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Haiiden sgpgpeKmuensiii mamemamuuecKui memoo 66.600a ypasHenuil 2a30601 OuHAMUKU. JIPpasurbHO onpederén
men060i nomox, Haiidenvt pasnosecus, 6 KOMOpPbLX, NP OMCYMCMBUL BEMPO6 MACC,
HAPYWEHO MAKCBEAN0B0 paCTIpedereHle.

Ammocgepor cocmasrsiem us KAACCUMECKQ20 UOCAABHOZ0 2d3d, KOMOPOMY NPUNUCHIBAEM
BO3MOKHOCTIU UBAYHAMb UAU NOZAOWAMb CBEMOBYI0 IHEpzuto, Aubo npunucvliéaem Omcymcmeue
MaKux, 603MOKHOCHEH, U NPpUdaém opyzue XapaKmepucmuxy, 6 3a6UCUMOCIIL O UX, 3HAUEHUS 8 MOl
UALL UHOT 3adaue. DAeMeHMbL UOeAAbHOZ0 2d3d CYMb — 00CMAMOUHO MdAble AbCOAOMHO MeEpobie
wapvl uAU ux couemanus. Ammocgepa Haxooumcs 6 OUHAMUMECKOM PABHOBECUL, KO20d PABHA HYAN
CyMMa cux, Oelcmeywux Ha KKy MAKPOCKONU4ecKY udcmb ammocgepwvl. Ammocgepa
HAXOOUMCS 6 CMAMUCTUMECKOM PABHOBECUL, ECAL HEUIMEHHO 60 6PeMEHU CMAMUCTUUecKoe
pacnpederenue wacmuy ammocgepvl no KoOpouHAmam, cKOpocmsam u Opyeum Xapaxmepucmukgm.
PasHosecust 00CMUAIOMCS PU HAAUHUY UAU OMCYMCMEUL 8 AMMOCPHepax nomoKos IHepzuL, NOMOKOs
MACChL (8empoe, meueHuil), NOmMoKes Opyeux, pusuuecKux 6eAUUUH, U NPU HAAUMUL UAU OMCYMCMBUU
N02AOULCHUSL UAU USAYUEHIS AMMOCHEPOTl IACKIMPOMAZHUMHBIX, HOALIL.

$7. Dunamunecxge pasnosecue
DunamunecKpe pasrosecue uccaeoyem 6 CAOYOUUX ammocgepax;

(A) Ammocgepa nad becKoneunoii NAOCKOCMbI0, Npumszusaroueil ammocgpepy.
(B) Ammocgpepa cpepunecKoii naamemvtL uAL 36e30bL.

Dast ammocgep, ONUCHIBAEMBIX, 8 IMOM napazpagpe, derdem OONYyuleHue, UMO NOAE MKEC,
€030a8aemoe ammocgepoil, HUHMOKHO MANO 6 CPABHEHUL C ZPABUMALUOHHBIM NOAeM HebecHozo mera
UALL MAMEPUAAbHOT NAOCKOCMU, Nnpumszuearouux. ammocpepy. Jlycmv ammocpepa <Hauunaemcsy
npu docmamourom yoarenuu om uenmpa sebecnoeo merd, u omcymcmeyem eé epawenue. JIleopemb,
no0dobnble HaiidennbIM Oaree, 00KA3YeMbl U 6 CAYHAsX, Koz0a npenebpezams epasumauueii ammocgepo
UALL e epamenuem Heabss. B uacmuocmu, Kpzoa HebecHOe MeAO NOAHOCHbBIO COCMOUM U3 2d3d.
«JIleopemamuy 30ech HA3bIBAIOMCS 00KAZYeMbLe YMBEPIKIEHUSL.

«Tubbcoeoil», 6 amom napazpage, Ha306ém pasHOsecHyO ammociepy, 6 KOmopoil pasHbvL mem-
nepamypol eé npoussorvuvix, uacmei. «OOHOPOOHOI» HA3086M ammocgepy, KOHUEHMPauus KOmopoi
6ciody odunaxpea. <Ammocghepoii LU0AKQBCKO20» HAZ066M PABHOBECHYIO amMmOchepy, memnepamypa
Komopoii ybvieaem ¢ 6b1c0moil UAL € YOdACHUEM M UEHMPA NAGHETTbL.

Ammocgpepa nad naockgemwio. Jlycmv n = n(h) — Konuenmpauus 2asa na évicome h om naoc-
Kocmu, T = I(h) — memnepamypa ammocgpepvr na évicome h. CAol easa na évicome h moawunou dh
umeem eéec Ha eOunuwy naouadu mgn-dh, z0e m — Macca MoAEKYAbL 2a3d. Y CAOBUI OUHAMUUECKO20
pasHosecust mozoa 0bbiuHo NPUNUCHIBAION 6UO:

dp = p(f+d) - p(F) = -mgndF,
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20e p(h+dh) u p(h) — dasrenus naod croem u nod croem zasa, p = nkl, R — nocmosnnas borvumana. B
umoze, ypasrenuem OUHAMUHECKQ20 PABHOBECUSL OASL «CAYHAS HAO NAOCKOCTBIO» CHUMANM MAKQe:

0i(nKT) = -mgn, 20e 0x — npou3eoonas no nepemennoi h.

JTycmv KOHUEHMpPAuus 1 He 3ABUCUT OM BbICOMDbL OAsL 8CeX_ 8bicom h, Ha Komopbix ammocghepa
cywecmeyem. 3 ycroeus ounamuueckpzo pasnosecus 0iT = -f, 2de f = mg/R, Omcrooa, T = -ph+To, To
— memnepamypa na wyreéoi evicome. JIL.e. pasnosecnas 00HOPoOHAs. ammocgepa cosnaddem ¢ 00HOU
u3 ammocgpep Uuoaxpeckoeo. JIax Kax, memnepamypa naddem ¢ 6bicomoil AUHENHO, HA HeKQll Bbilcomme
L doaxKuo bvims I(L) = 0 u, credosamersvo, p = 0. J[0creOHee 603MOXKHO, MOALKO eCAU Ha 6bicomax. f
> [ zaza vem, unaue, éec 2asa co30dr bvl neryresoe dasrenue npu h = L. Omcroda, To = L.

Das zubbcosoii ammocgepovl, in = -fn/1. Peuwenue nocrednezo ypasHenuss ecmv PyHKuUs n =
= no'exp(-ph/T), no = const.

EcAu He cmasums 00NOAHUMEAbHBIX, Mpebosanutl, Mo peueHusMU YpasHeHus: OUHAMUHECKOZO
pasnosecus, 6 wacmuocmu, byoym u écsaKue gynuuu n = no-exp(-yh) u T = T; + Trexp(yh) maxue, wmo
v =p/T;, 20e T; u T — HeKOmMOpble KOHCMAHMIDL.

Obuum peurenuem ypasHenus OUHAMUMECKQ20 PAGHOBECUS 6 CAydde NAOCKOCMU, C030drouiel
msizomenue, oKgsvieaemcs pynuus n = (no-To/T)exp(-/(B/T) dh), 2de no u To — Koncmanmey, [ f dh —
nepeoobpasnas om f, T — npouseorbHAs NOAOKUMEAHAS PYHKUUSL om apzymenma h, 0Ast Komopoil
unmezpar [(B/T) dh umeem cmoica. Koncmanmy K nepsoobpasnoii evibupaem max, umobvi cama
nepeoobpasnas obpamurace é nyAv, Kozoa h=0.

B omnowenuu @ynKuuil n u T nore3nsvl U HeObXOOUMbL 0ZPAHUMEHUS, UMEHOULUE CMBICA NPU
ONUCAHUL PearbHbIX PusuuecKux serenuil. I cymv ozpanuuenuii 6 mpebosanuu KoHeuHoCmu:

— KoAuuecmea 2aza 6 becKoHeuHoM ammocgeprom cmorbe eQUHUUHOZO CeHeHUsL,
— NOAHOT KUHeMuuecKol IHepeuu MoAeKyA beckoneunozo ammocgheptozo cmoaba;
— NMOAMOU IHEPZUU BCeX MOALKYA becKoHeun020 ammocgeprozo cmoaba.

Jlodcmasue 6 ypashenue ounamuueckozo paswoeecuss T = A/(h+B) ede A u B — noroKumerb-
Hble KOHCTMAHMDbL, NOOX00suell PA3SMEPHOCTY, NOAYUdeM peuienue OAs 1, Omeeudiouiee 6Cem Mpém
nepeuucAeHHbIM Ozpanunenusm npu beckoneunoi evicome ammocgepnt. JIlaKoe pewenue onucvléaen
ammocgpepy LuorKosckpeo. Tubbcosa ammocghepa, ouesudHo, maxiKe omeeudaem IMUM 0ZPAHUMEHUSIM.
Pewenue éuda T = T; + Trexp(yh) yooeremeopsiem mpebosanuio KoHeuHoCmu KOAUHECMEA 8eulecned,
Kozoa T> > 0, o He ydoeremsopsiem mpebosanuio KoHewHOCMU IHepeul 6 ammocgeprom cmorbe.
JIlaxge peutenue 6n0AHe O0MYCMUMO, M.K, beCKOHeUHOe KOAUUECB0 IHEPZUL MOKHO PACHPeOeAunnd 1o
KOHEUHOMY KOAUUECTBY «UOAALHOZO Beulecméa» max, umobbl Ha KAKOYI0 KOHEUHYI0 Hacmb 6eulecmed
NPUXOOUAACH KOHEUHAS HACTb IHEPZUL.

Ammocgepa naanemwi. Pasrosecue npou3sOLbHbIX AMMOCPHep 30eCh ONUUEM 3aKOHOM:
-Op+f=0, 20e
D — cumeoa zpaduenma, p — dasaenue 6 2ase, f — NAOMHOCTb CUA, OeUCMBYIOULUX,CO CMOPOHBL BHEUHUX.

UCMOYHUKQS HA MAKPOCKONUUecKuil 0bvém 2asa. JIoAv3ysch cgepunecKoi cumMmempueil NoAyuaem U3
NOCAEOHE20:



0r(nT) = - fu/7, f = GmM/R,

20e T — pacmosiHue Om UEHMpa NAdHembl 00 MOUKYU U3MepeHus PusuuecKux, eeruuun, M — macca
naanemvl, G — 2pasumMauuoOHHas NOCMOAHKAS, Or — NPOU3600HAS 1O nepemennoil 1. JILaKKe 6600UM
0ZpanuMenlss HA KQAUMECTIBAd MOACKYA U IHepeull, COOepKAWUXCS 6 ammocgepe, m.e. mpebyem
KoHeunocmu obvémnbLX unmezparos om eeaunut n, n7 u Om NAOMHOCMU NOAHOU IHEPZUU 2d3d.

