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1. BBEAEHUE

O jaumHavMuke KPYIHBIX BHXDEH TBEpPJ0 YCTAHOBJIEHO, YTO OHA Y/IOBJIETBOPSET
ypasuenusim Hasbe-Crokca [1]. Hekoropsie Mojenn KpynHbIX BHXDeii, a Takzxke
OCHOBOIIOJIATAIONINE 1IPeJICTaB/IeHnusi 1 HanboJjiee 3HauuMble MOHOIPaUu HpeJIcTaB-
Jenbl B pabore |2|. CoBpemennblie npe/icraBiernst 0 GU3NIECKUX MPOIECCaX BO3HUK-
HOBEHMsI KPYIHBIX BUXDEil, TAKUX KaK TOPHAJ0, IPeJCTaBjieHbl B MoHorpadun |3).

O3HakoMJIeHHE C IPEeJICTABICHUAME O (PU3UKE KPYIHBLIX BUXPEil OCTaB/igeT 1yB-
CTBO HeyJoBJeTBopeHHOCTH. Hambosee TymMaHHBIM KazKeTCsd BOIPOC O HPUYMHAX
BO3HUKHOBEHHS M YCJIOBHUSX CYIIECTBOBaHHS TaKUX sIBJICHUII B aTmMocdepe.

MaremaTudeckue Mo/iesTu, TpeHa3HaYeHHbIe /I TPOBeIeHN BBIIUCIUTETbHBIX
9KCIIEPUMEHTOB M OLIUCHIBAIOIIUE PE3Y/ILTATH PACUYETOB KPYIIHbIE TOPHAI0-110{00HbIe
BUXDH, IpeJcTaBieHbl B |3]. 3a4acTyio 910 BbIYUCICHHbIE MOJIEJH, B KOTOPbIX H3Y-
qaeTcd CyIeCTBOBAHUE U 3BOJIONHS Bpallalomeicsa Macchl KUJIKOCTH, 33JIJaHHON B
Ka4yecTBe HA4a/JIbHOI'O yC/I0BUs. BblllojiHeHHbIE pacuerbl HE OTBe4YaloT Ha HauboJiee
HHTEPECHbIE BOLPOCHI 00 YCJIOBUSIX, IPUBOJAIINX K BO3SHUKHOBEHUIO KPYIIHbIX BUX-
peli, 0 IpruYnHaX, HOAJACPKUBAIOIINX UX CYIIECTBOBAHUE U IIPUBOAAIINX K pa3pylie-
Huo. O630p UCHOIb3YeMbIX MaTeMAaTHIECKUX MOJIeJIeil JIjIsd UCCAeJOBAHUS KPYIIHBIX
BUXpeil, a TaK:Ke HMEMOIINXCs JaHHBIX HAOJIIOAeHul 3THX sBJIeHU B arMmocdepe u
1ab0paTOPHBIX YCJIOBUAX IPEJCTaBieH B |2, 3.

aJsiee B pabore KpyliHble BUXpH Oy/lyT U3y4aTbCsd TEOPETHUYECKH IIPU LOMOIIU
paccMOTpeHnsd HeJMHEeNHbIX ypaBHEHUH, ONMCHIBAIOIINX JUHAMUAKY BUXPeH B CXKU-
Maemoit crparuduiupoBaHHoOil KujikocTu. [Ipejpunsra nonbTka yyera HeJluHel-
HbIX CJIArA€MbIX, YTO 1103BOJIAET PACCMOTPETH LIPOIECCHl HPUBOJsIIUE K HAOJIIO/Ie-
HUIO BUXPEBbIX TedeHuil, HaOJIIOJAI0NUXCH B arMocdepe, HE BOCHPOU3BOISIIMECs
[IPYU UCIIOJIb30BAHUM JIJId UX ONUCAHUS JIMHEHHON Teopuu.

Bunauase BbiBeseHa cucTeMa HeJuHEHHBIX auddepeHnuanbHbIX YpaBHEHHIl B
YaCTHDIX POU3BOJAHBIX, KOTOPBLIM IIOJJUYUHAIOTCA OCECUMMETPUYHbIC BUXPEBble BO3-
MyTIeHus 6apOKIUMHHON C2KIMAaeMOii 2KHIKOCTH, Ha3blBaeMble B |2] KOJIOHHOOOpa3HbI-
MU, IOCJIE€ Yero PAaCCMOTPEHbl PA3JIMYHble yIPOIAIONNe JONYIIEHU, TO3BOJAIONINE
B YACTHBIX CJIydasdx LOJIyYUTh aHaJuTUYecKue perieHus. Kaxjoe u3 npunuma-
eMbIX YHPOIeHU# cykaeT 00s1acThb (PU3NIECKUX HPOIECCOB, KOTOPbIE OLUCHIBAIOT
paccMarpuBaeMble ypaBHEHUs, 4TO OyjierT 00CYzKJIAThCs IIPU UCIOJIb30BAHUU ITUX
YUPOLIEeHUI.

2. BBIBOJI YIIPABJISIFOIIUX YPABHEHMUIA

Paccmorpum Bo3MyIeHus IIOTHOCTH, CBA3aHHBIE ¢ BUXPEBBIM JIBUKCHUEM H/Ie-
aJbHOI CKuMaemoil OapoKIMHHON KuakocThu. s mpumepa mpejcraBuM cebe
BUXPb B 0€3B43K0i1 armocdepe JJIoCTaTOuHO Y/IaJeHHbIl 0T TBep/ibiX rpanuil. Bo3amy-
HIEHUEe UIOTHOCTHU (MJIM JIABJICHHUST ), JIBUXKYIIEECs MECTe ¢ BUXPEM € €r0 CKOPOCTHIO,
MOZKET 0Ka3aThCsl OTPUIATE/IbHBIM UJIU OJIOKUTEIbHBIM, JIPYTUMU CJIOBAME ITHKJIO-
HUYECKUM MJIM QHTUIMKJIOHUIECKUM, BPAIIEHUE YKUJIKOCTH JIJIsi 9TUX BO3MYIICHU
TAKKe MOZKET UMETh Pa3/ndHOe HalnpasjeHue. BuxpeBoe BO3MyIeHUE CyHIECTBYET
Ha OHEe HEKOTOPOTrO OCHOBHOTO (it (POHOBOIO) COCTOSIHUS YKUJKOCTH HE CBI3aHHO-
IO ¢ BUXPEBBIM JBHKEHHEM M HAXOJSAIIEMCA B HEKOTOPOM PABHOBECHOM COCTOSHUHU.
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g ynobcrBa onmcaHus BBIIEJINM BHXPEBOE BO3MYINEHHE MOJaras, YT0 ypaBHe-
nusg Hapbe-CTokca onucbiBaioT Kak (pOHOBOE COCTOsIHHE, TaK U (POHOBOE COCTOSIHUE
B CyMMe C BHXPEBBIM BO3MyIieHHeM. /s mojydeHns ypaBHEHHH, OIMCHIBAIOIIIX
TOJIBKO BHXPEBOE BO3MYIIEHNE, CJIe/IyeT BBIYECTh U3 YPABHEHUN /I BO3ZMYIIEHHOTO
Te4eHUud 2KHUJIKOCTU YpaBHEHHA, OIIUCbIBAIOIIUE HEBO3MYLUIEHHOE COCTOAHUE. AHaﬂO-
I'MYHbIN 1OAXO/1 UCIIOJIb3YETCd IIPpU 1IOJIydeHu A ypaBHeHI/IIU/I, OIIMCbIBAIOIIUX BOJIHOBbLIEC
Bo3MyIeHust B armocdepe [4].

BBejieM HEnoBUZKHYIO HUJIMHJIPUIECKYIO CUCTEMY KOOpiauHat (T, ¢, 2), CBs3aH-
HYIO C OCbIO BpallleHUd BUXPEBOI'O BOBMYIICHUA. BeJ’[I/I“II/IHbI, XapaKTepu3yrnuue BO3-
MYIIeHHOE TedeHue, OyaemM 0603HauaTh MaJbIMUA OyKBaMH, & XapaKTepusyrolue ¢o-
HOBOE TedeHne — MaJabiMu OykBamu ¢ nuaexcom (. Bpewmst ob6o3naumm t. Beegewm cie-
JIyiolnue 00O3HAYEeHHS: HUKHUMH HHIEKCAaMHU 7, ¢, 2, t OyaeM 0003HAYaTh YaCTHOE
b depeHupoBanie Mo COOTBETCTBYOIIEH KOOpHMHATE W BpeMeHu, ¥ = (u, v, w) —
KOMIIOHEHTBI BEKTOPA CKOPOCTH BO3MYylleHust, Uy = (ug, Vo, Wo) — KOMIOHEHThI BEK-
TOpa CKOpocTu (DOHOBOTO TedeHus, p, p, 1" — jaBjeHue, IIOTHOCTb U TEMIIEPATYPa
BO3MYLIEHUS, Do, Po, Lo — JlaBJI€HUE, IJIOTHOCTD U TeMHepaTypa_’CbOHOBOI‘O TEeYEeHUd,
JIUBEPIEHIMIO CKOPOCTH BO3MYIEeHUs: 0003Ha1uM d(T, ¢, z,t) = V - ¥, BepTUKAJIbHYIO
KOMIIOHEHTY 3aBUXPEHHOCTH BO3MyIeHus 06o3uaunm & = -1 (rv), —r~'us, npuvem
f = 2Qpsin(®), fo = 2Qgcos(P) — napamerpsr Kopuonuca, rie Qp — yriosas
CKOpOCTDb Bparenus 3emu, ¢ — reorpadudeckas IIUPOTa MECTa PACIOJIOKEHUS
CHCTEMBI KOOD/IIMHAT.

MauJtocTu XapakKTepUCTHK BO3MYIIEHHOTO TeUeHHs He IpemnoaaraeM. Kpome Toro
6yﬂ,eM paccMaTpuBaTbh HU/1€AJIbHYIO 2KHJIKOCTb, T. €. HE 6y,ZLeM BbIIIUCHIBATH BA3KUE
cjaaraemble, umeroniecs B ypapaerusx Hapbe-Crokca. DT0 Takzke 0O3HAYAET IIPEeHe-
OpezkeHue nporeccaMu TypPOYJIEHTHOIO MepeMelnBanusi Hanbo,/1ee NHTEHCUBHO 1IPO-
TEKAIOIUMH B IPU3EMHOM CJI0€ aTMOCGEPDI.

Boswmytennbie ypaBHeHHS 1711 BEKTOPa CKOPOCTH YKHJIKOCTH, [I/Isi KPATKOCTH 3a-
[UCAHHBIE B BEKTOPHOM BH/IE, €CTh:

1 = —

(@ + ), + (5 +8) - (V@ +8)) =~V +p) = x (G +8) +6. (1)

0+ p)

3Jech 1 jasiee npeHedperaeM cjaraeMbIMU, BOZHUKAIONIUME BCJIEJCTBUAE BO3/Ieii-
CTBUYA CHJIBI KOpI/IOJII/Ica Ha BepTI/IKaJIbeIe IIOTOKHN }KI/I,ZLKOCTI/I, T. €. HpI/IHI/IMaeM
fa =0.

Byznem cuntarh, uTo a1 (POHOBOTO T€YCHHA, I BETHUUH ¢ HHICKCOM () BLIIOJI-
HAIOTCS aHAJOIMYHbIC ypaBHEHHUs JIBUZKEHHd B BEKTOPHOM BHJIE:

1
Po

PoHOBOE TedeHHE BBIJIEFEM 0 TOW MPUYWHE, 9TO O HEM MbI MOYKEM CTPOUTH
olpejiesieHHbIe Ipeanoioxkenusd. CraesaeM ciieiyioniee IpeooKeHne: Bee Xapak-
TepPUCTUKHA (POHOBOI'O T€UEHUS 3aBUCAT TOJIBKO OT BEPTUKAJIBHON KOODIUHATHI. DTO
O3HAYaeT TaKKe, 4TO PacCMaTPUBAIOTCI BUXPEBbIE BO3MYIIEHUS C BEPTUKAJIBLHOM
ochIo Bpamenud. /I1g ¢poHOBOTO cOCTOAHNS B TIpe/iesiaX Tponocdepsl Ha MacmiTabax
nopsaka 2—6 KHI0MeTpOB, BO3MOYKHB MHBEPCHOHHBIE YCJIOBUS YCTORYWBBIE, THOO He
ycToituuBbie. V3meHenne crpaTuduKanui He TPUBOAAT K MOABICHUIO 3HAUHTETb-
HBIX BEPTHKATBHBIX TOTOKOB (DOHOBOTO COCTOSIHUS U BIUsIET TOJBKO Ha SIBJICHUSA TYP-
Oy/JIEHTHOTO TIepeMeINTBaHNus 3eCh He YUUThIBaeMbIX. [OpPHU30HTAIBHBIMU KOMIIO-
HEHTaMU CKOPOCTH (POHOBOTO COCTOSTHUSI HA PACCMATPUBAEMBIX MPOCTPAHCTBEHHBIX

Gt d- (Vo) = == Vpo = [x @ +3. 2)
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U BpEeMEHHBIX MacmiTabax Takzke IpeneOpezkeMm. llmeeT 3HadeHHe TaKzKe BpPEMEH-
HOIl MHTepBaJ B IpejeaX KOTOPOro CyIIeCTBYeT 3TO caMoe (hOHOBOE COCTOSHUE —
OHO JIOJIZKHO OBITH 3HAYHUTEIbHO OOJIbIIE BPEMEHU, B T€YEHUU KOTOPOI'O MBI HHTE-
pecyeMcsi BO3MYIIEHUSIME, KMEHHO 3TO IIO3BOJISIET UCIOIb30BaTh IIpejcTaBaeHue 00
a/IMadaTUIHOCTU HIPOIECCOB POTEKAIONUX B (POHOBOM COCTOSHUMU.

[Tosiyuum ypaBHeHue, KOTOPOMY HOJIMMHSETCS JIUBEPIeHINs CKOPOCTH BUXPEBOI'O
BO3MYIIIEHUs B IMJIUH/JIPUYECKUX KOOPJUHATAX, BbIpazKeHUe JJisl KOTOPOIi:

. 1
d:V-ﬁ:ur+;v¢+wz+%. (3)

Jlsist 9TOro BBIMMC/IAEM JMBEPreHIUIO PA3HOCTH yPAaBHEHUH BO3MYIIEHHOI'O CO-
crostaust (1) u ypaBHEHUs] HEBO3BMYIIEHHOIO COCTOsIHUS (2), B pe3yJibTare HOJLy duTCst
nckoMoe Boipazkenne. OImycKas IPOMO3/IKHe BBIKJIAJKU 3AIMUIIEeM Pe3YJIbTAT:

O(u,v)

d d, d d,+d*>—22>2~2

+ +ud, + o T wa, + 8(747@

_28(u w) 28(v,w) B 2% +2_ _QUgt Ul
a(r, z) (gb, 2) r r2 r ()
B 1 Dr PPo,
= —F——~ |~ Po\Drr + + Dzz +—) - LoDz + PzPo, + PP, +
po(po + p) r
PoPsP
+72 <+p0pzpz + PoPrPr + — 0 d) ¢ ppOzpz) + fg
po(po + p)

3/1ech 9KOOMAHBI BEKTOPHON HEJIMHEHHOCTH MPEICTABICHDl BbIPAZKEHUAME
ou,v)  wwg  veug  Ov,w)  wy  vwy  O(u,w)
or,¢) r r’ o 0(g,z) 7 r ' 9(r2)

CKaJldpHasd HEeJUHEeNHOCTh Ipe/CTaB/leHa KBaJApaToM JUBEPIeHIIUH.
YpaBHeHUE /718 PAAUATIbHON KOMIOHEHTHI CKOPOCTH BO3MYIIEHUS:

= WUpr — Wrly,

’U2

v 1
Up + UU, + —Ug + WU, — — = — -+ fu. )
: T = et )

YpaBHeHUE /Il TAHTEHITUAJBHONU COCTABISIONIEHl CKOPOCTU BO3MYIIEHUS:
v U 1
U+ UV, + —Vp + WV, + — = ———Pp — fU. 6
t r r 10} z r T’(po—|—p)p¢ f ( )
ypaBHeHI/Ie JJIA BepTI/IKaJIbHOﬁ KOMIIOHEHTbBI CKOPOCTU BO3MYUICHUA:
v p 1
Wy + uw, + —wy + WW, = +———————<po, — ——D.. (7)
T S polpo ) potpT

YpaBHeHHE HEPA3PLIBHOCTH:
v
pe+ (po + p)d + ulpo + p)r + —(po + p)s +w(po + p)z = 0. (8)

Cucrema nejuneitpix ypasuenuii (4)—(8) sBJIsieTcs CJIMIIKOM CJIOXKHOIL JIst 110-
JIy9€HUS] QHAJIITUIECKOIO PEIeHnst U HyzKaaeTcs B yupouenun. st 91oro neobxo-
JIIMO HCIIOIb30BATH CUMMETPHIO BO3MyIeHus. [10/102KIM, 9TO BCe XapaKTepUCTHKH
pPaccMaTPUBAEMOTO BUXPEBOTO BO3MYIICHUST KaK U (DOHOBOTO COCTOSIHUSI HE 3aBUCST
OT yIVIOBOW KOOPIWHATHIL.
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Kpowme sToro mpumem, 910 BepTHKAJIbHAA CKOPOCTH BO3MYIIEHHs KaK U BCe IIPO-
qpe XapaKTepU3yIole BO3MYIIeHNe BeJUNInHbl He 3aBUCAT OT BePTUKATIbHOI KOOD-
JIUHATHI, 9TO MO3BOJIAET IPUHATL p, = 0, w, = (0. D10 03HaAYaeT, 9TO paccCMaTpPUBA-
eMOe BIUXPeBOe BO3MYIIEHNE He MeHSeTCs BJ0JIb OCU BPAIIeHHs, YTO BO3MOZKHO €CJIH
pacCMaTpuBaTb 9TO BO3MYIIEHHUE BAaJIA OT TBEP/AbIX I'DAHUILL. PaHee 1pezaloJiara-
JIOCh TaKzKe, 4T0 (POHOBOE COCTOSHUE HAUPOTUB 3aBUCUT TOJIBKO OT BEPTUKAJbHOMN
KOOp/IMHATbI XU HE 3aBUCUT OT pa,ZLI/IaJ'IbHOIU/I KOOp/JIMHATbI, 4TO /Jld HEIIOABUZKHOI'O
dOHOBOIO CcocTOsiHMS BlIOJIHE ecTecTBeHHO. Jlisi (poHOBOIO cocTOsiHUs HA paccMart-
pPuUBa€MbIX BbICOTaX MO2KHO HPUHATDH BbIIIOJIHEHUE T'HAPOCTATHUYICCKOI'O COOTHOIICHU A
Po. = —Pog-

B pesysbrare 9THX Ipe/ION0KeHUiT SKoOuaHbl B (4) TOXK/IECTBEHHO PABHAIOTCS
HYJ1I0 U B ypaBHeHusAX (3)—(8) mcuesaer 3aBHCHMOCTDH OT YIJIOBOH KOODJMHATHI.

