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An effective method for deriving and analyzing the equations of gas dynamics is found, which does not depend on the
rate of Rinetic and thermodynamic processes in the gas. The heat flux is correctly determined. Equilibria are found in
which, in the absence of mass winds, the Maxwellian distribution is violated.

Haiiden IgpgeKmuenbiii Memoo 661600 U AHAAUSA YPABHEHUTL 24306011 OUHAMUKY, He 3ABUCSULUT O CKOPOCHILL
NpomeKaHLs KUHEMUHECKUX U MePMOOUHAMUMECKUX, NPOUeCCOs 6 ease. JIPABUALHO OnpederéH mMenA080l Nomox,
Haiidenst pasnosecus, 6 KOMOpbLX, NPu OMCYMCMEUL 6€MPO6 MACC, HAPYUEHO MAKCEEAN060 PACHpedereHie.

Ammocghepvl cocmasasiem us «KAACCUHECKOZ0 UOLAALHOZ0 2a3A», IAEMEHMbL KOMOPOZO CYMb —
00cmamouto marvie abcorOmMHo meépovle WAPbL UAL UX, covemanusi. MoreKYAdM ammocep npunu-
CbleaeM XapaKmepucmuKy 6 3agUcumocmi om 3adauy. B uacmHOCHU, MOAEKYAAM MOKHO NPUNUCAMD
UBAYHEHUE IACKIMPOMAZHUMHOU IHEPZUU TPU CMOAKHOBEHUSX, UAU NPUNUCAMD NOZAOULEHUE IHEPZUL
NpPU NPOXOKIEHUU eé uepe3 MOAEKYAY M0 KAKOMY-AubO guKcuposannomy 3akory. Anarozuuno, ammo-
cipepe MOXKHO npunucams cncobrocmsy c030aéamy Zpasumauuio (6 2a3o6bix. wapax), Aubo omxaszamso 6
maxoi cnocobrocmu (Kpeda macca naanemvi Cyuecmeenno boavuie Maccol ammocgeput). Ammocgpepa
HAXOOUMCS 8 OUHAMUMECKOM PABHOBECUL, KO20d PABHA HYAID CYMMA CUA, OeUCMBYOWUX HA KKy
MAKPOCKONUUECKYH0 uacmb ammocepbl. Ammocgepa Haxooumes 6 CMAmMUCMunecKom pasHosecu,
ECAU HEUSMEHHO 60 BPEMEHI CIAMUCMUUECKOe PACTpedeAeH e HACTUY, AMMOCEHepbL 10 KQOpouHamam,
cKopocmam u Opyzum Xapaxmepucmuxgm. Pasnosecust 00CMuearomes npu HAAUMUL UAU OMCYMCMEUL
6 AMMOCHepax nomoKoe IHepzuL 1 MAcchl (6empos), NoMoK6 OPyzux PusuuecKux 6eAUUUH, NPU HAAL-
YUY UAU OMCYMCMBUY TIOZAOWEHUS, UAL USAYHEHUS AMMOCHEPAMU IAEKIMPOMAZHUMHBIX TOALH.

$7. JTpumepvi dunamunuecKozo pasHoeecus,
6 Hauboaee pacnpocmpanénnom novine cpedu Pusuxge onucanuu

DunamunecKpe pasHosecue UCCAL0yeMm 6 CALOYIOULUX AMMOCPepax:

(A) Ammocgepa nao beckoneunoil naocKocmuvio, npumsizuearoweii ammocgepy. B Imom cayuae
MbL CHUMAEM, MO UEHMD Cihepbl YOaAEH Ha beCKOHeUHOCHD, U HACTb T06EPXHOCTU Cihepbl, NOIMOMY,
€08NAAA € NAOCKOCTIBIO.

(B) Ammocgpepa cpepunecKoii naanemvt UAU 36e30bL.

Dast ammocgep, ONUCHIBAEMBIX, 8 IMOM napazpagpe, derdem OOMyuleHue, UMO NOAE MKECM,
c030a8aemoe ammocgepoil, HUHMOKHO MANO 6 CPABHEHUL C ZPABUMALUOHHBIM NOAeM Hebechozo mera
UALL MAMEPUAAbHOT NAOCKOCMU, npumszuearouux. ammocgpepy. Jlycmv ammocpepa <Hauunaemcsy
npu docmamourom yodrenuu om uenmpa nebecnoeo merd, u omcymcmeyem eé epawenue. JIleopemb,
1000bHble HAleHHbIM Oaree, 00KA3YeMbL U 8 CAYHAX, K020a npenebpezams epasumauueil ammocgepol
UALL e epamenuem Heavss. B uacmuocmu, Kpzoa HebecHOe MeAO NOAHOCHbBIO COCMOUM U3 2d3d.
«JIleopemamuy 30ech HA3bIBAIOMCS 00KAZYeMbLe YMBEPIKIEHUSL.

«T'ubbcoeoiiy, 6 Imom napazpage, HA306éM PABHOBECHYIO aAMMOCHepY, 6 KOMOPOi pasHbL mem-
nepamypol eé npoussorvubix, uacmei. «OOHOPOOHOI» HA3086M ammocepy, KOHUeHMPauus KOmopoi
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ectody odunaxpea. «Ammocepoi UuoAKo8CKO20» HA306EM PABHOBECHYI0 AMMOCPepy, memnepamypa
Komopoil ybvleaem ¢ 6b1cOMOLL UL C YOAAEHUEM O UEHMPA NAAHEMbL.

Ammocgpepa nad naockocmwio. Jlycmp 1 = n(h) — Konuenmpauus zaza ua évicome h om naoc-
Kocmu, T = I(h) — memnepamypa ammocgpepvr na évicome h. CAou easa na évicome h morwunou dh
umeem eec Ha edunuyy niowaou mg-n-dh, z0e m — macca MoreKYAbL 2azd. Y CcA08UI0 OUHAMUUECKOZ0
pasrosecust mozoa 0bbruHo NPUNUCHIBAION 6UO:

dp = p(h+dh)- p(h) = -mgn-dh,

20e p(h+dh) u p(h) — daerenus nao croem u nod croem easa, p = Nk, R — nocmosunas borvumana. B
umoze, ypasnenuem OUHAMUUECKQ20 PABHOBECUSL OASL «CAYHAS HAO NAOCKOCTBIO» CHUMANM MAaKQe:

0i(MRT) = -mgn, 20e s — npouse00xas no nepemennoii h.

JTycmv KoHueHmpauus N He 3a6UCUm O blCOMbL 015 6CeX 8bicom i, Ha KOMOpbIX «ammocghepa
cywecmeyems». H3 ycroeus dunamuueckpeo pasnosecus 0l = -f, z0e f = mg/k, Omcroda, T = -fh+Ty,
To — memnepamypa Ha wyreeou evicome. JIle. pasHosecHass 00HOPOOHAs. ammocepa coenadaem ¢
00Ho#l u3 ammocgep LuoakoecKozo. JIax Kax, memnepamypa naddem ¢ 6biCOMOU AUHEUHO, HA HEKOU
gvicome L 0orxno bvims I(L) = 0 u, caedosamervto, p = 0. JlocreoHee 803MOKHO, MOALKO eCAU HA
ebicomax h > L easa nem, unaue, eéec 2aza co30axr bv. nenyaeeoe dasrenue npu h = L. Omcroda, To = fL.

Das zubbcoeoii ammocgpepol, 0it = -fn /1. Peuwenue nocrednezo ypasnenus ecmov PyHKuus 1 =
= no'exp(-ph/T), no = const.

EcAu He cmasums 00NOAHUMEALHBIX, Mpebosanutl, Mo peueHUAIMIU YPasHeHUs. OUHAMUHECKO20
pasnoeecusi, 6 wacmuocmu, byoym u écsaxue gpynkuuu n = noexp(-yh) u T = T; + Trexp(yh) maxue, umo
v = /11, 20e T; u T; — HeKQmMOpble KOHCMAHMIDL.

Obuum peuwtenuem ypasrenus OUHAMUMECKQ20 PABHOBECUS 6 CAyHde NAOCKOCMU, CO30aroulel
msizomenue, oKasvieaemcs Pynxuus n = (no-To/T)exp(-/(B/T) dh), 20e no u To — Koncmanmui, [ f dh —
nepeoobpasuas om f, T — NpousoAbHAs. NOAOKUMEALHAS PYHKUUSL om apeymenma h, A Komopoil
unmezpar [(B/T) dh umeem cmoica. Koncmanmy K, nepeoobpasnoii évibupaem max, umobsl cama
nepeoobpasnas obpamuaace 8 nyav, Kpzda h=0.

B omnowenuu GynKuuil 1 u T nore3uvl U HeobXOOUMbL 0ZPAHUUEHUS, UMEIOULUE CMBICA NPU
ONUCAHUY PearbHbIX PusuuecKux serenuil. I cymv ozpanuuenuii 6 mpebosarnuu KoHeuHOCU:

— KoAuuecmea 2asa 6 becKoneunom ammocgpeprom cmorbe eOUHUMHOZ0 Ceuenusy;
— NOAHOT KuHemuuecKoi Inepeuu moreKys beckoneunozo ammocgheptozo cmorba,
— NOAHOTL IHEPZUU BCEX MOAEKYA becKoHeunozo ammocgeprozo cmorba.

Jlodcmasue 6 ypashenue ounamuueckozo pasnosecuss T = A/(h+B) 20e A u B — noroKumers-
Hble KOHCMAHMbL, NO0X00swell pa3smMepHOCY, NOAyHdem peulerue 0As M, omeéeuaiouiee cem mpém
nepeuucAeHHbIM OZpanuteHusm npu beckoneunoi evicome ammocgepnt. JIlaKoe peuwenue onucvleaen
ammocgpepy Uuoarkosckozo. Tubbcosa ammocgepa, ouesudno, maxKe omseuaem IMUM 0ZPAHUMEHUIM.
Pewenue 6uda T = T; + Torexp(yh) ydosremeopsiem mpebosanuio KoHeuHOCMU KOAUMECMBA BeuLecTned,
Koeda T> > 0, HO He ydoeremeopsiem mpebosanuro KOHEUHOCHU IHePeUl 8 ammocgepHom cmorbe.
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JIlaxge peuterue 610AHe O0MYCMUMO, M.K, DECKOHEUHOe KOAUUECB0 IHEPZUL MOKHO PACHPeOeAumnd 1o
KOHEUHOMY KOAUUECTNBY «U0edAbHOZ0 6eulecmedy maxK, umobvt Ha KaKOvii KoHeunblil 0bvém ammocge-
Dbl PUXOOUAACH MAKIKE KOHEUHAS UACHb IHEPZUL.

