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AHHOTauHs:t 

C IlOMOlllblO MeToua ]lHcnepcHOHHblX COOTHOilleHHii pacC'lHTb!BaIOTCH nonpaBKH 

K 6eTe-rattTnepOBCKOli cpopMyne TOpM03HOI"O H3nyqeHHH B Hli3WeM no e. npH6m1-

:>KeHHH. PaCCM8Tp1,rnaeTcs:t Bonpoc O rpaHHuax npHMeHHMOCTH KBaHTOBOtt sneKTPOllH

HaMHKH Ha M8nbIX paCC'I'OHHHX. 



1. B s e .q e H H e 

' ' /1/ 
s paae pa6oT Upenna w11p0Ko o6cy:>KaaeTcst oaHH 

Ha· eapHaHTOB MO.!lHcpHKliUHH KSaHTOsoA aneKTPO.!lHHSMHKH H iKa3bIBaIOTCst aKcnep:e

M0HTiinbHbie soaMO)KHOCTH ee ripoBepKH Ha Mani.Ix paccToaH:eax. 

. ••' 121 · 
B 'laCTHOCTH 1 S patloTe paCCM8TpHBaeTCJI npouecc p0:>K,!:l0HHSl nap ( e ~ e) 

t -KBaHTaMH Ha HyKnOHax, KOTOpbiil npH onpeaeneHHbIX ycrioBHSlX aonyc1rneT npo-
' - - ...;13 

sepKy aneKTpOHHOrO nponaraTopa Ha paCCTOSlHHSlX ;;:;., 0,7•10· CM. OrpaHH'leH:ee 
. /2/ V • 

s npouecce p0:>K.!l0HHS1 nap aHeprHSlMH t --KS8HTOS ~ 140 Mas 6bmO OT'l8CTH 

CBSl3aHO C TeopeTH'leCKHMH TPY.!lHOCTSlMH yqeTa ,!:lHH.8Mll:'10CKHX nonpasoK, SbI3SaHHbIX 

npoT.o_HHblM TOKOM lcM.rpacp. 2a :e 26/, a. SMecTe c Te·M H TpyaHocTHMH y11eTa :eH

Tep¢epeHu:eoaabrX qneHOS THri·a /la + 2a H T.a./. 

/3/ B paooTe npeanaraeTCSl HCII01lb30SaTb M8TO.!l a:ecnepCHOHHbIX COOTHowe-

HHil ans pacqeTa. o6o6meHHbIX aHa:r-paMM 3a, 36. TaK:eM o6paaoM, s np:eHuHne 

noHSIISl8TCSI S03MO:>KHOCTb pac'leTa npoueccos TOpM03Horo :eany'leHHSl H p0:>K.!l8Hll:Sl 

nap /c yqeTOM M830HHOro o6naKa HyKnOHa/ no seCbMa BbICOKHX aHeprHil, IIOKa 

nonpaBl,(H SbICI.UHX nopsta_KOS no e, He CTaHyT CYJ.ll8CTS0HHbIMH. 

· B aaaaoA paooTe HaMH nposeaeHbI pac11eTb1 oaHoHyKnoHHoro 11ntrna s .llHcnep

cHoHHbIX COOTHOW8HHSlX .llnH TOpM0_3HOro H3ny11eirn:st, HHT8pcpep8HUHOHHC>r'O "qneaa 

/o,Q.HOHy.KnvHHoe npH6n:e:>KeaHe · + .llHarpaMMbI ·6eTe-raATneposcKoro T:ena, pacc•m-
/4/ ' . . ,' 

T8HHbI8 paHee' s / H npH611H3HTenbHaSl oueHKa BKnaaa 0.!lHOnHOHHOro COCTOSlHHH. 

Pac'!.aT 0.!lHOHyK1IOHHOro II: HHTep·cpepeHUHOHHOrO BKnaaa a·o aHeprHA 

_, 500-600 Mas C yqeTOM cpOpM-cpaKTOpos oKaaancst S03MO:>KHbIM noTOMY, 'ITO Ha 
. .. ' . , .; . /3 / ,. ' 

. ocaoae ·MeToaa .!lHCnepc:eOHHbIX ~OOTHowea:elt · B 0.!lHOHyKnOHHbln_ qneH MO:>KHO 

CTpOrHM o6pa30M SS8CTH H3S8CTHbie xocpcTaaTeposcK:ee cpop~cpaKTOPblo 

:OaaoHyKnOHHbIA 'lneH paCC'IHT8H HaMH 6ea yqeTa aHOManbHOro ~arHHTHoro 

M0~18HTa, S HHTepcpepe~UHOHHOM SKIM.lie H8Mll -yaep:>KaHbI '1n8Hbl1 nponopUHOHanb

HbI8 nepsott CTenea:e aHOManbHOro MarHHTHoro MO-M8JJTa. OueHKH aonymeHHbIX np:e 

a TOM aeTO'IHOCTeA aaHbl,, S 'COOTSeTCTSYIOlllll:X naparpacpax. 