Dast zubbcosoii ammocgepbl 6 IMoM CAyude NOAYyHdeM peulerue n = HoeXp(f/Ir) ors v > R,
20e R, — paduyc naamemvi. Ha nepeviil 63eA50 OHO MOXKeM KA3AMbCS HENPUEMALMbIM, MAK, KAK,
KOHUEHMPAWUsL 243 CMPEMUMCS, K NOCMOSHHOT 6eAUHUHE oo NPU HEOZPAHUMEHHOM POCHIE T.

Dasi 00Hopoonoil ammocgepwvt 6 Imom cayuae T = (B/r)- (B/(R+L)) 2der > R, v < R+ L, 20e L
— ebicoma ammocghepul. Imo peuerue maxKe onucviéaem ammocgepy LuorKoecKozo.

Jlycmv T — npouseorvras @ynKuus om 1, 0as Komopou unmezpa [(B/(Tr*)) dr umeem cmbica.
JIloz0a obusum peuwenuem ypasHenus OUHAMUUECKOZO PABHOBECUs. OAsl amMMOCepbl naawemst bydem

dynKuus
n = (no“To/T)-exp(~/(B/(T12))dr), 20e

no u Do — KOHUeHmMpayus u memnepamypd edsd HA Paccmosuy v = R, Om UueHmpa nAdHembL.
Koncmanmy 0asn nepeoobpasnoii evibupaem max, umobvr unmeepar [(B/(1r*)) dr obpamuarcs 6 nyrs,
Kozda =R,

Jlycmv T=A/r orsn r > R, 2de A = const. JIlozda, n = (no*To'r*/A) x exp(-p(r-R)/A). Tlocrednee
peuenue nOOMUHAEMCS 6cem MPebOBAHUAM MO 0ZPAHUMEHUI) KOAUMECTOAd 6eWecmed U IHepzull 6
ammocgepe.

Jlycme T = Br?, B = const > 0, r > R, I020a PynKuus-peuenue KOHUCHMPAUUL 1 NOOUUHEHA
MOABKO YCAOBUINO KOHEUHOCHU KOAUMECTBA BEULECMéd 68 ammocgepe, HO He KOHEMHOCMU IHEPZUL.
BO3MOXKHO AL, MO MAKPe UAU 11000bHOe peuenue umeenm CMbicA A5 UOeAALHOTL 36e30bl, HAzpesasiiel
2a3 NPOOOAKUMEALHOE BPEMS?

Peutenul ypasHenus OUHAMUHECKOZ0 PABHOBECUS], 0ZPAHUUEHHBIX MpPebosanusmy KOHeuHOCHU
KOAUMECBA BEULeCBd U TOAHOI IHEpzUL amMocepbl, U 0AsL CAy4ds cepunecKoil naawemvt bes
epawenus, beckoneuno muozo. Haxoosmes maxue peuwenus, 0As KQMOPbLX memnepamypa naoaem u
NoOHUMAEMCS HA HEKOMOPBLX, KOHEUHDIX UHMEPEAAAX, NEPEMEHHOTL 1, U M020d JKe, NPl HeoZpaHUHeH-
HOM pocte 1 OHA CIPeMUMCSL K HYATO.

$2. Porv 3aKoHA MeNAONPOBOOHOCI U MOMOKQS SHepzuil, U NOMOKYS OPY2UX, 6EAUHUN 6
OnpedeAeHUY CMAMUCMUMECKQ20 PABHOBECUS

JIOCKOAbKY, memnepamypa U KOHUeHmpayus wacmuy, 8 ammocgepe He onpedereHbl 00HOIHAUHO
00HUM MOABKO mMmpebosanuem OUHAMUUECKQ20 PABHOBECUS, MO OAs NMOAHOZO ONPEOCACHUS IMUX
BeAUUUH HEobXOOUMA OONOAHUMEAHASL UX, C6513b. Jl0ZUMHO TPEONOAOKUMD, UMO MAKYIO0 C65A3b MOKHO
u36AeUb U3 3aKoHA nepedayu menaosoil Inepzuu. Jlpednorazaemas 00UHAKYBOCHL MEMNEPAMYPbL 6CeX.
uacmeil pasHOBECHOT AMMOCPHePbl 00AKHA BbIMEKAMb UAU U3 3AKOHA MENAONPOBOOHOCIY, UAL U3
0py2020 ycA06Us, He 3ABUCUMOz0 Om Mmpebosanus OUHAMUMECKQ20 pasHosecus. CmMamucmuuecKoe
pasnosecue 00AKHO NOOUUHUMBCS 3AKOHY TNepedauu Mmenid, HAUOeHHOMY N0 MEOPUl UAU 8 Onbime.
Obpamno, u3 cmamucmuyuecKpeo pacnpedereHuss MOAEKYA 10 CKOPOCHAM, KQOpOUHAmAM U Opyzum



BEAUMUHAM, NO-BUOUMOMY, MOKHO U3BALHD NPABUAO MenAonepedauu é zasze. Kaszaroce buvi, npocmas
udes Haimu 3aKQH MenAONPOBOOHOCHI MAKUM CHOCObOM Npusodum K yOUsumerbHbIM meopema.

JTycmv 6 0eKapmosvix, KQOPOUHAMAX; Vi — KOMNOHEHMbL CKOPOCHU D 4ACmuubl, V7 = 02+ v +
V52, Xi — KOMNOHeHMbl paduyc-6eKInopa X, 0As mouKy, 6 Komopoi Haxooumcs acmuud. «Pacnpedere-
nuem Tubbca» naseana ¢ynkuus b = D(Gv) onucannas daree. Beposmuocmv HAUMU 4ACMULY
ammocghepvl 6 usuueckom obvéme 0x;0x20X3, OKpyKarouem mouxy X, u, 00HospemenHo, 6 obvéme
npocmpancmea cKopocmei dvidv:dvs, Koeda uacmuua umeem cKopocms bAU3KY0 K., eciib 6eAUMUHA

dw = Bxv) - 0x;:0x00%; - dvidvodvs, u
DAV)=A-(oo/7 )2 exp(- (mv*/2RT) - (mep(x)/RT)),

20e o« = m/(2KT), @ — zpasumayuoOHHbLil NOMEHUUAA, T — MACCA MOAEKYAbl, T — BeAUUUHA, HA3bIBA-
emdsi <memnepamypoiy, A — HopMupyowuii MHOKUMEAD.

VmeepxQenue (zunomesa). B cmamucmuuecKom pasHOBECUL MeMNEPamypa ammocgepsl 6c100Yy
00uHaKoad.

Dmo ymeepiKQerue MoKHO HA3BAMb U <NOCTYAAMOMY, U «zunome3oil Tubbca» no caedyrowum
npuvunam. Cam Tubbc npednoroKur «npocmeiuuii MolCAUMBLEL CAY4Al», KOMOPbL «Upe38biuailHO
ynpowaem uccaedosarue» 8 WUPOKOM KAACCE MEPMOOUHAMUMECKUX KOAAeKuuil, cm. [1] cmp. 43.
VmeepiKdenue Ke userekgemo u3 2ubbcosa npeonoroKenus.

H3 ymeepiKQenus: HemeOAeHHO 3AKAOUAEM, UIMO 6EPOSMHOCTL HATMU YACMULY 8 IAeMeHmap-
Hom obvéme 0x;0X00X5, OKpyKaiouwem mouxy X, Koe0d HAAAO KOOPOUHAM MNOMEULEHO 6 UeHmp
NAQHeMbl, eCb BEAUMUNHA

dw' = A-exp(GMm/KTr) - 6x;0x20X3, 20e  — 0Auna éeximopa X;

Omcto0a, HAXOO0UM, NPUMEHSISL NOCAeOHee BbIPAKEHUE OASL 6Ce20 YUCAQ YACMUY, AMMOCHepbl, 4MO
CIAmMUCMuUecKas KOHUEHMpPAUUs 4acmuy Ha paccmosHu 1 Om UeHMpd NAGHembL ecitb PyHKUUS

1 = neo'exp(GMm/RT7),

8 MOUHOCMU COBNAOANOWASL C MONYHEHHOT U3 YCAOBUSL OUHAMUHECKOZO0 PABHOBECUSL.

Ymobwvt He credosamv dozme — 0aXe ecAu zunomesda ob 00UHAKQBOCHU MeMNepamypsl 6cex,
uacmeil pasHoBecHOT amMMOcepbl OKAXKeMest 6epHOl — nonpobyem HAlimu 0ONOAHUMEAbHBLE YCAOBUS
Ha gynKuuu n u I. DA NOCALOHE20, YMOUHUM, UMO SHAUUM <PABHOBECUE AMMOCPHEPbL».

DAsL OpueHMUPOBKYU PACCMOMPUM npocmediwui cAyuail: Tas 3axAouén mex9y 06yms mamepu-
AALHBIMU TAOCKOCTAMIU «A£60W» U «1pasoily, memnepamypvt KomopviX, Th u Ty, Th < Iip u epasuma-
uus e umeem 3navenus. Kozoa e ease ycmanosumcs pasnosecue, nomoK, 6euecmsad MexK9y nA0CKoC-
mamu bydem omcymcmeosamv. «Dasrenue» MeXy NAOCKOCMAMU 8 KAKOOU AOKIAbHOU obracmu
bydem paeno «dasrenuto» 6 A10boil Opyzo0i obracmu, umo caedyem u3 CA08US OUHAMUHECKOZO PABHO-
secust. Ho bydem Au cywecmeosamv nNomox, menad om «zopsueil» NAOCKOCMU K, «<XOA00HOi»? Bonpoc
amom, Kax daree bydem noxgsano, HempueuareH. Koneuno, ucxo0s u3 gusuuecKozo onvima, credyem
donycmums nepemox, menad. Ho wmo 3Hauum «nomox seuecmear, <MOMOK MenAd»? vcmp i3
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CmamucmuuecKue pacnpedeAeHuss no360As0Mm MouHo onpedeaums nomoku. Jlycme 3adano
NPou36oAbHOE cmamucmuyeckoe pacnpedereue morekyr P no ckopocmsm. Jle. seposmuocms dw,
obHapyKeHus uacmuubL 6 OKpecmHoCmu MouKy X, umeroueil CKopocms v, 6 nipederdx, omkaoHenui dvy,
dvz, dvs, ecmb seAununa:

c[w = “P(x,v) L{’Vzd“(}z(fw.

