ha 2016-2020 rr.

METHODOLOGYCAL PROBLEMS AND APPROACHES
TO IDENTIFYING AND EVALUATING TYPICAL AND RARE
LANDSCAPES OF THE REPUBLIC OF BELARUS

G. 1. MARTSINKEVICHgS. I. KUZMINa E. E.DAVYDIKgA. V.BABKOa

aBelarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: E. E. Davydik (alenadavydzik@ gmail.com)

The analysis of the studying of the problem of identifying and evaluating of typical and rare landscapes was carried
out, which showed that quite a lot of knowledge has been accumulated in this area of the identification of such landscapes
and the criteria for their assessment. It is established that insufficient attention is paid to the classification and mapping of
landscapes, the use of mathematical methods for their assessment. A scientific concept is proposed for the study of typical
and rare landscapes, which contains four levels of their study (country, regional, subregional, local), the scale of work cor-
responding to the level, landscape classification units, criteria and indicators for their allocation are determined. So, at the
country level, the criterion for assessing typical landscapes is the degree of representativeness, depending on bioclimatic
factors and the large size ofthe landscape contour, atthe regional (provincial) - the contour size of the dominant landscapes
of the province and the index of landscape diversity, at the subregional - the intensity of anthropogenic transformation, at
the local - characteristic value of attractiveness. The main criteria for assessing rare landscapes at the country level are the
small size of the contour and the criteria of uniqueness, at the regional (provincial) indicator of occurrence, at the subre-
gional - naturalness, at local - vulnerability. A geographic information database has been created, a methodology has been
developed for identifying typical and rare landscapes and their typology. An assessment of landscape diversity was made
and the map showing that typical landscapes are characterised by a high and medium level of diversity, and rare landscapes
are characterised by medium and low was created. An assessment of the occurrence of rare landscapes was carried out,
which made it possible to distinguish three groups - low, medium, and high occurrence; their list and a map of occurrence
were created. It has been determined that unique landscapes, which are part of a group with low occurrence, require special
protection. A direct correlation has been established between the level of landscape diversity and occurrence. The proposed
criteria for identifying and assessing typical and rare landscapes can be used in organising or transforming nature protected
areas, in the design of their passports and conservation obligations.

Keywords: typical landscape; rare landscape; landscape diversity; landscape occurrence; criterions assessment of
landscape; landscape mapping.
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BBepgeHme

B XXI B. MHOro4MCNEHHbIE KMMATUYECKME KaTaKNN3Mbl - HABOAHEHWS, yparaHbl, LyHaMu, TasHWe fejHN-
KoB B AHTapkTuge 1 B CeBepHOM J1e[JlOBUTOM OKeaHe - ybefuTeNbHO CBUAETE/IbCTBYIOT O MOTENNEHUN KNuMa-
Ta, KOTOpOe NpeBpaTMNoCh B rnobanbHyto Npobnemy, Tpebyowy He3aMeaIMTeNIbHOro U BCEOOBEMIOLLENO
peLueHns 1 ycunmnin Bcex cTpaH Mupa. CyLlecTBYeT psaj NpeaioXeHi peLleHns aToid npobnemsbl, B UX Ynce
naes 3KoN0rm3aLmnm NPOMBILLIEHHOTO 1 arpapHOro NMPOU3BOACTBA, CO34aHune 3e/1eHbIX U YMHbIX FOPOf40B, Fo-
6aslbHasi 0YMCTKA OKeaHUYeCKNX Bof. Bce 3TO CTaHOBUTCS HEOOXOAUMbIM 3/1EMEHTOM COXPAHEHUA U 3aLLUThI
XKU3HU Ha 3emsie. Ho OCHOBOW 3KO/I0TM3aLMm IBASKOTCA MHBEHTApU3aLMs, OLEHKa, COXpPaHEHUE 1 YBENYeHUe
610N0rNYecKoro n naHAWwagpTHOro pasHoo6pasns, pacLuMpeHne NoLajeid OXpaHsemMbiX TEpPUTOPUIA, paspa-
60TKa HOBbIX MOAXOA0B K MX CO34aHMNI0 N (hYHKLMOHWUPOBaHUIO.

OfHVM 13 TaKnNX MOAXOM0B AB/ISETCS MOIOXKEHNE O TOM, UTO BCE OXpaHseMble TeppuTopun (3anoBegHNKM,
HaLMOHaNbHble NapKW, 3aKa3HWKK) AOMKHbI COAEPXaTb B CBOMX FPaHMLUaxX TUMWYHbIE U peaKue naHawagTsl
TOW TEppUTOpUM, Ha KOTOPOW OHWM pacnonaratotca. CnefoBaTefibHO, Mpexzae BCero Heo6X04UMO BbISCHUTH
M YETKO ONpeaenuTb, YTO Takoe TUMUYHOCTL NaHAwagTa u peAKocTb NaHawadTa, 0CO6EHHO B TEX Cy4asx,
KOrja sT¥ TEPMUHbI BK/HOUYEHbI B HOPMATUBHbIE UM 3aKOHOAATENbHbIE LOKYMEHTbI. VIMEHHO Takas npobnema
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BO3HMK/A B Hallei cTpaHe B CBSI3M C BCTYMN/IEHNEM B CUy HOBOro 3akoHa Pecny6nuku Benapych «O6 oco-
60 oXxpaHsfemMbIX MPUPOAHbIX TEPPUTOPUAX» L B KOTOPOM TUMMYHbIE N PeKUe NaHAWadThl ONpeseneHbl Kak
06beKTbl 1 06LLME KPUTEPUM MPKU OpraHu3aumnm, npeobpasoBaHUM UK NPeKpaeHn QYHKLMOHUPOBaHNS 3a-
MOBeAHVKA, HALMOHA/IbHOTO NapKa 1 3akasHuka. MogTeepXaeHa He06X0AMMOCTb OPOPMIEHNS UX NACcMOPTOB,
OXPaHHbIX JOKYMEHTOB, a TaKXXe COCTaB/IEHMA KapTbl TUMUYHBLIX N PeAKMX NaHAWA(TOB C yYeTOM naowanm
06BLEKTOB M OLEHKM MX 3HAYMMOCTU, BK/KOYas PerfamMeHTbl OXpaHbl U NCMO/b30BaHNS.

Llensto paboThbl ABNAKOTCA Hay4yHOe 060CHOBaHMe 1 pa3paboTKa MeTOANYECKMX MOAXOLOB W NpaBu BbISB-
NeHnsl, KapTorpaupoBaHUa 1 OLEHKM peaKUX U TUMUYHbIX NaHgwapToB benapycu, OpueHTMPOBaHHbIE Ha X
YCTOWYNBOE MNCMOMb30BaHNE U OXpaHy. AKTYa/lbHOCTb TEMbl OMPEAENseTCs ee 3HaUMMOCTbLIO NS Aa/bHEeNLein
paboTbl MO (hOPMUPOBaHMIO UM NPe0BpPa30BaHMIO 0COO0 OXPaHAEMbIX MPUPOAHbIX TeppuTopuin (OOMT).

3agaun nccnefoBaHNs 3aKni0YaINCh B CIELYIOLLEM:

* 060CHOBAaTb M PacKpbiTb MOHATUIAHOE COAepXXaHue W TOMKOBaHWe TEPMUHOB «pefkue naHAadTbi»
N «TUNUYHbIE NaHALWAaPTbI»;

* OMpeSennTb Hay4Ho 060CHOBaHHbIV NepeveHb KPUTEPUEB N MHAMKATOPOB BbISBAEHUS U OLEHKM TUNWY-
HbIX W peaKUX NPUPOAHLIX NaHALWagTOB;

* BbINO/IHUTL aHaNM3 NaHAWaPTHON CTPYKTYpbl TeppuTtopun Benapycu B Lensx BbISBAEHWUS TUMUYHbIX
N peaKnx naHawadtos, NPOBECTU NX KnacCU(uUKaLmo 1 KapTorpapupoBaHue.

MaTepuanbl U MeTOAbI UCCNeA0BaHUS

B pycckos3bl4HOM HayyHOM reorpaguyeckom coobuiecTBe 3a nocnefHuve 100 fneT B naHAawwagToBee-
HUM copmUpoBanacb MeTOA0NOrMYecKas OCHOBA, BK/IOYAKOLAA CUCTEMHbIA, reHeTUYECKUA, KOMMNNEKCHbIN
(naHAWaTHBIA) 1 3KONOrMYECKNIA HayYHble NOAX0Ab!, KOTOPble CNOCO6CTBOBANM MCMOMb30BAaHNIO HE TOMbKO
TPaAMLMOHHBIX METOLOB UCCNefoBaHMs (KapTorpajuyeckne, KapTOMeTPUYECKME, METOAbI Kiaccuumkalmu,
palioHMpPOBaHUSA, CTATUCTUYECKON 06PaboTKM AaHHbIX), HO U TAKUX COBPEMEHHbLIX METOAO0B, KaK AUCTaHLMOH-
Hble, FeOMH(OPMaLMOHHbIE, MaTeMaTUYECKUE.

BaXXHEMLMM MHCTPYMEHTOM N5 BbINO/IHEHUA PacyHeTHbIX Onepauuii ¥ BU3yanmnsawmm nony4eHHon nHgop-
MaLmun cTano Mcnosib3oBaHe reouHMopmMaLMoHHbIx cucteM (FNC). Becb aTOT annapar B TON 1AW UHOWN Mepe
NPUBMEKANCS K BbIMOJIHEHUIO UCCNEL0BaHUIA N0 BbISBEHWIO U OLEHKE PeAKUX U TUMUYHBIX NaHAWaqToB.

OCHOBOW pacyeTHbIX paboT 1 co3faHna 6a3bl faHHbIX NOCNYXUNK JlaHawagpTHas kapta Pecny6nvku be-
napyce macwTaba 1 :500 000 [1] n kapTa naHAWAaghTHOroO palioHMPOBaHKSA C BblAENEHNEM NATU NPOBUHLMWIAZ
3NEeKTPOHHbIE BapUaHTbl 3TUX KapT Aain BO3MOXHOCTb NPOU3BECTU pacyeTsl naouasgein 22 pogos n 107 BuU-
[OB NaHAWagToB C MCMoMb30oBaHWEM nporpamMmHoro obecneveHus ArcGIS Desktop 10.7, uTo no3sonuno
nony4nTb NokKasaTenu nnowiafm 1 yaenbHOro Beca pofoB W BUAOB NaHAWadToOB B pa3pe3e CTpaHbl U BCEX
NaHAWaPTHLIX NPOBUHLUMIA. DTU faHHbIe NErN B OCHOBY aHan3a, CO34aHNs 3/1eKTPOHHbIX OLEHOYHbIX KapT
1 NOMYYEHUS HOBOTO BAXXHOrO pe3y/bTarta - NepeyvHs PefKUX U TUNUYHBLIX NaHAWadToB Ha CTPAaHOBOM U pe-
rMOHA/IbHOM YPOBHSX.

O[ZHOW 13 BXXHEMLMX METOAUYECKUX NPO6/eM NpU NPOBeAEHUN UCCNe[0BaHUIA cTan BbIOOp KpUTEpUEB
ONA BblAeNeHWs TUMWYHBLIX U peaKUX NaHAWagToB, UX NAeHTU(GUKaLNS, onpedeneHne, CYLWHOCTb U OLeHKa
cofep>KaHns, BO3MOXHOCTb KapTorpaupoBaHus. Bnepsble BaXKHOCTb NOAOOHBLIX UCCNeL0BaHWI onpefesneHa
B MaHbEBPONENCKONA CTPaTErMN COXpaHeHNs BUONOrMYECKOro 1 naHALWwadTHOro pasHoobpasus (1995), B KOTO-
PO cpean OCHOBHbLIX HanpaBieHWn fedaTenlbHOCTU EBPONENCKOro cok3a B 061aCTV OKpYXKatoLeid cpefbl fe-
KnapupyeTcs co3faHve 06LLeeBpOneiiCKoi 3KONOrMYecKoi ceTu, N3ydeHmne n coxpaHeHue peakux U TUMUYHbIX
NnaHaWwagpToB, UHBEHTApM3aLMA NaHAWapTHOro pasHoobpasuns. TepMUH «naHAwagTHoe pasHoobpasue» (J1P)
NOMYy4Ymn LUMPOKOE pacrnpocTpaHeHre 1 CTaa UCMob30BaThea € KoHUa 1990-X T. cHavana B naHALwagTHOM 3Ko-
noruu, a 3aTeM ¥ B 06/1aCTW (hyHAaMeHTaNIbHOro NaHaagToBeaeHus [3; 4]. PaclumpeHHoe onpegeneHye sToro
TepMUHA, METObl U METOAUKU OLEHKK JIP npusefeHsl B [5-8].

O3HakoM/ieHNe € 3apy6eXKHbIMW NNTEPATYPHbIMU UCTOYHUKAMW NOKAa3ao, YTo, HECMOTPSA Ha OTCYTCTBUE
Cepbe3HbIX KOMMIEKCHbIX pa3paboTok No npobnemam naeHTUMKaL MK, KapTorpagupoBaHus, oxpaHbl U Uc-
N0b30BaHUA PeAKUX U TUMUYHBIX NaHAWaTOB, B 3TUX paboTax 4acTo pacCMaTpuUBalOTCA TEPMUHbI «pefKue
NaHAWaMThl», «TUNUYHbIE NaHAWAPTbI», «LeHHble naHALWadTbl» (NpeanaranTca UX orpeeneHuns, Kputepum
1 PaKTopbl BblAENEHWS), YTO CBUAETENLCTBYET 00 aKTya/lbHOCTM U3yUeHUs 370 npobnemsl [9-11].

106 0c060 oxpaHseMbIX MPUPOAHBIX TeppuTOpUAX : 3akoH Pecn. Benapycb oT 15 Hos6. 2018 r Ne 150-3 : npuHAT ManaTtoii npeg-
cTaBuTenein 16 okt. 2018 r. : ogobp. CoseTom Pecn. Hau. co6p. Pecn. Benapych 31 okT. 2018 r. // KoHcynbTaHTMAoC / Hay. LeHTp
npaBoBoi UHGopM. Pecn. Benapycb. MuHck, 2018.

2B paboTe MCNOMb30BaHa HOBas Cxema naHAwapTHOro paiioHmpoBaHus (aBTopbl - WM. W. CuacTHas, [. C. BopobbeB), koTopas
paspaboTaHa Ha ocHOBe JlaHAWadTHON KapTbl Pecny6nuku benapyck, ony6nukosaHHol B 2014 1. Cornacme aBTopoB Ha MCMO/b30Ba-
HWe 3TOW KapTbl MONYYEHO.
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B CLLUA un KaHage ewe ¢ 1970-x IT. cTanu pa3pabaTbiBaTbCA MeTOAbl KONMUYECTBEHHO OLEHKU KayecTBa
naHawadgTa Ans cTatucTnyeckoro yueta [12; 13]. Ecnm B HauyanbHbIil nepuof NaHAwaghThl OLEHNBAIUCH
C NOMOLLbK 3KCMEPTHbIX 3aKMHOYEHWIA, TO ke B 1980-90-X IT. CTann MCNOMb30BaTbCA TaKne KPUTEPUM, KaK
YHWUKaNbHOCTb, pasHoobpasue, TUMNYHOCTbL U 4p. K HacTosLweMy BpEMEHM B aHI1093bIYHON HAayUYHOW NuTepa-
Type npegnoxeHo 6onee 20 KpUTepWeB 1 MoKasaTenen 41a OLeHKU naHAawadToB, CPean KOTopbIX Haubonee
BOCTPe6OBaHHLIMU 0KAa3a/UCh LUECTb: PeLKOCTb (YHUKaNbHOCTL), PENpPe3eHTaTUBHOCTL (TUMUYHOCTL), Pa3Ho-
obpasue, pasmep, eCTECTBEHHOCTb, XPYNKOCTb (YA3BUMOCTL) [14]. Mpu 3TOM Kaxblii U3 KPUTEPUEB XapaKTe-
pu3yeTca onpefeneHHbIMU KaYeCTBEHHBIMU MU KOMYECTBEHHBLIMW MOKa3aTensMu.

PefKoCTb, WM YHUKANbHOCTb. OHa ABNAETCH OTHOCUTE/IbHLIM MOHATUEM U MOXET ObITb OLEeHeHa Ha
OCHOBAHUWN KPUTepUs BCTPEYAEMOCTM WM OrPaHUYEHHOCTU TEPPUTOPUM KX pacnpocTpaHeHus [15]. Peg-
Kue naHgwapTbl MOTYT TakXXe NoApasfeNnsiTbCa No CTENEHN BAXXHOCTU Ha MeXAyHapoHble, HAUMOHaASIbHbIE,
pervoHanbHble U MeCTHble [16]. B cocTaBe pefKuxX naHALWAPTOB BbIAENSAOTCA YHUKAbHbIE NPUPOAHbIE KOM-
MNEKCbI, KOTOPbIE BCTPEYatoTCA eAMHNYHO MB0 3aHnMatoT MmeHee 1% nnowaan [17; 18].

TunuyHocTb (penpe3eHTaTUBHOCTL). CyLLECTBYEeT HECKO/LKO MOAXOLOB K ONpefesieHNo TUMUYHOCTM
NaHALWaMToB, HO Hanbo bLUIee pacnpoCcTpaHeHKe NoayyYus TOT, COrnacHO KOTOPOMY TEPPUTOPUK, BblOPaHHbIe
B KAUYeCTBE TUMWYHbIX, MOMYT BK/OYaTb pefikue BUAbl NaHAWAapTOB M BbICTYNAaTh B Ka4ecTBe 06beKTa npes-
CTaB/IEHWNA BCEr0 KOMMJIEKCA NPUPOAHbLIX KOMMNOHEHTOB B CUCTEME 3aroBeHNKOB UK B Npejenax cTpaHbl Uam
ee oTfeNbHbIX pernoHoB [14]. B HauuoHanbHbIX napkax CLUA v KaHagbl 0T60p TUNUYHBLIX U peAKUX laHa-
LWagToB NPOBOANUTCSA MYTEM KnacCcuukauum nx npupogHbIX 0COBEHHOCTENR, KOTopble 3aTeM OLEeHMBAlOTCH
C TOYKM 3pPEHNS UX TUMUYHOCTU, HETUMUUYHOCTU UAN PESKOCTU B K&XK/OM ECTECTBEHHOM PErnmoHe 1 3Ha4MMO-
cTu (NepBoCTeneHHas, Manas uv HebobLas) A8 pernoHa. 3aTem 3Ty OLEHKN CYMMUPYHOTCA NS NONYyYeHUs
WHTErpasbHOM oLeHKN 06bekTOB [19].

CoxpaHeHue naHAWapTHOro M BMOIOrMYECKOro pa3Ho0bpasms BbICTYMAaeT O4HONW M3 rNaBHbIX 3ada4 Teppu-
TOpWaibHOM OXpaHbl NPUPOAbI B HAacTosLLee BpeMs. CumMTaeTcs, YTo pasHO06pasme 3/1eMEHTOB B CUCTEME SB/S-
eTCS HEOOXOAUMbIM YC/TOBMEM €€ HafeXHOCTUN 1 YCTOWUYNBOCTH, MPU 3TOM 61OTA UTPaeT posib FIaBHOIO peryns-
TOpa NpoLeccoB B Gnochepe 1 ee pasHO06pa3ne NOBbILLAET YCTONYMBOCTL 3KOCUCTEM U naHAwWwadToB [17; 20].

EcTecTBEHHOCTb, MM COXPAHHOCTb. TePMUH «eCTECTBEHHOCTb» MOJAPa3yMeBaeT Ha/MuyMe NPU3HAKOB
€CTECTBEHHOIr0 COCTOSHMA U MOAYEPKUBAET OTCYTCTBME aHTPOMOreHHoi TpaHchopmauum [21-23]. Hanpu-
mep, B [23] ANs OLEHKM HEBONbLUNX YHaCTKOB NpeanaraeTca Knaccupukaumus, kotopas npegycmaTpuBaeT Bbl-
[leneHune Tpex KaTeropuii eCTeCTBEHHOCTU NaHALA(TOB: CeNbCKOX03ANCTBEHHbIE, UM UCKYCCTBEHHbIE, NaH/-
waTbl (6ann 1), YaCTUYHO M3MEHEHHbIe NaHAwadTbl (6ann 2), NoUTK eCTeCTBEHHbIE NaHAwadTel (6ann 3).

Pasmep. 3TOT nokasaTe/slb paccCMaTpMBAETCA C YYETOM TakKuX (hakTopoB, Kak opMa, MeCTOMOOXeHUe
N Hannune BydepHbIX 30H, a 3TO HeobxoaMMas NpPeanochinka s 0TBETa Ha BONPOC, ABNSETCA /I 06/1acTb
3 (heKTUBHOW eANHNULEN COXpaHeHNS. 3a4acTyto 60/bLIMe MAoLWaAM NoayyakoT 60/1ee BbICOKYHO OLEHKY, YeM
MasieHbKUe, TaK Kak CYMTaeTcs, YTo Yem 6Gofiblle Nnowafb, TeM BaXKHEe ee COXpaHeHMe B 06LLeCTBEHHbIX
MHTepecax npu NpoYmx paBHbIX ycnosuax [19].

UyBCTBMTENBHOCTb K BO3LENCTBUIO (XPYMKOCTH), WU YA3BUMOCTb. ITOT KpUTEpWiA ABASETCA Cna-
6bIM, MOCKO/IbKY COXPaHEeHMe HeYCTONYMBOM CUCTEMbl HEBO3MOXHO. BbICOKas YyBCTBUTEIbLHOCTL K BO3fE-
CTBMIO YaCTO COOTHOCUTCA C PeAKOCTbIO, TaK Kak CUMTAETCH, YTO pefKue BUAbl UMEIOT 60/ee BbICOKYHO BEPO-
ATHOCTb BbIMUPAHWA WY NOBPEXAeHUs BMAa, NPU3HaKa Unun cuctemMbl [16; 19]. B kayecTBe YA3BMMbIX MOXHO
paccMatpuBaTb 06/1aCTU NOTEHUMANbHOIO (MK (HhaKTUYECKOro) pacnpocTpaHeHUs AMHAMUYHBIX NPUPOAHbLIX
MPOLLECCOB Ha HU3KMX NOMMaXx pek, Ha pa3BeBaeMblX MecKax Uinm 06pbIBUCTLIX CKNOHAX. [N HUX YHUUTOXe-
HMe eCTECTBEHHOW pPacTUTE/IbHOCTU KPUTUYHO, MO3ITOMY OHW AO/KHbI paccMaTpuBaThCsl Kak MNOTeHUUanbHO
oXpaHsiemble TeppuTopun [24].

CyLLecTBYeT ellle 0O4WH, He BCerfja BOCTpeb0oBaHHbIN, 3a4acTyl0 Cy6bEKTUBHO OLLEHMBAEMbIA KPUTEPUIA -
aTTPaKTUBHOCTb, AU BOCNPUATUE LLEHHOCTMW NaHAaLwagTa YenoBekKoM. ATTPaKTUBHOCTb - NPUBEKaTeIbHOCTb
06bEeKTa, IKOCUCTEMbI, MeA3axa B eCTECTBEHHOM COCTOSIHUW, BbI3bIBAlOLLEM NMPUTSXKEHWE, IMOLUOHASbHbIN
BCMMECK YyBCTB, cMMmnatuio [25; 26]. CunTaeTcs, YTO BbICOKME 3CTETMYECKME AOCTOMHCTBA NaHALWATOB -
Hanbonee BaXHbI KPUTEPUIA AN NPOEKTUPOBaHMS U PyHKUMOHUpoBaHMs OOMT, npefHa3HAYeHHbIX ANs
BbIMO/HEHUS! MPUPOLOOXPAHHbIX N PEKPeaLMoHHbIX PYHKLUMA. OLeHKa aTTPaKTUBHOCTU MOXET 6bIiTh Mpo-
BefleHa Ha OCHOBE y4eTa KOHTPAcTHOCTU, MO3aUYHOCTU, BOraTcTBa COYETaHWA, MHOTOMIaHOBOCTM U APYTUX
XapaKTePUCTUK, OAHAKO 3TN (DaKTOPbl YUYUTHLIBAKOT TONLKO OTAENbHbIE YePTbl ATTPAKTUBHOCTMW.

AHann3 NpuBeLeHHbIX Bbllle NUTEPATYPHbIX UCTOUHWUKOB MO3BOANA CAENATH BbIBO O TOM, UTO ANS TUMUY-
HbIX NaHAWagpTOB HaMboee 4acTo YNOMUHAEMbIM KPUTEPMEM UX OLLEHKM BbICTYMAaeT TUMUYHOCTL (pernpeseHTa-
TUBHOCTb), @ N4 PeAKNX NaHALWAadTOB - UX PeAKOCTb, UM YHUKALHOCTL. HY B 04HOM 13 paboT He paccMaTpu-
BaeTCs BOMPOC MacluTabupoBaHus naHawadToB. Beuagy ocoboii ero BaXHOCTU MpK BbIAENIEHUN OXPaHSAEMbIX
NPUPOLHBIX TEPPUTOPUIA 1 KapTorpagupoBaHUM TUMUYHbLIX U PeAKUX NaHAWaToOB aBTOPbI NpeaaratoT CBOe
BUAEHUE peLleHUs 3TUX NPo6/eM, a TakxKe CBOK TPAKTOBKY MOHATUIA «penpe3eHTaTUBHOCTb NaHAllagTa»
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N «YHUKaNbHOCTb NaHALwadTa», NOCKOAbKY COAEpXKaHMe 3TUX TEPMUHOB B INTEPATYPHbIX MCTOYHUKAX Npes-
CTaB/IAETCA LOCTATOUYHO «Pa3MbITbIM».

Penpe3eHTaTUBHOCTb NaHAwWwadTa onpefenseTca 3Ha4YMTeNbHOM NOWAaAbo, HU3KUM YPOBHEM aHTPOMo-
reHHol TpaHchopMaLmMm U TUNUYHLIMUA NPUPOLHBLIMU 0COBEHHOCTAMM OLEHNBAEMON TEPPUTOPUM (PErnoHa,
MPOBMHLMK, HALMOHANLHOrO napka), BKAOYas penbed 1 GMOKIMMaTMYecKme nokasatenu. PefkocTb naHj-
WwagTa onpefenseTcd MAHUMaIbHbIM PasMEPOM, HU3KOW BCTPEUYaeMOCTbIO U BbICOKOI CTEMNEHbIO eCTECTBEH-
HOCTW NPUPOLHbLIX 3KOCUCTEM.

Bonee cnoxHeIMu NpobnemaMu SABASIOTCS YYeT MacluTaba v ero BAUSIHWE HA KPUTEPUW BbIAENEHNS TU-
MUYHBIX U PeAKUX NaHAWahTOB Npu UX KapTorpagupoBaHnu. MNMpeanoxeHa KOHUeNTyanbHas MOAeNb, Npeay-
CMaTpMBatoLLas YeTbipe YPOBHSA MNCCNEA0BaHUIA B 3aBMCUMOCTU OT MacliTaba uccnefoBaHuii - CTpaHOBOA,
PernoHanbHbI (MPOBUHLMAMLHBIRA), CyOPErnoHanbHbIN, NOKaIbHLIA, B 3aBUCUMOCTU OT KOTOPbIX KPUTEPHK
BbleNEeHNS TUMUYHBIX 1N PeAKUX NaHAWadToB 6yayT n3mMeHaTbea (Tabn. 1). B HacTosAwel paboTe paccMma-
TPUBAIOTCA FNaBHbIM 06pa3oM pe3y/bTaThbl UCCNef0BaHMI, NPOBELEHHbLIX HA CTPAHOBOM U PermoHanbHOM
YPOBHSIX.

Ha cTpaHOBOM YpOBHe TUMMYHbIE NaHAWadTbl ONPeAeNstTCs 3HAUNTENLHON NAOWALbI0 U 30HA/IbHbIMU
0CO6GEHHOCTAMMN MPUPOAHOM 30HbI LLUMPOKONCTBEHHO-XBOWHbLIX /16COB YMEPEHHOr0 Nosica, Ha PervoHanb-
HOM - MHAEKCcaMM naHALWadTHOro pasHoo6pasuns, Ha CybpernoHasbHOM - CTENEHLI0 TPaHCHOPMUPOBAHHOCTY
NaHALWaTOB, Ha SIOKa/IbHOM - aTTPaKTUBHOCTLIO BUAOB NaHALLafTOoB.

Tabnuya 1
CTPYKTYPHO-N0rnyecKas Moaenb OLEHKN TUMUYHbBIX U PeLKUX NaHawadToB
Table 1
Structural-logical model for assessing typical and rare landscapes
YpoBeHb MaciTa6 NaHgwadTHbIE Kputepuu BbigeneHuns KpuTtepuu BblgeneHns
nccneaoBaHuin KOMMJIEKChI TUNWYHBIX NaHAWadToB peaKux naHawadToB
o Tunbl, nogTUNI , ,
CtpaHoBOI 500 000 n menbue A Pasmep Pasmep
1 poabl NaHAWapToB penpeseHTaTUBHOCTb YHUKaNbHOCTb
PernoHanbHbI i Poabl n BuAbl Pasmep, ouenka YacTtoTa
o 1:100000-1 :500000 A A naHgwagTHOro
(NpoBUHLUMANbHBbIN) naHpwadToB BCTPEYAEMOCTH
pasHoob6pasns
Buabl naHgwagpTos CTteneHb Creners
Cyb6pernoHanbHbli 1:50000-1 :100000 A A eCTECTBEHHOCTHU
nypouunLy, TpaHChOPMUPOBAHHOCTU
3KoCUCTEM
o Buabl ypouu
J1oKanbHbIN 1:50 000 n KpynHee Abl YP . ATTPaKTUBHOCTb YA3BUMOCTb

n aynii

B cBOlO 0uepesib, KpUTEPUMN BblAENEHNS PeAKMX NaHALWAPTOB ONpeaenstoTcs MUHUMANbHOW NOWafbo
M YHVUKaNbHOCTbIO HA CTPAaHOBOM YPOBHE, YacTOTOM BCTPEYAEMOCTU - Ha PervoHasibHOM, CTEMeHbto ecTe-
CTBEHHOCTM NMPUPOAHbIX 3KOCMCTEM - Ha CyGperMoHaibHOM, YS3BMMOCTbIO - Ha 10Ka/IbHOM YPOBHe [27].

PesynbTaTbl UCCMEA0BAHMS U UX 0BCYXAEHMEe

PenpeseHTaTVBHbIE NMaHALWAMTLI. B COOTBETCTBUM C KOHLENTYa/bHOM MOAENbIO UCCNeA0BaHNUS TUMNY-
Hble NnaHAWwadTbl Ha CTPaHOBOM YPOBHE MepBOHAYa/IbHO Bblfe/eHbl N0 YAenbHOMY Becy UX naowaan (B npo-
LleHTax OT nnowaam cTpaHsl). Kak BUAHO 13 Tabn. 2, TUNUYHbIe NaHAWapThl NpeacTaBneHbl ABYMS rocnog-
CTBYIOLLMMMK Ha TEPPUTOPUMN CTPaHbl KOMIJIEKCAMU, CyMMapHas niolaib Kotopbix gocturaet 39,2 %. 310
BOHO-/IeJHUKOBbIE N BTOPMYHO-MOPEHHbIE aHALa(Thbl, KOTOPbIE LIMPOKO PacnpoCTPaHeHbl B LLEHTPa/IbHO
yacTu benapycu, rae npeo6nagatoT KpynHble paBHUHLI (LleHTpanbHo-bepe3snHckas, OpliaHcKo-Mornnésckas,
Nunackas v gp.) ¢ abcontoTHbIMK BbicoTamy 150-180 M. Penpe3eHTaTUBHOCTb 3TUX NaHAWA(TOB NOATBEPXK-
[laeTcsa TeM, UTO UX penbed, YeTBEPTUYHbIE OT/IOXKEHUSA, PACTUTENILHOCTL OTPaXKAIOT XapaKTepHble 0CO6EHHO-
CTW (POPMUPOBAHNSA U PA3BMTUA 30HbI IEAHUKOBOI aKKyMynsiLlun Pycckoli paBHUHbI, B NpeAenax KOTOpoii pac-
nonoXxeHa Bcs Tepputopus benapycu. Knumatunyeckne xapakTepucTUKK, NOYBEHHBIA MOKPOB M 6MOTa 3TUX
NaHAWAa(PTOB TUNUYHBI ANS 30HbI LIMPOKOIUCTBEHHO-XBOMHBIX IECOB YMEPEHHOr0 KAMMAaTUYeCcKoro nosca.
Takum 06pa3om, TUNUYHbIE NaHALWAPTLI HA CTPAHOBOM YPOBHE BbIAENAKOTCA C YUETOM UX KPYMHbIX pasMepoB
N penpe3eHTaTMBHOCTM NoKasaTenei (puc. 1).

LLlectb pogos naHgwadtoB (nnowadb ot 51 go 10,0 %), 3aHumMatrowmx 42,1 % Tepputopun pecnyo6am-
KW, OTHECEHbI K KaTeropum noTEHLMaNbHO TUMUYHBLIX. Ha permoHanbHOM YPOBHE OHW 3a4acTyto ABAOTCA
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TUMWYHBIMW A1 ONPEeAEeNeHHOM NPOBMHLUMU. 3TO CBA3AHO C TEM, YTO B KXKAOWM 13 NATWU NPOBUHLMIA Benapy-
cu chopMmpoBanach CTPyKTypa faHAwaqToB, CBOMCTBEHHAs /11 STOr0 PernoHa, HO 3a4acTyt0 COBEPLUEHHO
He nosTopstolasacs B ApyroM. OCO6eHHO KOHTPacTHbIMK pervoHamu sBnstoTca Moosepckas u Monecckas
NPOBMHLMKN, B KOTOPbIX CTPYKTYPa TUMUYHBLIX U PeAKUX NaHALIA(TOB CU/IbHO OT/IMYaeTca OT faHAwafToB
LleHTpanbHOW YacTn benapycn. PacueTHbIMU JaHHbIMW MOATBEPXAETCA, YTO U3 LIECTU POSOB NaHAWwagToB
rpynnsl NOTEHLNATLHO TUMWUYHBIX YeTbIpe (XONMUCTO-MOPEHHO-3P03UOHHbIE, MOPEHHO-3aHAPOBbLIE, 03€PHO-
anntoBMaNbHbIe, 03epHO-NeJHUKOBbIE) BbICTYNAOT B KAYECTBE TUMMYHBLIX POLOB NaHALA(PTOB B YEThIpeX pas-
HbIX NPOBUHUMAX. MOTEHLMANbHO TUMWYHbIE NaHALWAadTbl BbIgENEHbI C YYETOM rFeHe3nca 1 Bo3pacta Mak-
popenbeda B npefenax KOHKPETHON NaHAWAPTHOM NPOBMHLNMW U ABASAIOTCA JOMUHAHTHBIMU KOMTIEKCaMK,
3aHMMas oT 50 g0 76 % nnowaan Kaxaol 13 Hux.

Tabnuua 2
Tunonorua naHAwWagToB Ha CTPAHOBOM YPOBHE,
% oT nnowaam Pecnybnmku benapycb
Table 2
Typology of landscapes at the country level,
% of the area of the Republic of Belarus
Tunonorusa naHawagToB Pogbl naHawagToB Mnowaab
TUNNUHbIE BoagHo-negHNKOBbIE 24,8
BTOpNYHO-MOpPEHHbIE 14,4
XOMMUCTO-MOPEHHO-3PO3NOHHbIE 8,1
MopeHHO-3aHAPOBLIE 9,4
[MoTeHUManbHO O3epHo-anntoBuanbHble 7,5
TUNUYHble naHfwahTel  O3epHO-NeLHUKOBbIE 55
AnnBuanbHble TeppacupoBaHHbIe 5,8
O3epHO-60/10THbIE 5,8
XO0NMMNCTO-MOPEHHO-03epHbIe 2,9
KamMoBO-MOpeHHbIE 3,0
MoOpeHHO-03epHbIe 4,0
Peakue NaHaWapTLl Pe'-IFI)-IbIe ,IJ.O/1I/II-FI)I:I 3,8
[MoiMeHHble 3,3
J1éccoBble 1,7

Ha pervoHasbHOM YPOBHe MCCMef0BaHNA ANS BbIABAEHUS TUMUYHLIX U MOTEHUMANLHO TUMMYHbIX NaHf-
LWagpToB NPOU3BOAMNNUCEL AONONHUTENbHbIE pacueTbl JIP [3; 28]. BOMbLWIMHCTBO M3 CYLLECTBYIOLUX BapuaH-
TOB MeTOAMKMW OUeHKM JIP onepupytoT ABYMSA NokasaTensaMu - naowanbio U KOMyeCTBOM 0O6BLEKTOB OLEHKMU.
OfHako npefnaraemble (POPMY/bl 3HAUYMTENbHO OTAMYAKOTCA APYT OT Apyra W, YTO BaXHO, Jal0T pasHble pe-
3ynbTaTbl. Mpu 3TOM NPU3HAHO, YTO Haubo/ee penpe3eHTaTUBHLIMU XapakTepucTukamu J1P agnswTcsa ABe:
BU0BOE 60raTcTBO NPMPOLHOIO KOMMeKca U NoLaas ero pacnpocTpaHeHus. 3aBUCUMOCTb Yuca BUL0B OT
nnowaan o6beKTa pacCMaTpMBAETCs B €CTECTBEHHbIX HayKaX KaK SMMUPUYECKUNIA 3aKOH, YTBEPXAAIOLLUIA, 4TO
pasHoobpasue No6bIX CBONCTB CUCTEMbI CTb €€ (DU3UYECKasn SHTPONUSA - MHGopmalms, a JIP BbICTynaeT Kak
OAMH U3 31IEMEHTOB 3TOW MH(OpMaL M.

OueHKa pa3Ho06pa3uns NpUPOAHbLIX NaHAwagpToB benapycu B paspese faHAWaTHbIX MPOBMHLMIA Mpo-
BefleHa C 1CMo/b30BaHWeM (hopMyn Tpex pasnnyHbix asTopos (K. LLieHHOH, 3. MeHxuHuK, P. Mapraned), u3
KOTOPbIX MaKCMMa/lbHOM JOCTOBEPHOCTLID OT/IMYAETCA NPeACTaB/ieHHas Ha puc. 2 KapTa C UCMO/b30BaHNEM
nHpekca LLleHHOHa, oTpaxatowas obLme 3aKOHOMEPHOCTU pPacnpoCcTpaHEHUS TUMUYHbBIX NaHAWAPTOB U UX
B3aMMOCBA3M C YPOBHEM NaHALWAPTHOro pasHoo6pasmns. Ha KapTe KOHTYpPbI BbICOKOIO U CpefiHero pasHoobpa-
3151 B LLeHTPa/IbHOM 4acTy CTpaHbl MOYTW MOSIHOCTLIO COBMAAAloOT C rpaHULaMM TUMWYHBIX U NOTEHLMATLHO
TUMWYHBIX NaHAWA(TOB U, TaKMM 06pa3om, NOATBEPXKAAKOT 3HAYMMOCTb NOKasaTens MaoLagHoN pasMepHo-
CTW MPUPOLHbLIX KOMMNNEKCOB AN UX MAeHTU(MKaLmmn (cMm. puc. 2).

