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OTPAJKEHHUE IIJIOCKIX YIPYTUX BOJIH OT ITPON3BOJIbHOI'O
HEOJIHOPOJHOT'O CJIOA B CIYYAE HOPMAJIbHOTO IMAJEHNIA

9. B. Hurxoavcrutt

(Hosocubupck)

3ajaga 06 OTpa’KeHNM IJIOCKHX YIPYTHX BOJH OT HEOAHOPOAHOTO IIOJYIPOCTPAHCTBA
nMeeT GOJBINOE 3HAUEHME MJIsA Te0PU3UKH, B YAGTHOCTH JJIA ceiicMopasBefku. Hynesoe mpu-
6IIsKeHNe JydeBOil TeOPUH ISl HeOTHOPOAHEIX cpef| [1] yike He B cocTOAHUU OOBACHATD DAL
DKCIIe PIMEHTAIbHEHNX (HaKTOPOB (yBeJIMIeHNe HHTCHCHBHOCTH OTPasKeHHOII BOJHEL Gojee IeM
Ha MOPAMOK B OKPECTHOCTH HAYAJBHON TOYKH U T. f.). HeobXxoanMo yunTsBaTh cilepyiompme
npubImKeHnA.

B mocienmee BpeMsa MOABISAIOTCA paboTsl [2], I03BOJAIONIIE pemaTh 00paTHEE 3a/ja9 B
TEOPHH YUPYTOCTH.

OTMeTUM, 9YTO peHmIeHWI0 HPAMBIX 3aJad JJIA HeOJHOPOLHOTO IOJYHPOCTPAHCTBA (MM
CJI0s1) MOCBAMEHO MHOIO Pa6GoT, HEMOJIKHIl IIepedeHh KOTOPHX JlaeTcAd B KOHIE cTaThu [1710],
IIpu 5TOM HecTaI[mOHApHASA 33/ja4a B HEKOTOPHIX paboTax CBOAUTCA K crammoHapHOH [175, 8],
®TO, IO HAIleMy MHEHN'™0, He BCeTAA YHXOOHO B BEIYMCJINTEIHHOM OTHONIEHHH, TAK KaK, IOMH-~
Mo pemeHHs AuddepeHIUaIbHHX ypaBHEHHil, HeOOXOMUMO IPOM3BOAUTH IPsAMOe M 06paT-
Hoe npeoGpasosaHna Dypee. JIump B moclefHne TOAL DOABMIACH cepua crarteit [6) 7) 95 10])
B KOTOPHIX pemiaercs HEIMOCDeJCTBEHHO HecTallMOHADHAS 3ajada.

K coskajeHnio, B 9THX CTaThAX [OJHAsS CHCTEMAa OIEHOK MeTO[a II0CIHef0BaTeIbHBIX
npubnmsxennii au60 He AaHA coBceM [°~% 10], gmGo mama mHemoamO [, 4], orpammumsasch
OIEHKOM JINIIH HYJIeBOro NpubamKennsa (Ipubiamxennsa WA B nnu reoMeTpUIecKoil ONTHKMY).
Toapko B [?] mMeeTcs Takag cucTeMa ONEHOK, HO JJIA YACTHOT'O BHJA II€PEXOAHON (HYHKI[MH
v= (1 +Pz) up — const.

3aMeTuM, 9TO U3 IePeYNCIeHHEIX Pa0oT (3a UCKI0deHNeM [3]) He BUIHO, KaK JO0CTATOYHO
XOPOINO IOCTABUTh M PEIINTH 0OpaTHYIO 3a/ady.

ITosTOMY MMeeT CMBICH €Iie pa3 BePHYThCH K IPAMOU 3ajjade W IOCTPOHUTH ee pemieHue
TaK, 9T00bI OHO: 1) IM0O3BOJANO HANTH [OCTATOYHO HaJe;KHble (I MPOCTHE) OIeHKH B METOJe
[mocJIe/I0BaTeIbHBIX HPHOIVIKEHHI; 2) JIOOYCKaJo IPOCTOil aJroOpUTM BhUMCIeHNA HA IBM;
3) m03BOJISINIO B OTHOCHTEIHHO IPOCTOH (JOpMe HOCTAHOBKY U PeHIeHHC O6paTHON 3amadd B
TEOPHUH YHOPYTOCTH,

Heckonbko cioB o0 PusamuecKoil IOCTaHOBKE 3ajiadu.

