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[Mocesmaercs CBETION maMaTH
JOPOTrOT0 YUATEsT
Bukropa Bukroposuua CoboJiesa

IIpeaucnoBue

WN3nyuenune siBAsge€TCst OCHOBHBIM UCTOYHUKOM MHMOPMAIUU O HEDECHBIX TEIaX, MO3ITOMY TEOpUs TMEPEHOCA W3y e~
HUsT HAXOIUT Pa3HOOOpA3HOE MPUMEHEHUE [IIsT HHTEPIPeTAnu (DOTOMETPUIECKUX, CIIEKTPATHHBIX, & TAKXKE MOJISAPHU-
3AIMOHHBIX HADIOEHNH acTPOMU3NIECKNX 0OHEKTOB M TeOMU3NIECKUX IKCTIEPUMEHTOR MO AUCTAHITHOHHOMY 30HIV-
POBAHUIO.

B kHure nzsmaraercs Teopust IEPEHOCA MOHOXPOMATHHYECKOTO U3JIy9e€HNs, M30TPOTIHOTO W aHU30TPOTTHOTO (ryara 2),
U U3JIyYEHUs B CIEKTPATLHON IHHUY C TIOJHBIM WM YaCTUYHBIM [epepacipeaeieaueM o dacrore (rnasa 4). leomerpus
PACCEUBAIOIIUX CPEJ TPEATOIaraeTcs maockoii. PaccmarpuBaroTcs: 6eCKOHEYHAS U MOMyOECKOHEYHAS CPEJIbI, & TAKIKE
MIOCKWH KOHEYHBIH coii. [lonpobHo n3naraercs aHATUTUYECKAS TEOPWs, B TOM YHCJIE TOYHBIE, ACUMITOTUIECKUE U
MpUOIVKEHHBIE METOIBI PEIEHNsT MOJAEIbHBIX 33/1a9. B OoTAenbHYI0 T/TaBy 3 BhIJEIEH PE30/IHhBEHTHBIH METOJ, MO3BO-
ﬂﬂ}OHH/If/’I HAWTH TOIHBIE BbhIDaXKEHUA [OJIsd OCHOBHBIX (byHKI_H/If/'I.‘ XapaKTEepu3yromunx MmoJid n3JI1y9eHnsa, 1 aCUMIITOTUKA
srux dyukuit. /laercsa mpeacraBieHre 0 HEKOTOPHIX PACITPOCTPAHEHHBIX YUCTIEHHBIX MeTomax. B mocnenneii riase
5 paccMaTpuBaOTCd 3a7a49u 00 OMpeJeeHn WHTErPATbHBIX XAPAKTEPUCTUK MOJel M3TydeHns], TAKUX KAaK CpPeIHee
YUCTIO PACCEAHUM, OCOOEHHOCTH PACCESTHUS B MOJIEKYISAPHBIX MOJI0CAX, C YACTUYIHBIM EPEPACTIPEIETIEHHEM [0 JACTOTE,
a Tak»Ke C y4eTOM MOJIAPU3ALUA U JIBUKEHUA PACCEUBAIONIEH CPelbl.

KHHT‘& HammCaHa Ha OCHOBE CMEenKypPCOB, KOTOPHIE aBTOD YHUTaJI HA aCTPOHOMWYECKOM OTIECJIEHWUN MATEMATUKO—
MexaHn4deckoro (akyubrera 1 Ha Kadeape dusuku armocdepst dusnueckoro dakynnrera CII6LY, u srisiercs yued-
HBIM [TOCOOMEM [I7Tsi CTYJE€HTOB U ACMUPAHTOB, CHENUATUIUPYIOMIUXCS [0 TEOPETUIECKON aCTPODU3NKE, ONTUKE ATMO-
cdep nnaner u 3emiu, puzuke Mops U okeaHa. MoxkeT OBITH UCTOMB30BAHA TAKYKE ONTUKAMU U CIIEKTPOCKOIUCTAMH.

DT0 UMEHHO JIEKIIUU CO BCEMU MX OCODEHHOCTSIMU. B HUX HEKOTOPBIE PE3Y/IbTAaThI JAI0TCs 0€3 BHIBOA, B TO YKE BPEMsi
MHOTHTE APYTHE B AUAAKTUYECKNUX IEISTX BBIBOAATCSA € OOMBITAMEA TTOAPOOHOCTSIMU, €M 3TO TMPUHSITO B MOHOTPADHUIX.
BOCnpOVI3BOﬂﬂTCH TaK>Ke HEKOTOPHhIE CBEAECHUA N3 MATEMATUKN, KOTOPhIE HE YUTAIOTCA B O6IHVIX Kypcax.

Teopuu mepeHoCa MOCBSIIEHO HECKOIBKO MOHOrpaduii u psia yaeOHUKOB. Binke Bcero ta KHUra Kk MoHOrpadusam
B. B. Co6Gonesa [70,76], B. B. Usanosa [31] u . H. Mununa [44]. B garHOM y4eOHOM MOCOOMH MHOTHE KJIACCHYECKHE
Pe3yIbTaThl 3aUMCTBOBAHBI U3 HUX, HO MPUBO/ISATCS TAKYKE CBEJIEHUsI, M3BJIEYEHHBIE U3 XKypPHANBHBIX craTeil. CcbLiku
110 BO3MOKHOCTH JAI0TCs HE Ha OpPUTIMHAJIbHbIe paboThl, a Ha OoJiee JOCTyNHBIE MOHOTpadun uin 0030pbl. OTmeda-
FOTCsl JIWIIBb IPUOPUTETHBIE U camble nocjeanue paborsl. CHUCOK JMTEPATyphl HU B KOEM CJly4ae He MPETeHIyeT Ha
MOJTHOTY. 3aMETHM, 9TO Pe3yabTaThl, TOMyUYEeHHbIE B Teopuu neperoca udnydenns [Ilkosoit mo Teoperudeckoit acTpo-
duzuke akanemukos B. A. AmbGapuymsana u B. B. Cobonesa, 3 noxkeHsl B cepuu craTei, COOpaHHBIX B BIycke Tpyaos
Acrponomuyeckoit o6cepsaropun C.-Ilerepbyprekoro yausepcurera [79].

esib HACTOSALIETO U3MAHUS — BBECTU YUTATENsi B IPODBJEMATUKY COBPEMEHHOM Teopuu nepenoca. ljisi 31oro oro-
6paH MWHUMYM MaTepuaJia, Onpeﬂeﬂﬂe]\/ﬂﬂﬁ 06'1361\/101\/[ YUTABITUXCA KYPCOB. yCBOVIB"ﬂ/]e 9TOT MaTEPHAJ CMOTYT YUTATH
CHeNUaJIbHY0 JIMTEPATYPY 10 TEOPUU [EPEHOCA U €€ MPUJIOKEHUSIM, 8 TAKKE IPUMEHSITh €€ K COOCTBEHHBIM MCCJIe10-
BAHUSIM, CBSI3AHHBIM C DACCESTHUEM CBETA.

B wm3roroBnenun pucyHkoB Iid KHUTH MHe okazanu rnomomnib H.B. Bomwmunukos, C.U.'pages, B. M. Jlockyros
n A.B. Ilueiisaiic. llennnie 3amedanusi, HANPpaBJIEHHbIE HA yJIydllIeHUE TeKcTa pykonwucu, caeiaaun B. M. Jlockyros u
C.N.Tpaues. Bcem nm g1 nckpenne bjarogapen.

N3 nanwe ocymecTBaeHo pu 9acTuaHOi oaaepxkke rpanTta “Bemgymmue nayansie mkoasr” N2 00-15-96607.



I'naBa 1. BBenenne

§1.1. Ilonre uzny4denus

1. NManydenue u ¢doroner. Kparko HAIIOMHUM HEKOTODbIE W3 OCHOBHBIX NOHsITHI Teopun uzsy4denns [39,40].

Wzay4uenne — 3710 3J1€EKTPOMATrHUTHOE MOJIE, OTOPBABINEECH (JATEKO YITEANTEE) OT CBOMX UCTOMHUKOR W MOTEPSIBITIEE
cBsA3b ¢ HuUMHU. VlHA4Ye roBOpsi, ITO 3MEKTPOMATHUTHBIE BOJHBI. JHEDPIUsi W3MYYEHUS HA3BIBAETCS TAKXKE JIYIUCTOM
JHEpPruen.

@oroubl — 3jieMenThl ToJisi. DOTOH — YacTHIa ¢ Maccoi NOKOsi, paBHON HyJito, U cnimiom s = 1. Cnuna dorona
TIPOSIBJISIETCS TOJIApu3anued moss. dncio mpoexmmit cnmaa vHe 2s + 1 = 3, a TOABKO 2, YTO, KaK TIOKA3HIBAETCS B
KBAHTOBOM JIIEKTPOANHAMUKE, ABJIAECTCA CIECACTBUEM DABEHCTBA HYJIO MaCChl TIOKOS. OTpa)KeHHeM HaJIN4YUA TOJIBKO
JIByX TPOEKINil CIIUHA SB/ISIETCS MOTEPEYHOCTD MOMSIPUBAINNA 3TEKTPOMATHUTHOTO MO B CBODOJHOM MPOCTPAHCTBE
(ycnosue monepednocru divA = 0, rge A BEKTOPHBIH IOTEHIIUAT).

@oroHbl  OO30HBI, T. €. MOTIUHAIOTCA cTaTucTuKe Boze itumreiina. B oqHOM cOCTOSHIN UX MOXKET HAXOIUTHCSH
CKOJIBKO yTOAHO U 00Jiee TOrO: €CiM B KAKOM-TO COCTOSIHUM YK€ MUMEITCst (DOTOHBI, TO BEPOSITHOCTH APyTruM (POTO-
HaM nepef/’ITn B TaKOe€ K€ COCTOsITHWE YBEJINYNBACTCHA. STOT TMPUHIUTT BHIHY>KIEHHBIX (VIHﬂyHVIpOBaHHBIX) Tepexoa0B
(BBIHY K ICHHOTO M3JIy9YeHUs1) sBISETCS TPOTUBONOIOKHOCTBIO NpuHnuiy 3amnpera [laynu nisa dbepMuoHoB.

Queprus doroua (cornacuo npeanonoxkenuto [lnanka) hy, a ero umnymbe (o dhopmyse Ditnmreiina) p = pw, |w| =
1, p = hv/c. Mex Iy HUMHU BBIIOJHAETCS COOTHOIIEHUE hy = ¢p Kak JJid BCAKOH yIbTPapeNsaTUBUCTCKOM dactuibl. B
acTpodU3NYECKON TEOPUM MMEPEHOCA U3JIyYeHNs] UCIIOIb3yeTCsl He KPYroBasi, a 0ObldHas yactora V. [lo3ToMy nocrosiH-
nast [lranka He mepevepKkuBaeTCs.

2. OyukIus pacnpejiejieHUsi 1 UHTEHCUBHOCTh. QOTOHBI B TEOPUM MEPEHOCA U3/IyUeHUs] TPAKTYIOTCA KBa-
3UKTACCAYECKH, T.€. KAXKJIOMY COMOCTABISAETCS UMIYIbC P U KOOpAwHATHI r. [Ipw 3TOM cumTaercs, 9T0 HA KaxXKI0€e
cocrosane puxorTes hazopbiit oobem h3 /2. Unciio 1Ba B 3HAMEHATETe COOTBETCTRYET BYM COCTOSTHUAM MOIAPU3a-
LWN.

Teopust mepeHoca  KMHETHYECKAs, CTATHCTHYECKAas Teopus. OHA Omepupyer He € HANPSKEHHOCTSMU TOJs, a C
KBAJIPATUYIHBIMU 110 HUM (3Heprerudyeckumu) Benaugunamu. [Ipumepny sasigerca dynkuusa pacnpenenenus f(r,t, p).
OnHa 3aBHUCHT OT ceMu apryMEHTOB: TPEX MPOCTPAHCTBEHHBIX KOODJWHAT, BPEMEHU W TPEX COCTABISIONINX UMITYIbCA.
Hopwvuposka 310oi#t hyHKIINN 00bITHAS: WHTETPAJ IO BCEMY WMITYJIHCHOMY TTIPOCTPAHCTBY

[ 1) = 1) (1)

paBeH koHuermpayuy (GOTOHOB, T.€. YUCIy UX B equHuUIe obbema. Ipyroit maTErpast

/mdmum&p=Mnﬂ (2)

TTPEJICTARIISIET CODOI NPOCMPAHCMBEHHYIO NAOMHOCMY JIyIUCTONH IHEPTHM.

B KadecTBe OCHOBHOM XapPaKTEPUCTUKU TIOJISA M3JIYyHYEHUdA B TEOPUMN TEPEHOCa TTPUHUMAETCA WHTEHCUBHOCTH. OHa,
omnpeenserca caeayomum obpasom [31,44,70]. Jlyuucras sHeprus, NpOTEKAIIAsd Ye€pe3 MEPHeHIUKYIAPHYIO L0~
maaky miomansio d2Y B TemecnoMm yrie d2w B HAIpaBTeHHN w 3a Bpems dt B HHTepBale YacTOT OT v 10 v + dv,
npeACcTaBAgeTCa B BUJIE MTPOU3BEAEHNS

dE = I, (r, t,w)d*2d?wdtdy. (3)

Kosddunment nponoprnuoranbHOCTH TpoR3BeaeHnio 1udHepeHnnanoB 1 €CTh RHTEHCHBHOCTD U3TyYeHNs, TOTHEE
CNEKMPanrvras, usu yoeavHad, unmencuehocms. OHa CBA3aHA MPOCTHIM PABEHCTBOM ¢ (DYHKIUEH DACIPEIeTeHs,
4epe3 KOTOPYIO JIyancTast SHeprusi (3) BhIPAXKAETCS TaK:

dFE = hvfd3pcdtd®s. (4)
Tak Kak 37eMeHT IMIYILCHOTO obbeMa d3p = p2dpd2w, To
h4
hvefdp = I,d%wdv, I, = C—2u3f. (5)

HOCKOJ’II)Ky NHTEHCUBHOCTbH KBaJpaTU4dHad 110 IIOJI0 BETUYINHA, CAUTAECTCA, YTO IIYYKU U3TYICHUA HEKOT'€PEHTHBI
U CKIaJbIBAIOTCA HE HAIIPAXKEHHOCTHU UX 3JTEKTPOMArHUTHBIX H()J'IeI‘/JI7 a MHTEHCUBHOCTH.



3. IIoTOK M MJIOTHOCTH JIy‘-II/ICTOﬁ SHepruu. VHTEeHCHBHOCTDL OMHUCHLIBAET IIOJIE U3Ty4IeHnuda Hanbosee IMOJIHO.
O,HH&KO Hapdaay ¢ THTEHCUBHOCTHIO B TEOPUW TEPEHOCA NUCTTOJIHB3YIOTCA U APYTrrue BEeJIMYUHbI, CBA3aHHBIE C Hell.
Bosbmem CAVMHNYHYIO TIJIOIIAJAKY C HOPDMAJIhIO K Heil — C€AIVUHUYHBIM BEKTOPOM I1. Besnuuna

H, = /hufnwchp: /L,nwdQWdV (6)

Ha3bIBAETCA NOMOKOM ./Ly"'LUCTTlO’I.Z IHEP2UU B HAIIPABJIEHWUW 1. On asagerca ﬂpOGKHVIeﬁ Ha 3TO HaAIIpaBJIEHUE 6EeKMOopa
nomowxa

H= /L,wdzwdu. (7)
3iech Hao Gparh TPU MHTErpaJsa: 0 4acToTe M 1O TOJAPHBIM yryiam 0, o, npudem
w = (sinf cos @, sin fsin p, cosf), d*w = sin fdAde. (8)

Bes HUHTEerpaJjia MO0 9aCTOTE IIOTOK HA3bIBAETCA CIEKTPaJIbHBIM. HHTQFpaJ’[ OT HETrO II0 YacCToTe HHTera.HbeIﬁ
norok. Te >xe HA3BAHUA NPpUMEHAIOTCA U K IPDYIUM BETHYHNHAM, B 9aCTHOCTH K MHTEHCUBHOCTH. H(’,HO, qTOo

H, = /Iuwde, H= /Hudu. (9)

MuTerpanbt o yriaam OTAENBHO € KaXKI0W CTOPOHBI OTIPEIEIeHHON| LI0MIA KN

EL = / Lnwd*wu &, = — / Inwd?w (10)

nw>0 nw<0

TIPEICTABIISIIOT MOHOLPOMAMUYECKUE 0CBEWEeHHOCMY ITOH TiTomaakn. [ToToK B HAMpaBIeHNN BEKTOPA N PABEH PA3HO-
CTH OCBEIIEHHOCTEMN:
_ ot -
Hon=&,—En- (11)

CrekrpasibHasi 1 HHTErPAIbHAST TMAOMHOCTIU USAYHEHUSA ONIPEEIISIOTCS COMIACHO cooTHOMeHusM (2) u (5):

1 1 1
py = E/Iude, p= z/M%, p= /pudy = /hufd3p - E/L,dedy. (12)

MuoxkuTenu ¢ nepej HHTErpanamMu 1o Hanpasiaenusm B (12) orpaxkaioT ToT (akKT, 9TO MHTEHCUBHOCTH — XapPAKTEPH-
CTWKA TEKYIEH IHEPTUH, & MIOTHOCTh PACCIUTHIBAETCS HA €AWHUILY O0bema.

4. Yacraeie ciaydan. 1) Ecan narencurrocTs He 3aBucut ot kKoopauHar I, (¢, w), To 1oJje n3jydeHnsi Ha3bIBAIOT
00HOPOOHBLM.

2) MbI GyneM u3ydaTh TOMBKO MOJs M3TyUIeHUs, He 3aBUCAIIUE OT BPEMEHU, T.€. CMayuohaphsie. B mpoTuBHOM
CAy4dae MOJs HA3BIBAIOTCS HeCTNaUUOHAPHBLMIL,

3) Ecan narencusnocts I, (r,t) He 3aBUCHT OT HAIPABJIEHUSI, [10JI€ U3JLy Y€HUsI UBOMPONHO 1

/2
4
Py = %T vy Ef =2nl, / cosOsin0dl = rl,. (13)

0

4) Korpa I, = I,,0(v — vp), 110J1e M3J1y9eHUs] — MOHOTDOMAMUKECKOE.

5) NHTEHCUBHOCTD MOYKET U3MEHATHCSA ¢ 9ACTOTOH JOCTATOUHO METIEHHO, TOTA TOBOPAT O HENPEPHLEHOM CTLEKMPE
uznydenus. B ciydae HanWuus pe3KUX U3MEHEHWH B WHTEHCHBHOCTU WU IIOTOKe BOIU3U HaCTOTBI, COOTBETCTBYIO-
meit KakoMy-a1b0 JMCKPETHOMY Mepexojly B M3jlydalonieil cucreme, TOBOPSIT O CeKTPaJbHOMN JeTaln, B YaCTHOCTH, O
CNeKMParbroti AUHUL.

6) Korma paccMarpmBaercst COCTOSTHUE TTOISIPU3ANNY W3JIy 9€HUST, TTPUXOIUTCS UMETH JEJI0 C MATPUIIAMW WJIW BEK-
TOpaMH, XapaKTepHU3yoIIMI NoAspu3annio. Eciu nongapusanuei npesebperaioT, TO J0CTATOYHO OTPAHUYUTLCS OTHOM
MHTEHCUBHOCTBHIO.



§ 1.2. YpaBHeHHe mepeHoca

1. ®PeHOMEHOJOTUYECKHH BBIBO/I. Y PDABHEHNE MMEPEHOCA, KAK U IPYTUe KUHETUIECKNE YPABHEHHUs, MOXKHO I0-
JIYy9UTH JEAYKTUBHO N3 KJIACCUYECKHUX ypaBHeHI/Iﬁ MaKCBeﬂﬂa NN KBAHTOBOMEXaHWYECKOT'O YPaBHEHUA .HVIyBVIHﬂﬂ.
Mbi, caenyst kauram 1o rteopum nepenoca [44,70], maaum npocToil BRIBOJ, KOTODbIF IPUBOANUT K NPABHILHOMY
pe3yarTaTty, XOTdA U HE TTO3BOJIAET OIEHUTH O6J'IaCTB TPUMEHUMOCTHU TIOJIYYE€HHOTO YPAaBHEHWA.

PaccMOTpHEM eIHHUYHYIO IIOMAAKY U H3MydeHne, HayIee B TelecHoM yrie d?w moYTH nepneHauKyIgapHO K Heil. B
HHTepBase 9acToT dv 3a eIHHUIYY BpeMeHH depe3 IIOmAIKy mpoiiger sueprusa I, d%wdy. BygeM cunTars, 9To 9acToTa
M3My9YeHus, CBODOIHO HIYIIEro BIOMb Jyda, He m3MeHsercs. Ha paccrosgaum ds KOTUYIECTBO ITONH SHEPTUU MOXKET
W3MEHUThCS B PE3y/IhTaTe BO3MEHCTBUS OBYX TPYIT KOHKYPHUPYIOMUX mporeccoB. dacth GOTOHOB MOKET M3MEHUTH
CBOE HANpPAaBJEHWE WM 9aCTOTY WJIW K€ BOODIIE TepPecTaTh CyHiecTBOBAThH (T.€. MepeiiTh B JPyrue BHUILI IHEPTUW).
0O603Ha9MM X JT0JIFO0 OT BCErO MTPOTEKITIEro KOJnyecTBa depes «,ds. Benmanna a,, nmeer pazMepHocTh 00paTHOMN JTJTHHBI
U HA3BIBAETCH 00BeMHbLM KodPPuyuenmom nozaowenus (M ocnabaeHus ) Wik IPOCTO KoIPHUUUEHTNOM NOZAOULEHU.

Jlpyrue mpoIrecchl, HAPOTUB, YBEIWYUBAIOT SHEPTHUIO MMyYKa U3/IydeHus B 3Toi yacrore. Kommgecrso sueprum €,
KOTOPOE M3J1yvaeT e,IH/]HI/]L]HBIf/'I O6"heM B €AVWHWILYy BPDEMEHUW B €IVMHWYIHOM HWHTEPBAJIE 9aCTOT B €WHWUYHOM TEJIECHOM
yTJIe, HA3BIBAETCS USAYUAMENLHOT CNOCOOHOCMbI CPebl NN Kosdduyuenmom uszayuenus. Ha nporskernnn iyt ds
K PaCcCMaTpUBAEMOMy MydKky nobarntcs aneprus €,dsdwdy.

Ob6o3HaurM U3MEHeHre HHTEHCUBHOCTH HA TOM ke mytu depes dl,. dcuo, gro

dl, = —a,dsl, + €,ds, (14)

TaK Kak Bce ocrasbubie nuddepennmansr cokpamaiorcs. OTcioma

% =—a, I, +¢,. (15)
ds
[TockonbKy
I(r,t,w)+dl, = I,(r + wds,t +ds/c,w), (16)
" I, 101
v _ v I, 17
ds ¢ Ot TwVl, (17)

T. €. TOJIyYaeTcss OOBIYHAST KOMOWHAIIUS MPOU3BOAHBIX B JIEBOM YACTH KUHETHMYECKOTO ypaBHeHwus. [IpomzBOmHON 110
UMITYJIHCY HET, VI6O Ha (bOTOHBI HE ,Hef/,ICTByIOT HUKaKWeE CUJIbI. BeKTOp W CYUTAETCA TTOCTOAHHBIM, a BEJIMYNHA CKOPOCTHN
cBeTa ¢ — BOOOIIE MUPOBasT KOHCTAHTA.

Jlajiee paccMaTpuBaeM TOJIBKO CTALMOHAPHBIE MOJISE U3JIYUYEHUsI, TAK YTO TPOU3BOJHAS 110 BDEMEHU HE TIOSIBJISIETCS .

Kosddumnuent o, onpemensercs HCTUHHBIM MOTIOMEHUEM, KOrAa (GOTOH MOJTHOCTHIO UCYE3AET U3 MPOIECCa mepe-
HOCA, U PACCESTHUEM, T. €. UIbATHEM (POTOHOB OMPEIETEHHOTO UMIY/IbCA U MEPEU3NyUYeHHeM WX B IPYTUX YacTOTAX U
HalpaBJIEHUSX.

Koaddunmenr ¢, xapakrepusyer najydeHve, BO3HWKAIOIIEE KaK BCJIEJCTBUE PACCESTHWs, TaK W 34 CYET JIPYTHUX
MEXaHW3MOB, MOCTARJISIONINX (DOTOHBI.

2. ®opmaabHoe penieHmne. [Ipeamomoxum, 9T0 HAM W3BECTHBI BEIWYUHBI , W €,. Toraa Jerko pa3penuTb
nuHeliHoe ypaBHenue (15) OTHOCHTENBHO WHTEHCUBHOCTH:

S S S

L(s) =1L, (so) exp | - / o (s')ds' | + / eu(s') exp [ / 0, (s")ds" | ds' (18)

so S0 s’

31eck nHTErpasbl OEPYTCs BIOJIB JIyYa, COEANHSIOMIErO TOYKHU C KOOPAUHATAMU 110 3TOMY JIydy Sg U S.

Brpaxenne (18) nasniBaeTcst Gopmasvhoim peweHuem, Tak Kak B Ko3(GMUIMEHT N3/Iy 9eHUsT MOYKET BXOIUTH NCKO-
Masl UHT€HCUBHOCTD u3aydenus. B dpopmyse (18) mepBoe ciaraemoe COOTBETCTBYET U3ITYYEHUIO, TIOIOIIEIIIEMY K TOIKE
C KOOPIWHATON So M OCNabJIeHHOMY HAa MyTH K TOYKe s. Bropoe crmaraemoe comepkut mHMOPMANNIO 00 U3TydYeHNUH,
WCITYIIEHHOM B TOYKax 8’ MeyKJy Sp M S U ocaabJIeHHOM 110 JJopore K TOil ke TouKe HabIodeHus s.

Ecmm o, = 0w g, = 0, TO WHTEHCUBHOCTH BIOJIb JIy9a OCTAETCs MMOCTOSTHHOW. DTO 03HAYAET, YTO MPU OTCYTCTBUN
TIOTJIOIMIEHWSA U U3JIyYEHU A TT0 MyTN MHTEHCUBHOCTH OT CKOJIb YIOAHO YIAJIEHHOTO MCTOYHUKA Ta »Ke, 9TO U B HETTOCPE/-
cTBeHHOI Om30cTu K HeMY. OObsiCHEHME TAKOTO MAPAI0KCATBHOIO HA MEePBBIi B3rs (haKTa 3aKTI0YAETCS B TOM, UTO
WHTEHCUBHOCTh PACCUYUTBHIBACTCH HA €AWHUIY TenecHOro yriaa. C yBenudeHWEM pPACCTOSAHHUS 7 OT UCTOYHWKA TTOTHAS
SHEPTHH OT HEero, T.e. MOTOK, YMeHBMIACTCA MPOMOPIHOHAmbHO 1/72. OQHAKO M TeTeCHBIH yrom, Mo KOTOPLIM BUICH
MCTOYHUK, YMEHBITACTCA TOYHO TaK »Ke.



3. Iliiockas reomerpus. Ecim n3nydenne pacnpocTpasseTcs B Cpee ¢ IIOCKOH reOMeTprei, T. €. BCe BeTHIAHbI
3aBucaT ot riaybunnr z, popmyna (18) korkpernsupyercs. O6o3HAYNM yTrO MEXKLy HATIPABJIEHUEM UMITYJILCA (POTOHOR
u HanparsenueM pocra riuyounsr vepes 6. Toraa saosns nyva s = r/ cosf, n dbopmyna (18) nepenmmercst rax:

]‘ / ! ! ]‘ / / ]‘ j " " !
v(2')d v - »(2")d dz'. 19
cos@/a (7)dz —’_cosﬁ/6 (%) exp cosf o (27)dz i (19)
20 Z0 z!

ITpornopuMoHAJILHOCTh BEJMYNH, CTOSIIIMX B 110KA3aTe/s1X 9KCIOHeHT, 1/ cosf nasbiBaercs daxonom Byzepa.

1,(2) = L(z0) exp | —

4. Cdepuueckasi reomerpusi. B 370M ciydae Bce BETUYUHBI 3aBUCIAT OT PACCTOSHUS OT HAYAIA KOODIUHAT T
¥ OT yIJIa MEeXKIy Jy94OM W PAIUATbHBIM HampasienueMm 6. B ornudme or cimydasi mIOCKO#M TeOMETpUH, PU KOTOPOI
BEKTOD HAIMPABIEHUS, a 3HAYNAT, U yroa 6 BAONIb Jiyda MOCTOSHHBI, Mpu CHEPUIECKO TeOMEeTpuu paguanbHOe Ha-
NpaBJIeHue U3MEHSIET CBOM yroJi ¢ HAlPpaBJIEHUEM JIy4a, €CJAU TOJIBKO caM JIiyd He paauaibHbii. Q4eBnIHO, YTO BIO/IH
Jiyya 8§ = rcosf), a npoussenenue rsin = ry MOCTOSIHHO, T. €. SIBJISIETCST MHTEIPAJIOM YPaBHEHUs NepeHoca. Bripa3um
MPOU3BOIHYIO 110 § Yepes3 NpousBoaHbie 10 1 u §. [Ijist 31oro csixkeMm cepudecKkue rnepeMeHHbIe C S:

r=4/13 + 52, 0=arctg%0, (20)

n Haﬁ,ﬂeM OPOU3BOJHBIE TI0 § OT HUX!

o s 5 _.p ¥__ 1 -—r_ ro_ sing (21)
88_1/7-(2)4_52_7“_ " 0s 147132 2 2
Torga nmpouzBoaHAA TIO S
9 _9or9 000 _ 192_81119& (22)
ds  0sor 0500 " or 1 00

DTy NPOU3BOIHYIO CIEIyeT MOJACTABUTH B JEBYIO YacTh ypaBHeHus neperoca (15). @opmaiabHOE pelieHre HaXOIuT-
cst TTyTeM cOoCTaBJIeHUsT (GOPMYJBI JIsT PENTeHwst JUHEHHOTO YPABHEHWsT B YACTHBIX TPOU3BOAHBIX, TTPUYEM TIEPBHIM
WHTETPAJIOM €ro CIy»KUT Tg:

rcosf
L(r,0)=1,(r1,61)exp | — / o, (\/ s2 + r2sin? 9) ds | +
71 cos 61
rcosf rcos 6
+ / v (\/ 2 + 72 sin® 0) exp | — / a, (\/ s'? 4 12 sin? 9) ds' | ds. (23)
71 cos 61 s

§ 1.3. Bananc sgyuucroii sHepruun

1. Yrounenne kos3ddunuenton. B 3rom nmaparpade yrodauM moHATHS KOIMDPUINEHTOB U3TYyUEHUsT U MTOTTI0-
mieHust. B 10BOIbHO 061IEM Cilydae NepBbiil U3 HUX MOYKHO 3allUCaTh B BUIE

g, =%+ /R(z/,w' — v, w) . (r,t,w)dV d%w’. (24)

[IepBoe cmaraemoe XapaKTepU3YeT UCMOYHUKY U3AYYEHUA, T.€. BKIAJ B W3MyUeHUE, MPOUCXOIAAIINN HE3ABUCUMO OT
M3MyYeHNs, Y2Ke UMEBIIerocsi B cpene. Bropoe craraemoe 1aer BKIAM U3MyYeHUs, COCTOSIMIETO U3 TeX (POTOHOB, KO-
TOphIE BO3HUKAIOT W3 APYyrux (POTOHOB, W OTHMCHIBAET MPOIECC, HA3hIBAEMBIH paccesnuem. Oyrkims R Ha3biBaeTcs
Pynryuet nepepacnpedeserus O HAMPABIEHUSIM W 9aCTOTE TIPA PACCESTHIH.

OyHKINSA TepepaclpeieIeHns HOPMUPOBAHA:

/R(V',w' — v,w)dvd®w = 0, (25)
rae 0, — (o6bemubii) Kosgduyuenm pacceanus. On cocraBusier acTh kodhduumenTa noromenns

Qy =0y, + &y, (26)

T7e BTOpasd 9acThb &,  KoaPPuyuenm ucmurHo20 No2A0UWEHULA, TTPU KOTOPOM (DOTOH BBIOBIBAET M3 MPOIECCA PACCEsi-
HUS.
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2. YpaBHeHHUe mepeHOoca KakK KMHeTHYecKoe. YpasHenue nepenoca (15) ¢ yuerom onpezenenuii (24) u (26)
3anChIBACTCS TaK:

drl,

ds
Ecnn B 310 ypasHenme nopcraButh cooTHomenue (25) ¢ nepecTaBIeHHBIMU MTPUXOBAHHBIMU W HENTTPUXOBAHHBIMU
nepeMeHHBIMVI, TO ypaBHeHHe anMeT BUT

= (0o, +a,), +%+ /R(l/,w' — v, w) L (r,t,w)dr/ d%w’. (27)

i,

s / ROV, — 1, 0) (1, 4,0") — R(v,w — 1/ 0 ), (v, , )] d/d%. (28)

B Takom mpencraBmeHnn ypaBHEHHE TEPEHOCA WMeeT BHJ ypaBHeHus BonbliMaHa, a WHTErpaa MOXKHO OTOXKIECTBUTH
C WHTErPAJIOM CTOJIKHOBeHuii. Pasimdane, Kak yke TOBOPUJIOCH, 3aK/IIOYAETCS B TOM, 9TO HAa (POTOHBI HE IEHCTBYIOT
CHJIBI ¥ 9TO CKOPOCTH (DOTOHORB TIOCTOSTHHA W paBHA CKOPOCTH cBeTa. Koad duimenT ncTuHHOro moriomenns n QyHKIns
TiepepacpeiesIeHnst sIBASIOTCS WHTETPAJIAMHU OT CEYeHUi COOTBETCTRYIONINX TTPOIECCOB 1O PACTPEIETIEHUSM JACTHII, C
KOTOPBIMU B3aUMOIEHCTBYIOT (DOTOHBI.

OTmeruM, 4TO, CTPOrO TOBOPs, MO UHTErpanoM B (28) K caaraeMbiM B KBaJIPATHBIX CKOOKAX JOJKHDBI OBbITH 10
OaB/IeHBI MHOYKWATEJIN, YINTHIBAIONINE MTPUHITAT BBIHYXKJIEHHOTO W3JIyI€HNsT, BBIMTOTHSIIOMNWACS 171 (POTOHOB KaK JJIst

0GO30HOB. DT MHOXKUTEJIN BHIPAYXKAIOTCS CyMMaMu 1 U CPeIHUX Yncesl 3al10JHeHUsT (DOTOHHBIX COCTOSIHUMN: JIJIsi IEPBOIO
2

ciaraemorosro [ 1+ ——= , & JIJIs1 BTOPOTO — TAKO# K€ MHOYKUTEh, HO ¢ 4acToTOil 1. IlepBhIit MHOYKHUTEIIh JOJIZKHO

2hv 3
COZepIKaTh U CIaraeMoe, OMUChIBAONIee H3mydente GOTOHOB He 3a cdeT paccesnus €. C yKazaHHLIMA MHOKHTETAMMT
ypaBHEHHE MepeHoca TPpUHNMaeT BT

1 2
—%—l—wv L(r,t,w) = —a, I (r,t,w) + e (1 + —— s I(r,t,w) )+
2 2
+/ R(V W' — v,w)l, (r,t,w') [ 1+ 2; L) —(1+ 5 —— 1, | R(v,w — V', W)L, (r,t,w) ' d2’. (29)

OnHaKO B TaabHEHIIEM, KAK TPABUIIO, BBIHY XK JICHHOE 3Ty Y€HUE Mbl HE YIUTHIBAEM, IPEINOIATAs, YTO MO U3y IeHU
HE OYeHb CHJIbHOE M CPEJHWE YMCJIa, 3aMTOJIHEHUS COCTOSTHUI MaJibl 110 CPABHEHWIO C eINHUIIEN.

W3 ypasrennst nepenoca B ¢gopme (29) BhITEKAET COOTHOMEHNE, BhIpaxkatomee O6ananc sneprun. OHO nmoydaercs
HocJ/ie UHTerpupoBanus (27) Mo 4acToTaM W HANPABIEHUSAM U UMEET BU]I

@+divH—/ 0 —a,, (1+— ¢ I(r, t,w) | | dvd? (30)
ot B v Bviy 2h3 T v

31ech JeBast 4acTh PABEHCTBA UMEET TOT YK€ BU/, YTO U B YPABHEHWM HEPA3PBIBHOCTH, a MIPABasi €CTh PA3HOCTH MEMK LY
W3JIy4YeHHOW NEePBUYHBIMA MCTOYHUKAMU IHEPrueil m sHepruei, nepemeqiieil B Apyrue BUIAbI BCJIEJCTBUE UCTUHHOTO
TNOTIOIIECHUA.

3. Ba Buma paccesiaus. B Kypce mompo6HO OyIyT paccMOTPEHBI ABa BHUIA PACCESHUS U COOTBETCTBEHHO [IBA
Buga QYHKINH TTepepacipeieieHus.

1) Monoxpomamuueckoe paccessHue, Korua

)20

R(V. &' — 0,6V —
(V! = v,w) = 0,8 —v) 52,

(31)
rme y  yroJa paccesHus, cosy = ww', a x(y)  dyHKIMs, Ha3bIBaeMas uHIUKAMPUCOl paccesnus i HOpMAPOBAHHAS

Ha 1:
2w
/33(7)(17 =1 (32)

Takoe paccesiHEe MPOMCXOJUT HA MOJEKYTaX ra3a (Wid, TodHee, Ha (IYKTyalUsX MJIOTHOCTH) W Gojee KPyMHBIX
gacruuax (MbUIMHKAX).

2) Pacceanue ¢ noanvim nepepacnpedesenHuem no 4acmome, T.e. Ipnu
1o 1
R(V W — va) = Ecaauav’a (33)
roe C, — HOPMUPOROYHASA KOHCTAHTA!

Cg/al,dl/ =1. (34)
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Takasi byHKIUS MEpepacIpeeieHns sIBISeTCS XOPOIITUM TPUOIHKEHNEM 71 OMMCAHUS PACCESHUS B CIIEKTPATHHBIX
JIMHUSIX aTOMORB. 37eCh HE MPUHUMAETCS BO BHUMAHWE OTJa4a, T. €. U3MEHEeHWe 3Heprun (POTOHA U3-3a TOrO0, YTO YaCTh
ee yXOJINT Ha W3MEHEHWEe CKOPOCTH aToMa. JTO W3MEHEHWe BCIeACTBHE DOJIBITION MACChl ATOMOB OY€Hb MAJIO.

§ 1.4. IToste n3aydyeHud Npu TEPMOJIUHAMUYIECKOM PABHOBECHUH

1. Cocrosinne TepMogMHAMUYeCKOTO paBHOBecusi. [Ipu repmogmramnyeckom pasrosecnn (TIP) Brmomnns-
ercs yCIIOBHE MeTANBHOrO HAaTaHCa, KOTa BCE MPOIECCH YPABHOBEIIUBAIOTCS 00PATHBIME WM. 1OTIa COCTOSIHUE BCEX
ancamb/iell YaCTHIl XapaKTEePU3yeTCs OJHUM mapamMeTpoM  Temmeparypoit 1. B atom ciyuae cnpaBeniuBbl Clieyto-
[IMe YeThIpe 3aKOHA, Ha3biBaeMble o hOpMyIaM, KOTOPBIMEA OHM BbIpaxkaioTcs (cM., Hanpumep, [40] unu [31]).

1) @opmyaa Maxceeana. Cupaseminsa dopmyna Makcsesia, gaomast pacnpeeneHie 9acTull 0 CKOPOCTSIM.
D70 03HAYAET, YTO YMCIO0 YacTul, dn JiFodOro copra Maccoi M co CKOpocTsiMu OT v 10 v + dv onpenensiercst (hopmyJioi

drm3vido —mw? ) (2knT)

dn = n—l VS0
N M 2rmksT)3?

(35)

roe kg = 1.38-10716 spr/K — nocrosinnast Boabivana.

2) @®opmyaa Boavumana. Pacupenenenue aroMoB (MW WOHOB, WU MOJEKYJ) 110 COCTOSHUSM BO30YZKICHUS
onpenensercs dhopmynoii Bonbinmana. Crenens Bo30yKaeHus (T. €. OTHOIIEHAE HACETEHHOCTEH YPOBHEH — KOHIEHTPA-
i ATOMOB B JIByX JHEPrETMHYECKUX COCTOSTHWSIX) BEPXHETO YPOBHSI C dHEpTHeH Fy W CTATMCTUYECKWM BECOM gy TIO
OTHOITIEHWIO K HIUYKHEMY YPOBHIO ¢ 3Heprueit By < E, w BecOM g TakoBa:

Mu g_ue—(E“—El)/kBT. (36)
n g1

3) ®opmyaa uonuzayuu Caxa. OTHOCUTENIBHBIE HACETEHHOCTH JBYX MOC/IEJI0BATENbHBIX CTAJAUN MOHU3AIUM
(n* — KoHIeHTpaIMs WOHOB, N — KOHIEHTPAIWs “aTOMOB’ B OCHOBHOM COCTOSTHUM) HEKOTOPOTO 3JIEMEHTAa, ONpe e st -
torcst (popmyoii nonnsamnuu, nian gopmysoin Caxa:

neﬁ — Qﬂwe—mﬂmf

37
ny g1 h3 (87)

Baeck gt n g — craTrcTHYecKTe Beca WOHA W aTOMa B OCHOBHOM COCTOSHWM, Y1 > 0 — 3HEPTHs MOHW3AINN aTOMa T3
OCHOBHOTO COCTOSTHHSI.
4) @opmyaa Ilaanka. Pactnpenenenue usnydenus 10 dacrore gaercs dbopmynoii Ilnanka. Iis MHTEHCUBHOCTH
ara (popMyna Caeayomas:
2hv? 1
2 ehv/ksT _1°

I, =B,(T) = (38)

®opwmyna [lnanka ciemyer w3 ypaBHenus neperoca nanygenns. leiicrsurensro, mpu T/IP waTencuBHOCTH BO BCeMm
O6"heMe.‘ rJae MMeeTCsd T1oJie U3JIy9YeHnd, HEe 3aBUCUT HU OT BPEMEHW, HW OT HAIlIpABJI€EHWUHA, HU OT MECTa B 3TOM O6'beMe.
Hosromy Baomb yda dl,/ds = 0, H = 0 u €2[1 + ¢?1,/(2h13)]) = @, ,. Oynxuus e nepepacnpeeseHus B caMoM
o0IIeM criydae yaIoBIeTBOPSIET COOTHOIIEHUIO

RV, W' —vw) 13 <—h(y - V')> |

Rv,w — vV, w') =3P ksT (39)

3 2

Muo)uTenn v° BOZHUKAIOT W3-3a TOTO, 9TO 3JIEMEHT 00heMa, B TPOCTPAHCTRE MMITYTHCOR TTPOTIOPIVOHAJIEH L2, a SHep-
rusi Gorora nponopuuoranbHa ¥ (cM. takyxke (opmyny (5)). DkcnoreHTa yuuThIBaeT n3MeHeHue 3Heprum (GhOTOHA
BCJIEJICTBUE OTIAYH, KOTOPO# 0OBIYHO nmpeHebperaroT, Kak 6p110 caenano B (28).

C yuerom (39), a Tak:Ke MHOXKHUTEEH, OTPAXKAIONIMX IPUHIUI BHIHYKIEHHOIO U3J1yY€HUs], O KOTOPBIX TOBOPUIOCH
B mpeabLIyleM naparpade, u3 yCaoBus JETaNbHOrO GANaHca, MIPUMEHEHHOIO K YPABHEHUIO epeHoca (27), BhITEKAeT
PABEHCTBO HYJIO MOIBIHTErPATBHOTO BHIPAYKEHUS B WHTErpase CTONKHOBEHWH. Pa3fenus B 3TOM paBeHCTBE apobu ¢

OAWHAKOBBIMU 9aCTOTaMU, Haﬁﬂ;eM

[¢2/(2h3)]1,, o\ [/ h!
1+ (/AT (kBT> 1t @/, T <kB—T> '

(40)

CrnemoBarensHo, 1pobu paBHE obmeil nocrosunoi. O6o3nauns ee e/F8T nonyunm gns waTeHCHBHOCTH (BOPMYTY

Boze Diiamreitna. To obcrogrenscTBo, 910 310 HE 0bsizaTenpHO (opmyna [lnanka, orpa)kaer cOXpaHEHWE YHUCIa
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doronos npu paccesann. OaHako KO3I(DDUIUEHTH TEPBUYHOTO U3AYUEHUs] U UCTUHHOTO TMOTJIOIEeHus (DOTOHOB BO
BHEWHTETPAJIBHBIX CJIara€MbIX TTOAYUHAIOTCA COOTHOIITEHWIO Kwpxrod)a, KOTOpPOE TIpu y4deTe BBIHYXKIEHHOTO M3J1y4Ye-
wust B ypasrenun nveer sug €0 /ae, = (2hv3/c?)e/F3T | 3 ykazanHOro COOTHOMEHWS CACAyeT, 9TO XUMUGeCKui
norenman GpOTOHHOro ra3a g = 0 U UHTEHCUBHOCTH onpeaensgerca dgopmynoit [Lnanka (38).

2. CaoiicTBa paBHOBecHOro usJsydenus. 113 (38) kak npenensusie caydau npu hv/(kgT) < 1w hv/(kgT) > 1
COOTBETCTBEHHO CeayiorT (opmynbl Panesa JIxxunca m Buna.

Cornacno dopmyisie (13), ceaspiBaoOLIEil JIOTHOCTH 3HEPIMU C U30TPOINHOM MHTEHCMBHOCTHIO, 3Ta TJIOTHOCThH B
COCTOSIHUU PABHOBECHS

4 8thy? 1
Pv = ?BV(T) = 3 th/kBT — 1; (41)
a HHTEerpaabHad ILITOTHOCTDH
r 870k
p = /pudV = CL§BT4, asp = ]_5h—3CB3 (42)

0
Haxkomerr, ocBeIeHHOCTh MIOMIAIKYA B PABHOBECHOM T10JI€ M3JIy9eHWST, UJIH, 9TO TO YKe CaMOe, MHTErPAIhHBIH TTOTOK,

BBIXOAAINN U3 MOJOCTA C PABHOBECHBIM M3JIy4Y€HUEM, COCTABJIACT

cp asBC, 4
— = T=. 43
T 4 (43)

®opwmynnr (42) n (43) maswiBatorcs 3akonamu Credana—Bonsinmana, a koncranra ¢ — nocrosanoi Credana. Brri-
TIOJIHSIETCS TAKYKE 3aKOH CMEINeHnsi BuHa, COracHo KOTOpoMy MakcumyM (pyHKImn [IIanka J0CTAraeTcs pn Vyxe =
2.821439372122kpT/h.

Unorna B KavecTBe OCHOBHOM MEPEMEHHON WCMONMB3YeTCsl He YacToTa, a IauHa BOTHBI A. Torma cmexrpanbHas
[JIOTHOCTD U3JIyYeHUs, HAPUMED, AaeTcst hopMyoit

«  8mhe 1
PX= T35 ohe/OkeT) — 1

(44)

JlonoaruTebHbI MHOKUTEh ¢/ BozHUKaeT w3-3a 3amennr muddepentmanos. Oynkuus (44) TPUHWMAET MaKCH-
maJsbHoe 3Hadenne npu he/(AuxckpT) = 4.965114231744. Toukn MaKCMMyMOB 110 YaCTOTE W JIJIMHE BOJIHBI HE COOTBET-
CTBYIOT JpYT APYTY, TAK KAK 3TO MAKCUMYMbI pa3Hbix dyHKmii. Touka ke, pa3aendonas mI0MaI1b Mo IIAHKOBCKON
KpWBOIl Ha JBe paBHBIE YACTH, OHA, T.€. YACTOTA W JJIMHA BOJHBI 3TON TOUYKH OMPEIETSIOTCA OIHON (POPMYIOii:
hvy o/ (kBT) = he/(A12ksT) = 3.503018826. C pocToM TemmepaTyphl KpHBas p,, CMEIIACTCS BOPABO BBEPX W CTAHO-
BUTCST TIWPE, & KPURAST P} CMEIIAETCs BIERO BREPX M Cy’KaeTcst (B IeIoM).
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I'maBa 2. MoHoxpoMaTHU4YeCKOe paccessHne

MomoxpoMaTndeckoe paccesinine — 3TO MPOCTEHInil ciydail, KOTaa B XOAe PACCesTHUsT 9acTOTa W3IyIeHusT He W3-
mensiercst. C ero mccienoBanusi HAYAJI0Ch PA3BUTHE TEOPUM MEPEHOCA, U JOBOJIHHO JIOJII0E BPEMsi OH OCTABAJICS €WH-
CTBEHHBIM OOBHEKTOM mM3ydeHust 3Toit Teopun. [losydennnie pe3ymapTaThl W3IOKEHBI B Psife MOHOTpadwmit, Hampumep
[70,76,85].

IIpeamono:kenre 0 MOHOXPOMATHYHOCTH PACCESHUS SABIACTCA XOPOIIAM MPUOIUKEHUEM K PeaTbHOCTH s CJIy-
Ya€B pacCCesdHnd N3JIYyIEHUA B KOHTUHYYME Ha MOJIEKY/IAPHBIX Ta3aX W 9aCTUIlaX. C BBICOKOW TOYHOCTHIO OHO BBITIOJI-
HsieTcss B armocdepax TIaHeT (n B YaCTHOCTH, SeMnn) B BUIMMOM Jnarna3one crektpa. Meroasr perenns 3a1a9 0O
MOHOXPOMATHIECKOM PACCESTHUN TOCTAYKUIN DYHIAMEHTOM ST WCCIEIOBaHNMS 0OJIee CJOKHBIX CJAYYaeB PACCESTHUST
7 MPEACTABISIIOT OOMBINON HCTOPUIECKUA W METOIOJIOTHYecKuii mHTepec. [loaToMy HadHEM KypC TEOPHH IEepeHoca,
KaK 3TO OOBIYHO JETAETCs, C W3J0KEHUST METOI0B U Pe3y/IbTATOB PEIeHus 3a1a9, CBI3AHHBIX ¢ MOHOXPOMATHYIECKUM
paccesgHueM.

TTockonbKy wacToTa M3Iy9IeHUs B XO/I€ PACCESTHUST HE M3MEHSIETCsT, €€ MOYKHO (DPUKCUPOBATH W PACCMATPUBATH TOJIE
MN3JIy49eHns B Ka)K,IIOf/'I HaCTOTE HE3aBUCUMO OT JIPYyTHUX. B TaKOM CJIy4dae MO?>KHO HE€ YKa3bIBATh 9aCTOTY V B UHIAEKCAX
XapPAKTEPUCTHUK TOA U3TYIeHUA U 0003HAYATH HHTEHCUBHOCTD He [, a mpocTo I, KO3 DUIIMEHT TOTIOIMIEHNs He Oy,
aQuT .

PaccmoTpum cHavama, oT KaKUX BETMYUH 3aBUCUT XapAKTEP MOHOXPOMATHUYECKOTO MEPEHOCA U3y IeHUS.

§ 2.1. ITorsomenne u paccessHue

1. Paccesnme Ha moJekyaax. V3ydenune paccesnus 3Toro Buma ObLmo HadaTo 1. Pameem mpumepro cro mer
nazag. Ou nosyuuns BeipaskeHust 1jisi KO3 duimenTa paccesiHust Ha MOJIEKYJIaX U JJIsi WHIUKATPUCKHI paccesitusi. st
ra30B B OOBIIHBIX yCaoBusx (opmyny Panes nns koaddunmenta paccessunst MOXKHO 3aMHCaATh B BUIE

24m3R2 . v\
Omon = T (_) Nyons (1)
It c
rIe ¥ — 9acTOTa PACCEMBAEMOTO M3JIYIEHNsI, ¢ — CKOPOCTh CBETA, Myoy — KOHIEHTpaImst Mosekysa, Na = 6.06 - 1023
1/momb yucno Aporaapo. Bemnunna Ryon TaK Ha3bIBaeMas TOJSIPU3YEeMOCTh MOJIEKyn rasa. Hampuwmep, mms
yraekucaoro raza COq ata Benmuuna Ry, = 6.66, a a1 Bo3ayxa ee 3nadenne R,., = 4.40 nonydaercs Kak cpeaHee
73 3HAYECHHUHN 71 COCTABIAIONIAX Ta30B.

Brocnencreun 7K. Kabann nokasan, 4ro B Bhipaskenne (1) mHago m00aBMTH MOMPABOYHBIAN MHOKHTEH
(6 +30)/(6 — 78), rne § — dbaxrop penomsipmsamun. QHAKO 3TOT MHOKWTENh OY€Hh OJW30K K eIWHWIE, TaK Kak B
OOBIYHBIX yea0BUAX 6 ~ (3 +9) - 1072 T. e. mocTaTOYHO MAI.

OT™MernM, 9TO OTHOIIEHUE ¢/  3TO JJTHHA BOJHBI U3TYY€HHUs, s KOTOPOI MBI 3/1€Ch, OTHAKO, HE BBOAUM TPaJIi-
IIMOHHOTO OOO3HAYEHUST \, PE3EePBUPYS 3Ty OYKBY M1 IPYTrO# BETHYNHBI, UTPAOIIEH OOIBIITYIO POJTbh UMEHHO B TEOPUN
nepernoca. Qb6paTHas TPONMOPIUOHAIBHOCTh KOI(D(MUINEHTA PACCESTHUS YeTBEPTON CTENeHW IJWHBI BOJHBI JIEKUT B

OCHOBE OOBSICHEHUST TOJIy0Or0 1BeTa Heba 3eMHOi aTMocdephr.
Paneem Ob1710 MO/TydeHO W BBIpAYKEHWE JIJIs WHANKATPUCHT PACCETHUST:

7a(1) = 21+ cos’ ). )

Takast ”HIANKATPYCA HA3BIBAETCS PIAELESCKOU.

Heobxomnmo 3amernTsh, 910 hopMaahHO paccykaenns Paest Oblin HEBEPHBI, TaK KaK (DAKTUYECKHW PACCESTHUS HA
MOJIEKynax He mpoucxoquT. Ha camom mene paccesinue B ra3oBoii cpejie, Kak OBLIO MOKA3AHO TOCTE MOCTPOEHHUsT CTATHU-
CTUYECKON (PU3NKU, TPOUCXOIUT HA (DIYKTyaIlUsaX KOHIEHTPAIUYA MOJIEKYI. VI3BEeCTHO, YTO B HOPMATbHBIX YCIOBUAX
B 1 KyGHYIECKOM CAHTHMeETpe ra3a HaXOAUTCS B cpemueM = 2.7 - 101° momexyn. Yucno GIyKTyHpyer, U XapakTepHAsT
pesmmania aykryamun cocrasisier 1010 mosexysn. Dra Gosnbmas cama 1o cebe BeIMUHHA COBEPITEHHO HUYTOYKHA TI0
CPABHEHWIO CO CPEIHUM 9ncaoM Mosekysl. O IHako nMeHHO Takne QIIYKTyaIny 1 OTIPEIESTIOT PACCEsSTHRE B Pa30BOI cpe-
qe. Ilpu srom dbopmynbr a1 K03hMUITUEHTA PACCESTHAS U HHANKATPUCHI OKA3AMNCh CIIPABEIIUBRIMEU. Bosee moapobHO
006 3roM cM. B Kuure [44].

2. Pacceanme Ha yactunax. [log gactuiiamm moHNMAIOTCS 0OPA30BaHNST, COAEPIKAIINAE OOIHITTOE TUCTIO MOJIEKYT.
9TO MOTrYT OBITH YACTHILBI, COCTOSAIINE W3 XKUIKOCTH, HATPUMED BOJbI, WM MBLIWHKH, T. €. TBepabie Tena. Obmee ux
HA3BAHWE  304b. 30JIb B XKUJIKOCTSIX HA3ZBIBAIOT IUIPO30JIb, B BO3AYXE  a3pPO30Jib.
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N3yvenuio paccesnus HA 9aCTUIAX MOCBAIIEHO MHOXKECTBO paBoT, B TOM YHCJI€ HECKOJIbKO MOHOrpaduwuii (cM., Ha-
npumep, [25,81, 86]). CHauasia OHO M3y4asI0Ch B IPETIOJIOKEHNH, YTO YaCTUIbl — OfHOpoaHbIe mapukn. Kosdduunenr
paccesiinsi 0OBIYHO MTPeJICTaBISeTCs B BUIE

Ogcr = kSCan‘{CT) (3)

TIE Nger  KOHIEHTPAIUS YACTHUIL, & kscy  CEUEHUE paccesinusi. B CBOIO odepenb ceueHUe pacCesiHus, T. €. BeINYnHA,
paccuuThIBaeMad /I OJHOW YaCTHUIIbI, 3alIMChIBAETCA TaK:

ksca = 7"'CLQCBSca(ﬂ)- (4)

31eck @ — paauyc dactuubl, § = 27raV/c — OTHOIIIEHHUE JJIMHBI OKPY?KHOCTU C TAKUM PAJNYCOM K JJIMHE BOJIHBI pacce-
MBAeMOTO u3aydenusi. Be3pazmepHas BenmndanHa () MOKA3BIBAET, HACKOIBKO CEYEHUE OTIMYAETCS OT T€OMETPUIECKOTO
cedyeHus: 9acTUibl (T. €. IJIOMAAN KPyra PaauycoM a) U Ha3biBaercs @daxmopom sfidexmusnocmu. Bemmanna Qgea
dakTop 3PPEKTUBHOCTH PACCESTHUS.

Eciin pagnyc vactunpl MaJj 110 CPaBHEHUIO C JIJIMHON BOJIHBI, T. €. BejnunHa 3 < 1, To ajist (pakropa adpdexkrnrHOCTH
MOYKeT OBITH ToTydeHa obmast hopmysia
8 ,n?—1 ? 5
36 n?+2|"’ (5)

TIe n = ny+4in; KOMILIEKCHBINA MOKA3aTeNb MPETOMIEHUS BEMECTBA YACTUIILI. Ero MHUMOIT 9acTu ni TPONOPITMOHAIEH
K03(DUIIMEHT UCTUHHOTO TOTJIOMEHUS Laer. B CyMMe ¢ KOddbummerTom paccesiunst OH COCTaBAseT KOIMDOUIHEHT

Qsca(ﬁ) =

ocnabiennsi, Ha3bIBAEMBIH TAKIKE, KaK yKE OTMEeYaaIoCh, N KOIMDPUITHEHTOM TTOTJIOIIEHHST:

Qqer = Oger T Eacr- (6)

%“ICT
CoorsercreenHO cymMMa BYX (HaKTOPOB 3D HEKTHBHOCTH: PACCeAHus (Jsca M HCTUHHOTO HOMTOMEHAS Qabs = ——
NycaTA

HA3bIBACTCA faxmopom sfdexmuenocmu ocaabrenus (sKcmunkyut): Qext = Qsca + Qabs-

OrmeruMm, 9T0 paccesiHue Ha YaCTHUIAX, pa3Mep KOTOPBhIX 3HAYMTEILHO MEHBINE JIJINHBI BOJHBI PACCEMBAEMOrO
M3JIydennst, OM3KO MO XapakKTepucTruKaM K MojeKyasipaomy. Koad dunmenT paccesinms, Tak ke Kak ¥ B CJIy9ae ra3osn,
TPOTTOPITMOHAJIEH 9€TBEPTO# cTeneHn JacToThl. HANKATpnca B 000WX CayvasX TaKyKe OJNHAKOBAS — DPIJIEEBCKAsT.

B cnydae 6onee xpynHbIx gactui, T.e. npu J ~ 1 wiu § > 1, pacder darTopos 3ddexkTuBHOCTH DONEE TPYIEH.
s cpepuuecknx 9acTUIl MPUXOIUTCS CYMMHUPOBATH PAJBI O OecceneBbiM PyHKIHAM. Yem Gombire (3, TeM GOIbIIe
CJIaraeMbIX B PA3JI0YKEHUSTX HEOOXOAWMO MPOCYMMHUPOBATH. Te€OpHust paccesiHust Ha mMapax MPOW3BOJILHOTO pa3mepa u
CaMO 3TO PACCEsTHUE TI0 TPAIWINHU CBSI3BIBAETCS ¢ MMEHEM OJIHOTO M3 TIePBBIX co3aareseit 3toit reopun . Mu. Macco-
BBIE pacYeThl s paccessanss Mu oka3aaoch BO3MOYKHBIM MPOU3BOINTH TOJIHKO TIOCIE CO3MaHNsT OBICTPOIEHCTBYIOMINX
9JIEKTPOHHBIX BBIYUCIUTENbHBIX MAmuH. [lyis yacTul apyroi (popMbl pacders! emre CIoxKHee.

Hamo 3ameruTs, uro naaukarpuca Pames cuMMmeTpuyHa OTHOCUTENBHO paccesHus Buepen u Hazazn. [lpu ysennye-
HUU [3 PACTET BHITSHYTOCTh WHIUKATPUCHI BIEPEd. JTO OOBICHAETCS TeM, YTO TMPHU PACCESTHUU U3IYUEHUs C JIIUHON
BOJTHBI, MEHBINIEH pa3Mepa TaCTHIIbl, TPOUCXOANT AUQPAKINS HA €€ TTOBEPXHOCTH, ITO W MPUBOANT K YBEJTMIEHUIO JTOTN
W3JIy9eHust, WAYIIero B HATTPABIECHNN MaIAIOIIEr0.

C pocrom [ mabmogaercs u Apyro#t 3dpdeKT, a UMEHHO, 3aKOH TTPONOPIUOHATBHOCTYA YeTBEPTON CTEMEeHN YACTOThI
cMmeHseTcs 6ormee ¢maboil 3aBUCUMOCTBIO OT YACTOTHI BILIOTH J0 MEPBOi cTenenu. BomsiHble 9acTuiibl BOOOINE paccen-
BAIOT CBET HEHUTPATBHO, U MOITOMY ODJIAKA BBITISAIAT OETBIMUA.

XapakTepuCTHKN PACCESTHUST PACCINTHIBAIOTCS M it O0JIee CJAOKHBIX CiIydaeB. PaccMarpuBaanch HEOIHOPOIHBIE
YaCTHIIHI, HATIPUMED, COCTOSIINE U3 CHINKATHOTO siApa w JeAasHoi obomouku. Mmerorcst Takyke pacyers! Jist IHIWH-
npuueckux un cdeponpanabubix gacrur [108,109]. Cdeponjannsable YacTHIbl PACCMATPUBAINCH KAK CIIIOCHYThIE, TAK 1
BBITSIHYTBIE, B YACTHOCTH, UX NPEIENbHBIE CAydan  YaCTHIbI JIEemKku 1 uroiku. B paGore [108] nana undopmarms
0 pacderax ONTUYECKUX CBONCTB MBLIMHOK PA3MuIHON (HDOPMBL.

Bonwmoit naTepec njs n3ydennsi KOCMUYIECKONW THIINA TTPECTABISET MOIEIb MBIJIMHKN, COCTOSIIEN W3 CHINKATA,
ONTHYECKWE CBOICTBA KOTOPOTO, B 9aCTHOCTH MOKA3ATEh MPEJOMJIEHN S, OTTPEIEIEHbI 0 HAbII0IeHnsiM (aCTpOHOMUYe-
ckmit cuamkar). [Ipeacrasnenue o xozme n3menennst (GakTopoB 3PPEKTUBHOCTH MHIMHOK ACTPOHOMMYECKOTO CHJINKATA,
(actpocun) pasmepoM a = 0.1 MKM B 3aBUCHMOCTH OT OOpATHOIN J/uHBI BOMHBL gaer puc. 1. Ha puc. 2 orpaxkeno
M3MEHEHUE C JIIMHON BOJHBI AMbOEI0 JACTHUIBI A U BEIUYUHBI ¢, O KOTOPOH OyJIeT CKA3aHO HECKOJIHKO HUMKE, TeX XKe
TIBLTAHOK..

ITocne pacueror mjst 9acTumbl ONMPEIETIEHHONO Panyca, ROOOIIEe TOROPSI, HEOOXOANMO YCPEIHUTh PE3YJIhTATHI TI0
pacnpeiesieHNI0 YaCTHIl 10 pa3Mepam. B kadecTre MJIOTHOCTH PACIpEIeseHnst Mo pa3mMepaM B Pa3Hoe Bpemsi Opaanch
pasnuanbie HYHKIUN, HAMTPAUMED HOPMATbHO-TOTapudMIYIECKOe PACTPEIeTeHne

.
! WA -

f(B) = \/TTW exp 2(A3)2

15



0 A | | |
0 2 4 6 8 10 v/c, mxm~!

Puc. 1. ®arTops! 3G HEKTUBHOCTH TOTIOMIEHNS, PACCETHUS U OCTADTICHIS
gacTun actpocuna paguycom 0.1 MKM.

A g
1.0

0.8

0.6}

0.4}

0.2

0.0 I I I I
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Puc. 2. Annbeno gacTuupt v cpernii KOCMHYC WHINKATPUCH PACCESTHUSE

gacTun actpocuia paguycom 0.1 MKM.

31eck cpenneil BenuuuHON sBnsercsd e (3, a ee morapudm In G, a crangaprom A3 TakyKe OTKIOHEHHE B JIOrapudMe.
B mocnennue robl MUpOKO UCTOIBIYETCS PACTPEIETIEHIE

G0 (Y
10 =0 (£) . ©

g nonydenus cpegaux Ko3(pQPUINEHATOB 1 HHANKATPUC HEOOXOIAMO BLIUHACIUTHL MHTETPANDL ¢ IIPABEICHHBIMA BECO-
BeIMI (DYHKIUAMHA. Bosee noapobHOe U3/I0KEHne HCTOPUH CO3JAHAS TEOPUH OFHOKPATHOIO PACCEAHUS MOXKHO HANTH
B kuure . H. Munnna [44].

3. MogenbHble MHAMKATPUCHI pacceaHUs. VHINKATPUCHI PACCESTHUST OTTPEIETSTIOTCS KAK TEOPETHIECKH, TTYyTEM
pAcYeToB, TaK W MyTeM JabOPATOPHBIX W3MEPEHWUA, [I/Isi Yero UCIOIb3YI0TC Ta3epbl. s qanpHedInero npuMeHeHust
WHIUKATPUCHI PACCESTHUS TIPEJICTABIAIOT B BUJIe PA3TOXKeHUN 10 MHOTOUIeHaM Jlexkanapa:

2(7) = 3 2:P(cos). (9)
=0

B cuny mopmMupoBkm mHaAnKaTpuc Beerma xro = 1.
Tlepeuncanm HEKOTOPHIE BUIBI MOJAETLHBIX WHAWKATPUC, HANOOIee ymoTPEONTEThHBIX B TEOPHUA MTEPEHOCA.
1) Cgepuueckasn unduxampuca

z(y) = 1. (10)

Paccesnne ¢ Tako#t nHINKATPUCOH HABBIBAETCS N30TPOTTHBIM.
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2) IIpocmetiwasn nechepuueckas undurampuca
x(y) =14z cosy, |z1] < 3. (11)

Ee rak»ke Ha3bIBAIOT ABYYIEHHOIL.
3) n + l-waennas undurampuca

4) Paneesckas urnduxampuca

z(y) = zr(y) = Z(l +cos?y) =1+ %P2(COSV)- (13)

OHa IBIAETCA JACTHBIM CIYYIAE€M TPEXUIEHHOM.

ITpuBeeHHbIE 10 CUX TIOP MHAMKATPUCH UMETH KOHEUHOE (B YACTHOCTH, MAJIOE) YUCIO CAATAEMbBIX B PA3IOKEHUN
Brga (9). Ograko MPUMEHSTIOTCS MOJE/IbHbIE WHINKATPUCHI W C DECKOHEYHBIM YHCJIOM CaaraeMbrx. Takum npuMepom
ABJIAECTCH CJleJlyIolas MHIANKATPUCA.

5) Unduxampuca Xenvu—I'puncmetina:

1—g° > )
= = 2 1 lB S . 14
W6 = (e = 2% DI R0 (1)

Baech |g| < 1. Yem 6muske |g| k equuune, Tem ata uHAMKATpUca 6osee BHITAHyTa: ipu g > 0 Brepes, mpu g < 0
Hazayl.
6) Hzoavuamas undurxampuca
z(y) = 26(cosy — 1) (15)

OPEJINUCHIBAET paccesiiue ToabKO Brepea. Oua npegcrasiager coboil, kKak BuaHo u3 dbopmyn (14) u (15), npenenbHbii
clydaii HANKATPUCH XeHbn ['puHCTelina pm g — 1.
7) Unduxampuca “eneped—na3ad”

2(y) = 2z0(cosy — 1) + 2(1 — z)d(cosy + 1). (16)

Ora MHAMKATPUCA ABIAETCS MTUHEHHOH KoMOuHAIMed NByX npenenbubix caydaes (14): npu g — 1 u g — —1. @opma
BECOBBIX MHOXKUTeNeH x 1 1 —x, rme x > 0 mapameTp, onpeenseTcs yCJIOBUEeM HOPMUPOBKH.

Kak u B mocmeguem ciydae, BCErga MOXKHO B3SThb JUHEHHYI KOMOWHAIMIO JIBYX WA OOJBIIEr0 9HUCIA YACTHBIX
WHJNKATPUC C BECAMU, TTOJUMHSIIOIIMMUCS YCJIOBUIO HOPMUPORBKH.

Taobnuma 1. UHAUKATPUCHT PACCESTHUS

Mapamerpnr 6 u g
10|00 |1]018 | 2|067|3]0.77|6]0.84]| 12|0.95

0° | 1.5000 | 2.2406 5.5234 10.5692 | 35.8138 | 59.8164
30° | 1.3125 | 1.8672 3.9278 5.3228 1.6166 1.9346
60° | 0.9375 | 1.1530 1.4566 | 0.5322 0.2686 | 0.3242
90° | 0.7500 | 0.7240 0.2996 | 0.0998 | 0.1020 | 0.1110

120° | 0.9375 | 0.7006 0.0282 | 0.0910 | 0.0780 | 0.1700
150° | 1.3125 | 0.8334 | 0.0318 | 0.0302 0.1324 | 0.6764
180° | 1.5000 | 0.9010 0.0612 | 0.0518 | 0.1002 0.6240

Eie oanna crmocob mpubinyKeHHOro nmpeacTaBIeHnss WHANKATPHUC 3aKJIF0YaeTCs B BHIYUCIEHWN IJIsi PeajibHOW WHIN-

KaTPUCHI CPEIHEr0 KOCHHYCA
s

1
9=7 /cosvx(’y) sin yd~y (17)

0
U 3aMeHa 3TON MHAUKATPUCH MOAETbHOU MHIANKATPUCON (14).
B Tabn. 1 npemcrapieHo HECKOIHKO WHANKATPUC PACCESTHHsT, & MMEHHO: P3JIeeBCKas W WHAWKATPUCH Mu mpn 3Ha-
YeHun Tokasartess npejsoMienns 1.33, cOOTBETCTRBYIOIMIEM BOJE B BUJAMMON 9acTW CHEKTPA, W PA3JINIHBIX 3HAYEHUSX
napaMerpa 3. 3aBUCUMOCTh BEJIMYKUHBI ¢ OT JIJIMHBI BOJHBI JJIsl IBJIMHOK W3 aCTPOCUJIA U300paskeHa Ha puc. 2.
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§ 2.2. YpaBHeHUd nepeHOCca U3JIyYeHUus

1. Mogesb. Kak yke roBOpujIOCh, B 3TOMH IJIaBe pACCMaTPUBAETCS] MOHOXPOMATHYECKOE PACCESTHUE, T. €. CAUTALTCS,
410 (DYHKIMS TEPEPACIPEIENeHUs U3y IeHrs 10 9aCTOTe P paccessHuu nponopiuonansaa 6(v' — v). Takum obpa-
30M, 4aCTOTa U3AydeHns (PUKCHpPOBAHA U HE OyJeT YKa3bIBATHCA B KA4ecTBe apryMenTa Bcex (pyukiuil. Ilepeuncaum
OCHOBHBIE TIPEAITOJIO?KEHUA, KOTOPHhIE O6BI“IHO JEJIaI0TCA TTPU PAaCCMOTPEHUN 3TOTO BUIA PACCEAHUA.

1) #zomponus cpedvi. ITo 03HATAET, 4TO KOIDMUIMEHTH PACCEAHUS M UCTUHHOTO TIOTJIOMIEHNS, & CJIeJI0BATE b=
HO, 1 KO3 PUIMEHT TONJIOMIEHNWST HE 3aBUCAT OT HATIPABJIEHWS.

2) Ilnockas 2eomempusi. PaccMarpusaercs miockas arMocdepa ¢ napaiielbHbIMU HUXKHEH 1 BepxXHeil rpaHud-
HBIMH IIIOCKOCTSAMHA. Y POBHU B aTMOcdepe 33Jai0TCs TIyOUHON 2, OTCIUTHIBAEMOM OT HEKOTOPOro ypopHs. HukHss
TPaHUIIA COOTBETCTBYET 3HAYEHUIO z = Zzg. UTO KACAETCs BEpXHEH IpaHUIIbl, TO YCIOBHO COMOCTABUM e#f 3HAYCHHE
z = 0. YCIOBHOCTH 3TOTO 3aKJAOYAETCS B TOM, 9TO WHOTA T€OMETPUYECKYIO MPOTIKEHHOCTh aTMOChEphl CINTAIOT
O6eckonednoii. B Takom ciaydae bGymem mpeamnosarath, 9To nybnHa n3dMensiercs oT —oo depe3 0 1o zg > 0.

3) T'opuzonmanavras 00HOPOIHOCTMD NOAA U3AYHeHUs. BI0OABOK K NPEINOIOKEHUIO O IIOCKOH reoMerpun
aTMocdepbl MPeInoaaraeM, 9T0 BOoOINEe BCe XapaKTePUCTUKH IOJI U3AyUeHAsl 3aBUCAT TOJILKO OT OJHON IMpOCTpaH-
CTBEHHOI KOOpAUHATHI  LaybuHbl. Takum 0Opa3oM, IpeanoraraeTcs ma0CKas CUMMETPHUS O W31y YeHUs.

Brogsitcs Ba yriia, xapakTepusyolie HalpaBjeHusi B arMocdepe: 3eHUTHOe paccTosiaue § — yroj, oTcYnuThiBae-
MBIl OT HallpaBJIEHWUA BO3PACTAHUA T‘J'Iy6VIHBI, n a3mvryT QD 10 OTHOINTEHUIO K HeKOTOpOMy (bHKCVIpOBa,HHOMy HalTpaBJie-
anio. Torga eInHMYIHBII BEKTOD, 3a1aBAEMbIH STUMH yTJIaMU, MPEICTABISIETCS TAKUMI KOOPINHATAM:

w = (sin 6§ cos ¢, sin 0 sin v, cos 7). (18)

NurencuBHOCTD U3MydeHus saBigerca HyHKImMed riyounsl u nanpasierus: I(z, w).

2. Nuarerpoand depernnmmnanbHoe ypaBHeHNe TIepeHoca. Y paBHEHNe TTePEHOCa N3y IeHHUsT I7IsT MOHOXPOMATH-
YeCKOr0 PacCesHus MPUHUMAEeT BUT,

0I(z,w)
0z

cosd =—a(2)(z,w)+e(z,w). (19)

VpaBuenune OanaHCca IHEPTUU 3AMUCHIBACTCS Yepe3 WHIMKATPUCY:

d?w’
dm

c(2.0) = o(s,w) 0 [ ()12 w) (20)
Murerpan Gepercst 110 BCeM HANPABICHUSAM PACCEMBAECMOr0 M3JIydenns w’'. Yrosl paccesnusi OnpeieasieTcs CBOUM KO-
CHHYCOM

cosy = cosfcos @ + sin @ sin @’ cos(p — ). (21)

O0beanHenne AByX ypaBHeHUH 1aeT oaHo uHTerpoaud@epernmraibHoe ypaBHeHue neperoca. [1ockoibKy OHO aud-
depennuanbHOE, K HEMY HAJ0 J0HOABUTH HEKOTOPBIE YCIOBUs. B Teopuu nepeHoca B COOTBETCTBUY ¢ XapaKTEPOM 38129
9TO, KAK MPABUJIO, HE HAYATBHBIE, 4 TPAHWYHBIE YCIOBHSA, T.€. 9TU 33Ja4d ABIAIOTC He 3amgadamu Kormwm, a Kpae-
BBIMU 33JaYaMU, Permarh KOTopbie TpyaHee. OOBIYHO 331aI0TCA BHEITHUE UCTOYHUKY U3Ty9YeHUs, T. €. HHTEHCUBHOCTHU
M3JIyYeHrs, NaJA0IEr0 Ha, TPaHUIBI aTMocdephl n3BHe. JTO e QYHKLINUNA HATIPABJIECHUS!

I0,w) =IH(w), 0<6<7/2, (22)
I(zg,w) =1 (w), w/2<0<m. (23)

Boobie rosopst, rpaHuYHBIE MOBEPXHOCTH (B CJydYae IMJIAHETHBIX aTMOCQEDP TOJIHKO HUKHSISA) MOTYT OTPAYKaTh
najatoiiee Ha HuX uziaydenne. Torga dyukuuu Iy v I, camum 3apucsat or I. O QHAKO MbI TIPETIOI0KNUM, 9TO OTPAYKEHNE
OTCYTCTBYET M TH JBe (PYHKIIUU M3BECTHEI.

3. Ipyrue o6o3uavenmud. /s ynporennst ypaBHEHNH W YMEHBITIEHNST 9WCJIa BXOAAMNX B HUX (DYHKINH BBOISITCS
crenmasibHbie 0bo3navennsi. Kocnayc 3eHnTHONO yria obo3unadaercst onHoi OykBoii: cos § = 1. Toraga asemenT TejiecHoro
yraa d?w’ = dn’dy’, a kocumyc yria paccesHus

cosy =nn' + /1 —n2/1— (17)2cos(p — ¢'). (24)

Broaurcst 6e3pazMepHas BEMUYUHA — onmuyeckad 2aybuna cnoes arMocdepbl. OHA CBI3BIBAETCS ¢ PEOMETPUIECKON
ryouHOM depe3 auddepeHInaib:
dr = a(z)dz, (25)

TaK 9TO
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T= a(z')ds. (26)
0(—o0)

Bropoit HuxkHMI Tpees COOTBETCTBYET CIyYai0 MPOTSKEHHOCTH aTMocdeps 10 beckoneunocTu. Hanbonbiiee 3naqe-
HU€e TJIyOWHBI HA3BIRAETCS ONMUYECKOT MOAUUHOT aTMOChDEDHI:

20

o= / o(2')d2". (27)

0

Hanee ypasruerns (19) n (20) mensitcss Ha v m BBO#ATCsT OO03HAUEHNs 115t 1ByX oTHOmerni. Orromenne ko3dhdn-

OUEeHTOB paCCedHUd U IMOTTOIIEHNUA
g o

—=——=)<1 (28)
« o+ &
Ha3BIBAETCS JTUOO 8EPOAMHOCTDGI0 GUHCUBAHUA Pomona, THOO0 aabhedo 00HOKPATHOZ0 paccearud, TH00 aarbbedo wacmau-
uybt. HanboJiee yagso BTOpOe Ha3BaHUE, XOTsi OHO HECKOJILKO JJIMHHOBATO. Bysem npeamnosarark, 9To BeJIMUMHA A HE
3aBUCHUT OT rIyOWHBI. [[JIsT BBIMTOHEHNWST 3TOTO YCJIOBUST HEOOXOAMMO, YTOOBI 3aBUCUMOCTH KO3I(D(MUIMEHTOB paccesHust
¥ UCTUHHOTO TMOTJIOMIEHUs OT IJIyOUHBI ObIIM MPONOPLUOHAJIBHBI OJHON U TOW ke (DYHKIMK TJIyOuHBI.
Orromenne kK03hMUIUEHTOB U3TYIE€HUS U TOTTOMIEHUST

=B (29)

TaKyKe MMeeT B TeOPUH MepeHoca CrierraibHoe HazBaHne — PyHukyus ucmounuros. CMbICT 9TOr0 HA3BaHWST B TOM, 9TO
M3RECTHAS BEJIMYNHA £(, KAK W M3BECTHBIE NMHTEHCHRHOCTH MAJAIONIEro n3rHe ndnydennsi Iy n I, SBISIOTCS NCTOYHN-
KAMU TIEPBUYHOTO MBIyYeHUsI, KOTOPOe 3aTeM B XOJe PACCesHU Mpeobpa3yercs B M3/IydYeHHe APYyTuX HAMPABICHUH,
YACTUYHO TIEPEXOIUT B IPYT¥e BUIbI IHEPIUHU, HO MPU ITOM MOXKET HAKANMMBATLCA B armocdepe. Oyukiusa B onpe-
JIENTAeTCS ATUMHU UCTOYHUKAMY, 9TO ¥ OMPABABIBAET ee Ha3Banue. Q4ueBUIHO u 0OO3HAUEHUE

0 _ B, (30)
(0%

B 10 Bpemsi Kak K03 DUIMEHTHI N3MyYEHU €9 W € PACCYATHIBAIOTCA HA €IMHUYHBIA 00beM, GyHKIUA UCTOTHUKOR
PACCUNTHIBAIOTCA HA EIUHAYHYIO TOPU3OHTAMBHYTO MIOMALKY W €IUHUILY ONTHYECKON TIyOWHBI, 9TO CIEIYeT U3 COOT-
Hommenuit egdz = BodT u edz = Bdr.

TTocnie BRemeHMST yKAa3aHHBIX 0O03HAUEHWH B KAUECTRE APTYMEHTOB WHTEHCHBHOCTH 1 (DYHKIINN HCTOTHUKOB MTPUMEM
orrruueckyto rayouny n nsa yraa: I = I(1,n,¢), B = B(1,n,¢). Xorsi, KOHEYHO, OT 2 U OT T UHTEHCUBHOCTh 3aBUCUT
MO-PA3HOMY, MBI HE U3MEHSIEM ee 0003HAYEHHE.

B pesynbrare BBenenus HOBbIX 0003HadeHuil ypasuenus (19) u (20) nepenumiyTcs Tak:

oI(r,m,
U% = _I(T,T],(p) +B(Tan7<p)a (31)
d?w’
Blron ) = Bolrin o) ) [l ) T (32)

CoOTBETCTBEHHO U TPAHUYHBIE YCIOBUS MPEICTABATCS Yepe3 3HAYEHUS ONTUIECKON [TyOnHbBI:
I(0,n,¢) = Io(n,¢), n >0, I(10,m,) = Ir(n, ), 1 <0. (33)

4. OTpeneAne MpaMoro majgydeHusd oT auddy3Horo. Yao0HO OTHAEINTh W3IydeHWe, KOTOPOe WIET HEIo-
CPEJICTBEHHO OT MCTOYHWKOB, OT MCITBITABINErO XOTS OBl OMHO paccesiaue. [IJist 3TOTO 3anmuiieM B HOBHIX 0D03HAMEHUIX
dopmanbHOE penieHre ypaBHEHUs TIEPEHOCA

T

o dr
Io(nvw)e‘”"+/B(T’,n,<p)e‘(7‘7 )/”TT, n >0,

I(T,n,¢) = o 4 o (34)
I(n, p)e” 7o)/ — /B(T’,n,so)e’“”')/”%, n < 0.

T

Bormennv m3aydenne, nayiee OT WCTOIHUKOB. FXr0 MHTEHCWBHOCTH COCTOWT M3 JIBYX CJAaraeMbrx. Bo-mepBhIX, 3TO
BHEMHTErpajbHble ciaraemble B dbopmynax (34), a BO-BTOPHIX, HHTEIPANLI B TeX Ke (HOPMYIax, HO TOJIBKO OT UC-

3

TOYHUKOBOU 9acTH (DYHKIUU MUCTOYHUKOB, T.€. 0T By. Takum 0O6pa3om, MpeacTaBuM MOJTHYI0 WHTEHCHUBHOCTH CYMMO
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UHTEHCUBHOCTEH U3MYYEHUs OT UCTOYHUKOB (co 3HaukoM *) u muddysHoro uznyyenus (¢ ungexcom “mud”). Tak ke
nocrynum u ¢ dyukumeii B(7,7, @), BblIeanB 13 Hee HCTOYHUKOBOE caaraemoe. Urak,

I(T,UNP) =L (Tanv@) + IJIH@(TaanP)a (35)
B(7,1,¢) = Bo(T,1,¢) + Baug (7,7, ¢). (36)

3aeck I.(7,7m,p)  HWHTEHCUBHOCTH, ONPEAEIAEMas HENOCPEICTBEHHO UCTOYHUKAMHU:

)/ dr’

To(n, 9)e™™/" + / Bo(',mp)e= T s o,

L (Ta 7, QO) = 0 T0 (37)

/

nood
L(n, p)elm =/ — /BO(T’m»sa)e*(T*T )/UTT’ n < 0.

WNarencusrocTh ke nuddy3HOr0 M3aydeHnst ompeaenasiercss Toabko anddy3Hoit 9acTthio (pyHKIINN WCTOYHUKOR, T. €.
TMTOAYINHSIETCST YPABHEHWUTO

OLaug (7,1, )

nillda% = - ,zmd)(Tv 7, 30) + BJIH(b(Ta 7, QO)) (38)

KOTOpOe uMeeT (hOPMATHHOE PEIIeHne, He COMEPKAINee BHEMHTEIPDATBHBIX CJAraeMbIX:

T

’ d /
/Bzmeb(T/vn» pe 7T )/”777 n>0,
Izmd;)(Tvn’ 90) = 0 To dr (39)
— T—T, 7-
Bﬂnd)(7/777790)e ( )/777) n < 0.

T

OquI/I,I];HO.‘ YTO UHTEHCUBHOCTH Ill”(?b MOAYNHACTCA HYJIEBHIM TDAHWYHBIM YCJIIOBUAM!

I/Il/l(b(oanvgo):(h 0 S 77 S 17 Iﬂﬂd)(TO?ThSD):Oa _1 S T] S 0) (40)

KOTOPBIE OTPAKAKT OTCYTCTBUE AU DY3IHOTO M3MYyUeHHUs, MAJAONIEr0 N3BHE.
B croto ouepenn byHKIMA NCTOTHUKOB

B (1.1, 0) = — / e (7 1+ 9') + Tang (721 )42 (41)

At

MIPEICTABIAETCA WHTETPATIOM, TePel KOTOPhIM MMEETCss MHOXKHUTETb A, & MO/ 3HAKOM €ro CTOUT WHIMKATPUCA PACCe-
SHHSA, 9TO W O3HAYaeT ‘o KpaiiHeir Mepe omHo paccesune’. Brpeab Mbl 6yaeM HHTEPECOBATHCS TOMBKO TUP Y3IHBIM
W3JIy9eHWEeM ¥ JIJIsT TPOCTOTHI OMyCTUM WHAEKC “and” y ero xapakTeprucTuk.

5. Pazgenerne a3mMyTasibHBIX TapMOHUK. [IpeacraBierne WHANKATPUCHI PACCESTHUST B BUZIE PA3JIOKEHUS TI0
MHOTOUYIeHaM JIekanapa Mo3BOJISeT PA3AEINTh TOJIsT U3y YeHNsT, COOTBETCTBYIOIMINE PA3TUIHBIM TAPMOHUKAM a3UMY-
ta. Takoe pa3iesienne OCHOBLIBAETCS HA TEOPEME CJIOXKEHWsT JJIst MHOTOUIEHOR Jlexkanapa, Beiparkaemoil (popmysoi

P (il + VIV T G costio = ) = 30 (2 = Ga) (b PGP () osmlip = ). (42

m=0

3aece P™(n)  upucoenuHeHHble GyHKIMK Jlexkanapa.
[MoacTasus 3Ty (opMyny B BHIpaKEHWE I WHINKATPHUCHL C 1. + 1 craraeMbpim

Z x; P;(cos7) (43)

" nepecTaBuB TTOPALOK CYMMUWPDOBAHWA, TIOJIYYUM €€ PAa3JI0?KEeHUE 10 a3uMYTaJbHBIM TapDMOHWUKAM:

n

= > (2= mo)pm(n, 1) cosm(p — ). (44)

311ech BBeIeHO 0003HAYCHHTE

n00) = 3 i PP ). (45)



Tenepb NpeaoNoKUM, 4TO MHTEHCUBHOCTH MPAMOro usnydenus I (7,17, ), onpenensgemas dhopmynoii (37), aBis-
ercst weTHOW dyHKIMeH azumyTa. Toraa ee MOKHO PA3/I0KUThH MO KOCHHYCAM:

hE

L(7,m,0) = > (2 = 6mo) 1y, (1,m) cos(mep). (46)

0

3
I

TaxkuMm ke pa3I0KeHneM MOXKHO MPEICTABUTH U WHTEHCUBHOCTDH Muddy3HOrO U3IydeHuUs :

[M]8

I(m,n,0) = ) (2= 0mo)Lim (7, n) cos(mep). (47)

m=0

TTokarkewm, aTo TOTIA W DYHKIINS WCTOIHWUKOB 3aTMMCHIBAETCS B TaKOM ke Buze. /leficTBurennHo,

1 27
)\ n o . 1
Blrno)=5 [ a3 @=bno)om () 3 2=dmo) L (o) + (oo [ ! costn' ') cosm(i’ )=
1 m=0 m’=0 0
= 372 5100) Bun( 1) cos(mep). (48)
m=0

ITpu mepexoze K MOCIeIHEMY BhIPASKEHHUIO BHIYUCIIEH WHTErpaJl 10 ¢':

27
1 Smm’
— /d(p' cos(m/ ') cosm(yp' — ) = —"— cos(mep), (49)
2w 2 - 5m0
0
KOTOPBIF OTJIMYeH OT HyJjst ToasKO nipu m' = m. U3 asyx cymm B (48) ocraercs aumb OJHA, TIPUYEM €€ BEPXHUI
npenen pasel n. Ilpu stom
1
A .
Bu(rin) =5 [ pnln. ) (B (7o) + I, (50)
21

Paznenenne a3uMyTaabHBIX TAPMOHUK NPOUCXOIUT U B quddepeHnuanbaoM ypasaenun (38):

Al (1,
. (m,n)

5 = Im(T.n) + Bu(7,7, ). (51)

Orcroga sicho, 9T0 BepxHMIF Tpejes B cymme (47) HA caMOM JIeie PABEH M, TAK KaK MMEETCsST TOJIhKO 1 CJAraeMbIX B
pazsnoxernnu (48). Cocrapnasonpe NPsiMOTr0O U3JIy9eHNs, COOTBETCTRYIOIINE CJAATAEMbIM B PA3JI0KEHUN WHTEHCUBHOCTH
(46) ¢ momepamm m > n, He paccemBalTcsa. He paccemBalOTCss M KOMIOHEHTRI TPSIMOTO M3J1y9€HNs, HTEHCTHBHOCTH
KOTODBIX SIBISIOTCA HEYETHBIMU (DYHKIUAMU 7).

§ 2.3. nrerpajibHblie ypaBHEHUS

1. O6mmii cayyaii. B nmpenpiaymem maparpade 66110 MOKA3aHO, 9TO OCHOBHBIMW YPABHEHUSIMU B TEOPWH MOHO-
XPOMATHYECKOTO PACCESTHUS SIBISIIOTCS ypaBHEeHWe mepenoca anddy3HOro n3mydeHns

OI(r,n, ¢)
1, = ~1(rn0)+B(1,n,9) (52)
7 ypaBHEHHe DATaHCa SHEPTUH
A
Blrng) = Bulrino) + 5 [ al)I(rl o) (53)

31ech BHEMHTEIPATBHOE CIATAEMOE OTIPEIENISAeTCd NCTOYHUKAMA U B 0003HAUEHUAX § 2.2 uMeeT BU.I

A /x(v)f* (r, 7, )W'. (54)

B*(Tﬂ?a@) = E

Nurencusnocrn YAOBJIETBOPAET HYJIEBHIM T'DAHUYHBIM YCJIIOBUAM.
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W3 npuBeseHHBIX ypPABHEHWI MOXKHO MOJIYYUTH OJHO WHTErPATBHOE YpPABHEHUE [/isi (DYHKIUU UCTOYHUKOB. [lis
3Toro ere pa3 wHanwimem dopmaahaoe perrenne aunddEePeHITnaThHOTO YPABHEHNST TIEPEHOCa C YyIEeTOM HY/IEBBIX T'pa-

HUYHBIX YCJIOBWIA:
,

o dr
/B(T’,n,w)e_(T_T )/"%, n >0,

IGng) =14 0 o , (55)
/ (=) T
- B(Ta,’%(p)e 77 n <0.

Moncrarwe 311 BhIpakennst B ypasaenne (53), MOJydInM NCKOMOE WHTETPATHLHOE yPABHEHNE

B(Ta 7, QO) = B*(Ta 7, §0)+
2w

1 0 To
A ’ /d / ’ /d !
+ 4—/d<p’ /w(v)dn’/B(T’,n’,w’)e‘“_T )n n—T, — /x(v)dn’/B(T',n’,@’)e‘(T_T )/m n—T, : (56)
vy
0 0 0 T

T

-1

D10 ypaBHeHue BKJIOUaeT B cebst BCe IPAHMYHBIE YCJIOBUS M HE Tpedyer HUKakux gononHenuit. [Tocse onpenenenns
(byHKIMM MCTOYHWUKOR MHTEHCUBHOCTH HaxoauTcs mo (opmynam (55).

2. UnaTerpajbHble ypaBHEHUs [JIs a3UMYTaJbHbIX rapMoHuK. OHU TOMYyYalOTCs TOYHO Tak ke, Kak (56).
Cnenyer mcxoauTh W3 ypaBHEHWI s OTAETbHBIX TAPMOHUK WHTEHCUBHOCTH W (DYHKIMH WCTOYHUKOB, 3AMMCAHHBIX
B KOHIe npeabrynero naparpada. Juddepennuanbablie ypaBHeHUs BBIMIAAAT aDCOMIOTHO Tak XKe, Kak u (52), a
ypaBHeHUs DaJslaHca He COMEPIKAT WHTETrpaJia 1Mo a3uMyTy. B pe3yabrare TOif ke TMPOIEIyphl, 9TO W BHIMIE, MOIYIAM
YDPaBHEHUS JJIs KaKJI0M rapMOHWKHN:

T

A ' 7 dr’
B(ro) =B (ront 5 | [ an'pmtnont) (Bt e o [t san (B o= o
0 0 K —1 T K

3. Ciury4aii M30TPONHOTO paccesiHUsl. JTOT NPOCTEAINHAH Caydail 9acTO OKA3BIBACTCS JOCTATOYHBIM st Kade-
CTBEHHBIX 3aKJTIOYEHAN O MOMSIX U3My9eHUs B PA3MUIHBIX 00bekTax. OH TaKyKe MHTEPECEH TeM, 9TO MEPBBIM U3y Jascs
B TEOPWH W HanbOJee MOAPOOHO W3yUeH.

B npueenennbix ypasHenmsx monoxkum z(y) = 1. Torma ocraHeTcst TOJRKO OfHA A3WMyTAIRHAST TADMORWKA C
m = 0, a ypaBHeHHUe JJid Hee 04YeHb CUJIbHO ynpoctutcd. eiicrBurensuo, npu x(y) = 1 B paznoxkenuu (44) ocraercs
TOJBLKO OHO ciaraeMoe po(n,n’) =1, a Bce ocTalbHBIE AHHYIUDPYIOTCI: P, (n,n') =0, m > 0. Uagekc 0 nucarb e
6ymem. ITone muddy3HOTO M3MydIeHUs HE 3ABUCUT OT Aa3WMYTa, Ja’Ke €CJIM UCTOYHHUKH OT a3uMmyTa 3asucenn. lanee,
pareHcTRO po(n, ') = 1 mpweoaMT K TOMYy, uTo dbyHKIMS NCTOUANKOB (ee mnddy3Has 9acTh) He 3aBUCAT W OT 1), TaK
YTO eJIMHCTBEHHBIM ee apryMeHTOM OCTaeTcst onThydeckas riybuna 7. YpasHeHue npespalaercs B 0JHoOMepHoe.

ITpwn w3orponrOM paccesianm aBa nHTErpaa B (57) 00HEAMHSAIOTCS, TaK Kak (PyHKIUS NCTOTHUKOB, KAK y7Ke OTMe-
Ya/I0Ch, TENeph He 3aBUCAT OT 7] U MHTETPAIBI N0 7' MOKHO B3aTh. OHM MOMy9aroTCs OJAHAKOBBIMHU:

1
’ /d /
/e*(-rf‘r )/m 77_7 =By (1 — 7_/)7 >, (58)
0
’ / /d?’]/
_ /6—(7'—7' )/ 7 _ El(T/ 1), T < _ (59)
-1

B ofoux ciydasx mpaByio 9acTh MOXKHO 3amucarh Kak Fq (|7 — 7'|). 3meck ucnonb3oBana dbyHKIUs, Ha3bIBaEMAast
UHME2PAAbHOT IKCTOHEHMOT:

d

Ei(r) = /e_yT% = exp(—T/n)Tn. (60)
1

B pesynprare warerpansroe ypasuenne (57) nns By = B

o—__

—~

T) NEepexoAnT B ypaBHEHWE

70

/E1(|T — 7' )B(r")dr'. (61)
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9ro ypasaenue 66110 monydeno O. /1. XBoabcoHOM [83] IpUMEPHO CTO JIET HA3A/ U HOCUT e€ro uMsd. JacTHbIA caydail
ypaBHEHUs, KorJga cBOOOIHOTO cjaraemMoro Her u A = 1, Ha3zniBaercst ypasnenuem Muana, a 3a7a9a ero pereHus —
3adaueti Muana [77]. Mbr 6yzem HaszbiBATH OJHOPOAHOE ypaBHeHue ypasHenunem Muiana v npu A < 1.

[Ipex e ueM roBOPUTH O PEIeHUN YPABHEHWI, EPEYNCINM HEKOTOPbIE CBOWCTBA (DYyHKIMU F) U CBA3AHHBIX C HEl

[85].

4. Oyukuuu F,. Oyuknusg F;  3TO 9acTHBIA caydait pyHKIHH

— Ooe—yT%_ 1ex —r a—2
Eo(r) = / - / p(—r /n)n*~2dy. (62)

Bynem na3wniBaTh nx uHmMezpasbHO-noKa3amenssHbMU.
Murerpanbro-moka3aTenbabe (DYHKIMW CBI3aHBI ¢ HEMOAHOW ramma-dynakmueit. eficTBuTebHo, mOCTe 3aMeHbI
nepeMeHHON MHTerpupoBanust y = £/T nojydaem

Eo(r) =771 /efttfadt =770 (1 — o, 7). (63)

T

91U QYHKIIUU MOKHO PACCMATPUBATD MIPHU JTIOOBIX 3HAYECHUSIX TOPSAIKA. JHAYEHUS APTYMEHTA HAM TTOHAI00SITCS TOTBKO
MOJIOXKUTETbHBIE.

