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HAIIPSKEHNA M CMEIEHUSA B YIIPYTO#l TJIOCKOCTH,
OCJIABJIEHHOI JTBOSKOIEPHOTUYECKOII CHCTEMOIX
OIMHAKOBBIX KPYTJIBIX OTBEPCTUIA

J. A, DN Ib M TAHCKNA i

(HoBocnOupcek)

B. T. Roitrep [!] cBes mepBy0 OCHOBHYI 33739y ILIOCKOM TeOpHMM YUDPYTOCTH IJISA
IPOM3BOJbHOM NBOAKONEPHOAMIECKOH pelIeTKM K MHTErpajbHOMY ypaBHEHHIO Dpepros-
Ma BTOPOTO PpOJja. , o

‘B paGore [?] OHJI HaMeUeR OYTh pemieHHA [ABOAKOIEPHOJUYECKOM MIIOCKOH 3amadm
TEOPHH YIPJrOCTH NJIA penleTkH, 00pa30BaHHOM BHEITHOCTHI0 KOHIPYEHTHHX KDYTJIHX
OTBepCTHiA. |

- Hmxe mpmBommrca oOocHOBaHHMe M- JajbHellllee Pa3BHTHe YVHA3aHHOTO IOAXOHA, A&
TaKKe IOCTaBJIeHA W pellleHa 3aJa4a IpUBEeJEeHHUA NBOAKONEPHOMMYECKON PEITETKA K SKBU-
BaJeHTHOM CILJIOIMHOM NJIOCKOCTH.

1. PaccmorpuM pBoskonepuopgumdecKyoo pemeTky. Ilycts _
e _ 0 = 2, 2 = 2le* (1>0, Im wg>0)

/ OCHOBHBIEe mepuonsi, [) — o0JacTh, 3aHATaA TEJIOM

I
N/ AA m A — PpajuyC OTBEpPCTHUA (pur. 1). Ilycte pmanee
_ L 5K

Lpyn — KOHTYpP OTBepCTHA C HEHTPOM B TOUYKe

L

]

-
J". D ¢ npucoefnHeHHOU I'pAHUNEH. -
A ’.'. e' | [lonosxkum I OPOCTOTH, YTO PEMETKA CHUM-
<
— e - - - J

MeTPpUYHA OTHOCHUTEJIBHO OCe r W Y, a CHCTEMa
CHJI Ha KOHTypax OTBEepCTHM OJMHaKOBa, CaMoO-
Qur. 1 ypaBHOBemeHa M 00JlajaeT TOH sKe CHUMMeETpHeH,

YTO M pelmeTka. B caydae mepBoil OCHOBHOI

3aJjayd CHCTeMa CHJI Ha KOHTypaX OTBepCTHi 3ajaHa. B ciaygae BTOpoif 0CHOB-
HOU 3aJauy¥ YCIOBHEM pa3pemEMOCTH ee B KJacce 3a7ad ¢ JBOSKOIePHOJIH-
9eCKUM pachopejelleHMeM HaOpAKeHUN OyaeT KBasHIePHOJIMYHOCTH 3ajaHHHX

\
'tu

Ha KOHTYpax L, cMemernnii. [[a cuMMeTpHu 3a1a9i He06X0QMMO, ITOOK CMe-

Il eHUA Ha KOHType Lo OHIN CAMMETPHUYHHE OTHOCHTEJILHO OCedl 2 H V.
Cormacao [3], yrazarHbsie 3agaum MOKHO CBECTH K Pa3HICKAHUIO JBYX pery-
AapEEX B D ¢yrrouit @O(z) n ¥'(z) u3 cucreMsl rpaEMYHEX YCIOBHI

e® (1) + @ (v) — {10’ (1) + ¥ (1)} &2 = f, + if, (1.1)
B { 1 | . {N — (T | - A 1-ii OCHOBHOM 3apavun
© = — % fl —l— lf2 |- 2G€i9d (2? + i,u)/ds oJA 2-i OGHOBHOﬁ ‘3amavyu

TE L (mp =0, £, £ .., %= —p)/ (1 +p

Q P =mo1 + no:  (myn =0, 41, =+, ..),
| %}!’4 AVA T [ = ULp,— rpauuna obiaacta D u D°— oGxacTs

|



: J. A. Quavwmurcruii l 431

~3mece N m T — mopManpHasg M KacaTeIbHAs COCTaBJIAIONME YCHUIMIHA,
/leMCTBYIOIMUX HA KOHTYpE OTBEPCTHA, U M ¥ — CMeNeRHS BIOIb OcCelt Z u

COOTBETCTBOHHO, G — MOJYJIb CABUraA, W — KO3DPUMHEHT Ilyaccora,® — yroax

MY HOPMAJbl0 K KOHTYDPY OTBEDPCTHA M OChI0 I, S — AYTOBasA KOOp/iH-
HaTa BJOJIb KOHTYpa L.