[Tycts mMeroTcsi Ba uealbHO YOPYTHX IIO-
aynpocrpaHceTBa I u 2, pasjelNeHHse IpaHumei
AB, mpudueM BepXHee MOJXympocTpaHcTBO I —
oJJHOpPOJHOe, HIsKHee & — HeoJHOpoxHoe (dury-
pa). OTHocuTenbHO HapaMeTpoB Cpeisl OyleMm
npejmnojiaraTh, 9T0 CKOPOCTh PACIPOCTPAHEHUS
HOPOMIOJILHEIX BOSMYIIEHWUH ¢ U IMIIOTHOCTD O €CTHh
TIPON3BOJBHEE QYHKIUYU IIyOUHE Z TAKHAE, YTO:

a) BOJHOBOE COIPOTUBIEHUE

Z=v(z)p(2) 1

OCTaeTCsi HEHIpepHIBHEIM;
0) mpousBojfHAsA BOJHOBOT'O CONPOTHBIEHHS II0 KOOPAMHATE Z OCTAETCH
OTpaHMYEHHOH BO BCEM HEOJHOPOJHOM IIOJYIPOCTPAHCTBE

— | 8
Orpanwgenus (a) u (6), BooOme roBops, He cymecTBeHHH. llosydenHoe

pemrenne jomyckaer o0o0meHne Ha caydail pasphBHBIX BOJHOBHIX COHPOTHB-
nennit Z (z).
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Haganpusie ycmosusa safaguM ciaefykomum ob6pasom. Ilycts B meroTopoit
TOYKe OJHOPOAHOT0 moirympocrpancTBa I B moment ¢t = () Haummaer JeiicTBo-
BaTh TeHEPATOp INIOCKUX HECTANMOHAPHEIX BOJH, PACIPOCTPAHAIIUXCA HOP-
ManpHO K rpammme pasfena AB. U1 mycTs mpousBonbnas ¢ymrkummsa | (f) Ha
¢poHTe dTUX BOJH ONMCHIBAET CMEI[EHHEe TOYEK OJHOPOHON Cpefsl BO BpeMe-
au. Tpebyercs ompefenmTs BoMHOBOE Hosie B J0G0il TOUKe CpelH A HaH-
HOTO NANAIOmEeTro BO3MYIEHUS.

B xauecTBe HauamBHOTO BOBMYMEHHsI YAOOHO B3ATH ILIOCKYI0 BOJIHY C
paspsiBoM Tuma O-QyHKOuEM HAa (GpOHTE, ONpeeNeHHOl Kak

JORS b 8#0): Joar=1 (3)

Torma, arobsr mepeiiTu K pemeHUIo A8 OPOU3BOJBHON QyHKIUE Ha PPOH-
Te majlafomeil BOJHEI, JOCTATOYHO, KAK H3BECTHO, MPOMBBECTH OICPAIIIO
CBEPTKH BHJA oo

U@ =\ @U@t —t)d (4)

rae Us(f) — BomHOBOe ToJe B HEKOTOPoil Touke, 00YCIOBJIEHHOE ILIOCKOM
BOJHOI ¢ paspeiBoM Tuna d-gyHknum Ha poHTe, a U (f) — MCKOMOE BOJHOBOE
IoJe B B3TOH TOUKe.

B maTemaTuueckoM OTHOIIEHWM 3Ta 3aj{ada CBOAMTCA K 3afade Komm s
YpaBHEHNS B JaCTHHIX IPOM3BORHHIX OTHOCHTEIBHO CMEIIEHUS

O T /v 0,00 (t:z)] L 02U (L, 2) [N . z \\ reN

BeeneM HoByI0 mepemeHHyI0 T, a TakKe PYHKIHA p (T) COOTHONIEHUAMMU

Q
Torma ypasuerue (5) mpuMer Bu[ (IITPUX O3HAYaeT IPOUBBOAHYIO IO T)

02U (t, .. 20U (2, 02U (¢, v
FIED 4 gy T8 — 2500 (™

Y1068 m36aBUTHCH OT YaCTHOHW HpPOM3BOTHON HEpBOI'0 HOPAAKA, BBEIEM
dyrKIEBO VP (2, T), cBAzaEHYIO co cmemernueM U (¢, T) caemyomum o6pasom:

U (t,7) = ey (¢, 1) = (532) $ ¢, ) (8)
ITocae sroro ypasuenue (7) 1 Ha9aJdpHEIE YCIAOBUA MPUMYT BUJ
" (O + @1y ¢, ) =200y, ), =6 ¢—1 )

Mosxuo nokaszath, 9T0 ypaBHerue (9) ¢ HaJaJbHEIMH YCIOBUAMH OKBUBa-
JIEHTHO CUCTeMe MHTEerPAaJTbHEX ypaBHEHUH BHUIA

YD =0 (o D)+ e v (o=
ty

(tgy ©) = — \ Py ¢y @) dp

T

(tor ) = 8 (20 — 20) + {1 (g — v + 2, 2) dp (@) (10)
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IeiictBurennro, HemocpegcTBeHHoit mopcraHoskoi (10) B (9) yOemmaem-
¢, aro pemenne cucremul (10) ects pemenue ypasrerua (9). B ommopommoit
cpene p (t) = p’ (v) = 0, m ccrema (10) mpuammaer Bug P (¢, ) =8 (¢ — 1),
4To COBHANAeT ¢ HadaabHEME yeaosuamm (9). [ pyrumu cioBamMud, HadalbHEIE
pamase (9) m (10) ToRIECTBEHHEL.