Ammocgpepa naanemot. Pasrosecue npou380AbHbIX Ammocgep 30ech onuuem 3aKoHoM:
-Op +f=0, 20e

D — cumeor zpaduenma, p — daeaenue 6 ease, f— NAOMHOCHD CUA, OeUCMBYIOUWUX,.CO CMOPOHDL BHEUHUX,
UCMOYHUKQS HA MAKPOCKOnUUecKuil 0bvém 2asza. JIoAv3ysch cgepunecKoi cummempueil NOAYudem U3
NOCACOHE20:

o(nT) = - fn/r, f = GmM/k,

20e T — pacmosiHue Om UEHMpa NAdHembl 00 MOUKYU UBMepeHus PusuuecKux eeruuun, M — macca
naanemsl, G — 2pasUMAUUOHHAS. NOCMOAHHAS, Or — NPOU3BOOHAS 110 hepemennoil 1. JTIaKKe 6600uM
0ZpaHUMeHUs. HA KOAUMECTIBAd MOACKYA U IHepeull, COOepKAWUXCS 6 ammocgepe, m.e. mpebyem
KOHeuHoCm 0bbEMHBLY UHTMeZpAA08 O 8eAudut 1, nT U OM NAOMHOCTIU NOAHOU IHEPZUL 2d3d.

Dasi zubbcosoi ammocgepvr 8 IMmom cAyude noryuaem peuienue N = nooexp(f/Ir) orn r > R,
20e R — paduyc naanemvl. Ha nepeviii 632450 OHO MOXeM KA3AMbCS HENPUEMALMbIM, MAK, KAK,
KOHUEHMPAUUsL 2434 CIPEMUMCS, K NOCMOSHHOT 6eAUMUHE Tlco NPU HEOZPAHUMEHHOM POCE T.

Dast 00HOpooHol ammocgpepnvl 6 mom cayuae T = (B/r)- (B/(R+L)), 20e r > R, r < R+ L, 20e L
— 8blCOMA ammocghepvl. IMmo peuierue maxKe onucvieaem ammocgepy UuoaKpecKozo.

Jlycmp T — npouseorvHas GynKuus om t, 0 Komopoii unmeepar [(B/(1r?)) dr umeem cmvica.
JIlo20a obusum peusenuem ypasHeHus OUHAMUUECKOZ0 PABHOBECUsL OAsL AMMOCPHepbl naanemwl bydem

PynKuus
n = (noTo/T)exp(-/(B/(T1*))dr), 20e

no u To — KOHUEHMPAUUs U MeMmnepamypa 2da3d HA paccmosnun v = R, om uenmpa NAGHEMmbL.
Koncmanmy 0asn nepeoobpasnoii evibupaem max, umobvr unmeepar [(B/(1r*)) -dr obpamuarcs 6 Hyrs,
Kozda =R,

Jlycmo T =A/7 0asn r > R, 20e A = const. JIl0z0a, 1 = (no-To'r*/A) x exp(-B(r-R)/A). TTocaednee
peulerue NOOUUHAEMCA 6CeM MPebOBAHUIM N0 0ZPAHUMEHUIO KOAUUECEA 6€ULeced U IHEpeUll 6
ammocgepe.

Jlycmo T = Br?, B = const > 0, r = R, IT020a GynKuus-peuerue KOHUCHMPAuuL 1 noOUUHeHA
MOABKQ YCAOBUIO KOHEUHOCU KOAUMECNSA 6EULeCéd 6 ammocdepe, MO He KOHEMHOCMU IHEPZUL.
BO3MOKHO AL, MO Maxoe Ul nodobHoe peuierue umeen CMbicA 0AsL UOAALHOU 36e30bl, HAZpesaslueil
2a3 NPOOOAKUMEALHOE BPeMsL?

Pewenuil ypasHenss OUHAMUUECKOZ0 PABHOBECUS, 0ZPAHUMEHHBIX MpPebosaHusMU KOHeUHOCTIU
KoAuUecmea eewecmed U NOAHON IHepzuu ammocgepvl, U O0As CAyuds cepuuecKoil naawemst bes
epauenus, beckoneuno mnozo. Haxoosmea maxue peulenus, 0AsS KOMOpbIX, memnepamypad naddem u
NOOHUMAEMCS, HA HEKOMOPBIX, KOHEUHBLX, UHMEPBAAAX. NEPEMEHHOT 1, U MO020d Ke, NPl HEeOZPAHUUEH-
HOM POCHe T OHA CIMPEMUTICS K HYATO.



$2. Pov 3aKoHa MenAONPOSOOHOCTU U NOMOKYS IHepzuil,
U MOMOKY8 OPYy2UX BEAUMUH, 6 ONPEOCALHUL CIAMUCTIUUECK)20 PABHOBECUS.

JI0CKOAbKY, memnepamypa u KOHUeHMpauusi 4acmuy He onpederersl 00HOZHAUHO 6 amMMocgepe
00HUM MOALKY mpebosanuem OUHAMUUECKOZO PABHOBECUS], OASL MOAHO20 ONPEOCACHUS. IMUX, BEAUUUH
HeobX00UMa OONOAHUMEABHASL UX CB5A3b. JL0ZUUHO NPeONOAOKUMb, UMO MAKYI0 (6535 MOKHO U3BALUD
U3 3aKoHa nepedauu menr08oi Inepzuu. JIpeonorazaemas 00UHAKOBOCb MEMNEPATYPbL 8CeX. HaCMeil
PasHosecHoll ammocghepbl 00AKHA 6bIMeKAMb UAU U3 3AKOHA MENAONPOBOOHOCIL, UAL U3 YCAOBUS, He
3asucsuezo om mpebosanus OuHAMUUECKO20 pasHosecus. CmamucmuyecKoe pagrosecue 00AKHO 100-
UYHUMDBCS 3AKOHY Nepedauu menad, Hall0eHHOMY 6 meopuu uAu 6 onvime. Obpammno, u3 cmamucmu-
UeCKQ20 PacnpedereHUst MOAEKYA M0 CKOPOCMAM, KQOPOUHAMAM U OPYZUM BEAUHUHAM, TO-6UOUMOMY,
MOKHO U36ALUD NPABUAO Menaonepedauu 6 zase. Kazaroce bvi, npocmas udes Haimu 3aKoH menio-
1POBOOHOCTIU MAKUM CROCODOM NPUBOOUM K YOUBUMEALHBIM MEOPEMAM.

JTycmv 6 0eKapmosvix, KQOPOUHAMAX; Vi — KOMNOHEHMbL CKOPOCHU  HACmuubl, V7 = 02+ v +
V52, Xj — KOMNOHEHMbL paduyc-6eKmopa X, 0As mouKy, 6 Komopoil axodumcs wacmuud. «Pacnpedere-
nuem Tubbcar naseana ¢ynkuus b = D) onucannas daree. Beposmuocmv HAUMU 4ACTULY
ammocgepwvt 6 gusunecKom obvéme 0x;0x0x3, OKpyKarowem mouxy X u, o0Ho8pemenHo, 6 obbéme
npocmpancmea cKopocmei dvidv:dvs, Kpzda uacmuua umeem cKopocmy bAU3KY0 K.V, ecib 6eAUMUHA

dw = B(xv) - 0x;0x20%; * dvidvadvs, u
D v)=A (/1) -exp(- (mv*/2RT) - (mep(x)/RT))

20e o« = m/(2KT), ¢ — zpasumayuoOHHbLil NOMEHUUAA, T — MACCA MOAEKYAbl, T — BeAUUUHA, HA3bIBA-
eMAsL <MeMnepamypoiy, A — HOpMUpyowuii MHOKUMEAD.

Vmeepxdenue (zunomesa). B cmamucmuuecKom pasHOBECUL MeMNepamypa ammocgepsl 6C100Yy
00uHaKoed.

Dmo ymeepiKgenue MOKHO HA36AMb U «NOCHIYAAMOM», U «zunomesoil Tubbca» no caedyrouum
npumunam. Cam Tubbc npednoroKUA «npocmeiuuil MbICAUMBLE CAYHAT», KOMOPbLl «Upe36biuaiiHo
ynpowaem uccaedosanue» 6 UUPOKOM KAACCE MePMOOUHAMUMECKUX KoAreKuuil, cm. [1] cmp. 43.
VmeepoKdenue Ke userexaemo u3 zubbcosa npeonoroKenus.

H3 ymeepKOeHus: HEMEOAEHHO 3AKAIOUAEM, UIMO 6ePOSMHOCTID HAUMU YACMULY 8 IAeMEHMAp-
Hom obvéme 0x;0X00X5, OKpyKaiowem mouxy X, Koe0d HAAAO KOOPOUHAM MNOMEULEHO 6 UeHmp
NAAHEMbl, eCb 6EAUMUHA

dw' = A-exp(GMm/KTr) - 6x;0x20x3, 20e r — 0Auna éeximopa X,

Omcto0a, HAX00UM, NpuMeHsisi NOCAeOHee BbIPAKEHUE OASL 6Ce20 HUCAL YACMUY, AMMOCPepbl, 4Mo
CIAmMUCmunecKas KOHUeHMpauus 4acmuy Ha paccmosHui 1 Om UeHmpa nAaHembL ecito PyHKUUS

N = eo'exp(GMm/KTr),

6 mouHocmu coenaaamg,aﬂ c nOA_)ﬂtEHHOﬂ U3 ycaosus Buﬂamuuec&oeo pasnosecus.



Ymobwt He credosamv dozme — OaXe ecau zunomesa ob 00UHAKOBOCMU MeMNepamypvL écex.
uacmeil pagHoBeCHOT amMMOCepbl OKAXKEMCsl 6epHOlL — nonpobyem HATMmu 0ONOAHUMEAbHBLE YCAOBUS
Ha gynKuuu n u T DAst nOCALOHE20, YMOUHUM, UMO FHAMUM PABHOBECUE AMMOCPHEPbL».

DAsL OpUeHMUPOBKY paccMompum npocmeiiwuil cayuai: 7a3 3akA0uén mexgy 08yms mamepu-
AALHBIMU TAOCKOCTAMU «AL60U» U «1ipasoily, memnepamypot KomopviX, Tn u Ty, Th < Iy u epasuma-
uus ne umeem 3nauenus. Kozoa e zaze ycmanosumcs pasroeecue, nomox, 6euecmed mMexgyy nA0CKoc-
mamu bydem omcymcmeosamv. «Daeienuer MeKQY NAOCKOCMAMU 6 KAKJOU AOKIABHOU obracmu
bydem pasno «daerenuto» 6 A10b0il Opyzo0i obracmu, umo caedyem u3 yCA08US OUHAMUHECKOZO PABHO-
eecust. Ho bydem Au cywecmeosams nomox, menaa om «z0psueily NAOCKOCMU K, «<XOA00HOi»? Bonpoc
amom, KaK daree bydem noxgsano, HempueuareH. Koneuno, ucxo0s u3 gusuuecKozo onvima, credyem
donycmums nepemox_ menad. Ho umo 3HaUUM <MOMOK BEWECTBA», <MOMOK MENAA»? 3a Cnp 13

CmamucmuuecKue pacnpedereHuss no360As0M MouHo onpedeaums nomoku. Jlycme 3adano
npou3eoAbHOe cmamucmuueckge pacnpederenue morekyr ‘Y no cxopocmsam. JIle. eeposmuocms dw,
obHapyKeHus HacmuubL 6 OKpecmHoCU MOUKy X, umeroueil CKopocms v, 6 nipederdx, omkaoneHui dvy,
dvz, dvs, ecmb seAununa:

dw = Y(xv) dvidv:dvs.

