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nPEllHCJlOBHE 

no-pa3HOMY MO}I(HO nonol!Tn x onpeneneanro nanoonee nonxonrunero apeMeHH, xorna 

uenecooopaaao cocTaanl!T& ooaop aoaol! oonacTn cjmamm, Koaeq:ao, }l(enaane AOOHTbCSI lian-

6on&mel! CTpOJ!BOCTB B3nO}I(9BHSI H A8Tb M8KCBM8nbHO nonayro K8pTHBY pa3BHTHSI MO}I(eT 

OTTSIHyTb C03A8BB9 T8KHX CTaTeJ! AO CTOnb ll03AH91'0 BpeM9HH 1 KOI')l8 BOllpOC nepel!Jl9T 

a no'ITenahll! paapnll 'xnaccnq:ecxnx'. OcTpan ay)I(Jl8 B nnTepaType, c noMom&ro KoTopol! 

aay'IBhle COTpyJlBHKH MOrna Obi 6biCTpO , oopa30B8TbCSI' B HOBOM Kpyre BOllpOCOB1 Bbl3bl-

BeeT K }I(H3HH 0030pbi1 H8lll!C8HHbl9 1 KBK I'OBOpllT Xl!MHKB1 'liB CTaTyT H8C)l9BA!!' (B Mo

M9HT Bbl)leneauSI), Cyn~o.6a Taxux ooaopoa xapaxTepuayeTcSI npe~ten&ao 6on&mnM iaTepecoM. 

K HHM. npn l!X nonaneHBH1 BS}I(HOJ! ponbl0 1 KOTOpyro Hl'p810T OHH B YCTBHOBneHBB ypOBHH . 

. nccnenoaanul! n AOBOn&Ho ObiCTpb!M BbincaeHBeM Toro, xaxan .'taCT& cTaT&H Heaacny}l(eano 

aennxa unu Mana, 'ITo 61>mo axnro'leHo apSI, a 'ITO aacny}I(BBaeT aaa'IBTen&no oonee non

po6aol! paapa6oTxn. 

Bypno paaBuaaromel!cn ¢nanxe nel!Tpnno nocBruneH y}l(e nenbil! pS!Jl xopomnx o6a0-

poB l! KHBI' 1 H8llHC8HHbiX B p83H09 Bp9MSI niOJlbMl! 1 BHeCWBMH cymeCTB9HHbiJ! . BKnB)l B ee 
· /1/x) 
p83BRTHe o 

HacTonmul! o6aop npencTaBnSieT coool! noni>ITKY npencTaBRTb noa OllHOll o6no}l(xol! 

p83BHTRe TeopeTB'IeCKHX npe)lCT8Bn9Hl!J! H :3KCnepl!MeHTanbHb!X l!CCneJlOB8Hl!J! B :3TOJ! 00-

nBCTR cjlli3RKH cnaob!X B38l!MO)lel!CTBHJ!, Mbl npeanonaraeM, 'ITO OCHOBHb!Ml! 'll!TaTenHMH 

'CTBTbR 6ynyT H8Y'IHbl9 COTPYAHHKH l! CTyJleBTbi-¢U3l!Kl! CTapmBX KypCOB 1 3H8KOMbie CO 

. CBOeo6p83HeM ¢a3HKH cnaobiX B38l!MO)lei!CTBRJ!, 0CHO!!HOJ! 8Kll9HT C)lenaH HB cjm3RKY Heli

TpHHO BbiCOKHX sHeprnl! n nccnenoaaHRSI c Hel!TpaHo He MOIIlHbiX ycKopuTennx q:acTuu. Tax 

K8K 1L -38XB8TY H panaaUBHHOMY 38XB8TY MIOOHOB llOCBSIIIleHbl Jlpyrne neKllHH lliKOllbl 1 

Mbi He o6cy}l(naeiv! sTHX npoueccoB, Mbi CTapanuc&· oTBOJlHTb paanB'IHbiM BonpocaM ¢uanKn 

· Hel!Tpnno Bb!COKBX aHeprnl! · npaMepHo To MecTo, KOTopoe yAe~sreTCSI BM B coBpeMeHHOli 

. nepaonnq:ecxol! Hay'lnol! nnTepaType, BCSI'IeCKB KOHTponapysr co6c;BeHHbie 'BKycb!', Mbi 

x) Mbl l!CUOllb30B8llH M8T9pB8llbl PH.Il8 0030pHbiX CTaTel!, He llOHBHBWHXCS! na. pyc

CKOM SI3biK.e. 
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B8AeeMCH,-'IT0. aTOT 0030p. ooner-iHT nepeXOA X B3y'leHHIO ·opK~HBaffi.uoil IIBTepaTYP;, B n.<>

. MolKeT BOBbiM asTopaM lixnro'IHTLCH. a uccne~osaux£. 'a aTo.il AeAcTBHTenLuo o'le·Hh. uuTepec-

apii-OollaCTH ~H3HKH, 

Hay'leuue oonee wupoituM xpyroM cnenuanxcToB caMoro · no~txo~ta · x uosuM aonpo

caM, MeTOAOS 8H81IH38 H peweKBH MHOrHX '~a~TaCTH'IeCKH~' BOnpOCOB ~H3HKH HeiiTpBHO 

MolKeT ,npeAcTaB~HT':' un~epec ·u JlllH Apyrux oonaCTeii.~H3H~B a .ecTeCTB03nanusr sooome. 

3;0T ooaop,:. aepoSITHO, nuxorJla He oblli obi uanucau, ecnu ·obi B 3cTonuu ue oblna 

opranuaoaau·a .neTBHSI wltona ~uauxu. Mbt secbMS onaronapHbi aCTOHCKHM ~nauxaM, xOTo-

pbte·sasma ua ceoR TpyA oprauuaosaTh aTy mxony. 

flpu HimHC8HHH 0030p8 OCHOBHYIO nOMOII\b Mbl nony'IHIIB OT 8BTOpOB HOBbiX paoOT 

H npenpHHTOB, KOTOpble OHH HaM lll0093HO npHCblll8!0To 

AsTopbl onaronapHbl c.c.repmTeilny u A.H.MyXHny 3a neHRble o6cyJKAeBBR. 

Mbl aapairee . npHROCHM CBOH _B3BHH9RBH 8BT0p8M MROrBX XOpOWBX paooT, KOTOpbte 
.. ' 

Mbl · oxa3anucb ne. B COCTORBBH oiBaTHTb. 
. - . ~\ 
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I.B BE .ll E H HE 

liCTopU'19CJCH C MOM9BT8 BB9A911HSI aei!TPHBO OJC83Bn0Cb COBepmeHHO ueo6XOABMOi! 

'laCTnnel! AnB cjla3nxu cna6oro B3aHMOAeilcTau~ HeiiTPHHo nonaAo6anoc& B.ITayna B 
/2/ . ' 1930 r. · AnSI Toro, 'IT06bl o6ecne'IHTb coxpaueuue suepraa a HMnyn&ea B nponeccax 

{J _:pacnatta. 3, 4>epMB pa3~Hn ltOilH'I9CTB9HHYIO TeOj:lBIO {J -paCll8A80 ltOTOpaSl SlBHilSCb 

npoo6pa30M MBOrHX COBpeM&BHbiX ll01l9Bb!X Teopal!, ttan HMSI HCli~Oi! '18CTBne B YK8381l 

ua . uaa6onee cynieCTaeuuble caol!cTaa: uel!Tpauo, xaropl.tx ueo6xoAUMO O>KHAaT&. 

HcxoA!l B3 cymeCTaoaaamux a To apeMB caeAeual! o fJ -pacnaAe aToMBbiX HAep, 

<PepMU 38Kili0'1Hn, 'ITO B&i!TPHHO V He Aon>KBO UM9Tb sneKTPU'l9CKOro. 38pSIAa, AOn>KBO 

o6naAaT& cnuuoM, paBllbiM hI 2 , Maceo I! noxoR, xOTopall uana no cpaaueauro c Maceo :I! 

sneKTPOBa, u cnoco6aocT&ro yuocuT& suepraro u HMnyn&c • 

. /3/ 
Ha ocuoae Teopuu <PepMU B 1934 rotty EeTe u ITal!epnc_ oneuunu ce'leuae peaK-

HBH 
+ v+p .. n+e 

-44 2 ~ 
KSK paaaoe <1 - 10 CM AllH E i7 - 2,3 MsB, 

(la) 

B Te apeMeua o6n3Mepeuuu Taxux ce'leaul! ue Morno 6b!Tb H pe'IU, aa u ceroaua 

npoaeaeuue ·TaKoro onb!Ta npeACTaanReTCu B Bb!Cmel! cTeneHH TPYAHOl! 3aAa'l:efi. Ton&Ko 
/4/ 

• ueaaauo Pafiuec a Koyeu CMorna npoaeCTU sTo U3Mepeaue, B 1938 roay s¢¢eKTbi 
/5/ 

p-rAa'lH oT ncnycKauau uel!TPHHO anepabie U3y'lanuc& A.H.nel!nyucKHM • ITo3>Ke 6bmH 

npennpHHHTbi cneuuan&Bbie noucxu MaruuTuoro MOMenTa uel!Tpaao, KOTOpble npuaena 
. . ~0 
K 38KniO'IeHHIO 0 TOM, 'ITO MarHHTHbll! MOMeHT MeHbme 10 eh /me , rAe m -Macca 

/6/ sneKTpoaa. A. CanaM noxa3an, 'ITO ABYXKOMnoHeHTHOe ael!TpHHO ae uMeeT MaraHTHoro 

MOMeHTa, 3a : 6onee 'ieM TPHAnaTaneTBHl! cpoK sKcnepaMeBT aa6paxoaan paaHble aapaaHTbi 

Teopaa B38UMonel!cTBHH ael!Tpaao. Teoparo ael\Tpan&uoro ael!Tpaao, B paMKal!' KOTopol! 

;:; = v , npeAno>Kun Mal!opaaa. Taxa!l TeopuSl npHBOAHT K cymecTaoaaaaro, xoTH H c 

O'ieHb Manol! aepoHTHO.CTbiO, npouecca ttaol!aoro 6sTa-pacnana. 

n +n .. p +e-+v +n .. p +e-+p +e- (2a) 
17/ B 1946 r. E. noaTeKOpBO - BbiABH':lYn npeano>Keuae 0 TOM, KSK SKCUepHMeHTanbHO 

,MO>KHO peWHTb BOnpOC 0 pa31lH'IHH uel!TpHHO H 8HTHH9HTpHHO UpH H3y'leHHB peaKUHB, HH

AYHHpyeMol! HeliTPBHO, 

l ., 

7 
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I 

i 
! 

I 

B cny'lae II· S V neATpHHO oT neneaun Morna Bhl3B8Tb peaKnnro 
~ ~ . . 

v + ct -+- Ar + e 

h 

(3a) 

llpu 'v ·l v TaKoro nponecca He_nonmao 6hlTb; 

~ . /8/ .. -. . . . . ~sane ocymecTann sTOT TpynneAmnA sKcnepnMeHT. On noKaaan, 'ITO aenn'lnHa ~ _' 

ce'ieHHB peaKDHH (3a) COCTBBnSieT MeHee 1.0% aenn'l~~hl, !imnJiaeMOA Arl>l HeATpanbHOrO 

Heil:TPHHO. 

fiOHCKH ABOAHoro 6eTa-pacnaA8 npOBOA>ITC>I AO HBCTOS!Wero apeMeHH. fionomeaue 
. /9/ . 

·c ABOil:HhlM 6eTa-pacnaAOM K 1960 rony cyMMHpOB8HO B ~ (fiocneAHHe pafiOTbi CM. 
/10/ /11/ 

a Tpynax KOH<jlepeannn no <jluanKe neil:TpHHO a UEPHe u ) • 
/12 6/ nei!Tpnl!o ' 

1 
ol!o o6nanaeT cTporo ayne-

CornaCHO Teopnu ABYXKOMnoHeHTHOro 

Maccol! u· npu nyneahlX nepenaaaeMhiX HMnynhcax ne nMeeT sneKTpoMarHIITHMX-

B38KMOAeiiCTBHHo TeopH>! Trut*e npBBOAHT K lOQ% nonsriiaanmi H~liTpilHO napa.n'nenbHO.

·aMUYnbCY ·nnSI 8H~HHei1TPHHO B.CTPQrO mf~HB 'HanpaaneH~>I ~MnynbCB An>! aeliTpHHOo _ 

B _peaynl.oiaTe u~cnenoa~~un Ha · ycK~I)nTenroc:· a EpyitxsaeHe n UEPHe ( 1962-64) 

aoli: 

{ 

\ 
l 

I 
\ 
) 

\-

ycTaHoaneHO, ·'ITO nMeeTCil ABB copTa neiiTpHHO: aneKTpOHHoe v u MIDOHHOe v u , . . e IL 
v ·.; v -. :JlnR o6osHa'limnSI ax Mhl 6yneM .nnorna ynOTpe6nSITb npannomeHHbie B,nonTeKop-\ 
e IL · · · · c · · · - · · · 

· ao ua~itoii<jlepeHnnn'1964 rona no .pnanKe aucoKnX sHeprnil a· Jly6ne HasaaHnsr: v - snh-: . . - - - e . 
neli:TpnHo, u nnSI v IL -Mio-nel!Tpnao~ Hel!Tpnao a aHTnaeATPHHO Kamnoro copTa, pasmi:qaroTi; 

CH V .f V H ;; f, V • 
e e IL IL 

3apHA 

MaranTBhlli: 
·MoMeHT 

H=~ 
p· 

u·· 
VN 

. -10 
.< 10 · ILa 

-1 :!:. 10% 

-44 2 
10 CM npH 

:Ev a 1 MsB 

10-38 eM 
2 

npu 

:Eva1 rsa 

8 

..,. '2 Msa. 