Koz0a 6 KaKQ0il npocmpancmeenHoil mouKe onpederend KOHUEHMPAuUs wacmuy n = n(x), <eempom
(Mmeueniem) MaccoLs HA3066M AOKIABHYIO 6EKIMOPHYIO BEAUHUHY:

s = [lf mvn(x) P(xv) dvidvadvs, 20e

30ecb u 0aiee UHMezpUPoBAHUe NPOBOOUMCS MO NPOCMPAHCMEY cKopocmeil. Bemep MACChL IKGUBAALH-
men NAOMHOCTYU UMNYAbCA YACTIUL,

FHasedém nopsdoK 6 mepmunor0zuU. 30ec «BEMPOM BEAUHUHDL, KO20d 6eAUHUHA NEPEHOCUMCSL
6 HANPABACHUU NEPHEeHOUKYATPHOM NOBEPXHOCHIL, HA306EM <KOAUUECHBO BEAUMUHDLY, MPOXOOsUel
uepes AOKIAbHbLI KYCOK, NOBEPXHOCMU 3d eOUHULY 8peMeHY, 6 OMHOULeHUL K NAOWAOU KYcKd. Bemep
6cez0a Xapaxmepusyem ewé u Hanpasrenuem. Jloamomy, eemep CKIAAPHOU BEAUMUHBL — BEKITNOP.
Bemep 6eKMOPHOU BeAUMUHbL — HAbOp MPEX empos, KAXKOblil U3 KOMOpbLX — éemep CKIAPHOU
KOMNOHEHMbL NIePeHoCUMO20 6eKmopa. Bce eempa onpedesiem moAbK9 A0KIALHO.

JTouemy bvL Hu UCTIOAB308ATD MEPMUH NOMOK_ BEAUUUHDLY?

Jlycmv b — eexmoproe nore. Popmyra «nomox, éexmopa b» mpaduuuonno osnauaem cKgasp-
HYI0 BEAUMUNY U CYMMY 6CeX. IAeMenmoe éuda b-do no nosepxmocmu, uepes Komopyio «uoém nomoxy,
20e do — eeKmopHbii dremenm nosepxrocmu. JILe. Kax, byomo bor eexmop-@ynxuus b onucvieaem
«meuenue OMBACUEHHOT BEAUMUHBLY, OMAUMHOL om camoil B. K npumepy, «nomox, IAeKmpuueckoeo
noAsLy OMOKJecmeAsiem ¢ 3apsdom. Ho 6 cmbicre, NpUMEHEHHOM 30ech, U ecAu bvi ynompebasrace
maxgs gpasa, «nomox, cKgAAPHOi eeauuunvly bvia bol eexmopom. Kpome mozo, «<nomox eéexmopa b»
o3nauar bl «nomox, nepemocsuuii b Kax, eexmopHyro seaununy», Kozda b 3asucum om uacmuuvi,
Komopoii b npunucan. Ppasa «NAOMHOCMb NOMOKE UMNYAbCA» 03HAMAAL Dbl «6emep, nepenocsuuil
umnyAbcvl wacmuuy. Ecau b — naomuocmy umnyrvca, fpasza «nomox, NAOMHOCTU UMNYABCA» O0AKHA
03HAUAMb MPAOULUOHHBLE NOMOK,— UHMeZPaA O 6eKINopHo20 noAs b no noeepxrocmu. IIL.e. ume bot
3Havenue nopsdok, cr0e. «JI0MmMoK, NAOMHOCIU UMNYABCA» COBNAOA bbL ¢ «MOMOKOM MACCHLY 6 UHOM
cmbicAe caoeocouemanusi. Ymobot 3aeedomo Huuezo He nymamv, bydem zosopumbv o eéempax. UAL
meueHusx,

«Bempom (Mmeuenuem) KUHemunecKoil IHep2UL» 00HOAMOMHOZ0 243d HA308EM BEAUUUHY

q =[] (mv*/2)vn(x) V(%) dvidvzdvs.

B obuem cayuae, nwycmp b — NpoU3BOALHASL CKIAAPHAS, 6eKINOPHAS, UAL 6eAUHUHA OPY20il NPUPOODL,
XapaKmepusyouas MOAEKYAY, K020a OnpedeAUMO Mo UAL UHOe Npou3sedeHie CKOPOCTU HACMULbL D Ha
Komnonenmot eeaununsl b, nanpumep, Kozda b — mensop. Jloz0a «eemep (meuenue) eeauuunvt by
onpedeaum Popmyro:

B = [[f 6"()'11()()‘ "P(X,'V) dvidv.dvs.



}[anpumep, MOKHO onpeae.wmb eemep CnuHoé 1dacmuy, 2asd. @emep UMNYABCA UACTMUY 2d3d eCMb
meH3op, COCMABACHHDBLU U3 6empo6 KOMNOHEHM UMNYAbCA UACMUY — U3 6emMp0os BEAUUUH MV
Komnoueumbt IMmoeo men3opa 3adaromcs Unmezparamu:

By = [] mvvrn(x) Pv) dvidv:dvs.

Bjj mpaxmyem 6 Kauecmee j-0i KOMNOHeHMbL 8empd i-0i KOMNOHEHMbL UMNYAbCd. CMapoe HA36aHUE
IMUX UHMEZPAL08 — <KKOMTIOHEHNbL HAOMHOCTIU MEHIOPA IHEPZUU-UMTLYABCAY.

Kozda b=1, B bydem meuenuem edunuy (uacmuy), 6empom acmuy.

Heobxodumo yuumeieams, umo pacnpederenue P sasucum ewé u om epemenu t. PasHosecue 6
ammocgepe MoKem 00Cmueamvcsi, U K9z0a NOMOKU BEAUHUH PABHbL HYAN, U KQ20d HeKQmopble U3
nomoKoe eeaunun He byoym wyresvimu. Cobcmeenno «pasnosecue» onpedeAuM Kax, CmamucmuyecKoe
cocmosimue, Koe0d NOMOKY He 3ABUCSM OM BPeMEHU — NOCMOSHHbL 60 BPEMEHI BEMpPbl, MeEUEHUs.
BEAUMUH.

Dynkuuro P ecezda MoxKHO nodobpamsv é oKpecmuocmu KaKQ0U MmouKu X max, umo eemep
MAccbl 0bpamumcs. 6 HoAb, HO 8 MOl JKe OKPECIHOCMY, éemep KUHeMUuecKoi IHepeul He OKAKemesl
Hyresbim. JIl020a eemep KunemuuecKoi IHepeul OMOKJECMSUM 6 MOUHOCHU C Nepedauei menAd, ¢
MENAOBbIM 6EMPOM.

Beprémcs K, npumepy ¢ 08yms NAOCKOCmAMU. DOKAXKEM, UMO ecAU OOHOAMOMHbLL 2d3
HAXOOUMCSL 8 PABHOBECUU U Hepe3 Hez0 UOEM MeNA0BOU MOMOK, MO pacnpedereHue no CKOPOCMAM
MOAEKYA 6 OKPeCmHOCU KAKOOT NPOCPAHCIEeHHOU MOUKY HEMAKCBEAN060.

DeiicmeumervHo, NPednoAOKUM pactpedererue MaKceearoeo. JIloz0a gynkuus P(x,v) obrada-
em chepunecKoil CuMMempuei 6 NPOCMpancmee cKOpocme, U MenA08oil eemep

q = [I] (mv*/2)vn(x) Pxv) dvidvodvs = 0.
Jlocaednee npomusopewum HAAUYUI0 NOMOKA MenAd om 00HOH NAOCKocmu K 0pyeoil. 4.m.o.

H3 nocaednezo Haxo0um, umo cpeoHue BeAUHUHbL KUHEMUHeCKOl IHep2ulL MOAEKYA, Nepedasd-
eMble 3d eOUHULLY BPeMEHIL <BNPABO» UL «BALB0» HEOOUHAKOBbL MOKem Al OKA3AMbCS, MO <meMnepd-
Mypa no HANPABAEHUIO MENA0B020 BeMpa» He COBNAOEM C «MEMNEPAMYPOll 8 HANPABACHUL, NePHeHOU-
KYAAPHOM MenA080MY eempy»? HeKomopble MOMEHMbL PACTpedereHUs OMAUUHL O MAKCEEALOBLX —
COBEPUIEHHO TOUHO (eCAUL COBNAOYM 6Ce MOMeHmbl, Mo cosnadym u pacnpederenus). Yem moeda
UCKAIOUEHO HAPYULeHUE «CBOTCTB MAKCBEAAOBOTL MEMNEPAMYPbL»?

JloAyudaem, umo MOKem NOMePSAMbCsi CAM CMbICA PeUleHUs: 3a0auy, NOCMABACHHOT 6 HAYdAL
napazpaga. MoXem USMEHUMbCS CMBICA <YCA0BUSL OUHAMUUECKQZ0 PABHOBecUsr» — nompebyemcs
opyzoe ypasnenue. Ymo moezda bydem o3nauamv cro060 «Oaerenue»? Ymo onumem <«ypasHeue
menaonepedauu»? Ymo 0bosHauum cr060 «memnepamypar?

Ommemum ewé ooun 6axubiii 6onpoc. Beaununa g abcoaommo onpedersiem menosol nomox,
6He 3ABUCUMOCTIYU OM CHMAMUCHUMECKUX U UUUECKUX, Meopuil (<HbIOMOHOBbLX, MENA0BbLX, CKOPO-
cmeil» ), UCNOAB3YIOWUX, 00HOAMOMHbIE YACMULbL, He hepedatouue Opye Opyzy céol chut. EcAU coxpa-
HAMb pacnpederenie N0 CKOPOCMIM HACTUL, 6 2d3e MeKJY NAOCKOCHAMU, HO USMEHAMb KOHUEHMpad-
WUl 2a3d, Mo «3ABUCUMOCHDL MEMNEPAMypbl 2d3d om KQopounam» — Kk, bbl HiL 0onpedeAsiAdcs

6



1000bHas BeAUUUHA — He O0AKHA MEHAMbCS OM USMEHEHUS KOHUEHMPAUUL uacmuy, Y eeAunenue xe
KOHUEHMPAUUL 2434, m.e. NEPEHOCUUKOS MenAd, K NpUMepY, 6 COMHU pa3, NPUseoém K, y6eAUHEHUIO 6
COMHU PA3 MENA0B020 NOMOKA. 3ABUCUMOCTIL MENA0B020 NOMOKA OM KOHUEHMPAUUL 234 6 MOYHOCTIL
noomeepKoaem gopmyra eempa g. Credoeamervho, ouwubounst Aobvie gopmyrst menronepedauu, 6
KOMOopbLX NOMOK_ MenAd He 3a6UCUT O KOHUEHMPAUUU HACTUY.