Koz0a 6 KgKQoil npocmpancmeennoil mouKe onpederenda KOHUECHMPAUUs uacmuy, n = n(x), «eempom
(Mmeueniem) Maccol» HA3066M AOKIABHYIO BEKIMOPHYIO BEAUHUHY:

s = [lf mvn(x) Y(x,v) dvidv:dvs, 20e

30ecb u 0aiee UHMeZPUPOBAHUE NPOBOOUMCS MO NPOCMPAHCMEY CKopocmeil. Bemep MACChL IKGUBANLH-
meH NAOMHOCIU UMNYAbCA YACTIUY,

Hasedém nopsooK 8 mepmunHoAOZuU. 30eCth «BEMPOM BEAUUUHBL, KO20d BEAUMUHA NEPEHOCUMNCSL
8 HANPABAEHUU TEPNEHOUKYAAPHOM NOBEPXHOCMU, HA308EM «KOAUUECTBO BEAUUUHDLY, TPOXO0AWEil
uepe3 AOKGAbHbLI KYCOK, NOBEPXHOCU 3 eOUHULY 8PeMeHY, 6 OMHOUEHUU K NAOWAOU KYcKd. Bemep
ecez0a Xapaxmepusyem ewé u nanpaerenuem. Jloamomy, eéemep CKAAAPHOU BEAUMUHBL — 6eKINOP.
Bemep 6eKMOPHOU 6eAUMUHbL — HADOP MPEX 8empos, KAXObli U3 KOMOPbLX — eemep CKIAAPHOU
KOMNOHEHMbL NEPEHOCUMO20 8eKmopa. Bce sempa onpedersiem MOAbKY AOKIALHO.

Jlouemy bvlL HU UCIOAL308ATD MEPMUH <OMOK BEAUUUHDLY?

Jlycmv b — eexmoproe nore. Popmyra «nomox, éeximopa b» mpaduuuonno o3Haudaem cKgAsp-
HYI0 BEAUMUHY U CYMMY 8CeX. IAeMeHMO6 6udd b-do no nosepxnocmu, wepes Komopyro «u0ém nomoxy,
20e do — eexmopnuiil Inemenm noeepxrocmu. JIle. KaK byomo bvi eeKmop-gpynxuus b onucviéaem
«meuenue OMBACUEHHOT BEAUMUHBL, OMAUMHOL om camoil b. K npumepy, «nomox, AeKmpuueckozo
n0AsLy OMOKJecmeAsiem ¢ 3apadom. Ho e cmbicre, npumeHEHHOM 30ech, U ecau bvi ynompebasrace
maxgs pasd, «nomox, cKAAAPHOil seaunuunvly bvia bvl eexmopom. Kpome mozo, «<nomox éexmopa b»
03nauar bvl «nomox, nepenocsuuil b Kax eexmopryio eerunmumy», Kozda b sasucum om uacmuubi,
Komopoil b npunucan. Ppaza «nAOMHOCHb NOMOKA UMNYALCA» 03HAUAAA Dbl «Bemep, NepeHoCAUuUil
UMNYALCHL wacmuy. Ecau b — naomnocme umnyrbcd, Ppasza «nomox, NAOMHOCTU UMNYALCA» 00AKHA
03HAUAMb MPAOUUUOHHBLE NOMOK — UHMEZPAA O 8eKIMOPHO20 noAs b no nosepxrocmu. J1Le. umeA bot
3Havenue nopsdoK, cro6. «JI0MOK, NAOMHOCHIU UMNYALCA» COBNAOAA Dbl ¢ «MOMOKOM MACCHLY 8 UHOM
cmblcAe croeocouemanus. Ymobvt 3a6e00Mm0 Huuezo He nymams, bydem 2060pums 0 «6empax.

«Bemep (meuenue) KunemuuecKoi IHepeUL» 00HOAMOMHOZ0 2d3d COBNAOEM C BEAUUHOIL

5



q =[lf (mv’/. 2)7}71({)@(7(,'0) dvidv.dvs.

Jlycmv b — npouseorvHas CKgASAPHAS, 6eKIMOPHAS, UAU 6eAUMUHA OpY20il NPUpPodbl, XapaKmepusyio-
WaAsk MOAEKYAY, KO20d 0npedeAUMO Mo UAU UHOe NPOU3eedeHue CKOPOCTU UACULbL V HA KOMTOHEHMbL
seAununbL b, nanpumep, Koeda b — menzop. JI1020a, «eemep 6erununvl by cO8NAOEM ¢ BEAUUHOLL:

B = _/]f 5"0'11(;()' @(J(,'V) dvidvadvs.

B yacmuocmu, MOKHO onpeamumb eemep CNUHO8 HACMUY 2d3d. G)’emep UMNYAbCA HaACMUY 2a3d eCmb
meH30p, COCMABAEHMDBLIL U3 6€Mmpo6 8EAUHUR MU, KO.MTLOHeHmbt meH30pa 3adaromcs Unmezparamu:

By = [[] mvvpn(x) @) dvidvadvs.

B mpaKmyem 6 Kauecmee j-0ii KOMNOHeHMbL 8empd i-0U KOMNOHEHMbL UMNnYAbcd. Cmapoe HA36aHuUe
IMUX UHMEZPAA0B — <KOMNOHEHNMbL TAOMHOCTY MEH30PA IHEPZUU-UMNYALCA» (8 OMCYMCMEUU TOALTHL).

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

Heobxodumo yuumwieams, umo pacnpedererue P 3asucum ewé u om epemenu t. PagHosecue 6
ammocgepe moxem 0ocmuzamvcs, U K9z0d NOMOKU BEAUMUH PABHBL HYAIO, U KO20d HEKOMOpble U3
nomoxoe eeaunun ve byoym wyresvimi. Cobcmeenno «pasnosecue» onpederum K@K, CMamucmuyecKoe
cocmosinue, Ko20a NOMOKU He 3ABUCAM OM BPeMeHU — TOCMOAHHbL 60 BPEMEHI 6eMPbl, MEUEHUS
BEALUMUM,

Dynxuuto P ecezda MoxKHO nodobpamv 6 oKpecmHuocmu KgKQ0U mouKy X, max, umo eemep
MAcchl 0bpamumes 6 HOAb, HO 8 MOLL JKe OKPeCMHOCTIY, 8eMmep KUHeMUMECKQIL IHEPZUL He OKAKEMCA
Hyaeevim. JIT020a eemep KunemuuecKoi IHEP2UL OMOKJeCMBUM 6 MOUHOCHU C Nepedauei menAd, ¢
MENA0BbIM BEMPOM.

Beprémcs K npumepy ¢ 06yms nAocKocmami. DOKAXKeM, UMO ecAU 00HOAMOMHbLE 2d3 HAXO-
OUMCsL 8 PABHOBECUL U Hepe3 Hez0 UOEM MeNA0B0il NOMOK, MO pacnpedeeHue 1o CKOPOCHAM MOAEKYA 6
oKpecmHocmu KaKQ0i NpocmpancmeenHoll mouKy HemakceeAN060.

DeilcmeumerbHo, TPeONOAOKUM pactipederetie MaKceear06o. JIloz0a gynKuus P(x,v) obrada-
em chepunecKoii CUMMempuei 6 NPoCMpaHcmee cKopocmei, U MenA080il semep

q = [I] (mv?/2)v-n(x) Yxv) dvidvadvs = 0.
Jlocaednee npomusopewum HAAUMUI0 NOMOKA menAd om 00HOH NAOCKocmu K 0pyeoil. 4.m.o0.

H3 nocaednezo Haxo0um, umo cpeoHue BeAUHUHbL KUHEMUHeCKO IHep2uLL MOAEKYA, Nepedasd-
eMble 3d eOUHULY BPEMEHIL BNPABO» U <6AL60» He 00UHAKEbL. MOKem AU OKA3AMbCS, MO «MmeMnepd-
mypa no HANPABAEHUI0 MENA0B020 6eMpd» He COBNAOEM C «MEMNEPAMYPOU 8 HANPABAEHUL, NepHeHOU-
KYASIPHOM MenA080MYy éempy»? HeKomopbie MOMEHMbL PACTIPEOEACHUS OMAUUHDBL O MAKCBEANOBDLY —
COBEPUIEHHO TOUHO (eCAUL COBNAOYM 6Ce MOMEHMbl, Mo coénadym u pacnpederenus). Yem moeda
UCKAIOUEHO HAPYUEHUE «CB0TCTS MAKCBEANOBOT MEMNEPATYPbL»?

JloAyudem, umo MOXKem NOMEPAMbC CAM CMbICA PeUlers: 3a0auy, NOCMAACHHOT 6 HAUdAL
napazpaga. MoKem UBMEeHUMbCSL CMBICA <YCAOBUSL OUHAMUHECKO20 PABHOBECUs» — nompebyemcst Opy-
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20e ypasrenue. Ymo mozoa bydem o3nauamv cA060 «0asenue»? Ymo onuuem «ypasHerue menionepe-
davuy»? Ymo 0bosHauum cr060 «memnepamypar?

Ommemum ewé o0un 8axuwviii 60npoc. Beaununa q abcoaomuo onpedersiem menoéou nomox,
6He 3ABUCUMOCTIU OM CHMAMUCHUMECKUX U (USUUECKUX, MeOpUil (<HBIOMOHOBbIX, MENA0BbLX, CKOPO-
cmeil»), UCTOAB3YIOULUX 00HOAMOMHbIE HACMULDL, He nepeddrousue Opyz opyey céod cnun. Ecau coxpa-
HAMb pactipedererie 10 CKOPOCHSIM HACMUY, 8 2a3e MeK)Y NAOCKOCHSIMU, HO USMEHAMb KOHUEHMpPA-
WU 2a3d, Mo «3ABUCUMOCHDb MEMNEpAmypbl 2d3d om KOopouwam» — Kax, bvl Hu onpedeAsiAdcs
1000bHAs BeAUMUHA — He 0AKHA MEHSMbCSL OM UBMEHEHUS. KOHUEHMPAUUY uacmuy, VeeAuuenue e
KOHUEHMPAUUL 2434, M.e. NEPEHOCUUKOS MeNAd, K NpUuMepy, 6 COMHU pd3, NPUseoEm K, y6eAUHEHUIO 6
COMMU Pa3 MenA08020 NOMOKg. 3a6UCUMOCTIIL MENA0B020 NOMOKE OM KOHUEHMPAUUL 2434 8 MOHHOCILL
noomeepKoaem gopmyra eempa . C1e006ameAbHO, NOALIHO NOCMABUMb MO0 COMHeHue Atobbie gop-
MYAbL MenAonepedau, 6 KOMopbixX. nomox mend He 3a6UCUmm om KOHUEHMPAUUY 4acmuy.

