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ITpmnoxerume A.
Ilpapuna BugucieRns GeHHEMAaHOBCKEX MHTETPAJIOB.

TlocnenoraTensHEI BhBox upasun PeiiEMaHa 178 Teopwil CO CHOHTAH-
HHIM HapyHIeHAeM KanuOpOBOYHHIX CAMMETPHHE MOXHO Ha#TH B ydeOREKaX
(cM., manpumep, Mnmkcon, 306ep; Pamon; Cnasros, Pannees [4]). B stom
TPHIOXEHUH ML IPABOAYM JIHAIOb CBOAKY Pe3yTIhTATOB C XDATKAMY KOMMeEH-
TapUAMHA.

KanuGpoBka 1 HponaraTopsl.

KpanTosamme xamu6poBoussrx mozeli (8 MCM - sto W, Z, m A,) Tpeby-
eT ¢mkcanmmu xaambpoBku. Hambonee wacTo memonsiyeTcs Tak Ha3kiBaeMad
R; xammaGposka, koTOpas OTBedaeT HOGABICHUIO XK KIIACCHIECKOMY JIarpDaH-
XWaHy HOBBIX WieHoB 8 Lgp:

~_ 1 2 Ligg 02
6‘CGF - 2EA (BFAI-‘) ZEZ (8!12# mZ{ZG ) -
1 | (A1)
—E;(B#Wj - szEWG““)(a,,WP‘ + imwéwG™) ,

roe G*,G% u H - xoMiorenTsI X#rIecoBckoro nybiera & B napaMeTprsamim

_ ‘ G*(z) .
®= ( i+ Hiz) +iG(2)) ) (A4.2)

B namnbHeiieM MEL HCIIOMb3yeM TONBKO YaCTHEN CTy9ait Ry xanubpoBKH,
2 MMEHHO,

Ea=&w=¢& =¢
IMocne ¢uxcanamm xanm6pOBKHM MOXHO ompemesuTs upomararopsr DY (p),
DZ,(p) m DA,(p) monett W, Z, n Ay

D¥(p) = — i L —(1— Dulv =
w(P) p? —m¥y +ic {gﬂ ( Opz —my€ +ic
(A3)
i PuPv 1
= (g}w _ p/LPV) . ’

P2 —mi +ie miy méy p? — my€ +ic
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Dip)m et Lo )PP | _
A0) = s (o~ - O 2
(A4)
—_ i (g _ Puby __iPpPu 1

pt—-mi+ice " m} m% p? — m%€ +ic ’
DA(p) = -t fo _ (1) PePr_ _
uu(.p) p2+26{g” (1 E)p2+i€} 4 (A' 5)

Caygait ¢ = 1 orBewaer xaumbpoeke Peitmmara - T'Xoodra, £ = 0 -
xambposxke Jlarnay, £ — co — kammbpoeke [Ipoxa.

Kaxk caenyer u3 (A.3) 2 (A.4), DpomaraTops MACCHBHEIX BeKTOPHBIX NOeH
NPeACTaBIAIOTCE B BUAE CyMMH Ipolararopa B Kammbposke [Ipoxa, omack-
BalONIET0 PACHpOCTpPaHeHwme GUIMIECKUX CTEleHEH CBOGONE! BEKTODHOH Ta-
CTHIH, ¥ CKaJIEPHOIO IPONAraTopa C MOMIOCOM, 3aBHCAIIEM OT Kaymbposxm,
KOTODEI OTBEYALT PacHpOCTPaHEHMIO Hem3mIeCKHX cTemeHei cBobonul. B
pe3yIbTaTe QUarpaMMEL ¢ BEPTYanbasiME W, Z GosonaMu comepxat Hedu-
3E9eCKEe TOPOTOBHE 0COOeHHOCTH, NOJIOKEeHNe KOTOPEIX 3ABUCHAT OT Kajll-
6poBouHOro mapaMeTpa §. YacTEwHO 3TH Hepuimdeckne 0COOEHHOCTH COKPa-
maioTcs Hocie HobaBiieHus COOTBETCTBYIOMEX ARACPAMM € BAPTYAIBHBIME
TOJLICTOYHOBCKAMH $030HAME, BOSHAKAIOIIAME X3 XArrcosa Xybiera ® (A.2),
G*,G. TipomaraTopsl rONICTOYHOBCKAX GO30HOB MMEIOT BH:

i

Der(p) = 5 rriic

Wt +ic (A.6)

Des(p) = o5 (A7)

—m%€ +ic

TlostOE BOCCTaHOBNIEHWE YHUTAPHOCTH {CoKpalleHwe HeU3HICCKHX OCO-
GeHHOCTel) ¥ KaMGpPOBOYHOM BHBAPHAHTHOCTH (BHINOTHEHNE TOXAECTB Y Op-
Ia) HOCTETaeTcs HpH ydeTe nmarpaMM ¢ Ayxamm Dapnneesa m Ilomosa 7,
77 m 7, KoTOpHe B3aMMONEHCTBYIOT TONBKO ¢ KaaHGDOBOTHRIME LIOJAMI
H IOJIACTOYHOBCKHMM HOJISMH, KOTOPHM He OTBEYAOT HEKakwe (JUIMdecKme
CcTeneHr CBOOOIN.

IIponararopsr oyXxoB MMeOT BEA

i.
D’?+(P)=p2_

FomhE i (42



1
pt—miE +ice
1
D, a(p) = -
w(P) =
Iyxm nomumasioTcs crarucTake GepMu, ¥ B TyXoBBIX HETIAX HYXKHO OACATH
RODONHEUTENbHEL! 3HaK (-1), Kak # B (epMEOHHEIX IeTIIX.
IIpomaraTopst ApyTHEX mONeR EMEIOT BHL

Dyz(p) = ; | (A.9)

(A.10)

1

(A.11)

mis mois xurrca: Dpg(p) = R

i
}3 —my+ 1€
YTobH omMcarh MHEOIOYECICHHLIE TPEXJACTHIHEE BEPIIMHE!, yXOOHO yHI-
dunuposaTs 06o3HaveHNd. 3adUKCAPYeM HABCETNa MMILYBCH, KAK HOKA3aHO0
Ha pucyHke Al, u 6yneM 0603Ha9aTh BePIIAHY HaG0pOM IOJNe B ClleyIomMeM
mopsnke (A, B, C). Torga npasmuna Qeltamaga I TPEXIACTAIHEIX BepIIAHE
3aIANIYTCS B CIeTYIONMeM BHle:

nns pepmmonnmx mome : Dy(p) = (A.12)

B3anmoneiicrsne KaJauGpOBOIHEIX noJeil ¢ pepMmoramm.

(fAyf) —ile'Yu y

(fZ.f) —iflgv v + gavums]
(A.13)
WD) =i+ )

(UW.D) —i;%Vour(l+1s) ,

rne &y — 3apsan depmuona f, T_{ - Tperbs KommorenTa SU(2)w mas dep-
MuOHA f, g4 = 2T3f , gy = 2T3f — 4@y sind; U u D obosmagaioT moboit m3
KBapkoB ¢ T = % gl = —%, COOTBETCTBEHHO, B Vpy — 37IeMeHT MaTpHIH

Ko6asmnr-Mackasml.
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BianmogeiicTBre CKaANSPHLIX NOJER ¢ GepMHEOHAMA.

(FHf)  —gmy

2mw

(fG°f) —4zr{ ,

" (A.14)
(UG™D) —35m=l(mp — my) +v5(mp + my)] ,
(DG*U) —3i5:L{(mp — my) — y5(mp + my)] .
Tpex6Go30HERIC B3aUMOAEHCTBRL,
Tpu KamubpoBodIHEIX 6030HA:
(WJTAVW;) ie["' + Q)Aguu - (9-+P)u9Ay + (P - r);lgw\l K]
(A.15)
(WFZW]) igcosblr +g)aguw ~ (a4 p)ugau + (2 ~ 7)ugui]
IlBa Kam6pOBOTHKX 6osoHa, G wm H: -
(WiG-A) iemwg,. ,
(WiG~2,) —igmg sin? 6g,, ,
(A.16)

(W:HW:’) gMwam

ol
(ZpHZu) zy‘"ff,'gyu )
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Onzr xamabpoBognnti 6o3on, asa G waa GH:

(G+Aﬂg+) —te(p+ @)y

(G*Z2,GY)
(G'W}G)
(HW}G)
(GYW,GY)
(G*W,; H)

(HZ,0")

—~3ig(p+ Dy

cos20(P+q)lu ,

2cosf

39+ Q) »

(A.17)

-39+ »
~liglp+a)u ,

L+, ;

BsauMmoneiicTBrE XATTCOB ¢ TOIACTOYHAMEA B MeXKIy CoGOI:

(GYHG*)
(G-HG)
(G°HG)

(HHH)

. m2
fork

mw

w
3
€

(A.18)

!
[
)
3
X

_% mi
2gmw )

BsauMozneiicTBHe AyX0B ¢ KaMuOPOBOYHEIMA ITOIIMHU:

(n* Aun™)
(™ Aun”)
(™~ Win")
(W)
(Win")

(Won)

—ieq, ,
+ieq, ,
—ieqy , Alo
ieq, , (A19)

1eq, ,

—1eq, ;
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BsamMoneiicTBHE TYXOB C XATTCOM KA TOIACTOYHAMM:

(7 Hyp™) —396mw ,

(7 G%~) —39émw ,

(*G'n%)  +59émw

("G*y*) —iefmw , 20
(7"G*n*) —s9Femw

(1=G*n?%) %yfmz .

YeTnpexG030HEEIE B3aMMONEHCTBEA.

Ins onucaEng ueTHpex6030HHEIX BepmIme MuL BBeeM o6ospmavenme (A B
C D), cm. pue. A2.