$'3. Cnocob naxoxXdenus ypaswenuii ammocgepo 8 Hacmuom cayude

Jlycmv daree, P — pacnpedererue MOAeKYA MO CKOpocmsam (U ecau Heobxooumo, 1o opyzum
BEAUMUHAM), 3ABUCSULCE O TIPOCTPAHCBEHHOT MOUKY U 8peMenl. AHAA0ZUMHO, npednordedem, UMmo
KOHUEHMPAuUs acmuy, 1 3aéUcum om NpoCMpPanHcmeeHHoll mouKy u Momenma epemenu. Jlycms g —
HANPSKEHHOCTD ZPABUMAUUOHHOZ0 T10ASL, 3A6UCAULAS OM X,

Yucro vacmuy, 6 momenm t, 8 obvéme seaununoi 0x;0x20X3, OKpYKawem mouKy X, pasHo
1(8,x) 0x10x20x3. JTycmv uacmuupl ne cmarkuearomcs. JIoz0a, 3a epems dt, us obvéma eerununoil
0x10x20x5, oKpyKarowezo mouky X' =X + dx, 20e dx = - vdt - gd?/2, ox; < ldxl, cmapmys 6 momenm t’
=t - dt ¢ HauaAALHOTL CKOPOCTBIO U, 00 IAEMEHMAPHO20 0bBEMA, OKPYKAIOUWEZ0 MOUKY X, K MOMEHLY t
doaemero bvL KoAuMecmeo uacmuy pasmoe

n(t,xX)Pt,x59) - dvidvadvs - 6x;0x00x5, Koeda dvi = (0x;)/dt.

Bce wacmuupl, bvisuiue 6 Iremenmaprom obvéme, oKpyKarouem X, 3a pems dt noKunym mom
0bvém. Cymmupys no écem moukgm X, NOAyudem, umo, nNpu OMCYMCMOUN CMOAKHOBEHUT, UUCAO
UACMULY, OKA3ABULUXCS 6 INCMEHMAPHOM 0bbEME 6 OKPECTHOCU TMOUKY X,6 MOMEHML T, PABHO

n(t,x) - 0x;0x0x6 = [[] n(t, X} P(t,x,9) - dvidvadvs - 0x;0x20x3, m.e.
n(t,x) = [J] n(t - dt,.x - vdt - gd2/2)} Wt - dt,x - vdt - gdt?/2,v) - dvidvodvs,

20e uHMezpUpPOBanLe NPoU3BOOUNCs. MO BCeMY NPOCTPAHCMEY CKOPOCHE.

JIpaexmoputo, no Komopoii wacmuud 0éuedrdct bes cmMOAKHOBEHUTl, HA3066M «NPOCMOLL».
JIpocmas mpaeKmopus baAusKa K npsamoil AUHUY, eCAU 8peMsi 0BUKEHUSL HACTULBL 00CAMOUHO MAAO.
«CAOKHOT MmpaeKmopueil 4ACMUubl> HA3086M AOMARYI0, CODPAHHYIO U3 KOHEUHOZ0 HUCAA 36€HbES,
KaoKQoe 36eH0 Komopoil — npocmas mpaexmopus Imoi uacmuypl. CyMMuposanue no moukgm X' ecmo
«CYMMUPOBAHUE MO NPOCMbIM mpdeKinopusam». DA Y4éma CMOAKHOBEHU, CYMMUPYeM 6KAAObL 6
cocmas anemenmapozo obvéma, coeranble HaACMUUAML, KOMOPble 06USAAUCH MO CAOKHBIM MPaeKmno-
pusim ¢ Konuom 6 X, Kozda uucro 3eenves A0manoii L, évruucasiem L-Kpamuwlil unmezpar no npocm-
pancmey cKopocmeil, ¢ yuémom O00AU HACMUY, OMKAOHUSWUXCS om mpaemopuu. {mober naimu
KOHUEHMPAUU0 4acmuy 6 IAeMeHmapHom obvéme, OKpyKarwouwem X, HeobXooumo Hailmu mnpedea
MHO20KPATMHO20 UHMEZPAAL NPU HEOZPAHUMEHHOM poce L.

Heobxodumocmv 6 MHOOKpaAmMHbIX, UHMeZpardX, Omeedém be3 nomepu MOUHOCHU 66180006
Koezda ummepsar dt ycmpemaén K, HYAI0, CHPeMUMCS K, HYAX0 U O0AS HACMUL, BbIACMAIOWUX U3
obvéma, oKpyKarouwezo mouxy X' u OMKAOHUBWUXCS OM Npocmoil mpaeKmopuu. Yacmuupl, Komopble
OMKAOHUAUCH O NPOCMOTL mMpaeKmopuu, Ho docmuzau obvéma, oKpyKawuezo X, K Momenmy t, npu
docmamouno marom dt yuumovieaem YKe KaK uacmuupl, uoywue 6 GuHaAbHbLL 0bBEM N0 NPOCMBIM,
boree KopomKum mpaeKmopusim — 10 NOCALOHEMY 36€HY AOMAHOU. DMOM NPUEM YMOUHEH HUXKE.
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Kax coemecmums moueuHoCms YACMul, Hesi8HO UCNOAL30BAHKYIO0 6 6b1600€, U B03MOKHOCTD UX,
cmoAKHosenus? I Kax coemecmums noseaenue becKoHeuno mMarbix, 0bvEmoe ¢ KOHeUHbIMU pa3Mepamu
uacmuy 6 cayude, K9zoa mvi 00mycKaem 00CMAMOUHYH0 8EPOSMHOCID CIMOAKHOBEHIS. HACTIUL?

PaCCMOMPUM  8CLE03MOKHDIE MAMEPUAALHBIE PACTPEOCACHUS HACMUL N0 CKOPOCMAM U
KoopouHamam u npu KQHewHOM pa3mepe 4aACmuy, HAnpumep, Kax meepobix KAACCUMeCKUX, Wapos, m.e.
803HUKAOWUe 10 PusunecKomy aximy. Mamepuarvnolx, pacnpederenuil becKoHeuno MmHozo, U
KaoKJomy coomeemcmeyem cé0s ammocgepd. Ammocdepvl «mepmoOuHaMuuecKy IKGUBAACHIMHDLY,
HEOMAUMUMDL, K020d MAKPOCKONUMECKU HEOMAUMUMBL COOMBEMCMEYIoulue pacnpederenus — no
NOKg3anusm npubopos, UBMePsI0UUX. MepMOOUHAMUHECKUE 6eAuUHbL. COBMECTIUM 8 TPOCMPAHCMEe
00CMAamouHo MHO20 IKUBAAEHMHBIX, ammocgep. Kaxovie 06a amoma u3 pazHelX, ammocpep nycmb
HUKAK, He 83aUMOO0eICMBYIom — HAXO00SAMCS 6 «NAPAALEAbHbIX, Mupaxy. JI1020a, ¢ 000U CMOpPOH®b,
amoMbL CMAAKUBATOMCS. Opyz C Opyeom 6HYMPU KAKQOU ammocgepvl, u 6 00UHAKOSbIX, CMAMUCTIIL-
UeCKUX, NPONOPUUAX, OASL PASHBIX COBMEWEHHBIX ammocgep. C Opyeoil cmoporbl, KaKoed bvt Hu bbira
CKOAb Y200HO MaAdsi obaacmb npocmparncmead, 6 Heil OKgKemcst 00CMAMOUHO MHOZ0 UEHMPOS AMOMO8
U3 pa3HbLX IKGUBANCHMHBIX AMMOCHeD.

Daree noryuaem

n(t-dt, x:+dx)}P(t-dt, x+dx,v) =
= ntx)}PExv) + (- vdt - gdi?/2)-0)-(n(t,x) Pt xv)) - dt-o(n(t,x)PExv) +... (1)
Jlycmp 0 — doas wacmuy, docmuemux. unarbHozo obvéma 3a epems dt no nPocMviM MPAeKMOPUAM,
835MAsL OM NOPUUY UACMUY, CMAPMOBABULUX, U3 COCEOHE20 IAEMEHMAPHOZ0 0bBEMA CO CKOPOCTDIO V.
Beaununa 0 sasucum om momeHma epemenu t, NOAOKEHUS PUHAAbHOZ0 0bBEMA X, U Om CKOpOCHU V.
Hazoeém «pynKuueii nomepv» serununy 1 maxywo, wmo € = vdt = 1 - 0 — ¢ mounocmwio 0o eruuun
boavue nepeozo nopsdKa marocmu no dt. Ymuoxum ua eeaununy 0 npasyro uacmv gopmyant (1)

Hmoz npounmezpupyem no npocmpancmey cKopocmeil. JIocAe UHMeZPUPOBAHUSL, CAA2AEMbLE NEPBOZO
nopsi0Ka marocmu no eeaunune dt obszamnvl obpamumcs 6 Hyrv. JL03mory,

omn(tx) = - [If (v-d)n(t,x) Pt xv)dvidvdvs - In(tx), 2)
20e J = [I] (it x,v) Pt x,v)dvidvdvs,

(v-0) = Tvid;, Ti — cymma no écem 3HaueHuAM UHOeKca i, O;— KoMNnoneHmvlL onepamopa epaduenma 9,
m.e. NPouU3B00HAsL N0 i-01l Koopouname. cemp 1s

Ecau vi = ui + V), 20e ui — Komnonenma cpeoneil MaxpocKonuuecKoii cKopocmu u 06U yuleiics
MAccyl 2a3a 6 mouke X, Vi — Komnonenma «menao8oii ckopocmu» V, mo

ui = [ff v Pt x,v) dvidvdvs,
I Vi @, VAu(x) dV:dVodV; = 0.

Bb1600s onepamopst i 3a 3HAK UHMeZPAAA, U3 (2) NoAyudem ypdsHeHue:

on = -, [[ virn(t,.x) Pt xv)dvidvadvs - In =



= -20; (n(t,x) [J] v Pt x9) dvidvodvs) - Jn =
— S xfu(t5) - Jn =) - .

