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1. BBEAEHUE

dBleHne MOMIYJISIIMOHHON HEYCTOWYUBOCTU HeJIV-
HEHHBIX BOJIH OBLJIO OTKPBITO HE3aBUCUMO B HECKOJIBKUX
PA3JIMIHBIX (DU3UYECKUX KOHTEKCTaX: KaK CaMO(OKYy-
CHPOBKA MHTEHCUBHBIX IIyYKOB CBETA, PACIIPOCTPAHSIIO-
muxcst B HesmHeiHO# cpese [1-3], kKak pasbuenne ra-
3a JICH'MIODOBCKUX TLIA3MOHOB HA OTJIEIbHBIE CIyCTKH
[4,5], KaK caMOCKaTHe BOJHOBBIX [TAKETOB JJIst BOJH B
ouruke [6] n ma ruyGokoit Boze [7,8]. Ecim nauasnb-
HOE pacipe/iesienne (DU3NIECKUX TapaMeTPOB BOJIHBI
[IPOMOJLYJIUPOBAHO JIOCTATOYHO TIJIABHBIMEU (DYHKIIHSI-
MH, TO B IJIABHOM NPUOJIMYKEHUN JUHAMUKA MO/TYJIs-
Ui OIUCHIBACTCS YPABHEHUSIMU THJIPOJINHAMUIECKOTO
THIA, JIJIsI PENIeHNsT KOTOPBIX MOLYT OBITH UCIIOJIH30-
BaHbI METO/bI ra3oBoil juHamuku. llepBble mpuMepsb!
TAKOTO TIOJIXO0/Ia ObLIN JIAHBI B TEOPHH CaMOMOKYCHU-
POBKU, KOTJIa SBOJIIOINS Iy 9Ka CBETa OMUChIBAETCS (HO-
KyCcHUpyOImuM HejtnHeibiM ypaBaenneM [pequarepa,
TaK 9TO MOJYJISAIUOHHBIME TAPAMETPAME CJIy?KAT WH-
TEHCUBHOCTH CBETA U MOTIEPETHOE BOJIHOBOE TUCJIO CBE-
TOBOIT BOJIHBI, KOTOPBIE [IOTYNHSIOTCS Y PABHEHUSIM I'€0-
METPUIECKON ONTUKY, SKBUBAJCHTHBIM TUJIPOIHHAMUA-
YeCKUM YPABHEHUSIM JIJIsI BOJH HA «OMPOKUHYTON MeJ-
Koit Bojsies. [List aToro ciryuas B. 1. Tasanos narest pe-

* E-mail: kamch@isan.troitsk.ru
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[eHne JIJIst Iy 9Ka ¢ TapaboTnIecKIM HAYAIbHBIM IPO-
dbusem unrencusnocru (9], a C. A. Axmanos, A. I1. Cy-
xopykos, P. B. Xoxuos [10] — jyist mydukoB ¢ HavYaIb-
HBIM TTPOdUIeM UHTEHCUBHOCTHU BUJIA Cth(x). B pab6o-
rax [11,12] anasoruyanstii mogxon 6611 chopmyIMpoBan
mezaucumo ot Teopun HVII, Ho takke B mpubimxke-
HUU yMEPEHHON aMILJINTY/IbI BOJIHBI, U B PE3YJIbTaTe MO-
JYAANUOHHAS THAPOINHAMIIECKAs CUCTEMa ObLIa CBe-
JIeHa MeTOI0M rojiorpada K JHHEHHOMY YPaBHEHUIO 3JI-
JINTITUYECKOTO Tunia. [IpuMeps! perennii 5Toro ypasHe-
HUsI, ONICHIBAIOIINX CAMO(MOKYCHUPOBKY Iy YKOB CBETA U
CAMOKOMIIPECCHIO UMILYJIbCOB, ObLin naubl B [13] u apy-
rue MHOI'OYHCJIEHHBIE [IPUMEPbl MOXKHO HafTH B KHUT'E

[14].

EcrectBenno, 3Tu  peleHus, MPEIIOJIAraionye
[JIABHYIO MO/IYJISIIIAIO BOJIHBI, CIIPABEJJINBBI JIUIIb [0
MomenTa (hoKycupoBku. Kpome TOro, oHn HeycToidu-
BBl OTHOCHUTEILHO MAJIBIX BO3MYIIEHUH, HAPYIIAIONIIX
wiaBHOCTh npodmist BosHbL. Eme B paGorax [15, 16]
OBLTTO 3aMetveHo, 9To B Teopun dpokycupyitomero HYIII
JIOKQJIN30BAHHOE HAYAJILHOE BO3MYIIEHHUE OJIHOPOJIHOM
IJIOCKON BOJIHBI BeJIeT K OOPA30BAHUIO PACITUPSIIO-
meicda co BpeMeHeM IIPOMOJLYJIUPOBAHHOU BOJIHOBON
CTPYKTYPBHI. MOJLYJISIIIUIOHHON — Teopun
VYuzema [17-20] K ONMCAHUIO SBOJIIONUK 3TOH CTPYK-

Typel nokasano [21-23], aro dbporT HeycToitmBOCTH

IIpumenenne

JIBUZKETCS € MUHAMAJBHONH TPYIIOBOH CKOPOCTBIO
JIefiCTBUTE/ILHO BETBH 3aKOHA JIMCIIEPCHH, U 9TOT
pesyJsIbTaT GBI MOATBEPK/IEH B [24] B pamkax MeTona
obparHoii 3amaun paccesaus it HYIIL. O6o6mmenne
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[25] 3TON Teopuu Ha HEOLHOPOIHLIC IBOJIOIUOHUDPYIO-
I[1€ BOJIHBI ITIO3BOJIAJIO HAWTHU 3aKOH JIBUKCHUA TPAHUILL
00JIaCTH HeJUHENHBIX OCIUJLISIIAN JIJIsi TTPOU3BOJIb-
HBIX IJIABHBIX HAYAJIBHBIX MPOMUIeit HEyCTONINBOrO
UMILYJIbCA.

