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' " 

1, B a • A • .11 a e 

K " /1,2,8/ 
aJt 6bUIO OTMe'leBO a pSIJte pauar 1 

M&r.IIBTBhiX &38BMOA91cTBBJIX 8,1lp0.110B MOlltiiO o6aapyliUI'l'l» DpB paCC95UIBB sneJtTpOBOB aa 

Blip ax. 

/3/ 
B pa60Te {Aanee I ) paccMaTpasanocb yupyroe pacceSUIBe penliTBBHCTCJtax sneJtTpo-

/4/ 
BOB Ba .ll&JITOBAX B DO SltCD9pBM9BT81Ib.llhiM .llS.IIBhiM 6blna ll8B8 Dpe.llBapBTellb.II&B OD9.111ta 

Olltllll89MOJI yrnOBOJI 8CBMM8TpBB p8CC85UIHSI .118 DOIIBpB30B811BOJI MBW8HB, 

B aacToamell pa60Te nollpo6ao pacCMOTp&Hhl B03MOlK.IIOCTB npeAnaraeMoro sJtcnepaMe.a

Ta, HcnOllb30BABbl OCKOBHble pa60Thl no pac'leTy sneaTpoMaraaTaoll CTPYKTyphl .ll&liTpoa£
5

•
61

• 

llaaa oue.111ta stjlo!leJtTos, MemaiOmax o6aapyJKeaaiO aapymeHHll CP-aasapBABTHOCTa. 

2, KoppeBllllBOBJihle scp.jleJtThl B e - d pacceSUIBH npH aapyme11aa T -aasapHaHTHOCTB 

B pa60Te(l) .ll&.llhl B O.llB~OTOHHOM npH6nHJK8BBB ce'leHaa pacceBHaa aenongpaaoBaa-

BhiX snerrpoaos aa {i) .1181lOIIllpH30B8BHOJI B ( ii) DOIIBpH30B8BBOJI ,ll&JITOHBOil MBWSHH, 

B cny'lae (i) ce'leH&e onpellenlleTCB o6bi'IHoll cjJopMYnoll: 

(I) 

2 64 32 2 
(q )+-3- ~ fs1 (q ) ; 

}(- M8CC8 .llSJITOH&; 

3 



I 

f 
10 1 

f 
12 1 

f 
20 1 

f 
31 

.,. 38pSUIOBbllt1 sneltTp1!'18CitHII KB811pynonbllb1111 MarHBTHblll IIBIXonbHbllt 

a MarHBTHbllt Jt&allpynon&llbiii II po11a ( T -aeHH&apBaHTHbiii) ljlopMcpaKTOpbl 11eltToBa. Ecllll 

T -B81!H&ap1!8BTHbllt ljlopMcpaKTOp f 31 OTnB'I8B OT BynH, TO 1191tTOBbl OTJ:l8'11! nonSlpB30B8Bbl 

B HanpasneBBB HOpManB It IXnOCKOCTI! pacceSBHSI II CTeiXeHb IXOnSlpB381XI!HH P0 OK83biB89TCH 

pasaolt 

P0 E~· 
M3I 

y'E12 -....-(1+7]tg2..L) 
"'I 2 

E+'2\-+Mtg2f (8) 

nonSlpH38UI!Sl M8KCI!M8nbH8 IXpl! yrne paCC8RHBH 91X9KTpOBOB1 01Xp8J:t81XS18MOM pa&eHCTBOM 

H pasaa 

9 E _L 
tg2T=""'M-2., 

pmax 
0 

E12 M31 

';/2_y' M ) 
= 4 2M(E-T./ 

(4) 

\5) 

B cny'lae (II) nongpB38IXHH MBW8HH npH&OJ:tBT x yrnosolt acBMMeTPHH pacceHHHH a , 

pasaoll 
1-ffi-- <9>- ...iL < -9> I 

a( 9)= dO 
du d crrr <9>+ em-< -9> 

(6) 

MaTpHil8 IXnOTHOCTI! CIXI!HO&biX COCTOHHHII J:teiiTOHOB MHW8HB B ODW8M cnyqae BMeeT 

BIIJ:l! 

p=-j-II+i(Ptjf)+Qn([Jijk] --flln)l • 

rna pf- B8KTOp nongpH381XBB neiiTOBOB1.1!3M9HSliOWBIICH B npenenax 0_::; 1!1 ~ 1 

T9B30p BbiCTp09HHOCTI! J:teliTOHOB. 

(7) 

• a Q 1k 

B 'IHCTO nongpH30&aHHOM COCTOHHBH (npH Q 1k = 0) nongpH38IXBH He MOlKeT DbiTb 

6on&we, 'leM I PI- ..2..
3 

. MBKCBMan&HaH nongpH3aUBH I PI~ 1 J:tOCTHraeTCH nna 'IHCToro .. .. 
KB8HTO&OrO COCTOBBI!H C npoeKUBell CIXHH8 B8 H8IXpasneHHe p , pa&HOII +1. npu STOM 

Bblcn'pOOHHOCTb OTnH'IH8 OT ByiX.H H p8BH8! 

