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ACHIMIITOTHYECKHNE METOJbI THIPOJMHAMIUYECKON TEOPNN
YCTOMYNBOCTHI

I'. M. 3acaascruii, C. C. Moucees, P. 3. Cazdees

(Hosocubupck)

PaccMarpuBaeTca acUMITOTHYECKHI MeToj pemeHus au@@epeHIUANBLHOTO ypaBHE-
HUA 9eTBEPTOro IOPsAKA C ABYMsA MaJiweIMm IapaMerpamu. K ypaBHeHHIO Takoro TuIa
9acTo CBOAATCA pA3IMYHBIE 3a4aYM I'HMIPOAMHAMHUYECKOH TEOPHH YCTOHYMBOCTH, a TaKMKe
3amayd TpancopMamum KoneGaHWH B MarHUTHOM THAPOAWMHAMWKe W IJa3Me. B gacTHO-
CTH, HCCIEQYeTCSI XapaKrep 0C000il 00JacTH, Ife IepeceKaloTCsA» pasiIWIHble peIleHH
TeOMeTPUKO-ONTHYECKOTO NPUOIMKeHNs. BrIACHAIOTCS mpasmiaa o00Xofa OCOGEIX TOUEK
W B Pa3NAYHBIX CAy4asxX s (PUHUTHBIX pPEHICHWN NPUBOAATCA (POPMYIBI IS BEITHC-
JNeHHWs cumeKTpa KoxeGaHmit. IIpe[yoKeHHBI MeTO[ MOKeT ObITh OPHMEHEH WM K aHajo-
ruyHEIM  Ar@depeHnnaNtbHEIM YPABHEHAAM (ojiee BBICOKOTO moOpsAAKa. Teopma mpumMme-
HAeTCA K HCCIe0BAHWI0O HEYCTOHYMBOCTH INIa3MBI B IIOJe THAMECTH.

Ob6osnauenus
0 — aMINIATY/a BO3MYIEeHMST; L; — XKOHTYpHl WHTETPUPOBAHHSA B asax
o, P — ManBle mapaMeTpEHl; peIenus;
£ — KoopaWHATA B HANPAaB- ng — INIOTHOCTH CPEEL;
JIeHAW HEeOJHOPOTHOCTH; g — TOTeHIHAJ IOJSA TAMKEeCTH;
z, y, 2 — Oe3spasMepHBIE  KOOpAU- ¢ — CKOpOCTh CBeTa;
HATEl B HANPABICHUH T — remmeparypa;
HEOMHOPOAHOCTH; e — 3apsan DIEKTPOHA;
k — BOMHOBOM BEKTOp BO3- H — HanpsKeHHOCTh MATHUTHOTO IIOJISA;
MYINeHNS; V — cropocTs;
® — 9acToTa; ( — TEIJIOBOH TOTOK;
L — xapakTepHHIi pasMep; E — HanmpsyKeHHOCTH DIEKTPAYIECKOTO
P, p% ¢, 4, w — mpomsBogHEIe OT (pa3 aM- MOJIs;
IIATYAEL  BO3MYINEHNT; r; — JJADMOPOBCKHI paguyc WOHOB;
Hy,M®@ — ¢pyakoqun Tamkens 1-ro II — npempKCOOHEHMATLHEII MHOKH~
n 2-T0 pojaa; Telb penieHusd.

1. O cocroanun 3agaum. Vcronp3oBaHMe acCHMITOTHIECKHX METOOB B JIH-
HelHOIl IUApPOAMHAMUYIECKOH TeOpHH YCTOWYMBOCTH XOPOIIO W3BECTHO, HAIPI-
MeD, B CBSI3H ¢ 3ajjadeil 00 yCTOWIMBOCTH IIyas3eiileBCKoro Teuennsa (moapoOHbLL
0630p pabor cm. B [']). CyTh fmena 3akmiouaercs B TOM, 9T0 HEOOXOMMMO IIO-
CTPOMTH pellleHMs M HaiiTu co0CTBeHHBIe 3Ha4eHHS o = o (k) Ipm 3agaHHEBIX
TPAHUYHBIX YCJIOBUAX ypPaBHEHUS

d* -
o0 —Ua (& by 0) 55+ Uy G by 0) ¢ =0 (1.1)

Ife o — MAJBIi mapamerp, § — KooppuHarta (B ciIydae IIyaseiileBCKOTO Tede-
HHASA ¢ IDpOmOpIuoHAleH BsaskocTH). Hammume mamoro mapameTpa o ofecmeun-
BalI0 BO3MOKHOCTH IOCTPOEHM (DOPMAIBHOTO aCHMITOTUIECKOTO PAMa JJIA pe-
HIeHNsA I0 YyAAIHO BHIOPAHHOM CTeHmeHH «.

B mocnennee Bpems mosgBmIIOCH GOJBINOe WMCIo paboT IO MCCIETOBAHIIIO
ycroiitamBocTH cIab0HEOTHOPONHOI MIa3Mbl. B Tex caywasx, rie IpoBORMIOCKH
meTalpHOE HCCIeXOBaHUe, 3afada CBOAMIACH K ypaBHEHIUIO

k, 0)p=0 (1.2)
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Jlast Toro aro661 BBecTu B (1.2) sBHO Maumblit mapaMerp P, XaparTepU3yIo-
Ty c1alylo HEeOXHOPOAHOCTH, BBefeM Ge3pasMepHY KoopauHaty & = § /L
(L — xaparrepusrit pasmep samauu). [lomoyum U = kU, npuuem U ~ 1

Besle, 3a HCKI0YeHHeM 001acTi BOMu3u Touky Zo, tie U (xy) = 0. Torma nme-
em Bmecto (1.2)
d? .
BLt—U(w k 0)g=0, B= oy << 1 (1.3)

B pa6Gote [?] 6binc mpemsioKeHO HCIOIB30BATH MANOCTh P /A IOCTPOEHUS
ACHMITOTHYECKUX PEIIEHUl, XOPOIIO0 M3BeCTHHIX B KBAHTOBOM MeXaHHKe IIO[
Ha3BaHWEM (KBA3WKIACCHUUECKUX)»

B psape cryuaes BosHEKaeT cileAyoINas CATyalWs: B paccMaTpHBaeMoil 00-
JIaCTHU CYIL[eCTBYeT TO4Ka, B Koropoit U obparaercsa B c0. IT0 06CTOATEIHLCTBO
H3ydaloch B CBA3M ¢ 3ajadeil o Tpancdopmanuu BoxH B muasme [°]. [Tomoc U
B CJIydYasx, H3ydaBmimxca B [°], 6T GUKTUBHBIM 1 HcUe3al IPH ydeTe cTapuIeil
IPOM3BOJHON ¢ MaJbIM IapaMerpoM Tuma o upu Heit 2. J{na samad, cBa3aHHBIX
¢ TpaHcopMaIuell BOIH B IJIa3Me, UCIOJH30BAICSI METO[ IIOCIEIOBATEILHBIX
npubamxenuit [°].

