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floKaaauo, 'ITO npH np&BHnbHOM 3HaKe nomocuoi!: .llHarpaMMbl r- N -pacceSIHHSIJ 

CBSI38HHOi!: C p&CITA.llOM ff'i (J -Me30Ha, BKJ18.ll ee B Ce'leHHe pacceHHHSI t' -KBaHTOB 
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t]i• -Me30H8 Tpe6yeTCSI CyiUeC.TBeHHOe ynyqmeHHe TO'IHOCTH SKCnepHMeHTa. 
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1. B a e LI e H H e 

Ill 
1-JeCKOnbKO neT TOMy Ha3aLl Jloy 06paTHn BHHMaHHe Ha CyLUeCTBOBaHHe no-

nJOCHoA LlHarpaMMbi a aMnnHTyae ynpyroro pacceHHHH r -xBaHTOB npOTOHaMH, 

CBH3aHHOA c pacnaaoM Jj 0 -MeaoHa. Y'leT aToA LlHarpaMMbi c TO'IKH apeHHH asoA-

HbJX LlHCnepCHOHHbiX COOTHOIIIeHHA LlnH 

HHIO 6nH:>KaAIIIeA CHHrynHpHOCTH no Ql, 
l N -pacceHHHH aKBHsaneHTeH paccMoTpe

• PHLl HHTepeCHbiX C006pa:>KeHHA B CBSI3H C 

asoAHbiMH LlHCnepcHOHHbiMH cooTHOIIIeHHHMH anH ~ - N -pacceHHHH coaep:>KHTCH 

rh ~< /2/ 
a pa6oTe HenHnbi H '+'Hnhxosa. )KH:>KHH paccMoTpen axnaa aToA aMnnHTYLlbi s paa-

/3/ 
nH'IHbiX COCTOHHHHX. l-JeaaBHO XaAMaH H LlPoJ OC06eHHO noapo6HO .lJ.:>KaKo6 H 

/4/ 
MsTbl03 J OTMeTHnH, 'ITO Ll06aaneHHe 0LlHOMe30HHOA nonJOCHOA aMnnHTYLlbi 3Ha'IHTenb+-

HO yny'IIIIaeT cornacHe Me:>Kay TeopeTH'IeCKHMH H axcnepHMeHTanbHbiMH peaynhTaTa-

MH s o6nacTH aHeprHA t -xsaHTOB 100-250 Mss. 3ToT sonpoc aeTanbHO paccMaTpH-

/5/ x) saeTCH s HeaasHo noHBHBIIIeAcH pa6oTe EepHapaHHH' HMaraTa H ap. 

/6 7/ VfaseCTH01 'ITO aHanH31 HCnOnb3yJOLUHA LlHCnepCHOHHbie COOTHOIIIeHHSI 1 

1 
npHso-

LlHT K 3Ha'leHHSIM Ce'leHHA pacceHHHH 1 npeBbiiiiaJOLUHM :3KCnepHMeHTanbHbie 3HaqeHHSI 

B :3TOA o6naCTH :3HeprHA. 

B HaCTOHLUeA pa6oTe Mbl XOTHM o6paTHTb BHHMaHHe Ha 3HaK noniOCHOA aMnnH-

TYLlbl, KOTOpbiA O'leHb Ba:>KeH, TaK KaK OCHOBHYIO pOnb Hrpa!OT HHTep<j>epeHUHOHHbie 

/8/ 0 
qneHblo Via peaynbTaTOB ronba6eprepa H TpeAMaHa LlnH pacnaaa Jt -Me3oHa H 

H3 LlHCnepCHOHHbiX COOTHOIIIeHHA LlnH pacceHHHSI snepea, HCnOnb30BaHHbiX HaMH pa

Hee/7/ 1 cneayeT, 'ITO (oTHOCHTenbHbiA) 3HaK nonJOCHOA LlHarpaMMbl OTnH'IaeTCSI 

oT HcnonbaoaaHHoro .Ll:>Kexo6oM H MaTb30M, TaxHM o6paaoM, ao6asneHHe nanJOcHoA 

LlHarpaMMbl He ynyqiiiaeT cornaCHSI TeOpeTH'IeCKHX H :3KCnepHMeHTanbHbiX peaynbTaTOB
1 

paCXO:>KLleHHe Me:>KLlY KOTOpbiMH Tpe6yeT Llpyroro 06'bHCH9HHHo 

2. AMnnHTVAa pacceHHHH 

0603H8'1HM qepe3 P H p' -B'i.J'TOpbi HMnynhCOB HyKnOHa B HaqanbHOM H KOHe'IHOM , 
COCTOSIHH5lX1 COOTBeTCTBeHH01 a qepea ~. H "' - TO :>Ke LlnH t -xaaHTOBo Tax 

xax OHH yaoaneTaopHJOT aaxoHy coxpaHeHHH 

( 1 ) 