AHann3 KapTbl OLEeHKN naHAWwadTHOro pa3Hoobpasns nokasasa, YTo BbICOKUM YpoBHeM JIP oTinyatoTcs
Mpepgnonecckaa (49 % Tepputopun) 1 benopycckas Bo3BbllweHHas (39 %) NpoBUHUMK, B KOTOPbIX rocnog-
CTBYIOT TUNUYHbIE U NOTEHUMANbHO TUMWUYHbIE NaHAWadpTbl. VIHTepecHO 0TMeTUTbL, YTO B BocTouHo-Beno-
PYCCKOI NPOBMHLMW, B KOTOPOI Takke Npeo6iafalT TUMMYHbIE Y MOTEHUMAIbHO TUMMYHbIE NaHAWadTh,
YPOBEHb Pa3HO06pa3uns OLLEHMBAETCS KaK CPeAHWIA, XOTS NaoWab pacnpocTpaHeHns Takmx naHAWwadgToB co-
cTaBnseT okono 40 %. B Monecckoin NpoBUHLMK, rde NPeBavMpyoT NOTEHLMAILHO TUMWYHBIE NaHAWadThI,
76,5 % TeppMTOPUN XapaKTepm3yeTcs HU3KUM pa3HOobpasmeM, a Tepputopms Moo3epcKoit NPOBUHLMK, B KO-
TOPOW AOMUHUPYIOT peaKne naHawadThl, - cpegHUM ypoBHem J1IP (50,2 %).
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Nangwadtbl
TUNUYHbIE
peakve
NOTEHLUNAILHO
TUMUYHbIE
BuTtebeck
MUHeK Morunes
'I'pozHo.
Comeni/
Mpunartu

MacwTa6 1 :5 000 000

Puc. 1. TunuyHble, NOTEHLMANBHO TUMUYHBIE U PELKWE PObI
naHawadgTos Pecnybnukmn benapycb

Fig. 1 Typical, potentially typical and rare genus of landscapes
ofthe Republic of Belarus

Mony4yeHHble AaHHbIe MNO3BONSAIOT CAeNaTh BbIBOS, O TOM, YTO NokasaTenb JIP 3aBUCUT He CTO/IbKO OT TUMO-
norun naHawagToB, CKOMbKO OT XapakTepa pefibeda, KOHTYPHOCTU U pa3mepa NaHgwadTHbIX BblAen0B, 4To
06BACHSAET NPUYPOUEHHOCTb BbICOKOTO YPOBHSA JIP K TUMUYHLIM U NOTEHLMANbHO TUMWYHBIM NaHaLlagpTam
LLeHTpa/iIbHOW YacTu cTpaHbl. B Mofecckoi NpoBUHLMN HU3KWIA YypOBeHb JIP 06BbACHSAETCA KPYMNHLIMU pasmMe-
pamu BbIENI0B M UX HU3KOW (hparmeHTauueld, a cpegHuMiA ypoBeHb pa3Hoo6pasns B [1003epCcKoil NPOBUHLUN
CBSi3aH C ME/IKOKOHTYPHOCTbLIO BbI/E/OB.

Penkue naHgwadg Thl. B HaydHOl nuTepaType TEPMUH «PefKWil naHAwafT» TpakTyeTcs no-pasHomy. 3a-
4acTylo, 0CO6eHHO B 3apyOeXHbIX UCTOYHUKAX, pefKue naHawafTbl OTOXAECTBAAOTCA C LEHHbIMU U YHU-
Ka/flbHbIMU 06BEKTAMW, XOTA 3TO He BCerfa KoppekTHO. [unemMma TakoBa, UYTO He BCe pefkue naHawadTbl
ABMATCA LEHHBIMU WU YHUKANbHBIMU, HO BCE LIEHHbIE U YHUKa/IbHbIE OTHOCATCS K PeSKMM NaHAwadTam.
Halum nccnenoBaHns nokasanu, 4To K pefkuM npupogHbIM naHawagraM npuHaLneXxXarT KOMMIeKcbl, MMer-
WMe HeOGONbLLOWN yaenbHbIA Bec, 06nafatoLme HU3KOM BCTPEYAEMOCTbIO M BbICOKO COXPaHHOCTbK ecTe-
CTBEHHbIX 3KOCUCTEM.

Ha cTpaHOBOM YpOBHe pefiKue naHALagThl, Naowaib KaxX40ro U3 KoTopbixX He gocturaet 5 % oT nnowaam
CTpaHbl, BbIAENAKTCA U C YH4ETOM UX YHUKANBHOCTU. OHW NpeAcTaB/eHbl LWeCcTbo pojamu, pacnpocTpaHeH-
HbIMW MPENMYLLLECTBEHHO B 1003epCKOi MPoBMHUMK (CM. Tabn. 2), 3aHMMatoT 18,7 % OT nowaan CTpaHbl
1 4acTo 06/1a4at0T NPUPOLHLIMU 0COBEHHOCTAMM, OTCYTCTBYIOLWMMU B ApYTrnx pernoHax benapycu, - top-
MaMmu pefbeda, Hanmumem 60MbLLIOT0 KOMNYECTBA 03€ep, NIECHbIX HACAXKAEHWIA, COYeTaHNsA KOTOPbIX CO3jat0T
0CO6Y0 aTTPaKTUBHOCTD.

Ha pernoHansHOM ypoBHe pefkue naHAwadpTbl NpeAcTaBeHbl TakKUMK BUAAMU, YAe/bHbIA BEC KOTOPbIX
Kone6netrca ot 0,2 fo 4,0 % nnowaam ctpaHbl. Ewle ofHUM KpuUTepueM BblAeNeHUs pefkux naHawadTos
Ha 3TOM YypOBHe siBNsieTCA KoaghdmuneHT BcTpedaemocTn (K), KOTOpPbIA Bbin paccymMTaH ¢ UCMOJIb30BaHNEM
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KOHTYPHOCTU K&XJ0ro naHgwagTHoro Bblgena Ha 100 KM2. AHann3 KOMYecTBa KOHTYPOB BCeX BUAOB NaHA-
LaTOB MO3BOMMA MPOBECTU UX FPYNMNPOBKY 1 PaHXXMPOBaHMe MO CTENEeHW BCTPEYaeMOCTM - HU3KOWA, cpeg-
Held 1 BbicOKOI. K naHawadtaM ¢ HA3KUM YPOBHEM BCTpeyaemMocTh (MeHee 1 pasa Ha 100 KM2 oTHOCATCS
48 BNAOB NnaHAWAa(TOB, CO CPeAHNM YPOBHEM BCTpevaeMocTu (1-2 pasa Ha 100 kKm2 - 26 BUAOB, C BbICOKAM
ypoBHeM BcTpevaemocTun (bonee 2 pa3 Ha 100 kM2 - 34 Buaa. Takum 06pas3om, NpuBefeHHas Ha puc. 3 TU-
Nnonorus pesKux BULOB NaHAWAPTOB YUMTLIBAET ABa (hakTopa: UX YAe/bHbIA BEC U CTENEHb BCTPEYAEMOCTU.

Puc. 2. OueHka naHgwapTHOro pa3Hoo6pasuns Ha ypoBHE POAO0B B paspese NPoBUHLMIA.
NanpwadgTHble nposuHumMK: | - Moosepckas; Il - benopycckas BO3BbILIEHHaS;
Il - Mpeanonecckas; IV - BocTtouHo-benopycckas; V - Monecckas

Fig. 2. Assessment of landscape diversity at the genus level by province.
Landscape provinces: | - Poozerskaya; Il - Belarusian upland;
Il - Predpolesskaya; IV - East Belarusian; V - Polesskaya

ELle 0AHVMM BXHbIM KPUTEPUEM BblJeNIEHUS PeAKUX BUAOB BbICTYNAeT CTeNneHb COXPaHHOCTU eCTECTBEH-
HOIN pacTUTeNbHOCTW NEeCOB W NyroB, 60M0T U BOAHbLIX 06bEKTOB (He MeHee 80 %). TaKyk OLEHKY MOXHO
BbINOMHUTb TONLKO B paboTax C KapTamu CPeAHEero U KpyrnHoro maclutaba, T. e. Ha cybpermoHansHoOM U fo-
Ka/lbHOM YPOBHSIX UCCNEA0BaHNSA NMPU HEMOCPeLCTBEHHOM M3YYEHUN CTPYKTYPbl U COCTOSHWUA NaHALIagToB,
4TO eLle NPeACTOUT OLLEHUTb MO34Hee.

BaXKHOI XxapaKTepUCTUKONA BblgeNeHNs peaKux NaHAWwadToB Ha /I0KaNbHOM YPOBHE SIBASETCA WX YA3BU-
MOCTb, MOAPa3yMeBatoLLas BbICOKYH BEPOATHOCTb paspyLUeHUs UK MOBPEXAEHWS NaHALWAdTOB, 3KOCUCTEM
WA OTAENbHbIX MPUPOAHBLIX KOMMOHEHTOB (HanpuMep, BbIMMpPaHUe pefKUX BULOB XMBOTHbIX), PUCK YTPaTbl
61010rMYeckoro N naHAWagpTHOro pa3Hoobpasns 6e3 NPUHATUAA cneLnaibHbIX Mep 0XpaHbl, TeppuTopUasb-
HO opraHu3aumm, OCyLLEeCTBNEHUS arpOMEINOPATUBHbLIX U MPOTUBO3PO3NOHHBLIX MEPONPUATUIA.

Cnuncok BnAoB 0c060 pefKUX MaHAWA(PTOB, BbIBAEHHbLIX Ha PErMOHaIbHOM YPOBHE, UX MPUYPOYEHHOCTb
K pogam naHAwadToB 1 NPOBMHLMAM NpeacTaBeHbl B Tabn. 3.
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MepeyeHb peaKMX NaHAWAPTOB C HU3KOM BCTPeYaeMoCTbio, % OT MoLaAn CTPaHbl

The list of rare landscapes with low occurrence, % of the country’s area

MpoBuHUNA Poabl naHawadgToB

XO0NMUCTO-MOPEHHO-

[Moosepckas
03epHble

Benopycckas X0NMMUCTO-MOpPEHHO-

BO3BblLWEHHAsA 3p0O3UOHHbIE
BocTo4Ho- "
J1éccoBble
Benopycckasn

XO0/IMUCTO-MOPEHHO-

3PO3NOHHbIE
Benopycckasn

BO3BbllLIEHHAaA

KamMoB0O-MOpEeHHblIe

XO0/IMUCTO-MOPEHHO-

Buapl naHawagTos

MnaToobpasHble naHAWad T bl

MnaToo6pa3Hble C CEPOOSIbXOBLIMU Nlecammn, BHENONMEHHbI-
My nyramm (4)

Mnatoo6pa3Hble C COCHOBbLIMU, LNPOKOANCTBEHHO-COCHOBO-
€M0BbIMU Necamun, BHENONMEHHbIMU nyramu (14)

Mnatoo6pasHbie C hparMeHTaMun en0BbIX NecoB (25)

CpeaHexonMUCTblie NaHAwWw ag T bl

CpefHexoNMUCTbIe C LUIMPOKOUCTBEHHO-COCHOBO-€/10BbI-
MW, LWNPOKONNCTBEHHO-E/10BbIMUW NecaMu, BHEMNOWMEHHbI-
My nyramm (8)

CpeAHexoNMUCTO-yBaNINCTble C COCHOBLIMU, LIMPOKOAUCT-
BEHHO-COCHOBO-€/10BbIMUW Niecamu (9)

CpelHexoNMUCTO-TPsi0Bble C €10BbIMU, COCHOBBIMMU, LIN-
POKONUCTBEHHO-eN0BbLIMU, 6Gepe3oBbIMU necamu (19)

CpeaHexoNMUCTO-TPsiA0BbIe C LUMPOKONUCTBEHHO-COCHO-
BbIMU necamu (81)

BonHUCT ble naHAwWag T bl

BOMHUCTbIE C KamMaMu, 03aMu, TOXXB6UHAMMW, COCHOBbLIMM, €10~
BbIMYW, MYLINCTO6EPE30BbIMU, CEPOONLXOBLIMU Necamu (28)

BonHuCTble C flOHAaMW, COCHOBbIMU, €N10BbIMMW, NYLWNCTO-
6epe3oBbIMMW, CEPOObLX0OBbLIMU lecaMy, BHENOWMEHHbIMU
nyramm (65)

BONHWCTLIE C 03epami, KaMamMu, COCHOBbLIMU, e10BbIMY,
LWMPOKONUCTBEHHO-€/10BbIMU, YEPHOONbXOBbIMMU Necamu (53)

X0/NMUCTO-BONHUCT bl NaHALW aCbTI:I

Monecckas
3PO3NOHHbIE
MopeHHO-03epHble
Moo3epckas O3epHoO-NeiHNKOBbIE
BogHo-nefHUKOBbIE
MopeHHO-03epHble
[Moosepckas

BoAHO-NeAHNKOBbIE
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XONMUCTO-BOSHUCTbIE C APYMANHAMU, NOXOUHAMU, KOT-
NOBWHAMWU, €10BbIMU, COCHOBbLIMU, LWUMPOKOANCTBEHHO-
€10BbIMU, CEPOO/IbXOBbIMU S1eCaMmn, BHENOUMEHHbBIMU
nyramm (29)

X0/IMUCTO-BONTHUCTbIE C MOPEHHbLIMU XOMaMu1, KaMaMu,
NOXO6WHAMM, COCHOBbLIMU, €N10BbIMU, 6EPE30BLIMMW Necamu,
BHEMoOMMeHHbIMU nyramu (30)

XO0NMMUCTO-BONHUCTbIE C 03epamMy, MOPEHHBIMU N KAMOBbI-
MU XONMaMU, COCHOBbIMM, €N0BbIMU, LWPOKOINCTBEHHO-
COCHOBO-eM10BbIMU necamu (59)

Tabnunuya 3

Table 3

Y nenbHblii
BeC

0,1-0,3

01 1,0

0,5-1,2

0,3-0,8



[MpoBuHLKA

BocTouHo-
benopycckas

[Moosepckas

benopycckas
BO3BbIWEHHas

Monecckas

BocTouHo-
benopycckas

Mpepnonecckas

Moo3sepckas,
benopycckas
BO3BbILIEHHaA,
BocTouHo-
benopycckas

Mpepnonecckas

Monecckas

eorpacus
Geography

OKOHYaHue Tabn. 3

Pofpl naHawapToB Buapl naHawagpTos

MenKoxonMucT0-BONHUCT ble NaHA LW a('prI

MenKoxo/nMUCTO-BONTHUCTbIE C COCHOBbIMU U OCUHOBbLIMU

J1éccoBble necamu (23)

Mnockue naHawagTol

Mnockue ¢ MOPEHHLIMU XO/IMaMu, 30/10BbIMU TpAfaMu, CO-
CHOBbIMU, LWNPOKONNCTBEHHO-E10BbIMU, YEPHOO/bXOBbIMM
necamu, BHeMOMMeHHbIMU nyrammn, 6onotammn (48)

BoAHO-NeAHNKOBbIE

Mnockue ¢ 3010BbIMUW TPsilaMM, COCHOBbIMU flecaMi, BHe-
O3epHO-NEAHNKOBLIE (e ppiMy nyramu (62)
Mnockne ¢ MOPEHHLIMU XO/IMaMW, 3010BbIMU TpAjaMK,
COCHOBbLIMYU, LIMPOKONNCTBEHHO-COCHOBbLIMU, AY60BbIMU,
YepHOONbXOBbLIMU leCaMMn, BHENMONMEHHbLIMUW Nyramu,
6onotamun (88)

BoAHO-NeAHNKOBbIE

Mnockne, 4aCTUYHO OCYLIEHHbIE, C KOTNOBUHAMU, AOHa-
MU, NyWNCTO6Epe30BbIMN 1 HEPHOObX0BbLIMU Necamu,
6onotamu (99)

O3epHo-
annoBuanbHblie

Mnockue ¢ MUHEpPanbHbIMKU OCTaHLaMU, COCHOBbLIMMU
M NylWwncTobepe3oBbIMM necaMu, BHEMNOWMEHHbIMY Nyramu,
6onotamu (102)

03epHO-60N0THbIE

X0NMUCT0-yBaNUCTbie NaHAWag T bl

B XO0AMUNCTO-YBanMCTble C LUNPOKONNCTBEHHO-COCHOBbIMMU,
TOPN4HO-MOpPEHHbIE COCHOBbIMM, enoBbIMU necamu (37)

XO0AMNCTO-YBannCTble C COCHOBLIMU U LINPOKONUCTBEHHO-

MOPpeHHO-3aHAPOBbIE o105 My necamu (45)

XO0AMNCTO-YBanMCTble C COCHOBbIMY flecamMmmu, BHEMONMEH-

BoAHO-NeAHNKOBbIE HbIMU Ny Tanu (60)

HepacuneHeHHble peYHble LONUHbI
[onnHbI ¢ NN0CKOI NOKMON, NOKanbHbIMMK Teppacamu,

COCHOBbLIMY, LIMPOKOINCTBEHHO-HYEPHOO/bXOBbLIMU Necamm
N NonMMeHHbIMKU nyramu (79)

PeyHble fONUHbI

LonnHbl co cnaboBblpaXXeHHON NOWMOI, NOKaNbHbIMK
TeppacaMu, COCHOBbLIMU f1eCaMu U NOWMEHHbIMU Ny -
ramu (80)

PeyHble 0ONNHBI

LONNHbI KPYMHBIX peK

[MoMeHHbIe [puBUCTbIE C NOMEHHbIMK fy6paBamu n nyramu (78; 107)

Ending table 3

Y [enbHbli
BEC

0,4

0,6-2,7

0,6-1,5

1,2-2,6

0,2-1,4

MpumeyaHune. B ckobkax npuBoAnUTCA HOMep NaHawadTa Ha SlaHAwadTHOW KapTe Pecny6nnku benapycs (2014) [2].
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Puc. 3. MpocTpaHCTBeHHas CTPYKTYpa peaKnX BIUAOB NaHALLIAgTOB
Mo MoKasaTesnto BCTPeYaeMocTy

Fig. 3. The spatial structure of rare landscapes in terms of occurrence

Pe3ynbTaTbl UCCNEA0BAHWIA, MPUBELEHHbIE KAPTbl U CIUCKU TUMUYHBIX U PeAKUX NaHAWwadToB NO3BONAIOT
cllenatb BbIBOJ O Lief1eco06pa3HOCTU BBEAEHNA OXPaHHbIX PEXUMOB 418 PESKUX U TUMUYHLIX NaHALWagToB,
ABNAIOLLMNXCA YHUKA/IbHbIM NPUPOLHLIM Hac/eAMeM CTpaHbl, Kak Ha TeppuTopum cylecTByrowmx OOMMT, Tak
M NpU CO3A4aHMM HOBbIX. ITO GyAeT cNoco6CTBOBATb MOAAEPXKAHMIO 61aronpuATHOW cpefbl 06MTaHWs, orpa-
HUYEHWNIO BMeLLaTe/IbCTBA Ye/I0BEKA B NMPUPOLHbLIE 3KOCUCTEMbI, YCMELIHON peanv3almm npupoLooXpaHHON,
COLMOKY/IbTYPHOR 1 TYPUCTCKO-PEKPEALUOHHON AeATeIbHOCTM, YCTOMYMBOMY 3KOSIOr0 OPUEHTUPOBAHHOMY
pasBUTUIO CTPaHbl.

3aK/1ryeHne

MpeacTaBieHbl HOBble pe3y/bTaTbl MCCNEL0BaHUA B 061aCTV OLEHKM M KapTorpaupoBaHUs TUMUUHBIX
N pefKuUX NPUPOAHbLIX NaHALWAMTOB, YTO MANKOCTPUMPYETCA BnepBble pa3paboTaHHOW KOHLEeNTyanbHOW Mo-
Jenbio, NpefycMaTpUBatoLLeld YeTbIpe YPOBHSA U3yYeHUs NaHAWAa(PTOB B COOTBETCTBMM C paboTaMu MefKoro,
CpeAHero 1 KpynHoro macwitabos npu opraHusauumn nnm npeobpasosaHun OOMT. Kpome Toro, npegioxeHa
MeTOLMKa OLEHKW U KapTorpagupoBaHus TUNUYHBIX U pefKMX NaHAWaToB Ha CTPAHOBOM W PErMOHaIbHOM
YPOBHAX, NPUBEAEHbI CMIUCKW PefKUX U TUNUYHLIX NaHawagpToB. OB60CHOBaHbl KPUTEPUM WX BblAeNeHUs,
KOHKPETU3MPOBAHO COAEPXKAHME KAXA0ro U3 HUX (naHAwadTHOe pa3Hoobpasune, BCTPEUYaeMOCTb, eCTECTBEH-
HOCTb, YSI3BUMOCTb, aTTPAKTUBHOCTL). [1prBeAeHO pa3BepHYTOe onpejeneHre TEPMUHOB «TUMNYHOCTb NaHf-
WwagTa» U «pPefKocTb NaHawadpTa», co3faHa KapTa pacnpocTpaHeHUS TakMX NaHAWa@ToB Ha TePPUTOpUM
Benapycu, a TaKke KapTbl OLeHKM naHALwapTHOro pasHoo6pasns U BCTpeyaeMocTuh pefKnx naHawadros. Bee
3TW pe3ynbTaThl ABNSKOTCA HOBbIMU U NPEACTaBAAIOTCA K Ny6nuKauuy srepeble. OHU UMEOT NPaKTUYECKYHO
3HAYMMOCTb ¥ MOTYT 6bITb MCMNOMb30BaAHbI:

* TeppuUTOpMa/IbHbIMK OpraHamu MuHMCTEepPCTBa MPUPOAHBLIX PECYPCOB M OXpaHbl OKpYXatoLlei cpegbl
Pecny6nunku benapycb npu NOAroTOBKE NpeAcTaBneHnid 0 nepefade BbISBAEHHbIX TUMUYHbLIX U PeAKUX NpuU-
POAHbIX NaHALAPTOB MO OXpaHy 3eMJ1eN01b30BaTEN0 3eMeNIbHOr0 Y4acTKa,;

* HAYUYHbIMW W APYTMMU OPraHn3auusaMu, oCyLLeCTBAAIOLWUMY BbISIBIEHNE TUMNYHBIX U PEAKUX NPUPOS-
HbIX NaHALWagToB;

* HAYYHbIMW U NPOEKTHbLIMW OpraHu3auuaMu, paspabaTbiBalOLLMMU MPOEKTbI U CXEMbI NIeCO- U 3eMfe-
YCTPOICTBA, pasMelLeHNs NPOU3BOACTBEHHbLIX 0OBLEKTOB Y 0OBLEKTOB TPAHCMOPTHOW U MHXEHePHOW UHppa-
CTPYKTYpbl, Mennopawum 3emenb, BOLOOXPAHHbIX 30H, NJaHWPOBKY 30H OTAbIXA U T. 4.
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AKOHOMWKO -NTEOCINPAPNHECKUVNE ®AKTOPbI PASBUTUNA
BO34YLLIHOIO TPAHCIOPTA N JOCTYINHOCTb NMACCAXNMPCKUMX
ABUVATIEPEBO3OK B PECIYBJ/IMKE BEJIAPYCb

E.A. AHTUMNOBA\ T.B. CIMNBVHCKAAL

DBenopycckuiti rocygapcTBEHHbI yHUBepcnTeT, np. HesasucumocTwu, 4, 220030, r. MuHck, Benapycb

BblIsiBNEHbI Y NpoaHaNIN3NpPoBaHbl 3KOHOMUKO-Teorpamyeckmne hakTopbl pasBUTUSA aBUaLMoOHHOI0 TPAHCMopTa, onpe-
[leNIeHO X B/IMSIHWE Ha YPOBEHb JOCTYMHOCTU NacCaXXMpPCKUX aBnanepeBo3ok B Pecny6nunke benapyck B 2005-2017 rT.
AKTyanbHOCTb MCCMef0BaHMA (haKTOPOB pasBUTUA BO3AYLLIHOIO TpaHcnopTa B Benapycu 06ycnoBeHa reorpagmyeckoi
cneumdrKon cTpaHbl U OTCYTCTBMEM B NOCNELHWE AECATUNETUS 0TeYeCTBEHHbIX PaboT NofobHOM TemaTuku. Ha ocHoBe
KOPPEeNAUMOHHOro aHannsa npefioXKeHa aBToOpCKasa rpynnupoBka PakTopoB pasBUTUS BO3AYLLHOro TpaHcrnopTta C Bbl-
[eneHneM rnaBHbIX, JONOMTHUTENIbHbIX N BTOPOCTEMEHHbIX, YTO BbICTYMW/I0 OCHOBaHWEM A/151 BbISBNEHNA AnddepeHLmna-
Lnn agMUHUCTPaTMBHbIX paiioHOB Benapycu Mo ypoBHIO JOCTYMHOCTM MacCaXMPCKUX aBmanepeBo3oK. MonyyeHHble
pesynbTaTbl CBUAETENLCTBYIOT O TOM, 4YTO B cTpaHe 60 % agMMHUCTPATUBHbLIX pPaioHOB, MU 0KOo 40 % HaceneHus,
orpaHuvyeHbl B BO3MOXHOCTU NOTPEBNeHUs yCNyr BO3AYLLIHOMO TpaHCNopTa, YTo TpebyeT AnBepcuduKaLmm KonmyectTsa
NnepeBO3YMKOB N 60/1€e MHTEHCUBHOIO MPUMEHEHMNS CYLLECTBYIOLLE/ aBnaTpaHCNoOPTHOW UHMPacTPyKTypbl. Mcxoasa v3
3TOro, OTAeNIbHOE BHUMAHME Y/ie/IeHO BOMpocam MCrosib30BaHWA PeCypCcoB MeCTHLIX a3ponopToB U NOTEHLMA/IbHOIO pas-
BUTWA 0TEYECTBEHHOMO PErMOHA/IBHOIO aBMacoobLLeHms. [laHHble NPeanoXeHns No3BoAAT NOBLICUTL JOCTYMHOCTL Mac-
CaXMPCKMX aBmarnepeBo3okK, YTo CHU3NT A0 10 % 407110 HacesleHnsA, KOTOPOe OrpaHNYeHo B BO3IMOXHOCTAX NOTPe6eHns
yCnyr BO34YLUHOr0 TpaHcrnopTa.

KntoueBble cfioBa: reorpatusi TPaHCMopTa; BO3AYLLUHbIA TPAHCMOPT; (PAKTOPHbLIA aHanM3; TPaHCMOpTHas AOCTYn-
HOCTb; MaccaXMpPCcKne aBManepeBo3Ku.

ECONOMIC AND GEOGRAPHIC FACTORS OF DEVELOPMENT OF AIR
TRANSPORT AND ACCESSIBILITY OF PASSENGER
AIR TRANSPORTATION IN THE REPUBLIC OF BELARUS

E. A.ANTIPOVA3 T. V. SLIVINSKAYA3

Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: T. V. Slivinskaya (sleevint@ gmail.com)

The article is devoted to the identification and analysis of economic and geographical factors in the development of air
transport and their impact on the level of accessibility of passenger air transportation in the Republic of Belarus for the period
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from 2005 to 2017. The relevance ofthe study ofthe airtransport development factors in Belarus is due to the geographical
specificity ofthe country and the lack of domestic research on similar subjects in recent decades. On the basis of correlation
analysis, the authour’s grouping of factors of the development of air transport has been proposed with the identification
of the main, secondary and minor, which served as the basis for identifying the differentiation of administrative regions of
Belarus by the level of accessibility of passenger air transportation. The results indicate that 40 % of the administrative re-
gions or about 50 % of the population are characterised by limited abilities to consume air transport services, which requires
diversification of the number of carriers and more intensive use of the existing air transport infrastructure. Based on this,
special attention is paid to the use of the capabilities of regional airports and the potential development of domestic regional
air traffic. These proposals will increase the availability of passenger air transportation, which will reduce up to 10 % the
share of the population with disabilities in the consumption of air transport services.

Keywords: transport geography; air transport; factor analysis; transport accessibility; passenger air transportation.

BBegeHue

JOoCTYynHOCTb YCNyr MaccaKMpCKMUX aBnanepeBo3oK B YCN0BMAX rnobanusauum n pocta MoObUILHOCTU Ha-
cefleHUs UMeeT onpeaensitoLLee 3Ha4YeHNe B NOBbILLIEHUN KOHKYPEHTOCMOCOBHOCTU CTPaHbl HA MUPOBOM PblIH-
Ke aBMaTpaHCnopTHbIX yenyr. B cBs3m ¢ aTum gna Pecny6imkn benapycb 04eHb BaKHO YCUIeHWEe 3HAUNMOCTY
HaLUMOHaNbLHOW 1 pernoHanbHOW TPaHCNOPTHON MH(PACTPYKTYpPb! 415 NACCaAXKMPCKUX aBranepeBo3oK U Bbl-
ABNIeHWe AOCTYMHOCTU YCAYr NacCaXMpCKUX aBmanepeBO30K AN HaceneHus. Mpu 3ToM MO Mepe pa3BUTUSA
MUPOXO03AANCTBEHHbIX CBS3eM POSib TPAHCMOPTHbLIX CUCTEM HEYK/IOHHO BOo3pacTaeT [1] v nojsepraertcs BAWs-
HUI0 MHOXECTBA (PaKTOpOB, KOTOPblE Yalle BCero 06befUHAKTCA B NPUPOLHbLIE, IKOHOMUYECKNE, CoLUalb-
Hble, TEXHO/IOTMYECKIME, IKONOTNYECKME N APYTUE TPYNMbI.

3HaUUTENbHBIN ONbIT U3YYEHUS BAUAHUSA Pa3/IMUHbIX ()aKTOPOB Ha pa3BMUTUe aBManepeBo3oK, UX 06bEMOB
1 HanpasneHuin 6bin HakonsieH B CCCP [2]. K 0OCHOBHbIM 13 HUX OTHECEHbI YPOBEHb PA3BUTUS U pa3MeLLeHne
X035ACTBa, HanpasfeHne 1 MOLLHOCTb OCHOBHbIX BHYTPUPANOHHbIX Y MeXPakiOHHbIX TPAHCNOPTHO-3KOHOMMU-
YyecKUux CBsA3el, pasMeLLeHre ropoaos, aAMUHUCTPATUBHbLIX LLEHTPOB, KYPOPTOB U KPYMHbLIX 06BLEKTOB TYpU3-
ma [3, c. 126]. B KoHue XX B. 6blna NpeAanpuHATa NONbITKa KONMYECTBEHHO [0Ka3aTb BAWUSHUE WHBECTULIWIA
B pa3BMTNE TPAHCMOPTHOWN MH(PACTPYKTYPbl Ha POCT 3KOHOMUKU [2].

B HacTosLLee Bpems paf pOCCUACKUX YUEHbIX BbIAENAOT Fpynnbl (0akTOPOB, KOTOPbIE OKa3bIBAKOT BAUAHMUE
Ha pa3BUTWeE TPaHCMOPTa: BHYTPEHHME U BHELLHWe, reorpamyeckue, counaibHble, SKOHOMUYECKUE, MONUTH-
yeckue, skonoruyeckme v ap. [4].

Moaxof aHrN0-aMepuKaHCKUX 1ccnefoBarteneld K BbISBNEHUIO ()aKTOPOB, BAUAIOLLMX HA pa3BUTME TpaHC-
MOPTHOW CUCTEMBI, OT/IMYAETCA OT NPUHATOrO B COBETCKON, POCCUIACKON 1 OTEYECTBEHHON LIKOMaxX. Tak, Ha-
npumep, B [1] BbIZENAOTCA TPU OCHOBHBIX (IU3NKO-reorpamuyeckmnx orpaHMyeHmns 4na passuTus TpaHcnopTa:
penbed MecTHOCTW, rmaporpaduyeckas ceTb U KAMMaTUyeckue ocob6eHHOCTU TeppuTopun. MomMumMo 3Toro,
K OCHOBHbIM (pakTopam, POPMUPYIOLLUM NPOCTPAHCTBEHHYIO CTPYKTYPY TPaHCMOpTa, aBTOPbl OTHOCAT COBO-
KyMHble 3aTpaThbl, TEPPUTOPUASIBHYIO LOCTYNHOCTL U arnoMepaLMoHHbIN 3((eKT.

B KOHTeKCTe pa3BWUTUA BO3AYLLIHOro TpaHcropTa benapycu npefcTaBnseTca akTyalbHbIM U3yyYeHue Gonee
3PPEKTUBHOrO NPUMEHEHUA NOTEHLMaNa UMeIOLLelics B CTpaHe UH(PaCTPYKTYpPbl, YTO AO/KHO NOBbLICUTL [0-
CTYMHOCTb YC/yr aBuanepeBo30K A1 HaceneHus. Lienbio HacToALWero ucciefoBaHns CTany BbiSBAEHWe U aHa-
N3 (haKTOPOB Pa3BMTUA aBMALMOHHOIO TpaHcnopTa B benapycu n ux BAMSAHWE Ha AOCTYMHOCTb NACCaXXUPCKUX
aBuanepeBo3oK. Mpu 3TOM UCNOb30BaHKE KOPPENALMOHHOIO aHa/IM3a no3BonT UX KnaccuguumpoBarh Mo 3Ha-
YMMOCTM B/IMAHWSA HA YPOBEHb AOCTYMHOCTU NACCXXUPCKUX aBManepeBo30K OTAe/bHbIX PernoHoB benapycu.

TeopeTMYeCKOi OCHOBOM MccnefoBaHWUs MOCAYXWM paboTbl [5-8], B KOTOPbIX BbIABAAIOTCA (haKTOpbI
TpaHchopMaLMmn aBnaTpaHCNOPTHOM CeTH, B YaCTHOCTU aKTUBHOCTb NMbGepann3aLMOHHbIX NPOLLeCcCoB B OT-
pacnu, BbICOKWE TEMMbl PasBUTUSA MEXAYHapO4HOro Typu3Ma, pocT 6/1arococTosHus HaceneHus u ap. B [7]
OTMEYEHO, YTO CMPOC Ha YCAYrU NacCaXUPCKMX aBUanepeBo30K MOXHO BbIpasuTb Yepes Takue rnokasatenu,
Kak Ba/l0BOM BHYTPEHHMWI MPOAYKT Ha AyLIY HacefleHUs, ypoBeHb ypbaHu3aLmm, reorpamyeckoe nonoxkeHue
CTpaHbl 1 YpOBeHb 06pa3oBaHmNs HaceneHus. ViccnefoBaHune BANMAHWUSA YPOBHSA pPa3BUTUS aBUaLMOHHOMO TPaHC-
nopTa v Typu3ama npeacraeneHo B [9-12].

KoHuenTyanbHO 6/113Ku1e UCCNefoBaHNA aBUaLMOHHOIO TPAHCMOPTa, MOCBALLEHHbIE OMpPejeNneHuto TpaHc-
MOPTHOW JOCTYNHOCTK, NpoBefeHbl B [4; 13; 14]. B 6enopycckoii LWKofe 3KOHOMUYECKON reorpaguu msyya-
NUCb BONPOCHI BANAHUSA BO3AYLUHbIX /IOYKOCT-NEpeBO34MKOB Ha pa3Butue otpacnu [15; 16].

TpaHcnopTHas AOCTYMHOCTb aBManepeBO30K ANS HaCeNeHUs ABMAETCA BOXKHON XapaKTepuCcTUKOW, NO3BO-
NAoLLel OLEeHNTL 3PPEKTUBHOCTL AeATENIbHOCTW BCEro TPAHCMOPTHOMO Kommekca. Mpu 60/1bWoM Konnye-
CTBE CYLLECTBYIOLMX B reorpauyeckoil Hayke onpegeneHnii 3Toro NoHATUA HaMK B JaHHOM UCCef0BaHUN
NCnosb3yeTcsa TpakToBka [14], JONONHEHHAA KPpUTEPUEM 3KOHOMMYECKON OLEHKU AOCTYMHOCTU TPaHCMOopT-
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HbIX YCNYT, KOTOpas BKAKOYAeT OLEHKY MoKasaTefieil, XapaKTepu3yHoLnX COOTHOLIEHUE «CTOMMOCTb TpaHC-
MOPTHbLIX YCAYT - AOX0Abl HaceneHus» [17].

KOHKpeTHble BOMPOChI aHa/M3a 4OCTYNHOCTM TPAHCMOPTHLIX YCNYT NPUMEHUTENBHO K pa3MeLLEHUI0 aBua-
TPaHCMOPTHOW MH(PACTPYKTYPbI MOTyYMn CBOE OTpaXkeHe B [18-24].

MaTepuasibl U MeTOfbl NCCNEA0BAHNS

[ns nsyyeHns yKasaHHbIX Bbille BOMPOCOB MCMO/b30BAIMCL CNefytoLine MeToabl: 3KCMEPTHOW OLEHKM
(BbISIBNEHUE TMNOTETUYECKMNX (DaKTOPOB), CTATUCTUYECKOIO (MPOBeAeHME KOPPENALMOHHOIO aHan3a, pacyeT
MHAEKCOB) U CPaBHUTENbHO-reorpauyeckoro (BbisB/ieHWe MPOCTPaHCTBEHHO-BPEMEHHbIX pPasnMyunii B 4o-
CTYMHOCTW) aHann30B, a Takxke rpadoaHanMTUYeCKnii (BbINONHEHNE TpaUYECKoin NHTepnpeTauuy rpynn
thakTopoB), KapTorpaduueckmii (paspaboTka KapTorpamMm Mo cLueHapuaMm AOCTYMHOCTK). Peanusaums uenu
nccnefoBaHNa nNoTpeboBana BbIMOHEHWS HECKO/IbKMX 3TanoB.

Ha nepBoM 3Tane Ha 0CHOBe 3KCNePTHO OLEHKM Hamu Gbliv onpeaeneHbl (hakTopbl, TUNOTETUYECKN BUSIO-
LMe Ha pa3BUTME BO3AYLLIHOMO TPaHCMopTa, U pa3paboTaHa cCMCTEMAa COOTBETCTBYIOLLMX KaXAO0MY U3 HUX NO-
KasaTenen aHanusa (Tabn. 1), KoTopble B fanbHelLweM 6bIan MOM0XeHbl B OCHOBY KOPPENALMOHHOr0 aHam3a.