Jloryuennoe ypasuenue obszano cosnacms ¢ ypasnenuem nenpepwisrocmu. Omcrooa, J = 0. Baeuém Au
nocaeduee 1t,x,v) = 0 — ¢ mounocmvio 00 becKoneuno marvix no dt omuocumeavno 12 Jopuus uacmuy,
CMApMoBasuux, U3 HeKQMOpozo IAEMeHMAPHOz0 0bbéEMA 6 CMOPOHY PUHAALHOZ0 0bBEMA, MOKem KK,
mepsimy, max, u npuobpemams uacmuusl, npucoeoursemvle Ha boree KQPOMKUX Y4aCmKAX, NpoCmo
mpaeKmopuu. JI03momy, Mol 0ONYCHUM, UMO BEAUMUHA 1 MOKeM bbimb KK, NOAOKUMEALHOH, MAK, U
OMPUUATNEALHOTL. Ucmp 16

Bamemum, ecau dx, 3asucum om becKomeuno marbix, cmeneneis dt boree cAOXKHO, 0AsL ceneHeil
ebLlLe Nepeoil, MO 0AsL YPasHeHUT Nepeozo NOPAOKA CAOKHOCL MAKUX CMeneHell He uMeen 3HaAUeHUs..

Kozda uacmuuvl — meépovie wWapbl, CMAMUCTUMECKY 3HAUUMA TMOABKO «IPOCMPAHCMEEHHO-
BpeMenHaAs KOHUEHMPAUUs O0BOUHBIX CMOAKHOBeHUD». (BeposmHoCb «CMOAKHOSeHUT  bOAbMUX
Kpamuocmei» HyAe8dst 0Asl MBEPOLIX. WAPOS U HUUMOKHO MAAA OASL PeAAbHBIX MOAEKYA. Koneunwiil
UEMBIPEXMEPHDBLIL NPOCTIPAHCTBEHHO-B6PEMEHHOT «ObBEM» CO0EPXKUM «KOHEUHOE KOAUUECTIBO CHOAKHO-
eenuil». CMoAKHOBeHUS, Npousoueduue 3a epems dt — ecau yKazame 20e NpoUOWAL Imu cobvimus —
pacnpederenvl 6 GuUMECKOM MPEXMEPHOM NPOCHPAHCINGE YoKe € HUCTO <HPOCHPAHCMEEHHOT NAOM-
HOCHIb10 MECT NAPHBIX, CMOAKHOBEHUIL», YCMPeMAEHHOT HYAI0, Koz0a dt — 0. Omcioda, cmpemumcs K,
HYAI0 OMHOUWEHUe YUCAD HACTUY, UCHbIMABUUX, CTOAKHOBEHUSL 6 PUHAALHOM ObbéMe, K, MOAHOMY
uucAy uacmuy maxpeo obvéma. Jlosmomy, obmen yoapamu yxe 6 unarvHom obvEMe HUUMONKEH,
beckoneuno man, 0As moeo, umobwt cmamucmuuecKuil 6ec MaKux yoapos Moz noeAUAMb HA KaKoe-Aubo
pacnpederenue, NPUSHECEHHOE HACMUUAMY, NPUMEOWUMU 6 PUHANbHBLEL ObBEM K MOoMenmy t u3
Opy2eux IremeHmapHvlx, 0bbémos.

CmamucmuKg yoapoe umeem 3uauenue 6 noocuéme udryuenui. JIycmv u36ecmuvl CMAMUCMuUKg
UBAYHeHUTl NOPUUT IACKINPOMAZHUMHOU IHEPZUL 6 3ABUCUMOCTIU OM CKOPOCMel CMAAKUSAOULUXCS
uacmuy 2dza u pacnpederenue 1o CKOpocmsm uacmuy. Vuém usryuenuil 6e0ém uepes 060ilHble
unmezparl o npocmpancmey cKopocmeii. Kozoa cmpemumcs K HYA10 0meedEHHOe 0AsL CHOAKHOBEHUL
epems dt, omuowenue uucAad 0BOUHbLX CMOAKHOBEHUTL K HUCAY 6CeX HACTUY cmpemumcst K, Hyawo. H
NOMOMY, CIPEMUMCS K HYAIO NOAHAS IHEPZUS USAYHEHUT 3d IMO BPEMSL.

$4. Bviso0 ypastenuii ammocepvl 0 Opyeux, PusuuecKux, eerunun

Koezda b = b() — cKgrspHas, 6eKmopHas UAL UHASL BEAUMUHA, XAPAKINEPUSYIOWAS. MOAEKYAY
ammocgpepny, P(t,x) = [I] b'n(t,x) Pt xv) dvidvadvs ecmv naomnocms, Konuenmpauus éeauuunvl b 6
gusuneckom npocmpancmee. B uacmuocmu, 0as b=1, P(t,x) = n(tx).

Bamenum paszy «<KAUUECHBO HACMUY, 6 INEMEHMAPHOM 0bBEME» HA «KOAUMECMBO 6eAUUUHDL b
8 IAeMEHMAPHOM 0bBEME» 6 NPedbLOYWUX PACCYKOEHUAX, U TPOBEOEM MOXOKUE PACCYIKOEHUS 6HOBD.
JIl020a, onycmuse cmenenu dt viue nepeoil, HAXOOUM:

Btx) = [[] 0-6(+gdtyn(t-dt, x - vdr) Cli-d, x- vdtv) dvidvadvs,

NOCKOABKY, Heobxo0uMmo yuecmp, umo 3a epems dt cKopocmv 4acmuy, u3MeHUAACL Ha éeKmop dig — K,
MOMeHMY, KO20d OHU NPUUIAL 6 IAeMeHmapbii obbém, oKpyKarowuil X, B umoze, npuxooum K,

gpopmyae:



0-b(v+gdt)n(t-dt, x+dx)P(t-dt, x+dxv) =
= (1-dt1)b(+gdt) - (n(t,x)} P (txv) - dt-(v0) n(t.x)} P (t.xv) - de-oi(nt.x)} Ptxv)+...) (3)

PacKpvieaem: bw+gdt) = b(v) + dt-g-0,b() + ... , Oyb — epaduenm seaununsvt b 6 npocmpancmee
cKopocmei, Koz0a b — ckaasp. Ecau XKe b — eexmop, Komopwiil wycmwv bydem eeximopom b, Komnonen-
mvL Komopozo cymv by, mo Oyb — mampuua, Komnonenmo: Komopoii cyms 0b;/0v; . Boree cAoKHbie
cAyuau paccmampueams ve bydem. I3 (3), m.x, obpamumecs 6 HyAb MHOKUMeAs neped dt (ne 3asucu-
MOCIU O HAAUMUSL UAU OMCYMCMBUS. PABHOBECUSL), HAXOOUM:

0:f(t.x) = o []] b@)n(t.x) Pt xv) -dvidv:dvs =
= - [I] b@)(vd)(n(t,x)P(t,xv)) -dvidv:dvs +

+ [1] (§:0-6(%)) n(t,x)P(t,x,v) dvidv:dvs -
- [ vb(@)n(t.x)Ptxv) dvidvadvs.
B uacmuocmu, nycme b = v2/2. J0z0a, Ovb = v. Ecau b = v, mo Ovb — edunuunas mampuua.

Ecau b=v°v/2, mo Komnonenmoi mampuupt Oyb cymv seaununvt 120; + vivj, 20e O; — KOMNOHeHmbL
eOuHuuHOl Mampuubl. T[PUxoOUM K YPaAGHEHUAM AMMOCHepbL:

4

0: [l vn(t,x) Pt xv) -dvidvadvs =
= - [I] v(vd)(n(t,x)}P(t,xv)) dvidv:dvs +

+ [l gt x) Pt xv) dvidvadvs -
- [[[vvn(t.x) Pt xv) -dvidv:dvs

()

o fJ] (W*/2)n(tx) Ptxv) dvidva.dvs =
= - [I] (V*/2)-(vd)(n(t,x)} P(t,xv)) -dvidv:dvs +

+ /1] (gv)n(tx) Ptxv) dvidv.dvs -
W@/ 2)n(tx) Ptxv) dvidvados.

(6)

o[l (V2/2)vintx) Pxv) dvidv.dvs =
= - [l] @*/2)vi(vd)(n(t,x) Pt xv)) -dvidvodvs +

+ [ Si((@2/2)65 + vivy)grn(tx)} Wtxw) -dvidvsdos -
- [T v(@2/2) vin(t,x)Ptxv) dvdvadvs.

7)
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B opmyae (5) nepemacKueaem onepamopwvl O; 3a unmezpar, UCnOAb3yem 3ameny v =u + V),
Npuxo0uM K ypasHenuo:

oy(nmu;) = - Z0; [[] m ViVt Pt,xv) dvidvodvs + mgin - mnfJf VPt xv) -dvidvadvs -
- menfff 1ui Pt xv) dvidvadvs - Zidi(uiwmen) - (8)
- 20 [l muVintx) Pt xutV) -dvidvadvs - Z0; [ff mVan(t,x) Pt xu+V) -dvidvados.

Donycmum, éempv. macc omcymcmeyrom, m.e. 4 = 0, a pacnpedererue 10 cKOPOCMAM MOAEKYA
MAKCBEAAOBO 6 OKpecmHOCHU KAXKQOU npocmpancmeennoii mouky. JIozda V: = v, u ypaenenue (8)
npespaulaemcs 6 ypasHenue OUHAMUHECKOZ0 PABHOBECUSL:

- O(nkKT) + mn-g - mn-a =0, )
20e a = [[[ VP -dvidvodvs. Koneuno, a — pynKuus, 3aeucsuds om Koopounam.

ﬂTycmb 6eMmpvlL MACC OMCYMCmMeyom, éHe 3A6UCUMOCIU O CUMMEMPUU UAU HE CUMMEMPUL ((p,
U éHe 3dsucumocmu om Omcymcmeus UAl HAAUUMUS ¢pasumayii. BoviHecem 6 YpasHeHUuU ( 6) 3d 3HAK,

unmezpara onepamopw. Oj, npespamus ux 6 ousepzenuuio. Hnmezparvl, codepKausue givi, obpamsmcs
8 HyAb. H 6 OKpecmHocmu HeKQMopozo MOMEHMA BPeMeHL:

0:Q =- (bq) - mnY,

20e Q — maomHocmv menroeoil Inepzuu, q — menaosoi eemep, Y = [[fi(V?/2)P-dvidv:dvs. M3
N0CALOHE20 UBBAEKAEM, HINO, 6 OMCYMCMBUY BEMPO8 MACC U UCTIOUHUKOS U oK menad, Y = (.

$’5. Donoanumervnoe ypasHenue pasHosecus.