Ornucannblie BbINIE Pe3YJIBTATHI OCHOBAHBI HA TOM,
9TO B IVIABHOM NPUOJINYKEHUN BOJIHA ABJISCTCH JIMHE-
HO, TAK YTO HEJIMHEHHOCTH BHOCHUT JIUIITH HEOOBINYIO,
3aBUCAILYIO OT aMILJINTY/IbI, IIOIIPaBKYy B 3aKOH JIUCIIED-
cun. B reoMeTpo-onTudeckoM MpUOIMKEHUN 3TO IKBU-
BAJIEHTHO 3aBUCUMOCTH IOKA3ATE/Isi IPEJIOMJICHHS CPe-
JIbl OT MHTEHCUBHOCTHU CBETA, U TOTJA yPABHEHUS IeO-
METPUYECKON ONTHKM JJIs IIyYKOB CBETa, PACIPOCTPA-
Haomuxcst B (hOKYCUPYIOIIEH cpejie, MPEeBPaIaTcs
B TUJIPOJIMHAMUYIECKUE YPABHEHUsI JJI «OIPOKWHYTOM
MEJIKOH BOBI», IIPOCTOTA KOTOPBIX MMO3BOJISET UCIIOJTh-
30BaTh XOPOIIO pa3paboTaHHbIE METO bl Ta30BOIl TMHA~
vuku. CuTyanysi MEHSI€TCs, OJIHAKO, B CJIydae M3BeCT-
HOrO HeJimHeiHoro ypasHenus Kireitna-lopmona

g

o UO=0 @

Ptt = Paa + U/(SD) =0,

MMETOIIETO0 MHOTOUUCIEHHBIE TPUJIOKEHNsT K (DU3HTIe-
CKHM 33J1a9aM, OCODEHHO B YaCTHOM CJIydae Tak Ha-
3bIBaeMOro ypastenus cunyc-lopgon ¢ U'(p) = sing
(cM., HAnpumep, [26,27] n nMeroImecss TaM CCBIIKH).
D10 ypaBHEHHE HMEET DPEIICHUS B BUJE HEJUHEHHBIX
nepuojmIeckux BosH ¢ = (A, kr — wt), 1yst Koto-
PBIX 3aBUCAMOCTH TACTOTHI W OT AMILTATYIBI BOJHBI A
yZKe He MOXKET CUMTAThCs MaJjoil Ionpaskoii. B mpo-
MOJIYJIUPOBAHHOI BosiHe ee amiumTyfda A u daszoBas
ckopoctb V' = w/k craHoBarcd MeIieHHbIMU (DYHK-
MUAMH KOODJIMHATHI & W BPEMEHH f, MaJO0 U3MEHSIO-
MUMUCSA Ha OJHON JJIMHE BOJIHBI U 32 OJUH IEPHUO/IL.
CoOTBeTCTByIOMAE MOLYTSNUOHHBIE YPABHEHNUS, OIIPE-
mensonie quHaMuky A w V., 6 mosyvensr Yuze-
moM [17,18]. B pabGore 28] Ha ocHOBE MeTO/Ia yCpeTHe-
Hust bBororo6oBa-MuTponosckoro ObLIO yKa3aHO, ITO
yPaBHEHUsI KBa3WKJIACCHIECKON acummroruku s (1),
COBIAJIAIONINE C YPABHEHUAMHU YU3€Ma, IKBUBAJICHT-
HBI YDABHEHUSM PEISITUBUCTCKON THIPOMHAMUAKH (CM.
rakke 0630p [29]). Cymecrsenno, uro B naubosiee u-
TEPECHOM CJIydae ypaBHEHUs CHHyC-LIODJIOH 3Ta JIuHA-
MUKa CHOBA OKa3bIBAETCS MOJLYJIANMOHHO HEyCTONIn-
BOIA, OJIHAKO KAK BBUJLY CJIOXKHOCTH yPABHEHUS COCTOSI-
HUs, OTBEYAIOIEro 3akony auctepenn w = w(k, A) mis
BOJIH B «3(PDEKTUBHOI PEIATUBUCTCKON MaTEPUH», TaK
U CJIOKHOCTU YPABHEHUl PEJIATUBUCTCKON IHIPOJIUHA-
MUKH, 33298 00 IBOJIIONUY HEJTMHEHHBIX BOJHOBBIX I1a-
KETOB B TEOPUH YPaBHEHU CUHYC- 0pIOH OKa JTeTa b=
HO HE MCCJIEI0BAIAC.
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[Tennro macrosieit paboThl SIBISIETCS pa3BUTHE Me-
TOJIa, PEIICHUs MOJIYISAIMOHHBIX YPaBHEHUN YHU3eMa
JUIA OJTHOMA3HBIX EPUOIUIECKIX BOJIH, IBOJIONUS KO-
TOPBIX TOIIWHSAETCS ypasHeHuio cunyc-lopmon. Pa-
Hee ypaBHEHUS PEJISITUBUCTCKON T'MIPOJIMHAMUKHI U3Y-
YaJIICh B TEOPUM MHOXKECTBEHHOT'O POXKJICHUS Hac-
TUIL IIPA YIBTPAPEIATABUCTCKIX CTOJKHOBEHUAX JIED
u HyKJI0HOB [30-33]. MBI mOKaykeM, 4TO pasBUTHIE B
oTuX paboTax MEeTOJbl, WCIOJIb3YIOIKe KpaiiHe Ipo-
CTO€ ypaBHEHNE COCTOSTHUSI YIIBTPAPETATHBUCTCKOM Ma-
repun p = e/3 (p — JaBieHue, € — IJIOTHOCTb YHEP-
[HH), MOI'YT ObITH MOJMQUIMPOBAHBI IPUMEHUTETHHO
K CYIIECTBEHHO 0OO0Jjiee CJIO2KHOMY CJIy9alo ypPaBHEHUS
cunyc-l'opmon. B pesynbrare Oyner BbiBemeno JimHeii-
HOE YpaBHEHUE B YACTHBIX IMPOU3BOJIHDBIX, OIPEICIs-
I0Ilee pelleHne ypaBHEHNN PEeIATUBUCTCKONU THIAPO/IN-
HAMHUKH B METOJe Toforpada, U OMUCAH KJIACC Derre-
HUI 9TOTO YPABHEHUS C PA3JIC/IAIONTUMUCS [T€PEMEHHBI-
mu. Teopus 6yIeT TPOULIIOCTPUPOBAHA, IPUMEPOM Ca-
MOCYKaTHUs HEJIMHEITHOTO BOJIHOBOI'O TAKeTa, KOTJIa €To
9BOJIIOIHUST IEMOHCTPUPYET YXO/I BOJIH U3 00JIACTU HEJTH-
HEMHDbIX OCHUJUIANMNA Yepe3 MaJIoaMILINTYIHBIA Kpail
91Ot 0bJTacTH.