IIpu paccMoTpeHnn KPYMHBIX BUXPell HAa HEKOTOPOM HAYAJIBbHOM JTalle UX Pa3BU-
TUs BIOJIHE JIOIYCTUMO HpeHeGpedb pajnajibHONl CKOPOCThIo BUXDs [2], T. e. mpu-
Ha1h v = 0. BeyimunHol u, Heib3s npeHedperarb, MOCKOJIbKY MMEHHO OHA OIIPe/ie-
JideT 1HoBeJAeHUue JJUBEPreHuu 1 COOTBETCTBEHHO IIJIOTHOCTU BO3MYIIEHUA, B CAC/IaH-
HbIX IPEAIIOJIO2KEHUAX JuBeprediuud CKOpOCTU BO3MYUIEHUA OlIpede/ideTrcd MMEHHO
Toil BemunuHoit: d = u,. OTMeTHM, YTO paJUuaJbHYIO IPOU3BOJHYIO PaIuaIbHOMI
CKOPOCTH HeOOXOIMMO YUUTHIBATH, & BOT CAMY BEeJIUIUHY PAIUATHHON CKOPOCTH Y-
TBHIBATh He 00s3aTeIbHO, MOCKOJIbKY OHA MaJia W He OIpe/leseT paccMaTpUBaeMble
gapyieHnd. TanreHnuas bHasd KOMIOHEHTA CKODOCTH BO3MYIIEHUS OCTAeTCs 3HAYU-
TEJIbHOM.

[Ipumensist cliejiannple JOMYIIEHUs] K yPABHEHUIO HepaspbiBHOCTH (8) nmeeM:

pr+ (po + p)d +wpo, = 0. (9)

YpaBHeHue Jyist TAHTeHIUAJIBHOM COCTABIAIONIEl cKopocT Bo3MyteHus (6) mpu-
HUMaeT BUJI:
vy = 0, (10)
OTKY/Ia MOZKHO C/leJ1aTh BbIBOJ, YTO TaHI'€HIIMAJIbHAs COCTABJISIONIAs CKOPOCTU BUX-
ps IBHO OT BpeMEHH He 3aBUCHUT.
[IpuHuMas cJeJlaHHbIe TPeAnoIoKeHus K (7) MOJYydrM MPOCTOE PABEHCTBO JIJIs
3aBUCUMOCTHU OCEBOII KOMIIOHEHTBHI CKOPOCTHU BUXP$ B/IAJIM OT TBEP/bIX I'DAHUIL

w=——L 4. (11)
po+p
OueBuHbIM ciiecTBUeM Bbipazkenust (11) siBiasiercss npsiMasi HpONOPIUOHAJ b
HOCTb CKOPOCTH U3MEHEHUsI BEPTUKAJIbHOI CKOPOCTH BO3MYIIEHHS €10 IIJIOTHOCTH, 110
KpaiiHeil Mepe Ha HEKOTOPOM HAa4YaJIbHOM TAlle PA3BUTUS BUXPEBOIO BO3MYIIEHUSI.
B ciydae, ecqim aumHAMHKA IPOMECCa TAKOBA, YTO IJIOTHOCTH PACTET BO BPEMEHH,
CKazkeM 3KCIIOHEHIHAJBbHO, TO OCeBasl KOMIIOHEHTa CKOPOCTH BHXPEBOT'O BO3MYIIIE-
HHS pPACTeT IPONOPIUOHAIBHO IJIOTHOCTH BO3MYINEeHUs wy ~ —pg. Ha mosmuaem
9Tale TAKOH JUHAMHUKH, KOTJIA IIOTHOCTHIO (POHOBOTO COCTOSIHUS MOZKHO IMpEeHe-
Opedb 110 CPABHEHUIO C IJIOTHOCTHIO BO3MYIIEHHUSI, OCeBast CKOPOCTh BUXPs yTPATUT
3aBUCAMOCTH OT TJIOTHOCTH BO3MYIIEHUS Wy ~ —(.
O603nauum ) = vr~! yrioBylo CKOpOCTb BUXPEBOrO BO3MYIIEHHs. YPaBHEHUE
JUIsl PAJIMAJIBHON KOMIIOHEHTBI CKOPOCTH BO3MYIIeHUs (5) € y4eToM MPUHUMAEMbIX
YIPOIIEHUI TIPUHUMAET B

1
P+ fQ=—"p,. (12)
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VYpasuenue (12) mokasbiBaeT, 9T0 3aBUCHMOCTb OT BPEMEHH JIJisl YIJIOBOi CKOPO-
CTH BO3MYIIIEHUs (UJTH YKe TAHIeHIUATBHON CKOPOCTH) OLOCDE/I0BAHA 3aBUCHMOCTHIO
IJIOTHOCTH OT BPEMEHH.

BaHI/IH_[eM YpaBHE€HUE COCTOAHUA JIJId BUXPEBbIX BOBMyH_[eHI/IfI 9BOJIIOIUMOHUPYIO-
mux ajuabarndecku. EcCTh BCe OCHOBaHUSI CYMTATh TAKOBBIMU BHXPEBbIE CTPYK-
TYpPbl B UJI€AJbHOI JKUJIKOCTH, HOCKOJIbKY BpeMsl KU3HU BUXPS OTHOCHUTEIHHO Ma-
70, JIjist BO3MYIIIEHHOTO COCTOSIHUSI MOXKHO 3amucatb pg + p = A(py + p)?, To-
ria p = A(po + p)? — A(po)?, cumras uro agnabaTHIECKUMH dBIseTCS Kak ¢o-
HOBOE COCTOsiHME CaMO, TaK U B cymMMe ¢ Bo3mylenuem. Pasjiaras B psij Teii-
Jiopa 1epBoe cjaraemoe BOu3u p = (0 s JlaBJIeHUs] BO3MYIIEHUS 1OJLy YUM:
p = Apo)tvp + 27 A(po) " 2y(y — 1)p? + ..., 0Go3HAUUM CKOPOCTH 3BYKa ho-
Hosoro revenust ca = Avy(po)’™! = yRT) u orpanuuuMcs JMHEHbBIM YJIEHOM 9TOIO
Pa3JIOKEHHUST:

p = cop. (13)

Yupocrum ypasaeHue (4) COrIacHO CJIeJIAHHBIM IIPE/IIOIOKEHUSIM:

2’01)7« 1 Pr PPo DPrPr
dy + d* — =— (prr + —) + 2 4 + f&. 14
' r (0o + p) r ) polpo+p) (po+ p)? (1)

Koneuno nosmydennas cucrema ypasuenuii (9)—(14) apisercs npubiuKeHueM.
B peasibHOCTH ¥ pajiuajibHasg CKOPOCTH OTJIMYHA OT HYJs U MMEETCs 3aBHCUMOCTH
BO3MYIIEHUs OT BEPTUKAJIBHON KOODAMHATHI XOTsl Obl B CHJIy T'DAHHYHBIX YCJIOBUI
HA LOBEPXHOCTH 3eMJid. BeposTHO TakKe U BA3KOCTb UIPAET 3aMETHYIO POJib 1IPU
3HAQUUTEJIbHbIX CKOPOCTAX JABUZKCHUA. PaCCMOTpeHI/Ie HpOCTeﬁmeﬁ MO/I€JIn BUXPE-
BOI'O ABHUZKECHHA B I/I,ZLeaJ_[bHOIU/I ZKHUJIKOCTH JOJIZKHO 1IOKa3aTb OCHOBHDbIC (bl/IBI/IquKI/Ie
1IpoHEeCChl ABJIAIOIIUECA HPUIUHAMAW BO3HUKHOBEHUA KPYIIHbBIX BI/IXpeI'7I.

OTMeTI/IM, 4YTO paHee HUr/JAe He 1IPeAloJiaraJioCb MaJlOCTH BE€JIMYUHBI BUXPEBO-
IO BO3MYIIEHUsI, 3a HUCKJIOYEHHEM YPaBHEHUsI COCTOsSIHUS (13), KOTOPOMY IIO/I4Hn-
HACTCA JIMIIb MaJIO€ BO3MYUICHHUE. B srom YpaBHEeHUU COCTOAHUA ObLJI COXpaHEH
€/IMHCTBEHHbI Y/IeH Pa3JI02KeHUs BO3MYIIEHHON ILIOTHOCTH BOJIM3M OCHOBHOI'O CO-
croguus. llpm mioTHOCTH BO3MYIEHHs 3HAYUTEIBHO IITPEBOCXO/AININX ILIOTHOCTH
OCHOBHOTO COCTOSIHUS KOHEYHO HEOOXOIMMO IPHUBJIEKATH CTApIIHe WIeHBl PA3JIOZKe-
aust (13). B 9T0M mccae[0BAHIN OPPAHUYUMCS OJJHUM YJIEHOM Pa3JIozKeHHUsl, TIAHH-
py4 B JaJbHEHIUX UCC/IeJOBAaHUAX UCIPABUTL 3TOT HEJOCTATOK.

Jlaiee 6e3 orpanuvyeHuii OOIMHOCTH MOYKEM IOJIOZKHUTDH IIJIOTHOCTH OCHOBHOI'O CO-
cToduus paBHoil equnune. /lig armocdepHOro Bo3jayxa HpUHATHE Py = | ABJIdA-
eTCs XOPOIIUM HpUOIUZKEHUEM, B CIydae JIPYTHX KUJIKOCTell B IMOJy4aeMbIX YpaB-
HEHUX CJIeJlyeT YTOYHUTH OIpeJie/ieHne CKOPOCTH 3ByKa (DOHOBOrO coctosinms. He
MeHsIsl B JlajibHeiiieM u3JiokeHun 0003HavYeHuil, nepeiijem K Oe3pa3MepHOil I1LJ10T-
HOCTH, HOPMHPOBAHHO{I Ha TIOTHOCTH OCHOBHOTO COCTOstHHsI. Y paBHenue (14) st
JATBHEHIINX BBIKIAJI0K 3alUIIeM 1 TAKOTO BEPTUKAIBHOTO CJI0S aTMOChEpHI, B
KOTOPOM BEeJTMYHMHA Pp,, MOZKET ObITb LPUHSTA IIOCTOSHHOM, 1100 napaMerpudecKu
3aBHCATIEl OT BepTHKaIbHOI KoopamHaTel. O6o03HAUNM [ = po,, & = Do,.Py ! me-
perumiem (14), ucnonb3yst ypasaenne cocrosinusi (13) u ypaBHeHHe HEPA3PHIBHOCTH
(9), B BU/IE HEJTMHEHHOTO YPaBHEHUsI BTOPOTO MOPSIKA B YACTHBIX MTPOU3BOIHBIX JJIsT
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IIJIOTHOCTH BHXPEBOI'O BOSMYUICHHUA:

2 2122

P 3wBpy | gBp | w B
42 n T T —(1+
P, T ) Tt 14 (1+7)

2
2 2/7r 2 Pr

= —CyPrr + ¢ + ap + 1+ p).
0P 0T, T fE(1+p)

200,

(15)

Cuaraemoe r~'vv, ypasuenus (15) He0OXOJMMO BbIPA3UTH 11OCPEACTBOM IJIOTHO-
CTU BUXPEBOI'O BOBMYIICHUA.

OnHOlt U3 BO3MOZKHOCTEIl /IS 9TOTO SBJISETCS HCIOTb30BAHUE YPABHEHHS IS
BePTUKAJILHONH KOMIOHEHTHI 3aBUXPEHHOCTH, MOCKOJIbKY B €e OlpeJeJieHue BXOJIUT
BEJUYHUHA Uy YPABHEHHE [Tl BEPTUKAIbHOM KOMIIOHEHTHI 3aBUXPEHHOCTH € YI€TOM
IPUHUMAEMBIX JIOIYIEHUH SIBJISeTCsI HeCTAIMOHAPHBIM U UMeeT BUJL

(14 p)& — pel§ + f —20Q) = 0. (16)

C yuerom Bbipazkenus (10) cTAHOBATCS MOHATHO, 9TO B HPOIECCE PA3BUTHS KPYII-
HOTO BHXDS SIBHO OT BPEMEHH MOYKET 3aBHCETh TOJBKO €r0 BePTUKATIbHAS KOMIIO-
HEHTa 3aBUXPEHHOCTH. YIVIOBasl 7K€ CKOPOCTb MOKET 3aBHCETh OT BPEMEHH JIHIIb
nocpeaCcrsoM 3aBUCUMOCTU OT BpeMEHU 1IJIOTHOCTHU BUXPEBOI'O BO3MYUICHUA.

Bropoii BO3MOXKHOCTBIO sIBJISIETCS HMCIOJIb30BAHUE YPaBHEHUS, LPUBEJIEHHOIO
B |2], ¢ ucnosb30BaHMEM IPUHUMAEMbBIX YIPOIIAIONIMX [IPE/II0J0KEHUH UMEIOIEro
BT

v, = —Q%r — ww,. (17)

D10 ypaBHEeHHE CBA3BIBACT CJIAraeMoe I’ uv, ypaBHeHUs (15) ¢ KBaJpaTOM y1UI0-
BOI CKOPOCTHU U OCEBOH KOMIIOHEHTOI CKOPOCTU BUXPEBOI'O BO3MYIICHU.

OceBy10 KOMIIOHEHTY CKOPOCTH BUXPEBOI'O BO3MYIIEHUS MOXKHO IOJIYYHTD IIPO-
HHTErPUPOBAB 10 BpeMeHH Bbipazkerue (11):

w(r,t) ——g/—dt+ b(r), (18)

rje wW(r) — upousBosibHas (DYHKIMsI PACCTOSIHUS OT OCH BpalleHus. B ciyuae,
€CJIM IJIOTHOCTH BUXPEBOI'O BO3MYIIEHUS $IBHO HE 3aBUCUT OT BpeMenu, Jinbo Ira
3aBUCUMOCTD SBJISETCs HPeHeOPEKUMO MAJION, 1OJLy YUTC:

w(r,t) = gt + w(r). (19)

1+ P

B Towm ciyudae, Korjia 11J10THOCTb BUXPEBOI'O BO3MYIIEHUS HE CYIIECTBEHHO 3aBU-
CAT OT BPEMEHH, OCeBag CKOPOCTb ITOTO0 BO3ZMYUIEHUdA 3aBUCUT OT BPEMEHHU ABHO.
Yder BA3KOCTH U3MEHUT BUJ[ ITOIO PElIeHHs, HO ero POCT BO BPEMEHH OCTaHeT-
Csl CTOJIb K€ CYIIeCTBeHHBIM. [IpHHUMas Mpou3BOJIbHYIO (GYHKINIO paauyca w(r)
paBHON HYJIIO, KAK YaCTHLIA CJIy4ail, IOJJIyduM:

PP
(1+p)3

Ypasuenue (15) mokaspiBaeT, 4TO UMEETCH JIUIIbL JABA (DU3NUECKUX MEXAHU3MA,
CIIOCOOHBIX BJIUATH HA BUXPEBOE KOJOHHOOOPA3HOE BO3IMYIIEHHE B YKUIKOCTH, Ha-
npumep B aTMocdepe, ¢ 0CEBON KOMIOHEHTOI cKopocTu momuunHstomeiics (19)
BepTI/IKaJIbHOﬁ OChIO BpallleHUd, JIJIsd KOTOPOT'O BBITIOJHAIOTCA BCE MPUHATHIC TIPU

ww, = (gt)? (20)
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BBIBOJIe cucTeMbl ypasuenuit (12), (15), (16), ynpomaiomue npeanosoxKeHns. JTo
cuna Koprosnca u cuia, OnuchbBaromas B3auMoeicTBue BUXps ¢ (POHOBBIM Tede-
HHEeM, XapaKTepu3yeMasl BeJIMIHHOI .

Ypasuenns (12) u (15) moKa3bBAIOT HACKOJIBKO CJIOKHO BJIHAHUE CHIIBL KKopuo/iu-
ca Ha Pa3BUTHE BUXPEBOIO Bo3MyleHus. B ypasuenune s miaoruoctu (15) Bxojur
napamerp Kopuosinca, yMHOXKEHHbBIF HA BEPTUKAJIbHYIO KOMIIOHEHTY 3aBUXPEHHO-
cru. Habuosienust B npupoje u B JabopaTopHbIX dKcrepuMenTax |3| cBujeresin-
CTBYIOT O 3aMETHOM BJIMsiHUU cuJ/ibl Kopuoinca Ha pa3BuTue KPYyIHbIX BUXPed. Yuer
cujibl KopuoJiuca tipejicrasiisier co00il caMOCTOATE/IbHYIO 3aJ1a4y.

Jlanee B pabore mpenebperaercs cuyioit Kopuosnca. C dusudeckoit Touku 3pe-
Husl IpeHebpekenne cuioii Kopuosmca orpanndnBaer Hac¢ paCCMOTPEHHEM KPYITHBIX
BUXpeii, BO3HUKAIOMUX BOJU3U 9KBaTOpa mianeTsl. OrcyrcrBue cuibl Kopuosuca
[I03BOJISIET BBISIBUTD BJIMsIHUE B3aUMOJIEHCTBHs BHXPEBOIO BO3MYIIEHHUS CO CTPATHU-
¢unupoBanHbiM (HPOHOBBIM TE€UEHHEM. DTO B3AMMOJEHCTBUE SBJISETCS OCHOBHBIM
MEXaHU3MOM, KOTOprﬁ MOZKeET IIPpUBO/JUTH K YCUJICHUIO BUXPEBOI'O TC€YCHUA.

[Mosnb3ysacs (12), (17), (20) u upenebperas cuioii Kopuosuca 3anumiem:

2 2 3w w?[?
—ptt+2p—t+—(1+p) WW, + Bpr + b
1+p r 1+p 1+p (21)
2 o P oG gPp
= —Ciprr + Co—— — 3—p, — —— + ap.

T+, " 14y

[lorydeno menmHeitHOe ypaBHEHHE BTOPOTO MOPAIKA B YaCTHBIX ITPOU3BOIHBIX
JI71 IUIOTHOCTH BUXPEBOTO BO3MYIIeHNsd. PemmTh 3T0 ypaBHeHHNe He yaaeTcsd. Heko-
TOpble AHAJUTUYECKHE PeIleHns] MOXKHO IOJYyUYHUTh €eCJIM HUCIOJIb30BaTh JIONOJTHU-
TeJIbHBIE YIPOIIAIoNue Ipenooxkenus. B Toit dusnyeckoii curyarnum Korja 3a-
BUCUMOCTH IIJIOTHOCTH BUXPEBOI'O BO3MYIIEHUS OT BPEMEHU $BJISIETCH JJOCTATOYHO
Me€JIJIEHHON HACTOJIBKO, YTO MOXKHO HpeHeOpedb CKOPOCTAMU U3MEHEHUs ITOM 1LJ10T-
HOCTU M BTOPbIMHU I[IPOU3BOJIHBIMU 110 BPEMEHU OT Hee, MOXKHO Iepelucarb ¢ yde-

Tom (20):

2 2 2
2 (gLl g — 2y 2 3%, 9P (99)
r (1+ p)? (1+p)3 1+p r 1+p

[Ipexk/e yeM 3aHsThCs penieHueM ypaprenuii (21), (22) obcyauM 3HadYeHus BO-
HIEUIUX B HUX HAPAMETPOB U MMEIOIIHMEC BO3MOKHOCTH II0CTAHOBKU I'DAHUYHBIX
YCJIOBUIA.

B nosiyuensoe ypaBHeHue BOILIa CKOPOCTD 3ByKa Cp, HOCTPOCHHAS HA XaPAKTePU-
crukax GOHOBOIO COCTOSIHUS, KOTOPYIO MOZKHO HPUHATH HOCTOSHHOM J1j1st arMocde-
PHI B IIpeiesiax Tponocdephl, a TaKzKe BeMIHHa Py,, 0, , KOTOpas ONACBIBACT CTpa-
THUKAIUIO OCHOBHOTO cocTosnus. Haidiem ¢BA3b MeKLy JaBJICHHEM U TeMIepaTy-
poit donosoro cocroguus. llomaras mI0THOCTH HOHOBOrO COCTOSHUSA HEH3MEHHOM
W3 ypaBHEHHS COCTOAHHS HJeANBHOTO ra3a HAXOAMM PABEHCTBO Po,.0p  ~ R.T..,
rie R, = RM;', R — yuusepcajibHas rasopas nocrogunas, M, ~ 29 - 1072 — mo-
JIIPHBII BeC BO3/IyXa. 3aMeTHM, YTO MPU 3HAYATETHHBIX BePTHKAIBHBIX TDAIHEeHTAX
TeMIIEPATYPHI, HAOTIOMAEMBIX B YCTOIYHBO ¢TpaTUMDUIIMPOBAHHOMN, TGO B HEYCTOMH-
9UBO CTPATHMUIMPOBAHHON aTMOChepe, MOTYT OKa3aThCs 3HAUNTETBHBIME 3HATE-
HUS BTOPOIi TIPOM3BOTHON TeMIepaTypsl (hOHOBOTO COCTOSIHESI TIO BBICOTE.