Ta6bnnua 1
CucTema nokasateneid 4na aHanusa (pakTopoB PasBUTUSA BO3AYLLIHOIO TpaHcnopTa
Table 1
The system of indicators for the analysis of factors of development of air transport
dakTopsbl HaumeHoBaHue nokasartenei
MoTeHUMaNbHasA YACNEHHOCTb 3aHATOe HaceneHue, yen. (Lf)
notpebuTenen ycnyr YncneHHOCTb TOPOACKOTro HaceneHus, ven. (Up)
KayecTBO XXW3HW HaceneHns [eHexHble foX0Abl HaceneHns, MaH py6. (Pi)
MWHTEHCMBHOCTb MeXAYHapoAHOTro  YuMcno Bbe3gHbIX TYpUCTOB, Thic. uen. (Nte)
Typusma Uncno Bble3gHbIX TYpUCTOB, Thic. Yyen. (Ntl)
FocypapcTBeHHas MOHeTapHas NHaekc noTpe6uTenbcknx LeH Ha ycnyru (Cps)
nonnTuKa NHaekc NoTpe6UTENbCKMUX LLeH Ha yCNyru Bo3ayLwwHoro TpaHcnopra (Cpat)

MHOCTpaHHble uHBecTUUMM, MaH gonn. CLUA (Fi)
VIHBECTULMOHHbIN KNumaTt MIHOCTpaHHble MHBECTUL MK B TpaHCNOpPT, MaH gonn. CLUA (Fit)
WHBecTMuumn B TpaHcnopT, MAH gonn. CLUA (It)

CpegHsa aKcnopTHasA LeHa Ha HeTenpoaykTel, gonn. CLUA 3a 171 (Ep)

€Ha Ha 3HeproHocuTenn
U P LleHa Ha HethTb Mapku Brent, gonn. CLUA 3a 6appens (Op)

BHyTpeHHue 3aTpatbl Ha HWOKP, mnu gonn. CLWA (R&D)

MWHHOBaLMOHHasn cpefa
4 Pea O6bem BbINOMHEHHbIX HAYyYHO-TEXHMUYECKNUX paboT, MaH gonn. CLUA (Vw)

3KCMOPT TPAHCNOPTHbLIX YCNYT BO3AYLWHOr0 TpaHcnopTa, MaH gonn. CLUA (Ext)
Mokasatenn ahHeKTUBHOCTM Bbipy4yKa OT NepeBo30K NaccaXMpos, rpy3oB M nouThl, Mapa py6. (Rt)
paboTbl BO3AYWHOIO TpaHcnopTa Pacxo/bl N0 MepeBo3kaM NaccaxMpoB, rPy30B U NOYTOBLIX OTNPABNEHWA,

Mapg py6. (Et)

CTaTUCTUYECKOW OCHOBOM MCCefoBaHWUA MOCAYXWUAN pecypcbl U3 ouLManbHbIX U3gaHnii HaumoHanb-
HOro cTaTUCTMYECKOro KomuTteTa Pecny6imkn benapych, a Takxe [enapTaMmeHTa no asmaumm MuHucTepcTea
TpaHcropTa 1 KOMMYHUKaumnii Pecny6nnkn benapyce. Mepuog nccnegosanmns - 2005-2017 rr. ns copasmep-
HOCTW M COMOCTAaBMMOCTU BCEX MOKa3aTeNeil HaMu BbIMOSIHEHA UX arperauns (BCce CTOMMOCTHbIE MOKa3aTenm
nepeBefeHbl B YC/IOBHbIE eAnHNULbI, @ UMeHHO B gonnapbl CLLUA no cpefHerofosomy Kypcy HaumoHaibHOro
6aHka Pecnybnukun benapyco).

Ha cnegytouiem atane Ans OUEHKW CTENEHU BAWUAHUSA Bbl6paHHbIX (DAKTOPOB Ha pa3BUMTUe BO3LYLLUHOMO
TpaHCNnopTa MeXay pacCuYMTaHHbIMU MHAEKCaMM Oblal MPOBEAEH KOPPENALMOHHbIA aHann3 (pacyeTbl BbIMO/-
HeHbl B Nporpamme SPSS 17.0). [nd NOCTPOeHUs MaTpulbl NpUMeHsnack Koppensauusa MupcoHa. B uenax
MHTEprpeTauun ee pesynbTaToOB MCNO/b30BaNach LUKana OLEeHOK B3aumocBaAsei Uepgnoka, rge 0<r<0,2 -
o4eHb cnabas, 0,2 <r < 0,5 - cnabas, 0,5 <r <0,7 - cpegHss, 0,7 <r<0,9 - cunbHas n 0,9 <r < 1,0- oYeHb
CU/IbHas B3aMMOCBA3b.

[anee ans oueHKM cTeneHy JOCTYNHOCTU YCNYT BO3AYLLIHOMO TpaHcnopTa HaceneHuto B Pecny6nuke Be-
napycb Hamu 6bia1 NPeAIoXKeH 1 paccuMTaH UHAEKC AOCTYMHOCTU NaccaXXupckux asmanepesos3ok (1A) B pas-
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pese aAMUHWUCTPATUBHbIX pailoHOB M I. MuHcKa 3a 2013 1 2017 rT., a TakKe OCYLIEeCTB/IEHA TPyNMNMpPOBKa
paiioHoB Benapycu No JOCTYMHOCTM MacCaXXMPCKMUX aBuanepeBo3oK. Kputepusmu 6b1am BoibpaHbl YPOBEHb
M KauYeCTBO XXM3HWU HaceNeHus, NoTeHLUMabHbIA CNpoc Ha YCNyru aBuaLmoHHOro TpaHcnopTa, reorpagpuye-
CKOe MOJSIoXKEeHMEe U pa3BUTME TPAHCMNOPTHON UHPPACTPYKTYpPbI, KOTOPblIE COOTHOCATCS C YKa3aHHbLIMU BblLLE
paboTammn 1 NpeacTaBAeHUAMN 3KOHOMMKOreorpaoB 0 TPEHMM NpocTpaHcTBa [25; 26]. JaHHble KpuTepuu
Hall/M OTpaXKeHWe B TaKMX NoKasaTensx, Kak cpefHss 3apaboTHas nnata, NAOTHOCTb HACENEHUS, pacCTOSHWE
[0 asponopTa v NJA0THOCTb aBTOMOBUIIbHBIX A0POT.

I"pynnnpoBKa paiioHoB Benapycu no 4OCTYMHOCTM NAacCaXMPCKNX aBUanepeBo3oK BbINO/IHEHA HAMM B TPeX
CLeHapusx, NpeanoXeHHbIX aBTOpaMu Ha OCHOBaHWK BbI6Gopa asponopToB, NPefocTaBnAoWwmnx yenyru. faH-
HbIVi 3/IEMEHT CTaTb NPEACTABAAET HAYYHYHO HOBU3HY B reorpatmuyeckux nccnefoBaHnsx BO3AYLLIHOIO TpaHc-
nopTa, 3aK/loyvaloLLylocs B BO3MOXHOCTU YCTaHOB/IEHUS CTEMeHU MPOCTPaHCTBEHHOW AndidepeHLmalmmn
palioHOB 1 AOMUHUPYHIOLLEr0 YPOBHA LOCTYMHOCTU NACCaXUPCKUX aBManepeBO30K, a TakKe B BO3MOXHOCTY
pa3paboTKM NpaKTUYeCKUX peKOMeHAaLNIA C YH4eTOM MOMTyHYeHHbIX pe3y/ibTaToB N0 COBEPLUEHCTBOBAHMUIO aBUa-
TPaHCMOPTHOW MHPACTPYKTYpbI.

[nsa cueHapmsa 16610 BbIGpaH HauunoHanbHbli asponopT MuHek (MSQ) Kak KpynHenluii n gakTnuyecku
€[VHCTBEHHBIN Ha AaHHbI MOMEHT LeHTP NPefoCcTaBAeHNs YCAYT MO aBmanepeBo3kam B cTpaHe. CueHapuii 2
BK/tOYAET B ce6s HauuoHanbHbIin asponopT MuHck (MSQ), asponopT BunbHioc (VNO), KayHacckuii mexay-
HapoaHblin asporopT (KUN), BapLuaBckuii MexayHapoaHblil asponopT uMmeHn dpegepuka LWoneHa (WAW),
asponopt JlobnuH (LUZ), asponopt Knes umeHun Urops MeaHoBuua Cukopckoro (IEV). Bbl6op faHHbIX
a3ponopToB CTpaH-cocefeli 00BACHAETCA TEM, UTO XMUTEM CTpaHbl 4acTo NpMberatT K nX ycayram ¢ 6onee
KOHKYPEHTHbIMW LieHaMK, pasHOo6pa3vemM KOMMaHWil aBmanepeBo3YnKoB 1 6onee AMBEPCUPULMPOBAHHbIMM
MapLUpyTamu nepesneTos Mo cpaBHeHUIO ¢ HalMoHanbHbIM a3ponopToM MUHCK. MNaBHbIM KpUTEprEM Bbibopa
Ha3BaHHbIX 3apy0OeXKHbIX a3pOMNOPTOB ABAAETCA UX reorpadmyeckas 6/M30CTb.

ANbTepHaTUBHbLIM BbICTYMNAET CLIEHAPWiA, NPY KOTOPOM ByAeT MCMNONb30BaTLCA MH(PACTPYKTYpa permoHanb-
HbIX asponopTtoB bpecT (BQT), Butebek (VTB), Momens (GME), MpogHo (GNA), Morunés (MVQ) BmecTe
¢ HauunoHanbHbIM asponoptoMm MuHck (MSQ) n MuHck-1 (MHP) (go 3akpbiTusa B 2015 r.). PesynbTaTbl aHa-
N33 3TOTO CLieHapWs AO/IKHbI MOATBEPAUTL FMNOTe3y 0 HEO6XOAMMOCTH NepeHanpaBeHNs NaccaXXMpPonoToka
B pPernoHanbHble asponopThl M3 a3ponopToB CTpaH-cocedeid. B Lenom npegnonaraeTcs, YTo mMccnefoBaHue
[OKaXeT runoTesy o npeo6afaHuy paiioHOB C HU3KMM YPOBHEM AOCTYMHOCTM NAacCaXMPCKNX aBranepeBo3ok
B Pecny6nuke benapycs.

MepBOHaYanbLHO BbIOpPaHHbIE MOKa3aTenm 6binu NnepeBeAeHbl B MHAEKCHLIA BUA METOLOM MakcUMyMa/Mu-
Humyma (IAjn, raej - Homep paiioHa; n - HOMep MokasaTens), 6narogaps YeMy fJaHHble MPUHUMAKOT Konnye-
CTBEHHBI BUA B gnanasoHe oT 0 4o 1 PacueT npousBoguncs Mo ciegytoLein gopmyne:

TA = Ajn- min (Ajn)
jn max(Ajn)-m i n )

34ecb min 1 max (Ajn ) - HWKHAA 1 BEPXHAA rpaHunLbl 415 noKasaTeseid An j-X paiioHOB 3a Uccnesyemblii ne-
pviog.
MpuBeLeHWe NokasaTeNs CPeAHEro pacCTOAHNA 40 a3ponopTa B MHAEKCHbIW BUA OCYLLECTBAANOCHL NO Che-
aytowein thopmyne:
' Ajn- min(Ajn)
vmax (Ajn)- minn(Ajn)

[lns pacyeToB JaHHOTO MHAEKCA BO BCEX TPEX CLeHapusX B KaYeCTBe BEPXHEN U HUXKHEN rpaHuL, NoKasaTe-
Neii 6bINK B3ATblI NOCTOAHHbIE MUHUMaA/bHBIE M MaKCUMa/ibHble 3Ha4YeHNs 13 cueHapus 1 UTo6bl onpefennTs
paccTosiHue [0 asponopTa, aBTopbl UCMO0/b30BaIM BO3MOXHOCTM 3M1IEKTPOHHOro pecypca Google.Maps. Tou-
Kamn 0TCYeTa pacCTOsSHNA ObINN LEHTP COOTBETCTBYHIOLLEr0 aAMUHUCTPATMBHOIO paiioHa U NMyHKT I0KaIn3a-
UMM aspornopTa.

NTOroBbIi MHAEKC AOCTYMHOCTU NACCaXMPCKUX aBUarnepeBo30K arpermnposany METOLOM cpefjHero apupme-
TU4YeCcKoro. Ha ero ocHoBe HaMM BbINOJIHEHA FPYNNMPOBKA paiioHOB benapycu no ypoBHIO JOCTYNHOCTU Nac-
CaKMPCKMX aBUaNepeBo30K C CMOMb30BaHUEM LLUKa/bl; 0UYeHb HU3KMIA (1A < 0,15), Hu3kuii (0,15 < 1A < 0,30),
cpeaHuin (0,30 < 1A < 0,45), Bbicoknii (1A > 0,45) ypoBeHb JOCTYMHOCTM.

[na KonuyecTBeHHOW WHTepnpeTauuy MHAEKCa Mo painoHaM W XapakTepUCTUKWU HepaBHOMEPHOCTU Bbl-
6OpKM OblIM UCNOMb30BaHbI MOKA3aTeNIn amnanTybl, CPeAHEro apuMMeTUUEcKOro n MmefmaHbl COBOKYMHO-
CTH, a TaKKe KoadhdmumeHTa Bapmauum (V). MocnegHnin oTpaxkaeT OTKIOHeHME MoKasaTeneidl 0T CepefviHbl,
noatomy ecnu V< 0,33, TO OTKNOHEHWE cYMTaeTCcs cnabbiM, a COBOKYMHOCTb 0AHOpPOAHOIA; npm 0,33 < V< 0,50
OTK/IOHEHWE ABNseTCA cpeaHuM, a npu V < 0,50 [27] - BbICOKUM, YTO B HalleM C/yyae paccMaTpuBaeTcs Kak
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MOATBEPXK/AEHNE HANMUNS CUMbHBIX PEFVOHANbHbIX OTFPaHNuYeHniA B NOTPeGIeHNN YCNyTr BO3AYLLIHOTO TpaHC-
nopTa HaceneHnem.

Pe3ynbTaTbl MCCNEA0BAHUS U X 0OCYXKAEHWEe

AHanuns (hakTopoB pa3BUTMA BO3LYLLIHOIO TpaHcrnopTta B Pecnybnvke benapych 06ycnoBun npoBefeHme
npeLBapuUTENbHON OLEHKWU TPEHAO0B OCHOBHbIX KKOYEBbLIX NOKa3aTefeil ero ypoBHS pa3BUTUS B CTpaHe
(Tabn. 2). [JaHHas OUEHKa BbICTyNnWMa B AanbHeilleM 060CHOBaHMEM ANS 0OBACHEHWS POMN W CTENEHK
BAIUAHWSA TEX UIN UHBIX PaKTOPOB Ha pa3BMTNe BO3AYLUHOro TpaHcnopTa.

Tabnuya 2
OcHoBHbIe NoKa3aTenn pa3BMTUSA BO3AYLLUHOro TpaHcnopTa Benapycu
Table 2

The main indicators of the development of air transport in Belarus

lop

dakTopbl
2005 2007 2009 2011 2013 2015 2017

O6beM nepeBe3eHHbIX MacCaXMpoB BO3AYLIHbIM

464,4 612,4 781,3 1040,3 1615,1 2092,7 3006,1
TpaHcnopToMm, Thic. yen. (Vp)

Bbipy4yKa OT NepeBo30K NaccaXupos, rpy3os

72,52 102,6 121,43 194,35 263,25 269,56 321
N nouTbl, Mmapg py6. (Rt)

3KCNOPT TPAHCMOPTHbLIX YCAYT BO3AYLIHOTO

TpaHcnopTa, MAH gonn. CLUIA (Ext) 73,70 94,20 119,30 146,20 230,30 250,50 283,90

Pacxofbl N0 NMepeB03KaM NaccaXxMpos, rpys3os

. 67,83 102,74 1234 195,59 243,48 275,50 269,82
N NOYTOBbLIX OTNpaBneHunii, mapg pyb. (Et)

McTouHuk: [24].

AHann3 nokasan, 4To 06beM aBManaccaxmpos B benapycu 3a nccnegyemblii Nepruog yBenmuniaCcsa npaktmnye-
CKM B 6,5 pasa, UTO 06BACHAETCA POCTOM AOXOLOB HAaCeNeHUs, pa3sBUTUEM MEXAYHAPOAHOT0 Typu3ma 1 Bo3pac-
TAlOLWMM BOBMIEYEHNEM CTPaHbl B MUPOBOE XO3AWCTBO, a TAKXKe ee reonoMTUUYEeCKUM nosioxeHvem. Cnegyet
OTMETUTb MONOXUTESbHYIO AMHAMUKY NOKa3aTens BbIpyUYKU OT MePeBO30K MacCaXmpoB, rPy30B U NOYTOBbLIX
OTMNpaBfeHWA. YBeMYEHEM XapaKTepusyeTcs 1 NoKasaTenb 3KCNOpTa YCAyr BO3AYLIHOro TpaHcnopTa. Pac-
X0fbl MO MepeBO3Kam MacCaXMpoB, FPY30B M MOYTOBLIX OTMpaBfeHuid Bo3pacTanm fo 2015 r., mocne yero
[aHHbI NoKasaTeslb CHU3WCS.

B pe3ynbTaTe KOppensiLMOHHOrO aHanm3a (hakTOpOB pa3BMTWSA BO3AYLUHOrO TpaHcrnopTa B benapycu Ha
OCHOBe MaTpuLbl ¢ KoadguumneHtamu (tabn. 3) HaMmu OblIW BbifeNeHbl TPU rpynnbl (PaKTOPOB MO CTENeHU
NX BAUSHWUA: TNaBHble, JONONHUTENbHbLIE U BTOPOCTENEHHbIe (Tabs. 4). K rnaBHbIM Oblin OTHECEHbI Ka4ecTBO
XKU3HWN HaceNeHns N UHBECTULMOHHbIA KAMMAT, Hallefline OTPaXEeHWe B MOKa3aTeNsiX AEHEeXHbIX [OXO0J0B
HaceneHus (Pi) N MHOCTpaHHbIX MHBeCTULMAX (Fi) COOTBETCTBEHHO.

BbICOKYIO MpAMYI0 KOPPenauuio LeHeXHble [OXO4bl HAaceneHUs MMEHT CO BCEMU WHAEKCamMu paboTbl
BO3AyLIHOro TpaHcnopTa (0,605; 0,512; 0,508; 0,529 COOTBETCTBEHHO), YTO 0OBACHAETCA GONLLLON 3aBUCK-
MOCTbIO PaboThbl TpaHCMOPTa OT NMOKYMaTe/bHON CNOCOBHOCTM 1 NOTPEOUTENLCKOMO NOBEAEHUS HAaCeNeHUs.

Ta6bnnua 3
KoppensauuoHHasa maTpuua hakTopoB pasBuTms
BO3A4YLLUHOro TpaHcnopTa B Pecny6nunke Benapycb
Table 3
The correlation matrix for the development of air transport
in the Republic of Belarus
Obbem Bblpyuka oT JKCNOPT TPAHCMOPTHLIX  Pacxodbl N0 nepeBo3Kam
NHaekcbl nepeBe3eHHbIX  MEPEBO30K NacCaXmpos., yCNyr BO3A4YLUHOrO naccaxupos, rpy3oB
naccaxmpos rpy30B ¥ NOYTbI TpaHcnopTa 1 NOYTOBbLIX OTMNPaBNEHWIA
3aHATOe HaceneHue - 0,109 0,212 - 0,107 0,295
Yncno Bbe3fHbIX TYPUCTOB - 0,178 - 0,353 - 0,629* -0,314
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MHpekcbl

Uncno Bble3fHbIX TYPUCTOB

YuncneHHOCTb ropoACcKoro
HaceneHma

LeHeXxHble 40X0Abl
HaceneHus

MHoCTpaHHble MHBECTULLUN

MHocTpaHHbIe
WHBECTULMW B TPAHCMOPT

MHBECTUL MK B TPAHCNOPT
MHpeke LeH Ha noTpe6u-
Tenbckue ycnyru (Cps)
MHAEKC LeH Ha ycnyru
BO3AYLWIHOro TpaHcnopTa
(Cpat)

LleHa Ha HepTb MapKu
Brent (Op)

CpepfHAas 3KCNopTHas LeHa
Ha He(TenpoayKThl (Ep)

BHYTpeHHWe 3aTpaThl Ha
HWOKP (R & D)

O6beM BbIMOMHEHHbIX
Hay4YHO-TEXHUYECKUX
pa6boT (Vw)

nepeBe3eHHbIX

OKOHuaHue Tabn. 3
Ending table 3

O6bem Bbipyuka oT
NnepeBO30K NACCaXMpPoB,

3KCMOPT TPAHCMOPTHbIX
YCNYT BO3AYLIHOMO

Pacxofibl N0 NepeBo3kam
naccaxupos, rpy3os

naccaxupos rpPy30B U NOYThbI TpaHcnopTa N NOYTOBbLIX OTHpaBHEHMVI
0,450 0,003 0,125 - 0,040
0,010 - 0,182 0,215 - 0,250
0,605* 0,512 0,508 0,529
- 0,250 0,752** 0,228 0,792**
- 0,445 0,022 0,065 0,042
0,107 0,360 0,341 0,383
- 0,285 0,078 0,207 0,092
- 0,509 0,051 0,056 0,083
- 0,410 - 0,280 0,002 - 0,289
0,378 0,243 0,164 0,257
0,247 0,037 0,117 0,076
0,589* 0,162 0,243 0,173

MpumeyaHmne. YpoBeHb 3HAUYMMOCTU (p-ypoBeHb) no SPSS 17.0: *- p <0,05; ** - p < 0,01. 3HaueHNsa KoahuLMeHTa Koppe-
naymm no mogynto 6onee 0,5 oTobpaxkeHbl cepbiM LBeTOM, 60siee 0,75 - TEMHO-CEPbIM LIBETOM.

Tabnuua 4

pynnupoBKa (pakTopoB pPasBUTKSA BO3AYLLHOMO TpaHcnopTa B Benapycu

pynna hakTopos

[naBHble

JononHuTeNnbHbIE

BTopocTeneHHble
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Table 4

Grouping of development factors of air transport in Belarus

HanmeHoBaHMe nokasaTens
[eHexHble 4OX0A4bl HACENEHUS, MIH py6.
MHocTpaHHble UHBECTULMK, MAH gonn. CLUA
O6beM BbIMOMHEHHbIX HAYYHO-TeXHUYECKUX paboT, MaH gonn. CLUA
MHeKC LeH Ha ycnyru Bo3fyLWwHOro TpaHcnopTa
Yuncno Bbe3gHbIX TYPUCTOB, ThIC. Yen.
Yuncno Bble3fAHbIX TYPUCTOB, ThIC. Yen.
3aHATOE HaceneHue, yen.
YNCNEeHHOCTb FOPOACKOr0 HaCefeHus, Yen.
MHOCTpaHHble MHBECTUL WK B TpaHCNOPT, MAH gonn. CLUA
MHBecTMUMM B TpaHcnopT, mAaH gonn. CLUA
MHpeKc LeH Ha NOTpebuTeNnbCKue ycnyru
LleHa Ha He(hTb Mapku Brent, gonn. CLUA 3a 6appensb
CpefHAs aKCnopTHas UueHa Ha HeTenpoaykThl, gonn. CLUA 3a 17

BHyTpeHHue 3aTpatel HA HWOKP, maH gonn. CWWA
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CnefyeT OTMETUTb, YTO KOPPENauua ¢ MHAEKCOM 06beMa MepeBe3eHHbIX NaccaXnpos 3Ha4yMma Ha ypoB-
He 0,05, a 3TO fenaeT CBA3b MEXAY AaHHBIMU MOKa3aTeNMU CTaTUCTUYECKN BECOMOW.

3HayeHns KoahuLmMeHTa KOppenawumm Mexzay MHAeKcaMm MHOCTPaHHbIX UHBecTMuuia (Fi), ¢ ogHOM cTo-
POHBbI, BbIPYYKO M pacxofamu OT NepeBO30K NaccaKupos, rpy3oB U NOYTbl, C APYroii CTOPOHbI, COCTaBUAU
0,752 n 0,792 cooTBeTCcTBEHHO. Koppenaumsa 3Hauynma Ha yposHe 0,01, 4TO TakXe OTpaXkaeT ee BeECOMOCTb.
CnepoBatefibHO, MOXHO YTBepXaTb, YTO Ha pa3BUTMM BO3LYLLHOrO TPAHCNOPTa B CTPaHe MoOXUTE/bHO OT-
pasnTcsa KOHKYPEHLMA U NPUX0S Ha BHYTPEHHWUIA PbIHOK MHOCTPaHHbIX aBUaKOMMaHWiA.

K gononHuTenbHbIM hakTopaMm OblIM OTHECEHbl MHHOBALMOHHAA cpefa, rocyfapCcTBeHHas MOHeTapHas
NOMNTUKA N MEXAYHapPOAHbI Typu3M. 3HauyeHMe KO3PPuLMeHTa KOPPensuum Mexmny WHAeKcaMu ob6be-
Ma MNepeBe3eHHbIX MacCaXXMpoB N 06BLEMOM BbIMOSHEHHbIX Hay4YHO-TEXHUYECKMX paboT cocTasnseT 0,589.
HHOBaLMOHHasa cpefa BNAWUsET Ha 3PPEKTUBHOCTb M 6€30MacHOCTL paboThl BO3AYLLIHOIO TpaHcnopTa nyTem
pa3paboTKW U BHEeLPEHMNS COBPEMEHHbIX a3POHaBUraLMOHHbIX TEXHONOMUIA, pa3NUYHOr0 NPOrpaMMHOro obec-
MeyeHns, HanpaBfeHHOro KakK Ha MoBblleHWE 3PPEKTUBHOCTM paboTbl OTpacan, Tak U Ha yA06CTBO B Nony-
YeHUN NHGopMaLmm NoTpeduTenem.

KoatpgmuymeHT Koppensayum - 0,509 oTmeuvaeTcs mexay MHAEKCOM 06bema MepeBe3eHHbIX MaccaXunpos
M MHOEKCOM LIEH Ha YCNyru BO3AYLIHOrO TpaHcnopTa. ITO YKa3blBAET Ha Hainmume 06paTHOWN CBA3WN MEXIy
JaHHBIMW MOKa3aTeNnsiMu, T. €. YeM Bbllle 3HAUYEeHUs LEH Ha YCyru BO3AYLWIHOrO TPaHCMopTa, TeM MeHbLUe
06beM MepeBe3eHHbIX MacCaXMpPoB JaHHbIM BUAOM TpaHCNOPTa, 1 HA060pOT.

O6paTHas Koppenswms aKcnopTa TPAHCNOPTHBIX YCNYr BO3AYLUIHOrO TpaHcnopTa ¢ nokKasaTefieM YUC/eH-
HOCTU BbE3XKAKLWMNX TYPUCTOB cocTaBnseT - 0,629. 3T0 06bACHAETCA 3aBUCMMOCTLIO BO3AYLLUHOIO TpaHcnopTa
0T MeXAYHapOoHbIX TYPUCTCKMUX NOTOKOB. HECMOTPS Ha HU3KOE 3HaYeHre KO3th(hMLMeHTa KOppensauum Mexay
YNC/IOM Bbl€3fHbIX TYPUCTOB M 0OBLEMOM MEPEBE3EHHbIX MACCAXMPOB, AaHHbIV MOKa3aTe/b, MO MHEHUIO aB-
TOPOB, TaKXXe CTOMT BKNKOUMTb B ONONHUTENbHbIE (PAKTOPbI, MOCKO/LKY B MOC/efHee BPeMS aKTUBHBbIA pOCT
MeXyHapo4HOro TypusmMa 61aronpuaTHO CKasblBanCcs Ha pasBUTUM BO3AYLUHOro TpaHcnopta. OAHUM U3
NpUMepoB ABNSETCA YBEMYEHNE NaccaXXMpoobopoTa nocne BeefeHNs 30-4HEBHOro 6e3BM30BOr0 pexunma s
MHOCTPaHHbIX rpaXaaH, npubbiBwinx B benapych yepes HaumoHanbHbIl aaponopT MUHCK.

[na rpagmyeckoro oTpaxeHus BAUAHUS (HhaKTOPOB NoKasaTenun no KoapgpuumeHTy MupcoHa 6biam HopMa-
NN30BaHbl NyTeM UX BO3BeAEHNSA B MOAy/b (puc. 1).

Puc. 1. Mpadrueckas nHTepnpeTauus rpynn paktopos (FNaBHbIX U JONOMAHUTENbHBIX),
BNVAIOLLMX HA Pa3BMTHE BO3AYLLIHOTO TpaHcnopTa Pecny6nuku Genapych

Fig. 1. Graphical interpretation of groups of factors (primary and secondary)
affecting the development of air transport of the Republic of Belarus

B Lenom npoBefeHHbI aHan3 NoKasan LOMUHUPYIOLLEe BNIMSIHUE AOX0A0B HACENeHNs Ha pasBUTME BO3-
AyLWHoOro TpaHcnopTta B Pecny6nuke Benapycb. OT 3TOro HanpsiMyto 3aBUCUT BO3MOXHOCTb HaceneHus uc-
Mo/b30BaTh JOPOrOCTOSALLMIA BO3AYLLIHbIA TPAHCMOPT A4S OCYLLECTBEHNS KaKUX-/IMBO NepemeLLeHNiA.

PacueTbl 1 aHann3 MHAEKCA AOCTYMHOCTM MACCAXMPCKUX aBManepeBo30K MoKasaiu, YTO COracHo ClLieHa-
puio 1 JOCTYMHOCTW YCNYT NacCaXXMPCKMX aBManepeBo3oK C LEHTPOM NpefocTaBneHus ycnyr B HaumoHanb-
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HOM a3ponopTy MUHCK Ha TEPPUTOPUU CTPaHbl BbIAENATCSA YeTbIpe rpynrbl PalioHOB - C BbICOKWM, CPEAHUM,
HW3KMM W 0YeHb HU3KMM MOKa3aTeNsiMu MHAEKca JoCTYNnHOCTW. MpeobnaaatoLlein aBnseTcs rpynna ¢ HA3KUM
YPOBHEM AOCTYMHOCTMN NAaCCaXXMPCKMX aBManepeBo3okK - 6onee 60 % painoHoB (Tabn. 51 6), 4TO 06bACHAETCA UX
MeHee BbIFOAHbIM reorpatMyeckum nonoXKeHNeM Nno OTHOLLEHUIO K HaloHabHOMY asponopTy MUHCK.

Tabnuya 5

CTpyKTypa agMUHUCTPaTUBHbIX painoHoB Pecnybnukn Benapycb
Mo UHAEKCY AOCTYNHOCTM NacCaXXMpPCKMX aBmnanepeBo3ok (2013-2017)

Table 5

Structure of administrative regions of the Republic of Belarus
by the index of accessibility of passenger air transportation (2013-2017)

0,009 rpynnbl Mo KONMYecTBY paitoHoB, % (f0NS rpynnbl N0 YACIEHHOCTY HaceneHus, %)

Homep cueHapus op Bbicokuit CpeaHuii Hu3akuii OuyeHb HU3KWMI
(1A > 0,45) (0,30 < 1A < 0,45) (0,15 < 1A < 0,30) (IA < 0,15)
N 2013 2(22) 29 (32) 63 (44) 6(2)
CueHapuit 1
2017 2(22) 29 (25) 62 (50) 7(3)
2013 2(22) 37 (43) 60 (34) 1(1)
CueHapuii 2
2017 2(22) 35 (37) 62 (40) 1(1)
. 2013 4 (34) 68 (57) 28 (9) 0 (0)
CueHapuii 3
2017 3(27) 69 (61) 28 (12) 0(0)
Tabnuuya 6
Tunonornyeckune nokasaTenu rpynn paiioHoB Pecny6anku Benapycb
no cLueHapusaM AOCTYMHOCTU NacCaXXMPCKUX aBUanepeBo3okK
Table 6

Typological indicators of groups of regions of the Republic of Belarus
by scenario of accessibility of passenger air transportation

Tunonornyeckne nokasaTenun ana cLueHapues

[pynnbl palioHoB
MnoTHoCTL

CueHapuii log M0 MHAEKCY CpepfHss 3apaboT-  M10THOCTb Hace- PaccTosiHune
aBTOMOGU/IbHBIX
A0CTYNHOCTK Has nnaTa, pye. NeHus, yen./KM2 [0 a3ponopTa, KM
fopor, KM/Km2

BbICOKUIA 6394,8 740,7 79,4 0,26
CpepHuit 4772,6 41,7 126,3 0,37

2013
Hwn3kui 4479,1 33,9 195,7 0,44
OYeHb HU3KNI 3900,1 20,7 300,0 0,53

CueHapuin 1 .
BbicoKkuii 1130,5 740,7 79,4 0,26
CpepgHuii 759,7 34,7 125,5 0,37
2017 .

Huskni 703,9 38,3 193,5 0,44
OueHb HU3KUIA 617,0 19,5 290,4 0,52
Bbicokuit 6394,8 740,7 79,4 0,26
CpegHuii 4781,8 46,6 120,2 0,38

2013
Hwuzknit 4338,3 28,5 170,6 0,45
. OuyeHb HU3KNI 3620,5 14,5 2729 0,49

CueHapuii 2

Bbicokuii 1130,5 740,7 79,4 0,26
CpefHuii 762,4 41,6 118,6 0,37

2017
Hwnsknit 680,4 32,6 171,2 0,45
OyYeHb HU3KUI 576,8 12,4 304,2 0,41
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OKOHYaHue Tabn. 6
Ending table 6

Tunonoruyeckune nokasaTenu Ans cueHapues
[pynnbl palioHoB

CueHapuii Fog no nHAekcy CpepHsist 3apaboT-  MNOTHOCTb Hace- PaccTosiHue flnoTHocTh
aBTOMOGW/bHbIX
A0CTYNHOCTK Has nnarta, pye. NeHnst, Yen./KM2 [0 asponopTa, KM
fopor, Km/Km2
Bbicokuit 5963,1 336,9 44,0 0,34
CpepgHuii 4611,8 36,7 80,7 0,39
2013 .
Hwn3kuni 3920,8 17,6 124,7 0,50
OueHb HU3KNIA - - - -
CueHapuii 3
Bbicokuii 1075,9 350,6 54,1 0,31
CpepgHunit 730,0 38,9 79,5 0,39
2017
Hwn3kuni 623,3 21,7 125,3 0,50

OuyeHb HU3KNI - - - -

eorpadmuecku 3Ta rpynna paioHOB KOHLEHTPUYECKM pa3meLL,aeTcs BOKPYT Npeabiaywmx rpynn c 6onee
BbICOKMMW MOKa3zaTensMm nHaekca 4oCTYNHOCTM NaccaXXMpPCKMUX aBranepeBo3oK. B rpynny ¢ BbICOKUM YpOB-
HeM JOCTYMHOCTU NAcCaXXUPCKUX aBmanepeBo3oK BOLW M I. MUHCK 1 CONMIOPCKUIA paiioH, YTo 06bACHSAETCS
NX reorpagymuecknmM nosoXKeHeM B LieHTPe CTpaHbl Y OfHUM U3 CaMbIX BbICOKMX YPOBHEN 3apaboTHON nna-
Tbl B cTpaHe. CpeAHUM ypPOBHEM JOCTYMHOCTM 06/1afaeT NPaKTUUECKN KaXKAbl TPETUA afMUHNCTPATUBHBIN
paiioH Benapycu. 'pynna Bk/OYaeT B ceba NpakTUYeCKn Bce painoHbl MUHCKOW 061acTy, UTO CBSI3aHO C KX
HenocpesCTBEHHOM reorpauyeckoil 6M30CThi0 K HaunoHansHOMY asponopTy MuHck. B 3Ty rpynny Takxke
BXOAAT paiioHbl Apyrux obnactei, npuMbIKatoLwmx K MUHCKo 061actn nmbo o6najatoLmx pasBuTol TpaHe-
NMOPTHOWN MH(PacTPYKTYpol (puc. 2). OYeHb HU3KUIA YPOBEHb AOCTYMHOCTU MAaCCaXMUPCKUX aBManepeBo3okK
XapaKkTepeH ansi McTUCNaBCKOro 1 XoTMMCKOro paiioHoB Mormnéeckoi obnacti, CBMCNOYCKOrO, 3eNbBeH-
CKOro paiioHoB 'poaHeHcKoi, KameHeLkoro, »XabnHkoBckoro, Masoputckoro n JpornynHcKoro paioHoB
BpecTckoii n JToeBCKOro - "OMefbCKoi 061acTh. 3TO CBA3aHO C MX reorpadryeckoii yaaneHHOCTbIO OT LLeHTpa
npefoCTaBeHUS aBNATPAHCMNOPTHBIX YCYT, & TAKKe HU3KMMMU LOXOA4aMMN HaCeNeHus.

B cOOTBETCTBUM CO CLIEHAPWEM 2, KOTOPbIA, NOMUMO HaunoHansHOro aspornopta MUHCK, BKOYaeT B cebs
Takke asponopt BunsHioc (VNO), KayHacckuii mexayHapofHblid asponopt (KUN), BapluaBckuii Mexay-
HapoAHbI/ aaponopT umeHn dpegepuka LLoneHa (WAW), asponopT JSlto6nmH (LUZ), asponopT Kues umeHu
Wrops MBaHoBmua Cukopckoro (IEV), npec6nagatoLeit Takxke ABNSETCA Fpynna c HU3KUM YPOBHEM A0CTYM-
HOCTU MacCaXXMpPCKUX aBnanepeBo3ok (6onee 60 % paitoHOB) (cM. puc. 2). OgHaKO YBe/MUMBaeTCs 40N paio-
HOB CO CPeHUM YPOBHEM AOCTYMHOCTM (60nee 35 %), UTO MOXHO 00BACHUTb NX 60MbLUEN reorpadnyecKoit
6/11M30CTbI0 K a3ponopTam CTpaH-cocefelt, YeM K HaumoHansHOMY asponopTy MuHcK. B aTy rpynny Bowwu
NpaKkTUyeckn Bce panoHbl MuHCKOW 06nacTu, a Takxe 9 painioHOB TOMeNbCKOW (rpaHuyalLme ¢ YKpavHOM,
a TaKxe XXnobuHckuin, Peunukunii, CeeTnoropckuii), 6 - bpectckoli (bapaHoBuuckuid, bpectckuid, MaHue-
BUYCKWIA, VBaLeBUYCKUIA, JTYHUHeUKUA n CTONUHCKWUIA), 5 - Morunésckoii (BenbiHnYckuin, Bobpyiickuii,
Knnyesckuit, Morunésckmii u OcunoBuYckuii) n 5 - 'pogHeHcKoi (MpoaHeHCKWiA, Jnackuii, OCTPOBELKIIA,
OwMsAHCKMIA, CMOProHCKKiA) obnacTeit, a Takke LOKLWnUKKiA 1 MoNouKNUiA paiioHbl BuTebCKoi obnacTtu.

Kak v B npegplayLiem cueHapun, B 2017 r. BapaHoBUUCKUA 1 MOTUNEBCKMIA paiioHbI MEPEMECTUIUC B rpyn-
My C HU3KMM YPOBHEM [JOCTYMHOCTU NacCaXMPCKMUX aBManepeBo3ok. B rpynny ¢ BbICOKMM YPOBHEM AOCTYMHO-
CTW BOLL/IM TaKXe, KakK 1 B npefblayLieM cueHapmu, r. MuHcK 1 Conuropckumin painoH. OueHb HU3KUIA YPOBEHb
[OOCTYMHOCTM MaccaXmMpCeKmx asmnanepeBo3ok B 2013 r. mpy JaHHOM cLeHapum Obl1 XapakTepeH ans McTucnas-
CKOro 1 X0TUMCKOro paiioHoB Morunésckoii o6nactu, a B 2017 r. - TOMbKO 415 XOTUMCKOro paiioHa (CM. puc. 2).