2. YPABHEHUN A YU3EMA

[IpuBenem 3/1€CHh OCHOBHBIE COOTHOIIEHUST MOLYJIs-
[MOHHON Teopum Ywusema [17, 18] aust HesmuedHOTO
ypasaennst Kueiina—Topmona (1). Jlerko Bujersb, uro
9TO ypaBHEHUE MMeeT PEIeHns B BHUE Oerymieil BOJIHbI
v =€), & =x—Vt, tae p(§) onpenensieTcst HESTBHO
ypaBHEHUEM

E—EOZ\/VQQ_lj\/ALU(@v (2)

TakK 9T0 V ¥ MOCTOsTHHASI MHTErpUPOBaHus A sIBJISIIOTCS
HOCTOSIHHBIMU T1apameTpamu, ¢(€o) = o, U IepeMeH-

Has @ OCIUIJIAPYET MEXKY JIBYMs KOPDHIMH yPABHEHUST
A —U(p) = 0 B uHTEpBAJIE IIOJOKUTEJIHHOCTH IOJI-
KopenHoro BbipazkeHnst. Coemyst Yuzemy [17, 18], Mbr
ompeiesisieM (hyHKITIIO

VEVT=D) § VA= Ulp)do =
VVZZ1G(4),

rJIe mHTErpaJs 6epercs 1Mo KOHTYPY BOKPYT YKa3aHHOTO

W(V, A) )

UHTEPBaJIa MIOJIOKUTEJIHBHOCTH ITOJKOPEHHOI'O BhIpazKe-
nng. Torma anHa BOJIHBI HAMIECHHOTO TIEPHOIITIECKOTO
perenust BhIpaxkaeTcst (GOpPMyJIoit

L= %—VX =VV2-1G/(A). (4)
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Mbpr BOJIHOBOE HYHCJIO Kk KaK BeJIUYH-
Hy, OOpaTHyIO JJIMHEe BOJIHBI, k 1/L, rak 4gro
k*(V2—1) = (G')"2, u nostydaem jijist 9acToThl w = kV
3aKOH JUCIIEPCUH

olpeaeJssgeM

w2

=k + (G'(4)) 7%, (5)

CYIIECTBEHHBIM 00PA30M 3aBUCSIIHIT OT AMILTATYIBI A.
I'pyrmmoBasi CKOPOCTH OIPEJIEIIeTCS BhIPAXKEHUEM

-

B npomopynuposannoii Bosne napamerpsl Vo ou A
CTAHOBSITCSI MEJJIEHHBIMHU (DYHKIIUSIMUA KOOPJIMHATHI T
U BpeMeHU ¢, U MX SBOJIOIUS] TOIIMHSIETCsT MOLYJIsIIU-

9w
ok

k

A w

1

=7

(6)

OHHBIM ypaBHeHHsIM Ywuzema [17,18], koropsie MoryT
OBITH 3AIMCAHBI B HAINX ODO3HAYCHUAX B BUIE

kV EVW
(ri4), +(5) o i
RV L (RVPWN ®
vi-1), \vV2-1 .

Jlutst iepexojia K PesIITUBUCTCKON NHTEPIIPETAIINN ITUX
ypaBHEHUH y100HO NCKII0IUTh n3 Hux W u V' ¢ momo-
mpio dbopmyit (3) u (6), u Torga Mbl HOJIYUAEM

<%+A‘%)t+ ((f/ingv) ~0,
((G/G’)v G/G? G (8)

)+ )=

HI/IHeapI/ISaLH/IH ITUX ypaBHeHI/Iﬁ OTHOCUTEJIbHO MaJIbIX

1—12 1—12 G’

OTKJIOHCHMII OT MOCTOAHHBIX 3HadYeHnil A m v naer xa-
pPaKTepucTUYecKne CKOPOCTH

vte
V4 = 1+ UC’ (9)
TJIe ¢ OTIPEJIETISIETCST BhIPAsKEeHNEM
GGII
= . (10)
(G")?

B caydae mosoxkuresbHOCTH 3TOrO BBIpaykKeHH:A (HOp-
MyJibl (9) UMeroT pocToit bU3nIeCKuil CMBICI: OHU JIa-
10T CKOPOCTH PACIPOCTPAHEHHs 3ByKOBOI'O CHUTHAJIA CO
3BYKOBOII CKOPOCTBIO ¢ II0 WJIM IPOTHUB TEYEHUs «Cpe-
JIBI», JIBIZKYIIEHCS CO CKOPOCTBIO U, TaK YTO B Jabopa-
TOPHOH CHCTEMe OTCYeTa CKOPOCTh CHTHAJIA PABHA pe-
JIATHBUCTCKOM CyMMe CKOPOCTEIA.

VYpasrenust (8) MOryT GBITH IPEOGPA3OBAHBI K A~
TOHAJIbHOI (hopme

Or+

ox

Ory

ot =0

+ v+ (11)
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BBEJICHUEM PUMAHOBBLIX HHBAPUAHTOB
dv cG’

v A
H:/f?ﬁi/z‘

YTO CYIIECTBEHHO YIIPOIIAaeT PelleHue 3a/ad B ciiydae
BEINECTBEHHOCTH CKOPOCTH 3BYKa ¢ (IIOJI0KUTEIHLHOCTH

dA, (12)

Boipazkenus B npasoil gacru (10)). Hac, oguaxo, Gy-
JeT MHTEePeCcOBATh IPOTUBOIIOJIOXKHBIN CIydail MHIMOMR
«CKOPOCTH 3BYyKa» ¢, JJIs 9ero HeoOX0/IMMO 06Cy/INTh
0oJ1ee JIeTAIHLHO CBOMICTBA PEIITUBUCTCKOM T IPO/INHA-
MUKW JiJTst Mojiein cunayc-loproH.

3. PEJISSTUBUCTCKAS 'MAPOANHAMUIKA
JJId HEJIMHEMHOI'O YPABHEHU Y
KJIEMMTHA-TOPJIOHA

Eme Yusem B cBoeii ocHoBomostararoreii pabore [17]
3aMETHII, 9TO IPOLEAYyPa yCPeIHEHNs 3aKOHOB COXPa-
HEHH# BOJHOBOI'O JBUKEHUA 110 OBICTPBIM OCIUJLIAIH-
fM QHAJIOTHYHA [I€PEXOJLy OT MUKPOCKOIIMYECKOI'O OIIH-
CaHMsl [IBUKEHUSI CPEJIbl B CTATHCTHYIECKON MEXaHHKe
K €e yCDEeIHEHHOMY TIHIPOIMHAMUTECKOMY OIMCAHUIO,
CIIPpaBEIJINBOMY IIPU YCJIOBHU MAJIOCTU IPAIHEHTOB (Du-
B

HAIEM CJIydae TaKuMu rnapamerpamu ciayxkar A u V,

3UYECKUX IIapaMeTpPOB, XapaKTePU3YIOIUX CPeay.

ypasHerne (1) pesITHBUCTCKM MHBAPUAHTHO, TAK HUTO
€CTECTBEHHO OXKUJIATH, YTO MOCJIE YCPEJIHEHUs 3aKOHOB
COXPaHEHHs MBI JOJKHBI IPUATH K yPABHEHUSM peJis-
TUBUCTCKON I'MIPOJIUHAMUKN. B paMKax acCHMITOTHIEC-
ckoro meroga BKB sTo 6bu10 MOKazaHo B padore [28].
Oanako g 3anucu ypashenuii Yusema (8) B dopme
YPaBHEHHUIl PENSTUBUCTCKON I'MIPOJAMHAMUKH YI00Hee
UCXOJIUTH M3 3aKOHA COXPAHCHHs SHEPTUU-UMILYJIbCA B
pesdaTuBucTCKOM Tedenun (eMm. [34]):

