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B paGorte paccMaTpuBalOTCs JBYMEpHBIC 3aaydl OOTEKaHMsI HEPOBHOCTEH

MOBEPXHOCTH 3EMITU CJICAYIOIINX BHJIOB: HEIMHEHHbBIC W JIMHEAPU30BaHHBIC,
MHOTOCJIOMHBIE W OJHOCJIOWHBIC, OIPAaHUYCHHBIC W HEOTPAaHUYCHHBIC.
OO0CyX1al0TCs TPU OCHOBHBIX MEXaHHM3Ma BO3HHUKHOBEHMsI OOpBI, B paMKax
KOTOPBIX  pacCMaTpUBAIOTCS  WCCIEJOBaHMs OOpbl: a) Ha  OCHOBE
AHATUTHIECKUX HETMHEHHBIX MOJIeTiei, 0) Ha OCHOBE MPUMEHEHHS Pa3THYHBIX
YUCJICHHBIX MOJIEJIEH.
Knrouesvle cnosa. usuxa ammocghepvl, 2udpoounamuxa, odOmexaHue,
opocpaghuueckue 603MyWjeHUs, opospapuuecKue GONHbl. NOOBCMPEHHbLI
cKa0H, macwimab Jlupa, eudpasnuueckuil ckavox, obpyuienue 601H, bopa,
Hosopoccuiickasi 6opa, mooens WRF-ARV.

B Hacrosimee Bpemsi cTaHOBHTCA Bce 0Oojiee  aKTyaJbHBIM
HEOOXO/JMMBIM 3HaHME OCOOCHHOCTEH BIMSHUS TOPHBIX CHUCTEM Ha
aTMoc(epHbIe TOTOKH, T.K. 3HAYUTEIbHAs YaCTh ME30MACIITaOHbBIX (MECTHBIX)
LUPKYJIALUN BO3HUKAET B Pe3yJIbTaTe B3aUMOICHCTBHSI KPYITHOMACIITAOHOT O
atMoc(epHOro  MOTOKa € OporpapU4ecKUMH  HEOJHOPOJIHOCTSIMU
MOJCTUIIAIOIIEH IMOBEPXHOCTU. OTO BaXHO JUIS HMCCIECJOBAHMS MPUPOJBI
KaTtacTpo(UYECKUX BETPOB THIA OOpBI U UX MPOTHO3a, pa3pabOTKHU METOJOB
JIOKQJIBHOTO NPOTHO3a IMOT0/bl, NCKYCCTBEHHOI'O BO3ACHCTBHS Ha MOTOAY W
KJIUMaT, ONpEJEJICHUs CTENeHH ONacHOCTH IOJETOB aBUAIMM B TOPHBIX
palioHax.

UccnenoBanust oporpapuyeckux BO3MYIIEHHM, BO3HHKAIOUIMX B
aTMocdepe mpu oO0TekaHWU rop, Beayrcs JnaBHo. Hambonee ycmemrHo sto
JIeJIaeTcsl Ha OCHOBE TUIPOTEPMOAMHAMHYECKOTO MOJENUpOoBaHus. Pemenus
JAHHOM mpoOJieMbl HAYyadUCh C CO3/aHUS CaMbIX IPOCTBIX MOJEJeH, B
KOTOPBIX:
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1) ucnonb30BajoOCh MPEANOJIOKEHHUE O MaJOCTH aJIBEKTUBHBIX
cllaraéMbIX YPaBHEHMH JIBW)KEHHS; B JaJbHEHWIIEM TaKHE€ MOJEIU CTalH
Ha3bIBaTh JINHEHHBIMY;

2) mpeAnoJarajiock, 4To Ha JIOCTaTOYHOM PACCTOSHUU TIEPE] ropaMu
JBIDKYILIAsiCsl aTMOc(epa HEBO3MYIIEHA, T.€. UMEET XapaKTep PaBHOMEPHOIO
CTallMOHAPHOI'O IOTOKA, XAapaKTEPUCTUKH KOTOPOTO H3BECTHBI U 3aBUCAT
JIMILB OT BBICOTHI; BIOCJIEIACTBUU 3TO COCTOSIHUE aTMOC(Eephl CTAIM HA3bIBATh
HATEKAOLUM IIOTOKOM U UCXOJHBIM COCTOSTHUEM 33/1a4U;

3) paccmaTpuBaJIOCh CpeAHEMacIiTabHOe MPUOIMKEHHUE UM Ha 3TOM
OCHOBaHMHU AelicTBue cwil Kopronuca He y4uTBIBAJIOCH;

4) U3HaYaJIbHO PACCMATPUBAINCH TOJIBKO ABYMEPHBIE TOPbI, IOATOMY
oporpaguueckie BO3MYLIEHHS CUUTAINCh JBYMEPHBIMU U U3y4YaJIUCh TOJIBKO
B BEPTUKAJIBHOH IJIOCKOCTH, HAIIPABJIEHHOW I10 HAIPABJICHUIO HATEKAIOIIErO
MIOTOKA, YTO /1aJI0 3TUM MOJEJISIM Ha3BaHUE JBYMEPHBIX;

5) HCI0JIB30BAJIOCH CTALIMOHAPHOE MPUOIIMKEHUE, KOTOPOE M03BOJISET
HCCIIEI0BaTh TOJIBKO YCTAHOBUBLIMECS BO3MYIICHMS (HE 3aBUCSIIME OT
BPEMEHH).

Haubonee mnonHoe mnpeiacTaBieHHE O MEPEBATMBAHUM BO3TYLIHOTO
MOTOKA Yepe3 JOCTATOYHO JUIMHHBIN XpeOeT LMIMHAPUYECKONH (OpMBI JAIOT
CTallMOHApHbIE JIByMEpHblE 3a7aud. PerieHue CTpOUTCS B IUIOCKOCTH,
NEepIeHANKYIIIPHOM K o0pa3ytoieil XxpeOTa, a OT KOOpAUHATHI, HalPaBIEHHON
BJ10JIb 00pa3yIOUINX, HUYETO HE 3aBUCHUT. BOJBIIMHCTBO aBTOPOB UCXOJAT U3
annabaTUYHOCTH JIBIKCHU, npeHeoperaroT BS3KOCTBIO,
TEIUIONPOBOJHOCTBIO M BIJIAXXHOCTBIO BO3JyXa. 3a OCHOBHOE COCTOSIHHE
IIPUHUMAETCA COCTOSIHME HATEKAIOLIETO IIOTOKA, KOTOPBIM BAANU IEpeER
HEPOBHOCTBIO 3E€MJIM JBIDKETCS HaJ IUIOCKOM 3eMileld, CTalMOHapeH W
HEBO3MYILEH. 371€Ch OH TOPU30HTAJIEH U BCE €T0 ITapaMETPhI 3aBUCST JIHUILb OT
OJIHOM BEPTUKAJIIBHON KOOPAMHATHI. B10JIb BEPTUKAIN BBIIOJIHAETCS YCIOBUE
THUIPOCTaTUYECKOTO PABHOBECHSA, TAaK YTO paclpeiesieHue IUIOTHOCTH,
JIaBJICHUS U TEMIIEpaTypbl B OCHOBHOM COCTOSIHUM OIIpeNeisieTcsl 3aJaHueM
KaKOH-TM00 OJTHON BEIMYMHBI — OCTAJIbHBIE HAXOJAT 32 CYET UCIOIb30BAHUS
JIOTIOJTHUTENBHO K YCJIIOBHUIO PAaBHOBECHS! YpaBHEHHUS COCTOSIHUS. 3a4acTyro
3aJJal0TCs XOJOM TEMIIEpATyphl, peXe — IUIOTHOCTU. Takke HaTeKarolui
IIOTOK XapaKTEPU3yeTCs BEJIMYMHOM CKOpPOCTH. (CBOWICTBAa HATEKAIOIIETO
MOTOKAa BO BCEX pPabOTaX MPAKTUYECKH YUUTHIBAIOTCS OJMHAKOBO dYepes
rapamerp:
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rae U - CKOPOCTh HATEKAFOIETO ITOTOKA, § - YCKOPEHHUE CUIIBI TSHKECTH, ), H
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3Ha4yeHue TemIeparypsl B Tponocdepe. COMHOXKUTEINb B KBaJAPAaTHBIX CKOOKaxX
Ha3bIBaeTCs 4acToTo bpenra-Bsiicsana u onpenenser 4acToTy COOCTBEHHBIX
KoJieOaHUH V, YacTHUIIBI BO3AyXa IPU CMEIIEHHH €€ C HCXOIHOIO YPOBHS.

Bennuuna k ONpe€aAcCLICT MJIMHY BOJHBI TPaCcKTOpHUU 3TOH qaCTUulbl
[61,62,67]:

2 u
Ae=—=21r—, (2
k v
KOTOPYIO Ha3bIBAIOT COOCTBEHHOM JJIMHOM BOJIHBI HATEKAIOLIETO TIOTOKA MIIN
macmTabom Jlupa. B [62] 6pu10 OKa3aHo, YTO JUIMHA OPOrpadUUeCcKUuX BOJIH

KOppEIUpYyeT ¢ A, @ KOHKPETHBIE PACYETHI TPACKTOPUN JBUKEHUS BBISIBUIIH,

[+

9TO  BO3MYIICHHA HpPHU  YBCIHWYCHHUU  BbBICOTBI  U3MCHAIOTCA  IIOYUTH
NEpUoOANYICCKH M IMPAKTHYCCKH C TEM IKC MCpUOAOM ﬂ“c . beino

MPOJEMOHCTPHPOBAHO, YTO BO3MYIICHUS 3aBHCAT OT (OPMBI TOp, a
BEPTHUKAIbHBIE CMEIIEHUS TOCTATOYHO CYIECTBEHHBI.

3ajaun MO JaHHOW MpoOsieMe MPUHATO JENUTh Ha JIMHEWHbIE U
HEJIMHEHHBIC, MPUYEM TIEPBBIX MOABJIAIONIECe YUCIO. Pemenrne B TMHEHHBIX
MOJICNIIX HILIETCS C HCIOJIb30BAHMEM THIIOTE3bI O MAaJOCTH aJIBEKTHBHBIX
claraeMbIX ypaBHeHUU naprkenus [4, 6, 25, 33, 37, 38, 45, 67, 71, 76]. B
HEJIMHEWHBIX  MOJCNIAX C IOMOIIBI0  HEKOTOPOTrO  MpeoOpa3oBaHMs,
CIIPaBEIIMBOTO JIJIsl YaCTHOTO CIIydasi, UCXOJAHbIE YpaBHEHUS TPeoOpa3yroTcs
K OJIHOMY JIMHEHHOMY YpaBHCHHIO 0€3 WCIIOJB30BaHMS KaKUX JIMOO
MPEINONIOKeHUH O MajoCTH BO3MylleHUi. B mocnennee BpeMs MHOTHE
YVUEHBIC CTAJIM OTKA3bIBATHCS OT JIMHEHHBIX MOJENEH, T.K. B pe3yJbTaTe
pacueToB MPOSBISAETCS HEKOPPEKTHOCTD, COCTOSIIIAsI B TOM, YTO MOJIydaeMble
371eCh  BO3MYIIEHHUS OKa3bIBAIOTCS HE MaJbIMH. OJTO TIPUBEIO K
HEOOXOIMMOCTH CO3/IaHUSI HETMHEWHBIX MOJIEIICH.