CueHapwin 3, KOTOpbIA NpefCcTaBASeTCA NePCNEKTUBHBIM U BK/OYAET B CeOS BCE PErMOHa/bHbIE a3ponopThbl
CTpaHbl Kak LIeHTPbl NpefoCcTaBeHNa YCNYT aBuaTpaHcnopTa, XapakTepusyeTcs NPUHLUNMANLHBIM OT/IMYMEM
OT MpefblayLmx. B coOTBETCTBMM CITUM CLeHapuem npeobnafatoLLeli ABNSeTCa rpynna paioHOB CO CpeLHUM
ypoBHeM gocTynHocTu (okosio 70 % paiioHOB). Meorpagmyeckmn fjaHHas rpynna TAroTeeT K BOCTOKY U HOro-
BOCTOKY CTpaHbl, YTO 06BACHAETCS PACnoNoXKeHNeM 34eCb 6ONbLIErO KOMMYECTBA PErMOHabHbIX a3ponopToB.
MpaKTUYECKN KaXKabliA TPETUI paiioH BOLLIEN B FPYNMY C HU3KUM YPOBHEM AOCTYMNHOCTM. OTCYTCTBYHOT paio-
Hbl C OYEHb HWU3KMM YPOBHEM AOCTYMHOCTM MaCCaXXMPCKUX aBUanepeBo30K. B rpynny ¢ BbICOKUM YPOBHEM
poctynHocTy B 2013 T. BOLWAW He TOMbKO I. MUHCK 1 CONUIOPCKUIA palioH, HO U MPOMbILLIEHHO Pa3BUTbIE
BpecTckuil, FoMenbCKNiA 1 Peuniknidi paioHbl, 4TO 06BACHSAETCA NPU AaHHOM CLeHapuu CYLLeCTBEHHbIM
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N3MEHEHWEM UX TPAHCMOPTHO-reorpaymyeckoro rnosIoKeHnsl, a TakKe OTHOCUTESIbHO BbICOKMMU [0X04aMu
HaceneHus. B 2017 r. B pe3ynbTarte yKazaHHbIX KPU3UCHbLIX NPOSABAEHWI TOMeNbCKWI paioH YXYyALINA CBOe
3KOHOMMWYECKOE MOM0XeHWe 1 nepeLlen B rpynny co cpefHUM YPOBHEM AOCTYMHOCTM NacCaXKMpPCKUX aBua-
nepeBo30K.

2013 r. 2017 r.

KUN

1EV

YpoBeHb JOCTYMHOCTY NacCaXMPCKUX aBuanepeBo3oK
O Bbicokunid (1A 0,45) O Humskuit (0,15 1A< 0,30)
I 1cpegHuii (0,30 1A<0,45) O oyeHb Hu3kuii (IA < 0,15

Puc. 2. M'pynnupoBska paiioHoB Pecny6nmku benapycb no ypoBHIO
[OCTYMHOCTM MacCaXXMpCKNX aBmanepeBo3ok

Fig. 2. Grouping of regions of the Republic of Belarus by the level
of accessibility of passenger air transportation

KonunyecTBeHHas MHTepnpeTawus pesynbTaToB MCCef0BaHUS NO3BONSET cAenaTb HEKOTOPbIE YTBEPXKAEHUS:

* BO-MEPBLIX, MO MePe NPOABUXKEHUS MO CLEHApUsM OT MepPBOro K MOC/NeAHEMY CHUXAETCS NMoKasaTe/lb aM-
NAUTY bl COBOKYMHOCTY NPV OAHOBPEMEHHOM YBENMYEHNI CpeaHel apudMeTMUecKoli 1 MeauaHbl, 4To NO3BO-
NsieT roBopuTb 06 06LLEM YNYULIEHUN OCTYMHOCTY YCNYT BO3AYLIHOrO TpaHCMNOpPTa A/l HACeNeHMs CTPaHbI;

* BO-BTOPbIX, BO BCEX CLEHApWsX NMoKasaTenu cpeHeit apuimeTyeckol 1 MefimaHbl SBASIOTCA 6IU3KAMK,
4TO CBUAETENbCTBYET O PABHOMEPHOCTU pacnpefeneHnsi COBOKYNMHOCTU OTHOCUTENIbHO CPeAHEro v oTCyT-
CTBUW IBHOV PErMOHaNbHOW ANCKPUMUHALMM HaCeNeHUs B NPeoCTaBNeHNN YCNYT BO3AYLIHOMO TPAHCNOPTa;
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* B-TPETbUX, KOIPPULNEHT BapMaLmm BO BCEX CLEHAPUAX HAXOAMTCA Ha OTMeTKe Huxe 0,33, 4To rosoput
0 HU3KOM pernoHasbHOM HEPaBEHCTBE MO YPOBHIO JOCTYNHOCTM NacCaXMPCKUX aBmanepeBo3ok, KOTOpoe npu
3TOM 6yZeT HaMMeHbLUMM NPU peanusaLny NocneLHero NepcnekTUBHOrO CLeHapus.

CpaBHUTE/bHbI aHan3 Tpex CLeHapueB MO3BONA YCTaHOBUTL CleAytoLLne NPOCTPaHCTBEHHbIE 3aKOHO-
MepHOCTMK:

1) BbICOKWIA ypOBEHb JOCTYMHOCTM MACCaXMPCKUX aBMarepeBo30K COXpaHsieTcs B Tpex cueHapuax B Co-
NNTOPCKOM paiioHe 1 . MuHcke. JaHHas cuTyaums CnoXunach U3-3a BbICOKMX Nokasateneii cpefHei 3apaboT-
HOW nnaTbl;

2) npu cueHapusx 1 n 2 npeobnajarolleli B CTPYKType ABASETCS TPynna painoHOB C HU3KUM YPOBHEM
[LOCTYNHOCTW, MpK CLeHapum 3 - CO CPeaHUM, YTO JenaeT ero Hanbosee nepcrnekTUBHLIM. Takas CTPYKTypa
06BACHAETCH YBENIMYEHUEM reorpamyeckoin 61M30CTH, OTPaXeHHON NoKa3aTesieM pacCTOAHWSA 40 a3ponopTa,
OT cueHapus 1K cueHapuio 3;

3) B 2017 1. npu cueHapmm 1orpaHnyeHHyY0 4OCTYNHOCTb (3HAYEHUS MHAEKCA OUYEeHb HU3KME NNBO0 HU3KKE)
nmetoT 6onee 50 % HaceneHms cTpaHbl U 0kono 70 % pailoHOB, Npu cueHapuun 2 - 6onee 40 % HaceneHus
n 6onee 60 % palioHoB, Npu cueHapumn 3 - 6onee 10 % HaceneHus cTpaHbl U meHee 30 % palioHOB, YTO 06bSC-
HAETCA YBe/IMYeHMeM reorpauyeckoii 611M3ocTuy paitoHoB. MofobHas CTPYKTYpa paccMaTpuBaeTcs HaMm Kak
[OCTaTOYHbIN apryMeHT N5 COBEPLUEHCTBOBAHNSA aBMaTPaHCMOPTHOW CETU C MUCNO/b30BaHNEM BO3MOXHOCTEN
pernoHasnbHbIX a3ponopToB U NOTEHLUMANbHBIM PA3BUTUEM OTEUECTBEHHOIO PerMoHaIbHOr0 aBUacoobLLEeHNS.

3a2013-2017 rT. pernoHasnbHas 4OCTYMHOCTb MacCaXXMPCKMX aBuarnepeBo30K B CTpaHe yXyAwmnnack B oc-
HOBHOM M0 MPUYNHE CHVKEHWSA YPOBHA [OXOA0B HaceneHus. ['NaBeHCTBYIOLLEe 3HaYeHWE YPOBHA U KavyecTBa
XXU3HW HaceneHus AN pasBUTMS BO3AYLUHOro TpaHcnopTa 06YyCNOBAMBaeT BbICOKME MO3WULUKW B aBMaTpaH-
CNOPTHOWM AOCTYMHOCTU HEKOTOPbIX afMUHUCTPATUBHLIX paiioHOB (Conuropckuid, MNonoukuin, Mo3bipcKuid,
YKNoGUHCKWUIA 1 ap.), HECMOTPSA Ha UX MEHee BbIr0AHOE 3KOHOMMKO-reorpatmyeckoe nosoXeHme.

TpeHWe npocTpaHcTBa (reorpauyeckoe NOMOXKEHME N MH(PACTPYKTYpa) 06bACHSAET 6onee BbICOKYH A0-
CTYMHOCTb 151 HaCeNeHNsl aBMaTPaHCMOPTHBIX YCAYT PalioHOB BHYTPEHHEN nepudepnm gaxe No CPaBHEHMWHO
CO MHOTMMU 061aCTHBIMW pernoHaMun. HanmeHbLas OCTYNHOCTb MacCaXXMPCKUX NMepeBO30K XapakTepHa s
Morunnésckoii n 'pogHeHcKol o6nacTeid, 4TO 06yCNOBAMBAET HEOOXOAMMOCTL Pa3BMTUSI PEFMOHANBHOIO aBna-
coo6LweHus.

3aK/rueHune

MpoBefeHHbIM aHaNM3 (HaKTOPOB Pa3BUTMS aBMaLMOHHOrO TpaHcnopTa B Pecnybnunke Benapycb no3Bo-
NSET KOHCTATMPOBaTb OMpefenstolwyto pofib B HEM [EHEXHbIX AOXOA0B HACeNeHUss U UHOCTPAHHbIX UHBE-
CTULMIA, 4TO OTpaXKaeT MNOTEHLMANbHbIA CPOC HA YCNYrW, a TakXe CTerneHb BOBEYEHHOCTU CTPaHbl B MUPO-
Bble rnobanbHble npouecchbl. K 4OMONHWUTENbHBIM (haKTOpam OTHECEHbI pa3BUTUE MeXAYHapo4HOro Typu3ma,
06beM BbIMOMHEHHbIX HAYYHO-TEXHUYECKUX PAabOT U LieHbl Ha YCyru BO3AYLIHOMO TpaHCnopTa.

MpoBefeHHOE 1CCnefoBaHWe BbISBUIO C Y4eTOM cleHapueB 1u 2, uto B Pecnybnvke Benapych 60 % af-
MWUHUCTPATUBHbIX PalioHOB, UAKN O0KOO 40 % HaceneHusl, XapakTepusytoTcs OrpaHNUYeHHbIMWU BO3MOXHOCTS-
MW B MOTPe6NeHnn yCnyr BO3AYLUHOro TpaHCNopTa, YTo TpebyeT AMBepcUpUKaLMM KONNYECTBA NePEBO3UNKOB
1 6011€e UHTEHCMBHOIO MCMNO/b30BaHNS CYLLECTBYIOLLE aBUaTPaHCNOPTHON MH(PaCTPYKTYPbI.

Pe3ynbTaThbl UCCNe[0BaHUA AalOT OCHOBaHWE FOBOPUTb O CNaboM y4yeTe B/IMSHUA 3KOHOMUKO-reorpagu-
YeCKUX (hakTOpOB Ha (PYHKLMOHMPOBaHWE BO3AYLUHOr0 TpaHCnopTa B CTpaHe. Tak, Hann4yue LWecTU LEHTPOB
npefocTaBneHNs aBuaTpaHCnopTHbIX yCnyr (CLueHapuii 3) MO3BOAUT YBENUUYUTL UX AOCTYMHOCTb HACENeHUIO
1 BMOCNEACTBUM UX MOOUMLHOCTL. [laHHbI pe3ynbTaT cornacyetcs ¢ peanusauueid B Pecny6nuke benapycb
¢ 2018 r. KoHUeNuun pasBnTus 061aCTHLIX asponopToB. MepBblid 3Tan ee peanu3alnn BKIKOYAET BbINOSHEHNE
VMU YapTePHbIX PelicoB, BTOPOM - 60/1ee akTUBHOE pa3BUTME NOJSIETOB aBMaLMm 00LLEero HasHayeHus n 6usHec-
aBualmmn, TPeTUin - pas3BuTHEe PErynsipHOro BO3AYLLIHOrO COOBLLEHNA CUIaMm Kak 0TeUYeCTBEHHbIX, TaK U UHO-
CTPaHHbIX aBMALMOHHBLIX NEPEBO3UYNKOB. ITU MEPONPUATUA HanpaB/ieHbl HA COBEPLUEHCTBOBAHME aBuaTpaH-
CMOPTHOI CeTU U NO3BOJAT NOBLICUTbL AOCTYNHOCTL NACCAXMPCKUX aBuanepeBo3ok B Pecny6nnke benapych.
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OKOHOMWKO-FTEOITPA®UNYECKNA AHANN3 CTPYKTYPbI
MNMPNAOPOXHOIO CEPBVCA PECIYBJ/IMKW BEJTAPYCb
HA MPUMEPE MAIMCTPAJIbHbIX ABTOMOBW/1IbHbIX AOPOI

0. M. KOPOTbIW A H. C.WLENET?)

Benopycckuii rocyfapcTBeHHbIA yHuBepcuTeT, np. HesasucumocTwn, 4, 220030, r. MuHck, benapycb
NB5eNnopyccKuini rocyaapCcTBEHHbIi 3KOHOMUYECKWI YyHUBEPCUTET,
np. MapTwu3aHckuii, 26, 220070, r. MuHck, Benapycb

PaccMoTpeHa XxapakTepuCcTUKa TeppUTOPManbHbIX Pa3nnymnii NpULOPOXHOIo CepBMnCcCa HA MarucTPaibHbIX aBTOMOOUIb-
HbIX goporax Pecny6nukun benapych 3a 2015-2019 rr. B HacTosAwee BpeMs Nnpo6aemMbl co3gaHNA, PYHKLUOHUPOBAHMWA
M NOBbILWEHNA 3PHEKTUBHOCTN pab0OTbl 06BEKTOB NPULOPOXKHOT0 06CNYXMNBAHWUS LWUMPOKO NpeAcTaB/eHbl B UCCNE[0BaHNAX
YUYEHbIX-9KOHOMUCTOB, 04HAKO BONPOC TEPPUTOPUANbHON OpraHn3aLnum NnpuaopPoXXHOro ceppmca HeoCTaTOYHO U3yYyeH
B reorpamyeckoin Hayke. Lienb paboTbl - 3KOHOMWKO-reorpamnyecknini aHann3 NPoOCTPaHCTBEHHbIX Pasnnyunii n 3ako-
HOMEPHOCTEN pa3BUTMA yCNYT NPUAOPOXHOIO CepBMCa Ha MarncTpanbHblX aBTOMOGUNbHBIX goporax benapycu n npeg-
NOXEHWE NPUOPUTETHBLIX HANPaBNEHWUA UX PACLIMPEHMNSA C YUeTOM 3KOHOMMUKO-reorpanyeckmnx (GakTopoB U BbIABNEHHbIX
3aKOHOMepHOCTel. MpeacTaBneH CPaBHUTENbHbIA aHaNn3 NPUAOPOXHOIO CepBMCa MArMCTpanbHbIX aBBTOMOOUbHbLIX 40pOT
1N paccMOTpeHbl 3KOHOMUKO-reorpauyeckme GakTopbl, 06ycnoBnnUBaloLL e pa3BUTUE €0 CETU. Y CTaHOB/IEHbI 3aKOHOMEP-
HOCTU TeppuTOpManbHoOM guddepeHLumaLMm NpuAOPOXHOIo cepenca. MisyuyeH Bonpoc KOMMNAEKCHOCTU cepBuUca, Kotopas
BblpaXaeTcs B KOIMYECTBE BUAOB MPUAOPOXHBIX YCAYT Y Pa3BUTUN MHOTOPYHKLNOHANbHbIX 06BEKTOB, Ha KOTOPbIX
MOXeT OblITb OKa3aHO NATb U 60/nee BMAOB ycayr. HayyHas HOBM3HA UCCNef0BaHUA 3aK104YaeTca B TOM, 4TO BMepBble
B Pecny6nuke benapycb 6bina npefnoXKeHa 3KOHOMUKO-reorpaguyeckas TUNONOrMs MarncTpanbHbiX aBTOMOOUIbHBIX
[OpOr No TUNY CTPYKTYpPbl YCAYT NPUAOPOXHOI0 CepBuca U NPUHAANEXHOCTWN K TPaHCbeBPONENCKUM TPaHCNOPTHbLIM
Kopugopam. LLeHHOCTb AaHHOro UccnefoBaHWsA COCTOMT B ONpefeseHUN NMPUOPUTETHbLIX HanpaBieHWn pasBUTUSA Npu-
[LOPOXHOIo CepBMca MarncTpanbHblX aBTOMOOGUNbHBIX LOPOT C YYETOM BbIAIBIEHHbIX OCOOEHHOCTEW CTPYKTYpPbI YCAYT.

KntoueBble cnoBa: 3KOHOMMUYECKAs reorpadns; 3KOHOMUKO-reorpauuecknii aHanm3; NPUAOPOXKHbI CEPBUC; CTPYK-
Typa ycnyr; maructpanbHble aBTOMO6GUNbHbIE AOoporu; Pecny6nunka Genapyce.
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ECONOMIC AND GEOGRAPHIC ANALYSIS OF ROAD SERVICE
STRUCTURE OF THE REPUBLIC OF BELARUS
(ON THE EXAMPLE OF HIGHWAYYS)
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Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
[Belarus State Economic University, 26 Partyzanski Avenue, Minsk 220070, Belarus

Corresponding author: D. P. Korotysh (demitrio93@ mail.ru)

The article is devoted to the economic and geographic characteristics of territorial differences in roadside services
providing on the main roads of the Republic of Belarus of the 2015-2019. At present, the relevant issues related to the
problems, organization, functioning and increasing the efficiency of roadside service facilities are widely represented in
the studies of economists. However, the issue of the territorial organization of roadside service has not been practically
studied in geographical science. The aim of the work is an economic and geographical analysis of spatial differences
and patterns in the development of roadside services on the main roads of the Republic of Belarus and suggesting priori-
ty development areas, taking into account economic and geographical factors and identified regularities. The research
provides a comparative analysis of the roadside service in the main roads and economic and geographical factors which
determine the development of the roadside service network. Such factors include: traffic intensity, population of the ad-
ministrative region, transport accessibility of service facilities for urban residents, level of socio-economic development
of the region. The patterns of territorial differentiation of roadside services have been established, which are manifested
in a high concentration of objects and services in areas with high traffic, attraction to large cities and the state border. The
question of the service complexity, which is expressed in the number of roadside services types and the development of
multifunctional facilities, which provide 5 or more types of services, is considered. The scientific novelty of the study lies
in the fact that the research of geographical aspects of roadside services is performed for the first time in the country and
international aspects of the problem, an economic and geographical typology of main roads was proposed based on the
type of roadside service structure and belonging to trans-European transport corridors using the example of the Republic
of Belarus. The following typology enables to determine the underdevelopment of certain types of roadside services, such
as car service stations, car washes, and guarded parking lots. The value of this study lies in identifying priority directions
for the development of highways roadside service based on identified road services particularities: expanding the range
of roadside services on facilities territory, developing a network of secure parking lots, including for trucks, developing
multifunctional service complexes, providing paid and free self-service system services.

Keywords: economic and geographical analysis; roadside service of the Republic of Belarus; highways; type of ser-
vice structure; priority areas of development.

BBepgeHme

MpUAOPOXHLIA CEPBUC - KOMMNEKCHbLINA 06BEKT Chepbl YCNYr, KOTOPbIA BKAOYAET B ce6s Takue BUAbI Aesi-
Te/IbHOCTW, KaK TPaHCMOPT, PO3HWYHAs TOProB/s, TYpusM, O6LLECTBEHHOE MWTaHWe, TEXHWYECKMe, ObITOBbIE
ycnyru n gp. OH SBASETCA CNOXHbIM 06BEKTOM 3KOHOMUYECKUX, apXMTEKTYPHbIX, TEXHUYECKMUX UCCNeA0Ba-
HWIA B CUNTy pa3HO06pa3HbIX BUAOB CEPBUCHON AeATEIbHOCTM M (DaKTOPOB, ONpeAesoWwmnx nx pasMeLleHme,
(hYHKUMOHMPOBaHMe N pa3BUTME. SKOHOMUKO-reorpafuyeckas Hayka 061ajaet LWWAPOKUM METOAUYECKUM ar-
napaTtoMm A5 KOMMAEKCHOro MccliefoBaHna NPUAOPOXHOIo cepeuca (ero TeppuTopuanbHOW opraHmnsauumm,
CTPYKTYpPbI yCNyr, NoTeHUMana n pakTopoB pasBuUTus).

AKTYya/IbHOCTb M3YyYeHNs MPUAOPOXKHOIO CEpBUCA OMPeSenseTcs TeM, UTO OH BbICTYNaeT OAHUM W3 CTpa-
TernyecKmnx Hamnpas/ieHWn pa3BUTUS TPaH3MTHOIO NoTeHUnana Pecny6nmku Benapych, npuHocuT okono 30 %
[lOX0[0B OT TPaHCMOPTHbIX YCAyr, CNOCO6GCTBYET aKT1BM3aL MM aBTOMOOWUILHOIO Typu3mMa B cTpaHe [1].

MpnaopoxHsbIil cepsuc B benapycu passnBaeTcs B yCA0BUAX AU depeHLMaLm YACIEHHOCTH HaceNeHns,
YPOBHS COLNANbHO-3KOHOMUYECKOr0 pa3sBnTUS PErMOHOB, MHTEHCUBHOCTM ABUXXEHUS aBTOMOOWEN No Maru-
CTpa/ibHbIM [OpOram, Cnpoca Ha OTAeNbHble BUABI YCAYr, YTO TpebyeT NpUMEHEHNUSA TePPUTOPUaNbHOro Noa-
X0[a B U3y4eHUW JaHHON NPo6/eMbI.

MeToanka nuccnefoBaHmA

MeTof0N10rn4ecKoli 1 TEOPeTUUECKOR 6230/ nccnefoBaHNA CTanu aHanu3 PakTopoB, OnpefensoLnx pas-
BUTME CETU NPULOPOXKHOIO CEPBUCA; OLLEHKA 06eCneYeHHOCTN U YTOYHEHE HOPMaTUBOB pa3MeLLeHNs 06beK-
TOB W yCNYr; U3yyeHne BOCTPE60BaHHbLIX BUAOB YCAYT U NEPCNEKTUBHbLIX YUYaCTKOB /15 pa3BUTUSA KOMIMIEKC-
HOro MPWAOPOXKHOI0 06CNYXMBaHMS; pa3paboTKa PeKOMeHAAUWA MO MOBbILEHUIO 3HEKTUBHOCTM paboThl
NPUAOPOXKHOIO CepBuca.
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HomeHknaTypa ycnyr npuiopoXKHOro cepeuca 3aBUCUT OT psaga 06CTOATeNbCTB: NOTPeOHOCTU B yCNyre,
WHTEHCUBHOCTM ABVKEHUSA, NPOTAXKEHHOCTU U COCTOAHMSA LOPOrA, HOPMATUBOB pPa3MeLLeHNs 0ObEKTOB, yia-
NEHHOCTU OT KPYMNHbIX ropofoB, reorpamyeckoro U KynbTYPHO-UCTOPUYECKOTO 3HAYEHNS pernoHa. VIHTeH-
CMBHOCTb MNepesBKeHNs No Tpacce, YPOBEHb CEPBUCA Ha HE, HOMEHKNATYypa YCyr, OKa3biBaeMbIX KOMIMJIEK-
CaMu [JOPOXXHOIO CEpBMCa, 3aBUCAT OT TYPUCTUUECKOW OCBOEHHOCTU PErnoHa, ero KynbTypPHO-UCTOPMNYECKON
1 reorpahmyeckoit ueHHoctu [2].

Mogenb oLeHKY Beca (hakTOpOB B Liensx Bbibopa nnowafku ansa ctpoutensctsa A3C co3faHa B NpakTuke
MeXAYyHapOoLHbIX UccnefoBaHnid. Mo ux pesynbTaTtam Takme XapakTepuUCcTUKK, Kak MHTEHCUBHOCTb ABUXKEHUS
1 COCTaB TPAHCMOPTHOrO NOTOKA, Hanbonee 3Ha4YMMBbI. ["eorpamyeckoe NOOXKeHUe 3aHUMAeT BTOPOe MeCTo
1 BKNOYaeT 6AM30CTb K ropogam v notpebuTensm ycnyr. ®akTop KOHKYPeHUUWU NpeacTaBfieH rnokasareneM
konnyecTtBa A3C Ha usy4vaemoin Tepputopun [3].

B nccnefoBaHUy NpUAOPOXHOIO cepBuca JITBbI 6bIY BblAeNeHbl Ba TUNa NPULOPOXKHbLIX 30H OTAbIXA -
¢ 06cnyXuBaHveM 1 6e3 cepBmca. YUeHble npegsaratoT pasMellarh Takue 06beKTbl C yYETOM TUMNYHBIX pac-
CTOSIHWI PacnonoXeHns 30H OTAbIXa BAONb aBTOMAarucTpasieil. Knactepbl NpuaopoXHOro cepeuca, npefHa-
3HayYeHHble AN 06CNY>KMBAHUA TPAH3UTHBIX FPY30BbIX Y NACCAXUPCKUX TPAHCMOPTHLIX CPEACTB, MOrYT ObITh
pacnonoeHbl B y3/1ax aBTOMarncTpanein MexayHapoAHOro 3Ha4eHUs UK Ha yYacTKax MarucTpanbHbIX aBTo-
MOOGU/bHBIX JOPOT C BbICOKON MHTEHCUBHOCTLIO ABMXKEHUA [4].

CTouUT cornacnTbCs € aBTOpamy yKasaHHbIX UCCeA0BaHWIA NO YaCTU BblAENEHHbIX XapaKTepuUcTUK pas-
BUTUSA NPUAOPOXHOIo cepauca. OAHAKO AaHHbIN CNUCOK CnefyeT AOMOMHUTL (haKTopaMu YMCIEHHOCTU Ha-
CefIeHUA 1 YPOBHS COLMaNbHO-3KOHOMUYECKOr0 Pa3BUTUA agMUHUCTPATUBHOIO paiioHa, B NpeAenax KOTOporo
pacnonoXeHa aBTOMO6U/IbHAA MarncTpaib, NOAYEPKHYTb 3HAYMMOCTb reorpamyeckoro NonoXeHus o6beKTa
NPULOPOXKHOI0 CepBuca, ONpesenstowero HOMeHKNATYpy YCnyr.

B [5] ncnonb3oBaH COBPEMEHHLIN MeTof space syntax B 'VIC, 4To N03BOAU/IO ONpeaenuTb Hanbonee nep-
CMEKTUBHbIE YYACTKN TPaH3UTHbIX Aopor JIMTBbI 1 J1aTBUM A1S pasMmeLleHns 06beKTOB NPULOPOXHOro cep-
BMca. Hamu ycTaHOB/IEHO, YTO HEJOCTAaTKOM aHHOI0 MeTO/a ABNAETCH Bble/leHNe NePCrNeKTUBHbIX YYaCTKOB
415 pa3BuTUA NPUAOPOXHOIO cepBmca 6e3 yyeTa 0C06eHHOCTEN reorpadMyueckoro nofoXeHUs NaaHNpyembIxX
06bEKTOB, a N5 60nee feTabHOIO UCCNef0BaHNsA Ha3BaHHbIN (HakTop HeO6XOAMM.

Mo faHHbIM uccnefoBaHusa [6], Ha NOMLCKOM PbIHKE TPY30BbIX MEPEBO30K KaX[bl/ rof 0TMeyaeTcs CTa-
6WbHbIMA POCT, YTO MPUBOAMT K YBE/IMYEHMIO CMIPOCa Ha MPUAOPOXHOE 06Cy>KMBaHWE TPY30MepeBO3UNKOB.
B pe3ynbTaTe CpaBHUTENILHOIO aHaIN3a CYLLECTBYIOLMX U NPOTrHO3HbIX MOTOKOB 60/bLUErPY3HbIX aBTOMOOK-
Neli BbiSiB/IeHa HEOOXOAUMOCTL MOAEPHM3ALMUN CETU aBTOCTOSAHOK /11 HYXX/A AaHHOro BUAa TpaHcnopTa. YKa-
3aHHas paboTa npeAcTaBNseT UHTEPEC, NOCKOMbKY B Pecnybnnke Benapycb HabntofaeTcs cxoXas cuTyauus
C He,0CTaTOYHbIM KOMIMYECTBOM OXPaHAeMbIX CTOSHOK [1].

B nccnegoBaHMM 06eCneyeHHOCT 30HaMU OTAbIXa U 0OCNYXMBAHWSA WCMAHCKOM CEeTU MaTHbIX aBTo-
marucrtpaneii 6bl10 pacCuMTaHO CpefHee pPacCTOSHME MeXJy 30HaMu 06C/YXMBaHWUA, KOTOPOE COCTaB/seT
23,74 KM, a MeXfy OCTa/ibHbIMW TUNaMy 06bEKTOB - 19,18 kM 1 perynupyetcs HopMmaTusamu B 40-60 Kwm.
CpegHvie MaKCUMasbHbIE PACCTOSHUA A/15 30H 06CNMY>KMBAHWUA U 415 30H APYroro Tuna 06beKToB COCTaBNsAT
34,31 1 28,27 kM. MpaKTUYeCKN BCe 30HbI 0BCNYXMBAHUA BK/OYAKOT aBTO3aMpPaBoOYHYI0 CTaHLUUIO, 06bEKTbI
TOProB/W U NUTaHWA, KOTOPble YCTAHOB/EHbI Kak 6a30BbIli HAbop yCnyr NPpUAOPOXKHOIo cepeuca. TeM He me-
Hee Takue 00bEKThI, KaK AyLUeBble KabuHbI, MecTa /19 MUKHMKA, UTPOBbIe M/0LAaAKWU NS AeTel U KEMAWHIH,
MMETCS B HEGOMbLIOM KonuyecTBe [7]. OnpeaeneHne OCHOBHbIX BUAOB YCNYr CTano MeTOAMYECKOl 6a3oi
M3yYeHNs Hamu JaHHOIN TeMbl U MO3BOMWO BbIAENUTbL MOATUMbI CTPYKTYPbI YCAYT NPUAOPOXHOIO CepBuca.

B 3KOHOMMKO-Treorpauyeckmx UccnefoBaHnsaX NPUAOPOXHOro cepBmca MCNOMb3yeTcs MeTo4MYeckas oc-
HOBa reorpaguu TpaHCNopTa, B YaCTHOCTY BOMPOCHI TEPPUTOPUaNbHO OpraHn3aLmMm, TPaHCMOPTHOW JOCTy-
HOCTW, TEPPUTOPMATIBHOTO aHa/IM3a TPAHCMNOPTHbLIX CUCTEM.

TpaHCnopTHas AOCTYNHOCTbL B [8] onpeAeneHa Kak CUCTEMHbI/ MHAWKATOP MPOCTPAHCTBEHHbIX BO3MOX-
HOCTeil 00LLecTBa, peasM3yeMblil C MOMOLLLIO TPAHCMOPTHON MH(PaCTPYKTYpPbIl, KOTOPbIA OLEHUBAET KOH-
KYPEHTOCNOCOOHOCTb pasNUYHbIX MECTOMNOMOXEHWNA. OHa ABMSETCS BAXHbLIM (HaKTOPOM, 06YC0BAMBAIOLLUM
CTPYKTYPY NPUAOPOXHBIX YCAYT U TUMN Feorpauyeckoro noioXxeHus 06H-eKToB.

B [9] BblgeneH psf acnekToB TEPPUTOPMANbHON OpraHM3aunmn, Uav NPosiBAEHNIA: pasMeLleHe 06BbEKTOB,
TeppuUTopuasbHble pasnNnymMs, NPOCTPaHCTBEHHbIE OTHOLLIEHUSA MeXAY 00beKTaMu, rOpU3OHTasIbHble CBS3M,
KOMMJEKChI U CTPYKTYPbI, NPOCTPAHCTBEHHbIE MPOLECCHI M MOP(ONOrna 06BLEKTOB, TEPPUTOPUATILHOE YIpaB-
NeHne, KOTopble MOTYT ObITb UCMO/Mb30BaHbl NMPU XapaKTEPUCTNKE OpraHu3aL M NpuLopoXKHOro cepBumca.

TeppuTOpManbHbIA aHann3 ceTeBbIX, Y310BbIX U NOANTOHA/IbHbIX 31EMEHTOB aBTOTPaHCMOPTHOI nogcuc-
Tembl nNpuseseH B [10]. 34eck NpefcTaBfeHbl reorpauyeckue Mogenu 4OCTYNHOCTM 418 CETU MarucTpanib-
HbIX ¥ PernoHanbHbIX pecnybanKaHCKUX aBTOMOGUbHBLIX AOpOr, paccymMTaHa rpaBuTaLMoHHas Mmogenb npu-
TSDKEHWS TPAHCMOPTHbLIX Y3/10B MO BEIMYMHE TPAHCMOPTHOW MPOAYKTUBHOCTM M YUCIEHHOCTM HaCeneHus,
pa3paboTaHa cxema COBEPLUEHCTBOBAHWNSA CETU OCHOBHbIX aBTogopor Pecny6nvku benapyck. Vcnonb3yemble
MEeTO/bl CTAaTUCTUYECKOr 0 aHa/In3a, pacyeToB NoKasaTeNs TPaHCMOPTHOW AOCTYMHOCTU UCNO/Mb30BaHbI U B Ha-
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cTosLel paboTe, a METOLMYECKNE MOAXOAbl K UCCNEL0BaHMNIO aBTOTPAHCMOPTHOW CUCTEMbI CAYXWWU PYKO-
BOACTBOM B W3YyYeHWUM MPULOPOXHOI0 CepBMca Ha MarucTpaibHbIX aBTOMOBUbHBLIX foporax Pecny6nuku
benapyck 3a 2015-2019 r.

OT gpyrux paboT faHHON TeMaTKM B 061aCT MPUAOPOXKHOI0 CepBMCa Halle UCCefoBaHue OTIMYaeTCs
MCNO/b30BaHNEM MOKa3aTens MAO0THOCTU YCAYr, BblAe/eHNEeM 3aKOHOMEPHOCTE M NPUYMH ero U3MeHeHus
B PErMoOHa/IbHOM acnekTe, aHa/M30M TepPUTOPUANbHBIX Pa3inunii B 06ecrnedyeHHOCTU NPUSOPOXHBIMU YCy-
ramu, npesioXeHMem TUNOMOM MU MarucTpasbHbIX aBTOMOOW/IbHBLIX LOPOr MO TUNY CTPYKTYP NPUAOPOXKHOIO
cepBuMCa M MPUOPUTETHLIX HanpaB/eHU ero pasBuTUA 4N KaKA0ro U3 BblAeIeHHbIX TUMNOB AOPOr.

B xoae nccnegoBaHuii AaHo onpegeneHne NOHATUS «NPUAOPOXKHbIA CEPBUCY: 3TO AeATENbHOCTb NPeanpus-
TUIA 1 OpraHn3aumMii No OKasaHWIO LUMPOKOro KOMM/eKca YCayr, HanpaB/eHHbIX Ha YA0BMETBOPEHNE NOTpe6-
HOCTeli y4aCTHUKOB JOPOXXHOI0 ABVKEHWS, TYPUCTOB U MECTHbIX XUTENE.

OCHOBHbIMU CpesCcTBaMM U3YUeHNs OblIW onpefeneHbl CPaBHUTE/bHbIA aHaIn3, KapTorpauyeckuii n cTa-
TUCTUYECKNIA MeTOAbI. BbIGOP MarncTpasibHbIX aBTOMOOWbHBIX AOPOT 6biNn 060CHOBAH 60/1e€ BbICOKMM YPOB-
HeM pa3BUTUSA CETU NPULOPOXHOIO CEPBUCA, HEXXENN HA Pecny6/IMKAHCKUX floporax, rae pasmeLleHne 00beKTOB
06CNyXMBaHWUSA HOCUT UCKPETHbIN XapakTep.

CraTtucTnyeckas 6asa nccnefoBaHMs co3faHa ¢ UCMob30BaHNEM METOAA KJTHOUeR U MOJeBbIX MapLUpPYTOB.
O6cnefoBaHo 50 06bEKTOB NPUAOPOXHOIO cepBuca Ha Maructpansx M1, M10, M7, M6 B Lensix yTOYHeHUs Ha-
6opa nokasaTeneid, xapakTepu3yHOLLMX pa3BUTNE 0OLEKTOB, OMpeaeneHns Tuna reorpagmyeckoro nooXeHus,
Mopdonornmn 06beKTOB. MNonyyeHHble AaHHble BblIM 3anucaHbl B opMynspbl. Iocne onpegeneHns KOHEYHOro
Habopa MokasaTefneil YTOUHSANNCh AaHHble MO ocTanbHbIM 06beKTam (261). B KauecTBe WCTOYHWMKOB AaHHbIX
MCNoMb30BaHbl MaTepuanbl MuHMCTepCTBa TPaHCNOpPTa U KOMMYHMKauuii Pecny6nnkn Benapycb, palioHHbIX
M 061aCTHbIX UCMOSTHUTE/IbHLIX KOMUTETOB, HalMOHabHOro CTaTUCTUYECKOro KomuteTa Pecny6nukun bena-
pyCb, KapTorpagmyeckmx pecypcoB OpenStreet.Map, Google.Maps, AHaekc.KapTbl. HegocTaTKoM NoONyYeHHOA
CTaTUCTNYECKON Basbl ABASETCS PA3HOBPEMEHHOCTb AaHHbIX, COOPaHHbIX M0 06bEKTaM MPUAOPOXHOIO CepBMICa.

C ncnonb3oBaHMeM MeTO/a CPaBHUTENBHOMO M CTaTUCTMYECKOr0 aHa/IM30B NoKasaTeneli pa3BuTMs MarucT-
pasibHbIX aBTOMOOWbHBIX AOPOT 6bln OnpeseneHbl permoHaibHble pasnuyms B 06ecnevyeHHOCTU NPULoPOX-
HbIM CEPBUCOM. [Ana XapakTepuCTUKU NPOCTPAHCTBEHHOW AnddepeHLmaLnm B 0becneyeHHOCTH NPULOPOX-
HbIM CEPBMCOM WCMO/b30Ba/CA NOKasaTeslb MAOTHOCTM NPUAOPOXKHBLIX YCAYT, KOTOPbIA PacCUMTLIBANCA Kak
OTHOLUEHME KONYECTBA 0Ka3bIBAEMbIX YCNYT K eUHULE A/IMHbI aBTOMArucTpany B npegenax agMUHNCTPaTUB-
HOro paioHa. [ns KaKA0ro NyHKTa Ceperca onpeAeseHo KOIMYeCcTBO BUAOB YCAYT U BblAeNeHbl MHOTO(YHK-
LMOHaNbHbIe 06BEKThI CepBUCA, OKa3blBalOLLMe NATL U 60ee yCnyr.