TO'iHbiit pac'leT <:.J{ -Me30HHb!X SKna)lOB B npouecce TOpM03Horo :eanyqeHHSl 

paccMaTpHS88MblM M8TO.ll0M npeacTasnsieT co6ott CIIO:>KHYIO :e Tpy.n.oeMKYIO aaaa11y • 
. • 
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OaHaKo, B H8lllHX _q:HcnepCHOHHbIX COOTHOllleH:IHIX MO:>KHo-npoaecTH npH6nH3HTenbHYIO 

OJteHKY 0.llH0- 'J{ -Me30HHOI"O BKna.o.a B. Totr cny<Jae, KOI".llS KBaapaT 4-HMnynbca . 
. ' ; - ,- • . - =--" 

BHpTyanbHOI"O q:>0'}'OHa 6nH30K K HynIO / cny'Iail, 61JH3KHA K peanbHOMY KOMnToH-scp-

cpeKTy I. B CT8Tbe npHaeaeHbl TSK:>Ke .oueHKH BKnaaoa BbIClllero no .e nopSl,llKa 

H _npouecca MHO:>KeCTBeHHOI"O TOJ?M03HOI"O H3ny'IeHHSI. 8rH pac<JeTbI naIOT B03MO)!<,

HOCTb yTBep:>K.ll8T.b, 'iTO B npouecce TOpM03HOI"O Hany'IeHHSI IIpH 9Hepr1rn nailaiomero 

sneKTpoHa _:. 500 Ms~ cywecTayeT :eo~M0:>KHOCTh npoaepKH KBaHToBott aneKTpoaH-

-14 
H8MHK H .ll 0 paccTOSIHHil ~ 3• 10 CM. 

vfHTepecHO OT.MeTHTb, 'ITO npH. f .=O H _6onbillHX yrnax 0, 0 0 . - i & ':l:< &o I 

0.llHOHyKnOHHbiil H HHT~epcpepeHilHOHHbiil 'IneHbl HMeIOT .ll0BOnbH0 0CTpbiil H BbICOKHA 
' ~ ' . . " 

M8KCHMYM 1 HH0f'.llS Ilp8..Bblill8IOLUHt\: Ha HeCKOnbK0 nopSI,llKOB aenH 'IHHY 6eTe-railTne- -

p0BCK0I"0 ce<JeHHSI. 

2. O.llHOHiKnOHHbitt BKnaa 

B na6opaTOpHOtt CHCTe·Me K00p.llHHST MSTpH'IHbIA sneMeHT T0pM08HOI"0· Hany
/3 / 

<JeHHSI .B 0LJ.H0HyKn0HH0M npH6nH:>KeHHH /cM. . / .c.o~naaaeT C M8TpH'IHblM aneMeHTO~, 

CO0TB8TCTBYIOLUHM C.YMMe ,llHarpaMM /2a + 26/ C Tott, 0,llH8Ko,.pa3HHUeA, 'ITO B 

onHoHyKnOHHOM npH6nH)f<:eHHH- BMeCTO HeHaBec·rHI,>IX cpOpM.:..q:>aKTOpHbIX ci>YHKUHA 
..J,. ,• .t '" . 
4-J! i ( :X:: , P , ,M '-). cTOSIT 11aaecTH bie 

; ,, ·'· -· XOq>CTS.ll T.e_p0BCKRe cpopM-cpa.KTOpbl 

'F,; (~:i.M\M.t) TaKHM o6pa30M MST·pH'IHbIA sneMeHT 0.llHOHyKnOHHOI"O 

x/ 
npH6nH:>K8HHH HM88T BH.ll: 

< f Is/ i >-== ie3 Mm, - .· e,,, ~me 
( .i,;-) ¾ Vlko EE o e Ca, 

$ (Pa +q,.-p-q,-k) . 'U (fG")f ~u(f;,G';), 
('t,o-q,}~ . 

w (f:s) {ft- 7i1 . rk.tJ }· 
" k-,.;_,_M /4 e 
{k+p)~-Mz ·(f(/i-1°/Jf + 12.-1 /' 

~- (/ Vt,/>) ,¾ M · .• [; {1) -1-- . 

xi . I 
O6o3HS'IeHHH CM. 3,4/. 
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~3 ;;.1 I BH~~o, .'I!~ ce,'l~~He drr .,y '. COOTB8TCTBYIO~e~: ~~a.npa;y :l\18TpH'IHOt'O 

sneMe~~a ·r<-J/ S Ji >) "'., , -~o;eT 6bITb38IlHC8HO ~ B~.ne;· 

d ~H ::. ,q~ +7 11, +/ J,/1 i, +/VJ 113 + ;fa' 'I II., ' . 
. . . . .- . . . , k . _, Je. . 

a . )'V _ a_ceraa conpoao:lKaaeT9st MHO:lKH_Ten_stMH iM HnH . ~ ~ ::)TH MH_o:lKH

T_enH xapaKTepuayroT aenH'IHHbI cooTBeTcTBYIOlllli:X BKnaaoa. HanpHMep, anst la :-0,54 

H .. k,o =0,25. /13 8,llHHH~ax. k, =- C -=-_ M .;_ [ . ':'r;e M - Macca H~•Knona/ aenH-

'l~H: _k-J;...M :.,_ if,; • a .3/t/Vl < 1/'! . H ·_ noaT?_MY., anst yr~?B . ~ 90° BKnll.ti 

~i ;¼: \J/ ( ,?_K83bIBa~T_CSI ManbIM no cpaBH8HHIO C BKn-:-,llOM _//" • .llHcpcpepeHuHanbH00 
L~ /I . 