-10 
< 10 ~'a 

-1-:!:.20% 

10-.SS CM2 npu 

E a 1 rsa 
v 

\ 

) 

~~ 
\ 
I 
' 

1 
'i 
'\ 

! 

.I 

3KCnepHMeHT8nhHhle A8HHhle 0 v H e v npnaeneahl a_ Ta6riune. llpenen_AnB 
IL -

MBCChl snh-aeli:TPHHO onpenenea a peaynbTaTe H3MepeHHH rpaannhl-6eTa-cneKTPB pacnana 

a a 
H -+ He +·e + v (4a) e 

Tait- KaK BhlAenneMaH B nponecce (4) saeprun cocTaBnReT acero _ (19,3;t),3) Jtsa, H3Me

peal!e BhlCOKOSHeprB'IHOlt '18CTB CneitTpa C TO'IHOCTbiD B H9CKOnbKO nponeHTOB n03B(JnSiaT 

nocTii:'lb · npuaeneaaoil TO'IBOC-Tl! AnSI npenena m.v 
e 

B nponeccax Mro-aaxaaTa 

IL + p -+ n + vJL (5a) 

·una Mro-e pacnana 
+ + 

IL -+ e +':v + v 
(6a) e IL 

THnH'IHOe BhlAaneaue 3Beprl!H AOCTl!raeT - 100 MsB1 TBK 'ITO li3Mep_eHHe cneitTpa n03MTPo

HOB a (6) c Toll me TO'IBOCTbro He nosaonneT cymeCTaeHHo nollR3MTb npenen nnn mv 
. • IL 

(MaKCHManbHbiil nMnynbc noaBTpoaoa a (6) paaea 52,6 Msa/c). PeaynbTaTbl nocnenaero 
·_ - - /13a/ 

ll3MepeHHSI CneKTpa n031lTpOHOB- OT pacnana MIDOHOB ony6nKKOB8Hbl COBCeM H9A8BHO • 

/14/ 
BTopaSI nn<jlpa nnn .npenena mv nony'leaa npS!MhiM H3MepeHneM saeprnu 

. IL 
SIAep TpHTHSI B peaKDHH 38XB8T8 

+ He 
3 

-+ Ha-t v 
_IL (7a) IL 

npa uccnenoaaHnn KOTopoli anepBbie nony'leaa -'<jloTorpa<jlaSI' Mro-ael!Tpnao (pac. 1 ). 

B nnTepaTYpe o6cymnanncb noKa ae ocymecTaneaHue aoaMomaocTn noaumeaag npe-

nena AnSI m 
VIL 

nyTeM H3y'leHnSI cneKTpoa nponyKTOB panaannoaaux nponeccoa 

K 

+ 
IL e++v +v -t 

e IL 

IL +P -on-1-viL+y 

B o6naCTH meCTKHX y -.KB8HTOB. 

y 

~-..-.' .... 

(8 B) 

(9a) 

Ha aTopofi cTpoKa Ta6nanhl aanao, 'ITO sneitTpa'lecitaft aapHA aefiTPHHo_onpeneneaHo 

paBeH aynro, ecnu TOnbKO He HapymaTb AnSI Heil:TPHHO TOT 38KOH1 DO KOTOpOMY 38pHA 

<jlyBAaMeHTBnbHbl~ 'IBCTKD !tpaTeH nenOMY 3Ha'leHHID 38pSIAa _sneKTPOHa. 

PacceSIHue aei!TPMBO 

Ha nayqeann nponeccoa pacceSIHHH Momao Haane'lb 6onbme l!H<jlopMannn, 'ISM aa 

nayqeann TOnbKO nponeccoa pacnana. Onaaito Ha nyTH TilKnx BccneAC!BBHllil: eCTb 6onbml!e 

TPYAHOCTB1 CBH38HHble C Mano~ aenll'IHHOfi Ce'leHHfi npon~CCOB paCCeHHHH aefiTpBHOo 

9 
.~, ..... 



Pnc. 1. 

- a a 
TanH'!HA5l tjlOTorpal\lHll pealtllHH . IL -+ He .. H · + v IL • KopOTKHe. 
cneAhl, BHJlHMblO HH tjlOTOrpatjlHH, BHHitHIIPOB85lbl MeAneHHblMH aeilTpOHHMII 

-B pealtllHII n + He 
11 

.. p -+ H a. 

10 

\I .II 

i ~ 

TeopeTII'!eCKI!e orteHKH npHBOllSIT K ael!H'!HHHM ce'!eanll peaKrtHll anna v + N -+ N + IL 
-38 2 

u"' 10 CM • nocMOTpiiM, c KHKIIMH MHCWTHOHMII C'leTa npHXOJlHTCSI I!MeTb .:eno. C'!eT aa 

e)lHHHUY BpeMeHn-

.JL=l!Jupd, 
t t T 

rne N
1 

- 'll!Cno nanarom11x '!aCTIIU, 

'!BCTHU MIIWeHH B e)lHHHUe OO'beMa, 

HOBIITbCSI Ha aemeCTBe C p = 1024
, T . 

OllHO CTOnKHOBeHHe Ha pHCCTOSIHIIII 

CaTypaa (I ) • Bhrpa~eane nnH n 

u- - Ce'leHKe HX B38HMO)leHCTBI!SI0 p - 'lHCnO 
T-38 2-

d- TOnmnaa MHwean. Ecn11 npn u = 10 CM ocTa-
-14 

TO D =10 · N
1 

d , T.e. OllHO Hei!Tpi!HO HCllbiTHeT 

d 1014 - - - 3 -= CM, _'ITO paBHO pHCCTOl!HHIO OT eMnii JlO 

MO~HO npe)lCTHBHTb B BII)le 

n = .!!L_ u-
M (MHwea&) --- ·U 

~ M (rpaMMhl). = 10 
A M (npoToH) A 

7 ·7 
.[lng 10 TOHH M ::. 10 II n = 10 NJA 

CnenoaaTen&ao, n = 1 
7 2 

HH 10 HeftTpi!HO/CM o 

1. HEYt'l'PHHHb!E llPOUECCbl EE3 H3MEHEHHH CTPAHHOCTH 

§ 1. 06naCTb Manhlx saeprnll aeliTpHHO 

A. 3KcnepnMeHThl c aHTHHeilTpHHO oT 6eTa-pacna)la Ha'!ann __ ocymecTanSITbCSI nocne 
- 13 -· 2 

TOrO, KHK CTanu )lOCTYllHbiMH HHTeHCIIBHOCTII HHTHHeilTpHHO ':. 10 V /CM CeK II 
• - e • 

ohmn nony'!eHhi caeneauSI o cneKTpe aHTHHeilTpuHo,- B03HHX:aromnx a npouecc.e 'neneHHSI 
/4/ 

mtep 

B cooTaeTCTBIIII c Teopneil <l>epMH, ce'!eHHe peaKuun ( 1 B) naeTCSI Bbipa~eHneM 

u ( Ev ) 
2 . 

~(-h-)2 
rr m c 

[ (Eil I m -

2 
G 

2rr 

2 
g 

Ev/ m -( MP ) ] x ---
m 

~ 
MD-Mp)2-1] 

m 

m2 

2rrh 4 

Mn , Mp - MaCChi HeilTpOHH II npOTOHH, COOTBeTCTBeHHOo 

(1.1.1) 

BpeMSI ~H3HH aei!Tpoaa Bhrpa~eTcSI qepe3 Te ~e aenH'!HHhl cnenyromHM o6pa3oM: 

11 



1 
r 
n 

1:2 m5 :F ('lo) 

2 ,.a h 7 

F (7j
0
);= 1,633. 

(2.1.1) 

flepeXOIHI K 'lHCnaM H y'lHTbiBS!I, 'ITO 

h, 2 . - 21 2 
(- ) = 1,4910 '.CM T a ( 17, ,3 + 2,2) MHH 

n -
me 

npHABM K TOMy, 'ITO 

a 

u-( E;; ·) 

G2 h 
-<- )2 

217 me 

•H 

( 1,12 + 0,14 ) 10 
2 

CM 

·H 
= 2( 1,12 ± 0,14) 10 ( E;;/m - 2,53) X 

2 ~ 2 
X [ ( E V j m - 2, 53) - 1 ) • • CM • 

(3.1.1) 

Hcnonbayg aaHHbie o cnexTpe nefiTplino, Pal!nec n Koyen npnmnn K aaxmoqeiiniO o TOM, 

'ITO 
-43 2 . 

(6,1 ·±. 1) 10 . CM /aenamm, Nu '" 

rae N = 6,1 - qncno aHTHH"llTpnno na aenenne. 0TCIOAa 

II. OTHOI!leHHe CT K- Bimli'liUIB 

- -43 
(] - (1-,10 :!:.. 0,25) 10 

2 
CM 

U TeOp ·, OlKHASBI!lefiCSI TeopeTH'lBCKHI COCTaBnSieT 

o/CiTeop•1,1 :!:,.0,3·. 

(4;1.1) 

(5.1.1) 

no cymeCTBY ceqenne nponec-ca (1 B) 

BecnSI na aepoSITHOCTB .o6paTnor~ nponecca 

npeacxaabmaeTCSI na ocnoae aeTanbnoro paano.' 

{3 -pacnaaa nefiTpona. ToT ljlaxT, 'ITO oTnome..., 

HH9 (5) OKS3b!B89TCSI 6nB3KHM K 9AHHHII9, H938BHCIIMO IIOATB9PlKAS9T 

3/Ib~HefiTpHHO~ 06napyJKenne peaKUHH (1 B) AOK83biBlleT TSKJKe, 'ITO 

v 1 ;:; 
e· e 

ABYXKOMHOHeHTHOCTb 

E. OTKpbiTHe B 1956 ro.tly MaxcnManLnoro uecoxpauenn!l B cna6hiX B38HMOAeficTBHSIX 

npOCTpaHCTBBIIHOI! 'leTHOCTH-H HHBSpHliHTHOCTH OTHOCHTe/IbHO 38pS!AOBOrO COITpSilKBIIHSI npn-. 
- . -

B9HO K AllllbH9ilmeMy 6ypHOMy pa3BHTHIO TeOpllll B38HMO,[l9fiCTBHS! ¢epMH, 3TOT nepHOA 

(1956-58 r.r.) Bblnen ljlnanxy cna6hiX aaanMoaellcTBBil na HOBbill ypoaeHh. Ha 6onhmoro 
. /15/ 

'lncna axcnepnMenTanhHbiX nccneaoBannll TaX neT ( CM. o6aop A. H. AnnxanoBa ) OTMe-

THM onb!T By, o6napyJKnameil acnMMeTpniO a ncnycxannn anexTponon nongpnaoaanHhiMH 
60 

·Co • axcnepiiMBHTbl rapBHHll II neaepMana no ll3Y'IBHIIIO IL -+ e pacnaaa. _SIApaMH 

II Ollb!Tbl M. ronbaxa6epa, B KOTOpblX Ob!J:O onpe,!leneno helicity 3/Ib-HefiTpHHO (OTpHHST9Hb-: 

HOe ,[InS! HefiTpHHO). 

12 

•' 

i 
! 

Cero,[IHSI a n_ameM pacnopnJKennn HMaeTcn TeopnSI cna6biX naanMoaeilcTBHI!, nocTpoen

HaSI B O'leHb 6nnaxoi! ananornn K HCXO.tlHhiM H.tle!IM ¢epMH n y'lHTb!BaiOruaSI MaKCHManbHoe 

HaCOXpaHeiiHe 'IBTHOCTH TeM 0 'ITO K BBKTOpHOMy V -B38HMOAellcTBIIIO ,[lOOaaneno SKCB-

8/IbRD-BeKTOpHoe A B38l!MOAe~CTBIIe C TOil JKe KOHCTSHTOi! CBSI3B. 0THOCHTenbHbil! 3HSK 

.tlBYX Tnnoa naanMo.tleilcTnnil V - A Teopnn Y'IBThiBaeT axcnepHMeHTanbHhie .tlSHHhie 0 
haicity Hel!Tpnno. 

PaaencTno KOHCTanT B3liiiMO.tleficTanll, npnno.tlnmnx K 6eTa-pacnany n K pacnaay 

MIOO.Ha fl-+ e 0 DpHBO,[lBT K H,[lae f!-·e YHHBepcanbHOCTH, KOTOpag Hamna CBOa 

llO,[lTBap'K,llaHHe Kl!TC npn 3SXBST9 fl -M930HOB MpaMB
0 

TSK H B paClla,[le llHOHOB H CTpan-

Hb!X 'ISCTHn (conOCTaanenne 

pacna,[lbl). 