.x) 
AsTopbi 6naroaapHbi :Jff?' HMaraTa aa npeaocTasneHHe soaMo>KHOCTH oaHaxo-

MHTbCH C peaynhTaTaMH pa60Tbl LlO ee ny6nHKaUHH. 
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TO y.no6HO BB9CTH cne.LlyiOlUH9 qeTbipe OpTOI'OHanbH.hiX B9KTOpa 

X ~j_('J;- ... 'J-') , G-=i,('t-'-1-l=i (.p-p'J 

I ('3>·1:.) ~~X r..; P=1'- _.,, 1C; ,.;,..,~t.c,.._.,~p J.; ~~f' 

(2) -I 

r.ne 

~ = i (p+p'). ... 
Yfs STHX qeTb!pex B9KTOpOB MO)KHO llOCTpOHTb LlBa H93aBHCHMhiX CKangpa 

l';z o1 Mv =- (1'·1C). ( 3) 

nnHHhl B9KTOpOB 1 BB9Ll9t:Hh!X B ( 2) 1 CBSI3aHhl C G} l H ~ Y Cne.ayiOWHMH COOT-' 

HOW9HHSIMH 

J'2 = 12- (])/c)~::..!.. (1'1zv~-G-z.(~-z.-+M-z.J} 
-:J<.2 (l'l. L' 

t/2 = - 1'2 J<.z at. : G2 {14z.yz- c;z (Qz.-+M2.J). (4) 

""':b·~-

3neM9HT ,s -MaTpHUhl .anH 6 tV -pacCeSIHHSI MO)KHO npe.acTaBHTb B BH.Ll9 

~p'tl-'{ S-1/ Pt) ::: j_ 8 (P'-+r,'-p-tJ,) -, .2.11 
M 

{Po F;,' 'J,. 'J.:) 'h. . N I 
(5) I 

l 
I 

r.ae 

N = U. (f') e,: rJ,w e., u(p) = (6 > 

"~Jr· i. C;.P;'J ''j .t•l e' :U!<p' IT (e'-f (i)) ( e ·j (-H) I p >. 
B CHCTeMe U9HTpa MaCe .L1HcpcpepeHUH8nbHOe ceqeHHe .aaeTCSI COOTHOW9HH9M 

Jb J'-i!l/2 ~: ~ W I 

01.0 c n 11 Hl.l 

I' .ne W t.C'- (1-+J{) Z. - KBa.apaT nonHOH SHeprHH 

(7) 
B CHCTeMe UeHTpa Mace. 

' 
...__ -- __....... 
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AMrrnHTy .na pacceHHHH N MO:>KeT 6biTb aarrncaHa B sn.ne cyMMbi wecTH 

HHBapH8HTHbiX cpyHKUHH 

P, !/ ... " e" = (e'~~ (ej)) [T. ~i J{ ~] + ~'11) (eN) [~ + 
?"' I- J'''Z. " NZ. 3 

+ 

· -Jl T:) (e':PJ {t.ll)- (l.'N) {t..'P'J ilr ~ + 
+ L It ( :}'e !It') ~ 

( t.'3>~ (t.!V}.,. (e'll) (efj}' 

( ':J' z. /'1 ~) !12. 

(8) 

B HeKOTOpbiX cnyqaHx TaK~Ke y.no6Ho npe.ncTaBHTb aMrrnnTy.ny KaK orrepaTop 

B CITHHOBOM 11pOCTp8HCTBe qepea W9CTb H9KOB8pH8HTHbiX cpyHKUHit fli 

u ' ·' ll r. ...... ,) R ( ... , ... ) · n (~[:'e. ... 1'' .!:J-e,...N"'vev = 4 le..e -t 2 S·s -+t~3 " ~ J + w 

+, 2/i (6- [s' ~J) -t i ~s [ (~k.) Cs'eJ - (iK.•J (se'iJ (9) 

~ i R, [ (it•J (s'ej - (6~J (tt'[], 

... [ ...... ] 
r.ne &= ""e 

... , c~· ... ,, 
' s = )C. ·e. _J a (e~ iZ) ... , ., ,, 

H (e., K / - e.nHHHqHbie seKTOpbi 

ITOnHpH38UHH H HMrrynbCa cp~"t'OHa llO H ITOCne pacceHHHH
1 

COOTB9TCTBeHH0
0 

3. NeTpHqHbiA aneMeHT pacrra.na He:liTpanoHoro rrHOHa 

- MaTpHua llhH pacrra.na He:liTpanbHOro ITHOHa HMeeT BH.ll 

( 10) 