CTpPYKTYPHO-(PYHKUMOHa/IbHBIM aHanu3 pbiHKa NPUAOPOXHBIX YCyr npoBegeH no 311 o6bekTam cepsuca
MarmcTpasbHbIX aBTOMOOWbHBLIX Aopor. K OCHOBHbLIM BUAaM 6bian 0THeceHbl ycnyrn A3C, 06LLecTBEHHOro
NUTaHUA, PO3HUYHO TOProBAN, pa3MeLLeHNs, OXpaHaeMoi cTosaHkK, CTO, MolikK. [Ins KaXaoro M3 HMX pac-
cuMTaHa 404 OT 06LLEro KoNMYecTBa YCayr BcexX 00beKTOB AaHHOW Maructpanu. K kaTeropum npounx BngoB
6b11n O0THeceHbl ycnyrun Al3C, cTpaxoBaHue, 6aHKOBCKUe, MeAULMHCKWUE, ObITOBbIE U KYNbTYPHO-pa3B/eKa-
TeflbHble YCNYTW.

B cOOTBETCTBMM CO CTPYKTYPOI NPUAOPOXHBIX YCAYT U NPUHAAIEXHOCTHH aBTOMOOWILHOW MarucTpanm
K TPaHCBEBPOMECKOMY KOpUAOpY pas3paboTaHa 3KOHOMUKO-reorpadmyeckas TUNONOrMS MarncTpanbHbIX aB-
TOMOGWNbHBIX fopor Pecny6nuku benapycs. K coBpeMeHHbIM MeToaM UCC/IeloBaHNA CTOUT OTHECTU UHTep-
npeTauuio 1 BU3yanunsaunio pesynsTaTtoB B reoMHopMaLnmoHHol nporpamme ArcGIS 9.3 ¢ ucnosb3oBaHeM
KapTorpagm4eckoro cnoco6a 3HaKoB [JBUMXKEHUS.

Ha BblieNeHHbIX TUMax MarucTpasnbHbiX aBTOMOBGUIIbHBIX LOPOr OLeHEHbI NEPCNEKTUBLI PA3BUTUA U Npea-
NOXKEHbI MEPONPUATMSA MO NOBbILEHNIO 3HEKTUBHOCTY PaboTbl 06HEKTOB NPUACPOXHOr0 cepsuca [11].

PesynbTaTbl UCCNEA0BAHMS 1 UX 0BCYXAEHWE

TeppuTopranbHble pas3inynsa B CTPYKTYpe MPUAOPOXKHOIO CepBuca Ha MarucTpanbHbIX aBTOMOBUIbHbLIX
poporax Pecny6nvnku Benapycb NposBAstoTCs B BUAe AnddepeHLmannum Takmx nokasarenei, kak KONM4ecTso
00BEKTOB 1 0Ka3blBAEMbIX UMM YCAYT, NAOTHOCTb YCAYT U CpefHee NX KOIMYECTBO Ha OAUH 06beKT (Tabn. 1).

Pa3nnmums 00yCnoB/eHbl PSAOM TaKUX 3KOHOMMKO-Teorpagmyeckmx (hakTopoB, KaK MHTEHCMBHOCTb ABM-
XKEeHWs aBTOMOOUNIER, YPOBEHb COLMANbHO-3KOHOMUYECKOTO Pa3BUTUSA U YUCEHHOCTb HAceNeHNs PermoHa,
B Npejenax KoToporo pacnosioXeHa aBToMarucTpanb, reorpamyeckoe nofoXeHne 1 TpaHCMOPTHAA LOCTYn-
HOCTb NPUAOPOXHBLIX 00BEKTOB XMTENSAM FOPOACKUX HaceneHHbIX NyHKTOB (Tabn. 2) [2; 3].

MaruncTpanbHas aBToMo6ubHaa gopora M1 oTnnyaeTtcs Hanbosnee pa3BUTLIM MPULOPOXHbLIM CEPBUCOM,
MOCKOMbKY ABMSETCA [NTaBHbIM TPAHCMOPTHLIM KOPUAOPOM CTPaHbl U XapaKTepun3yeTCs BbICOKUMU 3HAYEHUSA-
MU CpefHEeCYTOYHO UHTEHCUBHOCTU ABWKEHNSA - 9,5 ThIC. aBTO B CYTKW. CamMbIM HU3KWUM 3HA4YEHNEM MOKa3a-
Tens NA0THOCTU ycnyr obnagaeT marmcTpasib M10, NOCKO/bKY Ha MPOTSXXEHUN JaHHO Tpacchl HabnaaTes
HM3KUe 3HaYeHUA MHTEHCUBHOCTU ABVXEHUS, YUNCNIEHHOCTW HACE/IEHUA U YPOBHSA COLMaNbHO-3KOHOMUYECKO-
ro pasBuTUSA permoHoB.
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Tabnuya 1
CpaBHUTENbHAsA XapaKTepucTMKa pasBMTUA NPULOPOXHOro cepBuca
Ha aBToMarucTpansax Pecnybnuku benapychk (2015-2019)
Table 1
Comparative characteristics of the development of roadside services
on highways of the Republic of Belarus (2015-2019)
VIHTEHCMBHOCTb CpefHee KOM4eCcTBO
OnvHa Konuyectso  Konnuectso [MnoTHoCTb
Tpacca [BWXEHUSA, 0Ka3blBaeMbIX yCnyr
Tpacchbl, KM yenyr 00bEKTOB yenyr, ea.Jkm
aBTO B CYTKU Ha 00beKTE
M1 609 9458 327 116 0,54 2,82
M2 29 25600 9 4 0,3 2,3
M3 237 7609 64 23 0,27 2,78
M4 168 7941 53 17 0,32 3,11
M5 287 8785 68 22 0,24 3,09
M6 289 6241 95 33 0,33 2,88
M7 94 2195 30 10 0,32 3
M8 456 3540 86 34 0,19 2,53
M10 526 4800 84 34 0,16 2,47
M1l 191 3259 41 12 0,21 3,42
M12 50 1721 9 3 0,18 3

MpumeyaHue. CoCTaBNEHO Ha OCHOBE CTAaTUCTUYECKMX AaHHbIX MUHUCTEPCTBA TPaHCNOPTa U KOMMYHMWKaLWi
Pecny6nuku benapyceo.

B pernoHanbHOM paspese nokasatesb NIOTHOCTY YCAYT NPUAOPOXHOTO CEpBUCA CHUXKAETCS C YAANEHUEM
0T MWVHCKa 1 BO3pacTaeT B MPUIPaHUYHbIX paiioHax (puc. 1). STO 06BLACHSETCS YMEeHbLUeHWeM NoKasaTe-
NS UHTEHCUBHOCTU [IBUXKEHUS aBTOMOGM/IEN MO MarncTpansiM, YACNEHHOCTU HACceNeHUs afiMUHUCTPATUBHbIX
paiioHOB, B Mpejenax KOTOpbIX PacrnonoXeHa MarncTpaib.

Puc. 1. MNOTHOCTb YCAYr NPUAOPOXHOIO CepBMca Ha MarucTpasibHbIX aBTOMOOUIIbHbLIX
poporax Pecny6nvkn benapych 3a2015-2019 rr

Fig. 1. The density of roadside services on the highways
ofthe Republic of Belarus for 2015-2019
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POCT MNOTHOCTW MPUAOPOXHbLIX YCYT B NPUIPaHWYHON 30HE CBSA3aH C BbICOKMM CMPOCOM Ha HWX, Mo-
CKOJIbKY MPOLLECC MPOXOXKAEHNA TaMOXEHHbIX NMPoLeayp MOXET 3aHMMaTb HECKO/IbKO YacoB. BaxHbIM npeu-
MYLLLECTBOM MPUTPaHNYHbIX 06LEKTOB CepBUCa ABNAKOTCA 60Nee HU3KME LieHbl Ha TOBaphbl U YCNYru B cpaBHe-
HuK co cTpaHammu-cocegamu (MonbLua, Jlntea, Poccus) [2].

B 06Leii CTPYKTYpe NpUAOPOXHOro cepeuca 11 mMarncTpasbHbIX aBTOMOOMIbHBIX AOPOr MpeobnagaloT
ycnyru ropsdero nutaHus, A3C v po3HWYHOI TOProean (puc. 2).

[aHHble BUAbI CTOMT OTHECTU K 6a30BbIM MPULOPOXKHLIM YCyraM, KOTOpble NPEUMYLLECTBEHHO UHTerpu-
poBaHbl B OAMH 06bEKT [7]. Takue BUAbl CEpBUCa, KaK OXpaHsemas CTOsHKa, NYHKT noctosi, CTO u moiika,
CyMMapHo 3aHuUMaroT 15,3 % pbiHKa NPUAOPOXHLIX yenyr. K npoynm Bugam cepsuca oTHocaTed AlM3C, ctpa-
X0BaHWe, 6aHKOBCKUWe, MeAULIMHCKME, ObITOBbLIE, KYNbTYPHO-Pa3B/ieKaTeNlbHble YCAYTHU.

m [opAyee nuTaHune

m A3C

Po3Hu4YHan Toprosns
Mpouve ycnyrun
OxpaHsiemasn CTOsIHKa

Ycnyrv no pasmeLLeHunio
m CTO
Moiika

Puc. 2. CTpykTypa ycnyr npugopoxHoro cepsuca B 2019 r., %
Fig. 2. Roadside services structure in 2019, %

Ha coBpemeHHOM 3Tane pa3suT1A NPUAOPOXHOI0 CEPBMUCA KOMMIEKCHOE 06CNYXMBaHWE ABNAETCA HEOOXO-
AMMbIM ycnoBreM 3hWeKTUBHOM opraHu3auum paboTsl B 3Tol chepe. CnefoBaTenbHO, pasBMTNE MHOTOQYHK-
LUMOHANbHbIX MPUAOPOXKHbLIX 0OBLEKTOB JO/MKHO CTaTb MPUOPUTETHONM 3afadveil. K MHOrO(YHKUMOHANIbHBIM
KOMI/IEKCAM OTHOCATCS 06beKTbl, KOTOPblE OKa3blBalOT NATb M 6onee BMAOB ycnyr [2]. Ha marucTpanbHbixX
foporax Hamu BblfienieHo 39 TaknxX 00beKTOB, 4015 KOTOPbIX cocTaBnsfeT 12,5 % 0T 06LLero Kom4yecTsa nyHK-
TOB NPULOPOXKHOI0 0BCNYXKMBAHWUSA. 3TN KOMMNNEKChI Pa3BUBalOTCS B Pas/IMUHbIX reorpafuyeckmx ycnoBuax:
BONM3UN rOPOLOB, B NPUrpaHMYHON 30He, Ha MepecevyeHnn JOPOor UM Ha MeXCeNeHHbIX Tepputopusx. [nas-
HbIM YCNI0BUEM KX 3P(PEKTNBHOI paboTbl SBASETCA BbICOKAs CPeLHECYTOUYHAs WHTEHCUBHOCTb ABVXKEHUS -
cebiwe 6000 aBTO B CYTKM [6]. CuMTaem NepcrneKTUBHbLIM pasBuUTNe MHOTO(YHKLMOHAIbHbIX KOMIMIEKCOB Ha
OCHOBe 6a30BblX 00BLEKTOB cepBuca, Takmx Kak A3C, NOCKO/bKY G0/bLUMHCTBO M3 HUX OKasblBaloT 3-4 BMAa
YCNYr, UMeOT CTOSIHKY.

Hamu 6b110 onpegeneHo, 4To 6a3oBble yenyru (A3C, po3HUYHasA TOProB/s U ropsayee nuTaHue) Hambonee
pa3BuTbl Ha MarucTpanax M1 n M7 (cm. Tabn. 2, puc. 3). Ha M1 3ato 06ycnoBneHo TeM, YTO faHHas nnaTHas
[0opora xapakTepu3yeTcsl BbICOKMMMW 3HAUYEHUSIMU MOKa3aTeNis MHTEHCUBHOCTU ABUXKEHUS aBTOMOOMEN -
cebiwe 8000 aBTO B CYTKW, HaMUMeEM 4 NONOC ABUXEHUS U Pa3peLleHHON CKOPOCTbIO ABMXKEHMSA A0 120 Km/u.
MaructpanbHas gopora M7, B CBOK o4epefib, OT/IMYAETCA HU3KUMU NOKA3aTeNAMN MHTEHCUBHOCTY ABUXKEHUS
aBTOMOo6MNel (2000 aBTO B CYTKM), HAMUMEM 2 MOJOC ABMXKEHUS, HE3HAYUTENBLHOW MPOTSHXKEHHOCTLH0 (94 KM),
He60/1bLLION YNCNEHHOCTLIO HACENEHMWS Y HEBLICOKMM YPOBHEM COLMA/IbHO-3KOHOMMYECKOTO Pas3BuTHs peruo-
HOB. TpUAOPOXKHbIN CepBUC HA LAHHOW MarucTpann CKOHUEHTPUPOBAH Y rocyapCTBEHHONM rpaHulbl, rae
CMNPOC Ha yCNyru BblLLE.

Ha ocHOBe MonyyeHHbIX AaHHbIX pa3paboTaHa TUMOMAOrMA MarncTpasbHbIX aBTOMOOGWUILHLIX 4OPOr No
CTPYKTYpe NPUAOPOXHOIo cepsuca. Tun MarucTpany BbleneH B COOTBETCTBMM C NPUHALNEXKHOCTHIO K TPAHCh-
€BPOMNeCKUM TPaHCMOPTHbLIM Kopugopam. KpuTepuem onpefeneHust NOATANA CAYXWUT NokasaTens fonm 6a-
30BbIX BUJOB YCNYT, BbIP@XXEHHbIN B MPOLEHTAX OT 06LLEero KoAn4ecTsa NpuLopoXHbIX YCyr Ha MarucTpanu
(tabn. 3).
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Tun 1. MarucTpanM TPaHCbeBPOMNEeNCKMX TPaAHCNOPTHbLIX KOpMAOPOB. ABTOMOGW/IbHbIE AOPOrU AaH-
HOro TMNa OTHOCATCA K TpaHCnopTHbIM Kopugopam Ne I, X, IX-B n X. B npegenax faHHOro TMuna Hamu Bbl-
[eneHbl TPU NOATUNA CTPYKTYP YCAyr.

MogTun 1.1. PacumpeHHblit. Crofa oTHeceHbl Maructpanu M1, M5, M8, npuopoXHbIil CepBUC KOTOPbIX
OT/INYAETCA KOMMNEKCHOCTLIO NpejnaraeMblix ycnyr. Ha paccmaTpuBaeMbIX MarucTpasibHbIX foporax Bblje-
neHbl 15 (13 %), 5 (22,7 %) n 4 (11,7 %) MHOrotyHKUMOHaNbHbIX 06beKTa NPUAOPOXKHOIO 06CNYXMBaHNA
COOTBETCTBEHHO. [PMOPUTETHBLIMY HaMpPaBIeHUAMU Pa3BUTUSA NMPUAOPOXHOI0 CEPBMCA AaHHOMO MOATMNA Ma-
rucTpaneii onpegeneHbl POPMUPOBaHNE MHOTO(YHKLNOHA/IbHBIX KOMMNIEKCOB Ha 6a3e CyLLeCTBYOLW X 06beK-
TOB, KOMIM/IEKCHOE 06CNYXUBaHWE TPAH3UTHbLIX TPAHCMOPTHBIX NMOTOKOB, Pa3BUTUE CETU OXPaHSAEMbIX CTOSAHOK
Ansa 60nbLUErpy3HbIX aBTOMOGUNEIA.

MogTun 1.2. MepexofHblil. ITOT NOATUN NPeACTaBfeH MarucTpasbHON aBToMobuLHOW goporo M10,
KOTOpas XapakTepusyeTca Ha/lMumem BCeX PacCMaTpMBaeMbIX YCAYT MpU BbICOKON fone 6a30BbIX BUAOB. Mpu-
[OOPOXHbI/ CepPBUC Ha AaHHOW MarncTpany pasBMBaeTCs B YCI0BUAX HEBbICOKOW MHTEHCMBHOCTU ABMXEHUS
aBToOMOo6MNelt - 1700-2500 aBTO B CYTKM Ha MeXCeneHHbIX yyacTKkax 1 3000-6500 aBTO B CyTKM B61M3K rOpo-
[0B. [1n4 NoBbILWEeHNS 3PPEeKTUBHOCTM paboThl NPUAOPOXKHOIO CEPBMCA Ha AaHHON MarncTpanm Heo6xoaMmo
pa3BMBaTh YCAYrn pasMeLleHnst U OXpaHAeMOoin CTOSHKKM, YTO OyaeT cnoco6CTBOBaTL CO34aHNI0 6e30NacHbIX
YCIIOBUI ABUKEHNUS.

MoaTwun 1.3. Cy>KeHHbIiA. [laHHbI/ MOATUM XapaKTepPeH Ans y4acTKOB Marnctpanein M6 (11-58-ii km) n M7,
KOTOpble ABNAIOTCA YaCTbHO TpaHCLeBponenckoro kopugopa IX-B. B cTpyKType cepBuca 6a30Bble BUAbI 3aHUMa-
0T 3HAUMTENbHOE MECTO, a 0OBEKTLI pa3MeLLLeHNs U MOMKM aBTOMOOU/IEN He NpefcTaBneHbl BoBce. MoTeHLman
MMEIOT CTaHLMM TEXHUYECKOr0 06CNYXMBaHUA U Ky/NbTYPHO-pa3BekatesibHble yenyr. OQHako nnaHupoBaHue
HOBbIX 00BEKTOB Ha MarucTpansx M6 n M7 fo/mKHO NMPOBOAUTLCA C YUETOM 3KOHOMUKO-reorpamyeckmx hak-
TOPOB, B YaCTHOCTU YMeHbLUEHUS NOKa3aTeNnst UHTEHCUBHOCTU [BUXKEHUA aBTOMOGWEN NO MarucTpansm ot
22 000 aBTO B CyTKM B MUHCKOM paiioHe [0 2000 aBTo B CYTKM B NPUrpaHNYHOM OLLMSAHCKOM painoHe.

Tabnuua 2

CTpyKTypa NpuAOPOXHOI0 CepBuca Ha MarncTpanbHbIX aBTOMOOBU/IbHbIX A0POrax
Pecny6nunkun benapyck B 2019 1., %

Table 2
The structure of roadside service on the highways
of the Republic of Belarus in 2019, %
Buabl NPUMAOPOXHBIX yCNyT
= 5 2
Maructpanb f § E % % @ 8 é % E éstaa_ g 6aﬂsgg;x
< z 'g_ S & 1 O g E g 2 é_ BU0B yCnyr

gF b-F 3 ]
M1 17,1 19,0 315 2,4 3,1 10,7 8,0 8,2 67,6
M2 22,2 22,2 33,3 111 111 0 0 0 77,8
M3 186 186 41,4 2,9 2,9 4,3 7,1 4,3 78,6
M4 18,2 23,6 27,3 1,8 55 10,9 3,6 9,1 69,1
M5 20,6 20,6 30,9 15 2,9 10,3 4,4 8,8 72,1
M6 (11-58-ii kM) 24,0 240 40,0 0 4,0 4,0 0 4,0 88,0
M6 (59-291-ii km) 26,3 26,3 34,2 0 1,4 2,6 53 3,9 86,8
M7 26,7 26,7 36,7 0 0 3,3 0 6,7 90,0
M8 18,6 19,8 34,9 1,2 2,3 5,8 58 11,6 73,3
M10 193 229 39,8 1,2 4,8 3,6 3,6 4,8 81,9
M11 26,8 26,8 26,8 2,4 7,3 4,9 4,9 0 80,5
M12 22,2 22,2 33,3 0 0 11,1 11,1 0 77,8
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Tabnuya 3

3KOHOMUKO-Teorpaguueckast TUMOMNOrMs MarmcTpasnbHbiX aBTOMOGUbHbLIX fopor Pecny6nnku Benapych

no TUMY CTPYKTYPbl NPUAOPOXHOI0 cepBuca

Table 3

Economico-geographical typology of the highway roads of the Republic of Belarus

by the type of roadside services

ABTOMOOU/IbHbIE

Tun MopTun
marucrpanu
MarucTtpanu TpaHcbeBponeiickux 1.1. PaclwumpeHHbIi M1, M5, M8
TPAHCMNOPTHbLIX KOPMOPOB 1.2. MepexoaHblit M10
1.3. Cy>XeHHblli
MarucTpanu peruoHanbHoro 2.1. PacwupeHHbIi M4
3Hadenus 2.2. MepexopaHblii M2, M3, M11, M12

2.3. Cy>XEeHHbIW

M6 (11-58-if kM), M7

M6 (59-291-ii Km)

[ons 6a30BbIX
BMA0B ycnyr, %
65-75
75-85
Csbiwe 85
65-75
75-85
Csbiwe 85

Tun 2. MarucTpanv pervoHanbHoro 3HaveHus. Crofia BXOAAT TpM NoATMNa CTPYKTYP.
MoagTun 2.1. PaclumpeHHbIiA. MprnaopoXKHbIA CEpBUC Ha aBTOMOGWU/ILHOI MarncTpanbHoi gopore M4, Ko-

Topas cBs3biBaeT MMHCK ¢ Mornnésom, nNpefocTaBnsieT WUPOKNIA cnekTp ycnyr. K MHOrothyHKLUMOHaNbHbIM
KoMnekcaM o6cnyxmnBaHmsa otHocatcs 35,3 % 00bEKTOB, UTO AB/ISIETCA CaMbIM BbICOKMM MOKasaTefieM A5
MarncTpanbHbIX fopor. JanbHeiillee pa3sBuTUE MPULOPOXKHOIr0 06CNyXMBaHWS OYAeT Harnpas/ieHO Ha yAoB-
NeTBOPEHMe BbICOKOIO Crpoca, a 3T0 BK/OYAET Y HOBble BUAbI YC/YT - NPOKAT 000pYJ0BaHNSA U CHapsHKeHUS,
TOProBs/o epMepCKUMM TOBapamu, KynbTypHO-pa3BneKaTe/bHble YCNyru.

MoaTun 2.2. MepexofHblii. K HeMy 0THeceHbl MarncTpanm M2, M3, M11, M12. MpuaopoXHbIii CEPBUC Ha

M2 pa3BrBaeTCs B YCNOBUAX BbICOKON UHTEHCUBHOCTY ABWKEHUA - Ao 32 000 aBTO B CYTKM, HO B €ro CTPyK-
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Type, Kpome 6a30BbIX BUAOB, NpeAcTaBneHbl Tobko CTO 1 moiika. CnefoBartesisHO, MHOFOGYHKLMOHabHbIE
KOMM/EKCbl MPULOPOXKHOIO CepBuCa C KyNbTYPHO-pa3B/ieKkaTe/lbHbIMU YCayraMmu, 06bekTaMu pasmeLLeHuns,
OXPaHseMbIMM CTOSIHKaAMI MOTYT pa3BMBaThCS Ha AaHHON Tpacce. Ha maructpanu M3 B JOKWULIKOM, J10roit-
CKOM 1 JlenenbCKOM paiioHax NepcrneKkTUBHA UHTEerpauus NpUAOPOXKHLIX U TYPUCTUYECKUX 00LEKTOB B Cep-
BUCHble KnacTepbl [13]. Maructpanm M1l n M12 xapaKTepu3ytoTcsi HU3KOM MHTEHCUBHOCTHHD [BVXKEHWS
aBToMo6unei - 3259 1 1721 aBTO B CYTKM COOTBETCTBEHHO, HEOO/LLLOWN YACNIEHHOCTLIO HACENIEHUS U HEBbICO-
KUM YPOBHEM COLMa/IbHO-3KOHOMWUYECKOTO Pa3sBUTUSA PErMOHOB, B KOTOPbIX OHM PacnosioXeHbl. PacluvpeHue
HOMEHK/aTypbl MPUAOPOXHOro CepBUCa Ha faHHbIX MarucTpansax Hambosnee nepcneKTUBHO B BOPOHOBCKOM
1 ManopuTCKOM paioHax, TakK Kak B MPUrpaHn4YHbIX 30HaX BO3HUKAET CNPOC Ha YCyru cTpaxoBaHus, oxpa-
HAEMOM CTOAHKM, PO3HWYHON TOProB/M, TEXHNYECKOTrO U GbITOBOr0 06CNyXmBaHua [14].

MogTwun 2.3. Cy>KeHHbIA. YyacTok maructpaim M6 (59-291-i Km) Bbln OTHECEH K [aHHOMY MOATMNY, No-
CKO/bKY f0ns 6a30BbIX YCNyr cocTaBnseT 86,8 %. 34ecb NpoBefeHa peKOHCTPYKLUMSA, YBEIMYEHO KOTMYECTBO NO-
NI0C ABWKEHMSA 10 YETbIPEX, a MarucTpasib OTHeCeHa K Kateropum nnartHoiX. CregoBaTenibHO, paclUMpeHune CeTu
NPULOPOXHOI0 CepBMCa CTAHOBUTCS NPUOPUTETHBLIM HarpaBieHWeM Pa3BUTUA UH(PACTPYKTYPbI MarucTpanu.

3ak/royeHue

MpUOPOXHbIV CepBUC HA MarncTpasibHbIX aBTOMOOU/ILHLIX JOPOrax XapakTepu3yeTcs permoHanbHbIMM
AUCNPONOPLUAMMN: KOHLEHTpaL e 061bEKTOB 1 AnBepcuguKalmein ycayr B6m3mn KpynHbIX rOpogoB, B nNpu-
rPaHWYHbIX paliloHax U Ha BbICOKOMHTEHCKBHbIX YYacTKax Marucrpaneid, 4To 00yC/OB/EHO SKOHOMUKO-Teo-
rpagmyecknuMu hakTopamm.

YBenmueHne yncna MHOroyHKLUMOHaIbHbIX 06BEKTOB CEpBUCA ABSETCA NPUOPUTETHLIM HanpaB/ieHNEM
B pasBMTUM NPULOPOXHOW MH(PACTPYKTYpPbI CTPaHbl, NOCKO/IbKY Takue 06beKTbl NpefnaratoT KOMMIEKCHOe
06CNYXMBaHWE YHaCTHUKOB JOPOXHOIO ABMXKEHWS, MECTHbIX XXUTENe 1 TypUCTOB.

3KOHOMMKO-Treorpatmyecknii aHann3 CTPYKTYpbl MPULOPOXHONO CepBMCa NO3BOAU ONPeLe/InTb JOMUHM-
pytowue Buabl yenyr: A3C, po3HMYHas TOProeas U ropsyee NuTaHue. JaHHble BUAbI OblM OTHECEHBI K FpYM-
ne 6a30BbIX. YCNYrn pasmeLLeHuns, MOeK, 0XpaHsieMblX CTOSHOK 1 CTO 3aHUMalOT He6GOMbLUYIO A0S0 B NpU-
LOPOXHOM CepBuUCe, a Ha OTAENbHbLIX MAarncTpansax He NpeAcTaBneHbl BOBCe. 'pynna npoyumnx yeayr, Taknx Kak
6aHKOBCKUE, MefMLMHCKNE, BbITOBLIE, Ky/IbTYPHO-pa3B/eKaTe/bHble, a Takke AlT3C, cTpaxoBaHue, ABASETCA
nepcneKkTNBON AnBepcUMKaLny CTPYKTYPbl MPULOPOXKHOI0 06CIYXKMBAHMS.

Ha aBTOMOOUILHBIX JOpOorax ¢ pacluMpeHHbIM NOATUMOM CTPYKTYPbl YCAYT NEPCNEKTUBHLIM CTOMT CYUM-
TaTb YBE/IMYEHNE KOMMYECTBA MHOTO(YHKLMOHAbHbIX KOMMIEKCOB 06CTYXMBaHNsA. Ha MarncTpansx ¢ nepe-
XO[HbIM MOATUMOM CTPYKTYP HEOOX0AUMO pa3BMBaTh Takue BUAbl YCAYT, KAK OXPaHSieMble CTOSHKU, MYHKTbI
pasMeLLeHnsi, CTaHLMM TEXHUUECKOTO 06CY>KMBaHWS, MOKM C Y4eTOM 3KOHOMUKO-Teorpatmuecknx (akro-
POB pa3BUTUA W CPOCA Ha OTAENbHbIE UX BUAbI.

Cy)XeHHbI NOATUM CTPYKTYPbl CEPBUCA XapaKTepeH Ans MarucTpaneid, Ha KOTOPbIX OTMEUEHb! MpenumMyLLe-
CTBEHHO 6a30Bble BMAbI ycayr. OfAHAKO NOTEHLUMaN CepBuca Ha AaHHbIX JOPOrax BbICOK, MOCKOMLKY OHU MMe-
0T MEXAYyHapoaHoe 3HayeHue, 4To TpebyeT 6onee aKTUBHOIO PasBuTUA cepbl MPUSOPOXHbLIX KOMMIEKCOB
3a CYeT CTPOMTENIbCTBA HOBbIX 06HEKTOB M paclUMpPeHns HOMEHKNATYpbl YCAYT Ha CYLLEeCTBYIOLLNX MyHKTaX.

BbIsiBNIeHHbIE 3KOHOMUKO-reorpauyeckme 0CO6EHHOCTU CTPYKTYPbl MPUAOPOXHBIX YCAYTr MOryT 6ObiTh
MCNOMb30BaHbl B Ja/IbHEALLNX NCCNEA0BAHNAX, HaMPaBNeHHbIX Ha pa3paboTKy METOANUYECKMNX PEKOMEHALIMIA
M NPaKTUYECKNX MepPONMpPUATUIA MO Pa3BUTUIO CETU CEpPBUCA HA MArMcTpasbHbIX aBTOMOBUbHBIX JOpOrax.
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MANEOKAPIMONIOMMYECKNME N MANEOKINMMATUNYHECKWE
NCCNEJOBAHNA MYPABVNHCKNX MEXJTEAHWNKOBbLIX ®J10P
BE/TOPYCCKOW rPAAbI

M. ANTBNHKO K1

X5eNnopyccKuini rocyaapCcTBEHHbIV yHUBepcMTeT, nNp. HesasucumocTwu, 4, 220030, r. MuHck, Benapychb

MypaBUHCKUIA MeXNeLHNKOBbI TOPU3OHT ABNAETCA MOCAEAHUM TeNnNblM OTPE3KOM BpeMeHU, 6AmKanwmm K Haww el
COBPEMEHHOCTM, a TakK)Xe OAHUM M3 MapKUPYHLWUX TOPU3OHTOB B C/I0XHO MOCTPOEHHOM TOMLW e YeTBEPTUUHBIX OT0XE-
HWI Benapycu. N3yyeHne MypaBUHCKUX OTNOXEHUI U BbiACHEHUE Maneoreorpauyeckux ycnosuil, cyLecTBOBaBLL X
B 9TO BpeMS, MOTYT AaTb BO3MOXHOCTb MPOrHO3a N3MEHEHWI KNMMaTa Ha Haw el nnaHeTe B 6yayuieM. Ha ocHoBe naneo-
KapnosiornyeckMx maTepuanos, NOMYyYeHHbIX aBTOPOM MPU M3YUYEeHUU OMOPHbIX Paspe3nB, PACMNONOXKEHHbIX Ha Teppu-
Topumn Benopycckoli rpagbl U OTpaXakw WX oNTUManbHble Gasbl MypaBUHCKOTO MeXNeAHUKOBbSA, NPOBOAUTCSA KpaTKui
aHanu3 cocTaBa McKonaemblX (nop, ycTaHaBNMBAaKOTCA YCNOBUA UX (DOPMUPOBAHUA U BbINONHAOTCA Naneoknumatunye-
CKNe PEKOHCTPYKUUKN. TTonyyYeHHble faHHble CBUAETENbCTBYIOT O TOM, YTO CPefHMe NI0NbCKWUE TeMMepaTypbl B ONTUMYMe
MYpPaBMHCKOTO MeXNeAHNKOBbSA Ha TeppuTopun bBenopycckoli rpaabl coctaBnanm ot +17,0 go +24,0 °C 4N BOCTOYHbIX
paioHoB 1 oT +17,0 go +21,2 °C Ha pofHEHCKOW BO3BbIWEHHOCTN. CpeaHasa TemnepaTypa sHBaps Konebanacb B npefge-
nax ot +2,0...+7,0 go -3,0...-7,2 °C. Pe3ynbTaTbl UCC/IEL0BAHMNA XOPOLIO COMOCTABAAKTCA C JAHHBIMU APYTUX METOAOB,
B YACTHOCTM MaJMHONOrMYECKOro aHann3a, 0CHOBAHHOIO Ha M3Y4YeHWU MUCKOMNAeMOR NbiNbLbl U cnop. B coOOTBETCTBUM
C COBPEMEHHbIMY KNMMaTUYECKUMM NoKasaTenaMmun benapycu Temnepatypa B ONTUMYME MYPaBUHCKOTO MeX/e4HUKOBbS
6blf1a KAK MMHUMYM Ha HECKOJIbKO rpajyCcoB Bbllle HblHELWHEeR, a 3uMbl 3HAYNTENbHO MATYeE.

Kniwoyesble cnosa: naneoreorpa(bMﬂ; naneoknumart; ncKkonaemas (hnopa; COXXCKOe onefeHeHNne; MypaBUHCKOE MEX-
NefHNKOBbE.
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PALAEOCARPOLOGICAL AND PALAEOCLIMATIC STUDIES
OF THE MURTIC INTERGLACIAL FLORA OF THE BELARUSIAN UPLAND

H.I.LLITVINIUKa

aBelarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus

The Muravian interglacial horizon is the last warm period of time span closest to our time, as well as one of the mark-
ing horizons in the complex composed layer of Quaternary deposits in Belarus. The study of the Muravian deposits, as
well as an elucidation of the paleogeographic conditions that existed at that time, can make it possible to predict climate
changes on our planet in the future. Based on the analysis of palaeocarpological materials obtained by the author in the
study of reference sections located within the territory of the Belarusian upland and reflecting the optimal phases of the
Muravian interglacial, a brief analysis of the composition of fossil floras is carried out, the conditions for their formation
are established, and paleoclimatic reconstructions were performed on the basis of the obtained materials. The data ob-
tained indicate thatthe average July temperatures at the optimum ofthe Muravian interglacial on the territory ofthe Bela-
rusian upland were +17.0 till +24.0 °C for the eastern regions and +17.0 till +21.2 °C for the Grodno upland. The average
January temperature ranged from +2.0...+7.0 to -3.0...-7.2 °C. The results obtained are in good agreement with the data
of other methods, in particular, palynological analysis based on the study of fossil pollen and spores. In accordance with
the modern climatic indicators of the territory of Belarus, the climate at the optimum of the Muravian interglacial was at
least several degrees warmer than the current one, and the winters were much milder.

Keywords: paleogeography; paleoclimate; fossil flora; sozh glaciation; Muravian interglacial period.

BBepgeHune

OTnoXeHus NocnefHero MypaBUHCKOro MeX/eH1KOBbS LLIMPOKO pacnpocTpaHeHbl Ha Tepputopun bena-
pycu, a Takxke cpefjHeii Noaockl PyCCKOM paBHUHbI. B eCTECTBEHHbBIX 06HAXKEHUAX B LO/TMHAX PEK U KPYMHbIX
oBparax BCKpbiBaeTcs 60nee 30 pa3pe3oB MypaBUHCKOIr0 MeX/IeJHNKOBOIO FOPM30HTa, a B pe3ysibTate 6ypeHuns
CKBaXVWH WX BbISIBIEHO 3HAUYUTENIbHO 60/bLUE, MO3TOMY OHMW Jyyllie BCEr0 M3YyUeHbl B CI0XKHO MOCTPOEHHO
TO/LLE YETBEPTUYHBIX OTNIOXeHUA. KonnyecTBO pa3pe3oB MypaBMHCKOro Bo3pacTa HaubosbLiee cpefin Bcex
APYTUX MeXNeAHNKOBUIA, TaK KaK 3TO NOC/MeAHWUIA TeMblii BDEMEHHON OTPe30K B YETBEPTUYHON UCTOPUN
3emn. PaHbLUe CUMTanoch, YTO Ha BO3BLILLEHHOCTSAX U APYTUX MNONOXUTENbHLIX POpMax penbeda YeTBEPTMY-
HbIX BOJOEMOB He CYLLEeCTBOBaN0, NOCKO/bKY UX OT/IOXKEHWS HE BCKPbIBAIUCL BYPOBLIMU CKBXKMHAMWU U HE
06HaXanucb B Kapbepax. VIHTEHCUBHbIE CTPOUTENbHbIE PaboTbl, NPOBOAUMBIE B NOCNELHME FOfbl, KOTOPbIe
COMpPOBOXAANNCh OYPeHUEeM MU BbIEMKOW BONbLLIOIN0 KOMMYeCcTBa rpyHTa (CTaHUMs MeTpo «¥Ypyube», Ha-
LMoHanbHaa 6ubnmoteka Pecny6nmku benapycb u Ap.), BCKPbIAN paf 03epHbIX MeX1e4HUKOBbIX TO/L, pas-
NIMYHOTO BO3pacTa, 6orarbiX paCTUTENbHBIMU OCTaTKamu. HekoTopble 13 HAX UMET MYpPaBUHCKUIA BO3paCT,
Lpyrvie oTHoOCATCA K 60/1ee APEBHUM OT/IOXKEHUAM. B CBA3M C MX XOPOLUE N3YUYEHHOCTbIO N0 MyPaBUHCKOMY
MEeX/eAHNKOBbLI MOXHO MPOBOAWTL AOCTOBEPHbIE ManeoKIMMaTuyeckue peKoHCTpyKunn. C 3Tol Lenbho
66111 BbI6paHbl Hanboiee MHHOPMATMBHbIE 1 XOPOLLIO U3YYeHHbIe paspesbl, cogepxkalyne 60raTble CEMeHHbIE
(hnopbl 1 PacrnonoXeHHbIe Ha BOOpasjenax uan Baann ot AONUH KPYMHbIX peK: Ha OpLUaHCKOW BO3BbILLIEH-
HOCTM - «Benblit poB», Ha MWHCKOW BO3BbILUEHHOCTYM - «3acnaB/b» U «Ypyube», Ha HOBOrpyackoii BO3BbI-
LLIEHHOCTN - «TMMOLUKOBNYMN-2», Ha [POAHEHCKOW BO3BbILLIEHHOCTU - «[bILLIKK».

Martepuasbl 1 MeToanKa 1UccneaoBaHUs

Pa3pe3 «benbliii poB» Ha OpLLAHCKOW BO3BbILLIEHHOCTU. Pa3pes MexXneqHUKOBbLIX OT0XEHU «Benblii
poB» 6bl1 06HaPYXXeH COTPYAHUKamMN MIHCTUTYTa reonornveckux Hayk HAH benapycn M. E. KomapoBckum
n B. ®. BUHOKYPOBbIM, M3y4aBLUMMU reosormyeckoe ctpoeHne OpLUaHCKOW BO3BbILLEHHOCTU. OfHaKO Npo-
Lo yxe 6oniee 20 NieT, HO JO CUX MOP Ha HEM He MPOBOAMIUCL 6onee feTanbHble reoiorMyeckue u nane-
OHTO/IOTMYECKMEe UCCefoBaHNs. B CBA3KM C 3TUM aBTOPOM B TeUeHME HEeCKOJSIbKMX JIET U3ydauCb BbIXOAbI
MEX/IeAHWNKOBbLIX OT/IOXKEHWI, 0OHAXAKOLWUXCS B OBpare, BbIXOAALLEM B JOAUHY p. AApoB y 4. My3bipeso.
Mpn nsyyeHnn faHHOro paspesa HambosbLlee BHUMaHWUE YAeNAnoch reoiormyeckoMy CTPOEHMO, YCNOBUAM
3aneraHns MeXneLHWKOBOM TOANLLM U BbISIBJIEHWIO COCTaBa MCKOMNaeMol CeMeHHO (iopbl. B pesynbtate 6b1u
3a/10KeHbI [IBE PaCUNCTKM, U3 KOTOPbIX 0TOOpaHbI ABe cepuu 06pasLLoB 418 NaseoKapnoaormyeckoro aHanmsa,
TakXke BU3yasibHO M3y4anoch 60/bLI0e KOMMYECTBO MOpoAbl Topga, YTo MO3BOIMAO0 coBpaTb MHOMO CEMSH
OpaseHUn, KPoMe TOro, ObINI0 HalgEeHO HECKONBKO OCTATKOB MJIHOCKK ay6a.