IT -+f! +vfl H 11-+ e +:v 
e 

pacnSAoB, ~ H K 
fiB e8 

§ 2. liTo ronopnT o naanMonel!cTann ·neiiTpnno c nyxnoliaMn 

coapeMennag Teopnx 

A. Hanoonee npocTo CTpyKTypa cnaoblx B3liBMOAellcTBHll MO}!{aT Ob!Tb npoanannan

POBl!Ha np:a nayqeHHa nponeccon c yqacTneM TOJ!bxo nenTonoa,. Ho npnpoaa penxo npeaocTan

IUieT TaxyiO B03MO}!{HOCTb. EanncTBeHHbiM nponeccoM aToro pona, aocTynnMM noxa nm1 

sxcnepnMaHTB.JU.HbiX nccnenoBaHH.l!, BBnBeTCa fl .. e 
pacnM (6 n), ecnn ne paccMaTpll-< 

BaTh DpOU9CCOB C BCHyCKSHHeM ,[lOllOnHHTellbHbiX KBaHTOB. 

· Hen3oe}!{HbiM cnenCTBneM cymecTBonaHHa nponecca (6 n) BBn!leTCSI npencxaaanne 

0 IISllH'IllB (B Hll}!{SJ!meM ll0PHAK9 no cnaooMy B38HMO)leJ!cTBHIO) ,!lpyrnX IIBHTOHHb!X nponec
COB 

V+e->v+f! 
e fl 

v· +· e -+ 
fl ve + fl 

(1.1.2) 

(2.1.2) 

'BI!ll}!{SHWHM POACTB9HHHKOM
1 

nponecca (6 B) HBnSIIOTCSI 'nnarOHS/IbHbie' llenTOHHble npo

HBCCbl pacceHHn!l Hel!Tpnao Ha neHTonax 

V+e->v+e 
e e (3.1.2) 

V+e ... v+e. 
e e (4.1.2) 

KOTOpble noKa ne ooHapy}!{aHbl sxcnepHMeHTa/Ibno. 

CnenyiOI!lBMH no cno}!{HocTH aaannaa .!IBnmoTCSI nponeccbl c y'laCTHeM anpoaon u 

aeliTpnrro. B sT.nx "'nonynenToHHhlx' nponeccax nnnay TOK x Tox ·cxeMl.I naanMoaeilCTBBH 

13 



¢<jl~KThi. cu/IbHbiX ·saanMoueilcTBllil. MoryT 6biTb npeucTasnenbi ¢opM-¢aKTOpaMn. HeTpony..; 

b!MH OT _nepBOHB'Il!nbHOil TOK X TOK CXeMbl B38llMOAeilCTBllil 3AeCb OCTl'IIOTCSI OCHOBHble 

3axnrotlenust o ToKe nenTOHOB. 

llnSI TSKHX 6eanenTOHHbiX npoueCCOB cna6oro B38llMOAeliCTBll!l KBK 

K .. 31T (5.1.2) n +·p .. n + p (8.1.2) 

K .. 21T (6.1.2) 11 + p ~ n + 7T
0 (9.1.2) 

i\ .. N+ IT (7.1.2) N +·N .. A+ N, (10.1.2) 

B KOTOpbiX yqaCTBY!OT TO/IbKO aupOHb1
1 

BniiSIHlle Cll/IbHblX B3allMOAeilCTBllH naCTO/IbKO HCKa

maeT nepsona'Ia/IbHOe B38llMOAeliCTBlle 1 'ITO A/lSI ananH38 llX OCTaeTC!l /IIlillb.¢eHOMeHO/I~ - . ' 

rnqeCKllil. nonxon, naiOIURll B03MOlKHOCTb npoaepllTb npaanna oT6opa, n.MeiOIUHeC!l B ¢aanKe\ 

cna6b!X B38!1MOileil.CTBHll. 

llnSI ueTa/IbHOrO liCC/IeAOB8HliSI pa3/IH'IllbiX 'nonyneUTOHHbiX' npoueCCOB oco6eHHO 

yno6Hbl HMeHHO. peaKUHH
1 

Bbl3biBaeMbie neliTpliHO BbiCOKliX sneprHft. 

nnSI Tore 'IT06bi. Y'ITSI 9<!>¢eKTbl Cli/IbHbiX B38liMOile1icTBllfi, nony'IHTb 3aK/IIO'IeHHSI 

cospeMennoil TeopHH, pacCMOTPHM 6onee nonpo6no 6Hnapnble peaKnnn 

(11.1.2) 
v£ + n ... p + 

+ 
ve+p .. n+ £ 

(12.1.2) 

+ 
vf+p .. i\ 0

+£ ~$ (13.1.2) 

;;£ + n .. I-+ f 
+ (14.1.2) 

v £. + ; p .. :so + f 
+ (15.1.2) 

. ( £ - o6mee o6oana'!enHe unSI nenTonos f =e. IL ) • 

llOCKO/IbKY TeOpliSI npoueCCOB (11) - (15) CTpOHTCSI B 6nH3KOll ananorHH K TeopHH 

. 9/IeKTpoMarnnTHbiX nponeccos· c yqac1neM anponos, uanoMHHM, KaKHM o6paaoM nposo

AHTCSI B nnmaliweM nop!!AKe no KOHCTanTe saanMoueilcTBHF ananna nponecca ynpyroro 

pacceSIHH!l H '9/IeKTponos nyKnonaMn. 3neKTponnaSI sepwnna na nnarpaMMe pnc. A liasecT-

HB ( 9/Ie~TpOHHblil TOK uaeTCSI BbipameHHeM e y jL 

14 

e ). B/IHSIHHe CH/Ibllb!X B3aHMQ-

e e 

~A 
Pnc. A. 

ueilCTBllli Ha 9/IeKTpoMarHHTHbie CBOJ!CTBB HyK/IOHa CBOAHTCSI K TOMy1 'ITO K 38PHAY H 

'spOJKAeHHOMy' AHpaKOBCKOMy MarHHTHOMY MOMeHTY A06aBn~eTCSI 'aHOMS/IbHbili' naynnes

CKHil MarHHTHbii! MOMenT. TaKIIM o6pa30M1 Bb!pa:lKeHHe AJISI SJleKTpOMarHHTHoro TOKa npo-

Tona naeTCSI ¢opMynoi! 

2 jL 2) J =F (q)y+-C.ll.F
2 

(q o{Jq
11

, 
Q I P a 2 MN P a f' (16.1.2) 

rue q - nepenasaeMbil! nMnyJlbc, a p.P - anoMa/Ibnbli! MarnHTHbii! MOMenT npOTona. 

• llBB BBOABMbiX 3AeCb ¢opM-¢aKTOpa H Y'IHTbiBB!OT o6cy:lKA8!0IUBeCSI Bblille 9<!><1>eKTbl Cil/Ib

Hb!X ,B3allMOAei!CTBHi!. llng 9/IeKTpOHHOi! Bepillllllbl TOme MOmHO 6bl/IO 6b! HanHC8Tb anano

rH'IHOe Bblpamenne. Ho B paMKax o6bi'IHbiX 9JieKTpOMarHHTHbiX B3BHMOAei!cTBHli oTnn'ine 

F 1 OT 1 , a F 2 OT nyng AilS! 9/IeKTpona nMeeT MeCTO B CJie)lyiOIU~M UOpS!AKe no KOH-

CTBHTe SJieKTpOMBrHHTHOrO B3811MOJleiiCTBHSI a (p. F2 =a/21T -0,328(....!!_ ) 2 Jl/151 M8/Ib!X 
IT . 

Ifepe/lasaeMbiX HMnynhcos). Taxne. 9¢¢eKTbi ne MoryT 6biTb y'ITeHbi B e -p paccemmn 

npn paccMOTpennn nx B nnmal!meM npn6nnJKeHHH no a • B 9TOM nnJKai!weM npn6nnmennn 

nccneJlyiOTC.!I ¢opM-¢axTopb1 F1 n F
2 

, o6ycnosnennb:e CH/IbllbiMH saanMonei!cTBHSIMH • 

Bbtme npnse)leno Bblpamenne Ja AilS! npOTOHa (t/J J tP 
P a P 

) • lln5! nel!Tpona 

nony'IaeTcS! ananorn'lnoe Bbrpamenne c Toil /Illillb paannneli,. 'ITO non ILO: nano noun-

MaTh (aHOMa/Ibllbiil). MarnHTHbiH MOMenT nei!TpOHa, a npn q 2 .. 0 F .. 0. 
In 

-
BMeCTO OTuenbnoro pacCMOTPeHHS! (t/Jp J-t/J)n(.P 

a p n Ja tPn) OKa3biBaeTCSI YA06Hb!M 
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a¢!jleKTht 
cn11bHbiX ·aaanMoAei!cTDilii MoryT ohiTh npeAcTaaneHhl ¢opM-!jlaxTopaMn, HeTpony

Tb!Mil OT ~ !lepBOil8'18llbllOH 
TOK X TOK CXeMbl B3allMOAei!CTBili1 3A8Cb OCTSIOTCst OCHOBHb!e 

aaKIIlO~I~HUSI 0 TOKe nenTOHOB. 

nn~ TaKIIX oeanenTOHHbiX nponeCCOB Cl1800PO B3allMOAeiiCTBllll K8K 

K .. 311 {5.1.2) n+p .. n+P {8.1.2) 

K .. 211 {6.1.2) TT + p -+ n + 1T
0 {9.1.2) 

A .. N+ IT {7.1.2) N+N .. J\+N, {10.1.2) 

B KOTOp!>lX yqaCTBYIOT TOllbKO aapOHbl, BllRSIHlle Cllllbllb!X B3aHMO):Iell:CTBRi1 HaCTOllbKO HCKa

maeT nepBOH8'1allbHOe B3aHMOA8ilCTBHe, 'ITO Allll anannaa HX OCTaeTCst l1Hllih~tP8HOMeHOl1D

rl!'leCKlli! noAXOA, aaromaii ao:;n.wmnocTb npoaepnTh npaanna oToopa, u'Meromnecst B ¢uanxe' 

cnaob!X aaanMOAeiiCTBH!l:, 

paann'IHhiX 'nonynenToHHbtX" nponeccoa 

HeiiTpHHO Bb!COKHX 3Heprnil, 

nnst ):leTallbHOPO HCCl18AOBaHHst 

yaooHhl IIMenno peaxnnn, Bbi3btBaeMble 

ocooeHHO 

nnst Tore 
'ITOObi , y'ITst a¢¢eKThi CHllbllhiX aaanMOAefrcTani!, ~ nony'IIITh 3aKl1IO'IeHnst 

coapeMennoll: Teopnn, paccMOTpHM oonee noapoono onnapnble peaxnnn 

{£ 

v e + n~ .. p + 

lie + p .. n + 
+ e 

vf + P .. J\ 0 + t 

- + ve + n .. l: + f 

v + 'p e 
+ 

.. ~0 + f 

- oomee 0003Ha'leHne Allll ne!ITOHOB f =e, jL 

.$ 

). 

{11.1.2) 

(12.1 ~2) 

(13.1,2) 

{ 14.1.2} . 

{15,1.2) 

nocKOllbKY Teopnst nponeCCOB {11) 

aneKTpoMarHHTHbiX !IpOU8CCOB~ C yqaC~HeM 

AllTCll B nnmal!meM !lOpstAK8 !lO KOHCTaHT8 

{15) CTpOHTCst B Ol1H3KOH ananornn K Teopnn 

aapoHOB, nanoMHHM, KaKHM oopa30M npoBo

B3aHMOAell:CTBH~ ananna nponecca ynpyroro 

pacce~HHll u·anexTponoa nyxnonaMn, 3neKTpOHHast aepwnna na anarpaMMe puc. A uaaecT-

na ( g118KTpOHHbiH TOK ):laeTCst BblpameHHeM e y 
jL 

14 

e ) • BnnSIHHe CHllbHhiX aaanMo-

e e 

0 

wA 
Puc. A. 