JIpu ycAo8Uw, Mo 6emep MACChL U MENA0B0T 6emep PasHbl HYAI0, U pacnpedererue P AOKgALHO
MAKCBEANOB0, NOAYHdeM U3 YpasHeHus (7):

- (Z]‘bj _[[[ (’()2/2 )"(/{()j'n( t,)()'(q)( t,x,'{}) dvidv.dvs +
+ g [ (V2/2)-0i + vivy)n(t,x)P(t,9) dvidvadvs - nW; =0,

20e W; = [l v(v*/2) v P(t,x,v) dvidv2dvs — Komnonenmu. seKmopa W.
Kozda i # j, unmezparv, codepKauue vivyobpamamcs 8 wyiv. J10Imoy,

- 0[] Tr(wivi/2)n(t,x) Pt xv) -dvidvadvs +
+gi [I] v2n(t.x) Pt xv) dvidv:dvs + (10)
+gifff (7}2/ 2)’”(@9()'@( t;JG'V) ‘dvidv.dvs - n W, = 0.

Das pacnpederenus Maxceeara, Kozoa 11 = 2KT/m, eeprbi credyrouue pasencmea:
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[V Pt xv) -dvidvadvs = 31/2,
[ v Ptxv) dvidvadvs = 1/2,
[ viv? Pxv) dvidvadvs = 42/4, Kozda i #
[ v @t,xv) dvidvadvs = 342/4.

Hcenoavsys i 6 pasencmee (10) 6mecmo unmezpar0s, NOAYHdeM

(120 03/ 11 - 2:(1/2)-0i(1/A) 1 n + Gi(1/2) e + Gi(1/20(3/2) 17 - W) = 0.

B umoeze, HAX00UM He3ABUCUMOE O MpeboBanus OUHAMUUECKO20 PABHOBECUS. YPABHEHUE:
O(kT?n) = T'mng - (2m>/SR)n-W (11)

Ammocgpepa bydem umemsv ectody odunaxoeyro memnepamypy, ecau OT = 0. H3 mpebosanus
Junamuneckpeo pastosecust O(RTn) = mng - m'n-a, naxooum HT = 0, morvKo Kozoa 2mW = 5k1a.

B uacmunocmu, Koeoa éexmopa a u W pasmvl nyat, ammocgepa bydem zubbcoeoii. Ecau, odun
U3 IMUX 6eKIMOPo8 HyAb, d OpYyzoil He paseH HYAI0, MO 00UHAKQBOCHb MeMNEPamypbl 60 6ceX HACMAX,
ammocghepol HApyuaemcs: (MPpu YeA0BUL AOKIABHO MAKCBEANO8A PACTIPEOCALHUS).

Konuenmpauus n = toexp(GMm/KTr) npusodum x, beckoneuromy Koruuecmsy uacmuy ude-
arbHol ammocgepvl. Ho 0as ammocepor 3eMAU BEAUMUHA N CHIOAD MAA, HIMO ECAU PACTIPEOCAUND 6
NpoCMpancmee 6ce amombl 3eMHOL AMMOCHepbl ¢ KOHUEHMPAUUEH Mx, MO 3AHAMbLL UMU ObBEM 60
MHO020 pa3 npesvicum obvém eudumoii Beerennoil. Jlocreonee ereuém, wmo ammocgepa 3emau bydem
CUCTIAPSAMBCS» BpeMsL MHO20 boaviuee «6o3pactma Bcerennoily. Kpome mozo, 00AsE MOAEKYA, UMEIOULUX,
8MOPYI0 KOCMUUECKYI0 CKOPOCTD HUMMOKHO MAAL OASL 3AMEMHO20 <UCHAPEHUS AMMOCHepbly OdKe 6
meuenul MUAAUAPO0s Aem. B umoze, ¢ MOUHOCTBIO 00 epbL <6 AOKIABHYI0 MAKCBEAAOB0CHD pactipede-
ACHUSL MO CKQPOCMAM HACTUW», U 8 PABEHCTNBO HYAI 6eKmopos W u a, naxooum, wmo «udearvHas
ammocgepa 3emau» 00AKHA HAXOOUMBCSL 8 6eCoMA YCMOUUUBOM 21UbBCOBOM KBaA3U-PABHOBECUL.

Bcto ammocgepy 6 nore MAKeCMU UAU e€ UACTb MOKHO NOMECTIUMb 100 KYNOA U NOAYHUTD
YoKe mounoe pasnosecue. JIlepmun «zubbcosa ammocepar npumenén 30ecy 0As AMMOCPep, UMEIOULUX.
6C100y 00UHAKQBYI0 MEeMNEPAMmypy, MOAbKQ 6 c6:3U ¢ 0bcyKdeHuem 2ubbcosoil zunome3bl, 0AsL ynpoue-
Husi obopomos peuu. JIpasurviee Ke NPUMEHAMb IMOM MepMuH K ammocgpepe, <umetoueii zubbcosy
cmamucmuxyy. DAs Opyeux, Camucmux_ «6cto0y 00UHAKOB0CHb MEeMNEPANyp» HUMEM He UCKAIOUeHd.

$6. 3adauu pasnosecus u 2a3060i OUHAMUKY

BO3MOKHO Humamerv bydem pasouapoear, nocKOAbKY 3aKOH menionepeda ocmaémcs 1o-
npexuemy Heuzsecmubim. MoxKem Au memnepamypa pasHoeecHol He usAyuaouwei ammocgepvt boime
PA3HOIL 6 PA3AUMHBIX, 0bAGCAX ammocghepbl 8 YeAoeusX epasumauuu? OKg3dA0Ch, MO MOALKQ AUULD
NPeOnoAOKeHUSL. 0 «AOKIALHO MAKCBEANOBOM PACTPeOeAeHUU» eWé He 00CMAMOUHO OAS PA3PEUEHIS.
80NPOCA «0 HEOOUHAKOBOCTU MeMnepamypbly. 3adaua Ke 00Ka3amp UAU ONPOBEPZHYMb 6 YCAOBUSX,
2ZpasuMauul <HEMAKCBEAN0BOCTL PACHPEOCACHUS HEMPUBUAAbHA.
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OmxpoHeHUe MOMeHMO8 pacnpederenus P om nponopuuil, UCOALIBAHHBIX 8 6b1800e POPMYA
(9) u (11) 6 wacmmocmu, maxKe 6edém K, memnepamype, MEHAIOWEUCS OM BbICOMbL, U OMCYMCMBUIO
mena06020 nomoxg. JI0 Imomy noeody mpebyemcs norHoe uccaedosarie.

Ho menepv npuobpemensi cyuecmeennas, OpuUeHmMUpPosKa 8 60NPOCAX. U UX MOUHAS POPMYAU-
poeKa. MosKno derams caedytousue wazi. Bo3MOKHO, KAKOU-HUbYOb wumamerv Haioém Oarvreiduiue
doKasamervcmea u docmuzhem ueau. Kpome mozo, HailOenvl HEOKUOAHHbIE NPUAOKEHUS PA3BUMOTL

30ect meopuu K, Opyzum eonpocam Pusuku (cm. 8 §9). Jloxka xe, obpamum enumanue na opyzue
«3a0a4U PABHOBECUNN:

DAst «ammocgepvL MeKQY NAOCKOCHAMU» 8 OMCYMCMBUL ZPAGUMALUY, He US6ECTHA HU UCTIUH-
Has meopemuuecKds QyHKUUs memMnepamypol, i pacnpedererue no cKOpoCmam acmuy.

Obpamsimcs Au éeaununsvl @ u W 6ciody 6 HyAb, K0z0a pasmep uacmuy, ammochepsl KoHeuen?
Kax_ sasucum 1 om pasmepa uacmuu? Veepeno MOKHO 2060pUMb MOALKY 0 MOM, MO 1 YCMPEMAEH K,
HYA10, K020a pasmep uacmuy cmpemumcs K Hyar. Kaxos 6KAa0 cAOKHbIX MpaeKmopuil, «<MHO20Kpam-
HbLX OMPAXKeHUT» UACTUY, OM OPYZUX HACTUY, 2434, 8 BEAUHUHY 0dAeHUs? MOXKem Al MAA0E HUCAO
uacmuy, 3a epems dt (Ho He becKoHeuno Mmaroe 6 omHOWEHUY 6CeX HACTUY, NEPEHOCIULUX, UMNYALC 3d
epems dt) uz-3a «ompaxKenuil» Kpamno nepenecmi. UMHYAbC, 4Mo npuseoém K 0deAeHU, Npesocxo-
0sieMy «KGHOHUUECKQe»? MOXKem AU U3-3d «OMPAKEHUI» UMTLYAbC HACTIUY He O0CMUSAMb NAOWAOKL,
Ha KOMOPY10 «0déummy» 2as, U Umoz060e 0asAeHue OKIKEMC s, MeHblLe <KAHOHUHECKQ20»?

BOALWUHCIBO BONPOCOS, HA KOMOPbLE XOMEAOCH bbl MOAYHUMD <UHKEHEPHDLI OM6EeM», MOZym
bouimp paspeuienvl HAX0KOeHUEM NOOXOOAULUX, CIAMUCTUK, UAU XOMs bbl, HAXOKQEHUEM NOALIHBIX
ceoiicme maxux cmamucmux, JIpu mom, He useecmusl CMAMUCMUKA CMOAKHOBEHUT U pactipedereHie
10 CKOpOCHAM (CIAMUCMuKg cKOpocmeil) wacmuy 2a3a 6 HeKOMOPbIX, «MUNUYHBIX, CAYHAAX.

Ha pasnoeecue erusiiom usryuenus. Kaxoso pacnpederenue uUCmounHuKos u cmoKos usryueHui
no ammocgepe? Kaxyio porv uepaem usiyuenue 6 pacnpe0eAeHUlU MeMnepamypv. 1o ebicome 6
udearvnoil ammocgepe? B pasnosecu, Cymma OusepeeHyuil NOMOKA USAYHEHUT U MENA08020 NOMOKd
6clody pasna Hyaw (o mozym bbimv He pasubr nomoxu) Jlomeps nepeun ammocgepoil uepes
usAyuenue nHeusbexxno poKoaem meniosoil eemep, NMOZAOULAEMbLIL 6 MOUKAX UBAYHEHUS, 6 KOMOPOM
cKopocmu uacmuy pacnpederenst ve no Maxceeary. Kaxoeo e maxoe pacnpederenue?