I'paEngHEIE yeunosusa (1.1) ma cmcreme KOBTYpPOB L, MOKHO CBECTH K OJI-
HOMY (j)yHRuHOHaanomy COOTHOLICHWI0O HA KOHTYpe IIPOM3BOJILHOTO OTBEp-

cTuA, ecau noAumHNTh QyHKnuu D (z) m ¥ (z) ycaoBuaM, BHTeKaNIUM
A3 NePpMOAUYHOCTH 3amadm [2]

D@iz+o)=®((E), O+ ) =0 () (1.2)
¥ (z+ o) =¥ () — 0,0 (2), ¥ (z+ w) =¥ (z2) — 0,0 ()
.. VCJIOBIIH CAHMMETPHH 3aJa4H OIpUBOAAT K COOTHOHICHMAM |
Q(z)=@(z), P(—2)=D(2); Y@=V, ¥Y(—2=V() 1.3)

2. Paccmorpum B obmactu D cnc'remy QyHKNH, 00pa3oBaHHYI0 BCEBO3-
. MOJKHBEIMH IIPOM3BOJHEIMU OT (yHKOHIL

—

¢ (z) = ?.‘F%{(z——mﬁ Pz} (Z)“E 1(z “"2Z£'“_'} (2.1)

z.=x—-{—iy, P-—-mu)l-]—ncog (m,n Oj:l,j:,...)

3mech ¥ (z) — smmmnTmdeckaa ¢yExnma Beitepmrpacca, Q(z) — cme-
OUManlbHasg MepoMopgHas (GyHKOUA. |

Hamei1 3agadeii aBusgerca mocrpoenme peryinsapEHX B D ¢ymrmui D(2)
u Y(z), ynosnerBopalomux ycaosusam (1.2) m (1.3). C sToil mexrio ycTaHo-
BUM HeoOXopumeie cBolicTBa ¢yHKnumi (2.1) m MX DpOM3BONHEIX.

IMeoT MeCTO COOTHOIIEHHUSA |

Q@+ o)=0(+ oy (z2) + 1 , '
Q (z + o) = Q (2) + @9 (2) + 72 (2.2)

JeicTBuTenbHO, mojicTaBuB B paBeHcTBa (2.2) ¢ymrnum (2.1) m B3aAB
saTeM IIpOU3BOAHYI0 OT (2.2), HaxoguM, 49TO QYHKIUH

Gy (2) = Q@ (2 + o) —&,%" (2) — Q' (2) (2.3)
Gy (2) = Q" (2 + @) — 09" (2) — Q7 (2)

PeryJIAPHH B IIOJHOA 2z-miaocKocTw. MMeeM moatoMy

G, (2) = const, G, (z2) = const . (2.4)

IlonomKuM B nepBoM u3 ToxkaecTB (2.4) 2 = — 1/,w;, a BO BTOPOM U3 HHUX

z = —1/0,, yuuTHBag dYeTHOCTh Qymkmum (’ (z) m pasencTBa [4] _
* ¢’ (Vo) = 0, 9’ (Yo0p) = 0 (2.9)

TOTYIAM _ '
G, (z) = 0, G, (z) =0 (2.6)

I/IHTerppr;I (2.6), mpuxogum K pasencTBam (2.2).
Paccmorpum materpan or ¢yaknuu Q (z) mo KOHTYpY napanuenorpamma
¢ Bepmuuamz V.9 (»; + ), 0.9 (0 — o)), — 0.5 (0, + ;) 1 0.5 (0; — ).
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 YumtmBag peryiaApHOCcTh (J(z) B yKasaHHOM IapajjejiorpaMMe #H COOT-
somenusa (2.2), Haxommm

ToW) — T10Wy = 6152 — 0,0, 0, = 2( (1/ 2(01) = 20 (1/ 20a) (2 7)

3mecs  (z) — nzera-pyEKmua Beiiepmrpacca. TaRHM 06pa30M, BEJIMIMHEI
T1 4 Ty MOTYT OHITH OTJIMYHEI OT HYJIA.

I[anbepeﬂunpyﬂ (2.2) weTHHM 00pa3soM, moJaras B ]IOJIY'IGHHBIX paBeH-
¢cTBax z = — Y/,0, m 2 = — /0, U yIuTHIBaA HEYETHOCTHh QyHKmmiA QG (z)
W 4eTHOCTh QyHKmmHA ©® (z) (k = 0,1, ...), OpEXOAUM K paBeHCTBAM

2008 (Y5 0;) = 0,90 (Y, wy), 71 = 2Q (Yy0) — 0% (Y0, (2.8)
20(%) (/5 05) = @y 920 (1/3 w,), Te = 2Q (M5 0g) — 00 (Y5 @y)

OrMermM, 49YTO J[nA NIpPaBHJIbHON TpeyroapHOl (W, = 2, W, = 2ei™3)
I KBajpaTHOH (0, = 2, 0w, = 2i) pemeToK HMeeT MEeCTO PaBeHCTBO

8,8, — 8,8, = O (2.9)
B COBOKyDHOCTH ¢ HM3BECTHHIM -COOTHOIIeHHeM Jlexamnpa [4]
610)2 E— 620)1 — 2313i | (2.10)

paBeHCTBO (2.9) maeT BO3MOMKHOCTH OIpPENEeIWTh B 3aMKHYTOM BHIe KOH-
CTAHTH pemeTK:u 0, 0,, T4 H 7o.

Has moxasarenbcTBa paBeHCTBa (2.9) paccMOTpUM HIPAaBUIBHYI0 TPEYIOJb-
Hy[0 pemeTKy H coBepmmM npeobpasoBarme ¢yHKOui § (2), ¢ (2) 1 Q (2)
OT aprymenra z K ze'™3. B cumy koHrpyeHTHOCTH cmcTeM P = 2m - 2nei™/3
u Pe-i"/3 = 2n + 2me=*3 (m, n =,0, +1, +...) UMeeM COOTHONICHUS

T (zei™8) = e7iBL (z), i (zei™B) =le¥misp (5),  Q (zei™8) = e-¥3Q (z) (2.11)

llomaras B mepBom paBeHcTBe (2.11) 2z = Y/,w, ¥ yunTHBag paBeHCTBA
0, = 20 (Y/yw,) m 8, = 2C (Y,0,), mpuxomgum K coorHomernuio (2.9).
AHaJIOTHIHBIE DACCYKIACHHA CIPABEJIWBH H AJMSA KBAJAPAaTHON pPeINeTKH.