Aei!CTBHJ! Ha 3l18KTpoMarHHTHbl8 CBOi!CTBa HyKllOHa CBOAHTCst K TOMYt 'ITO K 3apstAy II 

"apomAeHHOMY" AHpaKOBCKOMY MarHIITHOMY MoMenTy nooaansteTCst • anoMallbnbrii" naynlleB

CKllii MarHHTHI>Ill MOM8HT, TaKHM oopa30M, Bbipamenne Allst 3l18KTpoMarnHTHOPO TOKa npo

TOHa naeTcst ¢opMynoll 

2 jL 2 J =F (q )y + -'-l>. F
2 

(q) uf3 q,, 
tt 1 p a 2 MN P a ,.. {16,1.2) 

Plle q - nepeAaBaeMb!l! llMUyllbC, a jLP - aHOMallbHblll MarHHTHblll MOMeHT npOTOHa, 

•, naa BBOAIIMbiX ;3):18Cb !jJOpM-!jlaKTOpa II Y'IHTblBaiOT oocymAaiOmnecst Bblllle a¢!jleKTbl CHllb

HblX B3aHMOllel!CTBHll, nnst 3l18KTpOHHol! BepmHHbl Tome Momno OblllO Obi nanncaTb anano

rli'IHOe Bblpamenne. Ho B paMxax oobi'IHbiX anexTpoMarHHTHbiX aaanMOAellcTanl! OTiln'lne 

F 1 OT 1 , a F 2 OT nynsr Allst snexTpona liMeeT MeCTO B cneAyiOJUE:)M nopsrAKe no xon

CTanTe 3lleKTpOMarnliTHoro B3 8HMOAellCTBlllf a ( jL F 
2 

= a/211 -0,328 ( ....!L_ ) 2 Alllf MallbiX 
1T 

:r;repeaaaaeMbiX HMnynhcoa). Taxne. s¢!jleKTbl. ne MoryT ob!Th y'IT8Hhi B e -p pacceSIHnn 

npn paccMOTpennn nx B Hli)KaJ!meM npnonnmeHHn no a • B sTOM H1t)!(SitmeM npnonnmeHHn 

nccnenyroTClf ¢opM-¢axTopbi F1 n F
2 

, o6ycnoanenn~>re cnnhHbiMH aaanMoaei!CTBnstMn. 

.Bhlrne npnaeaeno Bblpamenne Ja Allst npOTona (t/J J a "' ) , nnsr Hel!TpOHa 
p p 

nony'laeTcn ananorn'lnoe Bbipa)l{eHne c Toll numb paannnell, ~ 'ITO non IL,; naao noun-

MaTh { aHOMallbHb!il) MarnnTHbii! MOMenT uel!Tpoua, a npn q2 .. o· F .. o. 
In 

BMeCTO 0TA8llbHOrO paCCMOTpeHHlf (¢; J ·.p ) li ( t/J. J tP ) OKa3biBaeTCst YAOOHbiM 
p a p n a n 
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BBeCTH J llllH JIYitliOHA ( 1$ J t/J ) • Jllllt ycTaHOBlleHIIlt CBSI311 MelKJly STIILIH TOX8MII 
a . ~ N a N 

llOCTaTO'IHO BCllOMBHTb 
1 

'ITO 38pltll II M8rHHTHbiil MOMeRT JIYXliOlla MOlKHO 3811HC8Tl'> B BH• 

lle 

Q = £. ( 1+ r ) 
2 8 

I' =~t ( 1+:r,.) +I' ( 1-r 8 ) 
p 2 D 2 

C llOMOIIU>IO M8TpHIU>l r a 1 ( COOcTBeHHoe) 31la'leBHe ltOTOpoll: llllH np0TOH8 paBHO + 1, 8 

llliH HeilTpOHA - 1, 

Jlnn ~OpM-¢8ltTOpOB 8ll8llOrH'IHO 110lly'l8eM 

F =:F 
N P 

( l+:r a) + F (1 - r a> =·* (:F +~F ) +..:a_ ( F - F ) • 
2 D 2 p D .2 p D 

(17~1.2) 

nepBble llBa cnaraeMbiX Cllp8Jl8 B (17) He 3aBHCRT OT M8TpHitbl r H HOCll'l' H83B8-. a 
BHe H3oc~tannpaoA. 'laCTH cjlopM- cjlaxTOpa JIYitllOM. nocnellJDile .r:tBa cnaraeMbiX, npouop101o-

aam.Hbie r a , npeo6pa3yiOTcn B H30TOIOI'IeCXOM npOCTp8liCTBe xax 8-s ( z) XOMli~ 

HeHTS BeltTOpa II JIOCltT H83B8HHe 1130BeltTOpHOil 'ISCTH cjlopM-cjlaltTOpa !ly!UIOH8, .BllllHOt 

B 'ISCTHOCTH; 'ITO H30BeXTOpH8H 'laCTb ~OpM-cjlaKTop8 !1Yit/IOH8 np0110p1010Halll'>H8 pa3HOCTJl 

cjlopM-~8KTOp8 npOTOHS H Heil:TpOHSo 

E. Hoable B03MOlKHOCTII nccneAOBaHHst cna6blx B38HMOAeilcTBIIA O"l'JtPl>>B8IOTClt npH 

113y-qeBHH nponeccoa pacCeltBHn. 

Jlo 1962 I'OAS AQCTYIOibiNH Alllt 113y'ieHHlt 6bll1H TOllbltO nponeCCbl pacnaAOJi 

(E11 ~ 250 MsB). 

Ha Kaxnx ocaoaHbiX nonoJKeBHHX I!OitOIITClt coapeMeHHast Teoplln cna6blx D38HMoneA-

cTBnll? 

1. HaTeacnaaocn., Bee 'IHCTO cna6ble B3811MalleilcTBIIlt xapaxTep113YIOTCn Jton
·5 2 . 

cTaHToA B38liMO.tleilcTBHH G = 10 I M • p 

2. MaTpH'IHble sneMeHTbl nepexoAOB Y5 -naaapllaHTHbl oTBOCIITellJ>Ho BOllHOBbiX 

cjlyHKI!Hil nenTOHOB "' ... ·r .P • CnenoBaTem.ao, nenTOHbi MoryT BXO.tliiTb a Bblpame-
II 5 II 

HHH Bll.tla 

L = U. ·r (1+ Y Lu I 
'!:a t a 5 11 

·a MaTpll'lllblil sneMellT npiiHIIMSeT BIIA 

M =·ita J a 

rne Ja.- TOK anpoaoa. 

PacCMOTpiiM .tillS! npiiMepa MaTpii'IHblil sneMeHT nponecca 

~-~----

~t+~r-+K+II 

" 
16 

(18.1.2) 

( 19,1.2) 

(20.1.2) 

.. 

llllll 

1'-+: 0 11 (0+:f ... N11(0-')+:II • 

" (21.1.2) 

Ecn11 o6paTIITb BHHMaBHe Ha CnHHbi y-qacTByiOIIliiX B pealtliiiHX 'laCTIIn, TO 3AeCJ> Mbl 

BCTpe'laeMClt C nponeCCOM BIIA8 

*+0-+*+0, 

B · KOTOpOM. He COXpaHsteTClt 'leTHOCTbo MaTpii'IHblil: sneMeHT IIOA06Hb!X nponeCCOB liMe liT 

Bllll 

A -' A A - " 

M = t/J [ A q +·A q ·~ +·B p +:B1 P ~ ],.p ¢ . ¢ = ~ Ji t/1 <{> ¢ 
I' I 5 5 V I f I'· 11 I · f 

I'.[le BB9.[19Hbl 4-IIMJiylll'>Cbl H q 1 XOTOpble .[lllH pe8Kllllll {20) paBHbi 

p =· p +·p 
k If 

a nnn peaKnHH (21) 

q=P-P • 
k If 

p =· PN +:p o 

q=·pN-pO, 

(22.1.2) 

</J II 
I 

</J - cjlyHKAHII 6030BOB B Ha'lalll>HOM H ltOHe'IBOM COCTOHIIIIHX, <l>yHXnHH A , •A , B 
. f I 

Bl B (22) 
1 

KSK Oflbi'IBO A/Ill flHHapllbiX npOnGCCOB1 HBllHIOTClt cjlyHltllllltMH SBeprHH II yrna 

paccesm11n 11/IH saepriiH H nepenaBaeMOI'o IIMnym.ca. 

HaiiOlKHM Jta o6mee BblpalKeBHe (22) ycnoalle HHB8pHaBTHOCTII OTliOCIITelDoHO. ·y -npe-
5 

o6pa3oBalllllt 

Torna A= A
1 

B =·B 
I 

11 (22) nepexO.tliiT B 

"' ... r "' . V .6 II· 

M=Aq (1+y
6
)+B; O+r),.('Aq+BP >·r(l+··r >. 

6 ,.. " " 6 

'ITO II MeeT BBA ( 19), 

(23.1,2) 

3. l'leTblpex-~epMBOHHoe B3811MO.tleilcTalle noxam.ao no l1ei!TOil8M n a aero ae axo-

.tlltT npoB3BO.tlHble OT onepaTopoa nonell, 

8TO 031l8'18eT, 'ITO B M8Tpii'IHOM SliGMeHTe 

4 4 4 - -S=f d x d\- dz dw 1/J (y) 1/J (z) .P.(x).l/J (w)F(x.y,z,w) 
p D t. V 

(24~1.2) 

. ·l(pfx+i> w) · . 
aenB'IHHa F(x.y,z,w)= 8( x -w) npeapamaeT sxcnoaeBTy· e 11 OT pa3/IOlKeBHn 

~ (x)t/J
11

(w) B exp[-·i x(pf+P
11

)] 

17 



'TaUM oflp830Mo MATJlli'!Hhlll SllSMSRT Olt83hiB89TC!l 38BilC!lliUIM TOlthXO 0T CyMMhl HMuym.-

COB llellTQHOB Pe + Pv =·P., -PP Allll nponeccoB pacna.na. 

nng: nponecCOB paCCellHilll rpf (:r) l/JV (w) 38MOH5lOTC5l Ha l/Jt (:r) rpV (w) ll MATJlll'lHNil 

sneMeHT 38BHCIIT OT Pf -pv =P.,-Pp=q 
, T.e. onsrn. OT nepeAa'lll KMuym.Ca :r.~eJKAY· 

IUIPOHaMJI .B H8'l81Ibll0M ll XOHO'lHOM COCTOIIHilmt. 

noxallbllOCTb nenTOIIHOrO TOKA 03HA'lAOT upOCTO, 'ITO nenTOHhl HA AHarpaMMe <llella

Milll8 BXOASlT B C!)BHAAAJOIIlell TO'lltO. 

0TCyTCTBII0 upOH3BOlUihiX 0T 1) -ojlyaxnHil B F(x.y,z,w) CHHM8eT BOupOC 0 CTeneRH 

AononHHTen&noro nonnaoMa. B cnny sTOro ycnoBHll cxang:pllhle ojlyHXIlHH, aaanorH'lHhle ·A 

H B B (23) ~ CTilllOBSlTCSl. ojlyHJtilll!lMil IIIIIllb nepaA8B80MhiX HMnym.coB. 

·A(s.t), B(s.t) .. ·A(t),·B(t). 

4. B cnaflhllt nponeccax BCTJle'laJOTC.Il llBIIlb aapl!lKaHRhle Too. 3To ana'lnT, 'ITO npo-

+ + + + neccu K .. rl'+ e +:ve ll · K .. I' +vi' BCTpa'laiOTCH :a npapo.ne, a nponeccoB 

K+ + - + • Ko -· . + ... rr + e _,. e H -+ I' + I' llOTo 

5. BallllMOAellCTBHS T -·Jl CP - llllBBPHAHTIIQ. no 1864 roAa STO yTBeplKJleiiBe npeA-
. • x)/16/ 

cTaBnllllOCb 15eccnopahiM. OTxphiTHe npHHCToncxoll rpynnoll pacna.qa 

-· + K0 
.. rr +:rr 

2 
(25.1.2) 

;.g 
C HHTeHCllBHOCTbiO OKonO 2 •}Q 0T BepOSlTHOCTll BCOX pacnaAOB ,llonrOlKllBYIIUIX aellTJlAIIb-

HhiX K -MeaoaoB npHBOAHT K .aaxnJO'lOIIBJO o napymeaHH T -aHBapnaHTHOCTH (B cnny 

CPT-"teopeMhl) c Taxoll aepollTBOCTbJO. B .nam.nellmeM Mbl !Sy.neM npeaeflperaTb TaKHM 

MallhiM B03MOlKllhiM aapymeiiBeM T -nBBapnaHTHOCTll. 

x) no onpeAenalllliO CPI K~>-\K{ CP-'laTIIOCTb CBCTeMhl ,+_,"_ BO BCOX 

COCTOIIH!lmt JU,BJ[a +1 .. nellCTBHTeiibBO, Cfa+rr"> nepeCTABIISleT ,+· H ,- (ABBASI MRo
lKHTellb (-l}t ) H ·PI rr+rr""">.-·•Tai(JKa nepecTa»llHeT ,+ n ~r':"'(eme OAHII MBOlKHTem.(·1)f ). 

~.na 2 + . 
·CPI:tt+fT->c·P I• ~r'"'>=+l:tt+rr-:>. 

B03MOlKIIOCTb npanneaTb pacnaA (25) aell.cTBHJO. Bllemnero nons OTBeprsyTa npBMhiMH 
sxcnepaMeaTaMH. npn pacna.ne so BnemseM none BepoSlTsocTb pacnaaa (25) cnm.ao aaBHCHT 
OT aueprBH K~ • 3JtCnepHM9HT yCTilllOBHJl OTCYTCTBHe pe3JtOil 38BHCHMOCTH W ( K

0
2 -+ ,-,+) 

OT aueprax. 