Nayuaembie PYHKIUN PACKIAIBIBAIOTCS B CTEIIEHHBIE PSAJIBI, €CJIM BBIIEIUTE OGHO crnaraemoe. s storo B opmysie
(63) mpubasum m BeraTEM MHTErpaa ot 0 10 T:

Eo(r) =701 /e_tt_adt . /e_tt_"‘dt =771 —a) — 707! /e_tt_adt. (64)
0 0 0

Bo BTopowm craraemMom packaagpiBaeM B Psi IKCITOHEHTY, WHTETPUPYEM PSI TTOWIEHHO W TIOJTy 9aeM

1 N
Er)=7m"T1-a)— _ 65
A7) (1-a) = ) e (65)
m=0
Takoe pa3noKeHre UMEeT CMBICT TIpu o 7 1,2, ..., T. €. IPU BCEX YUCTAX, KPOME HATYpPANbHBIX. [Ipu HATYpaTbHBIX 3HA-

YeHUSX (v B PAMY 0OpAIAeTcs B HY/Ib OJWH U3 3HAMEHATenel, a TaMmmMa-yHKINUS TOXKe 00pamaercs B 66CKOHEIHOCTb,
TaK KaK OTPUIATE/IbHBIE LE/ble YUC/ia U HYJIh SBJIAIOTCH ee nojocavu. OJHAKO MOKHO PACKPBIThH 3Ty HEONPeeseH-
HOCTh, B PE3YJIbTATE YETrO MOy YNTCS

> ym- 1rm 1—0mn_1 1 1
§ - - 1 - § 7 m,n— .
m+1—n n’T C+ — k Omn—1 (66)

m=0

Bnecs C = 0.5772156649015325 — nocrosinnast ditiepa, a nycrasi CymMma, T. €. CyMMa [P BEPXHEM Tpejiesie, 00JIbIem
HUXKHErO (3Ta CyMMa BO3HMKAET NMpu 1 = 1), cunraercs paBHOi Hymo. Takum 00pa3oM, MHTErpaIbHO-TTOKA3ATeTbHAS
dbyrrmus nemoro nopsaaka n = 1,2, ... umeer npn 7 = 0 pa3pblB B MPOM3BOIHON MOpsAAKA, HA €IUHUILY MEHbIIEro. B
yacraocty, Gyukuusa Fi (1) cama npu 7 — 0 crpemMuTcs K GECKOHEYHOCTH, KaK — In 7.

Panpr (65) u (66) cxoagarcsa npu BeeX 3HAYEHUAX APIyMEHTA, TAK KAK PAJAMYC CXOAUMOCTU UX WU3-33 HAJIUYUS B
3nameHarese dpakroprana pasen beckonednoctr. Ormernm erne 3Hadenne Gynkiwit B nyne: Fy(0) =1/(a —1).

ITpu Gonbnx 3HAYEHUSTX aAPryMEHTa, M/ 3TUX (PYHKIUH MOYKHO MOJYyINTh aCHMNITOTHYECKOe pasjoxkenwne. Js
storo B (63) mpom3soaUTCS 3aMena t = T+, a 3aTEM MO/ MHTErPaj BHOCUTCS MHOKATENh T W JIE1aeTCs PA3I0KEHNE
no crenessm 1/7:

3

£ - | 1+:(j3> :_/ o Z, T U

e ™ 1 > I'(a+m) > (1—a)
= — e = - 67
r I'(a) mzz:o Fm = mZ:Fl—oz—m)Tm (67)
—_T o0 '
B wacrrocru, Eyi(T) = ¢ Z (_1)7"‘&.
T Tm
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Xors acuMnToTHYECKHE pa3nokenus (67) pacxoaarcs, Ipu OONBIIUX T NEPBbIE CIAraeMble JAI0T XOpOoInee Ipubiu-
xkenne K pyrkiun. CyMMUpoOBaTh MX HAJAO0 J0 MOCAEQHEr0 CJIAaraeMoro, KOTOPOe MEHBINE M0 MOLYJII0 MPEIbIIyIIero.
OcobeHHOCTh ACMMIITOTUYECKUX PA3JIOYKEHNH 3aKJIF0YAeTCsl B TOM, YTO TIOTPENTHOCTh CYyMMUPOBAHUS WX, B OTJINYNE OT
CXOIAIIAXCS PSIOB, HEMb3s CAETATH CKOMb YTOTHO MAoi.

U3 Beipaxkenus (67) BUAHO, 9TO NPU OTPULIATENBHBIX HEMbiXx @ = —n, n = 0,1,2, ..., 31u QyHKIUU ABAAIOTCA
9JIEMEHTAPHBIMY, & WMEHHO, TPOU3BEIACHNUSIMH IKCIIOHEHTHI 1 MHOTOYJIEHOB OT 1/7:

Ba(r) =nl Sy Z% (68)

TaK Kak psn (67) obpeiBaercs. B wacrnocrn, Eo(1) = e 7 /7.

NurerpasnbHo-nokasaresnbhabie GyHKIUN NOAUUHSAIOTCS JBYYJI€HHOMY DEKYDPEHTHOMY COOTHOINEHUIO, KOTOPOE MO~
JIy4aercst myTeM WMHTerpupoBanusi B uarerpase (62) no uwacrsim: aFEopq(7)+T7EL(T) = e~ 7. B3sitne npoussognoit
noHmKaer nopsinok oyuxmmn: E! (1) = —Eq_1(7).

5. OcHoBHbIe 3agaun. /[Be 3a1a9n ABIAAIOTCA CTAHJAPTHBIMU B TEOPUH MOHOXPOMATHIECKOTO PACCESHUS .

a) 3adaua 06 ompasicenuu u nponyckanuu. Hanbonee BaxkHON 3amauell ¢ TOUYKM 3PEHUS TEOPUU ILIAHET-
HBIX aTMocdep sIBASETCs 3a74a9a 00 OTPAYKEHWW W MPOMYCKAHUN aTMOChepoil mMaIaonero n3BHe MOTOKA W31y YeHTsT,
mogenmpyitoriero coiredroe. Chopmynnpyem sty 3a1ady.

ITycTh HA BEpXHIOIO TpaHuIly aTMOcGhEphl NALAeT NAPAIEIbHbIA (MOHOHAIIPABIEHHBIN) NOTOK U3/IYYEHUs MO YT~
mom arccos(, 0 < ¢ < 1, K HANpaB/IeHUIO BO3pacTaHusi nayOuHbl. Beerma MOXKHO CYUTATH, YTO A3UMYT MAJAOIIETO
M3IyYeHUs PABEH HYIIO, T.€. OTCYUTHIBATH A3UMYyT OT HAlpaBieHus ero mnamgeHus. OO03HAYNM OCBEIIEHHOCTH ILIO-
IAKA, TEPNEeHInKYIsIPHON HanpaBaernto najenus, depe3 w5 (B ciaydae 3emuoil armocdepnl BennanHa S — 310
MOHOXpOMaTHU4YeCKadA COJIHEYHAA nOCTOHHHa,ﬂ). TOT‘ﬂ;a, MHTEHCUBHOCTH MPAMOTO U3JIYyYEHUA B aTMOC(i)epe

L(7,n,¢) = mSe™7/6(n — ¢)d(y). (69)

CooTBeTCTBYIOIIAST MOIITHOCTD MEPBUYHBIX UCTOYHUKOB, T. €. YACTh PYHKIIUNA UCTOYHUKOB, OTBEYAIONIAS OTHOKPATHOMY
pacceaHuIo, COCTaBUT

AS .
B.(1,1,¢) /dzw e (0, @) = (e /c, (70)

TJie KOCUHYC yIJIa MTEPBOTO PACCESTHUS

cosye = n¢ + /1 —1n2y/1 — (2 cos p. (71)

B a10it 3amave moarageTCs A MapaMeTpoR, OAHAKO HE BCE U3 HUX CYIIECTREHHBI. A3UMYT MaJalOMIEero W31y YeHnst
MBI y>Ke OTOPOCHJIN BRUIY €ro HeCyIIEeCTBEHHOCTH. Bennunra magaiomero noToka S TakyKe He WMEET ONpemesIsTiome-
ro 3HAYEHWS NI/ PENIeHusl 3a7a9M, TAK KAaK BCE XAPAKTEPUCTHKH TOJS M3TYYEHHs MPOCTO MPOMOPIAOHATBHBI €My.
EnuncrBeHHbIH BaXKHBIA TApaMeTp MAJAIONIEr0 U3MyYeHUs  yroJ NaJeHus Wid ero KocuHyc ¢ (Kak M3BECTHO, ero
3HAYEHUS ONPEIETAIOT BPEMs CYTOK U BpeMmeHa rofa Ha 3emie). [Tosromy ¢ Gymem yKa3blBaTh B KAYECTBE JOIMOJIHU-
TeJIbHOTO apryMeHTa y (QOyHKIIMU UCTOYHUKOB M nHTeHcuBHOCTH 1 tiucarh B(1,n,(, ¢) w I(1,n, (, ¢). Coorsercrryioume
azuMyTajbHble rapMoHnuKK Bygem obosnavare B, (7,m,() v I, (1,1,(), npniyem nugexc 0 Bynem onyckars. 3amernm,
UTO eIe OAWH CYIIEeCTREHHBIN mapamMeTp 3aJadW, a UMEHHO, ONTUYecKas TOJMMUHA aTMocdephl, KOTOpas MEHAETCS B
3aBUCUMOCTHU OT 9aCTOThI U3JIYYEHUS U OT COCTOsdHUs arMocdepbl (Hamudue 00J1a9HOT0 MOKPOBA U /WU NbLIU B Heil),
HAMH TaK>Ke HE OTMEYAeTCs, HO TogpasyMesaercsa. He oTMeuaercs Takske mapamerp A.

Nrak, paccmarpusaercs 3aga49a 00 ONpEJENeHnn TMOJsi U3JIyYeHnst B TJIOCKON aTrmocdepe, Ha KOTOPYHO NaJaaeT
TapasIesbHBIA TOTOK n3jydenus. VHOTIa 3Ty 3a1a9y HA3KIBAIOT OCHOBHOM.

Haubosbinnii uaTEpec npeacrapiisier ndjydenne, Buixoasiee u3 armocdepbl. B ciaydae 3emiu Hac O0JbIe uHTE-
pecyer mpomeanee 9epe3 arMocdepy m3mydenue, B Caydae TIaHeT MBI HaOmomaeM orpaykeHHoe mamyderne. Coor-
BETCTBYIONIME MHTEHCUBHOCTH MOMydaiorca u3 oomumx dbopmyn (55) npu 7 = 0 (Bropas dbopmyna) u 7 = 79 (nepsas
dbopmyna). [Ipu 3ToM OTparxkeHue MPOUCKXOJUT MO YTIaAMU, KOCUHYC KOTOPBIX OTPUIATEIEH, [I03TOMY CPA3y 3aMEHUM
B MHTEHCWBHOCTH OTPAKEHHOTO M3jyuenusi 1) Ha —1n, 7 > 0. JIna onvcanmst BRIXOASAMErO W3JIy9YeHust BBOJASITCS JIBE
CTEIMAILHBIE BEJIMIUHBI, TTPOMOPIUOHAIBHBIE MHTEHCUBHOCTH, HO C BBIIEJICHHBIMU MHOKUTERAMA S 1 (:

T0 d
I(0,—n, ¢, ») =/B(T’,—n,C,s0) T ; = SCp(n, ¢, ), (72)
0
I(ro,n,c,so)sz(r’,n,c,so) v " SCo(n.C ). (73)
0
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Benuuunbt p u 0 HA3BIBAIOTCS KOIPPUUUEHMAMU OMPAAHCEHUA U NPONYCKAHUA COOTBETCTBEHHO, a BMECTe  K03PPu-
YUEHMAMY ADPKOCTIU.

Yacro paccmarpuBaercsi TakKe MpeesbHbIi ciiyvaii 9Toii 3aaaun, koraa hopMaibHo nojaraercsi ¢ = 00, a x(y.) =
1. Taxoit cmydaii cOOTBETCTBYET PABHOMEPHOMY PACIPEIETeHNI0 N30TPOIHBIX BHYTPEHHUX MCTOYHUKOB W3JTYYeHUS.

6) 3adaua Muana. K 310il 331a4€ NPUBOIUT PACCMOTPEHUE IepeHoca uijiydenus B arMocdepax 3sesn [77]. B
ux armocdepax BBIIOIHIETCS JOKaIbHOe TepMoauHamudeckoe pasaosecue (JITP), npu koropom zeficTByoT Tpu 3a-
xona T/IP: B paBHOBeCHU HAXOAUTCS BEMIECTBO, HO HE M3JIyUEHHE, KOTOPOE MOYXKET BBIXOAUTH depe3 rpanuily. Ocraercs
cripaBeITMBBIM JHUTTH cooTHOomenne Knpxrodha—Ilnanka, cormacio Koropomy oTHOTIeHHe KOIMDOUINEHT, W3Ty IeHUsT
n morsotmerus paBuo ¢Gyakmun [laanka, T.e. OTCYyTCTBYeT paccesHue: W3JIydeHne MCITBITHIBAET TOJHKO WCTUHHOE TMO-
TJIOIIEHNE.

Cunraercs, 9T0 UCTOYHUKY U3JIyUEHUsT PACIONATAIOTCS B IIyOWHE 3BE3/IbI, a Yepe3 aTMocdepy U3IydeHrne TOJIbKO
npoxoaut. [Ipu 3TOM CHeKTp U3IyYeHns U3MEHSIeTCsl, HO NOJHbIHA (MHTerpanbubiii) notok |H| = mF ocraercs nocro-
STHHBIM. BelecTBre BHIXOA M3y YeHNsT TeMTIepaTypa BEIeCTBA MOHMKAETCS K rpannie. IHTeHCHBHOCTH HE 3aBUCHUT
OT a3WMyTa, HO 3aBUCUT OT 3eHUTHOTO yria. @yrknms [lnanka (Kpome 3aKpErIEHHON 9aCTOTHI) 3aBUCHT TOJIBKO OT
TIyOWHBI, TAK KaK C TIyOWHOM m3MensieTcst remmneparypa. [1ockombKy reomerpuveckasi TOMINHA aTtMocdep O0bImH-
CTBa 3BE3]] COCTABJSET JIUIIb MAIYIO OO0 WX PAAAyca, T.e. arMocdepa  3TO TOHKHUN MOBEPXHOCTHBINA CITOH, UX B
OONBIMHCTBE CAYYAEB CIUTAOT MIOCKUMEU. [Ipu 3TOM, Tak KaK ONTHUYECKAsS TOMIIKUHA aTMOc(hep BETUKA, UX MOXKHO
MOETUPOBATH ILIOCKOHN MOMTYOECKOHETHOH Cpemoii.

YparHeHue 1epeHoca N3y YeHnst JJisi MJIOCKOH IMCTOMOTJIOMIAOIIEH CPeIhl 3ATNChIBAETCS TAK:

oI, (z,
7]% =—a, 1, (2z,m) + e (74)
Coornomenne Knupxroda—Ilnanka nossosaser nepenncarh ero nHade:
ol,(z,m
n 2SI o (2o — BT (75)

VpaBHEeHUE JTy9IHUCTOr0 PABHOBECHS BHIPAYKAET TOT (DAKT, UTO BCs M3IYyIAEMAsd IYIUCTAS IHEPTUS BOZHUKALT U3 MOTIIO-

IIaeMoil B TOM »Ke MecTe aTMocgephl:
oo o0
47r/5VdV: /al,dy/L,dzw (76)
0 0

/ aw[T,(2) — B,(T))dv = 0, (77)
0

nin

rae CpeaHdasd MHTEHCUBHOCTH

jl,(z) =

N =

/ I(z,n)dn. (78)
21

Ipanununoe yciosue nysesoe: I,(0,7) = 0 npu n > 0.
U3 nByx ypasuenwuii (75) u (77) BbITEKAET COXPAHEHHUE MOJHOTO MOTOKA U3JYYCHUS:

oo 1
% =0, H= 27r/du/[l,(z,77)77d77 = —7F. (79)
0o 1
[Torok orpumareneH, Tak KaK BEKTOP MOTOKA HAIPABIEH HADPYXKY, a BenuduHa H MpejcraBiseT ero NpoekIuio Ha
MOJIOXKUTEIHLHOE HAMPABJICHAE OTCYETA, TJIyOUHBI 2.
ClieyommM CyIeCTBeHHBIM MIPE/NOI0KEHUEM, IPUBOIASIIMM K 3aaade MujiHa, sBIIsIeTCst JOMYIIEHUE, 9T0 KO-
dbunment noryomenus B armocdepe He 3aBUCHT OT YaCTOTHI (v, = . Takas armocdepa HA3BIBAETCS CePoli.
B ciyuae cepoit armocdepbl 00br9HON (HOPMYIOl €CTECTBEHHO BBECTH €AMHYIO I BCEX YACTOT ONTUYECKYO TIIy-
OuHYy T, KOTOPYIO ByJeM CYUTATH APIYMEHTOM BCEX BEJIUYUH BMECTO MEOMETPUIECKON I1yOUHBI 2. Y DABHEHUE EPEHOCA
MOHOXPOMATUYECKOTO N3JIyYEeHU A

oL, (7. n
WA 1, (7, m) + BUT(7)) (50)
MOXKHO IIPOUHTErprupoOBaThH 110 BCEM YaCTOTaM, 9TO Ja€T
OI(7,n)
U —I(7,n) + B(T(7)). (81)
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BHGCB HUHTETrpaJIbHbIE BETUYIUHbBI

I(r,n) = / I(r,n)dv, B(T)= / B,(T)dv = %T‘*. (82)
vy
0 0
Bropoe pasernctBo sBnsercs ciaeacrsuem 3akona Credana Bonbimana.
yCIIOBVIe CoxpaHeva TIOJIHOT'O TIOTOKAa ﬂpWBOﬂWT K paBeHCTBy
dH(T)
ST = anlg(n) - B =0, J(r) = BI(7), (83)

€ UHTErpajJabHasd CpeaHdad MHTEHCUBCHOCThH

00 1
J(r) = /jl,(T)dV = %/I(T, n)dn. (84)

0

13 ypasuenus nepenoca (81) smecre ¢ pasenctBoMm (83) u rpanuunbiM ycnosueM I(7,1) = 0 npu n > 0 cinexyer
WHTEerpajhHoe ypaBHeHue

B(T(1)) = %/E1(|T —7)B(T(r"))dr". (85)
0

Pemenue 3Toro ypaBuenus u cocrapiser 3agady Munua [77]. OHO gBAsieTcs OMHOPOIHBIM YPABHEHUEM, COOTBETCTBY-
fommM ypasaeanio Xsoabcona (61) mpu A = 1. Ormernm, 9to B 3TOM ypasrennn hOpPMaIbHO 3HAYEHNE \ PABHO 1, Kak
TPV 9WCTOM PACCESTHUN, XOTsT B aTMOChepe MPONCXOANT TOJIHKO NCTUHHOE TIOTJIONIEHNE. YCJIOBHE COXPAHEHWST SHEPTUN
W3JIy9eHusT BBIMTOJHSIETCS TOJBKO B IesioM 1o crekTpy. Kak yske roropwmiock, Mbr Oyzaem paccmaTpuBaTh 3amady Muira
unpu A < 1.

§ 2.4. ITpubGan>keHHbIE METOIBI

1. MeToa nocaefoBaTedbHBIX paccesdHmnii. Hatunem n3moxkenne MeTOIOB PEITEHns 33729 0 MOHOXPOMATHIECKOM
pACCesiHUU C UCTOPUYECKU MEPBBIX METOI0B, & UMEHHO, MPUOINKEHHBIX, MTO3BOIAIIINAX JTOBOTHHO MPOCTO MOIYYIUTh
KAYeCTBEHHOE TMPEJICTABIEHUE O XapakTepe pernennii. CHAaYaMa paccMOTpuM HambOJIee eCTECTBEHHBIN ¢ (pU3ndecKoit
TOYKW 3PEHUsI METOM — PACYET NOCALIOBAMEALHBLL PACCEAHUT.

Banuiiem MHTErpajabLHOE ypPaBHEHUE NIePEHOCa U3JIydeHus st (DYHKIMKU UCTOYHUKOB B OMEPATOPHOM BHUIE:

B = B, + AK B. (86)

3meck B, — BeKTOp M3 HEKOTOPOTO (PyHKIMOHATRLHOTO MPOCTPAHCTBA, N300PAKAIONINH N3BECTHYI0 (DYHKINIO (MCTOY-
nukn), a B — nckombrit BekTOp, T. €. GyHKIMS MCTOUHUKOR. Uepes K o6osnauen OJINH W3 OTIEPATOPOR, S/pa KOTOPHIX
OBIIM BBHIMUCAHBI TP (DOPMYTUPOBKE WHTETPAIHHBIX YPABHEHMI.

CaMbIM PacnpoCTPaHEHHBIM METOI0M PEIEHNs TAKUX YPABHEHU sIBJISIETCS METO/ TIOCAeA0BATEILHBIX TPUOJINKe-
HUI 1O cxeme

By =B,, B,.;=B,+)\KB,. (87)
MmuorokpaTHoe TpUMeHeHne ITOH CXeMbl JaeT
B=[1+AK +(A\K)?+ ...+ (AK)"+..]B. = (1 - AK)"'B,, (88)

T.e. paa Heitmana, kKoropsrit hopmManbHO CyMMUPYeTCs Kak reoMerpudeckast mporpeccusi. Toaro B Takoit e dopme
peIlleHre MOJIYYaeTCs HENOCPEICTBEHHO U3 ypasHenus (86), ecu BTOpOe claraemMoe W3 MpaBoil 9acTH NEPEeHeCTH B
JIEBYIO ¥ TIPUMEHUTDH K PE3YJbTaTy OIEpaTop, CTOAIMil cipasa B (88).

3amMeruM, YTO TIPU KOHEYHBIX ONTUYECKUX TOJIIAHAX CJIOS WHTErPATbHBIE YPABHEHUs MEPEHOCA SBISIIOTCS yPaB-
nenusimu @penrosnsma [66]. TTokarkem 310 HA Npumepe ciry4ast U30TPoITHOrO paccesinust. Halingem momyins (tounee, ero
KBaJIPAT) oneparopa:

TO T T0

To T0
~ 1 1
IIK||? = 5/dT/dT’E1(|T—TI|) = §/d7 /d’T/El(T—T/)+/dTIE1(TI—T)
0 0 0 0

T

1 70 T To—T 1 To
=3 /dT /dT”El(T”) + / Ar" By (") | = 3 /dT[l —Ey(1)+1—Ey(r0—7)] =
0 0 0 0

To
1 1
25 27’0—2/(17'E2(7’) =7'0+E3(T0)—§. (89)
0
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[Mocnenusis BenuuuHa KOHEYHA MPHU JIOOBIX KOHEYHBIX T), OJHAKO MPU Ty — OO CTPEMHUTCH K OECKOHEYHOCTH. DTO
03HAYAET, 9TO YPABHEHNE MPH Ty = OO TIEPECTAET OBITH PPEATOJTHMOBCKUM W CTAHOBUTCS CUHTY/ISIDHBIM. Tem He menee,
MOYKHO JOKa3aTh, 9TO W MPK Ty = 00 psia Heitmana cXoAWTCst TPU TOCTATOTHO XOPOITAX BHEMHTETPATHHBIX CAraeMbIX.

Psan Heiimana B mpuHIume maeT BO3MOXKHOCTb TOMy4YnTh pernerwe. [locnemoBarenbHbie MpuOIMKeHUsT OBICTPO
CXOIATCS, €CIU JIOCTATOYHO Masa BeJWYUHA A U/WIU MOIYJb ONeparopa, T.e. To. Ecam ke )\ Gu3ka K eIuHune, a
To BEJIUKO, PAJ CXOIUTCH YIpe3BbIYAiiHO MeameHHO. [Ipu 3ToM permreHne 0Ka3biBaeTcs ropas3ao 0ombiine, yeM (QyHKIHs
TIEPBUYHBIX UCTOYHUKOB. Bce 3TO 03HavYaeT, 9To B MOJIe W3JIy9eHnst BHOCST BKJIAJ PACCESTHUST BHICOKUX TMOPSIAKOR. [Ipn
pac’yerax MHOTOKPATHBIX PACCESTHUH MPUXOANTCSA BHIYUCAATH KPATHBIE (MOBTOPHBIE) WHTETPAJIBI, YTO SBISETCSH CAMO
o cebe HerrpocToit 3amaqeii. K Tomy ke make manekume ciaraevbie B psine Helimana maioT BKIAJ, & BRIYUCSIIOTCS OHA
BCe Xy2Ke BCIEACTBUE OIMMUOOK OKPYTIEHUS, KOTOPhIE HAKATIIMBAIOTCS, TAK YTO ITOT CIOCOO B TAKOM CJIy9ae HEITPUTOIeH
[103].

Tem me mMeree, HAMIEM BBIXOIAIIEE U3IyIeHUE TTOCTE TIEPBOTO PACCETHUS B 3aa9e 00 OTPAYKEHWH W MTPOMYyCKAHNH.

2. KosdbdbunmenTs! apKocTr B TeEPBOM NPUOJIM>»KeHUN. B meprom mpubInKeHnn Mo 9ucay paccessunit pyHk-
umst merournkon B(1,1,C,0) = Ba(1,m,0) = (AS/4)x(7.)e”7/¢. Torma w3 dbopmyn, seipaxkaommx kosdbdummenTh
spkocTH depe3 DYHKIUI0 UCTOYHUKOB, T. €.

17
1.6 ) = 5= [ Blr=n. G/ (90)
0
1 F
O'(T],C.,SO) = a_r B(T777)<7<p)€7(7-077-)/nd7-7 (91)
Sn¢ 0/

oJIy4aemM

A1 — e~ To(1/n+1/¢)

P(%(NP) = Z n+ C x(ﬁs)a (92)
Ne~To/m _ g—T0/C
a(n,¢,p) = Z%x(%)-

31ech KOCUHYCHI YTJIOB PACCESHUS B CTOPOHBI BEPXHEH M HUXKHEH TPAHUI] TAKOBBI:

cos7y, = —nC++/1—n%2/1—C2cosp, (93)
cosve = n¢ + /1 =121 —(2cos . (94)

ITpuBemerubie HOPMYIIBI YACTO WCMOIL30BANNCH M1 WHTEPTpeTannn Habmonennit 6e3001a9Hoi 3eMHOM aTMmocde-
PBI, oITUYECKas TOJIIWHA KOTOPOW B BUAMMON dyacTu crekTpa npumepHo 0.2 0.3.

Jpyrue MeTonbl IpubIMKEHHO YIUTHIBAT UMEHHO MHOIOKDATHBIE paccesnus. [lepBbie (MCTOpUYECKH) TaKue Me-
TOJBI UCIIONB30BAIY YCPEIHEHNE HHTEHCUBHOCTU M3/IyUeHUs [0 HanpasaeHusM. Paccmorpum nsa Takux merozna [70].

3. JIsyxmnorokoBoe npubian>kenne. lnage 310 npubankenne, KOTOPOE NCIOIH30BAIOCH BIJIOTH 10 CEMUIECATHIX
TOMIOB, & WHOTIA TIPUMEHSIeTCsT n cefivac, Hazpiraercst mpubnamxkenunem [sapmmmasga—IIlycrepa. Tlonstre o Hem magnm
Ha [puMepe KIaCCHIecKoi 3amzaun MuiiHa.

IIpu sTOM BapmaHTe 33Ja9YN PACCMATPUBACTCA MOTYOECKOHEUHAS aTMOCdepa, T. €. CINTAeTC s, 9T0 Tp = o0. B Heit
MNPOUCXOIUT YUCTOE paccesHue co chepudeckoil nHaukarpucoil. Ha BepXHIOW IpaHMIly U3/IydeHHe He MaJaeT, U He
CTABUTCS YCJAOBWE HA HIKHEH rpannie. Tpedyercs: mutib, 9T0OBI COXPAHSJIICS MOJHBIH MOTOK W3JIyYeHus.

VpaBHeHne nepeHoca nMeeT BuL

dI(7,n)

n S = I + B, B3 [ Tnaan (99)

B sTom ypasmenun mammcana He JacTHast, 8 OOBIKHOBEHHAsT TTPOM3BOAHAS MO ONMTHYECKOH raybure. Tak wacTo nurmyT
B paboTax mo TeOpuu MepeHOCca M3IyUeHHUsi, CANTas YIIOBbIE ePEMEHHbBIE TTAPAMETPAMH.
IIpumenenne MeTo/1a HAYMHAETCS C BBEJICHUS JIBYX WHTETPATIOB

1 0
umz/mmezxﬂz/mmW» (96)
0 —1
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OTH WHTErpAJbl IPEACTABIAIOT TOMHBIE HHTEHCUBHOCTH U3y YeHNUsI, UAYIIEro BHU3 U BBEPX COOTBETCTBEHHO. [Ipubu-
JKEHWE 3aKII0YAETCS B OLEHKE JIBYX JIPYTMX MHTErPAJIOB, OTandanmmxcs or (96) tem, 9o comeprKar JOTOJTHUTETHHBIH
MHOKWUTEJb 1):

1 0
[ntntte.n =510, [ ndntrn) = ~31-7). (o7)
0 —1

31ech M3-T071 3HAKOR MHTETPAJIOB BHIHECEHR! TPUOJIMIKEHHO CPeTANe 3HAYeHnsT KOCHHyca 1) Ha mpomexyTkax [0,1] n
[_ 1) 0]

Beemem obo3HavMeHUS, KOTOPBIE OYIEM HCIOTB30BATD U [T1aJee:

l\D|’—‘

1 1
/I 7,n)dn, h(r) = %/I(T, n)ndn. (98)
21 21

[lepBast BeNMWYMHA €CTh CPEIHAS WHTEHCUBHOCTD, BTOPASA MPONOPIMOHATBHA MOTOKY M3/TyHYeHWs], WAYIEMy BHH3, T. €.
OPOEKIMH BEKTOPA MOTOKA HA HATIpaBJIeHne Bo3pacTanus rinyounst: H(7) = 4wh(7). Yepe3 BBeeHHBIE BbIITE OJIHOCTO-
poHHVE HHTeHCUBHOCTH (96) BemmuuHbl (98) BBIPAXKAIOTCS TaK:

1 1
I(r) = @) + 1), h(r) = 3114 (r) — I ()] (99)
3/1ech MepBOE PABEHCTBO TOYHOE, a BTOPOE HANMCAHO ¢ yueTom npubmxenus (97). @opmynnr, ob6parasie (99), nator
ILo(r)=J(1)+ 2h(1), I_(1)=J(T)— 2h(7T). (100)

ITpounTerpuposas ypasHeHue nepeHoca (95) no 1 caagana no npomexyTky [0,1], a 3arem no [—1,0], momy4um B
TOM Ke TpubIIKeHnu (97)

_1dI(7)
2 dr

ld[+(7') _

S = 1) + B,

=—I_(7)+ B(7). (101)
['panuynoe ycsioBue, Bhipaxatolee orcyrersre auddy3HOro naiydenus, najaomero ceepxy, nveer sua I (0) = 0.
CocraBus cymMy u pasHOCTh ypasHennit (101), HaiieM NTpuOIMKEHHBIE yPABHEHUS [Tl CPEIHEH WHTEHCUBHOCTH
dh(r) dJ(r)
=0 ———= = —4h(T1). 102
dr ’ dr (7) (102)

FpaHI/ILIH()e ycaoBue Oad 3TUX BENMTUYHUH BBINIAIUT TaK:

" IIOTOKaA:

J(0) = %L (0) = —2h(0). (103)

31ech TakKe TMePBOE PABEHCTBO TOYHOE, & BTOPOE MPHOINIKEHHOE.
O603HAYMM TIOCTOSHHBINA B CUJIy TEPBOTO YPABHEHUS MOTOK JYyYUCTONH SHEPrud, UAYIIEH CKBO3b armocdepy, depes3
mF. Torga permenne moaydaeTcs TaKUM:

mF F 1
hZ—E:—Z, j(T):F<T+§) (104)

Hamomuawm, 9710 370 perrerne COOTBETCTBYET 3ajade O cepoit 3Be3mnHoi armocdepe, rae MCTOYHUKW W3y IeHusT
HaXOISITCST He B caMoil armocdepe, a B TiIyOnHe 3Be3/Ibl, OTKY/Ia UIET HAPYYKY MOCTOSTHHBIH MOTOK W3JaydeHust wF.

4. Meroxn cdepudecknx rapMoHUK. [Ipocreiimuii ciaydail 3roro meroga Obia npumeneH A.DIIUHITOHOM U
HOCHUT €ro uMs. 3JeCh TAK¥Ke OIPAHUYAMCS W3OTPOIHBIM PACCETHUEM, HO B ITIOCKOM CJIO€ OMTHUYECKON TOJIIUHBI Ty C
anbbe10 YacTUIbl .

B ypaBHenun nepenoca

dI(r,m) _
" dr

dbyukupnst ucrounukos B = A\J + By = B(T) He 3aBUCHT OT HANPABJIEHUSI, HO MHTEHCUBHOCTh 3ABUCUT HE TOJILKO OT T,
HO n Ot 7). PackiiagpiBaeM MHTEHCUBHOCTH B PsiZ 10 MHOTOUIEHAM JlexaHapa ¢ apryMeHTom 1):

—I(r,n) + B(7) (105)

=S LR, L) = [Py (106)
n=0

—1
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B nesoit yactu ypasaenus (105) umeercs MHOKUTEND 7). UTOOBI PA3IOKUTD B P NpoU3BeneHue 1l , BOCIOIb3yeMcst
COOTHOIIIEHNEM U3 Teopun MHOrowsieHos Jlexkanapa [13]:

(n+ DPosa () +nPus ()

P, = 107
NP () ) 4 (107)
Moncranorka (106) B ypasuenne (105) naer
- (n4+1)Puy1(n) +nP,_1(n) dl, .
— ==Y IL,(n)P, B. 108
> 101 O WULIUR (108
HOCJ]e CABUTa MHAIEKCa CYMMHWPDOBaHUSA B CyMMeE B JIEBOM 9acTn PaBEHCTBA MOJIyYUTCA
X[ n dly | n+1dl S
- — | Py =— I, (7)P, B. 109
nz:% [271—1 dr | 2n+3 dT} () HZ% (7)) + (109)
B ypasuenun (109) npupaBHEBAIOTCA KO3(DOUIUEHTHI TPH MHOTOWIEHAX OJHOTO TMOPSIIKA:
dr,— 1 dI,
n Ly DL S L (r) + Bno. (110)

on—1 dr n+3dr

Cucrema muddepennmansupix ypasaenuii (110) Geckoneuna. Ee mamo kak-to 3amkuyTh. IIpome Bcero ps (106)
3aMEHATh KOHEYHOH CyMMOIA, T. €. TIOJOKATh PABHBIMA HYJTIO BCe KO3(D(MHUINEHTHI, HAYMHAS ¢ KAKOTO-TO.
B merome DaaMHTTOHA paCCMATPUBAIOTCS TIEPBbIE IBA yPABHEHUS
1dnL dly 2dI
-+ B, 242 111
3dr 0 " dr  5dr ! (111)

n canraercs, 910 Is = 0. D10 yCjaoBWE 03HAYAET, 9TO

N~

1 1
1 1
3 /(3772 — 1)I(r,n)dn =0, /7721(7, ndn = =J. (112)
-1 —1

Ero MOXHO nosiyaurh, BhIHECS B 1IEPBOM MHTErpajie 3a ero 3Hak CpejHee 3HavYeHNne KBaJapara KocuHyca, pasaoe 1/3.
IMpumennwm onsts o6oznavenuns (98), a MMeHHO:

Iy=J, I, =3h. (113)

B arux o6ozuavyenusx ypasaenus (111) 3amucbiBarorcs Tak:

dh d
—— = —(1-A\)J + By, 47 _ —3h. (114)
dr dr
Ecnu uckmoYnuTh NOTOK, MOJTYYaeTCs OJHO YpPaBHEHUE
d2
—Z —3(1—-X)J +3By =0. (115)
dr

D10 JIMHEHHOE ypaBHEHUE BTOPOTO MOPsiAKa C MOCTOAHHBIMU KO3 (PUIMEeHTaMU UMeeT OUYEeBUIHOE PEIeHne OJIHOPOI-
HOTO ypaBHEHUA

J = Cre" + Coe™, (116)

rne k = /3(1 — ). [Ing nonydeHus: 9acTHOrO PEIIEHUs HEOOXOJUMO BOCIONB30BATHCH IPAHUYHBIMU YCIOBUIMU,
KOTOPHIE BBIBOJASTCS CIECAYIOMWM 00PAa30M: BBIHOCSATCS CPEIHWE 3HAYEHWsT KOCMHYCA B HATMPABIEHWW BHW3 W BBEPX.
I'parnvHble MHTEHCUBHOCTH OTIPEIEISTIOTCS (DOpMyIaMn

0 1
1 1
7O =5 [ 100, @) =5 [ 1. (117)
-1 0
a MMOTOKM: Ha BEepXHeH rpaHuie
0 0
1 1 1
o) =5 [ 10mndn =~ [ 100,m)dn = ~570), (18)
21 21



a Ha HIDKHENR

PN

0
/I(To,n)dn = %J(To)- (119)

-1

h(ro) = %/I(ﬂ n)ndn =
0

C yuerom Broporo ypasuenus (114) rpaHudHbIe yCIOBUSA NEPENUCHIBAIOTCS /IS CPEJIHEH WHTEHCUBHOCTH:

247 B 2dJ
(0-39)| o (0+59)

Horenem pemenne 10 KOHIA /s Kaaccn4ieckoit 3agauan Munna, korma A = 1, B, = 0, 19 = co. Ypasrenns (114)
MpUHUMAIOT (HOpMY

=0. (120)

T=To

v dJ

— =0, — =-3h. 121
dr dr (121)
Ux pemenne ¢ yaeToM rpaHudHOro ycmosus npu 7 = 0
F 3 2
= —— =-F -]. 122
=g 7=3F(r+3) (122)

EIHG OoaVH KJIaCCUYIeCKUit ﬂpI/I6J'[I/I)KeHHBIf/'I METOa OCHOBaAH HE Ha YCPEOAHEHWW MWHTEHCUBHOCTH, a HA l'[pI/I6IH/I)K€HHOM
npeacTaBJIEHUN MHTETrpaJia 1o Yyriy, XOTd B CYIIIHOCTHU MAEA Ta Ke.

5. Meroa AUCKPETHBIX OpAMHAT. DTOT METOJ B TEOPUH TEPeHOCa ObLT pa3paboTaH W MIUPOKO MPUMEHSIICH
C. YanzapacekapoM [85] 1 HOCHT ero uMsi.
B ocHoBe meroma sexkuT mpuMeHeHne KBaaApaTypHoit dhopmyasl. UHTErpan mo yriy mpeacTaBiasieTcst CyMMOii

1 n
[ 1man =3 asitr) (123

KOTOPOIT M 3aMEHSETCs WHTErPajl B yPDABHEHWH. 3aTeM B yPaBHEHUE BMECTO 1) NOJCTAB/ISAIOTCS 3HAYEHUS 7)j, U TIOJLy-
qaercst cucreMa JuHEHHBIX anddepeHImaIhbHbIX YPABHEHNH ¢ TTOCTOSTHHBIMY Kodddummerntamu. ['pannaabie ycmoBust
TIPY 3TOM OY€Hb TTPOCTHI W COBMAAAIOT C TOYHBIMHU. EC/In HA TPAHWITHI HE MAJaeT ndaydenne, To mpu 7 = () paBHBI HYJIIO
MHTEHCHBHOCTH € TIOTOXKATETBbHBIME 1), TP T = Tg € OTPHANATETEHBIMI.

Paspa6orana ofOmupHasi Teopus KBAIPATyPHBIX (OPMYT, TPUCIOCOOTEHHBIX /1T PA3TUYHBIX TOIBIHTEIPATBHBIX
dbyukuuit u npomexkyrkos unrerpupoBanus (cM., nanpumep, [38]). Ilockonbky dopmyna (123) comepxkur 2n mapa-
MeTPOR (1 Y3JI0B 7); ¥ N BECOR ¢j), MOXKHO RHIMTOIHATEL 21 YCIORMHA. YCaoRUsS MOTYyT OBITh pazmwankivu. Hampumep,
BO3MOKEHBI BHIOOP PABHOMEPHON CETKW Y3JIOB WM 3aKPETyieHne TPaHuYIHBIX y370B. Kcan morpedboraTsh, 9106w Hhop-
MyJa JIaBaia TOYHbIE PEe3YIbTATHI /T MHOTOMIEHOB MOPSAKa 10 2n — 1, T.e. amsa crenernet aprymenTa 0,1,2,...,2n—1,
TO MOJMYYUTCA TaK HazbiBaeMas (popmyna Haupbicmiell Tognoctu. B ciydae unrerpanos suga (123) takas dopmyna
HaswiBaercs dpopmynoit Laycca Jlexxanapa. BeiBegem ee ans cnygas n = 2.

DopmMyna HAMBRICIIIEH TOYHOCTW BTOPOTO TOPsiAKa /st mATerpana suaa (123) nveer Bus

1

/f@ﬁn=mf@ﬂ+aﬁwﬁ- (124)

—1
Z[O.H)KHBI BBINIOTHATHCA paBEHCTBa

1

1
2
/dn=a1+a2=2, /nan=amf+a2n§=§,
2 21
1 1

/ndn = a1 + asnp =0, /n3dn = a1n} + agn3 = 0. (125)
-1 -1

13 CBOfCTB CHMMETPHE OYeBHIHO, 9TO a1 = G, 1)1 = —7)2. JCHO, 9T0 a1 = az = 1, n1 = —ng = —1/+/3.
ITpumennwm BhiBEnenHyI0 dhopmyny K naTerpary (123):

/< =21 (o) e ()], -

30

j:

N =



Omnare obparnmed k 3amade Munna. [locne moacTaHOBKM B cHCTeMy 3HAYEHUH 17); MOMYIATCA

1 dI(r,-1/V3) 1
_%T_—I<r,—%>+$ (127)

1 dI(r,1/V3) 1
S (n )+ (128)

HeficTByst aHAJIOrMYHO TIPEABbIAYIIEMY C MCIIOJIb30BaHueM rpanndnoro ycuaosust (0, 1/\/5) = 0, HaxogMM perenne

sodr(edy 120

Takum obpazom, pemenue 3aaa9u MUuaHA MOMYY€HO TpeMs NpUOINKEHHBIMEA MeTofgaMu. [l HATISIHOCTH 3aIu-
1MeM 3TH PENeHns PsAJI0M:

1
J=F (7‘ + 5) Meron [Isapmmunsaa lycrepa,
3 2
J = ZF T+ 3 — MeToJ|, O JJIMHITOHA, (130)
3 1
J=-F |17+ — Mmeron Yanapacekapa.
4 V3 ) pRETEED

ITepBble 1Ba MeTOJA JAIOT OJUHAKOBBIC 3HAYCHUSA CPeIHE HHTeHCUBHOCTH Ha TPAHUIE, BTOPBIE B TPHU OOIBITAX
3HAYEHUSAX ONTHYECKON IIyOHHBL, T. €. B DIyOOKHX C10ax aTMocdepbl. KoTopbIi B3 Tpex MeTo0B 60/1ee TOUeH, BHIACHAM
BIIOC/IEICTBUM. 3AMETHM, 4TO BTOPBIE IBA METOJIA, B OTJIUYHUE OT IEPBOr0, JOIyCKAIT HENOCPEACTBEHHOE 0bo0menue (¢
GOIBITUMY 3HAYEHUSIMY 7). 3AMETUM TAKIKE, 9TO METO, D IIMHTTOHA ObLI OBl TOXKIECTBEH MeToy Uanapacekapa, eciv
Ob1 TP (HOPMYIMPOBAHUN TPAHWIHBIX YCJAOBWH B TIEPBOM M3 HUX B TIPEJCTABISIONINX TTOTOK WHTErPAJIaX W3 PABEHCTB
(118) u (119) BBIHOCHIKCH HE CPEIHUE KOCUHYCHI, 8 CPEIHEKBAJIPATUUHBIE UX 3HAUCHHUS.

Haiing pemenue ypapuenus (95), Mbl NOMYYUIN TPUOIUKEHHOE PACIPEIETICHIE TEMIEPATYPLI B aTMOChepe:

T(r) = {(4_”> B(T(T))] e [(4—”> J(T)] " (131)

ac ac

6. Merox, Cobousera. dror meron 6611 paspadboran B. B. Cobosenbim st 3amaun 0 audpy3HOM OTpaKeHuu u
npomnyckanuu [70]. I3noxum ero mis nory6ecKoHedHOH cpebl, T. €. I71d 3a1auu 00 orparkenun. IlepeHoc ero ua ciydait
KOHEYHOTO CJI0sT HETPYAEeH, HO TPOMO3I0K. Kak OOBIYHO, ST MPOCTOTHI CIATAEM, UTO A3WUMYT MAJATOIIEr0 U3y YeHnsT
pPaBeH HYJIIO, T. €. OTCINTHIBAEM A3WMYTHI OT HAMPABJIEHHUST ITOTO BHENTHETO MOTOKA.

Meroz, pazbusaercst Ha aBa rana. CHavaaa paccMaTpuBaeTCst paccesiHue rnpu npocreiineil Hecdepuieckoii HIu-
Karpuce. Y paBHEHUE MMEPEHOCA PEIIAeTCsl METOA0M, OJIM3KUM K METOAY D JIMHTTOHA.

IIpu ungukaTpuce

Zapr(Y) =1+ z1c0s7y=14+121 {nn' +V1-n%/1- 77’2 cos(p — cp’)} (132)
MHTEHCUBHOCTH U (byHKHVIﬂ MCTOYHUKOB COCTOAT N3 ﬂByX a3VIMyTa,ﬂBHBIX T‘a,pMOHHK

I(1,m,9,¢) = Io(,n,() + 211 (7,1, () cos , (133)
B(7,m,¢.¢) = Bo(r,n,() + 2B1(7, 7, () cos . (134)
Kosddwnmmentnr 2 nepes BTOPbIME C/TaTa€MBIMHA BBEAEHBI JIJIST TOTO, 9TOOBT 0OpaTHbIe (OPMYJIBI OBIIN OTUHAKOBHI:

2w

1
I Q) = o= [ 1r0.0.0) cosnodo (135)
0
1 2
Balrin.6) = 5 [ Blrn .0 costmp)de (136)
0
CoOoTBeTCTBEHHO UMEEM [IBA yPABHEHUS TIEPEHOCA
dlo(7,n,
n O(dTn C) = —10(7',7]70 ‘|'BO(7'J]7§); (137)
dfy (7, n,
DO .0+ Balrn,0) (139
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Banumem ypaBHenue 6anaHca SHEPTUM, MOJICTABUB B Hero unaukarpucy (132):

S
B(r,m¢,Q) = -1+ z1nC)e” ™S + AT + Azinh+

A
+ ixl V1—=n2y/1—=C2cospe™ /¢ + \z1\/1 — n2gcos p. (139)

31ech BBEIEHBI 0003HAYUEHNS: ITsT CPeaHel HWHTEHCUBHOCTH

1
1 1
7.0 = = [ 100000 = 5 [ Bimn.oan (140
]
JJIST BEJTMAWHBI, TTPOTIOPIMOHATILHOW TTIOTOKY W3JIy9YeHUs BHU3,
H 1 1 /
= = — 2p0="= 141
WO = 4 =5 [ wlmne. 0o =5 [ alo(rn.)dn, (141)
21

a TakKe 771 HOBOHM Be/NMYMHBI, XapaKTePU3YIOIell TOPU30HTAIBHBINA MOTOK B HATIPABJIEHUM MAJAIONIEr0 U3JTyYeHu ),

=— V1=n2cospl(T,n,¢,()d /\/1 2L (r,n,¢)d (142)

B cBoio o4depeab azuMyTaJIbHbIE TaPMOHHKHW BBIPDAXKaIOTCA Yepe3 BBEIECHHbIEC BETUYUHDBI. Z[.Hﬂ UHTEHCUBHOCTEH 3THU
BbhIDAXKEHUA TJIACAT

To(r,m,€) = T(r,Q) + 8h(r,On, Ti(r,,Q) = 5/ T— 7g(7,0), (143)

B TO BpeMmsi Kak it MYHKINH HCTOTHWUKOB OHHM CJIEAyeT W3 PABEHCTRA (139)) W UMEIOT BUJ,

Bo(r,1.¢) = 75(1 +amQ)e /4 AT (7, <) + Azih(T,C), (144)

Bi(r,n,¢) = —xlx/l— 2y/1—C%¢ _T/<—|— a:l 1—n2%g(7, Q). (145)

Pemaem ypasHenue ais HyneBoit rapMmonuku. [IpounTerpuposas (137) mo 7 ¢ BeCOBbIMU MHOXKUTENAMU 1 U 1) 1
MPUMEHUB NPUOINKeHne D IAWHITOHA, MOJYYUM /IBA YPABHEHUS

dh )\S
— = (1= 22 o—T/C
=== NI+ e
47 _ —(3—Ax1)h + )\—xlge_T/C (146)
dr
I/IS HUX TIOJIyY9aeTCA OAHO YPaBHEHUE IJId cpe;mef/’l MHTEHCUBHOCTHU
2
7 (1—=N(3=Azx1)J = —§[3+ (1= Na]e” /¢, (147)

dr2
Permrennie nmreitHOr0 ypaBHEHWsT BTOPOTO MOPSIAKA € MOCTOSHHBIMK KO3 dunmenTamMu ciaraercs w3 0o0IIero pe-
IIEHUsT OJIHOPOJHOIO YPABHEHUsI M YaCTHOTO PEIIeHns] HEOLHOPOIHOIO ypapHeHwus. I[10CKoIbKY CBOOOIHOE claraemoe
nipencTaBisier cob0i IKCMOHEHTY, YACTHOE PEINTeHNe WINEM B BHUE TAKON YKe IKCMOHEHTHI C APYTUM MHOXKuTemeM. Pe-
IMEeHUSAMA OJHOPOJHOTO YPABHEHNA TAKIKe ABIAIOTCA IKCIOHHTH eF7 &k > 0, re mokaszarens k=+/(1—\)(3—\z1). B
cay4ae moaybecKoHeIHOH aTMOocdephl PACTYIIYIO SKCIIOHEHTY CIeJAyeT OTOPOCUTH, TaK KAK IMOJIe U3NyYeHUs B 3a1a4e
006 orpaxkennu ociaabesaer ¢ raybnnoi. Koaddunment nepen yobIBAIOIIEH SKCIOHEHTON OMpeaensieTcsa u3 IPaHuIHOTO
yCJIOBHsI, KOTOPOEe MMeeT Buz nepsoro pasenctsa B (120), 9T0 xapakTepHO st METOAA DJIAMHTITOHA. B pesyabrare
pemenne 1mojayvaeTcsa B d)oplvre CYMMBI IBYX CJIara€MbIX:

J(1,¢) = Ce™ " — De™7/¢. (148)
Koaddrmmentsr mpu skcrnonenTax
AS ¢ 3+ (1—Nay
=1 - - 14
“=3 3—/\a:1+2k{ T 2T B An)d 2x1}, (149)
_AS ¢
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ITo maiinennoit cpeaneii naTeHCHBHOCTH N3 (146) Jerko HAfiTH U MOTOK:

h(r,¢) = L ﬁxle*”c + kCe™* — ?677/< . (151)

3—)\.231 4

IMepexoaum k mepBoii rapmonuke. Ipu unTerpupoBanuu ypasaenus (138) mo HanmpaBaeHUsM 3eHUTHOTO YA WH-
TerpaJs Mo, 3HaKOM MPOU3BOIHON BBUIY HAMUYNA HEUYETHOTO MHOXKHUTEN 1) MOXKHO TOJIOXKHUTH PABHBIM HYJIO, TAK YTO
YPaBHEHUE /i1 § TIO/IYy9aeTCsT aJIreOpanvIecKuM 1 PermeHne HaXOAUTCsT MTPOCTO:

AS
o(r.¢) = VT= e (152)

Bamernm, uro (148) n (151) comeprkar aBe IKCTIOHEHTH, y 01H0# 13 kKoTophix (e~ F7) koaddurmenT nepes 7 MerbIe
1, a y npyroii (e*T/C) — 6oanrre 1. TloaTomy BTOpasi, OMMCHIBAIOIIAST MPSIMOE MAIAIONIEe U3TyUeHne, ociablerHoe B
armocdepe, yObIBAET TOpa3no OBICTPee, 9eM MepBasi. ITO U O3HAYAET, 9YTO aAuddy3HOe U3IydeHre BHYTPU aTMOCheph
BHAYUTENHHO CUIIbHEE, 9eM MaJarolee. A3uMmyTaabHast 9acTh U3y IeHNs, OMUChIBaeMast (DYHKIHEH g, yObIBAET TaK Ke,
KaK W MOTOK mepBudYHOTO ndnydenus. Ona obpamaercsa B Hy/b nipu 1 = 0, KOrga paccesane n30TpOnHo, u mpu ¢ = 1,
KOTJIa OCBEILEHUE HE 3aBUCUT OT a3UMYTa.

Mo dopmynam (143)—(145) MOKHO HAHTM MHTEHCMBHOCTH W (DYHKIWIO MCTOYHWKOB B 3TOM Npubsmkenun. Brpo-
9eM, MHTEHCUBHOCTH MOXKHO €elie YTOYHUTH, MOACTABURB beHKI_H/HO UCTOYHUKOB B BbIPpa>KEHUA WHTEHCUBHOCTU 4Yepe3
Hee, T.e. B ¢popmaabHOe pemrerne. [1ockonbKy GyHKINS UCTOYHUKOB MPEICTABIEHA MPOCTHIMU IKCIIOHEHTAMU, BIATHE
WHTErpaJjoB HE MPeJCTABISET TPYy/a.

Takum obpazom, mpubIMKEHHO HAKAEHB (DYHKIWS WCTOYHWUKOB W WHTEHCUBHOCTH TIPW MPOCTEHTITEH WHANKATPH-
ce (132). Ha sropom stane meroma CoboseBa mpemiaraercst OJHOKPATHOE PACCESTHUE YYECTh TOYHO, a MPUOIMIKEHne
CIIEIATH TOJRKO MPH OMPEIETEHNH MHOTOKPATHOTO. 151 3TOTr0 M3 MATEHCHBHOCTH (Mn (DYHKIIMU NCTOYHUKOB) BHIMATA-
€TCsl 9aCTh, COOTBETCTBYIONIAs OJHOKPATHOMY PACCESHUIO ¢ MHAUKATPUuCOoi (132), u 100aBiasercs MHTEHCUBHOCTh IPU
OTHOKPATHOM PACCETHUM C TOYHOM nHAnKaTpucoit. [Ipu 3Tom a1st K03 GUIMEHTOB IPKOCTH UCTIOTB3YIOTCH (OPMYIIbI
(92).

OUBIT TTPUMEHEHNA METOdaA MMOKa3aJl JOCTATOYHYIO €rOo TOYHOCTH JIJId MHOTUX an/IJ'[O)KeHHf/'I. prqvma ycrnexa MmeToda
B TOM, 9TO C KaXXJbIM DaCCedHUEM M3JIydeHne, MEePBOHAYAJIBHO ITIEAIee B OJHOM HallpaBJIEHWUW, PACIIJIBIBAETCA, TaK
KAK WHIUKATPUCA UTEPUPYETCS U TeM CAMbIM CTAHOBUTCs Onuke K cdepudeckoil (cm. nuxke). Bee ke Meron Hemb3s
MIPUMEHSTh, €CJTM WHINKATPUCA OYEHb BBITSHYTA BIEPE/I, TAK KAK TOIJA PA3MBIBAHUE U3JIy9EHHUs TI0 YIIAM MPOUCXOIUT
TOJBKO TIOCTIE MHOTHX PACCESHU.

Meron, 6611 pazpaboral B COPOKOBBIX rofax. B ceMuaecsThix ObLiIa NPeajIoKeHa MOAN(MUKAIINS MEeTOHa, MO3BOJIs-
I0ILasi PACIPOCTPAHEHHE €0 HA CUJILHO BBITSIHYThIe MHAMKATPUCH [27,78]. Ijisi TaKMX MHAMKATPUC MOYKHO BBIJIEJINTH
BBITﬂHyTBIﬁ BTIEpE] Y9aCTOK, TTPEACTAaBUB NX CyMMOf/'I NUTOJILYATON MHAWKATPUCHI U PETYIAPU30BAHHOTO C/IaraeMoro:

z(y) = 2b6(cosy — 1) + (1 — b)z. (7). (153)

Takoe mpeacTaBierHne He MPUBOAUT K YCIOKHEHUSM, TaK KaK PACCESTHWE C WTOJBIATON WHIANKATPUCO, MPW KOTOPOit
HaTMpaBJIEHWE W3JIyYeHUsT B PE3yabTaTe PACCESTHUsT HE N3MEHSeTCsT, GAKTUIECKN MPUBOJAUT K TOMY, 9YTO yMEHBITAETCS
ko3 dunment nornomenwns. deficreurensro, npn naaukarpuce (153) GyHKIUS MCTOYHUKOB MPEJICTABISIETCS BhHIPA-
JKeHUeM

A
B(rn,¢,¢) = B + — /dzw'[2b5(cosv -1+ A =b)z() (0, ¢, )+
A
= B* + AbI(Ta 7, ¢, C) + E(l - b) /dQW/x* (W)I(Tv 77/; Sﬁla C) (154)

Bropoe cinaraemoe crpaBa IpocTO BHIYUTAETCS U3 UHTEHCUBHOCTH, CTOSAIIEH CIpaBa B ypaBHEHUHU NEPEHOCa, (CIaraeMoe,
OIUCHIBAIOIIEE TIOTTIONIECHNE), U KO3 dunuenT npu Heii npesparaercs B 1 — Ab (mociie BBeIeHUS ONTHYECKOH 11y OUHbL;
J10 BBejIeHus ObLI0 Obl &2+ 0 + ob). VI3MeHuTCs 1 BepOATHOCTH BhIKUBAHUA (DOTOHA: OHA TPUOOPETET MHOKUTED 1 — b.
Hobarounnit MEOXKWUTEIH 1 — A\D MOXKHO BHECTH B OnTHYecKyio riiyonny. Torma ReposiTHOCTh RhKWBAHWST (DOTOHA eIlie
pa3 mamennrcst u craner A(1—0)/(1—Ab) = o(1—b)/[ee+ 0 (1 —b)]. locne Taxoii mepeHOPMUPOBKH ONTHIECKHUX TLyOHH
n )\ MO>KHO TIPDUMEHATH METOABI PEIEHNA 3a1a9 C HECUJIBHO BHITAHYTHIMU WHAWKATPUCAMU, B 9aCTHOCTU METO/ CO60—
neBa. Criocoh BeIOOpA MHOXKUTEN b 3aBUCUT OT CBOWCTB peanbHOM nHAnKATpuchl. [IpreM, 0CHOBAHHBIN HA BBIIETEHUN
J1embTa00pPA3HON YaCTH W3 WHANKATPUCHI, HA3BIBAETCA WHOTIA TPAHCIOPTHBIM MPUOTMKEHUEM.

7. CxoaMMoOCTh MTEPUPOBAHHBLIX MHIAMKaATpUC K cdepudeckoii. B komme storo maparpada caemaem omHo
obmiee 3amedanne. Kak Mbl BUIEIW, MHOTOKPATHBIE PACCESTHNUST COOTBETCTBYIOT WUTEPAIVSTM WHTEIPATHHOTO YPABHEHWS
nepenoca. Ilpu 3ToM urepupyercs nHANKATPUCA paccesinus. [Ipu He CIUITKOM OrPAHUYUTENBHBIX MPEANOI0KEHUIX 00
WHIAKATPUCE TAKUE UTEPAIUH JTOBOJIBHO OBICTPO CXOAATCS K W30TPOIMHOMY PACCESHUIO.
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Jlnsg meMOHCTpAIMy CKA3aHHOTO HAiieM CHAYAIA BhIpAXKEHUE s urepanun waaukarpuc. [lycts doronH, 1Buxy-
MUicsT B HATPARJIEANN BEKTOPA W, PACCEMBAETCSA ¢ WHAWKATPWUCOW () B HATpaBRJIeRnn BekTOpa w'. 3aTem paccestH-
upiii horon eme pas paccemBaerTcs npu JApyroit unaukarpuce r(1)(7y) B Hanpariaenve wi. O6ozHauum wwi = cosv,
ww’ = cosf. Beemem TakKe HEKOTOPBIA a3UMYyT (0 BEKTOPA w’' MO OTHOMIEHWIO K w. Torma obmast BEpOSTHOCTh yKa-
3aHHOTO TPOIECCa paccesans GhoToHa

1
z(2)(7) = = /de’x(G)x(l)(arccos(cosvcos@ + sin+y sin 6 cos ¢)). (155)

ITocne ycpennenunst Mo a3uMyTy MOJIy9a€TCs CREPTKA JABYX WHINKATPHC:

™

1
r2)(7) = 5 /sln 0d0x(0)p(1)(cosy, cos ), (156)
0

CIe p(1)  YCPEIHEHHAs MO a3UMyTy MHIMKATPHUCA x(l)(*y).
IMpumenum Boipazkenue (156) K uTepaiusam OIHON MHAMKATPUCHL (%), KOTOPBIE CBA3AHBI PEKYPPEHTHBIM COOTHO-

TMEHNeEM
T

1
(™ (v) = 3 /sinedﬁx("_l)(@)po(cos%cos 0), (157)
0

TJie TeNneph Py — PE3YJAbTAT YCPEJHEHUs 110 a3UMYTy PACCMATPUBAEMOIT MHINKATPUCHI.
Wcexons m3 pasnoxkennst no Maorounenam Jlexanapa naaukarpucer (9) n ee a3uMyTaapbHOTO Cpearero (PaBeHCTRO
(45) npu m = 0), Jerko Noka3arh, 9T0 KOI(POUIUEHTDI PA3TOKEHU N~ UTEPUPOBAHHON MHINKATPUCHI

™) = 3 2 Pulcosy), 2@(y) =a(y), 2 =z, (158)
m=0

Ipu BceX 1 > 1 MOJIMHAIOTCS CAEAYIONEMY PEKYPPEHTHOMY COOTHOIIEHHUIO:

(n) — _Tm__ (n-1) 159

x%‘)—( T ) . (160)

U3 KOTOPOT'O BBITEKAET, 9TO

2m+1

[TockoNbKY y HECUTITKOM CUJIBHO BBITSIHYTON WHANKATPUCHI Ty < 2m—+ 1 (PABEHCTBO MPW BCEX 1M OTBEYAET MIOJIBIATOM

nnaamnkarpuce (15)), Bce koapdunmentor (160), kpome x(() " — = 1, BBICTPO CTPEMSITCS K HYJIIO, 8 CamMa WTEPUPOBAHHAS

WHIUKATPUCA K CPEPUUECKOil.
OrmedenHOe 06CTOATETBCTBO O0BSACHSIIET BBHICOKYIO TOYHOCTH MeToma Cobomnesa.

§ 2.5. DBpUCTUUYECKNE METOIbI

IePUCMUBECKUMU HAZHIBAIOTCS TAKUE METO/IbI MTOJIYYEHUs PEIIeHNs 33/1a4, KOTOPhIE HA OCHOBE HENOCPEICTBEHHOTO
paccMOTpEHUA NPOLECcCa pPacCeaHns, MUHYs ypaBHEHUE NIEPEHOCA, MO3BOJIAIOT 10JIy4YaTh U3BECTHBIE U3 TPAJAUIIMOHHON
TEOPUH UIH HOBBIE COOTHOINEHU. [Ipr 3TOM MOCKOIBKY HEITOCPEICTBEHHOE pelleHre HHTerpoanddepeHnua bHbIX W
WHTETPaIbHBIX YPABHEHUN TEOPUU MEPEHOCA TIPEJICTABALAECTCA TPYIHOU 3a/1a9€eii, IBPpUCTUUECKUMA METOAAMY CO3IaTETN
TEOPWW TIEPEHOCa CTPEMUJINCH BBIBECTH OOjIee yIA0OHBIE JJIsT PEITIEHNsT YPABHEHWST WJIW BBISICHUTH CTPYKTYPY PEIeHuii
[0 WX BBIYUCIEHWS. 3€Ch PACCMOTPUM TPHW TAKWX TOIXO0A: MPUHIAI WHBAPWAHTHOCTU, METOJ CJIOXKEHWS CJIOEB W
BEPOATHOCTHBIH METO/I.

1. IIpuaImMn naEBapuaHTHOCTH. DTOT MeToA ObUL paspaboran B. A. Ambapiiymsinom B copokorbix rogax [4]. Uz-
JIOYKUM OJIMH M3 €r0 BAPMAHTOB HA MPUMeEpe 3a0a91 00 OTPAYKEHUN OT TOTyOeCKOHETHOH aTMOChephl MPU W30TPOITHOM
paccestiun [44,70].

IIycts HaA rpanuily arMocdepsbl MagaeT MOTOK MapalienbHbIX JTydeil ¢ HHTEHCUBHOCTHIO 7S MO YyIIOM arccos (.
O603Ha9MM, KAK 0OBIYHO, THTEHCUBHOCTD OTPAXKEHHOro uaaydenus I(n, ¢) (Ipu ©30TPOMHOM PACCESTHUN UMEETCS TOJb-
KO Hy/IeBas a3UMyTaabHAs FAPMOHUKA).

Jlobasnm k armocdepe Caoil Takoro ke BemecTBa Majol ontmdeckoit tommmuabl A7 K 1. Or Takoit mobasku
cBoiicTBa arMocdephl B EJIOM HE U3MEHSATCS, T. €. B OTPAXKEHHOM MOTOKE WHTEHCUBHOCTH Oyger ToYHO Ta x)e. () aHako
MOXKHO PACCMOTPETh, KAKWE MPOIECCHI MPOUCXOAAT B J0OABOYHOM CJIOE. DTO MO3BOIUT MOMYIUTH yPABHEHUE IS
WHTEHCUBHOCTY BBIXOISIIETO U3JIYI€HUS.
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IIpexkme yem paccMaTpHUBATDH MTOCTABIEHHYIO 337a49y, HATIOMHIAM HEKOTOpPBIE (DAKTHI TeOpuu mnepenoca. Ecau uzmy-
YeHMe MPOXOANUT CJION TOMIIMHON T 1101 yrioM arccos (, ono ociabusiercss 8 e~ /¢ pa3. Tor e ciioii norou@eT 10010
1 — e /¢ or nagatomero nyuka. Iagaiouiee u3aydenne ¢ MHTEHCUBHOCTHIO TS MO yrioM arccos( mocTapisier Ha
€IMHUYIHYIO TLIOIMIAIKY IPAHUIBI IHEPrUui0 7S¢, TaK KAK ITO W3IyUeHHE PACHPOCTPAHSETCS HE HA eIMHWYHYIO, a HA
GobIIyI0 TwIomAaab: 1/¢ (Kak u3BECTHO, 3TUM OObICHIETCs MOXOa0Aanue 3uMoii). Hanporus, uznydaemas sHeprus ¢
€JIMHUIIBI TLIOMIAN € TIOJ] yTJIOM arccos ( JaeT MHTEHCUBHOCTH €/(, TaK KaK HA MEPIeHAUKYIAPHYIO €IUHUIHYIO L0~
WIAJKy ronajaer npu 3roM sHepruu B 1/ pa3 6osbine. Paccesinne eanananoro obbema B €MHUYHBIH TEJIECHBIN yroJl
ITPONUCXOAUT € BEPOSITHOCTHIO A/47.

Temeps paccMoTpum, 9TO TTpoucXoaAuT B mobaBnerHoM ciioe. HeobxoamnMo yaecTs TsiTh TTPOIECCOB, MPU KOTOPHIX B
3TOM CJI0€ TIPOUCXOINAT He DOJIee OJHOIO PACCEsTHUSI.

1) Magaomee u3aydYenne NpOXOIUT Yepe3 JOOABIEHHBIN CI0ii, 0CIab/sagCh B HEM, U OTPAYKAETCS MOTYDeCKOHEYHO
armocdepoit 1o yriaoMm arccos?, kak Oyaro gobarounoro ciost ver. [lo myTn gepe3 Hero owo erie pa3 ocsabJisiercs.

Pesynnrupytormias WHTEHCUBHOCTH
AT\ I(n,¢) At
Sl1—=—/—) =2 (1-=—). 161
" ( C) ™S n (161)

3aeck ocmabienne B TOHKOM CI0E PA3I0KEH0 Mo TosmmHe ciaosi: e~ 27/ ~ 1 — At /1. Craraemoe, TpOMOPIHOHAILHOE
(AT)2, cieayer oTGPOCHTD.
2) JlobGaBIeHHbIi CI0i TIOTTOMAET W PACCEMBAET YACTH TIAJAIOMIEr0 H3Ty9eH s B CTOPOHY TPAHMUIIBI TIOJT 33 aHHBIM
yrioM arccos”. PaccesHHOe M3TydeHue IpoCcTO BEIXOJUT. JTO JaeT HHTEHCHBHOCTD
AT A1
sCATAL (162)
¢ dmn
3) YacThb MOTJIONEHHOTO W3AyHeHns CI0il PACCEMBACT B CTOPOHY CPeIbI TIOJ TPOM3BOMBHBIM yYIIIOM arccos?n’. DTo
W3JIy9eHre OTPAYKAETCS OT Hee, KaK OyATO cj1ost HeT. I1o MpoMesKyTOMHOMY yrily CedyeT MPOM3BECTH MHTErPHPOBAHIE.
MHTEeHCHBHOCTD, COOTBETCTRYIONIAA ITOMY MPOLECCy, npejacrasiasercs hopMyoi

1
AT N1 I (77 n')
TS(—— 2 dn ! ! . 163
/ ¢ 4Am S (163)
0
4) OTpaskeHHOe MO MPOU3BONBHBIM YTIIOM OT BHYTpPeHHEH (HAXOMAMIEHCS MO CI0EM) TPAHUILI U3y YeHHE TIOTTI0-
IIaeTcs CI0eM U PACCEeMBAETCS TOJ HYKHBIM yTIIOM. 9Ta UHTEHCUBHOCTH

1
JAT AL
I( ordn’ == 2, 164
/n(nﬂ 7 I (164)
0

5) OTpaskeHHOE BHYTPEHHEH MOBEPXHOCTHIO M3JIy9eHWE TOCJE TOTJIOMERNsT CJIOEM PACCEMBAETCS WM B CTOPOHY
Cpelbl, a 3aTeM OTPAYKaeTcsi OT Hee. 3/eCh ABa MPOM3BOJIBHBIX yrjla, NMO3TOMY B 3TOM CJIaraeMOM WHTEHCHMBHOCTH

TMOSIBJISIETCS JIBOWHOI MHTErpaJl:
11
JAT A 2mdn” 1(n,n")
I( 2 . 165
//nCnﬂ T P (165)

Koneuno, npoxozsiiiee yepe3 100aBOUHbIN €10l u3iyudenue ocnabisiercss B Hem. QuHako 310 ocjiabjieHne, Kak u mpo-
IIECCHI PACCESHUS BBINIE MEPBOTO TOPSIKA, BHOCUT B MHTEHCUBHOCTH BKJaJ 00Jee BHICOKOTO TIOPSIKA MAJI0CTH 110 AT.

CyMMa BCex 3alMCaHHbIX CJIaraeMbIX JAeT Ty e orpakenHyio narencusnocts (7, (). Tlocie cokpamenus ciara-
eMbIX 0e3 MHOXKHATENA AT U JIe/IeHUs Ha YKA3AHHBIM MHOXWUTEb HIOIYYaeM

1 1 1 1
1 1 S1 A A A dn”
I —t+ ==+ =Inn)—+— [ I(n — I(n n. 166
(n’o<n+6> 477+2/ +277 S/ . 77”/ (166)
0 0 0 0
Ecnm or naTencuBHOCTH TIepeiiTi K KO3 DUIIMEHTY OTpasKeHNsT
1(n,¢) = Sp(n, €)¢, (167)

ypasuenue (166) mocie cokpanienus Ha S U yMHOXKEHUs Ha 1) TIPUMET 0O0JIee TIPOCTOH U CUMMETPUYHBIH BUJL:

1 1
p(n,Q)(n+¢)= /p (n,n")dn’ 1+2C/p(77”,0d77” : (168)
0 0
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Kak BuzgHo u3 ypasuenus (168), ero npasas 4actb pa3buBaercsd Ha NPOU3BeJEHUe TPeX MHOXKUTENeH. MuokuTem
B KBaJIPATHBIX CKOOKAX OYEHBh CXOXKW MEXKIy cOo0O0if, HO MOPSI0K apryMEeHTOB B HWX pasinden. B manbreitmem Oymaer
TTOKA3aHO, 9TO KOIMDDUINEHT OTPAKEHNS ABITETCS CHMMETPUIHON BYHKINEH CBOWX apryMeHTOR. BOCMoOIh30BaBITINCH
STUM CBOMCTBOM y2Ke cefiuac, u3 ypapuenus (168) nomyuaem npezacrasnenue Kodddunuenra depes oaay byHkmo (He
OyTaTh ¢ A3UMYTOM )

p(n,¢) = 2730(:)43020 :

IMpu nosyuennn npencrasienns (169) nz yparuennst (168) 6bu10 BBeseHO 0603HAYEHME JJIsi HHTErPAJIA

(169)

1
o(n) =1+ 277//)(77,77’)6177’- (170)
0

IMoacrarwe B 370 onpenenenne Buipakenne (169), nonyunm ypasrenue st GyHKINUN (0

1
on) =1+ %7780(77)/ U ),dn’~ (171)
0

Dynkomst @ u ypasnenne (171) nocar ums B. A. Am6apuymsina. Oka3anochk, 9T0 9TO HEJMHEHHOE yPaBHEHNE CPABHN-
TeJILHO IPOCTO periaercst urepauusivu. Ipusenem duciennsie 3nadenus: Gynkunn Ambapuymsina npu A =1 (¢(0) =1
npu BCeX \):

n |01 |02 |03 |04 |05 |06 |07 [08 |09 |10
@(n) | 1.25[1.45] 1.64 | 1.83 | 2.01 | 2.19 | 2.38 | 2.55 | 2.73 | 2.91

(172)
Ha puc. 3 npusenennt rpadbuku dbyHKImil (1) Ipu pa3nudHbIX 3HAYCHUAX .

e(n)
3.0

2.8
2.6
2.4
2.2
2.0
18
1.6
1.4
1.2
1.0

0.8 | | | |
0.0 0.2 0.4 0.6 0.8 10

Puc. 3. ®ynkuunm (7)) npM HEKOTOPHIX 3HATEHUSX .

[TpumeHeHHBIN TPUHIUANT WHBAPUAHTHOCTH MO3BOJIUI 0€3 MOAPOOHOr0 PACCMOTPEHHUS MPOIECCA PACCESTHUS B CPEe
u 6e3 ompenenennsi GYHKIANA UCTOYHUKOB UM KAKOW-TMO0 APYTOil XapaKTEPUCTUKY MOJIsI W3Iy9eHUsT BHYTPU CPEJIbI
nonyuutb dhopmyy (169), orpazkamnyo CTpYKTYpPy UHTEHCUBHOCTU BBIXOIAIIErO U3/IyYEHUsS W BBIPAKAIOILYIO 3Ty
byHKIMIO IBYX aprymMeHnTor uepe3 (byHKIMIO OJIHOTO apryMeHTa, a Takyke ypasrenue (171), pemenne koroporo gaer
BO3MOYKHOCThH PACCYUTATh 3TY WHTEHCUBHOCTh.

2. CioxkeHne cJI0€eB. JTO BAPUAHT MPHUHIIAIIA WHBAPUAHTHOCTH, HO B OTHOIIEHWN CJIOEB KOHEYHOU TOIIAHBI.

PaccmorpuM ongrh 3afady 06 OTparXKeHUU U3AYUEHHS OT HOJTYOECKOHEYHOH Cpelbl ¢ M30TPOIHBLIM PACCESHHEM.
O603HaYMM UHTEHCUBHOCTD M3JTydeHus Ha IyOuHe T B 3TOH 3aga4e, Kak u panee, depe3 I(1,7, ().

OrcedeM MBICJIEHHO OT MOJIyOECKOHEYHON Cpelbl CJIOW TOMMMHON 71. DTOT CJIOH OymeM Ha3hIBATH OTCEYEHHBIM,
a OCTaBIIYIOCS 9acTh armMocdephl — yceuennoi armocdepoit. dcno, uro mmxkuemy cio (ycewennoii armocdepe)
0e3pa3aIM9HO, 9TO €ro OCBENIAeT: JIEXKAIUN CBepXy OTCEYEHHBIH CI0H WU IIPOCTO TAKOE YK€ M3/IydeHue 0e3 caMoro
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crosi. VlHade roBOpsI, €CIIH yCeIeHHYI0 TOMyOeCKOHETHYIO CPe/y OCBETUTH BHEIIHUM IIOTOKOM, OCTAOMEHHBIM, KaK OyITO
OH TIPOTITEJT OTCETEHHBIH CJIOM, a TAKIKE TeM M3JIyTeHNeM, KOTOPOE CO3LARAIOCKH B 3TOM BEPXHEM CJIOe, TO st HUYKHEro
cJI0s1 KaK Obr HU9Iero He n3mennTcs. VI3mennTcst TORKO HAYasI0 orcyera riaybnH B ycedeHHoi armocdepe.

Taxum 06pa3oM, HHTEHCHBHOCTD U3/IydeHus Ha [JIyOUHE T + Ti UCXONHOH aTMOC(hepbl Claraercs U3 TPeX COCTaB-
AAIOMUX: 1) MHTEHCHBHOCTH B yCedeHHOH arMocdepe Ha IIyOHHE T OT OCTAOAEHHOTO MATAIONIETO IIEPBHTIHOLO
[OTOKA; 2) U3 AHAIOTHYHON HHTEHCHBHOCTH, HO OT H3JIyUeHHs, KOTOpOoe 06pa3yercs B OTCEUEHHOM CIIOe M MATAeT Ha
TPAHMILy yceueHHoit armocdepnr; 3) HAKOHEI, B CIyYae M3JIyYeHnsT, NAYIIero RHI3, MaJaomee Ha rpannmy gnddysnHoe
W3JIydeHre BEPXHETO CJI0s, OCTAbISISCh 0 JOPOTe, TIoNafaeT Ha MIyOnHy T HUYKHETO CJIOsi Kak MpsiMoe m3sydenve. B
pesy/IbTare mojydaercsi coorHornenne [31]

I(r+71,n,¢) = e /I (7,m,{) +

o;|

/ 1,0 OI(r, 0 )dy + I(1,m,()e”7/"0(n). (173)
0

3meck O(n) = [sgn(n)+1]/2 — byurms emuaTaHOTO cCKavka. MAOKATENH 27T TEPE, WHTETPATIOM BO3HWKAET BCJIEICTRUE
WHTETPUPOBAHUS 0 a3UMYTY, & MHOKHUTETh B 3HAMEHATEE  ¥3-3a TOTO, YTO HA CI0W MaJaeT MOTOK, PABHBINA He .9,
a I(Tla nla C)

Coorrommenve (173) no3BoJIA€T BHIYUCIUTH UHTEHCUBHOCTD HA IJ1yOHHE T + 71, €C/IM U3BECTHA MHTEHCUBHOCTD U3JTYy-
4enusi Ha ruybunax 7 u 71. Ecam B (173) nosioxkurh 7 = 79, TO nostyunresi hopmydia yABOeHus TyOUH: 110 3Ly Y€HUIO
HA HEKOTOPO# TyOWHE MOYKHO PACCUYMTATH W3JIyYeHWe Ha JABOWHON riaybmue. B Takom Bmae coornomenne (173) 6p110
MIPUMEHEHO K PACYETY BHYTPEHHETO MOJId U3mydeHus B 3agade o quddyzrHom orpazkennn. CHaYANA UTEpAMAMA Pac-
CYUTHIBAIACH HHTEHCHBHOCTH HA MAJBIX IMyOMHAX, & 3aTeM IyOnHA YABAMBAIACH U IOBOIUIACK 10 OOMBIITNX 3HAYCHUN
[26]. Meroa oka3ancs yCTORUUBBIM U JaBaj JOCTATOYHYIO TOUHOCTD.

3. BepogrHocTHad TpaKTOBKa. Teopust nepeHoca J0MyCKaeT UCTOJKOBAHNE MHOIMX CBOUX COOTHOIIEHUH B Tep-
MHWHaX TEOpumn BepOﬂTHOCTeﬁ. EFO MO>KHO Ha4aTh y»XKe C (bOpMyJ'[BI JJIA OCJ'[a6J'[eHVIﬂ MHTEHCUBHOCTHU: MHOXKUTEJIh
e~ 7T = e~ % paBeH BEPOATHOCTH TOTO, 9T0 (HOTOH MPOUIET pACCTOsiHHE z 0e3 MOTOIIEHUsT WU paccesHus. Toraa
pa3HocTh 1 — e™ %% ecTh BEpOATHOCTH, YTO (DOTOH UCIBITAET MOTJIONMIEHKE, T. €. OO0 TOruOHeT, OO PACCENTCs HA PaCc-
CTOSIHAW z. JTA PA3HOCTH €CTh, TAKUM 00PA30M, WHTErpanbHas (DYHKIWUS PACIPEIENeHNsT BEPOATHOCTH TOTTIONEHUS
dorona wa nytn z. duddepennnanbras GyHKIMa pacnpenenenns moaydaercs anddepeHimpoBaHneM: TPpon3Beie-
ane e~ **adz — BEPOATHOCTH TOTO, 9TO (POTOH, M3JTYIEHHBIH B KAKOM-TUO0 MecTe, MOTJIOTHTCS HA PACCTOSTHUW OT 2 110
z+dz.

Maremarngeckoe oxkumanue

-7

1
zZ= /zae*azdz = — (174)

€CTh CpeJIHee pacCTOSTHUE, KOTOpoe (POTOH MPOXOIUT Oe3 moraomenns. TakuM 06pa3oM, ONTHIECKOe PACCTOSHIE T = (v
— 3TO JJIWHA, U3MEPEHHAsT B CPEIHUX CBODOIHBIX Tpoberax (poToHa.
JlomyckaeT BEPOSITHOCTHYIO WHTEPITPETAINIO W siIPO OCHOBHOTO MHTErPATHHOTO yparuenns. OyHKIus

1
/ e_T/" (175)
0

€CTh BEPOSITHOCTH TOTO, YTO HU3MYUEHHBIH B OMPEILTeHHYI0 CTOPOHY (POTOH IOHmeT Mo KakoMy-Tubo MyTH, T.e. 10
OTPE3KY, HAKJIOHEHHOMY BCE PABHO IO/ KAKNM YTJIOM arccos 1) K HOPMAaJIn K CJIOSIM TIJIOCKO#H CPeJIbl, 0 CJI0sT, OTCTOSIIETO
1o ryrybune or cj10si ero nzayuenus Ha 7. IIponseenenue Eq(7)dT — BepositHOCTb, 40 HOTOH, N3J1yYEHHBIN HA I'DAHUIIE
B CTOPOHY CPEIbI, JOWIET A0 TIyOWHBI T W MOTJIOTHTCS B coe Tommmuoit d7. [Tosromy maTerpas

oo

/El(T)dT =1, (176)

0

TaK KaK OH PABEH TMOJIHOH BEPOSATHOCTH MOTJIONEeHnss (GOTOHA HA KaKOH-HUOYIh TIyOnHe.

B.B. CoboJier BBes B TEOPHIO MOHSITHE BEPOsiTHOCTH Bhixona (orona u3 cpexbt [70]. Dro noHsiTHe Onpejessiercs
crepyomum obpazom. Ipoussenenne 27p(7,n)dn obo3HAUAET BEPOATHOCTH, YTO (DOTOH, HAXOAUBINUHACA B MOJIOIIEH-
HOM COCTOSIHWW HA TayOWHE 7 B TOMyOECKOHEYHO# aTMocdepe ¢ M30TPOMHBIM DPACCESTHUEM, BBIAIET W3 3TOM Cpebl
HOJI YLJIOM arccos” B TenecHoM yrie 27dn mocne moboro ancna paccesauil. Torma p(7,n) HA3BIBAETCS BEPOATHOCTHIO
BBIX0a (hOTOHA M3 MOTyBECKOHEUHOH cpepl (TOYHEe, 3TO MJIOTHOCTH BEPOSATHOCTH).
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s BBeIEHHON BETMYWHBI JIETKO TOyYaTh YPABHEHUS W COOTHOIIeHUs. Hanmpumep, cipaBeamnBo ypaBHEHUE

)\ o0
p(r) = e+ 3 / Ey(jr = n)p(r’ n)dr. (177)

4z

31ech mepBoe ClaraeMoe CrpaBa eCTh BEPOATHOCTH TOTO, 9TO (GOTOH M3IYUYUTCA W Cpa3y Bblijer u3 cpeiabl (Ge3 pac-
cesHUil), a BTOPOE  BEPOATHOCTH TOI'O, YTO OH BBIAJET U3 CPEIbl, UCILITAB 10 KpaliHell Mepe OIHO PACCEsHUE, T.e.
A/2  BEPOATHOCTDL PACCEATHCS B ONPEIETEHHYIO CTOPOHY (BO3pacTanms unu yosiBanusa raybuns), By (|7 — 7'|)dr’
BEPOATHOCTH npOﬁTH HETIOTJIOIIIEHHBIM C T‘Hy6VIHBI T Ha T‘J'Iy6VIHy TI N NIOTJIOTUTHCA TaM B CJIOE TOJ'IHLVIHOﬁ dTI ", HAKO-
Her, p(7’,m) — BEPOATHOCTH BBIATH TOCJE 3TOTO W3 CPEABI B HY)KHOM Hanpasiernn. CyMma ITaeT MoJIHyH BEPOSTHOCTh
coOBITHS.

VYpasuenue (177) 1o BuIy COBHAIAET ¢ ypaBHeHHEM s (DYHKIMHM UCTOYHUKOB B 3agade o auddysHom orpa-
JKeHUU 0T Toy6ecKoHedHol cpeabl. CpaBHeHUe NBYX YPABHEHUN YCTAHABIMBAET CBSA3b MEXKJY ONDEIETSIeMbIMA UMHA
BEJIIMYMHAMMN:

p(rm) = 220, (175)

Mogwepknem, uTo cesizbiBaeMbie cooTHomennem (178) dyHKIMM MMET COBEpNIeHHO pa3ianunbii cvbica. Crnpasa cro-
uT QyHKIUA, paBHAS SHEPTUN, U3IMTYIAEMON B €IUHUIHOM TETECHOM yIJie Ha TJIyOWHE T, eCIU MO YIJIOM arccos?) Ha
rpanuiy arMocdepsl TaJaeT eNUHIIHBIN MOTOK n3nydenns. CaeBa ke  BepOSTHOCTH BBIMTH (POTOHY M3 TAKOH Ke ar-
MocdEPHI O yTJIOM arccos 1), ecyin 31or HoToH Obi orsoreH Ha riaybnHe 7. CoBnajenne TaknX BeJNINH Ha3bIBAETCsT
TIPUHIIUTIOM B3aWMHOCTHU N ABJIAETCA TTPOABJIIEHUEM O6paTVIMOCTH ONITUYECKNX SIBJIEHUA.

HOMVIMO IBPUCTUYECKOTO 3HAYEHUA, T. €. BOSMOXKHOCTHU BBIBOJUTH HOBHIE ypaBHeHVIﬂ "3 BEPOATHOCTHBIX Coo6pa)Ke—
Huii, Benuausa p(7,7) UMEeT U NPUKIaJHoe 3HaYeHne. Ecau HAlTh BEPOSTHOCTD BBIXO/IA, TO OKA3bIBAETCH BO3ZMOKHBIM
[0 U3BECTHON MOIIHOCTH NEPBUYHBIX UCTOYHUKOB B, (T) BBIYUCIUTD HHTEHCUBHOCTD BBIXOISAIIETO U3y YEHUs IPOCTBIM
uHTerpupoBaHueM. JleficTBUTENbHO, OYEBUIHO, UTO O CMBICIY BEPOATHOCTH BBIXOJA YKA3aHHAS MHTEHCUBHOCTH [70]

4 oo
I(n) = —W/B* (7, n)dnT (179)
0

4. IlpuMeHeHNE SBPUCTUYECKUX MeTOZOB. [11010TBOPHDBIE PE3YTBTATHI Ja€T OJHOBPEMEHHOE IPUMEHEHUE Pas3-
JINYHBIX IBPUCTHUECKNX MeTonor. Hanpnmep, mobarienne majoro ciost K nonaybeckonewdroit armocdepe mo3Rojsier
MOJIyYUTh COOTHOIIIEHWE JIJIsi BEPOSITHOCTH BhIxoa, [70]

1
p(r+dr,n) =p(r,n) |1 - — /p 27Td77 "p(0,n). (180)
0

CooTHOIMERNWE 03HAYAET, YTO BEPOATHOCTh BhIXOAA C rrybuunl 7 + d7 paBHa cymwme AByx BepositHOCTed: 1) BbiiiT C
9T0#l Tybunbl Ha TaybuHy dT U ucnobITaTh OocinabieHue B cyoe Toamuuol dr, 2) mocsie Bbixoga Ha raybuny dr mom
MPOU3BOIBHBIM yTIIOM MOTJIOTATHCA B 9TOM TOHKOM CIIOE W PACCEAThCS B CTOPOHY Cpembl B TenecHoMm yrae 2mwdn’ ¢
MTOCIEIYIOUM BBIXOIOM U3 CPEAbI MO, 3aJaHHbIM yriaoM. QObI9HbIe TPEOOPA3OBAHNS IPUBOIAT K YPABHEHUIO

1
Ip(7, n) 1 dn’
L — ot + 2mp(0,0) [ o) (11)
T n n
0
i AS ¢
MHTEeHCHBHOCTD BBIXOIAIIEr0 U3JIydeHus B 3ajade o6 oTpaxkenuu, B Kotopoit B.(7,{) = ——e , BBIPAXKAETCS
uepe3 PYHKIMIO UCTOYHUKOB 3TOH 3a4a49u M 4epe3 BePOsSITHOCTh BhIXOA:
T d A8 d
_ T 47 _ T
10.0) = $p(n.0¢ = [ BT = 5 [ elepr . (182)
noAJ 4 n
0 0
Kosddwnmment orparkennst Takyke BhIpaxkaercst gepe3 (QyHKIINI0 NCTOIHUKOB W BEPOSTTHOCTH BHIXOA:
o0
™ _
p(n,¢) = %/e /Cp(r, m)dr. (183)
0

Coornomenns (178) n (183) mOKa3BIBAIOT MCMOIH30BAHHYIO HAMH BBIIIE CUMMETpHIHOCTH dyHKuuu p(1, ¢).
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B cBoo odYepenb W BEPOSTHOCTH BBIXOJA € HYJIEBOH TIyOMHBI BhIparkaercss depe3 KOdGhOUIHEHT OTPAXKEHUs U
dbynkunio Ambapuywmsina. dro caegyer uz ypasuenust (177) npu 7 = 0 u csa3u (183):

1

A

p(0,n) = y 1+2n/p(n,n’)dn’
vy

0

) (154)
BhiBeieHHOE PABEHCTBO MOKAZBIBAET BEPOATHOCTHBIA CMBICT (GyHKIUA AMOGAPIyMsHA: 3TO MIOTHOCTH BEPOATHOCTH
BBIX0Za (POTOHA, M3TYIEHHOTO HA HYJIEBOH TyOwWHe, MO OTPEeIeHHBIM YTJIOM K TTIOBEPXHOCTH.

BepOHTHOCTHBIM METOA0M MOT‘yT 6BITB nonyqu})I " MHOTHE 'prl—‘ﬂe COOTHOTIIEHW .

TTprHIMTT WHBAPUAHTHOCTA W METO/I CJIOXKEHWS CJIOEB OBILJIV BITOCJIEACTBAN PA3BUTHI, 00OOIIEHBI W TITHPOKO TTPpUMe-
HSLIUCD JIJIs PEIIEHUs PA3HBIX 33/1a4 OTAETBHO U B KOMOMHAIMU ¢ BepoaTHOCTHBIM noaxomom C. HYanapacekapom [85],
B. B. Co6onesbim [70] u ero mkomnoit [31,88], Giopakanckumu yaenukamu B. A. AmGaprymsana u apyrumu (cM. cGOpHUK
rpyznor Cumriosnyma, nocesimenHoro 40 jiernio npuHouna neBapuanTaoctu [62]).

5. Aanbemo mosmybeckoHedHO aTMocdepbl. XOTsS PacCMAaTPUBAEMbIe B JIBYX TOCIEIHWX B 3TOM Taparpa-
(be TTYHKTaX BOIMPOCHI TTPAMO HE CBA3aHBI C OMMTMCAHHBIMUW BBITIIE METOAAMHW, 3THU BOIMPOCHI IMTPUMBIKAIOT K METOJaM T10
nozaxony. Pedb moiier o xapakTepucTuKax CBeYeHUs ILIAHeTHBIX armocdep [77].

Armocdepa npeacrapnger coboil TOHKY0 000/1049Ky HaJ, IOBEPXHOCTHIO mnaHeTbl. Hanpumep, 3eMHas armocdepa
uMeeT BbICOTY mopsinka 10 kM, B To Bpems Kak paguyc 3emau 6400 kM. [Toaromy armocdepy m0KaTbHO MOXKHO MOE-
JIMPOBATH TIJIOCKUM CJIOEM. Ee OonTn4vecCKad TOJINIUHA TTPU OTCYyTCTBUU O6J'IaKOB B BUANMOM y4YaCTKe CIEKTPA TIOPAIKaA
0.2-0.4. Ograko o6JiavHBIN CJIOW MOYKET MMETh ONTUYECKYIO TOJIIUHY, U3MepsieMylo coTHsimMu. Takyio armocdepy,
paccMaTpuBaeMyI0 U3BHE UJIU C MIOBEPXHOCTH 3eMJIu, MOYKHO cunTarh nojaybeckoneunoii. Emie 6osee onruyecku ToJi-
crol armocdepst Benepoi, FOnurepa u mnader, pacnonoxenubix 3a FOnurepom. Armocdepst modtu Beex miaxer (3a
UCKJTIOYEHUEM, MOXKET ObITh, MepKypus), BKIIOUYas ¥ MAPCUAHCKYIO, ONTUYECKH TOJICTHI B nH(PAKpacHOi obaacTu.

Aavbedo nianersl — 3TO OTpaykeHHast 4acTh najarueil Ha Hee sneprun. Hac unrepecyer auddysHoe orparkenne
nzjiyderunst armocdepoit maanersl. Ilycrs, Kak 00bIYHO, S — COJIHEUHAS TIOCTOSIHHAS, T.€. TS — OCBEIIEHHOCTh Tep-
TMIEH VK Y/ISTPHOI TIJIOMIAIKY B paccMaTpuBaeMoii gactore. Torga Ha eIMHUYIHYIO TIOMIAIh MI0CKOH aTMocdeph! mazaer
KOJIMYIECTBO 3HEPIun Fy,, = mS(, r1e arccos(  yros najeHust BHeIHero usaydenns. Orpaxaercs oT arMocdepsl Mo
YTJIOM arccos” u a3uMyToM ¢ uznydenue unrencusaoctu I(0, —n, ¢, (), a KOJIUIECTBO IHEPTUA C €JUHUYHON TLI0IIAIU
1(0, —n, ¢, ¢)n. lonnas orpakeHHast IHEPIUsl MPEJCTABISETCS WHTETPATIOM

1
Eoup = /I(O, —n, ¢, Ond*w = 2ﬂ5<0/p(n,é)ndn- (185)

SlcHo, 9TO B NOJIHOE OTPAXKEHHOE M3JIyYeHHe JaeT BKJIAJ TOJIbKO HyJeBasi TADMOHUKA B PA3JIOXKEHUU MO KOCHHYCAM
kparHbix azumyTos (nuagekc O me numercs). CoryacHo onpesenenuio annbe1o

1
A(¢) = "Tp = 2/p 7, ¢)ndn. (186)
0

Bripaxkenue (186) npeobpasyem ¢ nomonibio dbopmynbl ans kKoaddunuenta orpaxkenus. [logcrasus B (186) mpen-
crasnenue (169), noaydum Bbipazkenue anbden0 depes dpyHkuuio AMbapiyMsana:

A(Q) = / o ”d”C (187)
0

Teneps BOCnONb3yemcest ypasuennem AmbGapnymsina (171). s aToro cHavana BBegeM 0DO3HAYEHWE JJjIsi MOMEHTOB

byukmun ¢(n)
1

o = /n“sﬂ(n)dn (188)
0

1 Tpeobpasyem MoAbIHTErPAJILHYIO Apo0h cremyomnmM obpazom: 17/ (n+¢) =1 —(/(n+ (). 3arem BRIpasuM WHTErpa
or BTOpOi#l Apobu vepe3 dyHkuuio p(n) ¢ nomoipio ypasuennst (171). Torga nonyunm, uro ansbeno nosaybeckoHedHOM
aTmocdepn

AQ) = /1s0 )y - </ 05| =90 [Feot =5 -1]. (189
0
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s HyneBOro MOMEHTA JIETKO HaiiTu nmpocroe Bbipaxkenue. [lpounrerpupyem ypasuenue (171) no 1 or myna mo 1,
a 3aTeM TOMEeHsieM ODO3HAYEHWs IEPEMEHHBIX WHTETPUPOBAHUS 1) U 1)’

1 1 1 1
!
dnd N1 _ 14 //dd N 190
//nnsﬂ (n)n+n’ ndn’o(n)e(n’) - (190)
0 0 0 0

n+n
B3sir cymmy [ByX BBIpayKeHWit Jj1sT MOMEHTA, TTOJIy9NM COOTHOIIEHWE

| >
| >

pY
200 = 2 + §a§. (191)
M3 3T0r0 KBaJpATHOrO ypABHEHHSA HAXOIAM
2
a0 =3 [1—\/1—4. (192)

3aeck BbIOpaH 3HaK MUHYC, Tak Kak npu A — 0 dyukumst ¢(n) cornacuo ypasnenuio (171) crpemurest k 1 u ee nyseroit
MOMEHT Toke crpemutcst K 1. TIpu 3HaKe NIIOC PEIes moLyvaercs OeCKOHEUHBIM.
IMoacrasus Beparkenne (192) B (189), naiinem okonuarensuyo GhoOpMysTy

A(Q) =1 =V1=2p(Q). (193)

[Tpw mpemenbHBIX 3HATEHUAX A TIOIYJAIOTCS €CTECTBEHHbIE 3HaYeHns anndeno. [Ipm A = 1 Bce magaroree w3aydenne
orpaxaercs u A(() =1, anpu A = 0 cama dyukunst p(n) = 1 u A({) = 0. Ha puc. 4 orpaxken xo/ n3Menenus ajanben0
A(¢) npu pa3nnYHbIX 3HAYEHUSIX A.

A(¢)
10 A= 10

0.99
0.8 i

0.6 a

0.4

0.2 . b

0.0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0¢

Puc. 4. Ilnockoe anbbeno A(¢) npu HEKOTOPBIX 3HAYCHUSX .

Ajibbe10 TJIOCKOTO €JI0si 9aCTO HAa3BIBAKOT TJIOCKUM aJjibbeno. Hapsiay ¢ HuM paccMarpupBaercss U MHTErpajibHast
BEJIMYINHA, XapaKTePU3YIOMasi N3ydeHne OT BCeil TaaneThl. Bripaxenne 11t Hee Mbl HAMIEM B CIEIYIONEM TTYHKTE.