3 I 1 Qik =4 P1Pk-3lln I • (8) 

B cnyqae 'IBCTO nongpa3osaaaoro ny'IKa ( Q1k =0) aCHMMeTpHH B yrnosoM pacnpeneneHHH 

pacceBBHbiX 91X811:TpOBOB paCC'IHT8B8 B I H pasHa 

Ms1 9 
- y'E 12 -2-- ( 1+7] tg2 T) 

a•3i3 'I I(PfNf)l. 
E + _!_ + M tg 2JL. 

2'1 2 

(9) 

3necb ~ - 8J:tHHB'IHblil B911:TOp 1 nepneBJ:tHKyngpHblli IXnOCKOCTH paCC8HHHH1 T.e. M8KCHM8nb-

H8Sl 8CBMM8TpHSI B (ii) p8BH8 CT81X8HH IXOnHpH38UBH neliTOHOB 0TJ:t8'1H (8) B (i) 

4 

• 

.~ 

J 
·~ 
~~ 

·~ 

!l' 
.... '1 ·,. 
,, 
·.~ 

i 

B cnyqae MaKC&Man&ao nongpH30saaaoro ny'IKa (\P\=1) 

a=3v'3 
4 

M31 9 
y'Et2 ~(l+']tg2T) 

M 2 0 
E + "'Z7i + M tg T + C BbiCTP• 

HM88M! 

Ysenuqeaue 3HaMeHaTenB s (10) &03HHKno H3-aa npucyTCT&HH &Knana OT E 

Ceqeaue pacceaaag sneii:TPOIIOB s onaoljloTOHHOM npa6IXHlKeBHH Ha &biCTpoea 

MBWe HI! c y'leTOM 'lneaos, aapywa!OWHX T ... Ha&apuaHTHOCTb, 118HO B npa 

8. Oneaxa s!IJI)IeKTa 

/1 2 8/ 
p SUI COOf5palKeHHli, IXpHB8.0.8HHbiX B pa60TaX 

1 
' 1 IX03BOn.HeT Oll8HRTI 

mae B OTHOW8HHe (7). nocKOnbKY .D.IXH C&of50.D.HbiX '18CTHIX CO CIXHHOM 1/2 

Bble «!JopMcpaKTOpbi soo6me 

111 
npH'II!B8M : 

381Xp9W9Hbl, TO H8nH'IH9 HX y l!llep B03MOlKHO 

a) B SUIP8X ByKnOHbl H8XO.D.SITC.H He H8 M8CCOBOli Of50nO'IK8 (acpcpeKT a 

V - IXOT9HUH8nbH8H saepraH), B 

15) cymeCTBY!OT Of5MeHHble TOKH ( = 0 ( _s:__) ) • 3TH acpcpeKTbl BHPTY8nb 
)(2 

H H8IXI!'!He Of5MeHHbiX 1T -Me30HHbiX TOKOB J'bo61M" .of5yCIX8B.IXBB8!0T Beane 

l!llpa a ecTecTseaao C'IHTSTb, 'ITO T- uasapHaHTHbie B T - aeaasapHaHT 

/2/ 
pbl - OJ:tHOro IXOpl!liK8 ManOCTH 

'iTOObl nony'IHTb &epXH!O!O rpaHHUY J:tiXH scpcpeKT8 Ha H.D.pe CO CIXHHOM 

'ITO .o.na IIOCTaTo'lao 6on&wHx q
2 

E=E 12 , M=M 31 E»M,Torna a=ii__l_ 
1 3 • 2 j2 (J+ 

11911TOH8 B=Tv'T ). 

no 9KCIX9pi!IM9HT8nbHblM .0.8HHbiM .D.nH .D.eliTOHa/
4

/ MOlKHO npe.D.IXOnOlKBT: 

M 
M31=T ,'ITO COrna!i'yeTCH C of5wi!IMI!I coof5palKeHHHMHo npH STOM HM• 

-E--
r .o.e a = y' ___::__u._ 

E -...L 
a= ay3 

8 ; 

2., /5/ 
MOlKHO OUeHHTb IXO pe3yiXbT8T8M paf50Tbl , r.o.e Bbl'IHCJ Kostjl<j>HilHeHT a 

MarHHTHbl9 cp0pMcp8KTOpbl .D.9liTOH8 IXpi!I pa3nH'IHblX cpeHOMeHonOrH'I9CKHX ByK 

IXOT9HUB8nax. 3H8'19HHH a 38BHCSIT OT Bbtf5opa IXOT9HUH8na 1!1 OT q2 • 

HHH nnH a cse.o.eHbt & Ta6nHuy: 

q 2 ( F-2) 9 16 25 

IXOT9HIXI!I8IX N9 8 0,17 0,41 0,78 

IXOT8HIXH8n J'lg 9 0,26 0,76 0,94 

5 
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- 3 apSJ.llOBblll, sneETpH'i9CEHll KB8JlpynonbKblll, MarHBTKblll JlBUOJlbHblll 

OJlbSbill II pona ( T -aeHaaap&aHTHblll) cjlopMojlaKTOpbl JleliTosa. Ecllll 

opMojlaKTOp f 
31 

OTnB'I9H OT BynK, TO neliTOBbl OT):IB'IB nongpB30B8Hbl 

1nB E nnocKOCTH pacceHBHH H CT9U9Hb nongpB38I(BHH p O OK83b!B89TCH 

M,l 
Y E 12 --,...- ( 1+1) tg 2.JL) 

~'7 2 

E+~+Mtg2-f 
P

0 
z llj. 