Bripakenne R,Tj,, WMeeT 3aBUCHMOCTH OT BEPTHUKAJbHON KoopauHaThl. Ore-
HUM €ro 3HaueHue B CTPATU(UIMPOBAHHBIX CJIOAX PEANU3YIONMXCS B MPUPOIHBIX
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ycsoBugax. Bropas mpousBoHasd MO BBICOTe aOCOJIOTHONR TEMIIEPATYPHI MaJIO OTJIU-
JaeTcsd OT BTOPOil MPOU3BOIHOIL IO BBICOTE MOTEHITNAIBHON TeMIIepaTyphl /11 (POHO-
BOT'O COCTOSHIS, TO3TOMY OTJIUYATH APYT OT APYTa 3TU BEJTHYHHBI HET HEOOXOIUMO-
ctu. [Ipumem 3aBHCHMOCTD TeMIlepaTypbl OT BBICOTHI XaPAKTEPHYIO /1711 HEKOTOPOTO
MHBEPCUOHHOI'O CJIOSl, KOTOPasi MOYKET ObITh alllIPOKCUMHUPOBAHA I'UIIE€POOJIMYECKUM
TaHI'€HCOM, M300paxKeHHbIM Ha puc. 1.1. Pacupejesienue temMiieparypbl COOTBET-
CTBYET POCTY TeMIIEPATyPbl BHYTPU HEKOTOPOI'O MHTEPBaJIa BBICOT HA OLpPE/leJIeH-
HYIO BeJIMYMHY. 3a/1a/[MMCs 3HAYEHUEM YKA3aHHOrO uHTepBajia B 50 M 1 Be/IMdnuHOi
u3Menenus remueparypbl B 10°. Ilyctb 910 n3menenue remiieparypbl HPOUCXO/IUT
Ha Hekotopoii Beicote B 3000 M. Ha puc. 1.2 u306pa3umM BTOPYIO IPOU3BOIHYIO ITOM
’Ke 3aBHCAMOCTH. |IpuHATHIEe 3HAYEHUs COOTBETCTBYIOT HE TOJBKO O0JaYHON MHBEP-
CUHU, TAKOIl Iepera]; TeMIepaTypbl MOXKeT XapaKTepU30BATh HPU3EMHYIO HOUHYIO
UHBEPCHUIO, B I'PO30BBIX 00JIAKaX U TeperaJ] TeMIIepaTyphl BhIIe U HHTEPBAJ BBHICOT
U3MEHEHUs TeMIeparypbl BeposTHO MeHbiie. s sBejmuunbl R, 1Ty ,, Moxker OblTh
HpUHATA OlleHKa nopsjika ~ +10.

285 40

2980 2090 3000 3410 3020 3030
20 -0.001 z

2580 2530 30h0 2040 2020 3030 B—0.002
-0.003

1. To(2) 2. a(z) = RaTv.,, 3. B=rpo,

Puc. 1. I'padux runepbosinyeckoro ranrenca remueparypst To u Besuaus o = RqTo,, u B = po,.
IlpusaaT nepenaj noTeHNKUAIbHONU TeMnepaTypsl B 10 rpaaycoB Ha 50 MeTPOB BBICOTHI
Ipu 3HAYMEHUH TEeMIIEPATYPBl OCHOBHOTO cOCTosHUs B 280°.

T oz

o

2757580 2560 3000 3010 3020 3080 ~2°

E -40

Ha puc. 1.3 u306pasum semuuuny = po, ~ —0y "6y, + gcy? s upuHuMae-
MOTO pacupejenennsa Temueparypbl. [laa § moxer OpiTh npuaara omenka +0.003,
KOTOpasl Ha MOPSJIKH MEHbIIe ONEeHKHU JIIsd BeJuduHbl . Takxke Beqmuuna g 0o-
Jlee 4eM Ha MOPsAI0K MeHbIle BeJUYUHbI . KOHEYHO BO3MOXKHO, YTO IPUHIMAEMOe
pacipejieJieHre TeMIepaTypbl POHOBOTO COCTOSTHUS UMeeT CJIUINKOM 3HAYUTeTbHBIH
lnepelaJa reMmuepaTypbl Ha I{pe3BbI“IaIU/IHO MaJIOM MHTE€PBaJI€ BbICOT, 4YTO U IIPUBOAUT
K CTOJIb 3HQYUTCJIbHBIM PA3JIMYUAM B HOPAAKaX BECJIMYHUH X U 5 O,ZLHaKO, YKa3aH-
HO€ pa3Jjinviue COXpaHAeTCd U JJId 3HAQUUTE/JIbHO MEHbIINX II€pellaJ0B TeMIlepaTypPbl
dOHOBOIO COCTOSAHUS HA ropas/lo 0oJiee HPOTIAKEHHbIX MHTEPBaJaX BbICOT. Bejiu-
quHa [ CTAHOBUTCS CYIIECTBEHHOMN JIMMIb JIJIs JIMHEHHOTO 110 BBICOTE PACIIPE/ICICHUS
TeMIepaTypbl (DOHOBOTO COCTOSHUS HA PACCMATPHBAEMOM MHTEPBAJE BBICOT.

Anasioruunoe pacmpejesieHue TeMIepaTypbl MOKeT BOZHUKATH IIPU JIHEBHOM Ha-
I'peBe paBHUHbBI, BIIPOYE€M KaK M Ha/l IIOBEPXHOCTbIO BO/0CEMOB. B T€4eHUuUn CYTOK
Har'peéB U BbIXOJIaZKUBAHUE PAaBHUHbI BIOJIHE BEPOATHO JieJ1aeT OTJIMYHON OT HYJIA
BTOPYIO IIPOU3BO/IHYIO TEMIEPATYPbI 110 BbICOTE BOJIM3U UHBEPCUMU.

[lomaepkueMm, 4T0 3HAaYeHUe BeauduHbl o = R,7Tj,, B paccMaTpuBaeMOM CJIydae
omuchbIBaeT (pU3NMIECKHil MPOIecC W Ha PA3HBIX BBHICOTAX HEIPEMEHHO Oy/1eT MMeTb
KaK OTpHIATeIbHble 3HAUEHNS, TAK U HOJOKHUTeTbHbIe 3HadYeHnus. HeBo3MoKHO OT-
Ka3aThCs OT OJIHOTO M3 3HAKOB, MOJIOXKUTETHHOTO WM OTPUIIATE/THHOTO, STON BeJIu-
YUHBI MOTHBUPYS T€M, YTO OJIUH W3 3HAKOB MPUBOJIUT K HEPUIUIHOMY DEIICHHIO.
Ha pa3ubIx BbIcOTax 00a 3HAKA TO BETHIMHBI DEATUIYIOTCS U OTPEIEITIOT (DU3UKY
SIBJICHUS.

qTO6bI onpeae/JuThCA C HaYaJbHBIMU W T'DAHUYHBIMHA YCJIOBUAMMU TTOIBITACMCHA
NpEeJICTABATH cebe HAYAIbHYIO CTAJIUIO TTPEINOIaraeMoro JUHAMHYECKOTO TTPOIIecca.
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B paccmarpuBaemblii crpaTuduImpoBaHHbIN CJI0i [I0IIa/IaeT HEKOe BUXPEBOE BO3MY-
mienue. Erme ¢ 06oJibIneil BepogTHOCTBIO BUXPEBOE BO3MYIIECHHE BO3HUKAECT B TAKOM
CJI0€ BCJIEJCTBHE JICHCTBHS Pa3HOOOPA3HEHWINNX MEeXaHU3MOB UX TYpOyJIeHTHOI Te-
Heparuu. B 60/IbIIOM KOJIMYeCTBE BUXPEBBIX BO3MYIIEHUN HAlyTCs BUXPH CaAMBIX
pas/inuHbIX pa3MepoB u hopm. Bcee 1M BuxXpwu, 101a/aoime B paccMaTpUBaEMblil
CJIOM MJIM BO3HUKAIOIIUE B HEM, OI'PAHUYEHLl HEKOTOPbIM MAKCUMAJIbHBLIM PaJUy-
coMm. U3 Bcero 31oro MHOXKeCTBa Mbl, COIVIACHO CJI€JIAHHBIM 1IPEJIIIOJIOKEHUSIM, PaC-
CMaTpUuBa€M TOJIBKO BUXPEBbIEC BOSMYIIEHNA C BEDTUKAJILHO OpHeHTHpOBaHHOﬁ OCBbIO
BpallleHus.

B ypasuenusix (12), (17) Q = Q(r) moxker ObITb UpUHATA KAK 3ajaHHas DYHK-
U], U3BECTHAsI HAIIPUMED M3 9KCHEPUMEHTAJIbHBIX JaHHBIX. Hekoropble skcuepu-
MEHTAJIbHbIE JIAHHBIE HpeJcTaBieHbl B MoHorpadun |2|. Eciau caemoBarbs um, 10
B CTPYKTYDE 9KCIEPUMEHTAJIBHO HAOJIONAEMbIX KDYIHBIX BUXDEH pacupejesenue
YIJIOBO{i CKOPOCTH 110 PaJUycCy JOBOJBHO CJOXKHOE. B mentpe nabiomaercs sapo
BUXDs, B KOTOPOM 3aKOHOMEDHOCTH BpAIeHUs OIU3KH K 3aKOHOMEDHOCTSIM Bpa-
IIAIOIIET0Cst TBEPIOro Tesa. llpm pagmycax GoTbIIMX HEKOTOPOH TOYKH Iepernda
(B paauaabHOil 3aBHCHMOCTH TAHTCHIIHAIHHON KOMIOHEHTHI CKODOCTH BPAIICHHS)
BBIJICJISICTCS BHEIHSSL 9aCTh BUXPsi, B KOTOPOW TAHIEHIMAJIbHAS CKOPOCTH NA/aer
C yBeJIMYEHHEM DA/Lyca, 0OPATHO HPOLHOPIHOHAJIBHO KBAIPATY PACCTOSHHS OT OCH
BpAIICHUS.

[lo manubIM JTAOOPATOPHBIX IKCIEPUMEHTOB, B KOTOPBIX UCKYCCTBEHHO (DOPMUPY-
€TCs BUXPEBOe TedeHue, JaB/eHue B HeHTPe HPUJIOHHON 00/1acTU KOJJIOHHOOOPA3HOT'O
BUXDsl HMEET JIOBOJBHO OCTPBIl MEHUMYM (MAaKCHMyMa B 9KCIEPUMEHTAJbHBIX JIaH-
HBIX HE UMEeETCsi), HOC/Ie BbluuTanus (GOHOBOIO JABJICHHs 9TO O3HAYAET YTO OTPH-
1are/ibHOe BO3MYIIEHUE JIaBJIEHUS LIPAKTUYECKH JIOKAJIM30BAHO B si/IPp€ BUXPA.

OstHUM U3 BO3MOZKHBIX 11y Teil perenust ypasHenus (15) siBiisiercsi HCIoJb30BaHue
9KCIIEPUMEHTA/ILHO OIPE/IeJeHHBIX 3aBHCHMOCTel [yl BeJMYMHBL 7 10V,, KOTOPYIO
MOKHO BbIPA3UTh 4Y€PE3 YIJIOBYIO U OCEBYIO CKOpOCTU. KOHEYHO 3Ta BO3ZMOZKHOCTH
OCTaBJIsIeT MECTO JIjIsi COMHEHUH, MOCKOJIbKY IKCIEPUMEHTAJIbHBIMU JTAHHBIMH OIIU-
ChIBAETCSl TOJHOCTBIO PA3BUTOE TeUYeHUe BA3KOH HbIOTOHOBCKOH YKHMJIKOCTH, HOMe-
MEeHHoil B JlabopaTopuu B ClieNUaIbHbIe YCJIOBHA. Pe3yabrar, MmoJydeHHbI Teope-
THUYECKH JI/Isd UJIeAJTbHOM YKUJIKOCTU, HanboJ/iee KOPPEKTHO CPABHUTH C IKCIEPUMEH-
TOM, IPOBEJICHHBIM B HJCAJIbHOM KHJIKOCTH, JIUOO B YKUJIKOCTU, B KOTOPOil BIUsIHUE
BS3KOCTH He CYIIIeCTBEHHO.

JIpyroii BO3MOMKHOCTBIO SIBJISIETCsI AHAJTUTHYIECKOe pereHune ypaHenus (21)
win (22) ajisi JIOTHOCTH BUXPEBOTO BO3MYIIEHUSI M BBIYHCJICHUS W3 HOJIyYeHHOIO
BbIpaKeHUs BCeX XapaKTePUCTUK BUXPs, XapaKTEPHbBIX /I UIeAJTbHONU YKUJKOCTH.
Jlamee pa3BuBaeTCss UMEHHO TAKOU MOIXO.

B KauecTBe mepBOro Ha4aILHOIO YCJOBHS MOZKeT OLITh IPHHATO HadaIbHOE Pac-
1pe/ie/ieHne MI0THOCTH BUXPEBOIO BO3MYIIEHUS p, = p,(r), KOTOpOe eCTh HEKOTO-
pas hYHKIHUA, CBA3aHHAS C PAJUATBHBIM PACIIpeIeTeHneM yriioBoii ckopoctu (7).
BHOBB 00paInasch K SKCIEepUMEHTATIBHBIM JAHHBIM 2] BRISICHSIEM, UTO NMEETCsl CBA3D
MeyKJly MaKCUMAaJILHBIM 3HaUYeHHeM BO3MYIICHUS MJIOTHOCTH B BUXPE M MaKCHMAaJ/lb-
HBIM 3HAYEHHEM ero yraosoii ckopoctu. B [2] ykaswiBaerca ciegyiomee sMnupude-
CKOE COOTHOMIEHNE Uy, = \/Apnpy’, KOTOPOE CBA3HBACT MaKCHMAThHOe 3HAYCHWE
nepenaJja JIaBleHUsl B BUXPe ¢ MaKCUMYMOM ero TaHTreHIuasbHoil ckopoctu. Co-
raacro (13) MOYKHO mepenucaTh [Jist TJIOTHOCTH BO3MYTIEHUS Uy = \/ C2pnpp -
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BTOpbIM HaYaJIbHLIM YCJIOBHEM MOXKHO IIPHHATL PABEHCTBO HYJIIO IIPOU3BOIHOI
10 BpEMEHH OT IJIOTHOCTH BO3MyIenus (p,); = 0. Y10 npeanosaraer B Ha4YaIbHbII
MOMEHT BUXPEBOe BO3MYIIEeHUE He YBeIHINBACTCS U He yMEHBIIAeTCS MO JeiCTBHEM
HANPUMeED BA3KUX CJIaraeMblX He YUYTeHHBIX IPU BbIBOJE ypaBHeHuil (21), (22).

B03MOXKHBIM I'DAHUYHBIM YCJIOBAEM IS BOSMYIICHUS IIOTHOCTH B BHXPE MOZKET
SABAThCs paBeHCTBO p(r = 0,t = 0) = p,0 — HEKOTOPOEe BO3MYIIEHHEe IIOTHOCTU B
HAYAJIbHBIA MOMEHT BPEMEHU. BTOPBIM I'DAHUYHBIM yCJIOBHEM MOXKET ObITh IPUHATO
ycjioBue Ha Oeckoneunocru p,(r — oo) = 0. Koneuno upexje dem Oyjer Jocrur-
HyTa 0ECKOHEYHOCTh HABEPHSKA BCTPETHTCA JIPYIOH BUXPb, HO BCE K€ 3/€Ch pac-
CMaTPUBAIOTCH MOJE/IbHBIE IIPEJICTaBICHUA O BUXpe. BoJsiee KOPPEKTHO PaBEHCTBO
HYJIIO BAXPEBOI'O BO3MYIIEHUs ILJIOTHOCTH MOXKHO TPeOOBaTh Ha HEKOTOPOM Paluyce
T, HO C IIOCJEIHEM TPY/IHO ONpPeIeJuThCa. JIpyroil BO3MOKHOCTLIO 1 HPUHATHS
BTOpPOrO TPAHUYHOIO YCJIOBUSA ABJIACTCA 3aJaHHBIA TPAJUCHT ILIOTHOCTH BO3MYIIe-
aust p,.(r = 0,t = 0) = p,, HA OCH BpallleHusl, ITO YCJIOBHE MOXKET XapaKTephu30BaTh
MHTCHCUBHOCTD BHXDAI.

3. PEIIEHUSA

[Tostyuennoe nesuneiinoe pudddepennnanbuoe ypasuenue (21) mwim (22) siBiser-
Csl CJIMIIKOM CJIOZKHBIM JIJTs HEIIOCPEICTBEHHOTO PELICHNUs], HOITOMY Jist 10JLY YeHUsI
AHAJIMTUYECKUX PEIIeHHIT IPUMEM JONOTHUTE/IbHBIE YIPOIIAIOIINE IPE/IIIO0JI0KEHHUSL.

Jasee ucronb3yoTest ABa PA3JIMYHBIX YIPOMIAIONUX IPE/IIOJ0KEHUs], IPH KO-
TOPBIX YJAETCs HOJIyYUTb AHAJIUTHYECKHE BBIPAKEHUs, B TOH W/IM MHOH CremeHu
1pUOJIMZKEHHO OLUCBHIBAIOLINE HOBEJACHne HCKOMOrO pemtenust. IlepBbiMu m0Ka3aHbI
pelreHns ypasHeHus (22), MOIy9eHHbIE ¢ HOMOIIBIO IIPEINOJI0KEHH O CTAIHOHAD-
HOCTH BHXPEBOTO BO3MYIIEHHUs, ¢ ydeToM H 6e3 yuera oceBoit ckopocTr. [lasee cie-
JYIOT PelleHns HeCTAIHOHAPHOrO ypaBHeHus (21), IOy YeHHbIe B IPEIOIOKEHNH O
MAaJIOCTH IIJIOTHOCTH BHXPEBOTO BO3MYIIEHHS C IOMOIIBIO JHHEAPU3AIUH UCXOJHOTO
ypasuenus (21). Haifjensl HeKOTOpPBIE CXOHBIE Y€PTHL B HOJIYYA€MbIX DELICHUSIX K
OTMEYEHBl MX HEJIOCTATKU.

3.1. CTAIIMOHAPHOE TIPUBJINKEHUE

Pacemorpum cramponaproe perenue ypasaenust (22), KOTOpoe HOJLy 9aeTcst, eC/Iu
HPUHATH HAMOOJIee IPOCTOE BbIPAZKEHUE Jijisi 0CeBOii ckopoctu B Buje w(r,t) = 0, 4ro
BO3MOZKHO TIPH PDABEHCTBE HYJII0 HPOU3BOJIbHOI hyHKIMN W(r), 8 TaKZKe [ CJIydast
BHUXPEBBIX BO3MYIIEHU! C TOPU30HTATHHO PACIIOJIOXKEHHOI OChIO BpallleHusd, s KO-
TopbiX ¢ = 0 (B 9TOM cJiydae Cuja TAKeCTU JI0JZKHA YIUTHIBATHCS B YPABHEHUAX JIJIsI
pPaIMaIbHON M TAHTEHINAJBHONR KOMIIOHEHT CKOPOCTH BHXDEBOTO BO3MYIIEHUs, IJIe
ee 3HaueHue He cyuecrsenno). Takxke B ypaBHenuu (22) OLyCTHM CJ1araeMoe OMHChI-
Baloniee B3aumozeiicrsue ¢ crparudukamnueit ponosoro tedenus: « = 0, f = 0, 410
BO3MOZKHO IIDU OJJHOPOJIHOM Daclpe/esIeHun TeMIiepaTypbl (DOHOBOIO COCTOSTHUSI.