6. Chepuueckoe anbbeno miaaderbl. OH603HAYNM pagUyC MIaHeThl Yepe3 R. Ann0eno maaHeTsl Ompeensaercs
TaK »Ke, KaK 1 BBITEe O1npeaeaaa0Ch aﬂh6eﬂ0 CJIOA. 9TO OTHOIIIEHNE KOJIMYECTBaA OTpa,)KeHHOﬁ 9HEPTUN K KOJIMYIECTRY
nasaroieit. Ha nmosepxHocTs mjiaHeTsr magaer, 09eBuiHO, Fray = 7STR2. TlosHOE KOIMYECTRO OTPAYKEHHON JIyInCTOiH
Heprun maetcst hopMyaoi

Eorp = WS/A(C)Qﬂ'TdT'. (194)

3mecb ( yrosa MexkIy HAMPABIEHUEM HA HAOMIOJATENS W PAIAYCOM, ITPOBEJIEHHBIM B ONPEIETEHHON TOYKE HA MOJTY-
cdepe, obparieHHO K HADTIOJATENIO, T. €. YIOJI MaeHus BHeHero ndnydenus. [Ipoussenenue 2rrdr paBHO mI0IIAIH
KOTBIIA TIPH 3aKPeIIeHHOM yTiIe majenns. SIcHo, u1o r = Ry/1 — (2, rdr = —R*¢(d( u

1
Eorp = 27°SR? / A(¢)¢dC. (195)
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Takum obpazowm,

1'13.

Acpp = 0"’ = 2/A O)¢d¢ =1 —2V1 - day. (196)
%

K coxkamenuio, mepBbiii MOMEHT HE UMEEeT TPOCTOrO BhIpAXKeHHUsi. Ero MOyKHO OBLITO ObI MOMBITATHCS HANTH TEM Ke
crocoboM, 9TO U HyneBoil MOMeHT. Jlerko ybeaurbes, 4ro ymHOXKeHue ypasuenus (171) ma ndn u uHTErpupoBaHue
Huuero He gaet. IlpounTterpupyem ofe 4acTi 3TOr0 ypaBHEHHs MOCTE yMHOMKeHHd ero Ha 7°dr. 3aTeM CI0XKHM IOTy-
YEeHHOE PABEHCTRO C ero MOoAnGUKAIINEH TOCTIe B3aNMHOTO W3MEHEeHsT 0003HAYEHNH TTePEeMEHHBIX B JBOWHOM WHTETPAJIe
crpaBa. Torga mocse MoACTaHOBKY BHIPAYKEHUST ST (v HAWIEM

2V1 — Ny = ; _2 ol (197)

Tonbko mpu A = 1 momyvaercst o = 2/ V3. Onmako mst cepraeckoro amb0es0 ITOT Pe3yIbTaT GECIoIe3eH.
IIpuBemem Tabnuiy 3HaYEeHUH CHEPUICCKOTO ATbOEI0:

A |o0]o4 |05 |06 |07 |08 [09 |10
Acpp | 0.0 [ 0.11[0.15] 0.19 [ 0.26 | 0.34 | 0.48 | 1.0

(198)

Ormerum GbIcTpOE yOBIBaHUE aTbOE0 MPU YMEHBITEHUN .

§ 2.6. Perrenue oCHOBHBIX 3a7a4 IJid IJIOCKUX CPes

1. BeckoneuHasi cpega. B stom naparpade paccMOTPUM OCHOBHBIE 3aJa4H, MPEJCTABISAIONINE KAK TeOpeTHye-
CKWIT WHTEPEC, TaK W WMEKOIINE HEeNMOCPECTRERHOe TIPUKIAIHOe 3Havenne. B otimane ot npenbraymero maparpada,
TZIe PACCMATPURAIOCH W30TPOMTHOE PACCESTHWE, 3MeCh OylIeT M3y9daThCs PACCESTHWE TPW MPOW3BOIBHON WHINKATPHUCE.
Orparnanmcst, Kak 1 BO BCEM KypPCe, TUIOCKUMHU CPEJITAMW W HATHEM C CAMOTO TIPOCTOTO CIIy9ast CPeIbl 6e3 TPAHWIL, T. €.
GeckoHevHOl B 06e cTOpoHbI [4].

KonedHo, Takasi cpefa HEBO3MOXKHA, 3T0  cHIbHas abcrpakims. OJHAKO ecam HaOJIONeHNs TPOU3BOIATCH B
OTNITUYECKU OYeHb TOJICTON CPeJie BJAJN OT €€ I'PAHUIL, TO C XOPOINIEH TOYHOCTHIO MOXKHO CYUTAThH, UYTO PEAIUIYETCs
cayvait 0eCKOHEIHOH CpeIbl.

VpaBHeHus nepeHoca u DaJiaHca IHEPIUK JJIsl HAIEero caydasi UMerT cTaHgapTHbIH Bua. OHU 3aNUCHIBAIOTCS OU-
HAKOBO JIs JIIO0OH a3uMyTanbHOM rapMOHUKH. [109TOMy He OyJeM yKa3blBATH HOMED M B WHIEKCE Y BCEX BEJUYNH
KPOME TApMOHWKH WHIUKATPUCHL:

2D i)+ B, (199
1
Blron) = Ba(ron) + 5 [ pln ) (ol (200)

B ciydae 6eckOHEUHOH Cpebl HET FPAHUYHBIX YCIOBUI, Tak Kak HeT rpaHull. ) 1HaKO 00bIYHO HAKJIAABIBAKOTCS YCAOBUS
Ha GECKOHEYHOCTH, T. €. ONpejiesieHHbIe TPeOOBAHNST Ha XapakTep TIOBeIeHNs perennii npu 7 — +oo. Ecan 3amaga orm-
CHIBAET PEATBLHOE MOJe U3AYyUYeHHsI, TO HEOOXOANMO TPeOOBATH, YTOOBI €r0 MHTEHCUBHOCTH HA OECKOHETHOCTH yOBIBAIA
WIu, 00 Kpalineil Mepe, He OY€Hb CUJIBHO BO3pacTana.

Haubonbmuii maTEpeC B Clydae OECKOHEYHO CPeIbl TPEACTABIAET 33a4a49a 0€3 HCTOYHUKOB HA KOHEYHOM PACCTO-
stHUM, T.e. ciydail, koraa By (7,n) = 0 [76]. Y pemenwnii 310it 3anaun Oysem nucars nHaekc oco. OHu onpenensiorcs
remn ke ypasuenusimu (199) u (200) ¢ B.(7,7) = 0. [Toanoe orcyTcTBre HCTOYHUKOB HE JOJIXKHO CO34ABATH HUKAKOIO
OIS, TIOTOMY JI7isi CYIIIECTBOBAHUS HETPUBUAIBHOTO PENIEHUs MPEIOIATal0T, YTO IEPBUYHBIE UCTOYHUKN W3TY I€HUST
HAXOAATCs HA OECKOHEYHOM PACCTOSHWE. Byaem cumTarh, 9TO OHU PACIOIOXKEHBI HA T = —00. UTOObI HECKOHEYHO
yIaJgeHHbIEe NCTOYHUKA CO3ABAMN KOHEYHOE IMOJIe U3AYUYEHUs, UX MOIIHOCTh JOKHA OBITH OEeCKOHEYHOH. ZCcHO, 9T0
mpn l_[pVI6IH/I)KeHVH/I K 6eCKOHeqHBIM NCTOYHUKAM TTOPOXKIAAEMOE€ MMU TIOJIE€ U3JIYyYeHUs1T CTAaHOBUTCSA BCE CUJIbBHEE U TO-
K€ CTPEMUTCS K OECKOHEIHOCTH. B MPOTHBOTIONOKHOM HAMPABJIEHUH, T.€. TIPU T — —+00, MOJe W3IYIeHNsT TOKHO
ocsiabeBarh. ITO M €CTh YCIOBWsT Ha OECKOHEYHOCTH JJIsi TAKOTO CJIydas.

Banurmiem ast GyHKIUN KCTOYHUKOB WHTETPATBHOE YPABHEHUE

1

0 o
—(r—T /dT’ /\ oS- /dT’
/pm n,m')dn /B o )em T/ —,——/pm(n,n’)dn'/Boo(T’,n’)e (r=r"/n e (201)

l\3|>/

Boo
() P

0 —o00 —1

ypaBHeHI/Ie nmepeHoca HE MEHdeT CBOEro BHIa.
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Bynem nckath permenud B BUjIe

Ino(m,m) = i(n)e™ ", Buo(r,n) = b(n)e . (202)

Baeck i(n), b(n) — uckomsle byukuun, a k — nckomasi nocrosinnast. Takast popma pernenust MoJcKa3bIBaeTCs CJAeIy -
M coobparkernem. B 6eckoHeIHOIT cpe/ie HeT BhIJIEJIEHHOrO YPOBHS IIyOMHBI, TO3TOMY 3a HYJIERYIO0 MOXKHO MPUHSTH
mobyio Tnybury. opMa pemeHnst B BUAE IKCIOHEHTHI COOTBETCTBYET 3TOMY, TAK KAK MEPEXOM K APYTOMY YPOBHIO
OTCYeTa MOXKHO 3aliCaTh B BUJIE e~ k(=) ek [Mocneanss IKCOOHEHTA MepexOaAuT MHOKUTENeM K dbyHkmaM (1)
n b(n), n dpopma perniennsi coxpaHsieTcst.

Yncno k onpenmensiercss w3 ycJIorus paspemmmoctn 3amadn. OKa3plBAETCsA, 9TO PEIEeHne TOCTARJICHHON 3amadn
CYIIECTBYET TOJBKO [IJisT HYIE€BOH a3WMyTaIbHON TAPMOHWKW, 9TO (DU3WUECKN COBEPIITEHHO TOHSTHO, TaK KaK a3u-
MyTaNTbHONW 3aBUCUMOCTH DEIICHWH HEOTKYJA B3ATHCA NMPU UCTOYHMKAX HA OeckoHedHOCTH. [103TOMy HEUXKE cumTaem
m = 0.

IMoncrasus (202) B ypasuenue (199) (¢ MHIEKCOM y pereHnii oo), MOIYIUM

b(n)

(1= kn)i(n) = bn), i) == T’

(203)

rak uro dyukuun b(n) u i(n) He sivasitores nHezasucumbimu. [ogcranoska (202) B ypasuenue (200) npu B.(7,n) = 0
NPUBOJUT K COOTHOIIEHHIO

2 2 1—kny
-1

o) =5 [ty o' wons o) = 5 [ poln )2y (204)

DTO OCHOBHOE YPaBHEHHE IS ONpeesenns UCKOMbIX (dbyHKuuit. To4HO TaKoe Ke ypaBHeHHe Toaydaercs, ecian Gbop-
myny anst Boo(T,m) MOACTABUTEH B OJHOPOAHOE MHTErpasbHoe ypapuenue suga (201) ¢ m = 0.

OTmeTnM, 9T0 MOCTOsTHAEBIE K, YIOBJIETBOPSIIOIIME YCJIOBWIO pa3pemumocTn ypasuenns (204), Bcerga BCcTpevaroTes
napamn: k. Heiicreuresnsro, n3 (204) caenyer, 9To npu ogHOBpeMeHHOI 3amene k na —k u b(n) na b(—n) ypasHenue
ocraerca B cuye (rak kak po(—n, —1n') = po(n,n’)). Hosromy sicro, aTo pemennem 3amaun (204) ABIAOTCA TakKe

dyHKIIN

Do, =) =Mt (7, —1) = b (20)

®dakrrueckn, 310 TO XKe camoe pemenne, 9ro n (202), HO ¢ ucrouHMkamMu Ha T = +00. [Ipum Takom mepemerneHMn
WCTOYHUKOB IIPOCTO U3MEHAETCSA OTCUET TIYOHH W YIJIOB HA TMPOTHBOIMOIOKHBIM.
IlycTh mHAMKATpHUCA pACCeAHUsT PA3TOXKEHa M0 MHOTO4YIeHaM Jlexkauapa

o0
z(y) = Z 21 P(cosy). (206)
1=0
Torga, Kak GBLIO MOKA3aHO B OJHOM U3 NpebILyMuX naparpados, ycpeJHeHHAs M0 a3UMyTaM UHIMKATPUCA
(o)
po(n,n') =Y aPi(n)Pi(n). (207)
1=0

[MoacranoBka 3TOr0 pasnoxkenus B ypasHenue (204) NpUBOIUT K 3aKJIOUEHUIO, 9TO TIO MHOro4YIeHaM Jlexkanapa pac-
kiaabiBaercs u byuxuus b(n):

b(n) =Y wibiPi(n), (208)
=0

TIe BBeJAEHBI KO3(MDUIMEeHTDI

Y LT -

3 (209) u (208) nonyuaem cucremy s onpenenenus koabdunuentos by, | =0,1,2...:

1
A — d
=23, / i) Py () —2 . (210)
2 = 1—kn
= -1
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[TockoMBbKy 3Ta CHCTEMA TUHEHHBIX ANrebpandecKuX ypaBHEHNH OTHOCHTENBLHO HEM3BECTHBIX OJHOPOIHA, €€ OMpeIeIn-
TeJIb JOJI?>KEH 6BITB pPaBeH HyJ'HO. I/I3 3TOTO yCﬂOBVIﬂ HaAXOAUTCA MOCTOAHHAA k I/IMeHHO 3TO yCJ'[OBV[e HE BBITIOJIHAETCA
mpu m > 0.

dcuo, uro uz ypasuenus (204) Henb3g onpenenuThb b(1) MOMHOCTHIO, TAK KAK 3TO YPABHEHWE OJHOPOIHO W K
PEIeHNI0 MOKHO JOMKUCATH MPOU3BOIbHBIA MHOXKATEND. 110 3T0i npuduHe s MOJHOro onpenenenusa Gyaknuii i(n)
u b(n) HALO NOAYUHUTEL UX KAKOH-TMO0 HOPMHUPOBKE. YIOOHO CIENATH 3TO YCIOBUEM

1

%/b(n)dn =1. (211)

21
Dra HOpMUPOBKA ObecnedanBaeT u HOPMUPOBKY MHTEHCHBHOCTH. JleiicTrurensro, noacrasus (204) B (211), naxomum
1 1 1 1
1 ,oonl , A,
5 [ bmdny =3 [ dni(n)g [ po(n,n')dn =3 [ i(y)dn" =1. (212)
-1 —1 —1 -1
IIpu mepexone K IpeanociaeHeMy BBIPAYKEHHIO YYTEHO yCIOBHE HOPMUPOBKHU MHIAKATPHUCHI

1

2W
/36(7)(14—7r = %/po(n,n’)dn =1 (213)

-1

Yenorsue ropMuposku (211) paBHOCHIRHO yTBEPKAEHUTO, 9TO by = 1.

Ananmurnyeckoe permenve GECKOHEYHON CHCTEMBI BPsi JTH BO3MOXKHO, MO3TOMY HA MPAKTUKE OTPAHUYUBAIOTCS
KakuM-1u00 npubnukenuem. EcrecTBeHHbIM NpubnKeHneM sBisercsa 3amena paga (206) cymmoii mo | = n. [Ipo-
JEMOHCTPHUPYEM CXeMy perenus Ha nmpumepe n = 1.

2. IByusnenHnas magnkarpuca. [lycts
z(y) =1+az1cosy, po(n,n') =1+zmy’, z1>-1. (214)

BepxHuii eBblii MUHODP BTOPOTO MOPsAIKA MATpUIlbl Ko3dg dunuentos cucrembt (210) comepkut byHKIMIO

1 14k
k)= —In—— 215
k) = 1% (215)
N uMeeT BUJl
1—a(k
1 - a(k) Axl% 16)
. 216
1—a(k) 1—a(k)
)\T 1+ Axq T2
Cucrema ¢ yuerom Toro, 4ro by = 1, 3anucbiBaerca B BUjEe (BTOPOE yPABHEHUE YMHOKEHO Ha k)
1—a(k 1—a(k
1 - a(k) + )\x1$b1 =0, AL—a(k)]+ |k+ Am$ by = 0. (217)
Berars onpo ypaBHenwne n3 Apyroro, Haiigem BTOPO# Ko3d dumnmenT:
1—A
b1 = o (218)
a MOoACTAaBUB B HUX 3TOT PE3YJAhTAT, MOJYyYUM YPaBHEHUE IJIsA OTTpEIEIeHNA k:
1—A —
A 1 + .1317 a(k‘) =1 + )\.731 ]{;2 y (219)
KOTOpPOE HA3BIBAETCS XAaPAKTEPUCTUUIECKUM. Kro MOXKHO 3anucarh u mHAYE:
a(k) —1
1=X=XAa(k) —1] = Az1(1 — /\)T =0. (220)
B cnyuae m3orponHoro paccesuus 1 = 0. Torga xapakTepucTudeckoe YypaBHEHUE BBITJIAIAT COBCEM MPOCTO
AL 14k
Aa(k) = —In——=1. 221
k) = T (221)

IMocnennee ypasuenne 6buio nosydeno eme O. 1. Xrossconom [83].
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HUccnemyem perienust xapakrepuctudeckoro ypasaenns (220). Kak BUIHO HEIIOCPEICTBEHHO U3 CAMOIO ypaBHEHMUs,
€ro pelieHrsi PACIoaraloTCs CUMMETPUYHO OTHOCHTENLHO Hysisi. Jleficreuresnsno, Tak kak dynkums a(k) uernas,
TO Hapsigy ¢ KopHem k > 0 obsizaresibHo umeercss kopenb —k. Quesnuen koperb k£ = 0 npu A = 1. Dr1or KOpeHb
JIByKDATHBIH, T. €. B Hy/Jb O0pamaercsa He ToabKo cama dbyHKIMs, cTosamas ciesa B (220), HO u ee npousBogHag 110 k.
9ro yrBepxKaeHue ciuemyer u3 Toro, uro a(0) = 1, a npoussogHasi

o/ (k) = % {ﬁ _ a(k)} (222)

B HyJIe TakKe oDpallaercsi B HyJlb, & BMECTe ¢ Hell ¥ npon3BojHas Jeroit yacru (219), rak kak npw |k| < 1

e ij k2 k4
Z 14—+ —. (223)
=0

N3yunm moBegeHne momOKUTETHHOTO KOPHST BOJH3W KOHIIOB MPOMEXKyTKa uaMenennsa A. [Ipm 1 — A\ < 1 kopeHb
majt. Ucnonbays pasnoxenue (223), HAXOAUM € TOYHOCTBIO 10 k2

k? -
L-A= 5 —m—= =0, (224)
OTKYyJa
k~y(B—z1)(1—A). (225)

DTa acMMNTOTUKA COBIAJAET C MOJIYYEHHBIM BbhIPAXKEHUEeM JJjisi k npu npubjmnKeHHOM periennn 3a1aun o andays-
HoM orpaxenun meromom Co6Gonesa. QOnHAKO, KAK MBI TeNepb BUIUM, Bbipaxkenue (225) CIpaBemidBO TOJBKO NpPU
3HAYEHUSX A, OMU3KUX K €IUHUIE, T. €. TIPHU MOYTH YUCTOM PACCESTHUU, KOTIa TPOUCXOIUT MHOTO paccesinuii. B mporu-
BOMOJIOXKHOM caydae npu A — +0 xopeab £k — 1 —0u

1 2
1—Xa(k) — Azia(k) =0, a(k) ~ 3 In T (226)
CxommmocTh KopHsi k kK 1 ouenb ObicTpast:
k~1-—2e ( 2 > (227)
~1—-2exp| ——F—— ).
P A1+ 1)

Bce pe3ymbTaThl 1711 MBOTPOMHOTO PACCETHUS MOTYYIAIOTCS TPOCTOM MOACTAHOBCKOM 1 = 0.

Takum 0Opaszom, MbI TIOKA3aJIM, KAK HAXOIWUTCS MOJE M3JIy9IeHWsi B DECKOHEYHON cpeje ¢ MCTOYHWKAMW Ha Oec-
koneunoctn. nst mpocreiimeit necdepuveckoii (n aus cpepmyeckoil) MHANKATPUCH PACCESTHUST 33/1a49a PEnieHa Jio
KOHIIA.

3. Bagauya o gudpdysaom orpaxkenun. PopMyTUpPOBKA ITOH 3ada4un I MOTyOECKOHEIHON aTMOocdephl yxKe
JlaBanach. 37eCh ee TOJbKO HATIOMHUM U MOJIy4YUM HEKOTODBIE CBelenus o pemenun [44,76]. Maremarudeckoe 060CHO-
BaHUe 33129 O PACCESHUU B ILIOCKUX Cpelax gaHo B paborax [9,43].

OcHoBHOE MHTErPAJIbHOE ypaBHEHUE [1Jis (DYHKIUU UCTOUYHUKORB 1M~ TaDMOHUKU UMEET BUJL

AS .
Bm(Tﬂ?aC) = Tpm(nag)e /<+
\ 1 T ar \ 0 o} ar
’ 1 AT —(r—7' 1 AT
+5 [patnian [ B 0e T <2 [oana [ B 0 )
0 0 —1 T

Kak y»e roBopmuioch, OCHOBHOM MHTEpEC MPEACTABISIET OTPAXKEHHOE M3TYIeHHe, HHTEHCUBHOCTH KOTOPOTO OIpe-
nemnsiercst Ko3pdumeHnTom oTpaskenus

Im(oa =, C)

pm(n,¢) = ¢

1 o
_ - _ -7/
=5 O/Bm(r, n,¢)e” "/ dr. (229)

Hawm nonamoburcs gacraoe 3uadenue byHKIMUA UCTOYHUKOB HA rpaHulle cpenapl. Ilonoxkum B ypasaenun (228) 7 = 0:

0 [e’e)
AS A o AT’
(0,1, ¢) = = pm (1, —§/pmn77 dn/ (711, Qe M = P (230)
—1 0
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Kak cnemyer u3 (229), 3nauenue HpyHKIMYA UCTOYHUKOB HA TPAHUIE BhIPAXKaeTcs depe3 Ko3bOUIMEHT OTparkeHus :

AS
B (0,1:¢) = =~ pm(n,4)+24/pm(n, —n")dn’ pm (1, ¢) | - (231)

MoxkHO TOy9nTh W OTAEIHRHOE yPaBHEHWE st onpejenernss kodddunmnenTta orpaykenns. s 3Toro cHadama
NPOJIEJIAEM JIOBOJILHO JJIMHHYIO BBIKJIAJKY U OJIyYUM yDaBHEHWE, CBSI3bIBAIOLIEE TPOU3ROAHYIO OT By, (7,7, () ¢ camoit
s1oit dynkumed u p,,(n, (). B unrerpanax ypasnenus (228) npousBegeM 3aMEHbI NEPEMEHHBIX WHTEIPDUPOBAHUS: B
nepsom 7/ = 7 — 7, a Bo BTOpOoM 7' = T + 7". Torma ypaBHEHHE 3ATUINETCS TAK:

AS .
Bm(TvnaC) = Tpm(nag)e /C"_
\ 1 T q " \ 0 0o d "
L AT = r AT
+§/pm(n,n’)dn’/3m(7—T”,n',é)e & 72 /pm (m,n') dn’/Bm (47" 0, Qe /7 e (232)
0 0 -1 0

[Ipomuddepentupyem obe dactu ypasuerus (232) no 7. Ilpu 9T0M NPOU3BOIHYIO CIpaBa HAAO OparTh OT GyHKIUHU
HMCTOYHUKOB, & TAKKE U TI0 MEPEMEHHOMY BEPXHEMY TIPEJIeNTy y TIepBOTr0O HHTerpasa. B pe3yabrare MOTydnuTCs ypaBHEHUE
(MPOM3BOIHYIO 10 T MUIIEM TIPAMYIO, PACCMATPUBAs IPYTHUe MEPEMEHHBIE KAK apaMeTph)
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Teneph BepHEMCsI K CTApbIM MepeMEHHBIM WHTerpupoBanus. IIpu 3ToM npousBoaHbIE c/leyeT OpaTh MO MEPBOMY ap-
IYMEHTY HE3aBUCMMO OT TOTO, KaK OH obo3nadeH. Yparsnenue (233) nepeiizer B COOTHOMEHNE
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i =7 1 P, C)e 5 | Pm(n,n)dn' B (0,17, ()e Al
0

T By (71, C) ar' A [ ABo (711, C) dr’
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Buaro, uro mpon3BoaHas or (hyHKIMH WCTOTHUKOB YAOBIETBOPSET YPABHEHWIO C TOYHO TEM YK€ WHTETPAJThHBIM OTe-
paTopoM, YTO M B ypaBHeHun IJisi caMoil 31oii dyHkuun. CBODOMHBIE ¥Ke CjlaraemMble OTJIMYAIOTCS: BO-IEPBHIX, J0-
NOJIHUTENIbHBIM MHOXKUTENeM —1/(, a BO-BTOPBIX, TE€M, 4TO TOSIBUIIOCH JOIOJHUTENHHOE CIIAraeMOe, TPEICTABIISIONIEe
CYIEPIO3UIUI0 BHEMHTErPAIbHBIX claraembix B (228). Ilo npuHOuUy Cyneprno3uiuu, ClupaBelIuBOMY JIJis JTUHEHAHBIX
yPaBHEHUil, IPOU3BOIHAS OT PEIIeHUs YPABHEHUs [76] BhIpAXKAETCs Yepe3 CaMo 3TO PEIICHUE:
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Haiinennoe ypaBuenue sBjsiercsd anajnorom ypasuenus (177) mia BepoaTHOCTH BbixoAa (GOTOHA U3 MOTyHECKOHEIHOMH
CPEeJIbI, MOJIYYEHHOTO TSk U30TPOTTHOTO PACCESHUS IBPUCTUYECKUM METOIOM.

DBPUCTUYECKN MOXKHO MOJydnTh u ypasrenne (235). s 3roro mobasnm k monyGecKOHETHON cpejie, OCBemenHOH
napaJijieJIbHbIM TTOTOKOM TIOJL yIJIOM arccos ¢, cjioit onruyeckoii Tosuab d7 < 1 u paccmorpum ero Biausinue. @ yHkiumst
WCTOYHUKOB Ha riybune 7 + d7 Oymer modTu paBHA HCXOIHOM, HO MAJAMOIIee U3mydeHwe Oymer ciaerka ocmabieHo B
J00ABOYHOM CJI0€, & KPOME TOTO, U3/TydaeMasi SHEPrus HA TPAHMIE CJI0S 1O YIIOM arccosn’ B TenecHoM yriae 27dn’
Gyzaer coGpana Ha mytn d7 /1 U ymager Ha HEro, 4To CO3JACT JOMOMHATETHHOE U3TyYeHre Ha DIyOHHE 7. 3aIich 3TOr0
YTBEPKAEHUA B BUIE PaBEHCTBaA I'JIaCUT
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Bripaykast TeByI0 4acTh Yepe3 TPOU3BOIHYIO, BEIYEPKUBAs (DYHKIMIO HCTOYHUKOB 063 MHOXKUTENs dT ClpaBa U CJeBa
W COKpaIIas Ha 3TOT MHOXKHUTEJIb, TTojlydaeM ypasruenne (235).

Ciietyrormast Omepanms 3aKII09aeTcst B yMAOKeHH (235) ¢ M3MeHeHHbIM 3HaKOM y 1) Ha e~ 7/ 1dT i nATerpupoBanmm
no 7 ot 0 10 co. Nmeem

o0 o0
dBm s 1y - > 1 -
\/ei‘r/nd’rM =€ T/an(Tv —7770 +- /6 T/ndTBm(Tv —7770 =
dr o 7
0 0
1
— By (0,=1,¢) + SCom(n,¢) = —=Snpm(n,¢) + 277/Bm(0, n',¢)dn’ pm(n,1'). (237)
0
ITomensB MecTamu caaraembre, TPUIEM K yPABHEHWUIO
1
S+ Opm0.€) = Bon(0.~0.6) + 20 | B0,/ )t/ 1.7 (238)
0

[MockonbKy BXOZAIIEE COa 3HaYeHre (DYHKIUN UCTOYHUKOB HA rpanutie cpeabl By, (0,7, () dopmynoit (231) Beipaxa-
ercs 1epes pp, (1, ¢), moacranoska 31oil popmyibl B (238) NpUBOAUT K HE3ABUCUMOMY ypABHEHUIO s KO3dduimenrta
orpaxkenus. Ypasuenue (238) Tak:ke MOXKHO ObLIO Obl MIOJYyYATH U3 MPUHIUNA UHBAPUAHTHOCTH, KAK OBLIO MOy 9YeHO
(168) mist coryvast M30TPOIHOTO PACCETHWSI.

Ha srom passurne Teopun He 3akonumioch. Eue B. A. AmbGapuywmsin [4] miust cayvast n + 1-usiennoit wnaukarpu-
CBI TIPEICTABUI M-10 A3AMYTANBHYIO FApMOHUKY Kod(ddummenTa oTparkeHuss B BUIE OMIUHEHHOTO DPA3NOKEHHS TI0
Habopy n —m + 1 dyuxnuit ¢;(p) 1 ang srux GyHKOUE DOMydnn HeluHeHHble ypaBHeHHs. JIWHefHble ypaBHEHHsI
nng aux BbiBenennsl B. B. Co6onesbiv [70]. Brnocneacrsuu C. Yanapacekap [85] mia 9acTHBIX CydaeB MHIMKATPUC, &
B.B. Cobosner mnst obimero caywast [76] mokazamm, a10 Bee GyHKInWM @;() AT TPON3ROIBHOW WHINKATPUCKHT U MTPO-
M3BOJILHON TAPMOHUKM C HOMEPOM M BhIpaxkatorcst yepe3 ouny byukuuio: Hy,(z). Qus dynkunit Hy,(z) nonyuenst
oTipeaeadanme nx ypaBHeHHﬂ " TOYHBIEC BbhIDAXKEHUA. TOqHBIe perennd Haﬁﬂeﬂ}ﬂ TaK>Ke IJId (byHKHHf/'I NCTOYHUKOB
nony6eckonednoit cpenpl. [Ipousseneno ob6oOIIEHE TEOPUY U Ha Caydail KOHEYHOro 1Iockoro cnog [76]. Tam Takke
BO3MOKHO BBEJIEHHE JIBYX HAOOPOB (DyHKIHWI, 9epe3 KOTOPbIE BBIPAKAIOTCA KOIDPUIUEHTH APKOCTH, W CBEICHAE WX
K JByM (DYHKIMSIM JJIst KQXKJI0H FapMOHWKH, JJIsi KOTOPBIX UMEIOTCS ypaBHeHnst (HO He TOYHbIe Bhipaskenust). Teopws,
OIIHAKO, IOROJIFHO TPOMO3IIKa, W MBI 3J€Ch OTPAHMYUMCS W3JIOKEHWEM ACWMIITOTUYECKONW TEOPUHW M PACCMOTPEHNEM
M30TPOTTHOTO PACCESTHUS .

4. Bagaua Muanaa. Dra 3a1a4a, KaK TOBOPUJIOCH BhIIE, Oblj1a nocrapjiena MUJIHOM 151 pacyera nepeHoca u3Jjy-
qeHnst B cepoit armocdepe, Ho GOPMAIbHO OHA CBEJIACH K OIHOPOJAHOMY WHTErPATHLHOMY YPABHEHHUIO, OMMMCHIBAIOIIEMY
M30TPOIMHOE KOHCEPBATUBHOE PACCESHNE B MOJTYDECKOHEUHON cpefie ¢ MCTOYHNKAMA HAa OECKOHEYHO OOBINONH TIyOnHe.
ITo ananoruu 3amadeit MunHa HA3BIBAIOT U BCE CyYad, KOIJIA UCTOYHUKE B TIOMYOECKOHETHON cpeie GECKOHETHO ya-
JIEHBI OT TPAHWUIBI HE3ABUCHUMO OT 3HAYEHUA BEPOATHOCTU BHI?KUBAHUA (bOTOHa, N MHINKATPUCHI paCCeAHnAd. BO BCEX
TaKUX CIy4dasax (byHKI_H/IH UCTOYHUKORB ONpeneasaeTcsa OAHOPOAHBIM MHTETPDAJIBHBIM YDABHEHWEM.

Tak ke kKak B ciaydae OECKOHEUHOH CPeabl ¢ DECKOHEYHO YIAJEHHBIMU UCTOYHUKAMU, TIOJIE W3JIy9eHusT B 3ajade
Munua se 3aBucut ot azumyTta. OTCyTCTBYeT U aprymenT (, TaK KaK OTCYTCTBYET BHeEIIHee obryueHue cpenl. Takum
06pazoMm, MHTErpajibHOE ypaBHeHue 3agauu Munna umeer Buj [76]

1 T 0 0o
A —(r—7' /dT/ )\ o /dT/
Bulrin) =5 [ molna) [ Bl )e 0 S = 2 o) [ Byt aao)
0 0 -1 T

[ToBenenue perienust Npu NPUOIUKEHUM K UCTOYHUKAM, T.€. B DIYOOKUX CIOSX, B 3TOM CIy4ae AHATIOTHYIHO TOMY,
KaKOe MMeJi0 MecTo B Geckoneunoi cpeme. OQHAKO Temeph MCTOYHUKU HAXOMATCS MPU T = 400, MOITOMY SICHO, UTO
npu 7 — oo Gyaer By (7,n) o< €7, tme k>0 To e camoe UHCIO  KOPEHb XapaKTePHCTHYECKOTO YPABHEHHUS.

B 3amage Muiina Ha BBIXOzE W3 arMocdephl CO31aeTcsi OMPEEIeHHOe PACTTPEIEIEHUE BhIXOISIIEr0 W31y YeH st T10
yruam. Q4UeBUIHO, YTO W 3TO PACHpPEIEIeHNe HE 3aBUCUT OT a3uMyTa, TakK Kak OECKOHEYHO YAJIEHHBIE MCTOYHUKU
He MoryT cdopMupoBaTh Takol zasucumoctu. O6o3HauMM yKazanHoe pachpenenenue uepe3 u(n). OHO cBA3aHO ¢
dyHKIHEH NCTOYHUKOB OOBIYHON (OPMYIOi

u(n) = / Bu(r. —n)e*f/nd—;. (240)
0

HecmoTpsa Ha TyboKoe pa3nudne 3a1a9 06 OTpazkeHu: 1 MUIHA, TPOUCXOIAIICE OT PA3THIHOTO PACIONOKEHAA UCTOY-
HUKOB, 3TU 331291 (GOPMATLHO OYEeHb TIOXO0XKH, TAK KAK Oneparop B ypaBuenusax (228) u (239) oqun u ror xe. Kak u B
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cllydae OTPAYKEHUs!, MOBEPXHOCTHOE 3HAYeHNe (DYHKIMN HCTOYHUKOB BBIPAYKAETCS Yepe3 MHTeHCHBHOCTD BBIXOASIIETO
nziyuenust. Jeiicreurensho, n3 (239) naxoaum

T/ =L dT
n

/

0
A
BM(O,n)=—§/po(n n')dn' /BM (m,n')e
1

1 1

A AT A
= §/p0( n')dn /BM 7,—n)e —r/n / = §/p0 n u(n')dy'. (241)
0 0

dlcro, uTo pemenne 3amadanm MumHA MOMKET COIEPYKATH TMPOW3BONBHBI MHOXKHTETh, TAK KAK OHO OMPEIETSETCS
oauopoaHbiM ypasrenuem. O6brano GyHKumMo u(1n) ya00HO HOPMUPORATH YCIOBUEM, BKJIOUAOWINM (hyHKIMIO 7(1):

1
2/u n)ndn = 1. (242)
0

Ionyunm ypaBHeHMEe I/ MPOMU3BOIHON OT (DYHKIMH HUCTOYHUKOB. Ero BBIBOA COBEPINEHHO AHATIOTHYEH BBIBOIY
ypaBHenus (235), H03TOMy MbI OIycTUM noApobHOCTH. Pa3imuuue 3akio0daercsa B TOM, 4TO B ciaydae 3amadu Mumxa
OTCYTCTBYET BHEMHTErpajbHoe ciaaraemoe B (239). Oarako npon3BogHas 10 T JOJKHA COIEPIKATH PEIEHNE OHOPOI-
HOI'O ypaBHEHWs!, KOTOPbIM U siBistercst pyukuust By (7, 7). TIpn arom koadbdumpenT npornopiuroHagsHOCTH COBIALAET
¢ k, ax kax By(1,m) o< €. Tloaromy

1
dBM(Ta 77) 2/ / / d77/
abu\m, ) _ d - 24
o kBwm(T,n) + 5 Bn(0,7)B(T,m,m") n’ (243)
0

DyHKOMA WCTOYHWKOB B 3aja49€ 00 OTPa’KeHWW 371eCh W JIajiee COOTBETCTBYET HyJEBOi a3uMyTajbHOW rapMOHWKE.
Nupekc 0 gas KpaTKOCTH HE MHUITIEM.

Touno rak ke, kak mist p(n, (), noiaydaercst u ypasuenue st u(n). YMmHoxkenune (243) ¢ M3MEHEHHBIM 3HAKOM Y 7)
Ha e~ 7/dT u WHTErpPEPOBAHKE C MOCIEAYIOMIM TPEOGPAZOBAHIEM TACT

u(n)(1 — kn) = Bu(0, —n) + 2n/BM(0, n')p(n,n')dy'. (244)
0

Kak u Bbiinie, 3o coorrorenne coBmectHo ¢ (241) sisisiercst ypasnennem nist pyukunn w(n). Ormernm, uro ypasHeHust
JJId 3ada49n 06 OTPa>XEeHN 3aMKHYTHI, B TO BpeMd KaK YPaBHEHWA 4 3ada4u MVIJIHH, COAEPKAT XapPaKTEPUCTUKHN
3a7a9n 00 OTPaAKEHWH.

5. CBa3p Tpex 3ama4. B 370M myHKTE yCTAHOBUM COOTHOIEHUS, CBSI3BIBAIOIINE PEIIEHUST TPEX PACCMOTPEHHBIX
3aga4 [76]. D10 3anaun o0 creveHUn GECKOHEUYHOI 1 110/1yGecKoHeuHO armocdep ¢ MCTOYHUKAMU HA GECKOHEYHOCTH 1
HyJeBast TApMOHUKA 334291 00 OTPaKEHWH.

[Tyctb B 6eckOHEYHOI Cpeie CTOYHUKHY HAXOAsATCs HAa —oo. IIpoBegem paspes mnockocthio 7 = 0. Torga npu 7 > 0
CIPABEINBO COOTHOITEHUE
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Butrin) = [ i y2metyy 2101 (245)
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DT0 CcOOTHOTIERNE ABATETCS CACACTRAEM CIAOYKEHUS CI0eR W TIPUHITATIA WHBAPWAHTHOCTH. ECanm oT 6eCKOHETHO cpeTht
OTCEKAETCS BEPXHSAS 9aCTh, HO OCTABIMIAACS 9aCTh TTOACRETNRBACTCS TeM JKe N3IydenneM, KOTOPOe CO3/IaBaa OTCeTeHHast
YACTh, TO BHYTPHU YCEUEHHOH CPeIbl HUYIero He M3MeHuTCs. Y pasaenne (246) MoxkHO BeIBecTH U (popManbHO. s 3Toro
B ypasuennn (201) mpu m = 0 pa3zo6beM WHTErPAT MO T B TIEPBOM CJIATAEMOM CIIpaBa Ha qga: oT —oo 10 0 m ot 0 10
7. Barem, cunras T > 0, NOACTABAM B NEPBHIA M3 yKA3AHHBIX AByX WHTErpaon pemenne Boo(7/,1') = b(n)e ™ ™
BLIMNCINM TOTydatomumiicss naTerpas. Torga mpuaeM K ypaBHEHTO
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T 0 [e’)
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+ /po(n,n’)dn’/Boo(T’,n’)e (r=r/ — — —/po(n,n’)dn’/Boo(T’,n’)e (r=r/n" — (247)
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ITo dopme momywenHOe PABEHCTRO SABJISIETCST YPABHEHUEM 71T TOJyOECKOHETHOH Cpeibl C MCTOYHUKAMU, TTPEICTABICH-

HBIMY CYTIEPTIO3NIIMeil NCTOTYHUKORB B 3a/1a4e 00 oTpaskernn. I3 3T0ro coobparkeHunst 1 HaXOINUTCsT YyPaBHEHNE (246).
Ecnu momecTuTh MCTOYHUKN HA TIYOMHY T = +00 W CYUTATH MO-ipeskHEeMy 7 > 0, TO PacCyKJIeHWE OCTAETCA TEM

K€ CaMbIM, HO Temepb K M3JTYIEHHI0, CO3JABAEMOMY 3a CUET OTPaXKEHWA, JOOABUTCA W M3NydeHHE, BO3HUKAIOIIEE B

camoit morybecKOHeYTHOH cpesie OT TIyOMHHBIX MCTOYHUKOB. B pesyabrare mogyvaercs

Beo(—7,—n) = b(—n)e*™ = M Bu(7,n)

CQIN

/ n')dn' B(r,m,1'). (248)
0

3aech mocrogaHasg M IMONIEKUT ONPEIENEHUI0, TAK KAK Mbl 3apaHee He 3HAEM, KAK CBA3aHbI HOPMUPOBKU DEIIeHUit
JIBYX OJHOpPOAHBIX ypasuenuit. Koneuno, n coornormenne (248) moxkHo BhiBecTn u3 ypasuenus (201).

OT (byHKI_H/]f/'] NCTOYHUKOB MO>KHO nepef/']TI/I K MHTEHCUBHOCTAM, CBA3b MEXKJy KOTOPHIMU BHITJIAANT 60ﬂee HarJIAIHO.
Jlst 3TOrO coiejiyer, KaK OOLIYHO, MOCTe M3MEHEHWsl 3HAKA Y 1) YMHOXKHTH cooTHOmenus (246) u (248) ma e~ 7/7 u
MPOMHTErPAPOBATE PE3yNbTaT. [loMydnTes aBa COOTHONMEHNUS

1
i(—n) = 2/i(n’)p(n,n’)n'dn’, (249)
0
i(n) = Mu(n) +2 / i(—=n")p(n,n')n'dy’. (250)
0

Kosddwnmment nponopunoramsroctn M onpenensiercss n3 ycnoBust HOpMAPORKH (242). JIefiCTRATENIRHO, yMHOKWR
(250) na 2i(n)n v NPOMHTErPUPOBAB 110 7], TIOJLY YUM

1 1 1 1

2/i2(n)ndn = 2/i(—n')n’dn’2/i(n)p(n n)ndn+2M/ (m)ndn = 2/ (=n")n'dn’ + M. (251)

0 0 0 0

ITpu nepexoze K MOCTIEIHEMY BHIDAYKEHUIO MCTOJIB30BaHO ycaormne (242) n coornomenue (249). Cuenar B nociaeganem

WHTETpaJie 3aMeny 77/ == —’I] n O6’b€,[H/IHI/IB pe3yabrTaTr ¢ MHTErPaJIOM, CTOAIINM CJIeBa, TTOJIYyY9YUM
1
M = 2/i2(n)ndn. (252)
—1

JoBeneM perrenne 0 KOHIA I CyYas W30TPOIHOTO PACCeTHUs.

6. NzorponiHoe paccesuue. s wero b(n) =1 u

1
n 4 1 4 XN—1+k?
M=2| ———dn==-|—alk)+ —=|=—F—F5—- 253
/(1—kn)2’7 k[a()+1—k2] N 1R (253)
21
Moacrarwe B (250) BHIpaXkEHUE JJIsT MHTEHCUBHOCTH
. 1
i) = (254)

n dopmyny ais kodpdunmenrta orpaxenns (169), naitgem

1
/

!
d =
1—k;77 2 /1+kn n+n)<p(n)n

(=)

1
( . - I77 )Qp(n/)dn/ :%kn 50(77)—<P(77)%/1@_£Tl]c73’dnl :1<P(7I7€) (11/k) (255)
0

48



31ech Ipy TPOBEIEHNN BBIKIAIKU CHAYATIA APOOH MO HHTErPAIOM PA3IOXKEHA HA TIPOCTEHIIHE IpodU, & 3aTeM JTBAK b
MCIO0JIb30BaHO ypasHenue AmbOapuymsina. B pesyibrare nojiydaercsi BhIPaskeHUe i PACHpPenesIeHNusl BhIXOAALIETO
W3JIydenHust 1mo yriaM B 3amade Muna:

Ak 1k o)
4

e(I/R)XN—1+k21—kn (256)

u(n) =

®yukuust u(n) urpaer GOJIBINYIO POJIb B TEOPHUH, NOSBJISSICh B (OPMYJIAX JJisi PA3JINYHBIX BEJINYNH.

7. ILnockmit croii. Paccvorpum 3azady o6 OTpaskeHWM M NPOIYCKAHWM W3JydeHus 1iockum caoem [76]. Hust
XapAKTEPUCTUK TOJS M3IYIEHUs B CJIOE, UMEIOIUX AHAJOL B CIyYae MOIyOeCKOHEYHOH Cpebl, OyIeM HCIoTb30BATH
Te ke 0003HAYEHWST, HO C JOMOJHATETHHBIM apryMEHTOM T(.

OcHOBHOE WHTErpanbHOE ypaBHEHNE 1 PYHKIUNA UCTOYHUKOB UMEET BT

AS .
Bm(Tﬂ?aC»TO) = _pm(nvg)e /C+

4
A 1 T d , A 0 T0 d
—(r—7' AT - AT
45 [patn)an [ B e T = [ [ Bt e T 2
0 0 -1 T

st miaockoro cyiost Hapsiay € KO3 MOUIMEHTOM OTPAaXKeHWsT p BBOANTCS W KOI(DDUINEHT TPONYCKaHUS 0. ITH
K03 DUIIMEHTHI CBA3aHBI C WHTEHCHBHOCTSIMU BBIXOIAIIETO Y€Pe3 JIBE TPAHWIIHI M3JIYYEeHWs W BHIPAYKAIOTCS 9Yepe3
GYHKITHIO NCTOIHWKOB:

Im Oa_ S 1 i —T
g m) = O] L [ g (1, ¢, (258)
0
T0
Im s 1S 1 _—
Um(nagvTO) = W = S—nC /6 /an(TO - Tan7§77-0)d7-' (259)
0

JI71st 3TOTO Ccydasi MOYKHO TIOJIy9UTh TTOYTH BCE YPABHEHWST W COOTHOTIIEHUS, SIBISTIONINECS AHAJIOTAMU yPaBHEHWHT
JA7st mosrybeckorednoit cpeabl. Hamprmvep, cnipaBeaanBo ypaBHeHNE

0B, ,C, 1
(Ta;’? C TO) == (T 777C77—0)

C
2 ; n 2 / dn/
§/ 0 77 C77—0) (T m, 77 7-0 77 - § /Bm 70, 77/7C7T0)Bm(7-0 -7, _nvn/aTO)n_T/]' (260)
0 0

W3 mero n w3 OCHOBHOTO ypaBHEHWsT MOTYT OBITh BHIBEIEHBI YPABHEHWST 7151 KOIDMUIIMEHTOR OTPAYKEHNST U MTPOITyCKa-
HUSI.

Ho nmerorcss u apyrue COOTHOIIEHNU s, HEBOZMOXKHBIE [I7TsT MOTYyOECKOHEYHOU CPEIbl. DTO MPEXK/IE BCETO YPABHEHUS,
coJieprKaIre TPON3BOAHBIE IO OTITUYECKOH TOInHE Ty. JIJ1sT Moy YeHust TaKoro ypaBHeHust 115t (DYHKIINNA NCTOTHUKOR
npomnddepernmpyem (257) 1o 79. [Momyunrces yparrenne ast mpon3BOAHON OT (DYHKIIMM MCTOYHWUKOB TIO T TAKOTO
JKe BUza, 910 u ncxoxroe. [Ipu 3rom ncae3neT ncxoiHOe BHEMHTErPAJILHOE CJIaraeMoe, HO J0DaRUTCs CiaraemMoe, mpo-
ucxongiiee ot auddepeHIupPOBAHNs BTOPOr0 WHTErPaaa CIpaBa MO BEPXHEMY MpEIeny. JTO CIaraeMoe MMeeT BUT
CYTIEPIIO3UINY BHEMHTEIPATBHBIX CIATAEMBIX UCXOIHOTO YPABHEHUS, TAK 9TO

d /

1
OBy (1,1, C, T 2
( n.¢ 0 :g/ 7—07 nlagvTO)Bm(TO_7—;_77’77,;7—0)77_72' (261)
0

(97'0

IMockonkKy B MATErpAN B MPABO¥ 9aCTH MOCAEIHErO PABEHCTRA, Kak U B (259), BXxonnT 3navenne GyHKINU NMCTOTHUKOR
npu Tp — T, TO TOJIE3HO TTOJyYUTh MPOU3BOIAHYIO U OT HErO:

8Bm(7-0 - 7,1, C7 7-0)
(9’7'()

03|N>

1
1 d
= _ZBm(TO - T7n5<7T0 / 0 T] CvTO) ( - 7,1, 7] TO) 777] (262)
0

KoneuHo, 3T COOTHOINIEHNS BBIBOIATCS U U3 SBPUCTHIECKUAX COODPAKEHUIA.
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Kaxk BuIHO W3 NPUBEJIEHHBIX yPABHEHUH, OHU MOSBISIOTCS napamMu. BnpodeM, 10CcTaATOYHO BBIBOINUTH TOJIBKO OJHO
ypaBHEHUWEe M3 JIByX, TAK KAK BTOPOE BCETJA MOXKHO TIOJIy9NTh, NCNOJL3Ys CJEAYIOIEe U3 OCHOBHOTO ypaBHerwus (257)
COOTHOTIIEHVE

T
By (o = 7,1, 70) = €7/ B (7, =1, =(, 70). (263)

E € OVH BN, aBHEHWN, XapaKTEPHBIX IJIsI TIJIOCKOTO CJIOST, — ABHEHUA, CBA3BIBAIINE XaPAKTEPUCTUKN KO-
e o/ oy : pit ;=Y , i}
HEYHOH 1 T0TyOeCKOHETHOM CPel, a TaKyKe JIBYX KOHEYHBIX Ca0eB. [Ipuremem n mx.

ITporenem paspes B oayOECKOHEYHO cpejie HA YPOBHE T = 7. BepXHUiT cJI0if OCBEIaeTcst CRepXy MapasiebHbIM
TTOTOKOM 71.S, & TaK»Ke CHHU3Y TeM M3IydeHWEeM, KOTOPOe BBIXOIUT W3 HUBIEKAINEH yCedeHHON Mmomy0eCKOHEedHO cpe-
gbl. Torma MOXKHO HANMCATH JBA COOTHOIIEHUS, CIEAYIONUX U3 CIOXKEHWUs CJIOEB W MPUHIUIA WHBApUAHTHOCTH. JIis
KO3 PUIIMEHTOB OTPAKEHUSA

|

1
Com(1,¢) = Com(n,¢,70) + /Im(To, =1, Q)om(n.n', 1o)n'dn’. (264)
0

Orpazkenne oT 10JIyDECKOHEUHON CPEbl CKIIAABIBAETCS U3 OTPayKeHusi 0T cjiost v auddy3HO MPOIYIIEHHOTO U3JIyde-
HUs TI0JIyDECKOHEUHOH JKe Cpeibl, Madaolero Ha, HUKHIOK TPAHUILy CJI0si. AHAJIOTMYHO U3JIy4YeHue 1M0J1yOeCKOHEeYHOM
CpeJibl, WiyIlee BHU3 Yepe3 HUKHIOI T'PAHWILY CJI0S, PABHO CyMMe TIPOMYIIEHHOTO CJI0EM W3JIyYeHWs W OTPa’KeHHOTO
OT HEro W3IyYeHHus MOJTHON Cpembl, uayiero Beepx. CrenanHoe yTBEpIKIEHNE 3AMUCHIBAETCS B BU/IE PABEHCTBA

1
Im (7-07 7, C) = SCUTH (7]7 C7 TO) + 2 / T]//)m (7]7 77/7 TO)Im (TO, _77/) C)dn/ (265)
0

B zakmiodenne aToro naparpacda 3amnniieM eIrme 0HO COOTHOIIEHNE, BEIPAKAOIIee CIOKEHNE IBYX CJ06B KOHETHOM
TOJIIUHBI T1 U To. PaccyXKaeHune, TOYTH TOXKIECTBEHHOE MCIONIB30BAHHOMY PaHee, TT03BOJISAeT HAUCATD Npu T < 71

Im(ﬂﬁ,(aﬁ + 7—2) = Im(’rvnvgv'rl) +

Ul

1
/Im (7—1; —77/7 Cv T+ TZ)anIm (Tl -7, nla Tl)' (266)
0

[peapiayiue 1Ba COOTHOIIEHUS ABISIOTCS YACTHBIMEU CydasaMu (266), MoaydaroiuMucs, eCid MONI0KUTh B HEM Ty =
00, T = Tp, & T COOTBETCTBEHHO PaBHBIM () 1 Ty.

[Mocnegame Tpu COOTHOMIEHUST TPUMEHSAIOTCS s PACYETA MOJeH M3IydeHus B KOHEYHBIX CI0aX. B gacTHOCTH,
paBenctra (264) n (265) mMbr ucrnosnb3yem B caemyromem naparpade Tpu BhIBOJE ACUMIITOTUYECKUX BHIPDAYKEHUH 11715t
K03 DUTIMEHTOR APKOCTH TIOCKOTO CJI0sT OOTBIMON ONMTUYIECKOH TOMIIWHEI.

§ 2.7. AcuMnToTUYECKHE METOIbI

1. Tiry6okme ciaoun mosry6ecKOHEeYHON cpebl. ACUMITOTUYECKHE METOMIbI JAI0T ACUMTOTUKN PA3TUIHBIX BE-
JINYWH B TaK HA3BIBAEMBIX aCUMTITOTHYECKUX obsactsx. Takumu obsactsiMu SBASIOTCS raybokne cyion cpen. UTobnt
TaKWe CJIOW TPHUCYTCTBOBAJIN, HAI0, YTOOBI W caMa Cpena ObLIa ONMTHYecKwW ToJicToi. B ciywae miockwx cpem 310 —
OTITUYECKH TOJICTHIH CJIOH n mosrybeckonednast armocdepa. Haarem ¢ mocaeaneit n s OnpeneieHHOCTH PACCMOTPUM
3agady o0 orpaxkenunu. HINKATPUCY CHAYANA CIUTAEM MPOU3BOIBHOM.

Korma paccmarpuBaercs mose u3aydeHnus B TIYOOKUX CIOSAX MOTyOECKOHEIHON Cpebl, BINSHIE TDAHUIIBI JTOTKHO
66Tk Hecytiecrrenno. Caenyst B. A. AmBapuywmsiny [4], cienaem HECKOIBKO MPEATIONIOKEHNUT, KOTOPhIE yiKe ObLiIn BU-
HBI 13 TpubaMKEHAbIX penennii. Imenno, Oygem cantars, 9to 1) npsiMoe n3jiyvYeHne COBEPINEHHO HE3HAYUTENIHHO TI0
cparsHennio ¢ auddy3HbIM; 2) MHTEHCHBHOCThH M3JIy9eHUsl B TJIyOOKWX CJIOSIX HE 3aBUCUT OT a3uMyTa; 3) pacrpenese-
HU€ U3IYYEHUs [0 YIJIaM U 3aBUCUMOCTh OT ITyOHUHBI PA3IETIEHbI, T. €. UHTEHCUBHOCTD MPEICTABISETCS MPOU3BEIEHUEM
dyuknuii ot 7, u 7. Janee, npubinKeHHbIE PEIEHNs TOICKAZBIBAIOT, YTO MHOXKUTEb, OMUCHIBAIOIINNA 3aBUCUMOCTD
OT IIyOMHBI, HAZO UCKATh B (pOpME HKCIOHEHTHI.

Wrak, nmem perenre ypasHeHWH JJ1st HYJEBON TapMOHWKK B MpeHebpekennn npsaMbiM u3nydennem (nagexc 0y
permennii 111 KpaTKOCTH HE MUIneM ). JICHO, 9TO 3T ypaBHEHWs COBMAIAOT 10 (pOpPMeE C yPABHEHUSIMU 71T GECKOHETHOH
Cpesbl ¢ uCTOYHUKaMu npu 7 = —oo [76]. [Tosromy HaMm yKe m3BecTHA GOpMa ACUMITOTHYECKOTO MOBEICHUS IOJIs
M3IyYEHUs C TOYHOCTBIO 10 MHOXKHUTEJISA, U PEMIeHNsS PACCMATPUBAEMON 3a/1a9u P 7 3> 1 MOXKHO TIPEJICTABUTH B BUIE

I(r,1,¢) = Se(Q)i(n)e ™", B(r,n,¢) = Se()b(n)e ™. (267)

3aecw i(n), b(n) wuzBecTHbIE yKe DyHKIMU, kK TONTOKUTEIBHbIA KOPEHb XAPAKTEPUCTUIECKOrO ypasHenus. Qcraercs
onpenemutsb Gyakuuio ¢(().
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s onpenenenus 3TOr0 MHOKUTESA BOCHOIb3yeMca cooTHomenneM (235). [logcrasus B Hero acumnrotuky (267),
Haiiem

1
1 - k)2 = %/ T’,)dn’. (268)
0

Paswoctr 1 — kC BeTpeuanach panee: Takoi MHOKWTEH CTOUT B ypaBHEHUN (244), onpenesiiomem pacipeienenue 1o
yTJIaM BBIXOJISIIIEr0 W3Iydenns B 3amade MuaHa, mocie dyHKINNT u(() OpHako npaBbie 4YaCTH JIBYX ypPaBHEHWH pas3-
mmaatorest. [lokaxkem, 9T0 HA CAMOM JleJIe OHU TOXKAeCTBeHHbI. [Ipojenaem BhIKIaaKy, TOACTAaBNB B (244) Bhipakenne
(241) u BOCTIONIB30BABIINCH PABEHCTBOM (231):

(1 = En)u(n) = Bum(0, —n) + 2n/BM(0, n')p(n,n')dn" =
0

1 1 1
A A
5/190 (n,n" )u(n’)dn’ +2n§/p (n,n") dn”/po Ju(n')dn' =
0 0 0
1 1 1
A 2 ) )
=3 u(n')dn' | po(n,n') +2n [ po(n )p(n,n") =3 B(0,n',n)dn’. (269)
0 0 0

CpasrmBas nBa cootHomennsi: (268) n Tonbko 9T0 BHIBEAEHHOE (269), 0O6HAPYKUBAEM, YTO C TOYHOCTHIO J0 MHO-
x)uressi koabdunment ¢(¢) cornagaer ¢ dbynkupeit u(():

() = Cu(Q)¢. (270)

[Mocrosrnas C' He MOXKeT OBITH HalieHa U3 OJHOPOJHOrO ypaBHeHus (268), u 1/ ee OnpeIeneHus CaeayeT IPUBIedb
€IlIe OJIHO COOTHOIEeHUE. DT0O cooTHommenue (246), KOTOpoe BEPHO /i Beex riybuH moaybeckoHeuHod cpeasl. [Ipuvennm
ero K raybokum ciaosm 7 > 1:

b( —kT —

0| v

1 1
/ 70,1 )i(n")dn' ~ 2Cb(n _kT/u n')n'dn’. (271)
0 0

ITocne cokpalnenus Ha 0OIIKMe MHOMKUTEIU MMOIYy9aeTCs COOTHOLIEHUE, COBIAJAIONIEe C YCIOBAEM HOPMHUPOBKHU (DYHK-
mn u(n) mpu C = 1.

OKOanTeﬂBHO ACUMIITOTUKHN beHKHVH/I NCTOYHUKOB 1 MHTEHCUBHOCTHU B T‘J'Iy6OKVIX CJIOAX nOﬂy6eCKOHeqHOﬁ cpeanl
B 3a7a4de 00 OTpakKeHnn WMEIOT BT

I(r,n,¢) = Si(n)e ¥ u(()¢, B(r,n,¢) = Sb(n)e " Tu(¢)C. (272)

Takum 06pa3oM, MBI IOKA3AH, KAK HAXOAUTCA ACUMITOTHIECKAN PEKUM MO UMYy YeHNs B NTyOOKUX CIIOSIX MOy~
6eckoneqdnoit armocdepsi. Temepsb mepeiizemM K OMpeaeeHni0 aCUMITOTHK WHTEHCUBHOCTEH M3/MyUeHus, OTPAYKEHHOTO
7 TIPOTYIIIEHHOTO KOHEYHOH TOJICTOH aTMocdepoii.

2. ACUMNITOTUKY IJIs TOJICTOTO CJIOs. $ICHO, YTO WHTEHCUBHOCTH TIPOIMYIHEHHOTO TOJCTHIM CIOEM W3JIydYeHust
HE 3aBUCUT OT a3VIMyTa,. He 6yﬂeM yLH/TTBIBa,TB 3aBUCUMOCTH OT a3VIMyTa, ny OTPa?>KEHHOTO H3ﬂyqeﬂﬂﬂ.

st nonyuernst acuMnToTK KO3(MMUIMEHTOR OTPAYKEHUST W MPOIMYyCKAHNS BOCTIOI3yeMCsi COOTHOMeHusiMu (264)
u (265), cBA3BIBAIOIIMMY IJIOCKUH cn0it u nomybeckoneunyio armocdepy [76]. Cuurag, uro 79 > 1, noacrasuM B
YKA3aHHBIE COOTHOIIEHUs ACUMOTOTUKY (272) MHTEHCUBHOCTU M3JIydeHus B noaybeckonednoil cpege. Ionydarca asa
HOBBIX, TENEPh y)Ke ACUMIITOTUYECKUX ypaBHeHVIﬂ

1

p(n,¢) = p(n,¢,70) + 2u(¢ /0 n,1',70)i(=n")n'dny, (273)
0

1
i(ne Fou(() = a(n, ¢, 10) + 2u(¢)eF™ /p .1, 7o)i(—n)n'dry’. (274)
0

Sanumem MMONTyY€HHBbIEC YPDABHEHUA KOPOYE, BBEIA 0D03HAYECHUS 1A BXOOAINWX B HUX UHTErpaJoB:

1
7(n,10) 2/0 (n, 7', 10)i(—n")n'dr, (275)
0
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1
p(n,10) 2/p n.1',70)i(—n")n'dn’. (276)
0

KOpOTKaH 3alIUCh BBINJIAIUT TaK:

p(1,¢) = p(n, ¢, 70) + u(Q)e T (n, 7o), (277)
i(n)e *u(¢) = a(n, ¢, 7o) + u(C)e *B(n, o). (278)

Huist nostyvennst OKOHYATENIbHBIX BhIpaykeHWil Haiigem nHTerpasbl (275)—(276). st 310ro yMHOXKHM DaBEHCTBA
(277)—(278) na 2i(—()¢d¢ n Bo3bmem nuTerpad 1o (. B sierbix yacrsix 060MX pABEHCTB MOJIY YATCs BRIPAYKEHWsI, KOTODbIE
MOKHO YIPOCTHTh. B MepBOM MosydaeTcs WHTErpas, BXOAAMMA B cooTHomenue (250), a BO BTOPOM HHTErpas mo ¢
0003HAYNM

1
N=2 / w(C)i(=C)¢dC. (279)
0
B pesynbrare HAXOOUM JBA yPABHEHHSA C JBYMS HEHM3BECTHLIMHI
i(n) —p(n, 7o) = Mu(n) + Ne "5 (n, 70), (280)
Ne *[i(n) — B(n, 70)] = &(n, 7o) (281)

Uckniouns u3 ypasHeHuii pasuocts i(n) — p(n, 7o), HaligeMm &, a 3aTeM u p:

Mu ko
a(n,m0) = N%e hTo, (282)
p(n,m0) = i(n) — Mu(n) (283)

1— NQe—QkTQ :

Iocne moacranoBku wuHTerpanos (282) (283) B ypasuenus (277) (278) mpuiem K OKOHYATETHHBIM (hOpMYIaM
[11,76]:

M —2kTo
p(n, ¢, 70) = p(1,¢) = N 15— u(n)u(<), (284)
M —kTo
o(n,¢,m0) = mu(ﬂ)u@) (285)

]3I/I,D;HO7 9TO MEXKAYy CUMMMETUIHBIMW OTHOCUTE/IIHLHO 1) 1 C KOS(i)CbI/H_H/IeHTa,MH APKOCTU MMEETCA aCUMIITOTUYECKOE COOT-
HoieHnue

p(n,¢,70) = p(n,¢) = Ne * o (n,(, 7). (286)

Onsth paccMOTPUM OTIEJIBHO Ciiy4ai chepruyeckoil MHANKATPUCHT paccesiHusi. B 3TOM ciydae, Kak ODBbIUHO, BCe
COOTHOIIEHNUS CUJIBHO yIPOIIAIOTCSH.

3. N3oTrponnoe paccessaue. Ham tpebyercst moayunTh BhIpAYKEHNE st TIOCTOSTHHOI [N, Tak KaK BCE OCTAIhHBIE
BEJIMYMHBI yyKe ObLu Hafigennl panee. Jjist 3TOro cHadvaja BbIBEIEM OJHO TOXKIECTBO, CJIEAYIOIIee U3 COOTHOIIEHUS!
(249), KoTOpOE /ISt U30TPOITHOTO PACCESHUS 3ATTMCHIBAETCS TAK:

1
!
/ d" @ : (287)
0

Pasznoxum TOABIHTETPAJIBHYTO ,Hp06b OTHOCUTEJILHO 'I]l Ha ﬂpOCTeﬁﬂlHeZ

n 1 1 n
_ _ 288
(I =k )" +n) 1+4kn [1—1677’ n’+n}’ (288)

1+

Cokparug nojydentoe pasencTso Ha apobb 1/(1 4 kn) u nepenecst ciaraemoe ¢ MHTErpajioM OT BTODPOIi 1pobK HAJIERO,
JanbHeRIne HeCI0XKHBIE TOXKIECTBEHHBIE TIPe0OPA30BaHus MPOJETaeM ¢ UCTOIL30BAHUEM ypaBHeHUs AMOapIlyMsHA

(171):
1+ nso /¢ )7 _ )=%<P(77)/1¢_(77/),d77’. (289)
0 0

+1n kn
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Orciona BeiTekaer, 9To s pyHKIuu AMOADIyMSIHA BBIIOIHIETCS YCIOBUE

1

A )

2/1_kndn_1. (290)
0

Bripaxkenue juisi koaddunpnenta N nonyuaercst nocie noacranorku qopmyasr (256) mist w(n), ucnonas3oBanus
ycnosus (290) u BHOBL ypasHennst Ambapuymsna (171):

1 1
. Ak 1— k2 d
N = 2/U(n)2(—n)ndn =5 /@(n) = -
0 0

e(1/k) A — 1+ k2 1 — k2n?
Nk -k 1 1
- 1
_A 1 L S 291
2¢(1/k)x—1+k22k/30(”)d” 1—kny 1+ kn (291)
0
1

1 1—k? 1 )\/ga(n)dn 11—k 1

T2/ A—1+k2 | 2) 1+kn| 2X—1+k2g2(1/k)
0

Eme oaue B acuMOToTHK  paznioxkenne GyHKIAH mo ManoMy mapamerpy /1 — A mpu paccesHnu, OIU3KOM K
KoHcepBarueHOMYy [76].

4. O yncJeHHBIX MeToJaxX PpelleHnd 3aJad 0 MOHOXpoMaTudeckoM paccedHnr. () HEKOTOPhIX M3 HAX
MbI JaJIn TTpeaCcTaBJI€eHUEe, KOrJa TOBOPUJIU O anI6HVI)KeHHBIX MEeTOJaX, Ha3BaB l'[pVI6IH/I)KeHHBIe METOAbI TaK »Ke, KaK
HA3BIBAIOTCA YHCIeHHBIE. Tak, MeTOH AUCKPETHBIX OpIMHAT  MPOIOIXKeHHe Meroga damapacekapa, cepudecKux
TApMOHHUK  MeTOa DAAWHITOHA, ABYXIOTOKOBOE mpubamkenne  Mmerona IlIsapmmmasma Ilycrepa.

OpurnnansHbiil MeTo periernst nHTerpoarddepeHInaILHOr0 ypaBHeHusl iepenoca db11 pa3paboTan rpyrioi cre-
LUMAJIMCTOR 110 TEOPUM MepeHoca HeATPOHOB [12]. DTOT MeTox 3aKJIYAETCS B TOM, 9TO CHAYAJIA JIEJIAETCs HECKOJIbKO
nrepanuii ypaBHeHUs! epeHoca. PacCuynTaHHOe Pellenne emle 09eHb JajleKo OT UCTUHHOTO. [locjie 3T0ro uernoab3yercs
KaKasi-HuOYIb, MyCTh Jayke MpUOINKEHHAs, OIEHKA TOYHOTO pertenns. repupoBanHoe perenne “moaTarnBaercs’ K
TpUOIMKEHHOMY ¢ COXpaHeHHEeM YII0BO# 3aBucuMocTh. Tako# mpreM, KOTOPBIH MOXKET OBITH TOBTOPEH, OY€Hb CHITHHO
YOBICTPSIET TPOIECC CXOAUMOCTH MTEPAINii K HACTOAIIEMY perneHuio. Ipyrue MeToabl U TpOrpaMMbl pacdera Mmomei
M3JIyYeHUsT, BKJIIOYAs! MOJISPU3ALNIO, TPUMEHUTEIRHO K arMocdepam IJIaHeT U3JI0XKeHbl B Kaure [78].

ITpumensnch pa3iinyHble BAPDUALMOHHBIE METO/bI, OCHOBAHHBIE HAa pa3ubix dyHKunonasnax [70], u nrepanronHo-
BAPUAIIMOHHBIE METObI, [IPU KOTOPBIX UTEPAIIUH YEPEIYIOTCs ¢ IpUMeHeHreM Kakoro-mubo dbyunkmuonana [12]. B ka-
9ecTBE TMPOOHBIX MOYKHO MCIOIB30BATH KAK HEKOTOPBIE (DUKCHPOBAHHBIE (DYHKIMH, TAK W MOJTYYIAIONIAECS B XOIE UTe-
pammii. OOBIYHO KaxKdask CTYNEeHb B HTEPANMOHHO-BAPHUAIIMOHHON CXeMe JTaeT YMEHBINEHNEe TOTPEITHOCTH Ha, TOPAJIOK.
Caenyer ynomsinyrh takxke meroasl tuna Monre-Kapuio [42]. Psig merogos, pazpaboraHHbIX Jjist DEleHust 3a1a4 0
Tiepenoce n3nyqemxm B CIIEKTPAJIBHBIX JIMHUAX, O KOTOPBHIX MBI CKa>»XeM JaJiee, MOT‘yT 6BITB TTPUMEHEHBbI U K 3aJaYaM
MOHOXPOMATHYECKOIO PACCESTHUSA.

Meroz yaBO€HUS CIIOEB OCHOBAH Ha COOTHOMIEHUAX Braa (266). Cormacuo 3ToMy METO/y CHAYAA PACCYUTHIBACTCS
TIOJIe U3JYUYEHNsT B CJIOAX MATON ONTHYIECKON TOMIUHBI, a 3aTeéM A7 CJI0EB MOCIeI0BATETHLHO YABAEMON TOIIIHHEI.
st 3Toro B pasencrse (266) nmonaraior 71 = Tp W NOJyYAaKOIIEecs: yPABHEHWE JIJIsT WMHTEHCWBHOCTH B CJIOE JIBOWHOM
TOJIMHBI PEIIAIOT METOIOM MOCJIeI0BATEIbHBIX NpubKenuii. ONbIT pacYeTor TUM METOIOM MOKa3aJl ero ObICTPYIO
CXOOUMOCTH " yCTOf/']LH/IBOCTB.

Ha sToM MBI BpeMeHHO 3aKaHYMBAEM PACCMOTPEHHE MOHOXPOMATHYECKOTO paccesHus. HeKoTopbie HOBBIE pPe3yiTb-
TaTBI /I CIydas W30TPOIHOTO PACCesSHUs OYIyT MOMYUeHBI B CICAYIOMEH riaBe.
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I'naBa 3. Pe3oabBeHTHBII MeTO,

B 370it ritaBe m310°K€HBI TOYHBIE AHATIMTHYIECKNE METOIBI PEITeHNsT YPABHEHWIT TeOPUH TIePEeHOCa, U3TyIeHusl, 00b-
eIMHEeHHBIE Mo/, OOIINM Ha3BaHUEM pe30JbBeHTHOr0. KoHeYHO, TaKue MeTOIbl MOTYT OBITH TPUMEHEHBI TOMBKO K HIea-
JNU3UPOBAHHBIM MOJEISAM paccenBaronmux cpem. Cpema cauTaeTcs HeMOABHUKHOM, TIOCKON, OMHOPOIHON U M30TPOITHOMM.

Pesynnrarsr, mosydenrbie B HACTOSAIIEH TJIaBe, MBI MPUMEHNM K JIBYM BHJIAM PACCESTHWS, 8 UMEHHO, K MOHOXPOMa-
THYECKOMY M30TPOIHOMY paccesianio (§3.4.) W K PACCESHUIO B JIMHUM C TOJIHBIM TIEPEPACTTPEIETIEHUEM M0 9aCTOTE, O
KOTOPOM pedh MmoiaeT B riare 4.

§ 3.1. dnepras dbyHKIUS 1 PE30JIbBEHTA

1. OcHoBHOe mHTerpasbHoe ypaBHeHue. OCHOBHOE WHTErpPANTHHOE YPABHEHHE TEOPUU TEPEHOCA W3y UEHUsI
nmeer BHUJL

S(1) = So(7) + % /K(|’7’ —7'NS(r") dr'. (1)

Baeck So(T) — 3anannas, a S(7) — uckomasi yukunmn, —oo < 7, < 79 < 00, A — 3aJaHHOE YUCIIO.
Sodepras pynxyus K (T) onpenensiercs KORKPETHBIM BUIOM Daccesanst. TIPEAmoNoKnuM, 9T0 ORa TTPEJICTABISETCS
cyneprosunueii (HaJoKeHueM, CyMMO#) 3KCTIOHEHT:

b
K(T):/A(y)e_dey, 0<a<b< oo, (2)

a

npudem Becosasi Gyukuust A(y) na npomexyrke (a, b) Heorpunarensbna u Kycouno auddepennupyeva. Bysem cunrars
TaK¥Ke, 9TO CYIIECTRYEeT WHTETPAJ

Zmﬂm:jmm%<m. (3)

CummMeTpryHOe PAa3HOCTHOE siIPO BBIPAXKAETCsI Yepe3 HeoTpuuareabuyio siiaepuyio dynakunio K (7). Takne ypas-
HEHWST BCTPEYAIOTCS B PA3IMIHBIX pa3aesax mMareMarnku u hu3nkn. B Teopun mepeHoca nu3jy<ueHnsi, TEPMUHOJIOTHN
KOTOPO# MBI OyJIEM MPUAEPKUBATHCS, ypasHerue (1) onmmuchiBaeT MHOrOKPATHOE PACCESTHNE W3JIyY€HUs B IIJIOCKOTIAPaI-
nenbHO# cpeme. [lpu aTtom 7 onTudeckas riyOmHa, Tg — Ty onTHdeckas Toammia cpeabl, 0 < A <1  BeposTHOCTH
BbIXKUBaHUs (POTOHA DU OJHOKPATHOM paccestuu, So(7)  QyHKIMS, XapaKTepU3yomas MOIHOCTb MEPBUYHBIX UC-
TOYHWUKOB M3J1ydenusi, a S(7) — dyHKIMS MCTOYHUKOR, ITPOTIOPLMOHAILHAST SHEPIMH, U3J1ydaeMoil Ha roybune T rnocse
BCEX PacCCesiHUM.

Ypaguenne (1) apnsiercs 0606menneM ypaBHEHNsT XBOJIBCOHA, COOTBETCTRYOIIETO W30TPOITHOMY MOHOXPOMATHYE-
CKOMY paccesHuio. Zneprast PyHKINS I71sT TAKOTO PACCETHUsT  WHTErpajgbHAas MOKa3aTeabHas OyHKITHS

K(r)=FEi(r) = /e_de?y. (4)

Tot pakT, 9TO AAPO 3ABUCUT TOJBKO OT MOAY/SA PA3HOCTH apryMEHTOB, 03HAYAET, YTO CBOMCTBA CPEIbl BE3E OIUHA-
KOBBI W JIJIS1 XaPAKTEPUCTUKN MTPOIECCA TIEPEHOCA N3JIyYeHUsT OT MCTOYHUKA K MPUEMHANKY OIWH Pa3 CYIIECTREHHO JINTTH
paccrostaue Mexkay nx rayomaamn. Takoe CROWCTRO iIpa HA3BIBAIOT IIe MPAHCAAYUOHHOT UHBAPUAHIMHOCTbIO. 3aBN-
CUMOCTb sIZIpa OT MOJYJIA PA3HOCTU TIAYOUH (CUMMEMPUYHOCTIS) TIOKA3BIBAET, YTO 6E3PA3IUYHO TaKKe HAIPABICHUE
PAaCIpOCTpaHeHNUs U3AYUEHN: B CTOPOHY BO3pACTaHUs MU yObIBAHUS [J1yOUHBI.

Uccnenosanuio u pemienuio ypasuenus Buia (1) MOCBSNIEHO MHOMXKECTBO pabOT MATEMATHKOB, (DU3UKOB U aCTPO-
dbuzukor (cm., Hanpumep, 0630p [56]). Boubmoit Bkaa B ero uccienoranne BHecan akagemukn B. A. Ambapuymsia u
B. B. CoboJieB n ux y9eHUKH.

2. OnpeiesieAne Pe30JIHLBEHTHI U ypaBHeHU JJs Hee. Pesoaveenma yparnenus (1) onpenensiercs kak GyHk-
st IByX apryMEHTOB, 3HAHWE KOTOPOI MO3BOJISIET HANTH PEIeHne TP MPONU3BOJIHLHOM CBODOIHOM CIATAEMOM:
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JlBa aprymMenTa pe30abBeHTHI O0bICHSIOTCS TeM, YTO OJUH U3 HUX YKA3BIBAET HA PACIOIOXKEHUE NUCTOYHUKA U3y YCHUs
(ryGWHBI TIIOCKOTO MCTOYHWKA), & APYTOH — Ha PACITOJIOXKEHNE TTPUEMHANKA.

st BRIBOJIA ypaBHEHWIA, KOTOPHIM YIOBJIETBOPSIET Pe30JbBeHTa, nepenumenm ypasrenune (1) u coornomenne (5) B
omnepaTopHoit gpopme:

S=Sy+KS, S=8,+TIS,. (6)
[loncTaBuB BTOpOE PABEHCTBO B MEPBOE, MOJTYYIUM
So+ 1Sy = So + K (So + I'Sy). (7)
[Mockonbky dyHKIUA Sy, a CIEIOBATETHHO U BEKTOP Sg, TPOU3BOIbHBI, BHIOJIHAETCS YPABHEHUE
f =K +RT. (8)

OTO U ecTh ypaBHEHUE JJIsi PE30JIbBEHTHI. 3aIUIIEeM ero B OOBIYHBIX 0D03HAYEHUSIX:
A Wi
M) =5 Kllr—n)+ 5 [ K(r =)0 s (9)

PezonbBenTa ymoBmeTBopseT emie OZHOMY ypaBHEHu0. [7si ero BHIBOIA CHOBA TPUMEHUM OMEPATOPHBIE 0DO3HAYE-
nust. Beipasum m3 nepsoro ypasuenus B (6) Bekrop Sp wepe3 S m nogcraBnm BO BTOpoe ypasuerne (6):

S=S—-KS+T(S—KS). (10)

Orcroma cmeayer onepaTopHOe ypaBHEHUE

~ ~

=K +TK. (11)
Ero Buzg B 00BIYHBIX 0003HAYEHUAX
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/F(T, K(|7" — ) dr’. (12)

Tx

DO | >

A
P(r,m) = 5 K(r—nl) +

Hanuuue nByx ypaBHeHUil [ PE30JbBEHTHI OTpaxkaeT TOT (akT (KOTOPLIii, CTPOro roBopsi, HAJO JOKA3bIBATH), YTO

JIEBBIIT W TIpaBbIii oOpaTHbIe omepaTophl A omeparopa 1 — K cosmagaror. leicTBUTehHO, W3 TTIEPBOTO W BTOPOTO
YDPaBHEHUIT HAXOJNM COOTBETCTBEHHO

1-K)T+1)=1, @T+1)01-K)=1. (13)

3. Tpu tuna mwirockux cpen. Cpema ¢ MIOCKOH cuMMeTpuel, Kak MBI BHIEIN B TJIABE O MOHOXPOMATHIECKOM
paccedann, MOXKeET 6BITB Tpex CyHleCTBeHHO PA3JINYIHBIX TUTIOB. PaCCMOTpHM NX MPUMEHUTEJIBHO K 06meMy ypaBHeHVHO
(1).

Ecmm 79 = —7 = 400, TO cpena na3biBaercsi OeckonedHo, mpu 7, = 0 u 79 = +00 — MOAyOECKOHETHO, a TIpn
T =0, 790 < 00  KOHEYHBIM CJTOEM. 3aMEeTHM, YTO, KaK W IPH MOHOXPOMATHIECKOM PACCESHUH, B CIyYIae MIOCKOrO
ciog (1)  aro ypasuenue ®@penronbma, 1y GECKOHEIHON U MOMYOECKOHEYHOM CPeJ] OHO CHHIYJISPHO.

st KaXkI0ro U3 CJIy4Yaes yrnoTpebssitoTcs CriennaibHble 0003HaueHusi Pe30abeeHThl. COOTBETCTBEHHO KOHKPETH-
3UPYIOTCs ONpeJessiiolne ee ypaBHenusi. Pe3osibBenTa Jyisi GeckoHeuHol cpeabl 0603nauaercst oo (T, 71 ). ockoabky
Takasi Cpela He UMEeT IPaHUIl, ee CJIOU BOODIE UAEHTUYHBI. [[03TOMYy OT MO/YJIsi PA3HOCTH 3aBUCUT HE TOJIBKO SI/IPO,
HO U pe30abBeHTa. PopMyIoil 3TO BbIparXKaeTcs TaK:

Poo(7,71) = Too (|7 = 71,0) = oo (|7 = 71]). (14)

Y nonyGecKOHEYHOH Cpebl MMEeTCs TPAHUIA, Yepe3 KOTOPYI0 U3MYYeHWe MOMKET TMOKHUJIATH CPey, TeM CAMbBIM
BBIXOZS U3 TPOIecca paccesuus. [103TOMy MIEHTHYHOCTH CIOEB BBIMOJJHSIETCS TOJBKO OJWH pa3, T.e. MPU MepBOM
paccesinnn. Pesosibrenta nosybeckoneunoii cpeant I'(7, 71) 3aBucut or conx aprymenTon 6osee ciaoxuo. OnHako oHa,
KaK JIErKO TMOKa3aTh HEMOCPEICTBEHHO M3 yPABHEHUSs, SIBJSIETCS CUMMETPUYHON (DyHKIMeH 3TUX apryMeHTOB. JTO
CBOMCTBO O3Ha4YaeT, 4TO UCTOYHUK U TIPUEMHUK MOFyT MEHATHCA MeCTaMMU. I‘Ia,CTHOe 3Ha4YE€HWEe PE30JIbBEHTHI, KOTIda
UCTOYHWK WM IPUEMHUK PACIONIATAIOTCS HA TPAHUIE, UMeeT crernuanbhuoe obosuadenue I'(7,0) = ®(7) u Ha3biBaercs
pesoaveenmuoli Gynrkyuets, nmn gynryuets Coboaesa.

[Tnockuit cioit orpaHWYeH ¢ ABYX CTOPOH, U JJisi HErO TeM DoJiee HET TPAHCAANMOHHON nHBapuaHTHOCTH. OTHAKO
CUMMETPUYHOCTH U U30TPOIMTHOCTH CPpeabl COXPAHAIOTCA U OTPAYKAKTCA B TaAKUX PAaBEHCTBAX OJId PE30JIbBEHTHI:

L(r,71,70) =T(m1,7,70) =T(170 — 7,70 — 71, T0). (15)
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YacTHOe 3HAYEHME ¢ HCTOYHUKOM Ha TPAHUIE TakkKe obozHadaeTcs 0cobo: I'(7,0,7) = ®(7,70) 1 UMeer Te Ke HA3Ba-
HUST, 9TO U 1151 Tosty6eckonednoii cpeapl. @ynkunm @ 0TBE9AIOT MIOCKOMY NCTOYHWUKY (MM MPUEMHWKY ), PACTIOTIOKEH-
HOMY HA riybune 7 = 0, 9TO B Ciiyvae CpeJ C rpaHMNEH OTBEYaeT ero pacioaokennio Ha rpanune. CHMMeTPUIHOCTD
PE30MBBEHAT €CTh MPOSABIEHUE YIOMUHABIIEHCS B TIaBe 2 OODATUMOCTH ONTHICCKAX SBICHUI.

Tpu pe30MBBEHTHI CBA3AHBI IPEICTLHBIMEA epexoqaMu. Ecim 3aKpenuTh paccTosHAE MEXK Ty TTyOMHAMEA HCTOTHUKA
W TIPUEMHAUKA, & OJTHY WM 00 TPAHAIBI yCTPEMHUTDH HA OECKOHETHOE PACCTOSHUE OT HHX, TO, UCXOZA HEMOCPEICTBEHHO
73 WHTETPATHHBIX YPABHEHWH JJIsT PE30TBBEHT, JIETKO YOEAUTHCS, 9TO TPHA T, — —0O0 U Ty — OO

D(r—7e,71 —7x) 2 Loo(ry71), T(7,71,00)=T(1,71), T(T—7e,71 — T, 70 — Tx) — Loo(7,71). (16)
4. IIpeo6pazoBanus Jlanuiaca. PesonnBenTHniii meTon pemenunst ypasuennii suga (1) cBsi3an ¢ mpumeHernem
WHTErpaabHBIX MPeoOpa30BaHuil, B OCHOBHOM mpeoOpa3oBanus Jlammaca. IloatoMmy B TeOpuio BBOAATCS CIeNMATbHBIE

0003HaYeHUd [119 HUX.
[Ipeobpazosanue Jlamnaca Oymem oTMedaTs 4epToit Ha ob603HAYeHNEeM (DYHKITUN:

S(p) = /S(T)e_pTdT. (17)
0

Hapsimy ¢ o6praapiv (0IHOCTOPOHHWM) MTPEOGPA30BAHNEM BBOJINTCS JIBYCTOPOHHEE

Gl

(p) = /S(T)e_pTdT. (18)

B ciyuae gernbix dbyHKIMIA OHO CBOAUTCA K OQHOCTOPOHHUM. JlelicTBuTenbHO, pa3oObem uarerpan B (18) ma asa: or
—o0 710 0 m ot 0 10 co. B mepBoM uHTerpane cienaeM 3aMeny 71 = —7, B Pe3yJbTaTe 4ero MpeIenbl HHTErPAPOBAHUS
y 060MX MHTErPaJIOB COBNAAYT. 3HAK apryMeHnTa (DYHKLIWN B IEPBOM MHTEIPAJIE B CUJLY €€ YeTHOCTH MOYKHO OMYCTHUTH,
7 WHTEerpas OyaeT OTINYaThCS OT BTOPOTO TOJIHKO 3HAKOM TOKA3ATEsT SKCTTOHEHTHI:

?(p) = /S(T)epTd’T + /S(T)e’pTdT = S(—p) + S(p). (19)
0 0

O aHOCTOPOHHEE TPEODOPA30BAHNE MOYKHO MOHUMATH KaK JBYCTOPOHHEE OT (DYHKIUH, PABHOM HYJIIO TPU OTPULIATEIHHBIX
3HAYEHUAX apryl\/reHTa.

ITpeobpazoranme Jlammaca TecHo cBsi3ano ¢ mpeodpasoranrem Dyphe, OTIANIASICH OT HETO TEM, 9TO TTapaMeTp mpe-
0Opa3oOBaHUs p UMEET JOMOJTHUTETLHBIN MHOKHUTETh  MHAMYIO €IUHHIYY ¢. TakuM 00pa3oM, pasnudue MexKIy dTHMI
AByMs (PYHKIUAME KOMILIEKCHOIO apryMEHTa 3aK/II0YaeTcss B TOM, YTO MX apryMEHThI MOBEPHYTHI B KOMILIEKCHON
MJIOCKOCTU OTHOCHTEIBHO ApYT zApyra Ha yroa w/2. IlosTtomMy MOXKHO cpa3dy HamucaTh OOpalieHue npeodpa3oBaHus
Jlanjaca kak caencrsue uarerpaJia @ypee:

100
S(r) = L / S(p)ePTdp. (20)
27
—100
Nmeerca ananorus mMexay npeobpazoBanuem Jlamnaca u crenennbivu psgamu [29]. Kak u3BecTHO, creneHHoil
PSIT CXOAWTCST B HEKOTOPOM Kpyre — Kpyre cxoammocTn. Paanyc Kpyra CXOOZWMOCTH DABEH PACCTOSTHUIO OT TOYKH,
OTHOCUTEIHFHO KOTOPO# WAET pasjoykeHwe B Psia, M0 Owmrkaiinieir ocoboi Toukn pasiaraemoit dyrkmnn. MuTerpar,
sBAAOmmMiics: (0aHOCTOPOHANM) npeobpasoranunem Jlamnaca, BOOOIE TOBOPS, CXOANUTCS B MOJIYTIOCKOCTH KOMIIJIEKC-
HOM ITOCKOCTH, JEXKAIell cupaBa OT HEKOTOPOI MpsaMOii, mapasienbHoi MEUMOM ocu. CKa3aHHOE HE O3HAYAET, UTO
npeobpPA30BAHME UMEET CMBICI TOJIBKO TaM, TIe CXOAUTCA UHTerpai (Kak u B ciaydae pagos). JacTo GyHKIMIO MOXKHO
AHAJIMTUYECKU TTPOHOJIKATH, WHOTAA HA BCE TOYKW KOMILJIEKCHON TIJIOCKOCTH, KPOME HEKOTOPHhIX, 0COObIX. fcHOo, 9To
Ha TIPAMO#i, SIBJISIONIEHCS TPAHNIEH CXOANMOCTH WHTErpaJja, 00S3aTeThHO JEKUT 0cobasi TOUKa Mpeodpa3oBaHmsT KaK
GYHKIINNT KOMTIJIEKCHOTO apryMeHTa.
Ms1 mociegoBaTenbHO PACCMOTPUM CIydan OECKOHEYHOMU, TOMyOECKOHEYHON Cpej U IJIOCKOTO CJI0s, HO CHAYAma
BBeseM psan PYHKINH, CBA3AHHBIX C sITEPHOM.

5. dnepuasa dbyHKkIUga u ee mpeobpa3zoBanud. B reopun mepenoca n3nydennsi, Kak y»Ke TOBOPHUJIOCH, PACCMAT-
PUBAIOTCS CUMMETPUYHBIE PA3HOCTHBIE APA, T.€. C YETHBIMU SIEPHBIMU (DYyHKIUSMHU, TTPEICTABUMBIMU B Buge (2).
Warerpan, mpeacrasasaomuit mpeodpa3oranne Jlammaca Takoit dyHKINM,

o0

Rp) = [ 77 K(r)dr = /b AY)

0

dy’

— 21
Vo (21)
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cxonutrest ipu Re > —a. Takoit unrerpan nHassiBaercs uarerpanom tuna Komu. O sanmomunaer uarerpan Kormm
dz’
, o
b= =omif(e) (22)

Oepymuiics Mo HEKOTOPOMY 3aMKHYTOMY KOHTYPY L B KOMILIEKCHOM mnockoctr. Ho B uarerpane Koru crout ¢yHKIms
f(2), perynspras B 061acTH, HETUKOM COIEPKAIIell KOHTYD uHTerpupoBanus. [109TOMy yKa3aHHBINH HHTErpA BCErIa
BhIpazkaercs yepes caMy GyHKIuo. B uarerpane tuna Komn pyHKIMSA AUIIL HENPEPLIBHA, a4 KOHTYP He 00g3aTe/1bHO
BaMKHYT, W JIJIst HEIO PABEHCTBO (22) HEe BBITIOJIHSIETCS.

Bwmecre ¢ Tem 1O 0bcTOsITETHCTRO, 9UTO Tpeobpazoranme Jlammtaca ot saepHoit dhyHKIMM ecTh nHTErpasa trumna Kormm,
CIUILHO OOJIEr4aeT pelleHre 3a7ad TEeOPUU IIEePeHOCa, TAK KaK M3BECTHBI AHATUTHYECKHUE CBOMCTBA 3TOr0 MHTErpasa
[10,29].

Beenmewm erme aBe QyHKINHU, CBA3aHHBIE C SAEPHON, a MMEHHO JBYCTOPOHHee mpeoOpasoBanme Jlamnaca, Todnee

TIOJIyCYMMY OJTHOCTOPOHHUX
b

K(p) + K(— /A ydy (23)

Up) = pa—

MlH

7 KOocuHYycC-TipeobpazoBanne @ypbe 0T AnepHOi QyHKINNA

%) b
V(u) =U(iu) = /COS(U,T)K(T)dT = / % (24)
0 a

O6e 3n DyHKIMM 9eTHRI OTHOCHTENLHO CBOWX aprymenTor. Mx obmee snavenne B nyme V(0) = U(0) = K(0) parro
unrerpaiy (3). B cuuy namux npegnosnoxennit o byukuun A(y), B vacrHocTn ee Heorpunareabroctu, byukuus V(u)
HEMpEPHIBHA W CTPOTO yOhIBaeT Ha mpomexyTke [0, 00). Tlocmennee cnemyer n3 TOTo, 9TO MPOW3BOIHAS TAM

b

y)ydy
V' (u) 2u/ W+ ) <0. (25)

Beenennnie mpeobpa3oBaHus MPUIETCS PACCMATPUBATD HA KOMIIIEKCHOHN MI0CKOCTH. [103TOMY M3ydmMm nX aHAIM-
TUYECKHE CBOMCTBA HA HEM.

6. ®opmyasr Coxonkoro—Ilmemens. [Ipeobpazosanne Jlamnaca or simeproii byHKmn (MEPEBI WHTETPAT B
(21)), kak y»ke OTMEYAIOCh, ABASAETCS WATErpanaoM Thna Komm (BTOPOil MATErpas B TOM >Ke PABEHCTBE), KOTOPBIH
MOKHO BBIYHCJISITH HE TOJBKO MPHU TEX 3HAYEHUAX P, NP KOTOPBIX CXOAWTCS mpeobpazoBanue. TeM camMbiM HWHTE-
rpasT AHATUTHYECKH TTPOIOIXKAET Mpeobpa3zoBaHie Ha BCIO KOMITEKCHYIO TLIOCKoCTh. Oynkmusa K (p) peryasapHa Besse,
KPOME TOYeK MPOMEKYTKa [—b, —a]. B okpecTHOCTH 3THX TOUEK ee moBeaeHne onpenensercs Gopmymnamu COXoIKoro
Inemesnst (cum., nanpuwmep, [10]), Kparkuii BhIBOJ KOTOPHIX MbI CEYAC MPUBEIEM.

Heperyasiprocts npeobpasosanus Jlanmaca K (p) na npomeskyTtke [—b, —a] obbscHseTCS TeM, 4TO B ero TouKax
obpaImaercs B Hy/Ih 3HAMEHATENh y TIOABIHTErpaahHoi pyrkumn B narerpase tua Komm g (21). Yrober nccnenosars
noeejeHne uHTerpana (21) Boam3n Touku p = —y € [—b, —al, paccMOTPHUM €ro 3HAYEHWsS HA KOMILTEKCHO TIOCKOCTH
YyTh BBINIE WM 9yTh HUYXKE BHIOPAHHON TOYKY, BBIICTUM HEOONBIION MPOMEKYTOK OKOJO Hee W JOOABUM U BBIYTEM
WHTETPAJT TT0 MAJIOMY TIPOMEXKYTKY OT Ipobw ¢ MHOKuTenem — dyrkumei A(y) B Touke y € [a, b]:

_ P A AW FOAW) A - Aly) Ty
. Yy / Y / Y / y)— Yy / Yy
K(—y+ie)= | —2W) _qy— [ _2W) _2Y) 27 AY) gy 4 4 _ YW (2
(-y+ie) /y’—yj:isdy /y’—yiisdy+/ y’—yj:iedy+/ y—yic WHAW) / gy i 20
a a y+8 y—30 y—0o

Cuuraem, 910 § > € > 0. B TakoM mpeacTABIEHUN WHTETPAIBI O MPOMEXKYTKAM, HE COAEPIKAIIUM TOYKH Y, U WH-
Terpan ¢ pa3HoCTbio 3HaveHuil Gpynkuuun A ocraiorcsa cxopsmumuca u npu € — 0. Iocnennuit e B (26) unTerpan
Beruucnsgerca. [Ipu 3nake +

y+6 Qo 5 ”
Y +1ig et . .
'—y+ie n—5—|—i6 N gin—ia im + 2i9, (27)
y—3o
rie
] . €
cos ¢ = sin ¢ = (28)

52 2’

ITpw u3menennn 3raka nepen € B (27) MOJIy9INTCA KOMIIJIEKCHO CONPSI’KEHHOE BhIPAYKEHWE.
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Tenepsr MoOXKHO € ycTpeMuTh K Hym0. Torma B npegene nomydurcs ¢ = 0 u

y—94 b y+0
- Ay Aly Aly) — A
K(—y+i0) = / W) 4y 4 / W) gy 4 / W) =AW 4y 3 imagy). (29)
y -y s y -y 5 y-y
a Y Y-

Hakomer, ycrpemum K Hymi0 u . IHTErpaa oT Ipobu ¢ pa3HOCTHIO B YHCIATENE IPU 3TOM CTPEMUTCA K HYJIIO, TAK KaK
€ro nmoJgbIHTErPpaAJIbHAA (byHKI_H/IH HEMpEPhIBHA, a MTPeIesI CyMMBI ABYX WHTETPaJIOB CyHleCTByeT " HA3BIBAETCHA TJIABHBIM
3HadenneM mwHTerpasa B cvbicie Komm. Mper Oymem o603HA9aTh 3TO 3HAYEHHE TTPOCTO WHTErPAIOM 0e3 KakuX-1mndo
JOTIOTHATETLHBIX 3HAYKOB.

Wrak, dopmynsr Coxonkoro Ilnemerns umeroT Bus

K(—y+i0) = K(—y) T irA(y), (30)

rmea <y<b a F(—y) — wmaTerpan Buaa (21), B KOTOPOM 3HAMEHATEJh TOABIHTErPaIhHON (QyHKIMM 00PAIIAETCsS B
HYJIb 1 MHTETPaAJI HAA0 TTOHUMATHh B CMBICJI€ TJIABHOTO 3HAYEHUA TI0 KOHH/I.

TMockoubky byuxuus U(p) sivastercst nosycymmoii npeobpasosanuit Jlamaca (21), dopmynsr Coxonkoro juist Hee
creayor u3 (30) U BBIDIAIAT TAK:

U(y = 0) =U(y) + 7 Ally]) sgn . (31)

3xech |y| € [a,b], a waTErpan (23) MpM TAKKX p = y TMOHUMAETCS KAK [JIABHOE 3HAYEHME.