{8) 

n&sa npa yrne pacceHHHH snexTposoa, onpe)lenseMoM paseBCTBOM 

0 E 3 
tg22=11-2r/ (4) 

pma:z: 
0 

El2 M31 
-fl.., M ) 

=4v2M(E-Trj (5) 

nongpH38I(HH MBW9HH UpBBOJlBT K yrnoaol! 8CBMM9TpHB pacceBBHH 

'ifi- (0)- :n < -0) 1 

a( 0)=--~a~----~----
-ir<O)+ :n (-0) (6) 

TB CUHHOBbiX COCTOHHHll ):lel!TOBOB MHWBBB B OOIIlBM cnyqae HM99T 

p=+II+-f(Pfjf)+Qn ([j 1 j<] -fan )I, (7) 

a • 

HpB3anHK nel!TOHOB, K3M9HHJOIIlKliCH B npenenaX 

Jl9liTOHOB. 

o:;:JP!s_t .. • a Q,k -

OBBHHOM COCTOHHKK (npK Q 1k = 0) nongpK38I(HH He MOli<9T Ob!Tb 

• MaKCKMan&aaH rrongpH3auHB 1!'1 = 1 JlOCTKraeTCH ):lnH 'IHCTOrO 

c npoexnKell crraaa sa HanpasneHae P , paaHoll +1. ITpu aTOM 

IHB OT ayng H pasHa: 

Qn ·fl P,P.--fsn I. ' (8) 

K30B&HHoro ny'!Ka ( Qn =0) acaM~eTpag a yrnoaoM pacnpeneneaaa 

•B pacc'!aTaHa a I a paaHa 

- yE M31 a=.b.Ll. 12 -2---(1+1)tg2...fL) 
4 '7 2 

1 <Pr N e > 1 • 
(9) 

E+ ..!_ + Mtg 2...f!_ 
21) 2 

A eeETop, rrepneanaKyngpHbill nnocxocTK pacceBHKH, T.e. MaKCaMan&

(ii) paaaa CT8II9HH IlOnHpH38I(HH JlBliTOHOB OTJlB'IH (8) B (i) 

4 

• 

B cny'lae MaECBMan&ao rrongpa3oaaaaoro ny'IKa (\P\=1) HM99M: 

M31 0 
- yEI2 -2--- (1+1)tg2T) 

3·" '7 a=~ 
4 

E + q + M tg 
2 T + c BbiCTp. 

(10) 

Yaens'!eHae 3HaMeHaTens a (10) soaaaxno B3-3a rrpacyTCTBBH sEnana OT BbiCTpoeHaocTa (8). 

Ceqeaae paccesa&s snexTpoBos a OJlBocPOTOHHOM np&f5naJKesaa Ha BbiCTpoeasoll JleliToHHoll 

MBwe HB c y'!eToM '!neaoa, sapywaJOIIlBX T .,.HHBBpHaHTHOCTb, JlaHo B ITpanoJKeHaa. 

8. OneHu sp!l!eKTa 

/1 2 3/ 
PSI.ll coof5pall<eHall, npaaeneaHbiX B paf50Tax ' ' , rroaaonHeT oneHBTb BKnanhl, eXOJlH-

mae B OTHOWBHHe (7). IToCKOn&Jty ):lnH CB060)lHbiX '!aCTBn CO CilHHOM 1/2 T-H9HHB8pH8HT-

Hhle ljlopMcjlaKTOpbi aoo6me 

/1/ 
3anpemeHbl, TO HanB'!He HX y su:tep B03MOli<HO nSU.b riO !IBYM 

IlpK'IBBBM : 

a) B SI.llpax ByltnOBbl HBXO!IHTCH Be HB MaCCOBOil o6onO'IK9 (scjlcjleKT = Q(.....ll.._), rne 

V - IIOT9HI(Ban&HaB :3HeprHH), H 
)(N 

6) cymeCTBYIOT OOMBHHble TOKB ( = 0 (_g.:_) ) o 3TH scjlcjleKTbl BHPTY8n&HOCTB RyKnOHOB 
)(2 

H aana'IH9 06M9HHbiX 1T -M930HHbiX TOKOB J'bo6ti<" o6ycnasnHBaiOT HesneM9HTapHOCTb 

SI.llpa a ecTeCTeeHso C'IHTaT&, 'ITO T- HHeapaaaTHbie e T - HeaasapaaHTHbie cjlopMcjlaKTo-

/2/ 
pb! - O!IHOrO IIOpsu:tKa ManOCTB 

4T06b! nony'IHTb BepXHIOIO rpaHHilY ):lnH scjlcjleKTa Ha B!lpe CO CilHHOM 

2 -
'ITO nns nocTaTO'Iao 6on&wsx q E= E 12 , M= M31 E» M, Torna a=y.l. __ ...._ __ 

1 3 ' 2 j 2 1i+1) 2 

nei!ToHa a=4y2 ). 