Hycrs ¥ (¢, T) — pemenue 3agaau (9), ap (t, ) — pemernne cucremsr (10).
Haiimem pasHOCTH

et, )=Vt 1)—9 (¢ (11)

KOTOpasi, OYeBHIHO, YROBJIETBOPseT ypaBHeHUO (9) 1 06aafaeT HyIeBHIME HA-
9aIbHEIMUA JIAaHHBIMH

e(t,7)=0 1mpr:<0 (12)

CaemoBarensno, € (¢, T) = 0 gas d0b6oro MoMeHTa BpeMeHH, 9TO B JlOKa-
apiBaerT okBumBasieHTHOCTH (9) m (10) mpm samamHOM HadaJdbHOM HMMIyJbCe.

Pemernne cucremnt (10) mpemmodTurennnee pemenus AuddepeHNuamIbHO-
ro ypasrenus (9) mo ciregyomuM coo0pasKeHHAM.

1. B cacreme (10) BugHa QusmuyecKass CYMHOCTH SBJIEHWA — IpPeICTaBIIe-
HIe BOTHOBOTO IOJIA B BUJ[e CyMMbI «(BTOPHYHEIX» BOJH [!], MCHEITaBIINX BIIOM-
He ONpEeIeIeHHOe YUCIO OTPAKeHMIl.

2. Cucrema (i0) mosBomsieT Jerko HpPOBECTH OLEHKH B MeToje IOcIeloBa-
TeJbHBIX MPUOIA KEeHH.

3. Cucrema (10) mosBoaser (mocie HEKOTOPOH MOAUQUKANMM) HOCTABUTH
BOOPOC O pelnmeHnu OOpaTHEIX 3ajad.

OcrapoBuMcs Gosiee MoApo6HO HA MEPBHIX ABYX HyHKTaX.

Pemas (10) wmeromom mociemoBaTeabHHIX HpubnmkeHuil, yOe;xmaemcs,
9T0 BCE MHOKECTBO «BTOPMYHEIX» BOJH MOKHO PasOUTh Ha /Ba MOJAMHOKECTBA:

BOJIHEL Us\#/{{, T), HCIHITABIINE Y€THOE IUCIO OTPA;KEHUH B HEOTHODPOSHOM
DOJYNPOCTPAHCTBE W NPHXOJANMUE B MOMEHT BPEMEHH ¢ B TOUKY T «CBEPXY»;

BOJHE P, %+1)(¢, T), nCUEITABIINE HEYETHOE TUCIO OTPAKEHAA I TIPUXOAIIAE
B MOMEHT BpeMeHu { B Touky T «cHuay» (j=0,1...).

Tax, mampmmep, HyleBoe TPUOIMIKEHHE

P (2, 1) =68 2ty — 21) =8 (t — 1)

COOTBETCTBYeT HpAMOil BOIHE, MOAXOAAMEN «cBepXy» K HEKOTOPOH Touke T
H mpomreameit 6e3 oTpaykeHUs BCI0 HEOMHOPOJHYI cpeny, HHade [!] — BomHe
B npubnmxennu WKB; nepeoe npubnusxenue

t

P @G 1) = —\p' (2)8 (24 — 2a) dz = — -5 p’ (t)

0TBEYAET BOJHE, MOAXOIAMEH «CHH3Y» K TOYKe T M MCILITABINEH TOJIBKO OIHO
OTpa;KeHNe B HEOJHOPOMHOM IOJAYOPOCTPAHCTBE M T. H.
Hasxapiil smeMeHT 3TUX MOIMHOMKECTB KO OIeHHTH I10 MOLYJII0

. 23+1 ¢ 2] : 4 2 4 2j-1
]\p1(2]+1) (tO’ T) I < % %IITI‘))"‘ ? l ’lp‘a’(z]) (tOv T) | < % %; tf:“ T (13)

3mece M > max|p’ (T)| BO BCeM HEOQHOPOMHOM IOJYHIPOCTPAHCTBE.
B cuny ycnoBus (6), Benmumna M Bcerga KOHEYHa.

Uz omemox (13) cmemyer, uro mociemosaTenbHOCTH P21} m h,2D
(G=1,2,...) CXOATCA K CBOUM IPeReNbHEM (QYHKIEAM Y, (£, T) TP, (Lo T)
PaBHOMEPHO OTHOCHTENBHO I, T MJs JIOOHX KOHEYHHX {, m M

Opnaro ouenku (13) asastorcs rpyGuimu. Uro6u momxyduTs Gomee TOYHEE
OTeHKH, PACCMOTPUM BOJNHOBOE IIOJIe HE BO BHYTpPEHHEH ToUKe T HEOMHOPO.-
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HOFO MOIYIPOCTPAHCTBA 2, 4 B HEKOTOPOil TOYKe OLHOPOLHOTO MONYIIPOCTpaH-
crBa 1 (umage, caydait 1 = 0). Torna, oueBmgHO,

(t, 0) = 0, (2, 0) =1, (4, 0) (to=1/22) (14)