§ 3.2. BeckoneuHnas cpena

1. IIpeo6pasoBanne Jlamiaaca oT pe30JIbBEHTBI. Y paBHEHAE /g OECKOHEUHON CPeIbl CONEPKAT HHTEIPAT IO
Beeit ocu. Kak y:ke oTMeuanoch, BCAeJCTBHE OJHOPOJHOCTH CPeJbl U OTCYTCTBUS TPAHUIL, T.e€. BBIIECIEHHOTO YPOBHS
TIIyOWHBI, HE TOJBKO AP0, HO M PE30JhBEHTa OyayT MYHKIMAMHU OT MOMYJIS PA3HOCTH apryMenToB: oo(T,T1) =
Poo(|T = 11],0) = oo (|7 — 71]). D10 cienyer u dopmanbuo n3 yparuenust. Bynem canrars dbyukumuio @ (7) verHoi,
TOTJIA 3HAK MOJYJIST MOXKHO He cTapnTh. Dyrkuns @, (T) onpenensiercs ypaBHeHWEM

D (1) = K(|7‘|)—|—%/K(|T—T/|)(I>OO(T/)CZTI. (32)

Ypasuenne 1751 66CKOHETHOM CPEIBT ABISETCS YPABHEHUEM THTIA CBEPTKHU, W €CTECTBEHHO MTPUMEHUTH K HEMY TTPE00-
pasoBanue Qyphe UM, 9TO B CYIIHOCTH TO K€ CaMoe, ABYCTOPOHHee npeobpasosanue Jlannaca. Obo3Hauyas pesyabrar
TpUMEHEHnsT 0OBIIHOTO TpeoOpa3oBanus Jlammaca 9epToil cBepxy, BBUIY YETHOCTH PE30JIhBEHTHON (DyHKIIMU HErmo-

cpeJcTBeHHO u3 (32) HaxoxuM [66]
— — 1
Po(p) + Poc(—p) = T2 U(p)

OyHKINS, CTOAIAA B 3HAMEHATEE ITOT0 BHIPAXKEHWS, NTPAET BAXKHYIO POJIb W HA3BIBAETCS TAPAKMEPUCNUYECKOU.

—1. (33)

2. OGparenue nmpeobpazosanng. Obpamenue npeobpasosanus Jlanjaaca gaercsi, Kak y»Ke NOBOPHUJIOCH, KOH-
TYPHBIM MHTErpajoM BIOJb MEUMOI ocu Buaa (20). [locie npuBenenus uHTErpaia K BEIIECTBEHHOMY BUJY COTJIACHO
npeobpaszoBanuio (33) pe3onbBeHTa BhIpas3uTcs depe3 GyHkmio (24):

100

1 1 o A T V(u)du
0= 5 | |3 W TR e 0

—100

[Ipu TakoM mpeacTaBIeHNEN PE30IbBEHTHI /1715l PACYETA e 3HAYEHUN TPUAETCA BHIYUCIATH HHTEIPATBI OT KOO TIOIIAX-
Cs1 BHAKOTIEPEMEHHBIX (DYHKIHH. ITO JOCTATOYHO HENPUATHAS TPOIEIYPA, TP KOTOPOH BO3MOMXKHBI OOJIBINNE TIOTEPH
TOYHOCTH.

ITpwn mcnonw30BaHMM MPEACTABIEHNS SIAPA B BUIE CYTIEPINO3UIAN SKCITOHEHT nHTErpan (34) Moxker GhITh TpeaCcTaB-
JIEH B IPYTOM BHUJE, C BEIECTBEHHON SKCTTOHEHTOH. JI1sT 3T0OT0 HEOOX0aMMO MPeodPa30BaATh KOHTYD WHTETPUPOBAHUS K
ocobennoctsivm U(p), KoTopsle Jexkar Ha BemecTsenHoit ocu. Ilpu 7 > 0 KOHTYD MHTErpUpPOBAaHUST MOXKHO 11PE06PA30BhI-
BATh TOJIBKO HAJEBO, TAK KAK B 3Ty CTOPOHY IKCIOHEHTA yObiBaeT. [Ipu oTpumarenbHbIX 7 KOHTYDP TPe0OPA30BLIBACTCS
HampaBo. PaccMoTpuM J71sT ompeieIeHHOCTH MOTMOXKUTENbHBIE T.
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3. IIpeo6pa3oBanne obpainenusi. OCODEHHOCTH XapPAKTEPUCTUYIECKOHN (DYyHKIUU B JIEBOU MOTYILIOCKOCTA KOM-
TJIEKCHOH TITOCKOCTH P COCTOAT W3 JINHUW BETRJIEHWsT — OTpe3ka [—b, —a] — W BO3MOKHBIX TOYEK TIOJIOCOB, TIe 3Ha-
meraresnb B (33) 0OpaIaeTcs B HyJsb, T. €. PENIEHUH TapaKmepucmuueckozo YpasHeHus

1= \U(K)=0. (35)

Takux KOpHell ypaBHeHHE MOXKeT W He uMerb. ITokaxkeM, 4To mpu MOMOKUTENbHONH dyHKIME A(Yy) BO3ZMOKHBI
6O IBA TPOCTBIX KOPHS 3TOTO YPABHEHMUS, KOTOPBIE MOIYT JIE?KATH TOJIBKO HA TMPOMEXKYTKE [—a,a] CHMMETPUYIHO
OTHOCUTELHO HYJIsT, MO0 ABYKPATHBIH Kopenb k = 0. /leficTBUTENHHO, B BHIDAYKEHUN

y? — ki + k3 + 2iky ko
(y? — kT + k3)% + 4kTk3

b
1 — NA(ky +iko) =1 — )\/A(y)ydy (36)

MHHMAs 9aCTh MOYKET OOpATUTHCS B HY/b JIUIIb B CIydasax, ecau qubo ky = 0, mubo ke = 0, T.e. KOpHU J1€KAT HA
MHUMO# nin BewecrsenHoit ocsix. Ho 3navenusi k1 = 0 nero3moxHbl, Tak kKak U(iu) = V(u), a 310 MOHOTOHHASI
(byHKHVIﬂ.‘ BCerJa MeEHbITad CBOETO 3HAYEHUA TIpU U — 0 Pa,3 KOPpHHU MOTYT 6BITB TOJIBKO BEIECTBEHHBIMUW, TO OHU
JIOTIYKHBI JIEZKATH TUO0 MEXKIy TOYKAMU —a U @, TUO0 OBITH OOMBIIUMY TI0 MOIYIO, YeM b, TAK KAK OCTATbHBIE TOUYKU
BEMIECTBEHHOH OCH COCTABNAIOT nuHMI0 BerBnenns. Oauako 3Hadvenns |k| > b takxke HEBO3MOXKHBI, MO0 npu |k| > b
dbyukuua U (k) orpunarenbaa. HeBO3MOKHBI 1 OTJIMYHBIE OT HY/s KPATHBIE KOPHU BCJIEJCTBUE TOTO, YTO IPOU3BOIHAL

b

W) = [ AL (37
(y*> —p?)
a
obpamiaercst B HyJib Tosibko npu p = 0. B cuuy neorpunarensroctu nponssonnoit (37) npu 0 < p < a byukuus U(p)
HA 3TOM NMPOMEKYTKE MOHOTOHHA, W BTOPOTO KOPHs ypasHenust (35) tam GbiTh He MOoxker. [Ipm 3HAKONEPEMEHHBIX
dbyukuuax A(y) BO3MOXKHBI Apyrue cuTyaluu. B panbHelniemM [nsg OnpefeneHHoCTd OyneM CUYUTATh, 9TO UMEeTCs
MMEHHO JIBa TPOCThIX KOpHA +k, 0 < k < a.

CocraBuM KOHTYD MHTErPUPOBAHUSA B NIEPBOM MHTErpase B paBencTse (34) u3 cieayioumx dacreil. Yacrb MEUMOI
ocu ot —iR 10 iR, tme R — moctaTtovHo OOMBITTOE YHCIO, Jajiee JieBast MOJYyOKPY>KHOCTh PpaanycoM R ¢ IeHTpOM B
HyJle W JIMHUENH CeYeHUsl — MHUMON OChIO, NMPAMOJIMHEWHbIE OTPE3KHW HAJ, W M0J, JUHUEH BETBJIEHUS [—b, —a] n He3a-
MKHYTBIE OKPYKHOCTH MAJIBIX PAIAYCOB, 0OXOAAIINE KPAWHNE TOYKYM BETBJIEHUSI U COSIMHSIONINE BEPXHUM U HUKHUIMA
YYaCTK¥M KOHTYpPa BIOJb JIMHWK BeTBeHus. HampaBneHue WHTErpupoOBaHUus  BBEPX [0 MHUMOM OCH, 3aT€M BHU3 I10
MTOIYOKPYKHOCTH; IO OTPE3KaM: TI0 BEPXHEMY HAIMPABO, [0 HUXKHEMY HAJEBO.

BryTpn BeIGpanroro kortypa npeobpasosanne Jlamnaca (33) peryasipro Be3ze 3a MCKaouernemM To9kn —k (ecim
CYHIECTBYET KOPEHB k XapaKTepuCTuIeckoro ypasrenus (35)), rae nmeercs nmpoctoii nostoc. [losromy maTErpan pasen
TMTPOU3BEJIEHNIO 27T HA BHIYET B TIOJIIOCE.

Yerpemum paguyc R K GECKOHEYHOCTH, & PAJUYCHI MAIBIX OKPYXKHOCTeH K Hymoo. Torma mHTErpan mo 60IbmIoi
OKPYKHOCTH CTpeMUTcs K Hymo 10 jgemme 2Kopaana [29]. MuTerpaibl 0o MaabiM OKPYKHOCTAM TAK¥Ke 00PAIIAITCs
B Hym. B pesynprare dyaknuns (34) okaxkeTcst paBHOI CyMMe yIOMSIHYTOTO BBIYETA W WHTErPAJIOB MO OTPE3KAM OKOJIO
JIVHWW BETRJIEHUS, B3SITHIX B HATPABJIEHUSX, MPOTHROTIOIOKHBIX yKa3aHHBIM Bhie. Bouraer pasen 1/[—AU'(—k)] =
1/MXU’'(k), Tak kak mpom3BogAast OT 9eTHOW dbyRKunn HewerHa. VIHTErpan e, mpu BHIYUCIEANT KOTOPOTO, KaK W TIPH
HAXOXKIEHUW BblUeTa, crnaraeMoe —1 HecymectBeHHO (OHO ObecreduBaeT BBINOIHEHWE ycaoBuit memmbl 2Kopmana),
IpeodbPa3yeTCs CACAYIOMIM 00pa30M:

—a b b
ePTdp ePTdp 1 1 —ur
— + — = — — — e Vdy =
1—MA(p —i0) 1 —XA(p +10) 1—XMA(y+1i0) 1—N(y—1i0)
—b —a a
f 1 1
= / - — - e Y7dy. (38)
Amd ATE
a | 1-My) - —-Aly) 1= AUy + —-Ay)

ITpwu mepexoze KO BTOPOMY BBIpAYKEHWIO CAelana 3aMena p = —y. [lpn 3Trom y meproro mHTErpasia Muayc ot andde-

PEHIMaIa KOMITEHCUPORBAJICS TTepeMeHo# mopsiaka mpeaeno. [pu mepexose K TpeTheMy BBIPAYKEHWIO MCMTOJIh30BAHBI

dbopmyansr (31).
Oxonuarenbuo npu 7 > 0 HAXOTUM

b
B (7) = Coe + / R{y)e="" dy, (39)

a
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rae
(40)

1 A Aly)
2

Co =Sty W = ST u P + AW 2P

Ecan nosioca y @ (p) Her, 1. e. He cymecrsyer kopusi (35), To BHenHTEerpasbHoe ciaaraemoe B (39) orcyrcrayer.
Ecsin 661 nosrocos okazajnoch HeCKOIbKO (pu HenosiokuresbHoi dynkunn A(y)), TO BMECTO OJHOIO CJIaraeMoro
JnomkHa Obu1a 661 B (39) cTOATH CymMMa.

4. OaaopoaHoe ypaBHeHue. Perenusi 0MHOPOIHOrO ypaBHeHUs, COOTBETCTBYIONEro (32), CYIIECTBYIOT TOIBKO
TPV HAJWYNN KOPHEH y XapaKTepUCTUIECKOro ypasHenus. Torma kakao# mape KopHeit £k oTBevaioT gBa pPermeHust:
etk ITpu A\, nmeromnx OOBTIHBIN DUBUTECKUH CMBIC, T. €. 3AKIIOYEHHBIX MEXK/Iy HYJIEM W eIUHUIEH, KaK OTMEJaIoCch
BbIllIe, KOpHK k BewlecrBenHbl. HanoMuum, 4ro npu HeorpunaresbHoil Becoroit dyukimn A(y) MOXKer CyliecTBOBaTh
TOJBKO OJIHA Mapa KopHei tk.

OHOpOIHOE ypaBHEHUE, BOOOIIE TOBOPS, BCErIa NMEET PEIeHUs IPH HEKOTOPBIX He(DU3NIECKUX, B TOM YUCJIE KOM-
nyiekcHbIX A. UTobbl B 3T1OM yGeanThest, JOCTATOYHO BhIPA3UTh A 13 ypasHeHusi depe3 dyHkumuio S(7) v uHTErpa; —
ee crepTKy € siapom. st mpon3sobHoil byHKIMN S(7) MOXKHO BBIYMCIINTE 3HAUEHUE A, JJIsi KOTOPOro 31a (byHKIMs
Oyzner pemenvem ypapHenusi. OqHaK0 oauH HAOOP 3HAYEHWI A BBIJEJIEH TEM, YTO COOTBETCTBYOLINE PEIIEHNUsST ONPAHN-
9eHbl. DTU 3HAYEHUS A 3aN0JHAIOT npoMmekyTok [1/V(0), +00), u MoxkHO monoxkuth A = 1/V(u), u € [0,00). Torna
PeIlIeHuAME ABISAIOTCS SKCIOHEHTHI et 7. YkazaHHbIe 3HAYEHHA \ O0pA3yIOT HENpPEPHIBHBIA CIEKTP yPABHEHHS, a

pEIIeHns TIPECTABISIOT CODOH COOCTBEHHDBIE (DYHKIIMH 3TOTO CIEKTPA.

§ 3.3. IToryGeckoneunas cpeaa

1. Coornomenue CobGosieBa. I13-3a HATMYUSA TPAHUIBI PE30JbBEHTA yPABHEHUSA IS TIOJTYOECKOHEIHONW CPeIbI
(7, 71) 3aBUCUT OT JByX CBOMX apryMEHTOB B OTAeNbHOCTH. OHAKO M OHA, XOTs CIOXKHEE, YeM B Ciiydae GeCKOHEIHOMH
CpeJibl, BCE JKe BbIpaxkaercsa 4depe3 coe yactuoe 3uadenue P(7) = I'(7,0), yro 6bu10 nokazano B.B. Cob6onesbiM B
pabore [72]. Bocniponsseiem BBIBOZ, 3TONO COOTHOIIEHMUS.

ITpomnddepentmpyem ypaBHeHne st PE30JIbBEHTHI

| >

o0
A
I(r,m) = §K(|T —7n|)+ /K (|7 = 7' T(7', 71)dr’ (41)
0

10 apryMeHTy T1, KOTOPBIA ABnsgerca nmapamerpoM. [lomyunm cooTHOTIEHTE

oN(r,m) _ A, B
o —2K(|’T 71|)sgn(m — 7) +

or(r',m)

Kz —7') =5

dr'. (42)

| >

Tenepn npoanddepentmpyem ypasaernne 1o 7. QO HAKO KeJaareabHO, 9TOObl PE3yIbTaT COAEPsKasl MPOU3BOIHBIE HE OT
s7Ipa, a OT pe30sbBeHThl. [lo3ToMy mpeoOpa3yem mHTErpan, pa3duB ero Ha JBa:

o0
/K (1 —7)D(r', 7 )dr’ —|—/KT —7)T(7,7)dr’ —/K "NT(r—7",71) dT"—i—/K L(r+7",m)dr". (43)
0
31ech B TIEPBOM MHTErpane CIelTaHa 3aMeHa NMepeMeHHOH wHTerpupoBanus 77 = 7 — 7 a BO BTOPOM T/ = T + 7.

HuddepermpoBanne ypaBHEHHsT TI0 T C TAKWM TTPEACTABIEHUNEM WHTErpaja JIaeT

oL (r, 7—1)_& ’ é /T O (r=1"711) 7 "
—5, — 3K (rnl)sgu(r—m)+5 | K(N)I(0,m)+ [ K(7")—————dr"+ [ K(7")
0

OT(t+7",7)

5, dr’|. (44)

BepueMmcsa K cTapbIM TIepeMeHHBIM HHTerpupoBaHus. Torga wHTerpaa mpuMeT BUJI UCXOJHOTO ¢ 3aMEHOU Pe30/TbBEHTHI
Ha ee npousBoaHyio. CI0XKUB pe3ynbTar ¢ ypaBHeHueM (42), momydum

/°°K _ [ar(r’,n) . 5‘F(T’aﬁ>} ar' (45)
0

or(r,m)  Ol'(r,m7) A
(97' + (97'1 - 2K( )FO ’7'1 +

| >

o’ o1

ITepsbie BHenHTEerpasbhbie ciaraevbie B (42) u (44) cokparuinck, Tak Kak y HUX IPOTHBOINOJIOXKHBIE 3HAKH.
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U3 (45) crnemyer, 910 cyMMa TPOU3BOIHBIX OT PE30IBBEHTHI [0 O00MM €€ apryMeHTaM YIOBJIETBOPSET yPABHEHUIO
C TeM ¥XKe SAPOM, 9TO U cama pe3oabBerTa. [Ipu 3Tom cBODOIHOE ciaraeMoe COCTOUT W3 ABYX MHOXKWTeeH. Bropoit n3
HWX BOOOIIE He 3aBMUCHAT OT OCHOBHOIT TIEPEMEHHO! ypaBHEHWs, MO KOTOPOil OepeTcss WHTerpaJj, u Ha Hero MOXKHO pa3-
JeTUTh YpaBHEHUE, TaK 9TO OH BOU/IET B OKOHYATENbHBIN PE3YTbTAT TAKUM Ke MHOXKHUTeneM. 1lepBoIil ke MHOKHATETD
COOTBETCTBYET 3HAYEHMIO mapamerpa pe3onbBenTsl 71 = 0. Takum o6pazom,

8F(Ta 7-1) + 8F(Ta 7-1)

= o =T 0)0(0,7) = B(r) () (46)

910 u ecthb coornomenne Cobornera. Jambreiiee n310Kenne OCHOBAHO Ha ero paborax [72,73] (cm. Takxke [31,56,76]).

2. BreipakeHue pe30JIbBEHTHI Yepe3 pe3oibBeHTHY0 dyHKHuio. I[lycts 7 > 71. Cnenaem B auHEHHOM
quddepeHnuanbHOM YPABHEHUH IEPBOTO MOPSAIKA 3aMEHY MEPEMEHHBIX T—T1 = §, 71 = t. llepecanraem mpou3BOIHBIE

0 0 0 o 0

- - = — = _ = 47
or Os’ Or Ot Os (47)
Torna ypasaenue (46) nmepenuinercs KOpode:
T t,t
O+ s 4 tyae). (48)
ot
Pemenue ypasuenns (48) nmeer Buj
t
[(s+t,t)=C(s) +/ O(s +t)(t)dt'. (49)
0
IMpwu t = 0 posmxuo 66T ['(5,0) = C(s) = @(s). Bozspamasich kK crapbiM 11€PEMEHHBIM, T0JIy9aeM
T1
L(r,m)=®(r—7n)+ /@(t') O(r — 7 +t)dt. (50)
0
3amMeHa mepeMeHHO¥ WHTErpupoBanusa ' = 71 — 7 IpuBOANT K dopMmyne
T1
L(r,m)=®(r—71)+ / O(ry —7)®(r — 7' )dr npuT > 71. (51)

0

Tak Kak pe30JbBEHTa OT CBOMX apryMEHTOB 3aBUCHT COBEPIIEHHO OJUHAKOBO, (hopmyny (51) MOXKHO mepenucaTh B
CHMMETPUYHOM BH/IE, BEPHOM TPH JIOOOM COOTHOTITEHWH MEKIY T W Ti:

I(r,7) =®(r—7]|) + / O(1—t)P(my —t)dt. (52)
0

Taknm 06paszom, J0Ka3aHO, 9TO PE30JIHBEHTA BHIPAYKAETCS YepPe3 CBOE TPAHNYHOE 3HAYEHNE.

Urak, Haligs yka3zaHHOE YACTHOE 3HAYEHWE PE30JhBEHTHI, T.€. PE30JbBEHTHYI0 (DYHKIWIO, MOYKHO PACCIYUTATH U
camy pesoabeenty. QnHako B 3ToM Her HeoOxoammocTu. [deficreurensro, dopmyny (5) mist pemenunst ypasnenus (1)
B Cllydae NOJIyOeCKOHEYHOH CPebl MOC/Ee MOACTAHOBKU BBIPAYXKEHUS I PE30JbBEHTHI (52) MOXKHO mpeo0pa3oBarh,
MIOMEHSIB TIOPAIOK WHTETPAPOBAHUS:

aﬂ:%m+/%m@m—ﬁmﬁ+/ywwu/&mmm—mm. (53)
0 0 t

Orcrona Bugno, uro npu w000t dynkunn So(T) Uit HAXOXNKIEHUsS] DEIIEHUsT PU JIOObIX MCTOYHWKAX JIOCTATOYHO
BBIYVCANTH OAVWH OJJHOKPATHBIN W OJNH TTOBTOPHBIN WHTETDAJIBI.
PezonbeenTtias dbyHKIMs ONpeensercs ypaBaenueM, cieayonmmM u3 (41) npu 7, = 0:

d(r) = %K(T) +

| >

/K(|T —7')®(r")dr". (54)
0
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3. IIpeobpasoBauus Jlammaca. Bonbmiyio poss B Teopun urpaer npeobpasoBanue Jlammaca oT pe30/1bBEHTHI,
TOYHEe, BEJINUNHA, OTIMYAIONIASCS OT HETO Ha CJIAraeMoe — JKCIIOHEHTY:

D(r,p) =€ P7 /e P (7,7 )dTy. (55)
0

W13 onpenenennst pesosibBenThl caepyer, uro dyukuust D(T,p) sivasiercst periennem ypasuenusi (41) npu crobogrom
ynere e PT. Tak kak guepHas QyHKIUS NPEACTABIAETCS CYNEpIO3UIluel IKCIOHEeHT ¢ BecoBoil dyukuumeit A(y), a
pe3onbBeHTHAs (DYHKIMS YIOBIETBOpseT ypaBHeHuio (54) co cBOGOIHBIM C/IaraeMbiM, PABHBIM sAepHO (dyHKIUU, TO
B CHJTy JTUHEHAHOCTH YpPABHEHHS CIPABEITABO COOTHOIIECHNE

/bA dy. (56)

YacrtHoe 3HaYeHME MPeOoOPA30BaHNSA PE30IbBEHTHI, sIBIAONIEECs Mpeodpa3oBannem Jlammaca pe3oabBeHTHON DyHK-
MU, UMEET CIenuaaTbHOe 0O03HAYEHIE

l\>|>/

D(0,p) =1+ ®(p) = H(p) (57)

u HazbiBaercd H-@ynxyued (3amMernM, 4To TpaaunmonHoe obo3nadenne H-dyukmun H(1/p), HO MBI 37€Ch €ro u3me-
HWJTA JIIsT YIPOINEHHs] 3aruch (DOPMYII).

Monyunm nuddepennumanshoe ypasaenue miug dyakiuuu D(7, p). llpuMennm mnsg aroro npeobpazosanue Jlamnaca K
coornomennto (46). Tak kak nmpeoGpazoBanne OT MPOU3BOJHON MyTEM WHTETPUPOBAHUS 110 9ACTSIM BBIPAKAETCS YEPE3

npeobpazoBanne camoit PyHKITNN
o0

/ 7 f(r)dr = pF(p) — £(0). (58)
0

TO (MepexoanM OT 9aCTHOW MPOM3BOAHON 10 T K OOBIMHOMN, CIMTAst P MAPAMETPOM )

%[D(ﬂ p) —e P +p[D(r,p) —e "] = [(7,0) = (7)[H (p) — 1] (59)
WJIW TIOCJIE COKPAIeHnT D
L) _ (e, ) + H@)2(). (60)

Orciona moxHO HaiiTn Beipaxkenue dynkuun D(7,p) vepe3 @ (7). Tor ke pe3ysbrar MoJydUTCs, €CAU NOACTABUTH B
(55) bopuyny (52):
D(r,p) = H(p) ¥(7,p), (61)

rue perierne ypasuenust suga (54) co crobouubiM ciaaraembiv e PT/H (p)

U(r,p) =e 7 [1 + / ™ B(1r') dT'} : (62)
0
Hakouer, asoiinoe (mo oboum aprymentam) npeobpazoBanue Jlamnniaca or pe3oJbBeHThI noayyaercsa u3 (61):

H(p) H(q)

R(p,q) = D(p,q) = .

(63)

4. HenmHeitHoe ypaBHeHUe aada H-dbyakunmn. H-byHkinns onpemgenaseTcss HeCKOIbKUMI ypapHerausivn. Hemn-
HelHOe ypaBHEHUE MOJIYYAETCs, €CIU IPOU3BecTH npeobpasoBanue Jlamnaca B coorHomenun (56), a 3aTeM MOJCTABUTH
B pe3yabTar ABOHOE NpeoGpa3oBaHue OT pe3obBeHThl (63):

H(p)=1+5 2 /A y+p (64)

Briepsrie Takoe ypaprenne ObL10 nogydeno B.A. AMOapiyMsiHOM B yrOMWHABIIEHCST BBIE €ro pabore Jjsi MOHO-
XPOMATHYECKOIO M30TPOITHOIO PACCesiHUsi IPyruM criocobom, a 3arem 0606meno C. Yanapacekapom [85] na ciuyuait
HEU30TPOITHOrO paccesiHust. It Mpou3BOIBHOIO Aapa  CYNEPIO3WIMK IKCIOHeHT OHO BbiBeneHO B.B. CoGonesbiM

72].
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VYpapuenue (64) MOXKHO MEPENUCATH B HECKOJIBKO IPYTOM BHJIE:

1 dy
T_l__/A L (65)

E

5. JIuneiinoe ypaBHenue jis H-dyakunuum. Jluneiinoe ypaBHeHHE MOIy9aercs HENOCPeACTBeHHO u3 (54)
YUIETOM MPEICTABUMOCTHU ANePHON (DYHKIWY B BUIE CYIEPIO3UIUN IKCIIOHEHT.

ITpumennm npeobpazosanme Jlamnaca k ypasuenmio (54). Tlocne pas6uenust uaTErpana mo 7/ HA IBA W TIEPEMEHBI
opsAaKa MHTETPUPOBAHUA TTOJIyYUM

’

H(p)—1=K(p)+ % /dT"I’(T/) /e_pTK(T —7)dr + /e_pTK(T’ —7)dr]| . (66)
0 T’ 0

[MomcraBum mpencTaBnenne saepHoOit byHKIUK Yepe3 IKCIOHEHThI. VIHTerpan mo mepeMeHHOH y Moc/ie 3TOr0 MOXKHO
BBIHECTH BTIEPE, & WHTETPAJIBI IO 7T OT IKCIOHEHT B34ATh. [lomyunTcsa

oo

,e—+p)T Lely—p)T 1
H(p)=1+K(p) /A dy/dTI(I)T/ eV — 4+ eV — . (67)
J y+p y—p

Teneps GepyTcsa u uHTerpanasl 1o 7. PeaynbTaThl BeIpaykaloTcsa 4depes npeobpazobanue Jlammaca oT pe3oabBeHTHOM
dbyukunu, 1. e. yepes H-dyukunio, a npeobpazosanve K (p) cokpainaercs:

y+p y—p

B rmakom Buae ypapHenue mHe mMeeT O0COOEHHOCTEH, TaK KaK MPW P W3 TTPOMEXKYTKA WHTEIPUPOBAHWST HEOTIPEIE/IeH-
HOCTH JpO6M PACKPBHIBAETCS W MOJABIHTErpANIbHAS (DyHKIWs ocTaercst HenpepbieHoit. Oarako aurelinoe ypasrenne (68)
0OBIYHO 3AMKUCBHIBAIOT B APYTOM BHJE, IEPEHOCS BCE claraeMble, npomnopiuuonabibie H (p), vaneso. Torga Bblaensior-
csa npeobpa3oBanus Jlannaca ot simepHOM DYHKIUH, TPUYEM HHTErPAJBI TIPU ApTIyMEHTE W3 OCHOBHOTO TTPOMEXKYTKA
a < p < b cmeayer MOHUMATH B CMBICIIE TJTABHOTO 3HAYEHUS:

b
1) = 1- 5 [ AL (69)
y—p
a

BaMeTnm, 9TO ecu MPUMEHHATh TAKYIO K€ MpOIeaypy K YPABHEHWIO I PE3OJTBBEHTHI, TO MOJYUATCS JTUHEHHOE
ypaBHeHue nnd ee npeobpaszosanus Jlannaca, T.e. dyukuun D(7,p). B. B. Cobones npesnaran nis pemieHus TaKux
ypaBHeHuit npumensats Meron Kapnemana [70].

Hoxazano, uro renmnueiinoe ypasrenne (64) n nmureiinoe ypasrenune (68) npy HATWMYNY KOPHS XapaKTEPUCTHIECKOTO
ypaBHeHusl UMeIoT HeeuHCcTRenHbie perierns. QHaKko perenie, KOTOpoe He COIEep>KUT 0CoBeHHOCTelH Ha M0JI0sKUTe -
HOH 9aCTH BeMeCTBEHHOM OCH, eIUHCTBEHHO. VIMEHHO 3TO pemenne nMeer (pU3NIeCKUH CMBICT, W TOJTBKO UM MBI OyIeM
unrepecoBarbes. [loapobuee 06 arom M. [56,91].

6. CoorHomenue Bunepa—Xomnda u siBHOe BoiparkeHue st H-dyuknun. CpaBHUM 1Ba ypaBHEHUS [Is
H-dynxnnn: nureitnoe (69) n menmneiinoe (65). Buano, 910 nx nmpapbie 9acTv OTJINYAIOTCS TOJBKO 3HAKOM apryMEeHTa,
P, TAK 9TO W3 TUX JIBYX YPABHEHWI BHITEKAET COOTHOIIEHUE

(1= AU(p)| H(p) H(—p) = 1. (70)

D10 coorHomeHne (HaKTOPU3YET BHIPAXKEHUE B KBAAPATHBIX CKOOKAX, HA3BIBAEMOE B TEOPUU CUHTYJISIPHBIX yPaBHEHUI
CUMBOAOM, & B TEOPWW TIEPEHOCA, KAK y7Ke TOBOPUIIOCh, — XapakTepucrnieckoi dyrkmmeii. 3amernm, uro H (p), asas-
sich npeobpaszoranuem Jlamaca ot gocrarodno “xopomreil” (HenmpeprIBHOM, yObiBaomeil Ha 6eckonedHoCTH) ByHKINUN
®(7), perynspHa cnpaBa OT MHUMO# ocu, a H(—p) peryngpHa B J€BOH HOTYIIOCKOCTH KOMILIEKCHOM IIOCKOCTH P.

DaKTOPHU3AIUS CUMBOJA, T. €. MPEACTABICHUE €r0 B BAIE NMPOU3BEICHUS (DYHKIHMHA KOMILIEKCHOTO apTyMeHTa, pe-
CYJISPHBIX CJIEBA W CIPABA OT MHUMOI OCH, SBJISETCSA NEHTPATBHBIM yHKTOM Merona Bunepa Xomda [46]. dnsa aaep
BUIA CYTEPIO3UIINY IKCITOHEHT (haKTOPU3ANNS TTOJYyIAETCS €CTECTBEHHBIM 00pa30M.

N3 coornomennst Burnepa—Xonda (70) caemyer, 9To Korga CymecTByOT KOPHU Tk XapaKTEPUCTUIECKOTO yPaBHE-
Hust (35), H(p) umeer npoctoii nomoc B Touke p = —k. OTTyma Ke cleayer, 9To OTPE30K BEIIeCTBeHHOH ocu [—b, —a]
apsgerca nuanei sersnenus H(p).
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ITponorapudmupyem cooraomenue (70) u 3anuiem 1y ln H(p) npu Rep > 0 dopmyny Komu ¢ uarerpaiom Boib
MHHUMOT OCH:
dp’

() = 5 [ (il = UG + o H(-p))

p—p

(71)
—100

Munyc mepen orapudvom mpormasaeT, Tak KaK KOHTYP WHTErPUPOBAHUS 0OXOANT TOUKY P, JIEXKAIILYIO B TPABO# 1MO-

JYTIIOCKOCTH, B OTPUIATENRHOM Hampasaernn. MaTerpan ot Broporo caaraemoro In H(—p) pasen Hysro, Tak Kak BCsT

noabiHTerpanbiaa Gyuknusa B Hem, 1.e. In H(—p')/(p’ — p), perynapua B nesoit nonymnockocru Rep’ < 0. Ilosromy

€ro MOXKHO OTOpOCUTBL. B mepBoM ke mHTEerpane cuenaem 3aMeHy NepeMeHoil mHTerpupoBanns p’ = iu. Torma ssHOE

BbIpaykenue s H-GyHKIMU npuMer BemecTBenHblil Buj ¢ dyukimeit (24) noj uHTerpanom:

In H(p

=II’U

o0
du
In[1 = A\V(u)]——. 72
=2 [l av ) 5T ()
0

s MOHOXPOMATUYECKOrO paccesuus 31a (hopmyna Obiia nonydena B. A. ®@okom [80]. Popmyna (72) ans obuiero
siapa Onia nanucana B. B. eanossiv [30]. Baech Mbl BOCIPOM3BEsN PACCyKIEHUE, IPUBEIEHHOE JIJIsl CJly4dasi MOHO-
xpomarndeckoro paccesinust B kuure C. Hanapacekapa [85].

W3 rounoro eeipaxenus (72) BhITEKAET, YTO

oo

. 1 dv 1
H(0) = Il)lir%)exp —;/ln[l — AV (pv)] Tl Ry v s (73)

0
970 mpenenbHOE 3HAYEHUE MO3BOJIAET Nepenucarh ypasaenus s H-dyukuuu. Ionoxus B (69) p = 0, naiigem, 910
A / d
Y
1—= | Aly)H(@y)— =
5 / (y)H(y) "

a

1—AV(0). (74)
Jo6aBuB 1 BLIUTA ITO COOTHOIIEHUE U3 ypasHenuii (69) u (65), 3anumem ux Mo-Apyromy: HeJUHEHHOe

b
L 4o A H(y) dy
7 = VI= W0 + 2p/A(y)y+p ; (75)

a

n JIuHeiTHOe
[1— NA(p) = /I- V(0 ——p/A dy (76)

O1u hopmbl ypaBHeHUH MOHAL00STCA HAM B JajibHEReM.

7. dBHOe BhIparkeHWe JIsi pe3osbBeHTHOM dyukmuu. [locme Toro, kKak Haigena H-yHKIWsS, CTAHOBUTCS
BO3MOXKHBIM 06paTuTh U npeobpazosanue Jlamnaca (57). s 310ro HEOGXOAMMO OMSATH BOCIOIb30BATHCSA COOTHOIIE-
uuem (70), Boipasus ¢ ero nomouibio H(p) B (57) uepes xapakrepuctuueckyio dyukimio. Torma okasbBaercs, 910
ocoberrocTn y ®(p) B 1€BOI TIOMYTIIOCKOCTH KOMTIIEKCHOTO TIEPEMEHHOTO Te ¥Ke, 9T0 1y @ (p). Bee ommmame zaxiiio-
YAETCs B HAJIMYMK JIONOJHUTEJILHOIO PEryjsipHOro cjieBa MHOxuTedst H(—p), KoTopsiil nocie 3aMeHbl NepeMeHHOM
uHTErpupoBanus p = —y npespamaerca B H(y). Takum obpazom, obpaiiienue npeodpa3zoBaHus JerkKO BbIIOIHIETCI U
B 3TOM CJIy9ae, ¥ MBI MOy IaeM

b
- Ry)
d(7) = Ce ’”+/—e TYdy, (77)
H(y)
rue R(y) naercst popmyaoit (40), a koadduimeHT Npr SKCIOHEHTE BHEMHTErPAJILHOIO CJIAraeMOoro
C = res H(p). (78)
p=—k

T1oT K03PPUIMEAT MOKET OBIThH 3aMMCaH HECKOJIHLKUMU Pa3JINIHBIMU Criocobamu. Ecan BhI9eT BhIYMCIAThH, NCXOIA U3
coorromenusi (70), TO nosyunTCs, Tak ke Kak u B uaTerpaie (B coraacuun ¢ dopmynoit (40) mis Coo):

C == (79)



Buauenue H (k) Haxomurcs, HANpUMED, U3 HeJIMHERHOro ypasHeHus (65). MOXKHO UCXOAUTD U3 HETUHEHHOIO ypaBHEeHWs
TPV BBIYUCIEHUN BBIYUETA, TOT/Ia BHIYET HAXOINUTCS TO MPAaBUIy JlommTasas u moaygaercs

1

/ e

Tak Kak 1O Pe30NbBEHTHON (DYHKINKA HAXOIUTCH W PE30JBBEHTA, 33/1a9y O CBEUYEHUU MOTyOECKOHEUHOW CPEIbI C

(80)

OPOU3BOJIBHBIMU NEPBUYHBIMUA HUCTOYHHKaAMH, JOCTATOYHO 6bICTpO y6bIBaIOH_[I/IMI/I C YIaJI€eHHueM OT I'paHUuIbl, MOXKHO
cHuTaTh peIIIeHHOﬁ TTOJIHOCTHIO.

8. OmHOpOAHOE ypaBHEHUE OJId MOJIybecKoHeuHOoM cpeapl. Kak n B caydae 6€CKOHETHOI Cpeabl, OIHOPOSHOE
ypaBHeHI/Ie MO>KHO pacCCMaTpuBaThH TIpU d)WBquCKHX 3HAYEHUAX )\, q9T0 COOTBeTCTByeT PACTTOJIO’)KEHUIO TTIEPBUYHBIX
WCTOYHWKOB M3JIydeHus Ha OECKOHEYHON riaybwrHe m Ha3biBaeTcs 3amadeit Muira, KOTODBIH ee pacCMaTpUBAT st
siapa Fq (7). Droii 3azaqeii 3annmannck MHOrMe nuccjenosarenn, nadnnas ¢ Bunepa u Xorda, koropbie cBoii meroj
pa3paboTanu UMEeHHO s pemenus 3agadu Munaa [46]. B ofimem ciiyuae oIHOPOIHOE ypaBHEHHUE

o0
)\ / / /
Sm =35 K(|r=7') Sm(r")dr (81)
0

paccmorpen B. B. Cobomnes [73].
Tak e, Kak u 17151 D(T, p), JIETKO MOKA3aTh, 9TO NPOU3BOIHAS OT PEIeHNst yPABHEHHS YOBIETBODSET yPABHEHUIO,
KOTOPOE COIEPIKUT TOYHO TAKOIl 7K€ MHTErPaJIbHBII OMepaTop, 9T0 M MCXOAHOE, HO CBODOAHOE CIaraeMoe TOIBKO OJHO:

DO | >

Sy(7) = %K(T) )+ /K (|7 —7'|) Sy (7)dr’. (82)
0

Tak Kak 3ra QYHKIWS U €e MPOM3BOAHAS MOTYT GBITh HEOTDAHWYEHHBIMH MPH T — 00 M TAKUM 06PA30M IPOMOPIHO-
HAJILHBIMH, TO, 0603Ha4as k03(hQUIMERT NPONOPIMOHAILHOCTH Uepe3 k, obHapyxusaeM, ato Sy (T) yaosiaersopsier
yparuenuio suza (60)

Su (1) = kSu(r) + Sm(0)®(7) (83)

u Boipaxkaerca uepe3 V(r,p) ananoruuno D(7,p) (bopmyna (61)), HOo ¢ 3amenHoit p a —k:

Sm(7)/Sm(0) = U(r, —k) = D(7,—k)/H(=k). (84)

Yr1o6bl 312 DYHKIMUSA YAOBIETBOPSIA ONHOPOAHOMY ypaBHeHuto (81), HeoOxXoauMo, 4Tobbl k > 0 GbLIO XapaKTepUCTH-
YECKHMM YHUCJIOM, T. €. PelieHneM Xapakrepucrudeckoro ypasrenus (35). Torma (u rosnbko torma) H(—k) obpaaercs

B 6ECKOHEYHOCTH M CBOGOIHOE cinaraemoe B ypasuennu st W ncaezaer. Okoruarensno n3 (62) mpu p = —k nonyqaem
Sm(7) k R(y) dy
MV H(k)er — = yT . 85
SMm (0) ( ) H y Y+ k ( )

Ecnu kopust k He cymiecTByer, T0 Her u pemenus 3amadu Munaa. OJHAKO BO3MOMXKEH CIydaii, KOrjJa XapaKTepu-
CTn4YecCKasd (byHKI_H/]ﬂ O6pamaeTCﬂ B HYJIb Ha TPAHWIE JINHWUW BETRBJIECHWA. Tor‘ﬂa, perrenmne 3aaa49m Mﬂﬂﬂa MOXKeT cynie-
crBoBaTh. )IHOPOAHOE yPABHEHUE MOYKET MMETh DEIeHUst U MPU APYTUX 3HAYEHUSX A, B YACTHOCTH, OIPAHUYEHHbIE
perrieHust 1oy vaioTcst npu rex ke 3unadennsix 1/V(0) < A < oo, uro u B ciayvae GeckoneuHoit cpeant [51].

Ormvernm, uro nmpeoGpazosanue Jlamnaca or pemenns 3anagn Mumsa cormacro (63) u (84)

SM (0) p— k

9. DkcTpanojaupoBaHHad JauHa. lHorma 1jist BeIWYnH, BXOASAIMIMX BO BHEWHTErPAIbHBIE CJIaraeMble, UCITOJIb-

3YI0TCA 0603H3‘LIQHI/I$I7 HECKOJIBKO OTIHYANINEeCd OT MPUMEHABIINXCA HaMH J0O 3TOrO. BwmecTo mocrognubix COO uC
BBOIAT AB€ APYTU€ BETUYINHDBI:

1 1 C?
Coo = 18 T0ttlp) ~ N0(R) 2k (87)
Cso
C= Jes, H(p) = o)~ Coexp(—kTe). (88)
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Jlerko mosny4auth obparenus 3Tux HGOpMy:

2k

Co = , = — In[2kXU' (k) H?(K)]. 89

0 )\Z/{/(k) Te 2k n[ ( ) ( )] ( )

Benwmna Te UMEET CIIEIUAJIbBHOE HAa3BaHUE — IKCMPANOAUPOBAHHAA ﬁ/LUHa. CMBICJI 9TOIr0 Ha3BaHWA BUIECH U3

CNEAYIOMEro. 3anuireM B HOBBIX O0O3HAYEHWSAX BHEMHTEIPATHHOE CIAraeMoe y PEeMIeHUs OTHOPOLHOTO yPABHEHUS
(85), KOTOpOE ABJSIETCSA ACAMITOTUKON 3TOrO PeIleHus :

Sm(m)  Spi(7) shlk(r + Te)].

Su0) " S0 TR o
dcno, uro dyukmus (90) yAOBIETBOPSIET ACUMITOTUYECKOMY YDABHEHUIO
PSR 2 ca
7 TPAHWUYIHOMY YCJIOBWIO
Sui(=7e) = 0. (92)

DTOro yC/IOBUS JOCTATOYHO, YTOOBI ONPEJETUTH ACUMITTOTUKY C TOYHOCTBHIO JI0 TTOCTOSTHHOTO MHOYKHUTEJIsT (3HAYEHWST B
uyne). s nonydeHus TOUHON ACUMOTOTUKA MPAHAYHOE YCIOBUE CTABUTCS BHE MPOMEXKYTKA U3MEHEHUs ONTUYECKUX
nayOuH B MOTyOECKOHEYHOM CPeJie, T. €. B TOUYKE BHE CAMON CPeJbl. DTO U ONMPABIBIBAET HAZBAHUE BEIUYUHBI Te.

B cnenyromem maparpade, KOTOPBIH MO COAEPXKAHUIO OTHOCUTCHA K IJaBe 2, MPUMEHWM PE3yJIbTAThl HACTOSIIEH
TJIaBbI K M30TPOITHOMY MOHOXPOMATHYECKOMY PACCESTHUTO.

§ 3.4. NIzoTpormHOE MOHOXPOMATHUYECKOE PACCETHUE

1. SAmepunie dynknuu. Bes n3noskenHas Teopus MPUIOKNUMA K yPABHEHWIO, OMMCHIBAIOIMIEMY 3TO PACCEsTHUE,
XOTsI PE3YAbTATHI JJIsT HETO OBIIW MOJyYeHbl 10 pa3suTus odmieit Teopun. [Ipw takom paccessinm a = 1, b = oo, T.e.
OCHOBHBIM TIPOMEXKYTKOM siRasieTcst [1,00), a dynkmmst A(y) = 1/y. TIpeobpasorarme Jlammaca ot simepHoit dbyRKINM
BbIpaykaercs yepes nementapubie dbyukiun. deficrsurensuo, npu K (1) = F (1)

oo oo

_ dy 1
PTd —ry =2 “In(1 + p). 93
/e T/ /yy+p p n(1+p) (93)

0 1 1
JBycropouuee mpeobpa3oanue Jlamnaca u kocunyc-npeobpaszoBanue Oypbe TOXKE 3TeMEHTAPHBI

1+ p arctg u
Ulp) = 1 Viu) = ———.
0= L Vi =22
IIponssoanast or dyskwmu U (p) u 3HAYeHUsS 3T0H DYHKINK [TPU Y U3 IPOMEKYTKOB ee BeTBieHns (—oo, —1] n [1, 00)
HAXOIATCS TI0 POPMYyTaM

1 1 y+1 1
u’p:——u —,L{y——l 95
(1) =~ U(p) + 5=y Uly) = 5 U (95)
Xapakrepuctuueckoe ypasaerue (35) NIpUHUMAET NPUBBIYHbINA BU
A 1 —|— k
1—Mk)=1——1n =0. 96
(k) =1- St (96)

Hamomuanwm, uto B maBe 2 066110 BBIsicHeHO, 9T0 ecin 0 < A < 1, To 06s13aTeIhbHO CYIIECTBYIOT JBAa KOPHS 3TOTO
ypaeuenus +k, a mpu A = 1 KOpHEM CIMBAIOTCA B OIUH ABYKpaTHbIA. Tam ke ObL10 moOKazano, 9to npu A — 1 — 0
BBITIOJTHAIOTCA 3KBUBaeHTHOCTH k ~ 1/3(1 — \), A ~ 1 — k?/3. Buauenune npoussoanoit U(p) B Touke p = k

1
k1—k2 &k (97)

u,(k):_%u(kH 1 1{_1 1} A— 1+ k2

— _ + —

A 1—k2 AE(1 — k2)’

2. PesoabBenTHbie (pyHKmun. C nomMombpio nocienneil (popMysbl HAXOAUM, 4TO TOCTOSIHHAS, BXOISIIAs BO
BHEMHTETrPATBHOE CIAraeMOe PE30IbBEHTHON (DYHKINN OECKOHEYHON CPEeIb:

k(1 — k?)

Coo =377 72

(98)
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BameTuM, 9TO IPH yMEeHbIeHHH O HCTHHHOTO MOTTONTeHns, T. e. ipu A — 1, k — 0, moctosaras Co, ~ k/(2k%/3) =
3/(2k) crpemurcst K GECKOHEYHOCTH. DTO O3HAYAET, Y4TO B DECKOHEYHON YMCTO PACCEMBAIOLIEH CPele HERO3MOXKHO
CTallMOHApHOE T10JIe U3JIyYeHHWs TP CJI0eBOM MCTOYHWKE, a 3HAYWT, U MPH JII0OOM IMJI0CKOM UX pacnojoxennu. Eciau
MEPBOHAYAIBHO B TAKOH Cpele MoJe U3Iy9eHrss OTCYTCTBOBAJO, & 3aTeM BKIIOYUICA TIOCTOSHHBINA CIOEBON HCTOYHMK,
TO, MOCKOJBKY IIPU YUCTOM PACCEAHUM B GECKOHEYHOM cpejie (POTOHBI He TUOHYT U He ncue3aioT (TaK KAK HET TPAHWIIL),
C TeYEHUEM BPEMEHW OHM TOJHKO HAKAILTMBAIOTCA. VIHTEHCUBHOCTDH M3MydYeHUs] CTAHOBATCS BCE GOMBINE, W BBHIXOJA HA
CTallMOHAPHBIN PEXKUM HE TTPOUCKOJINT.

ITpeobpaszosanuem Jlamiaca or pezosbeenTHoit hyHnkunm sirnsiercs: bynkuust Ambapuymsina: H (p) = ¢(1/p). Henn-
HeliHoe ypasHenue myisi nee — (ypasHenne AmOapiymsiHa) ObIIO BHIBEJEHO B TyIaBe 2, a JuHelHoe nmeer Bug (1) —
JI000€ KOMILIEKCHOE YHUCTIO)

A n+1
{1 —5nin ﬁ] ©(n)

1

!

1_577/ (P(n)dn/’ (99)

2 n—n
0

IIpn 0 < 7 <1 B aprymenTe siorapudma HAIO TOCTARUTH MOIY/Ih, & WHTENPAJ CITPABA MOHUMATH B CMBICJIE TJIABHOTO
3HAYEHWSI.

Touka n = —1/k aBngercsa nomocom byHKImU (1), 970, KAK U B 00IIEM CIydae, CAeIyeT U3 TUHEHHOrO ypaBHeHU ST
(99) u xapakrepucrudeckoro ypasaenns (96). 3 wenmueiiHoro ypasuennsi Ambapuymsina npu n = —1/k nim w3
nuHeitHOro ypasHenusi (99) mpu 1 = 1/k BbITEKaeT PABEHCTBO, KOTOPOe GBINO JOKA3AHO HAMH B TJaBe 2 IPYyTUAM
crmocobom: X

A [ p)
— dn = 1. 100
= (100)
0
Jlerko Hamucarh U TOYHOE BbIparxkenue nisa yskimn AmGapiymsana, noaydeanoe B. A. @okowm [80]:
T d
n arctgu U
=exp|—— [ In|l-=\ . 101
e e R R (101)

ITpuBenem BbIpazkeHue s PE30JbBEHTHON (yHKIMU MOMYyOECKOHEYHON cpepbl, T.e. dopmyny (77) mua ciaydas
MOHOXPOMATPHUYECKOTO PACCESTHUSA:

[

(I)(T) — Coefk(‘l'+7'e) + é exp(—T/;]) 5 d'I] . (102)
2 A 147 M 12 ()
0o (1-— Enln 1. + 5"

TTocrostrrast Tpu BHEMHTETrPAIBHHOM dKCMOHEHTE B (DOPMYJIE [IJIsT PE30IbBEHTHOH (DyHKIIMY T0TyOeCKOHETHOM CPeIbl
MOXKET OBITh 3aMUCAHA MO-PA3HOMY:

- 1
C = Coe Fme = Coo _ . (103)

p(L/k)
e(n)
2/
0

T k2"

Hocrosmnas Cj ocTaeTcst KOHEUHOf 1 pu 1ucToM paccesinun, Tak kak Co = /2kCoo ~ /2k(3/2k) = /3. 113 BTOpOTO
Bhipaykenust jist C' caenyer, uro npu A = 1 nocrosinnast C' = 2/aq, rae o — nepsbiii moment dbyskiun AmbapiymsiHa.
B riare 2 6p110 MOKa3aHO, 9TO TIPU 9WCTOM PACCETHUN (v = 2/\/3., Tak aTo B 31oM cayuae C = Cy = v/3. Orciona
cremyer, 9To BxoAgamasn B (102) sxcrpanonupoBanHas qiuHa npu A — 1 ocraerca koneunoii. Ee npegenbuoe 3nadenue
nipu 3ToM T, = 0.710446089.

3. Bagaua Mwunna. Pemenne 3anaun Muana rakwxke nerko 3anucars. Ono mmeer sug (85) ¢ mepemenoit o6o-
3HauveHuii. 31ech npuBegeM (POPMYILY TOJBKO JIs KJIACCUYECKON 3amaun, T.e. it A = 1. Iljst 3T0ro ciaydasi ero
TIPEICTABISIOT B BUJIE

U(7) = V3[r + (7)), (104)

(105)



Ee rpanmansie suadenns: ¢(0) = 1/1/3 = 0.5773502691896, ¢(co) = 0.710446089800. 3nauenue Ha GECKOHETHOCTH COB-
TTagaeT CO 3HAYEHNUEM SKCTpanOHVIpOBaHHOﬁ JJINHBI. @yHKHVIﬂ Xon(i)a MOHOTOHHAQ, TaK 4YTO BCE OCTAJIbHbIE €€ 3HAYECHUA
3aKJIIOYEHBI MEXKYy KPaWHWUMN.

Bamernm, 4T0 TpUOTUKEHHBIE perieHus 3amgadn Munaa obcyKIaanuch B npeapiaymeil rnape. Temepb Mbl ume-
€M BO3MOXKHOCTH OIIEHHUTh WX TOYHOCTh. BCe OHU COofep:KaT MHOXKHUTETh BUJA T + ¢, TIe TOCTOSHHAS ¢ B PEIIeHUX
Meapumunbaa [lycrepa, Daauarrona u Yaumpacekapa paBHA COOTBETCTBEHHO 1/2,2/3 u 1/\/§ 13 cpaBuenus
C TOYHBIM DenieHneM BUIAHO, 9TO HAMMEHBINTYIO TOYHOCTH MMEET ABYXITOTOKOBOE an6J'IH7KeHHe, B TO BpeMsd KaK Ha
6OJ]BIIIVIX OTITUYECKNUX Fﬂy6HHaX ABa JIPYTUX PENMTIEHNA IKBUBAJIEHTHBI. KaK MBI YK€ OTMeYaJIu BHITIE, pEenieHne I‘Iaﬁﬂ—
pacekapa JlaeT npaBuIbHOE 3HAYEHWE HA rpaHule, T.e. npu 7 = 0, a B ryiybuHe 4yTh TOYHEE perieHne D IMHITOHA.

B zakmouenue storo maparpada cesikem mnocrosuabie M u N, TOSABUBINKECS B TEOPUU MOHOXPOMATHYECKOTO
paccesinus B MpeJIbIIYINEH TIaBe MPU HAXO0XKIEHUHU YIJIOBOTO PACIPEIETeHNs BhIXOIANIErO U3MydeHus B 3a1ade Munra
N aCUMIITOTUK B 3aa4€ 06 OTPa?KEeHNN N NMPOMYyCKaHWU TIJIOCKUM CJI0O€M, C MMOCTOAHHBIMU PE30JIHBBEHTHOTO METOAA IJIsA
ciry9ast m30TponHOro paccesiaus. M3 cpasrennst bopmyn s M w N ¢ (98) n (103) naxomnm

4 8k
M= =+, N =exp(—2k7). (106)
Mo  ACP
Ecnu mopctaBuTh 9TH MOCTOSIHHBIE B TAKOM BHJIE B ACHMNOTOTHKH KO3Gb)HUIMEHTOB ApKOCTH, TO (HOPMYIBI CHIBHO
ynpoctarcst. JIeficTBATeIBHO, IOy IuTCs

X o) e(@) [14 k¢ k
”("’C’TO)_h—/mﬂ—kg[ n+C  thk(r+2m) ]’ (107)
o(0,C170) = A () Q) k (108)

T 41—knl—kCshk(ro +27)

Takoe mpeacTaBienre aCUMITOTHIECKUX (hOPMyN 1151 KOIDDUIIMEHTOR SIPKOCTH TOTYCKAET TTPOCTOH TPEeThHbBIH Te-
pexox K uncromy paccesinnio. eiicreuresnsro nipy A — 1 xapakrepucruueckoe uncio k — 0, a 7o — ¢(00), rak
910

_eme© (1 1 R S 4 U)[2(9)
placgom) = EDAD (o ) angm) = 12D (109)

§ 3.5. Koneunsnrii miiockuii cioit

1. Pe3osbBeHTa U pe3osabBeHTHasd MYHKINA. Teopnsi WHTErpalbHBIX YPABHEHWIT TIePeHoca st CJIydast TI0C-
KOT'0 CJIOSi PA3BUBAJIACH OYTH OJHOBPEMEHHO C Teopueil 1isi 11os1ybeckonedHoit cpepl [73]. Muorue coorHomenust st
KOHEYHOTO CJIOST SIBJISTIOTCS TIPSMBIMKA OOODIIEHWSTMU COOTBETCTBYIONINX COOTHONIEHWH /i1 MOJyOECKOHEYTHOH CpeIb.
PacemoTpuM pe3osbBEHTY OCHOBHOTO MHTETPATBHOTO YPABHEHUS.

PezonbBeHTa 715 MIOCKOTO CJIOST ONIPEAETSeTCS YpaBHEHUEM

D(r,71,70) = %K(|T —7])+ % /K(|T —7NT(7, 71, 70)d7". (110)
0

HernocpeacrBeHHO U3 ypaBHEHUSI BHITEKAIOT CBOMCTBA CUMMETPUM PE30JIbBEHTHI, O KOTOPHIX yKe IOBOPUJIOCH:
L(r,71,70) = T(m1,7,70) =T(170 — 7,70 — 71, T0). (111)

[TepBoe PABEHCTBO SIBIISIETCS] OTPAYKEHUEM CHUMMETPUYHOCTH siIpa OMEPaTOpa YPABHEHHUs, a BTOPOE  CAMMETPUYHOCTH
CJI0Si OTHOCUTEJILHO €r0 I'PAHUIL, T. €. TOH YKe CUMMETPUYHOCTHU SIAPA.

Inddepentnpyst ypaBHenne cHadajaa Mo 7, & 3aTeM MO0 T{ W CYMMWUPYsT Pe3yabTaThl, MOJYy9IaeM COOTHOTITEHHE
Cobonesa

ol(r, 1, 70) n ol(r, 11, 70)
or on

Takum 06pa3oM, U B CJIydae CJios Pe30JbBEHTA BhIpasKaeTcs depe3 cBoe rpanudnoe 3uaderve (1,0, 1) = O(7,79):

= ®(7,70)P(71,70) — P(170 — 7, 70) P (70 — 71, TO)- (112)

min(7,71)
I(r,m,70) = ®(|7 — 1|, 70) + / [D(1 —t,70)®(T1 — t,70) — (70 — T + t,70)P(70 — 71 + ¢, 70)]dt, (113)
0

XOTsl BBIDAXKEHUE 3TO CJI0XKHEe, deM (46), 9T0 oTpazkaer HAIUuYue BTOPOil TPAHUILI Y CIIO.

68



2. IIpeo6paszoBanus Jlanaca. Kak u npexe, BBoaaTcs npeobpa3oBanus Jlamnaca oT pe30JbBEHTHI U PE30IIb-
BEHTHOH (DYHKINHU, HO TETeph M0 KOHETHOMY TTPOMEKYTKY:

70

D(r,p,70) =€ PT + /eprlf(T, 71,70)dT1. (114)
0

9T1o npeobpasoranue onpenensiercs ypasaeanem suga (110) co ceoboanniv ciaaraembiv e P7:
AT
Drpm) =7 +5 [ K(ir =)D . ) (115)

Ero FpaHHQHBKE3HaquHﬂ'ﬂMeKﬂ‘CﬂeHHaﬂBHBKﬂO603HaquHHZ

70

D(0,p.7) = X(p.m0) = 1+ / 7 d(7, 70)dr, (116)

D(19,p,70) =Y (p,70) =€ 7™ + /efm@ (10 — 7,70)dT. (117)
0

IMyrem npumenenus: npeobpasosanus Jlamnaca k coorHomennio (112) win HENMOCPEJACTBEHHO W3 yPABHEHUSA /IS
D(7,p,Tp) MOXHO NOJYyYUTh YyDABHEHHE

8D(Ta D, TO)
or

u BbIpasuTh GyHkuuio D(7,p,7p) Yepe3 ee 4acTHbIE 3HAYECHUS U PE30IBBEHTHYIO (yHKIIMIO:

=—pD(7,pr0)+ X (p, 70)®(7,70) =Y (p, 70)P (70— T, T0) (118)

D(Tapv TO) = X(p7 TO)\I’(Tvpa 7-0) + Y(pa 7-0) |:\I/(T0 —7,—D, TO) - X(pa TO)ep(TO_T) . (119)

31ech BBeIEHO 0603HAYEHNE, AHATIOIHYHOE UCIIOMB30BAHHOMY B CIydae MOTy6ecKOHEIHON CpeIpbl:
T
’
U(r,p,70) =€ P77 1—1—/61” O(7',m0)dr’ | . (120)
0

ITpeobpazosanue Jlamnaca mo KOHEYHOMY MPOMEXKYTKY, IpUMeHeHHOe K pasercTBy (119), maer asoitHoe mpeoGpa-

30BaHUue
To

R(p,q) = /e_qTD(ﬂp,To)dT:
0

X(p,70)X(q,70) = Y(p,70)Y (g, 70)
p+q '

(121)

O4eBUIHO, 9TO TPHU T — 00 (PYHKIINK C JOMOJTHATETHHBIM apryMEHTOM Tg HepeiayT B (PYHKIINKA TOTyOECKOHETHOH
cpeabt, X-bynkuus nepeiiger 8 H-dynkunio, a Y (p, 79) — 0.

TTockonbky simepHast MYHKINST ABIASETCA CYTEPTIO3WINEi IKCTTIOHEHT, TO BBULY JWUHEHHOCTH HAIMWX ypPaBHEHWH W
pe3osbBenTHast DYHKLMS sIBJISIETCsT TaKOM ke cyneprosunmeii byukuuii D(T,p, 79):

(7, 70) /A (7, y,70)dy. (122)

s Bcex 3Tux (QYHKIMIA BBIBOISTCS OMPEIETSAIONNE UX YPABHEHNUS.

3. ¥YpaBHeHuda aaa X- u Y-dbyakmanii. [1o Toit ke cxeme, 970 1 B c1yvae moayOECKOHETHOH CPeIhl, MOXKHO MTOJTY-
YNTh HEJIMHEHHBIE U JIMHEHHbIe yPaBHEHUs [Jisi BBeIeHHbIX (byHkuuit. s ux 3anucu BeegeM, ciaeayst B. B. CoboJiesy,
eme aBe PYHKITHN:

b
N(1,70) /A )e YT X (y, 10)dy, (123)

le

7'7'0

l\3|>/

b
/A e Y (y, 70)dy. (124)



B ornuuue or pesonbsentHoil dbyukinuu P(7, 1), umeromeii npsamoii cmbica npu 0 < 7 < 79, 31U QYHKIUU ONpee-
nennt pu Beex 7 > (0, nx mpeobpalzosanms Jlanmaca 6epyTcst Mo moaynpsiMoit u ABASIOTCS nHTErpasamu Tuna Kormm:

— A d
Npm) =3 / )X (g 70) (12)
vaO /A ya C_lfp (126)

Yepes 3tu npeobpa30BaHus 3ANUCHIBAIOTCS ypaBHEHUs st X- U Y -MYHKINA, KOTOPBIE BBIBOOSTCS TaK K€, KAK U
ypasuenus ayst H-dyHKnm B ciydae nmoayOecKoHedHOit cpeanl. JInHnelnnbie ypaBHEHWST NMEIOT BHUT

[1—XU(p)] X (p,70) =1 = N(=p,70) — e P M(p,70), (127)
[1—=XA(P)]Y (p,70) = e 7™ [1 = N(p,70)] — M(—p,70), (128)

X(p,m0)[1 = N(p,70)] =1—Y(p,70)M(p,70), (129)
Y (p,70)[1 = N(=p,70)] = e P — X (p,70) M (—p, 70))- (130)

VpaBuennsi 31, Kak u [T MOJAyOECKOHETHOH CPeanbl, OBLIN TOMyYeHbl CHAYAIA JIJIT MOHOXPOMATHIECKOTO M30TPOT-
HOTO, 3aTeM [IJIT HEM30TPOTTHOTO PACCESTHUS, a TIOTOM W B OOIIEM CIIydae.

4. YpaBHeHHuS C NPOU3BOJHBIMHU NO TOJIIUHEe cjosi. Hapsany ¢ mpuBegeHHBIME ypaBHEHUAMHU, UMEIOIIIMA
MpsMbIe AHATIOTH B CIIyYae MOJyOECKOHEYHOW Cpenbl, BBeIeHHbIE (DYHKINK YIOBIETBOPSAIOT €Ie HECKOIbKUM BUIAM
YPaBHEHU, NMPUCYLIUX TOJBKO CJOIO.

9T0, BO-TIEPBBIX, COOTHOIIEHNST, OTPAYKAIOMINE CUMMETPUIHOCTh CJI0si (OJITHO TAKOE COOTHONIEHNE yKe OBIIO MpuBe-
JIEHO JI1sT PE30ILBEHTH). JIerko nokasarsh HEmocpeacTBeHHO n3 ypasaenuns (115), aro

D(TO —T,p, 7-0) = e_pTOD(T7 -bp, TO)' (131)
N3 (131) npu 7 = 0 nonyuaercs caeacrsme, cea3bipaomee X - u Y-gyHxmnnm:
Y(paTO) = e_pTOX(_paTO)' (132)

C mOMOIITBI0 3TOTO COOTHOITIEHNS BCE YPABHEHUs st Y JIErKO MOIydaroTcs u3 ypaBuenuii misa X . U3 vero xe ciaemyer
Hapsily C NEPBBIM, OYEBMIHBIM, BTOPOE rpannanoe 3nadenne ¢pynkunu (120):

\II(OvpaTO) = 1; \II(T()vpaTO) = e_pTOX(_paTO) = Y(p7 TO)' (133)

Eme ogun Buj ypaBHEHUN, XapAKTEPHBIX s KOHEYHOTO ILIOCKOTO CJIOsI,  YPABHEHUs C TPOU3BOIHBIMU IO JIIUMHE
MPOMEXKyTKA MHTErpuposanuns B narerpase B (110), T. e. mo onTuueckoit Tommumnre cnosi. Henocpeacreenno nuddepen-
unpyst (110) 1o 7o m MpUMERsist T YKe PACCY KAEHWS, 9TO ¥ TPH BhiBOJIE cooTHOMmenust Cobosesa aJ1st moJIynpoOCTPAHCTRA,
oIy 9aem

ol(r, 1, 70)
(97'0
TaK 4TO CyMMa TPeX MPOU3BOIAHBIX OT PE30JILBEHTHI 110 BCEM €€ apryMeHTaM DPaBHA MEPBOMY CJIaraeMOMy CIpaBa B
(112). U3 (134) npu 74 = 0 caenyer

=®(19 — 7,70) (10 — 71, T0)- (134)

0d(7,79)
87’0

Awnasiornuno nosyudalorest ypasHenusi Jyisi npeobpasosanuit Jlanuaca. Tak, must byukuun D(7, p, 79) nocie yrowmsi-

= ®(19 — 7,70)P (70, 70)- (135)

HYTBIX PACCY’KIEHWIT HaXoaum

D
90,2, ) (;’p’ ™) _ (ry — 7, 70)Y (p. ). (136)
70
a nna X- u Y-dgyukuwmii orcioga u u3 (115) umeem
0X (p, 7
OLT0) _ 7y, )Y (p, ), (137
T0
Y (p, 7
W@10) _ iy, ) + @0, 1) X (9, 70). (138)

87’0
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YpaBHeHUs ¢ TPOU3BOAHBIMH TIO TOJIIUHE C/IOS TPUMEHSITACH JJIsT YUCIEHHOTO PEIeHns 33/1a4 TePEeH0Cca MOHOXPO-
MaTHyYeckoro usydenusi rpynnoit P. Beamana [90].

Hpyroii Bua ypaBHEHWH, BBIMOJHSIONMXCS JIJIST CJIOST, — 3TO YPABHEHWs!, CBA3BIBAIONINE €0 XapPaKTEPUCTHKHU C
XapaKTEPUCTUKAME CJIOEB JIPYTO# TOMIIMHBL U M01yOecKOHeuHO# cpebl. [IpuBeaeM npuMepsbl.

5. ®opmyabl cioxkenus. Pazobbem unrerpan B (115) Ha aBa: oT Hyas 10 T U OT 71 JIO To = 71 + To. Cunras,
qro 0 < 7 < 71, TOACTABUM BO BTOPOit HHTErpas MpeaCTaBAeHUe AAepHOM PYHKINNA Yepe3 CYHMepIO3UINI0 SKCIIOHEHT:

T1 b T0
A A ’
D(T,p, 7—0) =e T+ 5 /K(|T - ’7'/|)D(Tl,p7 TO)dT/ + 5 /A(y)dyeyT/D(Tlvpa TO)ein dr'. (139)
0 a

T1

[Monyannoch ypaBuenune mist QyHKIANA D(T,p,ﬁ), MPUYEM T10J] 3HAKOM BTOPOrO WHTETrpaJjia CTOUT 3KCIIOHEHTA, KakK
CBODOIHOE ClTaraeMoe B ypaBHEHUH (115). [ToaToMy MOKHO 3amucarh COOTHOINEHHE, BbIMmoHsomeecs nmpu 0 < 7 <
71 < T1+ T2 =70

b T1+72
A /
Depn+m) = D) + 5 [ ApAwD(n = rpn) [ Do+ )™ ar. (ua0)

T1

Taxk ke BBIBOIUTCS COOTHOIIEHUE It 71 < 7 < 71 + To. OHO nMeeT BHJ,

b 1
A !’
D(T,p, 1+ 7—2) = eipTlD(T —T1, P, 7—2) + 5 /dyA(y)D(T - T1,Y, 7—2) /D(T/apv T+ TZ)Gy(T 7Tl)d7—l' (141)
a 0

Coorromenus (140) u (141) MoryT GbITH 3aMUCAHBL IS CIydast To = 00, T. €. /i BBIPDAYKEHUS CBA3H MEXKy KOHEed-
HBIM CJIOEM U TIOTyOecKOHedHO cpeaoit. X MOYKHO, KOHEYTHO, MOJYYATh IBPUCTHIECKUM METOIOM, TaK KaK (OyHKIHAs
D(7,p, T7p) nponopuuoHaibHa BeposiTHOCTH Bhixona ¢dorona uz cpegpl. OQHaKO 31€Ch Mbl Mpeqouan (GOpMaibHbIil
BBIBOJI, 9TOOBI MOKA3aTh, KAK OH MPOW3BOANTCSA. BhIBEIEHHBIE COOTHOTIIEHHST TMMUPOKO UCTOI30BAINCH TTPW UNCIEHHBIX
pacuerax Jjisi MOHOXpomaTudeckoro pacceguus [100]. TIpu 3TOM NPUHUMAIOCH T| = To, TAK YTO METOJ HA3BIBAJICSH
METOJOM Y/IBOEHHUS, O YeM y¥Ke TOBOPHUJIOCH B TJIaBe 2.

6. Bakirouenne K riaBe 3. Ypasuenue (1) ¢ KOHEYHBIMU T, W T SIBJAAETCA ypaBHEHWEM (DPEATrOJIbMOBCKOTO
TUTIA W JJIT HErO BBHITIOJHSAETCS ajabrepHarnea @pearoabma. JTO 03HAYAET, 9TO MPU UMEIOMNAX (PU3UIECKUH CMBICIT
3HAYEHNSTX BEPOSITHOCTH BhIXKUBaHWs (GoToHa mpn paccesiunu, T.e. npu Benmwanre 0 < A\ < 1, mmeer perrienne HeO-
HOPOJHOE yPABHEHNE, HO HE WMEeT PElIeHuil OJHOPOIHOE YPABHEHUE, B OTJIUYUE OT CUTYAIMH B CIydae OECKOHEYHOH
7 nonyOeCKOHEYHOU Cpel, A KOTOPBIX OCHOBHBIE WHTErpPAJIbHbIE YPABHEHUs CUHTYIsApHBI. OIHOPOIHbIE YPABHEHUS
C KOHEYHBIM TTPOMEXKYTKOM WHTETPUPOBAHUA MOTYT MMETH PENIEHNsA, OAHAKO TTPW ONMPEAEJTIEHHBIX 3HAYEHUAX BEJINYIU-
HBI A > 1, KOTOphIE HA3BIBAIOTCST cOOCMEEeHHbLMY 3HAYeHUAMY ypaBHeHNsT. COOTBETCTRYIONINE PEIEHNsT YPABHEHWST —
cobcmeennole PyHKYUL — OrpaHnYeHbl U 3HAKONEpeMeHHbI [52].

Samerum, 9TO ec/u st CHHTYISPHOTO YPABHEHUS C MHTETPUPOBAHUEM IO TOJIYOCH OKA3AT0Ch BO3MOMKHBIM MOJTY-
YUTH TOYHBIE PEIIEHUs, TO [Jii KOHEYHBIX MPOMEXKYTKOB HHTEIPUPOBAHUS ITOTO CIAETATH, BOOOIIE TOBOPS, HETb3s.
[TosToMy ycunmss TEOPETUKOB CBOOMIKACH K TOJYYEHUIO W3 OCHOBHOTO YPABHEHWsI HEKOTOPBIX IPYIHUX, JUOO TAKUX,
KOTOPBIE JIeTde PeniaTh, JU00 JAOIINX HEMOCPEICTBEHHO HYKHBIE JIJIsT MTPUIOKEHUH BEJTNINHbI.

Baxknasi poss dynkunit X (p,79) u Y (p,79) B Teopun nepeHoca nsiydeHusi 00bsiCHIETCs JIBYMsi OOCTOSITEIbCTRA-
mu. Bo-miepBbIX, T€M, 9TO OHM BXOAST B BBIPAXKEHUS /I MHTEHCUBHOCTH BBIXOIAIIETO U3 ILJIOCKOTO CJIOS U3y YEHUS
B C/Iy9asX, KOTJA MOIIHOCTh MEPBUYHBIX UCTOYHUKOB MPEICTABISIET KOMOMHAIINIO MHOTOYIEHOB U HKCIOHEHT OT 7. B
YAaCTHOCTH, K TAKUM CIYIasM OTHOCSTCHA 337Ja49d 00 OTPAaYKEHWW W MPOIYCKAHUU MU3TyYeHWS U C PABHOMEPHBIM PAaC-
npeeaeHneM UCTOYHUKOB. AHajorndnyio poJib urpaer H-dyHkuus st nojybeckoneunoit cpeabl. IMeHHO 1o3Tomy
acTpOoMU3VKN CTPEMUJINCH TIOJIYIUTh OMPEAEISIONIne 3TH (PYHKIINN YPABHEHNST W WX PEIIEeHUs.

BO—BTOpBIX7 KaK y>Ke TOBOPHWJIOChH, HEBO3MOXKHO TTOJIYYUTH TOYHBIE DEITTEHNA BCEX MPUBEICHHBIX ypaBHeHVIﬁ B ABHOM
Buge. Omguako ecnu Haiitu X- u Y-dyHKnun, a caegoBarenbHo, u GyHkun N u M 49ucieHHO, TO pe30bBeHTHAst
dbyukuusa ®(7,79) 4epe3 HUX U PE3OTBBEHTY GECKOHEUHON CPE/bl BBIPAYKAETC TOYHO:

D(7,710) = Poo(T) — /[(I)OO(T + 7 )N (7'/10) — ®Poo(10 + 7 )M (7, 709)]d7’, (142)
0

40 66110 nokazano B. B. sanoseiv sppucrtnyeckn [31]. @opmasibubiii Beisog (142) OCHOBBIBAETCSI HA PACCY K IEHUSIX,
6/IM3KMX K poBegeHHbiM npu nostyaernn (popmyn (140) n (141), Ho mpumeHeHABIM K GECKOHEYIHOI cpeje.
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I'maBa 4. PaccessHue B ClieKTpaJibHOI JIMHUN

Teopust paccesiHust U3/Iy9eHNs B CIEKTPATIBHON MUHUM  OJHA U3 BAXKHBIX [JIAB TEOPETUYECKOi acrpodusuku [77].
Ona paszBuBasiach, HAYMHAS C ABAJAUATHIX IOJIOB Hamero crojerus. CHavyaia paccMarpuBajoch obpasoBanue (payH-
ropepoRrbIX JinHMI noryiomenus 6e3 paccestaust. CorstacHo mozesin armocdepst 38e3ab1 [Isapumunsma—IIlycrepa nag
dorocdepoit, Tae GopMUpPYETCss HEMPEPBIBHBINA CIEKTP, PACIOJIATACTCS CJIOH, COAEPIKAIINAN MOTIOMIAIONINAE B JTHHU-
X aroMbl. [Ipu 3T0M B IEHTpe JMHWEU TOTJIONEHNE HANDOIbIIee U YOBIBAET COTMIACHO TPOMUII0 TmorioneHus. Takas
MOJIENTb JABAJIA BO3MOXKHOCTh KAYECTBEHHO OObSICHUTH BEMUYMHBI SKBUBAJIEHTHBIX MmupuH nuauii. Oaaako npoduim
nmHTH 3TO# Teopueit He Bocpon3Boananch. Heobxoammo GBIIO yIecTh paccestHue.

Ilosiroe Bpemst MPUHUMAJIOCH MPEIAINOJIOKEHNE O HEM3MEHHOCTH YaCTOThI Npu paccesiiun. Mozenb D 1JuHrToHa,
COTJIACHO KOTOPO# KOHTWHYYM W JIMHWHW 0Opa3yioTcst B aTMocdepe 3Be3Ibl OJHOBPEMEHHO, JaBaia 0o/ee peanincTut-
woie mpodwtr. OgHAKO OcTaBamach mpobieMa MEeHTPANbHBIX WHTeHCHBHOCTEH. [l paspereHus 3Toil mpoOaemMbl B
COPOKOBBIX TOAAX OBLIO MPEITOKEHO HOBOE MPUOIUKEHUE MOTHOE Tiepepacmpeaenenne mo gacrtore. OHO momroe
BpeMs OCTABAIOCH €IMHCTBEHHBIM JOCTYIMHBIM /I pAacueTOB. Bomee TOUHbIE 3aKOHBI TepepacipeeeHus 10 YacToTe
0Ka3aJI0Ch BO3MOXKHBIM TTPUMEHUTH TOJIHLKO MOCTE TOSTBIEHUS OBICTPOAEHCTBYIONINX BHIAUCIUTEIHHBIX MAIWH.

B 370t rmase w3naraioTcst OCHOBBI AHATUTHYIECKOH Teopnn oOpa3oBanus crekTpaababix auanii. [locie n3noxenns
CBeJIeHUI 0 MPOMUIAX MOTIIOMIEHUsT BBIBOISITCS 3aKOHBI TIEPEPACIPEIEIeHNsT U3TYyIeHNs IO YACTOTE MPU PACCESTHUH.
B ocranbHO# 9acT rAaBbl U3yYaeTCd CIyYail MOTHOTO MepepacipegeeHuio o YacToTe. PaccMOTpeHbI Te 3Ke TITOCKue
CPEeIbl, 9TO U MPU MOHOXPOMATHYECKOM PACCESTHUU: DECKOHEYHAS U MOTyOECKOHEYHAS CPEIbI, & TAKYKE KOHEUIHBIN CITOM.
Hexoropsie cremernsi 0 MHOTOKPATHOM PaccesiHny mpu 00Jiee CIOYKHBIX 3aKOHAX TIepepacipeesiennst OyayT JaHbl B
cJaeayroueit riase.

§ 4.1. IlorsiomieHne B CIIEKTPAJbHON JIMHUAU

1. Onucanme npoduiieii moraormeHnsi. PacCMOTpUM HEKOTOPYIO JIMHUIO ATOMOB ONpPeHdeIeHHOTO copTa. Bee
BEJINYIMHBI, OTHOCSIIINECST K BEPXHEMY YPOBHIO 3TOH JUHNA, OyIEM OTMEYaTh WHAEKCOM U, & K HUKHEMY — WHIEKCOM .
TIpencrasum ko3 buIMEeHT TIOTJIOMIEHNs] B PACCMATPUBAEMON JIMHUW B BUJIE

L
o,y = mk,, (1)
rae n)  KOHIEHTPAIWs MOMIOMIAIIIMX ATOMOB HA HUXKHEM yPOBHE MUHUH, & Kk,  KO3(DQUIMEHT MOTIONEHNUs, Pac-

CYUTAHHBIN HA OWH TTOTTOMIAOIHIH aToM. OH UMeeT Pa3MEepHOCTD IIIOMIAIN ¥ YaCTO HA3BIBAETCS CEUEHUEM PACCESTHUS .
10T KO3 GUIUEHT TOXKE PA3OUBAEM HA JBA COMHOKUTEIS:

kl/ - kuoa(x)) (2)
rae r — 6e3pa,3MepH06 pacCTOsAHUE OT IEHTPa JIMHWUW, U3MEPAEMOE B HEKOTOPBIX €ANHUIIAX YaCTOThI (Hmpvmax) AZ

_V—I/()
2=, 3)

a a(r)  Tak Ha3BIBaeMbI npodusb nozaousenus. OUEBHIHO, 9TO
a(0) = 1. (4)

Berpewarompecst va npakruke dynkuun «(x) Beerga uernbie. IToaromy Bnpeinh Mbl GyleM paccMaTrpuBaTh TOJIBKO
9eTHBIE TI0 APTYMEHTY & MPOQWJIN.
Hapsiny ¢ rakum npoduiem ynorpebisiercst u gpyroii, ¢(z), WHTerpas or KoToporo 1o Beeil JMHUK IIPUPABHUBAETCS

eIMHAIIE:
o0

/ o(x)dx = 1. (5)

Hpa 3mnx npodnist CBA3aHBI KOHCTAHTON

¢(x) = Aa(z), (6)
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r7le OCTOSTHHAST HODMUPOBKU OTpeensercs u3 ycnosus (5):

oo

A / a(x)dr = 1. (7)

ITpodnik ¢(x) nmeer CMbICI JIOTHOCTH BEPOSITHOCTH MONIOIIEHNsT (DOTOHA ONTPEJEJIEHHO YacTOThI B IPE/IesIax JIMHUN.
Hakoner, mbl Gyzem ucnosb3oBarh emle ogHo obo3nadenue st npoduist B pasmepHbix dacrorax w(f), £ = Ax,
HOPMUPOBAHHOTO AHAJIOTUYIHO ¢ () ¥ TOXKE UMEIOMIEr0 BEPOSTHOCTHBINA CMBICIT:

o0
1
[ e =1 w(©) = Sote/a) ®
—0o0
Korzma paccmarpuBaercst ogHa JIMHWS, JOCTATOYHO NMPUMEHSITH Ge3pa3MepHylo 4dactory. Ho npu Hajmumm AByX
JIUHAH WK JBYX MEXaHU3MOB DACIIUPEHUs IPUXOIAUTCH UCIOIL30BATHL 0003HaueHne w(E).
2. OcuoBubIe Buabl nmpodumiaeii. [Ipocreiimuvu 1 HanbOIEE YIOTPEOUTENHHBIMA IPOMUITIMEA MOTIOMIEHNST SIB-
JISTIOTCS CJIE Y TOIITHIE.

1) Beckoneuno yaxuiti npopuan. Eciu cauraercs, uTo IuHMs HE PACIIMPEHA HUKAKUM MEXaHU3MOM, T.€. 00a
ee ypOBHsI DECKOHEYHO TOHKHUE, TO ee IMUPUHA PABHA HYJI0, a npoduib §-obpa3usiii. Hopmuposars npodunb B TakOM
CJIydae ero 3HAYEeHUEM B LIEHTPE HEeJIb3si, TI03TOMY BBEIeHUE MPOduJisi (¢ HEBO3MOYKHO.

2) Jlopenuesckuti npoduab. 1ot npodunb MOayIaeTcsa IpU AefCTBAN PA3IUYHBIX MEXAHU3MOB PACIIUDEHUS
JUHUH, HAPUMED, MPU €CTECTBEHHOM 3ATYXAHWM W3JTYYEHUs W OPU JUCIEPCUM HA ATOMAX C yYeTOM CTOJKHOBEHUH.
IMpoduns Ha3biBaeTcss Tak)ke JucnepcuoHHbim. JacTora u3MepsieTcss B eCTeCTBEHHBIX Ap WM AUCIEPCHOHHBIX A
mupunax. Q6mee nx obo3nadenme Ay,.

3) Honaeposcruli npopuab. OH BOZHUKAET BCIIEJACTBUE TENJIOBOIO JIBUKEHUST ATOMOB U SIBJISIETCS OTPAXKEHUEM
MaKCBEJJIOBCKOTO UX paclpeseieHus 110 ckopocTsim. JlomiepoBckas mupuHa

Ap = —7, (9)

rie U — cpeanss (Tenjosasi) CKOPOCTh JBUKEHNST ATOMOB.

4) @otizmoscruli npopuas. dtor npoduns nponopuuonaned Gyaknuu Poiirra, KOTOpas €CTb CBEPTKA JOPEH-
IIEBCKOTO W JIOMJIEPOBCKOTO Tpodnieit Tumna ¢:

a T dy
Ula,) = m3/2 / (x —y)? +a* (10)

Hns dyaxmun Doiirta MOKHO BRIBECTH JIPYTOE MPEICTABICHUE:

o0 o0 o0 o0 o0
1 1 1
U(a,a:)zg—/2 / e_y2dy / e~ cos((x — y)t)dtzg—/2 / e~ tdt / cos((z — y)t)e_yzdy:— /e_“t_t2/4 cos(xt)dt.
T ™ T
—o00 —o00 —o00 —00 0
(11)
W3 uero caenyer, uro U(a,0) Beipaxkaercsi yepe3 GyHKIMIO ommbok:
2 o0
U(a,0) = Zea? /eﬂﬁdy. (12)
i

a

Ipenemsupivn caysasun dynxmm Qoiirra sexsoTes cepTeBaemble npodumi. efictsurensno, npn a = 0 mo-
nyuaercs pormreposcknii mpodus U (0, z) = 7~ /2~ | Tax xak

. 1 a
lim -
a—+0 7T T4 4+ a

= d(x). (13)

B mporuBomnonoxkHOM ciiydae, KOTga a — 00, B JIOPEHIEBCKUIT MPOMUIL 00PAIIaeTCst MPON3BEIEHNIE

1 1
aU(a,ax) — TR nbo allrgo %6_“2?’2 =0(y)- (14)

VuvHOXKeHne (PyHKIMU U ee apryMeHTa Ha ¢ noTpeboBajioch MOTOMY, YTO IMPU JIOPEHLEBCKOM PACHTUPEHUN JIMHUU
YACTOTA U3MEPSETCS He B JAOMIEPOBCKUX, & B JIOPEHIIEBCKUX MTUPUHAX.
Crenenns 06 3TUX YeThIpex NpoduIsax NpuBegeHbl B TabI. 2.
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T aomnuima 2. OcHOBHBIE BAIBI TPOQUIEH MOTIOMEeHNS.

T odn
Bun npodwuns i o
a(x) o(x) w(§)
J-0bpazmmrit — o(x) 5(§)
Jlopenterckwit ! ! L At .

. H BCKUN P - T 5 T A2 | o
pertt 1+ 22 m 1422 m A &2
Homnneposekuit e Leﬂ”2 S =€ /80

U(a, a:) U(a, x) 1 Ap §
Doii KU —_— ’ N AN A
OWITOBCKUIA 0(a,0) a=Ar/Ap Ap Ap’ Ap

Haubomnee nonnayo cBOAKY pa3TudHbIX mpeacTaBiennit pyukinun Qoirra depe3 HHTErpaibl U PAIBI COAEPKUAT 0630D

[84].

3. Ipyrue Buabl ipoduieii. Kpome wernsipex mpocteitimmux mpoduseit pa3anaHbIMU MEXaHU3MAMU DACTTHPEHNST
JMHUT 110poKaatoTcst 60J1ee CII0KHbBIE, O KOTOPBIX Mbl JaJMM TOJILKO MOHsiTHe (11oapobHee 0 HUX cM. paborsl [45,77]).

1) IIpogunau, popmupyrowuecs ecaedcmeaue agppexmos dasaenus. [lox BozueiicTBneM OKPY KAOMINX Ya-
CTHUI 3HEPreTUYECKUE YPOBHU aTOMOB CMEIIAIOTCS W PACHIUPSIIOTCS, YTO BeaeT K paciiupenuio Jjuuuii. CMerenust
ypoBHEH A 3aBUCAT OT PACCTOSHUS, HA KOTOPOM HAXOIUTCS BO3MYINAONIASA YACTUNA. SABUCUMOCTD 3T OMPEIes-
eTcsl CHJION B3aMMOJEHCTBUS MEXKy aTOMOM U BHEIIHEH JacTUleil U HA JOCTATOYHO OOMBIMUX PACCTOSHUIX I MEXKTY

HIMH HOCHUT CTETIeHHOH XapaKTep:
1
Av ~ —. (15)
TnS
SHaveHust oKa3aresast S MOryT ObITh CIELyIOMIAMA.

a) s = 2. Takoe 3nauenne nveer nokasarenns npu aureitnom addekre [TIrapka, KoToperil HabIIOAAETCS, HATTPUMED,
y aToMa BOIOPO/Ia TIOJ, AefICTBUEM 3aPSIyKEeHHBIX 9aCTHIl. BusiHmne 3/IeKTPOHOB W MOHOB Pa3mnaHO. VIoHBr nMeroT 60/1b-
IITYI0 MACCY, ¥ UX CKOPOCTH TOPA3/I0 MEHBIIE, YeM Y 3MeKTPOHOB. [103TOMYy WX CYMTAIOT HEMOIBUKHBIMY U PACCMATPHU-
BAIOT MPHUOJUKEHNE HOHA K aTOMY KaK caydaitnoe coobitre. Teopus Takoro craructraeckoro agdekra Illrapka 6nL1a
passura /Ixx. XomprMapkoM, a 3aTem ycopepinencreoBana C. HanapacekapoM u JIp. DIEKTPOHBI IBUKYTCS OBICTPO, U
nx BOB,ZIGI‘/JICTBVIQ y9InuThIBACTCA B l'[lf)I/I6J’H/I)Kel-ﬂ/ﬂ/l7 KOTOPOE HA3BIBAETCA YAAPHBIM. COBMeCTHOG ﬂeﬁCTBHe CTaTUCTUYECKOTO
M yJapHOIO MEXaHW3MOB ONKUCAHO B KHUrax [7,21], rue umerorcst Tabumipl 3nadenunii obpasyommxcst npoduieit.

6) s = 3. DTO 3HAYEHHUE MOJYTAETCA TPU PE3OHAHCHOM PACIIMPEHUH, KOTOPOE MMPONCXOANT TOJ BO3AEHCTBRMEM HA
aTOMBI TAKUX YK€ aTOMOB.

B) s = 4. D70 3Hauvenne orpaxkaer kpaaparnanbiii apdext Mlrtapka, korga 3apsiKeHHbIE YACTUIBI BO3AEHCTBYIOT
Ha HEBOIOPOIOTOI00HBIH aTOM.

r) s = 6. DTOT MoKA3aTETh OTBEYAET C/IYYalo, KOIJAa CTAJIKUBAIOTCA HEATPATbHBIE aTOMbBI Uin Monaekynbl. Cumna
R3aANMOIEHCTRUS MEXK/Iy HUMHU yObIBAET O9eHh OBICTPO.

2) IIpodurt MOAEKYAAPHBLE NOAOC. B MOMEKYISAPHBIX MOMOCAX COMEPIKATCS THICTIN TMHAN, KOTOPBIE IEPEKPHI-
BAIOTCS. Y Kpast MOJIOCHI MTPOUCXOANT OOPHIB €€, TaK YTO BHE MOJIOCHI MOTJIONIEeHNE OTCyTCTRYeT. VIMeioTcss pa3anydHbie
MOJIEJTV TIOTJIOIIEHWsT B TOJIOCAX MOJIEKysl. MHOTWE W3 HUX OMMWCHIBAIOT MOTJIONeHne (PYyHKIIASIMI, 00PAIIAIOMMMICS B
HYJIh HA KOHEYHOM PACCTOSTHWH OT IEHTPa MOJIOChl. JIAaHHBIH Cydail CyIMIeCTBEHHO OTJIMYAETCST OT CJIydasi CIEKTPOB
ATOMOB, KOT/Ia TIPUHAMAETCS, 9TO JIMHASA UMEET OECKOHETHO MPOTIKEHHBIE KPBLThA (06 3TOM NoapobHee GyAeT CKa3anro
B IJ1aBe 5).

3) Qucmo modeavrvie npoguau. TeopeTudecku MOKHO PACCMATPUBATH OYEHDb PA3HbIe NPOMUIN, B TOM YUCIe
obparamImecs B OTAETBHBIX TOYKAX B OECKOHEYHOCTH. EAWHCTBEHHBIM OOS3aTENBHBIM TPEOOBAHUEM K MTPOQHUIIO
SIBJISIETCS CYIIIECTBOBAHKE OT HETO MHTErpAasa Mo BCEM YacTOTaM. B TeOpuu mepeHoca B pa3Hoe BpeMs PACCMATPUBAIUCH
npoduIn CAEAYIONNX BAIOB:

a) NpAMOYTOJIbHBIH MPOMUIIb:

1 mpm |z| <1,

0 mpm |z| > 1; (16)

a(z) =

1 o(z) 1
= ——— wimn =
1+ |z[® (1 + =)

B) cTenennoii npodunb Koreunoit npotsekennocta o(z) = (1 — |x|/x0)®", || < zo > 0, & > —1.

6) crenennbie mpoduin ¢ GECKOHEUHBIMU KPbLIbsMU ()
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4. HanoxkxeHne MeXaHU3MOB pacimupeHus. Bo3MOXKHO HECKOTBKO CXeM, KOTJIa pa3Hble MPUYWHBI PACITUPEHNS
JeficTByioT coBmecTHo. PaccmoTpum mx 1o odepenm.

1) Pacwupenue cybopldunammoti aunuu. CTporo roBops, TOPEeHIEBCKuil mpoduib BHIBEIEH sl KIACCUUIECKO-
IO OCIIAJIIATOPA, 3ATYXaHUE KOTOPOrO MPOUCXOIUT M3-3a €T0 U3JTyUYeHHs] U TeM CaMbIM MOTepH dHeprun. B KBaHTOBOM
MeXaHWKe W KBAHTOBOW 3JEKTPOANHAMUKE TTOKA3BIBAETCsT, 9T0 (hopMa mMpOodws TOMYyIAeTCsT B KIACCUIECKOW TEOPUH
MPaBUIBHOM, & TMMUPUHA onpeeasieTcss KoaddummerTom crronTanaoro mepexoaa. [Ipm aTtom B 060uX cirydasix HUKHUIT
YPOBEHb CUUTACTCSA OECKOHEYHO y3KuM. /1 BbIBOAA MpOdUAd CYOOPANHATHBIX JUHAN HEOXOIUMO IPOBECTH JOMOTHH-
TeTLHOE PACCYKICHUE.

IIycts doron wacroroit v = vy + £, 6MM3KOM K 9aCTOTE TEHTPA TUHUK V) = Iy, — V], TAIaeT HA aToM. BeposiTHOCTD,
YTO HUKHWI yPOBEHb NIPU 3TOM OyJeT HaXOAMThCS B MOJOYKEHUN co cMmelennem £ = v/ — 1 0T CBOEro HeCMereHHOTro
cocrosians vy, pasra w1 (£'). Arom, nornorns doron, Gymer BO30YRIAEH W TIEPeHiIeT Ha BEPXANI yPOBEHb. BeposaTHOCTH,
YTO W 3TOT, BEPXHWH yPOBEHD MOMAIET B COCTOSTAUE CO CMEMmennoi sneprueit v/ = v, + £, pasna w, (£”). Tlockomrky
YPOBHH PACIONOKEHBI HA PACCTOSHUAX 0 9aCTOTE, 3HAYUTETHHO OOJMBINMNX YKA3AHHBIX CMEIIEHNH, MOKHO CINTATD,
9TO TMPOIECCHI TOMATAHNS Ha ONPEIETeHHBIC YaCTOTHI HUXKHETO U BEPXHEr0 YPOBHEH He3aBUCUMBI, TAK 9TO BEPOSITHOCTH
COBMECTHOTO COOBITHS €CTh MTPOCTO MPON3BEIEHNE BHITTMCAHHBIX BEPOSITHOCTEH. ICHO TakKe, 9T0 TOJIPKEH BBITTIOTHATHCST
3aKOH coxpanerwust sneprum, T. e. V' — v = v wmm vy + &' — (11 + &) = vy + & Takmm obpazom, &7 = ¢ + €. Tax
Kak cMmerienve £ Moxker 6bITh TPOU3BOJILHO, JJIsT TIOJLyYeHUs! TI0JIHOH BeposiTHOCTH MorioleHns poToHa ¢ 4acToToi v
HAJI0 TIPOMHTErPUPOBATH N0 BeeM &'. B pesynbraTe nomydauTces npoduab MOIOMEHAs B CyOOpAMHATHONW JTHHUAN:

oo

wl€) = / wal€' + E)wn (€1)d¢" (17)

— 00

Tak kak mpoduau 9eTHBE, TO 3Ty (HGOPMYTYy MOXKHO 3aMUCATH B BUIE CBEPTKU

oo

wlé) = / wal€ — € (€1)d¢. (18)

— 00

Creprka npoduiasd 3aTyXaHus ¢ JUCIEPCAOHHBIM MPOMUIEM MOTyYaeTcs MpPU COBMECTHOM JEHCTBUU JIBYX MeXa-
HU3MOB PACHINPEHUS JTUHUH.

2) Bausnue menaogozo deusicenuss amomos. Ilpobuian koabduuneHTor Noriomennst CpeacTBaMm 3JeK-
TPOAMHAMUKY (KJIACCUYECKOH WM KBAHTOBOI) PACCYMTHIBAIOTCS B CHCTEME OTCYUETa, CBA3AHHOW ¢ aTomMoM. Bynem
HA3BIBATH TAKYIO CHCTEMY ATOMHON W OTMeYaTh TPOMUIN B ITOH CHCTEMe, KOTJa HEOOXOIUMO, HHIEKCOM a.

B peanbHBIX yCa0BUAX HA MTyde 3peHUS HAXOIUTCS MHOTO aTOMOB. [103TOMY HAZO yUecTh UX COBMECTHOE IeHCTBUE.
CoriacHO MaKCBEJIJIOBCKOMY PACIPEIEIEHUIO 110 CKOPOCTSM BEPOSITHOCTH (DOTOHY BCTPETUTH aTOM C MPOEKIUEH CKO-
poctu Ha siyu 3penns ot u 10 u + du pasna exp(—u?/7%)du/ (/7). U3-3a croero jsuxkenns atoM GyjeT moromaTh
dboroHbr B JIMHUYM HE € HEHTPANBLHON YacTOTOM 1y, a co cMemenHoit Ha vou/c. TTosromy pesynbrupyrommii npoduink
MIOTJIOIIEHUS OMUCKIBACTCS (DOPMYITOit

o0 o0
272 du
wlé) = / wal€ + voufe)e P L / wal€ — €ywp (')A’ (19)
/7T
— 00 — 00
TZIe TPV Mepexofie B MOCIeHEM PABEHCTRE CIeTana 3aMeHa MepeMenHoi waTerpuposanns u = —c' /vg. omyannace

ONsITh CRepTKA MPOQUIIei, Ha 3TOT pa3 OAWH W3 HUX JOIJIEPOBCKWIA.