AcuMnToTHIeCKUE MeTOR, OAW3KWiA, ¢ OfHON cTOpoHEI, K [}] m ¢ gpyroit — k [!], mpu-
meHancsa B [7] paa ypaBHeHus Tuna (1.1) mpm HccIeHOBAHMU YCTOMIMBOCTH HEOXHOPOH-
HO#l IIasMBl ¢ Y9eTOM KOHEYHOU ITPOBOTMMOCTH. JTOT METOM, KaK OyHeT BUEHO B Halb-
HeﬁmeM, nMeeT BeCbMa OIPaHAYEHHYI0O INPUMEHUMOCTbH.

Huxe paccmartpuBaercsi BO3MOKHOCTD €AMHOTO ACHMITOTHYECKOTO HOAXOAA
K MCCIeOBAHWIO ypaBHEHHUs, KOTOPOe MOJeIUpyeT IpHUBe/eHHBIE BBIIIE 3a4adl
npu yCuoBUHU ciaboil HEOXHOPOTHOCTH CpEEL.

2. Ilocranoska 3amaum. DusuvecKue BOIPOCH, PACCMOTPEHHbIE BO BBee-
HUW, IPUBOAAT K HEOOXOJUMOCTH HCCIENOBATH ypaBHEHIE

afr L0 U, (z, k, 0) L8 4 U, (2, k — 1) (@241

dzt 2 (2 ’w)ﬁz"‘l_ 1z, k, 0)9=0 @Bl (2.1)

The z — OespasMepHas KOOpAMHATA, kK, ® — mapaMeTpHl 3aJadud, o m P — Ma-
Jible mapaMeTpHL.

OG6bIgHO B (PUBMYECKON IMOCTAHOBKE 3ajady IlapaMeTp O CBS3aH C YYETOM
¢1a0oro JUCCHIATHBHOTO IIpoIiecca, a [ — IapaMeTp «KBA3UKIACCHIHOCTIY,
IPeACTABIAINNE co00H OTHONMIEHNE XapaKTEePHON AIWHLI M3MEHEHUA ¢ K Xa-
pakrepuoit maune usmenenus Ui, Us: B ypasuenun (2.1) dynrmunm Uy n vo —
GespasMepHBIe BEJIUIMHBI, IPUIEM

Uy, U ~ 1 (2.2)

3a HCKIIYEHNEM TOYeK, Te OHU 00paIiaioTcs B HYIb.

Pemenus, crpemsamuecs K HydI0 Ha =00, OyfeM Ha3BIBaTh B JalbHedIeM
(UHATHBEIMY, IJIM JOKAaTbHBIMA. B ImpoTHBHOM ciIydae pemieHus OymeM Ha3bI-
BaTh HEJIORAJIHHBIMIL.

Ilpu p =1 B (2.1) mcciemoBanWe ypaBHEHHs IIPOBOAUIOCH B paborax Jlmms I[3s-
11310 [!] m BasoBa [!] B cBA3U ¢ 3ajgadeii 00 ycroiamBocTH IyaseiilieBcKoro TedeHus. Ilpm
o = ( ypaBHeHHe IepeXOJUT B ypaBHeHHWe 2-T0 IOPAZKA, IOAPOOHO HCCIEeNOBAHHOE B
MHOTOYHCIOHHBIX paboTaX, 0COGEHHO B CBASH C KBa3HKIACCHYECKUM IPUOIMKEHHEM B
KBAaHTOBOI MexaHmKe (cM., Hampumep, [%]).

Pemenue ypasuenus (2.1) umgem B Bupie

9@ =Cexp{—=\e@d}, ¢@=g"@+VBW@ +... @3

! TlogpoGuEIi 0630p paGoT B 9TOM HAIpaBleHWH cM. B [ 4]
2 JIpuBefileHHbIe PACCYKAEHHUS HECKOIBbKO Ipy0o IepejaloT o6CTaHOBKY, M3YyI2BIOVIOCA
B [%].
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IMopcranosra (2.3) B (2.1) ¢ yuerom (2.2) maer

2.4)
o \ ds (2.5}
N3 ypasmenusa (2.4) maxomum

(0 U» +/U22 ﬁ)%

|20 “\42” a
AN, y49uThBIBAA MaJOCTh O, IMeeM JBe IIaphl 3HaYeHnN
0 LV ULU, (=1,2) O =4V T, /a (=34  (2.6)

Anamornaso us (2.5) maxopgmm:

5 (0)

et FE S
dx ,.(0)

@opmyust (2.6), (2.7) mosBonsror sanmcats pemienme (2.4) muaa ¢ B BHe
(c TogHOCTBIO HO CIEAYOINUX WIEHOB B pasiosmenunm (2.3) mus q)

S i i = 1, 2
P2 Vi exp Rpldx (@ ) o (2.8)

@ = j=—exp \ pidz (t=3, 4 (2.9)

IlomyaenHoe pemenwe (2.8) Oymer acCHMOTOTHYECKHM, W CIPaBeJHBOCTL €ro Orpa-
HAY9eHa 00JacThi0 NPUMEHHMOCTH pasiokenusa (2.3), KoTopyro OyaeM B [JalbHeifmem
HMeHOBaTh BHemHe#l. OdeBHmAHO, 4TO0 pemenue (2.8), (2.9) HempumMeHUMO B 006IaCTAX
BOM3m ToueK, rme U; m U, obpamanTca B HYIB; 3TH 001acTH B JajdbHeHmeM OyaeM Ha3bI-
BaTh BHYTPeHHUMH. Pelmenve HYKHO HCKaTh OT[eNbHO. B CBA3HW ¢ 9TUM pelmieHWe ypaB-
HeHHA (2.1) mpu 3aJaHHBIX TPAHWYIHBIX YCIOBHAX CBOJUTCA K CIEAYWOIIAM TpeM Ipo-
mexypaM: 1) mocTpOWTH pellleHNsA BO BHYTPEHHHUX H BHeIIHeil 00macTAX; 2) yKasaTh yCio-
BUA CIIMBAHWA pPelleHHit (9TOT BOIpPOC BO3HUKAET B CBA3KM ¢ HammdmeM juHui CToKca