Uz (2.9), (2.10), (2.11) = (2. 7) HAXO/UM BeJIWTMHEL KOHCTAHT IUIA Ipa-
BHJIBHHIX PEIMEeTOK.

a. 1lpaBunpHas TpeyI‘OJILHaH pemeTka; ®, = 2, w, = 2ei"/3

1 1 - |
§; = -1-/—3:55 0, = V3 me—tm/3, 71 = 0, T, = 0 - (2.12)
0. RBagpaTtHaa pemeTka; o, = 2, W, = 21 |
0, =1 270, ' 0y = — 1/2i“a Te = 71 717 0 (2-13),

3. bymem passicKmBaThH q)yHRIJ;Hﬂ D(z) m ¥ (z) B BUe
%2k+2|§(2k) (z)
(2k 1- 1) !

D (Z) = Oy T 2 Qo+ -

k2k+..g,)(2k) z) l2k+2Q(2k+1) (z)
'lIJ‘ (Z) — BO _l— go ng.;.z (2k+ 1)' 2 Kak+2 (Zk—]— 1)! - (3'1)

Im oo = Im 3y, = O (k=0,1,...)
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i — . .

Jlerko mokasaTrh, yumTHBaA TompecTBa (2.2), 4ro coorHomeHmsa (1.2)
IpA 9TOM BHIIOJHAIOTCA.' |
% Jlamee, M3 CHMMETDHH pEIIETKH CJefyeT, 4TO NePUOLHISCKHE CHCTEMEI
P =mwo, + no, 1 P* = m*o, + n*e, (m,n,m*, n* =0,+1, 4,...)
KoarpyenTHH. (CiaemoBaTelIbHO, WMEIOT MECTO PABEHCTBA

' ,@(2?:) (Z, F) — @(2k) (z, P),’ Q(2k+1) (Z, j)) — Q(2k+1) (Z, P) (3.2)
Orcioga

¢ (z) = ¢ (2), Q¥ ()= Q¥ (3) (3.3)

113 pasencts (3.3) HemocpeacTBEHHO ciexyeT, uTo pyHKnum (3.1) ymosier-
BopsawT ycioBuam (1.3). Takmm o0pa3oMm, yCI0OBHA NEePUOJUYHOCTH U CHUM-
- MeTpum BHOoAHeHH. OTMermM eme, 4ro npepcrasienus (3.1) mommo momy-
YNThL HENOCPEeACTBeHHO W3 cooTHomemwmi (1.2) m (1.3). | |
Hanoxum Temeps Ha npexcrasienus (3.1) ycioBue paBeHCTBa HYJIO IJaB-
HOTO BEKTOpa BCeX CHJI, JEHMCTBYIOIMAX Ha Jyry, COEIUHAKINYI [aABe KOH-
ITPYEHTHEIE TOYKH B [D. IT0 yCcIOBHe, KaK JEerKo BUJETh, 9KBUBAJIEHTHO PaBeH-
CTBaM | '
g(z+ o) —g(z)=0, g+ 0)—gkE =0 (3.4)
rae |

EO=0@+0@ +9@, 0@ =\0@d, b =¥ () ds

[TogcrasuB B (3.4) mpencraBxernns (3.1) m yunmrmBas coorHomernma (2.2),
s (2.7 m (2.9), moayumm

oy = Kya,A? -+ K, 3,A%, By = Ko0,A? -+ K B,A2 (3.5)
s _. O _Mn . I _ . _ 4
o = 201 ~ A fe = W1 } 1 Ky = 2R, | A1 O1g — 0316—2_

Paznoxum ¢ysxouz (3.1) B pagst Jlopana B oxpecTHoCTH Hyas

CO OO o0

I | A \2eHE ok+2 "
(I) (Z) — ak+2 (—Z-) "I— 2 a2k+2}\; ¥ 2 rj’kzzj
- > 9.\ 2k+2 o C0
) ok+2 N\ .
¥ ) = Z Baters (7) T 2 Bokra E rjpz? — (3.6)
| k=0 —( j=0 | .
o0 00
k g
o 2 (2k + 2) otroh E S;,£2"
k=0 —
rle . |
b G2 D8 oo It oy
. " (2]') ! (2]12 + 1) ! 223+2k+2 ’ 7 (2]‘) ! (2k + 2) | 22J+2k+2
. r0,0 S—— O,‘ 30’0 — 0
. 4 1. ) T .P . . o
L gi"'——-_ E Tzi ’ pi: 2 LT2i+1q’ T = 5 —1m+nleia (z——-z? 3,)
-m,n - m,n

IIpegmomosxumM, 9To0 mpaBasA 49acTh (YHKOUWOHAJLHOTO cooTHomemusa (1.1)
Ha KOHType L,, momycraer pasio:xkeHume B paAnx Dypnre. B cmnay cummerpun
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F __ —m—__ —

. BaJ{a4M 3TOT PAJ MMeeT BHIL
htifo= 2 Aue™,  ImAdy=0 (3.7)
lHopcraBus pans (3.6) m (3.7) B coorrOmenze (1.1) Ha L oo, IOTYIAM IIOCHA