[TepBas HenMHEHASI MO ObLIa co3ana Jlonrom [61]. On mokasan,
YTO OCHOBHBIE CBOWMCTBAa BO3MYIIECHHUN MOXKHO MPEICTaBUTh Ha TIOCKOCTU
WU3MEHEHUS TTapaMeTpOB (h, F), rae h- Ge3pasmepHas MakCHUMallbHasE BHICOTA

roppl B JOJSAX TOJLIMHBI KaHaita H . 3x1ech Moka3zaHo, 4YTO CBOMCTBa
BO3MYIIIEHUI B MIEPBYIO OYEPE]Ib 3aBUCAT OT TOrO KAKOW W3 BAPUAHTOB UMEET
MECTO:

F>1 Win F<£, (3)
T z

HJIU ITPU UCIIOJIb30BAHHUU Macirada J'IHpa

A A
—<H wm —>H. (4)
2 2
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B o6mactn F < — HaumHaeT mposBIATH ceOsl HACTOSIIMN PE30HAHC
T

BO3MYLIEHUI, @ HE PE30HAHC B CMBICIIE «OTKJIMKa». B yKa3aHHOMN IJIOCKOCTH
mapaMeTpoB 3aJa4yd 10 Mepe yMeHblieHus uuciaa ®pyma mo ocu h=0
PacIoIOkKEHbI 0COObIE TOUKH, B KOTOPBIX

1
F==,n=123.. 5
- ()

Ha nrobom orpeske 3HaueHWii ——— < F <— Bo3MymieHus: ot
(n +1)7z nzx

napamerpoBh, F 3aBuCST KaueCTBEHHO OJMHAKOBO. [Ipy MasbIX 3HAUCHHUSIX
h > 0Bo3mylieHHsI UMEIOT BHJ HE OYEHb Pa3BUTHIX BOJH, HO IO Mepe
YBEJIMUEHUSI 3TOW BBICOTHI HX AaMIUINTyAa OBICTPO BO3pACTaeT M IpH
HEKOTOPOM 3Ha4YeHuH N, BO3MYIIEHHS CTAHOBSTCS POTOPHBIMH, TOUHEE MO
onpeneneHuto JIoHra B 30HE BO3MYILEHHMM MOSBIISIIOTCA TOYKH, B KOTOPBIX
YACTHUIBI BO3yXa [IEPEMEIIAIOTCS BepTHKaIbHO. Bennunna h,, 3aBucur ot F
; 9Ta 3aBUCUMOCTD IUIaBHAsI U UMEET OJMH MAaKCHUMyM Ha PacCMaTpUBAEMOM
otpeske. MHaekce I 31ech BBOOUTCS AJI TOTO, YTOObI HAIIOMHUTh, YTO PEUb
UAeT O MOSBJICHWU pOTOpa, a MHAEKC N - Ui TOro, 4ToObl MOKa3aTh
3aBHCUMOCTh ATOH (YHKIIMH OT HOMEpa paccMaTpUBaeMoro auana3zona. Bo
BCEX TOYKax (YHKIUHU hm(F) yucino PudapiacoHa nmpuUHUMAaET HYJEBOE

3HA4YCHUC!:

2
R__0P (U} _4 (6)

' poz \ oz

Touku co 3HaueHusmu R, =1 npu moObix F cooTBeTcTBYIOT

S3HAYCHUAM BBICOT, KOTOPBLIC YYTb MCHLIIC 3HAYCHUH hrn‘ OTO MO3BOJAET

yTBEpKAaTh, 4YTO Ha JIIOOOM paccMaTpUBAaEMOM OTPE3KE YBEIMYEHHE
BEITMYMHBI N COMPOBOXIAETCS MOCTEIICHHBIM YBEIUYCHHEM aMILTUTY]] BOJIH
U IpU 3TOM B Hayaje BO3MYLIECHUS JIAMHUHApHBI, 3aT€M CTaHOBSTCA
TypOyneHTHbIMU. JIOHT yTBepXkaaeT, 4To Mpu yciaoBuH (6) CKOpee BCEro
pPeKUM  CTAHOBUTCS  TypOyneHTHbIM. OpjHako ero  jabopaTOpHbIE
SKCIIEPUMEHTHI IOKa3bIBAIOT, YTO POTOPHOE TEUYEHHE MOJKET OCTaBAThCS
JaMUHApHBIM. DTO JI0Ka3bIBAET, YTO B PACCIOEHHOM KUAKOCTH YCTOMUYNBOCTh
BO3MYIIEHUW BbIlIE, YeM B OJAHOpoAHOM. Jlanee JIOHr mokas3bpIBaeT, 4TO
3Ha4YeHus1 (QyHKIMU hm(F) 0pu MpUONMKEHUN CUTYallMu K ycioBusiM (5)

IIaBHO CTPEMATCA K HYIIIO. KpOMe TOr'0 OH IMOKAa3bIBACT, YTO OJHOBPEMCHHO
c9TUM R, — —o0. DTO 03Ha4aeT, YTO NPH BHINOIHEHUH ycI0BHH (5) perieHne

nMECT OCO6CHHOCTB, T.C. B IIPAKTHYCCKOM IIJIAHC HC CYHICCTBYCT. ITone3no
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9TOT pe3yJabTaT BBIPA3UTh TaK: IPH BBINOJHEHUH YcioBus (5) naxe
0ECKOHEUHO HEBBICOKAsi rOpa MPUBOAUT K TypOyiHM3anuu Bo3mylneHui. s
MOJIHOTO Pa3bsCHEHUS 3TOM CUTYyallH npeoldpa3yeM ycioBue (5) K BUAY:

nAa.

H=—% n=123,. ©)

SlcHo, uTO B TOuKax F , ynoBieTBOpsIOmHUX YCIOBHUAM (5, 7), UMeeT
MECTO PE30HAHC — BHYTPEHHSS DHEPIUs BOJH IOJHOCTBI) OTPAXaeTcs OT
BEpPXHEH KECTKOM I'PaHULIbI [IOTOKA KUIKOCTH.

BaxxHO OTMETHTH, YTO BHYTPHM pacCMaTpUBAEMOI0O Juana3zoHa

3HaueHuil uncen Opyna BenrudyuHa N, yMEHbIIAETCS NPU YIAICHHU OT
KOOpJMHAThl MakcuMyMa [, Kak B HalpaBICHUU YMEHBIICHUS 3HAYCHUN

yrcen Ppyna, Tak ¥ yBEIUYEHHs. 3HAUYUT, MHTEHCUBHOCTb BO3MYLICHHU
MOKET BO3pacTaTh KakK IpU yYMEHbIIEHHH ckopoctd U, Tak u mpu ee
YBEJIMUYEHUH (AaHAJOTUYHYIO 3aBUCUMOCTh MOKHO YBUJETb M ISl BEJIMYUHBI

1
N ). DTO COBEPIIIEHHO HOBBII pe3ynbTar.

[Tpu mepexo/ie OT OHOTO pacCMaTPUBAEMOT0 TUana3oHa 3HaueHuin F
K CIeAYIOLIEMY JMana3oHy, ¢ OOJBIIMM 3HAYEHHEM 4YHucia N, 3HAYEHUS

BenmuuH N, pe3sko yMeHbIAIOTCS (TaKoil MEpexoj] O3HAYaeT MEPEeXo] K
HOBOMY nuana3ony 3HadeHud U, mim N). OcoOeHHO Ba)XXHO, YTO M3MEHEHHUS
Jmana3ona BeuanH N, (.;) TIPH TaKOM Mepexosie CYMECTBEHHO GOobIe, YeM

BapHalnuu mnmapamMeTpoB hrn . HOHy‘IaeTCH, 4ToO IIPpU MCPeXoJa€ K AUalla30HaM C

0OJBIIMMM 3HAYEHUSIMM 4Kcia N HUHTEHCUBHOCTh BO3MYILEHHUH OCOOEHHO
PE3KO BO3pacTaer.

Pa6ora [61] nana sicHO MOHATH, YTO MPUHLUIHAIEHOE 3HAYCHUE UMEET
BOIIPOC O TOM, KaK B MOJIEJIN YUUTHIBAETCS BEPTHUKAJIbHAs HEOTPaHUUEHHOCTh
aTMocdepsl. B cBsI3U ¢ 3TUM BO3HMKIIA HEOOXOAMMOCTD Pa3/eNATh MOJEIH Ha
3aKpbIThIE U OTKPBITHIE. B MepBBIX paccMaTpuBaeTcs ABUKEHHE aTMOC(EpHI B
KaHaJle ¢ TOPU30HTAJIbHON *ecTKoM rpanueil. Kak Obi10 mokazano B [61], B
TaKUX MOJIENSAX HEOOXOAUMO YUUTHIBATh PE30HAHCHBIE YPPEKThI, CBI3aHHbIE
C BO3MOXHOCTBIO  CYLIECTBEHHOTO OTpPaXEHHsS BOJHOBOM  DHEPIUH
BO3MYILIEHUI OT BEpXHEH TI'paHUlbl. B OTKPBITBIX MOAENAX YYUTHIBAECTCS
BEpTUKAJIbHAS HEOTPAaHUYEHHOCTh aTMOC(ephl, TEM CaMbIM [OIyCKaeTcs
BO3MOXXHOCTh YXOJIa SHEPTUHU O BHICOTE HA OECKOHEYHOCTD.

[lonyueHHbIe Jlonrom pe3yJIbTaTHhI TEOPETUYECKH U
AKCIIEPUMEHTAJIbHO KaueCTBEHHO MOJTBEPKICHBI HccienoBaHusIMHU J[3BHca
[39]. [Tpu aTOM OBLITH paccMOTPEHBI HEPOBHOCTH KOHKPETHOH (DOPMBI — B BHIE
OECKOHEYHO TOHKOM CTEeHKM U B BHUJAE TpeyroibHuka. Kpome Toro,
YCTQHOBJICHO, 4YTO BO3MYIIEHUS MOTYT CEPbE3HO 3aBUCETh OT (HOpPMBI
HepoBHOCTH. Ellle BaxkHee, 4TO 3KCIEPUMEHTAIbHO ObUIO YCTAHOBIIEHO, MIPH
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KaKUX yCIOBHUSX JIAMHUHAPHBIM  XapakTep BO3MYIICHHH CTaHOBUTCA
HEBO3MOXXHBIM U TIEPEXOJTUT B TYpOYJICHTHBIH. BBIICHHIIOCH, UTO B CiIydae
CTEHKH, MOJICJIb TePsJIa a/IEKBAaTHOCTh YXKE B IMara30He CO 3HaYeHHeM N=2,
a B CJIydae TPEYroJbHOM TOpbI — cO 3HaYeHneM N =3.

BaxHo OTMETUTH BBIBOJI O HEOOXOIMMOCTH YYHMTHIBATH pealibHbIC
XapaKTePUCTHKU 00TEKaeMOW HEPOBHOCTU U B MEPBYIO OUYEPElb €€ BHICOTY.
VMeHHO MO3TOMY JIMHEapU30BaHHBIE MOJIENIN CTAIM CUUTATh HE KOPPEKTHBIMU
Y HAYaJM UCKATh PEUIeHHs MPoOIeMbl 0€3 UCTIOIB30BaAHUS TIPEOIOKEHHUS O
MajocTu Bo3MylleHud. Takue mMojenu Kak TOBOPHIJIOCH BBIIIE MOTYYHIIH
HA3BAHUE HEJIMHEWHBIX.

B pe3ynbTare MHOTOYHCIEHHBIX SKCHEPHUMEHTAIBHBIX HAOII0JCHUIMA
YCTQHOBJIEHO, 4YTO aTMocdepa HMEeT pACCIOEHHYIO CTPYKTYpY H
TEPMOJUHAMHUYECKHE MTapaMeTpbl aTMOC(epbl 3aMETHO MEHSIIOTCS C BBICOTOM.
[Toromy yder crpatudukanuu atMmochepsl B pacCMaTpUBACMbIX 3a/1a4aX JacT
BO3MOXXHOCTh TOYHEE U TIIyOXKe MOHSTH pealbHYI0 MPUPOAY TaHHOTO
apnenns. Hambonee monaHO 9Ta mpobiiemMa paccMarpuBallach IS
JTUHEapU30BaHHBIX Mozeneit [6, 25]. OmgHako B cully HEKOPPEKTHOCTH
JUHEHHBIX 3aJa4y, HAMHOIO Ba)XXHEE pacCMOTPETh MpodiieMy yueTa
HEOJIHOPOAHOCTH aTMOC(ephl 0 BEPTUKAIH B paMKaX HETUHEHHBIX MOJIETICH.

Henuneiinas TpexcioiftHas MOACIb AJI1 U3Y4eHHUs1 OOTEKaHUs rop Oblia
puMeHeHa B pabote [72] onHOM U3 nepBbIX. Y aBTOPOB ObLIA 1IETb U3YYUTh
B3aUMOJICHCTBUE TEUCHUS C MPU3EMHBIM POTOPOM, HO HE U3YUYCHHE BIMSHUS
paccnoenus. B pabote HeT ueTko c(hOpMyIUPOBAHHBIX YCIOBUM, TPH KOTOPBIX
BO3HMKAET Takas CTPyKTypa TeueHus. JlaHHOe wuccieloBaHUE Mallo
OPOSICHWIO paccMatpuBaeMyto Tmpobiemy.B  pabore [56] wuccnemyercs
o0TekaHue CTaOWJIBHO CTPATH(UIMPOBAHHON HECKMMACMOM >KUIKOCTHIO
TOPHBIX XpeOTOB paznu4HON (OpMBI W BBICOTHI JJIA chydas, KOrjaa
TOPU3OHTANIBHBI  MacmTad OoJbllle BEPTUKAIBHOW  JIJIUHBI  BOJIHBIL.
PaccmarpuBaercst pemenue ypaBHeHMs JIoHra 1t ABYMEPHOIO TEUYEHUS
crpatTuUIMpOBaHHON XUAKOCTH [61]. OmHUM W3 MpemsTCTBUM it Ooiee
LIIUPOKOr0 TMpUMEHEHHs] aHanu3a JIoHra aBTOpBI CUMTAIOT TPYAHOCTh
MOJYYEHUs] PEIICHUM, KOTOpPhbIEe COOTBETCTBOBAIM OBl TMPaBUIbLHBIM
HEJTMHEHWHBIM HUKHUM TPAHUYHBIM YCIOBHSM. BBIX0IOM W3 3TOW cUTyaluu
npeAcTaBisieTcs: (OPMUPOBAHUE JIMHEHHOTO pEIIeHUs, KOTOpoe OBl UM
COOTBECTBOBAJO. /{1151 BepXHel rpaHUIIbI 33/IaHO YCIIOBUE U3TTyUEHUSI, KOTOPOE
JIOTIYCKaeT TOJIbKO BOCXOJSIIEe pACIPOCTPAHEHHE DSHEPTUM BOJH. ITO
yCIIOBHE€  MPUMEHSIETCS K  HEJIMHEHHbIM  BOJHAM C  HEKOTOpPOH
HEOMPEeIEHHOCTbIO, TOCKOIBKY MOXKET IPOUCXOAUTH YACTUYHOE OTPaKEHHE
3a cueT B3aMMOJEHCTBUSA M BBIXOJAa BBEPX PACIPOCTPAHSIOUIMXCS BOJH. B
paboTe TPUMEHSETCS YCJIOBHE HW3JIYYCHHS C HCIOJIB30BAHHEM OO0OOIIEHUS
METO/1a, TPEATIOKEHHOTO JIJIsl TUHSHHBIX BOJIH [42].