(ty 0) = — \Ws (ta. @) dp () =
0

- —2vp' (to) — Sdp (.’L‘])S Py Gy — 7, + 25, 7,) dp ()

W3 mocaegsero pasencrBa (14) Bunno, uro ogHOoMepHasaA QyHKOES P; (¢,, 0)
oupepensierca AByMepHod ¢yHrmmein P, (¢, — x, + Xy, Z,), YTO BO MHOTHUX
OTHOWIEHUAX HEKENaTeIbHO. JTOW 3aBHCUMOCTH MOKHO m30e/KaTh, BOCIIONB-
30BABINHCH TOKECTEOM

o d

to ©) =1 oy O) + {dp (@) {91 (6o — &1 + @) dp @) (1)
0 0
[TpuMensisi MEOTOKPATHO 3TO TOKIECTBO W mepexofs or ¢ymwmud P (Z,, 0)

k cmemenuo U (t,), cormacuo (8) (p’ (0) = 0), monyumM ypasuenme ¢ Gecko-
HEYHHIM YUCIOM HHTEIPAJOB BHA

X to X X

U (1) + {dpe) (Ut — o, + @) dp () + (dp(@) | dp(@)) | dp (@9)

0

XSU(to_$1+x2—xa+x4)dp(x4)+---=——p'(to) (16)

KoTopoe yjo0Hee 3ammcarTh B omepaTopHod ¢opme
A (o) LU ()] = —ap" (%) (17)

BrisicEmM mexoropsie cBoiicTBa omeparopa A (¢,) [U (¢,)].
1. Ecan ma mexoropom marepsaine 0 <C ¢, < T mpasas gacrp (17) Hempe-
PHIBHA, TO Ha 3TOM j;Ke mHTepBaje HempepsisHa @ U (¢,).
2. PaBencreo (17) mpemcraBiaser coGoil TOMIECTBO OTHOCHTENBHO fy, HO-
9TOMY ero MoKHO AupdepeHnApPOBATH CKOIBKO YTOXHO pa3
ty
A (8) [U'(t)] + p’ (%) BA (o) [U(zy)] dp () = — %P” (o) (18)
0

HJInA

A (1) W' t)] = — = () +5 ') | P (@) dp (@) = fy (1)
0
1 Boobme, ecam
A (to) [U(") (to)] = fn (to)
1y

AT @)1=’ (1) = p' () \ F (1) dp (2) (19)

3. HenmocpencreernsM auddepennupoBaHneM MokHO yOemaTbes, d9TO
ts

4@ [\ U @ d&]=—shp (t) (20)
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4. Omnepatop A (¢,) or mocrosuHOit C paBeH
4 (t) € = Cch p (t,) (21)

5. Ecau omepatop A (¢,) or HexkoTopoit pyEKIUE ¢ ({,) PaBEH TOMKILECTBEH-
HO HYJIIO, TO 3TO BO3MOKHO TOJIBKO TOTMa, Koraa ¢ (¢,) = 0

W3 sTuX cBOMCTB ciegyer, 4To a) ecau mpaBasa dacTh (16) cama mnm ee k-a
OpOM3BOHAA TEPHHMT pa3pHB B KakKoii-mubo Todke (MHAYe — pPa3pHIBHA
(k + 1)-1 mpousBogHAS BOJHOBOI'O COMPOTHBIEHNA), TO B 9TOM Ke TOUKE Tep-
out paspus aub6o camo pemenne U (¢), mu6Go ero k-a mpomsBopHAsA;

6) ecau mpaBas 9acTh (16) amanutwana B maTepBase 0 < £, < T, To B 3TOM
e uETepBane anaanTwaHo u pemenue U (I'), KoTopoe mpome Bcero 3ammcaThb
B BuUje pasioskeHus B pafx Teilmopa B OKPECTHOCTH HYJIA

, u , . w IV _ ,
U)y=—72 éo) (O)t 4 P3(0)2 = 0 P ") 251?; 0 2" (0) 43 +
LU OO LT OO = 0= O )

Oco6erno mpocToe pelleHne IMOJYYaeTcsa B CIydae JMHEHHOH 3aBHCHMOCTH
cKopoctu oT rayouns » — v, (1 4+ Bz) u p = const

: vB [, PP 2 5 14 82 a0 )
s —T+Ep4ﬂﬁpﬁ+grp8 10'p e
1 a8 1 ,.0(@)

B) ecau p’ (!) me amanmTmuHa Ha uaTepBase 0 < ¢, <X 7, To pemeHue
U (t), BepoAaTHO, Ipome BCEro MCKAaTh METOLOM IIOCJIEOBATENbHEIX HPHOIH-
JKEeHN# BHJA

Upltd = — 0 (W Uslte) = —\dp (xl)g Lt — 7 + @) dp (@)
Us (tg — 2, + ) dp (7)) — (23)

Uy (1) = —\dp (x) |
tg.dp (2,) § dp (z,) agcz dp (x5) ;§3 Uy (to— 21+ 23— x5+ ) dp (z,)

n b

Ui (t) = — 3 \ dp <x1>§ dp \z) .

j=10 0

Uspngjrs (o — 21 + 23 — - - .