C8'18HH8 f"!o HMeeT cne.nyIOIUHfi BH.n: 

· · _· e6 ~ J~t/c(/~ _ · · ._ k
0
,iK., _4ri~- dfLi, 

It= 8(J.~)s: l;·t .·. J1'1+l0 -K
9
J/i{/::-l-/f,,/{Cos0~0

0
+~0.J#10~4$f)-t:lk·~O 

'F ~ f je' ~J I( 

• • .· ('. ) y . 
.. ·. • :, . . 'J,o ~CJ, - .. .t. 

~ { fa~ &i/'00 ~t/f_tl(o/ju, 0k8" wsf+~~ftw 0 

( pk).~ 

. . 

[ 'f M "f, C, -1-(J, -r,) '( M'+hf '-11 f.+tl~ • 

.. , . . /2.21 

+_-~:•!iu~0o 'i('fo-<i)~_fMc,_+ iPJiu •0 r( ,.-i)'+ ff 11D-M7<1/"--ci-""'f Y+ 
(P i.,J e -. . 1 - . (p kJ L~ . . . ., . p . . . 

1/ {l,c f f.f C,,S 0,){t-/f/ W5 0){C• -t) + J,.,..• /,. (t. -j f./~ 0. - t t-J f / t./, 0) 
+ . " . .( pk) . . ( pk) 

-·.;.; ~ f .. • (e. -ft/.~ 0, ~u /fl~ 0).,. 1,,; (i.-{f.!~ 0. )(t-/i{/c.Jo)J-,. 

; ~ p,.t~j[f;f/(CM U-C110. +Ji,,0 Uu@, ~f)]{l,~ji-;/C# 0,-l+ !i/~0)} 
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Bbrpa)KeHHe / 10 -q, / V srnnsteTcSI ObICTpoMeHSI_romettcsi cpyuKuHeA yrnoa, 11.To 

_npHBO,llHT K rroianeHHro OCTporo MSKCHMyMa. neTanbHOe paCCMOT~0HH0 M8KCkMYM8 

noKa:3bIBaeT, 'ITO B o6nacTH i == 0 ' 0 ~ 0o OH COCTOHT Ha ,llBYX MdKCHMy-

MOB, C'M. pHc. 1. npH paCCMOTp0HHbIX 3H8'10HHSIX saeprHH sneKTpOHa H cpOTOHa 

MSKCHMYM 3HS'IHT0nbHO np0Bb,lli80T B011H'IHHY 6eTe-raATnepOBCKOJ:'0 C0118HHSI. EcnH 

'f B03pacTaeT, TO M8KCHMYM ,llOBOnbHO ObICTpo yMeHbWaeTcH._ npH YM0Hblll0HHH 

9H0pI'HH aaqanbHOI'O 9118KTPOHa 0CT8CTB8HHO O>KH.ZlSTh, 'ITO OTHOCHTenbHbiit BKnaa 

O,llHOll\:KriOHHOJ:'0 ,meaa 6y,ll8T YM0HLllH1ThCSI. CooTBeTCTB8HHO H OTHOC~TenbHSSI BbI"" 

c·oTa MllKCHMYM!l ,llOn:>KHa YM0Hblll8TbCSI. nettcTBHTenbHO, npH lo. =0,14, k. =0,07 

H --, f =O, 0 ~ (9., • (yo, =30° WHPHHa MSKC:fMYMS :eoapacTaeT, a ero OTHOCH-

Ten~HaSI BbICOTa· YM0Hh:uaeTcSI /cM. pHc. 2/. C YM8HhlllElHH0M 9H8PI'!fH f -KBaHT8 

/uanpHMep, lvo :, 0,25,, 0,15, C:,05/ BbI,..OTa M8KCHMYM8 CHattana. y6b1BaeT / anH 

k,o =0,15/, a 38T8M CHOBa HS'IHH80T paCTH, '!TO CBSl38HO, 0'10BH,llHO, C OOUlHM XO,llOM 

cetteHHSI npouecca npH ko-. o. Boo6i.ue, npH 

0

nIOObIX 9HeprHSIX M8KCHMYM HM80T 

cHMMeTpH'IHyro cpopMy OTHOCHTenhHO TO'HCH 0 =-· 0" no.srnnem!0 M8KCHMYM8 

MO.>KHO Har/ISI,llHO rrpeacTABHTh ce6e, ecnH :e 6eTe-rattTnepoBCKHX ,llHarpaMMEI~ 

noMeHSITh MecTaMH sneKTpOHHyro H HyKnOHHYID nHHHH. npH 9TOM ,llBa 6eTe-raRTne

pOBCKH~ M8KCHMYM8 /no O,llHOMY B o6rracTSIX () ·f:. 0o ~ 1( H -1;~ 0o ~ 0 I 

cMewaroTcst :e o6nacTb 0- = 00 B (),llllOHyKnOHHOM ,meae • 

.[Inst aeTanbHOI'O Hccneno:eaHHSI BK118,ll8 /2.2/ H8MH ObinH 

,llHcpcpepeHuHanhHhlX C8'10HHit ann 9HeprHH H8'181lhHOI'O sneKTpOHa 

nonyqeffbl KpHBb!8 

Co =0,54 H SHep-

I'HH r -KBSHTa k-o . =0,25. ripH STOMt KEIK H 0.>KH,ll8110'::!'> 1 BK118.0. /2 0 2/ OK83an-