I H ~ - HMnynbChl ~OTOHOB; 'fr 4 - HMnynbC nHoHa; J (JC) - TOK nHoH-

r.ne IJr 
HOI'O nom1, KOTOpbii!: onpe.aenSieTCSI KaK 

j~) = i ~s s+ = i:Q.'f(1.))'5 t:!> ~~>, 
0~~) 6 

(.11 ) 

r.ne 'f{,() - onepaTop M930HHOI'O nonS!; f(J()- onepaTop HyKnOHHOI'O nonS!, a ~~~ -

HenepeHOpMHpOBaHHaSI KOHCTaHTa nHoH-HyKnOHHOI'O B38HMO.llei!:CTBHSio raA3eH6epi'OBO 

ypasHeHHe .anSI Me30HHOI'O nonS! MO)KeT 6hiTb 3anHCaHO B BH.[le 

(-0 l .. ~) 'f (ll.) ~ j (;t'. 
(12) 

• 
/8/ 

B o603HaqeHHSIX ronb.n6eprepa H Tpel!:MaHa 

M = (211') a 14~~7 <:: ~'qr/ J /•) =- i t,.v .. A e~ ev ~6 4: F [f. 9-
4

4-? 'J, <tal 

r.ne f('Jt')- ~opM~aKTOp. B Bbipa)KeHHe .anSI S - MaTpHUhi pacna.na sxo.nHT 

F (-M~) 

-ur 

BepOSITHOCTb pacna.na Hei!:TpanbHOI'O nHoHa pasHa 

<; fLIJ-O,'/S/'f•>/2 = _l_ 8 (D- -1}-ty'l J'a/rJltJ.' 
: L.. I v T (2n)t. yr J y 7 

..-~·ft.' (.2ft )3 . ( 14) ,._ 

'~ c;. , ~ q.' 9-''I-" L [(l t'l ... ( e· 511 ., F/z 
ro • , t! t' '-' · 

CyMMHPYSI no e ~~ e' H HHTerpHpyst no yrnaM, Mhi nonyqaeM B CHCTeMe noKOSI 

-ur:: m~ 1 F/2. ( 15) 

nHOH8 

'4 .rr 
BpeMSI )KH3HH nHoHa '1:' paBHO 

'1:"'= b" 11 n,t,. I Fl 2. • 
(16) 

Vlcnonb3YSl .nHcnepCHOHHYIO TeXHHKy, ronb.n6eprep H Tpel!:MaH noKa3anH, qTO 

l 

' 

I 
t 

I 

·-

--
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r.ue ~ 
I 

H , - HMIIynhCbl cPOTOHOB; 'fr 4 - HMIIynhC IIHOHa; J (,{) - TOK IIHOH-

HOrO IIOnH, KOTOpbiA onpe.uenHeTCSI KBK 

j~) = i ~s s+ = &:Q. 'f~) Ys t!t lf~>, 
o"(~) 6 

( 11) 

r.ue 'f{,() - onepaTop Me30HHoro nonH; 'f'(lc)- onepaTop HyKnOHHoro nonH, a ~0 -

HerrepeHOpMHpOB8HH8SI KOHCT8HT8 IIHOH-HyKnOHHOro B38HMO.UeACTBHSio l8A3eH6eprOBO ,. 
ypaBHeHHe ,llnSI Me30HHOrO IIOnH MO:>KeT 6hiTh 38IIHC8HO B BH,lle 

(-a~+~) 'f ("');: J" (Jt>. 
/8/ 

B o6o3HaqeHHHX 1onh.u6eprepa H TpeAMaHa 

(12) 

M = (1Jr)~ r~~~7 (tt'4'1! /o) ; - i t,..v C' A e~ ev 9-6 q,: F L-(~ -+'1--? '.]I ( 13) 

r .ue f ( "')- ¢opM¢aKTOp. B Bbipa:>KeHHe .unH S - MBTpHUhi pacna.ua BXO.llHT 

F (-M~) 

"" 
BepoHTHOCTh pacrra.ua HeATpanhHOro nHoHa pa'>Ha 

c; fLt4'/ S/,•>1 2 = _, 8 (q.,.-,.,-ty') J3a~d311.' ~,,..-

:: '-- I v T (2n)~ y 7 

-..~·~e.' (.2ft' J3 . (14) 

-;;-_1 ___ a t '% c;- [ / .... , i q,.-, ~. q.: r 'J- ft. ,e s 7 + (i'SJ] 
2

/ F/• 

CyMMHPYH no e He' H HHTerpHpyH IIO yrnaM, Mbl nonyqaeM B CHCTeMe IIOKOSI 

'"Uf":: 
3 /2. m1r [F 

IIHOH8 

'"'Jr 
(15) 

BpeMH :>KH3HH rrHoHa '1:' paBHO 

't"= ''* il htt,. IF/z. . ( 16) 

Vlcrronh3YH .uHcrrepCHOHHYIO TexHHKY 1 1onh.u6eprep H TpeAMaH noKa3anH 1 qTo 

I 

l 
~·. 