rrpennonoli<BM 

( nns 

no :3KCilepHM8HT8nhHbiM ABHHbiM )lnB ne11Toaa
141 

MOli<HO npenrronoli<HTb (I), 'ITO 

M 
M3,=y ,'ITO cornacyeTCB c oomKMK coof5paJKeHRH~. ITpK :3TOM BMeeM: 

a= ayJ 
8 ; 

-E---
rAe a =y --=..!L 

E-lL 
( 11) 

Kosq,q,sneeHT a 
2 'fJ !51 

MOli<HO OnBHHTb IlO pe3yn&T8T8M paf50Tbl , r)le Bbi'IHCneHbl 9ll9ETpo-

M8rHHTHbl9 cPOPMcPBKTOpbl ll911TOHa npH pa3nH'IHbiX cPeHOMeHonorH'IBCKHX HyKnOH-HyKnOHHbiX 

noTeHnaanax. 3aaqeaas a 38BHCHT OT Bbl6opa IlOTeHnHana H OT q2 • Kpallaee 3Ha'le-

HHB ):lliH a CB8Jl8Hbl B Ta6nHny: 

q 2 ( F-2) 9 16 25 

noTeanuan N' 8 0,17 0,41 0,73 

nOTeHnHan N! 9 0,26 0,76 0,94 

5 



nOTeiiiUiaii !II!! 8 llpH q 2 • 16 F - 2 
AaeT 3Ba'leBIIQ A ( q 2 ), Sa ~0% MeBJoWee 8KCnepsMeB-

/4/ 
TallloBOrO , a !II!! 9 - Ba 40% 60IIIoWee. TaKBM 06pa30M0 MOlKHO HaAeBTbCSI0 'ITO BCTRRBOe 

asa'le&ae a aaKIIJO'Ieso B y~~:aaaBBb!X npeAeiiaX. 

npa &TOM 3Ba'leBRSI B (i) BOIIIlp&3allRR (5) R B ·(ii) aCBMMeTPRR npR q 2= J2F-2 

R 8 •127° BODaAaiOT B npeAeiib! (6;.12)%, a AIISI MAKCBMaiJio,IIO BOIIKpR30B8RROro BY'IIt8 (10) 

Oi-10)% llpB 8-150°. 

4. One&Jta T -RBBapaaBTBOA BOII!pR3alli!R ASATOBOB OTAa'IR 

171 
HaseCTBO , 'ITO npa coxpaReRIIR .T -RBBapBABTBOCTR BOIIHpR3allBll AeliTOBOB OTAa-

'1R npOilopilROBallloHA HBTepcjlepeiiiUIH MelKAY nepsoA R BTOpOA ISopBOBCKRMB aMBIIRTyAaMB R 

AaeTC.II cjlOpMYIIOA: 

p = 21 
T 

(12) 

rAe s - &anpaBIIeBBe CBRBa AeliTo&a OTAA'IR0 ltOTOpoe ROpMallloBO BIIOCKOCTR pacceHRRSI0 .. 
-2 2 • -:IT ~ - ~ 

M 2 .(2~r) e y(p-k), i'{!(k)J,...P(p 1)u(k
2 

>i,..u(p 
2

) 

1 + 
lmM 4 =TM 2 M2 ' 

KaBeMaTR'IeCKRe oi503Ba'leBRSI SICBb! R3 CIIeAyJOwero pRCYHJta: 

.. ~·· (.m.E)··xkz. 
)T.-\ (.~) 

0 k. p k, {' ' 
Pac'leT npoaasoAancs s c.n.a. B xoAe ero Macca sneXTPOHa 6b!na nonolKeaa pasaoA 

Byii100 a OTBOW9HR9 &BeprHH AeliTOBa It Macce - 151IH3KRM It eARBBile, 

napaMeTpR3allRSI MaTpR'IBOrO &IIeue&Ta TOKa AeliTOBa B3BTa B COOTBeTCTBRR 

181 
C P· &MeeT BRA! 

I 1 IF 
<piJ,.Ik>=D (p,k)-

2 
[F (p+k) +~R ), ,.. .. .. x I ,.. x2 ,.. \18) 

rAe F I = f 10 - f 
12 

(p,.. r,.. )_2 
0 F 

2 
• f 20 ; D I (p, k ) - MaTpHilbl BOBOpOTa cnRaa, r,.. - peiiBTBBRCT-.. .. 

CitRA onepaTop CB&Ba •. MATPBilbl nosopOTa CBBRa B ( 12) B38RMBO YBH'ITOlKaJOTCSI H3-3a YBB-

TapBOCTB, 

npR BBTerpapoBaBBR no npOMelKYTO'IBOMY RMByiibCY B03BRJtaeT TPYABOCTioo CBSI38BBAH 

6 

• 

C aaBHCBMOCTbJO OT aero cjlopMcjlaltTOpOBo 0AJ[altO BpH paCCeSIRRR Ba 601IbWBe 

HHSI! 
f 10 (p-q)f10 (q-k)=f 10 (p-k)f 10 (0)a(q), 

flo (p-q)f2o (q-k)=2flo (q-k)flo(0),8(q) 
/4/ 

cna6o 3aBRCBT OT q 0 UK BBARO B3 9ltCBepRMeHTa : 

{

fs_as_1 • 

fs.,B ~ 1. 

q2-J2F-2; 8- 180°; 

q2 =12F-2; 8=135°; ro,ls_a~l. 

l 0, 1s_,Bs_l. 