CSl HecyweCTBeHHblM a o6naCTH MBnbIX yrnoa H cpaBHHMblM c 6eTe-raRTnepOBCKHM ce

'18HH8M B o6nacTH 6onbWHX yrnoB 0, t:}~90°. B Ta6nHue 1 npHBe,ll0Hbl OTHOW0HHS1 ,llHcpcpe

p eHUH81lbHOro ce'leHHSI /2.2/ K 6eTe-rattTnepOBCKOMY ce'leHHro /cpopMyna/3/ H3
141 l.3a

MeTHM, '!TO TO'IKH (!) = eJ o He SIBnSIIOTCSI CTpOI'O TO'IK8MH M8KCHMYM8 /cM.pHC.l / H ~0-

9TOMY oTHOlll etrne BKnaaa oaHoHyKnOHHoro qneaa K 6eTe-raRTnepoacKOMY ce'leHHIO B 

TO'!Kax MBKCHMYMB 6yaeT ewe 6onbwe,'leM npnaeaeHo B ia6nnue 1.HaMH 6bvt pacc11H-

TaH TaK:>Ke qneH .I-"·" lt11 H npo:eeaeHo cpa:eaeHHe ero c BKnaaoM ,A0• 0Kaaanocb, ttTo 

B Han6onee HHTepeCHOR B H8CTOSIWee Bp0MSI o6nacTH yrnOB " 90°' ra·e C0'10HH0 npo

uecca ocTaeTcst ewe cpaBHHTenbHO 6onbWHM, BKnaa ,,,)-'" JI .'I aecy1uecT:eeneH, 

TaKHM o6pa30M, orpaHH'IHB8SiCb o6nacTblO yrnoB ~ 90° H Y'IHTbl88Sl B OAHO

HYK1l0HHOM qneae nHlllb BKnau 110 • Mb! BHOCHM OW_Y.6Ky B ,llHcpcpepeHunanbH00 ce-
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qeHHe TOpM03HOf'O Hany'leHHSI 6. 2%. B M8KCHMyMe rrpH 0,;::; 0o ST a oueHKa rro-

rpewHOCTH He f'OLJ,HTCSlj OHa 6yn,eT orrpen.enSITbCSI an.ecb B OCHOBHOM HeTO'IHOCTblO 

B orrpen,eneHHH co6cTBeHHO OLJ,HOHyKnOHHOf'O BKnan.a. 

0 . 
B o6nacTH yrnoB Z 90 , . KaK cne.a.yeT H3 Ta6nHUbl 

o6mHfi BKnan. qneHOB /f+ ll:1. ~J,/1:t 0 ~Ill~ vf/., 
Je 1. 

1 II OTHOW0HHSI J,f1 < '/ J 

CTaHOBHTCSI y)Ke 3H8'1H-

TenbHblM H HM rrpeHe6peraTb He11b3H. 0.a.HaKo,- pacqeT STHX BKnan,oB B paMKaX 

o6bl'IH0f'O MeTon,a Teop1:rn B03MyIUeHHfi srnnsteTCSI qpe3Bbl'l8fiHO rp0!1.103LJ,KHM. B MaK

CHMyMe (0~ 00 ) BKnan. oT qneHOB)t l/i,fa3,ll4,,~3 ll.3,~'I/I., no KpafiHefi Mepe 

Ha rropst.a.oK MeHbwe BKnan,a OT llo , TaK KaK B_enH'IHHa /(},,rl[I ~ fn- , a MHO)KH-

/c/ - . . )..,/VJ I"] //, 
Tenb / lt1 _B o6nacTn paccMaTpIIBaeMblX HaMII SHeprIIfi oKa3brBaeTcst -=- J5' , 

3. BKnan. IIHTepcpepeHUIIOHHOf'O qneHa 

MaTpII'IHble sneMeHTbI, COOTB0TCTBYIOIUII0 n,IIarpaMM8M /la + 16/ II OLJ,H0-

/4/ 
HyKnOHHOMY qneHy, 6binII BbmIIcaHbl paHee lcM. I H /2.1 /. TaK )Ke, KaK n: B 

OLJ,HOHyKnOHHOM qneHe IIHTepcpepeHUIIOHHhlfi BKna.n MO)KHO paa6IITb Ha CYMMY qne-

HOB c{ ~
1

-=- /Jo /1'VB,1/t13,t. 0 3 
f:,3 

I-13-3a 6onbW IIX BenH'IIIH ce'leHIIfi, rronyqaeMhlX H3 6eTe-rafiTnepoBCKIIX 

)lHarpaMM, Mbl He MO)K0M orpaHII'IHTbCSI BKnan.OM f!,o , a LJ,Oll)KHbl yqecTb 

/5/ 
qneH ~ 8, ·. TaKoe rrpII6nII)K0HII0 6nII3KO K rrpH6nII)K0HIIIO, IICI10llb30B8HHOMY B • 