~-

' 

---
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(17) 

r.a.e 

(18) 

a fi-t H· ,..,,_ - AHOManbHWS MarHHTHbiS MOMSHTbl rrpOTOHa H H8RTpOHa 1 COOTBST"" 

cTseHHo; Io H 1-1 - nono:>KHTenbHbie HHTerpanhi. J..1a ( 17) cne.a.yeT, 'ITO 

F{o) ~ < 0. ( 19) 

3ToT aHaK sa:>KeH .a.nH .a.anbHeil:wero. 

4. 0.a.HOM830HH8SI .O.HarpaMMa .O.nSI paCCSSIHHSI t' -KBBHTOB npOTOHBMH 

3neMeHT s -MaTpHUbl nomoCHOH .O.HarpaMMbl paseH 

<P'"'/ s-11 P"r> = -+i (.~Tt)" S(p'.,. 'f'-r-'~t} (p'f JNt,J/ p> . (21) 

JV'o:>KHO noxaaaTb1 'ITO 

(22) 



.. 
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TaK K8K MaTpH'IHbiA aneMeH'r · <cy' / J;,.(o}/,) 6epeTCSI a nomoce npH 

(,,_,..}2 =- m: . TO B (21) BXO.LlHT KB.K pas TO 3H8'leHHe F • KOTOpoe 

acTpeqaeTCSI a .JtO -pacnane. 

no,llCT8BJ1SISI (22) B (21) H penyUHPY.SI CnHHOpbi B CHCTeMe UeHTpa M8CC 1 nony-

qaeM 

(P'tJ,'/$-'1/ P'r> =-..i£_6 (u)''S(p'+lf'-p-~J-) -
1
-

(.u) Y'I~J,'Jt 

Q_ .. .., _..-+ I/...,. ... ~~ ~ 
.£- (ol<.-o·K')"'J- ,e-s'+e-.sJ 
J./'1 

= i~J-F 
em' 

... 3 
Mq, 

y 4 'I• fJ: PoP." 

8{p'+tJ'-p-tyJ .2M l l'"·IC.J (e·sJ-(-J<.'J(e·SJ] 
I [ •[!..,.-+ _., _... 1 

- '[ (5,tj (e s'J - c~;J (e's11}. 

CpaaHHB8H ( 23) c ( 9) 
1 

nn2 aKnana nonrocHoA nHarpaMMhi 1 nonyqaeM 

R.,p = R.t, = R,p = R~tp = o 

R>p ::- R,, = ~ 
g1iW 

'f,-.3 

(p -p')-l-t-l'»i J 

H 

f PoP.' 

(.tE)Y 

(23) 

(24) 

oTKY na saKJIIO'laeM, 'ITO aKnan nomocHoA nHarpaMMbi oT o6MeHa H pacnana nceano

CKaJISipHoro HeA:Tp8J1bHOI'O Me30H8 B 8MnJIHTY.LlY CBO.LlHTCSI K KOM6HH8UHH 

Ks-p - a_,P = SFm11 .!J::. (l 9--2. 
fnW ,..,~ 

2. .::: :/.lf ~ (if- (4$ (J) T ..,,. 

(25) 

<il F ,;;- .!t.. 1 -.JrrW i'l1r; 1 + .,,. - C;.1lJ 
2.~1. 

Ba:»<:HO OTMeTHTb0 'ITO B CHJIY ( 19) 

I 
I 

i 
I 

I 
I 

~ 

i. 

~ 

I 
I 
I 

I 

\ 

----- ____ I 
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R.Gp - R,p <O' 

ecnH npHHSITb1 'ITO F(o) H Fftn;) 

9 

He CHJlbHO OTnH'I8.IOTCSI0 

'/5/ 
8 BbiiJB.)KeHHe J;J.JISI ceqeHHSI (¢opMyna ( 16) B ) nOJIIOCHOI qJieH BXOAHT B 

KOM6HH8UHH 

BKJIB.A OJ;J.HOI nOJIIOCHOI .aHarpaMMbl HMeeT BHA 

}': ( P) =-f J l'lr- R,l1. ( ;J-~ 8) 3 ;;: 

(
..!..)2. q1. 

:1 w frr. 

3 (1- u~ &.) 

'ITO cosnaJ;J.aeT c peaynbTB.TOM .Ll)KaKo6a H MsTbiOaa. 