TOO 6T10 8T10 6T11
9 =0, =0, (13)
ot ox ot Ox
rie
TY = wuv’) —pg”, i,j=1,2, (14)

— TEH30p HEPIUM UMILYJIbCA B JIByMEPHOM IIPOCTPAaH-
crBe MUHKOBCKOTO ¢ METPHUKOiT

gi 10

0 1 (15)

w = e + p — TemoBasg (PYHKIHUS HA €JIUHUILY OObe-
Ma, e — TJIOTHOCTH HEPTUH, p — JaBjeHue, u' — IBy-
MEpPHBIH BEKTOp «4-cKopocTn». s 0TOXKIeCTBICHHS
ypasHeHnil Ynsema (8) ¢ ypasHeHusimu (13) MbI BBO-
JIAM CTaHJIAPTHBIM 00pa3oM 4-BeKTop u':

1
V1I—2’

v

V1—02’

0

” 1

- - (16)
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U TOTJIA JIETKO BHJIETh, uTO ypabHeHus (8) u (13) cos-

Maa0T, eCiIn

oo _ W ~_G/(2G) A G
1—02 1 -2 2 2G"
o g _wv_ (G/@G) -
1— 02 1—02 7
i wv? _G/6) A G
1—v2 1 -2 2 2G”

[JIe MBI [IOJICJIHJIH JIJIS JAJIbHEIIero yao00CcTBa ypaBHe-
Hust (8) Ha 2. OTcro/a coiejlyeT CBsi3b AMILIUTY/IBI BOJI-
HBl A ¢ TepmomHAMIIecKUME DyHKIsIMU 3D beKTrB-
HOW MATEPHH, NOTIUHAIOMEHCS THIPOIMHAMAIECKIAM
ypasHeHusM (13):

A G A G
= - G
2’ 267 27 2 18)

CyH_IeCTBeHHO, qTO JaBJIEHUE P 3aBUCUT TOJIBKO OT

e = p= w:e—|—p:

IUIOTHOCTU SHEPIUHU €. JTO O3HAYAET, UTO MACCA IAC-
Tt 3OGEeKTUBHON MaTepun MPEeHEOPEKNUMO MaJjia, XO-
TsI ypaBHEHHE COCTOSTHUSI P = p(e) OIpeesseTcs CyIe-
CTBEHHO D0JIee CJIOKHOI (hopMyII0ii, €M OOBITHO TP/
[oJIaraeMoe ypaBHEHHUE COCTOSHUL P = €/ 3 jjis yJibTpa-
pensitusucTckoi Marepun (cm. [30-33]). Jlerko Bumers,
qro BeIpazkenne (10) Jyist CKOPOCTH 3BYKa MOXKHO 3a-
[IACATH B CTAHIAPTHOM BUIE

dp
de’
Temueparypy T u mwioTHOCTH SHTpONUU 0 3DPEKTUB-

HOIl MaTepuu MOYKHO OIPEEUTH CJEAYIOMUM 00pa-
30M. B cirydae 6e3MaccOBBIX IACTHUI] XUMUIECKUNH TT0-

= (19)

TEHIMAJ PABEH HYJIIO, TAK ITO TEIIOBast (DYHKINS BbI-
paxkaercsas bHOpMyIIOi w To, a U3 COOTHOIIEHUSI
dw = Tdo + dp = d(To) cnenyer dp = odT (em. [35]).
CrieJloBaTesIbHO, KBAJPAT CKOPOCTH 3BYKa MOXKHO 3a-

nucaTh JAByMs criocobamu: u3 (10) u (18) maxogum

dQG/de
YTiG de

2

a n3 dopmynst (19) ¢ yaerom dp = odl = (w/T)dT
nMeeM
_wdTl

T de’

CpaBHeHI/Ie ITUX JIBYX BI)Ipa}KeHI/II/I JdaeT Cl)OpMyJH)I

v (1)

rjae HOCTOSIHHBI MHOXKUTEJIb 7y AMeeT B obenx Cl)OpMy-
JlaX O/IHO M TO 2K€ 3Ha4deHue. OTCIOﬂa cjeanyeTr COOTHO-

C2

dG
de

Le(e),

5 (20)

IIeHue

de
T’

1de

d
7= v de

(21)
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COTJIACYIONIEECsT CO CTAHIAPTHBIM TEPMOIMHAMIICCKIM
OTIPeIeJIEHUEM SHTPOIINM.

B nepemennbix T, 0, u' rujpojnHAMIYECKHE ypaB-
HEHUs MOYKHO 3aIHCaTh B OCOOEHHO IIPOCTOM BHJIE. 3a-
MedaeM, 9T0 GOPMYJIbL it BOJHOBOrO unciaa k = 1/L
n qactothl w = kV = k/v nepexongar B

-1
k= 2u' <Z—G) = 2ulT,
‘ 7 (22)
w9 2
w = k_l = —UOT

CuretoBaresibHo, cieayionmii u3 ypasuenuii (7) 3akou
coxpaHeHus 4nciia BoaH (cM. [17,18])

fep +we =0 (23)

IepexojJauT B

(u'T)¢ + (u°T), = 0. (24)

OTMeruM, 9YTO 3TO COOTHOIIEHHE OBLIO II0JIyYEHO
1. M. XamaruukosbiM [31] u3 ypasuenwit (13) mis
JIIOOOTO  OJTHOMEPHOTO TEYEHUsI, UTO JOKA3BIBAET €ro
[OTEHINAIBHOCTD. B Teopun Yuszema ypasHenue (23)
cJlelyeT ©3 TOTO, UYTO BOJIHOBOE YHCJO W YacTOTa
ompeiesieHbl Kak mpousBoanbie daser: k = 0,,w = —0,.
Kak ™Mbl BuauMm, obe KapTUHBI — MOJLYJISIIIUOHHASI
YU3EMOBCKAasl U PEIATUBUCTCKAS TUIPOIMHAMIIECKAST
— MATEeMATHUYIECKN COTVIACOBAHBI JIPYT C APYTOM, OTJIU-
YasCh JINIIb 0003HATEHUSME U (DU3NICCKUM CMBICTOM

[TePEMEHHBIX.
Ee oxmo ypaBuenue jierko mosrydaem 3 (hOpMYIIbI

3
olwu’) _ i 9p (25)
ox? ox?

sABJIsOMelics caeacrsueM ypasaennit (13), (14) (cm.
dopmyay (134.5) u 3amaqy 2 B §134 xuuru [34]). Hon-
cranoBka B Hee w = T'o, dp = odl MIHOBEHHO J1aeT