Kozda ucmounuxy u cmokyu menioeoil IHepzuL ALKAM HA NOBEPXHOCMY, mpebyemcs pewsums
3a0a4y, aHAAOZUMHYI0 Kpaeeoil. B MAKOM CAyude, 6MeCMO CKAAAPHOU BEAUMUHbL HA NO0BEPXHOCTIL,
8UOUMO, HEObXOOUMO 3a0amb NepeuUuHyr PYHKUUI pactpedereHus no cKopocmsm uacmuy. Kaxoeo
pacnpedeaenue ewympu obvéma, ecAu oHo 3adano maxum cnocobom Ha epawuue obvéma? FEcau
UCTOUHUKY U CMOKYU MENA0B0T IHEPZUL UMEIM NPOCHPAHCIMBEHHYI0 NAOMHOCMD, MO OHU 3A0aHbL
KAKUM-MMO NEPSUUHbIM PACTpedereHUeM N0 CKOPOCHAM HACMUY, ONPeOeAEHHbIM 6 KAKQOil mouke
obvéma. Kax za3 «omeemum» na maxoe «3adanue»? Kaxoeo bydem umozosoe pacnpedererue 8 zaze?

«BempoL MAcc», €030asaemble CODCMBEHHIM BPAUEHUCM HACTULY, MOZYM He NOOUUHUMbCS
3aKoHam «obbrunoil mexanuxy zaza». Cobcmeennoe spauienue Hacmuy MoXem co30amp «eemep», He
UCNbUMbIBATOWUT] <MpeHUs» U He 3ameudemblii npubopamu. Ho mozda e, 603moKeH obmen Inepzueil
U MOMEHMOM UMIYALCA MEXK)Y «BPAULAMEABHBIMY U «HOCHYNAMEABHbIMY 0BUKEHUAMY, 0dXKE O0AS
00HOAMOMHBIX, MOAEKYA, AUSIOWUT HA OUHAMUKY 2d3d. Hmeem AU 3Hauenue maxoil obmen OAs
Ppearvibix 2a308?
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$8. Tlpumenenue mamemamuneckpzo memoda K, MpaxmosKe Keanmosoii MexaHUKy

HeKomopvle ypasHenus 6mopozo nopsoKgd, noryuaembie cnocobom, U3A0KeHHbIM 30ech, UMM
610 <BOAHOBBLX YpaeHeHUTl» U NOX0KU Ha ypastenue 1peduneepa 0as 00noll vacmuubl. bes comnenui,
maxue ypasHeHust ONUCHIBAIOM PACHPOCTPAHEHUe 36YK 8 YCAOBUSX, ZPABUMALUL.

JIodobnbie ypasrenus 6b1600uMbL 6 Npocmparncmee Kougueypauuii. B camom dere, MHOKeCMBo
MOAEKYA ammocgepsl pazobvém na napvl. JI0 pactpederenuro wacmuy 2azd 10 KQOpouHamam u
CKOpOCMAM O0OHOZHAUHO ONpPedeAeHO pacnpedererue «no KOOPOUHAMAM U CKOPOCHSM» 6 «HPOCPAH-
cmee nap. «dacmuua» 8 «npocmpancmee nap», OmoxKgecmersiema ¢ napou uacmuy, obviunozo npocm-
pancmea, umeem wecmv KQOpouHam U wecmv Komnonewm cKopocmei. (Cnocobom, moxoKum Ha

onucannviil 6 §3-$4, 8 npocmpancmee nap HAXOOUM BOAHO60e YPaBHeEHUE, NOX0Kee HA 0BYUACTUUHOE
ypasuenue 1llpedunzepa. Pazbusas 2as na N-Ku, noryuaem N-uacmuunbie ypasHeHus, noxoKue na
MHozouacmuunoe ypasnenue 1lpedunzepa. Jllem camvim 6uoHo, OmKyoa Mmozym bvimv 83smbi
MHOZ0UACUUHbLE B0AHOBbIE YPaABHEHUS KBAHMOB0U MmexanuKy. JIIo, umo 0As obvrunoil ammocgepu.
noAyuaeMbvle MAKUM CHOCODOM YPaABHEHUS OMAUMHBL OM UWPEOUHZEPOBIX — HE NPUHUUNUAALHO.
BeAununbl <K6AHMOBOl ammocgepoly Mozym boimp cOBEPUIEHHO HENOXOKUMIU HA 6CE, UMO U3BECTTHO.
Hoes 861600a MHOZOUACTUMHDIX BOAHOBBLX, YPABHEHUTL He PUBSA3AHA HU K KOHKPEMHOMY YPABHEHUIO,
HU K ceoiicmeam cpedsl. B npocmpancmee KoHgueypauuii noAyuaembl U ypasHeHus nepeoeo nopsioxd.
MOoKHO AU M020a BbIBECTIU <MHOZOUACTIUMHOE YpasHeHue DupaKa»? I3 KoHeuHoCmu nOAHOI IHepzuL
U Opyeux 6eAutUH «KGAHMOBOT AMMOCPEPbLy, UCKAIOUEHUE U YUEM KPUBbLX MpPaeKmopuil npouseooum
bes ucKyccmeenubix, 0ONyueHuil — uepes yMeHbllenue spemeny 06UXeHus uacmuy. B npocmpancmee
KOHQPUZYPAUUTL «CTMOAKHOBEHUSLY MOZYM NPOUCKXOOUMD MEKDY KOHPUEYPAUUIMY, HAXOOSUUMUCS HA
«borvuoM yoarenuu» Opyz om Opyed, UAU MOZYM MPOUCXOOUMDL «CMOAKHOBEHUS KOHPUZYPAUUU C
coboil» (8eposmHOCy UX, HUUMOKHO MAAG). HO MpaeKMopu, OmAUHbIE OM <IPOCMbIXY, YHUMbIBAEM
cnocoboM, NOXOKUM HA ONUCAHHBLIL.

$9. Deiicmsue naanem u ueHMPOs CUA HA IBOAIOUUID KOCMOCE

DoKg:Kem 0cobyt0 poAb NAGHEM U UEHIMPOS CUA 6 YMEHbULEHUY XAOC.

PaccMOmpum UOeAALHYI0 NAGHEMY, amMocgepa KOmMOpou He noAyudem om 36e30blL menio, u
u30AUposana om A10bozo obmena mepzueil ¢ merom naanemwvl. Ammocgepa nwycmv umeem cOBOKYNHY0
MenA08YI0 IHEPZUI0, KOMOPOU He 00CMAMOUHO 0As «YOdAeHUs ammocgepvl Ha becKoneunocmv». JIL.e.
CpeoHsisi CKOPOCHb MOAEKYA AMMOCHepbl MHOZ0 MeHblle 6MOpPOll KocmuuecKoi cKopocmu. H nycme
ammocgpepa maxoi u0edAbHOU NAAHEMbL He NOZAOWAEN U He UBAYUAeN IACKINPOMAZHUMMYIO IHEPLUIO.

JIlaKpzo poda ammocepa bydem neusbexno u bessosepammno mepsmv uacmuusl. Deicmeu-
MeAbHO, K020d MAmepuarbhas KOHUCHMPAUUs HACMUY, YMeHbUAemcs, 00 HYASL Npu YOdAeHUu om
NAGHEMbL, YXOOAULUM HACUUAM He C UeM CTAAKUBAMBCSL 0AS MO20, UMmobbl BepHYMbCS HA NAGHENY, U
doKazyemo, umo Aboe ozpanuuenue cKopocmu uacmuy bydem cmamucmuyecKu npeodoreno. JIl0z0a,
naanema pabomaem KgK, «cmpaxX, Maxceeara», paszdeasisi ammocgepy na Oee gpaxuuu. Jlepeas
Ppaxuus noKumem naaneny, Hazpemasi 00 HeHyAe80il memnepamypol. Bmopas gpauus — ocmanemcs.
Ha nAaHeme U «3aMEP3Hem», 8 npedere 00CMUZHYS MmeMnepamypbl abcoaommozo wyrs. B camom eie,
KaKoea bvL Hu bbira memnepamypa ocmasuieicss Macmy, «HAAHemy NOKUHYM» UACHULbL, UMeIoule
aHepzuo bOALULYIO, UeM CPeOHAn IHepeus MOAeKYA ammocgepbl. Ho eécs ammocgepa e noKumem
nAaHemy — NOAHOU MeNA0BOU IHEPLUL AMMOCHepbl He 00CMAMOUHO OAsL Im0oz0. Omc00a U 8b1800UM
CYWecmeosane «3amép3aroueii Ppakuuu.
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B npouecce pazderenus Ha PPaKuuy éce yuleouiue MOAEKYAbL Ha 00CMAMOUHO YOdAEHHOU cghepe
meopemuuecKy MOXKHO cobpamv 6 00un Koneunwviii obvém. DAsi uezo He nompebyemcs 3ampauueams
pabomy. 3amem, z0psuas Ppaxuus moxKem bvimb 6036pauleHd HA NAAHEMY, 20e NOAL3YACH PASHOU
memnepamypoi. paxuuil, MOXKHO COBEPULUMDb YKe «0Ae3HYI0 pabomy». DAL ONUCAHHOZ0 UUKAA He
nompebyemcs CAOKHO OP2aHU308AHHOZ0 TPOUECCA «MOUMKL POMOHOB» U M. 1.

K 210001l NOMEHUUANDHOT AME MOKHO NPUMEHUMD 8 MOUHOCHU N000bHYI0 A0ZUKY. B camom
dere, mycmv HEKQMOPOe KOAUMECMBO HACTUY, HAXOOUMCS 6 NOMEHUUAAbHOT Me, NPUZOMOBAEHHOE 6
COCMOSHUY, K0204 He XBamdaem MNOAHOU MeNAOBON IHePzuU HACTUY OAsL MO020, umobbl 6cé uX
KoAuuecmeo nokunyro amy. JIoz0a, neusbesKno, umo cpedu uacmuy NOABAMCs, «20psuue HACMULbLY,
OMHOCUMEALHO «OHA AMbLy, KOMOPble 6 COCMOSHUYU NOKUHYMb IMY CUA0BYI0 A08YWKY. Ocmasudsics 6
sme gpaxuus bydem «zamep3amv». B OaHHOM CAyude YoKe He NOHAO0OUMCs KOamb MUAAUAPOLL Aet,
mM.K, 8¢5 cucmema moxem bvimv nomeuena 6 «KoAbYy», Ha 8bix00e KOMOPOil YAABAUBAIOMCS «20psiUe
uacmuubLy.

Tpybo ouenue memnepamypy «zopsueil pakuuuy OAsL 3eEMHOU aAMMOCPHepbl, NOAyHAeM COMHU
muicau epadycos. JIlem boree Ima memnepamypa évipacmem 0As 36630HOU ammocdepsl, U eué u3-3a
603pacmanisi 6mopol Kocmuueckoil cKopocmu. Omcio0d 6eposmHo, wmo «zo0psudas GpaKuusy u ecmo
OCHOBHAS NPUUUHA «AHOMAABHOZO HAZPeBd 36E30H0U AMMOCPHepbl».