HEKOTOPHX mpeoOpasoBaHUii GeCKOHEUHYI0 anreGpamdecKyio CHCTeMY Ypas-
HEHNU OTHOCUTEJIbHO Roatbd)mmeHTOB Olyiio

OL23+2 - E a:, kazk_l_z “l— b (] — O: 1) ¢ . -) (3.8)
k=0
r'ne
27 +1 0549k +¢
a; = . 1, kl j+2k+2
_3g245 (20 4-1) g7, A2 (1 + &) KoKs)?
TO,O__-_S—‘A 8121_ 24i+4 +K2+1-—(1+8)K17L2 |
L (2k '["2) pk+1 _(2}‘: + 4) ! gk+2;“2 | ) | (1 —[— 8) Ks?\.z gk+1 1
TO,k o 22k+2 91 (2k + 2)| 22k+4 + {1 — (1 -+ 3) K;A2 EZIHE l
e 2 2k 1 20D 8aBresn™ )y
= (Zk - 1)| (ZL)' 22k+4’t+4
po— _E Ve A0 Ut KA B
i.0 27 U9y (o o) ot T T— (1 +e) Kuld geiva
—l— o g (2] + 20 _I__i)' g’i+1gj+’i+1}"4i+2q G=1,2,...)
o (24 1) (20 22 -
O . ke LT @ +2k 49! gjpysh
i,k k,j (2] _l_ 1)[ (2k _!_ 1)[ 225+2k+2 (2} "l— z)| (Zk _I__ 2)| 22J+2k+4

2 (27 4+ 21 4-1)! (2k —[—- 21 —|- 1)! 5’,+1+1gk+1+1k4"+2

i—0 (2] + 1) (2k __l_ 1)[ (21 ’l“ 1)| (2&)' 22J+2k+4?,+4 +

Bi18x1ah (L+epKin® |
_I_ 223+2k+4 {1- + 1 . (1 _I_ 3) Klkz} (], k —— 1, 2, . o -)
. ,
Sb — A L AOK:;LZ E gk+2h2 +4
; 1—(14¢e)KiA2 92k+4 Ao

eb: = Auiio — (2] + 1)A0x25+2_ 81 Z (2] - 2k -+ 3)! g3+k+27\.2k+23+4 p |

j T £123+2 1— (1 e)K1A2 _22:i+2 o 27)! (2k 4 3)! 92j+2k+4 —2k—2
,[[JIH NOCTOABHHIX .., MONYYMM pPaBOHCTBA (3.9)

- . ' oo g 5, 2k+2
Be = T oz {-— Ao + (1 + &) Kha, + (1 + &) El-";m a2k+2}

‘ o0 . .
I 2 } (2] + 2k + 3)! gj+k+2k23+2k+4 .
° . | _ . 51_0 :O’ 1 y o o .

- llocTpoenme pemeHHS 3aKOHYEHO.
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4. IloxaxeM, 9TO ecim OTBePCTHA B PEINETKe He KacaloTCH M He nepe-
CeKaIOTCA, TO) IPH HEKOTOPHX IPEIHOJIOKEeHTAX OTHOCHTEJLHO HATDPY3KH

¢ npefcraBierua (3.1) ¢ yuerom ypasrenmit (3.8) u (3.9) naror mexomoe peleHue.
‘HMeroT MecTO Jerko BEIBOAMMEIE OIEHKH

' M M | |
" lg,tl<-hc_,,f : Ip,fl<-h2,c-, M>0  (k=23,...) (4.1)

rie M — mexoropoe wmcIoO, M — DOJIOBHHA PaCCTOAHUSA MEXIAY IByMA
ONMKaNMIAMA KOHTPYEHTHHIMA TOYKAMIH.

1ycre xosdpdunmentsr A, B pasmomennm (3.7) YIOBJIETBOPAKIT Hepa-
BeHCTBAM

A +
|z’-113-|<‘~]«h+1 : A>0, hr>0 (4.2)

Ilpm ycaoBum (4.2) cucrema (3.8) mmeer enmHCTBeHHO® OrpaHUYICHHOO
pemenue, mpumieMmM lim oy, = 0 mpm j — oo.

AeiicrBuTensHo, yamrTaBaa (4.1), Jerko mOXYYHTH OMEHKH 1 LA KO-
QUIUEHTOB M CBOGONHBIX YIEHOB cHCTeMH (3.8) (4.3)

o . rolkt Y 1 h+1 Y
il <M 2 + 1) 82,y SMPY+ ()] o< =R <t

B cunry mepmoii u3 omenor (4.3) mBoiinas cymMma 2 |a;y| cXxomurcs, 4TO
HapAAY CO BTOPOM M3 OLNEHOK (4.3) faeT J0CTATOYHOE YCJIOBHE IJIA CYMECTBO-
BAHUA €[AWHCTBEHHOIO OTPAaHMYEHHOI'0 pemleHHs cHcTeMH (3.8).

Ncnonepsys omeHkn (4.3), momyamm wm3 (3.8)

#

: h+1 .
o[ SM{@ + D8+ (525) 1, 0<8<t G=01..) (44

YTBep:KIeHNe JOKa3aHO.