IpH WCUONH30BAHAKM ACHMITOTHYECKHX BEIPAKEHUIT);
3) YOOoBIEeTBOPWUTH TPAHWYHBIM YCIOBHAM (3TO HIPUBOJUT
TaKke W K YPaBHEHMIO IJIA COOCTBeHHBIX 3HAYCHMI 3aja-
um). 3amMernmM, u9To TouKa, rae U; = 0, He 3aciay)KmBaeT

0c000ro BHUMAHW, TAaK KaK BOIU3M 9TOH TOYKH pOIb
gaena ¢ @IV B (2.1) HecymecTBeHHA, W IOBeJleHHE pelle-
HUA BOJIM3H STOM TOYKM ONpPEIEIsAeTCA TeOpHeil, pasBu-
Toit mas ypasHeHuA (2.1) ¢ o =0.
OQur. 1 B pambpmeiimem, 0Oe3 orpanmgeHHs OOHOIHOCTH pPas3BU-
BAeMOro HIKe MEeTO]Ia, BmﬁgpeM Iag ygobcTBa KOHKpPET-
meiit Bupx pyarnuit Uy (z) u Us(z) (dpur. 1). Ha ¢ur. 2 obmactn I, 2 — Buemnune, o00-
JacTh J — BHYTPEHHSA.
IlpuBeneHHbIe BEIME PACCY;KAEHNSA 3aKAHIUBAIT HOCTAHOBKY 3aJaud, pelleHHMe KO-
Topoit OyfeT OCymecTBIATHCA B I 3—H.

3. Cunabsiii exywait. [[ua seibpamnoro suma Ui (z) u Us(x) (qur. 1) Bemn-
qurs Uy, U, obpamatores B Hylds coorBercTBeHHo B Toukax A, B m Oy, O
Bynem npegmomarats +. 4ro paccrosEme Meny B um Oz Goublle eIWHHUIEL
Bo6ausu toukn Op MOKHO IPeACTABUTE

U,=Uzxz =z U (3.1)
a U, cunTaTh DOCTOAHION BeJIMYMHOM.

! Ecim nmpoBoAuMMBIE pacCy:KAeHHA OyZyT WHBAPMAHTHHL OTHOCHTENHHO BaMEHBI
(0,, A) == (O, B), To GynmeM TOBOPHTH TOIBKO 0 TouKax (O, B).
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Ha ¢ur. 3 usobpaxensl o6jacTu IPHMEHNMOCTH PA3NUIHBIX HIPHOIHKe-
muit. Pasnomenue (3.1) cmpasemnuBo Ha otpeske (O, I); pemenna (2.8),
(2.9) — coorBercTBeHHO Ha oTpesKax I m 3.

Ilpn z << 1 ypasuenme (2.1) mpurmMaer B 2 3
BHJ |

apelV — BUzo” + Uip =0  (3.2) %/% ,

Cnenaem, kKak um B paGore [!], samenmy
z = o'y m paccMorpuM pelneHHme IIOIYYHB-
nierocs ypaBHEHHsA

@ur. 2
B —dy4

BOmm3u y ~ 1. B srom maparpade orpammummcs caydaem o'/ B << 1. Torma
MOKHO IIOCTPOHTH pellleHHe, aHajorugHoe [!], B Bume acmmmToTHuecKoro psaxa

Q=00+ Z— 0 4 ., (3.4)
IMopcranosra (3.4) B (3.3) maer

— (3.5)

OGnacrs mpuMeHUMOCTH pelieHuit ypasHeHus (3.5) copasa ompepgemserca
3HaueHHsAMHI = ~ o'® u Ha ¢ur. 3 o6o3HaueHa orpeskom 2 (mu 4). YpasHeHHE
(3.5) mmeer gersipe pemenus [1]:

—_—

7
I o =1, P ==z (3.6)
@) Vg
Oy —— (3.7)

Va s L

3necs HY, H® — gpyarmun ankens co-
OTBETCTBEHHO IEPBOT0 W BTOPOTO poja. Ydu-
TEIBas, 4TO apryMmeHT (Qyurmuii ['ankens B
(3.7) BenHMK, MOKHO 3aImMcaTh IS POIIEHHH (s, Pz, 00pPAIIAIOIINXCA Ha - oc
B HYIb

®ur. 3

o ~ahexp {— -1 "2kt >0
(3.8)

Ecan ¢ me momxmo obpamarscsa Ha ~+ 00 B Hyds, To Ipu x > ( pemenne
COCTOUT TaKKe W U3 pacTyIleil DKCIOHEHTHI, a perneHme mpum z << 0 ompene-
nAeTcs Mo OOBIYHEIM IpPABHIAM, YIUTHBALMM, uT0 £ = ( ecTh TOYKA MOBOPOTA
[1]. Pemmenns (3.8) mepexomAT B pelieHns, onpeneinseMble ypapHennem (2.9),
U UX, CJIeI0BATEIbHO, MOYKHO CIINTHh., B0o3MOKHOCTH CIIMBKEH obecliedeHa TeM,
910 oTpeskn I m 2 Ha ¢pur. 3 mMeT O0ONIyI0 WacTh, BHYTPH KOTOPOH M
npoucxopur cuuBKa. CoBceM papyras KapruHa fms pemrenuit  (3.6) u (2.8),
KOTOpble He IIePeXONAT OJHO B APYroe W IO3TOMY HEIOCPeJCTBeHHO HECIIMBae-
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MHL. JTO CBA3AHO €O caegyomum obcroaTenbersom. [lapa pemenwmit (3,6) mpun-
IUINATBPHO He MMeeT KBABWKIACCHIECKOr0 BHMA U A Hee

by = ¢~'d?¢ [ dy* = 0 (3.9)

Ha camom fene pasencrso (3.9) ompemeneno ¢ tounoctsio asf~! << 1. Iro0
HepaBeHCTBO 03HaUaeT, 4ro objacTm mpuMeRmMoctu pemenmit (2.8) u (3.6)
(ma dur. 3 — 970 coOTBETCTBEHHO OTPe3KN & W 4) He MepeKPHIBAIOTCA.