B rrpouecce pacqeTOB Mbl oT6pocIImf B 'IIIC11IITene qneHbl "' hr~ • 'ITO paBHOCIInbHO 

3aMette t ~ / f/ II Jo-/~/. 0KOH'laTeiJbHOe Bbrpa)K0HIIe n,nsi c/<lx=- l!,0 ~ ,5; · 
IIMeeT BH.ll /5 na6opaTOpHofi CHCTeMe/: 

S {Mi) s 

~~ k "'0o 
( pk )(q,. k) 

d k.,-dn.k. .Jaiv 
cl-fj,h 
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q> ~ - .,t ( po 'J,o - Po i-P0 k,) { ci-i
0

) :,+ J. { f'1 ¾- fft J,) ( Po i -f- R k - P,, 'J,o + {{J- -i 0)j 
. .. P."l,,.,. 

Ut-= l (io-t) ~( Po (l,o-Po CJ,- B, ~)- ( io -q,) "+ Z ( i" i)(r;f;f-Po I.:, - % (~o -i)1-r 

+ (Pok) ( io k )- ( Po k }( 9, k) t ( Po fo )( q)) + ( P,, i) ('to k) -

- ( i k) ( i o ~) + ( i k) :, + ( i o ~) ~ -

- { Poio ){io k} - (Pa 1){11<) j 

- - - { fl, .. 'J,o} ~ ( .,l, 

W - ( Po io Poi A, k - J, ) flt + ~'/,,, -t Jfo {j., + J.,p
0

k, - t foCJ,o) + 

+ l io f }( ik) + l [ ( I} k)- {ia k)J~ (f/,~-:fl-} V 

)1',; i, '1-9 . . 
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B Ta61i1me 11 npHB0J:J:SITCSI 0TH0WeHHSI .llHCpcpepeHuHanbHbIX ceqeaHif HHTepcpe~ 

• peHUH0HHbIX qneH0B P.,., n / IJ, K 6 eTe-raifTn ep0BCK0MY .llHcpcpepeHUHanbHOMY 

ceqean10. 

11H'I'epcpepeHUHOHHhii1 BKnan 

HbIM H, HanpHMep·, npH f = o, 
d r; 

0 

BKnan Jv· 8, npHMepH0 Ha nopH,ll0K 

, Boo6me I"'0B0pSI, 0KB3bIBaeTCSI 3HB'IHTenb-

o e · o J 30 H O = 60 .llOCTH_I"'aeT 20% OT 116"5..r. 
MeHbllle BKnana 80 /aa HCKn10qeaHeM To-

qeK MaKCHMyMal. 8TH BKna,llbI CTaH0BSITCSI cpaBHHMbIMH nHWb npH 6onbll1HX yr

nax. TaKHM o6pa30M HHTepcpepeHUHOHHblif qneH yqTeH C .ll0CTaT0'qHQ .BbIC0KOif CTe

neHb!O T0'IH0CTH, a OWH6Ka, K0TopaSI npH 9T0M BH0CHTCSI B ./lHcp<pepeHuHanbHOe ce~ 

qeHHe T0pM03H0I"'0 H3nyqeHHSI nnsi paCCMaTpHBaeMbIX HaMH aaeprHif, 0K83bIBaeTCSI 

'- 1 % / HCKn10qasi, K0He'IH0, TQq~H. MaKCHMyMa H 6onbwHe yI"'nbII. 

PacqeTbI nnsi io =0,54 H k~ =0,25 H .llPYI"'HX aaaqeaHif l" H ko npoBo-

,llHnHCb Ha aneKTpOHHo-cqeTHOif MaWHHe "Ypan". KpHBaSI B MaKCJIMYMe / f = o, 
G ~ 9o / C'IHTanacb no (90 C wa!"'0M 30" H C TO'IHOCTblO no Ce,llbMOtt 3Haqa-

mett umppb1 0 ·a psine cnyqaeB war 30" oKa3ancsi · ae.nocTaToqHt,IM nnsi T0'IH0I"'O onpe

.aeneHHSI nono:IB:eHHSI MaKCHMyMao Ha pHC, 1 npHBe,lleHbI KpHBbfe 111, 1 Y, CO0TBeT-

CTBY!OlllHe HHTepcpepeHUHOHHOMY qneHy IlpH e O = 0,54, k-o =0,25. 

4. OueHKa 0,/lHOilH0HHOI"'0 BKnana 

/3/ 
ilHcnepCHOHHbie C00THOWeHHSI /cM. / CBSI3bIBalOT 9pMHTOBY H aHTH9pMHTOBY 

qacTH aMilnHTY.llbI npouecca TOpM03HOI"'O HSnyqeHHSI, EcnH ycn0BHe YHHTapHOCTH 

s s+ = } Sa IlHCBTb B O,llHOMe30HHOM IlpH6nH2KeHHH·, TO 8HTH9pMHTOBY qaCTb BMilnH -

TY.llbI BHpTyanbHOI"'O KOMilTOH-acpcpeKTa M02KH0 BbipaaHTb qepes aMnnHTY.llY peanb-