Ilasa Bennm4dun 3,7, AMEIOT MECTO OIleHKI

) ) —9 | 1 h o
Bu | KM —0) 872 ()], 0<8<t (=01,
-- (4.5)

Pacemorpum QYHKINH

x2k+2ga(2k-—1) (z)

¢ (2) = apz — ash2L (2)+ D) Olokss 2k 10T

| | 7\;2k+2@(2k_,1) (z) 0 | K2k+2Q(2k) (Z)
1P (Z) — BOZ T B2A‘2C (Z) Z B2k+2 (2k - 1)| T k§0 Kake+2 (2k - 1)! N |
(4.6)

¢ (2) = \ @ (2) ds, P (2) =\ ¥ (2) dz

Papa (4.6) mpu 0 <C 8 << 7 < 1 cxonaTes B 3aMkHyTOMH o6macTE D° abeo-
JIOTHO ¥ PpPaBHOMEPHO. '

! IIpu yenoBum 0 < A < A, Bupamenme 1 — (1 4- &) K1 A% oTsIM9HO OT HYJIA.
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2 e il - i iieinleny P
1

i

TleiicTBETONBHO, JETKO IOKa3aTh, YTO €CIM Z HaxXoAmrca B daeTm D°,
NOIPY;KeHHOH BHYTPH OCHOBHOI'O MapaJjiejiorpaMMa NepHoj0B, TO COpaBe.-
JABE HEPABEHCTBA

2

m,n

{
(Z . P)k+2

<A (k=1,2,...) ey

7\,’”2

" Orcrona ¢ yaerom (2.1) mmeeM omeHkum B D°

| @®) (z) | M | Q) (z) M
DN | S TG | SR

(k=0,1,...)  (4.8)

C yuerom (4.4), (4.5) m (4.8) moxydum

® %2k+2;@(2k—1) (z) . | A

21 | Ot <4 Z (62" ‘ *)
S|P TR 1)) = T
© }v2k+2l§)(2k—1) (z) x or—o . . 1

o0 l2k+2Q(2k) (Z) ' > ol ] 1.
kgl o T3k 4 1)! ‘< 4 §1 (k6 " fh+1 )

VrBep:xeHme NoKaszaHo. Peryasprocts QyEkmumi @ (z) mw P (z2) B D n
HEeNpPEepHBHOCTh B [)° BHTEKaeT H3 COOTHOIICHUU

¢ (z + o) =@ (2) + C, VY (z + o) =P (3) — 61 © (Z) + a, (4.10)

P+ o) =¢0() +Cs \P(Z—sz)‘w(Z)-— 0@ (2) + a,

KOTOPHIM Y/[OBIETBOPAIOT pAAH (4.6).

Cdopmynmposanntie B . 1 OCHOBHHE 3afa9d HJA IBOAKONEPHONHAIECKON PEHICTKH
MOKHO ORITO GH TOCTAaBHTH B BHAe KpaeBHX 3ajad nusa (yHKmmid ¢ (z) m Y(z). Ilpm stoMm
cncremy (3.8) m dpopmyanr (3.9) MoxxHO ORIO OH IOJMYIATH, OTHPABISAACH OT NIPECTABIICHUN
(4.6). Bce omepammm, npogenanmHHe Han (4.6) mpm moaydemmm (3. 8) n (3.9), 3aKOHHR
B cany abcoxioTHON cxommmocTth (4.6) B 3aMRHyT0H obmactm D°.

TakuM 06pa3oM, ecainm HOCTOAHHHE G, , YAOBIETBOPAIOT cacreMe (3. 8), a IIOCTOSIH-
uste By, HadnenH u3 (3.9), To mpa 0 < A <A1 prAAH (4.6) ompenienAlOT peryaspesie B D
I HenpépuBEEEe B D° dymrumzm ¢(z) m P(z), gamoinue pelieHHe IOCTABJIEHHOM 3amadH.

5. PaccMoTpuM 3ajgady NpHUBeINeHUSA ILBOHRO]IBPHOIIH‘I@CROE ‘PemIeTRE K
SKBUBAJCHTHON CIJIOMHOX IJIOCKOCTH.
[Iycte B pemieTke HeMCTBYIOT CpeIHNE HANPAMKEHHA G)° = Gy, Gy° = G, U

0

Tey = Typ = 0. Oyaruuu O (2) m ¥V (2) umelor mpu sTOM BHA

D, (2) = /4 (61 + 63) + @ (2), Vs (2) = Yo(0p — o) + ¥ (Z) (2.1)

rme @ (z) u ¥ (3) onpeneueﬂm pamamu (3.1).

Jlerko BmaeTh, 9T0 CMeMEeHNA B Kiacce 3aad, OIIpefeasieMoM QYHKIUAMA.
(0.1),— KBasmuepumogudecKue QYHKIUH.

TleficTBUTEIBHO, CMOIEHHA WNMeioT BAN [°]

2G (u + iv) = h, (2) = ng, (2) — 2D, (2) — {ps (z)
P, (Z) — S D, (z) dz. 1PS (Z) = S Y. (Z) dz

5.2)
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ITonomxum
Q = hs (2 + col) —hs (2),. Q=bh(z+ o) —h(z)  (5.3)

IToncraBus B (5.3) pagu (4.6), HaﬁneM ¢ yaeroMm (5.1), (2.2) m (2.8)

£ = 51-12—621——;3 17 Gzzslml '|‘°‘2A2 (11 —%8,) + B 7\'261+

+x — 1) oy, — Boﬁh L . - (5.4)
92 o _g. oz i :_l_ t 2 _2— %1 Mo + a2k2 (’]’2 — %62) + B K262 —I— (%—-1) d.oﬁ)o—Bo(l)g
‘PaccmorpuMm Temeph OpPTOTPONHYI0 CHOIOMHYI0 IIOCKOCTH B YCJIOBHAX

PABHOMEDHOTO DPACTAKEHHA Oy = G5, Oy = Oy, Txy = 0.
3akon I'vka 1A opToTpomHOoil cpeasl mmeer Bmp [°]

o] ne*s,, G, 13, Ty #yp K o J7 gy
Ex = Ef* —EF ' ST BF TR Tay = o E *u,* = E*u, ' (0.9)

3mecy Ey*, E;* — Mofynu yopyrocTd B HANpPaBJIeHNHM I'IABHHX OCeH T H
Y, a u*, n,* — coorsercreyiomme koapdmmumentr Ilyaccoma, G* — momyus

YIOPYTOCTH BTOPOrO POJA.