Jia yeTpaneHnms yKAasaHHOH TPYZHOCTH PACCMOTPHM ypaBHEHHE

pUz¢" — Usp = 0 (3.10)

CIpaBeINBOe KaK HyldeBoe Ipubamxenue B obmactn Yo << z << 1. (oTpesox J
Ha ¢ur. 3). Pemenne aToro ypaBHeHusa mMeeT BHJ,

¢ =V z2(—2YUsz [ UB) (3.11)

Tme Zi1— ofHA W3 OBYX JIUHEHHO HE3aBUCHMBIX UINHAPHYECKAX OYHKIUN
(maopumep, Iy m Ni). lpn mansix smadenusix aprymenta B (3.11) mmeem:
ot =1, g2=12z, 1. e. (3.11) mepexomur B (3.6). llpn Gonpmmx sHAUEeHHAX
apryMeHTa acHUMITOTHKa Z; coBmagaer ¢ (2.8). 9r1o 3aKaHYHBaeT IepPBYIO
Hponenypy, ykazauuyio B 1. 2. OTBeT Ha BTOPYH YacTh 3aJadd, YKABAHHYIO
TaM jKe, COflepHTCH B Teopemax Basoma [%], KoTophie B paccMarpmBaeMoM
CIydae COXPAHAOT CBOIO CILIY.

VYpaBuenusa piad COOCTBEHHBIX 3HAYEHHWHA B clydYae JOKAJIBHBIX pelieHui
JerKo 3almmcath Cpasy, IOCTYIas TaK jKe, KAK U B KBa3HKJIACCHIECKOM IIpU-
OUIKeHNN JJIs ypaBHEHWA BTOPOTO mopsAfmKa [°] mpm BBIBofe «mpaBmi KBaH-
TOBAHUAN :

A .
— (n—l— %) 7, g gl}z dr = (n—{—%)n (3.12)

0, O,

Borpassenus (3.12) maoT jBa HE3aBHCHMBIX pelieHHs s COOGCTBEHHBIX
3HAYEHHIl, JTO COOTBETCTBYET TOMY, 9TO Ha —oo (Wim ——oo0) mMeeM [Ba JH-
HeHHO He3aBHCUMEIX pellieHns, ompefensgeMbix (2.8) mum (2.9), ®otopsie
B JalbHefllieM <«IIPOTATHBAIOTCAY Ha —co (mim —00) KaKmoe He3aBUCHMO
(cBA3p BOBHHMKaeT NMIIL B CHeAYIONIeM HOpsAfKe mo o/ pB2).

4. Kaaccuduramma. B ypasuernun (3.2), cupasegiusom npm z << 1, cpe-
TaeM 3aMeHy

=Py (4.1)

dro pmaer

+U,9=0 (4-2)

Pemenue storo YpaBHeHNA II0Jy4daeM, IIPUMEHAd MEeTO[ Jlamraca

P LUy 4.3
CP(Z/):\TEXP{Z/t—W'gzr—i—Tﬁ} ¢ (4.3)
Tle mHTerpaJ 6epeTCH B IIJIOCHKOCTH KOMIIJIEKCHOI'O IIepeMeHHOI0 t mo KOHTY-
Py, Ha KOHIAX KOTOPOro (hyHKIA
B.-. 1 Uy
exp {yt TR 30T iU

obpamaercs B Hyunb. Pemenne (4.3), B coorserctBum ¢ (4.1) m (3.1), cmpa-
BeguuBo B obmactn ¥ << 1/ P > 1. Orpanmaumcs paccMoTpeHmeM o0iacTa

l<y<1/p>1, wm B<z<1 (4.4)
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B paccmarpmsaemoit o6macTi y => 1, m03TOMy i BHITHCIEHHA MHTerpaja

B (4.3) MOKHO BOCIIONB30BATHCA METONOM IHepeBaina. VMeeM deTEHIpe mepeBaib-
HBIX TOUKH (4.9)

910 ompefienser geThIpe KOHTYpa, MHTETPUPOBAHUE II0 KOTOPHIM [aer
4eThIpe JIMHEe#HO-He3aBUCHMble pelleHmA. Bribupas coorBeTcTByIOmEIM 00pa-
30M KOHTYpHI, IIOIydaeM pPemeHus

oy - ’ 4.6)
— U n:l qi /2 1 = (
qn(u)~Vn[u (O —i—\l TGXP%% ydy  (=1,23.%
Ounpenenss
° ' ‘/BZU \Y2 1 [ o o 4U, \’/2\1/2
(4.7
o 2U 2 o 4U VAVA .
= () ok = R e
norydaem u3 (4.6) 1
Y
@ () ~ (%) exp\gi° (W) dy  (i=1,2)
v (4.8)

% ()~ @) exp\ao) dy =39

« Ilpn Gompmux 3uadenmsix y pemenus (4.8), Kaxk HeTpymnHo YyOemuThCA,
IepexoiAT B COOTBETCTBYIOIIMe pelleHHs BO BHemHel obGmactu (2.8), (2.9).
Paccmorpum 3uagenue y, obpamaioniee B HyJb BHYTpPeHHUIT KopeHb B (4.7)

yo = +ia = 2y (o /) U:/ U (4.9)

(mpm paccmarpmsaemom Bume ¢ymrmumit Ui(x) mw Ux(x) B TouKax yo Beiam-
qnaa Uy << 0 m yo — wneto mamMoe). Touru yo GymeMm B gadbHeimeM Ha3bl-
BaTh TOUKaMmu BeTBieHmsa. YumteiBasg (2.2) m (4.1), BuguMm, 4910 B3HAUeHUE

B TOUKAX BETBIEHUsA I ~ J0 W paccTOAHHmE MKy TOYKAMU BETBICHUSA
~7Va. Uz (4.9) cpasy e ciemyer, 4TO

a1 (a/p<D), a>1 (afp>1) (4.10)

B caywae @ << 1 TOYKH BeTBIeHHsA He momajalT B obmacts (4.4), rme
copasequBo pemenne (4.8), n Ha HUX MokHO He ofpamaTh BHuMaHuda. B ciy-
gae o > 1 9T0 He Tak W, Kak YBUAWM B JajlbHelilmeM, yd4eT TOYeK BeTBIEHUSI
CYIIeCTBEHHO MeHAET Bce PACCMOTPEHWe W MOKeT IPUBECTH K KAIeCTBEHHO
HOBOI (pusmueckoii KapruHe mporecca. Cayuait o < 1 Gymem HasbsIBaTH Cla-
OBIM, ciydaii ¢ > 1 — CHIBHEIM.