JNInH3a MexxneiHNKOBbIX OT/IOXEHWNA MOLLHOCTLIO 60/1ee 3 M 3aneraeT Ha 3e/1eH0BaTO-Cepoli MOpPeHe npej-
nocnefHero ofnefeHeHus, NpeAcTaBNeHHON CYrIMHKOM 3e/1eH0BATO-CePbIM MOTHbIM, NAACTUYHBIM, C 60/1b-
UMM KOJIMYECTBOM BayHOB KPUCTA/I/IMYECKMX MOPOA AMaMeTpoMm A0 1m. V3 Bcei MexiefHUKOBOW TO/MLLM
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NPUMEPHO Yepe3 paBHble NMPOMEXYTKU 6bi10 0To6paHo 11 06pa3LoB NopoAbl 4NS Maneokaprnonormyeckoro
aHanu3sa. Mocne nx 06paboTKm BbisB/IeHa boratas nckonaemas aopa, HacuUTbiBaloLWas 78 BUAOB APEBECHbIX
N TPaBAHUCTBIX pacTeHW. Ha COXXCKOM MOpeHe 3aneratT cynecu 3e1eHOBaTO-Cepble MAaCTUUHbIE, KPUOTYpP-
6VpoBaHHbIe, C NMPUMa3KaMu PacTUTEIbHOIO AeTPUTa, C HEBbILEPXKAHHOW MOLLHOCTLIO 0 20 cM. B faHHbIX
OT/IOXKEHUAX BbIBNIEHa p/iopa TYHAPOBOIO TUMA, NPeLCcTaB/eHHAsA HEMHOTrOUUCNEHHBIMU OCTaTKaMM Kap/nko-
BOI1 6epesbl, 0COKaMM 1 XON0A0CTOMKUMM paecTamu. K coxXaneHuio, B JaHHbIX OT/I0XKEHUAX HE YCTaHOBEHbI
octaTku Dryas octopetala, cTonb TUNMYHOro BUAa 4ns (nop nofobHoro Tuna.

B 3aneratoLmx Bbllle Cynecsx TEMHO-CEpPbIX N'YMYyCMPOBaHHbIX COCTaB (DNOpbl Pe3KO MeHsAeTCA. 3hech
MPUCYTCTBYET OFPOMHOE KOJIMYECTBO CEMSH pAecTa NAaBaroLLero, a 3T0 YHUKaabHO 418 MAeACTOLEHOBbIX
thnop Benapycun, HO caMbIM FNaBHbLIM ANS1 AaHHOR (hnopbl ABNSETCA NPUCYTCTBME OCTaTKOB Picea obovata,
npeAcTaBNeHHON LWNLLKAMKU, CEMEHAMU U XBOEM, YTO He BbI3blBAET COMHEHWIA B ee onpeaeneHnn. Konuyectso
1 pa3Hoo6pasue ApeBecHbIX NOPOA M TPaBAHUCTLIX PaCTEHUIA 34eCb 3HAUUTEIbHO BO3pacTaloT, U 3TO CBUAe-
TeNIbCTBYET 06 YNYULLEHWUUN KIMMATUUYECKNX YCOBUIA.

Hanbonee 6oratas u pazHoobpa3Has aopa BbisiBNeHa U3 TOpoB. Ee OCHOBY COCTaBAAKT Takue LWK-
POKONUCTBEHHbIE NOpoabl, Kak Carpinus betulus, Quercus, Acer, a Take pasHo06pa3Hble TeMI0N6KBbIE
TpaBsHWUCTbIE pacTeHMs GpaseHMeBOro kommnnekca: Brasenia holsatica, Aldrovanda vesiculosa, Dulichium
arundinaceum, Caldesiaparnassifolia n MmHorve gpyrve, npegctaBneHHble 601bLLMM KOMYECTBOM OCTaTKOB.
®nopbl N0LO6HOr0 TMNA, Kak NpaBuIo, 0TPaXxatoT ONTUMYM MYPaBUHCKOIO MEX/eAHUKOBbS 1 BOCNPOU3BOAAT
camble Tern/ble KNMMmaTuyeckue yCnoBus, CX0XKUe ¢ COBPEMEHHBLIMU.

MepekpbiBaeTCA MeX/NeLHMKOBAsA TOLWA TOHKMMW NblIeBaTbIMU CynecsMy 60MbLLIONW MOLLHOCTH, NOo-
BUAVMMOMY, 3TU OT/IOXKEHUS COOTBETCTBYIOT KOHEYHbIM (ha3aM MYPaBMHCKOr0 MeX/IefJHUKOBbS. B HUKHel ee
4acTu BbISIB/IEHbI Te XKe BUAbI, YTO 1 B BEPXHUX CNOAX TOPa, TOMbKO B 3HAUYMTENIbHO MeHbLUEM KOIMYECTBeE.

B pe3ynbTaTe NpoBefeHHbIX UCCNEA0BaHMNIA ObIf0 YCTaHOB/IEHO, YTO KOT/IOBMHA APEBHErO BOAOEMA CHOPMM-
poBanacb Ha HauabHbIX CTaAMAX OTCTYNaHWsA NPeANoCcnefHero efHNKa, KOrha Ha MpuaeratroLLein Tepputopum
CyLLEeCTBOBa/M eLle TYHAPOBbIE COO6LLECTBA. 3an0/iHEHNE 03epHOI KOT/IOBUHbLI 0CagKamy NPOMCXOAUI0 Ha
NPOTSHXKEHUW BCEr0 MYPaBUHCKOTO MeX/eJHUKOBbLSA W, NO-BUAMMOMY, 3aKOHUYMU/IOCH YXKe B PaHHEN003epCKoe
Bpemsa. [lnd Hanbonee TeNI0ro 0Tpeska BpeMeHU - ONTUMYMa MEXeLHUKOBbLA - OblIM NPOBESEHbI Maneoku-
MaTMYecKne PEKOHCTPYKLUU NYTEM HaIOXEHUS KAMMaTorpamm (apeasibl COBPEMEHHOIO PacrnpocTpaHeHus)
BbISIB/IEHHbIX BUAOB. Pe3ynbTaTbl UCCNef0BaHMA MOKa3anu, YTo Temneparypa Uons coctasnsna oT +17,0
no +24,0 °C, saHBapsa - ot +7,0 go -7,2 °C (puc. 1).

Pa3pe3 «3acnas/b» Ha MUHCKO BO3BbLILLEHHOCTU. OMOpHbIM pa3pe3oM MypPaBUHCKOTO MEX/e4HNKOBbS
Ha MUWHCKOIN BO3BbILWEHHOCTU SIBNAETCA OOHaXKeHWEe «3acnaBfb», 06HapyXXeHHoe neTtoM 1979 r. rpynnoi
6enopyccKmnx reonoros coBMecTHo ¢ KO. A. J1aBpYLIMHbIM, U3Y4YaBLUMX CTPOEHUE KOHEYHO-MOPEHHbIX PS4
Benopycckoli rpagel. B necyaHo-rpaBuiiHOM Kapbepe UMM BbISIB/IEHbI BbIXOAbl OPraHOreHHbIX MEX/e4HUKOBbIX
OTNIOXKEHWI (TOpth M r'yMyCMpOBaHHas Cynech), KOTOPble BNOCAEACTBUM BbIN U3YYeHbl 4pYTrMMU UCCNea0Ba-
TENAMU 1 0NpPo60BaHbl Pa3MYHLIMU NaEOHTONOrNYECKMMM MeTogamu [1-4]. HailgeHHas cemeHHas dopa
OTpaXaeT YacTb KMMATUYECKOro OonTUMYyMa MypPaBUHCKOIrO MEX/eAHUKOBbS, ero 3ak/unTesibHble (hasbl
1 (hparmMeHTbl MOO3ePCKOro nHTepcTagmana. CeMeHHas hopa onTUMymMa MeX/eiHUKOBbS BOCNPOU3BOAMT 60-
raTyto /IECHYI0 PacTUTENbHOCTbL NPMBPEXHO YacTu Bogoema. OCHOBY ApEBECHOI PaCcTUTEIbHOCTM COCTaBAAOT
LUMPOKONNCTBEHHBIE NOPOALI U KYCTapHUKOBbIE (DOPMbI, CPEAU KOTOPbIX Hanboee pacnpocTpaHeHbl Carpinus
betulus, Acer campestre, Tilia tomentosa, Corylus avellana, Takxe ObliM 06HapyXeHbl eJMHNYHbIE CEMEHA
1 ux 06nomkm Quercus robur 1 Picea abies. CocTaB TpaBAHUCTON paCTUTENbHOCTM TOXe 6orat, U Hambo bLLINIA
MHTEpec NpeacTaBfseT NPUCYTCTBME 3M1eMEHTOB 6pa3eHUeBOro Kommnnekca (Stratiotes aloides, Aldrovanda
vesiculosa, Ceratophyllum submersum n MHOrne gpyrue), 4To CBMAETENLCTBYET O €€ TUMMUYHO MEX/EeAHUKO-
BOM 0651Ke. o paspesy «3acnaBnb» 6blia caenaHa NONbITKA ONpefenvMTh NasneoTeMmepaTypbl ANS Havana
onNTUMYMa MYpPaBUHCKOIo MexneaHWKoBbsa (hasa Corylus) 1 ansa ero KoHeuHblx a3 (tpasa Carpinus). Ons
(hasbl rpaba B CBA3N C HEBOMbLUMM KONMYECTBOM BbISIBNEHHbIX TEMN0/OOMBLIX (HOPM, MO KOTOPbIM CYLLECTBY-
0T apeasbl, Hab/IAancs CANWKOM 60MbLIOK pa3bpoc NaneoTemnepartyp. bonee HageXHble NokasaTenu Gbinu
Noy4YeHbl A5 BCEro ONTUMYyMa MyPaBUHCKOIO MeX/eHNKOBbSA pa3pesa «3ac/naB/b», KOTOPble COMOCTaBUMbI
C [aHHbIMM MO APYTrMM pas3pesam: Temrepartypa uwona cocrtaensna oT +17,0 go +20,0 °C, aHBapsa - oT +2,0
no -7,0 °C (puc. 2).

Pa3pe3 «Ypyube» Ha MMHCKOW BO3BbILLIEHHOCTUW. BTOpoe MeCTOHaXO0XAeHWe MypPaBUHCKOrO NaneoBo-
[loemMa Ha TeppuTopun MUHCKOIA BO3BbILLIEHHOCTK 6bIN0 06HapY>XeHO B 2006 I. Npy CTPOUTENLCTBE CTaHLUM
MeTPO «Ypyube». Bnarogaps Haxogke B 3TUX OTA0XEHUAX MPAKTUYECKM MOSIHOrO CKejleTa JIECHOro C/ioHa
Palaeoloxodon antiquus OHW 6bINN 4eTanbHO M3yYeHbl reofioraMmu, a UX BO3pacT OMNpefeneH nasneoHToNo-
rmyeckumn metogamu [5; 6]. Maneokapnonornyecknii aHann3 AOPOHOCHBIX OTNIOXEHWUIA OblN BbIMOMHEH
T B. flky60BCKOI1 M0 60NbLIOMY KOMMYECTBY 06pa3L0B 3HAYMTENBHOTO 00bEMa, OTOOPAHHBIX B Pa3INYHbIX
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TOYKax 0OHaXeHMA. B pesynbTaTe BbisiBNeHa boratas ceMeHHas giopa, oTpaxarolias pa3sBuThe pacTUTeNb-
HOCTW, HaYMHas C KNMMaTUYeCKOro onTMMyMa MypaBUHCKOro MeX/IeAHWKOBbS U BKAKOYas ronoueH. CocTas
CemMeHHol nopbl Hanbonee Tennol YacTu MeXNefHUKOBbS, KaK U B pa3pese «3acnaBnb», NOpaaeT Mac-
COBOCTbIO pacTUTENbHbIX 0CTaTKOB. Cpean MCKOMaembiX POPM Hanbosee MHOTOUUC/IEHHbI M0AbI U CEMeHa
TaKuX LUNPOKOSIMCTBEHHbIX Nopofd, kak Carpinus betulus, Tilia tomentosa. B HECKO/IbKO MEHbLLIEM KOMIMYECTBE
BCTpeyatoTcs nnogsl Acer (Heckonbko BuaoB), Tilia, Alnus, a Takke opexu Corylus avellana. Cpefun BOfAHO
¥ NPUBPEXHOW TPaBAHNCTOI PacTUTENbHOCTU JOMUHAHTaMK B pacTUTENbHbIX coobLyecTBax ABnatoTcs Najas
marina, Cauliniaflexilis, Bbimeplunii Bug Potamogeton marginatus, Nuphar lutea 1 MHOro gpyrmx Tepmo-
(hUNbHBIX 3/1EMEHTOB. MpUCYTCTBME B LJAHHbLIX OT/IOXEHUAX 3HAYUTENILHOTO KONMYECTBA XBOMW, CEMSAH M OCTaT-
KOB COCHbl, €11, NUCTBEHHWLbI BCE Y& CBUAETENbCTBYET O HECKOMbKO 60/ee NPoXnagHbIX KAMMAaTUUYECKUX
YCOBUSAX, CYLLECTBOBaBLUMX B KOHLIE ONTUMYMa MypaBUHCKOIO MexneHMKOBbA ((ha3a rpaba), yem B paspese
«3acnasnb». B paspese «Ypyube» OblN0 BbISBMAEHO 60/MbLLOE YACNO TEPMOMUNBLHBLIX BUAOB, YTO NMO3BOANNO
noslyunTb Clefylolme 3HaYeHUs naneotemneparyp: B uione - ot +17,0 go +20,0 °C, B AHBape - oT +2,5
fo -4,5 °C (puc. 3).

Temnepartypa utons, °C
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Puc. 1 PeKOHCTPYKLWs NaneoTeMnepaTypHbIX nokasateneii gns ontumyma
MYPaBUHCKOTO MeX/eHNKOBbS paspesa «benblil pos»

Fig. 1. Reconstruction of paleotemperature indicators for the optimum
of the Muravian interglacial section of «Beliy rov»

Paszpe3 « TMMOLLKOBMYN-2» Ha HOBOrpyACKON BO3BLILLEHHOCTW. Pa3pes MexXneAHUKOBbIX OT/0XKEHWNI
y 4. TUMOLLKOBMYM HA HOBOrpyACKOW BO3BbILLEHHOCTU, HeJaneko oT . n. Kopenunuu, 6bi1 06HapyXeH B Ha-
yane npowsoro cronetus A. b. MuccyHoii. epBble cBefeHMS O CEMEHHON (hnope NpuBoasaTca B paboTax
B. H. CykaueBa, KOTOpbIli Ha O4YeHb hparMeHTapHOM MaTepuane Cymen npaBu/bHO ONpPeaenuTb BO3PacT OT-
NOXeHWA. BnocneacTBum AaHHble OTNOXEHWUS MHOTOKPATHO U3yYannch Kak NOMbCKUMU, TaK 1 6eN10pyCcCKUMu
naneo6otaHukamu [7]. Fpynnoit 6enopycckmMx yyeHbix B 1980-X IT. BbIMO/IHEHbI OCOOEHHO fAeTaNbHble UC-
CnefioBaHus, B pesy/bTaTe KOTOPbIX OblIN M3YUYeHbl YCNOBUSA 3aneraHus MexnefHUKOBON /IMH3bI, NOCTPOEH
reoflorMyeckKnii Npounb 1 BbISBMIEHLI 4Ba TWUMa UCKONaeMoi gopbl. Hanbonee nogpobHo 6blna U3yveHa
(hnopa 13 MexneHMKOBOM TOMLLM OTNOXEHUI, KOTOpas nNpeAcTaBneHa cynecsiMu rymycupoBaHHbIMK, Topga-
MM NeCHbIMK 06LLel MOLHOCTLIO 6onee 4 M. 3 TopdhoB 1 cyneceil nonyyeHa Hanbonee 6oratas cemeHHas
(hnopa, NpeAcTaBneHHas 60/bLLON FPYNMORA LPeBeCHbIX MNOPOA U KyCTapHUKOBbLIX pacTeHuid (Pinus sylvestris,
Carpinus betulus, Betula alba, Alnus glutinosa, Acerplatanoides, Tilia tomentosa, Tiliaplatyphyllos, Corylus
avellana, Frangula alnus, Swida sanguinea, Fraxinus excelsior), BOCNPOU3BOAALLNX ONTUMa/bHbIe YacTu
MYPaBUHCKOI0 MeX/e4HNKOBbSA. 3TO CBMAETENLCTBYET O SIECHOM TUMe (PAOpPbI, OCHOBY KOTOPOI COCTaBAANM
XBONHO-LUMPOKONNCTBEHHbIE co0bLLecTBa. Popa TPaBAHMCTLIX PACTEHUIA BKIHOYAET TUMMYHbIA HABOP MeX-
negHuKoBbIX hopM (Salvinia natans, Najas marina, Nuphar lutea, Nymphaea alba, Ceratophyllum demersum,
Stratiotes aloides), Takxe BCTpeyatoTcs efMHNYHbIE cemeHa Aldrovanda vesiculosa v Brasenia holsatica. 370,
noXanyi, ofjHa U3 cambiX 60raTblX MypaBUHCKMX (nop Ha TeppuTopun Benapycun. MpoBefeHHble Naneoknu-
MaTUYeCKne PEKOHCTPYKLMM MyTeM COBMELLEHMS apeasioB TEPMOGUIbHLIX BUAOB PacTeHWI fanu cregyroLme
3HayeHunst TemnepaTyp: B utone - ot +19,0 go +21,0 °C, B AHBape - oT +1,5 go -3,0 °C (puc. 4).
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Puc. 2. PeKOHCTPYKLMS NaneoTeMnepaTypHbIX MokasaTenei Ans ontumyma
MYPaBUHCKOI0 MEeX/efjHUKOBbS pa3pesa «3ac/aB/b»

Fig. 2. Reconstruction of paleotemperature indicators for the optimum
of the Muravian interglacial section «Zaslavl»
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MYPaBUHCKOrO MEX/NeHNKOBbs Paspesa «Ypyube»

Fig. 3. Reconstruction of paleotemperature indicators for the optimum
of the Muravian interglacial section «Uruchye»
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MYPaBUHCKOrO MEX/eAHNKOBbA pa3pesa « TUMOLLKOBNYN-2»

Fig. 4. Reconstruction of paleotemperature indicators for the optimum
of the Muravian interglacial section «Timoshkovichi-2»

74



eonorus
Geology

4 0 - 4 - 8
Temnepatypa AHBaps, °C

Puc. 5. PeKoHCTpyKLMA NaneoTemnepaTypHbIX NoKasaTenei gns ontumyma
MYPaBWHCKOTO MeX/NeIHNKOBbA pa3pesa «[bILLKM»

Fig. 5. Reconstruction of paleotemperature indicators for the optimum
of the Muravian interglacial section of «Pyshka»

Paspe3 «[bILLKW» Ha ["POAHEHCKOI BO3BbILLEHHOCTW. B npaBom 6opTy oBpara Bo3fe f. MblliKK, pac-
MOJIOXKEHHOI 0 Ha NeBoM 6epery p. HemaH, 06HaXatoTCH MEXNeLHUKOBbIE OT/IOXEHUA MyPaBUHCKOIO BO3pac-
Ta, W3BECTHbIE B NUTepaType ¢ Havana XX B. U U3yyaBLINeCs MHOrOUYUCNEHHBIMU uccnefoBatensaMu. JInH3a
MEeX/eLHNKOBbIX OTNOXEHWIA BCKPbIBaeTCA Ha ypoBHe 13-16 M Hagj ype3oM BOfbl B peKe 1 CNoxeHa Topdamu
YepHO-6YpPbIMU NUCTOBATLIMU U TUTTUAMU TEMHO-CEPbIMW TOHKOCNIOUCTbIMK 06LLEA MOLLHOCTLIO 60/ee 3 M.
MepBble ManeoKapnonormyeckne nccneaoBaHns oolam BoinonHeHsl M. V. OopodeeBbiM B 1957 I., KOTOPbIi
BbISIBUN HeboNbLY (36 (hopm) cemeHHYyto nopy. BnocnefcTBumn paspe3 HEOAHOKPATHO usydasncsa [6; 7]
1 aBTOPOM, a TaKXXe [AeMOHCTPUPOBA/ICA Ha MEXAYHapOLHbIX COBelaHusax. B pesynbtarte npoBefeHHbIX je-
Ta/lbHbIX UCCNEA0BaHWI BbISIBNEHHAA ceMeHHas (hopa HacuuTbiBaeT okoo 100 BMAOB LPEBECHbIX, KycTap-
HUKOBbIX M TPaBAHUCTbIX PacTeHMin. MexxneHWKOBbIN 061K (h10pbl COCTABASET FPYMna LWMPOKOIUCTBEHHbIX
nopof n kyctapHukos (Tilia tomentosa, Acer cf. platanoides, Carpinus betulus, Corylus avellana), a Takxe
TPaBAHUCTBIX pacTeHWin 6paseHMeBoro kommnnekca (Brasenia holsatica, Aldrovanda vesiculosa, Dulichium
arundinaceum, Stratiotes aloides, Caldesia parnassifolia), KoTopble NPOMCXOAAT M3 BEPXHEN YacTu pa3pesa
(TOpth) 1 COOTBETCTBYIOT ONTUMYMY MEXNEAHUKOBLA. HUXHME 1 CpefHMEe rOPU3OHTbI MeX/1eAHUKOBOW TOALLM
BOCNPOU3BOAAT (hriopy 6ONee yMEPEHHOro TuNa, JOPMMPOBaHME KOTOPOI MPOUCXOAWIO0 B MEPBOI NOMOBUHE
MeX/eAHNKoBbS. Cpean ApeBecHbIX NOPOA NPUCYTCTBYIOT ocTaTkum Betula alba, Alnus incana, Pinus sylvestris,
a U3 TPaBAHMCTbIX PaCTEHWIA - BUAblI 60/1ee yMepeHHbIX YCNoBuiA 0buTaHms. Camoii MH(OpPMaTUBHOI OKa3anachb
ONTMManbHas 4acTb MEeXNEAHWKOBbA, U B pe3y/bTaTe COBMELLEHUS apeasnoB BbIABNEHHbLIX TEPMOGUIbHbLIX
BMAOB PacTeHWU ObIM NOAYYeHbl CneaytoLine 3HadeHns naneotemnepaTyp: oT +17,0 go +21,2 °C B uwone
n ot +4,0 go -4,8 °C B aHBape (puc. 5).

3akstoyeHue

B pesynbTaTe NpoBefeHHbIX UCCNef0BaHWI U aHann3a cocTaBa CEMEHHbIX KOMIMIEKCOB pa3pe3oB «benblii
POB», «3acnaB/b», «YpPy4be», «TUMOLIKOBUUMN-2», «[TbILIKA» MOXHO KOHCTAaTMPOBaTb, YTO B MYyPaBUHCKOM
MEeXNeAHNKOBLE Ha TeppuTopmmn benopycckoim rpagbl Npou3pacTanm LWMPOKONCTBEHHbIE feca, JOMUHUPYO-
Lee MNOJOXEHWe B KOTOPbIX MPUHAANEXano TakMM LUMPOKOAUCTBEHHbIM nopogam, Kak Carpinus betulus
(B0 Bcex paspe3ax 60MbLIOe KonmuecTBo ocTaTkos), Tilia tomentosa (pa3pe3 «Ypyube»), Corylus avellana
(o4eHb MHOT0 OpexoB B paspese «3acnas/b»), B MEHbLLEM KOIMYECTBE B PaCTUTE/IbHbIX COOOLLECTBAaX BCTpeya-
NNCb HEeCKonbKo BMAoB Acer (pa3pes «Ypyudbe»), a Takxe Quercus, Betula alba, Alnus glutinosa n gpyrue gpe-
BeCHble (hopMbl. /13 BOAHOI pacTUTENLHOCTM AOMUHUPYIOLLEE NOMNOXEHMe 3aHMManu Najas marina (paspesbl
«Ypyube», «TUMOLIKOBNYKN-2»), Cauliniaflexilis (pa3pes «¥Ypyube»), Salvinia natans (pa3pesbl «3acnas/b»,
«MefBexKuHo»), NpeAcTaBfeHHble 60NLLWINM KOMMYECTBOM CEMSIH, YTO CBUAETENbCTBYET O 61aronpusTHbIX
YCNOBUAX MX CYLLECTBOBaHUSA. 3HAYMTENIbHO pPeXe B naneoBofoemMax Benopycckoii rpagbl BcTpevaroTes ce-
MeHa TUMWUYHO TepMOMUIbHBLIX BUAOB 6paseHNEBOro KoMMaekca, Takux Kak Aldrovanda vesiculosa (paspes
«3acnaBnb»), Stratiotes aloides (pa3spe3 «3acnaBnb»), Caldesia parnassifolia (paspe3 «¥Ypyube»). Hanbonee
XapaKTepHbIA 3MeMeHT MeXefHUKOBbIX (nop nneiictoueHa BocTtouHoli EBponbl - Brasenia holsatica -
NpakTUYeCcKn OTCYTCTBYET Ha MUHCKOI BO3BbILIEHHOCTW, XOTA LUMPOKO 6blN pacnpocTpaHeH Ha OCTanbHOM
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Tepputopun Benapycu: coTHU 3K3emnsapoB Brasenia holsatica HailaeHbl B pa3pese «Benblil poB», HECKO/MbKO
CemMsiH 06Hapy>KeHO B pa3pe3ax «TMMOLLIKOBMUN-2» N «[bIWKN». U 370, NO-BUANMOMY, CBSI3aHO HE C Kapb6o-
HaTHOW Cpefoi BOLOEMOB, KaK CHMTAIOT HEKOTOPbIE UCCNeA0BaTeNMN, a C KIMMaTUYECKUMU 0COBEHHOCTAMM
BO3BbILUEHHbIX TEPPUTOPUIA, XOTA BO3MOXHO BAMSHWUE N APYTUX (hakTOpoB. Tak, B al/ll0BMA/IbHO-CTAPUUHbIX
OT/IOXKEHMAX MYPaBMHCKOrO BO3pacTa KpynHeiwunx pek benapycu (OHenp, 3anagHas [BuHa, HemaH) npu-
CYTCTBYeT OFPOMHOE KO/IMYeCTBO ceMsiH Brasenia holsatica - camoro TepMogMabHOrO afieMeHTa MeXnegHun-
KOBbIX (DI0p N/EACTOLEHa, YTO CBUAETENLCTBYET O €r0 LUMPOKOM PacnpoCTpaHEHWN B MypPaBUHCKOE BPEMS Ha
TeppuTOpUK Hallein pecny6anKn. BoisiBeHHbIE NaneoTeMrnepaTypHble NoKasaTenu 411 OnTUMyMa MypaBuH-
CKOr0 MeX/1eJHNKOBbA XOPOLLIO COMOCTAB/AKTCA C AAHHbIMMW, NOMYYEHHBIMU MAIMHONOraMuK 415 ONTUMYyMa
MYPaBUHCKOIO MeX/eAHWKOBbA Ha Tepputopun Benapycu. CornacHo nafvHOMOrMYEeCKUM MaTtepuanam ca-
Masi Ternnas (pasa MypaBMHCKOrO MeX/1efHNKOBbS XapaKTepu3yeTca Crefyowmmmy 3HaueHUIMN TeMnepaTyp:
oT +17 go +23 °C B utone n ot +3 go -4...-5 °C B aHBape [8; 9]. Mo naneokapnonornyeckmm faHHbIM, cped-
HMe 3Ha4YeHWs TemnepaTyp Ana benopycckoi rpaabl kKonebanuck B npegenax ot +17 ao +20...+21 °C B utone
n ot +2,0 go -4,5 °C B AHBape. B HacToslee Bpems cpefHAs TemnepaTypa fHBapsa coctaBnseT -2 °C Ha
toro-3anage pecnyénukm un -5,5 °C Ha ceBepo-BocToke. CpefHsas Temnepatypa vtons kKonebnercs oT +17,5
fo +18,5 °C. lMonyyeHHble faHHble NMOKa3blBAOT OYEHb CXOXKWe 3HAYeHUs U CBUAETENbCTBYHOT O TOM, UTO
3Mbl ObIIM MATKUMU U NPaKTUYECKU 6e3MOPO3HBLIMU MPU HE3HAUMTENIbHBIX KoNiebaHuax Temnepatyp (Bcero
B HECKO/IbKO rpagycoB). Tak, B 1960 r. cpegHss TemnepaTtypa siHBapsi coctasnsna ot +1,0 go -3,0 °C, a B neT-
HMe MecALbl TemnepaTypbl 6bINU Bbille COBPEMEHHbIX Ha HECKO/IbKO rpasycos [10].
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SHAYEHWE TEOJ/IOTMYECKOIO CTPOEHUNA N NNTOJNTOI NN
KOPEHHbLIX MOPOA OANA PACMNPEAENEHNA N MTPOUNCXOXAEHNA
NEOHNKOBbLIX JTOXBWH HA TEPPUTOPUW BETAPYCW

M. E. KOMAPOBCKWIN A A. C. CEMEHIOK1

DBenopycckuii rocygapcTBEHHbI yHUBepcuTeT, np. HesasucumocTw, 4, 220030, r. MuHck, benapycb

eorpaduyeckoe pacrpefesieHne N NPOUCXOXAEHWE NIEAHUKOBBIX /IOXKGWUH B MOBEPXHOCTW [0YETBEPTUUHBIX OT/IO-
YKEHUIA Ha TeppuTopun Pecny6nnkn Benapycb TeCHO CBSi3aHbl CO CTPYKTYPOiA, Ae(hOpMaLMOHHbIMI CBOWCTBaMMW U K-
To/orveli KopeHHoro cy6eTpata. VMccnefoBaHeM YCTaHOB/IEHO, UTO CaMasi BbICOKAasl MA0THOCTb IOK6UH MPUCYTCTBYET
B paiioHax, rae npeo6nafalT AetopMypyeMble Me30KaiHO30MCKMe MepresibHO-MefloBbIe, NMeCUaHO-TIMHUCTbIE OT/I0XKE-
HUSI 1 CNaboNMTUMULMPOBAHHbIE EBOHCKME MECKMN M MecHaHWKU, KOTOopble 3a/1eralT Haj BbICTynaMu 6o/ee NpoYHbIX
MopOJ C HaK/I0HOM HaBCTpeYy NeaHuKy (Benopycckasi aHTeKM3a U CeBepHbIiA paiioH Benapycy). MeHblLLee KOMMYeCTBO
NOXG6WH HabogaeTes B pailoHax pasBUTUS BblAEPXXaHHbIX MO MOLLHOCTY HUXXHEMNAE030MCKUX U JeBOHCKMX MOPOZ U Ha
TEPPUTOPUSIX 3a/IeraHns Nopoj MefioBoro - GPecTCKOro Bo3pacTa Co 3HAYMTE/IbHO Gosiee rly60KUM PacrosiokKeHUeM
(hyHaaMeHTa. Hanuuue cy6cTpaTta, 0THOCUTENIbHO YCTOWUMBOIO K BO3AENCTBUIO NTEAHUKOBOI Harpy3ku B ceBepHol Be-
napycu, u cybcTpaTa, ehopMupyemMoro Ha TeppuToprmn Benopycckoit aHTeKM3bI, 06YC/IOBU/IO NPOSIBEHME Pa3HbIX MPO-
LLECCOB f1eiHNKOBOW 3p031K 1 (HOPMUPOBAHUE PA3/TUYHBIX TUMOB SIOXGMH.

KntoueBble CoBa: NiefHMKOBbIE NOXO6VHbI; CTPYKTYPA U INTONOTMS KOPEHHbIX NMOPOJ; NPOYHbIl cy6eTpaT; fedopmMu-
pyeMoe fejHUKOBOE JIOXE; SIeJHAKOBasH 3p03usi.

SIGNIFICANCE OF BEDROCK STRUCTURE AND LITHOLOGY FOR THE
GLACIAL VALLEYS DISTRIBUTION AND GENESIS IN BELARUS

M. E. KOMAROVSKIYgA. S. SEMIANIUK

@Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: M. E. Komarovskiy (mkomarovskiy@ mail.ru)

Geographic distribution and genesis of glacial valleys within Belarus are closely connected to the structure, defor-
mation properties and lithology of the bedrocks. The study reveals, that the highest valley density is over the protrusions
of the Precambrian and Devonian rocks in the Belarusian anteclise and northern Belarus, that have a gently inclination
against glacier and are overlied by thin strata of deformable Mesozoic and Cenozoic chalk, marls or uncemented sands
and sandstones. In the areas, where the hard Lover Paleozoic and Devonian rocks constitute the bedrock surface in north
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and east Belarus, glacial valleys are observed in a smaller number. In addition, we find a small number ofvalleys in areas
of southern Belarus, where the Mesozoic and Cenozoic rocks form the bedrock surface, butbasementis present of greater
depth and dips generally toward to the south. Resistant of the Precambrian and Devonian rocks in northern Belarus to
glacial stress and deformable rocks within the Belarusian anteclise predetermined different processes of glacier erosion
and favored to development the different types of glacial valleys.

Keywords: glacial valleys; bedrock structure and lithology; rigid bedrock; deformable glacier bed; glacial erosion.

BBepgeHme

B paboTax uccnegosateneii CTPYKTypa KOPEHHbIX NOPOJ paccMaTpMBaeTCa Kak OMH 13 OCHOBHbIX (PaKTo-
pOB, BAUAIOLLMX Ha MPOLEecchl NefJHUKOBON U BOAHO-NEAHNKOBOMN 3p03uK, aedopmalv U Ha BO3HUKHOBEHME
B pe3ynbTaTe 3TUX NPOLLECCOB NOXOUH 1 ApyruX negHUKoBbIX hopm [1; 2]. Mpu OueHKe BANSHWSA CTPYKTYpbI
N NINTONOTMKN OTNIOXKEHUIA cy6eTpaTa CyLLeCTBYOT pa3Hble MHEHUA OTHOCUTENLHO TOro, Kakume CBOWMCTBA KO-
PEHHBIX OTNIOXEHWIA ABNAKOTCA Hanbonee BaXXHbIMU U 00YCNOBAUBAIOT 3PO3UOHHYIO U FNALNOTEKTOHUYECKYIO
LeaTenbHOCTb NefHuKa. OfHU UccnefoBaTen HE06X0ANMbIM YCN0BMEM NPOTEKAHWS NeAHUKOBOM 3p03unn 1 BO3-
HUKHOBEHUS NOXXOWH CYMTAIOT MPUCYTCTBME CNaboNMTUDMLMPOBaHHbLIX (HEKOHCOMANPOBAHHbLIX) NOPoA, UX
(hM3MKO-MexaHnyeckume cBoicTaa [3-5]. Apyrue paccmaTpuBaroT TEKTOHUYECKME CTPYKTYPbI (BbICTYMbI, MY/lb-
[bl, MOHOK/IMHANN) Kak OCHOBHYIO MPUUYMHY 06pa3oBaHus NeAHWUKOBbLIX IOX6UH [2; 6-8; 9]. YacTb reonoros
nonararoT, YTO NOSIBNIEHMNIO NI0XK6WMH CNOCO6CTBOBANU CTIOUCTOCTb, CNaHLLEBaTOCTb, TPELLMHOBATOCTb, NPOCION
PbIX/IbIX OTNOXEHWIA, 30HbI (haLManbHOro 3aMeLLeHNs necka FnHamu U Apyrue 30Hbl CTPYKTYPHOro ocnabne-
HUA B CybCTpaTte, 60/1ee NOABEPXKEHHbIE NTEHNKOBOI 3p03nK U FNALMOTEKTOHMYECKO nepepaboTke [10-13].

MepeyncneHHble fJaHHbIe NPeabIgYLLMX UCCNEA0BAHUA O BAMSHUMN CTPYKTYPbl U IMTONOMMU KOPEHHBIX OT-
NOXEHWIA Ha NeJHNKOBYIO 3P03MI0 U NIeAHNKOBbIE (POPMbI ApEBHENEeLHUKOBbLIX 061aCcTell BOXXHO UMETh B BUAY,
Korfa o6cyxatTcsa NpUYnHbl BOSHUKHOBEHMSA NOXOWH Ha TeppuTopumn Benapycu.

Llenb paboThl - aKLEHTUPOBaTb BHUMaHWE Ha pas/inyHoi MN0THOCTU U U3MEHEHWSAX B MPOCTPAHCTBEHHOM
pacnpefeneHnn 0CHOBHbIX TUMNOB NIeAHUKOBbIX IOXKOUH N YCTaHOBUTbL COOTHOLLEHWE CO CTPYKTYPOIA U INTO-
NOTNYECKUMU XapaKTepucTUKaMm LOYETBEPTUYHBIX OT/I0XKEHW B Benapycw.

MeToamka nccnegoBaHusa

icnonb3oBanoch CONOCTaBEHWE IeAHUKOBBIX NOXOWH U UX MAOTHOCTY C NOWAaAAMU Pa3IUYHOIO reono-
rMYecKoro CTpoeHus. MpefcTaBneHne 0 NPOCTPAHCTBEHHOM pa3MeLLeHU IeAHUKOBBIX NOXOWH AaeT feTasb-
Has KapTa penbeda NOBEPXHOCTM LOYETBEPTUUHBIX 1 BPECTCKMX NpeanefHNKOBbLIX OTA0XEHWA B Benapycu
macliTaba 1:200 000, noCcTpoeHHas C y4eTOM MMeLoLUXCcs 6ypoBbIX AaHHbIX [14]. KapTupoBaHue TUNOB nej-
HWKOBBIX JIOXXOUH OCHOBbIBAIOCH Ha kKoMMekce Kputepues [9; 15]. C MX NOMOLLbIO MOCTPOEHA creynanbHas
KapTa NefjHNKOBbIX NOXOWH pa3fiMyHoro Tuna.