B B8CT05llllee BpeMll (naTO 1865 r.) B llHTepaTYPe HBT8BCHBBO OflCy)KAAIOTCSI CBOI!-
CTBa B03MOJKiloro B3AHMOAellcTBHll, npBBOASllllero K cTom. MallOMY uapymeBHJO CP-HBBapa

anTBOCTH B Cll8flhiX B38HMOAellCTBHliXo 

B. BeJtTOpBhiil Tox BBlllleTCB coxpanSlJOmel!csr Benn'lHBoll. B TO'IHOli ojlopMynHpoBxe: 

B CHny ll30TOilH'lecKOil HBBapll8BTHOCTil CBIIbBhiX B38HMOAeliCTBHll BOKTOpHhlK TOK Allll 

nepexo.noB !5e3 B3MeBeHBSI CTpannociH nponopnHoaanen KoMnoneaTe TOxa naocnHHa. ~hl 

C?_flCY.IlllM STOT nyHJtT no.qpof)gee HH)KS. 

noxa nepel!.neM x 

¢oPMYn• 

ll3ll0lKOIIBIO 9TBX OCHOBBhiX cPH311'lSCKHX ¢a,XTOB Ha scihlKe 

B. PacCMATJlHBaeMa!l Te·opns xapaxTepllayeTCSI TaM, 'ITO BCe 'lOThrpe ¢epMneacxnx 

non!! ( (l'v){ ev) , (ev). (np) B T • .ll.) B38HMO.IlellCTByJOT B O.llBOll TO'IKS npo-

CTJlABCTBa-BpeMeBH. 3TO 03H8'l8eT0 'ITO B raMKilbTOBBABe B38HMOAOllCTBHll onepaTopu 

COOTBBTCTBYJOIIliiX nonell !SepyTCll npB COBII8A8JOIIlaM 3Ha'l9HBH apryMeBTOB .. 

HenoXallbHhle s¢¢exThl B03BBKaJOT 'lllllllb B aMn:nnrraax nepexo~ta _aa C'leT s¢¢e1tTOB flonee 

CBIIbllhiX B381lMOAel!cTBHilo 

06mee Bhlp8lKOHBe .llllH raMBilbTOBH8H8 llOK81lbBOro B38llMOAellCTBllH 'lSThlpex cpep
MilOROB l/J I , rp 

2 
t rp a ll rp 4 , HRB8pll8BT!loe upH npeo6pa30B8RHmt nopenna, MOJKBO 

DpeACTABBTb B Bll.llO 

Hl..:t=l: [ cl <i, q .Pa) ( ?i2 01 "'•) + 
I ~B,V,A,T,P . (26.1.2} 

+ c; ( .p
4 

0
1 

.p a ) ( rp 
2 

0
1 

y 
1 

l/1
1 

) l , 

rAe 'l&pea o. o603Jl8'le!lhl ltOBapllaHTBI>Ie BOIIH'lHBhl0 HOCTJlOOIIIlhle H3 MATJlllil Jlnpaxa 

0 =·1, . 0 =r. • 
v " 

OA="r,.r1 • o =·r p 0 (27.1.2) 

o =u = i ( v .v ·- r, ·r ) • 
T I'V 2 'I' 'V V 1' 

OnepaTop 

"' 
npaBO.IlllT x YHH'lTOlKeHHro, a ?i -

Ci H Cl MOryT f5h1Tb KOMIIJIOKCJI¥MH 0 ecJlll !leT 

.ll9l!CTBHJO (26) COilOCTABllHG'l'Cll AB8rp8MMA 

Pnc. B. 

K Oflp830Ba.O:HIO cpepMHOHa. flOCTOllllllhle 

T- (linn CP~ H.KBapaanTBOCTK. BallllMo-

3 
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Sqxpe!tTHBRl>lll raMHlll>TOBHaB, ~roTopblll )"IHTbiBaeT .:Y5 -nuBapnaBTDOCTb • onncblaaeT 

f3 -pacnaA, aMeeT BRA (anecb .P - aonnoar.xe ¢yHKnnn) 

Hf3=_1_ [1/J y.(G -GAy).tfJ](~,·y (l+:·y)i/J1.rh.c. (28.1~1 
y.

2 
p a v 5 a L a 5 v 

'( )-49 3 
/17/ G V' 1,416:!:.,0,003 10 sprcM 

·oA•-{1,18:!:.,0,02) Gv , a 

M8CCa noKOSI HY_KnO.I!Ho h =·C=·l ). · Cornacno noCJiensnM naBHbiM 1 
-5 -2 

( WIB G v= 1,01•10 MN ;'Ae liN -

Pac!UlJlY (6.B) coOTaeTCTByeT s¢¢eltTBBBblll raMHllbTOHB8B 

Gfl. - -H = _v_ [t/1 .y ( l+y) t/J ]( 1/J y ( 1+ y) .1/J 1 · 
fl. .../2 • a 5 v v a 5 fl. 

(29.1.2) 

.n coananeane (c TO'IHOCTb!O )10 2%) 31!8'1BBBll G V B G~ OTP8lK89T fl. - e yHBBBp-
U fl. 

Gv , nsMepenaoro a f3 -pacnB.Jle 0 , n Gv aaaeno renn-

G v, 'ITO eme. paBbme npennonarann 3elll>Ao-
Calil>BoCTbo CoanB.JleHHB 

Mana n <l>ellaMana sa Mb!Cllb o coxpaneBBR 

BB'I n repm:Telln. Ho o6 aToM necKOllblto nosJKe, 

YanaepcallbHOCTb fl. -·e , T.e, ToT ¢aKT, 'ITO fl. n e BXOABT B cna6ble B3aaMo-

Aai!:CTBHR coaepmenno coaepmeaao oABBll.KOBhiM o6paaoM, npnaeno, B 'ISCTHOCTH, K npen-. 

· cKasaBBIO cnllbaei!:merO' paann'IHR aeposrrnocTell pacnanoB nnona " .. Jl. .+ :v fl.. n 

, K -yeaona - K .. fl. +v n K .. e+·v , .D.nst QTnomennSl BepoBTaocTel!: 
rr-+ e+v 

e 
. fl. e 

pacnaAa fT .. fl. x pacnany 

R = 
fT 

Teopn~ npnaonnna K ana'lennxo 

" .. e 

w ( " .. ·e+:v,.) 

W (fT .. fl. +V ) 
fl. 

10-4 • SttcnepnMeBTallbno 6blno 

sxcn · -4 
R

11 
d (1,247:!:.,0,028) • 10 

nai!:neno
1181 

(30.1.2) 

K 

w(K .. e) ' -5 
,D.nst -Ma301!8 TeOpllli npRBOJlBT· K RK= • 2,7•10 , 3KCnepHM9BT8nbHO 

w ( K .. fl.) 

K .. e pacnaA eme ne o6aapyJKeB. 

B yBBBapCanbnol!: TaopBn <l>epMH B3aHMOJ1Bi!:CTBBa MOlKBO aanncaTb KaK nponaBeAe-

HHB TOKOB 
H G + 

lnt =·-J J .../2 a a' 
(31,1.2) 

npH'IBM onepaTOp TOita J a RM99T BRA 

J =1$ ·Y ( 1+ y
5

) l/1.. + t/1 y ( 1+ y ) l{J +if; ·y ( 1+ y) t/J 1 .r S (!'>. S=/ 0 ) , 
a •a v fLa 5 v pa au .a 

(32.1.2) 

rna sa(!'>. s.,'o) 
OllHCbiB89T nepeXOAbl 6e3 coxpaneBHll CTpaBBOCTH, 

20 

. 

MaTPB'I.Bbla aneMeBTbl <21 J I 1> onncbtBaiOT nepexoAbl 1 .. 2, npn'leM •ronble' 
a 

UCTHllbl 38M9.Bll!OTCSl .118 ¢H3H'IeCKH 'OABTble•, Ilon BnnlDIJleM CHllbBbiX (a TaKJKe aneKTpo-

MarHBTHbiX) B3aUMOJ19liCTBU!I npoBCXOJlUT 'nepenopMUpOBKa•, HBCKOnbltO H3M9HBIOTCR KO.B

CTii.BTbl B3aHM0Jlai!:CTBHSI0 llOSlBnll!OTClt HOBble 'nnnynnpOBaHHbla' CTpyKTypbl, 

3¢4leKTBBUbl!l I'aMHllbTOHBaH ( 31) 0 BanpUMap, AnSl nponecca f3 -pacnaAa. CBOABTCH K · 

(3Aecb t/1 -onepa'topb!) 

G - -
Hf3= - [ .,u ·r < 1+ :r. > t/J H r/J y ( l+·y > r/J 1. V2 P a a n e a a v (33:1.2) 

3ToMy raMUllbTOHBaBy B BHJKallmeM .nopsmtte no G COOTBeTCTByeT AHarpaMMa pnc, B, 

Cnnb&ble aaanMOAe.llcTBBSl .ne oJta3biBaiOT BnBBHBst sa Tox nenTonoB n MaTPH'lHbli!: sneMeHT 

OT ( 33) npBBHMAaT BRA 

~ < P I J I n > ii<'> ·r c 1 + r > u c > , ,f2 a L. a 5 v (34,1.2) 

rAe u(f) Ji: '\:,;) - cnnnopbl .D.Bpaxa ll.liH COOTBaTCTByiOmllx cao6oAHbiX none.ll, 

e-

Puc, B. 

06m:ee BhlpaJKeBHe JlllH < p I J I n > , rAe J = J v + J A cTpOHTCst ananorH'lBo TOMY, Kax a a a a 

CTponnocb o6mee BhlpaJKenne Anst aneXTpoMarnnTaoro Toxa ayKnoaoB, MaTPH'l.l!bl.ll aneMeBT 

·PI JaIn> AOnJKen 6h!Tb IIOCTpoen H3 4-HMIIynbCOB p 

ltOBapBaHT.I!hiM OTHOCUTBnb.I!O npeo6p830B8.1!B.II nopa.l!na. 

n n II MaTpnn .D.llpaKa y a B Oh!Th 

CaMu c~~:anRp.l!bia <l>opM-<!>a~tTOpbl 

MoryT 38BHC9Tb IIHIItb OT KB8AP8T8 nepe,!ISB89MOI'O IIMIIy~Ca q 2=.( D - p ) 2 • 

BBUAY Toro, 'ITO 

·Ya·yf3+yf3ya=·28af3 • 

B.!UmCTBa.I!Hh!MB BaltTOPHhiMB BBIIH'lll.I!8MB, c llOMOIItblO KOTOphiX MOJKao liOCTPOBTb <pI J In> 
a ' 6yJ1YT 

Da' Pa 'Ya• Cfz[JD{3'' 'lz{3Pf3 • 

0cT8BnHH IIHIItb IIH.I!a!lno-.l!e3aBBCHMbl9 BBIIH'UI.Bhl1 .I!BTPYA.I!O npHATH K BhlpalKaBBliM 

G < p I J vI n >=iii (p) If ( q 2)·y -·f ( q 2)u f3 qf3+i f ( q2 ) q I D (D) 
a t. a 2 a a a (35,1.2) 
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., 

H. ·A - · 2 G < p I J In > = i u (p) I fA(q 2) y ·Y -if ( q ) q y -if (D+p) ·Y lu(n) · a a a P _a·a • _a a 
(36.1.2) 

HliH K 3K5H58ll8HTHOMY Bhlpamellll~ 

G <pI J In>= i -;i(p)l ·Y ( & + & ·Y ) + i ( P + Pft )a ( f +:f- ·Y ) + a a V AI 1 • V A 5 
(37 .1.2) 

+:i (p
1 
-p

2
)a (hv+ hAy 5) h (n) 1 

_rAe cnnnophl Jtnpaxa npoTona n seil:Tpona ooo3na.qenbl 'l:epe3 u(p) 
n u(n) (u=u*·Y ). 

. . 
llo ananorHH C sneKTPOAHHSMHKOli 'll!eH CTpyKTYPhl f 2 Uizf3 qf3 

onncblaaeT cnaohlil: 

MarneTil3M. t.Inen fP tla Ya , o. KOTopoM yme ynoMnnanocb panee, nocaT na3aanne 'Hn-· 

AynHpoaan~oro• ncesAocKannpa •. BKnaA sTor_o · cnaraeMoro oJtaahlBSeTCR. nponopnnonanh

.BbiM- tia~ce nenToita~ JtellcTBIITellbno, .. ( ( = e, jL) ·,. 

iu(p)[-fP qay
1
1a(n)iii(0.Ya (l+:y5 )n(v1);.. 

=i;(p)[+ fpmfy,la (n} u(t) (1-y~) ll (vel • 

eCllll BOCDOilb30B8TbC!l TeM, 'lTD ( qa={ n - p } a=+ ( "f + f ) a ) .. _ .. .. 
qaiii(t) ya( 1+:·r/u(v2)i=ii'(f)(v + t )( 1+:'Y5)il(vtl"' 

=--m
2
u<t) ( 1- .y

5
) .u(vel. 