PaccmarpuBarorcst Tpu mpoduns  penbeda:  CHHYCOUIATBHBIM,
KOJIOKOJIOOOpa3HbIi M acHMMETPUYHBINA. VCMONb3yloTCcs HENUHEWHBIE
HIDKHUE W BEPXHHE (M3JTydaroliue) TPaHUYHbIE YCIOBHSI, OHH OKa3bIBAIOTCS
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CHJIBHO BIIMSIFOIIIMMH Ha CTPYKTYPY BOJIH TPU OOJIBIIMX aMIUTHTYaX. AHaIU3
pe3yJIbTAaTOB ISl CUMMETPHYHBIX M aCHMMETPHYHBIX MPOQMICH TOPHBIX
XpeOTOB MOKA3bIBAIOT, YTO AMILTUTY/a BOJHBI M BOJIHOBOE CONPOTHBIICHHE
3HAYUTENBHO YBEIIMUUBAIOTCS JJISI TOP C MOJIOTUMU HABETPEHHBIMU YaCTSIMU H
KPYTBIMH CKJIOHAMH IIOJIBETPEHHOW CTOpOHBL. KadecTBEeHHBIH XapakTep
TEYCHHS, U OCOOCHHO €ro acMMMETPHH, 3aBUCUT TJAaBHBIM 00pa3oM OT
YIIOBJICTBOPEHHSI ~ HEJIMHEHHOTO  HIDKHETO TPAaHHYHOIO  YCJIOBHUS, 4
UCTIOJIb30BAaHUE  YCIIOBHSI  JIMHEAPH30BAHHOTO  HW3JIYYEHHUS  IO3BOJISAET
OIIPENICIIUTh PEUICHUS, COXPAHSIOININE TPABHIIBHBIC KAUECTBCHHBIC CBOWCTBA.

Henuneiinas ananuTuyeckas TPeXclIoiiHas MoJelb chopMyInpoBaHa
B pabore [68], a B mociemyromeM YacTHYHO MoBTOpeHHas B [18, 19].
MonenupoBanue Tmporecca OOTEKaHHS TOp OCYIIECTBISIOCH HAa OCHOBE

pelieHus ypaBHeHus [ enbmronbiia s Bo3mMyiieHui Gpynkuuu Toka [16, 18 —
20]:

VA + KA =0, w'=y-y,, w,=-U, K=§=2ﬂﬂ?,

_ _ k4

_ k

szgd_®=9(7a_7), y:_d_T, gczzﬂg, =T/ P |" .

0 dz T dz N p
o° 0
V2:—2+—2,
ox° o1
rae y - QyHKIMS ToKa, y' - ee BOSMYILIGHHUS, y, - ©¢ 3HA4YCHUS B

HCBO3MYIICHHOM HATCKAIOUICM ITOTOKE MEPEC ropamMu, i€ 3alaHbl CKOPOCTh
Uu TpaguCHT y . KpOMe TOr0, 31€Ch: X,Z - TOPU3OHTAJIbHAA U BEPTUKAJIbHAA

KOOPJMHATHI B pacCMaTpUBAEMOM BEPTHUKAIBHOW IUIOCKOCTH, N - 4acToTa
bpenra-Bsiicsans B HaTeKarolmleM IOTOKE IEPEN ropaMu, A, - BOJHOBOU

mactirad Jlupa [62] (B 3apyOekHBIX MyOTHKAIMAX €0 HAa3bIBAIOT ITAPAMETPOM
Ckopepa, X0Ts y MOCJIEIHEr0 OH BBEJEH ObLI MO3Xe, B HHOW (opme u 6e3
aHanu3a (U3MYECKOTO CMBbICIA), ® - TMOTCHUUAIbHAs TEMIIEpaTypa, y, -
CyxoananaOaTU4ecKuii TIpaJveHT TeMIepaTypel, T - Temmeparypa, T, -
XapakTepHas (CpeaHsisl) TeMueparypa ciosi, § - YCKOPeHHE CUJIbI TSKECTH, K
- OTHOLUEHHWE YAENBHBIX TEIUIOEMKOCTEH. Bennuunsl, Xapakrepusyromue
3HA4YEHUS MapaMeTPOB B HATEKAIOLIEM ITOTOKE, BBIACISAIOTCS YePTOM CBEpPXY.
Mozens n03BOJIAET B 3HAUUTEIBLHOW YaCTH NPOCTPAHCTBA HAJl TOPAMHU
MPaBWIbHO OIEHUBaTh (a3bl M aMIUIUTYAbl BOJIHOBBIX BO3MYIICHH.
IIpoBeneHHbIE pacyeTsl TMO3BOJWIM IOJYYUTh JAHHBIE O BIMSHHUU
YCTOMYMBOTO CJIOSl HAJl TOpaMM Ha CHIIy IPU3EMHOr0 BeTpa. bbulo mokasaHo,
YTO HAJIMYME TAKOTO CJIOSI MOXKET B ONPENEIEHHBIX CIy4asiX yMEHbIIATh BETEDP
BJIOJIb [TO/IBETPEHHBIX CKIOHOB rOphl. PacyeTsl Takxke CBUAETEIbCTBYIOT, YTO
BBICOKOYCTOMYMBBIM CJIOM HaJ TPOIONAy30M IPH MalbIX 3HAYCHUAX

-21 -



BecmHuk Tel'Y. Cepusi "eoepagpusi u [eoakonoaus”. 2018. Ne 3

XapaKTCPHOTI'O BOJHOBOI'O Macitada /10 MOXCT HC YYUTBLIBATLCA IIPH

MOACIIMPOBAHUH, TOr'Jld KaK IIpU OONBIINX 3HAYEHUIX /10 €0 YUYUTHIBATDH

BEpOSITHEE HEOOXOIUMO — OCOOCHHO KOTJa H3YYaloTCS BO3MYILIEHHS B
ctpatocepe. Ilo nanHON Momenu ObUIO TPOBEACHHO HCCIEIOBaHUE
oporpau4eckux BO3MYIICHUN W CTENEHb OMACHOCTU IOJICTOB aBUAIMH B
ropax Pecnyonuku Appirest [34]. Bbuin  paccuymTaHbl  TOKa3aTeind
0€30MMacHOCTH TOJICTOB HaJ ropamMu PecmyOnuku Anbires ajisi IBYX THIIOB
caMoJIeTOB (JIESTKOMOTOPHBIX M CKOPOCTHBIX). OIpeIesieHO PacioioKeHHe B
MPOCTPAHCTBE HAJ ropaMu 00JacTeil MOBBIIMIEHHOW OMACHOCTH U KaK OHHU
3aBHUCST OT CBOMCTB HaTeKarollero noroka. Ilokazano, 4to B ornpeneieHHbIX
9acTSAX MPOCTPAHCTBA ATA OMIACHOCTh MOXKET OBITh KPUTHUECKOM.

B mocnennue rofpl MHOTOCIONHBIE MOJEIH HCIONIB3YIOT YUCICHHOE
pELIEHHE WCXOAHBIX YPAaBHEHUN 3aJayd. DBOJIbIION HWHTEpPEC BBI3BIBAIOT
pabotel [43, 44]. B 4YacTHOCTH, HY)XHO OTMETUTH cjenyoiiee: 1)
MOTYEPKUBACTCA, YTO YCHUIICHUE TIPU3EMHBIX CKOPOCTEH MOKET MPOUCXOUTh
u 0e3 HaIWYMs WMHBEPCUOHHOTO CJOA B cpeaHed Tpomocdepe Haa
MMOBEPXHOCTHIO TOPHI, OJHAKO TPU 3TOM JIMHUHU TOKA B 3TOH YaCcTH TECUCHHUS
JOCTaTOYHO CHJIBHO HPHIKUMAIOTCS K 3€MJI€ W3-3a MOSBJICHHS BBIIIE HUX
POTOpHBIX 00JacTeil; 2) nenaeTcs BEIBOJ, YTO CHIIbHBIE PU3EMHBIE CKOPOCTH
B OOJbIlIel CTENEeHU OIMPEAENSIOTCS TeM, YTO B MHOTOCIONHOW MoJenu
VYUTHIBACTCSI HAJIMYHUE BBICOKOYCTOHYHMBOW CTparocdepbl; 3) wH3ydeHa
BO3MOYXHOCTh MPOSIBICHUSI pe30HAHCHBIX 3(()EKTOB B TPEXCIOWHON MOETH,

Korjga 3HaueHWsi macmraba A, B HIDKHEM CJIO€ COOTBETCTBYIOT YCJIOBHIO

PE30HAHCHOTO OTPAaXEHUS] HHEPruM OT HWKHEH IOBEpXHOCTU paszfena.
OpHako, Kak MNPU3HAIOT W CaMM aBTOPbI, HMHTEPHpETAlUs Ppe3ylbTaToOB
MIPUMEHSIEMOI0 METO/Ia YUCJIEHHOTO MOJIEJIMPOBAaHUS HE BCEI/la OCTAaeTCs
SICHOM.

B paborax [57, 58, 70, 79] 06Cy»)1ar0TCsI peKUMBI IBYMEPHOTO ITOTOKA
JUIS. HETIPEPBIBHO CTPAaTU()UIMPOBAHHOIO TEUEHUs! HaJ JBYMEpPHOW ropoi ¢
MOMOUIbI0 HEJIUHEHHBIX YHMCIEHHBIX MOJEJNeH, a TakkKe MeXaHU3MBbI
TeHEpaLUU CHWIBHBIX BETPOB Yy IMOJBETPEHHOrO CKJIOHA M OOpPYLIEHHs BOJIH.
ABTOpBI HaXOJIAT COCTOSIHUE TEUEHUS Ha ABYX CTaJUSIX ABM)KEHHUS Ipolecca K
crauroHapy. OgHako Aake B T'MIPOCTaTUYECKOM BapHaHTE CTAlMOHApP HE
NOCTUTHYT. M3MeHeHHe KapTHHBI BO BpPEMEHU HMMEET HEMOCPEICTBEHHOE
OTHOIIIEHHE K TEXHUKE PACYETOB, U COMHMTEIBHO, YTO €r0 MOXKHO IPSIMO
COOTHOCHUTBH K Pa3BUTHIO MPHUPOAHOTO Mpoliecca BO BpeMeHH. HampsbkeHnue
PeitHonbaca onpenenseTcs ¢ 60abIUMU omOkaMu. Takke MOXKHO YBHJIETb,
YTO B TPEX Ciydasx, T.e. nmpu yucie Ppyna F<1.3, nosBnsoTCS 3aMKHYThIE
poTophl. BIIOKMpOBKM HaTEKaloOIIEro MOTOKAa HET, €CTh MOsBIEHHE 00JIacTh
TypOyJE€HTHOCTH B TPU3EMHOM U HaJ MPHU3EMHBIM CJI0eM. ABTOpHI
YTBEPKIAIOT, 4YTO 00JaCTh pa3pbiBa BOJIHOBOIO MOJIS B atMocdepe eicTByer
KaK BHYTPEHHSS I'paHuIla, KOTOpasi OTpa)kaeT BEPTUKAJIbHBIIN MOTOK BOJIHOBOM
SHEPrUM Ha3aj K 36MJIE U CO3/1a€T COCTOSIHUE C BBICOKMM COIIPOTUBIIEHUEM 3a
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CYeT YacTHUYHOro pe3zoHaHca. OIHAKO OTpaKEHUE MOMKET ONpPENeNsIThCS
TOJILKO  CIICI[UAIBHBIMU  HMCCIICJIOBaHUSIMH, a 03 JTOro J3TO OYCHb
npUOIM3UTENbHBIE U KaueCTBEHHbIE paccyxkieHus. OcTaeTcs HEMOHSTHBIM
TOT (haKT, YTO MIPU AHAIU3E PE3yIHbTATOB HEITUHEHHONW TEOPHH UCTIONBh3YeTCS
MOHSTHE KPUTUUECKOTO YPOBHS, MOJIYYEHHOTO U3 TMHEHHON TEOPHH.