B sTux 0603mAUCHNEAX B3AMMONEHCTBAS YeTEIPEX BEKTOPHEIX 6030HOB mMe-
10T BHEN: o

(WAFW;W;W;) z.92[29'\!/!];:;9 - gpvg/\p - guhgup] ’

(Wf W; AVAp) _i62[29upguA — Gup9vr — guugkp] y
(A.?l)

(Wf Wp_ 2,Z,) —ig® cos? 012915953 ~ Gupgur = Guww9rp] »

(WYW;Ava) —1eg cos Blzgup!];u\ — GupGvr — gyugAp] .

BiammoneitcTeme neyx BexTopHENX Go3oHoB ¢ HH, GG mwm HG:

- ]
(W:Wv HH) 5929/.41/ »

2

- 0
(W: W, G'%G%) 5

990

WiW;G7GY) oo .



(A, A,G~G™)

Z,Z,HH
Z,2,G°G°
2,Z,G"G*
AWIGHH

AWIGH

AWFGTG
AW, GG
A,Z,G~G*
ZW} G H
zZW;G H
ZW}IGHG®

Z,W,;G~G°

21'629;“, .

2

1
igg sec? g,

1,

igg sec’ 0qu

L,

i§g sec? # cos® 209, »

1
ziegg,_w s

1
"iegguu )

“Eegg;w y

1 .

Eegylw >

iegsec cos20g,, ',
1

1%92 sec 0(5 cos 26 — l)g/w )

1 1
i—g2 sec (= cos 26 — Do »
9 2
1 1
—§g2 sec@(i c0s20 — gu »

1 1
592 sec €<§ cos 268 — l)gpv .

Baanmoneticrsus GGGG, HHHH unn GGHH:

(A.22)
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(G*GG=G*) ~jgmy/m}

(G*G~G°G°)  —ig*miy/m} ,

(G*G"HH) —ig*m¥y/m% ,
(A.23)
(HHHH)  —ilg'my/m} ,

(G°G°GGY)  —idg*mly/m% |
(G°G°HH)  —ig'm%/m% .

Perynapusanus ¢peHMABROBCKAX UHTErPAJIOB.

WETerpass, oTBegaloNEe AMArpaMMaM € HeTIIMHA, GOPMATLHO PACXONIT-
ca B TpeGyoT perynspumianmu. CilelyeT OTMETATH, ITO HOCTENOBATEIbEON
Peryn4pm3anmy 3JIeKTPocaaboll TeopHm BO BCeX MeTIEX 0 CHX LOp HE Cy-
1IeCTByeT. B HECKOIBKHMX MEPBHIX TETIAX MOXHO WCHO/IB30BATEH Pa3sMEpPHYO
PEeryISpU3aIpNo, KOTOpas OTBedaeT mepexony K [-MepHOMy mpOCTpPaHCTBY-
BpEMEHH, B KOTOPOM DACXomNAuMCA AHTErpaJaM NpANWChLIBACTCA CeayIomiee
KOHe€9HOEe BEIDAXXEHHE!:

f d®p () _ s T2+ s){a—2—5) "
PG T TR T
b (_r%L)D_?:”;‘_‘_ , (A.24)

rie 4 - HapaMeTp Pa3sMePHOCTH MACCHl, BBOMMMEIR g COXPAHEHHS pa3Mep-
HOCTU HCXOIHOI0 MHTErpasia.

OTa GpopMyna copasegIuBa B 061aCTA CXOMAMOCTH HETerpasa. B o6nacta
pacxogEMocTH GopMasibHoe Bripaxenne (A.24) noHnMaeTca Kak aHAIATHIe-
ckoe TponoinkeHre. QIeBEAHO, ITO B 06NACTH CXOMAMOCTH WHTErPaJl AOIyc-
KaeT COBHT IIepeMeHROM MHTerpupoBanna. [losToMy B (A.24) MOXHO CHemaTs
CABHI' IEPEMERHON p — p + ¢ Takxe ¥ g mo6ux D. O1o ob6cTogTenscTBo
ABIILETCA PEINAIEM IPH J0Ka3aTeIhCTEE KATUGPOBOIHON HABAPHAHTHOCTH
Pa3MepHOX peryIspH3alny.

B6mmsm D = 4 mATerpanst (A.24) comepxaT HOMOCHOHR WieH

) 2

m
A—m-{-lﬂ‘iﬂ'—’y—]ﬂ-’ﬁ- s (A25)
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roe v = 0.577... — mocrosaEag Ditnepa. BkmoueAne KOHCTARTHEIX YIE€HOB B
(A.25) ecTh HekoTOpas yCIOBHOCTH U 3aBHACHUT OT COTJIAINEHWS.

Amnre6pa y-maTprn B D-MepHOM mpOCTpaHCTBe ONpelielseTcsd COOTHOIIe-
HASMYT

TuYo + NV = 29 X 1, (A.26)
Gup = D ) - (A27)
VYo Yu = (2= D)n (A.28)

rie I — enmHmaHas MaTpHIA.

YTo kacaeTCd pasMepPHOCTH CIOAHOPOB, TO IPH OpONOIXKeHN: B [D)-MepHOe
TIPOCTPAECTBO MOXKHO OMATH HOCTYNAaTh pPasHRME cmocobamum. OnHa B3 BO3-
MOJKHOCTEHd — HPHHATD, YTO Y MATPHANH eCTh 4 X 4 MATDHIEI, TaK ITO

Spl =14 . (A.29)

Tpymaoctu ¢ D-MepHO# perynfpu3anueil BO3HUKAIOT, KOTIa HAKO OIpene-
ABTb, ITO TaKOoe abCOIIOTHO aHTACHMMETDPHUIHSIA TeH30D X (MiIH) Y5 MAaTPH-
ta. [l BHYncHeHnit B HeCKOILKAX [IEPBHIX HeTiLX (OopMaILHOE OpeneieEne

"
YVsYu+ 1 =0, (A.30)

%=1 (A.31)

He OPUBOSUT K IPOTHBOPEIULM.

Taxum 00pa3oM, aMOIRTYOH GU3AIeCKHX IPOIECCOB, OYNydH BRIPAaXKEH-
HBIMEZ B TepMHUHAX FOJIBIX 33PANOB U MOJIBIX MACC, COOEPKAT IOIMIOCHEIE IIeHE
~1/(D —4).

Ecnm mckmodnTs ToNble BeWMYWHEI ¥ BHIPAXaTh ONHE (QHU3MIEcKrme Ha-
6monaeMele Jepe3 Ipyrue dm3ndeckne HabIIOTaeMble, TO BCe IOMIOCHEIE Clla-
raeMele coxpaimmaiorcs. OblOee CBOECTBO NEPEHOPMADYEMOCTH TapaHTHApYeT
Takoe cokpaluerme. (B paboTe [42| MBI mpoBepHIm 3TO COKpallleHHE HELO-
cpencrsenHo.) Takasd mpouenypa DepeHOPMEPOBOK HCIONIB3YeTCS M B 3TOM
ob3ope.

YTo6H m36eXaTh PACXOOMMOCTEH B IPOMEXY TOIHBIX BEIPAKEHAIX MOXKHO
YCIOBHTHCS BRIUMTATH M3 KAXTOro (pelHEMaHOBCKOrO WHTerpatla IOJIIOCHEBIe
anen: ~ 1/(4 — D), DOCKOIBKY B OKOHYATEIHHEX BHPaXKeHHIX OHA BCE PaB-
HO JOJIXHbI B3aMMHO COKPATHTHECH. B 3aBECEMOCTH OT TOro, Kakme KOHCTAHT-
HEle WIeHH (HapgIy ¢ DOJIOCHEIMM) BEITHTAIOTCA U3 OEATDAMM, BOSHAKAIOT




10
pa3mUHEIe CXeMHI BREIYATAH@WA: MS cXeMa OTBeUaeT BEIYETAHWIO yHHUBED-
CAITbHOW KOoMOWHAII

4~——D__7+1n47r .
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ITpmnoxenue B.
CooTHomenne Mexnay @ u «(0).

Haqmem co cremymomero sHaMEHAKTOrO COOTHOMICHHUS, HMEOIIEr0 MECTO B
KBaHTOBOH 3jIeKTponuHamuke [82]:
a(¢”) = 20 :
14+ Z,(¢%)/¢* — 24(0)

(B.1)

3peck mocTOSHEAS TOHKOM CTPYKTYPH @ = a(0) IBIgeTCH QI3MTECKOit Be-
mramHoi. OHa MoXeT GHITH W3MepeHa Kak BEIYeT NPH KYJIOHOBCKOM TOIIOCE
1/ ¢’ B aMIZIETylle paccesHNs 3apsXeHHEIX JacTum. UTo kacaercs Gerymei
"koHCTaETH’ cBg3m o(g?), TO OHA W3MepeHA 1O DACCENHMIO GaCTHUI C Mac-
caM® M OpH MaJIBIX HDepeladax IMITyIbca: m > \/W . B crammapTHO# MoO-
nemn wMeetcs Z-6030m, m mpu ¢° # 0 OIHO3HAYHO BHIIENATE BKJIAL GOTOHA
HeB0o3MOXHO. I103ToMy ompenenenme Gerymiei KOHCTaHTH a(g?) CTaROBETCS
3aBACAIIMM OT KOHBEHIIH B OT JeTajledl BRIIMCIIeHM.