'iToiSbl oneHBTb sepXHJOJO rpaHHilY scjltjleJtTa0 6LIIIO BOIIOlKeBO 

a= ,B =1 

0KOR'I8TenbBblll peaym.TaT AIISI T- RRBapaaKTROA BOIISJPB3aiUIB BM8eT 

p = 1..U.±..1.l 
T 13'7 • 12 ... rt f~ 0 (p-k)f 20 (O)'.tg 3 (f)ta~(J 

2f 10 (O)(A + Btg2 +)·sin t 
npa 60IIbWBX yrnax fa 1- COR 8 • COS 2 !!.. 

2 2 

npa MaiibiX (e) yroii paCCSSIRBSI B C,Jl,B, COBBaAAeT C yriiOM paCCE 

npa q 2=12F-2 R 9• 127° T- ReBHBapaaRTRall BOIIgpB3allHll (8) 

npa AaRRbiX napaMeTPaX PT• 0,02%, 

npoR3BeAeM OlleRKY OWH60K0 B03HBK8JOWRX BCIIeACTBB8 npa61IHlK9RHA0 

BbiBOAe (14), 

npa q 2 = 12 F -:2 38MeRa eaepraR AeliTOH8 aa -ero Macey R eaeprBR 

KMByiibC A89T OWR6KY"':.!%, 

~ 

B pac'leTax 6biiiH OT6poweRbl 'lileRLI, COAeplKawae TPSTbJO CTeneRB 1 

BKII8A OT KBaApynoiibHOrO cPoPMijlaJtTOpa B 'III9Rbl C f
3 

paBeR HynJO, TaKKM . 2 
OWBISJty IIKWio B CII9AYJOW9M npa61IBlK9RBH no f, qHCIIO 'IIIeKOB C f . paBHO 

8 f (O) 
C f 0 RO npa nocneARBX CTOBT MBOlKBT91Ib • ~y'2f. • 40% , 

10 

npa nepeMROlKeHHB WBypOB OT6pOW9Rbl 

C 9ABKBil9Ao npa 
0 . 

8 • 1:15 BX BKII8A = 10%. 

'IIIeKbl C ..J!..±..L 
X 

0 KaK MAli 

npa HRTerpapoBaRBR no npOM9lKYTO'IROMY HMBYIIbCY npeaeiSperaiiOCb 

a(q 2 ), 8TO COCTaBHT OWBISJty •100%0 KOTOpaH yseiiH'IBBaeT pe3y~TaT, 

7 

f __________________________________ _ 



• q 2 = 16 F -• J;taeT saa'leaae A ( q 
2 

), aa :SO% MEUr&wee . sKcnepaMea-

40% 6o11bw&e. TaKBM o6pa30M0 MOlKJIO HaJ;te51TbCSI0 'ITO BCTBHBOe 

0 B yKa3aHBhlX npeAena~ 

Bll B (i) nonllpB3aUBB (5) B B ·(ii) aCBMM&TpBR npa q 2= 12F-2 

B npeJ;tenw ( 6;. 12) %, a J;tnll MaKCBMan&!fO non5lpB30B8BHOrO ny'IIUI ( 10) 

150°. 

IB.It8 H3anBB A&ITOHOB OTJ;ta'IR 

npa coxpaaeaxa T-xasapaaBTROCTH nonxpasanall J;teAToaos OTAa-

'Tepljlep&HDBR M&lKAY nepsoft R BTOpolt 6opROBCKRMB aMnnaTyAaMH R 

. SpM~(J~)ImM 4 
T = 

2' S M$ M p 2 2 
(12) 

CDRR8 J;teltTORa OTJ;ta'lll, KOTOpoe ROpM8nJ.RO DnOCKOCTR paCC&HRHll, 

rr)-
2
e

2
t(p-k);-v;(k)jllt/l(p 

1
)u(k

2 
)Jilu(p 

2
) 

1 + 
Im M4 =TM 2 M2 

'IeBaR SICHW B3 cneJ;tyiOwero pacyHJta: 

.. w·· (m.E)··xkl! 
IT\ (Jt~ 

I' k. p k, t t 

c.n.a. B xoJ;te ero Maces aneKTpoaa 6wna nonoJKeaa pasaoa 

praa J;teftTOH8 K MaCCG - 6nH3KBM I[ 9J;IHHRU9, 

M8TpH'IHOro aneMeBTa TOK8 J;tellTOBa B3BT8 B COOTBeTCTBHB 

I 1 IF ,.ik>=D (p,k)-
2 

[F (p+k) +..:...:....a...R ], 
,. 4 4 )( I /l )(2 /l \18) 

>.
2

; F 2 =f20 ;D
1
(p,k)- MaTpan&l nosopOTa cnaaa, rv- pen51TBBBCT-

4 4 

8TpRilbl nosopOTa CnRRa B (12) B38BMRO YBII'ITOlKSIOTCH 113-3a YHR-

BR no DpOM&JKyTO'IROMf IIMnyn&cy B03RHK8eT TpyJ;tBOCT&
0 

CBSI3aBB8H 

6 

,_ 

C 3aBHCHMOCT&IO OT Hero ljlopMijlaKTOpOB, 0AJiaKO npa paCC&HBRH Ha 60n&WR8 yrn&I BhlpalKe-