Ho yemompum u borvwee. Curoeoi uenmp cbpacvieaem c cebs usaumex snepzuu u becnopsoxa
no ecmecmeennoil npuuune, be3 uvezo-Aubo Hamepennozo pykoeoocmeda. Ocmasum 6 «xXOAOOHOIL
dpauuuy Iremenmol, Mozywue cobpamucst 6 «6biCULY0 MAWUHY». EcAU «3aMEP3UAs KOHCMPYKUUL
HeyOauna», eepHyewasics PpaKuus mycmv YHUMMONKUM «HeNnoOXo0swui eapuanm». Jlocre MHOZ0-
KpamuvLx uukA0e mpebyemas «<mamuna» moxem buims cobpaua.

Hsryuenus mer u ammocipepnl, 0aKe 6 boAviued cmeneny, wem npu nomepe 4ACmuy, MOzym
cbpaceisams snepeuto u becnopsdoK, 6 npocmpancmeo uAu unoe mero. JIOAHOU aHAAOZUU MEKDY
U3AyueHuem U nepedaueil MenAd XOAOOUABHUKY, UAU MEKQY UBAYueHueM U mnepeoaueil éewiecmed
dpayuu nem. JI0 Imomy no6ody MoKHO NPUsecmu NpuMepsl, 6b160051LUe 3d PAMKY MPAOUUUOHHOT
MePMOOUHAMUKL.

Kaxovlil pas, K0z0a pearvhas nAamema Ha HOUHOL CHOPOHe NOCPeICMEOM 6blOpOcos IHepzuu
yeeaunusaem nopsoox, 3eesdda, obozpesaiowas naawemy, enocum bechopsidoK, Ha OHeBHOU CMOPOHe.
Mosxem Au maxds «uepd» 6 mMmeveHue MUAAUAPOOé Aem Npusodums K nepebopy nooX00AusUx
BAPUAHTINOE KOHCIPYKUUT OASL CAOKHBIX OKUBBIX MAUUH»?

Ienmpor beakos, NAABAIOWUX 8 KACMOUHOU UUMONAA3ME, CYMb AHAAOZU MEMAAAUMECKUX
wapos, npumszusaiouiue A100y10 KoHCMpyKuuo 3aps0oe 6 okpecmuocmu uewmpa. H3 becnopsdounoil
MACCHL AMOMOB U MOAEKYA HENOCPeOCMBEHHO K, UEHMPY NPUMAHYMCS Me MOAEKYAbL, KOMOpble
npoiidym ewé «guavmp gopmors. Jpumsnymoie MOAEKYAbL 6CHIYNAM 6 YCMOUHUBYIO XUMUHECKYHO
cesi3b, cbpocus uacmv nepzuu u becnopsdournozo 0suenus. JIpu HAAUMUL UEHMPOS CUA, U NOCAL
MHOZOKPATHBLX, UUKAOS, CYWecmeyen CamucmuuecKy cpeoHuil cpoK 0 Heu3bexnoil cbopKu «Kueoi
MAWUHBL (M000bHO moMY, KK, crmamucmuuecKy HeuzbesKno paderenue Ha (pakuuu ammocgpepol
naanemvt). B pabome Ke KAemKy ywacmeyem napa niawmema — 36e30d. B camom Oere, ecAU NAAHeMA
3amépanem, «nepebop 100X00AWUX 6apuanmosy U «cbopKa mamun» ocmanosumcs. Ecau naanema He
cbpocum AummHuil Xaoc, Mo HUKAKUX <BbICUUX MAWUHY He N0S6umcs. DA I60A0UUL HeobX00uMbL
bopvba nopsdKa u becnopsioxa, eempul 6apuanmos u Inepzuil.
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JIpuroxenue.
Y pastenus 6mopozo nopaoKa e 1

Boinuuem psod Jlleiiropa 0r5 seaununvt O-n(t,x)P(t,x,v) 20e 0 = 1-1dt - kdi?, t' =t - dt, X' =
=x +dx, dx = - vdt - gdt*/2, obosnavue n®P = n(t,x)} Pt )

(1- 1t - kd) - n(t - dt,x - vt - gdv?/2) Pt - dt,x - vt - gdv/2m) =
= (1- 1t - kd¥?) - (0 + (dr-0, + (dx:D) ) (n®) +

+(1/2) (dt?-0u + (dx:8)? - 2-dt-0i(dx:D) ) (nP) +...)=

=n® - dt-((0; + (v-0)) (nP) + 1nP) +

(D + 100+ (VD)D) - (1/2)g-BY D) + (1/2)0u + (0-D)? + 20u(0D)) 1 ®)) + ...

Jlocre unmezpuposanus no NPoCMpancmey cKOpocmeil MHOKUMeAb npu di? dorxen obpamumvcs 6
HyAb. T10 ypasnenuro Henpepvigrocmu (u nomomy, umo J = 0) Haxooum:

ol (v-0) n(t,x) Pt xv)dvidvadvs = - dun,

Jloamomy, unmezpar om (0u + (v-0)? + 2:0.(v-0))n®) no npocmpancmey ckopocmei npeobpasyemcs 6
seaununy = - Oun + [[J(v-0)’n®-dvidvadvs. B umoze, npuxodum K cAedyiowemy ypasHeHuw0:

-kn+Kn+ (@d)n - (1/2)(g-d)n + (1/2) [[J[(v-d)nP-dvidvadvs = oun, (12)

20e K = [[[ v(0 + (v-D))P-dvidv:dvs, a = [[JvrP-dvidvadvs. Ecau, 6 zpybom npubirusxenuu menaoswie
CKOpOCMU uacmuy, 2asd 00NYCHMUMs Cyuecmeenno boavuumu cpedreil cKOpocmu 08UKeHUS 2d30601L
cpedvl, u pacnpederenue P bAUSKUM K CihepunecKy CUMMEMPUUHOMY, MO UHMEZPAA

m[[[(v-0)’n®-dvidvdvs = m-Z;0:0; n-[[JvryP-dvidvadvs

npeobpaszyemcs 6 Aanracuan om eeaununv bausKou K nkI. B pasrosecuu, K9z0a npeonoAOKeHO, UMo
Y ecmv pacnpederenue Maxceeard 6 oKpecmHocmu KgKQ0il NPoCHpancmeenHotl mouKy, nocAeoHuil
unmezpar mouno pasen 4(nkT). B umoee, (12) npeobpasyem 6 «epybo npubruxénnoe ypasmenue»

Un + (b-0)n + (R/2m) 4(Tn) = dun,

20e U u b — cKarspnas u eexmopras ¢ynkuuu. Cmpozo 2060ps, nocaedHee ypastenue obocHyemcs
N0K@ MOAbKQ «(pusunecKum coobpaxenuem OAst 00CMAMOUHO MAABIX, aMnAummyd»: Jlpu urcuposan-
HOTL 0AUHE 36YKOU B0AHDI, MAKPOCKONUUECKAS, CKOPOCb cpedbl 00AKHA CIPEMUMCSL K HYAIO C YMeHb-
WeHUeM AMNAUTYObL B0AHDI, MAK KAK KOHUEHMPAUUS, YACTIUY NOUMU He MEHAEMCS NPU 00CMAMOUHO
MAABIX, AMPAUMYOAX, U 6EAUMUHA TW O0AKHA CHPEMUMbCS K HYAl0. HHmepecno ommemums makxe,
umo memnepamypa T nponopuuoHarLHA Kadpamy «CKQpocmu 36yKa».
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DAst 06 yuacmuunbLX KOHPUZYPAULil HAX00UM N0X0Kee YpasHeHue:
U'n’+(60)n" + (R/2m) 2:(T'n’) + (R/2m) A(T'n’) = 0unt,

20e seaununvl b’, U, T u n’ 3asucsam om wecmu npocmpancmeennvix Koopounam u epemenu, ; u 1, —
AANAACUAHBL 110 KOOPOUHATAM Tiepeoil U 6mopoil uacmuybvl, D’ — zpaduenm 6 npocmpancmee nap, n’ —
KoHuenmpauus é npocmparcmee nap. J1000bHbvle «B0AHOBblE YPABHEHUS» BEPHBL OASL OPYZUX, 6CAUHUH,
XApaKmepusyouux 2a3, OMAUUHBLY, O «KOHUCHMPAUUY HACTIULY.

Do 0KOHUAMEABHOT KBAHMOB0T Meopull OMcto0d emé 0arexo. «DeMOHCIMPAuUs MHO20HACTIUY-
HbIX AANAACUAHO6» TI0 CYMU — KAHeCMBeHHbLil apeymerim 0As 0b0CHOBANUS «KBAHMOBOT AMMOCHepbLy.
JIpaKimosKa «cmamucmuuecKoi KOHUEHMPauuy 6 Heodgupe» obbscHsem cAYHaU HEHOPMUPYEMOCTIU
KOHUEHMPAUUY, U NPUMUPSEN CIAMUCUYeCKYH0 U HeCMAMUCUecKyo mpaxinosKyu. B camom deae,
uacmuua IPupa oKgKemcs 6 mecmax. ¢ borviuei KoHuenmpayueil 4acmuy, eeposimuee, uem 6 Mecmax. c
Menbuiell UX KoHuenmpauuei, 0axe K0z20a @yHKUuUs KOHUSHMPAUUL He MOXKem bbimb HOpMUPOsaHd.
He byoym Au moeda Ke <HeIgpuphble MAMEPUAALHDLE HACTULbL BCC20 AUULD <KOALbaAHUAMU 6 IPupes?

B amy pabomy cderar éxaad Bcesorod BomeunoeCKuUl, KOMOPbiil USHAUAALHO 3AUHMEPECOBAA
MeHsl 3a0aveil 00KA3AMeAbCMEd UAL ONPOBEPKEHUS. «HYALB020 ZPAOUEHINA MEMNEPATLYPbL 8 YCAOBULX
zpasumayuu» us boree meeépobIX AOZUHECKUX OCHOBAHUT, uem Mme, umo 00 CUX nop bbiAl U36eCHHbL
ObcysKenue mem cmamvu ¢ HUM NO380AUAO OMMOUUMb POpMmyAUpoeKy. Kpome mozo, BomeunoscKuil
BHEC NOAL3HbIE NPABKU 6 HACTD MeKCMA.
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