&
cm&f
A

— Zojuy T Tyj) dp (245)

Pap (22) momuo Takme paccMaTpuBaTh Kak omeHodsslit. OgHaKo [isA 1mo-
Jy9eHUsA OLNEHOK HeoOXOAWMO 3HATH BHUJ mepexofHoull GyHKImE p (f,), 4TO
BechMa HEKeJIATeJIbHO, TAK KaK BO MHOTHX CJIydYasiX HE 3HAEM TOYHOI'0 pacipe-
JeJIeHAsT MapaMeTpPoB CpeJbl, a 3HAEeM MX ¢ HEKOTOPHMU (OTHOCHUTENHHO IMIH-
poKMME) fmomycKamu. UToGH HONYYHTH OLEHKHM, HE 3aBUCAMME OT BHAA IIe-
pPexonHo#l (YHKIMH, Tepeif[eM K «MHTerpaabHoil ammauryxney S(¢,)

t t
S () =\U(5)de=2\U @ a (24)
0 0
KOTQpas [JOJKHA YXOBIETBOPATH, coriaacHo (20), ypaBHeHHMIO

A ()[S (o)1= — sh p (¢) ' (29)
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Pemas mMeromoM mociemoBaTenbHEIX mpubamxenmi (25), moaydmm

(t) = — p (o)
Ss () = —\dp @) S1 (s — 21 + ) dp (&) ——

0
to

t) = —\dp ()

0

L'/>3§ o

S5 (to — x1 + ) dp (x,) — (26)

(=]

1, Xy Xg X3
—{dp @)\ dp (@) dp @9) | Sy (ts — @1+ 22— 25+ 2) dp (2) ————
0 0 0 0
.H.””;y“.;”.uéé. e
(to) = —Z Sdp (€] & dp (zy) . . . S Son-gjsr (to — @ + 2o — « . .
=10 0

s T Tap T Zy) AP (%) — Gy

B copasegmuBoctu $opmyn (26) MoxHO yOeqUTHCA HEIOCPENCTBEHHLIM HX
augdepeHnnpoBaAHNEM 110
OIyCTMM, HMeeM He MOJYHOPOCTPAHCTBO 2, a HEKOTOPHIl IepexoHHI
cJI0H MomHOCTHI0 H ¢ BpeMeHEM IIDOXOK/IeHNUsI CUrHAJIA B BEPTUKAJILHOM Ha-
npaBuernu T, (p’ (v) = 0, ecim T > 1,). Torma amMmmiuryma Kaskpgoir «BTOpPUYI-
HOil» BONHEI, mcomTaBmei (2n -~ 1) orpaskemme B cioe, Gyher OTAMYHA OT
Bynaa aums B mETepBaie 0 <t <<2(m+ 1) 7% (n=0,1,...).
OueBuHO, «MHTErpANbHbIE AMIUIATYAB BOIH, HCIHITABIIAX COOTBETCTBEH-

HO OJHO, TPH, IATH U T. . OTPAKEHUH B CJII0€ HA COOTBETCTBYIOMMUX MHTEPBa-
Jlax, paBHEL

2 " 2(0)p(0)
2 (1o 3 3
Sy = p (w) 2 B P
T3 2T 7T T — 15 P \W) (21)
Soniy = — Szn—l (TO) — Sz'n— (1.’0) _ . a p™(t0) - P21 (10)

| (2n + 1)!
Hpﬂqu (AHTerpaJibHbIe AMIJIMTYJAED» «BTOPHUYHBIX» BOJIH YK€ HE 3aBHUCAT
OT BH/Ia IE€PEXONHON QYHKIMY U EeINKOM ONPeesA0TCs MepenasoM BOJTHOBBIX
CO]]pOT]Z[BJIeH]Z[ﬁ BHE CJOA.
U3 Pusmaeckux cooOpakeHHN SCHO, 9TO IOJHAS (HHTErpajbHAS aAMIIH-
TyHa» OTPa;KeHHOH BOJHE S°, ompefereHHAs KaK
t

So= Iim%U (E) dt (28)

t—>c0

TOJKHA 0CTaBaThCAd KOHEYHOH 1.

1 910 yTBepsKOeHHE OCHOBAHO HAa CJIEAyIOmeM (U3NIeCKOM IPEICTABICHHUN: [JIs 09eHb
HHU3KMX 9aCTOT (B mpejelre -— IJIsI HyJIeBO! 9aCTOTH) JII000i e peXoHO CI10ii KOHeIHON MOII-
HOCTM BOCIDHHMMAaeTcs KaK pe3Kas IpaHunma pasfeiaa. CiefoBaTeibHO,

(o]

\U(dt = — —BAZED_ o

p1 v1 -+ po Vo
0
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Ucnonsays (25) um 4-e cBoiictBo omeparopa A (fo), Haiigem

PRI Ty (o) p (To) + 2 (0) p (0) '

Ho, paccmarpuBasi coBMecTHO cootHomenus (27) m (29), yGesxmaemcs,
YTO OHH NPOTHBOPEUYUBHL.