(38.1.2) 

( 39.1.2) 

llponopnlloHallbnOCTb aKnaAa 
f P ( 8 TaKme fa ) MSCCe nenTOHS m f npiiBOiliiT K TDMY 

1 

'lTD liM· Momno nonBOCTb~ npene6pe'lb AliR oeTa-pacnaAa 1 H on anepBbie acTpe'laeTCR B 

nponeccax M~3axaaTa .n a neil:TpHHHhlX nponeccax, • 

Ee1111 npanS!Tb T -HHsapHaHTnOCTb aaanMoAellcTBHSl, TO. see <\>opM-IjlaKTDpbi oKS3biBa

~TCSl AeilCTBHTellbBhlMH B811H'lBH8MHo 

B paMKaX yn11aepcanbBDil: Teopnn npoaeAennoe AD cnx nop oocymAenlle ocTaeTCR 

cnpaaeAnHablM AliR nponeccoa o6paaoaanHR r11neponoB 
(13)- {15). JlnR nponeccoa 

(11) n (12) MOmHO eme 6ollbme ynpocTHTb ablpameHIIR AliSI .<p.l Jv In> n .<pi'J~ n>, · a a 

.ecnll npeAD011DmiiTbo 'iTO 'oAeThlil:' TOK oonaAaeT TeM me CBOilCTBOM OTBOCHTellbHO npeoo-

pa30B8BHSI ·G -conpSimeHIIS!X) 1 'lTD H 'ronhle' TOKII •Y H Y 'Y • a a a 

X) G - conp!lmeBRe II G -'leTBOCTb (oonee npaBIIIlbHD - B30'leTHOCTb) BBDAHTC!l 

AllSI CHCT8Mbl anpDBOB_ C· nyneBblM OaplloHHhlM 'lHCliOM ( fT 1 ii'p 1 pn I"). KSK npOH3Be- /}g./ 
AeHHe 3apS!ADBoro conpSimenH!l C na onepana~ apameBRSl B H3DTDIIH'lecKoM npocTpancTBe 

. ·G='C etrrly • . 

22 

I 

Jv ~ 
a 

Jv 
a 

(40.1.2) 
J ~ _!l -J A 
a a 

/20/ 
llpn 3TOM oopama~TCS! 5 nynb f

8 
H f 4 • 

'-IToobl npn:aecTH OCTa~meecSI ahlpa~enae K oohl'lBO scTpe'la~meMyCR BRAY, 3aMeTHM, 

'lTD 

f (O)='Gv; 
. 1 

f (0) =L·G 
-2 2M· v 

fA(O) =AAGv=-:GA 

. - GP=-b·GA=·mtfP(O). 

Ecna '%'enepb aaeCTa· sMeCTO f1 (q2 r, aenn'lnHhl 

F
1

( q2) = f
1 

( _q 2}/ fi(O} ( i;.·1.2,·A,P} 

(41.1.2) 

(42.1.2) 

C O'l85HAHOli HOpMHpOBJCOil: F I (0) =·1 , TO Mbl npH)teM JC 0KOH'l8T811bHblM BblpameHHS!M Al!S! 

BeJCTOpHoro H 8KCHSilbHo-BeKTOpBOro TOEa nyX:IOHOB' 

v 
G.< p I J In> = i Gvu (p) I . F

1 
(q2 ) ·Y + __e__ F (q2

) u q R I u (n) a a 2 y 2 a{3 ,.. 

G.<pl JA!n>=iGAu(p)I:FA(q2 )·y•y _,.!!!_:F (q
2
)q•y lu(n). 

a a a m,. P a a 

B BhlpameHHH lll!Sl .BeKTopnoro TOIUl OCTaeTCS! CTOilbKO me C.naraeMbiX0 'iTO 

• MarnHTnoro ToKa nyKnona. BbipameBHe ( 43) ynoaneTBOpS!eT Tpe6oaana~ 
v 

t~a<PIJ ln>=O,· 
a 

(43.1.2) 

(44.1.2) 

n AliR aneKTpo-

T.e. TOK J 
v . 

a namreTCSI coxpannromellcSI senn'lHBDll. EcnB eme ssecTn aapMosyro uaTpH-

ny ,+ ' KOTopag npeBpamaeT neiiTpDB B npOTOB, TO (43) MOmHO npenCTSBHTb B BHile 

v v 
G <pI J In >:-G.<N I J r+\N>=· 

a a 

=·i Gvu(N) (:F 'Y +:L :F u· R qR) ;.+ u ( N) •. 
1 a 2M 2 a,.. ,.. 

(45.1.2) 

KQ'1'0pb1ll. OTIIH'lSeTCS! 1111mb 38Menoll MSTpHJtbl +" 
r Jla r a OT sb!pameBHn nnn H3oseKTop-

HOlt 'lSCTB aneJCTpOMarBHTBDro TOKS nyKliOBS 

<NIJvriN>=-u(N)I .F,n-F"'+ l'p:Fa. -,..:FIID 
a a 2 2 • :2M 

xr u(N). a . 
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'i § 3 •. Coxpaneniie 
/ 

nexTopnoro TOKA Anll cna6b1X 

saaiiMo~eAcTniiA c As-~ 

A. CpeAR nonynenToRHbiX nponeccos salKHoe MeCTO aaHIIMSIOT cna6hle nponeccbl 

c coxpaneniieM cTpannocTn ( AS = 0) , npii z:oTOpbiX TO:S: SAponon onnch!Bae'l' nepeXOAhl 

n-+ p ' rr +-+ 11o ' Ko .. K+ • ~+-+A o 

peno B npeAhiJ:lYWeM paaAene A/Ill n -+ p 

• Ananorii•mo TOMY1 z:ax aTo 6uno paccMOT

nepexoAa, n B 6onee o6meM cnyqae cooTBe~ 

/CTBYIOWIIA .'l'oK· anpoHOB Ja COCTOHT H3 Be:S:TopnoA "'ffiCTII JV II.aKCIIS/IbHo-BeKTOpHOA 
- a 

'ISCTII J: napimy C HeKOTOpbiMH ltpyrBMH. "IIiiAYAIIpOBSHRbiMB" cnaraeMhiMII ( TenaoP:.. 

Hble II nceBAOCKaiigpHble '1/IeHbi), KOTOpble oTCyTCTBYIOT. npii OTKIIIO'I9HIIII aqxpelt'l'OB 

CHnbHhlX B381IMOAefiCTBIIil1 HO B03HilK8IOT B J a TaK lKe1 ltSK B03HBKAeT MSrHIITHblfi 

_ MOMeHT nei!TpOHa npn y'IeTe aneKTpOMSrHKTHblX aljlljleKTOB CKnbHhiX B3SaMOAefiCTBBfi, 

/21/ 
nnll B9KTOpnoro TOKA 8/lpOHOB fepwTefiH II 3enbllOBII'I ll neaaBHCHMO !l>eAHMI1H 

/22/ v . + 
n renn-Mann BbiABIIHYIIII xpacasyro ranoTeay o ToM, 'ITO J nponopnnonanbBO I a 

-+ a 
KOMnonenTe TOKa aaocnana I a _ .• CyTb aToro AonymeHilll Itpacnsa n npocTa, z:one'IIlo, 

nocne Toro, Kill!: ORO cnenanoX) • n~-ACTBBTenbH01 ljlopM-IjlaltTOpbl1 KOT~pble BXOAliT B BhlpalKe

Hile nnll'anexTpoMarnnTnoro 'l'oz:a n nnll Tolta anponon B nonynenTOHilbiX nponeccax 6ea 

ll3Me.B:eHilll CTpSHROCTK 1 o6yC/IOB/I9.1ibi. OAHIIMII ll TeMB lKe CllnbllbiMB B381lMOJlefiCTBIUXMBo 
- .1. . .._"_ Ja.M, 

fiBOHbi n nyit/IOHbl B npoMeJKYTO'IIlhiX COCTOli.B:KliX1 KOTOpbie onpeA9/IlUOT 'I'OPM'f'<'ATOpbl B a 

v • . U) a 
1 

pa3/IK'I8IOTCSI· /IHWb aneKTpB'19CKHMil 38pllllSMBo fioCKOnbJrY Cllnbllbl& B38KMO):IefiCTBKSI C 

xopoweil: TO'IHOC-TbiO H30TOllll'I9CKH BHBSpllaHTHbl1 C TOil: JKe TO'IHOCTbiO AO/IlKHbl COBila):lllTb 

ll CUI!!IOBbie CTpyitTypbl B ]
3

,MH J V • MaKCKMYM1 Ha 'ITO MOry'l' OT/III'IIlTbCSI ljlopM-
a a , 

ljlaz:TOpbl 3TKX. TOKOB - 'IIIC/I9HHbl9 KOaljlljlnniieHThl. ( ..j: 2 H. T,n.), npOKCXOlK.[19HHe KOTOphiX 

CBSI38HO C r38KOHHbiM" pa3JIB'IJI9M MaTpK'IHblX aneMeHTOB OnepaTOpOB1 ananorii'IHblX r a 

ll r o fipeAUO/IOlKeHile 0 nponopnnOHSnbHOCTil BeKTOpHoro TOKS J V KOMUOHeHTe TOKa 
+ -+ a 

IIaocnnaa I a npllBOAHT K TOMY, 'ITO! 

a) J; liB/IlleTCll COXpaHHIOWKMCll TOKOM1 T,e, 

a Jv=O, 
a a 

TSK xax aTo cnpanennnso .ttnll TOKa naocnana. 

(1.1.3) 

Hat~o not~'lepxny'l'b, 'ITO o6paTnoe necnpanennnno. TipennonoJKennH o TOM, 'ITO 

COXp8Hil9TCli
1

HellOCTaTO'IHO ll/Ill yCTSHOB/IeHIIll CB¥3H J; C TOXOM R30CilKBSo 

v 

Ja 

' v 
OrMeTKM, 'ITO coxpanerure J a napywaeTCll snexTpoMarHKTHbiMB n caMbiMK c/IH6h!MB 

B38KMOileACTBHHMK, 

x) nocTOKH BOCXKmeHHB TOT ljlaKT1 'ITO 3enb):IOBK'I ll fepw'l'efiH He DpOW/IH MBMO 

3TOI! ranoTe3bi B TO BpeMH, KOr)la BeKTOpHOe B38KMOileil:cTBKe C'lllTS/IOCb He llM9IOWKM 

OTnoweHIIH x ljliianxe_pea/Ibnoro 6eTa-pacnana. 
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6) MaTpii'IHble .. neMen·t·hl· OT 
. J v 

a npHMO __ CBH38Hbl C MSTpK'IIlbiMB 3/IeMeHTSMil. 

COOTB9TCTBYI0.114KX S/I9KTjJOMSrRKTHMX nponeCCOBo 

Bonae TO'IH~, ecnn a"anKcaTb anexTpoMarHKi-nbiA 'Tox 'Iepea cxangpnyro · · ( I = 0 ) / n 

H30BeKTopnyro ( I= 1) KOMnone~bl ( CM, ( 46 1.2)). 

J s.~ e I lo> -+ ( jc 1> -) I • 
a a a 3 .. (2.1.3) 

TO MSTpll'IHblfi a/IeMeH'l' OT 
v 

Ja nponopnaonanen MaTpB'IIIOMY sneMeHT. OT 
.. (1) 

(Ja )+ 

B) nnH ~~peXOJlOB- 6ea B3MelleHB.Il CTpSRIIOCTB I A s = 0 I ''A.I=l. 

TionTopnM paccyJKJlenaH AII.Il n-+ P ,·nepexoAa. P~cc~OTpBM cooTneTCTsyromnA MaT-
- _ -a.M. )' _, · " · · 

pK'Illb!Jl 3/I9M9HT J a • nnll MS/Ib!X . nepenasaeMbiX BMITynbCOB 

r~te 

a-.M. -- --('1_;_+~-' e · [ - (l+ra) 
<N I J I N>=uNI ey ~ +- uaf3qn I' -·--_ 

, a · a, 2· :31 ,.. P 2 

l'p B 

{1-ra) ],JuN, '_+'I'D ~2 

I'D- MarHIITHbie · MOMeHTb,I HSil:TpOIIS. B npOTOH81 
(1) 1v 

B (3) cnaraeMoe co CTpyKTypoJl J a , Mbl nonyqnM Jl/I.Il a' 

V + (l'p-'I'D) +" 
J = •Y r + --- u- A qA r , a - a - 2M a,.. .,.. . 

+ 
(3.1~3) 

'·\ ' 

coOTneTcTnenno. BbiAennll 

(4.1.3) 

'ITO ,npBBOABT K B9KTOpROJl 'ISCTII D-+ P 

'6eTa-pacna)l B M~3SXBAT 
C/IH6oro B3AIIMOilefiCTBBll1 OTBeTCTBeHHOro 38 

v + VI. 
(J~) jfa=GfJYa 

. (I' P-l'n) 
+'"atl qfJ ~ · r + iea (5.l.3) 

rt~e-

jfa =·V 
+ - + 

-y (l+·y).e +:v ·y (l+:y) I' 
a & I' a & 

(6.1.3) 

Tiepnb!Jl 'Ine.H B cjliirypnbix· cxo6x:ax 
- v 

B (5) npeJlCTSB/IlleT 06bl'IH09 BeKTOpHOe B38HMo-· 

AefiCTBile, KoaqxpnnnenT ·G fJ 
v 

G{J = G I' (0,980 ;t 0,002). 