:0,

ypaBHEHHE

A(ou®) n d(out)
ot Ox

BBIPAKAIOIIEE COXPAHEHUE SHTPOINN, TO €CTh aanada-

0, (26)

THUYHOCTDH TCYCHHS.
KoHKperusupyeM 3TH COOTHONIEHHUSI JJIsl ypaBHe-
Hust curyc-TopsioH, Korpa B (1)

U'(¢) = sin g, U(p) =1 — cos . (27)

B sTom cirydae mHTErpas B (2) CBOAUTCS K SJUINIITHYC-
CKOMY HHTEIPaJLy [EPBOIO POJA U ero o0palieHue 1aeT
[ePHO/INIECKOe PeIlleHNe B SIBHOM BH/Ie

502arcsin[\/gsn<£ b0 )]

s g (=21 )]

(28)
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IIpu e — 1 310 perenne nMepexoUT B U3BECTHOE pellie-
HU€e ypaBHEHUsi CUHYC-1'0pIOH B BUE «KHHKA»,

) v(x — x0) — t>}
= 2arcsin [ve th | ————— 29
0 Ve (U e
TO €CTh BOJIHBI, IIEPEXOJAIIEil OT 3HAYEHUS @ = —T

Ipu © — —00 K 3HAYEHUIO ¢ = T Ipu T — +00. Bbl-
qHCIIeHne MHTerpaga B (3) ¢ HOMOIIBIO II0/CTAHOBKH

sin(p/2) = /esiny gaer

¥o
Gle) =2V2 / V2e—1+cospdp =

—%o

=16{E(e) — (1 —e)K(e)},

(30)

e K(e), E(e) — moJHble 9JIIMITHYICCKIE HHTErPAJIBI
[IEPBOI'O U BTOPOI'O POJIA, COOTBETCTBEHHO, OLPEIEICH-
HBIE 371€Chb COIVIACHO CIPaBOUHUKY [36] (fpq sBIstEOT-
sl HyJISIMP TIOJIBIHTEIPATIBHOTO BhIpakeHus ). Boibupast
JUTst OCTOSTHHON 7y B (20) 3HaUeHHe v = 8 U UCHOJIb-
3ysl U3BeCTHBIE (DOPMYIIBI JJIs IIPOU3BO/IHBIX HJIJIHIITH-
YeCKUX MHTErPAJIOB 110 HAPAMETDY e,

iK  E-(1-e)K
de  2e(l—e) ’

iE  E-K
de 2

(31)

MBI HAXOAUM BBIPDAKEHNA JI TEPMOINHAMITIECKIX
byHKIMit

dK

T—
’ de

% o=4de(l—e)

20E — (1 - e)K]. (32)

Ypasrenue cocrosiaust p = p(e) umeer BHL

E(e)
=2 -1 .
p (K(e) ) +e (33)
Ksaapar ckopoctu 3ByKa
2 = —de(l —e) LK i (34)
B K de

orpunaresieH B obimactu 0 < e < 1 cymecrBoBanms
MIEPUOJINIECKUX PEIICHU, TO €CTh MOJLY/ISITUOHHAS CH-
cremMa Yu3zemMa OTBeYaeT MOIYJIATIMOHHON HEYCTOMINBO-
CTH TEePUOIUIECKOil BOTHBI. COOTBETCTBEHHO PUMAHO-
BbI HHBapUAHTHI (12) ABJISIOTCS KOMILIEKCHBIMU:

1
ri:—ln

1
5 v + 4 arcsin v/e.

1—w

(35)

Tem ne wmenee, mosobuO Teopun HVIIL, sBosTIONMS
IJIABHBIX PACHPEJICNICHAN MOy IATMOHHBIX TTapaMeT-
POB IIOJYMHSACTCA T'HIPOJIUHAMUYCCKAM yDPABHEHUSIM
(24), (26), perreHne KOTOPBIX MOYKET OBITH IIOJIYIE€HO
npeobpaszoBaHueM roorpada.
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4. TIPEOBPA3OBAHUE I'OAOTPA®A

st mpoBeienust mpeobpazoBanus rojgorpada BBO-
JIAM BMECTO CKOPOCTH ¥ «OBICTPOTY» ¥ COTJIACHO ypaB-
HEHUSM

u’ =chy, u! = shy, v =thy, (36)

a TaKzKe IIepexoJuM K IIepeMEeHHbIM CBETOBOI'O KOHYCa

r_=t—uw, e =t+ . (37)
Torna ypasuenue (24) upuobperaer Bui,
0 e Y 0 e¥
5 (7@) 7 (7)) =% O
U OHO YJOBJIETBOPSETCH, €CIIN
e Y ¢ e¥ oo}
K(e) Oz_° K(e) Oxy (39)

IJIg HeKoro noreHnuadia ¢ = ¢(x_, x4 ). Teuepn, cie-
nys XamarHukoBy [31], Mbl jmesmaem mpeoGpasoBaHue
Jlexkanypa, nepexons K norenrmany W = W(e,y),

W=¢—-K'eVs — K leVa,, (40)
TaK 9TO
K—l
aw = — d (eYr_ +e Yy )de—
— e(er —e Vay)dy,
OTKY/1a
L oW ow
- 2 \dK~!/de Oe oy )’ (42)
_ (L ov oW
Ty dK—1/de Oe dy )’

Ot HOPMYIIBI OCYIIECTBIAIOT IPE0OPA30BAHUE TOI0-
rpada: ecim dbynkuus W = W(e, y) ussectHa, TO OHUI
JIAIOT B HESIBHOM BUJIE 3ABUCHMOCTH € M OT TIepeMeH-
HBIX (37) 1 TeM caMbIM OT & 1 T.

VYpasrenue (26) mocse 3amen (36), (37) mepexomur

d(oe™ )  I(oeY)
+ =
Ox_ Ox 4
~ O(oe ™Y, xy)  O(x_,0eY) _ (43)
Ne—,zy)  Oz—,z4)

VYumuoxkas ero Ha sikobuan J(x_,x1)/0(e,y), nomyda-
€M TI0CJIE TIPOCTHIX ITPe00PA30BAHMIT C yIeTOM (DOPMYIT
(32) u do/de =1/T = K (e) ypasuenue s W:

0 } K? 9*W
+

de 4 0y?

ow

Oe =0

{6(1 —e)K? (44)
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n
*wW
Oy?

*wW
Oe?