3) Cuaootcenue dsyxr munos deustcenust. Jacro aroMbl y9acTBYIOT B JBUXKEHUSIX JIBYX THUIIOB, HANDUMED B
O6BILIHO]\/[7 TETJIOBOM 1 MHKpOTyp6yﬂeHTHOM. MVIKpOTyp6yﬂeHTHOCTB — 39TO XaOTHUYECKOE JABUXKEHNE TaK Ha3bIBaA€MbIX
TYypOyJIEHTHBIX 3JIEMEHTOB, Pa3Mep KOTOPHIX MAKPOCKOMHUYECKWH, HO 3HAYUTETHHO MEHLITHI pa3MepoB obsacth, B
KOTOPO# CyIIECTBEHHO M3MEHSAETCS MoJe n3aydenus. Ecim 06a IBuKeHrs OMUCHIBAIOTCA pacnpeaeneHusaMu Makceemnna
MO CKOPOCTSIM, TO TIOBTOPSAS TIOYTH JOCIOBHO MPHUBEIECHHOE BBIME PACCYXKICHUE, OOHAPYKHUM, 9TO pPE3yIbTUPYIOIIAA
npoduh OyaeT CBePTKO# ABYX JOMIEPOBCKUX.

5. HaxoxeHune cBepToK. B 3TOM TyHKTE MOKaXKeM, K 9eMy MPUBOAWT BHIYHUCIEHNE CBEPTOK MPOCTERTIINX TPOdhU-
Jieit norsionienusi. PaccmMorpum HeckoJibKo ciay4daes. Cpasy e OTMeruM, 4To cBepTKa Jitoboro npodusist ¢ 4-odpa3HbiM
HE W3MEHSIET MCXOIHOTO MPOMUIIS.

1) Ceepmxa deyx aopenuesckur npogpunet. Murerpan (17) B 310M ci1ydae BIYUCISETCS TIPU TOMOLIN TEOPUN
Bbraeron [29]. Ecan must kparkocrn mupunbl npoduiieit 06o3naunTh @ v b, OH NPUHUMAET BUJL

o0

ab / 1 dy ab . 1/(2ia) 1/(2ib) a+b 1

e O T e i N i ] R - v A
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Takum 06pa3oMm, cCBEPTKA ABYX JTOPEHIIEBCKUX MPOMUIEii, eCTh ONATh JTOPEHIEBCKUI MPOdUIb ¢ MUPUHON, paBHOMN
CyMMe TITUPUH CBEPTHIBAEMBIX.

2) Ceepmxa deyx donaeposcruxr npoPuaeti. Ira CBEPTKA HAXOANUTCS 3HAYUTEIILHO MPOILE:

17 17 2 2 2 2 2.2 —£2/(a?1b?)
_/67y2/a27(57y)2/b2dy:%/exp _a T el - & + _&am dy=— . (21)

abrm a?b? y— a? + b2 b2 b%(a® + b?) /m(a? + bz)'

— o0
Creprka AByX JIONJIEPOBCKUX NMPOoduIIei JaeT J0MIePOBCKU XKe PO UIIh C MIMPUHON, PABHON KBaIPATHOMY KOPHIO
W3 CyMMBI KBAIPATOB IMHUPHH CBEPTHIBAEMBIX mpocduneit. TakuMm 0b6pa3oM, 371eCh CKIAIBIBAIOTCSA SHEPIUH.

3) Ceepmka aopenuesckozo u donaeposckozo npopuaeti. Ona npusoanr k doiirrosckomy npoduiiro:

Ay, 7 1 , ;L AL by 1
oy | e AN = ol [ e ey (22

9TO BBIPAKEHUE COBMAJAELT C NPUBOAUMBIM B Tab. 2 mis wy (§).

4) Ceepmxa dsyx dotiemosckuxr npoduaedi. [Ipu ee Boranciaennn nosyuaercsi cHora dboirrorckuit npodbuinb.
Takoe yTBEpKIEHUE OCHOBBIBAETCS HA DABEHCTBE
o0

1 aibs + asby blng

/U@mmw@m@—ww=—ﬂ (23)

bi2 b1z " bio ’

rae bia = /b? + b3. JloKa3aTembeTBO ITOTO TOKAECTBA JOBOJBHO CIOKHO, U MBI €r0 TOMBKO HaMeTuM. Eciu naTerpan
(11) moacraBuTh B CBEPTKY B JeBOil 4yactu (23), 3aMEHUTH NPOU3BEICHUE KOCUHYCOB HA WX CyMMY M BBIYUC/IUTH
WHTETPAJIBI OT TIOYYAIOIINXCST KOCHHYCOB TTPU TIOMOIITHA (hOPMYJIIhI

/ cos xtdt = 2md(x), (24)

—00

TO TI0JIy4nTCsi COOTHOMIEeHNE (23).

§ 4.2. IlepepacupeneseHne MO 4YacTOTE B CIEKTPAJbHON JIMHUU

1. Paccesinne m mepepacnpe/iejieHue mo 4dactore. Paccesane MOXXHO PACCMATPUBATH KAK PE3y/IbTAT OJHOTO
U3 JABYX COOBITHH. ATOM MOXKET TOrIOTUTH (DOTOH B JTUHWUU, & 3aTEM, 9ePe3 HEKOTOPOe, XOTs ¥ HEDOIBIIIOe BPeMsi mepe-
MB3IYYUTH €10 B TOM ke JuHuu. [Ipyu 5TOM Tpu MOTIONEHNT 1 U3y YeHUH BBITIOTHSAETCS 3aKOH COXpanenust saeprun. Ho
BO3MOYKEH €IMHBIH TTPOTIECC PACCEsTHWS, HE PA3AETNMbIH Ha TIOTJIOIEHNe 1 n3Iydenne. Toraa BO3MOKHBI BUPTYyAThHBIE
MEPEXOIhI ATOMA B JIIOO0E CBSI3AHHOE COCTOSTHWME C COXPAHEHWEM IHEPTHUN JINITh TOCJIe OKOHYAHWST MTPOIECCA.

Ob6a cobBITHS OMUCHIBAIOTCS B KBAHTOBOW MEXAHUKE W PA3MUYUAIOTCA MPUHSATAEM TOrO WU WHOTO HAYATBHOTO U
KOHEYHOTO (& BO BTOPOM CJIy9ae U IPOMEKYTOUHBIX) COCTOsAHMI. B 9TOM Kypce Mbl He GyeM pa3indaTh IBa yKA3AHHBIX
MPOIIECCa, paccMaTpUBasi uX 00a KaK paccesiHue.

ITpu paccesinnm nepemsaygaercs HOTOH He 00513aTENTHHO € TOH K€ YACTOTOW W HATPABJIEHWEM, KAKWEe WMEJ TMOo-
rommenabiit horon. Tlponcxoant mepepacnpesenenne GOTOHOB MO YACTOTAM W HAMpaBIeHWsiM. B Teopnn moaydeHo
HECKOJIhKO MOJZEJIBHBIX 3aKOHOB Tepepacrpeaejiennd, HEKOTOPbhIEe M3 KOTOPHhIX MbI 37€Ch PACCMOTPUM. HO CHa4vaJ1a
ompeennM, Kakne (pakTOphl BIULIOT HA MEPEPACIPEIETEHIE.

CaMo pacimupenre aTOMHBIX YPOBHEH MPUBOAUT K TOMY, YTO M3ITydaercss (DOTOH HE CO CTPOTO ONPEIeNeHHONW da-
CTOTOif, a C HEKOTOPHIM PACITPEIEIEHNEM BEPOSITHOCTEH TTOIYyIUTh Ty WK WHYIO 9YacToTy. Pa3mbiBanme pacnpeneneruns
BEPOATHOCTHU TTPOUCXOAUT U 3a CYHET TENMJIOBOTO ABUXKEHUA aTOMOB, TaK KaK CbOTOH N3J1y49aeTcd HEe B TOM K€ HallpaB-
JIEeHWW, W3 KOTOpOro on Owu1 morsormed. KEmme omwa dakTop, BAUSIONNN HA PA3MBIBAHNWE PACITPEIETEHUS TaCTOTHI
U3My9aeMbIX (DOTOHOB,  CTOJKHOBEHUS C IPYTMMU GaCTUIIAMHE.

Paccestaune mpoucxonuT HE MTHOBEHHO. 32 BPEMs 3TOTO TPOIECCA CUTYAIUsi BOKPYT aTOMA MOYKET PAJIUKATHHO
U3MEHUThCA. [lefiCTBUTENBHO, CPeIHee BpeMs XKU3HU aTOMA B BO3OYKIEHHOM COCTOSHUY MPY PA3PEIIEHHBIX MTePeX0Iax
W3 3TOTO COCTOSIHUS B COCTOSTHUSI C MEHKITel sneprueit nveer mopsigok 1078-1077 ¢. JTayke B 3eMHBIX yCIOBUSIX CPEIHSIS
TerJIoBasi CkopocTh Mosiekysl nopsiaka 0.5 km/c. IIpu camoit nuskoit 3se3anoit remneparype 2000 K cpeansisi reriosast
CKOPOCTb aTOMOB BOJOPOJA JOCTUTAET 8 KM/C, TAK YTO 33 BPEMs PACCEsHHs ATOM BOIOPOJA NPOXOIUT PACCTOSHUE
nopsiaka 1072 + 1072 cM, 9T0 HAMHOTO TIPEBOCXOJNT KaK aTOMHBIe pa3Mepbl (mopsaaka 1078 cum), Tak u MeskaToMHbIE
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paccrosmus (107° +107* cM). Eme 6p1cTpee mBmkyTes 3meKTpoHbl. TakuM 0o6pa3oM, 3a BpeMs pacCesHus TpOHCXOIAT
MHOT'O CTOJIKHOBEHWIA. Ka)Kﬂoe CTOJIKHOBEHUE BJINAECT Ha aTOM, BbI3hIBAdA CMEIIEHWE €1ro ypOBHeﬁ. B pe3yiarTare aTomM
B TO¥ WM WHOM cTernmenn ‘3a0hiBaeT’, KaKO#H JacTOThl (POTOH OBLT WM TOTJIOIIEH.

DopMynMPOBKA 3AKOHOB TIEPEPACIIPEIETeHNsT 3ABUCUT OT TOTO, B KAKOH cucTeme paccmarpusaercs: paccesiuue. Ca-
MBbIE TTPOCTHIE 3AKOHBI TOIYIATCA B CUCTEME, CBSI3AHHON C MOTTIOMIAIONIAM U u3aydaonmm aromom. [locae nx dopmy-
JIUPOBKU CIEAYyeT MEePeiTH B CUCTEMY, CBI3aHHYIO C ATOMHBIM Fa30M KaK IEJIbIM, T. €. COMYTCTBYONIYIO, U YCPEIHUTD 110
pacrpeesiennio aTOMHBIX ckopocTeit. Hakowerr, eciin ra3 y9acTByeT B MAKPOCKOTTMYIECKOM JBUKEHUH, TO HEOOXOINMO
repeiiTi B CUCTEMY OTCYETA HAOIIIONATEIIS.

CrauaJia pacCMOTPUM, YTO ITPOUCXOANUT B CUCTEME KOOPIWHAT, CBA3AHHON ¢ aromoM. B arom naparpade B kauecrse
YaCTOTHON MEepEeMEeHHOI B OCHOBHOM wmcmosb3yeMm Benuunuy &. OKOHYATENbHBIE BbIpAXKEHUs s (DyHKIUH mepepac-
TpeieIeHus TPEJCTABUM Yepe3 4acTOTy X.

2. Cucrema aToma. [Ipu paccessnum horon m3mensier croit mmmynnc. HoBbie HapaBaeHne U 9aCTOTy OH MOJIy9aeT
C HEKOTOPBHIM PACITPEJIETIEHNEM BEPOSITHOCTEH. DTOT MPOIECC HA3BIBAETCS TIEPEPACITPEIETIEHUEM M0 HATTPABJICHUSIM W
Jacrore.

[Tepepacnpenenenue Mo HATPABIEHUSAM XapaKTEPU3YETCs HEKOTOPOI MHINKATPUCON PACCESTHIS, 3ABUCAIIEH OT yIiia
paccesifusi, KOCHHYC KOTOPOTO i = WW1, & W] U W  EJIWHWYHBIE BEKTODPHI HAIPABIEHUN MAJAOIIET0 U PACCETHHOTO
¢ OTOHOR. 3aBUCUMOCTH OT KOCHHYCA YIJIa PACCESTHUS, & HE OT KarK/I0I0 HAIIPABJIEHUs B OTAEJbHOCTH OCYIIECTBIISIETCS B
JIOKAJIbHO U30TPOTTHBIX CPEIax, rIe HET BhIIEJIECHHBIX HANpaBIeHnii. Bug nHIMKATPUCHI 3aBUCUT OT BEJIMYMHBI MOMEHTA,
(op6GUTANIBHOTO W CIIMHOBOTO) BEPXHErO M HUXKHEro yposHeii. Hanbosee ynorpeburensHbl nHANKATPUCHT cheprudecKas
(u30TpPONHOE paccesHue) u pajeeBcKasd. Mbl IpUMeEM, U4TO pacCesHUue U30TPOITHO.

JIBe pyHKIUN OTPEALTIIOT MepepacipeIeeHne Mo 4acToTe B CHCTeMe aToMa: Tpoduib KodpUImeHTa moraome-
HUS W, (€) ¥ HOBast BeMu9nHa p,(€,€1)  BEPOATHOCTH TOTO, 4TO (DOTOH, HOTJIOMIEHHBIH ¢ 9ACTOTOH £, MIEPEU3NYIUTCS B
wacrore £ (Tpn yCIOBUY NEPEN3IIY 9EHNST, BEPOSITHOCTH KOTOPOTO OOBIMHO 0603HAYAETCA A U HA3BIBAETCS BEPOSITHOCTHIO
BhDKMBaHKUs (poTona). Torma BEPOSITHOCTH MOJIHOTO MPOLECCA PACCESHUS, T. €. COBMEIIEHNS! MOTJIOIEHNST W EPEN3JIy-
YeHUs, PABHA [TPOM3BEAEHHUIO ITUX (DYHKIHUi, TaK Kak U OpOMUIb W, UMEET CMBIC/ BEPOATHOCTH (HA CAMOM Jene 00e
dbyukIu  IIOTHOCTH BEPOATHOCTER). YCIOBHAS BEPOATHOCTD IEPEU3ITYYEHUs HOPMUPOBAHA 110 IEPBOMY APTyMEHTY

qacCTOTEe IEePEeu3TyIeHUug:
00

/ pal6.61)dE = 1. (25)

—00

SlcHo, uTo MHTErpan oT npousBeneHus wy(&1)pa(€,&1) no £ pasen dyHkrIMY W, (7).
PaccMaTprBaloTC CIeAyIONHe OCHOBHBIE CIydal IepPepacIpeeNeHus M0 9acTOTaM B CHCTEME aTOMA.

I. O6a yposrs beckorHenwnHo morrue. ITO CUIbHAS UALATU3ANNA, TTOCKOIbKY HYJIEBbIE IMTUPUHBI YPOBHEH 03HA~
YAI0T HEBO3MOXKHOCTD EPexX0a MexK1y HuME (BepOATHOCTH paBHa Hym0). OmHAKO Takoil ciaydail paccMaTpuBaeTcs
KaK TIPOCTENUTIINI MOAEAbHBIHA.

OdernzHO, 4TO NpK HyseBbIX mMUpuHAX npoduis noraomennst w,(£1) = 0(£1),

a paccesiHie MOXKeT ObITh TOJIFKO
MOHOXPOMATHYECKUM, TaK Y4TO BEPOSITHOCTH repen3iry dennsi (hOToHa B JIMHUK € 9acTOTOl & parHa P, (€, &) = 6(E—&1).
[TomHAst BEPOATHOCTD PACCESIHUS ¢ U3MEHeHneM dacTorTel & — (£, € + d€) ectn §(€ — £1)0(&1)dE = 6(£)d(&1)d¢.

I1. BeckoneuHo MOHKUT HUNCHUT YPOBEHD, ECMECTNBEHHOE 3AMYTAHUE U MOHOTPOMATNUYECKOE PAC-
cesnue. [Ipoduns NOrmomenns B TaKOM CJIydae JOPEHIEBCKHil. BO3BpaT aToMa MPOMCXOAUT B TO K€ COCTOSHUE,
OTKyZla OH OBLT BBIBEJIEH, TAK 9TO M3MydaeTcst GOTOH ¢ TOH e 9aCTOTOH, KAKYI0 OH MMeN 10 paccesaus. Hukakwmx
BHEIIHWX BO3JEHCTBHUI HA aTOM He OKa3biBaercd. Vtak, B atoM ciydae w,(§1) = wi(&1), a pa(§,&1) = 0(§ — &1).

II1. IToanoe nepepacnpedeaerue. Ecin, HATPOTHUB, BO3AECHCTBHE BHEIIHUX YACTHUIL SBIACTCA OMPEIesTIONINM,
TO aTOM TOJHOCTBIO “3a0BIBAET’ YACTOTY TOTJIOIMIEHHOTO (POTOHA W M3AYYaeT MPOMOPIHOHAIBHO TPOMUIIIO TOTIOIIe-
HUSA OT 9aCTOTHI U3J1y4YaeMOT0 d)OTOHa. Tor,na " TIOTJIOIIEHWE N M3JIyYEeHUE MMEI0T OJAWHAKOBHIE l'[pO(i)I/U'H/I, n T10JIHaA
BEPOSITHOCTH paccessuust & — £ paBHa TTPOM3BEIEHWIO ONWHAKOBHIX (MYHKINH OoT aprymenTor & u £. Bynem cuntarh
WX JIOPEHLEBCKUMU.

PaccmarpuBanuch u apyrue, 6osee CIOXKHBIE CIydan, OTHAKO B Kypce HA 3TOM HE OCTAHABIMBAEMCS.

3. ¥Ycpeanenue mo ckopoctsMm aromoB. [loriomaromniue u u3my4aninue AaTOMbl IBUKYTCs. /IBUKeHre aToMOB
BO3/IEMCTBYeT HE TOJHKO HA MOTJIONIEHNE, HO W Ha, TIPOIECC M3y IEeHUSI.

IMonpaeku 3a cuer ABMXKEHUST ATOMOR NPONOPLMOHAILHBI TU/¢, Tle T — TerioBas ckopoctb aromos. Ckopocru
aTOMOB HE MOTYT OBITH PEIATUBUCTCKUMHU, TAK KaK MPHA PEISTUBUCTCKUX TEMTIEPATYPAX W PEISTITUBUCTCKAX CKOPOCTSIX
3JIEKTPOHOB BCE ATOMBI OyayT noHW30BaHbl. TakuM 06pa30M, MOMPABKU MAJIBI.

JBuzkenne atoMoB Bbi3biBaeT aBa 3dderra. Oqun w3 HuX  abeppalus, T. €. U3MEHEHUE HAPABICHUS IBUKEHUS
dorona mpu mepexoie W3 CHCTEMBI ATOMAa B COMYTCTBYOMIYIO rady. Tak Kak Opu pacCesiHUU U3IYUEHUS ATOMAMU
WHIWKATPUCH PACCESTHUS TJIAJKUE, 3TOT 3 dEKT He3HAYNTEIEH, N UM OOBITHO TIPEHEOPEratoT.
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Ipyroit 3¢pdekT  AOmIEepOBCKOE CMEIIeHNE 9acTOThl (POTOHA  UMEET IOPSA0K JOILIEPOBCKON MUPUHBL TUHUU U
TOYKE MaJl TI0 CPABHEHWIO C IEHTPAJIbHON 9acToToi. JloTniepoBckre CABUTH MO IJIMHE BOJHBI JUHWI WMEIOT TOPSI0K
¥/1p. TIpw cpeaHux CKOPOCTSIX ATOMOB TIOPAIKA KM/C ([0 AeCATKOB) B BHAMMOM ydacTke crniektpa (vg = 5- 1014 + 1010
1/c) atu casuru coctapasior ~ 1077 em (mecarsie gomm anrerpem). OmHAKO AOMLIEPOBCKHIT MPOBUIL 09eHb GBICTPO
yOBIBaET ¢ yaaneHueM oT meHTpa guHun. CMellenue B npeaenax JUHAA Ha HECKOILKO JOILIEPOBCKUX IITUPUH IPUBOIUT
K M3MeHEHU0 KO3hduImenTa moraomennsi Ha HECKOIbKO NMOpsAaKoB. [lefictBurensro, dyukius e~ npu x = 2 paBHA
0.02, a mpu & = 3 yxke 0.0001. Taxoit ke MOPSAIOK M3IMEHEHUST MOXKET ObITh W y DYHKIINN TTEPEPACTTPEICTICHNSI.

Takum 06pa3om, OOBIMHO CIUTAETCS, YTO UHINKATPUCA, PACCESTHUS HE U3MEHSIeTCsl IPU YCPEIHEHNUHN 110 PACIPeIeie-
HUIO aTOMOB 10 cKopocTsim. Ilepepacnpenesenne ke 1Mo 4acToTe CUJILHO 3aBUCUT OT JIBUYKeHWsi aToMOB. Kpome Toro,
nepepacipeenetne o 4acToTe MOXKET JATh AOMOJHUTEILHYIO 3aBUCUMOCTD OT HAIPABICHUSI.

IMonyuynm caauana obmume HOpMYIbI I/ YCPEAHEHHOH 110 ckopocTam (yukuuu nepepacnpenenenus (OII). Pac-
NpeeIeHre 10 CKOPOCTSIM CYUTAEM TMO-TIPEXKHEMY MaKCBe IOBCKUM. CKOPOCTH aTOMOB XapakTepusyem 6e3pa3MepHbIM
BekTOpOoM u = v /7. Mcnons3yem npoduim noriiomennst w ¢ pa3MepHbIMU CMEIIEHUSIMY OT LEHTPA JIMHUY £.

Eciin Hanpagienust nagarmoinero u paccestHHoro (POTOHOB XapaKTepu30BaTh COOTBETCTBEHHO €MHUYHBIMU BEKTODA~
MU W1 ¥ W, TO MPU CKOPOCTH ATOMA U CMEIEHN YAaCTOT YKA3AHHBIX (DOTOHOB MPHU MEPEXOJIE B CHCTEMY OTCYETa, ATOMa,
OyayT Apuw; 1 Apuw. BeposgraocTs noryoienust GOTOHA ¢ 9aCTOTOM §1 COCTABUT TOrIa W, (§1 — Apuwy), a BeposT-
HOCTb NEPeU3IydeHus Mpu dactore & B COOTBETCTBUU C HAUME OOO3HAYEHUAMU OyaeT p,(& —Apuw, & — Apuwy).

BepositHocTs Bcero npouecca npu GUKCHPOBAHHONH CKOPOCTH aTOMa, PaBHA MPOU3BEAEHUIO HATMCAHHBIX (DYHKIWIA,
a pegynprupyomas OIT B mepeMeHHbIX X1 U & UMeeT BUI

A? 2
R(z,x1, 1) = 7-(-3—/D2 dBue wa (&1 — Apuwq)pa(§ — Apuw, & — Apuws). (26)

MHoXUTETH AQD B (26) Bo3HUK u3-3a Toro, yro ®II HOpMUPOBAHA UHTErPATAME 110 YACTOTAM I M X1, & CTOSMIIUE IO
naTerpagom dyukmnn — 1o & n &. Hopmuporka 1o x mpn cdeputeckoi nHANKATPUCE 03HATAET, 9TO

oo

/ R(z, 21, p)dz = $(z), (27)

— 0o

ruae ¢(z1) — koadduumenT noromennst B CONyTCTRYIONIEH cucreme orcuera. VIHTerpas or Hero 1o i, Kak Mbl 3HAEM,
pasen 1.

B pasmpIx ciydasx oKaspIBaIOTCA yAOOHBI Pa3Jndnble cxembl naTerpuposanus B (26). [Ipusenem 3aech e Takne
CXEMBI.

a) Beeziem opToroHanbHbIi 6a3uc, B3AB 3a OPT aNILIMKAT €JUHAYHBIA BEKTOD, EPIEHIUKYIADHbBIH IByM BEKTOPAM
Hampasieruit (OTOHOB, a OPT aOCIMCC HATIPABWB TIO OMCCEKTPHUCE YIIa MEXK Iy HUMH, T. €.

— X
_ wher o wow o wixw (28)

31ech, Kak W panee, [ = wWwi.
Paznoxum mo opTaMm BRIOPAHHOrO 6a3nca CKOPOCTh aTOMA:!

u=uje; + uses + uzes. (29)

Torzna
1+pu

uw = b+U1 +b_ug, uwy = b+U1 —b_ug, by = T (30)

Ecnu noacrasuth 911 ckassgpHble npou3seaerns B (26), TO OKAXKeTCsi, 9YTO B MOIBIHTErPATHLHOM BBIPAYKEHUH MHO-
JKUTEb P IKCIOHEHTE He 3aBUCUT OT MEPEMEHHOM U3, M0 KOTOPO WHTerpana MOXKHO B3ATh. Tak,

A2 2 2
R(z,z1,1) = 7]3 /dulduQe_"l_“2wa(£1 — Ap(byus —b_u2))pa(€é — Ap(byus +b_us),& — Ap(byrus +b_us)). (31)

B ogrwx caywasix mose3na BhIBeAeHHAST (DOPMYIa, B APYTUX JIyUIIe MOIXOINAT APyTast.

6) Jdunsa Bropoit popMysl BeiGupaercs Apyroi 6asuc:

— X
e o et = “1 d wi. (32)

= él—;ﬂ’ €2 = T—MQ, €3 =

Torma npu TOM Ke TpecTaBieHun (29)

uwi = u3, Uw = pus + /1 — p2u;. (33)
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3aecs Gepercst HHTErpas mo ug, u gopmyna (26) (mocine 3aMenbl us Ha u) Opeobpas3yercs B
R(z,x1, 1) = / due™" wa (&1 — Apu) / duje” ulpa(f Ap(pu 4+ /1 — p2uy), & — Apu). (34)

Dopmyanr (31) m (34) npurogmel B npuaOUNe s HO0BIX (DyHKIWHA W, W Py HO B AByX M3 Tpex Ciayvaes ne-
pepaclipeiesieHnst, PACCMOTPEHHBIX B MPeAbIAyIieM nyHKre, byHkuus p,(€,&1) = (£ — &1). Hoaromy nogcrasum sty
dbyukuuio B (31):

R(z,z1, 1) = % fdulduQefuf’UZwa(ﬁl — Ap(byus —b_u2))6(€ — & — 2Apb_ug) =

AQ —uf 2 2,2 2 /412 7 2
dUL —(§=&1) /4ADb*’LUa ﬂ_ADb—i-ul) — D e—(m—ml) /4b% /due—u W §+§1 —ADb+u) ) (35)
2Apb_ 2 T 2

— 00 — 0o

Temepb paccMOTpUM TP KOHKDPETHBIX CIydas TepepacupeaeseHus I0 YacToTe.

4. Ilepepacnpegesienne B conmyTcTByomiei cucreme. CoxpaHuMm TOT ¥Ke TOPSIAOK, 9TO U B 11. 2.

I. Tocne nmoacranosku B dopmyy (35) 6-DyHKIME BMECTO W, MOTYYUTCS BHIPAXKEHUE

A i —(@=w1)?/462 — (e+w1) /48] — (242 —2zz1p)/(1—p?)
Ri(x, @1, p) = s—p—e ™ (=) /0% /due*“25 (fzfl —ADb+u)> = e L .

2mwh_ 27Tb7b+ m/1 — :UQ
(36)
DTOT 3aKOH [aeTcs dIeMeHTapHOM dyHKInei.

II. B nanroM ciayuae BBIKJIAJIKA HECKOJBKO CJIOXKHEe, Tak Kak B (opmyny (35) BMECTO w, MOACTABISETCS HE
O-pyHKIHA, a wr,:

. Ap —(w—w1)? /402 7AL e‘“zdu o
Ru(z, w1, p) = ST m A2 4 [(x+21)2 - byu]2AY
- DR / e du _
= on2h_ by AD AL \2 T+ 2 2
o + —u
<ADb+> ( 2by >
_ 1 e—(m—m1)2/2(1—u)U< 6 _tm ) (37)
VIV =2 VI +)/2 200+ p)

3akon (37) BRIpaykeH He 3IeMeHTapHOi (hyHKIMeH, Kak B NepBOM Ciydvae, a nponopuponanen gpynxkuun Doiirra.

II1. Baech mesiecoobpasHee BOCIOIB30BATHLCS BTOPHIM BapuaHToM 00miel g opmyibsl. Bmecro w, u p, nogcraBum
Wi, C pa3HbIMU aprMeHTaMH ", 3aMEHWB U3 Ha U, nOJ'IyLﬂ/]M

Ri(z, 1, p) = A_QD 7 —u? Ardu 706_“f Srdu
1\, L1, ) = 3 A%+A2D(x1—u)2 A%—FAQD(CU—MU—‘/l_MQUl)Q

a4 T ) (38)

—’ dy
U ;
7r3/2\/1— /a2 + (71 — u)? <\/1—u2 V1—p?

B Boipaxkenue mns dynkuuu nepepacupenenenus (PII) (38), kak u B (37), Bxoaur dbyuxnus Poiirra, HO Terepb MO
3HAKOM HHTErpana.

MoskHo poBepuTh, uTo cooTHomenne (27) BrimonHserca. [Ipy WHTErpupoOBaHUN MO X 3aKOHA MepepacipesesIeHust
Ri(z,z1, 1) monyuaercst ¢p(x1) = 7=12¢=" 4 unrerpmpoanme Ru(z,z1,p) u Rup(z, z1, 1) o x naer ¢v(xy) =
Ul(a, ). Jlerko y6enurhesa takxke, uro dbyuxmuu Rip(z, x1, 1) u Ryp(z, 1, p) npu a — 0 0obe crpemsarcs K QyHKIUA
Ry(x, 1, ).

Bo Bcex pacemorpernnix caydasx @I, kak 0Kazamoch, 3aBUCAT He OT CAMUX BEKTOPOB W 7 W1, & TOIBKO OT yTia
MKy HUMW — YTJIa PACCesTHMsT, KOCUHYC KOTOPOTO . ITO CROWCTRO SIRJISIETCST OTPAYKEHWEM W30TPONUN COBOKYTTHOCTH
AaTOMOB, CKOPOCTH KOTOPBIX pacipeenensbl mo Makcsenny. OHO coOXpaHAeTcs IIpHu JTI060M H30TPOMHOM PACIIpeIeTeHAn
CKOPOCTEI aTOMOB.
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5. YcpeaHeHne Mo HampaBJeHUAM. JacTO OKA3bIBAETCS, YTO WHTEHCUBHOCTD U3MYUEHUs CAa00 3aBUCUAT OT Ha-
npaBaenusi. Torma me BaykKHA W 3aBUCUMOCTH (DYHKIWW MEPEpaCTpeie/ienrst OT KOCHHyca yria paccestans. [Toaromy
HaPSIy C yyKe MPUBEIEHHBIMU OBIIN TOJYYEHbl W YCPETHEHHBIE O yriaaM (MyHKITAN.

B nmureparype mpUBOIMINCH PE3yABTATHI YCPEIHEHUS C IBYMsT WHIUKATpUCAME: chepudaeckoit u pameeBckoii. Co-
OTBETCTBYIOIINE CpeIHre (PYHKINK OTMEYANNCh nHaekcamu A unm B B momonHenne K 0JHOMY U3 WHIEKCOB, KOTOPBIE
MHUCATTACH y HEyCpeTHEeHHBIX (PYHKINH. [T0CKOMbKY MBI pacCMATPUBAEM TOMBKO CPEPUIECEKYIO HHINKATPUCY, YCPE-
nennbie GyHKIrn Oyzaem pasandars remu ke wagexcamu I, IT wam 11, Ho 6e3 aprymenTa p.

Ycpeanenne 1o HAMPABIEHUSM MOXKHO MMPOBECTH ITyTEM WHTETPDUPOBAHWS 110 [t OKOHYATEIhHBIX BHIPAXKEHWH [1JIst
dbynkunit nepepacnpenesennst R(x, 1, p). OAHAKO HA HTOM 1TyTH BO3ZHUKAIOT JOBOJILHO CJIOXKHbIE HHTErpaJibl. I1oaro-
My OyJeM UCXOOUTh M3 MEePBOHAYANLHOHN (Gopmynbl (26) ¥ MHTErpUpPOBATH OTAENBHO MO HANPABIEHUAM KAXKIOTO U3
doroHOB, yepenHss (PAKTUIECKHA B CUCTEMe aToMa. Torma 3aBHCHMOCTH OT HAMPABIEHHS CKOPOCTH aTOMa U HUCYL3AELT:

1

1
A2 w21 1
R(z,21) = To,—l/)Q /d3U€ /dmwa (& — ADWh)Z /dﬂpa(f — Apun, & — Apum) =
1

2
21
Az [e%e] 1 1
= ﬂl—/DQ u?due™ /dﬁlwa(& — Apuny) /dﬂpa(f — Apun, & — Apuny). (39)
0 —1 —1

3ech Npu repexojie K MocaeJHeMy paBeHCTRY B3ST WHTErpaJl 10 HANpaBJIeHUsIM CKOPOCTH aTOMOB, YTO JaeT MHOYKM-
TeJh 47.
OusiTh cHaYasIa pacCMaTPUBAEM NEPBBIE JIBA Cjlyvast, T.e. nogcrasisiem B popmyiy (39) pa(€,&1) = 6(€—¢&1). Torpa

[e%s) 1 1
A2 2
R(z,z1) = 71.1—?2 w?due™ /dmwa(fl — Apun) /dr](5 (f —& — Apu(n — 771)>. (40)
0 21 21

Yrobsr maTErpa 10 1) He OB PaBeH HYJIO0, aprymMeHnT J-YHKIUW JO0JKEH CoAep>Karh BHYTpw cebst Touky 0, Torma
n =m + (z — z1)/u Gyner nomagate B mpomexyrok [—1,1]. TIpw & > z1 momxwuo 6RTh —1 — (2 — 1) /u < —1 <
17 <1—(x —x)/u. Bepxuuii npesen HepaBeHCTBA OyAeT GOJBINE HIKHETO Mpu u > (x — 1)/2. B mpoTHBONONIOKHOM
ciydae yenosue @ < xp TpeGyer BbINOMHeHUs HepaBeHCTB —1 — (z — 1) /u <n<1<1—(z—x1)/unu > (z1 —x)/2.
B oboux cayuasix u > |x — x1]/2, u unrerpan B (40) MOXKHO nepenucarh Tak:

N 2 min(1,1—(z—a1)/u) . o e
R(z,x1) = 7 / ue™ " du / dmw, (& — Apuny) = —7 / due™™ / d€¢'w, (€). (41)
lz—1]/2 max(—1,—1—(z—z1) /1) lz—z1]/2 P
31ech
Ty = min(|z|, |z1]), *m = max(|z]|, |z1]). (42)

Temeps paccmaTpuBaeM O OYEpPeaN TPU CAydast M. 2.

I. Iloncrasus B paBeHcTBO (41) B KadecTBe NpoduIs TOMIOMEHNS B CHCTEMe aToMa w, () = §(), Haiimem

[e’s} Tm+u o]
1
Ry(z,21) = —7 / e du / 5(z')dz’ = 7 /e_"2du. (43)
lz—z1|/2 M —U M

Warerpan B nocaeaneit opmyse dbakTugeckn mpeacrapasier coboit pyukmnio omubok. V3menenne mpeena nHTErpu-
POBaHUS 10 U OOBACHSIETCS T€M, YTO TPeOOBAHWE OTJIMYNS OT HyJIsl MHTErpaJa oT d-PyHKINHU, BhIPA’KAEMOE HEPABEH-
CTBOM u > T)\[, HAKJAJIBIBAET DO/iee CUIbHOE OTPAHWYEHUE HA 3HAYEHUS U, YeM HUXKHUN TpeJesl B WHTErpase mo U
BHa4ase. Y TPAHUIL ITHX HEPABEHCTB €CTh TOJNBKO OJHA 00NIAs TOYKA, T. €. ypABHEHWE |T — Z1|/2 = &) MMeeT TONBKO
OIHO peITeHne, & UMEHHO & = X1.

II. TIpu noxcranoBke Jopeniesckoro npoduns dopmyna (41) npespamaercs B hbopmyty

oo Tm+u A df’ [e'e)
_ 1 —u? AL _ —u? Tm F U v — U
Ri(z,z1) = —i7 due / dz W / due [arctg - arctg - . (44)
lz—x1]|/2 TM—U |z—21]/2

31ech npeen MHTErPUPOBAHUS M0 U HE W3MEHSETCsl, TaK KAK MPOUHTErpUpPOBAHHAS (DYHKIINS HEIIPEPHIBHA.
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II1. Hakonen, B TpeTbeM caydae yaobHee Bcero ucxoautb us (hopmynsl (26). IIpoBens Te xe BBIKIAIKY, 9TO U [IPU
BBIBOJIE MPEAbIAYIINX YCPEAHEHHBIX 3aKOHOB, MOJIyYUM

[es) 1 1
AZ 2
Rz, z1) = 771—?2 u?due™ /dme (&1 — Apumny) /dnwL (& — Apun) =
0 1 1

—Uu xr1+u

17 -
== /due‘“2 arctg r-u arctg T arctg n-wo arctg (45)
w5/ a a a
0

Yepearenunie GyHKIUM TAKKE MOJINHSIOTCA YCJIOBUIO HOPMUPOBKHM Buaa (27).

Usnoxenue B 3roM mnaparpade ocuoBano nHa crarbe [I. Xammepa [101] u kuure 1. Muxanaca [45]. B pycckom
nm3maHAu nocaeareii Maoro onedatok. O630p Teopun YITY, comepskammuii pazmuanabie GyHKIUA MEPEPACTIDEACTCHAS 1
UX CBOMCTBA, TaH B cTaThe aBropa [55].

6. ITostHoe mepepacnpenenenue o dacrore (IIIIY). o copokorbix-nisitnaecsThix rogoB XX Beka B acTpo-
dusnke u pusuke B TeOpur 00OPA30BAHWS JMHWI TOCIMOACTROBAJIA TUIIOTE3a O MOHOXPOMATHYECKOM paccesinnu. [1pu
MPUHSATAN 3TON THUIOTE3bI B O0IEM MOy YaTUCh TPABUIBHBIMA HHTETIDATHHBIE XADAKTEPUCTAKY TUHUN, TAKUE KAK MOJI-
HOE M3/IyYeHUe WV SKBUBAJIEHTHAA [MUPUHA JTUHUU, HO NPOMUIN TUHUNA BBIXOAWIA HE MOXOKUMHI HA HADTIOJAEMBIE.
B0 BBICKA3aHO TPEANONIOKEHNE, 9TO TPU PACCETHUN TPOUCXOIUT TIEPEPACIPEIETICHIE U3y IeHN M0 YACTOTE.

Hexkoropsie u3 npusegeHHbIxX Bhiie pyHKIUH ObLIN TOJIyYeHbl elle B Tpuaiarsie rogbl. OaHako u3-3a Toro, 4to BCe
BBIYNCIEHNST TOTA MTPOW3BOAWINCH BPYYIHYIO, MTPUMEHEeHne 3TnX (DYHKINH B TO BpeMst ObLIO HEBO3MOXKHO. Jlaxe BhI-
9WC/IEHTE WX CAMWX TPeDOBAJIO 3HAYNTEILHBIX 3aTpaTr Tpyaa. [Tosromy dusnkn n acTtpodu3nkn NCKaIN TPUOINIKEHNE,
KOTOPOE OBLIO OBl JOCTATOYHO TOYHBIM M B TO YK€ BpeMsl MPUBOIUIO OBI K DOJIee MPOCTHIM (POpPMyIaM.

W rtakoe npubnuykenne ObLmo HaiimeHo. M oka3anock mpubIMKEHWE MOJTHOTO TMepepaclpee/ieHns M0 YacToTe
(TITTY). Ero oTKpbhLIM PUMEPHO B OJHO BpeMst (COPOKOBBIE TOIBI) HECKOJILKO MCCAemoBaTesneil. Ynomsnem paGoTs
B. B. CoboJiera, crpeMuBIIErocst IPABUIILHO OLEHUTH POJIb JIyYeBOIO JABJIEHUs] B TyMaHHOCTsIX [67] u gaTh npasuiib-
HYIO uHTepnperanuio npodwueit aunnit B cnekrpax 3eesyn [69], JI. M. Bubepmana [5], koropsiii o6bsicusi Habiogan-
mmecs B dbusndeckoM kcrnepuMente npodunu aunuii, u T. Xoncreiina [99], usydasiero 3ak0H BbICBEUUBAHKS [A30B,
BO30YK/IAEMbBIX TIPU ITEKTPUIECKOM PA3PSIE.

[Ipennonoxkenre MOTHOTO MEPEPACTIPEIETIEHNUs 110 YACTOTE O3HAYAET, UYTO HE B CHUCTEME ATOMA, KAK B TPEThEM
caydae, a B COMYyTCTBYIOMIEH Ta3y CHCTEME OTCYETa BEPOSATHOCTH (POTOHY MPUOOPECTH OTPEIETEHHYI0 YacTOTy TPHU
paccesiHuM B JIMHUW HE 3aBUCHT OT 4YaCTOThI, KOTOPYIO OH MMEJ JI0 PACCEsTHUs. JTa BEPOSITHOCTH MPOTIOPLUOHAIb-
Ha KO3 DUIMEHTY MOTMIONIEHNs, TAK KAK ApyruX (DYHKIW, XapaKTepu3yoIuX PACCEsTHUE B JIMHUU, [IPUA ITOM HE
BO3HUKAET.

Takum obpazom, mpeanonoxenne o ITITY 3akmiodaercs B TOM, 9TO CJAOKHBIE 3aKOHBI MEPEPACIPEICTCHUT 3aMe-
HSAIOTCS 00Jiee MPOCTHIM, BBIPAYKAEMBIM (DOPMYIIOii:

Rz, 21, p) = R(z, 21) = ¢(x)d(21). (46)

fcno, aro TITTY ocyrmecTBasercss Torga, KOTAa 3HAYUTENHHYIO POJIb UTPAIOT CTOJKHOBEHUST M3JIyYaloNero aroMa,
C OKPYKAIOIUMA YACTUIIAMA. IJTO HABOIsIIEe coobparkenrne. Ho ObLin mpeanpuHSATHI yCUIUs U MO (DOPMATBHOMY
0O0CHOBAHUIO TTpUMeHeHus npeanonoxkenns [TITY.

Bo-niepenix, 661710 110Ka3ano, uro Hekoropbie @I npocro Gaunzkn k OIT TITTY. Hanpumep, dyukunn Ry(x,x1, 1) n
Ry(z, x1, p) cormacuo dopmynam (36) u (38) npu p = 0, T.e. npu paccestHuu 1o, MPSIMBbIM YIJIOM, PACIAIAIOTCS HA
nipon3Benenust mpodwieit KoaddumuenTos noromenns. IIoCKoIbKY MOa yriaaMu, OJAU3KUME K TPSIMOMY, PACCENBAETCS
O6MBINAs 0 U3MydeHns, 3T pyHKnnn u Boobire 6u3ku K [IITY. Berio mokazaHo, 9To B X0Ie pacCestHuii MpONCXO-
qut ureparus @I, u urepuposauusie @I npubamxkaores kK 3akony [IITH. Dtor npomnece aHaIOrHYeH U30TPOMUIAIIAN
M3TyYeHUs TPY MHOTOKPATHOM MOHOXPOMATHYECKOM PACCESHUHU, O KOTOPOH TOBOPUIOCH B KOHIE § 2.4. Hakoner, Ob1-
JI TIPOM3BE/IEHBI IPOOHBIE pacyersl noJeii nsiydenust ¢ vacrosimvu OIT u npu TIITY [70,98]. Bo MHOrux ciygasix
pe3ynbTaThl okazanuchk om3kn. Hanbonnmme orauanst ot [ITTY nemonctpupyer @I Ryp, vo u ipm Heit BOM3W sapa
qwann ipodwan [ITTY we ouenn oramvaiorcst ot 60smee ToUHBIX, a B meaom [TITY MoxkeT cayKuTh XOPOTITHM TMEPBHIM
npubmkenueM. K 00cyKIeHNUI0 3TOTO BOMPOCA MBI €I[e BEPHEMCs B T1aBe 5.

§ 4.3. YpaBHeHNE NepeHoca N3JIy4YeHUsd B CHEKTPAaJbHON JUHUU

)
1. ITocTanoBKa 3ajiaum U TpeanojioXXennda. B srom maparpade coctaBuM ypaBHEHNsI, OTTMCHIBAIOIINE TTEPEHOC
U3y4YeHHs B CIEKTPATbHONU JTMHUU.
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B camom obmem Buie 3amada 0 IepeHoce U3AyYeHns B IMHUSAX CTABUTCA TaK. B HEKOTOpOM 0ObeMe HAXOAUTCS ra3
(nnasma), cocToAmMiA M3 PA3IMYHBIX ATOMOB (MOHOR WUJIM MOJIEKYJT) U 3JIEKTPOHOB. ATOMBI BO30Y 7K IAI0TCS KAKNMU-TMO0
MEXaHU3MaMUu: BHEINITHUM H3JIyYEHUEM, CTOJJKHOBEHUAMUW WJIN B PE3Y/IbhTaTe KaCKaJIHBIX TTEePpexXoa0B IMOCae peKOM6HHa—
mu. MOITHOCTh 3TUX UCTOYHUKOB, HA3BIBAEMBIX TIEPBUYHBIMU, JIOMKHA ObITh PACCUNTAHA IyTEM PEIIeHUs YPABHEHUN
JIpyrux Teopuii (mocTpoerus Mogenu arMocdepbl 3Be3/bl UIU JAPYroro acrpodu3ndeckoro 06beKTa) Ui u3 u3ydeHus
VCIOBUH ONBITA B (PUIUIECKON JTAOOPATOPUN W CUNTAETCS U3BECTHOH. [t onpeneneHHoCTH OyaeM FOBOPUTH 00 ar-
mocdepe. Mznyuaembie (pOTOHBI 3aT€M BHOBH MOTJIOIIAIOTCS, TTEPEU3ITYIAIOTCA (PACCEMBAIOTCS) B TON YK€ JINHUW WJIN
Apo0siTcs Ha (DOTOHBI APYTUX JTUHWH, MTEPEXOAAT B APyTHe BUIBI IHEPTUN U T. 4. Tpebyercs paccanTaTh CO3IAI0NIEeCs
B OObeme 1oJie U3JIy9YeHnus] UJId, 9TO TO K€ CaMoe, COCTOSTHUE BO30YKIEHUsST ATOMOB.

Takas obmas 3a7a49a He JIOMYCKAET AHATUTUIECKOTO PACCMOTDPEHUST U MOYKET PEIaThCs YUCIEHHBIMU METOJAMH.
[Tepeuncaum OCHOBHBIE MPEINOIOKEHNS, HATATAEMbIE HA PACCMATPUBAEMbIN MPOMIECC MPU AHATUTHIECKOM MOAXOME K
€ro U3y4eHuro.

1) H3zoauposanrocms aunuu. Bygem usydars o6pa3oBaHue ONHOM JTUHUU ONPEIETEHHOrO ATOMa (UM MOHA) ¢
HEHTPATBHOM 9acTOTOM 1. JInHUS 00pa3yeTcs Npu Mepexoax MeKIy YPOBHSIME, HUKHAN U3 KOTOPBIX Oy/1eM HA3bIBATh
JIJIST OTIPEJIEJIEHHOCTH OCHOBHBIM, & BEPXHWI — BO30YKI€HHBIM. BeJnInHbI, OTHOCSIINECS K HUYKHEMY YPOBHIO, Oy1em
oTMEeYaTh WHIEKCOM |, a K BepXHEeMy — U, HAITPUMep, KOHIIEHTPAINN ATOMOR N, W N, SHEPruM yporHe hvy n hyy, vy =
Vy — .

2) Jlsyxyposennsie amoms. PaccmarpuBaeMbie aTOMbl UMEIOT TOJIBKO JIBA JMCKPETHBIX YPOBHS C PA3HOCTHIO
snepruit hvy n KOHTHHYYM.

3) Iloanoe nepepacnpedeaerue no uacmome. [Ipu paccestHUM POMCXOJNT TIOJHOE MEPepaciipeesieHre 110
4acToTe, MHJNKATPUCA paccestiust — cepuueckas. B 3mom cilydae Hajl0 Menosib30BaTh GyHKIMIO Epepacipe/eieHus,
YKA3aHHYI0 B KOHIE Tpensiaymero maparpada. OJHAKO 31ech ymno0Hee TPUHATH sl Hee HOPMHUPOBKY Ha MpOQUIb
alxy), a ve ¢(z1), T.€.

R(z,x1) = Aa(x)a(xy), (47)

rae A — 1nocTosiHHAsE HOPMUPOBKY TTPO(UIIS TTOTJIOIEHUSA.

Hexkotopsie npyrue npeanonoxkenus cHOpMyIupyeM MOCTe COCTABICHUS YPABHEHUS TEPEHOCA.

2. YpaBHeHUWe mepeHOca W3JYydYeHUd. Y PABHEHNE TIePEeHOCA [T CTAIMOHAPHOTO TOJIsT U3JIy9YeHusT B TIJIOCKOIT
M30TPOITHOM CpeJie, BhIReJEHHOE B riase 1, 3anmceiBaercs B Buge [31,70]

uiL,(z,w) =—a,l,(z,w) +¢€,, (48)
dz

rie z — reoMerpudecKkas riyOuHa, (i — KOCHHYC yIJla ME¥K/y HATPABJICHUEM PACITPOCTPAHEHWS U3y YeHUS U BHY TPEH-

Heil HOpMATbIO K TPAHUIE aTMOCKhEpHI.

VYkaxkeM, KaKue 3aMeHbl BXOIAIIUX B o0mee ypashenue (48) dbyHKIMI CieayeT MpOM3BECTH, YTOOBI MOy YUIOCH
ypaBHeHI/Ie nepeHOCa H3ﬂyqeﬂﬂﬂ B JINHUUA npﬂ CIAeJIaHHBIX npe,ﬂnoﬂo){(eﬂﬂﬂx.

Kosdbdwumnment nmoriomennst cOCTONT W3 ABYX YacTeif, OMUCHIBAIOMINX MOTJIONIEHNE B JUHUN W B KOHTHHYyyMe. Ko-
S(bd)WHWeHT TIOTJIOILIIEHUA B HenpepBIBHOM CneKTpe MO>KHO CYUTATh HE 3aBUCAIINM OT YaCTOTHhI B npe,ﬂeﬂax JINHUU,
TaK KaK MHUPHAHA CIIEKTPAIBLHBIX JTUHHUH OOBIYHO MAJA [0 CPABHEHHUIO C MHTEPBAIOM YACTOT, HA KOTOPOM CyIIECTBEHHO
N3MEHAETCS NHTEHCABHOCTh KOHTHHYYMA, TaK 9TO

o, = aI; + e = mky, + . (49)

Kosddunuenr usnydennsi coCTONT Tak»Ke U3 HECKOJIbKUX cjaraembix. Ciiaraemoe, ONMMCHIBAIOIIEE M3JIyYEHUE B
HEIMPEPHIBHOM CIEKTPe, 0003HAYUM £.. 3aBUCUMOCTH KOI(DMUIMEHTA U3JIyUYeHUs] B JIMHUU OT YaCTOThI Ta YK€, YTO U y
k03 dunmenTa MOrIOMIEHNsT, HO PA3JIWIHE WX B TOM, YTO MEPBBII MPOMOPIIMOHATIEH HACETEHHOCTH HE HWIKHEr0, KaK
BTOPOIi, a BepxHero ypoBusa. Kpome Toro, HeoOX0IUMO y9IecTh BhIHYKIEHHOE H3IydeHne. Bece BMecTe 3anuriieM Tax:

2

c
v = [Ec ku u 1 Il/ . 50
ey = lec + konyC) [ 1+ T (50)
Teneps ypasuenue (48) npumer Buj
dI( w) = —[mky, + @]l (z,w) + [ec + kvnoC] | 1+ ¢ I (51)
'udZ vi%, = — TRy T CQc|iy(Z, c vy ohs )

,Z[J'Iﬂ orrpeaesIieHnu A MTOCTOAHHOM C " BBIFACHEHWSA CBA3M MEXKIY OTACJIHBHBIMU CJIara€MbIMU YDaBHEHWA TTepEeHOoCa Mpu-
MEHUM €ero K Cay4Yaro, KOrjJa BBIIOJTHAECTCA YCIOBUE TEPMOAUHAMUYIECCKOTO PAaBHOBECHMI. TOF,H& d)aKTI/ILIe(’,KI/I JTUHUA HE

82



06pa3yeTcsi, KHTEHCHBHOCThH He 3aBHCHT HU KOODJIWHAT, HU OT HampaBjeHus u paBHa Gyukunn [Inanka By, (T'), Hace-
JIEHHOCTW yPOBHEH TomanHsiorcss hopmysie Boabimana  BRITIONHSAETCS YCIOBHAE A€TAILHOTO HaaHca, T.e. TTPOIECcCh
B JIMHWUU U B KOHTUHYYME yPaBHOBEIIEHBI TTOPO3Hb:

02
o (14 gy Bun(T)) = acBia (7). (52)
C2
kunuC <1 + WBVO (T)) = kunlBuo (T) (53)

IMozacrasngs B coorHomenue (52) Bbipaxkenue s dbyskmun [L1anka, 11g KOHTUHYyMa TOIydaeM

= =By (T), @e=a (1 - e*’wo/’fBT) . (54)
910 coortHomenne HazbiBaercs: popmynoit Kupxroda Ilnamka. Yeproii cBepxy orMeder KO3 DUIMEHT MOTIOMIEHNA,
HC”paBHeHHBIﬁ 3a BBIHY?>KJIEHHOE N3JIyYeHne, KOTOPpOoe NTrpaeT poJib OTPUHATETIHHOTO TTOTJIONIEHW . Bnpe,m) NCTIOJIh3yeM
WMEHHO €ero.

Awnasiornuno w3 dbopmysnnt (53) HAXOIUM JJIst JIMHUK

3 3
0= 2™ o kst _ 2105 91 (55)
" Ny Cc* Gu

TIe g U g, CTATHECTHYIECKUE Beca (YUCTa MOAypPOBHEH) HUKHErO W BEPXHETO yPOBHEH.
B pesynbrare ypapuenue (51) MOXKHO 3a0UCATH B BUJIE

d g1 Ny — 2th g1
_Iu 5 - - kl/ I Il/ 5 _kl/ . 56
it = = [l (1= 222 ) a1 ) b+ 250 L, (56)

K ypasuenuio mepernoca, Kak 00BIIHO, JOOABISIOTCS TPAHUYIHBIE YCJIOBHS, OTPAYKAIOIINE 33 TaHHOCTH WHTEHCUBHO-
cTell majaouero Ha PaHulbl U3BHE U3J1YYEeHUS.

3. IIpeo6paszoBanne ypaBHeHUs: epeHoca. [Iins ynpomenus ypasuenns (56) Bregem 6e3pa3mepHbie nepemen-
wbie. Koadduuuent noriomenns B quaun npeacrasum, kak B §4.1. Onpenenum ontuyeckyro riybuHy B armocdepe,

g1 N
= v | 1 — —— .
T O/nlk; . ( o ) dz (57)

Paznenum ypasuenue Ha nk,,. Torma normomenue B KOHTHHYyyMe OyIeT XapaKTepHU30BAThCA OTHOMIEHUEM

PpacCcUuThIBadA €e IJjid NEHTPpA JINHUN!

Q¢

gy
nlkl,o <1— —1—u>

(58)
Ju N1

Brenewm eme ase Besmaunbl, Sp, v Se, KOTOPbIE HA3BIBAIOTCH GUHKYUAMU UCTNOYHUKOS B JIMHUU U B KOHTUHYYME
COOTBETCTBEHHO!

2hv 1 Ec 1
SL:—C2 49_112_1; Sc:—kuonlil_ﬂﬁ. (59)
g1 Ny gu N1
[Tocne 3TOTO ypaBHEHWE IEPEHOCA TPUMET BHJL
dl,(z,w
p 9D o) 4 AL (2.) + e+ a(@)S. (60)

4. YpaBHEHHE CTAIlMOHAPHOCTH BO30Y>XIEHHOTO YPOBHH. JTO YPABHEHNE SABISAETCSA AHATOTOM yPABHEHUSA
OasaHca SHEPrUd K IO CYLMIECTBY COBIAJAET C HUM, HO /I JUHHKA npu paccesuun ¢ IIIIY9 oHO mMeer HEKOTOpbIE
0CODEHHOCTH B (PU3UUECKOM WCTOJIKOBAHWN.

Hpﬂ yCﬂOBHH CTAaIIMOHAPHOCTU HACEJIEHHOCTH BOB6y)KﬂeHHOT‘O ypOBHﬂ HE M3MEHJdEeTCd CO BpeMeHeM, T.€. 4Yucjia
[IEePEX0/0B, HACEASIOIUX 3TOT YPOBEHL M OIYCTOIIAIOIIUX €r0, B KaxXKJI0OM MECTe Cpelbl JOJXKHBI ObITh paBHbBI. s
MPOCTOTHI OYIEeM CYNTATH, YTO MOHU3AINN U PEKOMOMHAIINN He UrpaioT 60mbImoi poan. CylecTBEeHHBIMHU MPOIECCaMn
CYATAEM DAMATHBHBIE MEPEXO/bl B TUHUM U 3JEKTPOHHBIE YIAPHI. 3AIUIIEM YCIOBUE CTAMOHAPHOCTH [31]

nu(Aul + Buljlu + neaul) - nl(Blujlu + neblu)- (61)
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Bnecs Ay, By u B, siHmTeHOBCKHE KO3(DPUIUEHTH CIOHTAHHOIO, BLIHYYKJIEHHOIO M3/IyYEHUs U HOLIONIEHUS
coorrercTReHHo. Benmauna J), ecTh cpeaHsisi 10 JIWHUW WHTEHCUBHOCTD, T. €.

(o)
— A 9
Juw=— [ a(z)dz [ d*wl,(z,w). (62)
4ar
— 00

Kosdbdwmment b, yanuTsiBaeT mepexoabl ¢ HUKHETO YPOBHS HA BEPXHWI 3a cYeT BO3OYKIAOIMWX yIAPOB, & Gy —
CTOJIKHOBUTEIbHbIE TIEPEXO/IbI ¢ BO3OYKICHHOIO YPOBHs HA HUXKHU (TAK HA3BIBAEMBIE TYIIAIIUE YAAPBI, WU yAapbl
BTOPOIO POJIA), Ne  IJMEKTPOHHAS KOHIEHTPAIIUS.

PaccmoTpum, Kakoil Bu IpuHAMAaeT paBeHcTBO (61), eciu BBINOIHAETCS TepMoJUuHAMIYecKoe paBHoBecue. [loacra-
HOBKa B paBeHcTRO (61) dynkomn [liarka BMecTo cpegmeii MHTEHCHMBHOCTH W ucnosn3oBanne GhopMyas Boabnmana
JJ1st OTHOTIIEHWST HACEJIEHHOCTEH YPOBHEN ¢ OJIHOM M TO# »Ke TeMniepaTypoit T’ mpuBOANT K JBYM COOTHOIIEHUSIM MEXK Ly

IFHMTEHHOBCKUMY KO DUIMEeHTaMMN:
2

¢ 9
—— Ay =By==B8B 63
2hl/(?)’ ul ul I lu, ( )
a TaKKe K COOTHOIIEHUIO0 MEXKIy KO3(MPHUIMEHTAMH yIAPOB IMEPBOTO U BTOPOTO POJIA:
blu = ‘Z_ueihyo/kBTaul- (64)
1

B T0 BpeMms KaK BEJIMYMHBI, BXOIAIINE B COOTHOIMEHUs (63), ABMAIOTCI YUCTO ATOMHBIMU XaPAKTEPUCTUKAMHE, YIAPHBIE
KO3 DUIMEHTDI CBSA3aHbI €O CBOGOIHBIMHU 3/1eKTpoHaMU. Boinonnenue coorromenus (64) npeamnonaraer, 9o 371eKTpo-
HBI PaCTpeNesieHbl TT0 CKOPOCTSIM MO 3akoHy MakcBenga ¢ HEKOTOpo# Temmepatypoit 1, 9To BCermga CpaBeInBo.
[MousiTHO, ¥TO KO’3DUIMEHT b, BCETIa MEHbINE, deM KOIMDDUINEHT (y), TAK KAK MPU BO3OYKICHUN aTOMA IJIEKTPOH
JIOJIPKEH MepefaTh eMy 4acTh CBOEH 3HEeprum, a mpu TyIalleM yaape — 3abparh SHEPTU0 BO30Y K IEeHUs.

Paznemnm pasenctro (61) ma (11 By — 1y Bu)[Aul + Neau (1 — e~ "0/¥8T)] /A u npumennm pasencrsa (63) u (64).
Torma mocsie HECTOXKHBIX TPEOOPA3OBAHNM B 0003HAUYCHHUAX MPEIBIIYIEro MyHKTa HaigeMm

St = M + (1= N)B,, (1), (65)
TIe BBEJEHO eme OJH0 0bo3Hadenmne
Ay w(l— —hvo/ksT
A= ! poaeTetu(lze ) . (66)
Aul +neaul(1 - e_hyo/kBT) Aul"'neaul (1 - e_huo/kBT)

Besmanna A pasna goste GOTOHOB, KOTOPBIE MOCJIE TMOMJIOMEHNST TEPEN3ILY 9aI0TCH B JIMHWN, U HA3BIBAETCH 6€POATNHO-
CMBI0 BHAHCUBAHUA HOMOHQ.
IMoacrasus BhIparkenue st cpeaneit narencusrocrn (62) B (65), mosyunm 6osiee TOAPOOHYIO 3AIUCH YDABHEHWSI:

S = )\% / o(z)dz / Rl (2,w) + (1 — A) By (T). (67)

— 00

Ypaguernne (67) B camom Jiesie nmeeT Bu ypaBHeHust 6ananca sHeprun (Wam JiyancToro paBaosecust). Ecin naren-
cuBHOCTH paBHa dyuknun Ilmanka, 70 n QyHKIWS WCTOYHUKOB paBHA €if.

CoBmecTHOE perierrie ypaBHEHHUH TIePEHOCa W CTATHCTHYECKOTO PABHOBECHsT YPOBHEH IaeT BO3MOXKHOCTH OIpejie-
JIUTD TOJIe U3MYUEHUs B CPEJIe W COCTOsTHUE BO3DYIKIEHUsT aTOMOB B HEl.

XoTs ypaBHEHHUs [EPEHOCA U JIYIUCTOr0 paBHOBECHsI C(hOPMYTMPOBAHBI B IPUBBIYHOM BU/JIE, HA CAMOM JIeJIe X HeJI0-
CTATOYHO JJIs IOJTHOTO PEeIIeHns 3aJa4n, TaK KaK HaJIO elle 3a1aTh OOIIYI0 KOHIIEHTPAIMIO ATOMOB PACCMATPUBAEMOT0
THTIA, T.€. CyMMY 7] + N, —N.

O 1HOBpEMEHHOE perTeHne yKa3aHHbIX YPABHEHNI — 3a/1a9a HEMPOCTasi, TaK KakK yPABHEHWsT HEJIMHEHHBI ¥ apryMeHT
T CaM 3aBUCHUT OT KOHIIEHTPAIINN ATOMOB B OCHOBHOM M BO30Y?KJIEHHOM COCTOSHHUAX. 3aBUCAT OT HACETIEHHOCTEH yPOB-
Hell ¥ Apyrue BXOSIINE B YPABHEHUS BEIUYUUHBI, & UMEHHO 3 U S.. Y PABHEHUS PENIaoTCs METOI0M MOCTeI0BATETbHBIX
NpUOINKEHUHN U, KAK MPABUIIO, 32 MUCKIIOYEHNEM HEKOTODPBIX YACTHBIX CIydYaeB, YHCIEHHO.

YMeHbINeHNEe ONTUYECKOH TiIyOWHBI M TOJIIWHBI CPEAbl NP YREJINIEHNN HACEJIEHHOCTH BO30YyIKIEHHOTO yDPORHS
HA3bIBAETCS NpocemaeHuem cpedo.. B HEKOTOPHIX CIIydastX ONTHYECKast TONIUHA CPEIbl MOXKET CTaTh OTPUIATEIHHOIT,
T. €. TP MTPOXO0>K/IEHNN W3JIy Y€HNUST Y€PEe3 TAKYIO CPey MHTEHCUBHOCTH €10 OYJeT BO3PACTATh, YTO COCTARJISET JIA3ePHBIH
(nnu mazepubiii) 3dderr. g ero ocyriecrsienus HEOOXOIUMO CO3/ATh MEPEHACETEHHOCTh BEPXHErO YPOBHS, YTO
Ha3bIBACTCA HAKATKON.

5. Jluneiinoe npubamxkenune. OObIYHO TT0IE U3TYIEHUS B JUHUU HE OYEHb CUIBHOE U BO3OYKIEHUE aTOMOB HE
CTIUIIIKOM BEJTUKO, T. €. 1y << 1. IIlpu TakoM peImonoKeHny HET HEOOXOIUMOCTH YIUTHIBATH BHIHY XK JEHHBIE TTPOIECCHI,
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7 3a7ada cTaHoBUTCA uHEHHON. Torma HacemeHHOCTh OCHOBHOTO YPOBHS Ny, R N, T.€. €6 MOYKHO CYUTATH 33JAHHOM,
B 3namenarese (59) MOXKHO OTOPOCHTHL eanHWMILY, & (DYHKIMS MCTOYHWKOB OKA3hIBAETCS TPOCTO MPOTIOPIUOHATLHOMN
CTErneHn BO30YKIEHNUsI:

_ 2h1/8’ g1 Ny

2 gum

St

(68)

Onruveckue TayOuHA W TOJIKMHA NEPECTAIOT 3aBUCETh OT CTENEeHW BO30OYXKIeHUs, Tak Kak u B (57) orOpachiBaeTcs
BTOPOE CJIAraeMO€e B CKOOKAX. YTPOIIAIOTCA U JAPYTUe BBIPAKEHUS, & ONPEIE/seMble UMHU BEJIUYUHBI (KPOME HCKO-
MBIX) CTAHOBATCS HE 3aBUCAIIMME OT perrernii. B uactauoct, GpyHKIMSA UCTOUHUKOB B KOHTUHYYME MOYKET CUUTATHCS
M3BECTHOW.

ITpu mepexome kK nwHEHHOMY TIPUOINIKEHWIO TEPSIOTCST HEKOTOPhIe 3 EKThI, HATTPUMED TTPOCBETIEHNE Cpeabl. B
DPABHOBECHOM COCTOSTHUW WHTEHCWHOCTHL OymeT onpenenasThcs ve dpopmymnoit [lnanka, a dopwmynoit Buna.

Ypasuenus (60) u (67) MOXKHO eIlle yIPOCTUTD, €C/IU OTACTUTH MPAMOE U3y 9€HUE, OIPEIEIAEMOe BHEITHUM OOy~
YeHHEM CJI0S ¥ BHYTPEHHUMHU HUCTOYHUKAME B KOHTHHyyMe. ECau 310 mpomenaTs, T.e. TpeACTaBUTh WHTEHCUBHOCTD B
BHUJE CyMMBI

I(z,w) = I, + I; + I(7, p, 2), (69)

TIe TIePBOE CJIAaTaeMOE COOTBETCTBYET BHENTHEMY OOJIy9IeHWIO, BTOPOE — BHYTPEHHWM WCTOYHWKAM B KOHTHHYYME, a
tperbe  auddy3HOMY W3TYUYEHUIO B IMHWN, TO YPABHEHUE /i MOCTEIHEN BETUIUHBI TPUMET BUJ

dI(r, u,x
i (7, b, @)

DT —a(@) + B)T(7, ) + a@)S(7), (70)

rae Ternepb S DYHKIMS HCTOYHUKOB, 3ABUCSINASA TOJIBKO OT ONTUYIECKON TIyOUHBI T:

S(7) = So(7) + %A / a(m)dx/duI(T,u,x). (71)

-1

3aBucumocTs QyHKIHHA Sy 1 S TOMBKO OT OJHOIO APryMEHTA OObSICHSIETCS TeM, YTO TPHU UTEPAIUU WHTEHCUBHOCTH
KaK TTaJaiomiero n3Jj1ydeHns, TakK W TTPpONCXOAAIIETO OT BHYTPEHHUX MCTOYHWKORB, T.€. TIPU TIOACTAaHOBKE BBIpa,)KeHVIﬁ

JUUIST 9TUX WHTEHCUBHOCTER B (bopmyty (67), BRIMUCISIOTCS WHTETPAJIBI TI0 BCEM NEpEMeHHBbIM, Kpome 7. To ke camoe

npoucXoAnT Npu nojcraHoBke B dbopmyiy (71) narencusnocrn auddysnoro nzayuennst I(7, p, x).
Nurencusrocts (7, i1, ) yAOBIETBOPSET HYJIEBBIM TPAHUYHBIM YCIOBUSAM M HEPECTAET 3ABUCETH OT a3UMYTa, JAKe

€CJIM UCTOYHUKHU 3aBucenn ot Hero. Bee ato cnemcrsua IITTY.

6. Nnurerpassuoe ypaBuenmne. Kak n npm MoHOXpomarmueckom paccesiamm, n3 aByx ypasraenwii (70) n (71)
MOYKHO TIOJIy9UTh OJIHO — mMHTErpananuoe. st atoro naiigem dopmansroe penmenne ypasuenns (70):

T

@+ =1/ g 4T
alz) [ e ’5(7)7, 0<u<l,
I(T,/J,J)) = 0 70 d ’ (72)
—alz) /e*[a(m)Jrﬁ](TfT’)/uS(T/)L, 1<pu<o,
I

T

u noxacraBuM ero B (71). B pesynbrare paccy:KaeHuil, aHATOIMYHBIX UCIOIb30BAHHBIM [IPU BBIBOJE YPABHEHUSA XBOIb-
COHA, TOJYYIUATCA

S(T) :S()(T)—F%/K(|T—7-/|)S(7")d7'/, (73)
0

DT0 OCHOBHOE MHTErPAJILHOE ypaBHeHue, onuchiBailee paccesinne B nuann npu [IITY B nuockux cpegax [31]. Aapo
YPABHEHUS 3aBUCUT OT MOIYJISA PA3HOCTU apTyMEHTOR, a AnepHast (PYHKIUA UMEET BWI

o0

K(r)=K(r,8)=A / az(x)El([a(x) + f)7)dz. (74)

()'I‘l\/[e’T‘I/IM7 4qTO CbaKTI/ILIeCKI/I WHTEHCUBHOCTH 3aBUCUT HE OTAEJIHLHO OT YaCTOThI 1 yTJld, a TOJIBKO OT X KOM6VIHaHVIVIZ

y= @)+ 5 (75)

I
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HeiicrBurensuo, dopmyny (72) MOXKHO 3anucaTh B BUIE

I(r,pz) = QL%I <T, M) , (76)

rae
-

y/e_y(T_T/)S(T’)dT', B<y<oo,
I(ry)=4 ° (77)
—y / eV TTIS(r)dr!, —oo <y < 5.

DT0 CBOWCTBO MHTEHCUBHOCTHU TMO3BOJISET SIIEPHYIO (DYHKIUIO MPEACTABUTH B BUIE CYNEPIO3UIMA IKCIIOHEHT, 9TO
B CBOIO Ovepesih JAeT BO3MOXKHOCTh MPUMEHWTh K PACCESTHWIO B JWAWW BCIO AHAJNTUYECKYIO TEOPWIO, PA3BUTYIO B
OpeablayIneil riase.

7. IllpuBefeHue K CylepHO3ULUU 3KCHOHEHT. [loncraBum B BhIpazkenue s saepHoii dyuknuu (74) dopmyny
JIJIsT WHTErPAIbhHONW SKCTTOHEHTHI:

K(r,) =24 / o?(z)dx / e—TWW]“%“. (78)
0 1
Crenaem 3ameHy nepeMeHHbIX y = [a(z) + Slu ¥ HOMeHsieM NOPSAI0K WHTErPUPOBAHMS:
oo oo 148 oo oo oo
K(r)= 2A/a2(x)dx / e_”’@ =2A/ d—ye_”’ / o (z)dx + 24 / @e_Ty/aQ(x)dx. (79)
0 a(x)+ Y B Y z(y—p) 1+5 ’ 0

3aecy gepes x(y) obozuadena yHKIMA, oOpaTHAA MO OTHOMIEHUIO K TNPOdGUIo Koy UIeHTa MOrIONIEH s, T. €.
a(z(y)) =y, z(a(z)) = x. Ecin BrecTn o6o3naveHmne

/ oA (r)dz, B<y<1+p,
2A
Aly) = Ay, B) = m =ly=h) (80)
/az(x)dx, 1+ 0 <y < oo,
0
TO ﬂ,[];@pHy}O d)yHKIJ;I/IIO MO>XHO 3altmcaTh TaK:
K(r.0) = [ Aly.p)e™dy. (81)
B8

OTO U ecTh NPEJACTABJIEHNE B BUIE CYNEPIO3ULIAN IKCIIOHEHT.
Paccyzkmas Touno tak xe, u dopmyny (71) moxuo 3anucars yepes byaxmuo A(y):

S =So(r) + 5 [ ALl + Tyl (52)
B

®@opmyna (82) umeer Bui, 61u3Kuil K BhIpaXKeHUIO (DYHKIMU UCTOYHUKOB Y€pe3 CPEJHIOI UHTEHCUBHOCTD TIPU W30~
TPOITHOM MOHOXPOMATHYECKOM PACCESTHUH.

U3 dopmynsr ana anepuoii dyukuuu (74) BBITEKAET, 9TO NpU NPAMOYTOILHOM mpoduie paccesuue npu ITH
OKa3bIBAETCA PABHOCUJIBHBIM N30TPOMMTHOMY MOHOXPOMATUYECKOMY PACCEAHUIO.

Takum 0Opa3om, BCsT TeOPHst PE30IHBEHTHOTO METO/Ia MPUMEHNMA, K PACCESTHUIO W3/TyUeHNsT B CIIEKTPAILHONW JTMHUT
npu IIITY B nuneiinom npubmmxennn. K MOHOXpOMATHYECKOMY DACCESTHUIO MBI ee yKe npuMmenwunu B riase 3. [Ipu-
MeHeHud K o0memy ciaydaio paccesaus mpu [IITY caemaem B criemyoomem maparpade, a 37eCh MepedncinM OCHOBHBIE
3a/1a9¥, BO3HUKAOIINE B TEOPUH.
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8. OcuoBHbIe 3agaun. B cymHocTu, 310 Te ke 337429, 9TO U NPU MOHOXPOMATHIECKOM DACCESTHUM.

1) 3adaua o Juddysrnom ompasicenuu u nponyckaruu. Ha cioii cBepxy najgaer uziydeHue B HEKOTODPOW
9acTOTe T TOJ YIJIOM arccos fig. 1Or1a NCTOYHUKY U3/Iy9eHUs B JTMHUHU C TOYHOCTHIO 10 MHOYKHUTE S, HE CYIIIECTBEHHOIO
B JIMHEHHOM TIPUOJINKEHNN, OTIMCHIBAIOTCS (DYyHKITHETT

So(7) = e le@) BT /o — o=yo a(xZ)OJr 5. (83)

[Tpu Takom onpexgenenuu yo > B. Onanako GopMaIbHO MOXKHO PACCMATPUBATHL HE TOJBKO Takue (pusmdeckue), HO U
MIPOU3BOJBHBIE Yy = P, B TOM YHCTE JayKe U KOMILIEKCHBIE, 9YTO OKAZBIBAETCS HEOOXOIUMBIM B HEKOTOPBIX CIydasiX.

2) 3adavu ¢ sHympenrHumu ucmovHuramu. B Takux 3a1a9aX MONHOCTH UCTOYHUKOB OOBIYHO MIPEJICTABIISIIOT
KaKO#-mnb0 KoMOMHANMEH 37IeMeHTAPHBIX (DYHKITHI, HAIPUMED MPOU3BEIEHUSIME TETbIX CTeneHeil T Ha SKCIOHeHThI. C
TOYKHW 3PEHNST MATEMATUKH 3TH 33/I1a491 CBOJISTCS K TIPEIbIYIIEH, TaK KaK MPON3BEJIEHNE eSO CTeNeHn Ha SKCITOHEHTY
MOYKHO BBIPA3WUTh Y€PE3 Ty K€ IKCITOHEHTY:

Tne—P‘r — (_1)71 8 )

T 4
et (84

IMockonbKy B3ATHE TPOM3BOMAHONW €CTh JWHEHHAsT OTepaIs, TO W PEIeHNsT COOTBETCTBYIONINX 3a70aY CBSI3aHBI TOH
»Ke caMoit Onepauwef/']. ECIH/I UCTOYHUKU TIPEACTABIAIOTCA MHOTOYJIEHOM OT T, TTOCJI€ BHIYUCJIEHUA TTPOU3BOAHBIX HAJI0
osI0KUTH p = 0.

Takum o6pasom, 3aaaua npu So(7) = € P7 B 3T0OM cMbICIe gBagercs GyHIaMEeHTATbHOI.

3) Ob6obwenue 3adauu Muana. Pemenve oqHOpOAHOrO ypaBHeHusi, cooTBercrByomiero (73), mo rpaauiun
Ha3bIBaeTCs 3aadeit Munaa, XoTs (PU3NIECKH 3TO COBCEM APyras 3a7a4a U ee pellieHne, KaK Mbl yOeIuMcsi, COBCEM He
MOXOKE HA KIACCHUYECKOR.

O6 aTux U APyrux 3a7adax TEOPUHU MEPEHOCA W3NYYeHUs] B CIEKTPAIBHBIX JIMHUSX MOYKHO MPOYUTATH B KHHUIAX
[31,70,77] n o630pax [54,57].

B cnemyromem naparpade ncnoanp3yeM Teopuio, PAa3BUTYIO B MPEIbIAYINEH TaBe.

§ 4.4. Tounbie pereHus

1. Tpu upeacraBiaenus saepubix GyHKOuii. B Hacrodmem naparpade NpuMeHuM TOYHYIO TEOPUIO PE30JIh-
BEHTHOTO METO/Ia K MCCJIEOBAHUIO PACCESTHNS B JIMHUU TIPU TTOJTHOM MEPEPACTTPEJIEJIEHUH 110 4aCTOTe.
Kak 061710 okazano, simeprast GyHKINS B 3TOM Cilydae onpesesnsiercs: (popmyIioi

o0

K(r)=K(r,8)=A / o?(z)dzEy ([a(z) + B]71), (85)

KOTOPasi MOYXKeT OBITH MPeodPa30BaHA B CYMEPTO3UITAI0 SKCTIOHEHT:

K(r.0) = [ Aly.p)e™dy. (56)
B
Bxogsimas cioga Becoasi pyukims gaercs hopmytoit
oo
[ @@an s<y<iss
Aty ) = 223+ (57)
! /aQ(x)dx, 1+06<y< oo

0

N3 sToro crnemyet, 4To BCe pe3yabTAaThl TOYHOM TEOpUU TMpUMEHUMbI K paccesuuito ¢ [IIIY, cneayer Tombko mos-
craruth a = 3, b = 0o n Bmecro A(y) byukuunio Ay, ). 3amernm, 94T0 NOCIIE/HSIS BHIPAXKAETCS Y€Pe3 CBOE YaCTHOE

Ay, B) = % (v - 5,0). (88)

3HQ4YEHUE:
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CoorsercTBeHHO Jist siepHoit byHKIuM cpasensa hbopMyIa, KOTOpas TOIy9YaeTcs 3aMeHOl epeMeHHO HHTerpH-
porarnsi B (86) y' =y — 3:

oo

K(r,B)=e ™0 / %LQA(y,O)e*dey. (89)
0

DT COOTHOIIEHNUSI MTOJIE3HBI TIPHW BHIBOJIE PA3INIHBIX (DOPMYJI, B 9ACTHOCTH ACHMITTOTHYECKHUX.

B panbreiimem y Beex simeprbix byHKIHMH OygeM ykasbiBaTh 3 BrophiM aprymentom. [Ipw 5 = 0 Oyzem ero omyc-
KaTh.

To obcroaTenbeTBO, 9TO simepHas MYHKIUS UMeeT TPU HPEICTABIEHUs, OTPAYKAETCS M HA MHOTUX JATbHEHITNX
dbopmynax: Bce GbyHKIMET, CBI3aHHBIE C PE30JIBBEHTHOH (KOTOPBIE MbI TOXKE HA3BIBAEM DE30IbBEHTHBIMU B IIAPOKOM
CMBICJIE), TPEJCTARIAIOTCA TPEMs BhipaykeHusiMu. ()JIHO COMEP’KUT MHTETPAJ M0 YaCTOTE, BTOPOE W TPETHE CBA3AHBI
C TIpeJICTaBJIEHNEM siIepHOi GyHKIMK cynepro3uipeii skcrnorent. OT mepBoro Ko BTOPOMY MOYKHO TiepeiTn, Jnbo
TIOMEHSB MOPS/IOK WHTErPUPOBaHUSs, MO0 MPOMHTErPUPOBAB 1o Yactam B popmyne suga (85). Tperse npeacrasienne
BO3MOXKHO BBUJy CBOCTBa BecoBoii GyHkimu (88).

Ormernm, uto B ipu B > 0 uHTErpasn or aaepHOil MYHKIMKE 0 BCeM TTyOUHAM MeHbINe eIMHUIIBI, TaK KaK (POTOH
MOZKeT MOTJIOTUTHCS HE TOMBKO B JIMHUU, HO U B KOHTHHYYMe:

/K(T, B)dr = A / jjiﬁdx =1-A@p) <1 (90)
0 — 0o

31ech BBEIEHO 0003HAYEHNE, PABHOE BEPOSITHOCTH TONTIONIEHUS (DOTOHA B HEMPEPHIBHOM CIIEKTPE:

s [ e
_Aﬁé a(x)+5d . (91)

ITpeo6pazosanwue Jlamnaca or (85) nmeer Bu

-4/ “2(9”)‘1‘”%1/ G sromTm) -

_A Doazx xna(x)+ﬁ+p_ ooA(yﬂ)dy_ DOA(%O) ydy
_Pé ()d17_/7_/ . (92)

a(r) + 3 p+y y+B y+6+p

IBycToponuee npeobpazosanue Jlannaca u npeobpazoBanue Qyphe MOTYyIAOTCS TOGHO TAK Ke:

_A i 2 04(37)+ﬁ+p_00 ydy

u(pvﬂ)_ %_/ « (x)dxln OZ(SE)-I—ﬁ—p _/A(y7 /A 5)2 pga (93)
_é DoOé X arc i ydy

Vi, )—ué (epdrarety B/A O/A Ve i rart (01)

Suagenus 3Tux GyHKIUH coorBeTcTBeHHO 1pr p = 0 1w = 0 PABHBI U COBIAIAET C BEIMYWHON WHTErPATA OT SIePHOM
dyHKIAI:
U, 8) =v(0,8) = K(0,8) =1 - A(p). (95)
Ipu seraucnennn byuximun U(p, 3) ¢ BeECTBEHHBIMU p = y > (3 UHTErpana BO BTOPOM mpeicrasienuu B (93)
crelyer MOHUMATH KaK TJIABHOE 3HAYEHUE, a B TIEPBOM T0JI 3HAKOM JIOrapudMa, MOCTABUTH MOIYb.
Teneps y Hac ecTsb Bee jist HanUcaHust (OPMYJI JJIst TOUHBIX PEIEHUA.

2. KopHu xapakTepucTu4ecKoro ypaBHeHus . [Ipu 3anucu ¢dopMysT [1isi TOYHBIX perieHnii HeoOX0auMOo TpoBe-
DPWThH, UMEET JIW PEIeHne XapakTeprucTudeckoe ypaprenne. [lokaykem, 9T0 TP UMEIOIMUX MPSIMOiT (DU3WIECKni CMBICT
gragernsx A, 0 < A < 1, kopHe#l y XapakKTepuCcTHIecKOro ypaBHEHWST HE CYIIECTBYeT.

Kak mbl yGepnnnck B npeiplayiieil riase, B obuem ciydae npu HeorpunareiabHoi dbyukuun A(y) kopuu, ecan
OHU WMEIOTCsI, 00A3aTENbHO BEIECTBEHHBI. Pa3 KOpHU MOryT OBITH TOJBKO BEIECTBEHHBIMU, TO OHU JOJI2KHBI JTEKATH
mexk iy Toukamu —G u § (B HameMm ciydae b = +00), TaK KAK OCTAIbHbIE TOYKHU BEIIECTBEHHON OCH COCTABIAIOT JTUHUIO
Berienusi. Qauako npu k| < 0

_oo ydy 00
kﬁ—O/A y+5 O/A y+2ﬂ (96)

88



a IIocneagHee 3Ha4dYeHue

_ [ dy r dy _
_O/A(y,O)y+2ﬂ<O/A(y,0)y _ (97)

[Mostomy pasuocts 1 — MU (k, 3) HE MOXKET OOPATUTHCS B HYJIb.
Beanuuna 1 — MA(p, 5) obpamaercss B Hysnb Jmnis npu § = 0 uw A = 1 B rouke p = 0, HO 9ra TOYKA — He
(H30ﬂWpOBaHHBIﬁ) KOPEHBb XapPaKTEPUCTUYIECKOTO ypaBHeHHﬂ, TaK KaK OHa JIE?KUT Ha JIMHWUN BETBJICHUA.

3. PesoubBenThl 1 H-dyuaknust. QopMynbl 41 HAX TEEPh MOTYT OBITH JIETKO 3aIMCAHBI, €CJTU TIPOCTO B OOIMIHE
bopmysIbl M3 TIABBI 3 MOACTABUTH BbIpAyKeHUs s BXoadmmx B Hux dyukiwmii A(y), U(p) u V(u) co BropbiMu apry-
MeHTaMu (3, IpuBeaeHHbIE Bhime. [Ipu 9TOM BHEMHTErPATBHBIX CIATAEMBIX B (hOpMyIax I pe30TbBEeHTHBIX (DyHKIUA
He Oyzer. 3anumem (popmysy jisi GECKOHEYHOH CPeJIbI:

_ ﬁ/ Ay, B)e”T¥dy _ A e Ay, 0)e""dy y (98)
2 L= Md(y, B)]> + [(Ar/2) Ay, B)]? M yA(y, 0012y + 8
1— Y ,B)]2 !
3 1=+ 5.9 + | D
®opmyna mra H-pyHKIEE HE CHIBHO OTIMYAECTCA OT OOIIeH:
nH(p) = —L 7111 1= AV (u, B)) -2 (99)
= p U; u2 n p2 s
0

a dopmyna ans pe30abBEeHTHOW (DYHKINHU MOTyOECKOHEYHON Cpebl eCTh KOMOWHAINS ABYX MPUBEIEHHBIX: B 3HAME-
HATENE ee TOABIHTErPATIHBHOIO BHIPAYKEHHUS, COOTBETCTBYIOIIEr0 mepBoMy npeacrasienuto Do, (7) B (98), mobasasercs
muoxkuresb H(y), a B 3namenarene sroporo — H(y + ).

Orvernm gacrable 3Hadenns 3Tux YHKIUI 1 nx npeodbpaszosanwnii. [Ipu 7 — 0 pezosbrerTHBIE GyHKIMNA 0Opa-
maoTces B GECKOHEYHOCTh, TaK KaK WX neproe npubimnxkenne — siaeprast pynkumst, a Eq(0) = oo.

JlBycToponnee mpeobpazoBanue Jlammaca oT pe3osbBeHTHON DyHKINN OECKOHEUHOI cpeabl npu p = 0

= 1 1
®,(0) = = . 100
2 (0) =05 T o1 0a0) (100)
N3 coornomennss Bunepa Xonda momydaercs mpemenbHoe 3HadeHne H-QyHKITNN:
1 _
H(0) = =1+®(0) > 1. 101
0= =5 ) (101)

Kak BunHO u3 HenmuHe#iHOTO ypaBHeHusi, H-(QyHKIua B HAMKUX 0003HAYEHUSAX TPY BEIECTBEHHBIX HEOTPHUIATETHHBIX
apryMmenTax cTporo ybeiBaer ot suadenus (101) npu p = 0 10 1 npu p = oo. Crnenosarensio, H-byHkius Ha npome-
xKyTke [0,00) Beerma KOHETHA 3a WCKIIOTEHNEM CIy9as, KOTJa MTPONCXOMUT YUCTOE PACCESTHNE B JIMAWUW W HET TIOTJIO-
oieHs B KOHTUHYYME.

4. BeposITHOCTH BBIXOJa M WHTEHCUBHOCTHU BBIXOIAINETr0 M3JydeHHUsi. PACCMOTpUM ele OJHY BETUUHHY,
MPEICTABISIONIYI0 MHTEPEC, & UMEHHO (DYHKIIUIO UCTOYHUKOB B 3ajade 0 JudOy3HOM OTPAKEHUM UIMYUEHUs TOTY-
6eckonedHOi armocdepoii. ITa xke GyHKIN sBAgeTCs npeodpa3zoBanuemM Jlammaca oT pe30aIbBEHTHI U, KAK U B CTy9ae
MOHOXPOMAaTHYECKOIO PACCESTHNS, CBA3aHa, C BEPOSITHOCTHIO BhIX0Aa POTOHA U3 aTMOCKEPHI.

YrovsinyTast GyHKINST MCTOYHIKOB, KAK OBLIO TTOKA3aHO B MPEABIAYINEH TJIaBe, BhIPAXKALTCs 9epe3 Pe30IhbBeHTHYIO
PYHKITHIO:

D(r.p)=H@)V(r.p), W(r,p)=c P 1+/epf’<1><7'>d7’ | (102)
0

B wactHOCTH, TPM TTOCTOSTHHBIX B cpejie ncTodanKax p = 0 u

D(r,0) = H(0)¥(r, 0) = —— AIHA(@ 1+/<I>(T’)d7’ . (103)

Taknm 06pa301v1 dyukuns ¥(7,0) sirnsiercsi perieHneM WHTErpajbHOro yparuenust (73) co cBOGOAHBIM CjlaraeMbiM

So(1) =1/H(0) = /1 — XA+ AA(S). Orciona caeayer, uro npu A = 1 u § = 0 sra dyHKUMs yIOBIETBOPSIET OAHOPO/-

HOMY YPaBHEHHWIO KaK BBIpO)KﬂeHHOMy CJIy4aro 3a1a4m C MOCTOAHHBIMUY UCTOYHUKAMU.
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CasizkeM ¢ 310i DpyHKIHEH BepoaTHOCTD Bbixona (oroHa. Ilyers P(7T, 1, )  BepoaTHOCTH (POTOHY, HAXOIAIIEMYCSI
B TONJIOIIEHHOM COCTOSTHWW Ha TiyOWHe T, BRIHTH W3 Cpejbl 10cje JI000r0 Yrcia PAcCesiHuil 1Mo/ yrioM arccos i B
vacrore x. U3 paccyxaenusi, uro (pOTOH MOMKET BBIATH Cpa3y M MOCJE PACCESIHUI, COBEPINEHHO aHAJIOIMYHO CJLy4alo
MOHOXPOMATHYECKOTO PACCESHUSI, BIBOIUM yPABHEHHE

A i
P(r,p,x)= 4—Aa(x)e_[°‘(m)+mﬁ”+ §/K(|T—7‘/|)P(7‘/, w, z)dr’. (104)
T
VparHenne moka3blBaeT, 9To CBA3h MEKAY ABYMSA (QDYHKIWSAMHA CJIELYIOMAA:

P(r,p,x) = %Aa(x)D <T, W) . (105)

Tak ke Kak u IIpHU MOHOXPOMATUYECKOM pPaCCEAHNN, 3HAHUE BEPOATHOCTHU BBIXOJA IO3BOJIAET HAXOIUTH BBIXOAAIIEEe
U31yvdeHune 1mo InepBUuIHbIM UCTOYHUKAM:

4 d
10, —pya) = / S0(r)P(r. ) (106)

Boo6111e ke MHTEHCHBHOCTH BHIXOASIIErO U3 MOIy0eCKOHeTHOH cpeabl Auddy3HOro nijtydenns coriaacHo dopmyie
(72) nna dopmanbHOro perieHus

o0
afz) [ -
10, —p, ) = —2 / e~ Tle@+A/ng (1) dr, (107)
I
0
T. €. BhIpaxkaercs depes npeobpazoBanue Jlammaca or GyHKIMM UCTOYHUKOB. B 3amatie 06 0oTpaKeHuN ¢ NCTOIHUKAMHI
e~ Y°T UHTEHCUBHOCTBH OTPAYKEHHOTO W3JIyIeHUS

a(x)

; (108)
1Y Y+ Yo 1Y

Ormerum, uro K 3agaqe o paccestaun ¢ [TTTY npumMeHnuMbI 1 APyrue 3BPUCTUYECKUE METOIbI, O KOTOPHIX NOBOPUJIOCH
B rnase 2. Hanpumep, ypaBuenue, cBsa3biBaioniee uareacusHoctu I(7,y, yo) Ha PA3HBIX [IyOMHAX B MOTYOECKOHEYHOMN
aTMocdepe B 3amade 00 OTPAXKEHUH, UMEET BH]

oo
—T —T A dy’
I(T+Tlvyay0) :I(T7yay0)e 1y+I(T17yay0) y@ + §/A (TlvylvyO)I(Tay7yl)y_z{' (109)
B

C nomMouIb0 3TOro COOTHOIIEHUST METOAOM YJIBOEHUSsI rIyOnH ObLJIO PACCYNUTAHO MOJIE U3y YeHus B 3aa4e 0 auddy3Hom
OTPaYKEHNHU OT 110J1yGECKOHEYHO# cpeJibl ist gotieporckoro npoduist npu 3 = 0 [87].

5. Ilpoduau nauunii. Tlpocaeanv, KakuMu MOSTy9a0OTCss MPOMUIN JIMHUH BBIXOISIIEr0 W3yUeHUsT B 3a1a9e C
SKCMOHEHIWAIRHBIMYU (B 9ACTHOCTH, MOCTOSTHHBIMK) MCTOYHUKAMU. [T MPOCTOTHI Oy/IeM CIMTATh, 9TO KPBIIbs JIMHUW
MPOCTHPAOTCsT 0 BECKOHEYHOCTH, a KOHTHHYYM orcytcryer, T.e. 3 = 0. [Tosoxnm makxke g = 1, T e. paccMoTpum
U3y YeHNe, BHIXOISIIEe MePIeHINKYIPHO K IPAHUIIE.

HopMmupyem nipoduib, T.e. onpenenum ero CieayoinmmM 00pa3om:

100, -1,2)  1+y H(a(2))
100,-1,0)  1+yo/a(z) H()

r(z) = (110)

Iycre crawama A = 1. [Ipocneanm 3agucumocTs poduiist maUKA OT Tapamerpa o (puc. 5a). Jdast 3roro ucnonb3y-
em rabannbl H-GyHkuuil, paccauranibix Juist g0miieposckoro npoduis B [34]. C yaasennem or neHTpa JMHUNA NEPBbIi
comuaokutenb B (110) yOrisaer, a BTOpO#i BO3pacTaeT u CTPEMUTCS K NOCTOAHHON. Ecn g 10CTaTOMHO BEMKO, TO BJIN-
sHAE POQMUIIS MOTIOMEHNA HACTYIAeT OBICTPO M TPOMUIL MTUHUHA OJM30K K MpOQHUII0 orIomennsa. IIpn yMeHbIeHun
Yo POJIb (x) yMEHBIIACTCA, BCTYNAET B aeiicTeue poct H-byHukiuu, u y npoduis Juanu nogsiagercs ropd. Cummer-
puuHbIil TOPO 0OpaszyeTcsi ¢ APyroil CTOPOHBI OT MEHTPA JUHUU. Takue XapakTepHbIe ABYropOble MpOQUIn BIE€PBbIE
obwsicania Teopust [TITY. B orimane oT MOHOXPOMATHYECKOTO PACCESTHUST, TTPU KOTOPOM (DOTOHBI HE MEHSIIOT 9aCTOTHI
7 MO3TOMY TIPOMWIN JTUHUH MOTYIAIOTCST TTPOTIOPITHOHAIBHBIMIA TTPOMUII0 KOIDDUIIMEHTA TIOT/IOEHNsT, (POTOHBI TIPH
[IITY mepexoaaT B KPBLIO JTUHUE BCJIEACTBUE TIEPEPACTPEIEIEHU 110 9aCTOTe. XOTs B IEHTPE JTUHUN BEPOATHOCTH U3~
nydenns GoTOHOB OOJBINE, cpema boee Mpo3padHa B KPbLie, e MOTIOMIEHNE MEHbBITe U (DOTOHBI BBIXOAAT ¢ OOJTBIINAX
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Puc. 5. IIpodunu quHmit npu I0MIEPOBCKOM TOTTIONEHUN:
a 1upu A = 1.0 u pa3MUYHBIX 3HAYECHUIX Yo;

b — mpm yo = 0 u pa3ANIHBIX IHAYEHUSTX .

ryowr. KouKypeHIst 3Tux AByX 0OCTOSITEILCTB M 00bsicHsieT obpa3oranme ropbor. Uem Onmke A K eaInHWIE, TEM
60Jtee MOITHBIA POCT TPOdUIs TPOUCXOAUT B KPbLIe MUHUK. TeM He MeHee, JaXke MPU 9UCTOM paccesHuu u yo > 0 B
JANeKoM Kpblie npoduib 00g3aTenbHo cnafgaer K uHyno. Jlumb upu yo = 0 u A = 1 310 He Tak (cM. HUKE).

ITycts renepsb yo = 0, T. €. UCTOUHUKYU B CPEJIE IOCTOAHHDI, U U3MeHsieTcs 3Haderue A (puc. 56). [lepBbiii MHOKUTENH
obpauiaercst B exnanly, u Bee onpenensiercss H-dyunkuweit. Ipn A < 1 sesmunna r(x) monoronHo BO3pacraer or 1
B IEHTPE OO0 HEKOTOPOTO KOHEYHOIO 3HAYEHWHA B JaJIEKOM KDPBIJIE, TaK 9TO TTPU TMMOCTOAHHBIX MCTOYHUKAX 06pa3yeTCﬂ
JIVHUS TOTJIOMIEHNS, XOTs HUKAKOTO KOHTHHYYMa [0 HAIeMy OpeanonoxKenuio Her. Ecnm ke A = 1, To H-pyuknns
BO3pACTaeT HEOrPAHWYEHHO K 0OpaszyeTcs TnyboKast TMHUS MOTJIOMIEHNs ¢ OECKOHEYHO MOIIHBIMA KPBLIbaMu. [lpn mo-
CTOSTHHBIX UCTOYHUKAX W YNCTOM PACCEAHWH, KOHEYIHO, MO M3MYUeHUsT OECKOHEIHO BEMUKO. OQTHAKO MOCKOIBKY MBI
HOPMWPOBAIHN TPOMUIIH HA IEHTP JTUHWH, ITOT TPOMUIH OTBETAET PEITIEHNI0 OJHOPOIHOTO YPABHEHHSI, T. €. MCTOTHUKAM
na 6eckoredrnocTr. OyHKINST MCTOYHWKOB BO3PACTAET C TJIYOWHO, a C yIaJleHreM OT EHTPA JTUHUN B KPHLIO U3y 9€HIe
BBIXOJINT BCe C OOIBMUX r1yOnH.