(26) 

(27) 

, 

Mb1 MO)KeM 0)KH.Q8Tb yMeHbWeHHSI Ce'leHHSI noJ;J. 90° OT .ao6aBJieHHSI nOJIIOCHOrO 

'IJieHa TOJibKO B TOM cnyqae 1 Kor.aa BTOpol 'IJieH B (26) OTpHU8.TeJI9H0 

TaK KB.K R't senHKO H oTpHUB.TeJibHO Ha-aa 6onbworo aaoManbuoro MB.rHHTHoro 

MOMeHTa npoToaa1 Re. ( ~J- f24) smnSleTCSI noJIO)KHTenbHOI senH'IHHol a paccMaTpH-

saeMol o6nacTH sueprHA. TaKHM o6paaoM BTopol 'IJieH B (26) noJIO)KH.~ea, ecnR 

• CneJ;J.osaTeJibH01 B npeJ;J.nonoJKeHHH cnpaseAJIHBOCTH aHB.nH3a 

ronb.a6eprepa H TpeiM8H8. nOJIIOCHB.SI .O.HarpaMMa He yMeHbWaeT, a yseJIH'IHBB.eT Teope

TH'I9CKOQ 3H8'19HH9 Ce'I9HHSI0..-

0TM9THM1 'ITO B 8H8.JIH3e .Ll)K8K06a H MsTbi038. y'ITeHbl JIHWb (a 'uawHx 

o603H8.'19HHSJX) aMnnHTY.Obl tPOTOpO)KJJ.QHHSI E.s. H M._ • npH orpaHH'IQHHH STHMH 

COCTOSIHHSIMH 2r- 1?, - nOJIHOCTbiO onpe,aeJISI9TCSI nOJIIOCHOI .QHB.rp8MMOI. 

EcnH 
/11 

BOCnOJib30B8.TbCSI peayJibT8T8MH Hawero 8.H8.JIH38. 1 TO OK8.3biB8.9TCSI1 'ITO 

R.e r<t- 12, ) onpeJ;J.eJIRTCSI 1 nOMHMO npe,aeJibHOI TeopeMb1 1 aMnJIHTY .QB.MH 
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<PoTopo>K.neHHSI M ~ H E.,_ , T aK KSK npH aToM ( H30TponHaSI) qacTb BKna.na noniQcHoA 

SMUJIHTY.Ubl SBTOMSTH'ieCKH Y'iHTbiBSeTCSI 0 K paHee noJiy'ieHHOA HaMH SMUJIHTy.ne Heo6-

XO.UHMO .U06aBHTb He BCe Bbipa>KeHHe (25), a JIHWb BKJia.n (25) B 6oJiee Bb!COKI!:e 

COCTOSIHHSI, T,e. pa3HOCTb 

(fs--R,)p -~~J(fl.s--lldp Sih8c/8. 

B peaynbTaTe TaKoA npoue.nypbi1 KOTopaH Heo6xo.nHMa, 'iT06bi He HapywHTb yHHTap-

HOCTH s -MaTpHllbl 1( npH e = 90°) aeJIH'iHHa 11;' ( 11,.:: 1+ Jrl/ ) 3aMeHSieT-
I 4 "' ~CJ-z 

CSI Ha 

~ ~ 
'iTO npH "'::: #t'lfi 

-I 
:111 

('":: 34J 

1. 1.../~f ..t ~.,-1 I 

npHao.nHT K aaMeHe 2/3 Ha -0,14. TaKHM o6pa-

30M BKJia.n aMUJIHTy.Ubi yMeHbWSeTCH B 5 paa, a 3HaK BKJIS.Ua MeHSieTCSI, B CHJIY STOrO 

Tpe6yeTCSI 3Ha'iHTeJibHO 6onee BbiCOKaSI TO'iHOCTb0 'iT06bi CKa3aJiaCb CBSI3b aMnJIHTY.Ubl 

pacna.na .Ji0 
-Me30Ha H aMUJIHTy.Ubl pacceSIHHSI f' -KaaHTOB HS npOTOHSX0 1-Je,naBHO 

-o /9/ -16 
6biJIO noKa3aH0 1 'iTO apeMSI >KH3HH Jl -Me30Ha paBHO (2,0:!:_0,4)•10 CeK 0 'iTO 

TaK>Ke yMeHbWaeT aeJIHT{HHY BKJia.na UOJIIOCHOA .UHarpal\fiMbl, 

Heonpe.neJieHHOCTH B aHaJ1H3e <iJoTOpO>K.UeHHSI He MOryT CKaaaTbCSI Ha 38KJIIOT{e-
-t:,r 

HHH 0 3HSKe HHTep¢epeHUHOHHOrO 'iJieHa B (25), UOCKOJlbKy STOT 3H8K onpe.aeJISieTCSI 

TeopeMoA HH3KHX aHeprHA, AMnJIHTy.na pacceHHHSI npH HH3KHX qacToTax, anepabie 

110/ 
nonyqeHHaSI Jloy H renn-JV\a.HHOM H ronb.n6eprepoM , paCCMOTp~ma 3SHOBO B npHJI0-

/6/ 
>KeHHH 1 r.ne OHa nony'ieHa KSK BKJia.n O.UHOHYKJIOHHbiX T{JleHOB (eM, ), 

0TMeT.I'M 0 B qacTHOCTH, 'iTO 

T:o 
G 

2. 
= !.-(if ... ~) 

"" 
M2Qz. 