HOI'O H BHPTYBllbHOI'O qJOTOp02K,lleHHSI <J{ -Me30HOB. AMIInHTY.lla BHpTyanbHOI'O cpoTo-

cr- · /6 7 / 
p02K,!leHHSI .Jf -Me30H0B 6bma HattneHa B pa6oTaX •.• 8MilnHTy.!la peanbH0I"'0 cpoTo-

p02K,!leHHSI M02KeT 6bITb B3SITa H3 OilbITHbIX ,llaHHbIX. TaKHM o6pa30M, cymecTByeT 

npHHUHmranbHaSI B03M02KH0CTb yqeTa 0,llHOilliOHHOI"'0 BKnana. ilnSI Hae cefiqac 

.ll0CTaT0'IH0 npH6nH3HTenbHOtt oueHKH 

nony'IHTb B npenene Manhlx 3Ha'IeHHil 

paccM aTpHBaeMOI'O BKnaaa, K0TOpy!O M02KH0 

.t 
)e_ • B 9T0M cnyqae BHpTyanbHbiif K0MilT0H-

acpcpeKT M02KHO paCCMaTpHBaTb 6nH3KHM K 'peanbHOMY H B0Cil0nb30BaTbCSI pesynbTa-

/8-11 / /8/ 
Tab.rn pa6oT • B H3SeCTHbIX B HaCTOSIUlee BpeMSI 9KcnepHMeHTanbHbIX .i:taHHb!X 
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KOMIITOH-acpcpeKT Mepsmcst no.u yrnaMH ~ 
0 ' Jt.. 

50 • nn:si aaeprHit ~ 100 MaB SKcne-

pHMeHTanhHast KpHBast xopomo cornacyeTcB c naysnoBCKHM ceqeHHeM. 

,Llmt aHeprHA: ;,, 150 MsB aaqHHaIOT. CHnhHO CKa3bIBaTbCH Me30HHbie nonpaBKH. 
··· · /IO/ 

renn-MaHH H MeTbl03 npoaenH cpaBH8HHe nonyqeHHbIX HMH .UHcnepCHOHHbIX COOT-

HOllleHHit C OIIbITHbIMH .uaHHbIMH no KOMDTOH-acpcpeKTy Ha HyKnoaax .umt. yrna pacceH-

HHH 0 = 90°. PacqeTbI no'.uHcnepcHOHHbIM COOTH0lll8HHS1M 6bmH npoae.ueHbI B 

O.UHOM830HHOM, CTaTH'ieCKOM npH6nH)KeHHH C yqeTOM (13/2, 3/2/) peaoHaHca. 

ABTOpbI nonyqHnH y.uoBneTBOpHTenhHOe cornacHe C OllbITOM .no aHeprHA t -KBaH

TOB rv 250 MsB. 

/IO/ /9/ 
PeaynhTaTbI, 6nH3KHe K peaynhTaTaM • 6binH nonyqeHbI TSK)Ke KannCOM 

/11/ 
H AH11608 H Ca To • H eKoTopbte paanHqHst B peaynbTaTax aTHX pa6oT .unst Hae 

HecymecTBeHHbI, llOCKOnhKY Hae HHTepecyeT nHlllb npH6JIH3HTenbHast OII8HKa BKna.ua, 

xi 
0,UHODHOHHOI"O COCTOHHHH 

vlTaK, B paCCMaTpHBaeMOM HSMH cnyqae 
C 

;}e,-:::: O, aMnnHTy.ua T 

6nHaKa K aMnnHTy.ue peanbHOI"O KOMDTOH-acpcpeKTa. 

CpaBHHBast Tenepb BenHqHHy c_eqeHHst O.UHOHyKnOHHOI"O BKn_a.ua _IIpH 

~ 

I '14/ I 
CM. 

/ f' = 0/ co 3HaqeHHHMH ceqeHHst KOMIITOHOBCKOI"O pacceHHHH, B3stTbIMH H3 

6 /9-11 I 
pa OT no.u T8MH )Ke yrnaMH, Mb! nonyqaeM Tpe6yeMyIO OII8HKy. 

Jlnst yrna (9 ~ 00 = 30° sHeprHst KBaHTa -::::::. 250 Msa. BKna.u o.uaonHoa-

HOI"O COCTOstHHH OK83bIBaeTcst < BKna,na O.UHOHyKnOHHOI"O qneHa. 

,Llnst yrnoB 
0 = 60 H aHeprHH y' ..,KBaHTa r.::::: 270 Msa 

BKna.u O.UHODHOHHOI"O COCTOHHHH npH6nH3HTenbHO B 5-6 paa 6onbllle 0.UHOHyKnoa-

HOro. npu sHepr1111 na.uarowero f -KBaHTa ~ 300 Msa /yron = 90° I BKnaa 

O.UHODHOHHOI"O COCTOHHHH np116nH3HTenbHO B 15 paa 6onbwe BKnana O.UHOHyKnOHHOI"O 

M bl cq11TaeM, qTQ nonyqeHHbie OII8HKH, OTHOCHlllH8CH. R peanbHOMY KOMiltOH- .. 

scpcpeKTy, cnpaBe.nnHBbI H .unst BHpTyanbHOI"O KOMDTOH.:.scpcpeKTa, Kor.ua /0-&o / ~ 5°~ 