$'3. Bbleod ypasnenus nenpepvisHocmu

JTycmv daree, P — pacnpederenie MOAEKYA MO CKOPOCHAM, 3ABUCSUEE OM NPOCHPAHCTBEHHOIL
mouKy u epemenu. H KOHUEHMPAUUs wacmuy, 1 nycms makxKe 3asucum om npocmpaHcmeeHHoil mouKy
u Momenma epemenit. JTycMmv g — HANPAKEHHOCTD ZPABUMAUUOHHOZO NOASL, 3ABUCAS OM X,

Yucro vacmuy, 6 momenm t, 8 obvéme seaununoi 6x;0x20%3, OKpyKaiowem mouxy X, paso
n(t,x) 0x:0x00x. Jlycme wacmuuvl ve cmarkueaiomes. Jloz0a, 3a epems dt, us obvéma eeaununoil
0x10x20x5, oKpyKarowezo mouxy X' =X + dx, 20e dx = - vdt - gd?/2, ox; < ldxl, cmapmys 6 momenm t’
= t - dt ¢ HAUAALHOTL CKOPOCTIBIO V, 00 IAEMEHMAPHO20 06BEMA, OKPYKAIOULe20 MOUKY X, K MOMEHMY t
doremero bbi KoAUUECB0 HaACTIUY, PABHOe

nt,x)@t,x,v) - dvidv:dvs - dx;0x20x3, Koz0a dv; = (0x;)/dk.

Bce wacmuubl, bvisuiue 6 Iremenmaprom obvéme, oKpyKarouem X, 3a spems dt noKunym mom
0bvém. Cymmupys no écem mouKgm X, NOAyudem, umo, nNpu OMCYMCMOUU CMOAKHOBEHUT, UUCAO
UACMUY, 0KA3A6UUXCA 6 IALMEHMAPHOM 0bBEME 8 OKPeCTHOCTIU MOUKU X, 6 MOMEHML L, PABHO

n(t,x) - 0x;0x20x3 = [l n(t,x)@(t,x,v) - dvidvadvs - 0x;0x:0x3, m.e.
n(tx) = [l n(t - dt,x - vdt - gdt2/2) @t - dt,x - vdt - gdt2/2,v) - dvidvadvs,

20e UHMezZpuposanie NPoU3BoOUMCst N0 6CeMy NPOCMPAHCTBY CKOPOCHed.

JlpaeKmoputo, no KOmOpoi uacmuuda 06uzdrdct bes CMOAKHOBEHUT, HA308EM «HPOCIOU».
JIpocmas mpaeKmopus bAusKa K npamoi AUHUY, eCAU BpeMsL 0BUKEHUS HACTULbL 00CMATOUHO MAAO.
«CAOKHOU MpaeKmopueii uacmuubly HA306EM AOMAHYI0, CObPAHHYI0 U3 KOHEUHO20 HUCAL 36€HDES,
KaoKQoe 36ero Komopoil — npocmas mpaeKimopus amoil uacmuust. CymMmuposanue no mouxam X' ecms
«CYMMUPOBAHUE N0 NPOCHIM MPAEKMOPUIM». DAL yuéma CMOAKHOBEHUT, CYMMUPYeM 6KAAObL 6
cOCMas IAeMeHmapnozo obvéma, coeranible HACMUUAMY, KOMOPble 06UAAUCH MO CAOKHBIM MPAEKINO-
pusam ¢ Konuom 6 X, Kozoa uucro 3eenves romanoii L, ebruucasem L-Kpamusii unmezpar no npocm-
pancmey cKopocmeil, ¢ y4émom O00AU HACHMUY, OMKAOHUBWUXCA om mpaeKmopuu. Ymobvt naiimu
KOHUEHMPAUUIO HACIUY, 6 IACMEHMAPHOM 0bbEME, OKpYKatouem mouKy X, Heobxodumo naiimu npedea
MHO20KPAMHOZ0 UHMEZPANA NPU HEOZPAHUHEHHOM pocmme L.
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Ho Heobxodumocms 6 MHOZOKpAMHBIX, UHMeZpaAdX, 0meedém be3 nomepu mouHOCMU 66180006
Koezda ummepsar dt ycmpemaén K HYAI0, CHPeMUMCS K, HYAX0 U O0AS HACMUL, BbIACMAIOWUX U3
obvéma, oKpyKarouezo mouxy X' u OmKAOHUBWUXCS Om npocmoil mpaeKmopuu. Yacmuuwl, Komopbvle
OMKAOHUAUCH O NPOCMOTL MpaeKMopu, Ho 00cmuzau obvéma, oKpyKawwezo X, K MoMeHmy t, npu
docmamouno marom dt yuumoieaem yKe Kax, wacmuuvl, uoyuue é Punarbvlii 0bvém no npocmvim,
boree KopomKum mpaeKmopusim — 1o NoCACOHEMY 36€HY AOMAHOU. DMOM NPUEM YMOUHEH HUXKE.

Kax cosmecmums MoueuHOCmb YACMUY, HESBHO UCNOAL30BAHHYIO 6 6b1600€, U B03MOKHOCTID UX,
cmoaAKHosenus? M KaK cosmecmums nosierenue becKoneuno marbix 0bEMoe ¢ KoHeUHbIMU pa3mepamu
uacmuy 6 cayude, K9zoa mvi 00nycKaem 00CMAmMOUHY0 8ePOSMHOCIL CMOAKHOBEHUS HACTIUL?

PaccMOmMpuMm 8Ce603MOKHbIE KOHKPeMHble, He CIAMUCMUUecKUe, MAMmepuarbtble pactpedere-
HUsL HACUY 2d3d 1O CKOPOCHSM U KQOPOUHAMAM U NPU KOHEUHOM pa3mepe HaCmuy, Hanpumep, Kax,
MBEPOLIX KAACCUMECKUX ULAPOB, M.e. BOIHUKAIOUWLUE 10 PusuuecKomy gaxmy. Mamepuarvuix pacnpe-
Oerenuil becKoHeuno MHozo0, U KgKO0MY coomeemcmeyem céos ammocgpepa. Ammocgepuvl «<mepmodund-
MUMECKY IKGUBAAEHIIHDLY, HEOMAUHUMBL, K020d MAKPOCKONUUECKU HEOMAUMUMDBL COOMBEMCMEYouLUe
pacnpederenus — no NOKg3aHUAM npubopos, usmepsrouux, mepmoouramueckue seaununwl. Cosmec-
MUM 8 NPOCMpPancmee 0OCMAMOUHO MHO20 IKEUBAAEHMHBIX, ammocgep. Kaxdvle 0éa amoma us pas-
HbLX amMOChep MYCMb HUKAK He 83AUMOOEUCIEYI0M — HAXO0SMCS 8 <NAPAAAEAHBIX Mupaxy. JIl0eda,
¢ 00HOIL CMOPOHDI, AMOMbL CMAAKUBAIWOMCSL OpYy2 € Opy2om BHYmMpU KAKI0H ammocgepbl, U 6 00UHAKQ-
BbIX CMAMUCTUMECKUX, NPONOPUUSX OASL PASHBIX COBMEWEHHBIX ammocgpep. C Opy20il cMOpoHbl, KaKoed
bor Hu bbiaa cKoAb Y200HO MdAds. obaacmb npocmpancmed, 6 Heil OK@Kemcs 00CHAMOUHO MHOZ0
UEHMPOB AMOMO8 U3 PA3HBLX, IKGUBAAEHMHBLX ammocep. Haruuue uenmpos amomos 8 Kaxom-Aubo
obvéme omosKPecmesiem ¢ HAAUMUEM UACTIUY, 2d3d 6 MAKOM 0bBEMe.

Danree noryuaem

n(t-dt, x+dx)P(t-dt, x+dxv) =
= ntx)PLxv) + (- vdt - gd2/2)0)-(n(t,x) Pt xv) - dt-o(ntx)PExv) +... (1)

Jlycmp 0 — doasn wacmuy, docmuemux. unarbHozo obvéma 3a epems dt 1o nPoCMvIM MPAEKMOPUAM,
63AMAS OM NOPUUU HACTIUY, CMAPMOBABULUX U3 COCEOHEZ0 IALMEHMAPHO20 0bBEMA CO CKOpOCMbIO V.
Beaununa 0 3asucum om momeHma epemenu t, NOAOKEHUS PUHANLHOZ0 0bBEMA X U OM CKOpOCHU V.
Hazoeém «pynKyueil nomepv» eeaununy 1 maxyto, umo vdt = 1 - 0 — c mounocmuio 0o eeaurun borvue
1nepe020 nopsdKa marocmu no dt. Ymnoxum na 0 npasyro uacmv gopmyast (1). Hmoe npounmezpupy-
eM 10 Mpocmpancmey cKopocmei, ypoeHae IMom unmezpar ¢ eeaununoil 1(t,x). Jlocre unmeepupoea-
HUsl, cCAdzdeMble Nepeozo NOPSIOKA MAAOCTU 10 éeAunune dt obsazanvt obpamumcs 6 wyrv. Jloamomy,

oin(tx) = - [If (v-0) n(tx) Pt xv)dvidvdvs - Jn(t,x) 2)
20e J = [I] 1t xv) Pt x,v)dvidvdvs,

(VD) = Ty, Ti — cymma no écem 3navenuam unoeKca i, O;— KOMNOHeHmbL onepamopa zpaduenma D,
m.e. NPOU3B00HASL 1O 1-01 KOOPOUHAME. #a Cnp 16

Ecau v; = U; + V), 20e Ui — Komnonenmut cpedneis maxpocKonuueckoii ckopocmu U 0susxyweil-
CSL MACCHL 2434, U3MepsieMble 8 MOuKe X, Vi — KoMNOHeHMbL «menA0eoil cKopocmu» V, mo

U: = [l v P(t,x9) dvidvadvs,
8



[ Vie Pt xV+U(x)dV1dV2dV5 = 0.
Boi600s onepamopel O; 3d 3HAK UHMeEZpAAd, U3 (2) NoAyudem YpasHeHue OAs 8EAUMUHBL T

o = -0, _/] vi-n( t,;()'@p( t,JG'V)'cf’VJd"()z(f’(/} -Jn=
= -20; (tx) [] v Pt xv) dvidvadvs) - In =
= Sd(n(tx)Uibx) - In = -(dUn)) - Jn.