Ilpm ¢° = m% Bkman W-6030H08 B & = a(m?%) HeBesIHK, TIO3TOMY YIOGHO
nonb3osaThed NpEEATHIM B KO onpenenenmem:

__a
Y1 6a (B.2)
rue
ba = —I1,(m%) + Z,(0) ,
1
IL,(m%) = -—5,(m%) . (B.3)
4

OrnBoneTiieBoe BEIpaXkeHAe 14 COOCTBeHEOA SHeprud POTOHA MOXKeT ORITH
OpeNCTaBlieHO B clexyoleM sane [71]:

,(s) = (a/37r)zf:NCfQ}[sAf+(s+2m})F(5,mf,mf)_g]_

— (a/4n)[3sAw + (35 + 4m%)) F (s, mw, mw)] , (B.4)

rie s = ¢°, maAdekc f o3mavaeT (GEPMHOHEI, CymMMa Yj HAET To (hisitBopamM
MenTOoHOB 7 KBapkoB, N/ — amcro msetos. Brian dpepmmonon B £, (g?) me 3a-
BECHT ot Kanubposkn. Ilocienanit aner B (B.4) orHOCHTCS K Ka1mOpoBoIHO-
3aBEcmMoMy BEaany W -Gosonos; B ypasHenum (B.4) mcmoneizoBanachk KaJiu-
6poBka T XodTa-PeitaMana.
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CuEryngpHRii 9ieH A; paBen:

i m?
A,-:-E-—-fy+ln47r—lny2 , (B.5)
rae 2¢ = 4 — D (D - mepeMeHHAS Pa3MepHOCTH OTPOCTPAHCTBa-BpeMeRH, € — 0),
7 = —-I¥(1) = 0.577... - mocrogrras Dfinepa, p - NPOM3BONbHEL NapameTp. Kak

1/€, Tax ¥ p WCYE3aIOT B COOTHOIMEHHIAX MeXAY HabmiomaeMEIMA.

Pyrxnms F(s,m;,my) papHa BKiany B COGCTBEHHYIO 3HEPIHIO CKaIApHOK
9acTHUORL IpA q2 = § 3a Cc9eT NeTJIH C IBYMA CKalIdpHLIMEA JacTHIAMHA (C Mac-
CaMH| M; ¥ M) U C KOHCTAHTOl CBI3M, PABHOR eqMHMIE:

F(s ml,mz) = ——1+ :2] :’n_l_;._
2
2 _ — 2 — 2 2 _
- /d:tlog s —x(s r:: my) +my - i€ (B.6)
3 1M

®ynxnus F' HOpMHEpOBaHa Tak, 9To HpH ¢° = () obpamiaeTcd B HOMb, ITO OTBE-
9aeT BEIIATAHUIO COGCTBEHHON SHEprUE IpH ¢° = 0.

F(0,my,me) =0., (B.7)
Ipa my = my = m HMeeT MeCTO CieTyoIaT POPMyTIa:

F( ) = F(r) 2|1 - Va7 —Tarcsin z=| , 47>1,
s,mym)= F(r) =
21— VI—drim ] 4 <1,

roe 7 = m?/s.

Hng Toro, 9To6H BEYHCIATS BKIANH JerkmX (epMHOHOB, t-kBapka m W-
6030Ha B 6, MBI HyX/aeMCs B acEMOToTEKax F(7) npm Mamnx m Goasmmx
T

F(rysInt+2+.., |rfj<€1, (B.8)
1 1
F(r)~ — +aat , > 1, (B.9)
F'(s,m,m) = -—F(s m,m) ~ = 1 [E + —1—-] (B.10)
T g Y T 30r] - '

B pesynpTaTte momygmm:

%, (m} o 5
Mms) = g =gy NeQiB gt
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1
+ %Q} Ac+(1+2)F(t) - 5| -

- L BAW+ B +ANF() (B.11)
roe t = m?/m%, n
L0) = XS NOA, - & 2
a N!Q% my 5
b = ;{§"3— Iz ~3)
~ Qf |1 +2t)F(¢t) — 3 +ligte F(c*) — all (B.13)
Taxwmm o6pasoM, S DaeTCs CyMMOR YETHIPEX IJIEHOB:
ba = doy+ bop + by + bawy (B.14)
o = — 5" |1 m—%—s/s = 0.03141 (B.15)
ap = 37 % n m}" =0. . -+
fop e =22 (’-"3)2 — —0.00005(1) (B.16)
Qp 7T45 .Mix ‘ = \ . s .
rae 6mto mcooasszoBaro my = 175 £ 10 ['B. OrmermM, 9ro oy mpene-

OpexXuMO Majla B AMeeT aHTHIKPAaHMPOBOYHEIM 3HAK (3KPAHAPOBKA NETIIeH
t-xpapka B KOIl mHaummaercs mpu ¢° > m}, TOrma Kak B HameM CiIydae
¢’ =m% <m}).

Haxomen, W merns naet:
1Y

Sow = 2r

[(3 +4¢) (1 — VA& —T arcsin -21—6) _1 /3] = 0.00050 . (B.17)
Bemmmumna §ayw 3aBucET 0T XanEGPOBKE [T2]; 34eCh IpUBeleH Pe3yIbTaT BH-
aucneEns B Kannbposke T’ Xodra-Perinmana. Tpagammonso B onpeneneEnn
& YYETHIBAETCA COBHAT (¢ TOJHKO 33 CYET JCITOHOB M IIATH JTETKUX KBapKOB;
BKIaA §@y U Sayy yIUTHBaeTCL B COGCTBEHHO 3EKTPOCIAOMX pafAanAOHERIX
HompapkaX. B HammeM mopxozie 3TOT BKJa NPHBOOMT K IOOpaBkaM &;V;.
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Ilpmnoxenme C

Cponka pe3y/ibTaTOB pPac4eToB a.

Cpenu Tpex BXonHHX HapaMeTpos &, G, B Mz nepBi nMeeT HanboNbIIyIO
HeoIpeJieleEHOCTh; 3Ta HeoNpeleleHHOCTh IPABONMT K HeompeaelNeRHEocTH +5
I'>sB B 3Hagennmm Macchl {-KBapKa, H3BJICKaeMol M3 m3MepeHHN my H HapaMe-
TpoB pacnana Z-6o3cma. Cornacao dopmynam Ilpunoxerns B

[0

o
={"7a ,00 = boy + bay,
boy =0.0314 .

B paGore ([26], Burkh) 6c 6BIIIO BHMHCIIEHO HOACTAHOBKON B IHCHEPCH-
OHHEIA MHTETPAJl Ue+e-—anport OPE /3 < 40 I'sB m naprommoit Monesm mpz
Vs > 40 TsB: - '

6aLBurkh] - 00282(9) , &[B“'kh] = [12887(12)]—1 . (Cl)

B paborax ([26], Bric) orMedeno, aTo mpocreitmmas Momes (lergaimmit Bex-
TopHEI Me30H + yiuyamermHif mo KXII mapToEHEIT KOHTHHYYM B KaiKIOM
GI3BOPHOM KaHase) NPMBOLAT K YIMBATEILHO 67IM3KOMY pe3yibTaTy:

saf’™ = 0.0280 , &P =[128.90)" . (©2)

Mones 6eckonearoro qucia nomocos ({26}, Gesh) nmpuBomaT K ompemenermo
Sap ¢ 09eHb BBICOKOE TOYHOCTHIO:

Solo=™ = 0.0275(2) , al0=M = [128.96(3)]" . (C.3)

Henasunii agam3 skcneprMeRTanbHEX HanHRX ([26], Sw, [26], Ma) npusen
K 3aMeTHO MeHBIIAM 3HaUeHUSM Say:

5™ = 0.0265(8) , & = [120.10(12)] , (C4)

saf'™ = 0.0273(4) , ™l = [128.99(6)| " . (€3)

B mammoM o63ope MEI HCHONB3yeM pe3yIbTATH HemaBHero amammsa ({26],
Eid):

5™ = 0.0280(7) , &% = [128.806(90))] . (C6)
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IIpmnoxernme D.
Kak "monsyr” aw(q?) B az(g¢?).

DddexT "6era” 31eKTPOMArHUTHON KOHCTaHTH cBx3n o(g?) (norapudma-
9ecKoif 3aBUCHMOCTH 3bGbeKTHBHOTO 3apsia OT IepefaHHOTo HMITYibca g°)
m3BecTeR Gonee QeThIpex mecaTweTwit {82]. B orTmmame ot ag?) spdexTun-
HHe koHCTAETH W 1 Z-6030808 aw (%) 7 az(¢?) B obmacta 0 < ¢ < m% me
GeryrT, a ckopee "nomyr” [83].