BRB: 

cnaoo 3aBBCBT OT 

f 10 (p-q)f10 (q-k)=f 10 (p-k)f 10 (0)a(q), 

f 10 (p-q)f20 (q-k)=2f10 (q-k)f 10 (0){:l(q) 
/4/ 

q , KaK BRJ;IRO B3 SKCnepliM&RTa : 

[

fs..as_1. 

fs..f:l::;l. 

q2=12F-2; 8- 180°; 

q 2 = 12F-2; 8= 135°; 

"ITotSw oneaaT& sepXBIOIO 

{

0,1s_as_1. 

O,ls_{:l S..1 • 

rpaaany aq,ljleKTa, tS&mo nonolKeao 

a={:l =1 

0KOR'I8T911bRhlft pe3yllbT8T J;tnB 

p = .1..ii.±.!J. 
T 137• 12 

T- BBBapaaBTBOlt nonS!pBSanBR BM88T BRJ;t: 

vi 
f~o(P -k )f2o (0)· tgs <f>tn~8 

2f 10 (0)(A+Btg2 f)· sin f 
npa 60n&WBX yrnax fn 12 ms 8 • Q!S 

2 f 
npa Manwx (~) yron pacceRBRB a c.n.a. cosnaAaeT c yrnoM pacceliRBll a n,c. 

(14) 

npa q 2= 12F-• R fi• 127° T- aeaasapaaaTaas nonapasanall (8) aMeeT MaKCBMyM, 

npa J;laRBbiX napaMeTpaX PT• 0,02%. 

npousseJ;teM oneaxy owatSoK, sosaaKaiOilUIX scneACTBR& npxtSnalKeaaa, cJ;tenaaawx npa 

Bb!BOJ;IG (14), 

npa q 2 = 12 F -:-2 saMeaa saepraa J;teiiToaa aa .ero Macey B saepraa aneJtTpOHa aa 

BMnyllbC J;I88T OWB6KY"'~%. 

"' 
B pac'I&T8X tSwna OT6poweaw 'lileBbi, COJ;taplKawae Tp&T&IO CTeneBII no r B tSonee. 

B~~:naJ;t OT KBaJ;tpynOn&aoro ljlopMijla'KTOpa B 'lneaw c r3 
pasea ayniO. TaKHM oopaSOM ,oa J;taeT 

. 2 
OWR6Ky n&Wb B CneJ;tylOWGM np&6DBlK9BBH no r, qRCnO 'ln&HOB C r paBHO 'IBCny 'ln&ROB 

3 f (O) 
C r 0 BO npa nocneJ;IBHX CTOBT MBOlKBTen& • (Totv2~ • 40% , 

10 

fipB nepeMBOlKGHBII wnypOB OT6pOW8Rbl 

C 9J;IBBBD92, npu 
0 . 

8 • 1:S5 BX BKnaJ;t •10%, 

'lneaw c .l!..±JL_ , KaK Manwe no cpasaealiiO 
)( 

npa BBTerpapoBaHHB no npoMaJKyTO'IROMY BMnyn&cy npeae6peranocb SaBBCBMOCTblO 

a(q 2 ) , 3TO COCTaBHT OWH6Ky •1 00%0 KOTOpaR ysenB'IRBaeT pesy~TaT, 

7 



I 

B BTOre BCTBBB08 3Ba'I&BB8 DO.IIspB3aQKR &aXOABTCB B npeAenax 

1,5 P > PT~ 1/3 P • C1J&.Il78'1' OTM&TIITI>, 'ITO npa YB&IIB'I&BBB q 2 
pac'leT - pa~eT 

oma6Ka 

67~ paCTB IIB&ellao no V ( • 

P maz P x) 
0A&aKO IIOCKOn&Ky O » T rpy60CTit DpB6.1IBJK8RRll B AOIJYIIl8BHll t CA8.1I8BIII>IX 

npB BblBOII8 ( 14), BIJonBe 0Dp8BA8Ha. 

5. B bl B o A lol 

0cHOBHioiM BloiBOAOM B3 llpOBeAeR&blX paC'I8TOB BB.IIBeTCB TO, 'ITO B paCCellBBB 

aneK'l'poaoa aa MBweaa, nonspa30Baaaoll: aop111am.ao K unocKOCTB paccesaas, T -aeaRBapa-

aBTaas IJQnBpB381JBB A&li:TOHOB OTII8'1B MOJK8T H8MBorO (6onea·'leM 88 AB8 IIOpBAXa) Dpe

BOCXOABTb IJQnBpB381JBIO, nony'laeJIIYIO OT BTOpOrO 1IpB61JB1KeBBB ( T -RHB8pH8HT&y10) t T.e • . 
paccMorpeaawll: nponecc MOJICBO acnom.3oBaTI> A.IIB o6aapy1KeaaB CP -aecoxpaaeuB B 

9.1I8KTpOM8rBBTBblX B38BMOA&li:CTBBBX SAPOHOB. fipH 9TOM MOJKHO o6oliTBCb 6e3 IJ03BTpOB-

&oro 9KCIIepBM8BT&, KOTOplolil llp8AIJO.IIaraeTCB Alii! J[OMIIe&CaiJBR 

/9/ 
T~a&BapaaHTHoil nons-

pB3alUIH 

CneAy8'1' TaKJKe OTMeTBTI>, 'ITO npoBeAeHHblil B u. 4 pac'leT nosBonBeT aaiiTB T-BB-

BapaaHT&yiO IJOIJBpB3aiJBIO He TOIJbKO AIJB A8iiTOHOB OTA8'1H, HO B AIIB llpOTOHOB B aaanora'l

/10/ 
HOM 9KCII9pBMeHT8 (eM. T8KlKe ). 