E(e)
K{(e)

ow

de

e(l—e) + < - e> ! =0. (45)
4

DTO ypaBHEHUE SBJSETCS JIUITHIECKUM U OHO 3a-
MeHsieT ypasHenue Diinepa-Ilyaccona, Bo3HUKaomEee B
MPUIIOZKEHUN METOa rojorpada K ypaBHEHHAM Ta30-
Boii aunamuku (cm., maupumep, [34]). B momyssanu-
OHHO HEYCTONYUBOI GE3/IUCIIEPCHOHHON INHAMUKE TEO-
pun HVIII, onuceiBaemoil ypaBHEHUSAME OIPOKUHYTOIT
MEJIKO# BOZIbI, aHAJIOrOM ypaBHeHus (45) okasbiBaeTcs
JIByMepHOe ypaBHeHue Jlaraca, 3almcanioe B moJisdp-
HBIX KoopjuHaTax (cMm., Hanpumep, [11-13]). Ypasue-
uue (44) nepexomur B 910 ypasuenue Jlammaca B 1pe-
JIesIe MaJbIX €.

BaskHbit Kiace pemrennii ypasaerust (45) mosryda-

€TCd II0CJIe pa3aeseHndA IIePEeMCHHbBIX

W(e) = Z(e)Y (), (46)
TaK 4To
d’Y 2 +A
d—y2 =27, Y(y) =e™, (47)
u Z = Z(e) yaoBIeTBOPIET yPABHEHUIO
d*Z E(e) az  X\?
1—e)—2 —e|—+—Z=0. 4
el =) de? * (K(e) e) de T3 0. (48)

C nomonpio dhopmyst (31) MOKHO IPOBEPUTH, UTO LIPU
A? = 1 ero pemenuem siBasiercs Gyukius Z = 1/K (e).
Tostomy mesaem B (48) 110/CTAHOBKY

F(e)
K(e)

= (49)
u nosyuaeM s F(e) rumepreomerpudeckoe ypaBHe-
HEEe

d’F A2 -1
— —+

de? de 4
PEIEHIEM KOTOPOTrO SIBJISIETCS TUIIEPreOMETPHIECKAST
byuxkmua F = F((1 4+ N)/2,(1 — N)/2,1;¢e) (cm., na-
npumep, [36,37]). Hoacranoskoit e = (1 — 2)/2 ono
npeobpasyercs K ypaBueHuio Jlexxamapa

dF

e(l—e) + (1 —2e) F=0, (50)

d’F dF A—1
2 _ _
(51)
KoTopoe mpu n = 0,1,2,... IMeeT pelieHus B BUJIE

mHOrouwIeHoB Jlexanapa Py, (z) = P, (1 — 2e) u dbyHk-
uuii Jlexkanapa 2-ro poga Qn(2) = Qn(1 — 2e). fcuo,
470 JII00ast IrHeiiHas KoMOuHaIms penteHnii (46) Tax-
JKe SIBJISIETCsI PellieHneM ypaBHeHust (45).
ITpomLIIOCTPUPYEM PA3BUTYIO TEOPUIO TIPUMEPOM.

739

04 06

0.2

(ﬁ\l:o ¢

Puc. 1. ['padukn pyHkuuii fi(e) n f2(e), onpepenertsix cop-
mynamu (54)

14

5. IPUMEP: CAMOC2KATUE
HEJIMHEMHOI'O BOJIHOBOTI'O ITAKETA

BosbMmeM B KavecTBe IpUMeEpa, MLTIOCTPUPYIOIIETO
[OBEJICHNE HEJMHEIHBIX MOy TMPOBAHHBIX BOJH B MO-
nesn cunyc-Topion, pemenne ¢ F = Py(z) = 1—2e, 10
ectb ¢ n = 1 u, 3Haunt, A = 3:

1-— 26e3y.

W(ea y) = K(e)

(52)

Ero noxcranoska B hopmysibl (42) gaeT cOOTHOTIIEHUST

)
(

r_=t—ax = _2f1 6)623}7
Ty =t+x= —f2(e)e4y, (53)
rae
file) = (1-2e)E(e) — (1 —¢)(1—3e)K(e)
I S 1
Fale) = — (1 —-2e)E(e) — (1 —e)K(e)

E(e) — (1 —e)K(e)

I'padukn stux Gyuknmit mokazansl Ha puc. 1. 1Ix 3na-
geHus 1pu € = 0 u e = 1 paBHBI

f1(0) = f2(0) =3,
fl(]-) 717 fQ(]') = ]-7

a pasioxkenust Bosmsn e = 0 umeror By (0 < e < 1)

(55)

15 3
fl(e):37—67—62+.. ,

4 32 56
fg(e)foiefEe +

@opmysbl (53) 3a7a10T B HESIBHOM BHJIE 3aBHUCH-
MOCTB IEPDEMEHHBIX € U Y OT T U t. YJI00HO BBIPA3UTH
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t
—140 —120 —100 —-80 —60 —40 —20

T
—20
Xy, —40
—60
TR —80
—100

Puc. 2. TpaekTopum neBoro 'z, 1 NPaBoro & r KPaes HeNMHeN-
HOrO BOJIHOBOTO MaKeTa Ha niockocTy (x,t) cornacHo opmy-
nam (63) n (61), cooTBeTCTBEHHO.

Bce GyHKIMN npu HGUKCUPOBAHHOM 3HAYEHUN BPEMEHN
t mapaMeTpUYecKH, Ije B KauecTBe IapaMeTpa BBhICTY-
naer nepeMenHas e. B camom jseste, n3 (53) HaxomuM

o2t = —2f1e% — foe¥, 22 =2f1e% — fre?,  (57)
TaK 4YTO IepBoe ypaBHEHUE JaeT
14+ v A\? 2t f
e = = (-1) N 1))
1—vw fo fo fa

TJIe MBI BBIOPAJIN TTOJIO?KUTETBLHBIN KOPEHb BBUJLY TTOJIO-
skurenpHocTH dynkiun 2. Ilogcranoska e?Y Bo BTO-

pyio dopmyay (57) naer

Ara dhopMyIa OUpeIesAeT 3aBUCHMOCTD € 0T & B (hUK-
CUPOBAHHBIII MOMEHT BPEMEHH . 3aBUCUMOCTH CKOPO-
¢t v or e HaxoauM u3 (58):

_ VIE—2f —fl—f2.
VIE=2fat— fi+ fo

Dra dopmysna Bmecre ¢ (59) onpejesser pacupeesie-
HUEe ¥ 10 & B IapaMeTpmyeckoMm Buje. lloayuennbre
GOpMyJIBI JAIOT YACTHOE PEIleHne ypaBHEeHuil Yuszema

v(e) (60)

00 SBOJIIONNN HEJIMHEIHOro BOJIHOBOTO makera. O6cCy-
JIUM €TI0 OCHOBHBIE CBOMCTBA.

[Ipexkie Bcero us ImoJIOKUTEIBHOCTUA fo W OTpaHU-
qeHHOCTH GyHKIWi f1, fo, 0UeBUAHON U3 puc. 1, MBI 3a-
KJIIO9aeM, 9TO JOJIKHO ObITh ¢ < (0, TO €CTh IaKeT ObLIT
chOpPMHUPOBaAH IPU JOCTATOTHO OOJIBIINX 10 aOCOJIIOT-
HOIl BeJIMYNHE OTPUIATE/IBHBIX 3HAYEHUSX ¢ U 3aTeM OH

740

9BOJIIOIIMOHUDYET ¢ yMeHbInenueM |t|. [Tosoxus B (59)
e = 0, HaxoauM ¢ noMomIpio (55) 3aKOH JBUKEHUS Ma-
JIOAMIUIUTY/THOTO Kpasi aKeTa:

a:R(t)zt—i—G( 1—2t/3—1). (61)
CKOpOCTB 9TOTO Kpas paBHA
d 2
SR —— (62)
dt V1-2t/3

U OHa KaK pa3 COBIQJAET ¢ IPYIIIOBoii ckopocThio (60)
upu e = 0: deg/dt = v(e = 0).