[Ipu 1UX UpeANoIoKeHusX ypaBHenue (22) NIPUHAMAET BH/L:

P;
1+p

3
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Permenne nostydaeMoe B 3T0M NpHOIAZKEHUH XOPOIIO H3BECTHO U HA3BIBACTCS CBO-
GOJIHBIM WJIH TMOTEHIAIbHBIM BUXPeM [2| U 3anuchiBaeTcst B BUJIE

&

— 1+C =
p(T) + Caexp 2y2

(24)

O6e nocrosinabie uarerpuposanus C; u Cy He OUPENEISIOT aAMILITUTY/Ly BO3MY-
menust wioraoctu. [lpu C; > 0 u Cy > 0 Boipaxkenue (24) onucbiBaeT BUXPEBOE
BO3MYIIIEHUE IIJIOTHOCTH C MUHUMYMOM IIJIOTHOCTH Ha OCH BPAIlleHUs, I/ie IJIOTHOCTh
JIOCTHTaeT MUHUMAaJIbHOTO 3Hadenus p(r — 0) — —1, WIOTHOCTH BHXPEBOIO BO3-
MYIIEHUs OCTaeTCs OTPAHUYEeHHON Ha BCeX PACCTOdHHUAX JI0 OcH BpameHud. [lpm
C1 < 0 u Cy > 0 Bepazkenne (24) omuchHBaET MOJOKHUTENILHOE BO3MYIIEHHE ILJIOT-
HOCTH, HMepollee OeCKOHeYHOe 3HAaUYeHHe Ha OCH BpallleHHd. JHaYeHHe KOHCTAHT
Cy > 0, Cy < 0 He upuemieMo, HOCKOJIbKY IPUBOJMT K paciipejesienuto p(r) ne
CTPEMSIIIEMYCs K HYJIIO C YBEJMYEHUEM PACCTOsiHUS OT OCH BpalleHnus. ['paduk Bbi-
pazxenusi (24) npuBejieH HA pUc. 2 CO 3HAYCHUSIMH HOCTOSIHHBIX MHTEIDUPOBAHUS

01:11/102:1.

-0.14

-0.4
P_0g
-0.8
-1

Puc. 2. Pacupeje/enne ILJIOTHOCTH, BbIYUC/IEHHOE 110 (24)
[IPH 3HAYEHUAX MOCTOSHHBIX uHTerpupoBanus C1 = 1u Cz = 1.

Ksajpar yrioBoii ckopocTu, BeraucaeHubiii mo (12), (24), miag sroro perrenus
yOBIBaeT 0OpPATHO IPONOPIMOHAILHO YeTBePTOll CTeleHNn PACCTOSHUS 10 OCH BpAIIIe-
HUS, JIOIYCKAeT BpalleHne KakK 110 4aCOBOM CTpeJIKe, TaK U IPOTUB 4aCcOBO CTPEJIKH
OTHOCUTEJIbHO OCH BpallleHUdA U UMeeT BU/LL

Cg Cl

rd

Q*(r) = : (25)

OceBast CKOPOCTH, BhIYUCACHHAS coryacHo (24), (19) mocTuraer 6eCKOHEIHDIX T10-
JIOZKUTEJIGHBIX 3HaYeHUN HA ocu Bpaenus. 1o 91oii mpuunne pemenue (24), (25) ¢
bu3nyuecKoit TOYKM 3peHUus He IMPUEMJIEMO /LI UJI€AJIbHON »KUJIKOCTH, OJIHAKO JIJIsi
BSI3KOM 2KUJAKOCTHU 9TO YTBEPZKJACHUEC MO2KET U3MECHUTDLCA.

HeynosnerBopuresbrocts pemenus (24), (25) o3navaer, 4To npeHedpezkeHune oce-
BOIl CKOPOCTHIO BUXPEBOI'O BO3MYIIEHUS SBJISIETCS CJMIIKOM I'PDyObIM ¢ (DU3UIECKOi
TOYKH 3PEHUs B CTAIHOHADHOM BapuaHTe ypasuenus (22). Heobxonumo yaursiBaTh
OCeBYI0 KOMIIOHEHTY CKOPOCTH BHXPEBOTO BO3MYIICHUSI.

[Ipemostaras MI0OTHOCTH BUXPEBOTO BO3MYIIEHHUS JOCTATOYHO Me/JICHHO 3aBUCS-
el 0T BpeMEHH TaK, YTO MOZKHO IpeHeOpedb HPOU3BOJHBIMA 110 BPEMEHH B yPaB-
venun (21) u upu orcyrcersyromeii crparudukanun « = 0, f = 0 (4ro o3navaer
OJTHOPOJTHOE PACIIPEJIENIEHNE TI0 BBICOTE TeMIIEPATYPHI JKUIKOCTH (OHOBOTO COCTOSI-
HUS), JIJIs] BEPTUKAIBLHO OPUEHTHPOBAHHON OCH BPAIEHHUST BUXDsI TIEPENUTIIEM yYDaB-
nenue (22) B BuJIE

1 (gt)> p Py
S Y ACA A S | S SR i 26
r 2 (14 p)? P P L+p (26)
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DT0 ypaBHEHUE COOTBETCTBYET HOJHOCTLIO PA3BUTOI 0CEBOIi KOMIOHEHTE CKOPO-
CTH B BUXPEBOM BO3MYINEHUHU, B TOM CMBICJIE, YTO BEPTUKAJbHO OPUEHTUPOBAHHAL
oceBast CKOpOCTh tpu yeiaosun w(r) = 0 yaoierBopsier Boipazkenuto (19). Ilpene-
OpezKkeHne BeJUIHHOl (1) MOKET 03HA4YaTh, 9TO ypaBHeHue (26) OmuchBaeT mo3/I-
HHE CTAJMU PA3BUTHA BUXPEBOIO BO3MYIICHU.

Ypasuenue (26) ectb Hesmueitnoe 00bikHOBeHHOE JuddepeHaibHoe ypaBHeHne
BTOPOIO IOPs/IKA, AHAJIUTHYECKOE PElIeHre KOTOPOro HaflTu He yJaeTcd B SIBHOM
sujie. Pemenne ypasuenust (26) MOXKHO 3amucaTh HEsSIBHO B BHJIE KBaaparypbl [5]:

p(r)

In(r) — Cy + /

c?))il + ) dx o, (27)

2In(l +2) — C)A(z + 1)2 — (g1)2(2z + 1)

Boipaxkenue (27) B HavasbHblii MoMenT Bpemenu (upu gt = 0) nepexojur B pe-
menne (24). Ilosyunth BblpakeHue Jjisi WIOTHOCTH OTCIOJA HE YJAETCs, BIPOYEM
KaK U BBIYMCJUTH 3HAYEHUE KBAJPATYPBI.

Crporne MareMaTHdecKue BBIBOJBI B CTAIMOHAPHOM MPHOIMKEHUN 3aKAHINBA-
I0TCsl TIOJTydeHneM Boipazkenus (27). Jlajsee ucmosb3yem JiBa pasJddHBIX HOIXOJA,
MO3BOJIAONINX PUOJNKEHHO MOHATD HOBE/IEHIe BO3MYIIEHHsI IJIOTHOCTH (27), X0Ts
Obl B IIpeJIEJIbHBIX CIydasax, Jazke B yiiepd MareMaTH4ecKoil CTpOrocTu.

Bo-nepshix, 3amMernM, uTo BesuuuHa (gt)? apisercs GOJILIION BeJMYUHOI, 0CO-
OeHHO HA HO3/HUX CTausaX pasBuTus. [1o 910l npuunue 3navenue Boipazkenus (27)
OlIpeJIeIeTCA B OCHOBHOM CJlaraeMbiM B 3HaMeHaTese ¢ Muoxuresaem (gt)%. B co-
OTBETCTBHM C HTUM 3aMEYaHUEM IOJOXKHUM, YTO B 3HAMEHATes e KBajaparypbl (27)
MOKHO HpeHeGpedb cjaraemMbiM He cojepskaiium Muoxkurend (gt)%. B pesyabrare

HOJTY YU TCS:
p(r)

5 (1+x)dx B
= i [ ey =0

Bamernm, 4TO HPO/IeJaHHAs OllePAIs JHUIIACT Bbipakenue (27) 3aBUCUMOCTH OT
o/IHO# U3 mocTossHHBIX mHTerpupoBanus C;. [lomydeHHOe BhIpazkeHHe MOXKHO IIPO-
MHTETPUPOBATH U BBIPA3UTH ILJIOTHOCTH BUXPEBOI'O BO3MYIIEHNS B BH/I€ 3aBUCUMOCTH
OT PacCTOSIHUS JIO OCU BPAIEHUS:

1 1 t)? t)?
p(r)=—=+—exp | —D(r) +4In(r) (g 2) +1—4C, (g 2) , (28)
2 2 c ch

re st kparkocru obosnadeno D(r) = W (exp (41n(r)(gt)%cy® + 1 — 4Cs(gt)*cp %))
U BBeJeHO obosnadenue |5| mius dynkuuu Jlambepra, onpe/ie/ieHHON KaK pelieHue
ypasuenust W (z) exp(W(z)) = x.

Ha puc. 3 mapucyem rpaduk Beipakenus (28) mpu 3HAYEHHSX HOCTOSTHHBIX
Cy =1 m gt = 103. Ha ocu Bpamenus u BILIOTD JI0 HEKOTOPOTO PACCTOAHUSA T R T,
3aBHCAIIEro or 3Hadenuil esmaun Cy u gt, 3HaveHue BbipazkeHus (28) He MeHseTCs
u pasusiercs p(r < r1) = —0.5. Ha paccrogHusix 0T OCH BpallleHus 1 > 71 IJIOTHOCTb
BO3pacTaeT, Ha OOJIbIIUX PACCTOSHUAX OT OCH BPAIEHUS POCT 3aMeJlJIdercs U CTpe-
MUTCS K HEKOTOPO MOCTOSHHON BenmumHe. I3 mpuBemennoro #a puc. 3 rpaduke
BUJIHO, UTO TIJIOTHOCTH BUXPEBOTO BO3MYIIEHUS PACTET JI0 3HAYNTETbHBIX BEJTUYUNH,
HO POCT He TMPEBHIMAET 3HAUCHUsT P(I — 00) <= Pmax =~ 200 Ha dusuvecku pasym-
HBIX OOJBINMUX paccTosguusgx. Ho 3Ta BesmumHa KpaiiHe BeJUKA U TaKOe peIleHue ¢
dusnyaeckoit Touku 3perust comauTeNbHO. C TeUeHWEeM BPEMeHW, ¢ POCTOM BeJIUIH-
HBI gt, MAKCUMaJIbHbIE 3HAYEHUS TIOTHOCTH pPpayx €1e 60JIee BO3PACTAIOT.
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Puc. 3. 3aBucuMOCTb WIOTHOCTH OT PACCTOSIHUSA A0 OCU BpaueHus (28)
[IpU 3HAYEHHAX HOCTOAHHBIX Co = 1 u gt = 103,

OceBast ckopocTh, Bbranciaennas u3 (19), (28) mosoxkurespua mpu r < 71 U OT-
pHUIaTebHA PU T > 7’|, HE CTPEMHUTCS K HYJII0 HAa 3HAYUTE]bHBIX PACCTOSHUSIX OT
OCH BpAIlleHHsl U 3HAYUTEJbHO BO3PACTAET ¢ TedeHHeM BpeMmeHH. Takoe moBejeHune
peleHust He 103BOJIsieT TOBOPUTH O HPUEMJIEMOCTH MOJIyYE€HHBIX PaJMajbHbIX Pac-
upejesienuii jiuist (pU3MUYECKUX NPUJIOKEHUH, HO BCE K€ OHU OTPAKAIT HEKOTOPbIE
CBOMCTBA UCKOMBIX PELICHUN, 4TO BUJIHO U3 aHAJIU3Q LIOBEJCHUA YIJIOBOW CKOPOCTU.

Bripazkenue juist KBaJpara yrjaoBoii ckopoctu BblaucaeHnoit us (12), (28) ecrs:

Q2(r) = A0 exp (=D + 4In(r)(gh)’e,” +1 — 4Ca(gh)’cy”)

2 (1 + exp (—D + 4ln(7")(gt)2062 +1— 4C’2(gt)2062)) (1+D) (29)

['paduk Boipazkenus (29) npe/craBied Ha puc. 4 JJist IBYX Pa3THIHBIX MOMEHTOB
BpeMeHH.

C rTedeHuemM BpeMEHHU, € YBEJUYECHUEM BEJUYUHBI §l, YBeJMYEHHE YTJIOBOH CKO-
POCTHU IPOUCXOJISIIEM HA PACCTOSHUU T R 17 CTAHOBUTCH Bce OoJjiee ObICTPbIM, a
BeJIMYMHA, JIO KOTOPOI pacrer yrjoBas CKOPOCTb — BCe 0oJiblie. YMeHbIIEeHUE 110-
crosinnoit Cy ¢jiBUraeT TOYKy HadaJja pocra rp BJAEBO, a yBejandenue — Bupaso. [Ipu
ymenbnieann Cy TaKkzKe BO3PAcTaeT MaKCHMAaJIbHOE 3HaUYeHHe, KOTOPOrO JOCTHIAeT
yrioBasi ckopocTh. Ha masbix Bpemenax (gt < 100) Ha ocu BpaileHHsl BOSHUKAET
OeCKOHEYHOe II0JIOZKUTE/IbHOE 3HaYeHue yIraoBoil ckopoctu. lloxoxkue pajguaibHbie
pacipejiesieHis pacipe/ie/ieHds BOZHUKAIOT IIPU BTOPOM IIOJIXO/I€ K aHAJMU3Y IIOBe-
JleHust KBaIpaTypsl (27).

300 3000
0 200 o 2000
100 1000

0 1 ? 3 4 G 6 7 0 1 2 3 4 G 6 7
¥ .
1. C2 =1u (gt)? = 10° 2. C; =1u (gt)? =108
Puc. 4. 3aBucumMoCTs yryioBOil CKOPOCTH OT PACCTOsSHUSA A0 Ocu Bpamenus (29)
[IpHU 3HAYEHHAX HOCTOAHHBIX Co = 1 u gt = 108,

Bropas BO3MOXKHOCTH yIpoleHust ypaBHenus (26) cocrout B caemytommemM. [Ipu
yIpoleHnd ypaBHenus (26) crapmiuMu TPOU3BOJAHBIME IPEeHeOPeraTb Heslb3sl, TaK-
JKe HeJib3s IpeHebperaTh IpajMeHTaMd HCKOMOM BeJIMYMHBI, MOYKHO IIpeHeOpedb
JIMIIb HEKOTOPBIM M3MEHEHMeM caMOil mckoMmoi Bejuunibl. CoriacHO 9TOMY 3ame-
YAHUIO IIPUMEM B JIEBON 4aCTH BMECTO 3HAYEHUs! IJIOTHOCTH B KBaJIPATHBIX CKOOKAaX
HEKOTOPYIO (DYHKIHIO p(7) U nepenuiiemM ypaBHeHHe B BUJie:

1 (gt)*  p pr

—Frr — — 3+2 = r"‘ = 0. 30
P r 2 (1+p)? r L+p (30)

B Takom Buje 3To Henmueitnoe auddepeHinuaibHoe YpaBHEHUE ¢ TIePeMeHHbIMU
ko3 puimenTaMu, aHaAJUTHIECKOe PeIeHne KOTOporo, obo3Havast JIJiss KPaTKOCTU
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B(r) = p(1 + p)~2, 3auucwBaercsa B BUJe:

p(r,t) = =14 Cyexp Cl/exp _/ 2(gt)*B(r) | 3

s+~ | dr|dr|. (31)
rcg r

B pemenne (31) yupomennoro ypasuenusi Bouuia (ynknust ((r), koropas He
MO2KeT ObITh IPUHATA [OJHOCTHIO IIPOU3BOJILHOM, IIOCKOJIbKY OHA CBd3aHa C pa-
JIMAJIbHBIM PACHPE/IEJIEHUEM OCEeBON CKOpocTH. 3HaveHue (1) MOXKHO OUEHUTHb U3
pemtenns (31) B HavaabHbli MOMeHT BpeMenu ¢ = 0, B pe3yJsibrare I10J1y4aeTcsi Bbl-
pazKeHmne

01 SR R
B(r) = {exp Cy—1) (exp ~52 Cy . (32)
HOCJIG HO,H,CTaHOBKI/I B 3aHI/IH_IeM HOJIYyYE€HHOE BbIPpazKC€CHUE B BUJIC:
(gt)z . C
p(rit) = =14 Cyexp | (4 /eXp — 20, Eil1l, —5,3
2 (33)
(gt) C
+C%C§E 1’_7"_2 —31In(r) )dr

31ech coxpanensl 0603HaYEHH [T SKCIOHEHINAIBHBIX HHTErpastos Ei(a,z) =
27 1T(1 — @, 2) u3 [5]. Boipaxenne (33) umeer CJI0:KHbI BUJI, AHAJTHTHYECKH 3aI1H-
caTh WHTErpaJ B IPABOil 9aCTH He yIACTCA.

DuszuuecKuii CMbIC/I HOCTOSHHBIX UHTEIPUPOBaHUs B (33) MOKHO BbISICHUTD JIMIIb
B HAYAJIbHbIH MOMEHT BPEMEHH, IIOCTOSIHHBIE WHTErPUPOBAHKSI OKA3bIBAIOTCH AHAJIO-
ruanbiMy perrennio (24), a soipazkenue (33) nepexoaur B (24).

13 npejnosaraeMbix IDAHUYHBIX YCJIOBUIT IIOHATHO, 4TO PaBas YaCTh BblParKe-
uus (33) Jo/KHA CTPEMUTHCS K HYJTIO MIPU OOJIBIINX PACCTOSHUAX JI0 OCH BPAIICHHU,
9TO MOYKHO HCIOJIB30BATH [Iisl MOJIYYeHHs CBA3H MEZKY HOCTOSHHBIME HHTEIDU-
posanus Cy, Cy. Ilonydenubie BhIpayKeHUs I IUIOTHOCTH BHXPEBOTO BO3MYIIE-
uus (28) u (33) mOKa3BIBAIOT €€ POCT € YBEJMYCHHEM PACCTOAHUS /10 OCH BPAIICHHUS
M TPAHUYHOMY YCJIOBHIO Ha OOJIBIIHX PACCTOSHHUSAX [0 OCH BPAINEHUS HE YIOBJIC-
TBOpsitoT. VIHTerpas B upaBoii yacru (33) 4yBCTBUTEJIEH K TOYHOCTU BbIYUC/IEHUI,
camo zke Bbipazkenue (33) He yjgaercst n300pasuTh B BUje rpaduka Upu HpOU3BOJIb-
upix 3Hadenusx C, Cy Ha BemecTBennoit moyocu r. Ha puc. 5 nuzobpazken rpaduk
1W10THOCTH, Bhiducsenubiii 1m0 (33). C dusudeckoii TOUKM 3peHus pa/IMaJbHbIE PAC-
npe/ieIeHns IPe/ICTABICHHbIe HA PHC. D U PUC. 3 COMHUTEIbHBI, U CYIIECTBEHHO OT-
JIMYAIOTCS OT MPEJCTABACHHBIX Ha puC. 2. Ci1e0BaTe/IbHO YIPOIIEHNe IPHMEHIeMoe
quis nosydenns (30) u3 (26), a TakzKe yIpoIieHne ¢eJanHoe mpu moydennn (28),
HyZ&Kal0Tcad B yrounenun. Opmako mosydaemsie u3 (33), (12) yriosble ckopocTn
MMEIOT CBOMCTBA, Y/IOBJIETBOPUTE/IHHO OLMCHIBAIOIIME UMEIOIIMECs JIAaHHbIe HAB/II0-
JICHUT.