Permenue 3ajaud, OpoBefeHHOe B I. 3, OBLI0 copaBemimeo npn a / B2 < B << 1, mosro-
My eTO COpPaBeIJMBO OTHECTH K cIaboMy ciIydaiwo.
Ecix BBECTH NOHATHE JJMHEI BOJHEI

TO B CHJIBHOM CJydYae MeKAy TOYKAMH BETBIEHUSA (YKIANLIBATCA» MHOTO UIMH BOJIH,
gero HeT B cIaboM ciaydae. Takmm oOpasoM, KiaccHpUKammsA NpoBefleHa MO YACIY MJIHMH

1 3necy ¥ malee AAA IPOCTOTHI 3aIMCH NPePKCIOHEHNMANLHEIA MHOMKHATENh 0603HA-
weH TOH ke GYKBOM, 4TO W TOABIHTErpaibHOE BhIpakenWe B (pase; B MeHCTBUTENHHOCTH

OHM OTJIWYAIOTCSI WIEHAMHE ~ (, HeCYyLIeCTBeHHBIMA Ip: z = Ya.
4 TIMT®, N\ 5
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BOJH, KOTOPOE MOMEINAEeTCS MEKIY TOYKAMY BeTBICHHSA (T. €. IO COOTHONIGHWIO MEKTy
mapaMeTpaM# o H ), XOTHA paccTofHEEe MEAY TOUKAMH BETBIEHHA B 060X CIOydJadx

ofHO U To e (~TVaj.

5. Cuapneri cxywaii. Hak ysxe oTmedansoch, HeOOXOMHMOCTE ydeTa TOUeK
BeTBIEHHA ay, dz, by | ba(Pur. 4) coBcem MeHseT TpaBHWJa Ilepexoja M3, Ha-
npuMmep, obaactm z << Oy B obmacts x > O.

Ur065I HOIYIATH 3TH Ipasmiaa ans (4.8), ompepmennm BeTBm KopHeit B (4.7)
caepyomuny ob6pasom (BGamam Tourm Oi):

—— = [ LV IV y +ia— (v>0)
=V y—Vy+a {il/Zlyg(VlyHm—Vlyl—ia) (v <0)

IMocae sToro pemenus (4.8) sammcwnIBaOTCA B BHeE

|‘ (@2 " exp {2 { w1 (1) — v ) ey v >0)
e ) texp {x i\ @ (Jy)—wa(ly) dy} <0 Y
oy “eXp{ig(wl(y)erz(y)) dy} w0
e e {2 i@y (v w<o
e
wy = VLU [ ayy — ia, wy = V/2p2U [ oYy + 1a (5.5)

B soipamenmax (5.3), (5.4) oxcmomenTa (haKTOpM3OBaHA IO O06EWM TOU-
KaM BETBICHHA, 9TO IO3BOJNT B JalbHENINeM BOCIOIL30BATHCA IMIPABHIAMHU
tama [1].

CreBa or Toukm A 3aIMieM NPOM3BONBLHOE pelIeHHe . 0OpAI[AIOIIEecs:
Ha —o00 B HYIb

Y 14

o =g exp (— i §wi () dy + l§wz(y) dy) +
+ Dlge rexp (§un ) dy + § wn ) ) (5.6)

Cmpasa or Tourn A Bropoit wien B (5.6) me MeHsercs1, a mepBHIil IpeoGpa-
gyerca cormacuo mpasmiam (5.1). 9ro maer

() =g [ [exp (—i + ZS:QE dy) + exp (i-=-— i\ g dy) | +
Y

+ Dl [Mexp (§wn ) dy + \ wn ) dy) (5.7)

Yaursipas Gopmyst (5.3) —(5.5), MOKHO TOCTPOMTH KapTHHY SWHMIT
YPOBHS sl KaXJON W3 TOYEK BETBICHHs OTAexbHO (dur. 4). Jmmmm yposHA
OT JBYX COCEJHAX TOYEK BeTBJICHHs IepeceKalnTcs Ha NefCTBATENBHON OCH

! Cuurcn o6o3radennii u GYKB, He OTOBODEHHEIX B 3TOM nmaparpade, mosicaern Ha ¢ur. 4
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B Toukax Cj, Co. Tornma pemenne (5.7) MoKHO mepemmcaTh B CIeIYIONeM BULE
ma A <y <<Ci:

ay as

?) = ﬁ ¢ exp (— Vo @) dy + () dy) +

+ ?f,—t/,e‘”‘ exp (S wi(y) dy — w2 (y) dy) +
y

v

+ Dlge M exp (§ w1 () dy + s () ay) (5.8)

rae

1, = V—B?_d—{g VUz(Z)——V qunzro/Btdz —

——SVUg(z)—I-V4U1(z)oo/[32dz}-—i% (5.9)

Nurerpanst 8 (5.8) Gepyrea ms Tourm BerBieHus ai(az) 1O JIWHWH, TIe
wy(ws) — uncro mumMoe, mo Toukn C; m famee 0 fAelicTBHTeIBHON ocu. KoH-
typel Ly u Ly & (5.9) Haummamorcs B ToUYKe A, WAYT BHOAL AeiCTBUTENLHOM
ocu go Toukn Cy m mamplie IO JWHUAM, T Wi U Ws — COOTBETCTBEHHO UHCTO
MHEMBIE, 0 TOYEK BETBIEHUA a4, az. [Ipm mamwmcammm (5.9) yuremo Tamsxe,
aro BOausu toukm Oy, rae Uz = 0, BBIpajKeHNA IOJ 3HAKOM WHTeTpaia Iepe-
XOJAT COOTBETCTBEHHO B

p° = Vi/2(B2U | a)
2 a s P
p2° = V=2(B2U | ) (z + ia) >—,—} —

Paspess seiGpanst mo auHAAM 1. T o
Herpynuo yGegmrees, 49TO oOIpefe- 2 71 1

nmenHasa BeipaskeHueM (5.9) Bemmwm- 0
ga @1 — YHCTO MeHCTBUTEIBbHAL.
Jlas Toro uroGe pemrenue (5.8),

ompefeseHHOe CcJgeBa OT TOYKH 01,
3alnucaTh CIlIipaBa OT 01, BOCIIOJNIB3yeMCA IIpaBUJIaMHI oﬁxona, NIpUBEeJEeHHBIMU