/Tor.ua Je l, .uocTaToqno Manoi. 

xi c:-K OMDTOH-acpcpeKT Ha HyKnOHax B6nH3H nopora pO)K,U8HHH ,.. -M830HOB 
paccMOTpeH JI.vi. /Ianu.uycoM H 4>Koy ryaH-q>Kao, npenpHHT Ovlfl vi, P-372. 
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5. n_onpaBKH Bb1cwero no l nopa.uKa 

n · /12/ 
,nonpaBKH BhlCU1ero I'IO -c. nopHLtKa 6bJnH HaA.ueHbl B pa6oTax Q)OMHHa 

. 0 • . . . . , • I 13/ 
H !v' IITpa, .,. HanaHHaCB8MH 'H,, naHa.e • M bl HCnOnb3yeM B CBoeA ·pa6oTe oueflKH, 

no_nytJeHHbJe, ¢OMHHhIM. 

B - ynbTpap~mlTHBHCTCKbM cnyitae H npH He cnmuKOM ManbIX yrnax CYMM8pHblH 

BKna.n pa.UH8UHOHHblX
0 

nonpaBOK H nonpaBOK Ha .llBOAHOe TOpM03HOe H3nytJeHH~ He 

npeBbIWaeT HeCKOnbKO npoueHTOB. 8Ta''OU8HKa nonytJeHa 6e3 yqeTa OT.Ua'IH HyK-

noHa. 8cpcpeKT OT.08'-IH HyKnona He BHOCHT cymecTB8HHb!X H3M8H8HHH, 

6. 3 a K n IO tJ e H n e 

Hcnonb3YH ITpOE10.lleHHbl0 B' Ll8HHOH pa6oTe pactJeTbl nonpaBOK /§§ 2-4/, Mb! 

MO>KeM nony'-1:tTb C8lJ0HIH! TOpM03HOJ"'O H3nytJeHHH B HH3W8M no 

onpeaeneHHOH cTeneHb IO TOlJHOCTH. 

e,_ IlOJ)HLlK8 C 

TaK, Hanpa,.,ep, npH 'f :: o, 0 0 0 , 0 
= 30 KpHBaH no O LlO yrnoB ~ 40 

aaaa c TO'lHOCThlO no 5% /CM.pHc. 3/. PaaHBUHOHf!bie. DOIIpaBKH H nonpaBKH Ha 

.OBOl\Hoe TOpM03HOe l-13ily4eHHe· He npeBbIW8IOT H8CKOnbKHX DpOU8HTOB. 

17pe.unonaraa, 4TO npH npoaepK e · ce'ieHHH Top·Mo3Horo H3nytJeHHH aKcnepHMeH-

T anbHaH OllJH6Ka COCTaBmieT j 0%, M,1 nony'laeM', lJTO D.n51 yrllOB fi., (yo"- 30°, 9HeprHH 

na.naIOwero sneKTpOHa CO -~0,54 }I aaeprHH t -KBanTa = 0,25 KBaHTOBaH 

-14 
aneK--rpo.u HHUMHK1:1 npoBPpsteTcH i;xo paccTOHHHA -~ 3• IO CM,. /Bo acex paccym.ne-

HHHX 00,18CTb M8KC'HMYM8 HCK.'110'188TCSI / • , 

To'IHblA y4eT 1 'Ji -M~30HHOr'O COCTOSIHHSI D03BOnHT npoATH .uanee no yrnaM 

..p, t) / $., H no ;;iaeprKstM na.naIOLUero aneKTpona, H, c;ne.uoaaTenbHO, noaaonHT 

npoaepHTb 9118KTp0LllfH8!-.HIKY .no eu1e MeHbWHX pacc:TOSIHHA. 

B 3aK111otie1rne Mbl npHHOCHM rny6oKyIO 611aro.a.ap11ocTb aKa.ueMHKy H,H. Eoro

nI06oay H A.A. noryaoay 3a npe;:1110>1<.eHHe T8MbJ pa60T&1 H ueHHbie yKa3aHHst, 

n.B.WHpKOBy H A.H • Taaxen11,u3e - 38 noneaH bl8 LlHCKYC'::HH, Aa,·opb! TaK>Ke 6na

ro.aapu bl H .H. n ony MOPil BHHOBoii aa nposenenHe pactJeTos ua MdlllHHe H Ynan N, 



- 13 -

-·-

1. CM., HanpHMep, s.n. Drell,Annals of Physics, 4-,75 (1958). 
/B aTOH pa6oTe ,llaHbl .ll0TI0nHHTenbHbie CCbinKH Ha pa6oTbl, TI0CBSII.ueHHbie aonpo

CaM npoaepKH KBaHTOB0il aneKTp0.llHHaMHKH Ha ManbIX paCCT0S1HHS1X .~ BonpocaM 
MO.llHq>HKaUHH KBaHT0BOil aneKTpO.llHHaMHKH/, . 

2. J.n. Bjorken,s.n.nrell, s.c.Frautschi,Phys.Rev.112,1409(1958). 

3, vf.C,3?IaTeB, n.C,vfcaea, IlpenpHHT OH.HM, P-3;1, )K3fcf;>. J7,728,(I959). 