OpHOM M3 OCHOBHBIX KIMMAaTHYECKHUX XapaKTEPUCTHK PpAHOHOB, B
KOTOPBIX NPUCYTCTBYIOT TOPHBIE CKJIOHBI SIBJISIOTCS IOJABETPEHHBIE OYpH.
TepMuH «moaBeTpeHHbIE Oypu» (WJIM BETPHI MOJABETPEHHBIX CKIIOHOB) —
JOCJIOBHBIHN IepeBo ¢ anrmuiickoro «downslope windstormsy [43]. Dtu BeTpa
BO3HUKAIOT HA MOABETPEHHBIX CKJIOHAX NPH MEPEBAIMBAHUU BO3IYIIHBIMH
MOTOKAMU TOPHBIX NPENATCTBUH. B oAHMX ciydasXx OHHM HPUHOCST
NOBBIIIIEHUE TeMmmeparypbl ((heHbl), B OPYyrux — MOXOJOAaHue (BEeTpa THIIA
OopHI).

bopa (rpeu. Boreas — ceBepHbIil BeTep) — Ha3BaHUE CHJIBHOTO
XOJIOTHOTO U TOPBIBUCTOTO BETPa, AYIOIIETO ¢ HU3KUX TOPHBIX XpeOTOB B
cTopoHy Teroro Mopsi. Kiaccmueckass 6opa cBsi3aHa C IEepEeBaJTMBAaHHEM
XOJIOTHOM BO3YIIHOW MAacChl 4epe3 rOpHBIM XpedeT, Korja ¢ HaBeTPEHHOU
CTOPOHBI TPOUCXOAAT TMOABEM BO3/AyXa, KOHJICHCAIMsS BOISHOTO IIapa,
oOpa3oBaHue OONAYHOCTH, a C TMOABETPEHHOW CTOPOHBI HMHTEHCHUBHBIN
HUCXOJIAIINNA TOTOK BO37yXa, JOCTHTAIOIIWN yparaHHo# cuibl [3, 26, 29].
Cuuraercs, 4To BepTHKaIbHBIA Macmitad Oopbl mocturaer 200400 M, a
TOPM3OHTAIbHBIH — BCEr0 HECKOJBKO KHJIOMETpOB oOT Oepera [3].
Habmromaercst 6opa B X0JI0JHOE MOJIYTOIME, B IEPUOJ C OKTSIOPS 1O arlpelb.

[Ipupona monBeTpeHHBIX Oyph M3y4Y€HaA TOCTATOYHO MOAPOOHO, HO
€IMHOTO MHEHMsI O TJIABEHCTBE TOr0 WM HMHOro (Qakropa TMpu ee
dbopMHUpPOBaHUHM HE JOCTUTHYTO. I[Ipu 95TOM TJIaBHBIM TMPU3HAKOM, TIO
KOTOPOMY TPOBOJIUTCS pa3felieHne oporpaduyecKux BETPOB HA THUIIBI
SBJISIETCST MeXaHU3M (opmupoBanus. Ha ceromnsimHauil 1eHb UccaeqoBaHue
MeXaHH3Ma BO3HHUKHOBEHHS OOpbI CBOJUTCS K CPaBHEHHUIO JAaHHBIX
HaOmo/eHuit 1100 C BOJIHOBOM Teopue (TO €cTb MOJEIMPOBAHHE
MOJABETPEHHBIX BOJH C I[OMOIIBIO JUHEWHOW W HEIMHEMHOM TEOpHUil C
HCIIOJIb30BaHUEM MpOQUIeH CKOPOCTH U YCTOWYMBOCTH, MOJIYYEHHBIX M3
JIAHHBIX 30HANPOBAHUSA WU Apyrux AaHHbiX) [20, 56, 67], b0 ¢ Teopueit
oOpymieHnst BOJIH (TO €CTh MOJCIMPOBAHUE C TIOMOIIBIO HEIMHEHHBIX
YpaBHEHUN, C yYETOM pAa3IHYHBIX HEMWHEHHBIX A((PEKTOB U TpexMepHO
CTPYKTYpPBI OOpbI — CTPYyH, 00J1aCTH 3aCTOSI BO3AyXa, poTophl u jp.)[14, 58,
66], mubo c Teopuweil rumpaBiuueckoro ckauka [54, 60, 78]. Taxxke He
WCKIIFOYAETCS  B3aMMOJICCTBHE BCEX TPEX MEXaHU3MOB, IOCKOJIBKY
CUMTAETCS, YTO CHUJIbHBIC MOABETPEHHBIC OYpH, CBSI3aHHBIE C BOJHOBBIM
0o0OpyLIEHHEM, CX0XKH C peaKluell THAPABINYECKOro MOABETPEHHOTO MOTOKA,
YCUJICHHOTO CJIOEM TOHKOW MHBEPCHH.

Beimie Obi1 1aH 0030p pabOT, MOCBSIIEHHBIX BOJHOBOMY TOIXOIY TpHU
WCCIICIOBAaHUHY TIOJIBETPEHHBIX Oyph B paMKax HEIWHEHHOW Teopuu. OTMeTHM,
YTO OCHOBHBIM HETMHEHHBIM 3((HEKTOM, CIIOCOOCTBYIOIIMM YCHIICHHIO BETpa Ha
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MOJIBETPEHHOM CKJIOHE, fBJISIETCS OOpYILEHHE BHYTPEHHUX TIpaBUTAI[MOHHBIX
BOJIH, KOTOpbIE BO30OY)KIAIOTCS BHYTPH HEMPEPHIBHO CTPATU(PUIIMPOBAHHOM
cpensl. [IpuurHamMu MOryT OBITH YMEHbBIIEHUE TUIOTHOCTU BO3[yXa C BBICOTOM
WIM Ha KpUTHYeckuX ypoBHsX. [locmenHee s oporpaguyeckux BOJH
COOTBETCTBYET BBICOTE€, HAa KOTOPOM KOMIIOHEHTAa CKOPOCTU IIOTOKa,
NepIICHINKYISIpHAst XpeOTy, paBHa Hy:mo [20, 63].

Teopusi TUIPaBIMYECKOrO CKayka OCHOBaHA HA pEIICHUM 3a/1auu
00TeKaHusI ¢ IOMOIIBIO YPAaBHEHHUI MEJKOM BOBI. Y BEJIMYEHHE CKOPOCTH BETpa
B [TOJIBETPEHHOMN YaCTH CKJIOHA OOBSCHSIETCS IEPEX0/I0M HATEKAIOIIEro OTOKa 13
CYOKpUTHYECKOTO (MEIJICHHBI W TIIyOOKMH MOTOK) K CBEXKPHTHYECKOMY
(ObICTpBII W MEJKHH TIOTOK) COCTOSHHIO C OOpa3oBaHHMEM aHajora
THAPABINYECKOr0 CKadka B arMocdepe 3a IMOABETPEHHbIM CKIoHOM [60].
HanGonee cepbe3HbIM OMYIICHUEM SIBISETCS HECKMMAEMOCTh MOTOKA, KOTa
IuHAMUYeCKuil  ddexT  TemmepaTypHOil  cTpatHduKanmuu - atMOcQeps
YUYUTBHIBAETCS MOCPEICTBOM BBEJCHHUSI MCKYCCTBEHHOTO CKayKa IUIOTHOCTH Ha
CBOOO/IHOM IOBEPXHOCTH pa3/ielia, OTAEISIOIIEH HUKHUM CII0M OT BhILLIENeKaIleH
HEOTPAaHMYEHHOM MO  BBICOTE  OOJACTM  HEBO3MYIIEHHOTO  IOTOKA.
MHorouucnennble uccienoBanus [43, 44, 78] moarBepawiM MPaBOMOYHOCTH
UCIOJIb30BaHMsI  THIIPABIMYECKOTO TOAXOAa JUIi OOBSCHEHUS  YCIOBHUI
BO3HUKHOBEHHS MTOJBETPEHHBIX OYPb, 8 TAKXKE MPU aHAITH3€ CTPYKTYPHI OTOKA 32
MIOJIBETPEHHBIM CKIIOHOM.

[TepBbIe TEOpPETUUECKHE TTONBITKY UCCIIEA0BAHUS OOPBI OBLTH CeIaHbI
Ha Anpuatuke [64]. [IpudeM B aHATUTHUYECKUX MOJAENIAX OOpY paccMaTpuBaIU
Kak KarabaTMuecKuii BeTep, T.€. TPABUTALMOHHBIX TEYECHHH XOJIOIHOTO
MPUIOBEPXHOCTHOIO BO3/1yXa, CTEKAIOIIEro C MPUOPEXHBIX TOp B TEILTYIO
arMocepy Hag mopeM [52, 80]. B pe3ynbTare TaHHBIX UCCIICIOBAHHIN MPHIILTA K
BBIBOJY, YTO YCHJICHHWE BeTpa IpU 3TOM IMpOILEcce JOCTaTOYHO Majlo U He
COOTBETCTBYET HaOmoraeMomy [47]. JlampHelIe TeoOpeTHIeCKUe NCCIIEI0BAHUS
OOpbl CBA3aHBl C NPUMEHEHHEM YIPOILEHHBIX MOJENeH JUHAMHUYECKOro
B3aUMOJICHCTBUS HATEKAIOIIEro MoToKa ¢ HepoBHOCTsME 3emimu [20, 36, 46, 51,
54, 74].

Kax n3BecTHO, MO/IBETpEeHHBIE BO3MYIIICHHSI HEMTOCPEACTBEHHO CBSI3aHBI C
KPYITHOMACIITaOHOH CTPYKTYpoil Mereoponorndeckux mosnei. Ilomp3ysce atum
CO3/IAIOTCSl CHHONTHYECKHE MOJENU TIONBETPEHHBIX OYyphb, YUYHTHIBAFOIIHE
CKOpPOCTb U HaITpaBJICHUE BETpa B HU)KHEH WITH CpeHel Tporocdepe, CIBUT BeTpa
C BBICOTOH, BEPTUKAJIBHBIA IpaJMeHT Temreparypsl U T.4. [12, 59]. TlomoOHbIe
MOJIENN HOCAT MPAKTHYECKUI HHTEPEC UMEHHO /IS IPOTrHO3a OOpBHI.

B mocnennee BpeMs A HCCIENOBAHUS M MPOTHO3a ITOABETPEHHBIX
Oypb LIMPOKO MCIIOJB3YETCs YMCICHHOE ME30MacCIITaOHOE MOJETUPOBAHHE.
[TomoOHBIE MOIENM MOTYT UCIIONIB30BaThCS B PEIKUME MICATU3UPOBAHHOTO U
pearbHOro MojenupoBaHus. [lojaBisiomiee YUCIO HICATU3UPOBAHHBIX
MoOJIeJIell HCIIONB3YIOT CHCTEMBI JIBYMEPHBIX HEC)KUMAeMbIX HETMHEHHBIX
ypaBHEHUW ruapoTepMoanHamMuku. Ilpm o3TOM pensed 3amaeTcs B
UJCaTM3UPOBAaHHOM BHJIe, a TPAHUYHBIMH YCJIOBHSIMH CIY)XaT JIaHHBIC
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HaBETPEHHOTO paano3oHaupoBanus [41, 43, 69]. Cpeaun uacan3upoBaHHBIX
MOJIeJIe MOKHO BCTPETHTh MOJIEIIH, B KOTOPBIX HATEKAIOIINI MOTOK 3a7aeTCs
UCKYCCTBEHHO, I/e yacTora bpenTa-Bsiicsiiss M CKOpOCTh HaTeKaroliero
MOTOKA 3a/Ial0TCS MIOCTOSTHHBIMH 110 BbIcOTE [ 76, 77].

Cnomomipto Mogenmu ECMWF B [55] mpoBoauiock 4YuCICHHOE
MOJICTTMPOBAHUE AJPUATHICCKONH OOpBI MPHU MEPEeMEHHOH BhICOTE U (opMe
penbeda. IlokazaHo, 4yTO BO3HHMKHOBEHHE BeTpa THMA OOPBI MPOUCXOIUT
TOJIEKO B CIy4asiX C pealibHbIM pelbe)oM, IpUYeM Ha JTIOCTATOYHO HU3KHUX
BbICOTaX XpeOTa yCWIEHHsS BeTpa C [OABETPEHHOW CTOPOHBI HE
(buKCUPOBATIOCH, a JUIsl OOJBIIMX BBICOT — HATEKAIOIIUN TMOTOK MOJTHOCTHIO
OJIOKHPOBAJICS C HABETPEHHOW CTOPOHBI.

B pabote [46] mpuMeHsIach MOJHAS THUAPOJIMHAMUYECKAS MOIENb
aTMoc(hepsl ¢ ONmpeNeIeHHBIMU YIPOIICHUSMH 11 PACCMOTPEHUS BIHUSHUS
pa3auYHbIX (PAKTOPOB Ha JAWHAMHKY BETPOB MPH aJpHATHUECKON Oope.
Hcnonb3yercs mezomaciTabHas Mmoaenb RAMS mpu oTCyTCTBUU TpeHHs Ha
HIOKHEH rpanune. [Ipu Hanuuuu TpeHUsS C MOJABETPEHHOW CTOPOHBI XpedTa
BO3HUKAET pa3pbiB MOTPAHUYHOTO CIIOS, @ Y 3€MJIM 3aMeTeH cialblil Berep.
[Ipu  oTcyrcTBEHM  TpEHUsS  BO3HHKAeT  OOpYIICHWE  BHYTPEHHUX
IPaBUTALIMOHHBIX BOJH U CTPYS AOCTATOYHO CHIJIBHOTO BETpa OIMyCKaeTcs IO
MOJIBETPCHHOMY CKJIOHY K MOBEPXHOCTH 3€MIJIM, YTO YKa3bIBACT HA CHIBLHOE
BIIMSTHUE TPEHUS HA MMOBEICHHUE NTOTOKA B MOJIBETPEHHON YaCTH.