Ecma, xax o6LIMHO, OOpeNe/mMTs 3pheKTHBEYIO KaaubpOBOIHYI0 KOHCTAH-
Ty cBg3n g%(¢?) depes roNmIt 3ap4N ga W TONYIO MAcCy My, CYMMHPYS reo-
MeTPHYeCKWi PSJI CO BCTABKaM¥ cobcTBenHoH >Heprmm X(g?) B mpomaraTop
xanmbposoaHOro 6030HA, TO BO3HUKAET BHPaXKeHHE

72
7*(d") = 1+ e (% il (D.1)
roe m — ¢umsmIeckas Macca, a %(g°) CONEpXHAT BKIal TOTBKO (epMUOHOB,
mockonsky B obnactm |¢*} < m% nermm ¢ W, Z w H 6o3omamm He comepkar
60HITAX JI0rapudMOB. "
B pasmoctnm 1/g%(¢%) — 1/¢%(0) ronas xouctarTa cBE3M MOXeT OHITH WC-
K/II09eHa, # BO3HEKAeT KOHeTHOe BEIpaXeHHe. B pesynsTaTe

1/az(¢®) —1/az(0) = byF(z) , tne z = q2/m% , | ‘(D.2)
1/aw(q2,) —~1/aw(0) =bwF(y) , rme y = g*/m% , (D.3)
F(z) = fz In |z| (D.4)

IIpu = > 1 ypasrerzs (D.2) n (D.3) onpenensioT norapudMmdeckuii 6er
3apSOB 33 CYET JIEIITOHOB B KBapKOB, u bz m by peacrasnsmoT Bxnan dep-
MWOHOB B IepBHIE kosdpdunmenT dyuknmm [enn-Manmra-Jloy:

I

1 8 a0 XY
by yrm N3+ (1 33)]+Nd3[1+( 1+3s)]+
+ N2+ 01+ 01 -4,

1

]

bw

rne Nyg4g1 — TMCHa KBApKOB M JIeNTOHOB C MacCOH, 3aMETHO MeHbIIed deM
Vv qg.
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Hng ¢* S m} xosdptunmentr bz wmcnenno pasxu [83]

bz ~ 0.195
bw == 0.239

MaccuBHBLI mpomaraTop q—,_l—m7 B (D.1) cmmbBo momaBngeT Ger aw(q?) m
az(¢?). Tax, ot ¢*> = 0 mo ¢* = m%, cormacmo (D.2) m (D.3) xomcranTa
az(g?) Bospacraer ma 0.85%

1/az(m%) = 22.905
Vaz(m%) — 1/az(0) = —0.195 , (D.6)
koRcTaHTa aw(g?) Bospactaer ma 0.95%

1/aw(m?) = 28.74

1/ow(m%) — 1/aw(0) = —0.272 (D.7)
TOrZa Kak 3NeKTPOMATEMTHAas KOHCTanTa a(g?) BospacTaer Ha 6.34%
1/a(m3) — 1/aw(0) = 128.87 — 137.05 = —8.17 (D.8)

Takumm 06pa3oM ¢ yKa3aHHOH TOTHOCTHI MOXHO CIATATH

az(mz) = az(0)
aw(m3) =~ aw(0) (D.9)
B 1o xe npemg a(m%) canpro oTimuaercs ot (0), 1 HOdTOMY HOCHENHIS

He mMeeT OTHOMEHUS K dIeKTPOciaboll ¢pusnmke, & TONBKO K YACTO IJIEKTPO-
MaTrHATHOHA.
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Ilpanoxenne E

CoorHOmEeRREe MeXAY &, G,, Mz W TOJLIMH BeJIAIMHAMA.

3aTpaBoTHEIE (ronme) BeTWIMELI oTMedaeM mHaekcoM ”0”. B anekTpocna-
6oit Teopum TpH 32TPaBOUHEE 3aPANa €y, fo A gg, ONUCHIBAIONIAE B3AUMOMNEH-
crms ¥, Z u W, CBA3aHE OOHAM COOTHOIIEHHEM:

(eo/90)" + (90/fo)* =1 . (E.1)

3aTpaBovHLIE MacCH BEKTOPHBIX 6030HOB ONpENeTIIOTCA 3aTPABOYHBIM Ba-
KyyMEBIM cpeamM 6o3ora Xurrca 1g:

o1 1
mgy = §foﬂo » Mwo = 59070 - ‘ (E.2)

HocTosHEAS TOHKOM CTPYKTYPH o = €2 /47 cBs3ana ¢ 3aTPABOYAKIM 3apf-
IOM €q CIIeAYIOUIAM COOTHOIIEHMEM:

a=a(f=0)= 457%; (1 - $'(0) - 2%%%9) , (E.3)

rie £'(0) = limp_o $(¢?)/¢%. B xanmubposke Deiamana ¥, ;(0) ~ —(a/2r)
(m%, /cs)(1/¢), rne pasmepHOCTSH npocTparcTBa-BpeMenn D = 4 — 2¢. B yau-
TapHoit kamubposke .,,(0) = 0.

IIpome Beero B mpucyTCcTBEY wiena 2(s/¢)L, z(0)/m% ybenmrscs, paccma-
TpEBag B3AAMOZEHCTBRE GOTOHA C IPABLIM T€KTPOHOM €. IIpu aToM ctabule
BepIIFHHEEIC TIONPABKE 33 cdeT obMena W-6030H0M oTcyTcTBYIOT. (3aMeTam,
YTO IeBO€ HEHTPUHO OCTAeTCH HEATDPAILHEIM H IPY y9deTe IeTIeBEIX Ompa-
BOK, TaK KakK ARarpamMma C vy — 4 — vpV; B3aMMONEHCTBHEM KOMIEHCHPYETCS
BEPIOWHHOA IHarpaMMoi ¢ obMenoM Z).

Hame mepBoe 6a3oBoe ypaBHeHHe — 9TO YIYUIICHHOE ¢ IIOMONIHI0 PEHOPM-
IPYUNE COOTHOMIeHRe MeXny & = a(q? = m%) u ayp:

&= ag |1 - I (m3) 2%1172(0)] , (E.4)

rae I,(¢%) = £,(¢*)/m%, I2(¢%) = Syz(¢?)/m3.
A BoT m BTOpOE Ga30BOE ypaBHEHHE:

m = m[1 - M (m})] = mlyy/ {1 — Iz(m3)] (E.5)
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ABanormdHOe ypaBHEHEE COPABEVIEBO MUIE My,

miy = myo[l — Mw(my)] (E-6)

rae Hi(g?) = Ti(¢})/m?, i =W, Z.
Haxonen, TpeThe 6a30Boe ypaBHeHNe:

2
90

Gy=—Fr——N1+0Ow(0)+ D] , E.7
v = T/ L+ Tw(0)+ D) (8.7
rae Iy (0) = Zw(0)/m?, npaxomar ot nponararopa W, D mpencrasigeT co-
6oit BKIIaX XKBaApaTAKA W BEPIIHHHON JEATPAMME (33 BEI9ETOM 3IEKTPOMAT-
HUTHHIX IOIPABOK K JeTHPeXPEePMHONHOMY B3aMMONEHCTBHIO) B aMITUTYLY
pacnaza MiooHa. (oriacH o (mpmmay [23]:

& 7- 482 P
= : E.8
D 47(32(6-*_ 282 lﬂc +4AW) Y ( )
riae 9 ,
Aw = A(my) = ——— +Inax — v — In(miy /p?) (B.9)

4-D
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IIpanoxenne F

Papgmaropu Ry w Ry, # Bemunna &,.

Ins pacmamos Ha Jlerkme KBapku ¢ = u,d, s MEl OpeHeGperaeM MaccaMu
KBAPKOB M YIATEBaeM OGMEHH TITIOOHAMHE B KOHETHOM COCTOSHHUH IO YJICHOB
3 [45] - [48], a Takxke omMEOPOTOHEEI 06MEH B KOHETHOM COCTOSHUHE X
nETepdhePeHIHIO GOTOHHOTO H IIIOOHHEIX 06MeHOB [49). DTu nonpaskm cierka
OT/IMYAlOTCS VIS BEKTOPHOTO ¥ AKCHAIHLHOTO KaHAJIOB.
Ins pacnanos Ha KBADKW MMeeM:

I, =I(Z — qq) = 12][g}, Raq + 95, Rv,]To (F.1)

rae GpaxTophl R4y OTBEYAIOT 3a B3amMoZeHcTBHe B KOHETHOM COCTOSHUNM (B
HaIITUX OPebUIyIX pafoTax BMecTo OykBEl R MBI memomb3opain 6yksy G).
B paborax [45] - [49] momydwero:

gacu

Rvg = 1424328 g

+ [1409+(0065+00151nt) ]( =)~

q7r7r

12.77'(?‘)3 + 12—71—1:%%5-61,,“ , (F.2)

Raq = Ryq - (2T3q)[12(t)( )2+Ia(t)( =)~

2 - 32 2
TLz mi
—12 97!'_86')"' - 6m2 6;m mq (a8)2 am ’ (F3)
Z

The 1y, — beryimas KBapKoBad Macca (cM. mee),

6,,.~.1+87( )+4515( )2 (F.4)
§o=1 +3.67(%) +(11.29 - Int)( % 2y, (F.5)
8 lnt
2
6am - 81 (FG)
01
I(t) = ~3.083 —Int + —— 0 086 + 0—32—3 , (F.7)
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L(t) = —15.988 —3.722Int +1.9171n%t , (F.8)
i

my [mj

Unern nopgoka (3;)3 3a cYeT AMArpaMM C TPeMg I'IIOOHAMHE B IIPOMEXYTOd-
HOM COCTOSHMM OHUIA BHIYMCIeHH B paborax [73]. Hus Ry, oHM YACIeHHO
09eRb MaJh ~ 107%, mosToMy MEI He ywim EX B dopMyIIe (F.2).

Ing pacmama Z — bb Macca b-kBapka He mpereGpexXnMa; OHA YMEHBIIAET
Ty npmmepso Ha 1 M3B (~ 0.5%). ['00EHEIe HONPaBKA OIPUBONLT K 3aMeHEe
Ymomocroi” Maccst my, ~ 4.71B BHa Gerynryio Maccy UpH BEPTYaIbHOCTH
myg : mp — 1p{myz). Mu BoipaxaeM 7y(mz) gepes my , G,(mz) 1 ds(my)
ITPA DOMOIIX CTAHAAPTHHIX ABYXIeTICRKX ypapHernt B cxeMe MS (cu. [50]).

Hns pacoama Z — ¢ Gerymas Macca m.(mz) nopgnxka 0.5 I'sB u coorset-
creyfommil Bknan B I, mopsaaka 0.05 MsB. My exmoamima 5TOT HEITOXHEIR
aies B mporpamMmy LEPTOP, Tak xax B ApYTHX OporpaMMaX OH yIUTHIBa-
erca (cM., HanpmMep, [18]).