4. vf.C.3naTea, n.C.vfcacrn. npenpHHT OM.HM P-264,Nuovo Cimento,IJ,I (1959). 

5. R,A. Berg and C.N. J.indner,Phys.H.ev., 112,2072 (1958). 

a. Fubini, Nambu,Watagin,Phys.Rev., 111, 329 (1958). 

7, n,.Q.ConoBbeB 1 '18CTH0e C006L11eHHe. 

8, C.L. Oxley and V.L. Telegdi,Phys.Rev., 110, 7JJ (1958), 100, 
4J5(I955).c.s.Janes,R.Comes,C.Hugh and D.K.Frisoh,Phys.Hev.roo, 
I245(I955). 

9. R.K. Capps, Phys.Rev,, 108, 1032 
/,Upyr~Ie CCbinKH Ha TeopeTH'leCKHe pa6oTbl no KOMTITOH-aq>q>8KTY M0>KH0 HaATH 

B pa6oTe Kannca/. 

10 • .UoKna.ll 4y (Annual Conference at High Energy Physics ,CERN ,1959). 

11. T. Akiba and I, Sato, Progr.Theor.Phys.,V.19,9J (1958) 

12, n,vf,cf;>ow!HH. )K3Tcf;>, 35, 707 /1958/: .llHCCepT8UHS1, .. 

13. A.N. Mitra,P.Napayanaswamy,I.,K.Pande,Nuclear Phy_sics,10,629 
(1959). 

PyKOTIHCb nocTynHna B H3,llaTenbCKHA OT,llen 18 C8HTS16pst 1959 I'O.ll8, 



\9 
~~ 30° 90° 

" = 0 

. 150° 30° 

6° o,36.ro-4 o,I4".ro-3 0,11.10-5 o,56.ro-4 

30° 62 o,2s.ro-2 0,23.10-2 o,24~10-2 

60° 0,018 0,042 0,016 0,69.I0-2 
o · 5 ,· .· -2 90 O, 014 O, 16.IO O, 19 O, 91 .IO 

120° 0,030 I,4 3,2 0,022 
o - 5 ISO 0,066 I,4 0,69.IO 0,053 

TABJili'IUA I 

:f =90°, __ -f = 150° 

90° 150° 30° 90° 150° 

0,15.I0-4 - 5· 6 ~4 16 ro-5 O, 12.10 O, 3 .IO. O, • 0,12.10-5 

0,47.I0-2 0,30.IO-~ 0,17.I0-2 0,40.I0-2 o.33·.10-2 

o, 027. 0,019 -2 0,017 -0,4loIO 0,014 ,lS, 

· o, 085 0,12 -2 6 0,62.IO .. 0,03 0,081 

0,26 o,7d , o, 018 o,t4 0,37 

0,77 5,4 0,048 0,49 2,9 
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TAEJHllA II 

c-...h... -"'i-,, I 
I::~ 

t/15-e 

,f. a° ., = <J<il l"' 1so 

·~ :Sa° <J<il I5a° 3rfJ 900 15a° 30° <J<il I5a° 

a 

' 
a 

' 
a 

~ 
a I ·a 4 a .I a -l a " a ~ 

' I 

f1l o.on o.14.Io-4 0.014 o.u.10-Z 0.34.10-2 0.62.10-:s -0."14.10-2 -o.19.1o-4 -o.:s9.fo-Z -o.3a.10-3 -o.30.10-2 ~.11.10-3 -o,on -o, 68•10-4 -0.014 -o.14.10"'2 -o. 78.l0"'.'2 -o.I9.I0-2 

3n° -o.on s.1 o.()ij6 o.n.1<i2 -o.°" -o.ou -o;m -o.n~10-2 -0.000 -o.es.10-2 -o.066 -0,016 -o,056 -o.21•10-z ·, 
-o.074 -0.012 -o.074 . -0.020 

6rfJ o.zo o.~.I0-2 -0•44 -o.045 -0.22 --0.050 -o.065 --0.46.10..Z -0.20 -0.021 --0,22 -0.051 -0,071 -0,90.IO-z -0,14 -0,031 -0,19 -0,052 
0,83.ICf -o,so.10-2 -o,26 -0,045 -0,44 -0,096 ;;; <J<il o,n 0,026 0,12 -0,6' -o,u -C,03.5 -0,076. -0,019 -0,20 -0,052 .-o,35 -0,089 ,, 

lzoO 0,009 0,037 0,57 0,48 -I,24 -0,070 -0,023 -0,34.Io;2 -o,z:s -0,033. -0,61 -0,090 -0,076 -0,024. -0,25 -0,066 ·-o.~ -0,095 
J.sd' 0.059 o,o:sr o.z:s . -o, z:s .;o,C)IJ7 0,6.ICfi -O, 92.l<i2 .-0,19.l<i2 -0,12 .-o,on -0,62 -0,028 -o, 054 -o, 018 -0,ZI -0,033. -0,57 i-0,052 
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. 111 -d1HTepqiepeHUHOHHblA 'lneH )'- #Ji lY - vfHTepqiepeHUHOHHblA qnee /k 
Y - Pe3ynbTHpyIOLU8SI KpHaasi. 
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P1-1c, 3, XoA KpHBott Amt 0 = 30° ,.., CM,pl-!c, ~. 