Jloryuentnoe ypastenue 0bsi3ano cosnacms ¢ ypasnenuem venpepwignocmu. Omcrooa, J = 0. Baeuém Au
nocaednee 1(t,x,v) = 0 — ¢ mounocmwio 00 becKoneuno Marvix, no dt omuocumervro 12 Jlopuus uacmuy,
CMApmosasuux. u3 HeKOMopozo IAEMeHMAPHO20 0bbéMa 6 CMOPOHY PuHAALHOZ0 0bbEMA, MOKem KAk,
mepsims, max, u npuobpemams uacmuusl, npucoeoursiemvle Ha boree KQPOMKUX Y4ACMKIX NPOCHOU
mpaexmopuu. JI0IMoMY, MbL QONYCHUM, MO BEAUMUHA 1 MOKEM bbimb KK NOAOKUMEAbHOT, MaK U
OMPUUATNEALHOTL. 3a Cmp 16

Bamemum, ecau dx 3asucum om becKoneuno maivix cmeneneil dt boiee cAOXKHO, OAsL cmenenell
8bluLe Nepeoil, MO 0Asl YPAGHeHUT Nepeozo NOPIOKA CAOKHOCHb MAKUX CMeneHell He UMeen 3HAUeHUs.

Kozda uacmuyvl — meépovie wapbl, CMAMUCTUMECKU FHAYUMA MOALKQ «HPOCHIPAHCMBEHHO-
BPEMEHHAS. KOHUEHMPAUUS OBOUHBLX, CMOAKHOBeHUI». BeposmHOCMb «CMOAKHOB8eHUT bOAbWUX,
KpamHocmeil» Hyreeds OAsL MBEPObIX ULAPOS U HUUMOKHO MAAA OASL PEAALHBLY, MOAEKYA. KoHeuHblil
UEMBIPEXMEPHDBLIL NPOCTIPAHCTBEHHO-B6PEMEHHOT «ObBEM» CO0EPXKUM «KOHEUHOE KOAUUECTIBO CHOAKHO-
eenuily. CMOAKHOBEHUS, Npou3oueduue 3a epems dt — ecau yKazamp 20e npousowAy mu cobvimus —
pacnpederevl 6 PuUUECKOM MPeXMEPHOM NPOCHPAHCBE YKE € HUCTO «NPOCPAHCIBEHHOT NAOM-
HOCIMBI0 MeCI NAPHBIX CMOAKHOBEHUTL», YCMPEMAEHHOT HYyAt, Koz0a dt — 0. Omcroda, cmpemumcs K,
HYAI0 OMHOUIEHUE YUCA HACTUY, UCTbIMABWUX, CMOAKHOBEHUS 6 PUHAALHOM 0bbéME, K NOAHOMY
uycAy uacmuy maxpeo obvéma. Jlosmomy, obmen yapamu yxKe 6 PunarvHom OobbEME HUMMONKEH,
becKoneuno man, 0Ast moezo, wmobvl cmamucmuyecKuil 8ec Maxux, yoapos moz noeAUsms Ha KaKoe-aubo
pacnpedererue, NPUBHECEHHOE UACMUUAMY, NPUMEOWUMU 6 PUHANBHBIEL ObBEM K MOoMeHmy t U3
Opyzux Iremenmapuoix, 0bvémos.

Cmamucmukg yoapoe umeem 3uavenue 8 noocuéme udryuenui. JIycmv u36ecmuvl CMAMUCTUKE
UBAYHEHUT NOPUUTL IAEKIMPOMAZHUMHOU IHEPZUL 8 3ABUCUMOCTIU OM CKOPOCMel CMAAKUSAIOWUXCSL
uacmuy, 2a3d U pacnpederenue 10 CKOPOCMSIM uacmuy. Vuém udiyueHuil 6e0ém wuepe3 080ilHble
UHmMezparbl o npocmpancmey cKopocmeil. Kozda cmpemumcst K HyA10 0meedEHHoe OAsL CHOAKHOBEHU
epems dt, omuowenue wUCAd 0BOTHBIX CMOAKHOBEHUT K UUCAY 6CeX ACMuUY, cmpemumcst K wyawo. H
NOMOMY, CHIPEMUMICSL K HYAI0 NOAHAS IHEPSUS USAYHEHUTL 3d IMO BPEMS.

$<. Bbi60d ypasnenuii ammocdepvL OAs Opyzux PusUHeCKUX, 6eAUMUN

Kozda b = b(v) — cKarsapnas, 6eKMopHAs UAL UHAS BEAUNUNA, XAPAKMEPUSYIOUAS MOAEKYAY
ammocgpepny, P(t,x) = [[] b-n(t,x)}P(t,xv) -dvidv:dvs ecmv naomuocme, Konuenmpauus éeaununvl b 6
usuuecKom npocmparcmee. B uacmuocmu, 0as b=1, P(t,x) = n(t,x).

Bamenum paszy «KoAUUECTBO HACUY, 6 INEMEHMAPHOM 0bbEME» HA «KOAUMECMBO BeAUUUHDL b
8 IremeHmapHom obvéme» 6 NPedbl0ywUX PaccyKOeHUSX, U NPo6eOEM NOXOKUE PACCYKIEHUS. BHOBD.
JIloz0a, onycmue cmenenu dt evluse nepeoil, HAXOOUM:
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PBx) =[] 0-b(v+gdi)n(t-dt, x - vdt) P(t-dt, x - vdt,v) -dvidv.dvs,

NOCKOABKY, HeobX00umo yuecmv, umo 3a épems dt cKOpocmp 4acmuy usmMeHuAdc, Ha éexmop dtg — K,
MOMEHMY, K0204 OHU NPUUAU 8 IAeMmeHmapHbii obbém, oKpyKawowui X, B umoze, npuxooum K,

gpopmyae:
6-b6(v+gdt)n(t-dt, x+dx)Pt-dt, x+dxv) =
= (1-dt1)b(v+gdt) - (n(t.x)} @ (txv) - de-(vd) n(tx)} P (txv) - dt-ont.x) PExv)+...) (3)

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

0f(tx) = o []] b@)n(t,x)Ptxv) -dvidvadvs =
= - [I] 6@)(@d)(n(t.x) Pt xv)) -dvidvadvs +

+ (1] (g:06(@)) n(t,x) P (t,x,v) -dvidvadvs -
- j]]‘ 1.5(1))-11( t,J()-‘TP( t,J(,'V) ‘dvidv.dvs.

B wacmuocmu, nycme b = v2/2. J020a, 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
eOuHuuHOT Mampuubl. T[PUXOOUM K YPaABHEHUAM AMMOCHepbL:

Q)

0. [lf vt x)Pt,xv) dvidv:dvs =
= - [l v(vd)(n(t,x)P(t,xv)) -dvidvdvs +

(5)
+.[[[ g .n(t’x)'@( t,.&'(}) 'd:(/ld:()Zd:(B -
- [ vvntx) Pt xv) dvidvadvs
O] (v/2)n(t,x) Pt x) doidvadvs =
=- [l ¥*/2) (wd)(n(t.x)} P(txv) dvidvadvs + o
6

+ [l (gv) ntx)} Ptxv) doidvdvs -
- [ v(@/2)ntx) Pt xv) dvidvadvs.
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o I (*/2)vin(tx) Pt,xv) dvidvadvs =
= - [l @*/2)vi-(vd)(n(t,x) P (t,xv)) -dvidv:dvs +

+ [ Si(*/2)65 + vivy)} gt x)} P(E%9) dvidvadvs -
- [ v(@*/2) ven(tx) Pl xv) dvidvadvs.

(7)

B gopmyre (5) nepemackusaem onepamopwvt O; 3a unmezpa, ucnorvsyem sameny v = UV + V,
NPUXo0uUM K ypasHeHuo:

0(m'nU;) = - 20 [[| mViVyntx)Ptxv) dvidv:dvs + mgin - mn[ff vV Ptxv) dvidvdvs -

- mnfff 1 Ur P, x,v) -dvidvedvs - 20;(ViUpmen) - (8)
- (Zjbj _[[f m'{Ui(Vj'n( t,J()"(P(t,J(, 'U+’V) ‘dvidvsdvs - (Z]b]fff m(Vz'U]Tl( t,J()"@( LX 'U+"V) dvidv.dvs.
Ha Cmp 14

Donycmum, eempwt macc omcymemeytom, m.e. ‘U = 0, a pacnpedereniuie no cKOpoCmsm MOAEKYA
MAKCBEAAOB0 6 OKpeCmHOCHU KAXKQOU npocmpancmeennoil mouky. JIozda Vi = v, u ypaenenue (8)
npespaaemcs 6 ypashenie OUHAMUUECKO20 PABHOBECUSL:

- 9(nkT) + mn-g - mn-a =0, )

20e a = [[[ vV Q-dvidvodvs. Koneuno, a — hynxuus, 3asucswas om Koopounam. Cuumaem @yHKuuwo a
0NPe0erEHHOT YKAZAHHBIM UHMEZPAAOM, KaKeo bbl Hu bbiro P. JIlem camvim, PyHKuus @ ecmp ewé
Pe3yAbImam npumeHeHus HeKomopozo onepamopa K pacnpedeaenuio .

JTycmp eempvL Macc OMCYMCmeyon, 6He 3a6UCUMOCIL O CUMMEMPUL UAU He cummempuu P,
U 8He 3ABUCUMOCTIIL OM OMCYMCMBUS UAU HAAUMUS Zpasumayuy. Buinecem 6 ypasnenuu (6) 3a 3Hax,

unmezpara onepamopw. Oj, npespamus ux 6 ousepzenuuio. Hnmezpavl, codepKausue givi, obpamsmes
8 HyAb. H 6 OKpecmHocmu HeKOmMopozo MOMEHMA BPeMeH:

atQ= - (bq) - mnY,

20e Q — maomHocmb MenAoeol Inepeuu, q — menioeoil eemep, Y = [[[1-(1*/2) P -dvidvodvs. I3
N0CALOHE20 UBBAEKIEM, HIMO, 6 OMCYMCMBUY BEMPO8 MACC U UCTOUHUKOS U cTOKe menad, Y = (.