IMoapob6ubie Tabaunbl doiirropekux H-dyHKuuii ¢ yueTroM NOraomenus B KOHTHHYyMe COCTaBJIeHbl B pabore [50].
Tam Ke TpUBOOATCA TADMHUIIBI HEKOTOPBIX BCIIOMOTATENbHBIX (DYHKIINHA, TTO3BOISAIOMINX CTPOUTH TPOMUIN CITEKTPATh-
HBIX JIMHW TP MHOTUX BUJaX MCTOYHUKOB B JINHUU N KOHTVIHyyMe.

B cnemyrommx maparpadax n3yunm acMMITOTHYECKOE TOBEIEHWE PETTeHH.

§ 4.5. Acumnroruueckue popmyJibl Ajadg npoduseit u aaepHbIX QyHKIIHI

1. Acumnrorndeckue 06JacTr, aCUMIOTOTAYECKNE KOHCTAHThI 1 (pyHKIUU. Boabmoe MecTo B Teopun me-
peHoca M3JIyueHUsl 3aHUMaeT aCUMIITOTHYEeCKas Teopust. Kak Mbl BUIEIN, PEINIEHUs] MHTErPAJbHBIX yPABHEHUH Mpe/-
CTABJISIIOTCS B BUJE CJIOXKHBIX MHTErpajioB. OQHAKO B TaK HA3bIBAEMBIX ACUMIITOTUYECKUX O0JIACTSAX 3TU WHTErpajbl
CHJIBHO yIPOIIATCcA. B aToM m cremyromem maparpadax Mbl U3/I0KHAM OCHOBBI aCHMIITOTHYECKON TEOpHUH MepeHoca,
M3IyYeHNsT B CHEKTPATbHON JUHAN TPHU MOTHOM MepepacupemseeHnn Mo dactore. JImsa KpaTKOCTH aCHMITOTHIECKNE
dopmynbr Gymem HAa3pBaTH acumnrorukamu. CHavama o0CyauM, B KAKAX CIy9asaX MOMYyYar0TCsS aCUMITOTHIeCKre hop-
MyJIbl [t TeX (DyHKIUi, KOTOPhIE XapaKTepu3yoT MoJis U3JIydYeHnsl U BO30DYKIEHNEe aTOMOB.

MpbI paccMOTPUM aCUMIITOTUYECKUE 3aBUCUMOCTH JIBYX THUIOB. ACUMIITOTUKY NIEPBOTO THUIA OCYIIECTBJISIIOTCS JIJIst
JIOCTATOYHO TJIyDOKHUX CJI0€B DECKOHEYHOMH miin 110/1y6eckoHevdHoi cpel. B 06oux cily4asix I0JKHO BBITIOJHSTHCA HEPar-
BeHCTBO T > 1. [Ipyrast acuMnToTudeckast 001acTh  KPBLIbSA JUHAH, T. €. OOJIbINNe 3HAUYeHNA 6e3pa3MepHOil 9acTOThI
x> 1.

[Mapamerpamu 3asa4 nepeHoca U3J1y4YeHUs B JJUHUU TOMUMO TOJIIIMHBI TJIOCKUX CPEJl SIBJISAIOTCS BEPOSITHOCTH BbI-
JKUBaHUs (DOTOHA TIPU PACCESTHUMA A U JI0JIs1 TIOTJIOIIEeHUsi B KOHTUHYyMe (. BoJibIyto poJjib MHOTOKpATHBIE PACCesiHUSI
B JIMHUW WTPAIOT TOTJIA, KOTJA CPea ONTUYECKW TOJICTasA, 3 Mano, a A 6ian3ko K eauanie. VIMenHo Takoe ToJIoKenne
qalre BCEro OCYIIECTBISOTCS Ha MPAKTHKE I JOCTATOYHO CHIBHBIX JTUHUHA B CHEKTpaxX acTPOPUINIECKAX 00HEKTOB.
B mporuBHOM ciiydae pOTOHBI B OCHOBHOM THOHYT, T.€. NMHOO HE MEepEen3NydaloTcs B JUHUH BCICACTBHAE TYIIAIINAX
VAAPOB MM MOHUBAIMI, JTUOO TOTIOIMAIOTC B MOJETe APYTUMU COCTABISIONIAME CPEIbl, MO0 OBICTPO BBIXOIAT W3
TOHKOW CpeJibl U BHIOBIBAIOT M3 MpOIecca paccesiuusi. Takum 00pa3oM, aCUMITOTHYECKHE 00JIaCTH XapaKTepu3yoTcs
HepasenctBamu 1 — A < 1 m < 1, koropble B gajbHedeM OygeM CYUTaTh BHINOJHEHHBIMUA. B TO »Ke BpeMst Mbl
OymeM cTapaThCsl HE HAKIAIbIBATH OTPAHWYEHUIT HA COOTHOINEHUsT MexXKay 1 — A, (B, T U &, XOTs HaubOJee MpOCThIe 1
3aKOHYEHHBIE PE3YIbTATHI YAAETCS MOMYYIATh B MPEeAeTbHBIX CAYyYasaX COOTHONIEHWH MEXKIY STUMU BeJTUINHAMUA.
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Kak okazanoch, B aCHMOTOTHYECKUAX ODJIACTAX OCYIIECTBISETCS CBOETO POJA ABTOMOIENBHBIN DEKUM: XapPaKTe-
PUCTHKM TIOJIEfl U3JIyYeHWsl B CYLIECTBEHHON 4aCTH 3aBUCST HE OT KayKJOW M3 MEPEMEHHBIX 10 OTHAEJIHHOCTH, a8 OT
HEKOTOPBIX UX MMONAPHBIX KOMOMHaLMii, Hanpumep 70 u 1. 1. QOOBIYHO YUCJIO CYIIECTBEHHBIX TEPEMEHHBIX COKPAILAETCS
Ha OIHY. YTNPOINEHNE 3aKTI0YAETCST W B TOM, YTO YACTO 3TH KOMOWHAINK TIEPEMEHHBIX B ACUMITOTUKAX CTAHOBATCS
ApryMeHTAMU W3BECTHBIX CHENUATBHBIX (DYHKIWH, B UI€ATe STeMEHTAPHBIX.

[MockombKy ACUMOTOTHUKHU TOMYYAIOTCS /s KPbLIa JUHUU U s TIyOOKWX CITOEB Cpembl, Kyaa (bOTOHBI MOTYT
MPOHUKATH HAPSIMYIO TOJILKO B KPbLJIE JIMHUH, CYIIECTBEHHO TOBeaeHrne npoduist Ko3hduimeHTa nor/iomeHmsi UMeHHO
B KpbLIe. B obmewm ciyuae OygeM CYUTaTh €ro CTerneHHbIM, PaccMaTpuBast bojiee ObICTpoe yObIBaHNE KaK MPeeThHbII
caydaii. IIpu 370M B aCHMIITOTUYECKOI TEOPUH MOSIBJISIETCS PsiJl ACUMIITOTUYECKUX (DYHKIWIH, 3aBUCALIINX OT HEKOTOPBIX
napaMerpoB. B mpocreitmux ciydasx 3T0 OOWH TApaMeTp, OMpeaesseMblil MoKa3aTeneM crenenn yobiBanus npoduis
B KpbLIE JTMHUH.

Haunnast ¢ pa6or FO.F0. A6pamosa, A. M. Ikixne u A.II. Hanaprosuua [1,28], B acumnrornyeckoii reopun re-
PEHOCa MCMONIb3YeTCsl TIOHATHE MEeJIEHHO Mensomeiics dynkunn (cokpamenno MM®). Beckornewrno Gosbimast niam
GeckoHedHO MaJiasi BOIM3M TOYKK To cnpaBa QyHKOust @(x) HA3BIBAETCS MEJJIEHHO MEHSIOLIeHCs, eCju 1pu JI0ObIX
€ > 0 cymectByer )

im M = lim Ms =1. (111)
t—+0 p(zg+1t) t—+0 @' (zg+1)
Amnanoruuno onpegensiercs MM® nipu & — oo. [Ipumepamu MoryT ciiy»uth Inx u ero crernenu npu £ — 0 u £ — 400
n apyrue PYHKINH, 0OpaTHbIe QYHKIUIM, U3MEHAIOINUMCA ObICTpee CTeNeHHbIX.

YOoMSHYTBIME aBTOpaMu OBLT pa3padboran crocod obparnenus ¢ MM® npu BBIBOJE ACHMNOTOTHK, KOTOPBIA 1O
CYILECTBY CBOAMTCS K 3aMeHe 10, 3HakoM uHrerpasa dbyskuuit Buga ¢(zy), rae £ — 0 nian £ — 00, a Y — nepeMeHHast
wrATerpuporanus, Ha p(z), a ¢’ (zy) wa ¢’'(x)/y, ecnim 3TO HE MPUBOANT K PACXOIMMOCTH WHTETPATIA.

2. Acumnrorukn npoduniieii morsaomenus. Tenepsb BBEIEM aCUMITOTAYECKHE KOHCTAHTHI U HEKOTOPbHIE (DYHK-
nuu. Kak roBopuiochk, OCHOBHasE KOHCTaHTa B acuMnToTudeckoit Teopun IIIIY  3T0 mokazarenb cTemeHH, XapakTe-
puU3yIOIuil cTemeHHoe n3Menenne npoduis nornomenns. Tak Kak Tpoduab MOTJIOMIEHUsT  YeTHast (DYHKIWS, TO It
yrporrennst 3anvucu dpopmyn Be3ae cantaem x > (. PaccmarpuBaem moapobHO Tpu ciaydasi mpoduiei morIomenns.

1) Cmenennoli npoPuab ¢ beckoHEWHO NPOMANHCEHHBIMU KDPbLAbAMUY. [Tpn © — 0o

a(x) ~ ag(x)z™%, (112)
rue & > 1 — nocrosinnast, @, — nocrosinnast wim MM®. @yukuusi, obparnast y = a(z), B 910i 0baacru
= a(y) ~ was(y) = (au/y) /=, y — 0. (113)
2) Cmenennoli npoPuan, obpawaowulics 8 HYAb HA KOHewHol wacmome xo. llpn x — xo — 0
a(z) ~ ax(zo — x)(xo — )™, (114)
TIe OmAaTh i,  mocrosaaag win MMO, a &, > 0. Obparaas GyHKIHT
&= 2.(y) ~ x0 + Tas(y) = w0 — (y/ax) /", y — 0. (115)

3) IIpogpuau, youwearousue bvicmpee cmenenmwvir. s nux obparnas Gyukuus x = 2(y) (1 ciegoBaTenbHO ee
ACHMITOTHKA) MEHAETCS MEJIJIEHHEe CTeneHHOM, T. e. 370 MM®. IIpuMepom takoro npoduis aBisercs A0ILIEPOBCKUIi.

Boobire roropst, MOYKHO paccMaTpuBaTh W Apyrue caydan npoduseii Ha KOHEYHOM PACCTOSTHUW, HATTpUMep, odpa-
IAIOIITNECS B HYJIb MEIeHHee CTEMEeHHBIX MW JayKe CTPEMSIINECsT K OECKOHETHOCTH TIPU TTPUOINKEHNN K HEKOTOPO
yacroTe (He OYeHb OBICTPO, HANPHUMED, KaK npoduau BToporo tuma ¢ —1 < g1 < 0), HO Takue npoduIu He BCTpe-
9aroTCs HA MpaKTUKe. Tpu Ke TepednclIeHHbIX CIydas UMET MUPOKOoe pacmpocrpanenue. IlepBoiil xapakTepeH st
cuekTpanbHbiX nuauit. Hampumep, doiirroBckomy npoduio

U(a,x) o T —y? dy @
= == — 11
a(e) U(a,0)’ Ule, ) 3/2 / € (x—y)?+a® mwa? (116)

oreevaior A = U(a,0), & =2, a, = a/[wU(a,0)]. Ipyrne crenern B (112) cooTBETCTBYIOT TPOMDWIAM, ONPETETTEMBIM
CTOJIKHOBEHWSIMI aTOMOB € OKPYKAIoMnMu dacruiamu. B stux ciydasx & = (s+3)/s, e s — nokaszaresb CTENeHHOTO
3aKOHA, COTJIACHO KOTOPOMY CMEIIEHWE YPOBHST IHEPTUM ATOMa NOJ, AeHCTBMEM TIOCTOPOHHEH YacTuihl yOhIBaeT ¢ pac-
CTOSIHHEM JI0 9TO¥ 4acTUIbl. XapaKTepHbIM 3HAYeHuAM s = 2, 3,4, 6 COOTBeTCTBYIOT MOKazarenn & = 5/2, 2, 7/4, 3/2.
[Ipenenbubiit Bug doitrroBekoro mpoduns npu a — 0 gommepoBckuit npoduib

U(0,z) = %e‘m , a(z)=e"" (117)
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yObiBaer Gpicrpee crenennoro. s mero A = 1/4/7, zp(y) = v/In(1/y), & = co. IIpodumm BTOPOTO THIA BCTpEUa-
IOTCSt TP PACCMOTPEHWH MEPEHOCA M3JIyYeHUs B MOJIEKYJISIPHBIX moJjiocax. B ciayuae npssmoyroasHoro npodms (16)
X1 = 0.

[epeiineM K TOAPOOHOMY MCCIEIOBAHUIO ACAMIITOTHK SIEPHBIX (DYHKIWI.

3. AcumnToTnKku sapa u sAepHbIX MyHKImit. PaccMoTpuM cHadana mpocTefimuil caydaii  IHHHIO ¢ 6eCKo-
HEYHBIMU KPBLUTLSIMHA, HAUOOIee MHTEPECHBIH s acTpodusnku. Acuvnrorukn saaepuoi dyukmuu K (1) mpu 6ombmmx
7 Tpebytor 3namua Gynakmun A(y) nmpm manerx y. Chenas B BeIpakeHwm ans 37O dyHkImu npu y < 1 3ameny
nepemennoil naTerpuporanns a(z’) =y, noxyanm mpn y — 0

24 | 24 , [ 24 L[z 24
A _ = 2 /d L 2 2 / / —Qaed r_ 27 2 L~as — */33 1—1/%. 118
) == [ et ~ et [ @) e = et 2Rl (18)
Takum obpazowm,
A(y) ~ Auy™, (119)
IJe BBEJEHBI €IIe JBe BEeIUYUHDI, BHIPAXKAOIINEcs dyepe3 yxKe ussectHble. OqHa u3 HUX
e2—1 1 1
— Z = 120
1= e S BT 1oy (120)
nocrosiiHasi. Bropast —
1-2y 19
A, =2A a7 (121)
142y

MOXKeT OBITH KOHCTAaHTON nnr MM® B 3aBHCHMOCTH OT TOTO, 9€M ABISACTCS (ly.
Touro Tak Ke HAXOAATCSI ACUMITOTHKHU s TPOQMUIs HA KOHEYHOM MPOMEXKYTKe. lefcTBUTENbHO, MPH TaKOM
npocnie

o o

2A 2A 2A ,[—xas(y)])?=rt! 2A _
A(y) _ = / Oéz(x/)dxl ~ _az / (fEO _ x/)zaeldx/ _ _az[ x (y)] _ a; 1/391y1+1/ae1. (122)
Yy ) Yy 2:1 + 1 201 + 1
z(y) Z0+Tas (y)
CuieroBaresibHO,
Aly) ~ A, (123)
U1 B 3TOM Caydae MOSBIAIOTCSA OJHA KOHCTAHTA M OJHA MEIJIEHHO MeHsomasacsa GyHKus (MId TOKe KOHCTAHTA):
e +1 1 1
= > -, =—0, 124
= S T2 M T (124)
2¢—1
A, =2A -1, 125
21 (125)

B oboux ciyuasix acumnrornku Gyakuun A(y) OAMHAKOBBI C TOYHOCTHIO 10 0603HAYEHNUT, TAK YTO MOXKHO ONEpHU-
posath ¢ 1060 n3 Hux. Beibepem, kak GoJee 001y 0, BTOPYIO B KAYECTBE OCHOBHOW (pacrnpocrpanus ee Ha Bee ¢ > 0).
s Takoil ACHMITOTUKY MOIYYaeTcs CAeAyIoNas aCHMITOTHKA saaepHoi dyuknuu npu 3 = O:

I o T(2¢ +1
K(r) = /A(y)e YTy ~ Kas(T) =A*/e v yzcdy:A*%. (126)
0 0

Kpowme camoit simepHoit MyHKIINM HAM TTIOHAIOOUTCS €I1e WHTErPaJ OT Hee:
00
L(r) = /K(T’)dr’. (127)
T
Scro, uro L(0) = 1. Mpu Goabmux 7

L(7) ~ Las(7) = AT(2¢ + 1)/ (Tf)l;l“ = A, rgg). (128)

Hamomunwm, aro mpu ¢ < 1/2 cnexyer npusaTs ¢ = 7.
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Cry4aii 60mee GBICTPOrO, YeM CTEIeHHOe, YOBIBAHUST PACCMOTPUM HA MPUMEpE JOMIEPOBCKOro npoduns. ng mero
oIy 9aem

1

1
2 [ g, 2 W)y y tdt Y Y
A(y)_ﬁy / v \/Ey/ 2y'zp (y') \/7?0/ VIn(1/y)+1n(1/t) \/wln(l/y)/ ra 2y/mp(y) (129)

zp () 0 0

31ech mpuGIMIKEHHO TpH Y < 1 W3-TI0J] 3HAKA WHTErpasa BhiHeceHa Gombiias Bennanna /In(1/y). Bropoe craraemoe
101 BHAKOM KOPHSHA TOXKE MOXKET 6BITB 60J'IB"”/I]\/I7 HO TOJIBKO TTPU MaJIbIX t, KOrJga MaJl MHOYKUTEJIb, CTOHH_H/lﬁ B YUCJINTEJIE.
Takwum o6pazom, dopmyny (129) moxkro 3ammcarh B Buge (119) mpn v = 1/2 w A.(y) = 1/[2v/72p(y)]. Hamomanwm,

aro zp(y) = +/In(1/y).

Hanee, nis aaepHOit GyHKIUN TOTYyIaeM

oo oo

ydy tdt 1
n

T 1 1
K= | Aly)e Vdy ~ ——= | e Y7 = et ~ .
(") b/ ) Y 2\/7_TO Vin(l/y) 2772 J VinT+Inl/t  2y/ar2V/InT

(130)

AHanoruyHo u B Apyrux ciydasx 0osiee ObICTpOro yObiBanus Npoduis, 9eM CTeNeHHol, nonydaerca v = ( = 1/2,
npudeM obs3aTeTbHO npucyTcrsyer MM®.

4. AcumnroTukm mnpeobpasoBaHwmii. Terneph momyunM acuMnTOTHKY TipeoOpa3oBanmii Jlamnaca n @ypre or
siuepHoit ynkunu npu § = 0. Haunem co cayuast 6eCKOHEYHO NPOTSI)KEHHBIX KPbliaber, koraa v < 1/2. Toraa

o0

= _ [ dy 7A(y) dy 73/27‘1 27Z27‘1 A

Kp)= [e P K(r)dr=[A(y)—L=1—p | 2L T 1 pA, [ L —=1-Ap> dz=1-——"""" > (131

(p) /6 (7)dr /(y)y+p ) T P o P e sn@r)? (131)
0 0 0 0 0

31ech HEMb3s MOACTABAATH acuMOTOTUKY (byHkimu A(y) cpa3dy B MCXOAHBIA MHTErpaj, TAK KAK OH CXOIMUTCHA TIPH
p = 0. Tlosromy cHavama CXOASAIIAsACS 9aCTh OBLIA BBIIEIEHA, & ACUMIITOTHKA HAXOMAWJIACH Y PACXOIAIIEHCS TaCTH.
[Tpencrasnasommit ee wHTErpas 3aBUCUT TOHKO OT 7Y ¥ BBIYUCISETCST MO0 ¢ TPeodpa30BaHwst KOHTYPA WHTETPUPOBAHUST
K OCOOEHHOCTSIM CTEMEHHOW (DYHKIMYM W MPUMEHEHHEM TEeOPWM BBIYETOB, JuO0 cBemeHueM K Oera-byHKIuu Jitmepa
nozxcraHoBKoit ¢ = 1/(z + 1) u ucnonb3oBannem GbOPMYIbI TOTOTHEHNS 75 raMMa-QyHKIHH.

OcranbHble ACKMOTOTHKY 1715 v < 1/2 Haxomsarcs anrefpandeckuM 00pa3oM. Tak, Ipu p He BEIIECTBEHHBIX

1 — — A.m 2y 2y
== )~ - —" — . 132
Up) = 51K p) + K(=p)] ~ 1 2sin(2m)[p + (=p)™] (132)
IMpu BewmecTBenHbix 3Ha4YeHUsAX Yy > 0
1 [— K(e™y) + K(e ™y) Aimeos(my) o,
~ — e _—_ — . 1
Uly) ~ 5 | Ky) + 5 1 2sn(r) Y (133)

Haxkonern, acumnroruka npeobpazosanus @ypne nojayuaercs us (132) nogcranoskoii p = e/ 2q;
11, p p yp y it p

A, wu

2 sin(27y)

A, wu

V(u) =U(iu) ~1— 2 )

(™ +e ™) =1-— (134)

Ecnu nmpoduns obparaercss B Hy/Ib Ha KOHEIHOM PACCTOSHUHU, TO IeI0 0O6CTOUT ciaoxkHee. IlepecTtaeT OBITH cipa-
BezyuBoil acumnroruka (131), Tak Kak B 9TOM ciiydae szaepHas (yHKIMS UMeeT M0 KpaiiHeil Mepe NepBblii MOMEHT,
KOTOPBIH# HEOOXOAUMO BBIIETUTH. BbIIENIeHHe TAKUX CHATA€MBIX HAJO MPOJOIKATH B 3aBUCUMOCTH OT KOJUYECTBA

CXOISTIIMXCST MOMEHTOB siIEPHON DyHKITNN

o0 [ee]

K, = / K (7)dr = / rdr / A(y)e Tdy = n! / ;4752 dy. (135)
0 0

0 0

B dopmansrom pazmorkennn mpeobpa3oBanus sigepHOH (DYHKIINNA B Pl TPA MaJIbIX P

oo

K — _ﬁg_ — Oofgyl - _ nﬂﬁ — = _ nfiﬁ n
K(p)_o/A(y)“p_o/ S = Sy (130)

Yy n=0 yﬂ n=0

peryssipHasi ee 4acTh COUEPYKUT CJIaraeMble J0 TaKOil CTeleHn P, CKOJIbKO CYLIECTBYeT KOHEYHbIX MOMeHTOB K (7). D10
o0

d
yQC Y cxonurcest ipu ¢ > n /2, To npu Takux
yn+1

9WCJIO 3aBUCHAT OT 3HAYEHWsT (, & MMEHHO, TaK KaK WHTETPaJI /e_Ty

0

94



cxonurest n-HbIi MoMmeHT. ITpn 1/2 < ¢ < 1 Z0CTATOYHO BBLIETUTH TOIBKO MEPBBIl MOMEHT, MOJCTABUTH ACUMITOTHKY
A(y) m noayunrn

_ TA T Aly) d d
K(p)=1 —p/ (y)dy+p2/ W) dy —K1p+A*p2</z2<*2_Z =1- Kip— A.p* (137)
0 0

m
y? z+1 sin(27¢)”

®opmynnr gist V(u) w U coxpansiior croit Bug (nepsast crenens p nponagaer). [IpocTo HY»KHO CYMTATH, 9TO
v = ¢. Ecma xe ¢ > 1, 10 y simeproii byHKIUM CymIECTBYeT W BTOPOH MOMeHT Ko, mpeoGpa30BaHusi HMEIOT BTOPYIO
NPOU3BOJIHYIO B HyJle U TIPU CKOJIb yrOAHO Gosbmux ¢ > 1

B2 e K22,

— K
K(p) ~1-Kip+ 2207 Up) ~ 1+ 9" Vi) ~1- = (138)
CnenoBarenbHO, MOXKHO TPUHATE v = 1. Takoii pexxum Mbl OyaeM HA3BIBATH AUMDYINOHHBIM.
Takum obpa3om, B ODITIEM CIy9Iae MOXKHO TOJOKUTH
v v <1/2,
Y= Cv C <1, (139)
L, ¢>1

OO6bIYHO OCHOBHOMW ACMMIITOTUKON CYMTAETCS acMMITOTHKA npeobpasosanust Dypre V(u) or sineproit dyHKInn
K (1) npu =0, 3anuceiBaemasi B Bue

1—V(u) ~ Vou??, (140)

a OCHOBHOH acuMnToTnyeckoil koucrantoit (mam MM®) wapsiay ¢ v — senmawnna Vy. Ilpn v = 1 npuanmaercsa Vy =
Ks/2,anpny<1
TA,

Vo(u) = Tein(my)’

(141)

B wacrrocTu, gis moneporckoro npoduist hyHKIHsT

1 T 1 7
Vo) =Vt ~ 1m0 (142)

Bce apyrne dpynkmnn npn 0 < v < 1 BrIpakaiorcst 9epe3 3Ty KOHCTaHTy u Vj:

Aly) ~ QSir;(wv)

Voy?, Uly) ~1-T cos(ﬂ"y)y%, 0<y<l. (143)

C onpenenernem (139) Bug dopmyn (133) n (134) coxpansiercss npu JH0OBIX TPOMUISIX, HATPUMED TTPU MPSAMO-
yrombaoM nipodmie (16), paccesane ¢ koropeim npu [TTTY, kak ormMevanock, paBHOCMIBHO M30TPOITHOMY MOHOXPO-
mMaTudeckomy. ¥ siepHoil dbyukiuu F(7) CymecTByioT MOMEHTBI BCEX MOPSIAKOB, MOTOMY HPU MOHOXPOMATHIECKOM
paccesauu v = 1, Vp = 1/3 u ocymecriserca auddy3noHubiii pezkum.

Yepes Vy dopmyay (126) moxkno nepernmcars npn ( = < 1 rak:

r2y+1)
7-27-1—1

sin 7y

K(r)~2 Vo(1/7) (144)
Ho nockonbky dbopmyna (126) ana aaepuoii dbyukiun depe3 ¢ u A, Gonee obimasi, NpeANOYTUTENHHEE UCTIOTH30BATH

MUMEHHO €e€.

5. Ilormomenne B KouTuHyywme. llepeiinem k 0 < 3 < 1 n maunem c Beqmumnbl (91), KoTopas cBA3aHa C
uHTErpasoM ot saepHoil dyukiun. Ee mosenenne pasnudano npu pasubix (. JdeiicturensHo, eciu ¢ > 1/2) oHa nmeer
KOHeuHyt0 mpou3soanyio mpu 3 = 0, a ecim ¢ = v < 1/2, sra nponssognas Geckoneuna. Korma ¢ > 1, y dbynkunu
A(B) cymecrByer B HyJie U Bropas IPOU3BOIHAA. Bee 3T0 MOXKHO BBIPA3UTh TAK:

1—-2¢ _
W@%;(ﬁ)a 0<(=7v<1/2,
A(B) =245 xo—i—ﬂﬁ Tas(B), 1/2 < C <1, (145)

xo— Pa_1/2A, ¢ > 1.

Ipenenst ¢ — 1/240 nonygaiorcsa Kaxkapiil u3 cBOEro Bbipaxkenus. ®opManibHO UX MOXKHO OObEAUHUTD, €CIH CYUTATD,
aro xg = 0 st npoduieit ¢ GeCKOHEYHO NPOTSI)KEHHBIMU KPblUibsiMu. Bropoe caaraemoe npu 1/2 < ¢ < 1 menbine
nieproro. st mommepoBckoro mpodnist

20 1

AR~ T2y g (146)
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Mowment npoduist moraomenus mopsaaka — 1

a_y = / e (147)

cxomures nipu ¢ > 1. Inga BeiBoga dbopmyibl, orpaxaorieil nosegenue A(S) npu ¢ = 1, TpeGyercsa Gosee moapobHast
urdopmarus 0 MM® ().

Ecan 8 > 0, acumnroruka sigeproit dyukuun K (7, ) npu nocrarodno 601bmmx 7 06s13aTeIbHO CTaAHET IKCIOHEH-
nraabHo#. CMBIC aCUMIITOTHKH sSiApa MPU HAJWYMK CJ1ab0ro HEMPEPHIBHOTO TONJIOMIEHUs B TOM, 9T00bI ipu 7 > 1
npounssegenne T3 MOIJIO OCTaBaThCs MPOW3BOAbHBIM. [loacrarus B BRIparkenmne (89) acummroruky (123), nomyunwm
UCKOMYIO0 ACUMITOTHUKY siIepHON hyHKIHNU:

K(7,8) ~ Kas(7)(2C + 1) Exc42(75), (148)
TaK KaK oo oo oo oo
/6 t2<+1 /tzcﬂdt/ew(ws / (149)
2§+2 t—|—s 2§+2 2<+2
0 0 1 1

g npuMepa IpUBeIeM aCUMITOTUKY JOIIEPOBCKOl syieproil dyukuuu (v = 1/2). Eciu dyukuumio Es Bbpa3uTh
4epe3 Eq u akcnoHeHTsl, To u3 (148) HaxOoIMM

1
2\/72VInT

ITpu f — 0 acumnrorukn (148) u (150) nepexousit B (126) u (130) coorBercTBEHHO.

Caenytommnmn pacemorpum byukuun V(u, ) u U(p, 3). TIpu arom Bropasi pyHKIMsST BXOAUT B BhIPAKEHUST I1JIs1
PE30BBEHTHBIX (DYHKIMI MTPW BEIIECTBEHHBIX apryMeHTax p = y > [3, Tak 4TO ee aCHMITOTHKY Haii[eM NP Takux
BHAYEHUSX P.

®yuxyu V(u, 8) uU(p, 3) upu ckoib yrogao Manbix 5 # 0 UMEIOT BTOpbIe IPOU3BOIHBIE B HYJIE, KOTOPBIE PACTYT
¢ ymenbinenueM 3. IToaTomy Korga mx apryMeHThI 3HAYATETLHO MEHbINe (3, 3TH (PYHKINNA 00sA3aTETHHO OyIyT BECTH
cebst, kak ecym Obl ObI0 ( > 1. MHTepec npeacrapisiior (POPMYy/bl, KOTOPhIE B MPENEIbHBIX Ciaydasx [ < p,u u

K(r,B) = (1= Br)e™P" + (Br)?E1(B7)]. (150)

p,u < [ nepexoasar coorBercTerno B (134), (133) u B nx obmwmit npegen (145). Orn umeOT pasaugHbIl BUI TPA
v#1/2u~=1/2. B nepeom ciydae

1—V(u,B) ~ 24z08 + Vou'V,(B/u), (151)
—U(B +y., B) ~ 2Az0 + Voy* cos(my)Uy (B/y), (152)

rae

V., (s) = (1 + s2)7*/2sin((2y + 1) arctg(1/s))/ cos 77,
U, (s) = [(1 4 2s)2 1 + cos2m7]/2(1 + s) cos? T7y.

Jlns 1omnepoBCcKOro mpoduiist moIyIaeTcs

V(u, B) ~ % [&cn(q) + (# arctg% + ﬂ) ﬁ@] : (153)

5+ 903+ 5) = (8= pan(8 — )] + oz [ A2 - _B2)

1—U(p,B) ~ 8pyT lep(B+p)  ap(|f—p|)

1
- 154
Baeck ¢ = \/u? + (2. Ha JuHUYM BETRJIEHHUST BMECTO P HAJO TOICTABUTE .

Takum 06pa30M, MbI IPUBETU ACUMITOTUKA BCeX (DYHKINIA, KOTOPBIE BXOJAT B TOYHBIE DEIIEHUS OCHOBHBIX HHTE-
rpanbHBIX ypaBHeHwuit. Teneps MOXKHO 0OPATUTHCS K CAMWM 3THM DEIIEHUSM.

§4.6. Acumnrorudeckue (bopMyJibl AJ9 TOUYHBIX pereHuii

1. BeckoneuHnas cpeja. 3 dynakmmii, xapakTepu3yonnx MePeHoc N3a1y9eHns B INHWH, 1T KOTOPHIX MOy IeHbI
TOYHBIE BBIPAYKEHUsI, PACCMOTPUM DPE30JbBeHTHbIE (DYHKIMU GECKOHEYHON u monybeckonednoi cpen P (1), @(7), a
takxke H-byrkmuo. Haumem ¢ 6ecKOHETHOM Cpebl, TpuYeM orpanudnmMcs ciaydaem v < 1 u 3 = 0.
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IMoacrasus acumnroruku (119) u (133) B BoIpazkenue [y pe30JbBeHTHON BYHKIMU, HAlieM st GONBIINUX ONTH-
9eCKuX TUIyOnH

A2
Do () ~ NG <I>as 2 (r/N), (155)
rae Besmunnaa A onpegensiercss GopmyJioi
N 1/2v
A= |—— 156
[1 - ,\] ’ (156)
a ACUMIITOTUYECKAA d)yHKIH/Iﬂ
2@ = [ Ry @y, (157)
0
rie
. 2,7
sin(7y Yy
Ry (y) = 22 (158)

7 142y cos(my) + y¥r’

ITpu nouTn KOHCEPBATMBHOM paccesiHumu MHOXKUTENh A 1pu Vy B (156) MOXKHO OmyCTUTS.
Ecim Q — 0, 10
1
2 cos(my)[(27)Q1—27
1
PR(Q)~ 4 —In5, v=1/2, (159)
T

9

2y sin(m/27)
Coorrercreenno aromy npu A — 1 (rorga A — 0o, Q@ — 0) byukuus $25(Q) — oo, ecan v > 1/2. 1o o3nauaer,

9TO TIPW TAKWX TPOMUIAX TOTIONEHUsT CO3JaHNe CTAIIMOHAPHOTO MOJIsT W3JIy9YeHnsT B OECKOHEYHOI Cpee C TIIOCKUM
WCTOYHUKOM MPH KOHCEPBATUBHOM PACCETHUN HEBO3MOXKHO: OHO HECKOHEYHO BETUKO, KAK W MPH MOHOXPOMATHIECKOM

;7 <1/2,

.y > 1/2.

paccesiuuu. Ecau mporecc u3nydeHus MepBUYHBIX (POTOHOB IIOCKOCTHIO B OECKOHEYHON Cpejie HAYaNCs B KAKON-TO
MOMEHT, TO 3Th (POTOHBI HE WCUE3AIOT W HE BHIXOAAT u3 cpenbl. [loaTomy m3nydenwe Oymer TOMHKO YCHIWBATHCS W
€ro WHTEHCWBHOCTH CTaHeT beckoHewnoit. Ha mpakTnke Takoe HEBO3MOYKHO, TaK KaK C YCUIEHWEM W3Jy9eHWs HATHYT
BKJIIOYATHCS HEJTMHEHHBIE TTPOIECCHI.

Buauenue v = 1/2 aBnisieTcst MOrPAHUYIHBIM, PA3JIESIONMM TPOMUIN TOMIOMIEH)s Ha 1Ba Kiaacca. [Ipu npodumsx,
y KOTOPBIX ¥ < 1/2, T. €. UMEOIINX NPOTAKEHHbBIE KPbLIbs CO CTENEHHBIM yOBIBAHUEM B KPbLIE, CTAIUOHAPHBINA PEKUAM
B OECKOHEYHOI Cpejie BO3MOXKEH, TaK Kak (DOTOHBI YXOIAT B OECKOHEUYHBIE KPbLIbS U HE HAKATLIMBAIOTCA. B mpoTuBHOM
cyvae CTAIMOHAPHBIM PEKWM HeOCyIecTBUM. Bosee ObicTpoe yonBanme mpoduist nan obpalieHne ero B HyJIh TTPHU
CTAIMOHAPHBIX MIOCKUX MCTOYHUKAX MPUBOAAT K HEOTPAHWIEHHOMY HAKOTIIEHNIO (DOTOHOB B DECKOHEWHOM Cpejie.

B mpoTuBONONOKHOM MpefenbHOM ciaydae @ = 7/A > 1 umeem

#2(@) ~ 2 (1 4 29 g (160

Bennunna A, BBenennas 3aech (popmanbHo, OJM3KA K ONPEIeISBINENCa PA3HBIMU aBTOPAMW JJINHE TEPMaJIN3alnn,
0 KOTOPOH NOoiAeT pedb Jajee.
Teneps obparumcest K morybeckorednoit cpeme. Pacecmorpum ornensao H-QyHKINIO 1 PE30IBBEHTY.

2. Acumnroruku H-dysknuu. B soipaxenue qis H-byakimuu sxoaut Tonbko dyuknusa V(u). Tonb3ysch
aCHMNTOTUKAMU TI0CJIEHE, OU€Hb 1IPOCTO BhIBeCTH acumrnrorndeckue dopmyast s H(p) npu |p| < 1, npuuem p
MOYKHO CUMUTATh U KOMIIJIEKCHBIM.

Ucnonbsysa dopmyny (140), Haxomum, 9ro npu 06X ¢ BBIIOIHIETCA CBOACTBO ACUMITOTHYECKOH aBTOMOIETbHO-
cTu:

H(p) ~ A (A\Vo) " 2h(pA), (161)

e aCUMIITOTUYEeCKaA beHKIH/Iﬂ

_ 17 9y du
h(q) = exp — /ln [1+ (qu) ]m (162)
0
Ora GyHKIMs 00/1aa€T BAXKHBIM CBOHCTBOM
h(1/q) = q"h(q), (163)

C TMIOMOIIBIO KOTOPOTO 3HAYEHUS ee MpU ¢ > | BHIPAXKAIOTCH depe3 ee ke 3HadeHus npu q < 1.
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IIpu ¢ > 1 Benuuuna v = 1 u, cnegoBaTenbHo, B 1udPy3uOHHOM pEKUME

h(g) =1/(1+4q), H(p) ~ AAVo)/2/(1+ pA). (164)

3. AcuMOTOTUKN Pe30JIbBEHTHOU (DYHKIMHU. DTHU aCUMITOTUKU HANKMCATH TENEPh HE COCTABJSIET TPYyIad, Tak
KAaK BbIPAYKEHUE I/ PE30JbBEHTHON (DYHKIMU NOTyOECKOHEUHON Cpebl COMEPKUT TOT K€ MHTErpas, 9410 u P (7),
HO 07l MHTEerpajioM jaobasigerca MuoxuTenb 1/H (y). AcuMnroTuku Bcex BXOAANIUX B 3TOT UHTErpan (pyHKIUR yiKe
npusesensl. [loaTomy HaxomuMm

(1) ~ ATTH(AVY) T 2®,(7/A), (165)

e aCUMIITOTUYEeCKaA d)yHKI_H/Iﬂ nMeeT BUJ

5 (@) = [ R @2 (166)
0

Tak kak mpu DOJIBIIKUX () B 3TOT MHTErPAJ OCHOBHOW BKJIAJ JAIOT MAJIBIE Y, & MPU MaJbix () — BosbIme ¥y, TO

sin(7y) I'(1 4 27)
Bos(Q) ~ 7T1 QU2 npn Q> 1, (167)

Ormerum, uro dyukuus ®(7) B orimune or o (7) Beerga mMeer CMbICI, B TOM YHUC/IE W NIPH KOHCEPBATUBHOM

paccesinuu. BeckoHeuyHOMY HakoTIeHHI0 (POTOHOB B CPee MPENsITCTBYeT WX BHIXOJ Yepe3 IPaHMUILY.
Ob6parumcs K IBYM MPEIETbHBIM CIydasiM.

4. TlouTu 4YmMcTOEe MHOIJIOILIEHWEe W KOHCEepBAaTMBHOE paccesiHMe. B 3TOM MyHKTe NOApobHee pacCMOTPUM
JABa TMTPOTUBOTIOJIOZKHBIX Cﬂyqaﬂ: KOTZa BEPOATHOCTH BBIZKUBAHUA (bOTOHa, MaJla, TOYHEEe He 6.}'[1/]3}(3, K 17 N KOorJga OHa
paena 1. [Juist mpocToThl canTaeM, 910 KOHTHHYyM oTcyTcTByeT. COOTBETCTBYONINE ACUMTTTOTHYECKHE (DOPMYITHI MOYKHO
nOﬂquI‘B HEMOCPEACTBEHHO U3 TOYHBIX WUJIN 2KeE U3 O6H_H/]X ACUMIITOTUYECKUX d)OpMyﬂ

Ecmu 7> 1, a 1— )\ me mano, tounee eciu 7 >> A, 10 usz dbopmyn (155) u (165), BOCIOIB30BABIIACH ACUMITOTHKAMY
(160) u (167), naxoaum

AR s(7) AKs(T)
Doo(1) ~ ——=, B(1) ~ ———.
(1—N)?2 (1 —N)3/2
st BBIBOJA KOHCEPBATHBHBIX ACUMIITOTUK AOCTATOYHO TOJOKATH B TOYHBIX BBIPAYKEHUSAX A = 1 W NpUMEHUTH
y¥Ke HCIOMb30BAHHY0 TIPONEIYPy MOMy4YeHHs aCHMOTOTHK. Te e pe3ynbTaThl MOMydaTcsd, eClu IepeiTH K Ipeaety
npu A — 1 B dopmynax (155), (161) u (165). Tak, aisa Geckorednoii cpeapl u3 dbopmynbt (155) mpu 7 — oo u v < 1/2
(KOTOpBIe TOJIBKO 1 BOBMO)KHBI) HaXOIUM

(168)

1
Do (1) ~ . 169
(7) 2Vy cos my L(27) 71 -2y (169)
Anamornyso anst moyGECKOHEYIHOHN CPeibl, HO TPH JOOBIX ( UMeeM
H(p) ~ Has(p) = Vo /*p™7, p = 0, (170)
B(r) ~ Bus(r) = Vg 2 /D)7, 7 oo (171)

Ormerum, uro ®(7) B ciayvae KOHCEpBATUBHOIO paccesinusi npu ¢ > 1,y = 1 na Goubinx riuybunax 6in3ka K 10oCTo-
STHHO, 9TO XOPOIIO U3BECTHO U3 TEOPUU MOHOXPOMATHYECKOTO PACCESTHUS.

5. nuna repmanuzanuu. U3 npusefeHHbIx (HOPMYT CIEAyeT, 94TO npu 7 K A paccesHue MTPOUCXOIUT, KAK
OyATO A B TOYHOCTH PaBHO 1 ¥ MCTMHHOE MOIJIOIIEHWE HEeCyllecTBeHHO. Kcim ke 7 cpaBHuMO ¢ A, TO norJiomeHne
BKJIFOYAETCsl B TPOLECC PACCEsSIHUS, a HA OYEHb OOJIBIIUX T Pe30JIbBEHTHbIE (DYHKIMHU TIPONOPLMOHAJBHBI SIAEPHON
dyukmun. Benruunna A pasgenser ase obmacTv TyOWH.

YKa3aHHOE CBOWCTBO PACCESHUSA B JIMHUYM MOYKHO TTPOULITIOCTPUPOBATH cleayoium obpa3dom. Pacemorpum dyHK-

§1054{0)
-

U(r)=¥(r,0)=1 +/‘I’(7‘/)d7'l. (172)
0
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lgW(r,\) g |
1-2=0

i 3 10°°
i | 1076
A | 107*
gl 3) (4) 1072

T N :lgTb
0 | | ! |

0 2 4 6 8 10 lg7

Puc. 6. ®ynxnus ¥(7,\) ass1 momaeposckoro npoduist mpu
sramenmax 1 — A = 1072", n = 1(1)4.

dcuo, aro ¥(0) = 1, a npu GonbIIKX 3HAYEHUAX aprymenta u A < 1 31a dyHKIMA GIU3KA K CBOEMY 3HAYECHHIO HA
GeckonegnocT, papaoMy 1/4/1 — A. B To Ke BpeMsi Ipu 4UCTOM paCCesHUU
et

U(r) ~ e (173)

Ha puc. 6 npencraBienst rpadpuku 310 GYHKIUN I8 psaaa 3HadeHuit 1 — A, BBIYUCIEHHBIE MPH JOMLIEPOBCKOM
npoduIe MONIOMEHNs. SHAYCHHST apryMeHTa T, GYHKIuA ¥ IpH YUCTOM PACCETHHUH, IPH KOTOPOM OHA PABHA, ACHMII-
TOTHYECKOMY 3HAUEHHIO TaKOil yKe (DYHKINM MPH MOYTH KOHCEPBATHBHOM paccesHud, T.e. W(71,) = 1/4/1 — A, odenb
6m3km k A. Jeiictrurennro, mpu 1 — A < 1 MOKHO BOCTIOK30BATHCS acMMNTOTHKOH (173) m mosyanTh onenky

Vo 1/2~
L Y (14717, (174)
1-X
970 orndaercs or (156) Ha MHOXKHUTENb mopsiaka 1.
Takoe COBIAJICHNE ONPABABIBACT HA3BAHUE BeMMIWHBI A, BBeeHHON dhopmanbro. Beumy Toro, uto dyuknua W(7)

onpenesadeTcda ypaBHEeHUueM
o]

A / / /
5 /K(|’7’ -7 ) (r)dr’, (175)

0

<
3
I
S
|
>
_|_
|

npoussenenne /1 — AU(7) sirssiercst orHonennem GyHKIMU HCTOYHUKOR B 33a4€ 0 N30TEPMHUYECKOi cpeje K byHKIMn
[Manka, BHIYUCIEHHON [1JIsi YACTOTHI JIMHUK TIPU TeMieparype cpeabl. [Ipu 7 — 00 3T0 npoussegeHue crpemMures K 1,
T. €. yKa3aHHast PyHKIMS UCTOYHUKOB CTAHOBUTCSA paBHO dynkiunu [1narnka, 9To Ha3biBaeTcsa Tepmanuianueii. Takum
o6pa3oM, [IIWHA TepMATU3ANUYA  ITO TMOTPDAHWYHOE 3HAYEHUE ONTUYECKOH riaybmubl. Ha paccrogHusx oT TpaHuUIs,
CYIIECTBEHHO DOJBINNX €ro, MPOUCXOIUT TEPMATU3ANNS ATOMOB U u3nydenns. Bo30yxkaenne onpeaensercs hopMyroi
Boubmana, n uziydenne cranosurcst yepHoresbubiM. Hanporus, cnag dynkunn ¥(T) K rpanuie cpepl BCJIEICTBIE
BBIX0/IA M3JIyYeHUs] TPOUCXOAUT TAKXKE HA PACCTOSHUSIX MMOPSAKA Th, TAK YTO 3Ta BEJIUYNHA XaPAKTEPU3YET TOJIILNHY
TTIOTPAHUTHOTO CJIOST.

SamMeruM, 9TO €U OMPEeIeUTh TEM Ke CIIOCODOM BETUYUHY Th I8 MOHOXPOMATHYECKOTO PACCETHUS, TO COTTIACHO
dbopmyne (104) n3 rnapsr 3 monyunres 7, ~ 1/4/3(1 — A) ~ 1/k, aro cornacyercs ¢ acumnrorukoit (174) mpu v = 1.
Taxwum oopazom, mpu paccesiunn ¢ [ITIY mpu npsimoyroasroM mpoduie niim 00PAIIAIONIEMCST B HYJIh Ha KOHEIHOM Pac-
crostaum ¢ &1 < 1 (torga v = 1) anvnaa TepManu3anuu BO3PACTAET C MPUOINIKEHNEM K KOHCEPBATHBHOMY PACCESHUIO
MeJIIEHHee, 9eM B CIydae JIWHUM ¢ OECKOHETHBIMYU KPBLILAMHA WU TIpH &1 > 1.

[Tpu HaTHYHK TOTIOMIEHNsT B KOHTUHYYME, T. €. ipu (3 > 0, TaKKe MOXKHO TIOIYYUTh ACUMITOTHIECKAE BhIPAYKEHUS
JIIS PACCMATPUBAEMBIX (DYHKIUH, OIHAKO OHU ropa3mo Oomee CI0XKHBIE, U Mbl WX He npuBoguM. OTMeTHM JHUIITH
cnenymwomee. Anepuas dyHknus comepkuT npousdBemenue 7. Takoe ke mpou3BeeHNe BONIET W B BBIPAKEHUS IS
pesoabenTHbix dynkimit. [Ipn 0 < v < 1 B acumnrornkn BxoasiT aBe Macirabubie Besmunnbl A u 1/5. Bonee paxna
Ta, kotopas 6oabmie. Ecim A = 1, To npu v < 1/2 ocraercs ogna 1/3, a npu v > 1/2 6yner A ~ 1//3 < 1/8. Ias
00heIMHEHNST YKA3AHHBIX JBYX CJAYyYaeB MOYKHO BBECTH OOODIIEHHYIO JJIMHY TePMaIN3aInu

)\‘/E) :|1/2'y

As = [m (176)
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Takasa komOunarus A u (3, ecnu v < 1/2, nepexomut B (156) npu 1 — A > A(SB), B 1/ B IPOTUBONOIOKHOM CJIydae
N OTJINYaEeTCAd OT AJIMHBI TE€PpMaJIUu3alnuun, Onpeﬂeﬂﬂel\/]oﬁ B Pa3HbIX CTAThAX, JIUIIH HA YUCJIEHHBIT MHOKUTEJIb. KOF'Ha
x)e 7y > 1/2, soipaxkennst (156) un (176) auist [ivHBl TEPMAIN3ALNY TPAKTUYECKH DABHOCHJIBHBI.

MozkHO cKa3aTh, 910 (PU3UUECKUIT CMBICT JAMUHBI TepManu3aimu (176) 3aKI09aeTcs B CIeLYIOMEM: 3TO PACCTOSHUE,
HA KOTOPOM POXKIEHHBIH (POTOH THOHET B Pe3yIbTaTe HENEPEN3MTyYeHAs B TMHAN AW TIOTJIOMEHUs Ha, Iy TH. PaccTosane
3TO He3pa3MepHo, TaK KaK U3MEPSeTCs B IIUHAX CBODOIHOTO mpobera (pOTOHOB B IeHTpe JuHnn. OU3ndecKuii CMbBICT
npounsBenennst 3T SICEH: 3TO PACCTOSTHWE, N3MEPEHHOE B CPEJHNX JJIMHAX CBOOOAHOTO mpobera pOTOHA B KOHTHHYYME.

IMoauepkuem cienyrouire n3 npueedeHHbx acumnroruk daxrel. [Ipu v > 1/2 orcyrcrsyer perienue 3aj1adn o
TIJIOCKOM CTAIIMOHAPHOM MCTOYHHKE B DECKOHEYHON KOHCEPBATHBHON CPee, a B ACUMITTOTHIECKUX ODJIACTAX PEIeHnst
3aBUCAT OT KOMOMHAIMI MepeMeHHbIX: oT 7/A u 37.

Bosnee nonpo6Ho acumnroruyeckas Teopus u3noxkena B kaure [31] u o63opax [54,57]. OTmerum TakKe, 9TO aCHMII-
TOTUKM Pe30JibBeHTHBIX (ByHKIMIT GeCKOHEUHOIT cpe/ibl Obliin nostyyensl B crarbe [35]. B pabore [58] mist gomieporckoro
u JiopeHeBckoro npodueit Boranciaenbr GyHrinn @ oo (7), P25 1 no Hum GblIa OLIEHEHA TOYHOCTH ACUMIITOTHK, KOTOPast
okazaJiach 10cTaTo9HO Xopoineii. Acumnroruka (161) Gbuia Biiepsbie BeiBeseHa B pabore [34], ram e Oblia oleHeHa ee
HOTPEITHOCTD st 1omiepoBekux dyukimii. Togrnocts GoArTtoBeckux acuMnToTuk onenuBanuch B [50]. Acumnroruku
PE30IbBEHTHBIX (DYHKIUI MPU HAJMYMU HENPEPBIBHOIO TONIOIIEHUsT BhIBEICHBI B mybaukanuu [48].

§4.7. Ilpubau>keHHbIe peIleHnd

1. Meron BeiHeceHus. B nacrosimem naparpade n3/I0KUM W3BECTHBIE W TMUPOKO TTPUMEHSIEMbIE B TEOPUW TTIPH-
OTMKEHHDBIE PEIIeHrs OCHOBHOTO HHTEIDATBHOTO YPABHEHHUs IEPEHOCA U3y IEHUS B CIIEKTPATBHON TUHUY TTPU TOTHOM
MePePaCIpPeIETIEHUN 110 9aCTOTE

S(T) :S()(T)—F%/K(|T—7-/|)S(7")d7'/, (177)

Cragama K 3TOMY ypPABHEHHUIO MBITATUCH TPUMEHSTH MPUOJIUAKEHHBIE METOIBI, KOTOPHIE MIPUMEHSITUCH IPU MOHO-
XPOMATHYECKOM PACCESHUU U W3JI0KeHbl B rimase 2. OIHAKO OHU [IaBaIU IIJIOXWE PE3yabTaThl, HE COLIACYIONIUECs C
dbuzukoit 3anaun. Meprriit agexkparnbiii 3a1a4e Mero OblI NPeIOKeH apropamu camoro npubmnnxkennst [IITY [6,71]
n Hocut Haszsanme memoda bBubepmana—Coboresa, nam memooa GbiHECEHUA.

DTOT METO 3aKII0YAETCA B TOM, 9TO UCKOMAag (bYHKIM UCTOYHUKOB B ypaBHeHuu (177) BBIHOCHTCS U3-TI0]] UHTE-
rpasa B Touke 7' = 7. Torga nmpu OTCyTCTBUY TOTJIOMIEHUS B HEIPEPBIBHOM CITEKTPE

So(7)
S(r) ~ 7 . (178)
1-— 3 /K(|T —7'|)dr’
Boipasum unTerpannl B 3aamenarene (178) wepes unrerpan or aaepHoii dynkimu  dyakuuio L(7):

T0 T—Tx TO—T

/K(|’7’ —7r')dr’ = / K(r")dr + / K(r')dr =2 — L(t — 1) — L(10 — 7). (179)
Tx 0 0

OkoHuarebHO g

S(7) ~ o(7) (180)

1_A+%[L(T—T*)+L(TO—T)]'

Takoe o4eHr MPOCTOE PEIIeHNe, [IJIsi BBIYUCJIEHNST KOTOPOTO JAOCTATOYHO 3HATH TOJILKO OAHY (DYHKIWIO, STRIISIETCS
HETJIOXWM MPUOJINIKEHHEM K TOYHOMY PENeHnio B TiiyOnHe cJiosi, T.e. B TOYKaX, Aajieknx or rpanwi. QKoo rpanuil
TOYHOCTD DEIeHNsT PEe3KO MAJAET, OJHAKO TO pelieHue JTaeT BO3MOMKHOCTH BBIYUCSATH BEJUYUHBI, BbIPAKAIOIIAECS
Yepe3 MHTerpasbl OT (DYHKIUHM UCTOYHMKOB (r100ajbHbIE) M, B 9aCTHOCTH, MHTEHCUBHOCTH M3JIy9E€HUS B KPBLIbAX
JINHUH.

MeToa npuMeHsSICS W TIPW ydeTe TOTJIONIeHNs] B KOHTUHYyMe. JInst GeCKOHETHOM cpeanl (Tp = —Tx = 00) B 3TOM
CJIy9ae MeTOJ] BhIHECEHWs JAeT MpubmkeHHyio hopmMyry st GYyHKIINY NCTOYHUKOR

So(T)

S0~ T 30— AGT (181)
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JLs MI0CKOTO C/I0sSi METOJI, BBIHECEHUS PUBOIUT K (hopMyIIe

S(r) = So(7) , (182)

1— M+ %[P(T, B) + P(1o — 7, 3)]

re

P(r,8) = AB) + L(r, 8), L(r,f) = / K(,B)dr. (183)

B ciyuae nomybeckoHEUHOM Cpebl CAeayeT mOI0XKUTh Ty = 00.

Onucanayo Tponeaypy MOIydeHus: TPUOIMKEHHOrO PeIllenns: HAa3bIBAIOT Takxke “on the spot approximation” uniu
BepOATHOCTHBIM MeTonoM. Ilocennee HazBaHUE OTPAXKAET BEPOATHOCTHBIN CMBICT SAEPHON (DyHKINN, KOTOpAs siBJIs-
€TCs1 TNIOTHOCTHIO BEPOSATHOCTH TOTO, 9TO (POTOH, W3JIYyIEHHBIH HA HEKOTOPO# TiyOnHe, 1oifaeT 10 rayOuHbI, OTCTOSAIIEH
OT TIepBOii Ha T,  Tam norsorutces. [Toaromy 3namenaress B (182) ecTh BEPOSITHOCTH TOTO, YTO MOTJIOIEHHBIH HA TIy-
6ure 7 GHOTOH MO0 HE TMEPEeu3NyduTCsd B JUHUH, TUO0 OyAeT MOTIONeH B KOHTHHYyMe, Mub0 J0WJIeT 10 OTHONW u3
TDAHWIIL CJIOST ¥ BBIAIET U3 CPEJIbI.

BnocmeacTBun, mocie pa3BuThs ACUMITOTAYECKONH Teopun, ObLIT MPEII0KEH CYIIECTBEHHO O0ee TOYHBIH npudu-
JKEHHBIIT METO/I.

2. Bojsee To4HOEe pellieHMe JJisd TOJyOecKOHedHOI cpeabl. PaccMorpum ypasHerne
AT
N(r,70) =1+ §/K(|T—T'|)N(T',To)d7/. (184)
0

Ounpenensiemas um byuaxmus N (7,7) npu 790 = oo u 3 = 0 BbIpazKkaercs 4epe3 yxke pacCMaTPUBABIIYIOCA (DYHKIIUIO
U(r):
N(r)=N(r,00) =V¥(7)/V1—=-X\ Y(r)=1+ /(I)(T/)dTI. (185)
0

Bocnonbayemcs coiicrBamu dyrkuun ¥ (7), 0 KOTOPBIX MOBOPUIOCH B TIPEIBIAYINEM mnaparpade.

[ockonbky acumnroruka dbyukimu L(1) ~ A T(2y)/7%7, To cornacuo dbopmyie (173) ¢ TOYHOCTBIO 10 MHOKHTEIs
HOPSAIKA eUMHUIBI MOXKHO 3amucatb VU(7) ~ 1/4/L(7). I3 aroit GbopMy bl U MPUBEIEHHBIX BBINIE YACTHBIX 3HAYCHMUIT
dbyunkunn ¥(0) =1, U(co) = 1/4/1 — A BoITEKAIOT SMIIUPUYECKHE T10ArOHOYHBIE (DOPMYJIb [33]

1 1
v~ N~ =TT

T VTN

Bamerum, 9to dopmyna (186) aBIgeTCA IMIMPUUECKUM YTOYHEHMEM METOA BBIHECEHWs s CJI0EB, OJU3KUX K
rpanrume. JIeficTBUTeNhHO, TT0 3TOMY METOLY MBI ObI TOJIY 9UIH

VI—A 1
L(7)

Y - Py '
1-A+—=L 1—MN+2
5 (1) 3=

Buano, uro dopmynst (186) u (187) coBmanaior, eciu Ha Gomnbiux raybunax, tam rae L(7) < 1 — A, Boiectu 1 — A
U3-TIOJl KOPHSA, a 3aTeM Pa3JOKHUTh OCTABIIUiiCA KOpeHb 1o ¢gopmyne Teiimopa ang Manoll BeTHYMHBI  OTHOLICHHS

(186)

U(r) ~ (187)

L(7)/(1 — X). Bamerum TakKe, 4TO €CJAM NPUPABHITH YKA3AHHOE OTHONIEHUE €JIMHULIE, T. €. TI0JI0KNUTh

AL(n) ~ A*P(f” —1- (188)
2 2

TO COOTBETCTBYIOIIEE 3HAYEHUE ONTUYECKON ITyOUHbI
I'(27) \/ sin(my) . T(27)
v a2 [o8mmY) e 2 E) 189
Tt \/ 1—\ T (189)

C TOYHOCTBIO JI0 MHOXKHTEJIS MOPSAIKA eJUHUILI COBIALET C JIMHON TepMaau3anui A.

Brisenennoe npubanxennoe npeacrasnaenne (186) maTerpansa or pe3oanLBEHTHON (DYHKIMM MO3BOJSIET TTOJLYIUTH
npubirrkenne u K camoit aroii dbyukuun [33]:
d(r)
dr

K(7)

() = AT AL(DP?

_ % (190)

Owo corymacyercst ¢ aCMMIITOTUKON TIPM CUIRHOM MCTWHHOM TOTJIOIIEHH — BTOPOi hopmynoit B (168).
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3. Koneunsrii caoii. lanee npubamkenne (GopMaIbHO PACTPOCTPAHACTCA U HA CAyYail MOTIOMEHNST B KOHTHHY -
yMe, 1 Ha miockuit caoil. Beuay cummerpuanoctu dbyukuun N(T,7)) OTHOCHTEIBHO CEPEAUHBI CJI0si TPUOIINIKEHHOE
pemenve ypasuenust (184) mMoXKHO 3anucarb B BUIE

1
VI At AP(r, B)/T - At \P(10—1,0)]

N(1,710) ~ (191)

®@opmyia 118 pe30JbBEHTHON (DYHKIMH TI0J1ydaeTcs HE3aBUCUMO, TaK Kak i maockoro cios dbyuaxmus N(7,7g) He
onpenensercs gopmynoit (185):

D(1,70) =

é K(Taﬁ) 1_)‘+AP(T076) (192)
2

=X+ AP(T,B)2\| 1 =X+ AP(1o — 7, B)

CpaBHenne ¢ pe3yapTaTaMu PACIETOB IO TOYHBIM (DOPMYyJIaM M TPH MOMOIIN YHCAEHHBIX METOIOB MMOKA3aJI0, 9TO
npubinzkennsie dbopmysnst (191) u (192) Bo MHOrMX Citydasix JAIOT AOCTATOYHYIO TOUHOCTh. O6hIuHas omubka He rnpe-
BOCXOJIUT HECKOJIBKHX IPOIEHTOB. JIUIIb B caMBbIX HeOJIArONPUATHBIX CUTYANUAX MOTPENIHOCTD JOCTUTAET TECATKOB
OPOIEHTOB MIPY M3MEHEeHNW CAMHUX BEJWYMH HAa MHOTHe TOpsIKHU [63]. YKazaHHble HOPMYIIBI ¢ TApAHTHENH MOXKHO HC-
[OMB30BATH IPHU PacdeTax HoJell M3IydeHHud B CPeJax, IJe U3/IydeHre UrPAeT He OCHOBHYIO POJIb, U B JIOOBIX Cpelax
JIs OLIEHKUW 3TOW POJIN.

§ 4.8. Metoa maciirabupoBaHus

1. MacinrabupoBanue nmepeMeHHbIX. B 3T10M maparpade u3a0:KuM ere OguH MeTO HAXOXKICHUS aCUMIITOTH-
YeCKHUX MPEICTABIEHUN peIeHnii ypaBHeHnsa mepeHoca u3nydenns. Meroma ObLT pa3zpaboTaH U ITUPOKO MPUMEHICS
rpymnoit gppaniysckux reopernkos [92,95].

PaccmoTpum i1t IPOCTOTHI TOJILKO OECKOHEYHBIE CPEeJbl, paccesinne B juHun ¢ 7 < 1/2 w 6e3 norJolieHus B
KOHTHHYYME, TaK 9TO [HapaMeTpaMu 3a/1a49u ABIAI0TCA Benudusbl A u v < 1/2. [lpeanonaraeM, 9ro paccesnue 61U3K0
K KOHCEPBATUBHOMY, T.e. 1 — A < 1.

Metoa 3aKTI09aeTCI BO BBEICHUN HEKOTOPOTO MHOXKHUTENS T B ONTHYECKYIO TIyOHHY, T.€. B U3MEPEHUH TJIyOnHbBI
HE B CPeIHWX CBOOOMHBIX mpoberax (pOTOHOB, a B eaWHWUIIAX OOJIBITIEH BEJIWYUHBI, a UMEHHO — MPOW3BEIEHUN T Ha
cBOOOIHBIN 1pober. MHOXKUTEIN BBOAATCS U B UCKOMbIE BEJIMUMHBI. 3aTEM YKa3aHHbIE MHOYKHUTEIN TIOAOUPAIOTCS TaK,
9ToORI TP A — 1 M 7 — 00, T. €. B ACMMIITOTHYECKOH 00/1aCTH, MOy 9aI0Ch OCMBICJEHHOE KOHEIHOE (ACMMITTOTHYIECKOE )
ypaBHEHMeE.

IIpomemoncTpupyeM MpUMeHEHHe TOr0 MEeTOAA Ha MpUMepe OCHOBHBIX (GyHKIWH OGecKoHedHBIX cped. OCHOBHOE
ypaBHeHue 1111 (DYHKIINY NCTOIHUKOB WMEET BW]

A oo
S(r) = Salr) + § [ K( = r)S(rar (193)
rje T, = —o0 B ciydae 6Geckoneunoii n T, = 0 B ciydae noJ1ybecKoHeuHOH cpej.

[Ipeobpasyem ypaBHeHUe, BbIHECS W3-TIOJ HHTErpana (GYHKIMIO UCTOYHUKOB B TOYKE 7T, KAK 3TO OBLIO CAETAHO B
EePBOM MyHKTE mpeabiayero naparpada. OqHako He 0TOpAChIBAs TOYHOTO HHTETPAIA, BEIYTEM U T0OABUM PE3YTHTAT
BurHecenud. [lomyuanrca

S(1) (1 -+ %L(T - 7'*)) = So(1) + % /K(|T' —1DIS(7") — S(r)]dr". (194)

Baeck L(7) — unrerpan or sigeproii dbyunkuun (127).

B pesynbrare takoro npeobpasopanus BKJaJ B MHTerpaj 006J1acTi HHTerpupoBanus 1o 7 okoJo 7 3> 1 6yger madl.
TTosToMy MOXKHO TPUHATK, 9TO |7/ — 7| > 1 W BMECTO TOYHOTO BRIpakenwst 1uist simepHoit dbyrxkmmm K (1) nogcrasnTsk ee
acumnToTuky (126) npu ¢ = 7. Yurem Takzke acumntoruky dbysximn L(7), nogsiagiomeiica B ciydae noaybecKOHeIHOH
cpeant. Torpa ypasaenue (194) nepeiizier B aCUMOTOTUYECKOE:

S(r) (1 g %A* ”27)27) — So(r) + %F(M +1)A, / %dﬂ (195)

(1 —7%)
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Temepb obpaTuMcs K MACIITAOMPOBAHMIO. B KadecTBe OCHOBHOTO apryMeHTa BMECTO ONMTHYIECKOM MTyOWHBI BBOIUTCS
MactrabnpoBanHast TIyOWHA, U3MepsieMasi B €INHUIAX HEKOTOPOH BETMIWHBI T , KOTOPasi 3aBUCHAT OT \:

Q= T; (196)

B crowo ouepenr macmrabupyem w (yHKINIO WCTOYHWKOB, T.€. MPEACTaBjsieM (byHKImMei oT MacmTabupoOBaAHHOTO
aprymenTa (), nMerLeil JONOJTHUTEILHBIH MHOYKUTEJIb, KOTOPBIH 3aBUCHT OT T :

S(7) = Fs(7)Sas(7/7). (197)
MaC"ITa6I/IpOBaHVI}O TIOJIC?KUT U MOIIIHOCTH MCTOYHUKOB!
So(T) = Fo(7)S3(r/7). (198)

[Tocnie macmrabupoBanvst B ypaBHeHnn nmoadbupatorcs muaoxurenn Fg, Fy m T Taknum obpa3om, 9T1o0BI TP CTPEMIEHITH
A — 1 momydancs KOHEYHBIH pe3yIbTar.

Mo>KHO TPOU3BOIUTH MACIIITAOUPOBAHNE HE TOTBKO PYHKIINAN HCTOYHUKOB, HO U (DYHKITUIT, OTIPEIeISeMbIX IPYTUMA
ypaBHeHUAMHU. PaccMoTpuM OTIembHO GECKOHEYHYIO U TTOTYOECKOHETHYIO CPEJIbI.

2. Beckoneunas cpejga. PaccMoTpuM ypaBHeHHUe 7151 Pe30abBeHTHOH (yHKINE OeCKOHEYHOH cpefibl, T.e. ypab-
nenue Buga (193) ¢ 7. = —oo u Sp(7) = (A/2)K (7). 3uech CROBOAHBIM CJIAraeMbIM SIBJISIETCS cama, siaepHast (DyHKIHsI.
Bamerum, uro npeobpazosanue ypapHeHWs, POJIeJIaHHOe Bhillle, CBOAUTCS K MOACTAHOBKE BMECTO siiepHo# (hyHKINUM
CYyMMBI

K(7) =20(1) + T(27 + 1)%, (199)

TJIe BTOPOE CJIaraeMoe — ee acuMTToTrka. [lepBoe ciiaraemoe coOOTBETCTRYeT BhiHECeHWIO hyHKImK B Touke 7. OHO xKe
COTJIACyeTCs ¢ acMMNTOTHKOMN npeobpaszosanns Pypre (134), Tak kak npeobpasoranune ot d-pyHKIMK paBHO 1.

Takyio 2Ke NOJACTAHOBKY €CTECTBEHHO CIENATh U B CBOGOAHOM ciaraeMoM. Torna acumnrorundeckoe ypasaerne (195)
TTOCTIe MACIITAOUPOBAHUS PE30ILBEHTHON (DyHKIINN

Doo (1) = Foo(T)PL(T/T) (200)

OpUMET BHU

oo
U _ 1 A T(2y+1) A Foo(T) D.5(Q) — Pas(Q)
3 nosy4eHHoro yparHeHMst BUAHO, YTO ISl COXPAHEHWsI €r0 CMbICJIA CJIELyeT MoJoXKuTh Fioo(T) o 727

MacmTal BRIGPATH TaK, 9TOOR ObLIO T 27 1/(1 = A). fdcno, aro npu A — 1 macmrab crpemMurcst K GECKOHEYHOCTH.
IMosromy BTOpOE Cnaraemoe B KBaApaTHBIX CKOOKax B (201) MOXKHO omycTnTh, a nepes, o-pyHkmueii A 3amMernTh Ha 1.
Torga monyduTcs acuMOTOTAYecKOe ypaBHerue. Ha atom nporece macimrabupoBanns 3akanguBaercs. O qHAKO MbI €10
MPOJIOTIZKUM C METbI0 OTOXKIECTBUTH PE3YIbTATHI C MOMyYeHHBIMY B §4.6.

Ipexncrasnm acummroTnky sigeproii dyHknmu wepes3 napamerp Vp, T.e. 3anmmem parsenctso (199) B Buze

K(7) = 20(1) + 2V Kas (1),  Kas(T) = Singzm 1“(3;:11)’ (202)

Macrimrab 7 MOXKHO OTOXKIECTBUTH C JJIMHON TepMain3amun
1/2~
Vo
F=A= """ . 203
(22 (203)

Toryia acuMOTOTHKA PE30AbBeHTHON (hyHKuuu npumer Buj (155), a aCUMOTOTUYECKOE ypABHEHUE

oo

Bool(Q) = 6(Q) + / Kon(Q)[®0s(Q') — 2,(Q))Q. (204)

Acumnroruveckas dynkuus (157) ya0BIETBOPAET 3TOMY yPABHEHUIO.

3. H-dbyukuusa. [lepeiinem K monyGecKOHEYHON CpeJie U OMPAHUYUMCS, KAK W BBIIIE, TPOCTEHIITNM CIydaeM, KOoraa
B=0,0< v <1/2. Haunem ¢ acumrnroruku H-yHKIwNA.
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Hna macmrabupoBanus H-(yHKIUMY MOXKHO MCXOAUTH U3 pa3Hbix ypasHenuii. Hanpumep, u3 nuneitnoro B hopme
(46) u3 ruaenr 3. Tlogcrarus B Hero npu B = 0 acumnroruky (119) dynkunn A(y) m nogobpar MHOXKHUTENN K apry-
menTy u dyHkunn, ybeaumesi, uro H(p) nmeer acumnrornveckyio ¢dopmy (161), a acumnrornyeckast dbyuxuust h(q)
YZOBJIETBOPSET YPABHEHUIO

o0

R Y (205)
0

7 + (=9
2 cos(my)

Ha BemecTrennoit momynpsiMoii 370 ypaBHeHne TpanchHOPMUPYETCs B ypaBHEHNE

_ dq’
N2y—1 /
Y h(y , 206

sin(m
( v)y

[1+ ™ cos(m)]h(q) = 1 — —

TJie Tenepb WHTErpas ClipaBa MOHUMAETCS B CMBICTE TJIABHOTO 3HAYEHUA.
AHAIOrMYHO MOYKHO UCXOAUTD U3 HEJIMHERHOro ypasHenus (cM. paBeHcTBO (47) u3 rnasbl 3 npu [ = 0) U NOIYYUTD,
uro acumnrornyeckasi pynkumst h(g) ymornersopsier ypaBHeHUIO

oo

1 sm () / 2y—1 dy
— = h(y 207
h(a) B ) s 207)

Boinosnsiercst st pynkunu h(g) n acumnroruueckast ¢popma coorHoriennst Bunepa—Xonda

h)h(—q) [1 " %} 1 (208)

4. PesonbBenTHas PyHKIU MoJybecKoHeuHoH cpeabl. Macmrabuposanne 3Toil (DYHKIMU UCXOAA HEIOCPe-
CTBEHHO U3 MHTerpajbHOTO ypaBHeHUs 3arpydHeno. Kak u B ciay4dae H-QyHKIIUHN, B ypaBHEHUHU JI0JI?KEH IPUCYTCTBO-
Barh Kopeub /1 — \. TToaromy nesiecoobpasznee ncxounrh u3 ypasuenusi (175) nust dbynkuun W(7), Koropasi corsacHo
onpegesennio (172) sisiercst uHTErpasioM oT pe3osbBenTHO dyHkimn P (7):

T o0

U(r)y=1+ /(I)(T/)dTI = - /(I)(T/)dTI. (209)

0
B ypasuenun (175) mMoxkHO cuesarh npeoGpa3oBaHue, CBA3aHHOE € BhiHeceHneM 3Hadenust W (7) u3-110/ 3HaKA WH-
Terpania. B pesynbraTe momnydurcs

V() {1 -2+ %L(T):| =vV1-\+ %/K(W — N[ (r") — ¥(r)]dr". (210)
0

Acumnrornueckasi popmMa 3TOro ypaBHeHust, T. €. ypaBHeHue /it DYHKIUH, 9ePe3 KOTOPYI0 BhIPAYKAETCs aCUMIITOTHKA

1

\II(T) ~ \/17_—)\\1135(7—/[\); (211)
nMeeT BU
V. (Q) {1 + Smgfw PC(;Z) ] =1+ Lm;ﬁwrm +1) / ‘I’|g?/_) C;';I’jng) dQ’ (212)
nin B 06o3nauenusx (202)
Kas(Q) _ Ji r_ "N /
va(@ 1+ 5] -1 / Ka1Q' — QD Was(@) — Vus(@)AQ" (213)

Dynxuus U,s(Q), onpeeisiemast 3ITuM ypaBHEHHEM, CBsi3aHa ¢ acuMirorndeckoit Gynkumeii ®,4(Q), vepes koro-
PYIO BHIDAYKAETCST ACUMITTOTUKA PE30IhBEHTHOH (byrkmn cormacro (165), coorHomennem

o0

T(Q) = 1— VI \A/m 3., ( )df—l [eu@ (214)
Q
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Oyukuusa P,s(Q') nmeer aBHOE BHIpazkenune (166).

Takum 06pazom, MBI TTPOJIEMOHCTPUPOBAIN TIPUMEHEHNE METOA MACITITabMPOBAaHUST HA TIPUMEPE OCHOBHBIX (DYyHK-
umii beckoHeuHo# u noJsrybeckoneuHoit cpeg. OnbIT NOJIyYeHUsl aCUMIITOTHK U3 TOYHBIX PENIeHUIl T03BOJINII YTOYHUTH
GOpMBI ACUMITOTHYECKUX YPABHEHNH. Pelenus 3TuX acuMITOTHYECKAX YPAaBHEHUI M3BECTHHI W OBLIN MPUBEICHBI B
§4.6.

Takum 0b6pa3zoM, MeTOA MACIITAOUPOBAHKS MPUBOIUAT K TeM K€ (PYHKIIUOHATLHBIM 3aBHUCHMOCTIM PEIIeHUH, UTO
W aCUMITOTHUYIECKAs TEOPHsi, OCHOBAHHAsT HA PE30JhBEHTHOM Meroje. Ilomyuaronmecs acHMITOTHYIECKAE YPABHEHWS
MOTYT OBITH TAKYKe BBIBEIEHBI M3 TOYHBIX, & WX PEIIEeHWsI, T.€. ACUMTITOTHIECKNEe (DYHKINW, — W3 TOIHBIX (POPMYII.
Ouxnako, Meros mMacmTabUpPoOBaHusi TPEOYET 3HAYUTE/ILHO MEHBIIMX CBEJEHUH O PeleHusiX U ObICTpee NMPUBOAUT K
BBISICHEHHUTIO CTPYKTYPHI permennii. Kpowme Toro, on obmamaer 601bIel 06IIHOCTHI0 M MOXKET ObITh TPUMEHEH B CIydasax,
KOT/Ia, TOYHBIE METOIBI He JAaf0T pe3yabrara. [IpuMep Takoro mpuMeHeHHs MEeTOHa MACIITAOMpOBaHUs OyIeT MPUBEICH
B Cjeayoueil riase.

§ 4.9. YucneHnnbie MeTOAbI

1. Meron KpbsuioBa—Borourobosa. B 3akaouenue 3T0it r1aBbl KpATKO HA30BEM HEKOTOPBIE YUCTEHHBIE METOIHI,
MIPUMEHABIINEC JI7IA PeIeHns 3a/1a4 IepeHoca U3IydeHnsd B CIeKTPATbHON JTUHUH.

Beime orMedannch TpyAHOCTH, BO3HUKAIOIIVE TTPW YHUCJIEHHOM DEITeHNN yPaBHEHWH BUIA (177) npu OONBITIAX 7o U
1- A< 1, 0« 1. Ins npeogoeHust 3Tux TPyAHOCTEH ObLIM CO3IaHbI CHEUAJIBHBIE YUCEHHBIE METO/IbI.

Meron Kprnora—Boromobora sieastercss mpomomkenneM Metona serrecerust [103]. Beck mpomexyTok [0, 70] pason-
BaeTCd HA N JaCTHIHBIX MTPOMEKYTKOB 1 B KaXKJIOM W3 HUX BRIOWpAeTcs 3HAYeHNe ONTHIeCKOi TTyOunsl 75, j = 1, ..., n.
@yHKIMA NCTOYHUKOB BBIHOCUTCA W3-TIOJ, MHTErpana He B OJHON TOdYKe, a B BBIOpaHHOM Habope. Te ke 3HadeHusA T
HOJICTABIAIOTCA U B KadecTBe BHemHuX aprymenToB dyukiuu S(7). B pesynbrare nonydaercsa jnuHeiiHas cucrema
anrebpanvecKnx ypaBHEHW, KOTOPYIO MOXKHO PEMNaTh KAKNM-JIND0 METOIOM, MTPUCTIOCOOIEHHBIM JJIst CJIY9IaeR TJI0X0
00yCJIORJIEHHBIX cHCTEM (C MAJIBLIM onpeaennTesem ). MeTon paBHOCHIEH MPUMEHEHNTO (POPMYJIBI TPSMOYTOJTHFHUKOB J1JTsT
BBIUMCJIEHUST HHTEIPATA, T. €. TPEIACTABIEHUIO HCKOMOM (DYHKIMY KyCOYHO TOCTOSHHON. MOXKHO TIPeICTaBUTh (DYHKITUIO
KYCOYHO JTUHEHHOH UM KYCOUHO KBAAPATHIHON W JOOUTHCS JYUIeil TOIHOCTH.

2. MeToa AUCKPETHBIX opauHaT. MeTo 3aK/TII09aeTcs B IPEJCTABICHUN IePHON (DYHKIINN He B BUIE CyNepo-
33U, T. €. UHTETrpaJia OT 3IKCIIOHEHT, a B BUE KOHEYHOM CYMMBbI 3KCITOHEHT. qHCHO CllIara€MbIX B CyMMe OTnpeaerdaeTrcd
TpedyeMoii TounocThi0. TOrga, KaK B TOM Ke METoe B C/lydae MOHOXPOMaTHUYeCKOrO PACCEsTHWs, 0 CBOAUTCH K
pemiennio cucreMbl quddepeHIuanbHbIX yPaBHEHNH ¢ TOCTOSHHBIMA KO3d dunmentamu [89].

3. Meroa yckopeHHbIX mTepanuii. MeqieHno cxongiyecs urepanuu ypapaenus (177) MOXKHO yCKOPUTH, €Cu
BMECTO TOYHOTO dIpa B3ATH npﬂ6ﬂﬂ)KeHHOe, IJIsT KOTOPOTO PErmenne MOKHO JIETKO TIOJIy9YUTh, HATTPUMED, YKa3aHHBI-
MW BBITIIE METOJAMU, UJIN B3ATH AJAPO, AJIA KOTOPOTO l_[pVI6IH/I)KeHHOe perenne ABJIAeTCA TOYHBIM (OHO n0116v1pae"rc;{)
[105]. 3arem BBIYUCISIETCS HERSI3KA C TOYHBIM $IAPOM M PACCMATPUBAETCS KAK BO3MYIIEHWE K YPABHEHUIO C npubJin-
JKeHHbIM simpoM. IIporece moBTopsiercs 10 cxomumocTtn. Emme oane cnocod BBIOOpa MpUOMUKEHHOrO sapa  Hoa00p
KBaIpaTypHOil dhopmybl ¢ HeGombIuM ducaoM y3a08 [106]. O630p Takux METOIOB U WX OIEHKA JIaHa B crarbe [64].

4. Meroa mPOroHKU. JTOT METOJ NPUMEHSIETC HE K WHTErpaJibHOMY, a K InddepeHiuajbHOMY yPaBHEHUIO
rnepeHoca. 3HaYUTe/IbHAsl TPYAHOCTh MPU €ro PENeHUuU CO3H4AETCs TeM ODCTOSATEJILCTBOM, 9TO 3aJa0TCS HE HAYa/lb-
HbIE, a TPAHWYHBIE YCJOBHWsI, TaAK 9TO HAIO permarh He 3amady Komm, a kpaeByio 3amady, 9To Beerga caoxuee. [loce
quckperu3anuu audGepeHuanbHOr0 YpaBHeHUs M0 TyOnHe, yryiaM U 9acTOTAM IOy Yaroieecs Pa3HOCTHOE YPABHE-
HU€ PEeIraeTcs CHAYaIa OT BEPXHEH IPAHUIbGI B CTOPOHY BO3pacTammux riaybuH, a 3areMm ooparabiM xogoMm. OmHaKoO B
MEPBOM CJIydae He W3BECTHA WHTEHCHUBHOCTH W3JIyUY€HHs , UAYIIEro BBEPX, a BO BTOpoM  BHEU3. [loaTomy mpu npsiMmom
TIPOXOIe HAXONTCS PEIEHNEe He C OTPEIeJeHHBIM IPAHUYHBIM 3HAYEHNEM WHTEHCUBHOCTHU BBIXOAIIETO W3JIY9EeHUST, a
PACCYNTHIBAIOTCST 0OpPATHBIE MATPHUIIHI HA CIydail Kak Obl TTPOM3BOJILHBIX €€ 3HAYEHWH, TTPUYeM 3aJaHHBIX /IS BCEX
3HAYEHUH YrJIOB. 3aTeM pelleHre BhIOUpAeTcs Tak, 9To0bl YA0BIETBOPUTH YCIOBUIO HA HuxKHEil rpanute [45]. [Tocie
9TOT0 BBIYUCISAETCH WHTEHCUBHOCTH BOCXOSINErO U3MydeHns. B Teopuu mepeHoca Takas mporeaypa, KoTopas mpuMe-
HSETCS /I PAcYeTa KaK PACCesHWs B JUHUU, TAK W MPU MOHOXPOMATHYIECKOM DACCESHUU, HOCUT HA3BAHWE Memoda
Dompue.

3si07%keHne anciieHHbIX MEeTOJI0B, IPUMEHsIEMbIX B HacTosiee Bpemst, nano B kaure JI. Muxasaca [45] n 0630pHbIx
crarbsix B cbopuuke [104].
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I'maBa 5. BoJjee cioxkHbie cirydan paccedsHUS

B zakarounTenbHOi TrTaBe pACCMOTPUM HEKOTOPBIE DOJIEe CIIOKHBIE CIyYal PACCEsHUsI. JTO PACCESTHUE B MOTOCAX
MOJIEKYJI, paccesiiue B JINMHUW He C TIOJIHBIM TIepepacripeieJIeAneM TI0 9acTOTe W B JIBVIKYIIMXCS Cpelax, a TaKiKe
paccestHre MOHOXPOMATHIECKOTO U3JIyYeHus ¢ yaeToM nonsgpusanni. Kpome Toro, OyayT paccMOTpeHbl WHTErPAIhHBIE
XapaKTEePUCTUKH PACCESTHNsT, TAKNE KAK CPEIHee TUCI0 PACCESTHUI W CPeqHuil MPOXOauMbIii (POTOHOM Ty Th.

§ 5.1. IlepeHoc u3nyveHus B mMOJI0CAX MOJEKYJ

1. Mogens Dab3accepa. [lyisi MOTEKYIAPHBIX MOIOC TPEIIOXKEHO HECKOIBKO MOENIel pACIpeIeIeHns OrIOIe-
Hust B HUX [24,61]. B obmmem ciayvae, ecan COCTARISIOIINE TTOJIOCY JIWHNM WMEIOT [EHTPATRHBIE YACTOTH V;, MHTEHCHR-
woctn K; w mpoduman w;(§), TO MOIHOE TIOTJIOIMIERE B TOJIOCE TTPEACTARISETCST CyMMOi

&, = ZKjwj(V - vj). (1)

J

Moens 3aKm09aeTCs B BBIOOPE PACIIPEIEeIeHUsT TAPAMETPOB JIMHUN.

Opxna u3 mozeseit npegnoxkena B. Dunzaccepom. CorsracHo eif cauraercsi, 4To 1nojaoca COCTOUT U3 PABHOOTCTOSIIIINX
OJIMHAKOBRIX JIMHUH, T.e. WMEIOMNX OJWH W TOT ke Mpoduih n pasuble naTencnsHocTn K; = K. Ilpodunns mpuan-
MaeTcst JIOpeHLeBckuM ¢ mmpuHoit Ay,. Paccrosinne mexky nenrpamu jmnuii obosznauum d, Tak uro v; = jd. Iosoca
MPOCTUPAETCS: B 00OE CTOPOHBI MO 4acToTe De3rpaHnvHO. JacToTa OTCYUTHIBAETCA OT MEHTpa oxHO# u3 mwHmit. Torma
KO3(PUIIMEHT MOTTIOMIEHHS B IOJTOCE MPEACTABISAETCS POPMYIOi

LKA O 1 )

I Z: (v —jd)? + A}’ 2)
Psn B aToM BhIpaxkennn mMoxkeT ObITH TpOCyMMUPOBaH. Ero cymma HAXOAUTCS ¢ MOMOIIHIO (DOPMYIIBI, TOKA3HIBAEMOTH
Ha OCHOBAaHWUW TEOPEMBbI O BhIYeTaX.

IMycts Q(2) panuonanbhas GyHKIM KOMILIEKCHOTO TIEPEMEHHOrO Z, IPUYEM 3HAMEHATEb €€ UMEET CTeeHb, 10
KpafiHeit Mepe Ha gBa OGTBIIyI0, 9eM ducauTens. OOo3HAYNM HynW 3HaMeHaTens depes z;j, j = 1,2,..., N. Ilpuaas
BO BHUMaHUE, 4TO byHKIMs ctg(72) UMEET MOMIOCHI BO BCEX IEIBIX YUCIAX € BbHIUETAMHU, PABHBIMU 1/7, BBIYUCIUM
uHTerpal or npoussenenust Q(z) ctg(mz) no KOHTYPY OKpy>KHOCTH paguycom n + 1/2, conepxarueii BayTpu cebst Bce
nosockl Gynkunn @(z). CorsiacHo Teopeme 0 BbIYETaX ITOT WHTErPAJ PABEH NMPOM3BEAECHUIO 2779 HA, CYMMY BbIYETOR
OT TIOJIIOCOB, JIEYKAINUX BHYTPU OKPYKHOCTH:

n N
55 Q(z) ctgmzdz = 2mi % Z Q) + Z Zr:ezsj Q(z) ctg(mz) | . (3)

|z|=n+1/2
ITpu n — oo unTerpan crpemurcs K Hysmo 110 jgemme 2Kopaana u u3 (3) caenyer ynomsinyras dbopmysna [29]:
00 N
> QU)=—m)_ res Q(2)(ctgm2). (4)
£ S =%
j=—00 Jj=

Bosbmem Q(z2) = 1/[(v — 2d)? + A%] ¢ nomocamu 24 = (v +iAy)/d. Torna cornacuo (4)

_ K, [ctellv+iAl)/d] | ctel(v —iAu)/d]] _ K — sin(2iAr,/d) )
v = oL 2iArd —2iALd  2id [cos(2vm/d) — cos(2iAL7/d)] /2
OkoHYATETHLHO TTOIy9aeM
K Sh(ZALTF/d)

®v = 4 h(2Arn/d) — cos(2vm/d)’ (©6)

Cornacuo mogenu dib3accepa Ko3MMUIUEHT MTOTJIOIIEHNS ABJISIETCA IEPUOANIECKON DYyHKLINMEH 9acTOThI € epruo-
JIOM, PABHBIM DACCTOSTHUIO MEXKJIy JTUHUAMH d.
Paccmorpum Teneps Gomee CIOXKHBIE MOIETH.
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2. MogeJsib cayuaiinoro pacupegesieHus JiuHuii. /{pyras Momenb, B IPOTUBOBEC MOJEN DIb3ACCEPA, IPUHM-
MaeT, 4TO NOIJIOIIEHNE PACIPEIEJIEHO B M10JI0CE CyvaiiHbiM 00pa3oM, 1 Jaer crarucrunieckoe ee onucanue [36).

CrauaJia 3amMeTuM, 94T0 NpoduJin OTAEJIBHBIX JUHUHN B T10JI0CE UMEIOT MAJIbIe TMUPUHBI A1 110 CPABHEHUIO C Y4aCTKOM
cekTpa Ag, Ha KOTOPOM CylIecTBeHHO u3menserca Gyukuus [Lnanka B, (T), 1.e. A < Ag.

Boigenum u3 moaockl HEKOTOPYIO ee 9acTh MmupuHoi 1o dacrore A. O4UeBHIHO, 9TO 3Ty NIUPUHY BCErja MOMKHO
BBIOpATh Tak, YTOOLI BHIIOJHANNACH, HepaBeHcTBA Ay < A < Ao, HalizeM cpenHee HOLJIONIEHNE HA 3TOM YYaCTKe

= %/%le/. (7
A

[Momoxum &, = &#q,,. B BRIOpAHHOM y4YacTKe CIEKTPa BETHYNHA TOTTIOMEHNS (v, = (v 3aKTI0YEHA B HEKOTOPHIX TpeJIe-
JaX, TaK 94T0 oo < v < ani. Pa3obhem mpoMexyToK [om, | Ha 1estoe umncsio gacreit (o1, 5], j =1,2,...,J, ap =
Om, 0y = QM, 1 HailleM 101 npomekyTka A, B KOTOPBIX MOIJIOIIEHNE (v HA KPUBOI Mmenbie oy, j = 0,1,...J. Bes
KpWBasi PaCToJIOKeHa He HUXKE (, T.e. yKazaHHas J0Js MPOMEXXyTKa pasHa Hym0. [Ipn a Ha KpuBo#t oT oy 10
3Ta 0TS y¥Ke He Hynb. [Ipw o HA KPUBOH OT (1 70 (rg TIOTTIOMIEHWE MEHBINE (g, HO TO, KOTOPOE MEHBIIE (1, TOWKE

&

MEHBIIE (Y2, TAK YTO HOBAs MO/ BKIIOYAET TEPBYIO U T. 1. Bes KpuBas JEKUT HUXKE (v, TAK YTO JOJS TPOMEKYT-
Ka, I7ie MOTJIOMIEHNEe MEeHbINe vy gocturaer 1. IcHO, 9TO 3TU 01U COCTABISIOT KYyCOYHO-TIOCTOSHHYIO HEYyOBIBAIOIIYIO
dyukuuio or «, orpannvernyo 0 u 1. Criaaanm ee, 9TO PABHOCHJIBHO DECKOHEYHOMY yBEJIMUEHUIO YNC/IA TTPOMENKYTKOR
J. B pesynbrare mogydaunTcst HeyObIBAIOMAs riaakas (MyHKINs, W3MeHstiomasicst ot Hyist 10 1. Ecin gacrory BeiOnparh
caydaiiHbIM 006pa3oM, TO 31a (PYHKINSA OKAYXKETCS WHTErPANbHON (DYyHKIMEH pacrnpeaeneHns BepOATHOCTA BETUIUHBI
noromennusa. Torma ee MOKHO mpoanddepeHITnpoBaTh U MOJAYIUTh Aud depeHnnanbHyio (PYHKINIO pacIpeaeIeHns
norsomenus B nonoce p(«). Ipoussenenue p(a)da ectsb 10718 yuacTka creKrpa A, B KOTOPOil BeIUYMHA (v 3aKTI0YEHA
mvexay a u « + da. OueBngHo, 9To

/ p(a)da =1, (®)
0

npudem HOpMaATHLHO WHTETPUPOBAHNE PACTIPOCTPAHEHO HA BCIO MOJIOKUTEIHHYIO 9aCcTh BelecTreHHoi ocn. [Ipu sTom
CYATAETCH, YTO BHE MPOMEXKYTKA U3MEHEHUs (v IIOTHOCTDL BepogTHOocTH p(a) = 0.

Ianee B uaTErpae
1 dv dv
g/%yxz/ayle (9)
A A

cobepemM BMeCTe WHTEPBABT 9ACTOT, TJe BeJNIHA ( HAXOANTCA B poMexyTke [, a + da]. Cormacro n3noxennomy
ux cormectHast jaumna pasaa p(a)da. Takum obpazom,

/ap(a)da =1 (10)
0

B pesynbrare momydaercs, 9TO MOTONIEHNE XapAKTEPUIYETCA HE MECTOM B CTIEKTPE, & TOMbKO BETUUUHONU U JTOei
ydacTKa CHeKTpa, IJ1e TaKasd BeJuduHa JOCTUTAeTCA.

3. Moaenu pacrnipenesiennii morjolineHns. B Teopun nmeperoca pacCMaTpUBAINCEH PA3IUIHBIE MOALThHBIE PAC-
npezenenus p(e), B OCHOBHOM B CBSI3U C MOCTPOEHHEM Mojeneil armocdep 3Be3[ U y4eToM BIMSHUS JUHUN HA pac-
npeeseHne TEMIepaTyphl B HUX. B ciaydae cepoit armocdepsr

p(a) =0(a—1). (11)
Yyrk caoxkuee Mojesis vacrokoia Yanapacekapa [85]:
p(a) = pid(a — a1) + p2(a — az). (12)

Jra ycnosus (8) m (10) TpeOyIoT BHINOJHERNS IBYX COOTHOTIEHWMIA:

pL+p2=1, oipi+agps =1, (13)
U3 KOTOPBIX CIEeAyeT, 94TO
1-— (%) 1-— a1
h=———"H P2=— - (14)
a1 — Q2 Qg — O

Pacnomoxxenue ke obnacreii ¢ 1ByMs 3HaYeHUAME KOIDHUIIMEHTA TOTTIOMIEHUS MOXKET ObITh MPOU3BOIBHBIM. MOXKHO
BBECTH U DOJIBINEE YUC/IO PA3TUIHBIX JUCKPETHBIX 3HAYEHUN (.
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ITpocThbIM HENPEPBIBHBIM PACHPEAETICHIEM, YAOBAETBOpsommM oboum ycraosuam (8) u (10), asisgerca p(a) = e~ 2.

Ouxny u3 nepebix Mozesieit Heceporo noruoienust npeagyoxkuia B. A. Avmbapuywmsin [2]. B nporusosec nziioxennomy
BBITIE OH BHIOPAJ TIEPUOANYECKOE PACTOJIOKEHNE 3HAYEHMH MOTJIOMIEHN s, HO HEe HaKJIAABIRAJ OTPAHWYEHWI Ha, PACTpe-
JeneHrue X BEPOATHOCTEN.

VYkazaHHbIE MOIENN He MPUBA3aHbI K ONPEIETEHHOMY Y4YacTKy CIIEKTPA W MOTYT OBbITh PACHpPOCTPAHEHbI HA BCE
YACTOTHI.

Bameruwm, 9TO Mpu nocTpoernu Mojeneil arMocdep XOMI0aHRIX 3Be3/] (noBepxHocTHAas Temneparypa mnxke 6000 K)
PACCYNTHIBAJINCH W WCTIOJIB30BAJINCH PACTTPEAEICHNS, TTOLY YAIOIINECsT TTPW HAJIOPKEHWN CTIEKTPOR PEANTBHBIX MOJIEKYI 1
aroMoB ¢ Musmonamu nunnit [107]. @yukunst p(«) HazwsiBagack GyHKUMEN pacnpeiesieHnsi BEPOSITHOCTEH Helrpo3pad-
woctu  OPDF  opacity probability distribution function.

4. TTapumagpHasgd MHTE€HCUBHOCTH. [Iporeaypy cobnpannst 3HaYeHNi HA y9aCTKaX C OJWHAKOBHIM YPOBHEM ITO-
[JIOLIEHNsT MOXKHO MTPOJIEJIATh U C MHTEHCUBHOCTHIO [, 4T0 ObLIO NpejjioskeHo B pabore [36].

Buyrpu BeiOpamHoro ydacrka crnekrpa ¢yaknusa [Imanka v BO3MOXKHBIE APYTHe HCTOYHUKHU TTEPBAYHOTO U3JIyde-
HHUSA OT 9aCTOTHI HE 3aBHUCAT. [109TOMY BeMMYWHA WHTEHCHBHOCTH OMPEIETISIETCS TOJTBKO BEIWIHHON MOTTIOMICHUS, a
#"e gactoroit. Hamporus, 6/iM3KMe 1Mo 9acToTe, HO COOTBETCTBYIOININE PA3HON Beanydnae KO3(MOUINEHTa MOTIONIEHNS
WHTEHCHBHOCTH MOTYT OY€Hh CHUJIBHO PA3JndaThcss. ¥ (DOTOHOB OJM3KHUX 9aCTOT MOTYT OBITH OYE€HD PA3TUIAIOIIHECS
jumabl ipobera. TToatoMy B TOM ke ydacTke criekrpa A 1e/1ecoo0pa3Ho 06beUHUTh TPOMEKYTKH YACTOT, B KOTOPHIX
3HAYEHUST MTHTEHCHBHOCTH COOTBETCTBYIOT 3aJaHHOMY YPOBHIO MONJIOMEeHusI. B kadecTBe mpuMepa pacCMOTPHUM 3aa9dy
O 9HCTOM TIOTJIOIIEHNN B ITOCKOH aTMocdepe.