B ceasm ¢ I', otmeTnmM, 910 wien Io(t), naBaemuir ypapaenueM (F.7), co-
IepPXUT WHTePbEPeHITORHbIE WIEHH ~ (&,/7)?. B 3THX Wienax yuUTeHE TpH
THUIOa KOHETIHHIX COCTOSHMIL: ONHA KBApKOBas Napa, KBApKOBas Iapa M TIII00H,
nBe napw kBapkos. [locnenmmit Bkan coctaniger upuMepHo 5% ot I m npn
COBpeMEHHO} KCIepIMEeHETANLHOM TOIHOCTH OH GeckoHewHo Man. Tem He Me-
Hee, B IPUHINNE 3TH WIEHK HyXJa0TCE B CIEHAJIFHOM PACCMOTPEHNH, 0CO-
6eHHO KOrZa 3TH KBapKOBHIE HaDH AMEIOT Pa3siImIHEIA QIISHBOD, HaIpUMED,
bbcé. Taxme cMeImaHHLIe KBAPKOBHIE TAPH JOJDKHEI 0GCYKIATHCSE OTIETBHO.

YkaxeM, 9To HOf ¢v; HOOPa3yMeBaeTCs KOHCTAHTA CHIILHOIO B3aMMOKEH-
CTBUZ B CXeMe BRYHTaHmA MS NpH BAPTYaILHOCTE i’ = my.
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IIpmnoxenne G.
Brison ¢popmyn nns acEMMeTpPHH.

Acmvverpum B poneccax ete”™ — Z — ff MOXHO BHIIECISTH, IpeHE-
Gperag MaccaM¥ e B f 110 CPABHEHHIO ¢ Maccoit Z-Goona. 2 Avmmaryny (20)
B3aEMozeHcTBRSA Z-6030Ha ¢ 6e3MacCOBRIME (epMuoHaME [ f yHo6HO Tepenn-
caTh B BHIE

M(Z — fF) = =FZag}il + ghiF] | (G.1)

0D =

rae
LR _ 7T
Ja =YL RYaYLR

1
YLr= 5(1 %)Y ,

gir=ogvitaa .
I715 6€3MaccoBEIX GepMHEOHOR KHPAIBHOCTE €CTh COXPAHAIOIEECS KBAHTOBOE
9nrcio (AHOMATHA B HCTOMb3yeMEIX HAMHE IPHGIMKEHASX ellle He TPOsLBIILIOT-
) H COBIafaeT ¢ TOTHOCTBHIO O 3HAKA C €r0 CHHPATHHOCTHIO.
Taxum o6pasom mapH egef # epe}, Boobme He mepexonsar B Z-6030H, a
HapH efe} I ege} poxmaoT Z 6030H ¢ monspusammeit +1, COOTBETCTBEHHO
(BIOIL DO3ATPORHOrO MyYKa). AMINIATYAH PaccesHus, IO3TOMY, EMEIOT BHL

T(erze* — fLrf) = QE,E.‘I{,RTQ(I + cos 8)
T(eZ,R€+ - fR,L.f) = gZ,Rg{ngTo(l — COs H) s (GZ)

rae Ty — HeCyImeCTBEHHH ceifgac K0>hGUumeRET, KOTOPHIHA BOCCTAaHABIABA-
erca m3 {G.1), 6 - yron paccesrms Mexny EMOyibcaMu e~ K f. 3Hak Tepen
cos § BrbEpaeTcs Tak, YTO6BI COEPAILHOCTH COXPAHSIIACH TMPH PACCeSHAR
BIEpen-Ha3aln.

H3 pana amumatyn (G.2) HeMenneEHO HaXoNATCA BCE aCHMMeTPHM.

a) Jleso-mrpapas acmMMmeTpus Ay oIpefenseTCs KaK OTHOIIEHHE
oL —OR

Alr =
ar +0og

roe o, p = o(ep get — ff). HosTomy

_ (98> —(9%)" _ e
R+ ()~ 4 (G:3)

Maccosbie monpasky A f = b uMeioT nopanox 2 - 103 u GyayT Hammu yuTenu.
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6) IIpononsras mongpusamus P, (cos §) oupenenseTcd Kak OTHOUIEHHE Pa3-
HOCTH K CyMMe U epeHIMATLERX cedennlt () | = % (€ — g, F):

Pu(cost) = B2 (G4)
(G)r+ (@)
rne

(%)R = ﬁgl%ﬁ(gﬁﬂ(ﬁa)i}'(l +cos8)? + (¢2)%(1 — cos #)?]
(%)L = 2,11—22|T0|2(92)2[(gi)2(1 +cos0)? + (g)*(1 — cos8)’]  (G.5)

Hoacrasnsas (G.5) B onpenenenue (G .4), monygaem

A.(1+ cos?8) + 24, cosd

P, 0) =~
~(cos9) (1 +cos?0) + 2A. A, cos@ ’

(G.6)

rae A, u A, ompenenens cornacso (G.3). YcpenseHHas 0O yriIaM BhUIETA T-
JlenTOHa IIPONONIbHAL mofigpu3amud PT ompefeNnseTcs Kak COOTBETCTRYIOIIEE
OTHOIIeHAe LOMHKIX cedeHmi oy g = J*, d cos B(g—g) LR

Of — a}'—/i_ _fll d cos 8[A,(1 + cos? §) + 24, cos 0)]
ok +0] [l dcosf[l +cos?f+ 2A4.A, cosb]
= —A; (G.7)

P,

¢) AcHMMeTpHIO Blepen-Ha3al A{; p TIPOIE BHIGUCIAAThL B TEPMUHAX g4,V -
Ksanpar marpmasoro snemenTa mponecca eé — f f mponopnmoHasien

[M[* ~ {lg + gve [[9%s + g¥7)(1 + v* cos® §)

1
+ lgas — 941 = ") + 5(9vegacgvsgarlv cos 9} ; (G.8)
2

roe 8 - yros paccenms, v =1 — 47:; - ckopocTh. hepmuona f. OTcioma cpasy

Xe cJjenyet, 9To )

‘ 3 29459v 5V
ALy =34, | 2ossgvre @9)
477 | gag + oh 5

Maccoit my MoxHO HpeHeGpedh 114 BCEX KAHAJIOB 3a HCKmodeHneM f = b,
Tlie HeHyJleBas Macca IPHBONUT K 3ddexTaM mopanka 2 - 1073, Yuer ramwon-
HBHIX TOTIPABOK B KOHETHOM cocTosHmE (cM. Ilpanoxkenne F) cBoguTcs X TOMY,

A

I\
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9T0 HOMIOCHAA Macca My ~ 4.7 I'3B B yp-muax (G.8) - (G.9) 3amenseTcs Ha
3Hadenne Geryrmeil Macchl Ha MacmTabe myz: my — y(myz).

(71 emyeT OTMETHTH, TTO HaYWHAS ¢ INTIOOHHEIX IONpaBox mopgaxa (%)%,
HEBO3MOXHO ONHO3HAYHO OTIESJIMTH OXUMH KBAapKOBEIM KaHAJI OT Opyroro, mo-
CKOJIBKY B 3TOM LOPLAKe POXIAIOTCE AONOTHUTEIbHEIE TAPH " IyxKmx KBap-
koB. Mu1 He Gymem paccMaTpusaTh monpaskm (%)’ B acmvmerpmax. B ma-
meM Tpu6IIDKEHWA OTHOMIEHHE gy /g4s BOODIIE HE NepPeHOPMEpYeTCH B3aH-
MOIEMCTBHECM IILIOOHOB B KOHeSHOM cocToghmy. TaxmMm ofpa3oM oxu@aeMas
TogrocTs popMymr (G.9) ects (%)% ~ 21073, uT0 Ha mOpAmOK JMydIme Lo-
CTHTHYTOH TOYHOCTH 3KCHEPAMEHTA.
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IIpanoxenne H.

IlonpaBxn, OpONOPOACHAILHEIE M2,

B sToMm npmnoxenvn npuBenes upoc*roﬁ MBEMOHEWIeCKUl pelenT OJIf BHI-
Bolla MONPABOK, OPONOPIACHANBHEX m7. (TPOrHit BEIBOI Tpe6yeT akkypat-
HOHI perynspusanmd el HMAHOBCKAX WHTETDAJIOB.

Urnensl, HPONOPIHORAILHKIE N7, BEOCAT BEK/JIaJ B PAXWAIMOHHLIE HOIPAB-
KM K 3aTPaBOYHLIM KBajgpaTaM Macc W- m Z-6030HOB, HO He B HONPAaBKH K
3aTPABOTHBIM KOHCTAHTAM CB43H. JTO clienyeT 3 coobpaKeHW pa3MepHO-
cTH. JeACTBATEIBHO, PasMEPHOCTD X, Te ¥ — cOOCTBEHHO 3HEpPreTHYecKast
BCTaBKa I7ig 6030Ha, paBHA m’; TIOITOMY WIEHH ~ M’ ocTaloTca B L(g?) B
npenene g2 — 0. ( mpyroit cTOpPOHEL, HOIPABKH K KOHCTaHTaM CBA3H IPOIOP-
HHOHaJILHBI d%/dq® n Be comepxat uneroB ~ m?. IlosToMy B TpEGIKeRHH
~ am? (npubmmxennn BemnTwmana [29]), mpeme6peras 4ieEaME ~ « JIETKO
ONeHWTH BKIAN {-KBapKa B mapaMmeTp p = (az/aw )(miy/m%):

azo My~ Sw(mly) . Tz(0) Ew(0) _

~1 5 — —

awo mpy — Lz(m3) mz miy
= 1+ Hz(ﬂ) - Hw(ﬂ) . (Hl)
Pasgocts I17(0) — Iy (0) omeEmBaeTcH 3eMeHTAPHO:
_ Zw(® _

Saw [ (e pldp? 2
= dp® — H.2
87%%;/(/" P+ mi =) / ‘-’+m (H2)
(M= npereGpermm maccoif b-kpapka. [Ipu 2ToM mpomaraTop b-KBapKa KOM-
HEeHCHpPYeT MHOXATENS p° B TACIATENe.)