300 —_—

600 g

p 400
200

Puc. 5. PagnanpHas 3aBECEMOCTH BeIparkenus (33) mus 3ravennit nocrosuuex C = 10,C2 = 1,9t = 1.
Heonpesenenusii mHTErpas B npaBoit 9actu (33) 3aMeHsICS HA ONpeeeHHbIH
¢ npejesnavu uarerpupoanus (0, ) ¥ YUCIEHHO WHTETPHPOBAJICS.
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Boipazkenue Jijisi KBajipaTa yIJI0BOil cKopocTu, Beiaucaennoi u3 (12), (33) mmeer
BUI;
3C1 (gt)* .. G (gt) Ch

exp | — Eill,—— | — Eill,——
Plaa 27 )~ C33 2

Q3(r,t) = +31In(r) ). (34)

U3 (33), (34) onpeaeauTh 3HaYEHHs] KOHCTAHT HE HPEICTABIIACTCS BO3MOYKHBIM.
O/iHAKO MX 3HAYEHUs MOXKHO MOJ00paTh Tak, 4TOOBI HOJTyYeHHOe BbipazkeHue (34)
COOTBETCTBOBAJIO IpenoaraeMoii (pu3nuke gapjeHud. YIJIOBasg CKOPOCTDL ABJISETCS
9KCIePUMEHTAIbHO HABII0/1aeMoil BeTMIHHOI, U cpaBHeHue Beipazkenuii (29), (34) ¢
SKCIIEPUMEHTANLHLIMA JAHHBIME ABJISETCS €IUHCTBEHHBIM KPUTEPUEM IIPUEeMJIEMO-
CTU MOJIEJIN.

Boruucosist rpacduku Boipazkenusi (34) Upu pasiMYHbIX 3HAYCHHUSIX HOCTOSTHHBIX
UHTEIrpupoBaHud MOXKHO yBHJI€Tb, 4TO Cl n 02 CB4A3aHbl APy’ C APpYroM U BJIMAIOT
Ha pajiuajibHOe pacupejeienue (34) u3MeHsis MAKCUMAJIbHOE 3HAYEHUE JIOCTUTAEMO-
0 YIVIOBOil CKOPOCTBIO U M3MEHsIsl LOJIOKEHne TOYKH 1 = 1. B Bbipakenuu (28)
UMeeTCd eIMHCTBeHHas nocrogunasa Cy, aHAJOTMYIHBIM 00pa30M BJIMLIONALA HA IO-
JIydaeMoe pacipe/esieHue.

Ha puc. 6 upeacrapienn! rpaduKy I0JI0KATEIHHOIO 3HAYCHIA KOPHS U3 BhIPazKe-
Hust (34) npu pa3iuvHbIX 3HAYeHHusIX NMOCTOAHHBIX (1, Cy U B pa3judHble MOMEHTHI
Bpemenn. Ilpm snavenmax Cy # 1 mogpiagercd He paBHAag Hy/II0 MHAMAsg 9acTbh Pe-
[IEHKWS], HE 3HAYMTE/IbHAsI 110 BEJUYUHE, HOBTOPsIOmas Ipadpuk yrjoBoii ckopocTu

(puc. 6).

3000 =00

0 2000 Q

1000 200

,_.
[=1
=
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e
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a2}
~

0 02 04 06 08
¥ ¥

1.C1=1,Co=1,gt =1 2.0, =45, Co=1, gt =1
1000 (55
o 600 a 60
0 . ol
1 5 3 i 3 g 7 0 1 Z 3 i 5 g 7
¥ ¥
3. C1 =45, Co = 100, gt = 1 4. C1 =45, Cs = 1, gt = 100
400 1000
300
0 200 o 600
100
o - 0
0 1 Z 3 i 5 g 7 0 1 5 3 4 5
¥ ¥
5. C1 = 100, Co = 100, gt = 100 6. C1 = 45, Cy = 10000, gt = 100

Puc. 6. PaguanpHoe pacupenesnenue yriopoii ckopoctu (34)
NpH Pa3JIMIHBIX 3HAYEHUAX MOCTOSHHBIX HHTETPUPOBAHUSA U B PA3JUIHBIE MOMEHTHI BDEMEHH.

Qopma rpadukos Ha pucyHkax 6 u 4 110Ka3bIBaeT, YTO HELOCPE/ICTBEHHO HA OCU
Bparennd npu r = 0 u BIUIOTH JI0 HEKOTOPOI'O, 3aBUCHIIEr0 OT 3HAYEHUIl 1TOCTOSH-
HbIX UHTEIPUPOBAHUSA, PACCTOAHUS T 2 11 YIVIOBAS CKOPOCTH OCTAETCS PABHOM HYJIIO.
Anajiornanasi 0cOOEHHOCTH PACHPE/IEICHNS 110 PA/IUYCy HAOJII0AeTCs IKCIEPUMEH-
TAJBHO JIs KPYIMHBIX BUXpeil B aTMocdepe u Ha3biBaeTcst «ria3oMy» Buxps [3]. B
caydae BUXPEil JIOCTATOYHO MAJIOr0 pasMepa TaKoil 0COOEHHOCTH IKCIEPUMEHTAh-
HO He HAO0JII0JIaeTcss B OTJIMYUU OT puc. 6 u puc. 4, a oTMedaeTcsi CyIecTBOBaHUE
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«dJipay BUXPA, B KOTOPOM YIJVIOBask CKOPOCTb BpAIEHHs OCTACTCA IPUOJTH3UTETHHO
HEM3MEHHO! Ha PACCTOSHUU OT OCH BPAIIEHUS 0 HEKOTOPOIO PACCTOSIHUSA T A2 'y [2].

Ha paccrosinusix or ocu Bpatenust r > 71, COIJIaCHO puc. 6 u puc. 4 HauMHALTCSH
HPAKTUIECKH CKAYKOOOPa3HbBIH POCT BEJUYUHBI yIJI0BO# ckopoctu. [lpu menbmimx
3HavYeHusIX MOocTosHHON C] B (34) yrioBas CKOPOCTB JOCTHraeT GOJIBINNX BEJTUIHH,
a 1npu 6oJbInuX 3HaveHusx C7 — Menbmmx. Ksajgpat yriaosoii ckopoctu (34) moctu-
raeT Ha PACCTOAHHH I" R T9 MAKCHMAJbHOI'O 3HAYEHUS U OCTAECTCA OI'PAHHMYCHHBIM
Ha JIIOOOM PACCTOSIHUM JIO OCH BpAIEHUs MPH HOJOKUTETbHBIX 3HAYEHUSIX MTOCTOSH-
ot C71 u Cy > 0.0022. Ilpu orpunaresbubix 3HadeHusx nocrosguuoit C yryioBas
CKOPOCTHh HEOIPAHUYEHHO YMEHBIIAETCS HA OCH BPAIEHUsI, 9TO HE pUeM/IeMo ¢ du-
3UYECKOI TOYKM 3PEHUSI U SIBJISETCS TIOBOJIOM OTKa3aThCs OT oTpunarebubix Cf.
Nszmenenne 3uaka nocrosuuoit Cy He n3MeHsIeT IpejcTaB/ieHHbie Ha puc. 6 rpadu-
K.

Ha paccrosinusix r > 7y, rje ro — HeKOTOpas TO4YKa leperunba Ha rpadukax
puc. 6, BejiuduHA YIJIOBOW CKOPOCTH MOHOTOHHO YMEHBIIAETCS C POCTOM PACCTO-
siHUsl. B HavaJbHBIT MOMEHT BpeMeHH, COrIacHo (25), yrioBas CKOPOCTb 0OPATHO
HPOIOPIUOHAIbHA KBAIPATy PACCTOsIHUS JI0 OCH BpaileHus. B 3aBucuMocTu 0T 3Ha-
YeHUil TOCTOSHHBIX WHTErPUPOBaHUs Bbipazkenue (34) MOxkKeT JOBOJBHO MeJJIEHHO
YMEHBIIIATHCS C POCTOM PACCTOSIHUSA OT OCH BpPAIEHUsI.

C pocrom C (puc. 6) yMEHBIIAIOTCH MAKCUMAJIbHBIE 3HAYEHUS YIJIOBOIT CKOPOCTH,
HO opMa pacupejie/ieHusi MEHsIeTCsl He CymecTBeHHo. I[lpu arom yBemduBaercs
paccTosiiue OT OCU BpallleHUs Ha KOTOPOM HAYMHAETCHA 3HAUUTETbHBINA POCT YIJIOBOI
CKOPOCTH, T. €. BeJu4IuHa 71 yBeamdmBaercs ¢ poctom (. Bmpaso capuraercs u
BeJIMYNHA 75 ¢ pocTom (.

C Tedenuem BpeMeHU paJinajibHOe pacupejesenue (34) MeHseTcs, yMeHbIIAeTcst
MaKCHMAaJIbHOE 3HAYeHHe M PACIIUPSIeTCs 0 pajuycy (yBeJuduBaeTcs T1), MUK yT-
JIOBOiI CKOPOCTH CIVIazKMBAETCsd, «IJ1a3» BUXpPs yBeJIU4YHBaerTcd. B 3ToMm orim4dme oT
BoIpazKenus (29), rje ¢ TedeHneM BpeMeHH MaKCHMAaJbHbIe 3HAYEHUS YIJIOBON CKO-
pocTH pacTyT 6e3 U3MEHeHUsl BeJUIUHbL «Iya3ay Buxps. 1loBegenue (34) Bo Bpeme-
HU 3aBHCHT OT 3HAYeHHil IOCTOAHHBIX HHTEIPHPOBaHUsd, ¢ pocToM Co MEHsIeTCsa Ha
yBEJIMYEHUE YIVIOBON CKOPOCTU BO BPEMEHH.

SHaveHus TAHI'CHIUAJIbHON CKOPOCTH, COOTBETCTBYIOIIUE IPE/ICTAaBJICHHLIM Ha
puc. 6 YIJIOBBIM CKOPOCTSIM NPH HEKOTOPBLIX 3HAYEHHAX IMOCTOSHHBIX MHTETPUPOBa-
HUsI TPEBOCXO/IAT CKOPOCTD 3BYKa. CBEPX3BYKOBBIE CKOPOCTH BO3HHUKAIOT B (34) jiist
BUXPEBBIX BO3MYIIEHHI He 00JIBIIOrO pa3mepa, npu suadenusx C7 < 45, ¢ pocrom Coy
MaKCUMaJ/IbHbIE TAHTEHIUAJIbHbIE CKOPOCTU BUXPSl YBEJIMYMBAIOTCH. BeposTHO TaH-
reHIMa/IbHAs CKOPOCTH BPAIEHUS BUXPeEil, XapaKTepu3yeMblX TAKUMU Pa3MepaMu
3HAYEHUSIMU [TOCTOSTHHBIX MHTETPUPOBAHMS, HE MOYKET HPEBBICUTH CKOPOCTH 3BYKa,
OCKOJIbKY (hOpMHUpOBaHUE BUXPeil ecTb HEKUil MPOIECC, JIOCTYIHBIH HAOI0ICHIIO
JIMIIB Ha MO3/IHEM Talle pa3BUTUd. 1 PyIHO peIcCTaBUTL cebe IMPOIece IPUBOIIIU
K BO3BHUKHOBEHHIO BUXPEil, BPAIAIOIINXCS C CBEPX3BYKOBOII CKOPOCTHIO.

WNwmeercst quana3on 3HadeHUil HOCTOSTHHBIX MHTETPUPOBAHUS, IIPU KOTOPBHIX TaH-
reHIUAIbHbBIe CKOPOCTH BPAIEHUs BUXPs HE IIPEBLIMIAI0T CKOPOCTH 3BYyKa M OCTa-
I0TCSI IOBOJILHO 3HAUnUTeIhHBIMU. [Ipu 3navenun Cy = 1 TaHreHIUAIbHBIE CKOPOCTH
BBIYHCIIEHHBIE 110 (34) CTAHOBSATCS MeHbINe CKOPOCTH 3ByKa TPH 3HAYEHWSIX MOCTO-
sunoit C; > 45. Takme BUXpH CTAHOBATCS JOCTATOYHO OOJBINMME W BHYTDPEHHSISI
CTEHKA BUXPsI PACIOJIATAETCS HA PACCTOSTHUU OT OCH BpaIlleHusi He MeHbIme 1.8 M.

B nannerx maburoenuit 3a4actyio (pUTypupymOT UMEHHO TaKue MUHUMAJIbHBIE
pa3Mephl BOBHUKAIONINX TOPHAIO WKW cMepueil (BomstHbixX wian mblieBbix) [3]. Tlpu
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yBeJINYUeHNN 3HaUYeHns HOCTOAHHON (| yBe/qndnBaeTcs pa3Mep BHXPS W yMeHbIIa-
IOTCA TAHTEHIINAJIbHBIE CKOPDOCTH BPAIleHNUd, & IIPA YBEJINYCHUN 3HAYECHUSA TOCTOSH-
Hoit Cy yMeEHBIIAeTCS pa3Mep BHUXPS H yBEJIUIUBAIOTCS MAKCHMAaJIbHBIE TAHTEHITH-
aJIbHBIE CKOPOCTH, a TaKzKe BHYTPEHHsIS CTEHKa «IJla3ay» BHXps CTAHOBHTCHA 0oJiee
BoipazkenHoit. Ilogbopom aByx snadenuii nocrosiuabix Ch u Cy B (34) MOXKHO OLH-
caTb pasjiMdHble HAOJIIO/IAIONIMECS B IPUPO/ie KOHMUIYypalud KPYIHbIX BUXPEI.

Nsyuas rpaduku puc. 6 MOKHO 3aK/JII0YUTh, YTO MOJEJIbHOE BbipazkeHue (34) na
Ka4eCTBEHHOM YPOBHE HPHEMJIEMO OLUHMCHIBACT HEKOTOPbIe CBOHCTBA KPYIIHbBIX BHX-
PeBbIX BO3MYyIeHuil, HabroaeMbix B armocdepe [3]. Boipaxkenue (33) He sapisgercs
perenneM ypapHeHust (26), MOCKOJBKY MOJYYEHO MPH JOBOJHHO CIIOPHOM MPEIIO-
JIOZKEHUH, OJIHAKO MOZKeT OBITH UCIOJIL30BAHO B KAYECTBE MOJIEIHLHOTO, TAKZKE KaK U
soipazkenue (28). Haiigennoe soipazxkenne (34) mam (29) MOXKHO HA3BATH MOJEJIBIO
[IOJIHOCTBIO PA3BUTOIO BHUXPS C BEPTHKAJIBHON OCHI0 BpAIIEHHs, MOJEJIUPYONLYIO
HO3HIO0 CTAMI0 PA3BUTUA BUXPEBOIO BO3MYILIECHUSI.

Boipazkenus (28), (33) mesaior oueBuAHOI HEOOXOAUMOCTH AKKYPATHOIO y4eTa
0CeBOI CKOPOCTH, MO3BOJIAIOIIEI0 H30€2KaTh BO3HUKHOBEHHsI OECKOHEYHOCTH HA OCH
BpalieHus. BeposaTHo Ha HAYAIBHON CTAAUN PAZBUTHS BUXPEBOIO BO3MYILICHUST BaZK-
HBIM sIBJIdeTcs ydeT byHkmun w(r) # 0, KoTopas SBIAeTCs HAIAJbHBIM BXOIHBIM
IIapaMeTpPOM MOJEJIH.

Biusguue BA3KOCTH Ha IpOTEKAIONIUe sBJICHUsS HYKJAaeTcsd B U3yYeHUU. 3/eCh
MOZKHO JIUIIb CTPOUTH HpeINoIoKeHnd. BOo3MOKHO UMEHHO BI3KOe TPeHHe MeIllaeT
YIVIOBOI CKOPOCTH JIOCTHYb KpaiilHe BbICOKMX 3HAYEHUI HA OCU BpalieHus. Bo3Moxk-
HO TaKzKe JijIsi BUXpeil HeOOJIbIIOro pa3Mepa «1Jia3y BUXPs B BUJIE HYJIEBBIX YIJIOBBIX
cKOpocTeil BpalieHnsi Ha0JII0/IaThCsl MOKET JIMIIb B UJI€a/IbHON YKU/IKOCTH, a B B3~
KO »KMJIKOCTU BeposiTHee HAOJIO/IeHue «sijipay Buxps. JleficrBure/ibHO, JiJisl MEHb-
IIUX BUXPeil JTO2KHBI HaOJII01aThes O0IbINe 3HAYeHUs YIJIOBOI CKOPOCTH OJTU3KO K
OCH BpallleHus, I'PA/IMEHTH TAHT€HIINAIbHOM CKOPOCTH BOJIM3HM OCH BPAIECHUS BEJIH-
KU U BA3KUE 4BJICHUA IIPOABJILAIOTCA B TOM, YTO paJuaibHOE paclpe/ie/iecHue yrjoBoi
CKOPOCTHU BBbIPABHUBAETCs, B pe3y/IbTaTe «Ija3ay BHUXps He HabOJoaeTcs, a HabJIio-
JIaeTcs «dA/Ipo» BUXpsA. Jlyig KPYIHBIX BUXpeil BIUdHUE BI3KOCTH BEPOATHO cjadee
U He HPUBOJAUT K PEOOPA30BAHKIO «IJIa3a» BUXPSI B €10 «SIJIPO».