IIycts B armocdepe TpOUCXOAUT TOTBKO UCTUHHOE MOTMomeHne. BBegeM ONnTUIecKyo TyOWHy T, COOTBETCTBY-
IOILYI0 HEKOTOPOMY BhIOpanHOMy (Hanpumep, cpegaremy) 3nauennto kodddunmenra normomenns. Torna ypaBrenne
TIePEeHOCA M3JIy9eHNsT TPUMET OOBTIHBIN BUI:

811/ (T7 :u)
" or

VpaBHeHne JTyducTOTO PABHOBECHS, OTPAXKAIOIIEE OTCYTCTBUE WCTOYHWKOB W3JIyUEHWsT BHYTPHU aTMOCHEPHI, TaKKe

— —ay[L(r, 1) = B, (T)]. (15)

CTaH/IAPTHO:
o0

Ooal,du | I(r,p)dp = | B,(T)a,dv. (16)
0 1

0

N =

Ob6o3HaurM 3HAYEHWS WHTEHCHBHOCTH B TOYKAX C OJWHAKOBBIMHU 3HAYEHUAMHU KOIDDUIMEHTA MTOTIOMIEHUS
I(7, p, @). VIX OpUHATO HA3BIBATH NAPUUAALHbMYU UHTNEHCUSHOCTAMY. Torma

/IV(T, w)dv = A/p(a)[(r,u,oz)da. (17)
A 0

VYpasuenue (15) 3amumercs B BUIE
dI(7, p, )
4
-

5. Cepas B cpegaeMm atmocdepa. Ypasuernne (18) 3anmmcano aist HEKOTOPOTO y9YaCTKa CIIEKTPA, I KOTOPOTrO

= —a[I(r, p,a) — B(T)). (18)

nocTpoena MYHKIINS PACTPEIETIEHNsT MOTIONEHNsT. UTOOBI paccanTaTh MOAEIh aTMOCKhEPHI, HEOOXOANMO OXBATUTH BECh
cnexkrp. [TosTomy BepHemcsa K ucxogHoMy ypasHeruio (15).

B rmaee 2 pemanack 3ajada 0 pacupeieieHuu TeMIepaTypbl B cepoil armocdepe, B KOTOPoi K03 dUIMEHT mo-
TJIOMIEHNST HE 3aBUCUT OT YaCTOThI. JTO PABHOCHILHO npeanooxkennio (11). 3agava o pacaere remmneparypsr B cepoit
armocdepe croguTcs K 3agade Munnaa. Pacemorpnm, K wemy mpUBOIAT OpyTHe PACTIPEIEICHUsT MOTJIOMIEHNS .

9lcHo, 9TO BCE ONpenenenHus M. 4 OTHOCUIINCH K HEKOTOPOMY (DUKCHPORAHHOMY y9acTKy crektpa. Ograko Ha mpome-
JKYTKAX YACTOT, 3HAYUTETHHO TPEBOCXOISANINX JTUHY TAKOTO YYACTKA, MHTEHCUBHOCTA MOTYT Pa3nudarhes. [losromy
BECh JIMATA3Z0H YACTOT, CYMIECTBEHHBIX JJIs MEePEHOCA U3TYUYeHUs B aTrMmocdepe 3aJaHHON TeMnepaTypbl, HAJO0 Mpe-
CTAaBUTH HADOPOM TaKUX ydacTKOB. [Iporymepyem ux A;. UnarencusuocTs, pyuknus [Inanka, cpeauuit koaddunment
” onThyeckas TriayOWHa, a TakyKe PACTPEIEeIeHNe TIOTJIOMEHNT MOTYT 3aBUCETh OT YaCTOTHI, WJIW OT HOMEPA YYaCTKa,
cnekrpa [, r.e. nano nucarb I;(7, p, ) u pi(e). Beuay msnoxkennoro nepenuiem ypasuenue (18) B Gosiee TouHOM
BUJE, T. €. IJIs KaXKJIO0TO y9IacTKa:

dI (Tla ) a)
H dTl

YpaBHeHUEe JTYIUCTOTO PABHOBECHUS TAKKE TIEPETHUITIETCS:

= _a[Il(Tlaﬂva) _BVL (T)] (19)

[e )

% Xl: A 0/ pi(a)da / L, @)y = Xl: AB,,(T) 0/ apu(a)da = Xl: AB,,(T). (20)

-1
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B pabote [36] npemnoxena monens armocdepsr, cepoit B cpeanem (CCA). CornacHo 3Toil Mojenu Bce ydacTKu
CITEKTPA UMEIOT eINHOE pacrpeaesieHne p(a), eMHOe 3HAYEHUE &, CJIeJ0BATE/IbHO, OJUHAKOBBIA X0/, ONTUYECKON TJ1y-
6unnl 7, = 7. 3navenust By, (1), n nosromy I;, KOHEYHO, BCE PABHO PA3JIMYAIOTCS, HO UX MOXKHO MPOCYMMHDOBATH MO
BCEM ydacTkaM crekrpa (¢ Homepamu ). BBeeM MHTEHCHBHOCTD C 3aJIaHHBIM TOTIOIIEHUEM, TPOCYMMUPOBAHHYIO MO
BCEM ydYaCTKaM:

7' M, & ZA[I[ T, Uy (21)

O6brunas HUHTEeTrpajibHAad MHTEHCUBHOCTD TOTrJa MPEJCTaBUTCA B BHIE

I(1,p) = /IV(T, p)dp = /p(a)f(ﬂu,oz)da- (22)
0 0
Ecnm npocymvuposath o yuactkam 4A; cinaraembie ypasuennst (18), To momyawnrcs
dI(7, p, )
H dr = —0&[[(7’7 122 Oé) - S(T)]7 (23)

re uHTerpanbHas GyHKINS UCTOYHUKOB cornacHo 3akoHy Credana Bonbrnvana

anC
=> AB, (T /B = =71 (24)
4
l
HpeoGpaByeM YPaBHEHWE JIyYUCTOIO PABHOBECUA (20). Tak kak pacnipezesieHne 1o MOoTJIOMEHWI0 OT HOMeEpa yJacTKa
HE 3aBUCUT, CyMMa 10 | TaeT WHTErpaabHyH HHTEHCHBHOCTD:

oo

ZA;/ a) i (7, p, )dae = /ap(a)I(T,u,a)da. (25)

0

B npaBoii yactu 3T0r0 ypaBHeHus OKa3bIBaeTCs MYHKIM UCTOYHAKOB (24), 3aBUCAINASA OT eJIUHON ONTUYECKOi ryou-
ubr S(7). Urak, ypaBHeHue JIyancToro paBHOBECHs TIPDUHUMAET BUJ BbIpaykeHusi (DYHKIMK MCTOYHUKOB YePe3 WHTEH-

CUBHOCTHB: .
1
—5 [ [ s ajada. (26)
—1 0

6. Narerpanbuoe ypasaenue aisa CCA. Bripaskenune (26) MOXKHO mpuBecTH K 60J1€€ KOMITAKTHOMY BUJLY, €CJIN
3aMEeTHTDb, UTO, KaK U B ciaydae pacceduaus B muauu ¢ [IITY, mHTEeHCHBHOCTH 3aBUCUT HE OT (4 U  TIO OTAETHLHOCTH, a
TOJBKO OT UX KoMOuHanuu /. JdeiictBurensHo, hopManabHoe perenne ypaBHeHus (23) numeer Buj

T

«

m /e*a(r—r’)/ug(T’)dT' =I(r,y), wu>0,y=a/n>0,

I(r,p,a) = ¥ (27)

—% /e*a(r—r’)/ug(T’)dT' =I(r,y), p<0,y=a/u<0.
C yuerom 3Toro
1 d
50 =5 [ ALl + 1)L (28)
0

Becorasi dyrkIns B JaHHOM ClIydae BBIPAYKAETCS 9€pe3 PacnpegeieHne TmorIOIeHs :

Aly) = / a2p(a)da. (29)
0

1
Y

IMoacraBum B ypashenue (26) BbIpaskeHue JJisi HHTEHCUBHOCTH 4Yepe3 yHKIWIO uctounukos (27). onyuum unre-
rpaNbHOE YpABHEHUE N7 3TOH (DYHKINY, sIBIAOMEecs 000bIeHreM ypapaenust Munna:

l\JI»—A

/K (|7 —7'))S(r")dr. (30)
0
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dnepuast GyHKIMSA ypaBHEHUS] UMEET JIBA MPEJICTABICHUS, TPUYEM Yepe3 BeCOBYIO (DYHKIIUIO OHA BHIPAYKAETCS TOUHO
TaK YKe, KaK ¥ B ODIIeM Caydae:

/oz2p VE1 (aT)d /A e "Ydy. (31)
0 0

7. CsoiicTBa cepoii B cpeanem armocdepst. dnepuas dyuknus (31) npu Becex BO3IMOKHBIX p(q) UMeeT HyneBoii
u nepBblii MoMenThl. JelictBurensho, cornacao (10) u (8) unTerpannbl or aaepHoi GyHKIMY ¢ Becamu 1 u T

Ky = /K /azp da/E1 dr = /ap(a)da: 1, (32)
0 0

oo oo o0

0
K z/ 7042]9 /TE1 (ra)dr = %/p(a)da = % (33)
0

0

ITpu nporeserny BoikaagA0K (32) 1 (33) ObLIM MCITOJIB30BAHBI HHTEIPAJIBI

7 n!
"E = . 4
[ B = (34)
0
Boobme
:/T,K(T)d e /a :I‘(n—|—1)/A(y)yn+1. (35)
0 0 0

Vike BTOpOit MOMEHT siiepHOit (DyHKIIMY MOYKET He CyHIeCTBOBATH.

CkaskeM HECKOJILKO CJI0B 00 acuMNTOTHKaX aaepHbix dynkuuit. OHU CUILHO 3aBUCAT OT NMOBEJEHUsT pactipeae/IeHust
p(a) mpn Mamex o. Ecmm npun a — 0 BRIMOTHAETCSA SKBUBATEHTHOCTD p(ar) ~ poa”, mpuuem 3 > —1 (310 Hy:KHO A5
cxomuMocTu uHTerpana (8)), To BecoBasa QyHKIU

Po_ 2+p
Aly) ~ 20 0. 36
(y) 3:5Y VT (36)

Acmmnrornky npeobpasosanusi Jlanmaca ot siaeproOi (DyHKIMM BBHIY CyHIECTBOBaHWs IByX MOMeHTOB (32) m (33)
IPEICTABUM B BUIE

o0
7= Aly) dy
KpNK—Kp+p2/ — . 37
(#) ~ Ko - K1 R (37)
0
Orciofa BeITEKAeT, 9TO €CJIN CYIIECTBYET BTOPOH MOMeEHT, T.e. 3 > 0, To
7 p K 2
Kp) ~1-2 38
() ~1-L 422 (3)
Ecin xe —1 < 5 <0, 10
74 p Do ™ 2+
Kp) ~1—-=— . 39
(p) 2 31 Gsin(np)’ (39)
13 sroro crexyer, aro npeobpazopanne Oyphe OT sapa MpW MAIBIX apTyMeHTax
1—V(u) ~ Vou®, (40)
rie
[ 148/2, -1<p<0,
Po 7T
- , -1<8<0,
3+ 5 2sm(x|A1/2) ’
Vo=9 K, [ A( 27 d (42)
Y) a
— = dy = = — 0.
5 /y3 Y 3/p(a)a,ﬁ>
0 0
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Ormernm, uro B 3amade o CCA Bcerma v > 1/2. Tlosenenue dyukuuu V(u) npu S = 0 3aBucuT o nerasneii nose-
JIeHUSA p(a) nmpu @ — 0, a UMEHHO OT HAJMYNS W OTCYTCTBUS MHOXHWTEJIS — ONPEJIeJIeHHON MeJIEeHHO MeHsoIeiics
dyuknn. Best acumnrorntdeckas Teopusi, pa3BuTas B riase 4, mpuMeHnMa, u 31ech. Hampumep, acnvnrornka GyHKIIN
UCTOYHUKOB cornacuo dpopmye (173) u3 ykazaHHOM riaBbl

5(0) ~ ‘/01/2117(1 e (43)

Kak BugHo u3 310#t (bopmysbl, eciii BTOpO# MOMeEHT sijiepHoit (byHKImu cyiecrsyer, T.e. npu 3 > 0, nokasareib
v = 1 n DYHKINS WCTOYHUKOB B TJIYOOKWX CJIOSAX aTMocdephl pacTeT ¢ ONMTWYECKOi riayOwHON NTWHEHHo, Kak W B
cepoii armocdepe. Ecnu ke Broporo Mmomenta sijepuas ¢ynkuusa we umeer (8 < 0), o poct ¢ riaybunoi dyHKIMMA
HMCTOYHUKOB, & 3HAYUT U TEMIEPATypbI, 6o1ee Megnerubii. OTpUIIATETbHBIE 3HAYEHUST TIOKA3ATES CTEMEHN [ 03HAYAIOT
GOJBIIYI0 PO MATBIX YPOBHEH MOTJIOMIEHNS, 33, CYET Yero M3MYUeHHEe MOXKET BBIXOAWTH u3 aTMOchepsl ¢ 60abmux
rayOuH. DTOT BBIBOZ, MPOTUBOIMOJIOKEH OOBIYHOMY BJIMSIHUIO JIMHUH TIOMJIOIIEHWST HA PACHpeesieHne TeMIeparypbl B
arMocdepe, Ha3bIBAEMOMY TTOKPOBHBIM 3(MHEKTOM ¥ 3aKTI0YAIONIEMYCS B TOM, 9TO JJUHUN OTOPACHIBAIOT YaCTh WIYIIETrO
u3 TAyOUHBI HOTOKA HA3a/l, B PE3yJIbTATe Yero TeMIeparypa B arMocdepe nosbimaercsa [45].

§ 5.2. Paccesinue B JIUHUU TIPU YACTUYHOM MEPEPACIPEIETEHUN TI0 YACTOTE

1. ¥YpaBHeHUe niepeHoca. B atom maparpade kparko paccMoTpum 3hpHeKThI, KOTOPHIE BHI3HIBAET PACCESTHUE HE C
MOJIHBIM TI€PEPACIIPEIEIEHUEM 110 9acToTe, a ¢ (pyHkuusimu, BhisegeHabivu B § 4.2, Tlepepacnpeesenne, OTJIMYHOE OT
TOJIHOTO, HA3BIBAIOT MO-PAa3HOMY, HO dYamie BCero wactuanbiM nepepacnpenenenvem (UITY). Haiitn pemenns ypas-
HEHHUs TIEPeHOca ¢ 3TuMu (DYHKIUSAMU, TayKe GUCIeHHBIE, CYIIECTBEHHO CIIOXKHEe, U OHU OBLIN MOTyYeHbI MO3XKE, YeM
qist IITTY. Tounbix aHamuTndeckux pe3ynbraroB s YITY n3sectHO coBeceM HEMHOTO [53]. D10 0OBACHIETCS CIOK-
HocThio ynkuuit nepepacnpenenenus (®II) u tem obcroarenberBoM, uro npu UMY dbyHKIMS UCTOYHUKOB 3aBUCUT
OT YaCTOTHI.

MBI OCTaHOBUMCS Ha HEKOTOPHIX aCUMTITOTUYIECKUX U YUCJIEHHBIX PE3yJIhTaTaX. ACHM”TOTVIquKaﬂ Teopud IJId 3TUX
BUJIOB PACCEAHMS MOMKET OBITH MOCTPOEHA, HO COBCEM MHAaYe, YeM m3noxKeHHas ams [TITY.

s IpOCTOTHI OrPAHUYUMCS PACCesTHUEM B OECKOHEUYHOil cpene u ¢ ycpeaHeHHoi no nanpasnenuam OII R(x,z').
Torga ypaBHEHUE EpEHOCA B TLIOCKOH Cpeie TPy OOBIYHBIX 0003HAYEHUAX MPUMET BUJL

UW = —[a(x) + B (7,n, 2) + a(z)S(7, 2), (44)

a ypaBHEHWE JIyINCTOTO PABHOBECHST 6€3 MCTOYHWKOB B KOHTUHYYME W C NCTOYHUKAMW B JIMHUH, TTPOTIOPIINOHATHHBIMI
MPOMWIIO TTONJIOMIEHWST, 3AMUITIETCH TaK:

S(r,z) = So(r) + A / dx’%ﬂm’), (45)
J(r,x) = % /I(T,r],x)dn. (46)

-1

MoiHOCTh UCTOYHUKOR J0JIP)KHA JOCTATOYHO ObICTPO yObIBATH ¢ pOCTOM |T|, 9TOOBI M (DYHKIMST MCTOYHUKOB ObLia
OT'PaHNYEeHHOMN.

VYpapuenus (44) u (45) nepexonar B ypasuenus mus IIITY, ecniu npunars, ato @I Rz, ') = o(x)p(a’) =
A?a(z)a(z’). Tlompobyem cBA3ATH 3TN ypaBHeHHs CTIOCOGOM, TTPeTOXKEeHHBLIM B paboTax [93,94].

2. Acumirrornueckuii Mmetof. /s OECKOHETHO Cpeibl 3AMUIIEM HHTErPATLHOE YPABHEHUE TIEPEHOCA 71 (DY HK-
1y nCTOIHUKOB. JIjist 3T0r0 nostyanm (popmannsHoe pemenne (44), BRIpa3uM CPEIHIOI MHTEHCUBHOCTH Yepe3 (hyHKIUIO

MCTOYHUKOB oo
1
J(r,z) = §a(x) / Ei([a(z) + B]|r —7'|)S(7, z)dr’ (47)
U TIOJCTABUM Pe3yJbTAaT B ypaBHEHUe JyducToro pasHosecus (45). Tlonydum
>\ T A R(x7 x/) ! 7 ! A A ! !
fr— — —_— - . 4
S(r,xz) = So(1) + 5 / a(z) Aa() dz Ey([a(z") + 8|t — T'|)S (', 2")dr (48)
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Beenem ycpegnerHyoo mo 9actore QyHKIIAIO HCTOYHUKOB

oo

S(r)=4A / o(2)S (7, 2)dz. (49)
U3 ypasuenus (48) cinemyer, 9410
S(1) = So(7) + %A / o?(x)dx / Ei([a(z) + 8|7 — 7')S(r, z)dr". (50)
[Tomoxkum
S(r,z) = S(1) + S1(7, 7). (51)

N3 ypasnenwii (48) u (50) nonyuaercst ypasuenne juist byukuun Sy (7, x):

Si(r,z) = % 7 alz') mz(“)) ] dz’ / By ([a(z") + Bl|r — 7')S(r, 2" )dr. (52)

— 00

IMpumenum MeTos Bo3myIenuit. Byaem cuutars, 4ro GyHKIMS UCTOYHUKOB S (7, ) MATIO OTIXYAETCS OT YCPEIHEeH-
HOI, Tak 9TO BTOPOE cnaraemoe cripasa B (51) mano. Torma sicho, uTo B mepBoM npubvskennn ycpeanearas hyHKIns
V/IOBJIETROPSIET YPARHEHUIO B TIPEITOJIOXKEHNH TTIOJIHOTO MEPEPACTTPEIEIEHNST 110 YaCTOTe

S(1) = So(1) + %A / o (z)dz / Ey([a(z) + 8|7 — 7')S(7')dr’, (53)

KOTOPOE MOXKET ObITh NPUBEJEHO K CTAHIAPTHOMY BuIy ¢ saaephoil dbyukmueit Ky (7, ) (uagekc R yka3biBaer Ha
OTpeJIENIeHHBIN BUJL TTIOTJIONIEHWs W TTepepacnpeaenenns ). [lonpasounas xe GpyHKINA BHIPAXKAETCS 9epe3 yCPeIHEHHYO:

Sy(r,z) = % 7 az') mz(x)) ] da’ / Ev([ol@) + Bl — )5 )dr. (54)

—0o0

[lepecTraBuB MOpsiIOK WHTErPANIOB, TOMYyYnUM G0ee KOPOTKYIO (DOPMY COOTHOITEHUS:

S1(r,x) =

| >

/ [Kr(|T —7'], 8,7) — Kr(|T — 7’|, 3)]S(7")d7’, (55)

TJIe 3aBUCAIIASI OT 9aCTOThI 0O0DIIEeHHAsS AAepHasa PYHKIAS UMEeT BT

o0

Kn(r. B, 7) = / a(x/)%a([a(m'H Gr)da. (56)

— 00

O1a QYHKIHUS TEM Ke PACCYKICHHEM, KOTOpoe ObLIo mpuMeHeHO B §4.3 171 caydasi MOJTHOTO Tepepacupeie/eHus,
MOYKeT OBITh TPUBEIEHA K BUIY CYTEPTIO3UIINH IKCTTOHEHT

o0

_ _ dy
Kr(r, ) = e [ eV Ap(y, 2) =L, (57)
0/ y+ 0

T1€ BECOBaAd (byHKL[I/IH 3aBUCUT OT YaCTOTHI:

/R(x,x’)a(x’)dx’ mpu y <1,

)

/R(m,x')a(m')dx' nmpu y > 1.
0

—_
—~

2
AR(yax) = - *

y Aalz) (58)
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[Tpu ®II, orBevaromieil nonnomy nepepacnpeaenenuio, dbyuaxmuu (57) u (58) nepecraioT 3aBUCETh OT YACTOTHL

Teneps nociemoBarenbro paccmorpum Tpu @I, koropwie Obun BhiBeeHbl B §4.2. Haunem ¢ nepBoil u Tperheii,
KOTOPBIE 00bEINHEHBI TEM, YTO MPUBOIAT K pe3yabraraMm, Majio oraudatonimmvcst ot [ITTY. ns memoncTpammm 3Toro
HAM MOHAJ0DATCS UX PARTOKEHUS B PSIBI.

3. Paznoxenus dyukinuii nepepacnpegenerauns: Ry u Ryyp. Paccmorpum cragana nepsyio.
Bakon nepepacnpeenenus Ry Moxer ObITh IpejacTaBieH GunuHeiiabiM pasnoxenuem [101]

N L2y >\ Hop () Hop (2) B 2\ o () g (')
Ryl a) = Ze mgo 2m2m+ 1) 2 Tt (59)
3xech
. H,
() = = D) (60)

V2rnlr
npudem H,(x) muHOrounexst dpmura. g 10Ka3aTeNbCTBA STOrO PA3I0KEHU YMHOXKIM 00€ 9acTu paBeHcTsa (59)
Ha Ho,p, (2') m npownTerpupyem mo 2’ mo Beeif BemecTrerHOl ocn. B wHTETpase crpapa MCmosk3yeM OpTOrOHAIRHOCTH
MHOTOYJIEHOB DPMUTA C BECOM @)’ g HOPMHPOBKY MHTerpana oT Ksajaparta na 22™(2m)!\/7. Ilpn uaTerpuposannm
cJIeBa HAJO MOACTABATH Bbipaxkenue (43) u3 rnaset 4 qua ®I1 R, nepeMeHUTh NOPSAIOK WHTETPUPOBAHUS Y BOCIIOJIb-
30BaThCsA cooTHOeHnsMu (cM. [13], paseHncrsa 7.371 n 7.373.1):

u oo
1 2 e
/Hgm(x/)dx' = mH2m+1(u), /e H2m+1(u)du =€ Hgm(x) (61)
0

x

B pesyaprare crnpasa M CJI€Ba NOJIyYaTcss OJWHAKOBBIE BBIPAYKEHWS, COIEPIKAIINE YETHBIH MHOTOYJIEH DPMUTA:
€™ Hop () //7(2m + 1).

AmanornaHoe pa3noKeHue MOXKHO TIONy9uTh U Ans dyrakoun Ryp. CHagana ycTaHOBUM CBSA3b 3TOH GyHKIUEA ¢ R
[59]. IlpunsaB BO BHUMAHWE UHTErPA OT JOPEHIEBCKON dyuakuuu wr,(z, a)

Yy Y
dt r+y T —
7 | w,(t —x,a)dt =a | ————— = arctg —= — arctg —= 62
=zt =a [ S = ot T vy (62)
-y -y
3anwineM BbIpaxkenue s Ripp, momydentoe B §4.2, B Buze
) o0 Yy y
Rim(z,2') = —= /e‘y2dy/wL(t - x,a)dt/wL(t' — 2 a)dt’. (63)
NG
0 Zy 2y
3areM JBa pa3a MepecTaBUM IOPSIOK WHTEIPDUPOBAHUSA:

o0

00 Yy
1
Ri(z,2') = NG / wr, (t — x,a)dt/e*dey/wL(t' — 2 a)dt’ =
s 2y

Il

o0 o0 o0 o0 o0
1
=7 / w(t — x,a)dt / wi,(t — z,a)dt’ / eV dy = / wi,(t, a)dt / wr,(t',a)dt'Ry(t + z,t’ + 2').(64)
™
~oo ~oo max{ft],|¢/]} “oo “oo
Tenepr noacrasum croga pasnoxkenune (59). Torma nomyuanrcs
o0
agm (T, a)aom (2, a)
Rz, z') = 65
m(z, z') Z om + 1 ) (65)
m=0
IJie UCTI0b30BAHO 00O3HAYEHNE
[ (-1)" d"U(a, 2)
— 'Ula, x
an(z,a) = / wr,(t, a)dtay, (t + x) = 5T e (66)
—o0
[Mocnennee paBeHCTBO JTOKa3bIBaeTcs N-KpaTHLIM Juddepennuposannem gynxnuu Dofrra, 3anucannoil B BAIE
o0
1
Ula,x) = 7 / wL(x,a)e*(t”)gdt, (67)
—o0
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10 & W UCMOJIH30BAHUEM ONpPeIeNeHns] MHOTOWIEHOB DPMUTA
2
2d"e™"

dxn

H,(z) = (=1)"" (68)

4. AcnvmnroTnka agepHoii GyHKInn npmu pyHKIuN nepepacnpenenenans Rp. Ouennm nosegenne smeproii
dbyrxknum (56) npu Goapmux 7 g ®IT Ry, koTopast 0OTBEYAET YMCTO TEMJIOBOMY PACITUPEHUIO JIMHUW W JOTJIEPOB-
ckomy mpoduio norsomenusd. Ha puc. 7 npeacraBieHa 3aBUCUMOCTD 3TOM (DYHKIUIO OT YaCTOTHI & TPU PA3TAIHBIX
HAYATbHBIX YACTOTAX 1.

Ri(w,x1)y/me"s
1.0 \

0.8r

0.6

0.4r

0.2

0.0

L x

2
Puc. 7. Oyuknus /me® Ri(r, 1) Npu HEKOTOPBIX 3HAYCHUSX T1.

Pacnmmem Bxogsimmii B Beiparxkenne (58) anst pyrxkumm Ap npu y < 1 uarerpan:

I(a:,y)zﬁ/a(xl)RI(a:,xl)dxlz/ e " dz, / e du= / e du / e " dz;. (69)
a(y) VIn(1/y) max(z,1) max(z,\/In(1/y)) In(1/y)

Tereps npemmonoknm, 910 y < 1, ¥, BOCTOJIH30BABITNACH ACUMITTOTHKONW (DYHKITNN OTITHOOK

oo

2

2 e "
“du ~ 70
Jertaus S (70)

x

HaflemM acuMNToTHYecKoe npejcrarienne narerpasa (69):

I2

1 2
00 Y mpn y <e *

5 - J
—u 41In(1
21(z,y) ~ e du Y - ~ n(ﬂ/y) —22? (71)
m(i/y) o e e o
Y — mpn Yy >e T .
max(z,1/In(1/y)) Vi 1/y 2x 42

HepagencTBo Bo BTOpoii cTpouke B hUrypHoii cKOOKe MOXKHO 3anucath unade: r > 1/In(1/y) > 1.
Hanee caurasg, aro 7 > 1, noacraBum B unrerpan (57) soipaxkenue (58) mnga dbyuxiuu Ap(z,y) U aCUMOTOTUKY
(71). 3arem caesaem 3amMeHy NepeMEHHOI MHTErpupoBaHusi Ty = t U B BbIpaskenun In(7/t) orbpocuM MHOXKUTEND €,

YTO, KaK MblI BUJEJIN B TJIaBE 4.‘ MOXKHO JIeJIaTh TIPpU OoTiepanudax ¢ MEeIJIEHHO MEHAIOIIUMUCA beHKI_U/IﬂMI/I. TOT‘,H&

Ki(r,B,2z) ~€” -8 7’5[ (z,t/7). (72)

0

Berancnne mosygaommrecss wHTErpasbl, Halgem
1
K ~ as
I(T;ﬁax) inT 1 (T,S,IU), (73)
1 vVinT InT

KIaS(T’S’w):Z {ICl(s w)+2 Kg(gw)—?wEl(w—i—s)}, (74)
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_ 2
rae obo3HaveHo s = 73, w = 7e” * , a TakkKe

K1(s,w)= (I—s)e5(1— e_w)_i-vs [E1(s)—E1(w + )] ,

Kao(s,w) =e 7% — sEy(w+ s). (75)

Acumnrornka (73) npeanonaraer, ato nponseenerne s = 73 uveer nopsaok 1. Ilpu sTom wacrora & Moxker GbITh
pazuas. [Ipn HEOOIBITUX 3HAYEHUSAX F9ACTOTHI, T.€. B sIAPE JIWHUU, W ~ T > 1, TaK 9TO BTOPOE W TPETHE ClIaraeMbie
B (74) cogepkar MHOKUTENb €~ 7. YKa3aHHbBIE ClaraeMble MOXKHO OTOPOCHTH KAK HECYNIECTBEHHBIE MPU BBINTOTHEHUN

2
coorrorenwst e~ "TInT < 2. B KphIabsx JIWHAA, TOe W = Te T

KakK Toruaa r ~ VInr.

5. AcumnroTruka perneHusi npu (PYHKIUU Iepepacnpenejgenus Rj. Bamsocrs pacceanus mpu yHKINN
nepepacipeienienns Ry U Mpy MOJTHOM MepepacipeseeHrul M0 9acTOTe IeMOHCTPUpYeTcs aByMms crocobamvu. Oaun n3
HUX 3aKJII0YAeTCs B TOM, 9TO MOKa3biBaeTcst ObicTpasi cxogumocth nrepannit 3roit @I k @TI npu TITTYH, ananornunas

~ 1, Bce Tpm cjaraeMbIX UMEIOT OJWH TTOPSI0K, TaK

CXOIMMOCTHU UTEPALNH UHANKATPUC K CPEPUIECKOI, O YeM TOBOPUJIOCH B KOHLE § 2.4.
O603mraxmm n-10 nreparmmio ®IT R(z, z') wepes R(™ (z,2'). Toraa I0MKHO BRIMOIHATHCS PEKYPPEHTHOE COOTHOTIIE-
Hue

o0
R (2 )

R™ (x4, z/d’R ) ———— 76
(@r0) = [ da'Rlana!) T (76)

—o0

ITpumennm a1y mporenypy k ®II Ry, 3amncaB pasjoskeHne ee n-it nTeparnn B BUIEL

Rln)(x,m) = erﬁ)azm(x)azm(xl), (77)
TaK 4TO r;}b) =1/(2m + 1). ®ynkunn o, () OPTOroHAJILHBI 1 HOPMUPOBAHBI C BECOM e’ MMosromy ko3 duimerTh

pasioskennst nrepuporanabx OTT 7',(,?) = [r,(,p]” =1/(2m+1)"™ u Bce, KpOME HYJIEBOIO, CTPEMSITCS K HYJIIO TIPH 1 — 00,

a cama @I — k croemy meprOMy cilaraemMomy.
Boruucnenus npogenanst B padote [37]. Ha puc. 8, B3aToM 13 3T0i paboThI, BUIHO, KAK OBICTPO CXOIATCH UTEPALIAN
R;. IIpumepno Tak ke Bemer cebs u @I Ryyy.

a 3]

R™(z,0)\/7 R™ (2,1)/Te

1.0 \ 1. T

0.8 1 0.8r 1

n=1
0.6 1 0.6 1
(0.)
0.4 104t i
0.2 1 0.2r 1
0.0 ‘ ‘ ‘ 0. | | ‘
20 -1.0 0.0 1.0 20 -20 ~-10 0.0 1.0 20

Puc. 8. Tlocsienosarensunie nrepannn Gynkmmn Ri(x, z1):
a—mnpuzxy =0; 6 —npu x; = 1.

B obonx crnydasx mepBble CaraeMble pa3fioKeHUi COBMAIA0T ¢ popMyIaMu, mpeacTapiasomuvu 3akon ITITH. B
ciydae pasnoxenud (59) mng Ry 9TO ONpoUW3BENEHUE NOILIEPOBCKUX npoduiei e“”z_("’,)z/w, B cay4vae (65) musa Ry

npoussenerue doiirrosckux Ula, z)U(a,z’). Coyqait ®I1 Ry He cTOML mpo3padeH, Tak kak dyHkmum (66), mo
KOTOPBIM WJIET Pa3Jioxkenne B (65), He SABISIOTCS OPTOTOHAIBHBIMH.

Kak Bnaro n3 Beipaxkenns (54), nonpapounasi (PyHKIMSI ICTOYHUKOR COJIEP’KUT MHTErPaJ OT pasnoctn mexay OTI1
u ee IIITY mpememoM, TOITOMY OHA OKA3BIBAETCS MAJIOi MO cpaBHEHUIO O cpenneii. Ha aTtom 06cToATETHCTBE OCHOBAH
NpuOIUKEHHBIN crtocob ydera nepepacnpenenenns no dacrore npu ®@II Ry, seasomuiica ananorom merona Cobonesa
JIISE MOHOXPOMATHIECKOTO paccesiiusi. Crocob 3aKII0YaeTcs B TOM, 9TO NEPBOE paccesHue yauTbiBaercs ¢ Toanoil OI1,
a Bce MHOTOKpaTHbie — B mpuoOankennn [TTTY.
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Ipyroit cnocob memoHCTpanuu OIU30CTH paccesHuss ¢ K] K MOMHOMY TepepacrpeeeHni0 OCHOBAH HA METOe
MacITabnpoBaHMS.

Cpasrnm acumnroTuky (73) ¢ acMMNTOTHKON s1epHOH DyHKIMK 1715 corydas momaeposckoro npoduas npu TTITY.
Hocrarogno cpaBHUTh nepBoe ciaraemoe ¢ dpopmynoii (130) u3 rnasst 4. B sape nubum onu ogmoro nopsaka. OgHako
B Kpbuie 0600IeHHas aaepHasa QyHKIusg yObiBaeT MeJIEHHEee, 9eM JOIIepoBcKas. 11oaromy B Bhipakenuu (55) mon
WHTETrPAJIOM JOCTATOYHO OCTABUTH TOJBKO MEPBOE caraeMoe, coorBeTcTByomiee YITY.

IMpomsrenem macmrabuposanne coornomenns (55). st 3T0ro cHavasa, Kak 3TO JEMaI0Ch JJIsi TOJHOTO TEPepac-
Npe/e/Ienus JIs NOJIyHeHnsi KOHeUHBIX TIPE/Ie/IOR, CJIeI0Ba/I0 Ol BhrdecTh noj unterpaiom us S(7') snadvenue S(7),
BBIYUCJINTH COOTBETCTBYIOIINE MHTErPasbl, a 3arem nepeiitn Kk npegesy A — 1. QOmHAKO [JIst OLEHKHW TOPSIAKa BeJIn-
YWH 3TOTO MOXKHO m30eKaTh. Jle#fCTBUTeTLHO, IPEeJIOMI0KAM, 9TO ACAMITOTHKA yCPeIHeHHOH (QPYHKINHA HCTOYHHKOB
npencrasnsercs B suge S(7) ~ S.(A)S (7/A,73), Tae Ans AOMAEPOBCKOTO TPODUIS

A2 T 1 : (78)
4V In(1/(1 =) 1= A+ (2A8/v/7)/In(1/5)

[omcrasum B dopumyry (55) ykazammyio acuMnToTuky dbyskmma S(7/) m acumnrotuky saaeproit dymkmm (73),
yerpeMuM A — 1, . — 0, T — 00 1 & — 00 TakKuM 06pa3oM, 9Tobel 66110 A — 00, Q = 7/A = const, s = 73 = const

ww=7e " = const. Toraa InT = In(QA) ~InA, z = /In(QA/w) ~ VIn A u u3 bopmyust (55) noayuaercsi, 4ro

A T ‘
sl(r,x)~§5*(A)ﬁ / S(Q,$)KM(Q — Ql,w, $)dQ'. (79)

IToCKOMBKY MHTErPAJI OCTACTCA MOPSAKa 1, ACMMOTOTUKA HONPABOYHON (DYHKIMU UMEET JOMOTHUTEILHBIA MHOMKUTE b
1/InA wu, cnenoBarenbro, 31a GyHKIUA IPU GOMBIIHX A OKA3BIBAETCS ACUMITOTUYECKU MEHBIIE, 4eM yCPeJIHeHHAs,
uTO M JOKa3biBaeT 0JM30cTh ABYX Bua0B paccesinusi: ¢ [ITTY u ¢ ®IT Ry. Ananoruunas nponeaypa aiust @I1 Rypp 6osee
CJIOXKHA, HO MPUBOIUT K TOMY e pesyiabrary [93].

Cogcem apyrue BuIBOIbBI ObLIn caesanbl o orHomenuto Kk @I Ryp. st nojnydyennst aCUMITOTHK PENeHril cHadaa
HaleM acuMTITOTUYecKue npejacraBienns 3toi OII.

6. Acumnrorukn dyHkuun nepepacupeaesieaud Ry(z, z'). Oty dyakuuo

17 . -
Ry(z,2') = 37 /e‘“Zdu {arctg% — arctg %} , (80)

T
rae Ty, = min(|z|,|2’|), zm = max(|z|, |2']), r = |z — 2'|/2, ouernm B acmmmTOTHHUECKOH obmacTw, T.e. mpn a K 1,
x ~ ' > 1. [locne 3aMeHbI TEPEMEHHOM WHTErPUPOBAHASA U = Y + T TIOMY9UM

o
1 _ 2 y+s s—y
Ru(z,2') = —— [ e~ W) dy |arctg =—— — arctg —= | , 81
1 ( ) 372 / Y €, £, (81)
0
roe s = (x4 2')/2.
Pazobrem naTerpan na apa no agym nmpomexytkam: [0, s] n [s,00). B meprom, canTast s 3> 1, pa3HOCTh apKTAHTERCOR
OIIEHWM CJIEIYIOMWM 00pa3oMm:

arctg y_—l—s — arctg 7Y arctg 2y/a ~ @
a a 14 (s2/4 —y?)/a? 2~

Taxast onenka ommubouHa B obactt y ~ § > 1, HO pu OGOIBIMUX Yy TOABIHTErPAIhHAS (DYHKIMS Masia n3-3a MAJIOCTH
9KCIOHEHTHI. Bo BTOpOM mHTErpase npu y > § MOXKHO 00a apKTaHTeHCa B CHJLy MAJIOCTH @ 3aMEHWTh Ha WX 3HAYEHWS
npw y = 00, 9TO B cymme gaet 7. Nrak,

(82)

/ as / / /
Ry(z,z") ~ R (z,2") = Ry (z,2") + Ri(x,x"). (83)
3mecb BTOpoe cimaraemoe  paccmorperntas Boime @II, coorBercTByomas npeneny Ry opu a — 0, a mepBoe mpomop-
[IMOHABHO @ U MOYKET OBITH BBIPAYKEHO depe3 (DYHKIUIO OMHUO0K:

Ry(z,2")= % e et Vmr (Erfe(r) —Erfe(s+7)) |, (84)

re

Erfe(z) = % /e_t2dt. (85)
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[Ipuaas BO BHUMAHHUE, YTO S > 1, yIPOCTUM 3TO BBIpaKeHHUE:

a —T‘
Ry(x,2") = —ag | — ry/m Erfe(r)] . (86)

B npeacrasnennn (83) rropoe cnaraemoe coriacao acumnroruke (70) 6GuicTpo (3KCoHeHIManbHO) yOhiBaeT ¢ ua-
cToTOii. B mepBoM ciaraemMom TepeMeHHbIe § U T pa3/IeuIiCh, U ¢ POCTOM § OHO yObiBaeT kak 1/s2. fcHo, uTo BTOpOe
cnaraemoe mpeacrtasasger @1 B 1onaepoBCKOM siipe TWHWY, a TEPBOE B KPBLIbsX.

Ipanrnneii, pasgenstonieit obaactn gaeficTus AByX caaraeMbix B (83), MOXKET CJIy’KUTh YACTOTA T}, TPU KOTOPOWH
OHM CcpaBHMBAIOTCH, eciim 7 K 1, a § ~ 2 > 1. Dra wacTora onpenensiercs u3 COOTHOMEHNs, caemytomero u3 (70) un
(86):

—T2
le™ a 2 _ 2a
T=o = T Wbe = —. (87)
VT 2mp w3127 T
Ormerum, aro u dyukuus Doiirra npegcrapisiercss IByMst pa3HbiMu (DYHKIUSME B SiAPE U B KPbLIbsax. Kcim yacrora
HEBEJINKA, TO U(a,x) MPU MaJIbIX @ MOYTH COBIAJAET C JOMJIEPOBCKUM MPoduaeM, a B KPbLIbAX 3HAMEHATEh MO/,
HHTErpajoM HOUTH paBeH T2, KAKOBOE 3HAYEHHe W MOYKET OBITH BRIHECEHO 33 3HAK HHTErpaja, Mociae 9ero HHTerpa

BBIUUCTISAECTCS U PABEH /7. B pesymbraTe momyanm, 9To

1
— e nmpu 0 < |z| < a4,
Ula,z) ~§ VT, (88)
— npu |x| > zq.
T

BﬂeCB B KQYE€CTBE I'PAHUIIBI T4 TAKYKE MOXKeT ObITH TIPUHATA 9aCTOTa, I'1€ 3SHAYEHU A beHKI_H/H/I7 BBIYUCJIEHHBIE IO 00eUM

dopMyIaM, COBIATAIOT:
a

N
3HAYEHWS T}, MEHBINE, YeM T4, HO UMEIOT OJWHAKOBYIO BDYyHKIHOHATBHYIO 3aBUCHMOCTD TIIABHOIO YIeHA ACHMITOTHKH
no a < 1: ~ /In(1/a).

Eme onpa BO3MOXKHOCTH BHIOPATH MPAHUYHYIO TOYKY T; MEXKIY ABYMs mpeactaBiaerusivu yakinn Qoirra — 310

(89)

_ .2
rie % =

norpeboBaTh, 4TOOKI WHTErPAJ OT €€ MPUOJINKEHHOTO TPEICTABIEHNs] TOYHO paBHsICcs 1:

(e}

/U(a,a:)dx f/ eV dy+ & /if: f/ gy 4 2 /dx. (90)

— 00 T T

OuenuB nepBoIil HHTErPAJI ACUMIITOTUYECKHU TTPYU DOJIBITIOM apryMEHTE, BRIYUC/IUNE BTOPOH MHTErPaJl TOYHO U IPUPABHSIB
pPe3yAbTaThI, MOJYYAM

2
o 9
e a Ve (o1)

=, Ii= In —
LT 2a
¢ TO# Ke 3aBUCUMOCTHIO TPAHUYIHON TOYKN OT a.

O6o3Ha4unM 0DLIYI0 YacTh ACUMIITOTHK TPEX I'PAHMYHBIX TOUeK depe3 T, = 1/In(1l/a) n 6ynem paccmarpupars ape
obmactu 9acTor: |z| < . u |z| > .. B nepsoii BMecto @II Ry npuMem Ry, a Bo Bropoii  ®IT R,.

Ha puc. 9 u 10 npencrasnenst rpabukn 3apucumocty orHomennst Ryp(x,x1)/U(a, ) OT & IpH HECKOTBKUX T1 U
JBYX 3HaYeHUsX (HOUrToBcKOoro mapamerpa a. I3 HUX BUIHO, YTO, AEHCTBUTENBHO, IPUA MATBIX T1 (DYHKIUS MOXOXKA,
Ha Ry(x,x1) w pemenusi ypaBHenusi Beayr cebst B siipe JIMHUM COOTBETCTBEHHO 3TOMY, T.€. Majl0 OTJIMYAIOTCS OT
nony4gaembrx B mpuoankennn [ITTY. Tlpn 6onpmux 1 nmuk @II cmemaercst B CTOpoHy 3HAYEHUS L1, TPUIEM CTAHOBUTCS
TeM ocTpee, demM Ooibine xp. Ha 3TOM OCHOBAHO MpUONMKEHWE, HUCIOIB3YEMOE MPU MOCTPOEHUN ACUMITOTHYECKON
Teopun UIIY c sroit OII.

7. AcumnroTmyeckoe ypaBHeHHMe HpH (PYyHKIUU nepepacnpeneseHuss Ry, B atom myHKTe MBI ciemyem
pabore k. Xappunrrona [96]. Paccmorpum muist npocrorsr u st Beistiiernst 3¢bdEKTOB MMEHHO PACCEsTHUST B JIMHUN
MOJIeTh paccestHusi B 6ECKOHEYIHO cpee 0e3 MOT/IONEHNsT B KOHTHHYYME.

K uaTErpambHOMY ypaBHEHHIO

S(r,x) = So(T) + % / dxl% / Eqi(afzr)|m — 1|)S (71, 21)dm, (92)

OTIUCHIBAIOIIEMY MTEPEHOC MITYUEHUS B TOM CIIydae, IPUMEHSETCS TaK HA3bIBAeMOe ABaKIbI nuddy3uonnoe npubiu-
kerre. OCHOBAHMEM K €r0 MPUMEHEHUIO aBjsgercsa ObicTpoe yobBanue dbyukimun Rip(x, 1) ¢ yaaneHueM 4acTtorhbl Ty
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RH(xv xl)/U(a’vml)
1.0 T T T T T T T

08

0.6

04

0.2

0.0

Puc. 9. Tlosenenne ornomennst Rir(z,z1)/U(a,x1)
npu a = 0.001 » pazanaHbIX T1.

Rit(z,z1)/U(a, 1)
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Puc. 10. Ilosenenne oraomenns Rii(z,z1)/U(a, 1)

npu a = 0.1 ¥ pa3MUYIHBIX T1.

or z u Oeictpoe yoniBanue byukunn Ei(a(z)|T — 71|) ¢ ynanernem riyOGuHBI 71 OT 7. DTO O3HAYAET, YTO MPOLECC
paccesTHUsT CYIIECTBEHHO JIOKAJEH W TIO0 MPOCTPAHCTRY, W MO YacToTe. BRUIY yKa3aHHOrO 0OCTOATENhCTBA (DYHKIUIO
MCTOYHWKOB, cTosimyto B (92) moa mHTErpasom, packaaapBaem mo 7 u no x no dpopmyae Teitnopa BToporo nopsiaka:

0S(t,x) 102S(r,x)

(7'1—7)—1—7 (xl—x)+§ TQ’ (T1—7)%+

0%S(t, )

1825(7, x)
OT0x

S(m1,m1)=8(7, )+ 5 om

(z1—x)*+ (11—7)(x1—x).
(93)

Ormerum, 9TO pazinokenue (GPyHKIUNU UCTOYHUKOB MO TIYOWHE C TOYHOCTHIO IO BTOPON MPOU3BOMHON PABHOCHUIHHO
NPUMEHEHUIO METOa DIAAUHITOHA, KOTOPBIH MbI B TJjiaBe 2 npuMeHsiin K auddepeHnnaisHoMy YPaBHEHUIO IEPEHOCA.

dS(t,x)
or

IMocne noacranoekm pasnoxkenus (93) B ypasrenne (92) y6erxxgaemMcst, 9TO WHTETPAJILI 1O IIyOWHE JIErKO BHIMUC-
NAI0TCA, IPUYeM WHTErpabl ¢ HeYeTHBIMH CTENeHSAMH PA3HOCTH 7] — T PABHBI HYIIO:

i r 14 (-1)" nl
/ Ei(a(z)|m — 7)) (11 —7)"dmy = /El(a(x)|T|)T"dT = 0;_571(%))#“ (94)
AHanornaHo HEOGXOAUMO BBIYUCIATH YETHIPE MHTETPAA TI0 9ACTOTE T1. L PU U3 HUX UMEOT BUJT
7 RH(J?, .131)
I,(z) = )T g~ 01,2, 95
@= [ @ oy S, o (95)
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a YeTBEPThIi

o0
RH T, T1
I.(z) = #dxl. (96)
2
Ula, z)o?(x1)
— 00
ITpu BBIYUCTIEHUU 3TUX WHTEIPATIOB CIUTAEM, UTO T > Xy, U BMecTo PII Ry noacrasngem R,, a Bmecto Ula, x)
ee acuMnToTHKY a/722. Jlemaem 3aMeHy TiepeMeHHOi mHTerpupoBanus 1 = x + 2u. Torma s = |z + ul, a oTHOmeHNE
22/s? = 1/(1 4+ u/x)? moxno samernth Ha 1 — 2u/z. TIpnBoanM Tak ke WHTErpambl K npoMeskyTky [0,00), cuenan B
wraTerpase mo (—oo, 0] 3ameny u — —u. B pesymbrare momyuaem

o0

2;; m[[lﬂ—l)”]—%[l—(—nn]u} wda e <ou [ e |
0 u

[ (g L e (e L

Heobxonnmbie nam nnrerpadst Ip(z) = Io(x) =1, Il( )=—1/z.

Yerseprrrit unrerpan (96) pasen 1/a?(x) ~ w22*U?(a,0)/a?, Tak xax npw 3amene rq = x + 2u MONpaBKa, MPo-
NOPIHOHANBHALA U, OyaeT 60/1ee BHICOKOTO MOPAIKa MATOCTH, 9eM BTOPOH MOPAN0K, IO KOTOPOro y HAC IPOU3BEICHO
paznoxkenune (93).

Takum 06pa3om, aCHMITOTHYIECKOE YPABHEHWE TIPUHUMAET BT

A 1 @S (10°S(r,x) 108(r,2)
3 a(z) 012 '

L, (x) ~

(1 =XN)S(7,2) = So(7) =

2 Oz2 r Oz (98)

k. Xappuurron [96,97] npu noMoum BhIBEJAEHHOIO UM aCHMIITOTHYECKOro ypasHenusi Buga (98) nosyuni pernie-
HUST PA3MUIHBIX 33739 TepeHoca. Mbl XKe 3/1eCh OrpaHUYUMCS BLISABICHUEM 3aBUCAMOCTH XAPAKTEPHBIX BEJUYIHH OT
MApaMEeTPOB 33891 METOJOM MACIITAOMPOBAHMS.

8. MacmirabupoBauue npu PII Ryj. Bregem macmrabHbie MHOXKUATENN B apTyMEHTHI U (PYHKIIAN, BXOISAIINE B
ypasHenue (98):

T=7Q, x=7¢, (99)
So(r) = S27)S0(Q), S(r,2) = S.(7,7)5 (Q,€), (100)

¥ TOJCTABUM WX B 3TO ypaBHeHme. ycrpemuM A — 1 u mogbepem MacmTabHbe MHOXKUATENW TaK, 9TOOBI ypaBHEHUE
N

OCTABANOCH KOHEUHBIM. [Ijis 3TOr0 pasfenum pes3yabTaTr MOACTAHOBKY Ha Sy (T, )/T ° u npupaBHseM 3aBUCSIIIAE OT

nmapamMeTpoB KO3(MOUIMEHTH! equHNIIE:

1 2~6772
2_ _M:L (101)

- SNF) -
=N =1 g7 =l 3 e

N3 (101) cremyer, 9T0O HAIO MOTOKUTH

_ 1 _ 7w U(a,0) 1 _ SO(7)
= — _ — * y = -\ 1 2
Ji-x B a (1—)\)3/2’S(T =1 (102)
ITocrme aToro “obe3paszMepeHHOE” ACHMITOTHYECKOE YpPABHEHHE MPUMET BUT,
~ ~ 925 (Q,€)  19°S 195 (Q,

0Q? 2 852 §  0¢

Taknm obpaszom, npu paccesunn B jguaun ¢ @I Ry noremenvie perieHuii B Kpblie JIMHUW KOPEHHBIM 00pa3om
OTJIMYAETCST OT TOrO, KOTOPOE MbI HAOJIIOJAJIN B CJlydae MOJHOrO Tepepacipeie/ieHus M0 4acTore, u OJiM»Ke K MOHO-
Xpomarndeckomy. PaccestHie HOCUT JIOKAJIBHBIF XapakTep 1o rjiyOuHe U 10 4acToTe, TouHee rnepemMerierne hoToHa 110
TIyOWHE W 0 9acTOTe coBepinaercsa audy3noHHbIM 00pa3zoM. PasznuyaoTca n xapakTepHble MacmTadbl. Macmrab

10 TIybuHe ¢ NpUOTIKeHHeM PACCesHHs K KOHCePBATHBHOMY Boadpactaer Kak (1 — \)™3/2, a me kak (1 — N2, g0
cootserctryer ITTTY ¢ doiirropckiv mpodunenm, npu kKotopom v = 1/4, A = [X\y/2maU (a,0)/[3(1 — \)!/?]. Xapakrep-
HbIE MACIITaldkl IO JacToTe Takke pasubie: npu [MITY B kpeute auanm I = (WA/[aU(a O))l/Q] (1 — N4 a npm

YIIY ¢ ®IT Ry, kak mbl Bugum, T « (1 — )\)71/2.
Paznuuarorcs u pe3yabTaThl YHCIEHHBIX pacdeToB. [Ipu paccMaTprBaeMOM BHUAE 9ACTUYHOTO IIEPEPACIPEICTICHAL
o 4JacTtore npoduau NUHUA BeayT cebd MHAdYe, 4eM IOpH MOMHOM. TouHee, Kak oTMmedaerca B kKumre /I Mmxamaca
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[45], B npubmmxkennn ITTTY oka3biBaeTcsi BO3MOXKHBIM MOJOTHATH PACCYUTAHHBIE TPOMUIN K HAGIIOJAEMbIM IIyTeM
BHIOOPA 3aBUCUMOCTH TeMIepaTypbl oT riybunbsl. OQgHAKO, X0 U3MEeHeHNusT TPOMUIIEH CUIIBHBIX JIMHUH 110 JUCKY 3BE3IbI
(Connma) me ymaercst onmcath ogHUM pacnpegeneanem temneparypbl npu [ITY u neobxognmo npuenevenne YITY ¢
dyuknueit nepepacupegenenust Ryp.

§ 5.3. Is10GabHBIE XapaKTEPUCTUKN PACCEAHUS

1. Onpenenenns. PaccMoTpum HEKOTOPHIE BEIMYWHBI, XapAKTEPUIYIOMINE TTPOIECC PACCESTHUS B CPEZIE B IEIOM,
YCJOBHO HA3BAB TAKNE BEJIVWIUHBI TJIO0ATHHBIMHA.

Jlist mpuMepa BO3hMEM ypaBHEHWE TIEPEHOCA M3/IYyIeHUs B TJIOCKOM CJIO€ B JIMHUHW C TTPOM3BOJILHBIM 3aKOHOM TIepe-
pacrpejiesieHus M0 4acTOTaM U HAIIPABIEHUAM

dI(1,w, )
TTar

31ech UCHOMB30BAHBI OOBIYHBIE OOO3HAYEHUSA: T  ONTHYECKAs [IyOMHA B MEHTPE JIMHWUW, 1)  KOCHHYC yTJIa MEXKIY

= —[a(z) + AlI(1,w, x) + B(T,w, x). (104)

HATMPABIEHUSMU PACTTPOCTPAHEHNST U3JIYyYeHUS W W yBeIWdeHunst TiyOnHbl, £ — 0e3pa3MepHOoe PACCTOSTHUE OT IEHTPA
amann, a(x) — npoduiik norsomenust, 5 — 10J1st TIOMJIOLIEHUs] B KOHTUHYYME OT NOJIOWeHust B uenrpe juann, I (7, w, x)
— WHTEHCUBHOCTH n3aydernsi. OyHKINS NCTOIHUKOB BHIPAYKAETCS Yepe3 WHTEHCHBHOCTD:

B(r,w,r) = Bs(T,w, ) + % / da:’/dzw'R(x,x',u)I(T,w’,a:’). (105)
T

— 00

Kak 00bI9HO /17191 M130TPONHOMN cpeibl, (DYHKIUSA TePepacipeie/ieHnst 3aBUCAT OT KOCHHYCA yIjla PacCessHus [ = ww'.
Ora GYHKIWS TOAIVMHEHA YCIOBHIO

7@:/ (f—:R(x,a:’,u) — o). (106)

Bcerga MoykHO Tipejnionararth, YTo WHTEHCUBHOCTh YIOBJIETBOPSIET HYJIEBHIM YCJIOBUSAM Ha rpanuuax cjost npu 7 = 0
U T = Tp, TAK KAK MOXKHO BBIIEJNATH TPAMOE U3y deHHE.
Cnenys [102], onpegenum naTh BEJTUIHH:

T0 o0
Es :/dT / dx/BS(T,w,x)de, (107)
0 —00

T0 o0
ERz/dT / dx/B(T,w,x)de, (108)
0 —0o0o

Fi=(1-)\ 0/ dri 4 o(z)dz / I(7,w, 2)d%, (109)
Ec ZﬂO/dTé dx/I(T,w,x)dzw, (110)
Fo = / dx/n I(r0,w(n > 0),2) — I(0, w(n < 0, 2)]d%w. (111)

B mocnemgrem BhIpaXkeHnn HAXOAUTCS TIOTOK B HAMPABIEHWW HU€Pe3 TPAHUIIHI, TIOITOMY WHTErPAJHI ¥ TPAHWI] PACITPO-
CTPAHSIIOTCS HA COOTBETCTRYIONINE TTOTyCEpPHI.

QueBueH CMBIC/T BBEIEHHBIX BeJinunH: Fg — MOJIHASI SHEPIrUsl, U3Jly4aeMasi EPBUYHBIMU BHYTPEHHUMU UCTOYHU-
KAMW U3TYyYEeHUs B CJI0€ B €IUHUILY BPEMEHU B PACUYETE HA €IUHUYHYIO MOBEPXHOCTH TPAHUIIBI, T. €. TTOJTHAST MOITHOCTH
WCTOYHUKOB; g TO/HAS 9HEprusi, u3aydaeMas B C/I0€ TAKXKE B eJUHUILY BPEMEHU U HA €IUHUILY TLIOMIAIN TPAHUIIBI
(kaK M BCE OCTAJbHBIE BEIUYUHBI), T.€. MOIIHOCTH U3JIYYEHHUs, CO3JAIOIEr0Csa B PE3yJbrare BCex paccesHuit; F,
Heprusi GOTOHOB, KOTOPHIE “TIOTHOAIOT’ IJIsT PACCESTHUsI, T. €. WX IHEPTHUS MEPEXOAUT B JAPYTHAE BUIBI IHEPTUHU, B pe-
3yJIbTaTE MCTUHHOTO TIOTJIOMEHNs B AWM (Henepewsnyuenns); Ec — sHeprusi, noryomaemMasi B KOHTUHYYME B XOJI€
nonera GOTOHOB MEXKy PACCESTHUSIMU B TMHWUN; HAKOHEI, Fe  JHEPIUS M3JIyUeHUs, TOKHUIAOIIETO CI0H B pe3yabrare
BBIXO/IA Y€Pe3 ero IPAHUIIHI.
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2. CoorHommenust Mexxkay BesmmauHamu. OUYEBHIHO, YTO BBIMOTHSIOTCS JBA CIEAYIOMINX COOTHOIIEHUS MEXKIY
BReIEAHBIMI BesmanAamu. OIHO W3 HUX TOy9aeTcst WHTETPUPOBAHNEM BRIDAYKeHWsT 1ist (DYHKINW HNCTOIHUKOR C
yuerom pasencrsa (106):

T0 o0
A

Er = Es + )\/dT / a(x')dx'/I(T, W' 2 )d%w = Es + ﬁEu (112)

0 —o0

BTOpOe COOTHOITITEHNE BhITEKAET N3 ypaBHeHHH TIepeHoca:
E
Foe = —Fe— —%_ 1 Eg. (113)
1—A
M3 1ByX 3aIMCAHHBIX COOTHOIIEHHMIT C/IeyeT pABEHCTBO

Eg = Ee + E1, + E¢, (114)

OTpazkaroIee 3aKOH COXPAHEHHUsT SHEPTUN: IHEPTHsT, TTOCTABJsIEMas NCTOTHUKAMK, PACXOIYETCS CIEAYIONIAM 00Pa30M:
9acTh €€ BBIXOAUT M3 CJIOS, YaCTh TIOTJIONIAETCS B JIMHUW, a 4YaCTh B KOHTUHYYME.

Takum 00pazoM, MEXK/Iy MATHIO BBEIEHHBIMYM BEIUINHAMU MMEETCs IBA COOTHOIIEHUS, T. €. HE3ABUCUMBIMU SBJIs-
IOTCS TPY BeMWYWHbL. Benmnuawna 3neprun ncToOIHNKOB g n3BecTHA, TO3ITOMY HAJA0 HalTH JBe. BMecTo snepruit MOXKHO
BBECTH JIBA JIPDYTHUX MOJIE3HBIX TTIOHSATHS.

3. Cpenune BeJMYUHBI. YOMSIHYThIE JBE BEJMYMHBI ONPEIEISIOTCS depe3 y»xke Beegenubie. OaHa m3 HUX —

cpeduee wucao paccearutl GOTOHA B ClOE:

N=Ir (115)

KomugecTBo 3Heprum, KOTOpOe M3NMyIaeTCd B CI0€, MPEBOCXOAUT U3MydaeMOe MEPBUIHBIMA UCTOTHUKAMU UMEHHO BO
CTOTBKO Pa3, CKOJBKO B CPEIHEM PACCESTHUIN MCIBITAT KAXKIbIA POXKIEHHBIN B c1oe (hOTOH.

ITpwn onpenenennn (115) neproe nsnydenne porona cuamraercst yxe paccessunem. VHOTIa CPeIHUM 9MCIOM pacce-
STHUI HA3bIBAIOT BEJIMYUHY

D N ) J—
Ny=—_"">2""=N-1 116
HUCKITI0Yada IIEPBOHAYAJIBHOE U3TyYeHUEe U3 YUCIIa paCCQHHI/Iﬁ.
ﬂpyraﬂ BEIUYNWHA, XapaKTePU3yllad IIPOIEeCcC IMePeHOCa IHEPTHUH, CpeaH,ﬂ,ﬂ a./LUH{l nymu, IIpoxoauMoro (bOTO—
HaM¥ OT POXKIOEHUA 0 BbhIXOJa U3 TMTPOIECCa PaCCeAHnA:
- FEc
= (117)
BEs

[ocroaunas (3 npu moIcTaHOBKe BBIpayKeHUA N71d Ee coKpamaercs, Tak 4To onpejeneHne umeer cMblca u npu 3 = 0.
Brezennblie BesunHbI NO3ROSIIOT 3anucarh paseHcrro (114) rak:

1-A -
Es = FEe + T<N>+ﬁl Es. (118)

[Iporre Bcero aTo paBeHCTBO BBHITISINAT B CIydae OECKOHETHOM Cpebl, n3 KOTOpoii hoToHbl He BxoadT. Torma Fe = 0,
n 1pmu J'[IO6BIX NCTOYHUKAX OKa3bhIBAETCA

(1-A)N+ M3l =1, (119)

9TO OTpakaeT TOT (PaKT, I4TO B DECKOHEUHON cpeme (POTOH 00sA3aTENHHO MOTIOMIASTCS B JUHAA WA KOHTHHYYME C
BEPOSITHOCTSIMHU, PABHBIMU COOTBETCTBYOIIUM CJIATAEMBIM CJIEBA.

Naydenuio pacnpenenenus (pOTOHOB O YUCTY PACCESTHUM U UX CPEIHErO YUC/IA MOCBAIIEHBI pAOOTHl MHOTUX ABTO-
pOB, HaunHas ¢ ocHoBorosaraoiux pabor B. A. Ambapuywmsina [3] u B. B. Cobouera [74,75] (cum. Ttakxe [60]). Honsirue
cpeanero nyrtu ¢dborona sees B. B. Uranos [32].

B crenyomux nyHKTaX pacCMOTPUM HEKOTOPBIE ODIIHE U YACTHBIE BUJIBI HCTOYHUKOB.

4. PezoabBenTa n dbyuknus ['puna. PaccmarpuBaem no-npexkueMy paccesHue B IIOCKOH arMocdepe. 3anutiem
o011ee COOTHOIIEHNE BUA YPABHEHUs! IEPEHOCA U3JIYUYEHUs] MEXK Yy WHTeHCUBHOCTHIO G n (byHkimeit ucrounnkos I', He
yauThiBatoniee (175 mpoCTOTh) a3uMyTaIbHON 3aBUCHUMOCTH:

dG(r, p, x)

o = @) +PlG(T, p ) + D(7, ). (120)

I
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Ha WHTeHCHBHOCTH HAMOKHAM HYJEBbIe TPAHNIHBIE YCIOBH:
GO,p,2) =0 mpu pu >0, G(ro,p,2) =0 npu pu <0. (121)

Konkpernzarms 3ama9qu cOOepKUTCST B yPABHEHNN JIYIUCTOTO paBHOBecHsi. [lycTh mepBUYHbIE NCTOIHUKN W3JIyde-
HUSI UMEIOT BUJI, TPOU3BeAeHus 0-pyHKIunii:

1 o0
D(r,pu,z) =0(7 —11)0(p — p1)d(x — 1) + % /du' / da' R(p, z; ', 2" )G(1, 1, o). (122)
S
st byHKIIMT niepepacipeesiennst BhITIONHAETCS TTPEXKHEe YCIOBNE
1 oo
%/d,u / R(p,x; ¢, 2")dx = a(a’). (123)
21

06e byukuun G u I' Gyuem HasbiBaTh GyHKUuAMU [puHG ypasHerus nepenoca, 100aBJIsisi IPU HEOOXOAUMOCTH
YTOYHEHWS: JIJIsi TIEePBOl  MHTEHCUBHOCTD, JIJIsi BTOPOH  (DYHKIUS WCTOYHUKOB. VX apryMeHTHl Ty, (1 W T1 HE
YKA3BIBAEM TAKIXKE I KPATKOCTH.

IIpesxne 9eM UATH JanbIle, BBEJIEM OJHO JOINOJHAUTEILHOE 0O03HAYCHHE:

_, L+ segn(y) e ¥, y>0
_ oy TP ) s
s) =e 2 0, y<o. (124)
IIpousBonHas U UHATErPaJ OT 3TOH PyHKIUH
Sen
S) = =s) +0), [ s(udy = —s(y) + Z5L. (125)
B wacrrocTu, mpu 0 < 7 < 7 JIETKO MOKA3aTh, YTO
7 11
[ statr = = o= 2 1s(0) = s(u(r = 7). (126)
0
7 11
[statr = myar = = < ls(r = 7)) = s(-y)] (127)

0

ITpu momormu BBeaeHHOrO 06o3HaYeHus Gopmasbuoe penenue ypasuenus (120) MoXKHO 3anucaTh equHOR Gopmy-
J0fi:

Glr, . 7) = ﬁ O/Tos (%fﬁ(r _ T')) (' )dr. (128)

IMoncrarwe ero B (122), moslyunm WHTErPATHLHOE yPABHEHUE

T0 1 o0
T(r o) = 8(r — 71)6( — ju)6(x — 1) + A / ar’ / du’ / A/ K(r — syl O g ). (129)
0 —1 —00

fapo ypaBHeHunsi B HOBOM ODOO3HAYEHWHN TAKKe JAETCS €InHONH POPMYIoi

K(r—1"5p, 25 2") = 1 <a(x,;)’+5(7—7/)> R(p, z; ', 2'). (130)

= S
/
2|/]
BBeziem Tpu BeMMUUHBI, TIPEACTABIAIONME OO0 POCYMMUPOBAHHDIE (IIPOUHTEIPUPOBAHHBIE) ¢ PA3HBIMU BECAMU
dyuknn ['puHa-mHTEHCUBHOCTH]:

G(1) = /1du 7de(7’,,u,a:), (131)
1 0o

aa(T):/du/dxa(x)G(T,u,x), (132)

1

Gu(t) = jduu 7de(T,,u,x), (133)
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¥ OJINH WHTErPAasl, CBSI3AHHBIN ¢ (DYHKIHEH UCTOIHUKOB:

= /1du 7 dal(r,p, ) = §(1 — 1) + /\de'/ld,u’ 7 dz’a(z')s <W(T - 7'/)> O, 1 2"y, (134)
RS RS 0 1

JInst 9TUX MHTErpaTbHBIX BEJMYNH BBINOMHAIOTCS COOTHOIIEHU, caenyomme u3 (120) u (122):

Cul?) _ _7,(7) - 56(r) + T, (135)
T(1) = 6(1 — 71) + AGo(7). (136)

Ucknouenne n3 3TUX COOTHOIIEHUN (bYHKI_[I/II/I HUCTOYHUKOB, KaK BCerjga, Ja€T 3aKOH U3MEHEHUA IMOTOKA U3TyYeHUA

) — (1 N Galr) - B(r) + 8 — 7). (137)

Teneps mpeacraBum Hamwu GyHKIUN B Buge panoB Hefimana.

5. PazioxkeHus 1o KpaTHocTaM paccesgHud. Paznoxum dyukmnm ['prraa mo creneHsM BEPOSATHOCTH BHIKWBA-
nusi borona [49]:

G(ripx) =Y N'Gn(r,p,x), T(r,pz) =Y N'Tp(r,p,2). (138)
n=0 n=0

Kaxipie coOOTBETCTBYIOIINE CIAraeMble YIOBIETBOPAIOT TEM Ke YPABHEHHUSM TePEeHOCA U JIYIUCTOT0 PABHOBECHSI, UTO
n camn pyHKINN:

p QI o) 4 GG 0) + ), m =01, (139
1 1 o

Lp(r,p,x) = E/d;/ / do' R(p, z; ', 2" )Gra (1o 1!y 2"), n=1,2, ... (140)
-1 —0o0

Hy.HeBbIe COCTaBIIgdIOIINE (bYHKI_[I/II/I NCTOYHUKOB 1 MHTEHCUBHOCTH

Lo(7, p,2) = 6(1 — 11)d (1 — pa)d(x — 1), (141)
Go(T, p,z) =5 <W(T — 7'1)) oG mh)i?u 'ul). (142)

Kak u panee, Moxker ObITh 1mosydeno dbopmanbHoe perierue ypasaenus (139), ornuyaromeecs mo suay or (128)
TOJILKO HAJMYMEM WHIEKCA Ny BXOAAMMX B Hero dbyHKIm (kak camo ypasaenue (139) ornimyaercs oT UCXOJHOTO
ypasuenus (120)). AHATIOr UHTErpaNbHOrO ypaBHEHWs BBU/Y HAJUYUs JOTNOJHUTEIHHONO MHOXKHUTEISA A MPUHUMAET
BU I COOTHOINIEHUA MMOCJIeJOBATEIHbHBIX an6J'H/I7KeHVIﬁ:

L (7, u,x /dT /d,u /dl‘/ICT—T w2 D1 (7 1, 2. (143)

st yepenrerHo# (GyHKIINA WCTOIHUKOB MOy IaeM

= de’/ld,u' 7dx'a(x')s (W(T - 7'/)) Doy (74, 2"). (144)
0 21

CornacHo 0OBIYHON MHTEpNperanuu (PYHKIUA UCTOYHUKOB — 3TO NMOJIHAS SHEPTHsi, U3JIydaemas Ha TiybuHe T B
HAPABJIEHUU (1 B dacTore x (B T, 14, ). KoHedHo, nojpasymeBaercs, 9To HA CAMOM JIeJIe 3Ta SHEPrus pacCuuTaHa Ha
€IMHUYIHYO TIIOMIALh TPAHUIIBL CI0si, HA €IMHUYHYIO ONTUYIECKYIO TTyOWHY W HA €IUHUIY BPEMEHHU, a TAK¥Ke MPOUH-
TerpupoBaHa mo a3umyty. [elicTBuTenbHO, KOIMDOUIMEHT U3MydeHnus €, B OOIEM CIydae  ITO IHEPrus, KOTOPYIO
M3JIyYaeT eIUHNUIA 00heMa 38 eJUHUILy BPEMEHU B €IWHWYHOM WHTEDPBAJIE YaCTOT U €JAMHUYHOM TEJIECHOM yrJie. JHEep-
TWsi, PABHAST YACTHOMY OT JIEJIEHUS 3TOW BEJININHBI HA KOIDMUIIMEHT TIOTJIONIEHNsT, Ha3biBaeMass MYHKINEH NCTOTHN-
KOB, CJ€JI0BATENbHO, PACCUNTHIBAETCA HA €JUHUILY IIJIONIAIA TOBEPXHOCTH T'PAHUIIBI ILJIOCKON CPEeJIbl U HA €IMHUYHBII
WHTEPBAJI ONTUYECKUX TIyOWH, & TAKXKE HA eJUHUILy BPEMEHH, eJIMHUILY 9aCTOTHI M €IMHUILY TEIeCHOro yria. Bymem
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TOBOPHUTH JI/IsT KPATKOCTH 00 M3/Ty9YeHNU B €IUHUIHBIX NHTEPBaIaX nepeMeHHbIX. [IocKoMbKy Mbl paccMaTpuUBaeM pac-
cestHUE B JIMHWW, SHEPrust GOTOHOB PABHA WX YNCILY, YMHOXKEHHOMY Ha A, TaK 9TO ¢ TOYHOCTHIO JI0 TOTO MHOXKUTES
BCE PABHO, O Ye€M MOBOPUTH: O Yucjie (DOTOHOB WK 00 SHEPTHUN.

IIpn §-06pa3HBIX UCTOYHUKAX MOXKHO CUUTATH, 9TO B pacydeTe HA BCE €JIWHUYHBIE MHTEPBAJBI M3TY4YaeTcs OIUH
doron. Mosromy I'(7, u, ) 310 9rca0 HOTOHOB, U3NYUAEMBIX B T, [, & TOC/E BCEX PACCESHUIL, IIPU YCIOBUHU, 9TO HA
ryOMHE 7| B HANPABJICHWH {11 U B 9ACTOTE X1 NEPBOHAYATBHO U3/IydaeTcs oAuH GOTOH (ONATh B pACUETE HA €UHUY-
HbIE WHTEPBAJIBI BPEMEHH, 9aCTOThI, TEJECHOrO YIyia W TIIOMAIN MMOBEPXHOCTH TpaHuipl). B Toil e mAaTepnperamnn
AT (7, py ) — uncsio POTOHOB, M3JLYYAIOWIMXCS B T, (i, © IPU TEX K€ UCTOYHUKAX, HO TOJILKO yXKe WCIIbITABINAS T
paccesiauii.

6. Pacnpenenienne mo umcay paccesuwmit. Boigennm, kak 310 caenano B pabore [49], re doronsr (mim Ty
SHEPIHIO), KOTOPHIE MCMBITAIN POBHO N PACCESTHWH, TaK KaK MCIBITABIINE 7 paccestHuii GOTOHBI MOTYT 3aTeMm pac-
cemBaThca u nmasee. llporece paccesHus A HUX 3aKAHYMBAETCsI, €CTIH MPOUCXOIUT OTHO U3 Tpex: hOTOH MOorudaer,
HE TIepen3/IyYUBIINCh B JTUHWYM WA TOTJIOTHBINUCH B KOHTHHYYME, WU K€ BBIXOIUT u3 cnog. PaccMorpum Bce Tpu
BO3MOXKHOCTH.

Hosst GOTOHOB, BHITIEAITUX U3 CJIOST, COCTABJISET

Llstotm =)~ s(yml = 1= Iy / syl = e’y y=AIEL (145

Bropoe paBeHCTBO HAMUCAHO C TOMOMIBIO cooTHomenus (126). oyt TOTIOIMEHHBIX PU TIPOIECCaX B HEMPEPBIBHOM
crekTpe (POTOHOB

To
dr’
5 / syt — 1) (146)
|l
0
Hakomer, no/s He Iepen3 Iy IuBINUXCS B JUHAA (POTOHOB
T0 d ,
(1 - Na(z) / s (y(r' — 7)) ﬁ (147)
, 1%
CnoXuB Tpu BEMUYUUHBI, MOTYIUM J0T0 (DOTOHOB, UCIBITABIIAX POBHO 71 PACCESAHUIN:
oo, T d ) [ (a@)+8,, ,
1—[a(x)+ﬁ]/s(y(7 - 7)) m—l—[(l—A)a(x)—l—ﬁ]/s(y(T —T))m = 1_W/S T(T —7) ) dr’. (148)
0 0 0

Benwunna, Bhrawtaemast w3 eIUHUIIBI, ITO MI0JsT TeX (DOTOHOB, KOTOPHIE, YK€ WCIBITAB N PACCESTHUH, MPOIOIKAIOT
MIPOIECC PACCESHUS.

Yro6Bl MOTYIUTH COOTBETCTBYIOIINE MPHUBEACHHBIM IOMAM KOMUIECTBA (POTOHOB, CIEAYyeT YMHOXKHUTL 3TH 0N
HA MOMHOE 4Yuciao GOTOHOB. B yacTHOCTH KOMUYECTBO (DOTOHOB, WCHBITABIIAX POBHO 7 PACCESHUI, MPU 3aJAHHBIX
0-00pa3HbIX UCTOYHUKAX PABHO

AT () |1 29 / o(z) + 8

—_ ——— (' =7))dr|. (149)
il ) 0

Ecnu MBI He UHTepecyeMcs paclpeIeeHusaMy 10 TAyOnHe, HATPABICHHIO U Y9aCTOTE, TO 110 3THM TIePeMEeHHBIM BbIPa-
xkenue (149) MoxkHO npounTerpupoBarh. [lomyuurcsa

T0 1 o0

A"/fn(T)dT—A"“]OdT]OdT'/du / dza (@) (7, 1, 2)s LxLJF*B(T’_T) -
0 0 0 - “0

1
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_ / T, (r)dr — A7 / A7 T (7) = / dr [A"T(7) — AT ()] (150)
0 0 0

ITpu mepexoie K MOCIAEAHEMY PABEHCTBY MCIIONb30BAHO Bhipaykenue (144).

7. Xapakrepucruueckasi byHKIus U cpeJHue ducaa. Becem BenanHaM, TOSBUBIIUMCS B TPEIBIAYIIEM TYHK-
T€e, MOXKHO JaTh BEPOATHOCTHOE UCTONKOBaHue. Tak, eciu yMHOXKUTE npoussenenue (149) ua 2rdrdudz, To noxydurcs
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BEpPOSITHOCTH TOr0, 9TO (POTOH, POKIEHHBIN HA [VIyOWHE T B HAMPABIEHUU (11 U YACTOTE T, OYIET WCIYIIeH B CII0e
TosuHON d7 Ha riybune T B TesiecHOM yruie 27d /i OKOJIO HAMTPARJIEHNUS (i B TTOJIOCE 9aCTOT MUPWHOH do 0KOJI0 YacTo-
THI T, UCTIBITAB POBHO N paccesiiunii. BepositHocTh n3mydenns nocie n paccesianii Ha Jai000# riyOnHe B MPOU3BOIHLHOM
HATPABJIEHUY U C KAKOW yrojHo YacToroii pasaa uaTerpany (150). Eciu npocyMmupoBarh Bee Takue HHTErpasbl (Haii-
TH CyMMy 0O BceM n), To noayuutca 1. Takue pe3ynbraTbl OObICHAIOTCS UMEHHO TE€M, 9TO BLIODAHHBIE UCTOUYHUKU
COOTBETCTBYIOT U3MYUEHUIO OTHOTO (DOTOHA ¢ OMPEIETEHHBIME CBOHCTBAMHU B pacdeTe HA €JUHUIHBIE HHTEPBAJIbI.

Taknm obpasom, seipaxkennst (149) n (150) mator pacnpenenernst BEPOATHOCTEH (GOTOHOB 1O YNCIAM PACCESTHWIA.
Onpegenum Ternepb MUPOKO MCIOJIL3YEMYI0 B TEOPUHM BEPOSITHOCTEH BEJIUYUHY, HA3bIBAEMYIO XapaKTePUCTHUYECKOM
dyukuumeit. O6bIuHO 115t 3TOrO NpUMensiercst npeobpasosanue Oypre. OaHako st HacC ygpobHee peobpasosanue Jla-
maaca.

Hazosem zapaxmepucmuueckots gynryued wucra paccesnuti GOTOHOB MaTeMaTUYECKOe OKujanue e P npu pac-
npenenennn (149). Jlerko ycMOTpeTh, 9TO BRIYMCIEHNE TAKOTO MATEMATHYECKOTO OXKMJIAHWS PABHOCUIHHO 3aMEHE BO
BTOpOM psiay (138) Besmuuunt A va Ae P n ymuoxkenwn pesynnrara na (148). Takum o6pasom, xapakTepucTuaecKkast
bYHKITHST OMPeIeasieTcst PABEHCTBOM
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o, 12, p) = D(7, 1, ) 1 - Aalz) / s (W(T' - T)) ar'|. (151)

A—Xe P 0

3Hasg XapaKTepUCTHIECKYI0 (PYHKITHIO, MOXKHO JIETKO HAXOAWUTH CpeIHNe BeIWYnHBI. Hampumep, cpemHee dmucio
paccestauii Ipn 0-00pa3HBIX NCTOTHUKAX
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(T, p, ) = —@, (1, 1, 2,0) = AfaF(g;@x) 1= da(x) /s <7a(xL—|— ﬂ(T' — 7')) dr’| . (152)

Orcroma HAXOMUTCS U CPEJHEe YHUCIO PACCESHUM BO BCEM CIOe BeeX (POTOHOB HE3ABUCUMO OT TIyOWHBI, HATPABIEHUS
¥ 9ACTOTHI. DTO UHTETPAJI

) 1 [e’e} — T0 —

_ _\ON  , 0 U(r)—o0(r —71)
/dT du/dxn(r,,u,x)—)\a—/\ E3Y drf—
0 21 - 0

ON ,0N-1 ON L[1ON N-1] —
— =\ |- —-——|=N-1. 153
(32 ox A OA L\ OA A2 ] (153)
7o
3aech uepes N oboznauen unrerpan N = /de(T). Pesynbrar, Beipaskaembrit paeHcTeoM (153), MOKHO Gb1I0 ObI
0
BBIBECTH Ccpaldy w3 pacnpegenenns (150).

Ecnu nepBbIM paccesiHIEM CUMTATH TEPBUYHBIN AKT U3MydeHus, TO MYHKINIO @ CIEIyeT YMHOXKAThL HA e~ P, Toraa

_ 1 9AT 1OAN ON —
7 OyJeT TpOMOPIHAOHATBLHO 3 gy A MHTECPAI OT HETO NOMYMHTCA PABHBIM 3 —oo= — o = N.

8. CpeHne TIpM paccesiHUY ¢ TOJIHBIM MepepacnpeesieAneM 1o wacToTte. [lycTh paccesiHne npoucxoanT ¢
HOJHBIM TIepepacipeenenuemM no dacrore. Torma dyukuua R(z, p; x1, 1) = Aa(r)a(ry) 1 10CTATOYHO PACCMOTPETH
BMecTo ypasrerus (120) Gosiee mpocToe ypaBHEHUE € MCTOYHUKAMU, 3aBUCANIAME TOJBKO OT MIyOUHBI U MPOIOPIHA-

onanbHbIME (), T. €. ypaBaenue s dbyukimii [puna suga

pIABTT) o) 4 616, 7, 2) + (), ), (154
1 [’} 1 o

L) =5 [ [ [au [ o), (153)
—1 —o0 —1 —o0

31ech POM3BEIEHO CYMMHPOBAHWE 10 KOHETHBIM TTApAMETPaM (L U T W YCPEIHEHWE TI0 HAYaJIbHBbIM TTApAMETPAM (i1 W
xI.

Cpennee anciio paccesuuii GpOTOHA, POAUBINIETOCS HA TIYOUHE T1, B 9TOM CJIydYae TAKZKe 3aBUCUT TOJBKO OT T U HE
3ABUCUT OT HANpaBIeHUs U 9acTOThl. CpejiHee YuCIo paccesnuii ecTh npocto uuaTerpan ot (155) mo 7:
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N(m) = / T, (r, 71)dr. (156)

Tx
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[TockonbKy

Lu(m,m) = 6(1 —m) + (7, 7)), (157)

rae I'(7,71) — oObluHasi pe3osibBeHTA, TO B COIJIACHM C ONpejesienneM pe3oJbeenThl GyHkuus N(T) yJaoBierBopsier
YPABHEHUIO

N(r)=1+ % /K(|’7’ — 7' )N (7')dr’. (158)

ITpn BCcex APYrMX MCTOYHMKAX CPEJHEE YUCJIO PACCESTHWH HAXOIMTCS KaK CPEJHEEe B3BENIEHHOE MO PACITPEJIEIeHUT0
ncrounukon ot dynxmuu N (7).

Paccmorpum cnavasa paccesinue B 6eCKOHETHOM CPeJie, T.e. TIPU Tp = —T, = 00. B Cuily ee OIHOPOAHOCTH CPejHee
ancno paccesauii N o, HE 3aBUCHT OT TTyOHHBI BO3HMKHOBeHHs doTona. Torma ms ypasmenna (158) cremyer, uTo
pemmuanaa N o, COBNAAET C PENIeHHEeM, MOTyIaeMbIM METOIOM BLIHECEHHS:

— 1
No=7—"—"""+. 159
1 - XA+ 2A(B) (159)
U3 pasencrsa (119) BbiTekaer, 9ro B GECKOHEYHOI cpee
7 A(B)/B (160)

X T IoXN+MARB)

IIpu 6 = 0 cpennee umcno paccesuuit Noo = 1/(1 — A), a loo = co. HanpoTus, npu 9UCTOM DACCESTHUH, HO TIPH
£ > 0 okasbIBaeTcs, 910 loo = 1/, 9T0 cOBEPINEHHO ecTecTBEHHO, a N oo = 1/A(), 94T0 Onpenenser eme oauH CMBICT
dbynkunn A(S). Tlpn korcepBaTnBHOM paccesiinu 06e CpeAHNe BeJUYNHBI 00PALIAIOTCS B GECKOHEUHOCTh.

B cnydae monybeckoHewHOM Cpeabl 3aBUCUMOCTh OT T COXPAHSIETCS:

N(r) = D(r,0) = HO)B(r), H(0)= m, (161)
U(r)y=1+ [ &(")dr". (162)
/

[pu 7 = 0, 7. e. npu poxkaenun dboTona Ha rpanmie, N (0) = H(0), a Tph poXKIEHIT €ro B LIyGOKUX CIOAX TOMyOecKo-
HEYHOI CPeJIBI CpejiHee amcIo paccesanii 6m3ko K H2(0), T. e. Kk 3Havennio B Geckoredanoir cpese. IIpn KoHcepBaTHRHOM
paccessHAM CpesiHee YucIo paccessHnii 6eckoHedno. s onpesenenuss cpejHero myTH HeoOXOAMMO HANTH BBIXOISAIIEE
H3ﬂyqeﬂﬂe7 YTO HE TaK MPOCTO.

§ 5.4. Paccessnue B JIuHUU B OABUXKYIIENCH cpee

1. Bangnume aBu>KeHUd Ha TepeHoc m3jydeHus. Ecinm paccemBaioimasi cpega MCIbITHIBAET IBUKEHWE, TO
TIEPEHOC M3JIyIeHNsT B Hell yeaoxkuaseTcst. bosee cmoHo 3anrchiBaeTcs v ypaBHeHne meperoca. JIBnkenne He 0Ka3biBaeT
CHUJIBHOTO BJIWSTHUST Ha (OPMUPOBAHNE HEMPEPHIBHOTO CIMEKTPA, TaK KaK CMEIIEHWE BCJIEICTBUE JIBUKEHUST TOPA3I0
MEHBIITE, YEM TTPOTAKEHHOCTh KOHTHHYYyMA. [Ipu paccMoTpeHnn e mepeHoca u3nydeHus B TUHUU O9€Hb CYIIECTBEHHO,
HEMOIBUKHA PACCEMBAIOINAsA cpefa unn apuxkercs. O qHAKO, €CTU Cpea IBUKETCsI ¢ HEKOTOPOH CKOPOCTHIO KaK IENI0€,
T.€. ee COCTABJSIIONINE 9ACTH HE M3MEHSIOT TOJIOYKEHWsI IPYT OTHOCHUTEIHHO APYTra, TO TAKOe JBWKEHWE MPWBOIUT
TMPOCTO K CMEIEHWIO BCEX YACTOT JIMHWUW HA OIHY W Ty »Ke BennmdnHy. Takoit ciaydait He TpedyeT HOBOTO PErieHwus.

Muage obcrowT meno, KOTmga CKOPOCTH OTIAETLHBIX 00HEMOB CPEIbl M3MEHSIIOT OTHOCWUTENhHOE mojoxkenne. [Ipn
COXPAHEHUH TIOCKONH CHMMETPUHU B 3TOM CIy9ae TOBOPAT, 9TO ABUKEHUE MPOUCXOIUT C IPAJIUEHTOM CKOPOCTH.

3amaun 0 paccessHUU TPU HAMUYUU TPAJUEHTA CKOPOCTH B CBS3U C BOMPOCOM O [IABJIEHUU URIYYEHUS B IIAHE-
TAPHBIX TYMAHHOCTSX U CBEUEHUH HECTAIMOHADHBLIX 3Be3j Hadan uzydarh B.B.CobGones [67], KOTOpBIH mpeaioKumI
3 deKTUBHBIN METO X DElleHus], N3JI0KEHHbIH, HanpuMep, B Kuurax [68, 77]. 3arem aHaqnTH4YeCcKOE PACCMOTPEHIE
TAKUX 3a/a4 MPOJIOJKUIN ero yuenukn [8,16,17, 22].

B o63ope B. I1. T'pununa [23] nznoxennsr meron Cobosiena, Apyrue npubirzkeHHbIE 1 ACUMIITOTHYECKUE METO/bI PAC-
4gera npoduieil SMUCCUOHHBIX JTMHWUHA B IBUKYIIUXCA CPEJIAX U OMUCAHBI TPUIOKEHUS TEOPUU K UCTOIKOBAHUIO HADITIO-
nenuit. C. . TpauesbiM nan moapobHbIi 0630p METOI0B U Pe3yabTaToB 310 Teopun [19]. Pengarusucrckue ypasuenus
M YMCJIEHHBIE METO/bI UX Dernenust npejacrasiens B kuure . Muxanaca [45].

Bcemencrsre aBumkenms CJI0EB Cpefbl, KAK BCEraa, MPOSIBASIOTCS aBa dddexra: abepparms u addexr Homaepa.
ITpwu HepenaTUBUCTCKUX CKOpOCTsAX abeppanmeil MoxkHO npenebpedn. dddekt Jonnepa, nmerommii TOT Ke MopsIoK,
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CMEIAeT YaCTOTY, M 3TAM CMEIIEeHHEeM TOXKE MOXKHO IpeHeOpedb, KOrJa 9acTOTa BXOAAT MHOMKHUTEIEM B KaKyIO-Tu00
pesimanny. QIHAKO OT Y4acTOThI CUILHO 3aBucuT KO3 duunent norsomenus. CiaegoBarejibHO, 110 TOH ¥Ke NpUuYnHe, 110
KOTOPO# yunThiBaercst apdext Jlomaepa mpu TEMIOBOM ABWUKEHUN ATOMOB TIPU BBHIBOJE 3aKOHOB TTEPEPaCTTPEIeIeHNsT
[0 YaCTOTe, M3MEHEHHE YACTOTHI HEeOOXOAMMO NMPUHUMATH BO BHUMAHHUE IPA MAKPOCKONMYECKHAX IBUKCHUAX ra3a.
CMermienne 9acToTh IPAMO OTPA3ATCA HA IPOQUIe MOTIOMEeHNT U (PYHKIWHA IepepacupefeNeHus I 9epe3 HAX — Ha
MHTEHCUBHOCTH U (PYHKINNA KCTOYHUKOB.

VpasHenue nepenoca B ciydae JBUKYILIEHCS cpejbl MOYKHO 3alyuchiBaTh B OAHON 13 aApyx cucrem orcdera. Qana
N3 HUX CBA3BIBAETCHA C Ha6ﬂIOﬂaTeﬂeM7 ,leyraﬂ — CO CJIOAMU Cpe'ZH)I. Byﬂel\/{ HAa3bIBATh UX COOTBETCTBEHHO CV[CTeMOﬁ
HabJioaTesst U CoMyTCTRYIONIEH. YpaBHeHust nepeHoca B 3THX CHCTeMax BhITJISIAT M0-Pa3HoMY.

IIycTh B IOCKOH cpelie BBEJEHBI IPOCTPAHCTBEHHAA KOOPAUHATA T  ONTHUYeCKAsd DIyOHHA B MEHTPE HECMEIIeHHOH
JMHAW W XapAKTEPUCTUKA HATIPABICHUA 1)  KOCHHYC yTJIa MEXKIy STUM HAMPABICHAEM U HAIIPABICHAEM yBEJINICHUST
rry6unnl. [paruier €nos pacnonararoTes Ha TayOnHax T = Ty (T = —00 min 7 = 0) m 7 = 79 < oo. [Ipunmmewm nyne-
BYIO ONITUYECKYIO IJIyOUHY CJIOF0, KOTOPbIH HENOABUKEH OTHOCUTEIHLHO HADJIIOJATE s, DTO HE OPPAHUYUBAET ODIIHOCTH.
Bymem Takske camraTh, 9TO CpENa PACHIAPSIETCS, T. €. 3HAK CKOPOCTH COBMAJAET CO 3HAKOM TJIYOWHBI.

ITycTs coii, Haxopsmuiicsa Ha rryOUHE T, IBUKETCS 10 OTHOIIEHUIO K CIIOI0 Ha Hy /1eBOii Tuybune (1 K HabIoaaTeio)
co ckopoctbio v(7). Torga, eciu HeHTpaibHAs YACTOTA JMHUM HA HYJNEBOH riaybuHe paBHA Vg, TO Ha TAyOUHE T OHA
Oyner v = vo + vonu(7)/c. llycTb Ge3apasMepHOe pACCTOSHME OT MEHTPA TUHAN U3MEPAETCS B AOMIEPOBCKAX TMHPUHAX
Ap = 1yT/c. Torga aro paccrosinue st HyseBoro ciosi & = (Vv —vp)/Ap, a HA YPOBHE T OHO CMeLIeHO, u KosdduuneHT
MOTJIOUIEH NI 3aBUCUT OT BEJMYUHBI CKOPOCTH 1 yriuia: o, = niky,a(z—u(7)n/7). Ornomenne u(7) = v(7)/T — ckopocTh
PACIIUPEHU CPeIbl, BHIpazKaeMasd B TEILIOBBIX CKOpoCTax. OrpaHudmMcs clydaeM HepeIATHBACTCKOIO PACIIHPEHA
IJIOCKOH cpenpl, 0e3 KOHTHHYyyMa U 0e3 YIVIOBOM M 9ACTOTHON 3aBHCAMOCTH HCTOYHHKOB. Ilo/e M3mydeHHs B TaKOM
cIydae He 3aBUCHAT OT a3UMYTa .

2. ITepeHoc usiiydyeHusi B cucreme HabJrroaTessi. Y paBHEHUE TIEPEHOCA M3TYUEHUS B CUCTEME HADTIOAATE s
rMeeT OOBIYHBIN BU YPABHEHUS [T TLIOCKOM CPEJIbl, HO CO CMEIEHHOHN 9acToToil y npoduis noriomenus. Benencreue
3TOro (PyHKIMS NCTOYHUKOR TAKIKE 3ARUCHT OT 17):

oI(t,m,x)
" or

Tor xke 3¢dpdeKT mposiBUTCSA U B ypaBHEHUU OATAHCA SHEPTHH, KOTOPOE MBI HAMHUIIEM HECKOJIHKO mo3xke. Kak Bcerma,

= —a(z —u(m)n)I (7, n,x) = S(7,n, )], (163)

Oyzmem Mmoapa3yMeBaTh TPAHWYHBIE YCJIOBHsT, COOTBETCTBYIONINE OTCYTCTBUIO BHEITHETO ODJIyIeHMS.
dopmanbroe pemmenne ypapaerns neperoca (163) 3anwmmem B ciaemyromeM Buje:
T
/oz(x —u(™ St n,x)E(x,n, 7, 7)dr’', 1 >0,
I(r,n2) =9 = (164)

70

/Oé(x - U(T/)U)S(T/v , Z‘)E(—Z‘, -n,T, T/)dT/a n< 0.

T

3xeck 0bo3HavUeHO

, 1 o dr”
Ex,nm,7)==exp|— [ a(z—u(")n) — | . (165)
n J Ui
Brenennasi dynakimst 061a1a€T CIEAYIONIAM CBONCTBOM CUMMETPHUH:
E(Z‘,T],TI,T) = _E(_xa_naTa 7-/)' (166)

Bce gasibHeitinie ypaBHeHus jierde 3anucarh B conyTerryomeii cucreme. CTporo roBopsi, ¢ KaKIbIM CJI0€M TIJI0CKOH
CPeIbl CBA3BIBAETCS CBOS CHCTEMA KOODIWHAT, HO 7 KPATKOCTHA MbI Oy/I€M TOBOPUTH 06 OIHOM CHCTEME OTCYeTa.

3. IlepeHoc u3ydeHUs B COMYTCTBYIOIel cucreMe. [lepeiizem B COMyTCTBYIONIYyI0 CHCTEMY OTCYe€Ta, T. €.
clenaeM 3aMeHy mepeMeHHbIX. llepeMeHHbie B 3TOM, COMyTCTBYIOIIEH, cucteme OyaeM OTMedaTh WHIEKCOM c. B Heii B
KA4eCcTBe YACTOTHON MEePEMEHHON MPUHUMAETCS CMEIANIASCS 9acTOTa, a ONTUYeCKas TTyOnHA HEe NU3MEHSETCs:

e =z —u(r)n, Tc=T. (167)

Tak Kak CMeIIeHHAs YACTOTa 3aBUCUT OT TIIYOUHBI, BCE 3aBUCUMOCTH OT YACTOTHI U DIAYOWMHBI U3MEHSIOTCS W MBI
epeobo3HaAIIM (D YHKIIWN:

IC(ch , {EC) = I(T7 , (E), SC(TCa , .’EC) = 5(7—7 , (E) (168)

WNunexc y onTudeckoii TIyOMHBI MOXKHO HE YKA3BIBATH.
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VYpasuenue nepenoca (163) Takxke cieiyer 3ammcarhb B HOBBIX NE€PEMEHHBIX. B HEM MOSBUTCH NPOU3BOJHALA IO
4acrore:
778[6(7(:9, n,Tc) 2l () Ol (7,m, x.)
T Ox.
Ilepexon B COMyTCTBYIONIYIO CHCTEMY HECKOJIBKO YCIOXKHWI ypasHeHue nmeperoca. Onnako dopmanasHoe perrerne
HOBOTO ypasHernus ojryqaercs n3 (164) npocroii 3amMenoit wacrorsr corsacuo coorromennto (168). Ykazannoe ycaox-
HEHHEe OMpPABIBIBACTCS TAKYKE CHJIBHBIM YIIPOIIEHUEM YPABHEHHUS JyUYUCTOTO PABHOBECHS, TAK KAK PACCESHUE B COMYT-
CTBYIOIIEH CHCTEME MPOUCXOIUT JOKAIBHO, T. €. TaK, KAK OYJATO 3Ta CUCTEMA TTOKOUTCH:

= —a(xc)[Ie(1ym, ) — Se (T, 20)]- (169)

oo 27
!
Suroae) = $or) + 10 [ s [Tt aar [ deRGoe,ston) (170
% 4 0

31ech [ KOCHHYC YIJIa PACCEsSHUSs, ONPEeensieMblii 00brauo# hopMyioii.