N3 (5.5) HaxoamM CMemeH’A TOYeK CINIONIHOM IIIOCKOCTH (5.6)
h* (z) .z 1 — o i_—ua*) , E( 1 +wm* 14y
L2G - = U -l— 1l 2‘ (01 El* ) Qo Ez* | ) 61 ""'_—‘“‘——‘El* 62 - E2 )

Orcioga mmeeM |

_ 1 1 — ¥

C Q=R (et o) — B* (2) = Goy (01— + o E) o+
PR 1+ wa* 1 4+ ug®
+ Goy (Gl E* O2 Egl: )

Qo* = h* (z 4+ 0p) — h* (Z):Gﬁ)z(dl 1 —ma* | cri-—-ug*) !

El* E2* J
+ Goy (01— 1 — G ) (5.7)

PaBencrBa (5.7) ycTaHaBIHBAIOT KBAa3WIEPHORWYHOCTH cMemeHUH (5.6).

~ Bsesiem Temeps HmOHATHE SKBMBAIEHTHOCTH CILIOMHOM IIOCKOCTH I TBOSKO-
IIepuouIeCKOr pemeTkr. Boodme mox SKBHBaeHTHOH CINIOIMHOM IIacTHHOM
IIOHAMAIT IJIACTHHY, 3KECTKOCTH KOTOpQU paBHA KECTKOCTH HJIACTUHH C OT-
BepCTHAMU. JTO O3HA4aeT, 9YTO HPH OJHOU M TOH ;Ke HArpysKe CpeqHHe Iepe-
MeIleHNA TAaKUX IJIacTUH OoanHaKoBH. [[JIs paccMaTpuBaeMoro wjiacca 3amgad
CMEMEeHNA — KBasWOmepuogudeckne (PyHKIHUH.

HasoBeM [BOAKOImEpHOAUUECKYI0 PpEmIETKY M CHJONIHYI0 IITOCKOCTH DK-
BUBAJIeHTHHIMA, €CIH OPHU OJWHAKOBOM Harpy:;KeHHU MMEIOT MEeCTO pPaBeHCTBa

———
»

) | 2, = Q% £2, = £2,% . (9.8)

rie Q, m Q, ompepenenn (5.4), a Q,* um 2,* — coorHOmEenmamMn (5.7).
Pasencrsa (5.8) orpakxaoT TO 06GCTOATENBCTBO, YTO CMEIEHAA IPOM3-

BOJBHON TOYKM Z OTHOCHTEIHHO KOHIDYeHTHOH €l TOYKH 2 -}- Mm®; + nw, X

X(m n=0,+1, 4+, ...) B CIIOIIHO® INIOCKOCTA N B [BOAKONEPHONAICCK O

L

pemeTKn paBHBI.
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IlogcraBuBe B (5.8) paBencTna (0.4) = (5.7), momyumm

Al g BTG R G () - BAS,

2 E
| R W1 1 — 1* 1 — g*
‘l'(”"“i)‘%(’)l—Bowl} 2"2—'(51“ E:’t + Ga - E;: —)—F
. O 1+ pa* 1 - po*
2\ EF 02T )
(5.9)
61 -+ o021 — 6zg—61l1 4+ un—. 1
Ty E Ty g o TR e (7, — wby) 4 B, +
‘ \
. — W3 { — w* 1 — po*
"T"(“""'i) 060(02—-[300)2}-"—-:—2—-(61— El*l - O2 5;:2")_'"
® 1 4 pr* 1 ®
G )

Coornomenma (5.9) maoT mommyo CUCTeMY ypaBHEHHH I ompeHeseHUs
TpeX HOSABHCUMBIX OPHBEIEHHEIX YOPyrax napaMerpos E*, E* g B,
1A onpenenenmsa werseproro napamMerpa G* MOKHO COCTABUTH aHAIOrHIHELE
COOTHOIICHUA IpPM CPeJHUX HANPAKEHHAX G; = G, = 0, T;, = T.

CocTaBUM mX AaA ciaygas KBaJApaTHOM pememﬂ.