$5. Donoanumeavroe YpasHenue pasroeecus

JIpu ycAo8UL, UIMO 6emep MACChL U MENA060T 6emep PasHbl KYA0, U pacnpedererue P A0KgAbHO
MAKCBEAN0B0, NOAYHdeM U3 YpasHenus (7):

- %0, [I] (%/2)vivrn(tx) Pt x,v) -dvidvadvs +
+ Sigi [l (v%/2)65 + vivy) n(t,x)} Pt xv) -dvidvadvs - n- Wi = 0,
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20e Wi = [l v(¥*/2) vrPtxw) ‘dvidvadvs — Komnonenmovr eexmopa W. Kozoa i # j, unmezparvl,
codepoKausue vivj, obpamsamcs 6 wyrv. J[03momy,

- 0i Jlf Zr(vAvi/2) n(t,x) Pt xv) dvidv.dvs +
+gi [ v2n(tx) Pt xv) -dvidvodvs + (10)
+gi [[] (V/2)nt,x) Pt xv) dvidvadvs - n-W; = 0.

Das pacnpederenus Maxceeara, Kozoa 11 = 2KT/m, eeprbL credyrousue pasencmea:

[V Pt xv) -dvidvadvs = 31/2,
[ v @txv) dvidvadvs = 1/2,

[l viv? Pxw) dvidvadvs = 12/4, Koeda i # J,
[l v Pxv) -dvidvadvs = 347/4.

Hcnoavzys ) 6 pasencmee (10) 6mecmo unmMezpar0s, NOAYHAEM
- (/29034 2(1/2)0(1/ A7+ g1/ 2y + gi(1/2)(3/ 2y m- W, =0
B umoee, Haxoaum He3asucumoe om mpeb"oaamm auuamuuec&oeo pasHoséecus ypasHenue:
O(kT’n) = Tmng - (2m?/Sk)n-wW (11)

Ammocgpepa bydem umemsv ectody odunaxpeyro memnepamypy, ecau OT = 0. H3 mpebosanus
Junamuneckoeo pasrosecus J(KIn) = m-n-g - mn-a, naxodum &1 = 0, morvKo Kozda 2mW = 5k1a.

B wacmuocmu, Kozoa éexmopa a u W pashvl wyrto, pacnpederenus: 6 ammocgepe — 6 MOUHOCL
zubbcosvl. Ecau, 00uH U3 8eKIMopos HyAb, a 0py20il He Paser HYAI0, MO 0OUHAKPEOCTb MeMNEPATLYPbl
80 6CEX UACAX AMMOCEHEPbL HAPYUALTCS, (NPU YCAOBUU AOKIALHO MAKCBEANOBA PACTPEOCALHILSL)

Konuenmpayus n = toexp(GMm/KTr) npusodum «x, beckoneunomy Koruuecmsy uacmuy ude-
areHol ammocgepvl. Ho 0 ammochepobr 3eMAU BEAUMUHA To CHIOAD MAAL, U0 ECAU PACTIPEOCAUND 6
npocmpancmee éce amMoMbl 3eMHOL AMMOCHepbl ¢ KOHUEHMPauuel Mo, Mo 3aHsmbli UMU ObBEM 60
MHO20 pas npesvicum obvém eudumoii Beeaennoil. Jlocrednee ereuém, umo ammocgepa 3emau bydem
CUCNAPAMbCS» Bpemst MHO20 borviuee «603pacma Bcerennoil». Kpome moeo, 00Ask MOAEKYA, UMEIOUUX,
6MOPYI0 KOCMUMECKYIO CKOPOCHID HUMTMOKHO MAAL OAsL 3AMEMHO20 <UCNAPEHILS. AMMOCPHepbly 0aKe 6
meuenul MUAAUAPO0s Aem. B umoze, ¢ MOUHOCTBIO 00 epblL <6 AOKIABHYI0 MAKCBEAAOB0CHD pactipede-
ACHUSL MO CKOPOCMAM HACTUW», U 8 PABEHCTNBO HYAN 6eKmopos W u a, naxooum, wmo «udearvHas
ammocghepa 3emau» 00AKHA HAXOOUMbCSL 6 BeCoMA YCMOTUUBOM 21bbCoBOM KBa3U-PasHOBeCUL.

Bcio ammocgepy 6 nore MIKeCMU UAL €€ UACTb MOKHO NOMECTIUMb 100 KYNOA U NOAYHUTD
YKe mounoe pasrosecue. Jlepmun «zubbcosa ammocgepar npumenén 6 1 0as ammocgep, umerOUUX.
8C100Y 00UHAKQBYI0 MEMNEPAYPY, MOALKO 6 853U ¢ 0bCyKJeHuem 2ubbcosoil zunome3bl, 0AsL ynpouse-
Hus obopomoe peuu. JIpasurvtee Ke NPUMeHMb IMOM MePMUH K ammocgepe, <umeroueil 2ubbcosy
cmamucmuxyy. DAs Opyeux, Cmamucmux «éctody 00UHAKOBOCHb MEMNEPAMYP» HUMEM He UCKAIOUeHd.
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$6. 3adauu pasnosecus u 2a3060i OUHAMUKY

BO3MOKHO wumamerv bydem pasouapoea, NoCKOAbKY 3dKOH menAonepedayu ocmaémcs no-
npexuemy Heuzsecmuvim. Moxem Au memnepamypa pasHoeecHol He U3AYuaowel ammocgepvt boime
Pa3Hoil 6 pasauunbX, obracmax ammocghepnl 8 Yeaosusx epasumauun? OKg3dA0Ch, HMO MOALKQ AUULD
NPEONOAOXKEHUSL O «AOKIABHO MAKCBEANOB0M PACTIpeOeAeHUU» elé He 0OCMAMOUHO OAsL PA3peuleHus
80NpoOca «0 HEOOUHAKQBOCTU MeMnepamypby. 3adaua Ke 00Ka3amp UAU ONPOBEPEHYMb 8 YCAOBUSX,
2ZpasUMALUL <HEMAKCBEANOBOCTIID PACHPEOCACHUS HEMPUBUAABHA.

OmKaoHeHue Momenmoe pacnpederenus P om nponopuui, UCNOALIOBAHHBIX. 6 6616008 HOPMYA
(9) u (11) 6 wacmmocmu, maxKe 6edém K, memnepamype, MEHAIOWEUCS OM BbICOMbL, U OMCYMCMBUI
mena06020 nomoxg. J10 amomy noeody mpebyemcs nornoe uccaedosarue.

Ho menepv npuobpemenwi cyuecmeennas, OpuUeHmMuUpPosKa 6 60NpPocax. U UX, MOUHAS POPMyAU-
poeKa. MosKno derams caedytousue wazi. Bo3MOKHO, KAKOU-HUbYOb uumamerv Haioém darvreiduiue
doKasamervcmea u docmuznem ueau. Kpome mozo, Haildenvl HEOKUOAHHbIE NPUAOKEHUS PA3BUMOILL

30ech meopui K mpaximosKe Keanmosoil MeXAHUKY U K «BMOPOMY HAUAAY MePMOOUHAMUKLY (cm. §&

$9). JToka Ke, obpamum snumanue na Opyzue «3a0auiL pasHOBECUS»:

DAst «ammocgepvl MeKQY NAOCKOCHAMU» 8 OMCYMCMBUL ZPABUMAUUY, He UBeCTHA HU UCTIUH-
Has MmeopemuuecKds QyHKUUs meMnepamypol, Hi pacnpeoererue no cKOpocmsam 4acmuy.

Obpamsimcs Au éeaununvl @ u W 6ciody 6 HyAb, Koz0a pasmep uacmuy, ammochepsl KoHeuen?
Kax sasucum 1 om pasmepa wacmuu? Veepeno MOKHO 2060pUmb MOABKQY 0 MOM, MO 1 YCMPEMAEH K,
HYA10, K020a pasmep wacmuy cmpemumcs K Hyrr. Kaxos 6KAd0 cAOKHbIX MpaeKmopuil, <MHO20Kpam-
HbLX OMPAXKEHUT» UACTUY, OM OPYZUX HACMUY, 2434, 8 BEAUHUHY 0dAeHUs? MOXKem AU MAA0E HUCAO
uacmuy, 3a epems dt (Ho He becKoHeuno maroe 6 omHOWEHUY 6CeX UACTUY, NEPEHOCIULUX, UMNYALC 3d
epemsi dt) us-3a «OMPaXeHUil> KPamuo nepeHecmu UMNYAbC, Umo npueedém K, 0aeAeHU0, NPesocxo-
Ostuemy «KaHoHuuecKoe»? MoKem Al U3-3d «OMPAXKEHUTL> UMNYALC UACTUY, He 00CTULAMb NAOULAOKL,
Ha KOMOopy1o «0aeumy» 2a3, U UmMoz080e 0asreHUe OKAKEMC MeHbULE <KAHOHUUECKQ20»?

BOABUUHCTIBO BONPOCOS, HA KOMOPbLe XOMEAOCh bbl MOAYUUMD <UHKEHEPHDLIL OMeem», MoZym
boimv paspewenvt HAXOKOeHUEM NOOXOOAUUX, CIIAMUCIUK, UAU XOMS bbl, HAXOKOEHUEM NOALIHBIX,
ceoiicme maxux, cmamucmux, JIpu mom, He u3eecmubl CMAMUCTUKA CMOAKHOBEHUT U pacnpedereHie
10 CKOpOCMAM (CAMUCMuKg cKOpocmeil) wacmuy 2a3a 6 HeKOMOPbIX, <MUNUYHBIX, CAYHAAX.

Ha pasnoeecue erusiiom usrywenus. Kaxoso pacnpederenue uCmounuKos u cmoxKos usryueHuil
no ammocgepe? Kaxyio porv uepaem usiyuenue 6 pacnpe0eAeHUlU MeMNnepamypv. 1o ebicome 6
udearvnoil ammocgepe? B pasnosecu, Cymma OusepeeHyuil NOMOKA USAYHEHUT U MENA08020 NOMOKd
6clody pasna Hyao (o mozym bbimv He pasnbr nomoku) Jlomeps nepeun ammocgepoii uepes
usAyuenue HeusbexXHo poKdaem meniosoil eemep, NMOZAOULAEMBLI 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 peusums
34044y, aHAA0ZUMHYIO0 KPAesoil. BMecmo cCKIAAPHOTL BEAUMUHDL HA T06ePXHOCTIL, 6UOUMO, HEObXOOUMO
3a0amy «CMAMUCMUKY CHOAKHO8eHUTl Hacmuy, ¢ nosepxHocmvioy. Kaxoeo pacnpederenue enympu obb-
éMa, ecAll OHO 3ad0aH0 MAaKum cnocobom na epanuye obvéma? EcAU UCIOMHUKY 1 CTOKU MENA0BOiL
IHEPZUU UMEIOM NPOCIPAHCTBEHHYIO TAOMHOCHIb, MO OHU 3A0aHbL KAKQU-MO «NepeuuHoil cramucmu-
KOil CMOAKHOBEHUTL C UCMOUHUKAMU TeNnAd» 8 KaXK00il mouke obvéma. Kax zaz «omeemum» na maxoe
«3adanue»? Kaxoeo bydem umozoeoe pacnpederenue 6 ase?