~ .,_,.,2 Jl'l. 

.Lla.nHM ewe O.UH0 0 MeHee CTporoe0 HO 6onee HarJISI.UHOe .UOKa3aTeJ1bCTBO 

x) 
npaBHJlbHOCTH onpe.neneHHSI 3HaKa UOJIIOCHOA .UHarpaMMbl ,, 

MaTpH'iHbiA aneMeHT ( ey' / Jr {o)} ~) MO>KHO npe.acTaBHTb B BH.Ue 

(28) 

x) . 
AHanorH'iHbiA no.axo.n HCUOJlb30BaJIH EepHWTeAH, <Py6HHH, renn-JV\a.HH, THppHHr 

H O.OHH H3 SBTOpOB/11/ .QJISI noJiy'ieHHSI COOTHOWeHHSI ronb6eprepa-TpeAMaHa, 

.... 

1 

"' 

l 

~ 

l 

'\" 



' 

l 

1 

t 

II 

(29) 

~'L F (e'!PJ {e11) -(e'!V) {e'J~ 
(~li}! (_:P'Z N~) ¥2.. 

TaK, "'TO 

(p'CJ,'{S-1/f~)::: i (.tHr
2tj8(p'+'f 1-p-'f) i k(p')'f$k(p) 

(e' 1'~ {e.N)- {e'N') ( e :P') 
(30) 

OTKy.Lla 

(31) 

Bse.aeM Tenepb ~YHKUHID 

(32) 

EcnH paccMaTpHsaTb f ( '1/, (iz.} KaK aHanHTH"'eCKyiD ~YHKUHID ~2. npH ~HKCHpo-
saHHOM .J , TO H3 TeopeMbi KOI.IIH H Ha ( 31 ) 

(33) 

J ~ ~ 
r.ae 'l - .LlHCnepcHOHHbiA HHTerpan, HH)KHHA npe.aen KOToporo paseH 4 J'JI

6 
• B o6nacn< 

(J'l (< "'in: HHTerpan B ( 33) Man H MQ)KHO annpOKCHMHpOBBTb ~ ( 't/
1 
~ 2) BblpB)Ke-

HHeM 

"' gF 
]i 

(34) 



--

~~ 

C .a.pyrol CTOp0Hbl 1 f (v J G/ Z.) .HBn.HeTC.II T8K>Ke 8H8nHTH'I9CKOI tPYHKUHel \1 npH 

tPHKCHpoaaHHOM Qz • CornacHo TeopeMe KowH H c y<~eToM (28) 

~ (v,Qz) et(J..-).) 
= M 

A-f'l.. 
+ :fv ' 

(35) 
C/''-ftfZ vz 

r.a.e Jv - .a.pyrol .a.HcnepcHOHHbii HHTerpan. B o6nacTH l \J ~ nt.7i 

'lneH 6y.a.eT npeo6na.a.aTb H npH6nH>KeHHo 

t ('1, Q'L) ~ e'l (17-+M 
1'1 

.. 
Ai'Z.. 

~"- J1.1'lyt 

noniOCHbii 

(36) 

OqeaH.a.Ho, 'ITO (34) Hecnpaae.llnHao a6nH3H "-1z.\lz ~ ~z. , a (36) He HMeeT 

M9CT8 ITpH 'f~1:-tt'J: • }-b BCe >Ke B03MO>KH01 'ITO B HeKOTOpOI o6n&CTH V H ~'l.. 
( 34) H (36) cnpaae.nnHBbl O.llHOBpeMeHHO. n PHP8BHHBB.II STH Bbipa>KeHH.H npH 2 'J• Htr 
H ·~ ~0 , nonyqaeM 

F = - e~(lf-+l) 
a~-· ~r. 

'ITO O'leHb 6nH3KO K ¢opMyne ronb6eprepa H TpeiMaHa, nony'leHHOI COBCeM .llpyrHM 

cnoco6oM. 

.0eiCTBHT9nbH01 H3 ( 17) IT pH 

('An&) -.L, » i. 
nonyqaeM 

F =- ea ("1-+~) 4rr. Io + pL 
1 I.f 

'ITO C TO'IHOCTbiO .llO 'IHCneHHOrO MHO>KHTen.H COBITB.ll89T C ( 37) • 

(37) 

B nHTepaType Hcnonb3yeTC.H .llBB paaHbiX Bbi6opa o6we.ll: ¢aabl .llnsr BMnnHTy.llbi j" -pacceSlHH.IIo npH O.llHOM TOMCOHOBCKHI npe.llen paBeH f e npH ,a.pyroM- ~ • 
~ If 

0wH6K8 ony6nHKOBBHHbiX pa60T COCTOHT B TOM 1 'ITO Bbi6op o6~ro MHO>KHTensr y O.llHO-

M930HHOI 8MITnHTY.D.bl He COOTB9TCTByeT Bbi6opy 3H&Ka OCT8nbHO.ll: BMITnHTY.llb1
0 

Henocp9.llCTB9HHOe <;:p8BH9HHe 8MITnHTy.IJ.bi 1 HCITOnb30BBBWelcsr .0>K8K060M H /11\sTb-

/4/ f-1030M, C ( 9) ITOK83bJBB9T1 'ITO BB9.ll9HHbi9 B tPYHKUHH ~ 
CB.II38Hbl C fl; COOTHO-

W9HHSIMH 

~~-- - -----

.-> 

~-

·-{;;;-· 

'! 