3.2. JIMHENHOE IIPUBJIUKEHUE

IIpu BeiBoze (28), (33) HEHOCPEACTBEHHO HE HCIOJIb30BAIHUCH CJAraeMble p U
gBp(1+ p)~! ypasuenus (22), xapakrepusyloliee B3auMojeicTBUE BUXP C CTPATH-
dukanueit (GOHOBOIO COCTOAHUS, KOTOPOE ABJsIeTCS (PU3MIECKON MPUINHON yCcuie-
HUSI BUXPEBOTO Bo3Mymlenus. Komedno 310 mesaer Boipazkenus (28), (33) Becbma
IPHOJIMZKeHHBIMA U JIHIIb YACTHIHO ONUCHIBAIONIUME CTPYKTYPY KPYIHOTO BHXDSI
I TOJILKO Ha KAKOM-TO [O3/IHEM JTalle ero pa3BuThs. Ha Hada bHBIX STamax e/IuH-
CTBEHHOW HPUYMHON yBeJIMYeHUsl YIJIOBbIX CKOPOCTeW BUXPEBOI'O BO3MYILEHUS, CO-
IIaCHO ypaBHeHuo (21), saByisieTcs B3anMoJieiicTBue ¢ (GOHOBBIM T€UEHHEM, B DE3Y/Th-
TaTe KPYIMHBIE BUXPH MOTYT CTaTh HAGIIOMAEMBIME B BHJIE TOPHAJO, CMepUYeil MIH
TPOMUYECKNX NHUKJIOHOB. Be3 yuera craraeMoro ap ypasenus (22) HEBO3MOZKHO
TOBOPDHUTBH XOTsI ObI O KAYeCTBEHHOM OINMCAHUU M3YYAEMBIX KPYMHBIX BHXDEH BO3-
HUKAIMUX B aTMocdepe. B ciayvae mouTn cTannoHapHOTO TOBEIEHHS W3YIaeMOro
BUXPEBOTO TEYEHHsI, COTJIACHO ypaBHEHWO (22), caaraeMoe ayp y4ecTh He YIaeTCsl.
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Bce ke 0YeHb BayKHO MMETh XOTs-Obl KAYECTBEHHOE IIPEJCTABJICHHE O BJIUSHUU
cJaraeMoro «p ypasaenust (21) na pemenue. Takoe mpe/cTaBieHHe MOXKHO TIOJIY-
YHUTh, €CJIU MPUBJIEYb JIJIs PellleHus ypaBHenus (21) ynporrnaroriee mpemnoaokKeHue o
MAaJIOCTH ILJIOTHOCTH BUXPEBOIO BO3MYIIEHH. DTO HPEIIOJ0KEHHE MOPAa3yMEBAET
pPacCMOTPEHHEe TOJIBKO Hanboiee 3HAYUMbIX JIMHEHHBIX caraeMblx ypasHenus (21).
[Tpu smueapusanuu ypashenusi (21) KBajparbl I'DaJMEHTOB U CKOPOCTEH H3MeHe-
HUA IJIOTHOCTH JIOJIZKHBI ObITh HPHMHSITHI PABHBIMM HYJIIO, YTO TaKzKe HPUBOJAMUT K
UCYE3HOBEHUIO cjiaraeMbix Buja (1 + p), croguux B 3HAMEHATE/e KBaJPATUYHbBIX
10 IJIOTHOCTHU CJiaraeMbiX. SHamenaresm Buja (1 + p) B KBaPATHUHBIX CJIAraeMbIX
ypaBHeHus (21) MOryT OrpaHUYUBATH 3HAYUTEJNBHBI POCT MO MOJY/IIO MJIOTHOCTH
BUXPEBOT'O BO3MYINEHUsI HA OCH BpallleHust. B pe3y/ibrare JInHeapu3anuy y1aercs 1o-
JIYIUTh pelieHue ypaBHeHus (21) ig MI0THOCTH, KOTOPOe UMeeT 0COOeHHOCTD mep-
BOI'O POJIa Ha OCH BpAIEHHs, & B HEKOTOPBIX C/IydasX elle U B OLpPe/Ie/IeHHON TouKe
yJaJIeHHOl 0T ocu BpaiieHus. [lojyuaembie pelenus JIMHeAPU30BAHHBIX yPABHEHUI
3aBEJIOMO IPOTHUBOPEYAT IPUHUMAECMOMY DU MX BbIBOJIE HIPEJIIOJIOKEHUIO O MaJIO-
CTM BUXPEBOIO BO3MYILEHUS IJIOTHOCTH. Bee ke OyjeM HaJesarbes, 4T0 HEKOTOPbIil
HAYAJIbHBIA 9Tall PA3BUTUS BUXPEBOIO BO3MYIIEHHUS TAKOE NPUOIMAKEHHE OLUChIBa-
er. Kak 0b110 OKa3aHo npu BbIBO/E Boipazkenuit (24), (28), (33) Geckonednoctn Ha
OCH BpallleHUsl MOT'YT MCY€3aTh [IPH aKKYPATHOM y4YeTe OCEBOH CKOPOCTH BHXPEBOIO
JIBUZKEHHsI. VIHBIMH CJIOBAMHU pedb UjeT 00 UCC/IeJOBAHIE YCTOUUBOCTH BO BpeMe-
au. I1o mpocTpaHCTBEHHON KOOp/MHATE B HEKOTOPOil COBOKYIHOCTH TOYEK MPH ITOM
MOZKeT HaOJII0AATHCI OCKOHEYHOCTD.

Jluneapusyem ypasuenune (21). O6 oceBoit ckopocru OyJieM Lpejaoararhb, 4ro
ona yjosiersopsier pemennio (12) npu ycaosum w(r) = 0. Ilpu srux ycaoBusix
0CEBOIl CKOPOCTBHIO MOZKHO npenebpednb. Boipaxkenue (20) siBisiercss KBaJpaTHIHbIM
10 IJIOTHOCTH U JIOJIZKHO ObITh IIPUHATO OECKOHEYHO MaJIbiM, TaK 4TO TpeDOBAHHE
OTCYTCTBHS SIBHOW 3aBHCHMOCTH IIJIOTHOCTH BO3MYIIEHHS OT BPEMEHHU JJIsd JIHHea-
PH30BAHHOIO C/aydasl HE peaju3yercs. JInHeapu3alys MO3BOJISET JIMIIb OIUCATH
VCTOYMBOCTH BUXPEBOIO T€YEHUsl U HaYaJbHBIE TAllbl €r0 pa3BUTHs. 1Ipu BbIBOjE
BbIpazKeHus (33) MOKA3aHO YTO y4eT OCEeBON KOMIIOHEHThI CKOPOCTH BHUXPSI MOZKET
LPUBOJUTH K MCUYE3HOBEHUIO OCOOEHHOCTH HA OCH BPAIICHUsI JJI ILJIOTHOCTH BUX-
PEBOIO BO3MYILEHHs, BOSMOXKHO U JIJIsl JIMHEITHOTO citydast ypaBHenus (21) ymacres
Haiitu GopMy 3a1CU 0CEBOIT CKOPOCTH TAKYIO, 4T0 GECKOHEYHOCTh HA OCU BPALIECHU S
BO3HUKATH HE OY/IET.

U3 ypasrenus (21) nosydaem juist MaJibiX BO3MYIIEHHH [IJIOTHOCTH:

2
C
Pt + (CY - gﬁ) p= Cgprr + 370 Pr- (35)

Ypasuenue (35) pemraercst ¢ IOMOILIBIO METO/Ia Pa3jiesienus nepeMennsix |6]. Or-
MeTuM, 4ro ciaraemoe (a — gf3) p 3anuchBaeTCs B TOil 4acTu ypaBHEHHsl, KOTOPast
OIUCBHIBACT 3aBUCHMOCTH OT Bpemend [5]. lasee qra kpaTkocTa npuMeM a—gf ~ a,
IIOCKOJIbKY ¢} MEHHMYM HA J[Ba HOPsIJIKA MEHbIIIe, YeM (v, XOTb, BEDOSITHO, B HEKO-
TOPBIX CJI0AX CTPATHMUIMPOBAHHOMN KHUJIKOCTH TO Pa3/Iniue MOKET 0Ka3aThCsl Cy-
IIIEeCTBEHHBIM. B pe3yJjabTaTe pa3JgesjieHnd MepeMEeHHBbIX TTPpUu MOMOIIU TIOJACTaHOBKU
p(r,t) = F(t)G(r) nomyuanrcs aBa ypaBHEHUs ¢ OOIIUM HPOU3BOJTBHBIM YHCIOBBIM

napamMeTpom A:

2
Gy + 3%@ —\G. (37)
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Pemenne ypasuenust (36), OMUCBIBAIOIIETO 3aBUCHMOCTD OT BPEMEHU ILJIOTHOCTH
BUXPEBOI'0 BO3MYIIEHUSI, €CTh

F(t) = Cssin(y/a — 2A\t) + Cycos(y/a — 3At),

KOTOpPO€ MOZKHO IIepeliicaTb B BU/IE

F(t) = Cycos(y/a — BN+ ¢y), (38)

I7ie ¢y — HEKOTOpas MOCTOSHHAs, UMEIOIIas CMBICJ HAYATbHOM (Dha3bl.

OueBnHO, uTO pemnterue (38) MpU OTPUNATETHHBIX 3HAYEHUSIX (¢ M JOCTATOYHO
MaJIbIX A BEJIMYMHAX MOKET UMETh KaK 9KCIOHEHIMAJIbHO PACTYIIee BO BPEMEHU Bbl-
pazKeHue, TaK ¥ IKCIIOHEHIMAJIbHO 3aTyXxaloniee Bo Bpemenu. lIpu noJsioxurebHbIX
3HAYEHUSIX (¢ U JIOCTATOYHO MAJIbIX BeJMYMHAX A perienue (38) siBisiercsi rapMOHH-
yeckoit pyHKIuei.

[Tocmorpum cHavasa ciry4dail pemenust ypasaenus (37) UpU HYJIEBOM 3HAYCHUU A,
ABJIAIONIUNCA 9acTHBIM ciaydaeM. OH MHTepeceH TeM, 4TO MOJIydaeMble aHATUTHYIE-
CKHe DelleHHsl MMEIOT MPOCTON U HarjsiiHblil Buj. Pemenune ypasuenus (37) mpu
A =0 ectp [5]:

G(T) = Cl + 7’_2

1 mI0THOCTH, Tepeonpeie/isdsa MOCTOSAHHbIE NHTEIPUPOBAHNS, 3AIIUIITEM:

C.
p(r,t) = (C1 + r_22 cos(y/a — BN+ ¢y). (39)

Takos mambosee IPOCTOI BUJ ILIOTHOCTH BHXPEBOTO BO3MYINEHH, IPOAHAIN3N-
pyem ero. Ilpm r = 0 310 pemenue obpamaercda B 0ECKOHCYHOCTD, UTO ABJISETCS
€0 HECOMHEHHbIM HE€J0CTATKOM, HOCKOJIbKY IIPEAIIOJJIOZKEHUE O MaJIOCTU BHUXPEBO-
I0 BO3MYIIEHUs HapyliaeTcd BO/m3u ocu BpaieHus. [lo 310it nupuynne MOHATHO,
YTO IPUEMJIEMbIX 'DAHUYHBIX YCJIOBUI IOCTABUTH HE YJIA€TCs, 110ITOMY Oy/JeM Opu-
CHTHUPOBATLCA HE Ha CTPpOI'u€ I'paHUYHbIE YCJIOBUA, a Ha Ka4€CTBE€HHOE€ IIOBEICHHEC
ucKoMOro pemenus. OrMedaem, 910 Jjisl Y/IOBJIETBOPEHUs YCI0BUil HA OECKOHEYIHO-
CTH, IJIe ILIOTHOCTH BO3MYIIEHH JOJIZKHA CTPEMATLCA K HYJ/II0, HeOOXOIMMO IPUHATD
Cy = 0. Beipaxkenue (39) yObiBaeT 06paTHO HPOMOPIUOHAIBHO KBaJIpaTy PacCTO-
aaug 10 ocu Bpamennsd upu C7 = 0. CoxpaHuM 3Ty IOCTOAHHYIO, KOTOpas MOZKET
UMeTh MaJoe, HO He HyJIeBOe 3HAYCHHEe, UMed BBH/Y IPUOINKEHHOCTh PACCMATPHU-
BaeMOI'0 BbIpazK€HUA.

HOCTOHHHaH HHTEI'PUPOBaHUA CQ ABJideTcd 110 CMbICJIY aMHﬂI/ITy,ZLHOﬁ n MOzZKeT
UMETb KaK OTpUllaTE/IbHbIC 3HAYCHUA, TaK KU 110JIO2KHUTEJIbHbIE, YTO OIIMCbIBA€T JBa
Pa3JIMYHBbIX BUJIA re0pu3niecKuX BUXPEBbIX BO3MYIIIEHU, XapaKTePU3YIOIIUXCs 110-
JOXKATEJIbHOA W OTPUIATEIbHON aHOMAaJMENl IJIOTHOCTH.

Ksajpar yrioBoii ckopocru, Bbraucjaenubiii cornacuo (12) u (39), upu C; # 0
eCThb

92(7’) _ 2C%F(t)02 (40)
(017“2 + Cg)F(t)T2 + rd )

Boipazkenune (40), xak u pemrenue (25), 0OpaTHO IPONOPIUOHAIBHO YeTBEPTOiL
CTElIEHU PACCTOSIHUS OT OCU BPAIleHUs], HO HECKOJIBKO CJIOYKHEE B CBA3U C BOSHUKHO-
BEHHEM 3aBHCHAMOCTH OT Bpemenu. ['paduk pacupenenenus (40) B 3aBUCHMOCTH OT
PACCTOSIHUS 10 OCH BPAIeHNs TPUBEIeH Ha puc. 7 s 3Hadennii koucrant C7 = 0.0,

Cy = +£1.0, ¢g = 340, F(t) = 10.0 n ayist pa3audaHbIX 3HAKOB MOCTOSTHHON Co.
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Puc. 7. Ksagpar yruosoit ckopocru (40)
JUISL TIOJIOZKUTEJBHO (CIeBa) U OTPHIATENbHO (CIpaBa) BO3MYIIEHHBIX BHXDEIl.

Ecsin npu 1os10xuresibHbIX 3Ha4eHusx nocrostuuoii Cy rpaduk KBajapara yrio-
BOIi CKOPOCTH UMeeT eJIMHCTBEHHYI0 0COOEHHOCTD 1pH 1 = (), TO IIPU OTPUIATETHHBIX
3HaYeHHs MOCTOAHHON Cy mMmeercs jaBe ocoOeHHOCTH: Tpu © = ( ¥ IpH 3HAYEHUU
r=r,=(CiFt)+1)"" \/=(CLF(t) + 1)F(t)Ca, KOTOPOE MOIOKHTETHHBIM MOKET
0Ka3aTbCsA TOJBKO MPH OTPUIATETLHOM 3HadeHHu KOHCTaHTHI Cy. B 3rom ciydae
upu r < r, KBaJIpar yrJa0BOH CKOPOCTH OTPULIATEJNEH, YTO 03HAYAET MHUMOCTD Ca-
MOH YIVIOBOH CKOPOCTH, T. €. YIJIOBasg CKOPOCThb $BJIAETCs He HaOJI0j1aeMoii npu
9TUX 3HAYEHUSIX Pajuyca. BeposiTHO, 9TOT HEJOCTATOK PEIeHUsI CBA3aH ¢ TE€M, YTO
B JIMHEHHOM 1pUO/IMKEeHUH HTPEHEOPEZKEHO C1araeMbIMU, KOTOPbIE CTAHOBITCS CYIIE-
crBeHHbiME 1pu crpemjienun p(R,t) — —1 cBepxy.

[Tpu yBemaenun Moy ist HOCTOAHHON Co TOYKA, B KOTOPOil BOSHUKAIOT MOJIOZKH-
TeJIbHBIE 3HAYEHUsI YIJIOBOI CKOPOCTH, CMeIaeTCsi BIPAaBO, KOOPAUHATA, B KOTOPOIi
rpaduk nepecekaer och abenuce ecth 1, = \/—F(t)Cy(C1F(t) + 1)~1. B ciayuae,
eC/JIM 3aBHCHMOCTH OT BPEMEHH sIBJISeTCS SKCIOHEHIHATbHO pacTyeil dbyHKIimei,
TOUKa IepecedeHns CTPeMHTC K 7, — \/—CyCy ', 970 03Ha4aeT CTalHOHAapHOCTD
9TOIl TOYKH B IPOIECCe pOCTa IJIOTHOCTH BO3MYIIEHHs cO BpemeneM. llpu ycioBum
C7 = 0 noJiokeHne TOYKH 7y Oy/1eT 3aBUCETHh OT BpeMeHH. 3HadeHue 1noctogHuoin C
BJIMSIET HA 110JIOZKEHUE TOYKH T, M €€ M3MEHEHUe BO BPEMEHHU.

Bo3HUMKHOBEHHE 1OJIOKUTEJIBHBIX 3HAYEHUIT KBajpara yIJIOBOIl CKOPOCTH B pe-
menun (40) npaBee TOYKHU 7, MOXKHO HHTEPIPETUPOBATH KAK [OSBJICHUE BHXPEBOIO
BPALIATEJIBHOTO JIBUKEHUS UPU T > Ty. JleBee TOUKM T, BPAIATe/IbHOIO JIBUZKEHUSI
JKUJKOCTH He Hab/omaercsa u 06actb 0 < 7 < 7, MOYKHO HA3BaTh «IJIA30M» BHXDsI.
DTH BBIBO/IbI KAYECTBEHHO COOTHOCSITCS € BBIBOJAMHE MPEICTAB/ISIEMBIME MOIETHHBIM
soipazkenueM (29), (34). K coxanenuio Boipakenue (40) mokasbiBaeT 0COGEHHOCTH
[IePBOTO POJA, 9TO ¢ (PU3UIECKOIl TOUKH 3peHHs He MPHEeMIEMO sl MaJIbIX BHXPe-
BBIX BO3MYILEHUT, B TO BpeMsi KaK Bbipazkenust (29), (34) ocraiorcs OrpaHudeHHbIME
C POCTOM PACCTOSTHUA OT OCH BPALICHUS.

[Tpu 110J10KNTEIBHBIX 3HAYEHUSIX OCTOsAHHOM Cy KBajpaT yIJ0BO#H CKOPOCTH OT-
puLaTeeH. DTO O3HAYAET, YTO 0JIOKHUTEJbHbIE BOSMYIIEHHUs IJIOTHOCTH BUXPEBOI'O
BO3MYIIEHUs] UMEIOT TOJbKO MHUMYIO YIJIOBYIO CKODOCTDH BPAIEHUs, IPYTUME CJI0-
BaMH B JIMHEHHOM NpUOJNKEHUN TaKdHe BHXPEBbIe BO3MYIIEHUS HE IPOSIBJISIOTCS B
BHJIe BPAINAOIIEHCs KUIKOCTH, JIHOO 9TO O3HAYAET HEMPHEMIEMOCTh IIPUHAMAEMBIX
YIPOTIAIONIUX HPEINOI0KeHuil (HanpuMep, IpeHeOpezKeHne 0CeBOli CKOPOCTHIO) B
9TOM CJIydae.

[Tepeunciientbie HeJOCTATKHA 00YCJIOBJIEHBI I'PYDOCTHIO JIMHEHHOI'O ITPUOJIMIKEHMS,
BO3MOKHO y4eT OCEBOH CKOPOCTH M BA3KHMX #BJICHUI MOKET W3MEHUTb 3TH 0COOEH-
HOCTH.

[Tpu A # 0 o6mum perennem ypasrenus (37) siBjisieTcsi BblpazkeHue

G(r) = % (1, \/——)\R> v %Y (1, \/——)\R> , (41)

rae J (1,2), Y (1,2) — dynkunu Beccesst nepsoro n Broporo poja 5|, Beipazkenne
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JUIsl IVIOTHOCTH B 9TOM CJIydae eCTh
|Gy Cs 5
p(r,t) = TJ (1, V —)\R> + TY (1, V —)\R> cos(y/a — cgAt + ¢p). (42)

[Ipu Cy # 0 pemenne (41) mocturaer GECKOHEYHOCTH HA OCH BpPAIIEHHsl, MPH
(5 = 0 GecKOHEYHOCTH He HAOJI0/IaeTcs, HO peIleHHe OCTAeTCs HPUOJIM3UTEHHO
IOCTOSTHHBIM C POCTOM PACCTOSIHHS OT OCH BpalieHnd. HecrtammonapHoe moBejeHme
pemenus (41) Boamozkuo mpu A # 0, gaxe B orcyTcrBun crparudukamu GOHOBOIO
COCTOAHuULA 1Ipu & = 0 KpOMe TOro, O4€BH/IHO, YTO IIOJIO2ZKHUTEJIbHbIC 3HAa4Y€HUA
napaMerpa A He NPUEeMJIEMBbI.