HeiicTBuTeIbHO, C OJHOH CTOPOHHI, MOJHAs «HHTerpajlibHasA aMIUIATYHA»
S ecTh CyMMa «MHTErpaJbHBIX AMIUIMTYA» «BTOPUUYHEIX» BOJH

S°=S1+S2+S3+... (30)

[IpaBas wacts (30), cormacuo (27), ecTh pasios;keHue B pAj rumepboiamde-
CKOr'0 TaHreHCAa B OKPECTHOCTH HYJs, KOTOPHIf, KaK M3BECTHO, PACXOIUTCS,

ecin
P (to) | > /a0 (31)

C gpyroii cropoHsl, cyMMa 3TOTO psAfja, coriacuo (29), JoirKHA Beerda ocTa-
BaTbCA KOHEYHOM.

Ho sro mpormBopeunme kakymeecsi. B camom meie, kKak OBLIO IIOKa3aHO
Beime (13), mocrpoennoe pemenne U (), a caemoBarensuo u S (), cymecTBy-
10T Tpu JTI0681X KoHeUHBIX M u to. I MOCKONBKY B NIpHHIUIIE MOKEM U3MepATH
IoJIe TOJABKO HAa KOHEYHBIX MHTepBajlaX BpeMeHW, MEI, BooOme rosops, He B
mpaBe TpeGoOBaTH CyI[eCTBOBAHMs KOHEYHOIO pelleHuA Ipu ¢ = oo, a pac-
cMorpenue S° paKTHUECKH O3HAUaeT Iepexof K ¢t = oco. [lpyrumm cioBamud,
HAallle pelleHne He oNpe/eleHo Ipu ¢ = oo, paBHO KaK U IpU HeoTDaHMIeHHBIX
|P’(t0)]. Ommaro moctpoennoe pemenue U (f) MOKHO YopMaJBHO JOOMpese-
IUTh clemyomuMm oOpasoM:

U(t)=35°0(t)  upm|p (to)|— oo
e (32)
\v@wdt=s  wpnipwi<o

0
rae S° mmeer TOT ke cMBICH, 9To u B (29).

Taxroe moompenenenne mMo3BoJIAET COXPAHUTH PelleHHe B ClIydae Ipefeib-
HOTO mepexofa To— 0 (mnu H — 0) mpu opmoBpemenHoM crpemieHuu |p’(t)|
K 0O I TeM CaMBIM [03BoJisAeT 0000muTh MoJyueHHOoe pellleHre Ha CIydail cpelt
C Pa3pEIBHEIMH BOJHOBBHIMEA COIPOTUBIEHUIMH.

BosBpamasice k psagy (27), Ierko 3aMeTuTh, 4TO €r0 MOKHO PaccMaTpH-
BaTh U KaK ONEHOYHHIA. IIpemMymmecTBOM ero ABJIAETCSA TO, 9TO OH HE 3aBHCHUT
OT BUJa mepexofHoil ¢yukmuu p (f) u ompepessercsa JHUIIDL HepemnagoM BOJIHO-
BHIX COIPOTHUBJIEHHH BHe clof. HegocTaTKoM ke CIYKUT TO 00CTOATENBCTBO,
9T0 OH oIepupyeT He ¢ camuMu ammiautyfamu U (f), a ¢ «uHTerpajlbHBIMU»
aMIUIATYJaMu, CBOMCTBA KOTOPHX, BooOme roBops, He TOKAECTBEHHEI CBOM-
crBam U (¥).

Ananusupys (23), ybesxmaeMcss B CleqylomeM:

a) ecin Ui(to) mMeeT cKauok IepBOTO poja, TO BCe Mociaefyiomue Tpubim-
menna Ujz(to), Us(to) m T. 1. HempepHIBHEL;

0) kaskmoe mociepyiomee mpubimxeHme Golee «PACTAHYTO» BO BPEMEHH.
4eM npensigymee (ecaum Ui(to) ompeneneno ma muTepBaie 0 < ¢t < 27To, TO
Us(to) ompeneneno ymxe ma 0 << ¢ << 4 7o, Us(to) —Ha 0 < ¢ <6 TomT. 1.);

B) Ha KOHIaX COOTBETCTBYIOI[MX HMHTePBAJoB Kaskjoe NpuOImKeHHe, Ha-
quHasa ¢ Us(to), oOpamaerca B HYJIb.