Homnosxum cuepsa B (5.9) ¢,

=05 = 0. Torga moxysum u3 mepsoro coor-
HomeHUA (9.9)

B /(—pm*) (| 1 . RSS! -
iy = {1 e KB — (8, + 4Ky awl} (5.10)

31ech oy U B, JOIKHEL GHTH B3ATH U3 DEIICHHS COOTBOTCTE
IePUOANIECKOU 3aMa9M HOPU CPEJHHX HANPIKEHHAX Gy == Oy == G, Ty, = 0.
YMHOKasA, Jajiee, IepBOe COOTHONICHHE (9.9) Ba ©,, a BTOpoe coorHO-
HICHHe — HA ©; M BHYHTASI U3 NEPBOTO COOTHOMEHHUA BTOPOE, HAXOLAM G yde-

ToM (2.7) m (2.10)

YIOIen ABOAKO-

*

E E ' 1671 | Sy & .
E B {T 2 (1 4 ) D 52"_’_3} (5.11)
2 1 01002 — W10y 0102 — W02
B ¢opmyae (5.11) Beamamna Oy TA K€, 9TO I B dopMyJe (5.10); ,
llycrs Tenmeps cpemume Bampsxedins B PemieTKe 6y = — G, = G, Ty = 0.
HaxoguM U3 mepBoro CoOTHONICHNS (5.9)

Er* /(1 + pe*) . Aoy -1
Erarp — |+ Kb — 2 6, 4 k] (5.12)
3[leCh BeJIMIUHH Oy U B, JOJKHK OHITE ONipe/ieJIeHHI M3 PemeHHs IBOSKO-
epUOUIEeCKON 3aJaYU €O CPEJHUMH HANPSKEHUAMM 6y = — Gy = G, Ty,=0. "

HoM0urmpys BTopoe m mepBoe coorHOmemms (0.9), moxyamm

. dopmyny,
9KBUBaJieHTHYI0 (5.11).

Paccmorpum HanGonee mHTepecHE JUIT TPaKTHKU CcIaydald, Korga pe-
MeTKa NpaBUIbHAA. B srom caywae, mpm pemenmn
33/l CO CPeJHNMI HANPMKEOHUAME G; = G, = G, Ty,
BeJqW4INHA (3, OTIWYHA OT HYyJIA.

ABOAKONEPHOIUIECKOM
= 0 Beamuuna o, = 0,
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i - S ials— T

A — N e i — e e e

T .

CaepoBarenbno, m3 paserctsa (5.11) Oynmer

E* = E* — E* . (5.13)

* Hlamee, m3 pasemcts (3.5) maxommm
‘ I . i ! . 01 L T '
. q Ky = 8sina 4 (“—‘“3"’ "2‘) (0.14)

lloncrasus zmawenmwe K, ua (5.14) B cooTHOmeHuA (0.10) = (5.12) =

Yy9TA TOT (AaKT, 9TO IPU peNIeHHHA 3a0a9d CO CPeTHIMU HaNPAKCHUAMHA

Op = — Gy = G, Tjp = 0 Beawmuwmma B, = 0, a BegumumHa oy == 0, moayumm:
a. Pemerxa mpaBunbHAas TpeyroanHaf: 0, = 2, 0, = 2ein/3

ﬁ*_'(i_p*)z T B2 L E*I(i‘f"l‘**)—___ﬂ __ 2w agh? Tt
fld=w [H_ Vﬁ'i'—'u] ’ B[+ | V’3‘1+u]

0. Pemerka xBajgpatmHas; o, = 2, W, = 21

(5.15) -

v

Ctzkz

-1
1 — H] (5.16)

l'ak xax DpaBmabmag TpeyrombpHas PeIleTKa HM30TPONHA B CMEICJIE IIPH-

BO/ICHHEIX yIIPYIUX OapaMerpoB, To ¢opMyas (5.15) momEOCTHIO o peaeason
yopyrue XapaKTepUCTHMKH SKBUBAJEHTHON CHJIOMEOIL IJIOCKOCTH.
Has wBagparHO#l pemeTkm He00X0iIMO ONIpeneuTh Beanmumay G*. Pac-
CMOTPEM JJIA 3TOI'0 /IBOAKOIEPHOAUIECKYIO PEMeTKY CO CpeflHEMH Hamps-
« HWOHHAMHA 6; = G, = 0, 1,, = 1.

IIpomsBens moBopor cmctemMm kKoopmmmaT Ha yroa 40° NpOTHB CTpeJKH

9aCOB, INPHUBEJIEM 3aa9y K CHMMETPHYHOMH CO CPeJHUMH HaUPAKEHUAMA B HO-
« BOHU cHCTeMe KoopaumHAT Z'0y’: 6,.° = — Oyr” = T, Ty = 0.

llocrynas Tak ke, Kak W IpE. BHBOME COOTHOMEHN (0.9), moxyuamm

-B‘* ’(1___!]'*)-— £ BZKZ -1 _l_?* (1 _'__ M*) o
El(1—p) —[1+21—u] ’ (14 p) “[

R I""'r | . | 7 E
W) 1 lpA? (11" — ®0;') — Oy (61 T T1) = ; L

— ."_r ’ | n ! b 0y’
0d" o (1 — wdy') — o? By + 1) = o O

A 0, = 2e'™4 penmieTKM B cHCTeMe KoopauwHAT z’oy’.
llpy momomu merxo BHIBOIEMEX PaBeHCTB

0y = 8,8, 8, = O,e'7/4, T1 = 7,65, T2 = T.e34  (5.18)

HaxoguM m3 (5.17)

o _ _ o = [1 n iaflf";]'l (5.19)

YcioBmeM coMecTHOCTE paBeHCTB (5.17) GyIeT COOTHOMEHME (2.9), xo-

TOpOe IA NpPaBUIBHEIX PENIETOK BEIIOAHAETCSH.
. |

lipmBonuM pesynbTaTl BHYWCIeHHS HaNpAKeHA G, (4) m G,

TOUKaXx A u B. [l1a mpoBepKM BHIOOIHEHHA I'DPAHHYHEIX
UCHAA HaupsKeHnA ¢.(B) B Touke B.