Bonbmioe komm4ecTBO pabOT TOCBAIICHO TAKXKE MOJICINPOBAHUIO
peanbHbIX SMu30A0B Oopbl. Hampumep, B pabore [36]  mpoBOAMIOCH
WCCJICIOBAHKUE TOPBIBUCTOCTH aJPUATHYCCKOW OOpBI C HCIIOIB30BAaHHEM
monenn COAMPS c pazpemenuem 300 M. bputo mokaszaHo, 4TO MOPBIBBL Y
3eMJIM HAOJFOIAIMCh MPU HAIMYUU HU3KOYPOBHEBOTO OOPYIICHUS BOJH, a
TakkKe cKadka. [Ipu 3TOM OTCYTCTBHE MOPHIBOB COMPOBOKAATIOCH HATUYHEM
MOJIBETPEHHBIX BOJH U pOTOpa, a 0OpyIlIeHHEe OTMEYaJoCh JHIb B palloHe
tpononay3bl. Jlpyras moaens MEOMOG6 Obina ucmosib3oBaHa TOXE IS
WCCJICIOBAHMS TIOPBIBUCTOCTH aJpriaThdeckoil 6opbr [35]. OmHako Mojenb
JIOCTaTOYHO TPYyOO YUMTHIBAET MAaKCHUMAaIbHBIE CKOPOCTHU BETpPa, HO XOPOIIIO
BOCITPOM3BOJUT OOIIUIT BPEMEHHOM X0 CKOPOCTH BeTpa Ipu Oope.

s monenupoBanus 6opsl B Kopee 6b11a ncnonszoBana moaens WRF
[50], xoTopas mo3BoJMIA cAenaTh BBIBOJABI O (U3UYECKOM MEXaHH3ME
BO3HUKHOBEHHUS SBIICHUS. ABTOpBI IOJAralOT, YTO OCHOBHBIM YCJIOBHEM
dbopMUpOBaHUS OOPHI ABISICTCS CYMIECTBOBAHHE KPUTHYECKOTO YPOBCHS Ha
BbICOTaX 8-9 KM, OT KOTOPOTO MPOUCXOAMT OTPAKCHHE BOJIH M BO3HHUKAET
pE30HaHC.

Crnenyer ymoMsiHyTh Takuh€ KpPYHHBIE MPOEKTHI MO HCCIECIOBAHUIO
6opsr kakALPEX [40, 46], MAP [32, 48], T-REX [32, 49], B pamKaX KOTOPbIX
MPOXOIAT KOMIUICKCHBIE CHHXPOHHBIE HAONIOJEHUS OTIENBbHBIX D3IH30]10B
MOJIBeTpeHHBIX Oypb. B OCHOBHOM, cienaHHbIe B X0j/i¢ PabOTHI BHIBOJBI O
CTPYKTYpe TIOTOKAa, COTJACYIOTCSI C pe3yJabTaTaMd MOICITHUPOBAHHUS.
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HenmoctaTtkom 3THUX MPOEKTOB SIBJISETCS HEOOJbIIAs TUTEIHPHOCTh U MaJIbIi
MPOCTPAHCTBEHHBIN OXBAT U3MEPEHUN.

[Tomumo Gopsl mpoBOASATCS HccienoBanus u Gpéna. B pabore [46]
paccMarpuBaroTcs PEHBI B AJlbITax Ha OCHOBE pe3ynbTaToB Moaein COAMPS
¢ pasperieHueM 1 KM, KOTOpbIE CPABHUBAIOTCS CO CITYTHUKOBBIMH JaHHBIMH,
HA3eMHBIMH HM3MEPCHHSIMH, C JTaHHBIMU JIMJAPHOTO 30HIMPOBaHUA. bputH
MMPOAHAIM3UPOBAHBl TPACKTOPUM YacTHI] M OJIOKMpOBaHHME TOoTOKa. Ilo
BEPTUKATHHOMY TPOGUII0 MOTOKA HMITYJIbCA, CBS3aHHOTO C BHYTPCHHHMH
IPaBUTAIMOHHBIMM BOJIHAMH YCTAHOBJICHO, YTO B HWKHEH Tporochepe u
cTpatocepe MTPOUCXOTUT OOpYyIICHHWE BOJIH, MpHYEM B Tporocdepe
COMPOBOXKIACTCS THAPABIMICCKUM CKAUYKOM.

B Poccun nambGonee n3BectHa HoBopoccuiickas Oopa, moja KOTOpoit
MMOHUMAIOT TIOSBJICHWE KaTacTpO(PUYECKH CHIIBHOTO BETpa B Topojae U B
Llemecckoit OyxTe, KOra ¢ CeBEpO-BOCTOKA, MEPEBAIIUB UepPE3 rOPhl, B palioH
MIPUXOJUT XOJIOIHAS BO3AYIIHAs Macca. BriepBble IpUYMHBI BOZHUKHOBEHUS
HOBOPOCCHUUCKOH OOpbl  OBLIM  HMCCICAOBaHBI  pPYCCKUM  Teorpadom
O&.®.Bpanrenem [22], npyroe KpymHOE HUCCICIOBAHHE ATOTO SIBICHUS —
pabota [13]. B Heli Ha OCHOBAaHUHU JCCATUICTHUX HAOJIIOJACHHM Ha CTaHIUU
HoBopoccuiick #3ydeHa HW3MEHYMBOCTH OCHOBHBIX METEOPOJOTHUYECKHUX
XapaKTePUCTHK BO BpeMs OOpbI, TOBTOPSIEMOCTh [0 MecCsAllaM H ¢
MIPOJIOJDKUTENIBHOCTD. [lepBoe moapoOHOe omrcaHue HOBOPOCCHUHCKOW OOpbI
ObLI0 AaHO B Joruu YepHoro Mopsi, u3ganHou B 1947 r. CiaeayroiumM BaKHbIM
[1aroM Ha MyTH UCcienoBaHus 60psl ctana pabora A.M. I'yceBa, 10 cux mop
cumTaromascs kiaaccuueckoi [23]. B Hel, B 4YacTHOCTH, TOKa3aHO, 4YTO
ycloBUsi 00pa3oBaHus OOpBI CYIIECTBEHHBIM O0Opa3oM 3aBHCST, C OJIHOU
CTOPOHBI, OT COOTHOIICHHS BBICOTHI TOPHOTO XpeOdTa HW MOITHOCTHIO
HATEKAaIOIEro CJ0s BO3AyXa, a C JAPYroll OT BEIUYUHBI TEMIIEPATYPHBIX
KOHTpacToB B atMoc(epe. B pabore [ 7] HOBopoccuiickas 0opa rccienoBaiach
C TIOMOIIIBI0 aHAJTUTHYECKON MOJENH, OCHOBAHHOW Ha ypaBHEHUSX TEOPUHU
«MENKOM  BOAb». ABTOpaMH OBLJIO yKa3aHO Ha CYIIECTBOBaHUE
JOKPUTUYECKUX W KPUTUYECKUX PEIICHUH, a TakKe M Ha BO3MOXKHOCTb
MOSIBJICHHUSI CKAYKOB JABJICHUS, C IOMOIIBI0O KOTOPBIX MOKHO TOMBITATHCS
OOBSICHUTH HEKOTOphle OCOOEHHOCTH [BIDKEHHUS BO3JyXa B TopaxX, U B
YaCTHOCTH TaKo€ siBICHHE, kKak Oopa. B paborax [21, 24] paccmaTpuBaroTcs
BOIPOCHI TPOTHO32 OOPHI U €r0 CHHONITUYECKUE ACTICKTHI.

B paborax [8, 9, 27, 28] 6opa B HoBopoccwuiicke uccieaoBaiach ¢
LEbI0 PEIIEHUs] MPOOJIEMBbI MMPOTHO3UPOBAHUS ATOTO OIMACHOTO SIBICHUS C
MTOMOIIIBIO YUCIICHHOW Me30MacITaOHOM HeruapocTaTuaeckoit mogenu WRF-
ARW. JlanHast MOje/b yYHUTHIBAET MHOTO OOJbINe (PU3UYCCKUX (DAKTOPOB
SIBJICHUS, YeM aHAIMTUYCCKUE MOJICTH, OJIHAKO, KaK OOBIYHO, ITO JIeiaeTCs
MOCPEACTBOM HCIONB30BaHUS METOIOB IMaApaMETPU3AIIHNH.

Pabora [27] mocBsieHa HCCIEAOBAHUIO BO3MOXKHOCTH YHCIEHHOTO
MOJICTTUPOBAHUS TIPOTHO3a OOpPBI, MPUYEM pPacCMATPUBACTCS KOHKPETHBIH
ciy4aii 6opsl. [TokasaHo, 4To JABE TJIaBHBIE YEPTHI OOPHI YUCIEHHBIM METOJIOM
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BOCIIPOM3BOJIATCS: a) oporpaguyeckas acUMMETpPUs BO3MYIIEHUH, O)
KOJIMYECTBEHHBIE XapPaKTEPUCTUKU PA3IU4YUA MO MOTOKY. OTMEYEeHO, 4TO
TpeOyroTCs najbHeHIIne HCCIeAOBaHUS MO YacTH MapaMeTpoB MOJETH, B
YaCTHOCTM B OTHOIICHHWM pPa3MEpPOB IIara JAUCKPUTHU3ALMM, apaMeTpOB
napaMeTpHu3aluu BaXKHBIX pU3ndeckux (akTopoB aTMOC(HEPHBIX IPOILIECCOB B
NpU3EeMHOM ciioe U T.7. OO1re 3aKOHOMEPHOCTH SIBICHUSI HE MCCIIEeIYIOTCS.
CooOmraercs, YTO KpPOME YUCICHHBIX MTOIX0JI0B K UCCIIEJOBAHUSIM MPOOIEMbI
UCIOJIB3YIOTCS MOJENIU JBYX THUIIOB — THJPAaBJIWYECKAss U BOJHOBAs.
MogenbHOe TMoJIe CKOPOCTEHl KayecTBEHHO IMOATBEP)KIAeT, 4YTO TIpeOHH
[JIaBHBIX BOJIHOBBIX BO3MYILEHUM Mapajule]bHbl TOpaM. 3HA4WUT, KapTHHA
BO3MYILIEHUH ONM3Ka K JBYMEpPHOI, MpUYEeM BO3MYILEHUS MaKCUMAJbHbI Y
NOJHOXMST MapKOTXCKOro (I0JBETPEHHOr0) XpedTa rop U OHU MO3BOJISIOT
npearnoyiaratb, 4T0 B PEATbHOCTH TMOPBIBBI JOJDKHBI OBLIM JOCTUTATh
3HaueHui B 30 M/c, T.e. MpeBHIIIATh MIPOrHO3Upyemble B 1.5 pa3za. IIporaos
3acTaBiseT OOpaTUTh BHUMAaHHWE HAa W3MEHEHHUsSl Mpollecca BO BPEMEHU U
TJIaBHBIM 00pa3oM Ha TO, YTO JIECKPETU3AIsl JTaHHBIX 110 BPEMEHH JIOJDKHA
ObITh TOpsiAKa JecATKa MUHYT. ABTOpPBI, paccMaTpuBasi BO3MOXHOE
HCIIOJIb30BaHUE BOJIHOBOW M CTOKOBOH MOJENed, OTHAlT MNpPEArOoYTeHHE
MEPBOM U3 HUX.