«BempvL Macc», c030asaemble cODCMBEHHBIM BpAUEHUCM HACTUY, NO-6UOUMOMY, HE NOOUUHS-
10MCsL 3aKOHAM «0bbruHOl MeXaHuKy 2a3a». Cobcmeentoe spauseniie Wacmuy, MoKem co30amp «éemeps,

13



He UCTIbIMbIBAIOWUT «MPeHUsL», U He 3ameudembiil npubopamu. JILaKKe 603M0KeH obmen IHepeueil u
MOMEHTMOM UMNYAbCA MEKQY «BPAULAMEALHBIMY U <HOCTYNATEABHbIMY 0BUKEHUAMYU 2d3d.

H3zereuénnvie us ypastenus (8) crazaemwie 0(m nU;) u T0;(ViUym-n) npusodam K, cybcman-
UUOHAALHOTL TPOU3B00HOT (TLOAB3YEMCSL 0AsL MAKQ20 8b1600a YpasHeHUeM HenpepbieHocmiL). JI0CKOABKY
ewé JU; = 0 (KaKoeo bvt Hu bviro pacnpederenue cKopocmeil wacmuu), mo ypasuenue (8) npusooumo «,
YpasHeHu10, NoX0XKeMY Ha ypasHerue Hasve-CmoKca, 20e 3a «mpenie» MOXKem 0meeuams moAbKQ cAd-
zaemoe mia. Omcioda 803HUKJeM HEMPUBUANbHBIL U Hepadpewénnblil sonpoc: Cyuecmayem Au mpe-
HUe MEKQY 0BUNKYWUMUCS CAOSIMU UOAAbHOZ0 2a3a? BONPOC NOAL3EH U 6 MEOPUL <HOB020 IPUPA», U
0AsL MeopuL C6epxnPosoOUMOCI (015 «IAEKIMPOHHOZ0 2d3a»), U 8AKEH OAsl PedAbHbIX 2a3oe: Onpede-
ACHO AU «MPeHUe CA0EB» 8 UOLAABHOM 2d3e «MPOCMbIM YNpyzum coyoaperuem abcorromno meépovix
MOAEKYA», UAL OHO CALOCTMBUE MOALKQ 8 <HEYNPY2020 63AUMO0CUCTBUS 0D0AOUEK PearbHbIX HACTIUU?
Kaxoea, noamomy, cés3b MeKQ0y MpeHueM U USAYUEHUEM PEAAbHBIX 2d3087

$8. TTpumenenue mamemamunuecKozo memoda K mpaxmoeKe Kanmoeoil MexaHuxy

Hexomopubie ypasHenis 6mopozo nopsoKd, noAyuaemble cnocobom, U3A0KeHHbIM 30eCh, UMEIOT
BUO «BOAHOBBLX YPasHeHUTl» U NOXOKU Ha ypaenenue 1l pedunzepa 0rs 000l uacmuuvl. bes commenu,
maxue ypasHenusi ONUCbIBAIOM Pacnpocmpanerue 36yKd 8 YCA0BUAX, ZpAsUMAauly.

Jlodobnbie ypasHenus 6b1600UMbL 8 NpOCMpancmee KoHgueypauuil. B camom dere, MHOKeCME0
MOAEKYA ammocgepbl pasobvém na napvl. JI0 pacnpederenuro wacmuy 2azd 1o KQOpourHamam u
CKOPOCMAM 0OHOHAUHO ONPedeAeHO pacnpederenie «no KOOPOUHAMAM U CKOPOCAM» 8 «HPOCpPaH-
cmee napy. «dacmuua» 8 «npocmpancmee nap», OMoxKJecmersiema ¢ napoi uacmuy, obvrunozo npocm-
pancmea, umeem wecmv KQopouxam u wecmv Komnonewm cKopocmei. Cnocobom, moxoKum Ha

onucannviii 6 §3-$4, 6 npocmpancmee nap HAXOOUM B0AHOB0E YpaHEHUE, NOXOKee HA 0BYUACTIUUHOE
ypasuenue 1llpedunzepa. Pazbusas 2as na N-Ku, noryuaem N-uacmuunbie ypasHeHus, noxoKue na
mHuozouacmuunoe ypaswenue Ilpedunzepa. Jllem camvim 6uoHo, omxyoa mozym boimb 63smbL
MHO204ACTIUHbIE B0AHOBbIE YPABHEHUS, KeAHMO60T MmexanuKy. JII0, umo s obviunoil ammocpepsl
noAyudembvle MAKUM CHOCODOM YpasHEHUS OMAUUHBL OM UPEOUHZEPOBDIX — HE NMPUHUUNUAALHO.
BeAununbl «KeaHMOoBol ammocgepols Mozym boimp cOBEPUEHHO HENOXOKUMIU HA 6CE, UMO U3BECTIHO.
HOes1 6616004 MHOZOUACTIUUHBIX BOAHOBbIX YPABHEHUT He NPUBAZAHA HUL K KOHKPEMHOMY YPABHEHUIO,
HU K ceoiicmeam cpedsl. B npocmpancmee KoHPUeypauuii noAyuaembl U ypasHeHus nepeoeo nopsioxd.
MoKHO AU 1Mm020a BbI6ECTIU CMHOZOUACTUYHOE YpasHeHue Dupaka»? I3 KoHeuHocmu noAHotl IHepzuu
U Opyeux 6eAUHUH «KBAHMOBOT AMMOCPHEPbL», UCKAIOUEHUE U YUEM KPUBLX MPaeKmOopuil npouseooum
bes ucKyccmeenubix, 0ONyueHuil — uepes yMeHbvllenue spemeny 08UXeHus uacmuy. B npocmpancmee
KOHQ@UZYPAUUT «CTMOAKHOBEHUSL> MOZYM NPOUCKXOOUMb MEKOY KOHPUEYPAUUAMY, HAXOOSUUMUCS HA
«borvuiom yoarenuu» Opyz om Opyed, UAL MOZYM TNPOUCXOOUMb CMOAKHOSeHUs KOHPuUZypauuu ¢
coboii» (8eposmuocmp UX HUUMOKHO MAAG).

$9. Deiicmsue naanem 1 UEHMPOS CUA HA IBOAOUUIO KOCMOCA

DoKaKem 0coby10 porb nAGHem U UEHMPOB CUA 8 YMEHbUEHUU XAO0Cd.

Paccmompum UOCAAbHYI0 NAAHEMY, Ammocgdepa KOmMopoil He noAyudem om 36e30blL MENAO, U
usoauposana om a10bozo obmena Inepzueii ¢ MeAOM NAGHEMbL, He NO2AOWAEM U He U3Ayudem A0bY10
Opy2y10 IAEKIMPOMAZHUMHYIO IHepeuro. Ammocgepa nycmy umeem COBOKYNHYIO MENAOBYI0 IHEPUIO,
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Komopoil He 00cmamouHo 0As «y0areHus ammocghepvl Ha becKoneunocmpy. B uacmuocmu moeod, Kozoa
CpeoHsisi CKOPOCHb MOAEKYA AMMOCPHeEpPbL MHO20 MeHblE BMOPOLL KOCMUUECKOT CKOPOCILL

JIlaKpzo poda ammocepa bydem neusbexno u bessosepammo mepsmv uacmuusl. Deicmeu-
MeAbHO, K020d MAMepuarbHas KOHUCHMPAUUs YACMUl, yMeHbudemcss 00 HYAs. Npu YOdAeHuu om
NAGHEMbl, YXOOAULUM HACTUUAM He C HeM CMAAKUBAMbCS OAsL M020, UMobblL 6epHYMbCs HA NAAHEMY, U
doKgayemo, umo Aoboe ozpanuuenue cKopocmu uacmuy bydem cmamucmuyecku npeodoreno. JIlozda,
naawema pabomaem Kax, «cmpax, Makceeara», pasdeasis ammocgepy na Oee paxuuu. Jlepeas
PpaKuus noKumem naaneny, Hazpemasi 00 HeHyAe80il memnepamypol. Bmopas gpauus — ocmanemcs.
Ha nAdHeme U «3AMEP3Hem», 6 npedere 0OCMUZHYS MeMmnepamypbl abcoromnozo HyAs. B camom deae,
KaKoea bl Hu bbira memnepamypa ocmasuieics Hacmu, <NAGHeNy NOKUHYM» YaACTULbl, ¢ KUHemuec-
Kol aHepzueil borviued, uem cpeoHsist KUHEMUUecKds IHepzus MoAeKyA ammocgepot. Ho écs ammocge-
pa He NOKUHeM NAAHeNy — NOAHOU MeNA0B0il IHEPZUL AMMOCHepbL He 00CMATOUHO 0AsL IMOZO.

B npouecce pazdereHus Ha PpaKuu éce yueouiue MOAEKYAbL Ha 00CMAMOUHO YOAAEHHOU Cihepe
MOKHO cobpamb 6 00un Koneunviii 0bvém. Drs uezo e nompebyemcs cosepuenue pabomvl. 3amem,
2opsmas gpaxuus moxKem boimb 8036pauleHa HA NAAHEMY, 20 MOAb3YACH PA3HOIL MeMnepamypoi
Ppaxuuil, MOKHO coBepuUmMb YKe «Pabomy noAe3HYI0», HANPUMED, OAsL COOPKU <CAOKHOT MAUUHDLY.
DAsL ONUCAHHO20 UUKAA He Mpebyemcst CAOKHO 0p2aHU308AHHOZ0 NPOUECCA «NOUMKY OMOHO8 U .1,

K 10001l NOMEHUUANOHOT AME MOKHO NPUMEHUMD 6 MOUHOCHL N000bHYI0 A02UKY. B camom
deAe, MycMb HEKOMOPOe KOAUUECHBO HACTUY HAXOOUMCS 8 NOMEHUUAABHOU SMe, NPUZOMOBACHHOE 6
COCMOSAHUL, KO20d He XBamdelm NOAHOT MenA0eoil IHepeUl HaCmuy OAsl mMo2o, umobwi 6C¢ uX KoAUUECH-
60 noKunyro smy. JI1020a, HeusbexKHo, UMoO Cpedu UACMUY, NOSBAMCS «20PAUUE UACTIUUDLY, OMHOCU-
MeAbHO «OHA AMbL», KOMOpPble 8 COCMOSHUL MOKUHYMb INY CUA0BYI0 A08YwKY. Ocmasuasncs 6 sme
dpauus bydem «zamepsamv». B 0aHHOM CAYude He NOHAObUMCS HKYAMb MUAAUAPOLL AeH, M.K, 6CSL
CUCTEMA MOSKEM HAXOOUTCSL 8 «KoADe», Ha 8bIX00e KOMOPOil YAABAUBAIOMCSL «20PSUUE HACTIULbLY.