It coobparkeHna 1 MO3BOJAIOT paccMaTpuBaTh (27) KaK OMEHOUHBIH PAL,
KOTODHIH B «MHTErpajbHOM» CMBICIIE JaeT IpeACTaBlIeHHe O «BKIaje» KayKAoH
«BTOPUYHOH» BOJHH B obmree BoaHOBoe moJie. [{omycTuM, 9To mepemas BOJIHO-
BEIX CONpPOTHBIEHHWI HE IIPEBOCXOAUT Tpex, T. e. p (To) << 0.55, Torma, co-
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riacHO (27), OCHOBHYIO «HArpy3Ky» HECeT BOJIHA, HCIIBITABIIAA OfHO OTPayKeHHe
B CJI0€, B TO BpeMs KaK BCe OCTAJbHbIE «BTOPMYHEIEY BOJIHBEI UI'PAIOT POJH IIO-
MpaBOYHOrO WIEHA, cocTaBisAomero He 6osee 10% oT obmeit «<uHTErpaTBHOMN
aMIUIUTYAE OTpaskeHHOH BoaHb. Cie[oBaTeNbHO, C M3BECTHON OCTOPOKHOCTHIO
MOYKHO YTBEep)KHaTh, YTO II0Jie OTPAKEHHO! BOJHEL B 3TOM CJyd4ae MOKHO
3aMEHUTH II0JIeM BOJIHBI, HCIHITABIIEH OJHO OTPa;KeHHE B CJI0E.

Husa mopmaBisromero 0oJBIIMHCTBA peaJbHBIX Cpel Iepemaj BOJHOBHIX
COIPOTHUBJIEHUII 10 MPOJOJBHEIM BOJIHAM HE HPEBOCXOAUT TPeX, IOITOMY [IJiA
HHUX T0Jie OTPayKeHHO! BOJHEI MOKHO 3alMCcaTh B BHJE

U (to) = Ui (to) = — */ap’ (o) (33)

Yuer mociaefyomux OpubImKeHU 1 TPOBeJieHNe ONEHOK IS HUX B IIPUH-
OUINAJHHOM OTHOIIEHWM He BH3HBAIOT coMHeHu#. Ecou pax (27) tepser embica
(mpm | p (To) | > Yem mam | v (7o) P (To)/ v (0) p (0)] > 24), To omeHKy MOKHO
mony4uTh, ucnoabsysa (13), (22) mmm (23).

Heo6xogumo 0TMETHTH, 9TO 8a_ py6esxom mocie pa6orsl Ilerrepcoma (1955 r.) crposr
TaK Ha3bIBaeMble CHHTETHYECKHE CEUCMOI'DaMMEI, OCHOBOI1 KOTOPBIX ABJIAETCA 3aMeHa II0JIA

OTpPa’KeHHON BOJIHEL IIOJIeM BOJHEI, WCIIBITABOIEN ONHO OTPa)KeHHE B IIOJYHPOCTPAHCTBE.
OpfHaKo HaM HEM3BECTHE PaboThl, Ife ObI JOKA3KIBAJACh IPABOMOYHOCTh TAKOM 3aMEHEI.

BepreMcst Temepp K CiaeyIOMUM ABYM OYHKTaM, 0 KOTOPHIX TOBOPHIOCH
B Hagale CTaThu: 0 mpocToTe cuera Ha IBM u o mocranoBke pemenus oGpar-
HBIX 3a/ad.

Ecan mepena/i BOJTHOBEIX CONPOTUBJIEHNII B cpefie HeBeHK (|p121/ Povo|<3),
TO BEIYUCJIEHHE IIOJISI CBOMUTCS K ONHOI ollepanuy CBePTKU BHJA (34)

9TO 3HAYUTENHHO Ipome JI00ro APYroro MeTola, BKJIK0YAs METON YHUCIeH-
HOT'0 wuHTerpupoBaHus AuddepeHnuanbHOr0 ypaBHeHUs (9).

Ecnu e pivi/ pove> 3, TO, BEpPOATHO, IPOMIe COCTABUTH PA3HOCTHYIO
CcXeMy IS YuCJeHHOro pemenusa Auddepenuumanbaoro ypasmenusa (10), gem
YYUTHIBAThH OTHEJbHBIE «BTOPUIHEIE» BOJHEI, coriacuo (23). Ilpu aTom xexa-
TeJIbHO, 9TO0OB Pa3HOCTHAA CX€Ma, MOMUMO IPABUIBHON ANPOKCUMALWH, CXO0-
IUMOCTH H YCTOMYMBOCTHU, YHOBIETBOPAIA ABYM ycioBusam: 1) Geura Owr Bep-
HOWl Kak JJif HeNpepHIBHHIX, TaK M /IS Pa3PhIBHEIX BOJHOBHIX COIIPOTHBIE-
Huil; 2) gaBajga Obl (U3M9IECKHM OPABUJIBHEI pPe3yJabTaT B TOM ciydae, KOTZa
HEOHOPOJHAS Cpefla BEIPOKIAETCA B ONHY TI'PAHULY pasfesia ¢ HEKOTOPHM
CKa4YKOM BOJHOBOTO comporuBienus. [as storo mpomuddepenuupyem (10)
O ¢t ¥ T, B pesyibraTe 9ero UPUAeM K DPENIeHUI0 CHCTEMEI

Mty YD vt o SRGD L ceeery
at e T = A<

(39)