011penenlleTCll axcnepiiMaHTa/IbHO~ Ero ana'lenue-panno 
( 2 . 

nnll 60nbWBX 3HS'IeHilfi q - 3aBHCHMOCTb 0T nepeJlaBae-

Moro BMUY/Ibca sexTopnoro y 
a cnaraeMoro A89TCll pa3HOCTbiO 38p.llll0BbiX ljlopM-IjlSKTo-

D . 

pon npOTona . F P 
Ob II neATpona 

I '~ 
r:;, ( ci 2)- ro: ( q2). 
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-/. 

/ 

. ~ 
.. B •. Cnaraeuoe, nponopnnonam.noe ua{3 npenr.TrusnneT cot5ol!: .'cnat5hll!:'. Marne-

/23/ . 
,TH3M fenn-MBHHB , HHllYllBpOBaHHblJ!: CHilbHhiMB B3aBMOAei!:CTBBSIMBo 11HcyllHpOBBHHoe 

B3ariMoAeJ!:CTBHe CO CTpyxTypOJ!: 

r+ ua~ q~ ~/2M 

B03MO:lKHO n • t5e3 ot5pamennn K ananornn c aneKTpOAHHaMHKOJ!:. Oanaxo rnnoTe3a CBT ¢nx-

·cnpyeT 3na'ieHHe lJ 

lJ =·p.p - p.D (7.1.3) 

. .. . KBK _noxll3an renn-Mann, nann'l:He cnat5oro MarneTH3Ma uenneT ·pa3pemennhll!: t5eTa-
- + . 

cnexTp ann 1 .. o• nepexoaa na MHO}I{J{Tellb ( 1 + 8/ 3 a E ) , rne \ E- anepran aneKTp.ona, 

a 
· V A 

a=:!; I Gp I Gf3l ( 1 +ll) /2M , (8.1~3) 

rae ·+ .cnpaseanns ann ncnycxanan aneKTponos, a. AnSi n03HTpOHOBo 

' 12 12. 
HlUIH'iHe· Tax oro qnena yCTanosneno. cpasnenneM t5eTa-cneKTpoB B n N 

• • -< ' • • • 12 
naAaiOWHXC.!I B OCHOBHOe COCTO.!IHHe •C.. • 3KCnepHMeHTanbHble naHHbiG 0 pacrraAe 
12 . /24/ ' . . 

, pac

B12 .H 

N !IpHBOAliT K TOMY. 'IT_O 

lJ = ( 0,97 ± 0,24 )( p. -•p.D ) 
&xcn. P 

(9;1.3) 

'0TMeTHM B 3aKnro'ienue, 'ITO ecnu Ann nponeccoa t5eTa pacrraaa n MIO-aaXBaTa 

}"leT cnat5oro' MarneTH3Ma npBBOABT K net5oJu,mnM nonpaBKaM, To Ann 'ynpyrnx'\ peaxnul!: 
) \ ' ' d . . 

c .neliTpHno ( E v - ! ras) BKnaA cnat5oro uarneTH3Ma, pacTymHli c. nepeaaaaeMhiM HM-

nyllbcoM q , CTaHOBHTC.!I onpeaen.!IIOWBMo 

C. l13y'ienue qpe3Bhl'ial!:no peAxoro "'Iponecca t5eTa-pacnaaa nuona 

"+ .. ;,.o+ e++·v 
e 

(10.1.3) 

IIpHBOAHT K 
. /25,26/ 

B03MOlKHOCTH npnuoll nposepKII rnnOTe3bl CBT • Ot5mul!: BHA TOKa nape-

-xo~a "+ ... 11° ,!~MeeT BHA 

v + + + 
<17ol Jal" >=f+(" +,na+£_(17-IT'}a. (11.1.3) 

v 
nnn ot5eCIIe'ieHBB COXpaHeHH.!I J a AOn}I{J{O HMeTb MGCTO_ COOTHOWGHHe 

(!7+-.,.o)a <""!Jv 1,.+>=0 t 
. a (12.1;3) 

oi·Jvl + OTKyAa f_, = 0 H CTpyKTypa <8 a IT > nonHOCTb!O COBIIaAaeT C BblpalKeHHeM 1111.11 aneKTP<>-: 

MarimTnoro Toxa· t5eccm!Hosol!: 'iBCTHllhl. EciiH yqecTb, 'iTo aennquna q3 B paCCMaTpB-
. 3 

aaeMoM nponecce O'leHb Mana n f; ( q )= 1 , TO aMnnHTyAa rrepeXOAa CTaHOBHTC.!I 

paanol!: 
v + • + 

../2 G/3 (17 +!7°)4 e ya ( 1+·y 5)v. • (13.1.3)' 

'-
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'1'1'0 np.!IBOAHT K TO'IHO 

TepeHTbeB) 

npeACKa3hlBaeuoli aeponTnocTn t5eTa-pacm1Aa nuona (fepmTel!:n, 

v 2 5 
+ + ( G f3) 'A 3 'A 

3 
-1 

" ( 17 .. 17°+ e +v ) = ( 1-- -- - 5 ~+:ll') o=3,95 tO • 
• ·30178 2 m+ ~!'J.2 

.IT 

(14.1.3) 

3AGCb 'A= ( 4,59±.0,01) Maa - pa3HOCTb Mace nnonoB, a li' y'iHTbiBaeT .paaua-

llHOHnble nonpaBKH. Ecnu ocTBBHTb B cTopone aenuxaTRb!li BOnpOC 0 paAHallHOHHbiX no-

npaBK4X X eTOMy P!'!AKOMY nponeccy, TO nnst. OTHOWeHH.!I W (IT+ ... or" e + v ) K aeposrr-
e 

HOCTH + +' 
17 ... ,. + v,. paCnBAa non}"laeM 

Rp = 
w(IT+;;:ITo e+v.) -8 

= (1,01;!:.0,03)·10 • (15.1.3) 
w (IT+_.,.+ v,.) 

Tax JKe1 KaK n B cny11ae cnat5oro uarneTH3Ma1 ncno, 'iTO caM t5eTa-pacnaa nnona 

B03MOJKe.B n t5e3 rnnoTe3bl CBT. npn cnpaaeannsoCTn CBT .MOlKHO npeACXa3a'l'b 3TOT 

nponecc KOnH'IeCTaenno. 11Menno xonn'leCTsennan nposepxa Tpet5yeTcn npu uccneaoaanun 
. /27/ . 

t5eTa-pacnana nnona. BnepBbie aTOT rrponecc t5bm ot5napyJKen B nyt5ne B 1962 roay. 

. . n II B )1281 
CoapeMeHHble axcnepnuenTallbHhle AS:HHhle ( yt5na, EPH, epxnn cosnaAaiOT c npeA-

cxa3aHH.!IMB TGOpHH C (15-20)% TO'iHOCTb!Oo 

noAot5noro COXpaneHBli BGXTOpnoro TOKB H81lb3li OlKHAa'l'b Ann nonynenTOHHhlX npo

llGCCOB c H3Me.BenneM CTpannocTn. Ecnn Bblpa31lTbCSI 6onee TO'ino, To AITSI rroao6HbiX 

nepeXOAOB COXpBHGHHli BGXTOpHOrOTOXB MOlKHO OlKHAa'l'b TOITbKO B paMKaX 6onee Bb!COKOJ!: 1 

'ieM ll30TOnH'i8CKaSI, CH~MeTpHH CllllbHbiX B3aHMOAeliCTBHJ!:, KOraa OKa3biBaeTCSI B03MOlKHbiM 

ot5'beAHHHTb aneKTpOMarHHTHblli TOX H J V B OAHH CBepXuyllbTHnneT. Tax, B paMKaX ·sU(3)-
a 

CHMMeTpHH, KOrAa nHOHbl H X -MG30Hhl 06'beAIUrniOTCSI B.O/IHH OKTeT· qaCTHil, B rrpenet5pe-

lKGHBB HapymeHHeM SU (3) - CBMMeTpHB K fa 

Kf 3 -+IT+ f+vf 

pacnaa 

(16.1.3) 

OKa3blBaeTCSI B03MO}I{J{biM paCCMOTPGTb B 6nH3KOJ!: aHanorHB K nponeccy ( 10). neliCTBBTellb

HO, ·TaX XaX IlHOH H K -Me30H SIBITSIIOTC51 IlCeBAOCKangpHbiMH 'iaCTBllaMH, TO ot5mee Bblpa- · 

lKGHHe /IITSI TOKa nepexoaa MOlKBO CBGCTH K 

v 2 2 ) <11l JaiK >=.F+(q )(K +:IT)a+F_(q )(K-IT a• (17.1.3} 

npn F = 0 3TOT aapOHHbli!: TOK CTaHOBliTC.!I CoxpaH.!IIOWHMCS!. K TaKOMY nonolKeHHIO 
a .• M. 

IlpliBOIIHT HMeiOmee MeCTO B paMKaX SU (3) - CBMMeTpBH 06'bellBHeHHe B 0/IHH OKTGT j a 
v 

n J a • 3aecb coxpanenne BeKTopnoro TOKa napymaeTcsr yJKe 3a C'ieT cpeane-cnnLHbiX .. 
B3aBMOAei!:cTBHJ!:. TaxnM o6paaoM, eqm Ansr npollecca 6eTa-pacna11a nnoHa, r11e f _ oT-

nH'iHa OT Hynli 3a C'iGT OTKnOHGBliS! OT li30TOilH'IGCKOJ!: liHBapnaHTHOCTB, OlKB)IaeTCS!, 'ITO 

f If ~ 11100 - + . TO 3/lGCb MOlKHO' OlKHABTb, 'iTO F _I F + ~ 1110. 

27 



1.1 
§ ·4. AxcuanbHO- aeETOPHhlll.. TOE B COOTHOmeHHe 

ronb.Q~e_pre_pa-TpnMeHa (r.T.) 

A 

AECH81lbHblll. TOK Ja .QIISI nepeXOilOB 6ea H3MeHeHHSI CTp8HHOCTH (6 S = 0 ) 

ae coxpaaseTCH. 0AHBKO aEcnepHMeHTanbHble naaable ae npOTHBope~aT ranoTeae o ·~ac

TH~HoM' coxpaHeHHH 8ECH81lbHOrO TOKa' _{'!CAT) • PacCMOTpHM nepeXO.Q MelK.Qy llBYMSI 

6apHOill!b!MH COCTOili!HSIMH B-+ C (c Olli!HSKOBblMH ~eTHOCTS!MH). MaTpH~Hblll. aneMeHT OT 

8ltCH8nbHOro TOES np~llCTSBHM B BRAe 

A - A P T . 
< C I J I :s > = i uc I G ·Y ·y

5 
+:i ·G q y5 + G u·f3 q(3·Y I u , a aca aca aca _5 ·a (1.1.4) 

r.Qe qa = ( PB- pc) a· 

·-PaCCMOTpHM MSTpH~Hb!ll.'~neM~:lHT. OT Oa Ja (rne aa =a /axa> 

-i<Cfa JAI:B>=q <CIJAIB>=fGA (M8 +:M '-GP q 2 l(u0 y 5 u8 ). a a a a BC C' Be 
(2.1.4) 

A 
· Jlns£ Toro ~T06hl · J a COXpaHSJICB, llOil)I(HO 6binO HMeTb MeCTO COOTHOWeHBe 

p ..- A - 2 
GBC- GBC(O)(MB+:Mr)/q. (3.1.4) 

KOTOpoe npOTHBOpe~HT aK=ep_HMeHT8nbHbiM .QSHHbiM npn MSilblX 
2 

q 

runoTe38 '!CAT 03Ha~aeT, ~TO M8TpH~Hb19 a~e!lleHTbl OT a J A 
a a 

CTpeMHTCSI K aynro 

.QIISI 60nbWHX nepenasaeMb!X HMIIynbCOB. AOCTSTO~HO 6biCTpo, ~T06bl .QIISI STHX MaTpH~HbiX 

SlleM&HTOB HMellO MeCTO. AHClll)pCHOHHOe COOTHOWeHHe (n.c.) 6ea Bbi~HTSHBSI. 

Jlng paCCMOTpeHHOrO M8TpH~OrO aneMeHT8. STO 03H8~8eT, ~TO 

A p 

GBC ( MB+.Mc)- GBCq 
2

= 
GtrBCF ul'v 

q 2+:m2 
IT 

m2. 
IT +f 

F(u2) .du-2 

(8m
11

) 2 q'2+:u· 2 

(4.1.4) 

. B npaB Oil. ~aCTH .Q.C. He06XOilHMO y~eCTb. BKIISil npoMe>KyTO~HbiX_ COCTOSIHHll: C 6apHOH-

Hb!M ~HCIIOM B = 0 , naocnaaoM I ~ 1, G =- 1 H 0-. CocToHHne c anmall:mell: Mac-

col!. coOTB&TCTByeT onaoMeaoaHOMY o6Meay. Oao H npHBOilHT K aaollHposaaaoMy nonrocy 

B npasoil ~acTH (4). Benn~HHa :Fufv· CBSI38Ha c a~nnTynoll: pacna.Qa nnoaa 

M ( 11 .. f "£) = :Fufvf p (;; •. y ( 1+y )f 
ua L a .. a 

. (5.1.4) 

=.·i :F ufvf mf ( Vf ( 1- ·Ya )f ) 

28 

n c aeposTHOCTbiO pacnana nnoaa 

r (IT-+ fvf)~ 

2 

:Fufvr 

.411 
(6.1.4) 

2 2 
2 

m
11 

m£ ( 1-me/m
11 

). 