ABTOpbl 6naroAapHiol A.M. BanABBY 38 IJOCTOBRH!olll: BRTepec K pa60Te B neHHb18 3aMe

'laHBB, a TaK>Ke B.M. ronoBaay a 4>.n. WanBpo 3a cTBJIIYnapyJOmae o6cy>KAeHBs. 

x) 
TaK, HanpBMep, Be y'IT9H8 ABarpaMMa, B KOTopOll: A&liTOB B npoMelKyTO'IBOM 

COCTOAK.B IIBCCOIJBBPYeT H8 P B ft 

8 

• 

~ 

nPl1nO)I(EHl1E: Ce'!eHae paccellBBB aneKTpoaoa aa BbiCTpoeaaoll .a 

( da [3222 "' dlr > Te f 12 + ...... 3 er r l 
MOTT 10 12 

( da [~ 2 fJ Cilr> .. ve<,+ctc T Hu r2o 
MOTT 

<-£n--> .1.er 2 

MOTT3 20 

da ) 
(""d(l MOTT 

se't;l 
'3rj 

(QNN) 

-2 

0 

-l-27}tg2i 
2 

-3+47} tg 2 ..tL 
2 

(QNR) (Q 

0 .. 

-21 tcf I 

0 -~ .. 

0 +3-

R • [ N l'U I ., N - eARHB'IHblll BeKTop, aanpaBneaRblil no BMIJY nbCY Ae 

.. [Jii·i 
K.. =, [ ,,- HOpMan& J[ IJ.IIOCKOCTB pacceskallo 

!!!! 
T- BRBapaaaT&aB '!aCTio ce'leBB.B paccesBBII aa BbiCTpoeaaoll Aal1 

TO'IHOCTbiO AO &opMHpOBU tjlopMojlaKTOpOB COBIJ8A8eT C paC'I8TOM lliHIJAJ[I 

III/ " '18HH8M KO&tjltj!BilH8HT8 IIPB (QNR) : B II tjlopMyne (5.11) tg~2 .... 
B3SIT IJO MOIIYIIIO. j, 

AcBMMeTpBH OT paccesaas aa BbiCTpoeaaoil MBmeHH ae MOJKeT BO:: 

B C8'18HBR OTCyTCTBYIOT 'I.II8Hbl C (Q,tlil. ,tl) H (Q,tl.., ~) ( !! H ~ - Be 

BeKTop). TaKBM o6pa3oM, yrnoBaB aCHMMeTpHB ae MOJKeT B03BBK&yTI> 1 

B IJIJOCXOCTB paccellBBB. 

n • T e p a T y p a 

1. J. Bemstain, G .Feinberg, T .D .Lee. Phys .Rev., ll2• 1650 ( 1965). 

2. 11.10. Ko63apeB, n.B. Oxyab, M.B. TepeHTbeB. nacbMa )1(3T4>, #,z 4 

8. B.M. Jly60BRK, A.A. t:IewxoB. )1(3T4>, ru., 11 (1966). 

4. C • D .Buchanan , M .R. Yearian • Phys .Rev • Lett ., !2_, ~3 (1 %5). 
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8TOrB 8CT8HBOe 3Ba'l8!188 nonsp8381l8R BaXO.IUI'rC 5I a Dp&Aenax 

'I&T .? PT~ 1/3 P 

CT8 liiiHBIBO DO 

pac'leT • C~eAfeT O'I'MeTII'I'L ' '1'1'0 DP8 YB811B'IeB88 q2 OW81SJ:8 

vT. 
,BaKO DOCKOni>KY 

pmaz » p 
0 T rpyiSocTi> Dp81Sli8lKeBal 8 AODyweaalx), CA8li8HIIbiX 

oAe (14), anon11e onpaaAaaa. 