B pabore [8, 9] nmpoBoauTCs UYMCICHHOE MOJACIUPOBAHUE CHIIHBHOU
6opsl 7 — 8 depansa 2012 roga. CpaBHeHHME NaHHBIX 00 M3MEHEHHSIX BO
BPEMEHM CKOPOCTH Ha BbicoTe 10 M M TeMIepaTypbl Ha BHICOTE 2 M IIPOBEIEHO
[0 JaHHBIM M3MEPEHMI M YMCIEHHOro pacuera B panioHe HoBopoccuiicka.
ABTODBI TOJIArat0T, YTO CJIEAYET pa3audaTh TPU CTAJAUU U3MEHEHHUH SIBJICHUS
BO BPEMEHM: HA4YaJIbHYIO, KYJIbMHMHALIMOHHYIO M 3aBepliaromryro. Her
MOSICHEHUH O TOM, TJI€ ¥ KaK IPOBOJWINCH U3MepeHHsl. UKCleHHbIE pacueThl
MPOBOAMINCE, HE HEMPEPHIBHO, a NI JUCKPETHBIX HAYalbHBIX JaHHBIX.
JlaHHBIE pacyeToB IOJEH CKOPOCTH M IOTEHUMAJIbHOM TEMIIEpaTypsl B
BEPTHUKAIBHOM MJIOCKOCTH, HAMPaBICHHOW 110 MEpHINaHy, POBEICHHBIC s
TpEX MOMEHTOB BPEMEHHU B JHAala30HE BBICOT 10 3KM MOKa3aJIM CIeIYyIOIIee:
a) TIOCKOJIbKY HampaBlieHUEe MEpUIMaHa HE COBMAIAeT C MEePHEHIUKYISIPOM K
ropam IMpeACTaBICHHbIE pa3pe3bl TOBOPSAT O HAIMYUU ONpPEIEICHHON
JIBYyMEPHOCTH BO3MYILEHUH; 0) BO3MYILIEHUS PE3KO MEHSIOT CBOU XapaKTep BO
BPEMEHH U IO3TOMY HX aHAJIM3UPOBATh CIEAYeT pa3leibHO JUIS Pa3HbIX
MPOMEXKYTKOB TIO BpEMEHHU (BBIIIE JaHbl ABTOpaMU Ha3BaHUS JUISI STHUX
nepuonoB). Ilokazano, u4to ©OOpy cleayer paccMaTpuBaTh  Kak
HECTAllMOHAPHBIN IPOLECC BTOPXKEHHUSI MACC XOJIOJHOTO BO3JyXa C CEBEpa
yepes Topbl Ha 10T, BEITECHSIOIIET0 Maccy TEIJIOro Bo3ayxa. Takxke mokaszaHo,
YTO BO3MYLICHHUS MNpPH OOpe CYIIECTBEHHO H3MEHSIOTCS IO BEPTUKAIH.
JlanHble pacueToB O AETaNsiX W3MEHEHUH IO BEPTUKAIU CIeAyeT CUHUTATh
JIOBOJIBHO TPHUOIMKEHHBIMHU,- OCOOCHHO HAcyeT MPHUIOAHATHIX CTpyd. Bo-
MEPBBIX, HET U3MepeHUH. BO-BTOpHIX, BEpOSTHO MapaMeTpH3alus pa3HbIX
MPOIIECCOB HE HJeanbHa, OCOOCHHO TYpOYJIECHTHOCTH BOJHM3U 3€MJIH, €CITU
BOOOIIIE OHa BO3MO)KHA. HHU4ero He cka3aHO O BO3MOMKHBIX 3aBUCHMOCTSIX
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napaMeTpu3aluil OT ce30Ha, Mecsla, TUIa BO3AYHIIHOM Macchl U T.I.
[Tokazano, 4ro (opMa HEpoOBHOCTEH peibeda OKa3bIBaCT Ha BO3MYLICHHUS
OIpENIeIIAIONIYI0 POJib. [IpH 3TOM U3MEHEHUS 110 TOPU30HTAIN UMEIOT SBHYIO
JIBYMEPHYIO COCTAaBJISIOIIYIO (TpeOHU BOJIH MapajuleibHBI JHUHUUA TOp) U
OJTHOBPEMEHHO B 00jacTu OyXThl 3aMETHbBI CYILECTBEHHbIE OTKJIOHEHHUS OT
JBYMEPHOCTHU (BJIMSHUE TOIYOCTPOBOB IO €€ KpasiM). BBIBOI 0 BpeMEHHBIX
CTaJUsX SIBJICHUSA SIBJIAETCS JOCTATOYHO BaXXHBIM U yOenuTenbHbIM. Ha Ham
B3IJISL]T CII€I0BAJIO JUIs KYJIbMUHAIIMOHHON CTaIMU IPOBECTH PACUETHI eILIe JJIs1
OJTHOTO cpoKa, Harpumep, A 0 yacoB 8 peBpans. Torna crano Obl NOHATHEE,
KaKHe XapaKTepUCTUKW HMMeeT Oopa, KakK KBa3UCTALMOHAPHBIM MpoIecc
IepEeBaIMBAHUS XOJIOJHOTO BO3yXa 4epe3 rophl.

HccnenoBanuio  HACTPOMKM — YHCIEHHOM ~ MOJENM  IPOTHO3a
HoBopoccuiickoii 0opbl NpH HUCIOJB30BAaHUM PE3YJIbTATOB HM3MEpPEHHM
BO3MYIICHUN aTMoc(hepsl — Ha CTAaHIAPTHBIX CTAHIUAX METEOCITYKOBI, a TaK
e B IPU3EMHOM CJIO€ Y FOp U B MOABETPEHHOM 00J1aCTH MOCBsIIEeHa paboTa
[28]. IloaTBepkAeHO, UYTO CaMO€ CYIIECTBEHHOE BIIMSHHME Ha PE3YyJbTaThl
IIPOrHO3a OKa3blBA€T y4YyeT B MOJEIM CBOWCTB MPHU3EMHOIO CJlIOS U
XapakTepuUCTUK  TypOyineHTHoctu.  IIporHo3  mo  mojenu  jJaer
yIOBJIETBOPUTEIbHBIE PE3YNbTaThl (B paMKax MNPHUHATHIX CTaHAApPTOB) B
OTHOIICHUM XapakTepHBbIX BeauuuH. OJHAKO TOTpeOHTeNei BOJIHYET B
IIEPBYIO OY€pe/Ib IPOTrHO3 MAaKCUMaJIbHBIX 3HAUEHUI CKOPOCTH, a 3Ta CTOPOHA
mpoOJIeMBl OCTAaeTCsl MOKa COBEPIIEHHO HE OleHeHHoW. Kpome Toro: a)
paccMaTpuBaeTCs OJIMH KOHKPETHBIHN ciaydail 60pbl, a UMEHHO 26-28 sHBaps
2012, 6) He wucciuenyroTcsa oOIME 3aKOHOMEPHOCTH JTOTO SIBIICHUS,- B
YaCTHOCTH 3aBUCHUMOCTb OT 3aMEUYEHHBIX NEePUOJUUECKUX HW3MEHEHUH
HATEKArOIIEro IMOTOKa; B) pa3Mep pa3peIIeHus 10 TOPH3OHTAIN HCIIONB3YeTCs
HE/I0CTaTOYHO MaJblid (Mmopsaka 2 KM), YTOOBI MCCIIEOBaTh 3aBUCHUMOCTb
SBIICHUSI OT BAXXHBIX (PaKTOpoB OOphl. Jlemaercss BBIBOJ, YTO pe3yibTar
MOJICJIMPOBAHUS CYIIECTBEHHO 3aBUCHUT OT MapaMeTpH3allid MpOILECCOB B
MOTPaHUYHOM CJI0€ W TypOysieHTHocTH. He siCHO, 4TO MMeeTcss B BHIY.
Pe3ynbpraThl M3MepeHUl M MOAETUPOBAHMS IOKA3bIBAIOT, YTO W3MEHEHHUs
CKOPOCTH BO BPEMEHH HACTOJBKO BEIMKH, YTO HEOOXOIMUMO TEPEXOTUT K
y4eTy U3MeHEeHHH ckopoctu ¢ nepuojoM menee 20 munyt. Kcraru, cienyer
OTMETHTB, YTO HE YKA3bIBACTCS, KAK MEHSETCS B OKCIIEPUMEHTAaX HATCKAIOIINH
MOTOK CO BPEMEHEM U HACKOJIBKO OH HE CTallMOHapEH.

B pabore [5] mpoBoauTCs aHAINU3 TOTO, HACKOJIBKO XOPOIIO MOXKHO
MIPOTHO3UPOBATh BO3MYIIEHUS aTMOC(Epbl B KOHKPETHBINA MEpUO] BPEMEHH,
BKJTIOYAIOIIUI /IBe OOpBI y CEBEPO-BOCTOYHOTO MoOepexns UepHOro Mops
(staBapb-eBpans 2012 roma), B TOM 4YHclIe OCOOEHHO CHIBbHYIO Oopy 7-8
¢deBpasis B paifone HoBopoccuiicka. B mepByio odepeab HcCIonb30Baslach
yucinenHas monaenb  WRF-ARW. IlonmyyenHble npu 3TOM JaHHBIE O
BPEMEHHBIX H3MEHEHHMSX BeTpa U TeMIepaTypbl CpPaBHHUBAJIKNCH CO
CTaHJAPTHBIMH METEOPOJOTHUYECKUMH HW3MEPEHUSIMH B 5 TPUOPEKHBIX
TOuKax, B ToM uuciae B r. HoBopoccuiicke. Ocoboe BHUMaHME CIenyeT
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00paTHUTh Ha TO, YTO aBTOPHI JIEJIAIOT BBIBOI, YTO PE3YIbTAThl MOACIUPOBAHUS
HanOosiee CyIIECTBEHHO 3aBUCAT OT TOTO, Kak OCYILIECTBIISICTCS
napaMeTpH3anusl MpoleccOB KOHBEKIMH U TYpOYJIEHTHOCTH B MPHU3EMHOM
ciioe TOMIUHON 1.5 kM. ABTOpBI 00pamaloT BHUMaHUE Ha TO, YTO B MEPUOJT
HauOonblIero pa3sutus Oopel B HoBopoccuiicke HampaBieHHE BeTpa
NEHCTBUTENIFHO  CBUJCTENBCTBYET O TOM, 4YTO 0Oopa ompexaessercs
NepeBaluBaHUEM Macc BO3JlyXa IMOMNEpPeK T'OPHBIX XpeOTOB M YTO MMEHHO B
ATOT EPUOJI CHUYKAETCS TeMIIepaTypa Bo3ayxa y 3emiu. Kpome Toro B pabore
UCIIONIB3YETCSl aHalu3 pe3ylbTaToB HabmogeHuit u3 Kocmoca u B mepByro
ouepellb PaaroOIOKAIMOHHBIX HAONIONCHUN. AHAIU3 MO3BOJISET OOpaTUTh
BHMMaHHE Ha TpW acnekra Bo3myineHuid. I[lepBwlii —  Hanuuue
oporpau4eckoro HMCYE3HOBEHHUSI OOJIAYHOCTH HaJl MOPEM BIOJIb BCEro
no0epexbs MpoTshHkeHHOCThI0 nopsanka 300 kM. Bropoi — unTteHcupukanus
BOJIHEHHSI HAa TOBEPXHOCTH MOps SIBHO CBsi3aHa C MOTOKaMH BO3/IyXa,
NepeBaAMBAIOIIUMU Yepe3 MPpUOpexxHbie Tophl. TpeTuil — BiusHuEe 0OpbI HAA
MopeM mpojoinkaercs 10 400 kM ynaneHus ot modepexnsi. Bee Tpu acnekra
CBUJIETENLCTBYIOT, UTO peyb UAET UMEHHO 0 Oope. PaboTa He HampaBieHa Ha
BCKPBITHE (U3NIECKUX (PAKTOPOB OOPBI, aBTOPHI MPU3HAIOT YTO MPH TAKUX
UCCIICIOBAHMIX CJENyeT CEephe3HO YMEHBIIATh IHaru JUCKPETH3AIUH.
W3mepenusi, yuciieHHbIE pacdyeTsl U CHUMKH M3 Kocmoca mokasamm, 4To
uccleoBalack UMEHHO O0pa M 4TO ee MacuTadbl BAOJIL MOOEPekbs U IO
YAQJICHUIO OT TOop MO MOTOKY MOKphIBatOT ob6jacte okoio 300 Ha 300 kM.
Pe3ynbpTaThl pacyeToB cUIbHEE BCETO 3aBUCAT OT KayecTBa MapaMeTpU3aluu
MPOIIECCOB B HIHKHEM CJI0€ aTMOC(hephl TOMIHHOM 0koJo 1.5 kM. [Tomockr Ha
pPaIMOJIOKALIMOHHBIX ~ CHUMKAaX, COBMAJalollMe [0 HAMpaBJICHUIO C
HaIpaBJIEHUEM OCHOBHOIO IOTOKA aTMOC(EPHI HEYOEIUTENbHO 00BACHSAIOTCS
oOpa3oBaHHeM BeTPOBBIX CTpyd. CHHMMKM B ONTHYECKOM JMana3oHe
MOKa3bIBAIOT, KaK BBINVIIEIO T0JIe O0JIAYHOCTH BO BpeMs Oopsl. OHO
oOpamiaeT BHUMaHUe Ha JIB€ ero 0COOEHHOCTH — Ha 0e300JauHyl0 HOJ0CY,
napauIeJIbHYI0 JUHUY Oepera (M 0THOBPEMEHHO JTUHUH MPHUOPEKHBIX TOPHBIX

xpeOToB), - W Ha oOOJayHble yIOUIBI KOHBEKTHUBHBIX  OO0JAKOB,
OpPUEHTUPOBAHHBIC 10 HAMPABJICHUIO OCHOBHOTO ITOTOKA, T.€. TIONEPEK JIMHUN
rop. Kaptuna oOmayHOCTH  CBUIETENBCTBYET, UTO TMOJOCH Ha

paanoJIOKaIMOHHBIX CHUMKAaX YKAa3bIBalOT HE HAa XapaKTCPHUCTHUKU ITOJIA BETPA,
a Ha XapaKTePUCTUKU OIS BIAXKHOCTH, KOTOPBIE OMPEAEIISIOTCS MPOIECCaMU
KOHBEKIIMU U 00pa30BaHMsI 00JIaKOB.