(0 = 22

Jaz {1 9 o 2 ~
T 8rm (2/;) p+2f0 (P2+mi)?
_ 1 00 2 1
= -2-/0 dp +§/0 —m,/o p+m2+2mt) (H.3)
YunTHIBag, 9T0 B HOIPABKe MBI MOXKeM HOJIOKHUTH

aw &z
— = —o H.4
=t (H4)
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MBI BUAWM, 9TO KBAAPATHAIHBIC H norapmpmmiecme pacxoomMoOCTH COKpa-
mRIOTCA ¥ OKOHYATEIIhHO

3az m? 3oz
~14+Ap = =L = -t H.5
peltBp=l+qety =1+t (H.5)
3a

Apt = mt ) (H.G)

roe t = m?/m%, u npexnonaraercs t > 1.
BripasmuM gepes A p;, mapupyronize o ¢ TONPAaBKE K OCHOBHEIM BeIHIHHAM:
mw/mz , ga, & gy,

Onpenermm:
& =awlag,st=1-¢ . (H.7)
Torna
G = Taw @ a (H.8
b= T, ~ VapEend 9
M, CIe0BATEILHO,
sick ~ s?E /(1 + Apy) . . (H.9)
Pemas nocnenmee ypasuerne, Hoiy1nM
c2 ~ C2 1 + 32 A | H 10
a = 2 — g2 Pt ’ ( : )
2
s2 g2 (1 - mAp,) , (H.11)
CTIeqOBaTeIILHO,
—F ~ Ci(l + Ap,) ~ ¢? (1 + mApg) y (H12)
u
my _, 3a c
mz - C * 3. (e - s2)s2t ) (H.13)
ApanormaHo
1{ a o 1
9 = 9.24 = Z (6232/0232) ~ Z(1+Api) =~
1 3a
~ (14 st - (H.14)
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v 2 2 4c*s’
— o~ (1—-4s;)~(1—-14 Apy =
o (-t (-4 + =0
3a .
- 2 »
= (1-—43 )+mt . ) (H.15)

CymecTBoBaRWe TONPaBOK, TPONOPIUOHATLHEX M2, GHIIO BIepPBEIe OTMede-
Ho BempTmanom [29], xoTOpHE NOAYEPKHYs HOABICHWE TAKAX HOOPABOK LDH
60onB1I0 PAa3sHOCTH My — 1M, HAPYIIAONIEH H30TONMIECKYID CEMMeTpmio. B
DaEHOM 0030pe KOo>((MNveATH Iepen MHOXWTeNsMu t B ypasHenmsx (H.13)
- (H.15) #cmonesyoTcs B kadecTBe HOPMAPOBOTHHX K03(G¢QUIAEHTOB IPH pa-
IWMAIMOEERIX IONpaBKax V;. '



27

ITpanoxenme I
SIppnrit Ban ¢ymxomin T.(t) m H;(h).
Ypasserus nua Ty(t) m Hi(h) umeor cunemyrommit sux [42], [63]:

t=m

Tn(t) = (%- —s?)Int — §+ 392 s*+
‘+-2-(c2—32)(§—ﬁ+2)1n11——|+
Hp(h) = —X_h—llnh+ hcihcz 1n£2- - r?gh - %s%
B By
-G - s

+(1.1203 — 2.59657) ;

roe §s? = 0.23110 — s? (o6paTwTe BHEIMaHRE Ha 3HaK!).

i=A
_2_ 8, 16, 1-2tF()
Ta(t) =3 - 5% t 37 4t —1
32, 8., 1.4 2tF t
+ &S Hikine - 20+ 200
c? h 8h

4 2, 2, 4 o
+(3 — g+ ghBR) — (5 - 9h+ gh YEL(h)—

—%S—h +[0.7752 + 1.0785%) .

i=R

(11)

(L2)
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2 et
9

HR(h)z—g-——h— ——€2~»——1nh +

4

+(§

Oypxnpm  F

B8 1 _d/h @
4

1, h
- 9h+§h )Fh(h)-l-l':zhlh“}'

+(1.3590 + 0.5165%)
T.(t) = Tu(?)
H,(h) = Hy(h)

%(1 +L)F() ;

(L3)

(14)

u Fj, 4Bnsiorcs npemelbHRMEA ciaydasMu  GYHKIAR

F(s,m;, my), omucansoit B Upunoxennn B. Sprere dopmymst nng Fi(t) =
Fy(h) upueenenn B Ipunoxernsx J (yp-e (J.3)) m L (yp-e (L.11)), coorBer-

CTBEHHO.
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HNpanoxerne J.
Bxian TaxeablX $epMEOHOB B COGCTBEHHYIO 3HEPIHIO
BEKTOPHBEIX 6030HOB.

Ipusenem BKTaj KBapkoB TpeTbero moxoneEms (t,b) B mongpu3anuoH-
HEe OmepaTophl BeKTOpHHIX Go3omoB. Wcmomb3yeM ciemyloomme obo3made-
m: t = mi/m: b = mimy (b € 1) ,h = my/m} IL(¢%) =
By (@) /m Iy 2(a?) = Srz(¢)/m} , Tw(e?) = Sw(e®)/mly.

PasmepHad peryngpusanus OIPABOMUT K WieHAM
2
A,'=?4_2—D—7+1n47r—-ln%‘— , (J.1)
rae i = t,b,W, Z...; D-nepeMeHHas pa3MepPHOCTDH OPOCTPAHCTBa-BpeMenH (4 —
D =2 ,e —»0),y=-I"(1) = 0.577... (Mm1 cnenyem [74], cTp. 53).

HagmeM co BcoMoraTenbrol ¢ysxumm Fy(t), momygalomieics mpee s HEIM
nepexomoM u3 dyrkmmn F'(s, m;, mq)([74], crp. 54; [81], cTp. 88):

Fy(t) = F(s = m§,my,my) = F(1,,1) (3.2)

", ucmons3ys [74], nomyunm:

21 — 4 —Tarcsin—2=] , 4>1,
F(t) = [ 1+ 1—%] (J.3)
oM —vI—@tin R 4 c
IIpmBenem acmuuroTmkm Fi:
Fi~Int+2 t—0,
F,~1/6t+1/60t2 t— oo . (J.4)
Iudpbdepernupys, Doy wam:
dF d 1-2tF;
Fl=ml——%=—t—F=— : 1.5
PET g T Tt a1 (9:5)

B stom Ilpmnoxermn mon II; mmeem B By BrIam ny6iaera (t,5) B cooT-
BeTCTBYIOIIMY HOJIAPU3ANUOBHHN ONepaTop:

IL,(0)=0 . (J.6)

I, (m}) = [Qf (A, +(L+ 20)F(t) - %) + Q2 (A,, + g + 1116)] . @
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Iz(0)=0, 4 N (3.8)

,z(m}) = con {(Qt 2@:) (At +(1+20)F(t) - %) -

- (Qb+s2Qb) (Ab+-§'+1nb)} . (3.9)
& 3 3 : '
O (0) = — 2&*{ tAt+4t] . | (J.10)
2y @ 3t 5_t_ 2
Hwlmir) = 47r52{(1"2c2)A‘+3 2 oA
3t B c?
B (1 22 V38 s)ln“_‘ﬂ} : (J.11)

z(m}) = @[QZ (At+(1+2t)Fi(t)-—l) +Q? (Ab+g+1nb)] _
~ ma [,(At+(1+2t)Ft(t)—») Q;,(Ab+§-+vlnb)}+

* o {(2 3A+(1L-OR(D +3 +1nt] . (3.12)

4dms2c? \2

Iz(0) = 5 (§tAt) S (J.13)
I as’f 1 ; 9 5
T(mp) = —|QF A+ F- 2+ (1+20F )+ Q} (A + 3 +Ind)| -
c 3 :
5363 [Qt(At +F =3+ (1 +20)F) - Q _(A,, + % +ln b)] +
+ ——L[ZA1+E+§+lnt+(l—t)Ft'—1]:

8

442t 1 -2t + 4t?
- [‘( 3wt T 1ow F‘)+

+ Qz (Ab+ §+lnb)] -
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a 4+ 2t 1 — 2t + 4t2
- = F| —
22 [Q‘ (A‘+ @1 1-# ‘)

- (Ab+§+lnb)] +

+ (J.14)

t t? -1
[ZAt+lnt+ 2+ 212 + 21 Fz}

a
8ms?c? 3(4t—1) T

-2 -
z(m}) - p(m}) = 2¢F(t) ~ (1 + 2O L5 Q% — 5 Q1 -
a 3a & a as?
167rs202] + 8msc? tA:+ 16mws2c? (2-3R®) + F@Qb + .7r_c_2_QZ (J15)
llopgcTaBiss BEIpaXeHWs A8 MONSPH3alECHHEIX 0I1epaTopoB B (GOPMYITEL
Id Qu3udeckwX HabMIOZaeMEIX, MH IPOBEPAM COKpAIEeHBe WieHoB ~ A;,
a TakXe WICHOB, IPONOPIHOHANBHEIX Inb, Tax kxax mpemenr m; — 0 He Be-
HeT K PacXOTUMOCTAM. Y I0GHO M36aBATHCA OT GieHOB ~ Ay B ~ Inb yxe B
BHIpaXKEHHAX IJI9 MOJISPUIAMMOHHRIX ONE€PATOPOB ¢ HOMOIIBLIO yPaBHEHIS

Ay +1n(b) = A, +In(t) (3.16)

n 3aTeM y6enﬁTch B COKPAITICHIH WICHOB ~ A;.