5, B 1o1 B o A 1o1 

laoaawM Bi>IBOAOM 83 npoaeAeBa&Ix pac'leToa 51Bli51e'rC51 TO, 'ITO B pacCe51118B 

OB Ba M8weaa, DOIUip830BaBBOI ROpM8ni>BO J[ DliOCKOCT8 paCCeRB8B1 T -BeHBBapa-

on5!pB3aUB51 AeATOHOB OTAa'IH MOlKeT B8MBOro (ISanee·'laM Ba AB8 DOp~Ka} npe

non5!pa3aUBI00 nany'laeM;yiO 0'1' BTOpOrO DpaiSnalKeBHB ( T -8BBap8aBTByiO), T.e, . 
eBBI>IA nponecc MOlKBO acnom.soaa'l'b Allll oiSuapylKeBaB CP -aecoxpaBaBBB a 

arUTBi>IX B3aBMOAeiCTBHllX SAPOHOB, npa aTOM MOlKBO 060ITHCb !Sea D03HTpOB-

KO'I'Opi>IA npeAnonaraeTca Ana KoMneacanaa T~aaaapaaaTaoA nons-

TaKJKe O'I'M9THTb, 'ITO npoBeAeBBi>II B D, 4 pac'leT D03BOn51eT HaiTH T-aa-

10 nongpa3allBIO ae TOllbKO AnB A91TOBOB O'I'Aa'IB, BO H AnSI DpOTOBOB B aaanorB'I
/10/ 

epHMeHTe (eM, TaKlKe ), 

Opi>I ISnaroAapBi>I A.M. Ballli&By 38 DOCTOBBBI>II HBTepec K paiSO'I'e H neBHI>Ie 3aMe

TaKJKe B.M •. fonoaaay a <l>.n. llia!lBpo sa CTBM;ynapyiOwae oiScylKAeus. 

Tax, aanpaMep, ae y'ITeaa AaarpaMMa, a ltO'I'opol AaiTos a npoMeJKyTO'IBOM 
ABCCOUBRpyeT aa p 8 ft 

8 

• 

nPl1nO)I(EHl1E: Ceq:eaae pacce5111a51 anerrpoaoa aa Bi>ICTpoeaaoA AeiToaaoll MBweaa. 

(QNN) (QNR) (QRR) (QN.., N.~,) 

du [ 32 '2 2 ..Jl < CiO > T f 12 + 3 ef 1o f u l 
MOTT 

-2 0 +1 +1 

( du ) [eve<.,+ctc
2

{ Hu f2o 0 -21 tc!.l 0 0 ""CiC 2 MO'I'T 

< du > .1.{f2 
(fif" 3 20 

MOTT 

-1-21]tg2i 
2 0 -l+l]tg2L 2+1J t1 a-f 2 

( du ) Be'f 2 
u 

-;rn-MOTT 31] 
-3+41] tg 2 .iL 

2 0 +3-21Jta: 2 + -21] ta: 2-f 

R ~ [ NI'\J..) ., N - e,IUIBB'IBI>II BeKTop, BanpaaneBBi>Ill DO BMDyn&ey AeiTOBa O'I'Aa'la, 
.. [P.i·i 

N... -
1 
tp '] 

1
- aopMan& 1t nnocKocTa pacceuas. 

..~ 
T- BBB8pRaBTBaB 'laC'I'b Ce'leBR.ll paCCeliBBB Ba Bi>ICTpOeBBOll A8ITOBBOI MBweaa C 

Ill! TO'IHOCTbJO AO BopMBpOBitB ljlopMijlaKTOpOB COBDaAaeT C paC'IeTOM lliBnAJ:BeXTa , Sa BCJtnJ0-

/11/ .L. 'leaaeM JtoaljlljlanaeaTa npa ( Q~~) : B B ljlopMyne (5.11) tg 
2 

AonlKeH IS1>1'1'b 

B3SIT DO MOA;yniO, .. 
ACRMMeTpBH 0'1' pacceaHRB Ba Bi>ICTpoeHHOI MRWeBB He MOlK8T B03BBitBy'l'b, TaK Kalt 

B Ce'leBRH OTCyTCTBYIOT 'lneBI>I C (Qfu N) R (QN R) ( N B R - BeKTOpi>I, Ni- DCeBAo-
-+ .. ..~.. .. ... -

BeKTop). TaJtRM o6pasoM, yrnoaaB acaMMeTpas ae MOJKeT BOSBBKBYT& a npa Bi>ICTpoeaaocTa 

B nnocKocTB pacceuaa. 

n a T e p a T y p a 

I. J. Bemstain, G .Feinberg, T .D .Lee. Phys .Rev., lf• 1650 ( 1965). 

2. 11.10. Ko«Ssapea, n.B. Oltya&, M.B. TepeBT&ea. nuc&Ma )1(3T<I>, _a, 466 (1965). 

8. B.M. ,ny6oaRK, A.A. 'iewKos. )1(3T<I>, §.!, 11 (1966). 

4. C.D .BilC!hanan, M .R. Yearian .Phys .Rev .Lett., 15, ~3(1965). 
I -
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5. N .K .Gieadslag1 G .Kramer, Phya .Rev ,1 126 1 2159 ( 1962). 

6. M .• Gourdin, N110110 Cimento 1 32 1 493 ( J964); Nnovo Cimsto 1 35 1 1105 ( 1965) • - -7. A ,0 ,Barut1 C .Fronsdal et aJ .Phya .Rev •1 120 1 1871 (1960). 

8. A.A. l.femKOB1 IO.M. lli&poKOB. )K3T411 ~ 1982 (1968). 

l. N ,ChdBt 1 T ,D .Lee, Prepriat 1 1965. 

1 O. F • Gtlerla 1 C .A , Piketty • Nuow Cimeato 1 ~~ 971 ( J964) • 

11. D ,Scbilcllmecht, Zeltachr, tUr Phya , 1 185 1 382 ( 1965) 
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