PaGora [30] mocBsIeHa HMCCIEOBAHUIO ACIEKTOB THIPOJAMHAMHKHA
Hosopoccuiickoit 60pel. Mcnonb3yroTcss WMeEronuecss JaHHbIe H3MEpPeHUI
XapaKTEePUCTHK aTMoc(depsl B TE€UCHUHU TSTH NepruoioB BpeMeHUu. OcoOeHHO
moApOoOHO pa3duparoTcs JABa MEPHO/IA, OJMH U3 KOTOPBIX BKIIOYAET CHIIBHYIO
60py u apyroi — cnadyro. BaxkHo, 4TO 3TH MEPHOABI XapaKTepU3YIOT pa3HbIe
CTaAiUM W3MEHEHHH BO3MYIIEHUH aTMocepbl — TpeaHAYATBHYIO,
KYJIBMUHAIIUOHHYIO W 3aKJIIOYHUTCIBbHYIO. I/ICHOJ’IBSYI—OTC?I TaKXXE JaHHBIC
OOIIMPHBIX YHCIEHHBIX dKCIEPUMEHTOB. B MTOTE BHISIBICHO MHOTO Ba’KHBIX
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XapaKTePUCTHK 3TOTO SBJICHUS U CJeJIaH BaXKHBIN BHIBOJI O TOM, YTO BOJHOBAS
THJIPOAMHAMHUYECKAs MOJIENb, BUIUMO, OOJIee MOAXOJUT TSl OIUCAHUS OOPBI,
HEXeJlu CTOKOBasi MoJielib. J[aHHbIe M3MEepPEHHI CKOPOCTH BeTpa, HECMOTPS Ha
UX HEIOCTAaTKH B OTHOLICHUM MX Pa3AeiCHHs IO MPH3HAKY PACTIOI0XKEHUS
OTHOCHUTENIbHO XpeOTOB (HaBeTpeHHbIe -1, Ha MOJBETPEHHOM CKIJIOHE -2, Y
[IOJIOIIBBI TOABETPEHHOr0 CKJIOHA -3, Ha yAaJeHUM OT 3 1O IMOTOKY),
CBUJCTEIHCTBYIOT O CIEAYIOUIEM: a) BO3MYLICHHUS UMEIOT KBa3UABYMEPHBIN
XapakTep, MOCKOJIbKY IJIaBHbIE KaYeCTBEHHBIE U3MEHEHUSI MOYKHO OIHCHIBATH
B BEPTUKAJIbHBIX CEUEHUSX, MEPHEHAUKYISPHBIX K CpeAHEH JMHHUU
opueHTauu rop (MPaKTUYECKH MO HAMpPaBIICHUIO (DOHOBOTO MOTOKA).; O)
BO3MYILIEHHUS 3aBUCAT OT TOTO, TJI€ BEPTUKAIHLHOE CEUCHUE MEPECEKAET rOphI
(pation HoBopoccuiicka wnu ['eneHmkuka, HalpuMmep); B) BO3MYILEHUS
CIWJIBHO 3aBHCIT OT BpEMEHH. OTO O3HAYaeT, 4YTO CJIEIyeT KaXIyIo
KOHKPETHYI0 00py XapaKTepH30BaTh B TECHOW CBSI3KE CO BPEMEHEM. ABTOPHI
HE OTMEYalT NIPHU3HAKOB JBYMEPHOCTH, XOTS MPHU3HAIOT, YTO BO BCEX
PacCMOTPEHHBIX BapUaHTaX Y MOAHOXKHS NMOJBETPEHHOTO XpeOdTa CKOPOCTh
BETpa BbIIIE, YEM Iepe]l TOpaMHu U B MOABETPEHHOM YacTH Ha yJaJIEHUU OT
Hux. Kak u panee ObUTO CKa3aHO, aBTOPHI, OUYEBUIAHO, MAIOT MPEANOYTCHHE
BOJIHOBOM TEOPUU MO CPAaBHEHUIO CO CTOKOBOH [43, 56]. OHM HanmOMHHAIOT
BBICKa3bIBaHUS MTPEIBITYIINX UCCIIE0BATENICH O IBYX BO3MOKHBIX BapHaHTaxX
pasButusa 60psl npu o0Tekanus rop. [lepBslii - Koraa mocne nepeBaiuBaHUsL
rOp MOTOK BO3JlyXa PE3KO YCKOPSETCS Y MOJABETPEHHOIO CKIIOHA TOp M BJIOJIb
3eMJIM HHMXE 10 TOTOKY. BTOpoit - Korja BoJIb 3eMJIM HUXKE 0 TOTOKY 3a
ropaMu BeTep OCIa0JIAeTCs WM JaXe HaIpaBiIeH HABCTPEYYy OCHOBHOMY
MOTOKY  BCJEJICTBHME BO3HHMKHOBEHMsI 3/1€Ch JIOKQIBHOTO BHUXpA C
TOPU3OHTAIILHON OChIO (POTOpA), BpalleHUE YaCcTHI] BO3yXa B KOTOPOM H
obecrieynBaeT yKa3aHHOE HalpaBjieHME BeTpa y 3emiu. llepBblii BapuaHT
aBTOPBI OOBSCHSIOT 1O pa3HOMY. Bo-TIepBBIX, OHHM CCBUIAIOTCS Ha
ucclieloBaHKe MMo1I00HON cUTyaluu y 6eperoB ApuaTuyeckoro Mopsi, Koraa
MEPEeBAIMBIIHNI Yepe3 TOPHI MOTOK BCTpeYall OCTpOBa B Mope. Bo-BTOpPHIX,
OHU TIOJAraroT, YTO NOAOOHYIO OCTpPOBaM pOJb MOTYT ChIIpaTh pe3Kue
ycuJIeHHs OporpaduvecKkux BOJH HAJ MOPEM HIDKE IO TIOTOKY OT TOp.
[Tocnennee npennoaoxkeHue pe3ynbraTaMu paboThl MOATBEpKAaeTcs. BriBoa
aBTOPOB O TOM, YTO CHJIbHAst OOpa MpsIMO CBsi3aHA C CHJIBHBIMH BETPaMH B
HaTeKalollleM IIOTOKEe, MpEeJACTaBIseTcs TpeOyroumM Oonee JeTaabHOro
uccnenoBaHus.  Takke 1O 3TOM  MOAENM  OTMEYAJIOCh  HAIMYHUE
THJIPABINYECKOT0 CKauKa HaJl MOIBETPEHHBIM CKIIOHOM, TIOJIBETPEHHBIX BOJIH,
OOpyIIeHHUs] TPaBUTAIIMOHHBIX BOJH W CHJIBHOH TPH3EMHON WHBEPCUHU
TEMIIEpAaTypbl Ha NOJBETPEHHON cTopoHe [5, 9, 31]. B Teuenue omgHOrO
smu307a OOphl PEKUM OOTEKaHHWST MEHSETCS OT JIOKPHTHYECKOTO K
CBEPXKPUTUYECKOMY M HA000poT. B paboTax moiydeHbl OLIEHKHU TOJIIMHBI
CJIOSI CEBEPO-BOCTOYHBIX BETPOB C HABETPEHHOW U IMOJIBETPEHHON CTOPOHHI,
BBICOTHI HU3KOTPONOC(HEPHOTO CTPYWHOTO TEUECHUS] HA HABETPEHHOW CTOPOHE,
BBICOTHI MAaKCHUMAaJIbHBIX CKOpOCTEH BeTpa Ha II0/IBETPEHHOW CTOpPOHE,
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TOPU30HTAIILHOTO MaciliTaba sBJIEHUS M T.JA., TAKXK€ JEJIar0TCs MOMBITKU
00BSACHUTH MPe0bIaaHNue TOTO UM HHOTO MeXaHu3Ma (hOpMUPOBAHHS OOPHI.
AHaJOTMYHbIE PE3YJIbTATHI MTOJIYYEHBI C TOMOLILI0 ME30MaCIITAOHON MOJIeH
COSMO [2].

B pabore [1] mpoBeaeHo wucciemoBaHHE ~ OpoOTrpadUUECKUX
Bo3MyllleHUM B pailioHe HoBopoccuiicka. Ilpumensiercss HeauHeHHas,
CTallMOHapHasi, JBYMEpHas, aHaJuTU4YecKas MojAedb [Koxk, 1999].
BeprukanpHas HEOrpaHMYEHHOCTb aTMOC(Ephl  YUUTHIBACTCS  IIyTEM
NpEJCTaBICHUs] €€ B BUJE TpPEX CJIOEB C pPa3HOM TIUAPOCTATUYECKOM
ycToiunBOCThIO. CBOMCTBA  HEBO3MYILEHHOIO  HATEKAIOIIEro  MOTOKa
YUUTBHIBAIOTCS BO BCEM pEaJbHOM JMana3oHe ero u3MeHeHuil. M3yuarorcs
XapaKTEepUCTUKU IOTOKAa BO3JyXa Yy IOJBETPEHHOIO CKJIOHA OOTEKaeMoro
penbeda. Boicka3piBaeTcsi THIIOTE3a O TOM, YTO MHTEHCUBHOCTH OOPBI MOKHO
OLICHUBATH I10 BEJINYMHE CKOPOCTHU Y MOJIBETPEHHOI'O CKJIOHA T'Op.

MeHnee n3y4eHHOU SBISETCS AATHHCKAs (KpbIMcKasi) 6opa. OqHUMU U3
nepBbIX padot Obuth [15, 17, 19] B KOTOPBIX MPOBOAMIOCH MOJICITHPOBAHHE
oOrekanus KpoiMckoro xpe6Ta B pailoHe SnTel Ha OCHOBE TeOpUU
TUAPOTEPMOJIMHAMUKUA. B OCHOBY HccieoBaHM ObUIM  IOJIOKEHBI
pe3ynpTaThl dKcmenuuuid. B pesynaprare ykazaHO Ha  BO3MOXKHOCTD
CyIIECTBOBAaHUSA B II0JIE BO3MYLICHUMM Haja ropamMu KpbIMa pOTOpPHBIX
00pa3oBaHMil ¢ TOPU3OHTAIBHOM OCHIO, TOCTATOYHO CTAOMIIBHBIX BO BPEMEHU
U IIPOTSHKEHHBIX B IIpocTpaHcTBe. MccnenoBaHue Takke M0Ka3ajao HaCKOIbKO
HEOO0X0MMO MpPHU MOJECTUPOBAHMM YUYHUTHIBaTh B JOJDKHOW Mepe ¢opmy
penbeda. OTaenbHbIE SMU30/bI KPRIMCKOW OOpBI pacCMOTpPEHBI B paboTax [8,
11] ¢ momomisro mMe3omacmTadbrorr mojaenn WRF-ARW ¢ makcuManbHBIM
paspemieHneM BiokeHHOHM ceTku 0.3 kM. OmnucanHbIM 311307 60psl B [8]
YKa3bIBa€T Ha TO, YTO HATEKAIOMIMI MOTOK HAaXOAMUTCS B JOKPUTUYECKOM
COCTOSIHUM, HaJ IOJABETPEHHBIM CKJIOHOM 3a(UKCHPOBAHO OOpYIIEHHE
TPaBUTALMOHHBIX BOJIH, IPH 3TOM CTPYS HE OTPBIBAETCS OT MOBEPXHOCTU. B
pabore [11] ommchiBaeTcs HMHOW 5HM304 OOpBI, KOTJa MOJEIMPOBAHHE
MI0KA3aJI0 OTPBIB MTOTPAHUYHOIO CJIOSI C MOJBETPEHHON CTOPOHBI KphIMCKHX
rop #u 00pa3oBaHME WHTEHCUBHBIX IIOJBETPEHHBIX BOJIH, MpPUYEM
BEepPTHUKANbHBIN MacmTab — Bes Tpornochepa. Ha ocHoBaHMM pacueToB ymcia
®pyna ObUIO MOKA3aHO, YTO BOSHUKAET OJIOKHPOBAHNE HM)KHUX CJIOEB IOTOKA,
a OCTaJIbHAsI YaCTh IIOTOKA HAXOJAUTCS B CBEPXKPUTUYECKOM COCTOSTHUU.