MNoTHOCTL NOXOMH M3MepsAnach Mo KapTe pefibea NOBEPXHOCTU A0YETBEPTUYHBLIX U BPECTCKMX npea-
NeIHNKOBbIX OTM0XeHM macluTaba 1:200 000. 3a nokasaTesib NAOTHOCTM BblGpPaHO OTHOLLEHME MAoLLaan,
3aHMMaeMOoi NoX6UHamu, K 25 KM2Tepputopum (B npoeHTax). CTano BO3MOXHbIM NPeAcTaBUTL 60/1ee YeTKYHO
KapTWUHY pacnpocTpaHeHUs PaloHOB C HWU3KOM, CpeAHEl N BbICOKOW NMOTHOCTHIO NIOXKOMH. ConocTaBieHne
KapT pacnpocTpaHeHUs 1 NI0OTHOCTU NOXOBUH € XapakTepoM reo/IorMyeckoro CTPOeEHUs KOpeHHOro cybeTpara
MO3BO/IN/IO BbISIBUTL B3aMMOCBSI3b IOXKOWH C paiioHamMy OnpeAeneHHOro reo/orMyYeckoro CTPOEHMUS, permo-
Ha/IbHbIMW U NOKa/IbHbIMU CTPYKTYpamu (puc. 1).

Pe3ynbTaTbl UCCNef0BaHUA

NefHunKoOBbIE NOXOUHLI pacnpegeneHsl no Tepputopun Pecny6nmkn benapych HepaBHOMeEpPHO. Bbicokas
NAOTHOCTb NOXOUH NpeAcTaB/ieHa B LeHTPaSbHON, 3anafiHOM 1 CeBepHO YacTaX CTpaHbl. B toro-3anagHoi,
OXXHOM M BOCTOYHOI YacTaX pecny6anKu NA0THOCTb NIOX6UH CHMKaeTes o 3,6 %. UToObl ycTaHOBUTL B3au-
MOOTHOLLEHME NeJHNKOBLIX NIOXO6UH U KOPeHHOro cybcTpaTa, TeppuTopus benapycu 6bina pasgeneHa Ha Tpu
paiioHa (cM. puc. 1), KOTOpble Pa3MyaloTCs No XapaKTepy recsIOrMYeckoro CTPOEHMUS BEPXHEro ByXCOTMETPO-
BOro paspesa niaTQopMeHHOro Yexsa. BenmunHa BepxHero MHTepBana BblopaHa ¢ y4eToM (hyHAaMeHTaIbHOro
3HAYeHUS ero CTPYKTYpbl, IMTONOMMU B KOHTPOAUPOBAHMN NeHUKOBOW 3po3un [1; 16].

PaiioH | npmuxoauTcs Ha LeHTpasbHYO 1 3anafHyto YacTu benapycn. OCo6eHHOCTbIO 3TOF0 paiioHa ABNseTcs
HernyboKoe 3aneraHume KpUCTaiIMyeckoro yHaameHTa. Ero noBepxHOCTb NPUNOAHATA Bbille abCOMOTHBIX
0TMeTOK -500 m 1 06pa3syeT benopycckyto aHTeknm3y. LleHTpanbHOMY y4acTKy aHTeKnu3bl nam LieHTpanbHo-
Benopycckomy MaccuBy, MMeKOLLEMY CYOLUIMPOTHOE MPOCTUPAHUE, COOTBETCTBYET CBOL. ABCOMOTHbIE OT-
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MeTKU (byHAaMeHTa focTturaroT 3geck oT -100 o -25 M, a Ha BO6OBHAHCKOM BbICTYME - MakKCUMasbHbIX
3HaveHuid (95 m). Ha Kpbl/ibiX aHTEKNM3blI MOBEPXHOCTb PyHAAMEHTA pajuaibHO MOFPYXKAeTCsA C YKIOHOM
10 m Ha 1,5-3,0 KM, a MmecTaMu 1 ¢ 60nbWINM. [10BEPXHOCTb (hyHAAMEHTa BbIAENSETCA 3[1eCb 3HAYNTENBHON
Pacy/eHeHHOCTHIO 1 LUMPOKMUM Pa3BUTUEM NIOKAbHbIX BbICTYMOB, Ba/IOB, MOAHATUNA, KOTOPbIE UMEIOT aMMnNTY-
Ay o 30-50 m, MakcumanbHyto - 0o 150 m (3enbBsSHCKO-BbeBCKUIA Basl, CTOHUMCKWMIA Kynon, TpogHEHCKOE,
bepectoBelkoe, MocToBckoe, BopoHoBckoe, KpeBckoe nofgHATMsA) [17]. OcobeHHO HepoBHas NOBEPXHOCTb
(hyHLaMeHTa 0TMevaeTcs B Npefenax HeCKONbKUX pa3nomMoB: "pogHeHcKoro, LLyunHckoro, BonkoBbIicCKoro,
[Oatnosckoro, Kopenuuckoro, Hann6okckoro. 3aeck npeactaBneHbl KPYTble CKNOHbI MW YCTYMbI, IOKa/bHbIE
6/10K0BbI€ BbICTYMbI W fenpeccun amnanTyaoin ot 10 o 62 M, BbITSHYThIE 00bIYHO COM/TACHO MPOCTUPAHUIO
pasfiomoB.

Puc. 1. "oTHOLW eHMeE MeXAY NNOTHOCTbIO NELHUKOBbIX OXOVH U palioHaMK ¢ pa3NMyYHbIM XapakTepoM
reo/lorMyeckoro CTpOEHUs B BEPXHEN ABYXCOTMETPOBOi TO/LLE KOPEHHOrO cy6eTparta:
| - palioH pacnpocTpaHeHWsi MepresbHO-MeNnoBbIX U MECYaHO-TIMHUCTbIX OTIOXEHUIA Mena - CpefHero
nneiicToueHa Ha Herny6oKo 3aneratoLiemM KpuctTanamieckom dyHaameHTe (Benopycckas aHTeKNn3a);

Il - HWXHenaneo3ockne N AeBOHCKME TePPUTEHHbIE 1 KapBOHaTHbIe OTIOXeHUs (CeBepHbIli CKNoH Beno-
PYCCKOWA aHTeKNM3bl 1 ceBepHas YyacTb OpLUaHCKOM BNaauHbl); 111 - npeMmyLLecTBEHHO MeprenbHo-Meno-
Bble, MeCYaHO-aNeBPUTOBbLIE U FIMHUCTO-MECUaHble OTIOXKEHUS HUXKHETO Mena - CPeAHero nieicroLeHa
(MpunsaTcknin nporn6, toXxHas yacTb OpLuaHCKOW BNaguHbl U bpecTckas BnaanHa)
(0603HaueHMe yKasaHHbIX palloHOB NMPUCYTCTBYET Ha puc. 3)

Fig. 1. Correlation between density of valleys and areas with different geological structure within the
uppermost 200 m of the bedrock substratum. Areas: | - chalk, marlstones and sandy-clayey sediments of
the Cetaceous - Middle Pleistocene age that override the shallow lying crystalline basement (Belarusian

anteclise); Il - terrigenous and carbonate Lower Paleozoic and Devonian deposits (the northern slope of the
Belarusian anteclise and the northern part of the Orsha depression); 1l - mainly chalk, marlstones, sandy-
silty and sandy-clayey sediments of the Lower Cretaceous - Middle Pleistocene age
(Pripyat trough, Orsha and Brest depressions) (the designation of these areas is shown on fig. 3)

B npegenax BepxHux 200 M B 0Cao4yHOM paspese LleHTpasbHO-Benopycckoro MaccuBa BblAenstoTcs pas-
Hble MO COCTaBY M BO3PacTy MOPOAbI: HWKHSASA TO/LLA BEPXHEMPOTEPO30/CKO-TPUACOBLIX MOPOZ W BEPXHSIS
TO/LLA MENIOBbIX - HEOreHOBbIX OT/I0XKEHNIA. HUXKHSAS ToNLa 06pa3oBaHmMii pacnpocTpaHeHa B OCHOBHOM Ha
CKNoHax MaccvBa. OHa MMeeT aHTUK/IMHANEBUAHbIE YCIOBUSA 3aNeraHns. BepXHenpoTepo3oiickme necyaHmkm
MOSIBNSIOTCS B OCHOBAHMM Me/OBbIX OT/IOXKEHUIA M MECTaMU B MOAOLLBE YeTBEPTUYHbIX OT/I0XKEHWIA B LLEHTPasIb-
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HOM YacTu CTPYKTYpbl, Ha ee CKAI0HaxX pPacnosioXeHbl 6051ee MonoAble 06pa3oBaHns - HUXHENaIe030MCcKue
N OEBOHCKME WM3BECTHSKMW, LOIOMUTBI, apruinuTbl Ha CEBEpPe U CEBEPO-BOCTOKE, MEPMCKME M3BECTHAKU Ha
CeBepo-3anafe W HopCKue M3BECTHAKM Ha 3anage. OTU OTNOXEHWUS UMEeT MOLHOCTL A0 50-130 M 1 pe3ko
YTOHYAKTCA Haf NOKa/IbHbIMU MONOXKMUTE/bHBIMU CTPYKTYpamMu (yHaameHTa. B Hambonee npmnogHATbIX
CTPyKTypax LleHTpansHO-benopycckoro maccrea 1 3anafHoro CKAoHa aHTeknnsbl (BO60BHSHCKNIA BbICTY,
CnoHumMCcKuiA Kynon, 3enbBAHCKO-VIBbEBCKUIA Basl 1 MOCTOBCKUIA Kynosa) OHW OTCYTCTBYIOT U B OCHOBaHUe
Me/IOBbIX Y YETBEPTUUHbLIX OT/IOXKEHWIA BBIXOAAT KpUCTaNIMYecKue nopoasl pyHaameHTa. Kak nokasaHo B [17],
MOBEPXHOCTb AOME/IOBbLIX NOPOA B paiioHe UMeeT MakchMasibHble OTMETKM Ha BocToke (70-80 M) 1 B Liefiom
MOHOK/IUHANBbHO HaK/MOHeHa Ha 3anaf o 0TMeTkM -220 M ¢ rpagueHToM 1 m/km. Ha aToli pasHOBO3pacTHOA,
CWNbHO AeHYANPOBAaHHON BbIPOBHEHHOM NOBEPXHOCTM 060C06AAOTCA TOKa/IbHbIE MOP(OCTPYKTYPHbIE NMOAHS-
TUA BbICOTOM 40 50 M, CNOXEHHbIe MopojaMu pyHAameHTa (paioH cBOZa M 3anafHOoro CK/I0Ha) U AOMEeN0BbIMU
nopojamMm, MOHMXXEHUS C KOPamy BbIBETPUBAHMSA MOLLHOCTLIO 0 40 M Ha BbIXO4ax PyHAaMeHTa.

BepxHss ToNLWa MeIOBbIX - HEOT€HOBbIX MOPOS, NePeKPbIBAET NMOMOXKMUTE/bHbIE CTPYKTYPbI 60/1e€ APEBHUX
0CaflouHbIX 06pa3oBaHnili 1 hyHAaMeHTa MOYTK Ha BCeil Tepputopum LieHTpansHO-benopycckoro maccusa
M CnaraeT NI0XKe YeTBEPTUYHbIX OT/IOXKEHWI. Ee MOLLHOCTb NOCTEMEHHO YBE/IMUMBAETCA OT CEBEPO-BOCTOUHOA
rpaHuLbl paiioHa Ha 3anag u tor, rae gocturaeT 200 m n 6onee. B npeaenax Benopycckoil aHTeknmn3bl Habto-
[aeTcsa M3MeHeHMe YCOBUIA 3aneraHns U pacnpocTpaHeHns CN0eB PpasHOro BospacTa v amtonorun. MageHne
C/TI0EB MEe/IOBbIX OT/IOXKEHMWI OTK/IOHAETCA K CeBepo-3anagy. Ha nmoBepxXHOCTU KOpPEHHOro cy6cTpara nonocy
pacnpocTpaHeHUs KBapLeBO-T1ayKOHUTOBbIX NECKOB C MPOC/0SMU a/IEBPUTOB M NeCHaHUCTOro Meprens (BAosb
rpaHnLbl HXXHE- Y BEPXHEMESIOBbIX OT/IOXKEHWNIA) B TAKOM XKe Harpas/ieHUM CMeHSeT NoJse pa3BuMTUS onecya-
HEHHOrO U FIMHNCTOro Mefia C MPOCA0AMI Meprenieil BepxHero mMesia. Bropoe nose passuto Ha 60/bLUER YacTm
paiioHa. MenoBble NOPOAbl MEPEKPbITbl PA3HO3EPHUCTLIMU U MEKO3EPHUCTLIMW FayKOHWUTO-KBapLEBbIMY
neckamu naneoreHa, KOTopble B LLEHTPaSIbHOM YacTu pernoHa ABAsTCA MaJIOMOLLHBIMU U PacipoCTpaHeHbl
ocTpoBaMu. K HOry OT/I0XEHUS ManeoreHa BbICTYNalT B BUAE AbIPABOro MOKPOBa, 4OCTUrAT MaKCcumasb-
HOM Mo HOCTU 40 M. [l HEOTeHOBbIX MOPOA TaKXKe XapakTepHbl OCTPOBHOE pacnpoCTpaHeHUe, He6obLLIME
MOLLHOCTW C MaKCMMa/bHbIMMW N0LWLAaAAMM Pa3BUTUA N MOLLHOCTM A0 50 M Ha tore 1 0ro-3anaje aHTeK/n3bI.
B 0CHOBaHMM YeTBEPTUUHbIX OT/I0XKEHWI BCTPEYAKTCA MUOLLEHOBbIE M MMOLEHOBbIE OTA0XKeHMA. Cpean HUX
npeo6nafaloT KBapLEeBble MeCKW U MMUHbI C MPOCN0SMU 6Yporo yrns 03epHoOro 1M 03epHo-6010THOro npouc-
XOXAEHMWS N a/IOBMaNIbHbIE MECKW, aNieBPUTbl U YIINCTbIE T/IMHbI, KOTOPbIE MOXHO O0GHAPY>XUTb MO BCEMY
paiioHy B ApeBHE03epHbIX KOTNOBMHAX 1 NaneogonuHe p. HemaH.

B pesynbTate 0TMEYeHHbIX BbIlle YC/OBUIA 3aneraHus TOWM MeI0BbIX U NaseoreH-HeoreHoBbIX akKy-
mMynauuii LleHTpansHo-Benopycckuii maccB Ha 60nblUeld YacTu SBNSETCA NOrpe6eHHoN CTPYKTYpPOd U Ha
MOBEPXHOCTU JOYETBEPTUYHBIX OT/IOXKEHWIA He BblgenseTcs. [pn 3TOM Ha MPUCBOAOBbLIX YYaCTKaX CKIOHOB,
NOKanbHbIX CTPYKTYpax fOME/I0BO/ MOBEPXHOCTM 3Ta TO/LLA YTOHYaeTcs. B Hanbonee NnpunogHATON YacTu
BO6OBHSAHCKOrO BbICTyNa OHa pPaspbiBaeTCsA M Ha MOBEPXHOCTU LOYETBEPTUUHBIX OT/IOXEHUA 06HaXaeTcA
KpuUcTanimyeckuin gyHgameHT. MOBEPXHOCTb JOYETBEPTMUHBIX MOPOS XapakTepu3yeTcs MOHWKEHUEM Ha
ceBepo-3anaf ¢ rpagueHTom 1,1 m/ 1 KM, TEKTOHUYECKME CTPYKTYpPbl (BOBOBHSHCKMIA BLICTYM U P.) B Held He
BbIAENATCA NM60 UMEIDT He3HaunTeNbHble (A0 10 M) amMnAnTyabl.

Ha TeppuTOopun Herny6oKoro 3aneraHus KpucTanimyeckoro yHnameHTa benopycckoi aHTeKknm3bl, nepe-
KPbITOr0 CPaBHUTENIbHO MaTOMOLLHbLIMU MeprefisHO-MeI0BbIMU U NeCYaHO-MTMHUCTLIMK NOPoAaMK, YCTaHOB-
NeHo npeobnagarollee KOAMYECTBO NEAHNKOBBIX NOXOUH M UX Hanbonblas NAoTHOCTb - 23, 3 % [2; 7; 15;
18; 19] (pwc. 2).

JNefiHNKOBbIE NOXOWHbI NOABAAKTCA HA NMOBEPXHOCTU OTNOXEHUI Me30KalHO0304 Ha y4yacTkax, rge no-
rpebeHHble CKMOHbI LieHTpanbHo-benopycckoro maccuea focturaloT oTMeToK -0,3 KM 1 Bbile. OCobeHHO
LUIMPOKO U NAOTHO OHW MpPeACTaB/eHbl HA MPUCBOAOBLIX yYacTKax 3anafjHoro 1 CeBepHOro CK/0OHOB MaccuBa
13 CKaNlbHbIX NOPOS4 PyHAAMEHTa 1 BepxXHero npoTepo3os. CKNOHbI 06paLLeHbl HaBCTPeYy ABVKEHMIO NegHMKA
1 NepeKpPbITbI PbIX/IbIMW MOPOAAMMN MENOBOIA, Nafle0reHOBOM N HEOTEHOBOI CUCTEM. Ha 3TOi TeppuTOpUK, Kak
cnepyet u3 [15], cocpefoToueHbl NOX6UHbI NeLHUKOBOIO BbiNaxnBaHUs, BbIAaBNNBAHUS, BOLHO-NELHNKOBOIO
pasmMblBa ¥ NOMMTEHETUYECKOrO XapaKTepa.

OCHOBY NOXX6UHHOTO penbetha 06pasyoT NONUTeHeTUYECKME Pa3HOBMAHOCTY NOXOUMH (puc. 3). Cpeamn HUX
npeobnafaloT rnaunogenpeccun N iMHeHble TPOroBble IOXKOMHBLI NeJHNKOBOW 3K3apaLuu, BblaBnBaHWSA
M pa3MbiBa. PacrnonoxeHve rnaunoaenpeccuii KOHTponupyeTcsa pasMelleHmem LieHTpanbHo-Benopycckoro
KPMCTanIM4YeCcKOro MaccuBa 1 nowagsamMu ero CK0HOB ¢ abCONIOTHbIMK OTMeTKamMu oT -120 go 0 M 1 Ha-
KMOHOM HaBCTpeuy ABWXEeHUI0 NefdHMKa. Takoe pacnosnoxeHne Habnogaetcs y MocToBCKOW 1 Hannmbokckoit
rnsauuogenpeccuin. OHu ormbatoT LieHTpanbHO-Benopycckuidi MaccuB ¢ ceBepa, cnefys K 3anagy BoMb 0CeBOi
MONOChI 3TOI CTPYKTYPbl. Y 3TUX KOT/I0BMH OTMEYaeTcs MOrpy>XeHne NOBEPXHOCTM K tOry NPOTMB YKIOHA
(hyHaMeHTa U MUHUMaNbHbIE OTMETKM B 30HE CIIUAHUA UX HA C BEPXHEN YacTbio CKIOHOB CKa/IbHOr 0 BbICTYNA.
B Takmx 30Hax, Kak 0TMeuyeHo B [15], MenoBble MOPOAbl YHUUTOXEHbI NeAHUKOM Ha MOMHYI0 UK 60NbLUYIO
4acTb MOLLHOCTM Mena (puc. 4).
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Mone pacrnpocTPaHeHNs! HUKHE- I BEPXHEMESOBbIX lnowaam passuThA BEpXHEMENOBbIX

MECKOB C MPOCI0AMU a/IeBPUTOB U FINH Mepre/ibHO-MeNoBLIX Nopoa
MecTa 0TCYyTCTBMS MeprefibHO-MeNoBbIX BpecTCKUe aneBpuThl,
11 MECHAHO-T/IMHUCTbIX MOPO F/HbI, MECKN

HeoreHoBble necyaHo-rMHUCTbIE

JlefIHMKOBbIE NOX6UHbI
aKKyMynsiLmm A

[ManeoreHoBbIe

W3oruncbl dyHaaMeHTa
NEeCKMN 1 aneBpuThbI

I nsumogenpeccum paHuLa paitoHa

Puc. 2. B3auMoCBs3b /IeAHUKOBbIX JI0XXOUH C NONIEM Pa3BUTUS MePrefbHO-MeoBbIX
OT/IOXKEHW1 BEPXHErO Mena 1 NecyaHo-TMHUCTbIX 06pa3oBaHUiA KaliHO305 U ¢ HErny6oKuM
3aneraHvem yHiameHTa B npefenax benopycckoit aHTeknusbl
Fig. 2. Relationship between glacial valleys and area with Upper Cretaceous chalk,
marlstones and Cenozoic sands and clays that superpose a basement
protrusion within the Belarusian anteclise

BbICOKOE NOM0OXeHMe KPUCTaNIMUYecKmnx nopog Ha LieHTpanbHO-benopycckom KpucTaninyeckom maccuse
06yCNoBUIIO LUMPOKOE pasBMTUE MNALMOAMNCNOKALMIA B MOACTMNAKOLWNX MOPOJaX B OCHOBaHMM 1 N0 Nepudepun
rnaumogenpeccuii [2; 15]. MNposBneHne rNALMOTEKTOHNKI 3[€Ch BbIPaXKAeTCA B MHOTOUYMC/EHHbIX FNsiLMoamna-
nnpax v rnaynMoKynonax, ABAeHUAIX OTTOPXXEHNUS U BHEAPEHWUS ME/OBbIX, ManeoreHoBbIX U HEOreHOBbIX NO-
pof B YETBEPTUYHYIO TOMLY B (hOPME NeIHNKOBbLIX OTTOPXKEHLEB U CKNaAyaTo-yellyinyaTbix cucteM. Camble
MOLLHbIE rnsunogucnokaummn (Meckosckas, JATN0BCKas M Ap.) U HaMnOpHble KOHEYHbIE MOPEHbI pa3MeLlatoT-
cA y AMCTaNbHbIX 60PTOB rnauuogenpeccuin (cm. puc. 4). CxofHble B3aUMOOTHOLLUEHUSA C XapaKTepoM reo-
NIOFMYECKOro CTPOEHMWA palioHa yaaeTcsa 06HapyXUTb B pacronoXeHMn n Mophonormm nonureHeTUHecKnx
TPOroBbIX NOXOWH, NepecekaroLWwmx rnayMofenpeccum nMbo oTXoAAWMX OT UX AUCTaNbHOIO Kpas no Xopy
[ABVKEHMNS NEAHNKOBbLIX A3bIKOB. DTW NOXOMHbI BbITAHYTbI MPOTMB NMOBbLILLEHUS CKa/lbHbIX NOPOA, «B36UpatoT-
CA» Ha MaccuB 1 BbiKNMHMBatoTCA (PoccuHekas, 3enbBsaHcKas, LLlapoBckas, Monyagckas, CepBeyckas, YilaH-
ckas 1 ap.). VIx AHO HaKNOHEHO COrflacHO C NageHneM NOBEPXHOCTU PyHAAMEHTa. B npegenax 0CeBOii 30Hbl
N CeBepPHbIX CKNOHOB LieHTpanbHO-benopycckoro KpUcTaniMyeckoro maccuaa 0 OTMeToK oT -30 Ao - 64 m
NOXOMHbI MPOpe3atoT BECb 0CAJ0YHbIA YeX0n 1 yraybnaTcsa B 3M10BUIA U nopoabl hyHAaamMeHTa Ha 20-30 M.
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OHuua LLlaposckoii, Monyaackoii, CepBeuckoid U Y1LaHCKOM NOXOUH 3Ha4YMTe/TIbHbIMW 0TPE3KaMu CoBNaJatoT
C /I0KaNIbHbIMUN NOAHATUAMY MOBEPXHOCTU (PYHAAMEHTA M TaKXKe, Npopesas ocafouHble Mopobl, 4OCTUTaOT
KpUCTaNIM4eckKnx nopos.

"ny6uHa Bpe3a, WMpUHa 1 apyrne Mopgonornyeckmne 0CO6eHHOCTN NOXKOWMH TakKxKe onpeaenstoTcs rnyou-
HOM 3aneraHus NPOYHbIX KPUCTA/IMYECKMX U 0Caf04HbIX MOPO4 MaccuBa 1 NUTONOTe NOAAT/IMBLIX NMOPOS,
Me30KanH0305. OTHOCUTENbHBIA BPe3 NOXKOMH B 04ETBEPTMYHbIE 0CAA04HbIE MOPOAbI M UX LIMPUHA BO3pac-
TAlT B COOTBETCTBUM CO CHUXXEHMEM NMOBEPXHOCTU KPUCTA/IMYECKOrO MaccMBa 1 BO3pacTaHMEM MOLLHOCTU
MepeKpbIBatoLLeil TOMLLM 0CaJ0UHbIX OTNOXEHNA. MaKcuMasbHble MO ry6uHe N0XOMHbI 3aperncTpMpoBaHbI
Haf, 3anajHbIM CK/I0HOM MaccuBa, NepekpbiTbiM 60/1ee MOLLHBLIMW MEIOBLIMU U NECYaHO-TNIMHUCTLIMK OT/NO-
XeHusimmn [15]. Kak oTmeueHo B [2], npu nepexofe Ha KPUCTanNMYecKnii MacCcuB NOXOUHbI 3aMETHO CYXU-
BalOTCA W HEPEAKO BbIK/MHMBAKOTCS NO BOCCTaHWIO (CM. puc. 2) 1 B 60/1ee NOAATMBbLIX OT/IOXKEHMAX paioHa
OHW 60Mee LWMPOKKE.

XapakTepHOi 0CO6EHHOCTLI0 NIMHEMHBIX NOIMTEHETUYECKUX IOXXOMH ONUCLIBAEMOr0 paioHa ABASETCS
coyeTaHue ¢ hopmamu NeLHUKOBOTO BblAaBNBaHUS No UX TanbBery n 6optam [2; 15; 20; 21]. ®opmbl BblaB-
NNBaHWA NPeACcTaB/eHbl MHOTOYMUCNIEHHBIMW TOXOMHAMW, MENIOBLIMY MNALMOKYNONaMu, CKUOGOBLIMY HapyLLe-
HUAMU 1 OTTOPXKEHLAMU, OPUEHTUPOBAHHLIMUW BLO/b NIEAHUKOBOIO (PPOHTA U Nonepek cybMepuanoHanbHbIX
NoXOuH. B MecTax nepeceyeHnsi cyOMepuANOHaNbHbBIX IOKOUH CYOLUMPOTHBLIMU TNALUOTEKTOHUYECKMMM
COOPYXXEHUAMW Y HUX HEPeAKO HabntoLaeTcs Pe6PUCTbIA PUCYHOK, CO34aBaeMblii NOXXOUMHAMU BbIAaBIMBAHNS,
KOTOpbIE BBICTYMAKT B MPOTMBOMNOIOXHbIE CTOPOHBI OT CyOMEepUANOHA/IbHO TOXO6MHBI. MprMepamu Takoro co-
OTHOLUEHUS MOTYT CY>XXWUTb ['pofgHEeHCKOo-J1ococHeHcKas, CeucnoYckas, PoccuHekas, 3enbBaHcKas, LLapoBoTas
NOXOWHbI. YacTo fMCnoKaLmMm HacaKeHbl Y Ha AUCTa/bHbIE OKOHYaHWSA CyOMepuANOHANbHBIX NOXOUH.

PaiioH I npuxoautcs Ha ceBepHYto YacTb benapycu. B npeaenax BepxHei ABYXCOTMETPOBOW TOMLM A0-
4eTBEPTMYHBLIX 06pa30BaHMWii 34ecb NpeobnafaloT 60see ApeBHUE, B OCHOBHOM Maneo30iCKMe, OTIOXKEHUS.
OC06eHHOCTY pacnpoCTPaHeHNs 1 3a/1IeraHus 0cafouHbIX OT/IOKEHWI OMPeSeNAoTCA pacnooXXeHNeM TEKTO-
HUYECKMX CTPYKTYP NnaThopMeHHOro yexna: Buneiickoro norpeb6eHHoro BeicTyna benopycckoii aHTeKu3bl,
MpnbanTnitickoin MoOHOKAMHaNM 1 OpLIaHCKOR BNaguHbl [21].

MopaHATUE CNOEB BEHACKMX NECYAHWKOB, aeBPO/IMTOB M apruinToB, 6/IM3K0E UX 3aeraHme K noBepxXHOCTH
[IOYETBEPTUYHbLIX OT/IOXKEHWIA OTMeYaltoTCs BAOMb Oro-3anafgHoli rpaHuLbl paioHa (BONOXWHCKKIA rpabeH).
OTcrofa NOBEPXHOCTb AOKEMOPUINCKNX OTIOXKEHUIA NOrpy>aeTcs ¢ 0TMeTOK 40-52 M Kak K ceBepy, COrflacHO
naZeHuno NoBePXHOCTY Buneiickoro norpe6eHHOro BbICTYNa, Tak U K BOCTOKY B HanpasfieHnn OpLuaHCcKoli Bna-
AnHbI 10 -130 M 1 HKe. Ha 3anagHoM CKOHe Y rpaHuubl ¢ JInteoii (MpubanTtuiickas MOHOKINHASb) B /TOXKE
YETBEPTUYHbIX OT/IOXKEHWUIA NI0KA/TbHO BbICTYMAKT HUXKHEMNANe030/MCKNe NOPoLbl: KEMOPUIACKNE aprnnanTsl
M MeCYaHWNKN, OPAOBUKCKUE U CUAYPUIACKNE OpPraHOTeHHbIe N3BECTHSKN 1 Meprenn. 34ech 3T 06pa3oBaHus
nocnefoBaTe/lbHO CMEHSIOT APYT APYra v NOrpy>XatTcs B CTOPOHY BanTUICKON CUHEKTN3bI.

B nccnegyemom paiioHe BEHACKME W HVDKHEManeo30McKue nopofbl NepekpbIBalOT LEBOHCKME OT/IOXKe-
HWS, KOTOpPbIE CNaratoT MPEeVMYLLECTBEHHO OCHOBaHME YeTBEPTUUHON Tonwy. [na LEBOHCKUX OTMIOXEHWI
B LLe/IOM XapaKTepHa MOHOK/IMHaNbHAA CTPYKTYpa B 3aeraHun. 310 NposBaseTcs B NafeHUn CNoeB JeBOHa
1 BO3pacTaHWy UX MOLLHOCTW MO HanpaBNeHWO C KOro-3anaja Ha CeBepo-BOCTOK. Ha NOBEPXHOCTU KOpeH-
HOro cy6cTpaTa B TOM XXe Hanpas/ieHUW BbICTYNalOT BCe 60/1ee MoNoAble OTN0XKeHUS. Hanpumep, y rpaHuLb
MaKCMMasibHOr0 pacnpocTpaHeHns B HOr0-3amagHoi yacTu paiioHa NpeAcTaBeHbl OT/IOXKEHUS 3A¢eNsCKOro
fpyca cpefjHero AeBoHa. B ceBepo-BOCTOUHOM HanpaBAeHWM B 3aMafHOM 1 LEHTPasbHOM YacTsAX BbICTYMaloT
OT/I0XKEHWS XKMBETCKOTO fipyca. Ha BOCTOKE M CeBepe PerroHa B JIOKE YeTBEPTUYHOW TOMLLM NOABASKOTCS OT-
NOXEHMA (hpaHCKOro 1 (HhaMeHCKOro SipyCOB BEPXHEro AeBOHa.

Mpwn ycnoBmsax MOHOKNMHANLHOIO 3aeraHns eBOHCKMX NOPOJ pa3HOro Bo3pacTa Ha MOBEPXHOCTU KOPEH-
HOro cy6cTpaTa ceBepHO YacTu benapycu 06pasyoTcs Noa0Chbl OTIOXEHWA, BEITAHYTbIE C CEBEPO-3anaja Ha
HOr0-BOCTOK, pa3IMyHbIe He TOIbKO NO BO3pacTy, HO TakXke Mo LWMPUHe U cocTaBy. [IMHUCTO-aNeBpUTOBLIMU
N KapbOHATHO-TNIMHUCTBIMU OT/IOXKEHUSAMUN NPESCTaB/IeHbl HAPOBCKME C/IOW, BbICTYNatoLme B BUAE MOOCH
wnpuHoi 35-100 kv (puc. 5). MecyYaHO-TIMHUCTbIE OTNOXEHNS XapaKTepHbl AN WUpokKoi (90-180 Km)
Moa0Ckl PpacnpoCTPaHEHUS OTNI0XKEHWIA NOMOLKOro U NaHCKOro rOpM30HTOB feBOHA. Ha ceBepe 1 BOCTOKe
paiioHa B MO0Ce Pa3BUTUA OT/IOXEHUI BEPXHErO AeBOHA CYLLECTBEHHOE MECTO NPUHAAMEXUT 4O0MUTaM
1 ONOMUTU3NPOBAHHBIM N3BECTHAKAM.

JlefHVKOBbIE NOXOMHBI MPUYPOYEHbI, KaK NPaBUIIo, K N00Ce PacnpocTpaHeHWs eBOHCKMUX NecYaHo-rnHK-
CTbIX OTNOXEHWIA. B ee npefenax oTMeyaeTcs BTOPOI N0 MHOrOUYMCNEHHOCTU nocsie benopycckoi aHTekNn3bl
M NAOTHOCTW PainoH CKOMeHUS NOXO6UH. TN0THOCTL NOXOMH 34eck B OCHOBHOM cocTasnseT 20,8 %. Hau-
60nee BbICOKas MIOTHOCTb UMeeT MeCTO Ha 3anajHoM U LeHTPasibHOM YUYacTKax Mosiockl, rae pacrosioXeHsbi
KOTNOBMHOOGpPa3Hble rNALMOLenpeccun, TPoroobpasHole NOXOMHbI, I0XKOUHbI-BaHHbI U PbITBUHLI. B oTanune
OT JIOX6VH NepBOro paoHa B ONM1CbIBAEMOM paiioHe NpeobnafatoT 3p03nOHHO-3K3apaLOHHbIE 1 3K3apaLMOoH-
Hble NOXXOMHbI, a TAKXXE LUMPe BCTPeUakTCa cyornsymnanbHble BOAHO-3P03NOHHbIE NOX6MHbI [9] (cm. puc. 3).
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Puc. 3. KapTa pacrofioXeHus OCHOBHbIX MOP(OreHEeTUUECKMX TUMOB NEAHUKOBbIX NOXGUH. MpUpoaa NOXGUH 3aMETHO M3MEHSIETCS MpPK
nepexofe OT pPaioHOB C AehopMUpyeMbIM CyBCTPATOM K paiioHy npeo6iagaHns MpoYHbIX Naneo3oiickux nopog Ha cesepe Benapycu

Fig. 3. Location map of principal morphogenetic types of glacial valleys. The glacial valley origin altered appreciably when passing from
the area with deformable bedrock to the area with dominant hard Paleozoic deposits in the North of Belarus
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Puc. 4. PacnonoxeHune Hann6oKcKoii rasuuogenpeccum u CepBeuckoii NoX6mHbI
Ha CeBEPHOM CKNOHe U cBofe BenopyccKoi aHTeKNU3bI: a - NPOAO/bHLI paspes no
AnHUK . Hanm6oku CTONGLIOBCKOTO paiioHa - A. SceHel, BapaHOBMUUYCKOro paiioHa;

6 - nonepeyHblit paspe3 CepseyCcKoi NOXGUHbI N0 NMHWK AepeBeHb Kaliwnibl -
Benukas Cno6oga Kopenmyckoro paiioHa

Fig. 4. Location of the Naliboky glacial depression and the Servech valley over the
northern slope and top of the Belarusian anteclise: a - longitudinal profile in the
line of v. Naliboky of the Stolbtsy district to v. Yasenets of the Baranovichi district;
b - cross section of file Servech valley in the line of villages Kashitsy - Velykaya
Sloboda of file Korelichi district
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HWXHEro Mefia  HeoreHa

rnowwaam passuTUSi MasIOMOLLIHbIX (TOHbLLIE 100 M) MpoYHbIe NecCHaHMKY,
[EBOHCKMX NMeCHaHO-TNIMHUCTbIX OT/IOXKEHNIA, aprunnTbI BEHAA U KeMbpus,
3a/1eraroLmx Ha NoBepxXHOCTM U3 MPOYHbIX M3BECTHSIKW OpI0BMKa U Cuypa

KOPEHHbIX Mopoj C YK/IOHOM K CeBepy
1 CeBepO-BOCTOKY

Puc. 5. COOTHOLLEHWE MeXAY NeAHUKOBLIMI NIOXGUHAMMW 1 KOMMIEKCAMW KOPEHHbIX Nopos,
pasHOro cocTaBa W BO3pacTa B ceBepHoi benapycu

Fig. 5. The relation between glacial valleys and bedrock assemblages, having different
structure and age within northern Belarus

naumogenpeccmmn U 60MbLWMHCTBO APYIUX NOXOWMH NPUYypPOoYeHbl K NAOLWaaaM pasBUTUS ManOMOLLHbIX
(MeHee 100 M) EeBOHCKMX NECKOB U C1laboCcL,eMeHTUPOBaHHbIX MECHYAHUKOB, PACMONOXeHHbIX B6M3U 30HbI UX
BbIKNUHMBaHUSA. OTNOXeHUS COLePXKAT NPOCON VH 1 aneBpoIUTOB U 3a/1eratoT Ha NOBEPXHOCTM 13 6onee
NAOTHbIX KAPOOHATHO-TIMHUCTBIX U FTMHUCTO-a/IEBPO/IMTOBLIX MOPOS, KOTOpPass UMEET HAKNOH K CEBEPY U ce-
BepO-BOCTOKY. MHOrMe yyacTku rnsaumnogenpeccuii NoACTpanBatoTCa K N0N0Ce pacnpocTpaHeHUs 4eBOHCKUX
MeCcKOB M MecyYaHWKOB U ee rpaHuuamM (cMm. puc. 5). Fnaymogenpeccun B NecHaHO-rMNHUCTLIX OTNOXEHUAX
MeHee ry6oKue, YeM B MeprefisHO-MesI0BbIX OTNIOXEHUAX paiioHa |. MepeyrnybneHHble y4acTKy fHULLA BAOMb
OCUY rNAUMOLENPECCUin TaKxXe CMeaytoT B Lie/IOM COrfacHo rpaHuL,amM necyaHo-rMHUCTLIX OTA0XKEHUA. TOMbKO
Cypaxckas rnsyuogenpeccus Ha BOCTOKe paioHa, Bpe3aHHas B 60/1ee yCTOMUMBLIE K IeAHUKOBOW 3K3apaLmm
Kap6oHaTHble MopoAbl, ABNAETCA caMOii Herny6oKoi. MoBepXHOCTU fHA U CKIOHOB MALNOAENPECcCUin oTau-
4akTCA MOJSIOroi BOrHYTOCTLIO U BbIMOMIOXEHHOCTbIO, XOTA MECTAMM OC/IOXHAKTCA BbICTYNaMU U3 NPOYHbIX
C/I0EB [eBOHCKMX MOpPOS,
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CBs13b /16 AHUKOBbIX TOXKOUH € NONOCOI Pa3BUTUA LEBOHCKMX MECKOB U MECYAHVKOB OTYET/IMBO MPOSBAAETCS
TaKXXe B MOrpaHMYHbIX YacTsax. B 1oro-3anagHow yactu nons HabnogaeTcs 3aMeTHOe CoBnafeHe OKOHYaHuWi
NOXO6UH C rpaHuLeli BbIKAMHUBAHWSA AEBOHCKMX MeCYaHbIX OTNI0XEHNA. BAoNb CeBep0-BOCTOUHOW FpaHuLbl
OTMeYaeTCs NPUYPOUHEHHOCTb MHOMUX NOXOWH K Y3KOI 30He, rae OTHOCUTENbHO MPOYHbIE N TOHKNE Kap6o-
HaTHblE OT/I0KEHWSA CapraeBCKOro ropu3oHTa MepeKkpbIBAOT MeHee YCTOMUYMBLIE STAHCKME NECKW U NeCHaHMKMN.
B npegenax nonei pacnpocTpaHeHUS [NIMHUCTO-aNeBPUTOBLIX, KapOOHATHO-TIMHUCTLIX U KapbOHATHbLIX OT-
NOXEHWI Ha Kro-3anafe, CeBEPe 1 BOCTOKE paiioHa N0XOMH ropasfo MeHbLUe U OHW BOBCE HE YCTaHOB/IEHbI.
Pa3melLeHNe OTAEe/bHbIX, 0CO6EHHO CYOMepUANOHaNbHBIX, TOXOUH NefHUKOBOI 3K3apauun, BOAHO-NEAHUKO-
BOr0 pa3MbiBa U MOAUTEHETUYECKOrO TUMa CBA3aHO C pa3yn/I0THEHWEM OT/I0XKEHWI BLO/b Pa3/OMOB.