3aKOH JABMKECHHSA TPOTHBOIIOJIOKHOIO JIEBOTO Kpast
nakera ¢ e = 1 HaxoauM u3 (59), m0J102kUB B 310 dHop-
MyJle COOTBETCTBYIOIIMe 3HaueHus (55):

xp(t) =t—2v1—2t—2, (63)
TaK YTO €ro CKOPOCTh PABHA
dxy, 2
— =14 —. 64
dt V1—2t ( )

Hust rpymmosoit ckopoctn (60) HAXOAMM HA 9TOM Kpae

v(l) = 7\/@

VI=2t+2

TO ecTb BBUY cooTHOmIeHus (6) CKOPOCTH 9TOro Kpas
(64) pasHa (a30BOH CKOPOCTU BOJIHBI B ITOH TOUKE:

SHa4YCHHEC

(65)

dxp/dt =V = 1/v(1). 910 COOTBETCTBYET TOMY, YTO
Ha Kpae ¢ e — | mMeeTcs TOC/IeNoBATEILHOCTD KUH-
KOB (29), B KOTOpBIE BBIPOXK/IAETCsI B 9TOM IIPEJIEJIe T1e-
puoanyeckas BosiHa (28): CKOPOCTh KUHKA, OYEBUIHO,
pasua V = 1/v. Tpaekropun Kpaes HEJMHEHHOTO BOJI-
HOBOT'O [IAKETA [IOKA3AHbBI Ha, PHC. 2, U3 KOTOPOT'O BUHO,
YTO MAKET C2KUMAETCS ¢ TEYCHUEM BPEMEHU.

IMoncranoska dbopmyn mis © = x(e) u v = v(e)
u3 (59), (60) B nepuogmaeckoe pemmenne (28) maer HaM
BMmecte ¢ (59) B mapamerpuveckoii ¢dbopme mpoduib
[IPOMO/LYJINPOBAHHON BOJIHBI B MOMEHT BpeMenu t (rie
MBI IPEHEOPETJIN, €CTECTBEHHO, JONMOTHATETLHBIM Me/I-
JIEHHBIM CJIBUTOM (Dasbl BJIOJIb BOJHOBON CTPYKTYPBI;
cM., Hanpumep, [38]), u orubaromiue sToro npoduis, He
3aBUCATINE OT CABHUTa (basbl, ONPEIEITIOTCS, OIEBHJIHO,
dopmyitoit

e(x).

Tunuanaerit Takoit mpoduas m3o0parkeH Ha puc. 3

a = +2 arcsin (66)

CILIONTHO JiHKeEH, a ero ornbatormue (66) — mTpuxo-
BBIMU JITHUSMU.

Iomaa BostHBL (4) Juist ciiyuasi ypaBHEHHsI CHHYC-
T'opron BeIpazkaercs dhopmystoit

1— o2(c)

L=

K(e). (67)
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P
7T -
o ‘ } V vJégy s
— Tt -
Puc. 3. Mpodunib BOHLI B NPOMOAYIMPOBAHHOM HEANHERHOM
umnynsce ¢(z,t) npn t = —100
N

20
15
10
5

—200 —150 —100 —50 t

Puc. 4. Yucno konebanuii B HeAMHEHOM BO/THOBOM MakeTe B
3aBUCUMOCTMN OT BPEMEHU

EcrecrBenno, s mpuMEHUMOCTH MOJLYISIITAOHHON TE€O-
pun Yusema HeOOXOIMMO, 9TOOBI JIJIMHA BOJIHBI L, ObLIa
MHOT'O MEHBIIIe, YeM JUIMHA BCe BOJIHOBOU CTPYKTY-
pbl. C npakTU4ecKoil TOYKU 3PEHUs] MOYKHO 3aMETHUTh,
qro L crpemuTcss K 6eckoHedHocTu npu v — 0, a cKo-
pocth npasoro kpas drg/dt = v(0) (62) obpamaercs
B Hysb upu t = —9/2. CiieioBaresibHO, HAIlE YACTHOE
pellenue ypaBHEHUH YU3eMa TPUMEHHUMO TOJIBKO IPH
t <0, |t] >5.

Yucsio HelmHEHHBIX KOJIe0aHUl B CTPYKTYPE IIPH-
OGJIMKEHHO PaBHO

TR 1
o [dr [ |dx/de]
N—/ 7 7/ 10 de, (68)
T, 0

7, KaK BUJIHO u3 puc. 4, ono yObIBaeT CO BpPEMEHEM,
CTAHOBSCH TOPSJIKA €JIUHUILI Ipu ¢ = —5H Ha IpaHU-
e obJracTy MPUMEHUMOCTH Teopun Y m3ema. BuiBos 06

741

YMEHBIICHUN YUCIa OCIMJLIAIMI B BOJHOBOH CTPyK-
Type COIJIacyeTcs ¢ TeM, 9To B cmiy v < 1 daso-
Basl CKOpOCTh V 1/v(0) Ha mpaBoM Kpae Bcerja
Gourbiie rpynnoBoii ckopoctu v(0) MpaBoro Kpas, Tak

9TO ¢ T€YEHUEM BPEMEHHU BOJIHBI MTOKUJIAIOT YU3EMOB-
CKYIO 00/1aCTh HEJIMHEHBIX KOJIeOaHmil Yepe3 ee MaJjio-
aMIUINTYAHBI Kpait. CTOUT OTMETUTH, YTO CUTYAaIHs
3/71eCh TPOTUBOIOJIOKHA TEOPUN JIUCIIEPCHOHHBIX YJap-
HBIX BOJIH B MOJIYJISIIIMOHHO YCTONYUBLIX cucTemax [39],
B KOTOPBIX BOJIHBI BXOJIAT B YU3EMOBCKYIO HEJIMHEITHY IO
06J1aCcTh Yepes MaJoaMILIUTYIHBIH Kpaii [40], uro maer
BO3MOYKHOCTDH BBIYHC/IUTH YUCJIO COJIUTOHOB, 00Pa3yIo-
UAXCH U3 HAYaJIbHOY NHTEHCUBHON IIPOCTON BOJIHEBI IIPU
ACUMIITOTUIECKH 0OJbINX BpeMmeHax [41] (em. Takxke
[42-46]).