B MpmiosKenun. Y/A00HO BBecTH 0603HAUEHMS: (».10)

Qur. 4

p1 = V2(B?/ @) (Us — V4Uia [ B?), p2 = V'/2(B?/ ) (U2 + V4Uia [ B)

Torga maa 01 << y << O, nuMeeM ¢ TOYHOCTHIO 0 IMOCTOAHHOTO MHOKHTEJNS
Y
o) =i ptpexp (i ()it i\ pa(a)dz ) —
s Yy “ Y
— (e + D) | py+ po [Moxp (— i pa(z)dz — i po (2) dz) +
1 ¥ N .
+eiw1]p1_p2|'/’exp (i S p1(z)dz—i S P2 (2) dz) -+
a 22
y

Yy
+ (2cos @y —iD) | pr—pa[exp (— i pr(2)dz+ i { pa(2) dz ) (5.11)

ay Qa
3/ech MHTErPUPOBaHNe IPOU3BOAUTCA W3 @1, d2 COOTBETCTBEHHO IO JIMHMAM
Ls, Ly (¢ur. 4), cnycralomuMcs Ha MeACTBUTENBHYI0 OCh U HAVINAMHA IO Hel

4*
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mo toukn y. Tpamcmoptupys pemenue (5.11) ® Touke O,, mepenucsiBaeM ero

B BUJeE
by b,

?(y) = iei"’*ﬁp—zfgfexp (— i§ p1(2) dz —i§ P2 (2)dz) —
by : iba
Lfr%(;" D it pexp (@ dz+ (p2yaz) +
U Y
p— b b,
o 2 (i m@ s+ i\ p@d) +
Y Y
b, b,
4200 =D exp (i p@dz — i\ pp(2)dz)  (5.12)
1 Y

NuTterpanst or y g0 b NOHWKAIOTCSI B TOM JKe CMBICHE, 9TO M OT Y [O 4.
Kpome Toro, momosxum:

O = ¢i®: = exp (i S p1(2)dz + i\ py(2) dz) (5.13)
Ls L,
¥ = exp (—igpl(z)dz—l—igpz(z) dz) (5.14)

'3 4

Kontypsr Ls u L, obosnauennt ma ¢ur. 4. Jlerko yGeguThCsi B TOM, 9ITO
IOKa3aTelb BKCHOHEHTHI B (9.14) wmero peiicTBuTenpHbIA, a @2 B (5.13) —
gucto MuuMoe. J{us aToro msoruneM KoHTYp Ls Tak, uTo6nl om mien us ay B Oy,
IIOTOM II0 AeHCTBUTENBHOM OCH W [ajbIle U3 Us B by.

Amnanoruunyo npouenypy npomenaem u ¢ L.. Torma, cormacuo (5.10), Ha
meiicTBUTENLHOK ocHu, rme L3 m L, coBmajaoT, mMeeM

2 0.
(§ (p1 — pz) dy— YUCTO MHUMBEI, S (p1+ pz) dy— 9HCTO MeHCTBUTEIBLHEIN
Oy 0O,
YuurteiBasi, 4To
Oy 0,
S Vz+iadz = (1a)”, S Vz—iadz — (—ia)"
a, ay

IPUXONAMM Cpasy K BBHICKA3aHHOMY BBIIIEe YTBEP:KAEHHUIO.
CompaBa ot Touku (s, WCHONB3Ys CHOBa HpaBmia o6xofa (cM. Ipmioske-
HUe), IoIydaeMm

; y v
0= 2 g 4 )+
by 5
i Y
+ P+ P l_l/z (2005 (plir_ D __ exp (S p1(z)dz + S P (2) dz) +
b, b
+ | p1— P 1_1/2 (— et ey — I T 2¢0s (Plly— 1D ) %
Y] v '
xexp (—\p@dz+ §p(ayde) +pi—pp  EEH=L
b, b

Y Yy

X exp )\ pi(2) dz — | ps (2) dz) (5.15)
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YcnoBue orcyrcTBHs Ha -00 HApacTAlOIMX peIIeHMi HaeT

1 DY = 2co8 ¢; — iD

(¥ —D)ein — == 200s-cpqlr—— D _ e2ies 2cos cplly— iD (5.16)
==\ p@dz+ | p()dz (5.17)
Ly L,

3neck rouTypel Ly’ m Ly amamormunwt komrypam Li, L, m GepyTcs cooT-
BETCTBEHHO OT by, by wepes roury C, mo B. 3amerum, 4T0 (3, Kak U (2, HCTO
ReiicTBUTENbHOE W IOJOMKHUTENbHOE. Pemas cucremy (5.16), maxommm

et (Pr+atds) — —l— 1, wim @ + Po —l—- Q3 = nxn (5.18)

Orcrona (5.19)

L S prdz—1 Spadz + S prdz + szfdz—i Rplder igpzdz = [n4+ )=
L L L, L, Ly L

Ypasrenue (5.19) mpexacrasasier coGoii 0600IIeHHOe «TIPABWIIO KBAHTOBA-
HHUSAY A CHIBHOTO ciydas. Jlesas gacte (5.19) mpepcrasuser coGoil MoMHELL
Haler asel, cocroAmmil m3 Tpex uacreil: 1) Haber (aser B obmactm A0,
2) maber gaser B obmactu 0:10; 3) maber aswt B obmactu O2B.

Jamra Bonm B 3THX O6NacTAX

Ay ~ (SVUI/BUZ dx)—l B A0; u O;B, hx~(SVU2/ade) - B O

Takoe cuibHOe «CIeIieHHe» KoNe0aHWT XapaKTepPHO IJIA CHIBHOTO CIY-
9ag, U B BTOM cMbicae yeaosue (5.19) Beipaskaer sror Qaxr.

6. 3ameuanua. 1. CormacHo Klaccu@UKAINY, TPOBEREHHOM B 1I. 4, mpu o / f2 < 1 umeem
cialplii ciyuail. Pemenume, mpoBefeHHoe B m. 3, cmpasefiamso mpud /B2 << a. Tarmm
ofpasoM, mias cmaGoro ciydas ocraercs HepaccMOTpeHHOH ob6macts P << o /B2 << 1. Pe-
MeHne, JaHHOe B I. 3, KAK YKa3BIBAJOCH, ABIAETCA 0000INeHNEM H3BECTHOTO pemeHwusd [!]
Ha KBasHKIacCcHMYecKumi ciaydail. MoKHO, OfHAKO, HOCTPOMTH pemenme npum o /B2 << 1,
BRIIOFaONmee B celsd, Kak gacTHeIl caydait o/ p? << f. [as sroro obpatumes K ¢op-
MymaMm (4.6) —(4.9). Pemenus (4.8) sammaiorca mckoMbIMH A o / 2 << 1. IlpaBmia
CIIMBKYU JJII HUX Te jKe, 9T0 ¥ B I. 3, MOCKOJBKY TOUKU BeTBIeHHA (4.9) He JekaT B
obmactu cupasemiauBocTu (4.8). «IIpaBmma kBanToBaHWA» (3.12) ocTalTCA NIPEKHUMIU.