CrnenyeT ynoMsHYTbh U HOBO3EMEIBbCKYIO 00pY, H3yUE€HHOCTb, KOTOPOH
HaMHOTO MEHbIIe. B wacTHOCTH, MOXHO yka3aTh pabory [65], B koTopoii
IIPOBOJIUTCS aHAJIN3 BOCIIPOU3BEAEHUS 0JIs1 BeTpa B paiioHe HoBol 3emun o
naHHbIM peaHayinza ASR. HoBozemenbckast 6opa ynomunaetcs B padote [53],
MOCBSIIIEHHOM CTaTUCTUUECKOMY aHAJIM3Y SKCTPEMANIbHBIX CKOPOCTEH BeTpa B
Apkruke. B pabote [30] mannas Gopa umcciemayeTcsi ¢ MOMOIIBI0 JTaHHBIX
HaOmonenuit u peananuza MERRA. Jlns paccMoTpeHHBbIX 12 3mu3070B
HOBO3EMENIbCKOM OOpBI, BBISBICHO HAJIWYHE CJIOSI MPUIOIHATON HWHBEPCHUH,
HU3KOTPOIOC(EPHOro CTPYHHOrO TEUSHHsI Ha BBICOTAaX, OJIM3KUX K BBICOTE
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xpe0Ta, oOpalieHus BeTpa ¢ BHICOTOM. B MOMEHThI MakCHMaIbHOTO Pa3BUTHUSA
OOpBI MPOUCXOIUT YMECHBIIIEHNE YACTUYHOTO OJIOKUPOBAHUS IIOTOKA TOPAMH.
[TokazaHo, 4TO CKOPOCTH BETpa MpHU 0Ope KOHTPOIUPYETCS B IIEPBYIO OUEPEIb
ME30MaCIITa0HBIM OapUYECKUM TPATUCHTOM, KOTOPBI MOKET BO3HUKAThH B
pe3ynbTaTe pacHpoCTpPaHEHUs TPAaBUTALMOHHBIX BOJH HaJ XpeOToMm
(BomHOBOE compoTHBJIeHHE). Tak)ke MokKazaHO, 4TO HOBO3MEJbCKas Oopa B
3HAYMUTEJILHOH MEpe CX0XKa C HOBOPOCCHUCKOW OOpOi, a Takke ¢ APYTHMH
BETpaMH TaKOI'o THUIIA.

B pesynbrare npoBeneHHOro 0030pa padboT, MOCBSIIEHHBIX polieMe
O00TEeKaHUs TOPHBIX CHUCTEM M HUCCIICIOBAHHIO OOpPBI, OTMETUM HEKOTOPBIC
MoMeHThI. brarogaps paGoram OO0JBIIOrO YMCIAa UCCIENOBATENCi MHOTHE
KOHKPETHBIE CBOMCTBA MOJBETPEHHOTO MOTOKA YK€ BBISICHEHBI. bopa moinkHa
paccMaTpuBaTbcs Kak IpolLecc pa3BUTHs BO BpeMeHHU. lIpuuem Ha mepBhIX
marax  CcieAayeT  BBIACHATh  HAYaIbHYIO,  KYJIbMHHAIMOHHYIO |
3aKJIIOUUTEIBHYIO CTaiuu ee pa3Butusa. @opma 00TEKaeMbIX TOp MOPOXKIAET
HaJu4ue JBYMEPHOM COCTaBIIOIIEN B IPOCTPAHCTBEHHBIX H3MEHEHUSIX
BO3MyIleHUN. Bo Becex ciyuasx O0pbl HAUOOIBIIETO YCHIICHUS BETPa CIEIyeT
OKMJIaTh Y MOJBETPEHHOTO CKJIOHA O0TEKAeMBIX TOP.

OaHako MbI CUATAEM, 4TO:

1. HEOOXOIMMO TTPOJOIKHUTH H3ydeHUE OPOTrPaPUICSCKIX BO3SMYIIICHHIA
HaJl TOpaMu, KOIJa MPEeAro0KEHUE O BEPXHEH IrpaHULe HE HCIIOJIb3YETCs
(HeorpaHU4eHHAs 3a/7a44);

2. HEOOXOMMO JIeTalbHOE HCCIIeIOBAaHUE BIUSHUS Pa3MEpPOB rop, UX
(hopmBbI Ha 0COOEHHOCTH KapTHUHBI OOTEKAHMS;

3. HeoOXoauMO JanbHEWIlee YTOYHEHHE POIH YCTOWYHMBOCTH
HaTEKalolero IMOTOKa BOOOIIE W HM3MEHEHUS €€ B OTIEIbHBIX CIOSX B
YaCTHOCTH;

4. KayecTBO, MOJYyYaeMbIX PE3yJbTaTOB C IOMOIIBIO YHUCICHHOTO
Me30MacIITaOHOTO MOJIETUPOBAHMSI B YKa3aHHBIX BhIIIE paboTaxX MpoBEpsIeTCS
MyTEM COIOCTABJICHUS UX C IAHHBIMHU OTETBHBIX U3MEPEHUH Y 3eMJTH. DTOTO
SIBHO HEAOCTATOYHO. /[ HacTosmeil OlleHKH KadecTBa YUCIEHHOW MOJenu
HEOOXOJUMO TIPOBOJUTH OLEHKY HAJCKHOCTH TPUMEHSIEMBIX METO0B
napaMeTpHu3aluu CI0XKHBIX (PU3NUIECKUX MPOIECCOB UMEHHO ISl H3y4aeMOro
siBJIeHUs. J1J1sl TOy4eHHs! TAKOM OLIEHKHU CIIETYET MPOBOJIUTH COMTOCTABJIEHUE
pe3yAbTaTOB pacyueTa ¢ U3BMEPEHUSIMHU B JOCTATOYHO MHOTMX TOYKaX Y 3€MJIH,
a ele BaXKHEEe — C M3MEPECHMsIMU Ha MHOTUX ypoBHsX. Hamm mpenbimymme
uccnenoanus [17] mokazanu, 4To MpH UCTIOIB30BAaHUH B MOJIENIH MIOCTIOHHOTO
ydeTa U3MEHEHUN TpaueHTa TeMIEPaTyphl IPUXOIUTCS TIOKa pacCCMaTPUBATh
CJIOM C 3aMETHOM BEPTUKAJIBHOM TOJIIIMHOW. YUYET TAaKOro CJO0sl B CpEAHEU
4acTH Tporocdephl, MOKa3aj, YTO €ro BIMSHUE HAa BO3MYIICHHS HE TaK
3aMETHO, U Ba)XXHEE IPUMEHSTh TaKWE IOCTPOCHHUS [UJI ydeTa BIUSHHS
3¢ (}HeKToB OTpakeHUs BOJIHOBOW JHEPrUM Ha Tpomomay3e. Takod Moaxon
MpuUMeHseTcsT B Hamux pabdorax. OOMMPHBINA OMBIT HAIUX MOICTHHBIX
pacyeToB C UCIOJIb30BAHUEM JAHHBIX PaJMO30HJIMPOBAHUS IOKa3all
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clenymolee: a) paguo30HIUPOBAHUE OOBIYHO MPOBOJUTCS HE TaM U HE B
HY)KHOE Bpems; 0) Tonydaemble TpH OTOM JAaHHBIE XapPaKTEPHU3YIOT
MOJIO)KEHWE Ha PEJKOM YHCJIe YPOBHEW BBICOTHI, YTO MPUBOAUT K
HEJOMYCTUMO OOJIBIIION MOTepe TOYHOCTH OIPEICICHHS] BEPTHUKAIHLHOTO
rpagueHTa TeMmeparypsl. [loaToMy B HallIMX MOJENBHBIX UCCIIETOBAHUIX MBI
MIPHIILTHA K BBIBOJTY, HCIIOIH30BATh MTOCIOWHOE 3a/IaHNe CBOKWCTB HATEKAIOIIETO
MOTOKA, HO B HIMPOKOM Juamna3zoHe ux uzMeHeHuil. [lonoxkenue morna Obl
WCIIPABUTh XOPOINasi CTATHCTHUKA, HO TOTJa MOTPeOOBAIOCH OBl IPOBOAHTH
3aIlyCK PaJu030H/I0B HAMHOI'OMHOTO Yale.

B poBoAMMEBIX HAMU UCCIICIOBAHUSX TPUMEHECHSICTCS aHATUTUIECKAs
HEeJIMHEWHas, JByMEpHasi, CTalllOHapHasl, OTKpBITast MO/JIETIb,
paccMmaTpuBaroIas sBICHUE B paMKax cpenHero macimraba [20], korma cuisl
Kopuonuca He y4HTHIBAIOTCA U MPOTSHKEHHOCTh OOTEKaeMbIX TOp He
npesbimaet 40 kM. B Mozienu Takyke NpUHATHI BO BHUMaHUE pe3y/abTathl [ 16],
KOTOpBIE MOKa3aJId, YTO HEOOXOAUMO YUUTHIBATh peajabHyl0 GOpMy TOp U UX
00JIBIITYIO TOPU30HTATLHYIO MIPOTSHKEHHOCTb. BeprukansHas
HEOTPaHUYECHHOCTh aTMOCc(hephbl B MOIeH, Kak U B [18, 19] yuursiBaeTcs mo-
HOBOMY, 2 UMEHHO ITyTeM IPEJICTABIICHHS €€ B BUJIC TPEX CIIOCB.
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REVIEW OF WORKS DEDICATED TO THE SIMULATION
OF THE PHENOMENA OF THE FLOW OF THE NORTHERN
SURFACE OF THE EARTH AND THE CATASTROPHIC WINDS
OF THE TYPE OF BORY

M.K. Bedanokov?, R.B. Berzegoval, V.N. Kozhevnikov?, Y. A. Ekba?,

O.P. Shevyakova?

!Maykop State Technological University, Maikop,
2Moscow State University named after M.V.Lomonosov, Moscow,
3Institute of Ecology of the Academy of Sciences of Abkhazia, Republic of
Abkhazia, Sukhum

The paper deals with two-dimensional problems of flow of ground surface
irregularities of the following types: nonlinear and linearized, multilayered and
single-layer, limited and unlimited. Three basic mechanisms of boron
formation are discussed, within which boron studies are considered: a) on the
basis of analytical nonlinear models, b) on the basis of the application of various
numerical models.

Keywords: atmospheric  physics, hydrodynamics, flow, orographic
disturbances, orographic waves. leeward slope, Lyra scale, hydraulic surge,
wave collapse, boron, Novorossiysk bora, model WRF-ARV.

06 asmopax:

BEJIAHOKOB Mypar KamnanoBud — JOKTOp SKOHOMHYECKHUX HAYK,

JICKaH HHKEHEPHO-IKOHOMUYECKOTO dakynbTeTa Maiikorckoro
rOCYJTapCTBEHHOI'O TEXHOJIOTMYECKOI0 YHUBEPCUTETA, BEAYIIWA HAy4HBII
coTpynHuk JlabopaTopuu reodKoJaoruu, reonH(HOPMaTUKH U PAIIIOHATBHOTO

1p
YH
aH

VPOJOIIONIB30BaHUsT MalKOIICKOrO TOCyJapCTBEHHOIO TEXHOJIOIMUYECKOTO
UBepcUTeTa, Mpodeccop Kadeapsl BHICIIEH MaTeMaTHUKU W CHCTEMHOTO
ann3a MaliKoICKOTo rocyAapCTBEHHOIO TEXHOJIOTMYECKOIO YHUBEPCUTETA.
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BEP3EI'OBA Po3a bareipbueBna — crapuuii mpenojaBareib Kadeapbl
BBICIIEM ~ MaTeéMaTMKM M CUCTEMHOro  aHaim3a  MalKoOIICKOro
rOCYJapCTBEHHOI'0 TEXHOJIOTMYECKOTO YHHUBEPCHUTETA, MIIAAIIUNA Hay4dHBIN
coTpyaHuk Jlabopatopuu reo’KoI0TuH, TEOMH(OOPMATHKH U PAlMOHAILHOTO
[IPUPOIONOJIL30BaHUsl MallKONICKOro rocyaapCTBEHHOTO TEXHOJIOTHYECKOTO
YHHUBEpPCUTETA.

KOXEBHUKOB Banentnn HwukomnaeBud — AOKTOp (U3HKO-
MaTeMaTUYeCKUX HayK, BEAYIIUH Hay4dHbI COTPYIHUK Kadeapsl (QU3UKU
atMocdepsl  ¢usmdyeckoro ¢akyaprera MIY um. M.B.JlomoHOCOBa,
npodeccop kabeaps! pusnku atmochepsl puzndeckoro dpakyapreta MI'Y um.
M.B.JIomoHOCOBa.

OKBA SuBapbu AnueBud — JOKTOp (U3UKO-MAaTEMATHUECKUX HAYK,
3aBenylui kadeapoil mpUKIaTHON SKOJIOTHU AOXa3CKOr0 rOCy1apCTBEHHOTO
yHHUBEpcUTeTa, npodeccop kabeApbl MPUKIATHON HKOJIOTUHA AOXa3CKOro
rOCy/IapCTBEHHOTO0 YHHMBEpPCUTETa, BEAyIIUMH crenuanuct Akaaemun Hayk
AlGxazum.

IIEBAKOBA Ompra IletpoBHa — KaHauaaT PU3NKO-MaTeMaTHUECKUX
HayK, CTapuIMil HayuyHbli coTpyaHuk JlaGopaTopuu TI'€0IKOJIOIUH,
reonH()OPMATHKH W PAIMOHAIBHOTO MPHPOIOINOIL30BaHUs MailKomcKoro
FOCYJapCTBEHHOTO TEXHOJIOTHYECKOTO YHUBEPCUTETA, JOLEHT Kadeapsl
BBEICIIIEH MaTeMaTHUKH Hu CHUCTEMHOTO aHaim3a MaiKoncKoro
rOCYJapCTBEHHOTO TEXHOJOTUYECKOTO YHUBEPCUTETA.
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