DKCIOHEHIIUAJIBHBI POCT pEeIIeHUsI BO BPEMEHH HAYMHAETCH [PU yCJIOBUU O —
2\ < 0, unade roBops NPH HEKOTOPOM 3HAYEHUU Yy U OTPULATEJLHOM A UMEeTCst
I0pPOroBoe 3HaueHue cTpaTudukaui GOHOBOIO COCTOAHMA vy < |cAA|, IpH KOTOpOM
MOTYT BO3HHKHYTDH YCJIOBHS JJIsl SKCIIOHEHITHAJIBHOIO POCTa BO BPEMEHH ILTOTHOCTH
BHXPEBOIO BO3MYyIeHudA. /JleificTBUTE/IbHO, IPpH He CYIIeCTBEHHON cTparmduKanum
¢dOHOBOIO TedeHns 3HAYUTETLHOIO POCTA BUXPEBBIX BO3MYIIEHHN He HAOJIOMAETCH,
CJIEJIOBATE/IbHO, Peaiu3yIoTcs B arMocdepe OTpUIlaTe/IbHbIe 3HAYEHHs apamMerpa \
BEPOATHO MaJibl€ 110 MOJ/YJ/IIO U OTJIMYHbIC OT HYJIA. BOBMO}KHO AJId KazK10I'0 BUXPeE-
BOI'O BO3MYIII€HU A BE€JIMYIUHAQ )\ O6yCJIOBJ'II/IBaeTC5{ MEXaHU3MOM BOZHUKHOBCHUA 9TOI'O
BOBMYIIEHUA U MO2KET BaPbUPOBATbHCA B KaKUX-TO IIpeJde/lax.

Ksajpar yriosoii ckopocru, sorauciiennsiii u3 (12) u (42), umeer He CJIOKHBII,
HO TPOMO3JIKHI BU/I, U 3/1eCh He IPUBOAUTCA. Bui paauaabHOil paciupeaesenns s
HEI'0 HMeeT 3aBHCHUMOCTH OT ITOCTOSHHBIX MHTETPUPOBAHMSA AaHAJOIUIHYIO BhIpazKe-
auio (40) ¢ u3MeHeHneM 3Haka MOCTOSHHON Ch HA MPOTHBOMOJIOXKHBIN, 1 TpUOOpe-
TaeT HEKOTOPYIO 3aBHCHMOCTH OT IIapaMeTpa A, COXpaHssd 3aBUCAMOCTD OT IIOCTOSH-
noit C';. Yewm GoJibire MOILY/Ib OTPULIATE/IHBHOTO 3HAYEHUs HapaMeTpa A, TeM OJinzKe
K OCH BPAIEHKUs PACIOJIATAeTCs TOYKA Ty, 3HAYEHUE KOTOPOH MOZKHO 1OJIYYUTh YUC-
JIEHHO, 33/1aBasiCh YUCJIOBbIME 3HadeHusiMu napamMerpoB. C pocToM BpeMeHHON da-
CTH PelIeHnus TOYKA 7'y B 'PadUKe YIJIOBOM CKOPOCTH CJIBUTAETCS B CTOPOHY OOJIbIITNX
pajgmycoB. [Ipumep rpaduka KBajgpara yIii0BOil CKOPOCTH Ka4eCTBEHHO aHAJIOIHYeH
[IpeJCTABJIeHHOMY Ha PHC. 7, HECKOJIBKO OTJIMYAIOTCS JIMIIb 3HAYEHUs IOCTOAHHBIX.

Beckoneunble 3uadenus pemienus (42) Ha ocH BpallleHHs] He MO3BOJISIIOT MOCTa-
BHUTH [IpHEMJIEMbIe TPAHUYHBIE YCJIOBUsI, BO3MOZKHO JIUIIb 0100PATh YUCIOBbIE 3HA-
YeHHs IapaMeTpPOB peIleHHs, HHTEePEeCYsICh JUala30HAMU YHCIOBBIX 3HAYEHHH IS
HUX, COIIOCTaBUB IIOJIY4Y€HHOE€ pelieHue C IKCIIEpUMEHTAaJIbHbIMA JIaHHbIMMU. Ka‘{e—
CTBEHHOE HOBeJeHue pertennst (42) He OTIMYaeTcs 0T TAKOBOIO juis pernenus (39).

MOKHO 3aKJIIOYUTh, YTO KAYECTBEHHOE IOBEJICHUE JIMHEAPU30BAHHOIO pellle-
uust (39) mwim (42) orciekuBaeT HEKOTOPbIE OCOOEHHOCTH MOJEJIBHOIO pelre-
uus (28), (33). i oTpunaTebHO BO3MYIIEHHOIO BUXPEBOIO BO3MYIIEHHUS HMEeTCs
«IJIa3» BHUXPs, JOCTHTAOIINANA B TOYKE 7, OECKOHEYHOIO 3Ha4UeHHs. becKoHedHbIe
suavenust (40) mpu r = 0 u r = 7, ABISIOTCS HEJOCTATKOM DEIIEHNSs, BHITEKAIOIIIM
U3 JnHeapu3anuu ypasaenus (21) u npeneOpeKeHus: 0CeBOii CKOPOCTHIO.

Bumecre ¢ tem, B perienusix (42), (39) npoc/ieKuBaercst BJAHsIHUAE CJIAIAeMOro (p
ypasuenusi (21). Ilpum orpunaresbHbIX (¢ IJIOTHOCTH BUXPEBOIO BO3MYIIEHHS MO-
ZK€T PACTU IKCHOHEHIUAJBLHO BO BpeMenu. I, BepOsATHO, MOXKET JIOCTUTHYTh BeCbMa
BHYHIUTEJIbHbIX BEJIMYHH. B 3TON AUHAMUKE JIOJIZKHO ITPOABJIATBCA OTJIMYUE ME2K-
JIy BUXPEBLIMH BO3MYIIEHUSIMHU C MOJOKUTEIBHON W OTPUIATETHHON aHOMATUSIMI
IIJIOTHOCTMH. HO.HO)KI/ITGJIBHO BOSMYIIEHHBIM BUXPAM HUYETO HE MeEIlllaeT YyBeJIUn4u-
BaTh 3HAYEHNE CBOEH MJIOTHOCTH BO BPEMEHH B COOTBETCTBYIOIIEM CJIOE€ aTMOCQEPHI.
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A 71g oTpuUnAaTeIbHO BO3MYIIEHHBIX BUXPEHl POCT BHU3 OIPAHUYEH IJIOTHOCTHIO (ho-
HOBOTO COCTOSIHUS, BeJIb CyMMa IJIOTHOCTEll BO3MYIIeHns 1 (POHOBOTO COCTOSHUS He
MOZKET OBITH MeHbIIle HYJId.

Poct BO Bpemenum i 000UMX THUIOB BHUXPEil JOMOJHUTETHHO OTPDAHUIUBAETCS
HEYYTeHHBIMH KBaJPATHIHBIM 110 CKOPOCTH POCTA IJIOTHOCTH BHXPEBOTO BO3MYIIE-
HUsl cJlaraeMbiM ypasaenus (21). B pesysibrare 5moro orpanudenus 6G€CKOHEUHBIX
3HAYEHUIl IIOTHOCTh BUXPd BEPOSATHO HE JOCTUTHET MPHU IKCIOHEHIHAJBHOM PO-
cTe BO BpeMeHH. Ha mo3mHEX 3Tamax TOTO pocTa MOXKHO OXKWUJAATh HapyIIeHHe
coornomtennst (13) uiu u3MeHeHHe yPaBHEHUsI COCTOSIHUS, KDOME ITOI0, BO3MOZKHO
HapyllleHue YCJ0BUN a/[nabaTUuuHOCTH BUXPEBOI'O BO3MYILEHUS, IIOCKOJIbKY yBeJInie-
HUE IIJIOTHOCTU BO BPEMEHHU MOYKET BbIPAKaTbCd B COOTBETCTBYIOIIEM YBeJMYEHUU
TeMIeparypbl BO3MYIIEHUSI.

[Ipr MOJIOKUTENBHBIX (¢ IIJIOTHOCTh BUXPEBOI'O BO3MYILIEHUS SBJISIETCS OIDAHU-
YEHHOI ¥ 3HAKOIIepeMEeHHOW BO BpeMeHu BejinuuHol. B cjiosax armocdepsl, 1jie Bbi-
HOJIHSETCS TO YCJI0BUE BO3MOZKHbBI KOJle0aTe/IbHble M3MEHEHUs 1IJIOTHOCTU BO BpeMe-
uu. IIpu 3TOM KBaJpar yriaoBoii ckopoct, cormacHo (40), Takzke MOXKET OKa3aThCs
3HAKOIIEPEMEHHO BeJUYNHOM, YTO MOXKET MPUBOJIUTH K MCUYE3HOBEHHUIO BUXPS DU
OTPUIATEJFHOM KBaJpaTe YIVIOBOIl CKODOCTH, W C TeYeHHeM BpeMeHU K ero BHe-
3aIHOMY TOSIBJIEHUIO TIPH TOJOKHUTEJIHbHOM 3HAUeHHH KBaJIpaTa YIJIOBOU CKOPOCTH.
Buxpp B TakoM cJioe Oy1eT BO3HUKATh, YCHJIUBATHCS, 3aTeM OcIabeBaTh U UCUYe3aTh
HA HEKOTOPOE BpeMsi, 110 1IPOIIEeCTBUU KOTOPOI'O BHOBb BO3HUKHET. Bupoyem 310 Tak
HA OCHOBE JIMHEITHOI'O aHaJ/In3a, KOTOPbIIT MOZXKEeT 0Ka3aThCs BeCbMa HE TOYHbIM.

Ha ycusrenne BuXpeBOro Bo3MyIIeHHsI BO BpEMEHH OIIPe e IdIolee BINSHIE UMe-
er BesjimauHa (o — g3), onmcebiBaomas crparudukanuio (GOHOBOIoO cocrositust. Pas-
BUTUE KPYIIHOI'O BUXPEBOI'O BO3MYIIEHUS, [HO3/[HUE CTAJUU KOTOPOU IIPe/ICTaB/IeHbI
Boipazkenusivu (29), (34), onpe/ie/isier B OCHOBHOM BTOpast IPOU3BO/HAS TEMIIEPATY-
pbl (POHOBOI'O COCTOSIHUS, IIPUBOJIS K YCUJIEHUIO BUXPS JI0 3HAYUTE/IbHBIX BEJIMYKH.
B unBepcuoHHbIX €J10sX aTMocdepbl JI0JIZKHbl HAOJIIOAThCH KAaK OTPULIATE/IbHbIE
3HAYEHNUS BEJTNIUHBI (v, TAK U e [OJIOKUTEeTbHbIE 3HAUeHNS, IIPIIeM OJHOBPEMEHHO,
HO Ha pas3Hoil BbicoTe. Hampumep B BepxHeil 4acTu rpo30BOT0O 00JaKa, B MHBEDPCH-
OHHOM CJIOe, HAOTIOAA0TCd 00a 3HAKA BeJUYUHBI . Takue ycjoBUsS BO3MOXKHBI U
BOJIN3HU IIOBEPXHOCTH.

IIpencTaBiennble pa3MBIILIEHAS MOXKHO HCIOJIb30BATh /Il OObICHEHHS MeXa-
HU3Ma 00pa30BaHUsd TOPHAI0-II0I00HBIX KPYIHBIX BUXpeil B armMocdepe.

Kazkiplit 13 orpoMHOro 4mucjia pa3sHooOpa3HbIX BUXPeil BCerja MMEIUX MeCTO
B TypOyJIeHTHOIT aTMocdepe, XapaKTepu3yeTcs MyCTh JazKe He3HAYUTETbHBIM BO3-
MyTIeHreM ILJIOTHOCTH, B HEOJHOPOJIHO CTPATHMUIPOBAHHOM aTMOCGEPHOM CJIOe
HOoT4uHAeTC ypaBHeHuoo (21). DTo 03HAYAET YTO MIIOTHOCTH ITUX BUXPEBBIX BO3-
MYTIEeHHN B TeX CJI0dX, TJe HAOIIOMAI0TCS 3HAYNTeTbHble OTPHIATETbHBIE (v, 38 KO-
HEYHOe BpeMsl, MPOHOPHUOHAIBLHOE \/—(, JOCTUHET 3aMeTHbIX 3Hadenumil. Taxoil
BBIBO/| MOYKHO CJIeJIATh U3 aHAIM3a JIMHeApU30BaHHOIO ypasuenus (35). Ha nosu-
HUX CTaIMSX ITOrO 1POoLecca JnbO BIUsAHUE BA3KOCTU, JIMOO U3MEHEHUe yPaBHEHUs
COCTOSIHMS OCTAHOBST LPOLECC pocTa oTHOCTH. TOpHa0 (BOASHBIME WU 11bLIb-
HBIMH CMePYaMU) CTAHOBSITCS TOJBKO JOCTATOYHO KPYITHbIE BUXDH, WMEBIIHE Mep-
BOHAYAJIHHO OTPUINATE/HFHOE BO3MYIIEHUE TJIOTHOCTU. FIWHCTBEHHAsT MPUYNHA UX
YCHUJICHUSI JI0 3HAYUTETHLHBIX BEJIMYUH COCTOUT B CTPATU(MUKAIUU CJI0sT aTMOChEpPHI,
B KOTOPOM OHU (POPMUPYIOTCSI.

CroiicTBa KPYMHBIX BUXPEil, W3BECTHHIE M3 HAOIIOJEHUNH W JIADOPATOPHBIX IKC-
nepuMeHTOB [3], Kak, HanpuMep, 3aBUCHMOCTh XapaKTepa BHYTPeHHel CTeHKH TOp-
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HAJIO-TIOJOOHOTO BUXPs OT pa3Mepa, KoTopas Bcerja 6osee pe3kas, 4eM BHENTHS,
npudeM [IJIs MEHbBIEro pa3Mepa BHUXPs 3TO Pa3indhe YCUIUBAETCH, KadeCTBEHHO
COBIIAIAET C MPEJCTABJICHHBIMI MOJIEABHBIME pesynbratamu (29), (34), (40).

B jannbix HaO/10/1eHUIT OTMEYaeTCs O4eHb HU3KOEe JIaBJIEHUE B IIEHTPE TOPHA/IO,
B 00J1aCTH «1VI1a3ay BUXPsd. DTO HAOJIIO/IEHUE COIVIACYeTCs € PAJIMAJILHBIM PaCIpe/ie-
JIEHHEM ILJIOTHOCTH KPYHIHOro BUXpPs (24) miam (28) B HaYa/IbHBI MOMEHT BPEMEHH,
IpeJICTaBJIEHHOI'O Ha pHuc. 2, 3.

YcemoBus HAOIIOIEHNS KPYIHBIX BUXPEBBIX CTPYKTYP B aTMocdepe MO3BOJISIOT
IpeJojiaraTh HaJudne HeoJaHOPoaHOl crpatudukamuu (o # 0) doHOBOrO COCTOS-
Hus armocdepnl. Paciipejiesienue remieparypsbl 110 BEPTHKAJIU B I'PO30BbIX 0bJIaKax
HPE/IIO/IATAIOT BHIIOJIHEHHs yeaoBue o # () B BEPTHKAJbHBIX CJI0SX BHYTPH 00J1a-
ka. VMeHHO Tam ormedaercs BO3HMKHOBEHHE BODOHKHU BHXDsi, KOTODas jlajiee MO-
JKeT YCHJIMBAsCh OLyCKAThCs K 1MOBEPXHOCTH. Takue yc/jioBHs BO3MOXKHbBI U BOJIN3M
MOBEPXHOCTH MOCKOJIBKY TaM 3HAYUTEIbHbI U3MEHEHUs TeMIepaTypbl (0COGEHHO BO
BpeMs TDO3bI), TOLJa BOPOHKA BHXPs MOZXKeT PACTH OT moBepxHocTu. He peako Ha-
6JIr0/1aeTCs, IYTO PACTYIINIl CBepXy U CHU3Y TOPHAI0 00be/INHAETCS B OJUH BUXPb, B
TOM CJIydae BEPOSITHO OJUH U TOT Ke BUXPb YCUIUBAETCA HA PA3HBIX BBICOTAX HE
PABHOMEDPHO, a HPONOPIMOHAILHO BeJMYnHe . AHAJOINYHbIE, 3HAYUTEJbHO MeHee
MacliTabHble BUXPEBbIE CTPYKTYPbl HAOJIIOJAAI0TCS 1 BOJIM3H 1IOBEPXHOCTU BOJIOEMOB,
BIIOJIHE BEPOSITHO BO3HUKHOBEHUE TAKUX yca0BHA (v # 0) M HaJ 3aCHEKEHHO 110-
BepxHocThio |3|. Ilpu BO3HUKHOBeHMH TOPHA0 BOJIM3M M3BEPraIONErocs ByJIKAHA
TaKyKe MOYKHO IPeJII0JIaraTh 3HAUYUTE/bHbIE U HEOHODPO/IHbIE Iepela/ibl TeMiepa-
Typ OKOJIO MOJHUMAIOIETOCs CTOI0A BYJIKAHMIeCKHX BBIOpocoB. Bo Bcex ciaydasax
MOKHO YTBEDPK/JIaTh, 9TO BBLIIOJIHSIETCS ycaoBue o 7 (.

Taxzke MoJie/IbHOE BhIpazKenue (34) MOKHO HCHOJIb30BATD U JIJIsl OIIUCAHUS KPYII-
HOMACINTAOHBIX siBJIEHUIT B arMocdepe TakuX, KaK TPOIUYeCKue UKJIOHbL 1 Taiidy-
Hpl. OJiHAKO BBU/ly 3HAYUTE/HHBIX BEPTUKAJIbHBIX MacIITabOB 3/eCh HEOOXOUMO
YUUTBHIBATH BJIMsHUE BOJSHOIO 11aPA M TEIIA BbIJIEISAEMOr0 IIPH €ro KOH/IEHCAIMH.
[TockombKy B OCHOBHOM TPOIUYECKIE UKIOHB (DOPMUPYIOTCS HAJT TPOTPETHIMU BO-
JIaMU MIPOBOTO OK€aHa U DU 3HAYUTETHHBIX BO3MYIIEHUIX TeMIIepaTypPhl B BepXHeil
JaCTH TPOMOCchephl MOYKHO MIPE/IITOTOKATH, IYTO MTapaMeTpP (v TAKyKe HTPaeT BayKHYTO
poJib 1 B (POPMHUPOBAHUY TPONUYECKHUX ITUKJIOHOB U TallbyHOB.

4. BBIBO/bI

B pa6ote BhiBoAgTCs ypaBHenus (21), (22), onuceiBaroriue BUXpeBOe BO3MYIIe-
HUE CKAMAeMON OapOKJIMHHON KUIKOCTH, HAXOJAIEECS B CTPATUMDHUIHPOBAHHOM
$OHOBOM TEYEHUHU.

Cranuonaphoe penienue ypasHenust (22) 6e3 yuera 0CeBOH CKOPOCTH siBJISIETCSI
M3BECTHBIM pererneM (24), Ha3bIBAEMbIM «IIOTEHIMATBHBIMY BUXPEM. YUeT 0CeBoii
CKOPOCTH JIJIst TIO3IHUX STAINOB PA3BUTHSI BUXPsI MPUBOIUT K KBajaparype (27), KoTo-
pasi B HESIBHOM BH/IE OTIMCHIBAET PACHPE/IeJIeHNE IJIOTHOCTH B BUXPE. [IpecTaB/ieHnl
JIBE TIOTBITKU yTIPOTIEeHus perenust (27), KOTOpble MPUBOJAT K MOJETbHBIM BhIPazKe-
uusM (28) u (34). Pemenue (24) u Boipakenue (28) NMEIOT OTPUNIATETHHOE 3HAUCHIE
Ha OCH BPAIEHUS BILIOTH J0 HEKOTOPOTO PACCTOSHMUS, TPaBee KOTOPOTO HAUHHAETCS
POCT TIOTHOCTH.