(B) B xapakTepmbIk
yCJIOBUH OpUBOJUM TAKKe 3ga-
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i eniinkieualni. A=

1. Pemerka mnpaBHIbHAfA TpeyroJbHad, ml 2, co2 = 2¢'™/8; kpoMmrm oTBepcTHIA

CB06011HH OT CHJI:
| a. Cpegane mampsyxenua o, = 1, g, =1, 13 =0

A = 0.2 0.4 0.6 0.8 - 0.9
Gg (A) = 1.10 1.45 2.27 4.70 9.66
cg (B) = 2.07 2.39 3.09 - 2.70 10.70
s, (B) = 0.0000 0.0000 0.0000 0.0004 - 0.0087
- 6. Cpepane HampsmeHna C, = 1, cri =0, T3 =20
A= 0.2 0.4 0.6 0.8 0.9
6y (A) =103 - 123  2.00 4.72 9.20
6y (B) = 3.09 3.31 3.62 0.09 10.70 . -
6. (B) = 0.0000 —0.0000 0.0018 — 0.008 0.060

2. PemeTka NpaBuiBHAA TpPeyroJhHAfA, B OTBEPCTAA BIAAHH JKECTKAE NIAWGH:
a. Cpegame Hanmpsxenumsa o, = 1, g, =1, T3, =0 -
A= 0.2 0.4 0.6 0.8 0.9

G, (4) = 1.01 1.04 1.10 - 1.20 1.47
s, (B) = 1.51 1.43 1.32 1.27 1.95
6g (A4) = 0.95 0.81 0.61 0.38 0.26
69 (B) = 0.45 0.43 0.40 0.38 0.26
6. Cpengrue HaOpsuKeEMA 03 = 1, 0, = 0, Tj =0
A= 0.2 0.4 06 0.8 , 0.9

r(4) = 1.06 1.23 1.43 1.64 1.90
or (B) = 1.49 1.44 1.44 1.59 1.90
g (4) =—0.03 —0.09 —0.08 0.12 0.32
cg (B) = 0.44 0.43 0.43 . 0.46 0.46

3. PemeTka XBampaTHasi; w; = 2, @Ws — 21i; KPOMKHM OTBEpCTUHA CBOODOAHEL OT CHII
~a. Cpegane HaupmXeHua o, =1, 0,=1, T, =0

A= 0.2 0.4 06 - 0.8 0.9
6o (4) = 1.10 1.46 2.25 4.65 9.58
Gp (B) = 2.07 2.36 3.9 . 5.75 10.63
. (B) = 0.0000. 0.0000  0.0000 —0.0050  —0.0289

6. CpenHue HaOpsyKeHHA Oy = 1, 0, =0, Ty =

A = 0.2 0.4 0.6 0.8 0.9
Gy (A) = 1.15 1.34 2.10 4.63 9.51
6o (B) = 3.00 3.11 3.61 5.78 110.60
s, (B) = 0.0000 . —0.0002 —0.0009  —0.0017 —0.0060

4. Pemerka KBagpaTHas, B OTBEPCTHUA BIAAHE RECTKHME IMAUOR:
a. Cpennne Haupssxenus o; = 1, 0, =1, T, = 0

= (.2 0.4 0.6 0.8 0.9}
G, (4) = 1.02 1.08 1.18 1.44 1.86
s, (B) = 1.51 1.45 1.39 1.48 1.83
Gy (A) = 0.95 - 0.80 0.58 0.35 0.41
Sy (B) = 0.45 0.44 0.42 0.45 0.56

6. Cpepmme wmaumpsuxemua o, = 1, o, =0, 1:12 = ()
A= 0.2 0.4 0.6 0.8 0.9

6, (4) = 1.07 1.25 1.48 1.74 2.12
6, (B) = 1.50 - 1.50 1.52 1.71 2.08
6y (4) = 0.02 —0.04 0.00 0.20 0.43

6, (B) = 0.45 1 0.45 0.46 0.51 . 0.65
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Ucoonrsys penieHMA NPUBEACHHHX BHINE 3a7aY, MOMKHO ONpe[elNuTh IpHBeIeHHEIO
yupyrae IapaMeTpPH IPaBHJIBHHX PEIIeTOK.
. Hpusnie Benmmume E* /E m p* [ pus npanmn.nou TPeyTONbHOM pemeTKH, KOrAa
KPOMKH OTBepcTH# CBOOONHEI OT CHJ, AaHHW Ha ¢ur. 2,
Jast ciydasg, XKorfa B OTBEPCTHA BIafA-
HEl JKeCTKHe INai0H, W3MeHeHHme COOTBETCT-
 BYIOOIZX BeJIWMYWH JaHO Ha ¢Hr. 4
Kpusue Benmaun E* [ E, p* /p,n G* /| G
NI KBAJpPATHOM pemieTKH B CJydae, KOrjaa
OTBEpPCTHA CBOOOJHE! OT CMJ, JaHH Ha ¢ur.3.

- @ur. 4 | Dnr.

UsMeHeHNe 3THX Ko BeJMIHH JJA CIydasd, KOTNAa B OTBeDCTHA BIAAHH jKeCTKHe INai-
OHl, OpeACTaBJIeRO HA ¢mr, 5, ‘ ' '

B saxmiovenne aBTOp mparocHT Onaromapmocts JI. M. Hypnmny 3a IIOJe3HEIe COCyxK-
IeHAA M PAJ OEeHHHX COBETOB.
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