IlpuBemennble pacCyKIeHUsA YHUQUIUPYIOT METOJ, PasBUTHIE B H. 4, 5. Ymcro Tex-
HNYeCKOe OTJIN4Me CBA3aHO C TEM, YTO HOCTPOCHHBIE ACHMITOTHYECKHMe pemeHWs (4.8)
AMEIOT Pas3HyI0 CTPYKTYpy JjuHmii CTOKca B 3aBHCHMOCTH OT TOr0, IONAjal0T WM HET
TOUKHU BeTBieHus (4.9) B 06macTh, Ie cupaBeIuBO pemieHue (4.8).

2. TlpuBeeHHBI acHMITOTHIECKUI MeToj Jerko obofmaerca Ha TOT CIydal, KOTAA
nopegenne Up(z) BOamsm myna U, umeer Bupg U, ~ Uxz™. Ilpm 3ToM ecTecTBEHHO, 4TO
YCIOBUA CINUBKY peNIeHWH MeHSTCH, ofHako ypasHeHma (3.12) m (5.18) ocraiorcsa
npeskanMu. Ciywait m = 2 pgua caaboit ceasm Obwn pacemorper B [7]. Hampmmep, «rpa-
BUTAIMOHHASA Mofay, Haitaenunas B {7], moxygaercsa cpasy w3 BTOporo ycaosua (3.12).

3. Kaxr m3pectno [> 6 !'] mannmure HEOXHOPOMHOCTH B Cpefie MOKET IPHBOAUTEL K TOMY,
9TO OMH THI KoXe0aHMIA B HEKOTOPOH 00OJacTH pOKIaeT HOBHIM vun KoixeGaumit (aderT
«rpancopmanummy BomH). IlogpoOHad ¢uamuecKasg KapTHHA BTOTO HABIEHNA NMEeTCHd
B [°]. Pa3sBuTEHIil BEIIIe METON MOKeT OBITH MPWMEHEeH K 9TOMY ABIeHHI. JpdeKT TpaHc-
dopmamuy yiKe cofepyKHTCA B pemeHumd. Tak, HaIpmMep, B CHIBHOM ciydae (H. 5) Ha-
Iune OCHWUIMPYIOINEero pemeHus @34 B obxactw O;0; OIPUBORUT K IOSABICHWIO OCIIHI-
IUpyOIero pemenus @2 B o0xacte AO MoXHO CKasaTh, 9YTO TOYKAMH, IPUBOAAIIAMA
K TpamcopMammu, SBIAOTCA TOYKE BeTBleHms. Hospdumment tpamcdopmanmu mosy-
gaeTcd KaK OTHOMIeHMe aMILIUTYH ¢; K @3 EcrecTBemno, to B craboM ciayzae spgexr
rpancopMamUMm Majd, TaK KaK <POMKJEHNe» HOBOTO DENIeHHA IIPOMCXOAUT IO MAajoMy
mapamerpy o/ f2. CylmecTBeHHBIM B CHINIBHOM CiIydae ABIAeTCA CHIbHAdA TpaHchopMa-
musa. Koaddumuent tpamcopmamum MokeT OBITH mpum dToM ~ 1.

7. O HeKOTOPBIX 0COGEHHOCTAX HEYCTONYMBOCTH IIA3MBI B TOJE TAYKECTH.
B xauecTBe mpumepa mpuUMeHEHWs WMBI0KEHHOW BHIMIE TEOPUH PACCMOTPHM
0COOGHHOCTH CTAOMAM3AINM TaK HAa3bIBAeMOIl «3KeJOOKOBOIl» HEYCTOIYIHBOCTH
MIa3MBl IIPH yueTe KOHEYHOCTH JapMOPOBCKOTO pajgmyca MOHOB [!2].
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[IuddepennuanpHoe ypaBHEHME i BO3MYIIEHHBIX BEJIMYNH B MHTEPECYIO-
meM Hac cydae mMeeT, Kak uaBectHo [3], Bupx

" G _
by —{t— =g o =0
1 o) cT , no_ n g no

J— A — J—

) dng
1wy =

B= (k,yL)2 ’ t o ' W MEHn Y na ' . 0)1'.2 no ’ dx

3nmecy L — xapakTepHBIi pasMep, g — YCKOpDEHWe CHJbL TSKECTH, Mo —
naoTHOCTE, I' — Temmeparypa, Ho— HampssKeHHOCTh MarHuTHOro mois. Ilpm
3TOM HEYCTOHYUBOCTH cTabmmmsupyercs, ecau G <C 1, a paccMOTpeHUE MOKHO
CYNTATHL KOPPEKTHBIM, KOTfa II0KA3aHO CYN[eCTBOBAHWE (DUHUTHHIX PeIIeHUIl.
Opuaxo, Kak caenyer us (7.1), B Touke, rae r = 1, Koa(pumueHT IPH ¢ TEp-
AT pa3phiB, M He0OXOAMMO 000CHOBATH CYIIECTBOBAHHE (DUHUTHBIX PeImeHHMil.
Bynem mosromMy mcexomuth m3 Gojiee IMIMPOKHMX NPENNOJNOMKEHUI IIPU BBIBOLE
YDPaBHEHUs [Jif BO3MYN[EHHBIX BEJWINH M yYTE€M BO3MYIIEHHE TeMIEpaTy-
psl T, yHOBIETBOPSION(EH B KBABUKIACCUIECKOM NPUOIMIKEHUN ypPaBHEHUIO

g v g (VaV) T) 4ol div Vi = —div g,

3necy Voi, To— COOTBETCTBEHHO HEBO3MYI[eHHEIE CKOPOCTh M TeMIlepary-

Pa WOHOB. JJIEKTPOHBI [JIA MPOCTOTHI OyAeM CYUTATh XOJORHBIMHU. Bridmpas

BoaMmymieHue B Bume @ (x) exp (iyky 4 iwt) m mpoBofs cTaHFApPTHBIE IPOCTHIE

BBIYMCIEHNs, OTanuamniuecs or BoiBopa (7.1) Immp yd4eToM BO3MYIIMEHUs

TEMIIePaTypHl, IOJIYINM B CHCTeMe KOOPAMHAT, I7ie MOHBI IIOKOATCS, YPaBHEHMe
= [ — S e+

3nmecy 7, — TapMOPOBCKUI pajguyc HOHOB.