Mogenbrast yriaosas ckopocth (29) u (34), cOOTBETCTBYIOIIAsT PACTIPEICTEHUSIM
motHocTn (28) u (34), nveer HyJieBoe 3HAYEHNE HA OCH BPAIEHWS, HA PACCTOSTHHUSIX
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IPEBBIIAIONIX HEKOTOPOe I & 7'y CKAYKOO0OPa3HO BO3PACTACT, U JaJee MOCIe TOUKH
neperuda r = r9 MOHOTOHHO CTPEMHUTCH K HYJIIO, NPHOJIU3UTETHHO 0OPATHO IIPOIIOP-
IUOHAJIBHO KBAJPATy PACCTOsHUA 10 ocu Bpamienus (puc. 6). Takoe paauanbHoe
pacipeie/ieHne yIJ0oBOil CKOPOCTH MOXKHO HMHTEpPIPETHPOBATL KaK BO3HUKHOBEHHE
«ry1a3ay Buxps. 3aBucuMocThb (29), (34) OT HOCTOSHHBIX HHTEIPUPOBAHUS 103BOJISI-
eT ONuCcaTh PasJuvHble KOH(MUIYPALUU BUXPEH, IPU 9TOM 3aBUCUMOCTH OT BPEMEHU
MOKET IPUBOJUTH KAK K YMEHbIIEHUIO, TaK M K BO3PACTAHUIO YIJIOBOIl CKOPOCTH BO
BpPEMEHH, [IPU HE CYNIECTBEHHO MEHSIOMEMCH PauaibHOM PACHPE/IeJICHIH.

KagecTBeHHO IOXOKEe IIOBEICHIE TAKXKe IeMOHCTPUPYET U PelleHns JTUHEeAPU30-
BaHHOrO ypasuenus (35). Bes yuera oceBoii ckopoctu B pemenuu (39), (42) na ocu
BpalleHUs BOSHUKAIOT OCCKOHEYHbIE 3HaYeHnd IaoTHocTd. [Ipu yenosun o < 0 BO3-
MOKEH 9KCHOHEHIMAIbHBIA POCT IIOTHOCTH BUXPEBOIO BO3MYINEHHUsSI BO BPEMEHH,
upu « > 0 BO3MOXKHBI KOJI€0aHUs IJIOTHOCTY BUXPEBOIO BO3MYIIEHUSI BO BPEMEHHU.
Jlyist nepBoHAYAIBLHO OTPUIATEILHO BO3MYIIEHHBIX BUXPEH pajnajibHOE pacupe/ie-
JeHue yriioBoii ckopocru (40) B HECTAIMOHADHBIX PEKUMAX MOKA3bIBAET BO3HUKHO-
BEHHE «IJIa3a» BUXPH, B JHHEIHOM C/Iydae 3TO 06/1aCTh MHUMBIX 3HAYCHHI BOIM3H
ocu BpalleHud. B Touke r = 7, BOSHUKHOBEHHS IIOJIOKUTEJIbHBIX 3HAYCHUI KBaIpa-
Ta YIJIOBOII CKOPOCTH TAK:Ke BOSHHKAIOT OCCKOHEUHbIE 3HAYCHH YIJI0BOIl CKOPOCTH.
JIs1s1 mepBoHAaYAILHO IOJOKUTEILHO BO3MYIIEHHBIX BUXPE pajuaJbHOe pacipee-
JIeHHe KBaJpara yrioBoii ckopocru (40) sBiisieTcst OTPUIATEIbHBIM.

BiusiHue BA3KOCTH Ha HPEJACTAB/JIEHHBbIE PEHICHUS He MCCJIE0BAI0Ch. BO3MOXKHO
MMEHHO BS3KOE TPEHUE MEINAeT YIJIOBOM CKOPOCTH JIOCTHYL OECKOHEYHBIX 3HAYEHUI
HA OCH BpPAIEHWd WIM B HEKOTOPOl Touke r = 7,. BO03MOXKHO TakzKe s BUX-
peii HeGOJIBIIOrO pasMepa <«IJia3» BHXPd HAOJIOATLCA MOXKET JIMINb B HIeaJIbHOI
JKIJIKOCTH, & B BA3KOH KHJIKOCTH BepogTHee HAOIIOACHNEe «aapa» BUXPS.

Biusinue eme ojnoit jiefictByiomnieit cusibl — cusibl KopuoJsinca — He n3ydaJjioch,
HO 110 (PUBUYECKOMY CMbBICJLY 9TOH CUJIbI OHA HE MOXKET PUBOJAMTH K YCUJICHUIO BUX-
PEBOIO BO3MYIIEHUs, BausdgHUe HAa (DOPMY BUXPsI M HAIPABJICHUE BPAIIEHUSI OCTACTCS
BO3MOKHBIM.

5. TUNIOTE3bl JAJBHENIINX UCCJIEJIOBAHUI

Hasee Gyer 00cyzKaarbes npeanosiokenue o cBsa3u perrenust (42), (34) u upo-
[IECCOB MOHU3AIMH, B YACTHOCTH HAaYaIbHOI cTajuu 00pa30BaHUs MOJHUEBBIX JIH/16-
POB, BO3HUKAIOIINUX B IPHUPOIHBIX YCJIOBUAX B arMocdepe BOJIU3M I'PO30BOii TYeiKi.
[Iporecebl TpUBOJISITIIE K BOSHUKHOBEHUIO HUCXOJISIIEro Jinepa 8] B6iu3u Huzkuero
Kpas I'PO30BOro 06/1aKa, CTYyIIeHYATOr0 WIH HeIPEPBIBHOIO, KazKyTCs He JIOCTATOYHO
obbsicnenubiMu. [IpojBuzkenune ke jimjepa K MOBEPXHOCTH 3€MJIM UJIU K OT/IAJIC€H-
HOI 06J1acTH I'PO30BOI0 00J1aKa, a TakzKe IJIaBHAs CTajMsi MOJHHUEBOIO Paspsijia,
OIIMCAHbI JIOCTATOYHO HOJIPOOHO.

Ecnu peficrBureibHo B cTparndUIUPOBAHHBIX CJI0gX npu « < 0 HabJromaercs
YCUJIEeHHEe BePTHKAJbHBIX BUXPEBBIX BO3MYIIEHHH, TO STH BO3MYIIEHUS MAaJIOrO pa-
JAnuycCa C BEPTUKAJIBHO OpI/IeHTI/IpOBaHHOﬁ OCBhIO BpalleHud MOT'YT BbIpaCTHU JO BeCbMa
BHYIIUTEIBHBIX BeJnuud. JIuHeitHoe perenne (42) MoACKa3bIBAET, UTO IKCTIOHEHTIU-
aJbHOE YCHUIEHHe BO BPEMEHH ILIOTHOCTH BHXPEBOTO BO3ZMYIIEHHS BO3MOYKHO U IIPH
BpAIIEHUH BOKPYT OCH HPOU3BOJBHO OPHEHTHPOBAHHON B IPOCTPAHCTBE.

Buxpu, B HavabHBIII MOMEHT BPEMEHH XapaKTEPUIYIONIUECS MOJOKUTETHHBIM
BO3MYIIEHNEM TIJIOTHOCTH, UMEIOIINE $IPO MAJIOTO PaJnyca B HEOAHOPOIHBIX CTPa-
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TUUIUPOBAHHBIX €JI0s1X ¢ o < ( (HampuMep, BO BpeMsl TPO3bI) 33 KOHETHOE BpeMsI
[POIOPIMOHAIBHOE BEJIMINHE (v MOTYT JOCTUIHYTb COCTOAHUS C 3HAYUTETILHBIMU Be-
JIMYMHAMH IJIOTHOCTU BHUXPEBOTO BO3MYIIEHUS. 3HAYUTEIbHBIE IIJIOTHOCTH, COLJIAC-
HO YPaBHEHHIO COCTOSHUS UJI€AJTbHOIO ra3a Jijisd aJnabaTudecKuX MPOIECCOB, SKBH-
BaJIEHTHbI 3HAYUTE/IbHBIM TeMiepaTypaM BOJIM3M OCU BpAlleHUs: pY_lTl_ o=t =1,
Ijle BEJIMYUHbI C MHJEKCOM «1» OTMedYaloT HEKOTOpOe HadaJIbHOE COCTOSHUE BUXPe-
Boro Bosmyuenusi. Cortacuo perienuio (42) Temueparypa €O BPEMEHEM MeHsieT-
ca kak T ~ p] "I o0V exp((y — 1)y/at), rue pp, — HOJOKHTEIBHOE HAYAILHOE
BO3MYIIEHUE IJIOTHOCTU B BUXpe. Bpewmsi Tpedyroiieecs BUXPEBOMY BO3MYIIEHUIO
Jist octizkerust remmeparypbl B 5000 K (npubinsuTesbHO TaKue TeMIIepaTypbl
dbukcupyoTCest pu BOSHUKHOBEHUH JIyTOBOIO paspsa [8]) MOXKHO OleHUTh MpUHSB
p1~ 1, Ty =~ 280, p, =~ 0.1, npu a = +10 HEOOXOUMOE BpeMsl JTOCTUKEHUS TaKUX
TeMIepaTyp HOPs/IKA MePBbIX JeCSITKOB CeKyH (19 cek Jis NPUHSATHIX 3HAYEHHI,
In(TTip, ™) (v — 1)y/a)™! = t), yaurbiBas HEONPEIEJIEHHOCTD CBA3AHHYIO ¢ HEU3-
BECTHOCTBHIO HAYAJILHON aMILJIUTY/Ibl BUXPEBOI'O BO3MYIIEHUS.

Eume ojun MexaHusm HarpeBa CBg3aH € Te€M, 4YTO BUXPEBbIM BO3MYILIEHUSIM
MEHbIIIEI'0 PAJIMYCa COOTBETCTBYIOT OOJIbIlIME yIJIOBble CKOPOCTU BPAIEHUS, COIJIAC-
HO (34), B ciydae KOIjia BUXPb HMeET HaYaJlbHOEe OTPHIATEIbHOE BO3MYILEHHUE ILI0T-
HOCTU. 3HAYUTEJbHbIE CKOPOCTH BpAalleHUs MOTLYT IOCPEJICTBOM BS3KOI'O TPEHUS
IPUBOJIUTD K MOBBIIIEHUIO TEMIIEPATYPHI, JOKAIN30BAHHOM BOJIU3U sIpa BUXPEBOTO
BO3MyIleHus. B pe3ysibraTe HEKOTOpas 00JaCThb BOJM3W OCH BpAIEHHS BUXPEBOTO
BO3MYIIeHHsI HArpeBaeTcs. B cuty npubinzkeHHOCTH petenus (34) TPyIHO yBepeH-
HO YTBEDXK/IATh, 4TO B 3TOH 00JIACTU JIOCTUTAETCH COCTOsiHUE OJIM3KOE K MOHUBAIUU
BO3/lyXa, HO O HEKOTOPOM HAaI'DEBE peyb HJITU MOKET.

OsHOit 13 BO3MOZKHOCTEH JIJ1si OIPAHUYEHHUs] MPOIECCa POCTA IJIOTHOCTH BHXPeE-
BOI'O BO3MYIeHUs B cjioe ¢ o < 0 gBjisiercss BO3HUKHOBEHUE CUTyallud KOIJIA Ha-
pylIaercss ypaBHeHUe COCTOsiHUS KUJKOCTU. B ciydae armocdepbl BO3/yX MOXKeT
CYIIECTBEHHO M3MEHUTh CBOM CBOICTBa BOJIM3U sijipa BUXPEBOI'O BO3MylleHus. Be-
POATHO, BOJIM3HM OCH BpAIleHHs MOYKET BOBHUKHYTH MOHU3UPOBAHHASA 00J1aCTh.

BosnukHoBenne MOHM3UPOBAHHOII pa3orperoil obJiacTu BOIU3U Spa BHXPEBOTO
BO3MYIIEHUsI 0Opa3yeT KaHaJl BJIOJIb OCH BUXPs, B KOTOPOM BO3HUKAET WJIH IIPO-
jBuraercd Jjugaep MoaHud. CTYIeHYaToCTh IPOJBUKEHHUS OOJIbIIMHCTBA JIHJIEPOB
Ha0J110/1aeMbIX MOJIHH{l U CJIOKHOCTb TPACKTOPHUH PACIPOCTPAHEHHS JIHIePa MEXK/Ly
I'PO30BbIM 00JIAKOM U 3eMJIeil MOI'YT CBUJIETE/IbCTBOBATH O CYLIECTBOBAHUN MHOYKE-
CTBa TAaKMX KAHAJIOB HA IIyTU paclupocrpaHeHus Jujepa mosHuu. I[IpojBuzkenune
JIMJiepa 110C¢J1€/I0BATe/IbHO 110 HECKOJIbKUM TaKUM KaHaJIaM BEPOSITHO PEIUCTPUPYET-
csl KaK ero CTyleH4aToCThb.

Takoit MexaHU3M BO3HUKHOBEHUSI MOJIHUN OObSICHSET PsiJl UX CBOMCTB HE HOHSIT-
HBIX B paMKaX JIpDYIUX MEXaHU3MOB BO3HHUKHOBEHHUsI MOJIHHEBBIX JinjiepoB. MosHus
JIOBOJIBHO PE€JIKO HAOJII0JaeTCAd B OTCYTCTBHE O0JIAYHOIO IMOKpPOBa IpHU 6€300,1a9HOM
uebe [11]. Muorga wabmonaercsa pasps/ MOJHIE He BHU3 K 3e€MJIe, a BBEPX OT 00Jia-
Ka. Pa3psabl Mexk 1y 06/1aKOM M MOBEPXHOCTBHIO 3eMJIU He SBJIAIOTCA HamboJiee pac-
HPOCTPAHEHHBIMU, 0OJiee YACTBIMU PA3Psi/ibl MOJHUN HAOJIIONAIOTCH MEXKJIy JIBYyMs
Pa3HBIMU I'PO30BbIMU O0JIAKAMHU, & HAMOOJIbIEe KOJMYECTBO MOJIHUEBBIX Pa3ps/I0B
dukcupyercss BHYTpH OJHOINO I'po30BOro obsiaka. Eciau nosarars yciaosue o # 0
YCJIOBUEM 3HAYUTE/IbHOI'O YCUJIEHUS IIJIOTHOCTU BUXPEBBIX BO3MYIIEHUI BILJIOTH JI0
3HAYEeHHIT TeMIepaTyp HOHU3UPOBAHHOTO ra3a u, CJIeI0BaTe/bHO, YCJIOBHEM BO3HUK-
HOBEHUSI MOJIHUEBBIX Pa3PsJIOB, TO TAKUE 3aKOHOMEPHOCTH BO3HUKHOBEHUS] MOJTHUI
MPEJICTABJISAIOTCS BIIOJIHE €CTEeCTBEHHBIMU. Pasymeercs: s (hOpMUPOBAHUS OCHOB-



28 A. A. Paguonos

HOT'O pa3ps/ia MOJTHUU OCTAETCs HEOOXOIUMOI pa3HOCTD 3aps/i0B 00J1acTeil, KOTOpble
COeIMHACT TPACKTOPHUA JIHJIepa.

OTMeTnM Takzke HaOJIOJAIONIeecs yBeJHYeHUe COJIepKaHud 030Ha B armocdepe
IIPU TIPOXOZKJIEHUU TPO30BBIX 00JAKOB. lIMerorcsi jaHHble u3Mepenuii |7], uro B
BepxHell yacTu pas3/iMYHbIX (He TOJIbKO Fp03OBblx) 00JIaKOB B HEIOCPEJICTBEHHON
0JIM30CTH MHBEPCHOHHOI'O CJIOsl, OTMEYAeTCsl IMOBBIIIEHHOE COJIEPKAHUE 030HA. DTO
O3HA4YaeT, 4TO B ITUX 00/IACTIX ITPOTEKAIOT IPOIECChl MOHUBANUKM ATMOCHEPHOIO
BO3/LyXa.

BeposTHO MHOXKECTBO MeJIKMX BUXPEBbIX BO3MYIIEHUI C IIPOU3BOJILHO OPUEHTHU-
POBAaHHOI OCBIO BpaIlleHUs B TOM CJIO€ IPO30BOr0 00/1aKa, I/Ie BBIIOJIHACTCH YCI0BUE
a < 0, jmocTurasg COCTOSHUS MOHU3UPOBAHHOIO ra3a, MOI'YT 00eCIeduTh HabJIo/1ae-
MO€ IMOBBIIIEHHOE COJIepKAaHNe 030HA. DTOT MEXaHU3M MOZKET IPUBOJUTDH K MOHU3A-
uu 00JIaKa U SBJATHCS MMOCTABITUKOM HMOHOB JIJIS IIOCJIEIYIONIEr0 MPOCTPAHCTBEH-
HOI'0 pa3/leJlIeHus 3apA10B.

B BLIOJIHE AQHAJIOI'MYHOI CUTyalluu OKa3bIBalOTCA BUXPEBbIEC BO3MYIICHUA B TOM
yacTu crparocdepsl, e BbioJingercs ycjaosue o < (. TakoBbIM MOzKeT 0OKa3aThbCs
CJION B HECKOJIBKO KMJIOMETPOB BOJIM3U TPOLONAY3bl, C HIMPOTHONW 3aBUCUMOCTDHIO 110~
caeiHeil, BO3MOXKHO aHAJIOTUYIHOE YCJIOBHE BBIIIOJTHUTCA TaKzKe BOJIM3H cTpaTocdep-
HOTO MaKCHMyMa TeMIlepaTypbl. VIMEHHO Ha 3THX BBICOTAX, IO JAHHBIM HaOJIIOIe-
uuii [10], ormMedaeTcs 3HAYUTEBHBIN POCT cojlep:Kkanus 030Ha. Her ocHoBaHuUil ¢u-
TaTh, YTO BUXPEBOU MeXaHU3M HOHH3AIUU aTMOCHEPHOTO BO3/IyXa HAa ITHX BBICOTAX
ABJAETCA €IUHCTBEHHBIM, IMOCKOJBKY TaM 3HAYATEJIbHO KOPOTKOBOJHOBOE COJTHEY-
HO€ U3JIy4deHue. BO3MO)KHO JIMIb, YTO BJIMAHUE HA3BAHHOI'O ME€XaHU3Ma MOHU3AIUN
HE dBJIdE€TCA HpeHe6pe>K1/1Mo MaJIbIM.

KOHe‘{HO YKa3aHHbI€ COBIIQJ€HUA YyBEJIMYCHHDBIX 3HAaYeHU CodepzKaHrsA O30Ha U
yesoBusgd o < (0 B HEKOTOPBIX CJIOSX aTMOCKEPDI SBJISETCS JIMIb KOCBEHHBIM apry-
MEHTOM B IMOJIb3Y PAa3BUBAEMBIX MPeIINOJ0KEeHNI KadeCTBeHHOTO XapakTepa. Hyzk-
HBI TIPAMBIe W HeIOCpe/ICTBEeHHbIe n3MepeHusd. lIpuBeneHHble TUIIOTETUUECKHTE Pac-
CY2KJIeHIs YKa3bIBAIOT Ha HEOOXOIUMOCTD JIAJIbHEHIINX HCC/Ie/IOBAaHUN B 9TOM 00.J1a-
CTH W BO3MOXKHO€ HAIIPABJIEHUE 3TUX HUCCIETOBAHUIN.

SAKJIIOUEHUE

Ha ocHOBe He/lmHENHBIX ypaBHEHUN MeXaHUKH CKHMAeMOil KUJIKOCTH PACCMOT-
peHa JUHAMHUKA BUXPEBLIX Bo3Mymlenuii. llokazano Biausnue crparudukanuu o-
HOBOI'O COCTOSIHUS aTrMOCepbl HA JIMHAMUKY KPYIIHbIX BUXpeil B Heil.
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