OrmernM, uro cormacuo dopmymam (42) m3mene-
Hue 3HaKa QYHKIMH V) SKBUBAJEHTHO OJIHOBDEMEH-
HOMY H3MeHeHHIO 3HakoB = n t. CieoBaresbHO, IPH
N3MEHEeHUU 3HakKa VY Mbl IOJIYIUM DEIeHue, OIHICHI-
BaloIllee PACIIUPEHNEe HEJMHEHHOIO BOJIHOBOTO MAKETa
¢ poctom t > 0, anagormuHoe (pOPMUPOBAHUIO BOJI-
HOBOIl CTPYKTYpPBI IIPU PACIAJe CTYIEHbKU B TEOPUU
HVIII (em., manpumep, [21-23,47]), omHako B 3TOM CTy-
gae IBOJIIOIUS HE SBJISETCS ABTOMOJIEJLHOM U ompe/ie-
JIEHHUE JIBUZKEHUs] MAaJIOAMILTUTY/HOIO Kpasl BOJHOBO
CTPYKTYDPBI OCTAETCs 3a IMpeJleslaMi Teopun Y n3eMa-
I'ypesuua-IIuraesckoro.

DBOJIIOIMST HEJIMHEINHBIX BOJIHOBBIX IAKETOB, JJIsi
omcaHns KOTopbix B dopmyie (49) HCHOab3yoTCst
byuxmyun Jlexkanapa BTOporo poia, nMeeT KadeCTBeH-
HO TAKOH 2Ke XapakTep, KaK M B CJIy4ae MHOTOWIEHOB
Jlexkanpa, u IOITOMY MBI 3/IeCh He Oy/IeM OCTaHABJIN-
BATHCsI HA KOHKPETHBIX JIETAJISIX.

6. SAKJIFOUYEHUE

Kak nM3BeCTHO, METOIBI Ta30BOH JTUHAMUKH MOTYT
OBITH C YCIIEXOM HPHUMEHEHBI I OIHCAHMS SBOJIOIIN
HE TOJILKO YCTOWYIHMBBIX, HO TAKKE U HEYCTONIUBBIX CHU-
creM (M., manpumep, [14]). Cozganue Moy IsAIMOHHON
reopun Yusema [17, 18], orkpsiTue mMeroga obpaTHO
3asaun paccesiHust [48] u passuTme obmeil Teopun cu-
CTeM TUPOJAMHAMHUYIECKOro THma [49] 1mo3Boiamio pac-
IPOCTPAHHUTH TH METO/bI Ha OOMIMPHYIO 00JACTH TEO-
pHUM JIUCIEPCHOHHBIX YAAPHBIX BOJIH (CM., HalpUMEp,
0630psI [41,50]). XoTst 9T METO/IBI IPUMEHUMBI U K MO-
JIYJTATIAORHO HEYCTOWIMBLIM CHCTeMaM (CM., HATTPAMED,
paborol [51-54] no Teopuu ypasuenus cunyc-Lopaon),
TeM He MeHee NPAKTHYECKHE IPUIOKEHI MOJLY/ISAIH-
OHHOI Teopur K OJHOMA3HBIM BOJIHAM B HEYCTOWYN-
BBIX CHCTEMAX TOKA OTPAHMIUBAJIACH JIAMIL TACTHBIME
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CJlydasiMU TUIIA «3BOJIOIUHU CTyIIeHbKI» [21-23] (cMm.
rakzke [47] u npuBeeHHbIe TaM cCbUIKK). PasBurne 06-
JIACTH HEYCTOWYNBOCTHU B HEOJHOPOJHBIX CHCTEMAX 00-
CyKJIaJI0Ch B paboTe [25] Tak:Ke TOJBKO IS MAJIOAM-
IJINTYTHOTO Kpasi U He 3aTParuBajo Bompoca 06 3BO-
JIIOTAY TIAPAMETPOB BO BCEH 0DJIACTH HEJIMHEHHBIX OC-
nuismii. B nacrosieit pabore JaHO TOTHOE PereHre
MOJLYJISIITUOHHBIX YPABHEHUN YH3eMa JJIs MOJLYJISIITHOH-
HO HEYCTOMYMBOU HEJITMHENHOIT BOJIHBI B MO/JICJIA CHHYC-
Topnon. Passurast Teopusi oKa3bIBaeT BeChbMa HETPU-
BHAJIBHYIO 9BOJIIOIUIO HEJIMHEITHOTO BOJTHOBOTO TTAKeTa,
KOTOPAasi 3aKJII0YAETCS B €0 CXKATHH, COITPOBOXKIAEMOM
YXOJIOM BOJIH M3 O0JIACTH HEJUHEWHBIX OCIMJIISIITHIA,
TaK 9TO 38 KOHEIHOE BPEeMs B 9TOH 00JACTH OCTAETCS
JIUITH MAJIOE YUCJIO MTOPSIIKA € TNHUIBI HeJTMHEHHBIX KO-
nebanuii. Ha aToit crajum Teopust Yuzema TepseT CBOIO
HPUMEHNUMOCTD U BOIIPOC O JAJIbHENIIeil 9BOJIIOIUN BOJI-
HOBOT'O MMITYJIBCA JIOJI?KEH PACCMATPUBATLCS JIPYTHMHE
METOJIAM.

MOKHO TIpe/IIoJIaraTh, 9T0 MPEJJIOKEHHDBI 3/1eCh
ITOJIX0/T OKaXKeTCsi 3(PEKTUBHBIM U IIPU 0OCYKIEHUN
MOJTYJIAIIMOHHO HEYCTONYMBBIX [T JPYTUX BapUaH-
TOB HesmHeitnoro ypasuennusa Kieitna—I'opaona, B acT-
HOCTH JIJIsl YPABHEHUsI, OIHUCHIBAIOIIEr0 BO30YKIeHUE
BOJIH BeTPOM (CM. [55]) miin ypaBHEHHUI, OIMCHIBAIOIINX
PACIIPOCTPAHEHNE JIEKTPOMATHUTHBIX BOJIH B HeJIMHE -
HBIX cpenax (M., Hampumep, [56-58]).

Baaropapuoctu. ABrop BhIpazkaer OJsarojap-
mocts C. HO. [oGpoxoromy, E. A. Ky3suenoBy wu
C. B. Cazonosy 3a moJie3ubie 06Cy»KI€HUS.

DdunancupoBaHue. Pabora BbIOJIHEHA TIPU 10JI-

nepxkke Poccuiickoro nayunoro douia (rpant N 19-72-
30028).
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