Paccmorpum pust mpocToThl cirydaii ciaaGoil ¢BsI3M, COOTBETCTBYIOIIUI IBYM
OTMeNBHBIM ypPaBHEHHAM A HaxosmeHusa coGcrBenHbrx wacror (3.12). Ilpm
3TOM BTOpoe m3 ypaBHeHuit (3.12) cooTBeTcTByeT ciydaro OOGBIYHBIX Ker0G-
KOBBIX BO3MYIIEHWI, IpIYeM DPOJb BTOPOM «TOYKHM IIOBOPOTa» HMIpaeT TOUKa,
rge Uy = 0, a QUHUTHEBIE PEINEHVs CYIIECTBYIOT, €CIH BHE IIPOMEKYTKA MEK-
Iy «rtoyramMu moBopotay moteHmuan Ui [ U, mpuBOAUT K 3aTyXaoIMUM pelle-
HuAM., Ecan

10 3 (7.3) momyumm pesymabrar, coorBeTcTByIOmMit (7.1), T. e. cTabunusamuo0
HeycToitauBocTu. PaccMorpum Temeps, K 9eMy IPHUBOXUT BTOPOe ypaBHEHHE

I c00CTBEHHBIX 9acTorT, T. €.
O,

5 VUydz = (n+y)n
(&
HagectBeHHO NIpPaBUABHEI Pe3yibTaT moiayunmM ys:Ke u3 ycaosua Us =~ 0.
Nenmonwssya Us us (7.3) B caydae, worga r = 14 r (rn<< 1), Haiigem, 910

re = *s(kyri)® 2= V4o (kyre) * + (kyr:)G (7.4)
W3 (7.4) Bugum, 9ro ydeT BO3MYIIEHHN TeMIepaTyphl IPUBOJUT K He-

YCTOHIUBOCTH, €CIH |G| > ky2rs (7.5)

u cTa0HIN3anus HeYCTOHYMBOCTH Hamaraer 6ojee yKeCTKUE YCIOBUA Ha JapMo-
POBCKHii pajmyc, 4eM 310 TpeOyercs COriacHo aHanausy ypasHemusa (7.1).
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Paccrosaame Mexpy TOUKaMu «IepeceueHMA» peIleHH B NaHHOM ciaydae
z ~ kyr,L (7.6)
4 TIPOBeleHHOe PacCMOTpeHme CIpaBefunBo, ecim Lri—t(kyr;)’ << 1.

8. llpnaoskenne. BriBeleM ITpaBHiIa CIIMBKA [peIIeHMH s ¢, WpH 00X0ome BOKPYT
TOYeK BeTBJEHUA; /A KOHKPeTHOCTH BO3bMeM TOYKH 4, dp HA Qur. 4. Haumem ¢ jumaum 1,
BEIXOJAINEH 13 TOUKM a;. Ha 5Toll IWHWE pemmenue 3anumeM B BHE

y y
@ () = AulI; exp (i S (w1 (2) — ws (2)) dz) + Bullsexp [— i | (w1(2) — w2 ) dz) +

'!.J Yy
+ Cally exp (i \ (w1 (2) + v () dz) +IDaTl exp [ — i { 01 (@) + @) dz)  8)

rae npepaskcnoHeHTH II; ompepensarorca m3 (4.6). Umeem
npu 00Xofe BOKPYr TOYIKE

I, = II; = exp {—'2In (w; — wy)}, II; = I, = exp {—% In (w; + wy)}.
npu 06Xofie BOKPYT TOYKH ay

H] = Hz = exp {‘——1/2 In (wz— wl)}, H3 = H4 = exp {“—5/2 In (wz + wl)}

U3 (8.1) BuAHO, YTO MOKHO 00XOX OCYMECTBIATH B OTHAENBHOCTH BOKDPYT TOYEK a,
a ap. Ilpm sToM pmua o6Xoma BOKPYT KaJKHOMl TOYKHM BETBIEHUA B OTAEJBHOCTH IOAydYa-
I0TCA Te jKe IIPaBUIA CIIMBKH, 4To I B pabore {'°] (caemyer oTmeTmts, uTo B ['¥] maH Apy-
roii MeToj, OHOBPeMEHHOro 00X0/ja TOUeK IlepeceueHHA PENIeHMIT).
3aMeTuM, 9T0 BOKDPYT TOYKH @) HE3aBHCHMO OCYINECTBIAETCA 00XOA LApHl pelleHUit
opu A, u D,; BOKPYT TOUKHU a; — QHAJIOTWIHO HE3aBHCUMO O0XOJ maphl pemieHmil mpu A
u Cy u mapH pemeHuir npm By m D,. O6osnaunm depes A;, B;, Ci, D; cucremy KosQdumu-
eHTOB pelleHusA BOAU3W JUHUA ¢ HOMEPOM i, BEIXOAAMUX U3 TOUEK a1. ap. Torga pesyibTar
OHOBpeMeHHOr0 006X0/ia BOKPYT a+. Gz [laeT MCKOMEIe (DOPMYJEl CIIUBKE
(8.2)
Ay = A+ iD,, By=B,+iD, Cy=id,+ B+ C—D;,, Dy=D,
A3=A2+i02, Bs:Bz+iCz, Cs: Cz, D3= lA2+iBz—Cg+Dg
AY = A3+ iD3, By =B34 iDs, C/ =id3+4iB3+C3—D3, D, — D,
Ay =—B, B =—4, C =-D, D =-C

IIpr BanmcaHmm mociepHeit cTpokum B (8.2) yYHTHIBaeTCd, UTO pellleHHe YPABHEHH:A
(2.1) momxHO GHITH AHANUTHIECKUM B KOMINIEKCHOH IIOCKOCTH Y.
Aproper OmaromapAar U. B. Xpmnanosuwua, A. A. I'ameesa, B. H. Opaesckoro 3a men-
HEIE [UCKYCCHH.
Iocrynmma 27 V 1964
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