~' 
~'" 
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-f .. = R, .... R2 u5e 

f2:: R2. 

+~ ::: fl3 ·~ &s£J + (R~+RI) (1...,.~9)- (!4--f<J) (t-~B) 

~~ :: 1(4 

f~ :; R+-+ Rr-

~' - R, .... 

r,lle yqTeHO pa3nHqHe B 061U9M cpa3 OBOM MHO:>KHTene H OTKy.Lia To!lK:>Ke SICH01 qTQ HC

/4/ 
nOnb30Bo!lHHb!il: B 3Ho!lK flOn!OCHOro qneHa OTnHqaeTCSI OT .llOKo!l3o!lHHOrO B H8CT0Silll91 

pa6oTe. 
--~ 

OgaoayKnOHHbie cnaraeMbie B gHcnepCHOHHbiX cooTHOWeHHSIX 

YqHTbiBaB, qTo 

T (e'·f(t)) (e-j (-iJ} = 8 (i.) [ e~ j (f) e·j (- !J] + 

(A. I) 

+ ( e'·j ( ~J) ( e · j (- ~)) 
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onpe.a.enHM aanaa.a.hrsaJOWYJO H m-.:epe:>KaJOWYJO aMnnHTY .Ubi 

11 ! ~tjtJv ( ~ P.'J ~ J ., z i 1<·i 1v =- .:! .2r 2 i. ~ J z e ,.,. .. ( A.2) 

< p' I a(zi..) [ e'-i(~) e·j (-!J] f p~. 
BepwHHHSSI 'ISCTb TOKa HMeeT BH.O. 

• 
<()'fej(o)(f')::: l£, k(p'J5~+i~ [~ (P~P) -(P'-PJ~l'k(p)== 

(.2.11') Z -rN 'J 

= i. £, 1-c.(p') [(4+~) e-+ iA e(..p'+plj"k(p) ::- (A.3) 
(1K)S :ZM . 

= _}_£ ~(D'J[(4-tl}~ -+-_d.e(i>7 'kGp·' (1JT)~ I "" J I I 

r.a.e £, - aapSI.a. HyKnoHa. 

nonJOCHOA 'lneH B o6naCTH nonO:>KHTenbHbiX 'laCTOT HMeeT BH.O. 

A"=- (11)' 2. ~(~-p+p..,) <P'fej(ol{Ph> <.P"-/e'j(ol{p> 
4 h. 

:= ~ ... s ,j3 p,._ ~ (I'. -p ~ p ... ) u. (p') [ (1• ~) ~ + 

-t i.~ e (11J- '1<.- Q J] f< ( ':P--1<) ik (P--1<.) @-t).) e I+ 

+ * e' (2 '.P-X +G)] 1t. (f') ~ {" J J3p .. 'S !~ -p +f-)" (FIJ [(1• 

+,~o)e ... ~ ep'] 41. (~-'1C) 1<. (P-1C) [(t+A) e' .. ~ e'p]11(pl 

(A.4) 

-- --~- _-:-~---_-----=-=---=:----~~-- ---- -·---

-£;;.-· 

' ' 

"""'" 
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Hcrronb3YSI cooTHOilleHHSI 

(A.5) 

If 

( A.6) 

Mhi rrony'!aeM 

(A.7) 

1\1\o:>KHo Bhipa3HTb A" ' '!epe3 OCHOBHbJe HHBapHaHThl 

Ao- ce'']') {e'Y'J 0 {I!.'N){LN) A. + 
- :J'2. A., + "'z. z. 

(e.' P') (ell)_ (e'J{) (e.P') • (~'Jl'J (ell) -t-{e'N) [eP'J A o 
4 A -+ /f711L .. JZ1 ,,_ + . 

( j>1'- NZ.) ".h. ~ \.._J fY J rz. 