ECJ'H/I moJie N3JIy9eHU A MOXKHO CIUTATh HE O9€Hh HEM3OTPOITHBIM, TO THTEHCUBHOCTH MO>KHO 3aMEHUTH Ha CPEAHIOIO,
a @II ycpegnuuTh Mo HAMpaBJEHUSM, MPUYEM 3TO HAAO JAEJIATh WMEHHO B COMYyTCTBYIOIIEH cucreme orcdera. Torma
(hbyHKIMS MCTOYHMKOB TIOTEPSIET 3aBUCUMOCTH OT yriia, n ypasuenne (170) nepeiiner B 6osee mpocToe, COBMAIAIONIEE
no dopwme ¢ (45):
c)

_ r R(we, > / ’
Se(T,xe) = So(7) + A / mdxcjc(r, x), (171)

)

rae CpeaHdasd MHTEHCUBHOCTH

T

Ftri) =5 [ dn | [ atae+ (ur) = un)Se( o) Ela + ulrhnn, 7'+
0

T

+/a(xc — [u(T) — u(™)n)Se (7', ) E(—xc + u(T)n,n,7,7")d7T" | . (172)

Ecnm npuasars npubavxkenne [T, 1o ypapHenne eme ynmpocTuTcst, (hyHKIWS HCTOTHUKOB TIEPECTAHET 3aBUCETH 1
OT CMENIEHHOW 9aCTOTHI:

Se(r) = So(r) + A / oz )dal T (v, 7). (173)

Cﬂe,nyeT YIIOMAHYTH, 9TO TEPBOHAYAJIHLHO HEKOTOPBIE MCCIIEA0BATE/IN TMTEPEHOCA N3JIYyYEeHUA B PACTTUDAIOIINXCA Cpe-
JlaX YMCJIEHHO DEIaiv ypaBHEHWE MEPEHOCa, 3arnmcannoe B cucreme Habmwogarens, T.e. B ¢opme (163). B Toii xe
CUCTEME OHM 3aMUCHIBAN YPABHEHHUE JIYIUCTOrO PABHOBECHUS U B Hell yepeausanu MYHKIUIO TepepacipeieieHus mo Ha-
npasnennio. B pesynbprare npu ¢yukimu nepepacupeenenns Ry MOIydaanch peenns, O9eHb CHIbHO OTIHIAIONINECs
OT paccuuTaHHbIX B mpeanonoskernnn [ITTY. Bekope ObLma BhISICHEHA HEKOPPEKTHOCTH TAKOI Tponeayphl. Briocmeacrsun
MHOTOYHMCJIEHHBIE PACIeThl okasann, 9to paccesiane ¢ @Il Ry n Ry, ecnm ycpeaHeHne mTpOU3BOIUTH B COMyTCTBY-
IoIeil cncreMe orcdera, ouenh 6am3ko K paccessanio npu [ITTY, kak 1 B HENOABMIKHBIX cpeaax (MCTOpWst BOMPOCA W
pe3yIbTaThl U3I0XKeHbl B KHure [45] u 0630pe [55]). [loaroMy 06paTuMcs K 3TOMY CIIYYalo.

4. InrerpansHOEe ypaBHEHHE IIepeHOca IIPU MOJHOM HepepacnpefeneHnu o gacrore. Ipn [TITY me
CTOJIb CYIIECTBEHHO, B KAKO¥ CHCTEMe PACCMATPUBAETCS NEPEHOC, TaK Kak (DYHKIUsS HCTOYHUKOB B 00EMX CHCTEMAX He
3aBuUCUT OT 9acToThl. [losTomy Gyaem ncxoauth n3 ypasrenus (163).

IMocsie nogcranosku cpeaneit narencusrocru (172) B yparuenune 6asanca suepruu (173) nosydnmM mHTErpasibHOE
ypaBHeHne st QyHKINE UCTOYHHKOB!

S(T) = S()(T) + % /K(T, T')S(T’)dT’. (174)

fapo 3Toro ypaBHeHUs B OOIEM CIy9ae HEe SBISETCS CHMMETPUIHBIM PA3HOCTHBIM!:

o] 1

D _a e [an] @t —umate —ul B, >,
Kne)=4 [ o / LR (PR d Gt e N (7
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Ecnu BO BHeITHEM WHTErpae caenaTh 3aMeHy, 0003HAYNUB Yepe3 T apryMeHT TpOodUs TOIIOMEHUS CO CKOPOCTHIO,
3aBUCAIIEil OT T, T.€. MepeiiTi B COMyTCTBYIONMIYIO CHCTEMY, ¥ BOCTIOJIH30BATHCSA YETHOCTHIO MPOMWJIS TOTJIOMIEHWST, TO
SIIPO TIPUMET BUJL

K(r,r)=A / a(z)dz / %(H[u(ﬂ—u(r’)]n)exp - / a(x+|u<r">—u(r’>|n>d%" . ()
— 00 0 !

5. Cny4aii MoCTOSSHHOTO TpaJiieHTa CKOpocTh. Byiem Teneph cuntarh, 4To paciiimpenie WIeT cO CKOPOCThIO,
TPOTOPIIMOHATRHON TiybnHe 7: u(T) = 7. DTOT cayvail HA3BIBAIOT PACTTUPEHWEM C TTIOCTOSTHHBIM TDAJNEHTOM CKO-
POCTH, BEWYUHA Yy  Ge3pa3MepHBI IPaJUEHT CKOPOCTH PACHIAPEHHA. B TakoM cloydae Aap0 3aBHCAT OT MOy
pasuoctu aprymentos: K (7,7') = K(|7 — 7'|), a ypaBHeHUe NpUHUMAET CTAHIAPTHBIH BUJL

S(t) = So(r) + % /K(|T/ —7))S(r")dr, (177)

rue siuepHast QyHKIUsT ONpeiessieTcst Bhipakenuem [77]

o0

K(r)=A4 / dxa(m)/%a(x—l—’vn)exp —/a(m—i—’ynz)d—; ) (178)
— 00 0 0

T

Ouanako 3ta (PYHKIMS HE TPUBOAUTCH K CYNEPHO3ULNAN 3KCIIOHEHT, U TIO3TOMY TEOPUsl, U3JI0YKEHHAsl B TJIaBe 3, 1pu-
NMOXKUMA K PACCMATPUBAEMOMY CIyYal0 He MOJHOCTHIO. BeimonHsorcs paBeHCTBO oo (7,71) = Poo(|7 — 71]) ® co-
orrommennss CobomeBa, BhIPAXKAOIINE PE30TbBEHTHI YPaBHEHUN 11 TMOMyOeCKOHEYHOM W KOHEYHOH Cpeld depe3 pe-
zonbBenTHBIE GyakImu. MokHO BBecTH npeoOpa3oBanus Jlammaca oT pe30abBEHTHI W PE30JHBEHTHONH (DyHKINWA, B
vactHocTr H-dyukuuio. Qcrarorcest cripaBeiuBBIMUA BhIDAXKEHUs i1 JIByCTOPOHHEro npeobpa3oBanus Jlanjaaca ot
® (1) m coornomenne Bunepa—Xonda, a rakyke ypaBHeHUsi, COJepIKAIINE TPOU3BOAHBIE M0 TOJIIUHE C1ost Tp. Ou-
HaKO TipeobpaszoBanue Jlammaca or saepHOit GYHKINN He aBasgeTcs wHTerpaaoMm tuna Komm. ZBHOE BhIparkenne ais
H-dyHKIMT MOXKHO 3aiCaTh B TOM Ke BHJIE, 9TO U JJIsT HEITOABUKHOM Cpeabl, HO 0OpaTuTh mpeobpa3oBanus Jlammaca
OT pe30JbBEHTHBIX (PYHKINH U MPEACTABUTHL UX B BUIE, YAOOHOM /151 BRIYUCTCHNS W UCCASIOBAHU, B ODIIEM CIydae
He ymaercs. [109ToOMy acHMIITOTHYECKYIO TEOPHIO [IJIsT PACCESTHUST B ABUKYIIWXCS CPEIAaX HENh3sl TOCTPOUTH TaK, KaK
9TO OBIJIO CAENAHO s cpeld 0e3 ydeTra WX IBUKEHWS.
Anepuas Gyukuus (178) me Hopmuposana ua 1. deficTBuTenbHO, B Teopun BBOAUTCA (DYHKIUSA

L(r) = / K()dr' = La(r) — L(cc), (179)

re
-

L.(r)=A 7da:oz(a:)/1dnexp —/oz(a:—i—vnz)% . (180)
e 0 0

[Tocnie 3aMeHbI IEPEMEHHON WHTErPUPOBAHKS B MHTEIPAJIE MIOKA3ATE s SKCIOHEHThI Bhipaxkenue (180) npumer Buj

1 00 1 T+YNT
L.(t)= A/dn / dza(x) exp ~a alz)dz' | . (181)
0 —00 x
Ipenesnubie 3navenns 3ot Gynkunn: L, (0) = 1,
1 oo 00
L.(x) = A/d / dza(z)e S /a(x')dx' =A 1 lE L (182)
* - n Xp 72772 - .l 3 2 7/2 A’y .
0 —0o0 x

®yuxiyu K(7) u L(T) uMeoT TOT ke BEPOATHOCTHBIH CMBIC, YTO W B CJIYYae HEMOJABUXKHON cpenbl. Hamomuum,
gro K (7)dT — BEpOATHOCTH TOTO, 9TO M3Iy9IeHHBIH (DOTOR MPONHAET TyTh JJIWHON T W TIOTJIOTUTCS B JWHWW B CJIOE
rosumuoii d7. Bepositnocrs norsiomenust na 6eckonearom nyru L(0) = L, (0) — L. (00) menbine eaununnbl. Beananna
L.(00) ecTb BepOATHOCTH TOrO, 4To GOTOH yiigeT Ha GECKOHEYHOCTh Ge3 MOTJIONIEH!s B JIUHUA U3-32 JIOMIEPOBCKOrO
CMeIlleHns 9aCTOTHI.
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W3noxkuMm mpubiuzKeHHBIH MeTO PEeIleHns PACCMATPUBAEMbBIX 33734, OTPAHUYUBIINACH JIJIS TPOCTOTHI CTyYaeM
TMTOCTOSTHHOTO T'PAJIMEHTA CKOPOCTH.

6. Meroa CobGosieBa. Meron permienusi 33734 O PACCESTHUN W3IYUEHUS B JUHAUA B ABUMKYIIUXCS C TPAJTUEHTOM
ckopoctu cpeaax Obin npemmoxked B.B. CobomeBbiM B CBsA3M ¢ M3ydeHWEM WM ODPA30OBAHUS JTUHEHYATHIX CIIEKTPOB
TyMaHHOCTEH U 060I09eK HecTalnoHApHBIX 3Be31 [68]. Unes Meroma 3akmiouaeTcs B TOM, 9TO (DOTOHBI, W31y Y€HHBIE
B OZHOM O0ObEMe CPEeJIbl, M3-3a CMEIEHUsT JTUHWUN BCJEICTBUE TPAIMEHTA CKOPOCTH TIEPECTAIOT B3aWMOIEHCTBOBATH C
aToOMaMu, PACTIOIOKEHHBIMA B IPYTUX 00bEMaX, YIAAJIAIOMINXCST WK TPUOIMKAMNUXCcs K 00bemy n3nydenns. [Ipomecc
NEePEHOCa M3JTy9YeHUs] CTAHOBUTCS JIOKaJbHbIM. Ha ocHOBaHMM Takoro coobpazkenus B paBeHcTBe (172) MOXKHO BbIHE-
CTH M3-TIOJ MHTErPANIOB 3HaYeHUe (DYHKIUM UCTOYHUKOB B Touke T (or yacrorsl nipu IIITY ona me 3aBucur). Torma
BBIpaXKeHUe g cpegHell MHTEeHCUBHOCTUA MOXKHO MPEJICTABUTH B BHUIE

J(rxe) = [1 = B(7,2)]S(7), (183)

rue B(T, xe) — noist HGOTOHOB, HE B3AMMOIEHCTBYIOIIMX C ATOMAMK M YXOJSIIUX U3 MTPOLEcca paccesinusi. Boipaskenne
JIUIST 3TOW BEJIMHUWHBI MOJIYy9aeTCss B Buje uaTerpana. [locie nogcranosku dhopmyast (183) B ypasnenune (173) mMoxHO
HaWTH DYHKIWIO NCTOIYHUKOB.
Pemienve B TOM ke BUIE NOTy9aeTcsd, eciu K ypasHeruio (177) npuMeHuTh METO BBIHECEHUS, ONUCAHHLINA B § 4.7
JUISE CIIydasi HEMOABUYKHOM Cpebl. ITO pernerune takxke 6b1m1o nonydeno B. B. CoboneBbiM u nmeer Bu
S(r) = So(7) . (184)

1-A+ %[L*(T—T*) + L.(10 — 7))

Eme pa3 nmomgdepkHeM, 4TO JMOKATBHBIM XapaKTep MepeHoca M3TYyUYeHUs B CAydae HAJTUYIASA TPAJUEHTA CKOPOCTH
00bsicHSIETCST TeM, 9TO (POTOHBI BBIXOASAT W3 00JACTH, HETIOCPEJICTBEHHO TTPUMBIKAIOIIEH K MECTy WX POXKIEHWS, Tak

KakK B 60jiee OTIaIeHHBIX 00/IACTIX aTOMBI JBUKYTCS C IPYTAMH CKOPOCTSIMUA M HE PACCEMBAIOT 3T (DOTOHBI.

ITpu pacyere MHTEHCUBHOCTH U3JIyY€HUS 110 HANWIEHHOMW (DYHKIMU MCTOYHUKOB TAK¥Ke TPUMEHSIETCS TTPUOJINKEHIE,
OTIMPAIOIIEECsT HA JIOKATBHBIN XapakTep paccesaus. Bmecro Toro 4to0bI MPOCTO MHTETPUPOBATH IO JIy4dy 3pEHus,
WHTEHCUBHOCTh B KAXKIOH YACTOTE BBIYUCISIETCH TOJBKO MO 00JACTH, KOTOPAsS IBUKETCS C COOTBETCTBYIOIIEH 3TOM
9acTOTE CKOPOCTHIO.

Mero, ocHOBaHHBIH Ha JOKATHHOCTH MPOIECCA MEPEHOCA U3IYUEHNsT B ABWIKYIIUXCST CPEIAX BCaeACTRIE 3 derTa
Honnepa, 6bu1 passut B. B. CoboieBbIM 17151 MPOM3BOJIBLHOTO TIOJIA CKOPOCTEN, a TaK»Ke I PaanaabHOrO PACITUDEHNAST,
KOTJIa JayKe MpU TMOCTOSHHON PAaJUANbHON CKOPOCTH BCE PABHO MMEETCS €e I'PAJIUEHT W3-33 KPUBU3HBI CIIOEB CPEJIbI
[68,77].

Meton CobomeBa 9acTo OKA3bIBAETCS JTOCTATOYHBIM 17Tl PA3JIMYHBIX OIMEHOK W MOYKET CJIYXKWUTh MEPBBIM MPUOIU-
JKEHWEM TIPW PETTeHnH CJIOYKHBIX 337a9 O PACCESTHUM HAa MHOTOYPOBEHHBIX aTOMaX. TOYHOCTH 3TOTO METOIA, APYTUX
npubJIyKeHii 1 YUCIIEHHBIX METOJOB perennsi ypasHenus (174) Oblia nccienorana B paborax [63,64,65]. TIpuGunxe-
uue CoboseBa Tem mydire, 4emM OOJbINe TPAJUEHT CKOPOCTH, TAK KAK C er0 yBeIUYEeHUEM Bce OObINast 9acTh (DOTOHOB
BBIXOJIUT U3 CPeIbl €3 pACCEessHUs, HEIMOCPEICTBEHHO OT HCTOYHUKOB. JTO NMPUOIUKEHNE 10 CUX TIOP UCIIOTB3YeTCsT TTPU
pacderax COBMECTHOTO TIEPEHOCA M3TYyYeHWsS BO MHOTHUX JIMHUSAX CIOXKHBIX MHOTOYPOBEHHBIX ATOMOB B IBUIKYIIAXCS
cpemax.

OcuorHoO# 3 dexT HEPABHOMEPHOTO PACHTUPEHUST CPEbl 3aK/IYAETCS B TOM, YTO MPOMUIN JIMHUH TI0J1yYat0TCst
HecuMmerpuanbiMu. Ha puc. 11 npezcrapiensr HeHopMupoBaHHbie 1n1poduin, paccunrannbie B [14] st Mmogeswn cos-
HEYHOM BCHBIMKU. Pacyer mpousBeneH B ABYXIIOTOKOBOM MPUONMMKEHUU IS JOILIEPOBCKOTO TPOMUIS MPU TOTHOM
NEepPEepAaCIPEICIEHUI 110 9aCTOTe, JTUHEHHON 3aBUCUMOCTH MCTOYHUKOB OT Taybusbl So(7) = 1+ 7/2 u Tpex 3uadenuit
onTrIecKoit ToammHbl caosi: 4, 6 u 8. T'pagnenT ckopoctn O mpuHAT paabiM 0.1.

7. Hekoropbie 06061ienus. CkaxkeMm 31€Ch HECKOJIBKO CJIOB O PA3BUTHUU TEOPUM PACCESHUS B JINHUU B JIBUXKY-
IIIAXCS CPEJIAX.

Acumnrornyeckas Teopus i 3329 € IOCTOSHHBIM IpaguenToM ckopoctu Obita passuta C. U, I'pauessim [16,17]
AT OJIHOMEPHBIX, CPEPUIECKN CUMMETPUYHBIX W MJIOCKAX cpea. Acmmnrornkm 1o (popme BIM3KN K HANIEHHBIM 115
HeﬂOﬂBVI)KHOf/'I Cpeabl, HO HECKOJIBKO CJIOYKHEE. I/IM K€ JaHbl OOEHKHW XapPaKTEPHBIX BpEeMEeH W JJINH, BO3HUKAIOIINX B
NPOLIECCE TIEPEHOCA M3JLyYeHHs] TPU PA3angHbIX npoduisix noriomennst [15].

BnocmeactBun 661710 06palieHo BHUMAHKE €I1e Ha OHO 06cToATenbcTBO. Eciu cpesa pacmupsiercs uim CxKuMaeTcs
¢ GOIBIITUM TPATUEHTOM CKOPOCTH, TO (DOTOHBI CPA3Y K€ BBIXOAAT W MPOIECC MEPEHOCA HOCUT JTOKATBHBIA XapaKTep.
OnHAKO eciu CKOPOCTH HE MOHOTOHHA, TO BO3MOYKHA CHUTYAIWs, KOTJA CKOPOCTH JIBYX PA3HECEHHBIX B MPOCTPAHCTBE
qacTei cpeJibl COBIAJIAI0T [20]. Toraa oroHbl, U3JIyYeHHBIE B OQHON TaKOH vacTu, OyayT MOTJIOMATHCA B APYTOil. d1a
CUTYAIWsT TTOJIYYnIa HA3BAHNE HEA0KAAbH020 PAOUAYUOHHO20 83GUMOIETCTNEUA.

Brina pa3suTa acUMOTOTHYECKAS TEOPUS PACCESTHUS B TUHUYM B OECKOHEYHON OJHOPOTHON U U30TPOIHOM cpejie npu
®II Ry ¢ yuerom Koutunyyma [18]. Pesynbrarsl npuMeHeHbl K u3ydeHuio obpaszoBanus npodung muauu L, Bomopoaa
B KOCMOJIOTHYECKUX MOJIEISIX.
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3 4 T

Puc. 11. IIpodwnan nunamit, 06pa3youmxcst B pacumpsomeics cpeme.

§ 5.5. Onucanve MOJASAPU30BAHHOIO MU3JIyYE€HUSA

1. MMongpusanud MOHOXPOMATUYECKON BOJHBI. B u3joxkenuu 3Toro naparpada Mbl B OCHOBHOM CJIE/IyeM
kuaure C. Yanapacekapa [85].

IIycts B mpocTpaHCTBE paCIpOCTPAHAETCHs MOHOXPOMATHYECKAS ITEKTPOMATHUTHAST BOJIHA. 3AKPEIUM TOYKY Ha-
OmroieHns ¢ v He OyIeM yKa3bIBaTh B KAYECTBE apTyMEHTOB BOJHBI €€ MOCTOsIHHBIE TPOCTPAHCTBEHHBIE KOOPAMHATHI. B
9TOM CIydae HaMm 0e3pa3/NudHO, KaKasd 3T0 BOMHA. Bynem caurarh A1 NpOCTOTHI PACCYKIECHUN, YTO BOTHA TLIOCKAS.
B sTom maparpade ncnonp3yem KpyroByio 9actoTty w = 27v.

PaccMoTpnm BEKTOD HANPSIZKEHHOCTH 3JIEKTPUIECKOTO NoNs (B manpHeimemM Oy1eM rOBOPUTH “IJIeKTPUIecKas Ha-
OPSAKEHHOCTH” UM MPOCTO “HANpPKEHHOCTH”). 151 MOHOXPOMATHYECKOH BOJIHBI

E = Ej exp(—iwt). (185)

BOIIHa, nornepevHad, T. €. HaANIPA?>KEHHOCTHh TMEPTIEHANKYJISAPDHA HATTPDABJIECHWIO PACITPOCTPAHEHW S BOJIHBI.
Bceerma moxkHO BBIOpATH TAKOE YHMCIIO (yy U TAKWE JBA BEIIECTBEHHBIX BEKTOpPAa bi m by, 9TOOBI BBIIOMHSINACH
TpeboBaHUA

EO = (bl + Zbg) eXp(iOéo), b1b2 = 0 (186)
JeficTBUTENbHO, OT/Ie/ss BEIIECTBEHHYI0 U MHUMYIO 4acTh B paBeHcTse (186), momydaeM COOTHOIIEHUS
E% = by cos ag — bs sin ay, E? = by sin ag + ba cos ay. (187)

[Ipeamnonoxkum, 910 9nucIo g u3BecTHO. Torma BekTopsl by u by merko HaxomsaTcest, Tak Kak MaTpuria Ko uimeHTon
B JUHEHHO# cucteMe oproronanbaa. MMeem

b, = EOR cos g + E? sin ag, by = —E% sin ag + E(I) cos a. (188)
OcraeTca OTpe6OBATH MEPHNEHIUKYIAPHOCTL 3TUX BEKTOPOB, T. €.
biby = [(E?)? — (E)?] cos ag sin ag + EXE?(cos? ag — sin® ag) = 0. (189)
Takoe ypaBHeHUe BCerja UMeeT pelleHue, TaK KakK JJjd TaHTeHCa JBOMHOrO yria MOJIydaeTcs BbhIparkeHue

2EY E?

7 - B 1a0)

tg 20 =
kotopoe Beerga umeer cmpica (npu (E$)? = (EY)? moxnO B3aTh g = 7/4).

Buauenus «p, yaosiersopsiomue ypasaeruio (190), Moryr ommdarbesa Ha w/2. MOXKHO BBIODATH OJHO U3 HUX,
HUCXOsT U3 KAKOTO-THO0 YCIOBHS, HATpUMep 9ToObI BEKTOp by ObLT gmuHHee, 4eM by, Wian 9To0bI 3TH BEKTOPHI BMECTE
C HaIPaBJIEHUEM BOJIHBI COCTAaBJIsJIA TpaByio Tpoiiky. Ceifiuac 1jisi HAC 3TOT BHIOOP HECYIIECTBEH.

Nrak, MbI TPeACTABAIN BEKTOP HAMPSIXKEHHOCTH B BUIE

E = (by + ibg) exp(—i(wt — ayp)). (191)
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Bcnomunas, uro dbusuyeckuil CMbICI MMEET JUIIb BEIIECTBEHHAS 4acTh BekTopa (191), HAXOAMM, YTO KOHEI 3TOro

BEKTOPaA OMUCHIBAET KPUBYIO
Re E = b cos(wt — o) + bg sin(wt — ayp), (192)

KOTOpPAas B OOIIEM CIydae ABISETCSA DILITATICOM.

Takum 06pazoM, CTPOTO MOHOXPOMATHIECKAS BOJTHA BCETIA TMOTHOCTHIO 3/IIUITHYECKH TMOIAPU30BaHa. B 3aBucumo-
CTH OT TOTO, COCTABIAIOT BEKTOPHI by 1 by MpaByo Win JEBYIO0 TPOUKY ¢ HAIIPABICHUEM JIBUYKEHNUA BOTHBI ¥ BPAIIAETCS
JIM BEKTOD HANPSIKEHHOCTH OT b1 K by mim maobopor, nonsipusanyst HA3bIBAETCS JIEBOW MM NPaBoil (onpeenenns pas-
usarcs ). Hanparsenune Toro n3 BekTopos by n by, mmra KOTOPOTO 60JIBINE, HA3KIBAETCS MIIOCKOCTHIO TIOJISIPU3ANY NN
TIIOCKOCTBIO MPEMMYIIECTBEHHBIX KOJIEDAHNH 3TeKTPUICCKOTO BEKTOPA.

Ecnu onun uz Bektopos by unu bs okaseiBaercsa HysneBbiM, TO BekTOp (185) 3auepuymBaer OTpE30K NpAMO u
nongpusanus  auHeliHag (wnu miockas). Hanpotus, eciau JIMHBI BEKTOPOB COBNAAAOT, BeKTOp (185) mBuzkercs mno
OKPYYKHOCTH, & TOJISIPU3anust — KPyrosast (M IupKyasipHast).

OHaKO B IPUPOJIE PEKO OCYIIECTBJISIOTCS CTPOrO0 MOHOXPOMATUYECKHUE BOJIHBI, 8 PeajibHble Tpubopsl Tem OoJiee
HE MOTYT BBIPE3aTh OYEHh Y3KYIO TOJ0CY 1Mo gactore. [loaTomy mpuxoauTces paccMaTpuBarTh Oojee obmwmit caygail n
JI7IsI HeTO BBOJWUTD CIEIAATBHOE OMUCAHUE COCTOSHUASA MOJISPUBAII.

2. [TouTrn MoHOXpOMaTUUIecKasi BojHa. [IpencTtaBumM mpoxoadiyio gepe3 (bUKCHPOBAHHYIO TOUKY MTPOCTPAHCTBA
BOJIHY (DYyHKITMEH
E = Eo(t) exp(—iwt). (193)

Koneuno, Tak MOXXHO n300pa3UTh COBEPIIEHHO MPOU3BOIBHYIO BEKTOP-MDYHKIUIO. 31eCh OYIeM CIATATH, 9TO AMILIHU-
ryna Eq(t) MeHsiercs co BpeMeHeM JOCTATOYHO MeJIeHHO. [1e70 B TOM, 4T0 0OBIYHO YaCTOThI w OYeHb Benuku. Onru-
YECKOMY JMATIA30HY CIIEKTPA COOTBETCTBYIOT 9acTOTHI w = (2.4 + 5) - 101° ', Tak 910 3a 1 ceKyHIy depe3 HEKOTOPYIO
TOYKy B TpocTparcTre mpoxoxnt 10'° mepnomos rapmornteckoro kosebanus. Eme 6ombime uacrora B YO i peHTreHOB-
ckom auarma3zonax. Jlaxke B pagmonmana3one 9acTOThl M3MEPSIIOTCS B Merarepriax. Bor mo cpaBHEHHWIO ¢ 3TO# OBICTPOit
9KCIIOHEHTON aMILTUTYIa MEHSeTCs MeIIEeHHO, KOIeh/isch BOKPYT Kakoro-mubo cpemnero. [locTosinabe ke BpeMeHu
OOBIYHBIX TPUOOPOB U3MEPSIOTCS TOTSIMHU CEKYHIBI.

IMouTr MOHOXPOMATHYECKAS BOJHA MOMKET BO3ZHUKATH B PE3YJIbLTATE CMEIIEHUs HEKOIEPEHTHBIX (T.€. WIyNIUX OT
HE3aBMCUMBIX NCTOYHUKOB) BOJIH OJHOM 9aCTOTHI MM GJIM3KUX 9aCTOT, HE pa3ananmbix mpubopom. Toraa HeBO3MOXKHO
BBeCTH BEKTOPHI by 1 ba, Tak Kak daza ag Bce Bpemst mensiercsi. [loaToMmy onmmcanme mOIsTPU3AINT TAKOW BOJTHBI DOJIee
CJTOXKHO, 9€M JIJIT CTPOTO MOHOXPOMATHYIECKOW BOJIHBI.

3. Iunaasoe npousBegeHne. YacTo OKa3bIBAETCS YIOOHBIM BEKTOPBI MPEJICTABISTH B BHJIE CTONOIOB, KAK 3TO J16-
JaeTcs B TUHEHHOI anrebpe. 9TU CTOIOIBI MOKHO PACCMATPUBATH KAK YACTHBIN CTydail MATPHUIL ¥ TPOU3IBOIUTH C HUMU
0ObIYHBbIE MATPUYHBIE OTlepalui. Takoe npecTaB/IeHne MO3BOJISET NCIOJIh30BaATh YI00HbIe 0003HAYEHNS U BBECTHU OLHO
BCIIOMOTATEILHOE MOHsITHE. [IPOAEeMOHCTPUPYEM 3TO Ha NMPUMEPE KOMILJIEKCHBIX BEKTOPOB C ABYMs COCTABJISIIOIIUMU.
00001IEHNE HA BEKTOPHI TPOU3BOJILHON PA3MEPHOCTH TPUBUAJIBHO.

[Iyctsh maHbl ABA BEKTOPA

a b1

a= (™ )b=(1), (194)

CkasipHoe MPOn3BEIEHNE 3TUX BEKTOPOB MOYKHO 3aMUCATH B BUJIE TTPOV3BEICHUS MaTPWI]
a'b =a}b; + a}bo. (195)

31ech 3BE3I0YKON OTMEYAETCsT KOMILIEKCHO COTIPSIKEHHAS BE/IMYMHA, 8 KPECTOM  3PMHUTOBO-CONPSKEHHAS MATPHUIIA.
[IpousBemeHne 3TUX Ke BEKTOPOB, B3ATOE B OOPATHOM MOPSAIKE, AT HE YHUCJO, a KBAJAPATHYIO MATPUILY:

bial bia3

T:
ba bgaf bg&ﬁ

(196)

Takue mMaTpuIpl HA3BIBAIOTCA QUAOHBLMU NPOU3GEdeHUAMU, NI KOpode duadamu. Onpenennrens TakoH MaTpUIbI
BCETJIA PABEH HYJII0, TAK KAK €e CTPOYKHU (M CTOJIOMbBI) TPONOPIMOHAIBHBI.

4. HOJISIpI/IBaI_[I/IOHHaSI MaTpuiia m mapamMeTpbl Crokca. Bbl6epeM HEKOTOPYIO JeKAPTOBY CUCTEMY KOOpJuHAT
I,y B ILIIOCKOCTH, HepHeH,III/IKy.HHpHOﬁ HaIIpaBJIEHUIO PACIIPOCTpaHeHUdA BOJTHBI TaK, 4TOOBI OCU KOOpAuHAT COCTABIAIA
C HallpaBJI€HUEM BOJIHBI IIPaBYIO TpOﬁKy. STy CUCTEMY MOXKHO IPUHATH B Ka4d€CTBE 6&31/1(3&, KOTOprﬁ Ha3bIBAETCA
TOJIAPU3aIlNOHHBIM. Paznoxnm BEKTOP E o opTram Oasuca n npeacTaBuM ero B BUe CTOJ’I6Ha

0
Ew Ea: (t) —iwt

BE=( 5 )= b )" (197)
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Onpezenum Jist MOYTH MOHOXPOMATHYECKON BOMHBL (193) CIIeyIONIyI0 MATPUILY KAK CPeHee OT JAUAJHOTO IPOU3-
BEIEeHUST
v == cC E.]> E.E:
S = —EEf = — B EuBy . (198)
81 8t \ EiE, |E,|?

[TockobKy 3KCTIOHEHITNAIBLHBIE MHOKUATEN TIPW TIEPEMHOXKEHUW COMPSI)KEHHBIX MPOEKINIT BEKTOPA MCIE3aI0T, B ITHX
dbopmynax MOXKHO IHCATH, & MOKHO He MUCATH (KAK MBI CIEIATH) HOJMb y TUX MPOEKIUH, T. €. BCE PABHO, 9TO GPATh:
caM BEKTOD WM €T0 AMITHTYLY. B 060MX cyuasx cormacuo ompegenermio (198) & mOmydaeTcss caMoCompsizKeHHOi
KBAJIPATHOH MATpHUIIEH BTOPOTO MOPAIKA ¢ (BOOOIIE TOBOPS) YeTHIPHMS HE3ABUCUMBIMU MAPAMETPAME. 3aMETHUM, ITO
TIOCJIE YCPEAHEHWsST MATPHILYy y7Ke HeJib3st (OnsTh-TaKM BOOOIIE TOROPS) MPEJCTABATH AUAJIHBIM TTPOU3BEIEHUEM.

Matpnia S HA3BIBAETCS NOAAPUSAUUOHNOT T ABAAETCH TACTHBIM CIIydaeM OBIIEero TOHATHS MATPUIH TIOTHOCTH,
onpeesieMoit B KBaHTOBOM MexaHnuke. OOBIUHO HEeIMAaroHAJILHBIE 3JIEMEHThI ODIIEH MATPUIIBI JIOTHOCTH (POTOHHOIO
ra3a, OTBEYAOIINe PA3HBIM 9aCTOTaAM, OYEHb MAJIBI WJIW JayKe 00PAIIAIOTCs B HYJIb, TAK KaK B HUX YCPEIHSIIOTCS TTPOU3-
BEIEHUA C PA3HBIMHU IKCIIOHEHIIUAJIbHBIMUA MHOXKUTETAMAU C MHUMBIMHA IIOKa3aTeTAMUA. Ioasnenune MaTPUIBI ILNTOTHOCTH
B KJIACCHYeCKOH 3/eKTPOJINHAMUKE 00bLACHAETCS TeM, YTO TOJSpU3alllOHHAS MAaTPUIA XapaKTepU3yeT COCTOSHUe Mo-
NSIPU3ANAY BOJHBI, UAYIIEH B HEKOTOPOM HATIDABICHHUHU C OMHONW 9ACTOTON (AW OUeHb GIU3KUME Y9ACTOTAMH).

Hapstny ¢ nonstpmzanmonnoii marpuneii (198) cocrostHne nonsipusamnmm nmouTn MOHOXPOMATHIECKOH BOJHBI MOXKHO
ONUCHIBATH YeThiphMsi TapamerpamMu CTOKca, C KOTOPHIMU 3Ta MATPUIA CBSI3aHA PABEHCTBOM

5:1 I1+Q U-—-iV (199)
2\ U4V T-Q '

Obparnbie Bhipaxkenusi napamerpoB CToKca 4Yepes 3J1eMEeHThl MATPUIBI U TEM CaMbIM Yepe3 COCTABJISIOIINE HAIPsi-
JKEHHOCTW BOJIHBI WMEIOT BWJ

Cc c —_—

I=—(E>+ |Ey]?), Q=—(FEz|> = |Ey|?), 200
(B +TE,P), Q= . (EF -TE,P) (200)
C —— — . C = e

= S—W(EmEy—i—EmEy), V:zS—W(EmEy —~E*Ey). (201)

O6BI“IHO TOJIAPU3allOHHBIE MATPUIBI NCITOJIH3YIOTCA B CI)VIBI/ILIGCKHX pa,6OTaX MMEHHO TIOTOMY, 9YTO OHW MPEACTABJIA-
TOT YACTHBIN Caydail 6omee 00IIero, MpuBLIYHOTO (PU3UKAM, MOHATHA. B acTpodu3uke ke ropasmao bomee ymorpeouTeb-
ubl mapaMmerpbl CTokca. UIX mpenmyInecTBo B TOM, 9TO OHU BCe BelecTBeHHBI. KpoMme Toro, nx 0OBI9HO TpeACTaBASIIOT
B BUJeE CTOJI6I_[a C 9E€ThIPbMHA SJIEMEHTAaMW, N UX JMHENHBIE npeoGpaBOBamxm TTPU PA3JIMYHBIX U3MEHEHUAX OTTMCAHUA BbI-
ParKaroTCd C MTOMOIIBIO Y€THIPDEXMEPHBIX MATPUI, a HE C TOMOHIIHIO TEH30POB YE€TBEPTOrO PaHTra, KaK B CJyYae MaTPWII.
Takwum o6pazom, TpejicTaBieHne noJjsipu3anun depe3 napamerpbl CTokca 3HaAYUTESIHHO GOJIee HANIISITHO.

5. CBolicTBa NMoJIgpU3aMoOHHON| MaTpulbl n napaMerpoB CTokca. 9Tu CBONCTBA CBA3AHBI C ABYMst 00CTO-
sTeihcTBaMu. Bo-TIepBBIX, ¢ yCpeaHeHneM 3JIEMEHTOB IWAIHOTO MPON3BEIEHHS 0 BPEMEHHN, & BO-BTOPHIX, C Mpeobpa-
30BAHUSAMHU 3TUX IJEMEHTOB MPU TOBOPOTAX OPTOB MOMSPU3ANUOHHOrO HGa3uca. [lepedncium Takme cBoiicTBa.

1) Boimosnaserca HEpaBEHCTBO

02

(8)?

9TO HEPABEHCTBO, €C/IM PACIUCATH YCPEIHEHWE MO BPEMEHW KAK WHTErpajbl MO MEpUOdy, JEJeHHBbIE HA BEIUYNHY
3TOr0 MEepHUoa, MpeicTaBisder cobol dacTHblil ciaydaii obmero nepasencrsa Komwu Bynskosckoro (wmu [IIBapna).
Ero amamorom siBngeTcda HEpABEHCTBO, BHIPAXKAIOIIEE YTBEPKICHNAE, UITO MOAYTh CKATAPHOTO TPOU3BEIEHUS BEKTOPOB
MEHBITe TPON3BEAEHUST HOPM (JINH) 3TUX BEKTOPOB.

detS =

1 E:[2|E,? — [EZE,[*) > 0. (202)

Yepes napamerprr Crokca HepasencTro (202) 3anmchiBaercs Tak:
4detS =12 — Q> —U? - V2 >0. (203)

Hpﬂ J0Ka3aTeJIbCTBE HEPABEHCTBA KO"]H*ByHHKOBCKOT‘O YCTaHABJIWBAETCA, 9YTO PABEHCTBO B HEM IJOCTUTAETCA
TOJIBKO TOT 4, KOTrJa YCPEAHEHHBIE BEJIMYMHBI OCTAIOTCA TTPOTTOPHOUOHAJIBHBIMW, & 3TO MOXKET BHITIOJITHATHCA B JaHHOM
cJlydae, ecim BOJIHA MOHOXPOMaTHYecKasi, nHave HepaseHcTso (202) sirastercst crporum. Takum 00pa3om, paBeHCTRO B
(202) (wmu B (203)) ecTh HEOOXOAUMOE M IOCTATOYHOE YCIOBHE MOHOXPOMATHIHOCTH BOJIHBI ¥ MOJTHO €e NOSIpU3aIiu
(B ofImIeM ciiydae 3JIIUITAIECKON ).

2) IIpu moBOpOTE OPTOB MOJAPHU3ANKOHHOTO 0A3MCA HA HEKOTOPBIH YTOI KOODAWHATHI BEKTOPOB B MCXOIHON M MO-
BEPHYTOI CHCTEMAaX CBSI3aHBI IMHEHHBIM TTPEOOPA30BAHMEM C OPTOTOHAILHONW MaTputei. [Ipeobpal3yiorcst n 31eMeHThI
MaTpull, B 4aCTHOCTU nOﬂﬂpVIBaHHOHHOﬁ. HpVI 9TOM HEKOTOPHIE BEJIMYUHBI, COCTaBJIAEMbIE N3 IJIEMEHTOB MaTpPWIL, HE
n3MeHsOTCA. Hamprumep, He M3MeHSI0TCst cOBCTBEHHBIE 3HAYEHHS (C.3.) MATPHIL, a TAKKE TAKHe KOMOWHAIINW WX JIIe-
MEHTOB, KOTODBIE ONPENENsoT 3Th 3HadeHns. Kak n3pectHo, KoabdunneHTaMn XapakTepuCTHYIeCKOr0 ypABHEHNs, U3
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KOTOPOTO HAXOMATCS C.3., ABIAIOTCA e, MATPHUIILL U €€ OIPEIEIUTENb. Y MATPHUILI BTOPOrO MOPAIKA BCEro JBa KO-
d)VIHVIeHTa,, TaK 9TO yKaBaHHBIMVI ABYyMA BEJIMYMHAMU UCUEPTIHIBAIOTCA MHBAPUAHTHI XapPaKTEPUCTUYIECKOTO ypaBHeHWﬂ.

Wrak, vHBApDMAATAMY TIPU TTIOBOPOTE OCEH MOJAPU3AIMWOHHOTO Ba3nca OCTAIOTCS CIEAYIOIAe BeIUUNHbI.

a) Onpenemuatens, T.e. 12 — Q? — U? — V2, koMOuHAINSA, OMpPEIeAonas MOHOXPOMATHIHOCTb /T HEMOHOXPOMa-
THYHOCTD BOJIHBL.

6) Crnex MaTpUIBI, T. €. UHTEHCUBHOCTD U3JTydeHus 1.

B) IMapamerp V marpunpst (199) takyke naBapmanT, Tak Kak mpeobpa3oBaHus, OTPaskaloIme NoBOPOT Dasnuca, Be-
IIEeCTBEHHBI. HO3TOMy BeleCTBEHHAA YaCTh MAaTPUIbI npeo6pa3yeTC${ B BeH_[eCTBeHHyIO, a MHUMad — B MHV[MyIO. HO—
CKOJIbKY MHUMO# 9acThio marpuibl (199) sisasiercs Tonbko napamerp V., OH TakyKe MHBAPHWAHTEH.

6. HaGaronaemasi MHTEHCUBHOCTD U HoJisipu3anusi. V3Mepenue MHTEeHCUBHOCTH (TOYHEE, HOTOKOB) U3y YeHUs
MIPOU3BOIUTCS TIPU MOMOIIH (DOTOMETPOB. DTU TPUOOPHI CAMY HE MOTYT OTJIMYUATH TOISIPU30BAHHOE U3/IY9€HUE OT HEIO-
nsipu3oBanroro. st ompesenennsi mOAsIpU3ainy B ONTHIECKOM WATTa30He TTPUMEHSTIOTCS aHAIN3ATOPHI-TIOISAPONIHI,
KOTOPBIE TTPOTTYCKAIOT M3JIy9eHue, MOJAPU30BAHHOE B OIHOW TMJJIOCKOCTH, W HE MPOIYCKAIOT MOJSPU30BAHHOE B IMEP-
MeHAUKYAspHOiT. TakmMu MOIAPONgaAMY [IJIsT BUANMOTO CBETA MOTYT CJIYYKUTH TJIACTHHKWA W3 MUCJAAHIACKOTO TITATA WIN
MOITPU3AIMOHHBIE TIPU3MBL. | 0pa3 1o TpyaHee n3MepsaTh MOMSAPU3ANNUI0 B PEHTTEHOBCKOM JUAMA30HE  TAM HUCIOJB3Y-
ercs a¢dpdext Kommnrona.

ITpw Bpaiennn anagan3aropa depe3 Hero MpoxXoAaT pasHbie A0 najatoinero ninydenns. CuegoBarenpHo, 10 Mo-
KazaHusaM (HPOTOMETPA, CTOSIIErO 33 AHATIN3ATOPOM, MOXKHO CYIATH O COCTOSTHUY TIOJISPW3AIINY BOJIHEI.

OHaKO aHAIM3ATOP HE B COCTOSIHUM M3MEPUTh KPYTOBYIO MOJISIPUBALMIO WJIU JIaXKe YCTAHOBUTH €€ TPUCYTCTBUE,
TaK KaK KPyroBas mongpusaius He gaer 3¢dekTa npu BpalleHnu ananu3aropa. Hamo kak-To npeBpaTuTh KPYTrOBYIO
TMONSAPU3AUIO B MuHEHHYT0. [ 3TOTO UCMOMB3YIOTCSA TIIACTUHKYA U3 BEIIECTB, BPAIIAKIIUX ILJIOCKOCTh MOISPU3aIng,
T. €. JOOABIAIONINX PA3BHOCTH (PA3 MEXKIY COCTABISIONMMI BEKTOPA HANPAXKEHHOCTH. TAKMMY BEIIeCTBAMU SABIISTIOTCS
KBapll U Apyrue KPUCTAJINYECKUE MUHEPAJIbI, & TAKXKE HEKOTOPbhIE OPraHWYecKue BelecTsa, nanpumep caxap. Qobru-
HO HaDIIOZATEN MPUMEHSIOT TaK HA3hIBAEMYIO TJIACTWHKY B YETBEPTH JIWHBI BOJHBI, MOBOPATUBAIONIYIO MIOCKOCTH
nonsgpu3anuu #Ha 90° U MepeBOAAINIYI0 KPYTOBYIO TOMSIPU3AINIO MMOTHOCTHIO B muHeiinyio. Ho B Teopun Gymem caurarh,
qT0 mobapiasgemMast ¢pa3a MpOU3BOIbHA.

Urak, mycTh niouru MOHOXpoMarudeckas BoaHa (197) mamaer na ¢gporoMerp, npeaBapuTenbHO MpOiasa depes mia-
CTHHKY, ZOOARURBIITYIO eit pasHocTh (a3 d mexkay B, n E,, n gepe3 amann3aTop, 0Ch KOTOPOTo (T. €. TaKOe HATPARIEHE,
YTO €CJIM MAJAET MOJSIPU30BAHHOE B TOM HANPABJIEHWN W3JIy9Y€HUE, TO OHO MOJHOCTHIO MPOXOANT) MOBEPHYTA HA yTOJ
1 k ocu z. Haiinem, kakywo narencusrocts I(1),d) B 3aBucumoctn ot ¥ u § uamepur Goromerp.

IMocne npoxoxkaerus miacTuHkU BosHA (197) peBpaTuTCs B BOJHY ¢ BEKTOPOM HATPSAYKEHHOCTHU 3JIEKTPUUECKOTO

10714
E;

Bs={ pgeo

(204)
Yepes ananu3aTop NpoiIeT He BCe H3TyYeHne, a TOJBKO Ta ero 9acTh, KOJIeOAHN 3TeKTPUIECKOH COCTABISIONEH KOTO-
pPOro mapaJsmenbHbl OCH aHATH3ATOPA, T. €. BOJHA CIIPOSKTUPYETCS Ha 3Ty 0Ch. [IpeacTaBuM BEKTOp 3TOr0 HAIPABICHUS
cTOJIOIOM

cos

1= Cosv ) (205)

sin
Torma mpormegimast BosiHa OyIeT NMeTh aMILIUTYLY 1TE;. Benomuum eme, 910 (GU3NUeCKnii CMbIC MMEET TOJILKO BELLe-
CTBEHHAS YACTh BEKTOPA HAMPAXKEHHOCTH, a (POTOMETP U3MEpPSIeT YCPEIHEHHYO TI0 BPEMEHN KBAIPATHIHYIO BETHIHHY

2

C == c c
I(y,9) = E(RelTE(;)2 = Ton 11(Es +E)| = Ton (ITEs)2 + (ITE3)?2 + 2(1TEs)(1TES) | . (206)

Paccmorpum mo ogepeau Tpu caraeMbixX B MOCTIEIHUX KBAIPATHBIX CKOOKaX. [lepBbie qBa M3 HUX PABHBI HYJIIO, TAK

KaK KBAJPAT BEKTOPA HATIPSIKEHHOCTH COIEPIKNT MHOKNTEIh e 2%t a KBaJpaT COMPSIKEHHOTO BEKTOPA TTPOMOPIAO-

nasen €2t O6e IKCIOHEHTRI PV yCPeIHEHNN Hai0T Hy/ah. )CTAETCS TOABKO TPOM3RENEHNE BEKTOPA HATPSIKEHHOCTH
HA €ro CONnpAKEHHBIN.

Tak Kak yCpemHsIeTCS HAPSAXKEHHOCTh, a He BeKTOp 1 win daza §, To mocrapaeMcsi BBIHECTH TU BEJTUIUHBI U3-ITOJ,
3HAKa ycpemgaenus. /s 3roro npeobpasyem coMHOKuUTENU. B IepBOM COMHOXKHUTEE IEPEHECEM IPMUTOBO COMPAKEHUE

Ha BEKTOP, CBABAHHBINA C 1) U J, T.€. NPEICTABUM €ro B BUIE

1TEs = cos Y E, + sinyBE,e?® = 1JE, (207)
BREs JJIsT 3TOTO 0003HAYEHNE
_ cos
I = singe® ) (208)
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Bo BTOPOM COMHOKHUTENE 3PMATOBO-CONMPSYKEHHON BETAYAHON CIETAEM BEKTOD HATIPSIKEHHOCTH:
IR nE 3 * . * _—id _ T
1"Ej = cosYE; +sinyEje™ = E'l;. (209)

[Tponsremenne 3TUX COMHOXKWUTENEH MOYKHO MPEICTABUTH, BOCTOIB30BABITINCH CBOWCTBOM ACCOIMATHBHOCTH TTPOU3BE-
JEeHNsl MaTPWII, B BUJE

(1'E;)(1TEj) = (L/E)(Ef15) = 1] (BET)1;. (210)

Torya mocne ycpeJHeHus COrMAacHO ONPENeIeHHI0 NOIApU3AMOnHOM MaTpuipbl (198) monyuurcs npocrasa dhopmysa
I(,6) =1/81;. (211)

Brrpasum 3ty marencnsrocTh vepe3 napamerpsl Crokca. [Toacrasus B (211) Beipaskenne (199) n nposeast mpocTyio,
XOTS W JOBOJIBHO IPOMO3IKYIO BBIKIAIKY, TIOJIYyINM

I(v,8) = %[I + Q cos 21 + U sin 2¢) cos 6 — V sin 24 sin d]. (212)

Munnyc nepex mapamerpoM V 00bsAcCHAETCA TeM, 9TO JONOTHUTenbHasA da3a Oblma BBeAeHa B Iy, a He B .

7. Yactublie caydan nosgapusanun. Vmves oburyto dhopmymny ans mabnrogaemoit narencunsrocTn (212), Mbl MoXkeM
paccMoTperh, Kakne mapaMerphl XapakTepu3yoT OnpeeseHHyo nojasipusannio. Hagnem ¢ camoro mpocroro ciaydvas,
KOT/Ia M3JIy9eHre HeroJsipu30BaHO0.

1) Henoasapusosannoe usayuenue. Takoe u3nydeHue HA3BIBAETCS €CTECTBEHHBIM. B 9TOM Cllyuae MHTEHCHUB-
HOCTh, KOTOPYIO PErucTpupyer boTOMETp, He 3aBUCUT HU OT YIJIa aHATU3ATOPA, HU OT PAa3HOCTH (a3, TaK KaK HAIPAB-
JIEHNU A KOJ'[e6a,HVIﬁ 3ﬂeKTqueCKOﬁ HAMPAXKEHHOCTU COBEPITIEHHO XaOTWUYHbI. ;[CHO, YTO TaKO€ TMOJIOKEHNE BO3MOXKHO
Jmnis pu ycaoeuu, uro Q = U =V = 0, 1. e. Bce napamerpnsl CTokca, KpOME MHTEHCUBHOCTH, PABHBI HYJIIO.

IIpornromonokHbIi ciyvail, KOrga BOJIHA CTPOr0 MOHOXPOMATHYECKAs! W MMOJIHOCTHIO MOJISTPU30RHA, OB PAaCcCMOT-
pes Bbimie. Tereps TpUMEHUM OOIIHE TOIXO/I.

2) IToanas 2A4AUNMUYECKAA NOASPUIAUUSA. 3a1a10M BEKTOPBI b1 1 by KOOpAMHATAMY B BHIOPAHHOM MOJIAPU-

3aIlMOHHOM Dasuce:
cos « —sina
bl_bl( sin o )’ bz_bQ( cos o ) (213)

Yucna by u bg MOTYT OBITH MIPU 3TOM KAK MOJOXKUTETBHBIMA, TAK U OTPUNATETHHBIMHA.
IMongpusanuonnas Marpuna s Hanpsxkensoctu (191) npuaumaer Bus

gzg%(lh-#ibg)(bf—ibg)—i ( b1 cosa — ibysin

) (b1 cos a + iby sin aby sin v — ibg cos @) =

T 81 \ bysina 4 ibycosa
_ b2 cos® o + b3 sin® (b — b3) cos asin o — iby by (214)
(b? — b2) cos asin o + by by b?sin” a + b2 cos® a '
CoorBercryiolme Boipaxkenus st napamerpos Crokca:

I= (B +8), Q= (b} —b3)cos2a, (215)

c c
U= —(b]—b3)sin20, V = —2b1bs. 216
- R)sin2a, V= Cobin, (216)

Orcroga BeITEKAIOT MOACAYyYan TOJHOH MOIsTPU3aluu.

3) Jlunetinas NoOAAPU3AUUS. DJUINIIC BRIPOXKIAETCS B OTPE30K, KOrJA OJHA 13 BeanduH by win be obpamaercs
B Hyah (00a ofparnThcs B Hyah OHM He MOryT). I B TOM, M B APYyrom ciydvae WX MPOW3BENEHWE PABHO HYJO W,
cremoBaTenbHo, V = 0.

4) Kpyzoeas noaspudayus. HanpoTus, eciu pu OTCYTCTBUU AONOJHUTEIBHON (has3sl HAGII01aeMasd HHTEHCUB-
HOCTh HE 3aBHCHUT OT MOJOKEHUs aHATU3ATOPA, T. €. MOJAIpU3aIisd KPyroBas, TO JOMKHO ObITh (Q = U = 0.

Bo Bcex apyrux ciaydasx roBOPSIT, UTO TOJASPU3AINAs JacTuvdHas. e, 0aHAKO, MOYKHO CBECTH K PACCMOTPEHHBIM
cJydasiM, 94TO MbI caeiaeM B 11. 10, HO mepes 3TuM paccMOTpUM, Kak npeodbpasytorcs napaMmerpbl CTokca npu moBopore
oceil MONAPU3AMUOHHOrO 6a3nca 1 KaKne N3MEHEHNS MOJSIPU3AIlAN BRI3BIBAIOT TepeMeHy 3HAKOB y mapaMerpos CTokca,
XapPaKTEPUIYIOMIUX 3Ty MOIAPUIAIINATO.

8. IIpeo6pa3oBanne mapamMeTpoB Npu HoBopore. VIHBADUAHTHBIE BETMYUHBI, OCTAIOINECS HEU3MEHHBIMU TIPU
TTOBOPOTE MOJISIPU3ANNOHHBIX OPTOB, HAM YAAJIOCH BBISIBUTH HE BHITTHCHIBAS CAMUAX MTPEOOPA30OBAHWI TOIAPU3AIMOHHBIX
napamerpoB. Haitaem Termeph 311 mpeobpa3oBaHmst.
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ITycTh nonsipu3anuMoOHHbIE OPTHI OBEPHYTHI HA yroa ¢. Torma HOBbie (OTMEYaeMble IITPUXAME) U CTAPBIE OPTHI,
KaK W3BECTHO, CBS3aHbI (hopMymamu

€] = cos ey +sin ey, € = —sin pe; + cos pe,. (217)

Cocrapsiolnye HANPSI>KEHHOCTH, T. €. KOI(MMUIUEHTHI PA3JIOKEHUsT €€ 110 IAByM 0a3ucam, CBA3aHbI TOYHO TAKUMU IKE
dopmymnamu. Oba npeobpazoBaHusd MOXKHO 3aMUCATH B MATpudHO# opme. s HATIpsIXKEHHOCTEH ITO

E = A(9)E, (218)
rIe MaTpuIEa OPTOTOHAJILHOTO TTPe0OpPa3OBAHNS (KOMHJ’IGKCHOT‘O BeKTopa)

cos¢p sing
—sing cos¢

A(¢) = (219)

DJIeMeHTHI TIOJISIPU3ALMOHHON MaTPUILIBI, TOCTPOEHHOM KaK AMaIHOE MPOU3BEIEHNE BEKTOPOB HAIIPSIYKEHHOCTH, TIPe-
00pA3YIOTCSA COTMTACHO 3aKOHY MPEeOOPA30BAHUSA ONEPATOPOB:

v VoV

§' = A@)SA" (9). (220)

[TockonbKy opTOroHanbHAS MATPHUIA BEIIECTBEHHA, €€ IPMUTOBO COTIPSIKEHNE CBOINTCS K TPAHCTIOHWPOBAHUIO, & TTO-
cregHee K M3MEHEHWIO 3HAKA Y apryMeHTa ¢.

[epeiias o monsgpusanuorHoit MaTpubl K napamerpam Crokca, ybexkaaeMcs, 9T0 mpeoOpa30BaHue BEKTOPA ITUX
mapamMeTpoR TIPHU MOBOPOTE TOJISPU3AIMOHHBIX OPTOR

r I
Q | _» Q
9 l-tw| ¥ (221)
v’ %
OCYIIECTRIAETCSA TOCPEACTROM MATPWIIHI, KOTOPYIO 9acTo HaskrearoT marpumeil Yanmpacekapa:

1 0 0 0

=~ | 0 cos(2¢) sin(2¢) 0

Lig) = 0 —sin(2¢) cos(2¢) 0 (222)
0 0 0 1

[Tpwu BerecTBEHHBIX OPTOTOHAMBHBIX Mpeohpa3oBanusx n3 napamerpoB CTokca npeobpa3yoTcs TOMBKO IBA, IPUYeM
C YJBOGHHBIM YTJIOM. DTO COLJIACYETCS C M3BECTHOM yKe MHBAPUAHTHOCTHIO mapamerpos [ u V.

9. luckperHusie mpeobpazoBanud nmapamerpoB Crokca. [Ipeobpasosanue napamerpos Ctokca npu nmoopore
TTOJISTPA3AIIMOHHOTO 0A3MCA OTHOCUTCS K HEMPEPHIBHBIM MPEOOPA30OBAHNSM, TAK KaK yTOJ TOBOPOTA MOYKET OBITH JIIOOBIM
7 CKOJIb YTOZHO MaJbiM. JIuckpernbie mpeobpa3oBaHisi PABHOCUILHBI OTPAYKEHWSM OCEHl KOOPIAWHAT W MEPEMeHe WX
MOPSAIKA. 376Ch PACCMOTPUM WMEHHO TaKue Mpeodpa30BaHUs. 3aMeTHM, YTO OTpPaXKeHue 00erx ocell KOOpIAWHAT WiH,
9TO TO KE CaMOe, W3MEHEHHe 3HAKOB 00oux [mcen by u by CBOAWTCS K MOBOPOTY Ga3wmca HA yroJ 7 U HE U3MEHSET
napamerpoB CrTokca.

Eciin mMbr ipocTo Mensiem 6aszuc npu (GpUKCUPOBAHHON NMOJIAPU3ALMKA BOJIHBI, TO napamerpbl CTOKCA U3MEHSIOTCH,
HO OTMMHUCBHIBAOT OHMU TO K€ CaMO€ COCTOAHUE. MBI Ke 6y,neM CUUTATH, 9YTO PACCMATPUBAIOTCA COCTOAHUA TTOJIAPDU3AILINN
npu GUKCUPOBAHHOM DA3UCE, HO OMUCHIBAEMBIE TAPAMETPAMHE C PA3HBIMU 3HAKAMU.

Bynem caurars momasgpusanuio AByX BOJH MOMHON. VIHTEHCMBHOCTH JBYX BOJH CYNTAEM DABHBIMHU.

1) JdBa BekTopa CTOKCA pa3nuyaioTcsa TOMLKO 3HAKAME CBOMX TapaMerpoB (Q u U. 1o o3Hadaer, 4ro yucia by u by
Yy ABYX BOJIH TIOMEHAHBI MECTAMU, T. €. JIJIUTICHI UX UMEIOT OAHY (bOpMy " pa3Mep, HO TMOBEPHYTHI JIPYT OTHOCHUTEJIHHO
Jpyra Ha yroga /2.

2) Paznnuane mexy Bekropamu Crokca — B 3nakax mapamerpa V. Yucna by nam by y 1ByX BOJIH MMEIOT MPOTUBOIIO-
JIOXKHBIE 3HAKH, T. €. TPOTUBOIIOIOXKHBI HATTPABIEHUS OJHOTO 13 BEKTOPOB by win by. 3HAaUUT, BEKTOPHI HATIPSIXKEHHOCTH
MEKTPUYIECKOTO MOJIA BOJTH BPAIIAIOTCA B TPOTUBOIOIOXKHBIE CTOPOHBI.

3) Ecim y BOJIH TPOTHBONOIOKHBI 3HAKK Tpex napamerpoB CTokca, TO 3TO KOMOMHAIUS JBYX TPEABIIYIIAX CJIy-
YaeB. SJIJ'H/IITCBI BOJIH TIOBEPHYTHI Ha npﬂMOﬁ yroja, m BEKTOPBHI HATIPAKEHHOCTU 3JIEKTPUYECKOTO TI0JIAA BPAIIAKTCA B
TPOTHROIOJIOXKHBIE CTOPOHBI. Takne MosiPU3AIMT BOJIH HA3BIBAIOTCS 0PMO20HAALHHLMU.

10. ITpeacraBiaenune obImeii nmoJsisipu3anum 9epes3 4acTHbIE cirydan. Kak yke rOBOPUIOCH, y HEKOTEPEHTHBIX
MIYYKOB U3/IYYEHUA CKIAJBIBAIOTCA He HANPAKEHHOCTH TOJell, a KBaJApaTUdYHble, JHEPTEeTUYECKNAE, XapaKTePUCTUKH.
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910 orHocuTcsa n K mapamerpam Crokca. Ilokaxkem, 9TO MPOM3BOIBLHO MOMAPUIOBAHHBIA IMyYOK U3MYUCHUST MOMKHO
TMPEICTABNThH KAK CyMMY HEKOTEPEHTHBIX MYy9YKOB C 00Jiee TTPOCTOH MOIsTpU3aIineii.

1) HHoarocmsb1o noaspu3osarmsit Yok ¢ dobasaeHuem ecmecmeenHo20 udayuerus. Jlerko nposepurh,
qTo

Rq
= 3 + (I — Rd)

v

1

0
e (223)
0

<O~

rae Rq = +/Q? + U2 + V2. Takum 06pazoM, NpOU3BOIBHO TOJISPU3OBAHHBIA IMy90K M3Ty9eHUsS MOKHO TPEICTABUTH
KaK CyMMY MOJHOCTBIO 3JLIUNTUYECKN MOJISPU3OBAHHOIO MyYKa M My9IKa eCTECTBEHHOTO M3nydeHus. B cury HepaBeH-
crBa (203) MHTEHCHBHOCTH TOCJIEAHErO HEOTPULIATEHHA.

2) Jea nyuka ¢ 83aUMHO OPMO2OHAABHBIMU NOARAPUSAUUSIMU. HeTPyIHO TaKkKe IPOBEPUTH U PABEHCTRO

I R, R,
0 I+R | © I-R | -0

_ 994
U sr. | U | T2 | U | (224)
v v _y

COTJIACHO KOTOPOMY CKJIaJIbIBAIOTCs /iBa BekTopa CTOKCa MOJHOCTHIO TOJISIPU30BAHHBIX MyYKOB HEOTPUIATEHLHOW WH-
rercuBHOCTH. IIpu 9TOM y HUX ofHOUMEHHbIE napamerpbl CTOKCA paBHBI IO MOAY/0 (TOYHEE, IPONOPIUOHATIBHBIL), HO
apaMeTpbl, XapaKTepu3yoIlue NOJIpU3aIiio, TMEOT TPOTUBOIOI0KHBIE 3HAKHU, T. €. MOJIAPU3AIAN MyIKOB OPTOTO-
HambHBI. Kak moKa3aHo BhINMIE, ¥ TAKUX MYyIKOB TPOTHUBOMOIOXKHBI HAPABIEHUS BPAIEHNUS BEKTOPA HATIPIKEHHOCTH
7 TEPIEHIUKY/ISTPHBI TOJIOXKEHWST TIIOCKOCTEH MPEnMYIIECTREHHBIX KOTEOaHMiT.

11. Jdpyrue nmapameTpsbl. BBoIaTcsa TakKe W JIpyrue mapaMeTphl, XapaKTePUIYIONINe COCTOSHUE TOITPU3AIIT
U3MydeHuss. ITO CTenenu odIei P, muHeiiHON p U KPyroBOil ps MOIAPU3AIIN:

;
pfla ,_m Vo OTn (225)

I I I
a Tak¥Ke MO3UIMOHHBIH YrOJ (, T.€. YIOJ MEXKIY TMIOCKOCTHIO TTPENMYIIECTBEHHBIX KOIeOaHuit n BHIOPAHHON OCHIO
abcuuce, ¥ CTeneHb JUIMITUYHOCTH £. JIBe mocienHne BeJauduHbI  ONpejessiiores tanrencamu: tg2a = U/Q,
tges = V/rg.

§ 5.6. Paccegnue mosispm30BaHHOTO M3JIy4YeHUH

1. YpaBHeHUEe mMepeHOCcA MOJIPU30BAHHOTO M3JIyYeHUd. JTO yPaBHEHUE siBjisieTcsi 0000IeHnemM 0ObIYHOrO
(cKaIApHOro) ypaBHEHUs [EPEHOCA U HA3BIBACTCS 6€KMOPHbLM. BMECTO OHON MHTEHCUBHOCTH 3/1€CHh UCKOMBIMY BEJIU-
YUHAME BBICTYNAIOT YeThipe napaMerpa CTokca, KOTOpBIE B OMPEJEIeHHOM TOJISPU3AIUOHHOM Oa3uce (CM. HUXKE) Mbl
00HEeIMHNM B BEKTOD

(226)

<O~

Kak m WHTEHCHBHOCTD, 3TU TApaMeTPhl TPU HAJOKEHUN MYYKOB U3MYUEHHUS CKIAIBIBAIOTCH, T.€. MYYKU CHUTAIOTCS
HEKOTepeHTHBIMH.

PaccvoTpum niepeHOC TOMAPU30BAHHOTO U3MYYEHUS B MJIOCKOM coe. ByneMm mpeamomararsb, 9YTO cpefa M30TPOTHA:
paccemBaloe JYacTHAIhl HE OPUEHTHPOBAHBI KAaKWM-TO 00pa30M, a XaoTWYHBI. Torma ocjabieHne BCEX TapaMeTpoB
Crokca 3a cuer paccesiHusi TPOUCXOINUT OJMHAKOBO, T.€. 3TO 0CJab/IeHue ONUCHIBAETCS HE MATPULEH, a CKaJsSPHBIM
ko3 dunmenTom ocmabiennst, TOYHO TAKUM YKe, KaK W B YPABHEHWW MEPEHOCA /I WHTEHCUBHOCTH.

Beemem Ty xke cucremy 0003HAYEHWI, KOTOPasi MCIOIB30BANIACH MPU PACCMOTPEHUU APYTUX BUIOB PACCESTHUSA B
IOCKOM cioe. Uepe3 1 0603HAYNM KOCHHYC YIJIa MEXK/y HAIPABIEHHEM PACIPOCTPAHEHUS W3IYUYEHUS w W HATPAB-
JIEHWEeM N yBeJIWYeHusl ONTWYecKoi riyomuast 7. Torma ypaBHenwe meperoca Oymer hopMaabHO BBITISIETH, KaK W
CKaJISTPHOE:

dI(7,n,
n—ljﬁ?ﬁﬁ-=-—Iﬁzn,¢)+-s@vn,¢) (227)

YciiokHeHne ypaRHEHWs M0 CPABHEHWIO CO CKAJISIPHBIM 3aKJIIOYAETCsT HE TOJILKO B TOM, YTO HA CAMOM Jejie 3/1eCh
HE OIHO ypaBHeHwme, a derbipe. OCHOBHOE YCIOXKHEHWE B BBIPDAXKEHUU [IJIsi BEKTOpa (PYHKIUN HCTOIYHUKOB. TOOBI
€ro HAIUCATH, HEOOXOIUMO BBECTH TIOHATHE (PA30BOIl MATPHUIIBI, UTPAIOIIEH POJIb UHIUKATPUCHI PACCETHUS CKATSIPHON
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Teopun. s ee onpenenenns, Kak W s NpUBI3KH napaMeTpoB CTOKca, HEOOXOIUMO OMPEIeTUTh TOMAPU3AMNOHHBIE
0a3mnChHI.

2. ITonsipusanmuoHHbie 6a3ucskl. IIycTh MydoK n3mydeHns mepe] pacCessHIeM HATIPABIIEH 10 IMHUYIHOMY BEKTODY
w', IMEIOmEMy TIOAPHBIE KOOPAWHATHI 17, 0, a TOCIe pACCESTHAS M3y YeHNE HIET 10 BEKTOPY W ¢ KOOPIUHATAMM 1], (0.
Kocunyc yrna pacceduust 7aeTcs MpeKHUM BBIPAYKEHUEM

p=mnn+1—n*/1— () cos(¢ — ¢). (228)

Jlns paccesiHHOTO M3MyYeHUs MOAAPU3ANUOHHDIN 6a3uc yI00HO ONpeaeTuTh CAeAyMuM 00pa3oM:

oo BZmw o wxm (220)

Bazuc g5 nagaromero n3jiyderust aHaJ0ruyueH, HaJl0 MPOCTO MOCTAaBUThH mTpuxu. OQHaKo Takue DA3UCHI HE TIOAXOLAT
A7 HAUCAHUA MATPHUIIBI pACCEAHUs, TAK KaK OHM MPUBA3AHBI K XapaKTEPUCTUKE HE PACCEAHUS, a C/I0d  BEKTOPY
wopmanu n. [Toatomy BBOmsTCH ere nBa 6Ga3uca, CBA3aHHBIE C TMyYKAMHU, YYACTBYIOIIUME B mporecce. Tu 6a3uchl
HA30BEM BHYTDEHHUMH, a 6a3ucekl Buga (229)  BHemHuMu. BHyTpenHue 6a3uchl MOCTPOMM AHAIOIMYHO BHEIIHUM, HO
OJIMH W3 WX BEKTOPOB CIIE/AeM MEPTEeHANKY/ISTPHBIM TIJIOCKOCTH paccestaus. [t paccessHHOTO W31y deHust

o ’
=& HC gy, O XY (230)

V1= 2 V1—p?
JUIST TAJAI0MIEro
_ / /
1’1 = M7 1. = w xw (231)
1—p?

E,III/IHI/ILIHBIQ BEKTOPBI IBYX 06a3uCOB CBS3AHBI CIeaYIMUMA IPOCTBIMA COOTHOINECHUAMM:

I =+/1—p2w —ply, 1 =+1-p2w—ply, 15=-l. (232)

B pesynbraTe Takoro onpeeneHns BEKTOPHI HAMPSXKEHHOCTY PACCESHHON U TAAI0IIeH BOIH BO BHYTPEHHUX Oa3u-
cax 3aJaI0TCs OMUHAKOBRIMU (hOpMyIaMu:

E=El + Bl, E =E], + E)l, (233)

TTpu nepexoze or BHemHero Gasuca Tajaroero W3JydYeHusi K BHYTPEHHEMY MPOMCXOIMT MOBOPOT Ha yroa ¢,
KOTOPBIH 3a0aeTCA CROMMU (DYHKIIUAMMA:
n—pn (nww'’)
cos¢' =ell] = eLl, = — =, sing’ = —ejl, = ebl] = — . (234)
VI=(0)21—p V1= ()21
[ocne paccesHHs OT BHYTPEHHETO 0a3Wca HAJO MepedTH K BHENIHEMY, IPH 3TOM YIOM MOBOPOTA XAPAKTEPH3YeTCS
byHKIIISIMA

o ’
COS¢ = 6111 = 6212 = n il bln¢ = 6112 = —6211 = (nww ) (235)

, .
V1=n2y1—pu? V1—n2y1—pu?

BagaaumM BeKTOp HOpMaJiM K rpanuiie rosybeckonednoit cpeanl B Buge n = (0,0, 1). Kpome Toro, rak kak tpu-

TOHOMETPWYECKHWE COOTHOIEHHsT Jierde 3amucaTh Yepe3 TPUroHoMeTpudeckne (ByHKINN, Jajee MCIOIh3yeM uX, T.e.

nonoxuM 1 = cosf, \/1—n? =sinf un’ = cost, /1 — (1)? = sinf’. Torma opTbl BHEITHErO MOJAPUZALAOHHOIO
6a3uca u3IydeHus, UIYNIEro B HANPABICHUH 6, 0, ONPEIEIATC TaK:

e; = (—cosfcosyp, —cosfsing,sinf), ey = (sinp, —cosp,0). (236)
Corsacro (235) myst yriia moBopora ¢ HAXOIUM

sinf cos @’ — cos @ sin b’ cos(¢’ — )

sin @’ sin(p’ — )

V1= p?

cos ¢ = , sing = (237)

1—p?
s yrna mosopora ¢’ GhopMysl aHATOTHYIHBL.

3. ®yHKIMN NCTOYHNKOB 1 pa3zoBas marpuiia. Tenepb MOXKHO 3aMUCaTh COOTHOTIIEHNE, CBI3BIBAIOIIEE BEKTOD
dyHKINIT NICTOIHNKOR
S
s=| % (238)
Su
Sv
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C BEKTOPOM MHTEHCHUBHOCTEH (226). TO COOTHOIIEHNE COAECPIKUT UHTErPAJI [0 HANPABIEHUAM NATAIONIEr0 U3JTy YeH s,
KaK U B CKaﬂﬂpHOﬁ TEOPpUHN, HO BMECTO MHAWKATPUCHI PaCCEAHNA B HETO BXOJAUT (1)3,3033,5] MaTpula, MpeacTaBJadromad
TTPOU3BEAECHUE MATPULBI PACCEAHUA U MATPUIL MTOBOPOTOB.

Marpuna paccessaust cBszbiBaeT BekTop CTOKCA MANAIOIIETO M3My9eHUs ¢ BEKTOPOM PACCESTHHOTO, MpHYeM 06a
BEKTODA JOJKHBI OTHOCUTHCs K BHyTpeHHUM Oazucam (230) u (231). B ciydae ©30TponHO# cpeibl OHA MOKET 3aBUCETH

TOJILKO OT yria paccesinvst, T.e. or (. Obosnaunm ee R (u). Torga sekrop dyHKuMi MCTOYHUKOR

~ ~

S(r,w) = So(7,w) + %C/dzw’fl(ﬂw’), X =L(o)yR(wL(¢). (239)

[TepBoe cnaraeMoe B MEPBOM PABEHCTBE OMMCHIBAET TIEPBUYHBIE CTOYHUKY, TIPUYEM B HUX MOTYT BXOJIUTH U BHEIITHUE,
¥ BHYTDEHHWE WCTOYHWKW, KAK U B CKAJIAPHOM Ciaydae. BeKTOpHBIA aprymMeHT w 3aMeHseT JIBa CKAISAPHBIX: 7], .
Buz dasosoit Marpunpl X ompegenserca TeM, 9ro cHadama mapamerpbl CTOKCA TAAOMEH BOTHBI IPeOGPA3yIOTCs
OT BHEITHero 6a3uca K BHYTPEHHEMY, 3aT€M BKJIIOYAETCS MATPUIA PACCESTHUS, a MOTOM TIOJYYAONIAECs MapaMeTphl
paccesiHHO BOJIHBI BO BHYTPEHHEM Da3uce 1epeBoisTcst BO BHemHnui. Muoxuresas C yunThIBAET BO3MOKHOE PA3JININE
B HOPMWPOBKE MATPUIIhl pacCesaHmns.

Marpwuiisl paccestinsi pACCIUTHIBAIOTCST TOH YKe Teopueit, 9TO M MHIANKATPUCHI PACCESTHHUST U IPYTHE XapaKTePUCTHKN
omHOKpaTHOro paccesaus. Q6 3T0it Teopun TOBOPUIOCH B TyiaBe 2. 3mech Mbl Haiiaem ogHy MaTpuitly paccesuaus. Cre-
JIAEM 3TO JIJIsl TOMCOHOBCKOTO PACCESIHUS, T. €. PACCESHUS URTYUEHUS HA HEPEIATUBUCTCKUX CBODOIHBIX 3JIEKTPOHAX.

4. Paccesgnne cBoGogHbIMu 3apaaaMmu. B kiaccuveckoil ssekrpoanHamuke (cMm., Hanpumep, [39]) paccesinue
W3JIy9eHnst 3apsioM WHTEPMPETUPYyeTcs ciemyromum oopa3om. Ha 3apsikeHHy0 9acTuily magaeT MaoCKash 7IeKTPO-
MarHuTHasi BOJIHA, MO, AeHCTBAEM KOTOPOH YaCTHUIA KOJIEOIeTCs, T.€. IBUKETCS C YCKOPEHWEM, W TTOPOXKIAET IJIEK-
TpoMarauTHOE moje. Ha GOMbIINX pacCTOSHUAX OT YaCTHILI TOJe TPEBPAIIAETCS B CPEPUIECKYI0 BOMTHY, KOTOpas 1
pacCcMaTpUBAETCA KaK M3TydeHne, PACCESTHHOE 3apsyKeHHON JacTHIeH.

CremaeMm TpeamooKeHne, 9TO aMILIATYIa TAJAloIeil BOTHBI He OYeHb BEWKa, TaK 9TO YACTHIA B €e TIOoJe He
JOCTUTAET PEISITUBUCTCKUX CKOPOCTEH M HE OYEHb JTAJEKO OTKJIOHSETCS OT TOJI0KeHnsT paBHoBecHs. [103TOMy MOXKHO
CINTATh, YTO HA TIPOTSIIKEHNN TPAECKTOPUN FACTUIIHI AMILINTY/IA TIAQIA0MIEH BOJTHBI HE 3aBUCUT OT TTPOCTPAHCTBEHHBIX
KOODJWHAT B JAHHBIA MOMEHT. BBUIY HEPETATUBUCTCKOM CKOPOCTH YACTHUIIBI HE YINTHIBAEM MATHUTHOMW COCTABIISONMIEH
cunbl JlopeHna.

B pesyabrare Takux mpeanooyKeHni ypaBHEHNE IBUKEHUs 3apsyKeHHON YaCTHIILI TIOTYIaeT BU

mi = —eoE/, E' = Ege ot (240)

TIe m v —eg — Macca v 3apsij 9actuilbl, Eg — MOCTOSIHHBIN BEKTOP, & ' — BEKTOP OTKJIOHEHWS YACTHUIHI OT TIOJIOKEHU T
pasuoBecust. QOTCIOa YCKOPEHUE YaCTUIhI

i=-2p. (241)
m

B qunonbHOM npubinkennn Ha GOMBIIUX paccTognuax R or gacruipl cornacuo dpopmyne Jlapmopa [39] coznaercs
T0JIe ¢ HANPAYKEHHOCTHIO

X (w x T). (242)

€0
—w

2R
IMoncTaBUB CIOIA BhIPAYKEHUE YCKOPEHNS Yepe3 HANPSAKEHHOCTh MAIAIO0NIeil BOTHBI, MOy UM

E:%wxwxE% (243)

rie Te = e3/mec? — Tak HaszhIBaeMbIil Kiaccwdecknii paamyc 3apsjaa. [ToCKoabKy HANMEHRBITYI0 Maccy NMpW eJInHnd-
HOM 3apsijie UMEET 3JIeKTPOH, Haubosee 3MEKTUBHO U3 BCEX 3JIEMEHTAPHBIX YACTHUI[ PACCEMBACT W3JTy9€HUE UMEHHO
3JIEKTPOH (HAPSY C HO3UTPOHOM).

BoiBeieM MaTpHUIy TOMCOHOBCKOTO PACCESHUS.

5. PaneeBckass marpurna paccesHus. s onpenenenus CBI3W HANPIKEHHOCTH PACCETHHONU BOJHBI C HATPS-
YKEHHOCTHIO TaJalomei nafigzem, kak npeodpasytorcst opThl 6a3uca najaiomei BoJaHbl cornacHo dopmyie (243):

w X (w X 11’) =w X (—/Jlg) = ,ull, w X (w X 12’) = 12. (244)

Torma HANPSAKEHHOCTh PACCEAHHON BOJHBI BBIPDA3UTCS 9€PE3 COCTABIAIOININE HAPIKEHHOCTH MAJAIONEH (paBEHCTBO
(243)) rak:

E= %(ME{ll + El). (245)
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IIpencraBum, Kak OOBIYHO NMPH PACCMOTPEHWH TIOJSPU3AINY, BEKTOPHI HampsixkeHHOCTe (233) B BHIe CTONGIOB.
Torua cpashur pasencrra (233) u (245), moxem 3anucarhb

Ey\ _rey( Ef Ay =+ 0 (246)
- ! ) - .
FEo R E2 0 1
31ech KaxkIbIii BEKTOP OTHOCUTCS K CBOEMYy Da3ucy, HO uX 0a3uchl CBsi3aHbl MexK 1y coboii. Marpuua paccestHust co-
CTaBJIAETCA MMEHHO TP TaKOM YCJIOBWUH. Tor,zxa OHa UMeeT Haw60ﬂee npOCTOf/'I BU/: COCTABJIAIOIIAA HATTPAKEHHOCTH
9JIEKTPUYECKOrO MOJIs, EPHeHAUKYIAPHAst JIOCKOCTU PACCEsAHNs, OCTAETCS HEU3MEHHON (eC/Iu OTBICUbCA OT MHOXKH-
Tenis re/R), B TO BpeMsl KaK COCTABJIAIONIAS, JIEXKAIIAS B 9TON MJIOCKOCTH, YMHOXKAETCSA HA KOCUHYC YI/Ia PACCESHU.
Temeps mepeitaem oT HAMPSIXKEHHOCTEH K TOJIAPU3AMMOHABIM MaTpuiiam. Marpuiia paccessHHOTO W3/Iy9eHnst Bhipa-
3UTCS Yepe3 MaTPHILy MaJatoIero:

§- CERi— ST Amm)A- e A A (247)
8 81 R2 R2 ’

Ecsin caenarhs ciaepyomuii mar u oT moJsipu3alrnoOHHbBIX MaTpull nepeiitn K napamerpam CTokca, TO TIOJIyYUTCS COOT-
HOTIIeHUE, CBA3bIBaoIIee BeKTopbl CTokca:

7“3 ) /
I= R (248)

Marpuna paccesiansi CBOGOAHBIMYU 3apsigamMu (TOMCOHOBCKOTO PACCESTHUS) COBMAIAET C MATPUIEH MOJIEKYIAPHOTO Pac-
CesTHUst M Ha3bIBAETCSA pajieesckoii. Ora nMeer Bu

pr+1l -1 0 o
2?4 22+1
0 0 o 0
0 0 0 pu

Ha Gonwimux paccrostansix R cdeprdeckast BOTHA MAJIO OTJINYIAETCS OT TIJIOCKOH, BennmanHa, R n3MensieTcss MeIieHnHo
M MOYKET CUNUTATHCS MTOCTOAHHOMN.
DJIeMEeHT MaTPUIIbI, CTOSLIUI B JIEBOM BEPXHEM €€ YIJIy, PEJACTaB/IsieT COD0il yrioByI0 4aCTh CEYEHUs PACCEAHUsI

2

r
S(m) = 5 (W +1). (250)
ITonuoe ceuenne
2 81
o= [ d*we(p) = 57 (251)
HasbiBaeTcst TomcoHoBcknMm [39]. Hacrroe
s(p) 3 2
—_ = — 1 252
! (25)

SIBJISIETCST PIJICEBCKOW MHANKATPUCON paccestunst, nejennoil Ha 4m. Kosdduurent paccesinis ecTh MPOU3BEAEHNE MOJI-
HOTO CeYEHNsT HA KOHIEHTPAIWIO CBOOOTHBIX 3TEKTPOHOB B Cpeje:

0 = NeSo- (253)

W13 npusegennnix Gopmydn caepyer, 94To st pasieeBckoit marpunpl koadbduument C' = 3/2.

Eciin B cpesie umeeTcst 1 MCTUHHOE TIOTJIOIIEHUE, XapaKTePU3yeMoe KO3 (MUIMEHTOM &, TO BEPOSATHOCTH BhIXKUBAHWS
doToHa TpH OJHOKPATHOM PACCESTHUN €CTh OTHONIEHHE KO3(DPHUIMEHTA pacCesaHus K CYMMe ero ¢ KO3 OUIneHTOM
HMCTUHHOTO TOTJIONIEHUS . DTa BETUYNHA, KAK U BEJTUINHA ONTHIECKON ITyOUHBI U TOIIUHBL, OTIPEIE/ISeTCS COBEPIIIEHHO
TaK K€, KAK 1 B TEOPUU, HEe YUYUTHIBAIOLIEH MOJIAPU3AINAI0 U3JLy YeHUA.

6. Paccesinme B pajeeBckoii armocdepe. PaccmorpuM 3a71a4dy 0 p3/1€eBCKOM PACCESTHUU MOISAPUIOBAHHOTO
n3nydenus. /Ing Hanucanus ypaBHEHHS TePEeHOCA HAWIeM MPOU3BEJeHUE MATPHI] MOBOPOTA C PINEEBCKON MaTpuIeit
pacceaHusd:

2 2 _ 2 _
LRs Pl cos(2¢") Pl sin(2¢’) 0
) 12 2 2
o AL K=
T-LoRWL&)=| 7, cos(2¢) Ace Acs 0 (254)
_T'u sin(2¢) Asc Ass 0
0 0 0 “
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TIe I8 KPATKOCTH 3anucu (pa30BOH MATPHUIIGI BBEIEHBI CICAYIOMIAE OO03HAUCHMS:

Ace = B cos(20) cos(24") — psin(20)sin(24), (25%)
Ao = 2 cos(2)sin(20') + psin(20) cos(20), (256)
A =~ 0 (20) cos(267) — pcos(26) sin(207), (257)
A=t ; L in(26) sin(24) + g cos(26) cos(24). (258)

Herpyamo mokazaTh, 9TO BXOJSIINE B MPUBEJIEHHBIE BBIPAYKEHUS YIJIbI SABMSIOTCS 3MEMEHTAMH CJIeIyonero cde-
PHYECKOTO TPEYrobHuKa. IBe CTOPOHBI €ro 310 3eHuTHBIE Yribl 6 u 6 BEeKTOPOB w ¥ w', a yrom Mexay HUMU
(mByrpanmbiii)  passocTb ¢ — . IlporuBonexamasa 3TOMy yrily CTOPOHA  yrOJl PACCESHUS arccos . Boipaxkenue
JIIST KOCWHYCa yria paccesiaus (228) ecth TeopemMa KOCMHYCOB JIJIsi yKa3aHHOTO TPEYTOJbHUKA. JIerko ybeanThest, 910
BBITIOJTHAIOTCA PaBEHCTBA

sing  sing’  sin(y’ — )
sinf  sinf VI—p2
KOTODBIE SABJISIOTCS CIEJICTBASMHU TEOPEMbI CUHYCOB. /I3 HUX BBITEKAET, 9TO ¢ U ¢/ MOIYT PACCMATPUBATHCS KAK yTJIbl
TOrO K€ TPEYTONbHUKA, JIEXKAIIUE HATPOTHB ero cTopoH 6’ u 6 coorBercTBeHHO. MOXKHO BOCIIONB30BATHCS U JAPYTUMU
COOTHOIIEHUIMY cepryaecKoi Tpuronomerpun. Ham nonamnobsTces caeiyiomnme YeTbipe BeTHINHbI, KayKIast U3 KOTOPBIX
MoYKeT ObIThH 3anncana B AByX Bujgax. [leproe npejacrapienie COIepsKUT yribl ¢ u @', a BTOpoe 3TUX yIJIOB He COIeP>KUT:

(259)

aee = —cosPcos @ + psingsin @’ = cos(¢’ — ), (260)

Aes = sin ¢ cos ¢’ + pcos ¢sin ¢’ = cos Osin(p’ — @), (261)

as. = sin ¢’ cos ¢ + pcos @' sin ¢ = cos @ sin(p’ — ), (262)

ags = sin@sin ¢’ — pcos g cos ¢’ = sin@sin @’ + cosf cos @’ cos(p’ — ). (263)

Dnementsl (hazoBoit maTpurpt (255) (258) BbIpaikarOTCs Y4epe3 KBaJIPATUUHbIE KOMOMHAIIMN BBEJCHHBIX BETUYNH:

Ags = —lccles — Qgssc, Age = Qeclge + QgsUcs, Ags = Qcclss — Qeglse- (264)

[Moacrasus B 3t HOpMyIbI BTOpbIe Bhipaxkenus esndud (260) (263), a Takyke UCKIIOYUB U3 OCTATLHBIX 3JIEMEHTOB
mMaTpuibl (254) yribl HOBOPOTA, IIPEJICTABAM €€ B BUIE

P )+ V1121 [Plc(n 1) cos(p’ — ) + Prs(n, ) sin(y’ — 9)| +
+ Pac(n,n) 608(2(90’ — @) +Pas(n,n')sin(2(¢” — ¢)). (265)
B,HGCB ManHHBI COOTBeTCTByIOT TpeM aBHMyTaHBHBIM T‘a,pMOHI/IKaM. HyJ'[eBOf;I T‘a,pMOHHKe OTBEe4YaeT O,HHa ManVIHa

3= — () +3°(n)* 1

n (1=3)1 =) 0 0
~ 1
Pnn') = i n°)[1 = 3(1')?] i - ) 0 o |. (266)
0 0 0 O
0 0 0 ny
Ileprast v BTOpast rapMOHWKN COLAEPKAT 1O IBE MATPUIIHI:
m' om0 0 0 0 -y 0
5 n_ | m om0 0| 5 ) 0 0 - 0
Plc(nv n ) - 0 0 0 0 aplg(na n ) - 77/ 77/ 0 0 ’ (267)
0 0 0 1 0 0 0 O
i
PN n_ 1 +n7)[1 1+n%)1+(n 0 0
7320(7]7 n ) - 0 0 47777/ 0 ) (268)
0 0 0 0
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0 0 m(l—n?) 0

. o1 0 0 —n'(L+7%) 0

Poas(n,n') = ) —nl — (7]/)2] [l + (77/)2] 0 0 (269)
0 0 0 0

K BeKTOpHOMY ypaBHEHHIO MEPEHOCA MONAPU3OBAHHOrO u3nydenus Buga (227), nonydennomy C. Yanapacekapom
[85] u B. B. Co6onesbim [70], IpUMEHAIOTCSA T€ YK€ MPOLEAYPbI, 9YTO U K CKANApHOMY. MOKHO OTIENIUTH MpIMOe U3JTy-
YeHume oT ,Hﬂd)(i)y3HOl"O.‘ qTO6BI TPaHWYHBIE YCJIOBUA CTAJIN HYJIEBBIMU. MO)KHO pa3aesinTh a3uMyTaJIbHbIE TADMOHWUKHA.
OﬂHaKO B PaA3JIOKEHWU TI0 a3UMYTaJIbHBIM TapMOHWKaM 6yﬂ;yT MPpUCYTCTBOBATH HE TOJIHBKO KOCHUHYCHhI, HO W CHHYCHI.
Boznaukator Te ke 3agaqan: 3amaga o auddy3Hom orpaykennn n 3agada Muina.

Bamaun o quddy3HoM OTpaXKeHun OT MOMyOEeCKOHEYHOH aTMocdepsl u 0 nuddy3HOM OTPAKEHUU U MPOILYCKAHUN
IJIOCKUM CJIOEM TIPU PITEEBCKOM 3aKOHE PACCEesHUsI C yUeTOM MHOIOKpaTHOro paccesuus pemmn C. Yauapacekap [85].
9'1‘]/1 penienns 1mMOo3BOJININ EMY 06'])HCHT/]TB XOJ, TTOJIApU3anmn He6a B 3aBUCHUMOCTH OT BBICOTHI COJIHIIA. BBTJIO TTOKa3aHO,
Y9TO TOJIBKO Y9€T MHOTOKPATHOTO pacCedaHns JaeT BO3MOKHOCTH MPABUJIHBHO OTIPEIE/INTH TMMOJIO?KEHNSA TaK HA3bhIBAEMbIX
HEHTPAThHBIX TOYEK Ha HeDe, B KOTOPHIX MoJisipu3alns orcyrcTByer. [logpobree 06 3TOM MOYKHO TTPOYUTATH B KHUTE
[44].

Ob6parumcs K 3aa9aM B TIOTYOECKOHEYHO Cpejie.

7. HacrHble 3a3/lauu 0 paccessHUU B P3JieeBCKoii armocdepe. YnomgHeM ABe 3aaadn. IT0 3amada MuiHa,
COOTBETCTBYIOIIAsT OTCYTCTBUIO BHYTPEHHWX MCTOYHWKOB HA KOHEYHBIX TUIyOMHAX, W 33/1a9a C PABHOMEPHBIM pPacrpe-
JeJIeHNeM MCTOYHWKOB HEMOJISIPU30BAHHOTO M3y YeHHsT B MOTyOEeCKOHETHOM cpeie.

flcro, 9TO B yKa3aHHBIX 33aJa9axX M3JydeHne B aTMocdepe He MOXKET UMEeTh KPYTOBOH MOJSPU3ANNANA W HE MOYKET
3aBHCETDb OT azumyTa. [loaTomMy MaTpuIly paccesHus BMeCTe ¢ MATPUIAMHU TTOBOPOTA MOYKHO YCPETHUTH TI0 A3UMYTY, a
TOITPU3AIUS MOXKET OBITH TOMBKO JTUHEHHO. 32 cueT BHIOOPA MOISPU3ANMOHHOT0 6A3UCA MOXKHO UCKITIOYATH TAPAMETP
Crokca U, tak uyto BhImMaganT asa nmapamerpa Crtokca. BekTop MHTEHCHMBHOCTEH COMEPXKUT TONBKO [IBA MAPAMETPA
JIMHENHON MOJAPU3ALNHA:

I(T
I(7,n) = Q( ) (270)
(7,m)

n onpenendaeTcda AByMd YPpaBHEHUSAMU, 3alTMChIBAEMbIMU B BUJ€ OZAHOTO BEKTOPHOTO!:

dI(r, A3 5 VI—2X
77751777) =-Irn)+353 /dn’P(nm’)I(ﬂ )+ 0 , (271)

rie MATPUIA SABJIAETCS JIEBbIM BEPXHUM MUHOPOM BTOPOTO MOPSAIKA MOMHON (ha3oBoii Marpunbl (254):

S _ L (3= =) +3°(0)* (1-3n*)[1— ()7
Poo) =2 a-p@n-sw)?) 3a-P0-w) ) (272)

Ypagsuernnst (271) anst nonybGecKOHEIHONW aTMOChEpPhl M YNCTOTO PACCESTHUS TPU HYJEBBIX IPAHWYHBIX yCJIOBHSIX
U COXPAHEHUW MOJHOrO MOTOKA u3nydenus Obuim perierbl B. B. Co6onesbim [70] u C. Yanapacekapowm [85]. Umu Gbi-
7O BBISICHEHO, 9TO CTENEeHb JIMHEHHO TONSPU3ANNE BBIXOIAIIErO H3TydeHns, papHas orHomenuio Q(0, —n)/I1(0, —n),
MOHOTOHHO PACTeT C YIJOM BBIXOJA arccos?” W JocTuraer Hambosbimero 3nadennsi npu 11 = 0. Takas 3amaga co-
OTBETCTRYET TIJIOCKOTAPAIIETHLHON MO aTMocephl 3Be3Jbl, B KOTOPOH OMPenesionyio PoJab UIPAeT paccesiHue
CBOOOIHBIMY dIEKTpoHAMA. B 1eHTpe 3Be36I TosTpu3anus HabJI0IaThCT He MOYXKET B CUJIy CUMMETPHW, a HAa KPario
oHa MakcumanbHa nm pasHa 11.7 %. I[IpeobnagaioT KonebaHus BEKTOPa HANPSKEHHOCTH BAOTb PATAYCa. TO ABICHUE
nasbiBaercs 3ddexkrom Hanapacekapa Cobonesa.

BnocnencTtBun ypaBHeHHsS pemaanuch mpu A\, OTAAYHBIX OT 1, Kak Ias 3amadn tuna MunHa, T.e. 663 HCTOYHUKOB
BHYTpH aTMOCdEephl, TaK 1 JJIsT PABHOMEDPHO PACTTPEIETEHHBIX B HEM MCTOYHUKOB HEMOJISTPU30BAHHOTO U3JTy I€HNUS, T. €.
yparuenust suga (271) [41].

Ha puc. 12 npejacrasiesa 3aBUCAMOCTD CTENEHU JTUHEHHON nongpu3anuu (B %) usrydeHunst, BBIXOILIIEro U3 MI0CKO
OTyOECKOHETHOH Cpebl ¢ PABHOMEDPHO PACIPEIETEHHBIMU TI0 €€ TIyOMHEe MCTOYHUKAME, OT KOCHHYCA YT BBIXOIA.
[Ipu MomenupoBaHuu PITEEBCKON aTMOCGEpbl IAHETHI WK 3BE3IbI ITOCKUM CJIOEM 3Ta 3aBUCHUMOCTH OTPAYKAET XOJI
M3MeHEeHUst noJisipusanun no aucky or kpas (n = 0) k uenrpy (n = 1). OueBnaHO, 94TO B LEHTPE ANUCKA B CHUILY
CUMMETPUN TTOJIAPN3alud OTCYTCTBYET.

Kak BugHO u3 pucyHka, npu A < 1 B HEKOTOPOIi TOUYKE [AUCKA M3MEHsieTCsl Xxapakrep nojsipusanuu. [lapamerp
M3MEHSIET 3HAK, TAK 9TO OJIMKE K [EHTPY AUCKA TPENMYIIEeCTBEHHBIMY CTAHOBATCH KOIEOAHNS BEKTOPA HATIPSIXKEHHOCTH
HepIeHIuKYIapHO paguycy. IT1oT 3¢ derr Obu1 cHauana obHApy¥KeH Npu perieHud ypasaenus (271) ans monenei
armocdep ropsianx 3Be3z ¢ KOHKPETHON 3aBUCHMOCTHIO MCTOYHUKOB U A OT rulyOuHbl [47] (HANOMHUM, 9TO 3HAYEHWsI
A PaBHBI OTHOMEHNIO KO3(MMUIMEATOR paccestHust W OCTabIeHNs ).
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Puc. 12. Xox nonsipusannuu 1mo AUCKY TPHW MOCTOSTHHBIX UCTOYHUKAX W PABJINTHBIX
3HAYEHUSTX A JIJIs PIJIEEBCKOM MATPUIIHI PACCESTHUS.
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