Hame oupeneenme BoHOBOR QyHKOmm Z-06030Ha OTHHYAETCE 3HAKOM OT
nopmEATOro B [74]; mosToMy Benmumma II, y Hac Takke OTIIMIaeTCH 3HAKOM
oT mpmeeneEHoTo B [74] Bripaxenus. [Ipm mameMm onpeleeHEm B3amMoneir-
crBEe Z-6030Ha ¢ PpepMmonamu pasro —ie f, f(T3 —Qs?)Z,, a porona pasrO
—ieQfv, fA,. Iocnennas BepIIEHEa COBIANAeT ¢ OPHBOAUMOA B yPABHEHHIX
(8)-(9) paboTsi [74], nepBag ke oTIMYAETCI 3HAKOM.

Iepeiinem x dopmynam nis ¢E3mIecknx HabMOTAEMBIX.

Bemmamaa Ty, (t) (1.1) onpenensgercs cremyiomei koMOHEanueil ToIgpu3a-
OHOBHAIX OI€PaTOPOB:

4
B Tn(t) = ST () — T ()] +
+ Thw(mly) = T (0) - T (m)} (1.17

tak xak II,z(0) = 0 mis GepMUOHELIX NeTels.
( momommio ypasmermit (J.7), (J.10) - (J.12) nomymm:
8 4 4 32, c? — §?

2
t+Tm(t) = t+{=—— t— - :
Tm(t) t (3 93)111 3+99+ 302

t+
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9 3 2 2 .2 ’
+ (-5 (—t——§5+2)1n|1—%|+~2(—°———3——)t2+

& ¢ 3ct
2 16, 2 32,
(3 - 9 § - gt - -9—3 t) E(t) ) (J.].S)

rae 610 yatero, aro Il,(m%) cokpamaercs ¢ cymmolt wIeHOB, IpOMOp-
mroransAEx Q%m QF B Tz(M2). YneHn, TpomOpUEOHATLHEE ¢ ROIHHKA-
ot oT Iy (0) m Iy (M3); oponopumonamshEie 2 BosHEKaOT oT Iy (miy);
qIleHBl, MPONOPIMOHATGHEE Int m KoHCTaETH TpomcxonsT oT lw(m¥) =
Hz(m%) ;In |1 — £| oreegaer mopory (t5) B Iy (m,) u, nakoren, exaHCTBeR-
HEI MCTOYHUK YI€HOB, MPONOPIAoHAILERX . Fy(t) sTo II Z(m%).

Beckoreanoctu Bo BKiane ny6irera (,b) B HabmonaeMele 0693aHb COKpa-
MATbCA MeXIy coboil, TaK KaX BBeIeHWe NONOJIHATENLHOTO ceMelfcTBa dhep-
MEOHOB B 3JIeKTPOCTa0yI0 TEOPHIO He PA3PYHIACT ee NepeROPMEPYEMOCTb.

Tloxncrasnss aneHsl, nponopinuoransesie A, B (J.17)m yuwrasasg (J.16),
MEI TIOTY9HM HOJB:

1 oa a a 3t
A {;5 [87rszc2 (2-3t) - 27c? 4ms? (1 - —2_05)] +
a 3t a 3
+ 47s? (1_ - _2?2_) + 4rs2c? Et} =0 (J.19)
Bripaxenue mius T4(t) uMeeT crenyonmit BEA:
167s%c? ’ ,
t+ Tp(t) = ———TMz(m3) — Ty(m3) — Uw(0)] . (J.20)
Hcnons3ys (J.10), (J.12) u (J.14), momyaam:
2 8, 16, (324 8, 1) '
t ) = t+—-——= -8 — .
+ Ta(2) +3- 5% t5rf F+ g% ~35 ~3) X%
(gm - 2(—1%’3”—)5) . (3.21)

(o xpamiesEme wIeHOB NpoHOpHEOHAILHLIX A; ogesmaso. Ilw(0) maer
BKNaJi, TPOHOPIHOHAJbEEL {, B TO BpeMs, KaK BCe OCTaJbHEIE WIEHH! BO3-
HOKAIOT 13 pasHocT 1lz(m%) — S5 (mb).

Haxomen mepeiimem x Tr(t):

_16mc?s? {(02 - 5?)

t+TR(t) = 33

M, () + T, (m3) — M (m3) + nwm)}
(1:22)

[o2.]
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Ysersl, mponopnuoHaisEEe 7 B (F coKpainaloTCs, TIO3TOMY OCTaeTCs
rompko Iy (0) u umensl, Be comepxamme QF, m3 Iz, u II;. Toncrasmas
(J.10), (J.9) = (J.12), nomywuam:

t+Tr(t)=t+ 4 + 2 Int - g(l + 1) F(¢) . (J.23)

9 9
3necs t mporcxommt u3 Iy (0), dmen, nponopruoransurns Fi(t) Gepercs
mIlz, a % + %lnt naor Iz n Ilz,.
(o xpamienme GeckoreusocTeit B (J.22) caenyeT m3

2 o« a  (2-3)a  3ta _
Ay {(c d )471'68 +oes 2me? 8mcts? 8rs2e?| [ 0 (J.24)
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Hpnanoxenne K.

Bxkaan serkmx $pepMEOHOB B cOGCTBEHHYIO SHEPrui0 BeKTOPHBIX
6030HOB.

Bxiax my6meTa qerkux ¢pepMAOHOB B IOISPE3AMUOHHEIE OEPATOPHL JI€TKO
HoTyTaeTcs W3 hopMyT upenburyuero [Ipunoxermns.

Ilns aToro BMecTo A +In(my/mzw)? B dopmysn Hprioxerns J cienyer
noncTaBuTh Az w. Pusmdeckoll IpAIAHONA OTCYTCTBHAS TIEHOB, IPOIOPIHO-
HaJILHHX JOrapuGMy MaccHl JIeTKEX KBAPKOB H JIEITOHOB, ABJIseTCi MHdpa-
KpacHas CTa0UILHOCTSL BEJUTHH, aHATW3UPYeMHX B oToM lIpmioxesum. B
dopmynax (K.4) n (K.7) mcooms3soBaro paBeRcTBo (), — Q¢ = 1. MHmEKCH U
7 d 0603HA9AI0T BepXHEe U HEXHUE KOMIOHEHTH! Ay6ieTa.

IL(0) = 0 . (K.1)
2 Nea, o 2 9
IL,(m%) = 3 (@ +QD(Az + g) . (K.2)
TL7(0) =0 . (K.3)
2 Nea 5,1 2 2\ 2
H‘/Z(mZ) = S_C_S—;(AZ + 5)[2 - (Qu + Qd)s ] . (K‘4)
Mw(0) =0 . (K.5)
,. Na 5

My (my) = W(AW + 5); : (K.6)
Mp(m}) = oAz + - 5 +o4QA+ QD - (K7)
;(0)=0 . (K.8)

‘9 N.a 2.1 s% 4/ 0 9
7(m3z) = W(Az + g)[z -5t @y + Q) - (K.9)

@opmynnr (K.1) - (K.9) momxsi HCIOIbL30BATBCA IJIS TPeX JIEOTOHHBIX
ny6neroB (ve,e), (vu, 1) # (v7,7) ¢ N, = 1 u nByx ny6ieToB kBapkos (u,d) n
(¢,8) c N, = 3.

Honcrasnss ypasrerns (K.1) - (K.9) B Beipaxerns nns Gu3nTeckux Ha-
6monaeMbix Jepes mongpusanronsse onepaTopst (L.16), (L.20) r (L.24), Mu
HOJy MM BK/a/bl B KOHCTaHTH C; 33 CYeT COGCTBEHHBIX SHEPIHM.
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Ilpniaoxernne L.

Bxnan BEeKTOPHEIX M CKaJAPHEIX GO30HOB B COGCTBEHHYIO SHEPIHIO
BeKTOpHBLIX 6030HOB. ’

B stoum Ilpmnoxermn npusenens! $opMyIal Ai1s 6030HEEX BKIIAIO0B B 1IO-
NAPU3ANTOHHbIE ONePATOPLL, KOTOPhIE MKl B3mTH 13 paboTsr [74], crp.53, 54.3

B [74] nonspr3sanaonHble omepaTOpH 3aBUCAT OT C U Sy Iepe3 KOHCTaH-
THI CBS3M W AMHAMHWIECKA OT OTHOIICHHUL My Mz, BOIHAKAIOMIEro N3 WHTE-
rpajiop Peitrvana. Mu Bciony 3aMenseM cwH My /mz Ha ¢ B Sy Ha s. B
paMKax OQHONETIIEBOro MpEOIIKXeHNs TaKas NOJACTaHOBKA ompasmaga. [locie
OIFCAHHOM MONCTAHOBKA MBI HAXOMHM BHIPaXEeHAL IV PU3MIeCKEX HabIo-
IaeMbIX; B 3THX BHPAaXKeHNWAX COKPAINAIOTCSE YIbTPaduoIeTOBE PACXOTIMO-
CTH, DIPACYTCTBYIOIINE B HOAAPN3ANAOHHALIX 0OePATOPAX.

Nrax, B Emxkecnenyonmx $opMmynax o II; mmerorcs B BELY 6030dHELe
BKJTa/I6! (BCe BEITHCICHAL TPOBOIIIACH B KATHGPOBKE T "Xopra-Peitamana):

o = 8 fu 20249 VT (] -
@
= —-(30w +153) . (1)
I,(0) =0 . (L.2)
& o _
I,2(0) = 47rcs(zc Aw) = ZTFSAW ’ (&)
Hvz(m%) = 47rcs {(5c2 * )AW
+ 2(_+ 133 & + 4cY) [1 ~Marcsin(2i)] +%} =
c
30c® +1

T oar ( 6cs Thes WS 76) . -

a [(s 3 2k
Iw(0) = —({—= — . SN LAY
w(®) 4ns? [(c"" 1) Aw+ 41— c2/h) ln R gatt

9B paGore [74] umeerca omevarka: B Boipaxennn mist Iy (¢°) 4NeH, NPONOPOMONANLHEIN A, AOTKEH
66T ymuoxen Ha 1/3.