Ho yemompum u borvwee. Curoeoi uenmp cbpacvieaem c cebs usrumex snepzuu u becnopsoxa
no ecmecmeennoil npuuune, bes Hamepennozo pyKoeoocmed. Ocmasum 6 «XoA00HOI Ppaxuuu» HeKue
«O0emaru», Komopbvle NOMEHUUAALHO cObUPaeMbL 6 «BbICULYI0 MAMUNYy. ECAL «3AMEP3Uas KOHCMPYK-
uus us demareily OKAXKeMcs «HEYOAUHOI», BEPHYBULASCS PPAKUUSL NYCMDb YHUUMOKUM «HEN00X005-
wuil eapuanmy. Jlocare MHO2OKPAMHBIX UUKA06 Mpebyemas «mamuna» moxem bvime cobpana.

Hsryuenus mer u ammocgepnl, 0aKe 6 borviuel cmeneny, wem npu nomepe HACMUL, MOZyM
cbpacvisams snepeuto u becnopsdox, 6 npocMpancmeo UAL unoe meo. JIOAHOU AHAAOZUU MEK)Y
U3AyweHuem U mepedaveil menAd XOAOOUALHUKY, UAU MeK(QY U3AyueHuem U mepedaueil eéeiiecmed
dpaxuuu nem. JI0 IMOMY 110600y MOKHO NPUBECTIU NPUMEPDI, 6bI600sUUE 3 PAMKU MPAOUUUOHHOTL
MePMOOUHAMUKL.

Kaxovlil pas, K0z0a pearvhas nAamema Ha HOUHOL CMOPOHe NOCPeICMEoM 6blbpocos nepzuu
yeeaunusaem nopsoox, 3eesdda, obozpesaiowas naawemy, enocum bechopsidoK, Ha OHeBHOU CMOPOHe.
MooKem Au maKas «uzpa» 6 mevenue MUAAUAPOOS Aem npusooums K nepebopy nooxo0suux eapuan-
106 KOHCMPYKUUTL 0AsL CAOKHBIX, KUBBIX MAULUHY?

Ienmpor beakos, naasarousue 6 KACMOUHOU UUMONAA3ME, NOXOKU HA MEMAAAUMECKUE WapPbl,
npumsieusaiouue A10byo KOHCmpyKuuio 3apsos é okpecmuocmu uenmpad. M3 becnopsdounoii macco
aMmMOMO8 U MOAEKYA K UEHMPY NPUMAHYMCSL e MOAEKYAbl, KOMOpble NPoioym eué «hpursmp gopmui».
JIpumsanymoie MOAEKYAbL 6CHLYNAM 6 YCHMOUMUBYIO XUMUUECKYIO C6513b, Cbpocus wacmv Inepeul U
becnopsdounozo deuxenus. JIpu HaruMuy beAKQBbIX, UEHMPOS CUA, U NOCAE MHOZOKPAMHBIX, UUKAOS,
Cywecmeyem cmamucmuuecKu cpeOHuil cpox, 0As Heusbesxnoil cbopKu «Kueoi maumunvts (n00obno
momy, KaK cmamucmuuecKy Heusbexxno paderenue na gpaxuuy ammocgepvt naanemsvt). B pabome Ke
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KAemKy yuacmeyem napa niawema — 36e30d. B camom Oeie, ecAU naanema 3amépsuem, «nepebop
n00X00AUUX 6apuanmos» 1 «cbopKa mamun» ocmanosumcs. ECAu naawema e copocum Aumnuii Xaoc,
MO HUKAKUX, <BbLCUUX MAUUHY HE NOABUMCSL.

Jlpuroxerue.
Vpastenus 6mopozo NOPAOKG s cup 14

Boinuwem psod Jlleiropa ors eeaununvt 0-n(t,x )Pt x,v) 20e 0 = 1- 1dt - kdt?, t' =t - dt, X' =
=X +dx, dx = - vdt - gdt*/2, obosnavue n'® = n(t,x)Y(txv):

(1- 1t - kdt2) - 1t - db,x- vt - gdt2/2) Dt - dix - vt - gdi2/2,0) =
= (1-1dt - kd¥) - (0@ + (-dbd, + (i) ) (D) +
¥ (1/2) (20 + (dD) - 2-dt-0(d:D) ) (D) +...) =
= W - (0, + (vD) (WD) + r1P) +

2 (D 10+ (D)~ (1/2)g D))+ (/2000 + (00 + 20 D) + ..

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

Ot _[[[ ( vb)n( t,)()'r(P( t,.?G'V)'L{T/zc{sz[T/} =- attn,

Jloamomy, unmezpar om (Ou + (V-0) + 2:0:(v-D))n®P) no npocmpancmey ckppocmeii npeobpaszyemcs: 6
seAununy = - 0l + [[J(v-d ) nP-dvidv:dvs. B umoze, npuxooum K credyrouemy ypasHeHuo:

-k +Kn+ (ad)n-(1/2)(g-d)n + (1/2) [[J(v-d)*nP-dvidv:dvs = dun, (12)
20e K = [If v(0; + (v-0))¥-dvidv:dvs, a = [[[orP-dvidv.dvs. Ecau, 6 zpybom npubruxenuu menaosvie

CKOpOCMU uacmuy, 2asd 00NYCHMUMs Cyuecmeenno boavuumu cpedreil cKOpocmu 08UKeHUS 2d30601L
cpedvl, u pacnpedererue P bAUSKUM K CihepunecKy CUMMEMPUUHOMY, MO UHMEZPAA

m([](v-0)*nP-dvidv.dvs = m-T;0:0; n-ffvivyP-dvidvadvs
npeobpaszyemcs: 6 Aaniacuan om eerununsvt bauskou K nKI. B pasnosecuu, Koz0a npeonor0KeHo, Umo
Y ecmv pacnpederenue Maxceerrd 6 OKpecmHocmu KgKQOU npocmpancmeennoil mouky, nocireoHuil

unmezpar mouno pasen A(nkKT). B umoze, (12) npeobpaszyem 6 «zpybo npubiusxénnoe ypasnenuer

&n + (b-9)n + (k/2m) A(Tn) = dun,
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20e D u b — cKarspras u eeKmopnas gynkuuu. Cmpozo 2060ps, nocaedtee ypaswenue obocHyemcst
NOK@ MOALKQ «gpusunecKum coobpaKenuem OAsL 00CMAMOUHO MAABIX, AMHAUMYO»: TIpu PuKcuposan-
HOTl OAUHE 36YKOU BOAHDL, MAKPOCKONUUECKASL CKOPOCTL CPeobl 00AKHA CIPEMUMCSL K HYAIO C YMEHb-
WeHUeM AMNAUNTYObL B0AHDY, MAK KAK KOHUEHMPAUUS, YACMUY NOUMU He MEHAeMCs npu 00CMAmouHo
MAABIX, amnaumyoax, u eeaununa nU 0oAXHa cmpemumpbcs K HyAto. Humepecno ommemums maxaxe,
umo memnepamypa T nponopuuoHarbHa Keaopamy «CKOpoCmu 36yKa».

Dasi 08yuacmuuHbX KOHPUEYPauuil HAX00UM N0X0Kee YpasHeHue:

'’ + (60’ + (R/2m) Ay(T'1) + (R/2m) Do(T'1) = O,

20e serununvl b’, D', T u 1’ 3asucsm om wecmu npocmpancmeenvix Koopounam u epemenu, 4; u 2, —

AANAACUAHBL 110 KQOPOUHAMAM Nepeoil u 6mopoil uacmuubl, O’ — epaduenm 6 npocmpancmee nap, n' —
Konuenmpauusi é npocmpancmee nap. J1000bHbvle «BOAHOBbIE YPABHEHUS» EPHBL OASL OPYZUX, BCAUHUH,
XApaKmepusyouux eas, OMAUUHBIX, 0 <KOHUEHMPAUUL HACTIULY.

Do 0KOHUAMEALHOT KBAHMOB0T Meopul 0mcto0d ewé 0areKo. «DeMOHCIPAUUs MHO20HACTIUY-
HBIX AGHAACUAHOB» 110 CYMU — KAUeCTBEHHbLIL Apzymen 0Asl 0b0CHOBAHUS «<KAHMOBOU AMMOCHepbLy.
JIlpaKmosKa «cmamucmuuecKoli KOHUEHMPAuuy 6 Heodgupes obbscHsem cAyHal HEHOPMUPYeMOCTIU
KOHUEHMPAUUL — 4acmuud 3¢upa oKgKemcs 6 mecmax. ¢ borvuiell KoHuenmpayuei 4acmuy, éepo-
simHee, uem 6 Mecmax,c Menvileil ux KoHuenmpauuei, 0axe Ko20a yHKuus KOHUEHMPAUUL He MOKem
boims Hopmuposana. Cmamucmuueckdgs U HeCMAMUCTMUMECKAs, MPAKMoeKU NPUMUPSIOMCS 6 MOM,
UMO «KBAHMOBDLIL 2a3» MOXKHO PACCMAMPUBATD KAK, «<HECMAMUCTIUUECKY1O0 ynpy2zyio cpedys. He bydym
AU M020a JKe «MAMEPUAAbHBLE YACTIULBL 8CE20 AUUD «KOALDAHUAMU 8 Ihupe»?

B amy pabomy cderar éKara0 Bcesorod BomeuHoscKuil, KOMOpblil USHAUAALHO 3AUHMEPECOBAA
MeHsl 3a0aveil 00KA3AMeAbCMEd UAL ONPOBEPKEHUS. «HYALB020 ZPAOUEHINA MEMNEPATLYPbL 8 YCAOBULX
zpasumayuu» us boree meEPOLIX A02UMECKUX OCHOBAHUT, ueM Mme, umo 00 cUX nop bviau useecmbi.
Obcy:Kdenue mem cmamvi ¢ HUM NO360AUAO OMMOUUMD PopmyAuposKu. Kpome mozo, BomeunoscKuii
BHEC MOA3HDbLE NPABKY 8 HACTb MeKCMA.

A maxzKe baazodapio uzdameavckuii dom LAP LAMBERT Academic Publishing 3a npedroxe-
Hue 0 MybAUKAUUL KHUZU, NOCBAWEHHOT IMOT meme. K MOMEHTTY OKOHUAMEALHO20 HANUCAHUS IMOTL
CMambl, HEKOMopble KAIOUeBble 60NPOChl, NOCMABALHHbIE 30ect bbiau MHOTl paspeuensl. J[0Imomy, s
HA0eCh NO3HAKOMUMb uumamerei ¢ boree 2AyboKou u wamervHol npopabomxoi yHoaMeHMANLHBIX
3adau mepmoOUHAMUKY U KUHETHUKYU.
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