Ha nnowaan 3aneraHns necyaHo-rMMHUCTbLIX OT/IOXKEHW 1eBOHA NIOXOUHBI B 06LLEM HAKOHEHbI COrNacHo
HaK/I0HY KPOBJIM MNOACTUNAIOLLNX HUXKHENANE030MCKUX U AeBOHCKMUX nopof. Habntogaetcs TeHAEHUMA YMeHb-
LeHWs rAyBuHbI Bpesa IOXKOMH Mo HamnpaB/fEHUIO OT LeHTPa/ibHbIX PAOHOB NAOWAAMN MECYaHO-TIMHUCTbIX
OT/IOXKEHWI K ee H0ro-3anaHol 1 CEBEPO-BOCTOUHOI rpaHuLLaM. JToXKOMHbI rny6unHoi 6onee 100 M npopesaroT
BCIO TOJILLLY NecYaHO-IAIMHUCTbIX OTN0XEHWIA U YTy6eHbl 40 KPOBAU 60/iee NPOYHbLIX MOPOS AeBoHA. Makcu-
MasibHble N0 rny6uHe NOX6MHbI MPOXOAAT AaXe CKBO3b BCHO TOMLY A€BOHA. TNy6uMHa nx Bpe3a u Mopgonorus
KOHTPONNPYIOTCA CKaSlbHbIMU MOPOLAMU HUXKHErO Naneo3os. B NoBepxXHOCTU A0YETBEPTUYHBIX OTN0XKEHUIA
Takue NoXOMHbI 6onee OTUETNIMBO BbIAENAOTCA: OHU rNYy60KMe 1 y3Kmne. Ha yyacTkax MakcuManbHOro yriy-
GNEHNSA N CYXKEHUNA UX CKNTOHbI KPYThIE Y POBHbIE UMW CTYMEHYaTble C TEPPACOBUHBIMM MoLWasKaMu U3 bonee
yCTONUMBbIX Nopogd. Camu NOX6UHbI MPUHMMAKOT KaHbOHOO6Pa3HbIV BUS,

PaiioH 111 npeactaBneH OTNOXeHUAMU € NpeobnagaHNeM Mepre/ibHO-MeNoBbIX, NecYaHo-aNeBPUTOBbLIX
M TAVHUCTO-MECYaHbIX OT/IOXKEHUIA HUXKHErO Menia - GPecTCKOro ropu3oHTa CpefHero mieicToueHa. 3T0T
paiioH oxsaTblBaeT MNpUNATCKUIA Nporub, XKHYK YacTb OpLUaHCKON BNafuHbl U bpecTckyto BnaguHy. Ha
nnowaau painoHa B BepxHUX 200 M n0Xa NeHUKOBbIX OT/I0XEHWIA 0TMEYALOTCA CXOAHbIE ¢ paiioHOM | ycnoBus
3aneraHns OTIOKEHWUIA Mena, NaseoreHa U HeoreHa. B oTnuune oT Hero yHZAMEHT NIEXUT 3aMeTHO Ny6XKe
W, 3a UCKNoYeHneM Monecckoii ceAnoBmHbI, MrKaleBUYCKO-XXMTKOBNUYCKOTO BbICTYMNa M BOpOHEXCKOW aH-
TEK/N3bl, BCKPbIBAETCA HA OTMeTKax HKe - 0,5 KM. MenoBble 1 60/1ee MONOAbIe LOYETBEPTUUHBIE OT/IOXEHUS
MepeKpbIBAKT MOBEPXHOCTL 13 MOPOA Pa3HOro Bo3pacTa (0T pudeicKnX 40 BEPXHEIOPCKMX), KOTOpas 3aneraet
B LLe/IOM rNy6yKe 1 NOCTENEeHHO NOrpy>KaeTcs K 3anafy, tory 1 1oro-socToky. PalioHy 0TBeYatoT 60/bLUne MOLL-
HOCTU ME/I0BbIX Y HEOTE€HOBbIX OTNI0XEeHWA (0 100-230 M) Y BblAepXXaHHOCTb MOLLHOCTM C/10€B NO N/0LWAaAN.
LLinpe pa3BuTbl B Cy6CTpaTe OTNOXEHUS OIUTOLEHA - BPeCTCKOro npeanefHMKOBbLA: rNayKOHUTOBbLIE MECKM,
T/INHBI W aNeBpuUTHI.

B npepgenax paioHa pa3sBMTUS MOPOA MeTIOBOrO - BPeCcTCKOro Bo3pacTta 06HapY>KeHO MeHbLLEee YNCO0 Nef-
HMKOBBIX JIOXKOVH MO CPaBHEHWIO C COCeAHUMU palioHamu. MI0THOCTL NOXO6UH 34eCh TaKXKe HU3KasA. JIOKOUHBI
B OCHOBHOM Me/IK1e, BbICTYNatoT B BUAE OAUHOYHbLIX (hopM MeHee yem Ha 100 M B rly6UHY 1 2 KM B LUAPUHY,
MOMHOCTLIO BPE3aHbl B NECKU, FIMHbI 1 Mefl. 10 MPOMCXOXAEHMIO Ha 3TOV TeppUTOPUN BbILENATCS Hanbonee
pacnpocTpaHeHHble TUMbI: NIOX6UHbI IEAHUKOBOr0 BblAaBANBaHUSA, NOXOUHbLI 3K3apaLuy 1 BblaBNUBaHNUS.
Pexke 0TMevatoTCs NOXOMHBI IEAHUKOBOTO BbI4ABMMBaHUSA Y PA3MbIBA U MOYTU OTCYTCTBYIOT Cy6rnaumanbHble
BOZHO-3P03MOHHbIe Bpe3sbl. VICK0YeHe NpeAcTaBisatoT 30HbI PA3BUTUA PA3IOMOB U JIOKaNbHbLIX CTPYKTYP,
K KOTOPbIM MpUypoYeHbl 60/1ee KpyrnHble U r1yBoKne NoXKO6MHbI 3K3apaL K, BblaBanBaHNA 1 pa3MbiBa U CU-
CTEMbI JIOXOUH B CIOXKHbIX COYeTaHUAX.

O6ecyXaeHWe pe3ynbTaToB UCCNeA0BaHMS

B cOOTBETCTBUYM C NPUBELEHHBIMU JaHHLIMU CIeAYeT NOAYEPKHYTh BaXXHeLne 0CO6eHHOCTM BO B3aMO-
CBSAI3M MEXJY XapaKTepPOM re0/IorMYecKoro CTPOeHWs, TMTONMOM el OUYETBEPTUUHBIX OT/IOKEHWI N HAIMUKEM
NeSHNKOBbIX IOXXOWH 1 UX Npupogoil. Hambonee oyeBnfHas B3aMMOCBSA3b NPUCYTCTBYET B pailoHe Herny-
60KOro 3aneraHus KpuctTaiMyeckoro gyHgameHTa benopycckoil aHTeKU3bl, NepekpbITOro NoAatanBsIMU
Me30KalNHO30MCKUMU MeprefisHO-MeNoBbIMU U NeCHaHO-TUHUCTBIMU OT/IOXKEHUAMW. 34eCb COCPeA0TOUHEHO
npeo6nafaroLLee KOMYeCTBO NI0XKOMH, a NIOTHOCTbL MX Camas BbICOKasl.

Ha ceBepe benapycy MOXHO TaKXe BUAETb NOAPalioHbl C BOMbLUMM YUCIOM W BbICOKOW MAOTHOCTLHO
NeSHNKOBbIX IOXXOUH, COOTBETCTBYHOLLME MO/I0CE MEXaHUYECKN MEHEE YCTOWUYMBLIX E€BOHCKMX NeCYaHO-n-
HUCTbIX OTIOXKEHWUIA. JIOXKOUHbI NPUYpPOYeHbl B OCHOBHOM K M0OLLaASM pPasBUTUS MasOMOLLHbIX A€BOHCKUX
MecKOB 1 MNECYaHUKOB, KOTOPbIE 3a1eratoT Haf BbICTyNamu KapboHaTHO-TMHUCTBIX Y apruiinTo-aneBpuToBbIX
OT/IOXEHWI C HaK/IOHOM HaBCTpeyy nefHuUKy. OfHaKO CeBepHbI/ paioH TakXe MMeeT 0OLIMPHbIE Y4acTKU
C PeSKMMU NN eANHNYHBIMU NOXOMHAMW. 3TU Y4acTKM COBNAZAKOT C NOASAMU pa3BMTUA 6onee YCTORUMBBIX
HVKHENaneo30MCKNX N AeBOHCKUX apruiinToB, N3BECTHAKOB U JOIOMUTOB (CM. puc. 5). Kak BUAHO, B ceBep-
HOM paiioHe pecny6avKu HabnoLaeTCs B3aMMOCBS3b MEX/AY BbICOKOI MMIOTHOCTLIO NIOXOWUH 1 Mec4aHo-riu-
HUCTBIM Cy6CTPATOM 1 HU3KOW MJIOTHOCTLIO TOXXOUH 1 apruianTo-aneBpoMTOBLIM U KAPOOHATHO-TIMHUCTHIM
cybcTpatoM. Camast BbICOKasi KOHLEHTpaLMs NOXOMH 0TMEYaeTCs Ha y4acTKax pa3sBuTUa NecHaHo-rIMHUCTLIX
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OT/IOKEHWUIA, TAe NX MOLLHOCTb coKpalwaetcs o 100 M 1 MeHee, a noAcTuNalowme 60nee NAOTHbIE MOPOAbI
[eBOHA UMEIOT BbICOKOE MOJIOXKEHUE U YKIIOH K NIEAHUKY.

B paiioHe MpunaTckoro nporvba, XHON YyacTu OpLuaHCKOW BNaguHbl 1 Ha Tepputopumn bpecTckoi
BNafuHbl, rae NOBepXHOCTb cy6CcTpaTa cnaraloT Mesbl, MepPren, Necku, aNeBpuTbl U rNHbI Me30KaiHOo308
1 BPECTCKOr0 rOpU30HTA, NIOTHOCTbL JIOKOWH HI3KasA. OrpaHUYEHHOE YNC0 NOXOWH B paiioHe, Mo-BUAMMOMY,
HaxoAMTCA B COOTBETCTBUM C YCMOBUAMMW Fe0/IOTMYECKOr0 CTPOEHWS: FTOPU3OHTA/bHbLIM 3a/eraHneM Mesno-
BbIX - BPECTCKUX OT/IOXKEHWUIA, BOMbLUMMMN 3HAYEHNSMU MOLLLHOCTH, BbIEPXXaHHOCTbLIO N0 N0Wagmn U yBeau-
YeHMeM K 3anafy W Hro-BoCTOKY MX MOLLHOCTM, MNOCTENEHHbIM MOrPY>XEHWEM MO X04Y ABWKEHUS NefHUKA
MOBEPXHOCTU NOACTUNAKOLLNX PUPENCKO-HOPCKNX OTIOXKEHWNIA 1 3HAYMTENBHO 6onee rNy6oKMM pacnonoXeHnem
(hyHAameHTa.

OnpefeneHHas CBA3b OTMEYAeTCs TakkKe MeXAY panoHamu ¢ pasfiMYHbIM XapakTepoM FeofiormyecKoro
CTPOEHUSA 1 IMTONOTUK CyBCTpaTa U pacnpocTpaHeHNeM pasiMyHbIX MOP(OreHETUYECKNX TUMOB NIeHNKOBbIX
NoX6uH (cm. puc. 3). B pailoHe HernyboKoro 3asieraHns KpucTannMyeckoro yHAaamMeHTa U Me30KaiiHO30M-
CKUX MeprefibHO-MeNoBbIX U MeCYaHO-TIMHUCTBIX OT/IOXKEHWIA NPeACTaB/EHbl NPEUMYLLECTBEHHO NIOXOWHBI,
KOTopble 06pa3oBanCh B pesy/bTaTe OTAe/IbHbIX NPOLECCoB (NefHNKOBOIO BbiNaxmMBaHUs, BblAaBVBaHuUS,
BOAHO-N1€JHNKOBOIO Pa3MbiBa) U UX KOMOMHaUUK. JTIOXX6UHBI OpraH130BaHbl B KOMMNJIEKCHI, BKAKOYaloLme
06LIMpHbIE rasuMogenpeccun, cybMepuanoHanbHble TPOroobpasHblie OXOMHbLI BbIBOHbIX A3bIKOB U Nepe-
CeKatolme nx nonepeyHblie NOXO6UHbI. K 3TUM NI0XX6MHAM MPUYPOYEHbl CaMble MHOFOYUC/IEHHbIE TPYNMbI
rAALMOANCIOKALNIA U OTTOPXKEHLEB FNMaBHbIM 06pa3oM MeprefisHO-Mefl0BbIX Mopog [7].

Ha tore benapycu, rae B /10oe 0OTMEYatOTCs MeprefibHO-Me/I0BbIe OT/IOXKEHWS, NECKW, aneBpUTbl U FNHBI,
HO MOACTUNAKOLLLAA UX MOBEPXHOCTb PUENCKO-IOPCKUX MOPOS, 3a/1eraeT rny6xe U ¢ HaKIOHOM B HarpasfieHnn
LBVKEHUA NefHWKa, NOXOUHbI NeJHUKOBOrO0 Bbl4aBMBaHUA ¥ pa3mblBa NPeLCTaBeHbl e4UHNYHO, a cyorns-
LManbHble BOAHO-3PO3NOHHbIE BPE3bl MOYTU HE BCTPEYatoTCs.

Mpupoga nefHUKOBBIX N0XOMH 3aMETHO M3MEHSETCS MpY Mepexoe OT paiioHOB ¢ AethopMUpyeMbIM Cy6-
CTpaTOM K paiioHy ¢ npeobnafaHnem XXeCTKMNX Nasie030MCKMX KapOOHATHbIX N TEPPUTEHHbIX NMOPOJ Ha CeBepe
Benapycu. 3aech pacnpocTpaHeHbl 0XKOMHbI, B BOSHUKHOBEHUN KOTOPbIX CYLLECTBEHHOE MECTO MPUHAANEXNT
NefIHNKOBOW 3K3apauuu, cybrnsaumnansHoi BOAHON 3p03MKN U HAIOXEHUIO Pa3HOBPEMEHHbIX npoLeccos. IMo-
SIBNIEHME B MOBEPXHOCTU A0YETBEPTUYHBIX OT/I0XEHUI CYOrNALManbHbIX BOLHO-3P03MOHHBIX I0XX6UH MOXHO
CBAA3aTb C MPUCYTCTBMEM FIMHUCTLIX MNOPOJ, KOTOPble CMOCO6HbLI 3aTPYAHATL APEHAX KPYMHbIX 06BHEMOB
NoANeSHbIX TanbiX BOA, 00yCNoBAMBas UX HakonneHuwe. Mpu cnyckax NogfieAHbIX BOAOEMOB 3TO NPUBOLMUIIO
K 06pa3oBaHuIO N0XOMH BOAHO-Ne4HMKOBOrO pasmMbiBa [16; 22].

CoBnafeHve paiioHOB pacnpoCTPaHeHUs MepresibHO-MeNoBbIX U MecHaHO-TIMHUCTLIX MOPOL W yyacT-
KOB pa3BMTUSA NIELHUKOBBIX NIOXOWH 1 NX OrpaHWYEHHOE MPUCYTCTBME Ha y4yacTKax C npeobnafjaHuem u3-
BECTHSKOB, 4O/IOMWUTOB YKa3blBalOT Ha TO, YTO MeXAY /IMTOMOTMYECKMMU 0COBEHHOCTAMM MOpog cybcTparta
1 X AethOpMaLNOHHBIMU CBOMCTBAMU 1 YCTOBUAMU [/19 BOSHUKHOBEHWS JIOXXOMH CYLLECTBYET NPsiMas CB3b.
MpoyHble CKanbHble MOPOAbI 3HAYMTENbHON MOLLHOCTM 1 OAHOPOAHbIE, Charatuine cyocTpar Ha oro-3ana-
[ie 1 BOCTOKe ceBepHOW Benapycu, mexaHuueckn 6onee yCcToinumBbl. [103TOMY NOXO6UMH 3fecb BCTpevaeTcs
MEHbLLEe KOJIMYECTBO, UX MIOTHOCTb HeBbICOKas. Mecku 1 cnabocLemMeHTMPOBaHHbIE NeCHaHWKM Ha 3anaje
1 B LEHTpe ceBepHoii benapycu ABAAOTCA OTHOCUTENIbHO MEHee YCTONYMBBLIMM 13-3a BO3LECTBUS HArpy3oK,
06YCNOBMEHHBIX TeAHMKOM. 10 3TON NpMYMHe 34ecb HAX0AUTCS 6OJbLIEe KOTMYECTBO NIOKOMH. B cpaBHeHMM
C MPOYHBLIMM OTNI0XKEHMAMU paiioHa Il MeprensHO-MeNIoBbIe U MEeCUAHO-TIMHNCTbLIE OTI0XKEHUS paiioHa | MArye,
nnacTMyHee U MOABEPXeHbI AedopmaLmsam nog NefHUKOBOM Harpy3koi. 3T0 06CTOATENbCTBO onpenenseT
LUIMPOKOE pacnpocTpaHeHne NoXO6UH B LethOpMUPYEMOM /IOXKE NIefHNKA.

PaiioHbl KOHLEHTpaL MmN NegHNKOBbIX IOXKOUH B Benapycu MMeloT NpaMyto CBA3b C TEPPUTOPUAMU Hery-
GOKOro 3aneraHus KpUCTaNIMYeckoro (yHiaMeHTa U AeBOHCKUX LOIOMUTOB U U3BECTHAKOB, MEPeKpPbIThIX
MeHee YCTONYMBLIMU U Ma/IOMOLLHLIMU Neckamu 1 necyaHMkamu. MossneHne NoXOUH 06BACHAKT paspy-
LeHeM cnabbixX NOPOS B pe3ynbTaTe KOHLEHTPaLUM HANPSXKEHUI Ha KOHTaKTe € HErny60Ko 3aneraroLmm
CKaNlbHbIMK nopogamun [2; 18].

Hanuume cybcTtparta, OTHOCUTENBHO YCTOMYMBOrO K BO3LENCTBUNIO NIeAHUKOBOI Harpy3ku B ceBepHoii be-
napycu, n cybcrparta, LehopMMpyemMoro Ha TeppuTopun benopycckoi aHTekmn3bl, 06YCI0BUIO NPOSBIEHMNE
pasHbIX MPOLLECCOB NefHWUKOBOM 3po3un [4; 23] u opMUpoBaHMe PasIMYHbLIX TUNOB JIEAHUKOBbIX NOXOUH.
B ceBepHoll Benapycu rnaBHbIMU ABASIOTCA NEAHUKOBas 3K3apauus u abpasus n mectaMmu cybrasumanbHas
BOAHas 3po3us. OHW NPUBEN K BOSHUKHOBEHUIO NOXO6UH NefHUKOBOM 3K3apaLmm, BOAHO-€4HNKOBOIO pas-
MbIBa M 3K3apaLMOHHO-3P03MOHHOI0 NPOUCX0XAeHUS. Ha TeppuToprmn benopycckoli aHTEKN3bl OTIOXKEHUSA
cybcTpara s3pompoBannch B pesynbTate geopmMaLmini nyteM o6pa3oBaHUa CKNafok, NepeMeLteHus no Hag-
BUram, NoA/ieiHOro TeYeHusl, MeHbLLEe - 3a CYET 3K3apauun 1 BOLHO-NeAHNKOBOr0 pasmMbiBa. Kak cneactsue,
3fecb 06pa3oBasiUCh NOXOUHbLI NeJHUKOBOr0 BblaBMBaHWSA, BbINaXMBaHUS U NONTEHETUYECKME.
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3aK/rueHune

O6pasoBaHue eAHNKOBbLIX NOXO6UH Hanb0oNee BEPOSTHO B pailoHax € CybCTpaTOM M3 Ma/IoNPOYHbIX NOpo,.
Mog nefHMKOBOI Harpy3Koi NOAaT/IMBbIE MEPrelbHO-MeIOBbIE U MECHaHO-TIMHUCTbIE OT/IOXKEHWS NPK NOTepe
CTPYKTYPHbIX CBA3ei 6yayT UMeTb TEHAEHLMUIO K 3p03UKN 1 00yCNoBNMBaTL 06pa3oBaHmMe OXOMH. B paiioHax
C XXECTKMMU, MeXaHNYeCKM Bonee YCTOMUMBLIMU U NPAKTUYECKM He NOAJa0LWNMUCS NNacTUUYeCcKnM fethopma-
LMAM KapOOHATHBIMU OTAI0XKEHUSMU NI0XKOMHBI MO0 BCTPEYAKOTCA B OTAEMbHbIX C/TyYasX, MO0 OTCYTCTBYHOT.

Y€noBus TEKTOHMYECKOTO CTPOEHUS Ha TEPPUTOPMM Benopycckoii aHTeKN3bI, 3anagHoro 1 LeHTPa/ibHO-
ro y4acTKOB CeBEPHOI Benapycu 3HaunTeNbHO yCUAMBaANW HanpshkeHne B cy6cTpaTe, CKOPOCTb M MacluTab
3Ksapauuu n gedopmMaumy OTN0XKeHWI. B pe3ynbTare aTOro 34ecb NOABMANCH PaiOHbl Pa3BUTUSA NOXOUH.

XapakTep reofiorMyeckoro CTpoeHns U IMTONOrMKM cybeTpaTa cKasasncs Ha pas3fiMyHOM CTUe NleJHNKOBO
3p03Uun, YTO NPUBESIO K Pa3BUTHIO Pa3IMUHbLIX TUMOB JIOXKOUH.
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COXpaHeHus 1 YCTOMYMBOr0 UCNO/b30BaHWSA 06BLEKTOB MPUPOLHOr0 Haceans, a TakKe COBPEMEHHbIE B3rNabl
Ha MeTOLMYECKYIO0 OpraHM3aL Mo y4ebHOro npoLecca B CpeAHeN 1 BbICLLEN LIKoe. TemaTuka u cofepxaHue
Hay4HbIX CTaTeil pacKpbIBatOT OCHOBHbIE TPEHbl Pa3BUTKSA HAYUYHbIX UCCNIEL0BAHUIA B 061aCTM (PU3NYECKOi
reorpajun Kak Hayku 1 npenofaBaemMoi gUCLUMNINHbI.

C60pHUK Hay4HbIX paboT pekoMeHAyeTCs Npenogasareisim reorpaguyecknx UCLMNINH BbICLUINX YUYeOHbIX
3aBefieHNIA, YUYeHbIM U NCCNefoBaTENsIM B 061aCTU COBPEMEHHOI (hM3MYECKOW 1 3BOMIOLNMOHHOI reorpaguu,
reoakosioruun, TONOHUMUKKM, NefarorMyecknx Hayk, a Takxe CTyJeHTam, MarucTpaHTam v acnupaHTam reo-
rpagmyeckmx v CMeXHbIX CreLmnanbHOCTEN.

YK 551.8(075.8)

MaxHau B. B. Nasieoreorpadnsi [SnekTpoHHbI pecypc] :3MeKTpoH. yueb.-MeTog,. Komnnekc ans cnel,. 1-31 02 01
«leorpadmsa (no HanpaBneHUAM)», HanpaeneHus cned.: 1-31 02 01-02 «I"eorpadusa (Hay4HO-negarormyeckas
feATenbHocTb)» ; 1-33 01 02 «["eoakonorus» / B. B. MaxHau ; BI'Y. 9neKTPOH. TeKCTOBbIe AaH. MUHCK : By,
2019. 35 c. :wmn., Tabn. bubnwuorp.: ¢. 29-33. Pexxum goctyna: https://elib.bsu.by/handle/123456789/246535.
3arn. ¢ akpaHa. fen. B bI'yY 24.07.2020, Ne 009724072020.

DNEKTPOHHbINA yyebHO-meToANYeCKUn komnneke (Y MK) no naneoreorpadun npegHasHayveH gns cry-
[leHTOB cneunansHocTei: 1-31 02 01 «eorpadua (no HanpaBneHuam)» 1 1-33 01 02 «Meoakonorusa». Coaep-
XaHve SYMK npegnonaraet co3faHue ycnoBuid, COLENCTBYIOWMX OCBOEHUIO CTYyAeHTaMmn y4e6HOro Kypca
«Maneoreorpathms» 1 o6ecneymBatoLLMX NOAHOTY NpoLecca CTaHOB/EHUS CreLManncTa Yepes npescraBneHme
TEOPETUYECKOr0 U UH(OPMaLMOHHO-MeToAnYecKoro matepunana. Cogepxxanme Y MK npegnonaraeT nosbl-
LeHne 3yheKTUBHOCTM yNpaBneHMst 06pa3oBaTeNnbHbIM NMPOLLECCOM U CAMOCTOATE/IbHOM PaboTol CTYAEHTOB
C NOMOLLbIO BHEAPEeHUA B 06pa30BaTe/ibHbIN NPOLECC MHHOBALMOHHbIX 06pa3oBaTe/lbHbIX TEXHONOIMiA, obec-
neyeHve Ka4yeCTBEHHOM NOArOTOBKM BbICOKOKBAIM(IMLMPOBAHHbLIX CNeLUaiIncToB-reorpados.

YOK551.79(476)+561:581.33:551.79(476)

["eonormnyeckme paspesbl MSLUMOMNIEACTOLIEHA M rofoLeHa Benapycn [SnekTpoHHbIit pecypc] : K 100-ne-
TUHO Benopycckoro rocyapcTBeHHOro yHmuBepcuTeTa :B 51. T 2. BacceiiH 3anagHoi AsuHbl / A. K. Enosu-
yeBa, E. H. Opo3g ; BI'Y. 9neKTpoH. TeKcToBble faH. MuHCK : BI'Y, 2020. 234 c. : un. bubnuorp.: c. 218-227.
Pexxum goctyna: https://elib.bsu.by/handle/123456789/247963. 3arn. ¢ akpaHa. Oen. B by 01.09.2020,
Ne 010801092020.

[aHHaa paboTa BMeLLlaeT paspesbl rALUONIERCTOLEHA U rO/IOLEHa, KOTopble BbiN U3yUeHbl Ha Teppu-
Topumn Benapycu B 6acceiiHe pekn 3anafgHoi OBuHbI. MOTPe6HOCTL UX Ny6AMKaLMK B eMHOIA MOHOrpadum
BbI3BaHa HEOOXOAMMOCTbIO AeTa/lbHO W MOJSIHO NpPeLCcTaBUTb MNa/IMHONOMMYECKYO XapakTepucTuky 206 pas-
pe30B, a TakXXe 0TPasuTb B3r/s4 aBTOPOB Ha pelleHne npobnem cTpaTurpadpum 1 naneoreorpamm KeapTepa
B COBPEMEHHOM MOHUMaHWU Pa3BUTUSA NPUPOLHON Cpefbl U MEXPErnoHaabHOW reoIorMyeckoii Koppenaumu.
MpuBeeHa paclumMpeHHas 6ubnuorpadus no BCeM UMeLWUMEcs NySanKauuam 0 NanMHONOTMYECKN U3YUHEHHbIX
paspesax, a TakXKe UCnonb30BaHbl MaTepuanbl (POHL0BbLIX UCCNef0BaHWIA, HAXOAALLMXCS B NASIMHONOTMYECKO
6a3e gaHHbIX benapycu.

PaboTa npefHa3Ha4eHa A4/1s y4eHbIX B 0671aCTW YeTBEPTMUHOW Fe0/10rMm, NaieoHToN0rMK, Naneoreorpagpuu,
a TaKxXe 06LMPHOro Kpyra crneumaincToB-cTpaTurpagos, najMHONOroB, naneoreorpaos, KNMMaTo/oros,
3KO/I0roB Hay4YHO-NCCNeA0BaTENbCKUX N YUEOHbIX YUPEXAEHNA 1 NPOU3BOLCTBEHHbIX FE0N0MMYECKUX Opra-
HU3aLMiA.

Y[K502.175(075.8)+005.931(075.8)

MarvHa H. B. OKOJIOrMYecKasa aKCrnepTm3a, MeHeMKMEHT U ayauT [SneKTPOHHbI pecypc] : aneKTpoH.
y4yeb.-meToq. Komnnaeke ang cnew. 1-33 01 02 «eoskonorus» / H. B. arnHa ; BI'Y. 9neKTPOH. TEKCTOBbIE
faH. MuHck : BIry, 2020. 115 c. : wn., Tabn. bubnuorp.: c. 112-113. Pexum goctyna: https://elib.bsu.by/
handle/123456789/248506. 3arn. ¢ akpaHa. fen. B bI'Y 17.09.2020, Ne 011317092020.
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DNeKTPOHHBI y4yebHO-MeToaMYeCcKNA komnneke (3YMK) npegHasHaueH Ans CTYAeHTOB, 06yYatoLLMXcs
no cneuuanbHoctn 1-33 01 02 «I"eoskonorus». B 3Y MK n310XeHbl NPUHUUNGI, METOAbI, 3Tarbl, 3aKOHO/a-
TeNbHble TPe60oBaHNA K MPOBEAEHMNI0 SKOMOMMYECKOM 3KCMEPTU3bl, 3KOSOMMUECKOr0 MEHeDKMEHTa 1 ayanTa.
MpeacTaBneHbl TeMaTKa NPaKTUYECKUX 3aHATWIA, 3afjaHUa 415 YyNpaB/igeMOoi caMOCTOATeNIbHON paboThbl
CTYZEHTOB, NepeyeHb 3aflaHWil B TECTOBOWN (hopmMe, BOMPOCHI AN CAMOKOHTPONSA [/ UTOTOBOr0 NMPOMEXY-
TOYHOr0 KOHTPOAS 3HAHWIA.

YK 373.5.016:91(075.8)
Epmonosny M. M. MeToamka npenofgaBaHNA reorpapuyeckmx AUCLUMINIIVH [ANeKTPOHHBIN pecypc] :
3NEKTPOH. yueb.-meTo. Komnsieke ans cney. 1-31 02 01 «[eorpadua (no HanpasieHWAM)», Hanpasfe-
Hue cney. 1-31 02 01-02 «[leorpagus (HayyHo-negarornyeckas gesatensHocts)» / M. M. Epmonosuy ;
BI'Y. 9neKkTpoH. TeKcToBble AaH. MuHck : BI'Y, 2020. 61 c. : 1abn. bubnuorp.: c. 57-60. Pexxum gocTyna:
https://elib.bsu.by/handle/123456789/248509. 3arn. ¢ skpaHa. Oen. B bIr'yY 17.09.2020, Ne 011417092020.
DNEKTPOHHbIA y4eOHO-MeTOAMYECKNIA KOMMNAEKC MO y4yebHOI aucuuninHe «MeToguKa npenojasa-
HMA reorpauyueckmx AMCLUNANH» NpefHasHavyeH A4Nna CTyAeHToB cneuymanbHocTn 1-31 02 01 «[eorpagus
(no HanpaBneHusM)». CogepxxaHne Y MK npegnonaraet co3faHue yCcnoBUii, COLENCTBYIOLNX OCBOEHUIO
CTYyLeHTaMU cofepXXaHns y4ebHOW aucumMnanHbl U 06ecnevnBatoLL X NOHOTY MpoLecca CTaHOBAEHUS Cre-
UmManucTa-negarora yepes n3yveHne TeOPETUYECKOr0 MaTepmnana K NpakTUYeCKON coOCTaBNAIoLL el nejaroru-
YeCKOl KOMMETEHTHOCTN.

YK 556.512.048.06(075.8)

Oanunosny . C. BogHo- 1 TeniobasiaHCoBble pacyeTbl [SNeKTPOHHBIN pecypc] : 9MeKTPOH. yue6.-Me-
TOA. KOoMmMnekc ans criey. 1-31 02 02 «I'mgpometeoponorus» / . C. JaHunosud ; BI'Y. neKTpoH. TeKCTo-
Bble faH. MuHck : BIY, 2020. 46 c. : 1abn. bubnuorp.: c. 41-44. Pexxum poctyna: https://elib.bsu.by/
handle/123456789/249188. 3arn. ¢ akpaHa. fen. B bI'Y 12.10.2020, Ne 012712102020.

ONEKTPOHHEIA y4yeOHO-MeToAMYECKM KoMneke (3YMK) npefHas3HaueH A5 CTyeHTOB CheunanbHOCTy
1-31 02 02 «"'mapomeTeoponorus» akynsTeta reorpagmm u reonHhHopMaTukm benopycckoro rocyapcTBeH-
HOro yHusepcuteta. B 3YMK npeacTtaBneHbl OCHOBHbIe CBELEHUA AN1S BbINOSIHEHUS PaCUYETOB 3/1EMEHTOB
BOAHOro 6anaHca peyHbIX M 03epHbIX BOAOCOOPOB MPWU HaAIUYMK U OTCYTCTBUW AaHHbLIX FMAPOMETEOPONO-
rMyecknx HabnogeHui, pacyeToB TennoBoro 6anaHca BoJoeMoB. [peAcTaBneHbl TEMaTUKa, COAepXaHue
N MeTOAMYECKNe PeKOMeHAaL MM ANs BbINOHEHNUA N1abopaToOPHbIX U MPaKTUYeCcKUX paboT, nepeyeHb BOMNpPo-
COB 1 3a[laHWU AN CeMUHAPCKMX 3aHSATUIA, yNpaBiseMoi caMoCTOATENbHOW PaboTbl CTYAEHTOB 1 MPOMEXY-
TOYHOr0 KOHTPONS 3HAHWIA.

YAK91:004(075.8)

Kypnoeuu A. M. TMIC-TeXHOMOrMN [SneKTpoHHbI pecypc] : y4eb.-metog. noco6ue / [. M. Kypnosuu,
H. B. )XykoBckas, O. M. KoBanesckas ; BI'Y. OneKTpoH. TeKcToBble faH. MuHck : By, 2020. 309 c. : vn.,
Tabn. bubnwnorp.: c. 307-309. Pexxum goctyna: https://elib.bsu.by/handle/123456789/249198. 3arn. ¢ akpaHa.
[Jen. B Iy 13.10.2020, Ne 012813102020.

PaccmaTtpuBatoTCA OCHOBHbIE MOHATUSA FEOUH(OPMALMOHHBIX CUCTEM, MOLENY NPeAcTaBNeHUs NPOCTPaH-
CTBEHHbIX JaHHbIX, METOAblI FeOUH(POPMALMOHHOr0 aHann3a u MoAeNnpoBaHnsA. TeopeTUYecKuii MaTepuan
COMpPOBOX/aeTca BONPOCaMU 415 CaMONPOBEPKN, 3N1EKTPOHHbIMU TecTaMu, NMPakTUYeCKUMU 1 3BpUcTuYe-
CKUMU 3aJaHNAMU.

Y4yebHO-MeTOANYECKOE Noco6ue npefHasHaAuYeHo A5 CTYLEHTOB, 06yyalolmuxcs no creunanbHOCTAM
1-56 02 02 «I"eonH(popmaLMoHHble cucTeMbl (N0 HanpasneHusM)» n 1-31 02 01 «leorpagus (No Hanpasne-
HUAM)».

YK 551.501.8(075.8)

Kaypsira M. A. MeTagbl AbICTaHLUbIMHbIX AacrefaBaHHAY Y rigpameTaapanorii [3neKTpoHHb! pacypc] :
3NEKTPOH. ByY36.-meTaf. Komnnekc ana cney. 1-31 02 02 «[IigpameTtaapanoria» / . A. Kaypsira ; 64Y.
DNeKTPOH. TaKCTaBblA gaH. MiHck : BAY, 2020. 152 c. : man. bibniarp.: c. 138-144. Paxbim goctyny: https://
elib.bsu.by/handle/123456789/252497. 3aran. 3 akpaHa. Aan. y bAY 08.12.2020, Ne 014508122020.
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AHHOTaUWK AenoHNPOBaHHbIX B BI'Y pa6boT
Indicative Abstracts of the Papers Deposited in BSU

DNeKTPOHHbI By43bHa-MeTagbluHbl Komnneke (3BMK) npbi3HayaHbl Ans CTyA3HTAY CheublisiibHAcL
1-31 02 02 «[ligpameTaapanorisa». 3mecT IBMK npagyrnemxsae BbIBYY3HHe [bICTaHLbIAHbIX (HEKaH-
TaKTHbIX) MeTafay aTpbiMaHHsA 3BecTak ab (i3iuHbIM CTaHe rigpaatmacgepsbl, 3aCHaBaHbIX Ha Y10YNiBaHHI
aneKTpamarHiTHbIX BbIMpaMsHeHHSY, fKia pacnayclofkBatoLiLa aj rigpaatMactepHbix ab’ekTay i nepaHocsaLb
HeabxofHyt0 iH(hapmaubito. Bblknagatouua npbiHUbINbl A3eAHHS CyYaCHbIX Ha3eMHbIX i KACMiYHbIX BbIMS-
panbHbIX CiCTaM, AKis Y)KblBatoLLa Ana 3aH3ipaBaHHA rigpaatmacgepbl Npbl janamose 3feKTpamarHiTHbIX
i TYKaBbIX BbIMPaMSHEHHAY i BbIKapbICTAHHS aTPbIMaHbIX AaHbIX Yy CiHANTbIYHbIM aHasi3e. BaxkHenwbIMi
BbIMSAPaNbHbIMi cicTamaMi 3’ayndtoLLa LWapaninoTHae i paablé3aHa3ipaBaHHe, pafblénakalbif i cnagapoXxHi-
KaBae 3aHA3ipaBaHHe.

3BMK npbi3HayaHbl Ana CTyAsHTay rearpadiyHbix i rigpameTaapanariuyHbiX cneublisiibHacLen, aKis

pbIXTylOLULA ¥ BbILW3NLWbIX HaBy4YanbHbIX YyCTaHOBaX. EH Takcama 6yf3e KapbiCHbIM ANf npauayHikoy
rigpameTaacnyxobl.
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