Oy (miy)

Hz(mé

7(m3) =

)
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4 2
i_i_i‘?.{.(s +3- 17)lnc}

¢ 8% 12 c2
@ s? c? h
yv {(?—-—1) Aw+————————4(1_c2/h) In— ~ 82 +085] .(L.5)

6c? 18

st (1 sy 1(1 1 2
[ 2 4] s

2
(3 st 111 1 9 1 5'4 113
§(§+21)~~+*}——h}(c—2)-3 ——+ -

h h? h 3h 2
(1 5+ ) B -1 g+ g h)h‘(”/c )}
a [f(s2 25 h | R
p K?? - ?62 Aw — 1.76 + (1 ~32t 1 4) Fi(h/c")—
3hln(h/c*)
o+ m} . (L6)

& , % T8 ™2 1B,
471'52{(7 6+62)A T 9+1221n()

1+8c% 5, 99 20, 2
(2+ o (c* - 5%) 3c(1+2(:)

[1 — V4cZ " Tarcsin (-2%)]

1 h 3k 1 h h2
LI r_n 3
2 62 + 4c2(1 - h) lnh+ (02 3c? + 1202) Fi( )}

— 2 h
« [(n? LN Z%) Aw ~0.58 = o+

47rs? 6  6¢ c?

Zc?(—?—h—T)lnh + (215 - 3h + 1’;22) Fh(h)] (L.7)
d¥z(s) e

Ny
427? (3 6 602) Aw
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a {{-403‘ + (et - 872 [1 — v/4¢Z Z 1 arcsin (i)]

+ 48ms2c? 2¢
+ [126 + (82 +1)(* - s%)? — 40c* (1 + 2¢%))

) 4c* ) (1)
X -1+ 402— I arcsin 20

+ [t = (h = 1)} Fa(h) + [11 — 2h + (1 ~ R)?] Fy(h)

[1-%1@ ;lnz]+2[l+(c sy -4c4]}
= 5 (-t as) A
+ s - ) o+ (3 - 1) Ao
+ ﬁ__—h—)—lnh—l.(ﬂ] . (L.8)

Gyrxnmm Fi(h) m Fj(h) onpeneneHn cienyommm o6pa3om:
Fy(h) = F(s,mz,mp) 's—mZ F(1,1,h) (Lg)

SdF(s,mz,mH)

Fi(h) = i

|s=m’z ’ (L'IO)

ucoonk3ys [81], ctp. 88, monmywmm:

Fa(h) = 1+(h'_‘1—%h)lnh+hJ1—%m(Jg—1+@ >4,

(L.11)
- 1+(—-h———h)lnh h\J:a,rctan 21,0 <4
h—1 h
Ilpg h — oo
B~ g g (L) b g b - (1D
Ilpu h — 0

Fu(h)~1~-nvh+(1— gln h)h . (L.13)
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Hakomen, nna Fj(h) ameem:

h-1 l h h—4 'h)
"(h) = —1 _— — — — —_
n(h) +——Ink+(@-h) h_4ln( T\l h> 4

(L.14)
h-1 ' h |4~h
IIpm h — o ) )
, [~
Fy(h) = = — = In(h) . (L.15)

Bce 6eckomeunoctu B ¢opmynax (L.1) — (L.8) cobpammt B dakTopsr Ay
myTeM 3aMeHE paxTopos Az I Ay IpH HOMOUIE ypaBHEHAS

A;=Aj+In(m?/m?) .
®yuxmus H,,(h) pasra:

16mst

Hat) = 252 (& Moy ~ vty )] + T oy) = T 0)

- n,(mg)-zgnﬂm))_dwam , (L..16)

rae divH,, ob0o3HadaeT CYMMY TPOMOPIMOHANLHEIX Ay WISHOB B HOJIAPH3a-
maoEEIX onepaTopax B (L.16). IloncTasngs komednsle dacTE GoOpMy:T LI
IOJIAPH3ANIOHHEIX OePaTOpOB |3 sToro Ilpunoxenns, momywmaM:

2

h ch b & R 4h 4
Hr(h) = —h_ﬁ“"*h_alﬂ:«r@'“(3*‘5*5)*“""”
R?  4h 4 h
(c s)(gC4 9&*3) Fi (@)*050 , (L.17)

rae nponopnaoRaubEkli Fj,(h) wnen Bosamkaer m3 Iz, a wien, mpomopmmo-
RambaEL Fjy(h/c?) nporcxonat u3 Iy (mY,). Unen, mpomopmmonamprst In b
npmxonut u3 I1z, B To Bpems xax In(h/c?) mpoucxomut kax ot Ilw(m¥ ), Tax
z ot Il (0). IlponopmmoramsaEL h anen conepxmres B Iz, My (miy ), Ty (0)

H, HaKOHeN, Bce YeTHIPC HOJISpH3allMOHHEIX OepaTopa BHOCAT BKIIAl B KOH-
CTaHTY.

P
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IloncTanigd MPONOPIUMOHATbHEEIE Ay TWIEHH B HONSPU3aUNOHHBIE ONEPa-

Tops! B (L.16), momyamam:
. 161rs

divH, = Aw[ 6 + 5 @
a 19 3a sc @ 167rs a

N i BRI biddiandl — . (L.18
4rs? ( 6 ) ar cs?ﬂ] 35 v - (L18)

Haxomen 3ameTmM, uTo pacxongmmitcd wieH 8 D (cm. (E.8) m (M.26)) B
TOYHOCTE KOMIIEBCEPYeT pacxomuMocTs B (L.18), 9To memaeT mociaenosaTelb-
HEIM (CaMOCOIIaCOBAaNHKEIM) BhIYmTaHue GeckoBeunocTH B (L.16).

®yrxous H4(h) BelpaxaeTcs depes HOISPH3ANAOHHEEE ONEPATOPHI CIIEHY-
oM o0bpasoM:

dms? s 6 62 6 &

ac’b’(7; 25 752 25 32)

167rs c?

Hy(h) =

TloncTarngs KOHedHble YACTH MOALPUIANAOHHBIX OLEPATOPOB, MOy IHM:

[[z(m%) — Ty (m%) - HW(O)] divHy . (L.19)

he? | h 8h 4 2. 2,
Hy(h) = T alnE 50— 1) In(h) + (3 - 35+ gh°)Fu(h)
4 4h hA? h
- (5— s+ 9)F,,(h) TRARLE (L.20)

rze In(h/c?) mpoucxoner ot My, Inh — ot Iz. Fj(h) mpomcxonmr xak oT
Iz, Tak = oT LY, TOrAa Kak eNWHCTBEHHHM HcTownwkoM Fj(h) ssnsercs
Y%, Jlwneitnsni no b wier conepxurcd B I17 u Iy, B To Bpems kak BCe TpH
OOJIAPA3AMOHHBIX onepartopa QalT BKJIAO B KOHCTaHTY.

(k71anpIBa 4 PACXOMAIIECs TICHE, MOy THM:

16ms?c?
3a
Hanomumm (em. (M.18) m (M.14)), uro »3 D BHumTatacs pacxonsmascs
9acThb:

divHy = —;-c?s Aw = Aws . (L21)

1 2 5
divDy = -fiaw - -167;2 ¢ o (L.22)

B BepmmHHBIX 9acTAX TakXKe HMEOTCH ynnrpaq;noneTonme PacXommMOCTH.
B Ilpmnoxesnm M 6yneT moirygeno:

16 5

2
16’; JAWfE . (L.23)

divFy = (3 16c2)AW =
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Cymma anenos (L.21), (L.22) u (L.23) pasra mymo.
Haxoren npmsenem sripaxernme s He(h):

Halh) =~ 26 (C 1z, ) + 1 m) = Mot + T (0
+ z—z-n.,z(O))-deR(h) . (L.24)

Cobupas KOHEYHBIe YAaCTH NOJIAPAAMEOHHERIX OHEPATOPOB, HOLY IMM:

Hg(h) = —%+1 _CZ 27h ln +( h+ h2)Fh(h)+~£—~lnh+0 03 . (L.25)
YUnen, nponopumonassaeit Fj,(h), mpmxonuT w3 Iz, Takxke kax 7 Inh. My
nopoxnaer 4nes ~ In(h/ ¢?). Jluneitaptit mo h wien conepxurca xak B Iz, Tax
u B Iy, ¥ Bce monspmsammonniie omepaTopsl kpoMe I1,7(0) BroocaT Bkian B
KOHCTaHTY.
CyMmMupy s pacxorsimecs 9acTh NOMAPH3ANMOHAKX OEPATOPOB, BXOLMITINX
B (L.24), nomyamm:

4, 5
divHg(h) = [ (¢t — s%)(1 + 30¢) + 4c%s? +3c (72—%—
: (L.26)
Ts 49 4, 16,5, 2 16 4
+62)+3 3s+3cs = Aw(8¢c 30).
IlpreuMasg Bo BEIMaume pacxofstaiics 9ied B [, mpuBomsmmi K
deR = —1—;3 Aw (L.27)
n B Fp (cu. Tprnoxenne M, yp-sus (M 11) 1 (M. 22))
dvaR_.( 6, ——cz)Aw . ' (L.28)

MHI y6exxnaeMca B KOMIIEHCAIMA DACXOLUMOCTeH B BhIpaXkeHmH nius K.