(A.8) 

CpaBHHBaSI (A,7) If (A.8), rrony'!aeM 

.( 0 ({) rz £. t. - r ...., . A I ~_, f = 4 ~ (f'~+~'L) u.,{p') L{1•,>.) p ',. ~ P·f'J 

L-_ i (P-i}+M] [(-1.,.).) p'-+ ~ P~p] 'k{p). 
(A.9) 

flerKO JTpOBepHTb1 'ITO 



li"J I (";)I {. r0 I 12. 
J p' ": .r ~- Q) = p p :: 'P ; ' 

A ( A ;t ) A/ A A 

1i, (~') [ j>' - i { 'J' -1<) + M !F] 1/ {f)=: ii. {t'J l {i { P-1<:} + 

+ 1\1] p ,,__ '- i p f P'j u (f) :: ;£ (p'J f -i -k_ ~~z + !P'z M+ 

-+ ~ p~~ f p'211t{f) ; 
- .A'[ " A [ A ... ?·1c A 
-u(pt) j) -i(5'-1c)+M]1-t{pJ= tk(p') {1'- xz. 1::.) 

l-i{i>--kJ-.M)j1t{p)= i£{p'J{M(iM- J>~-t;i)- £ (P
2

~ 
• 'J'·t) .,. ~ (~--K + [j>~~ -R p) J 1<, (p) ; 

I[ ~ A ""' [ ~ ('f'') z -i ( 'J'-1<:.) 1-M] 3' J 1l(p) = fi {p') M {IM-

_ P:.. ;_) -; (P' ... 1·-k) .. ; ( -f :j. .. :r~; :fi-£ J) 1< (pl ; 

.j;. {p') [-; (1--kJ .. M J 'k (pl = 1<. (.p•) [d_+~r{J 1t (f) · 

vtnonb3yH (A.l0)- (A.l4) H OTMe'laH, 'ITO B nonioce 

LP' ic)z. = 1 2 +1C2 - ,_ ':P·1c = ~ 'J(t. -~ 1·1:: -~2. = _ ~t-tz, 

. HnH, 'ITO 

d<~ ::- ~-t) 

nonyqaeM ~ - ~ 
A,o = !_ ~ {'- /(~- :2 'Y·1c) 'k (p1 (J.M +; 1c) 'k (p) =: 

"' 1. c (J'l. " 
;: ~ o ('I- ~) ~ ( J> ') (~ M + i 1C) 11, (p) . 

~--~- -~--- -------- --~~:_;_~-_::-_-__ -__ -_-_ 

( A.lO) 

• 

( A.ll ) 

( A.l2) 

' 
?--

l 

( A.13) 
s 
~ 
<::;:) 

.......... 

f,;, 

( A.l4) 

• 

(A.15) 

( A.l6) 

'--

' 
--~ ........... 
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r 
I 

i 
l 

r ( A.I8) 
I 

i 

-" 

( A.I9) 

( A.20) 

;1 

i 'k (p') N 1c (p) ::: 1:. 2 1Z {p') y~ -k_ u. (p J • 

i ~!>e:tgH~~;~:;,,i, :ll~~F.- : 
1 

r .. c-:'!;{!~~::r ~e:.(~J:~Bt!ll!ft~:t , 

rmA 



• 

HS 

( .. tl ~ f":)l~ ~ 
EcnH Mbi y'IT&M, 'ITO B cHny (4) 1 If; = J Q 

1 TQ H3 (A.20) 

nony'IHM1 'ITO 

A• -- t.L("·~> ~r..,_g_z) iii. {p')Ys-l£(p) 5 • ., a~ {, fiA 

, 
0 

A,. : £.Z.(1•.A) 
i.A-1 

~ (v- ~~) ik (p') ~1:. 'k (pJ. 

.. 
OxoH'I&TenbHO H3 ( A.16) 1 (A.17) H ( A.21) nonyqaeM 

fl. 
T ·- -... - 1Jr"' 

l\t'lQ2. -Q'I-M'-Y"" 

o £2. M;z."' 
; ~ -::: ~JiM o_'f -M"V~ T?: :::o 

ft-J'lV 
,-;, o : - £1.·(A-t).f 

fi"- '"'2 y-z. 
.J 

T>o = 1\A ~ o = £ .. (1+~) 

.ftrM 

Mz.Qz 

£iY- M-z.Vz. 
( 

£'1. 2 I 

'"' == e = 1!1~ ) 

(A.21) 

(A.22) 

'ITO COBD8~8eT C paHee nony'leHHhlMH pesynbT8T8MH C Dp8BHnbHhlM 3H8KOM. npH BC9X 

Bhl'IHCneHHSIX O~HOHyKnOHHhlX 'lneHOB npe~nonaranOCb1 'ITO B snexTpOM8I'HHTHblX B38HMO

~ei:CTBHSIX HM99T ,M&CTO COXp8H&HH9 '19THOCTH. nony'leHHbl9 pesynbT8Thl OCT8IOTCSI 

CDp&Be~nHBblMH H OpH H&nH'IHH nHWb c p- H~B8pH8HTHOCTH. 

~ 

i 

"' 

-£_-

" 

~ .. 
I 

-~~==~~~====~~~-----------------------------------~ 
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