¢ HavaapHeMu JauabiMu (9). Jlerko morasars, uTo cucrema (35) SKBUBAJIEHT-
Ha (9) ¢ ogHMMU U TeMu Ke HadadbHEMEH yciaoBuamu (9). B cuny storo pas-
HOCTHYIO cxeMy OyJeM cocTaBiATh Iy cucTeMsl (35). Ilomosxum

t =kAt, T=nAT (k,n=01,2,...) (36)

ITepexomss oT 9acTHHIX IMPOM3BOMHEIX IO { W T K Pa3sHOCTHREIM aHAJOTaM,
OOIyInM
k41, n) — 1 (k, n) kon 1) —i(k, n v
P ( ). Y1 ( — Ui ( A)r Y1 ( )—p ) s (i, )

k-4+1,n)— k, 2 (k, n) — k,n— ’
REELO—0ED _ _ wER G 4 g ) (kr)  (37)
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Cuer GygeMm BecTH IO XapaKTepUCTHKaMm, T. e. moio:xuM Al = At. Torpma
¢ yaeroM myHKTOB (1) # (2), 0 KOTOPHIX rOBOPHIOCH BHIE, MOYKHO 3alMCATh
CJIeIYIMYy0 PasHOCTHYIO CXeMy: (38)

Y, k+1,n)=0+q,)¢, (k,n+ 1) — q, %2 (k,n)

(
k+1,n)=00—q, )b (ksn+ 1) +q, b (kyn) \

__ Pr1¥ni1 T Pn¥n \

~
g =
n Pri1%n41 T PnPn /

Jlerxo mokasarh, 4To pasHocTHas cxeMa (38) [ HeNpepHIBHBIX CPEN al-
npoxcumupyer cucremy (35) ¢ Towmoctsio O (AT), ycToimBa ®, KpoMe TOro,
ymoBuaersopsier nyaktam (1) m (2).

Ormermm Tonpko, uro MuOkmrenn (1 + ¢,) m (1 — ¢, ) dpaxTnieckn sB-

AA0TCS K0d(pPUIueHTaMy TIPeJOMJIeHHs JJIA CMEIeHHil IpH Iepexofe depes
rpaHuny pasjena OBYX cpel.

Herpynso Buaers, 9To pPa3HOCTHYIO cxeMy (38) JOBOJBHO JIETKO 3alpOrpaMMHPOBATh
s 9BM, gro u GBIIO cfieaHo. B pesyipTaTe moABmMiIach BO3MOMKHOCTb CPaBHHUTH CYET IO
¢opmynam (34) u (38), uHaUe ToBOPsI, CPABHAUTH IIOJHOE BOJHOBOE ITOJIe (C yIeTOM BCEBO3-
MO;KHBIX «BTOPHYHBIX» BOJIH) C II0JIeM Of{HOKDATHO OTPa;KeHHOIl BOJHEL. Pe3ylbTaThl TaKOTO
CpPaBHEHUSA INOJHOCTHIO MOATBEPANIN BEIBOJ, YTO JJIsA HeGOJBIINX IepelajioB BOJHOBEIX CO-
NIPOTUBJIEHN (MEHBIIE TPeX) IPaKTUIeCKU BCET[a MOKHO O PAHHIMBATELCSA BOJHOM, HCIBITAB-
meil OHO OTpa;KeHHe B CJI0€,

OTHOCUTENBEHO pemIeHHs OOpaTHON 3a/add MOKHO YTBED;KJAThH clefylomiee.

Ecan mepenajg BOJHOBBIX COIPOTHBJICHWI HEBEJIHK (Py0; / Poly < 3), TO IOCTAHOBKA
U penieHne 00paTHOI 3319y B IPUHIUINAJIBHOM OTHONIEHNH ACHHL. 110 3aJaHHEIM IaJa0meMy
cursady f(t) u orpaskeHHOMY ¢(f) Haxomum U(E) = p’(§), obpamas mHTErpas cBepTKH (34).
3aTeM ompefiesisieM mpousBeieHHEe pPv KaK (YHKIUIO BePTHKAJIBHOTO BPeMeHH IO (opMyJe

t

o =pooexp (| 7 @)z ) ED)
0
B caygae GoapIIMX IepemajoB BOJHOBEIX CONPOTHBIEHHE (p|yvy / potp| >> 3) Heobxo-

IMMO BUJOM3MEHHUTh WHTETpajibHOE ypaBHeHme (16) ¢ TeM, 4T0GH M30e;KaTh HEJIMHEHHOCTH,
Kak 3To cfiedaHo B [3].

Ho Bce sTu paccy:KieHHs O pemieHNMM OOpPATHHIX 3a7ad He OYAYT UMETh JeHCTBUTEIHHO
GOJBIIOr0 MPAaKTHIECKOr0 3HAYCHMs, MOKA He PEMICH OCHOBHOW BOIPOC — IIOMEXOYCTOidn-
BOCTH, KOTOPHIH 0 CHX NIOP OCTAETCH OTKPBITHIM.

IToctymaa 25 VI 1963
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