KaK BHilHO H3 (5) , :F afv llOil)I(HO 6blll0 6bi o6paTHTbCSI B Hynb, eCIIH 6bi J A ·co-
f a 

xpaaanca. TaKHM o6paaoM, caM ~aKT pacnana naoaa npOTHBope~HT B03MO>KHOCTH coxpaaeana 

aKcnanbaoro TOKa. G 118 0 o6oaaa~aeT nceanocEanapayro KOHCTSHTY .Qn!I aaanMoneiiCTBil:H 

.c .. B + rr • HTaK, paccMaTpnaaeMas cjlyaKnna HMeeT nonroc c naaecTHbiM Bbi~eToM npn 
2 2 2 

- q2= m 2
11 

a paapea BllOnb oca q , aa~aaaa c - q = 9 m 
11 

• Jlns nponeccos pacnana 

q 2 
':: 0 H fiOIIIOCHblll: ~neB 3H8~HTenbHO. 6nn>Ke, ~eM IIHHH!I paapeaa, TSK 'ITO BKIIS.Q pa3pe3a 

MO>KHO paCCMaTpHBSTb KSK nonpasxy • 

2 . 
llpn q = 0 (4) naeT 

A 

-·G l0)(M 8 + Me> =·G CF_,,__ ( 1+:R ). 
. B C 11B . mv£ Bel (7.1.4) 

. /29/ 
EcllH RB 'C' 0 • TO Mbl nony~aeM COOTHOmeane ronbn6eprepa-TpnMeHa • CnpaBen-

llHBOCTb ero 38BHCHT KSK OT rnnoTe3hl '!CAT, TSK H OT npennono>KeHHH 0 llOMHHHpyromell. 

pOIIH llOIIIOCHOrO ~neBS HS.Q nonpaBK8MH0 CBSI38HHblMH C 60nbWHMH MSCCSMHe Jlng ·HilepHoro 

6eTa-pacnana na (7) 
A 

-.2M ·G 
B 

=-./2 G 
11NN :F ,fv£ ( l+:RNJ. 

(8.1.4) 

Tax ESK ace napaMeTpbl B38HMOilell:cTBH!I B aTOM cny'lae nanecTHhl, MO>KHO oneHHTb 
A . V 

RNN. llpn ·G {3 :/ 'Gf3 = 1,18 ±. 0,02 

1 + R =· 0,88 + 0,05, · 
NN -

TSK ~TO Bltlla.Q pa3pe38 COCTSBIISieT OKOIIO 10%. 

p . 
JlnH B~acnelli!B GBc npo.QncjlcjlepeannpyeM (4) no 

2 
q H UOIIO>KHM 38TeM q~O • 

ECIIH A 2 A 2 2 
G B ( q ) = G (0)[ 1 - _1_ q R A] • 

C BC · 6 

r.Qe R A- Cpe.QHeKB81lp8TH'lHblll. palll!yC SKCHSnbHO BeKTOpHOrO cjlopM-cjlaKTOp80 TO .113· (4) 

nocne lll!~epeHill!posaa.ns HMeeM (npn q2 
.. o·) 

A 2 p 
-...!. 'G (0) :R A(M +M ) -G (0)=-6 BC B C BC 

29 

G trB c(O) :F ,fv f 

m2 
IT 

f 
(3m )2 

IT 

(9.1.4) 
F (u2

) du-2 

u-' 



Ec1111 IIpH ManblX q
2 

IIpexeC5pe'lb nBTerpam.aoll nonpaaJtoll ( - 10%), TO 

1 A 2 
-- G {O)RA {M 5 +·M ). 6 BC C 

GP (0) = 'GrrBC {0) F 11fv t 
BC m2 

(10.1.4) 

II' 

llnst smepaoro fieTa -pacna.zta 

GP {0) = V.2 GII'NN Frfvy 
NN . m2 

2 A 
__ 1_ M R G {0). 

3 A NN (11.1.4) 
If 

/30/ 
Haortta coOTHomeane r.T. nony'laiOT, onBpastc& xa rnnOTeay o cymecTBoBaHHH 

onepaTopsoro paaeHCTBa 

rtte 

iJ JA=iacp 1 
a a 11 

cp . - onepaTOp . DliiOHBorO D0.11SI1 a UOCTOS!HBaSI 
II' 

8 CBst3aRa C F ll'fvf • 

Hay'leHBe aaaacuMOCTH 
-A 2 

G {q ) B 9ltCDepnMeHT8X C HeATpliiRO U03BOnHT 

(12.1.4) 

15onee 

rnyfiOKO H3Y'lHTb CBH3b a¢¢eKTOB CHJibBbiX B38HMOl(ellCTBHA1 OI!pel(e~Tb 
2 

R A. 

C TO'lltH 3peHHst H3y'[8HHH 8KClii8JibRbiX ¢opM-cpaKTOpOB1 OUbiTbl C HeATpli!RO BblCOXBX 

_axeprall IIpnaaaabl aaann. MecTo, 151111aKoe x onblTaM Xo¢mTal(Tepa c sneKTpoaaMn.)Koae'l

ao, AliH Ra)lelKHbiX ,XOilll'leCTBeRBbiX HCC.llel(OBARHA TpefiyroT<ia SKC~epHMOBTbl C BOAOPOARbl

MR MHmeRHMHo 3Ta 38118'18 DO n.neqy C03l(8B80MblM B RaCTO!IIItOO ·apeMH orpOMHblM BOAOoo 

POABbiM nyablpbltOBblM X8MepaM C Ofi1.eMOM B AB8- TpH l(ecHTxa xyfin'leCXHX MeTpOBe 

§ ·5. llepexopMupoaxa aKcna.nbxoro Toxa 

/31/ 
Rettaaao B.BaAcC5eprepy AKcnam.Rblll ¢opM-¢axTop noKa ncc.nettoBaH Mano. CoaceM 

/32/ 
H C.An.nepy YA8.110Cb nony'lHTb TeopeTH'leCKyro ODeRKY AllH G! /Gv =·G /G =A • 

f-1{3 AVA 

3TH aBTOpbl R838BHCHMO Apyr OT llpyra HCDOllb30B81111 ycllOBHe 'l8CTH'lHOrO COXpa-

ReRHR 8KCH8llbBOro TOKa (lf.C.A.T.) B BHAe (12.1.4) 

Hblll 

J A a 
a 

A a 
iJaJa =-

3necb g
2 I :4 rr :::. 14,6, KII'NN 
r 

{0) 
2 

TaK, 'ITO KrrNN {-mrr )=·1 lil 

MN m! A A 

'• KrrNN {O) 

.. 
¢ • 

If 
{1.1.5) 

- DHORRbiA ¢QpM-cpaKTOp RyKliOB81 ROpMHpOBaH

cp" - nepeaopMapoaaaaoe nuoaaoe none. ToK 
fT 

lil KOBCT8HT8 nepeHOpMHpOBXB 8KCH8llbHOro TOKa A A OIIpenenHnHCb COOTHOWOHliiOM 

30 

.<N { q) I J IN (q)>.= MN Gv uN(q)(·y +:>. •y y) r+ u ( q ), 
a q a Aaa N 

A a 
Ja =: t/INya-y& IS r"t/JN! 

(2.1.5) 

llmi llOK838TeJibCTBa aBTOpbi HCnOJib30B81111 Ilp0An0ll0)1{0101e1 'ITO aKCJii8JibHble TOKH 

YAOBlleTBOpHIOT KOMMYT81l110HHblM COOTHOIDeHHHM I!pH paBHblX BpeMeBaX B BHl(e 

[ JA" { :Z:) 
1 

, JAb { Y ) ) I = 8 ( :Z: _ Y) i /'bo 
4 4 xci"o 

rtte Va 

J =! t/1 ·Y IS r"Y, : 
a N a N 

Ha (3) AliH aenH'lHB ( t -BpeMH) 

+: a AI 
x- (t) = J dx o. t.: JA2) 

4 

nolly'laiOTCH COOTBOmeRHR 

Lx + < t > , x- < t> 1 . = 2 I <a> , 

(~ 

rtte I -·TpeTbH KOMDOBeRTa H30CDHBa. 

B cuny ( 1 ) ttnH X ( t) · cnpasettnuao 

+ d 

dt 

+ _/-2 2 
X- (t) =· V· MNmrr A A f d\ ¢-

fT 
'· KfTNN (O) 

JVo (:z:), 
.4 

Bhl'IHCllliH MaTpH'lHblil: 9.110MeHT OT ( 4) 1 HMeeM Allll Ilp8BOil: 'l8CTH 

< P {q) 12 fBl I P { q').> = ( 2rr )a 8 ( q- q') • 

(3.1.5) 

( 4.1.5) 

(5.1.5) 

(6.1~5) 

B .neaoll 'laCTH pa3.110)KHM <p(q)i[ )( + (t), i•l (t)] I p(q').> no IlpOMe~TO'lHbiM 

COCTO!UIHHM. ll.nn Ol(Ho-HeATpOHBOro COCTOHHlil_ll C DOMOWbiO (2) no.ny'laeM 

2 
a ,, 2 M N 

( 2rr) . 8 ( q - q 1 .>.A ( 1 - --
. q 2 

) ' 
0 

a BK.na.q rr- N npoMe~TO'lHOrO COCTOHHHH C DOMOWbiO (l) CBOAHTCH It 8MDnHTyAe 

fT -N paCCOHBHB C nepe3apHllKOAo C UOMOWbiO ODTH'lecKolt TeopeMbi OKOH'l8TellbHO HMeeM 
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. •2 
1 -.\ 

A 

+ 

2 
4MN 

g2 K 2 (0) 
> liNN 

f wdw [u+(w) -u-(w) 1. 
w 2 -M; 11 

M +m 
N rr 

+ 

(7.1.5) 

3JleCb u- (w} - nonaoe Ce'leane B3aHMOJlei!cTBHli c npoToaoM 
fT. -Me30HOB C MaC-

coil, paBHOi! Hy/IIO npn aaepi'HH B C,I{,H,, paBIOi! W , npn HBCKOnbltO HHOM BbiBOAe, B Ko-

TOpOM HCilOnb3yeTCH paBeHCTBO 

~ < N I T[ )( a (t)' ')( b (0) 1 I t; > = 
dt 

(8.1,5) 

=.<NI[x.(t), xb(O)U.(t) IN>+<NI T[ ..!..x•<t>,·xb (O)]~N>,· 
·.d t 

·npHXOJlHM K COOTHOWBHHIO 

I'Ae 

G(v,·vB 
I 

,m ,m 
rr rr 

,~ . 

•2 
} -.\A 

~ 

2MN G ( 0,0,0,0), (9.1.5) 
g 2 K2 (0) 

' fTNN 

·I (•) . I I (·) I I 
=-v ATTN (v,v8 ,m,_,miT)+BJTN (v,v

8
,m, ,mrt ). 1 (9 .1.5) 

3JleCb A .H B - 06bl'Uihle, He'leTHLie no H30CilHHy BMn/IHTyAbi IT -N pacCeliHHs. 

.ann peaxnnu 

nepeMeHHhle v v 
B ' 

IT( k I )+:p ( q I)-+ rt{k 2 )+:p( q2) 

I 
m 

rr m 
rr onpeABIIIDOTCli KaJt 

V =-·kl (.J I+ q2)/,2MN 
I 2 2 

( m ) =-·k 
rr 1 

v 8 =(k1k 2)/2MN 

B npeAnonoJKeann, 'ITO 

TaHHH npHXOJlHM K (7) H (9), 

I : I 
G(v , v

8
,miT , m,) 

I 2 2 
(m,)=-k

2 

ynoan~TBOpHeT no v 

(10.1.5) 

n.c. 6ea Bhl'IH-

C fiOMOWbiO npn6/IHlKBHHli, KOI')la B npaaoi! 'laCTH (9) OCTBIOTCli Ha6niOABBMhle Benn-. . 
'IHHbi Ha MaCCOBOi! fiOBepXHOCTH, (7) nepeXOAHT B 

·2 

1-.\A= 

2· 
2MN 

g2 
. 1 dv [ + ( . ) -( ) J - f -- q u v -·u· v 
·tr 11 2 

m 
IT 

H Jl/IH .\A YllaBTCli IlDny'IHTb BBilH'IHHy, 6nH3KYIO K 

32 

(11.1.5) 

.\ aJtcn 
A 1,18:!:,0,02 •. ·· 

no )laHHbiM. Bai!c6eprepa .\ Teop 
A . H3 (7) paBHII. 1,16. no paC'IeTaM AAnepa, 

(7) JlBeT AA=l,44, a y'leT C/IBAYIOWHX nonpaBOK It (7) ,npHBOJlHT K .\ATeOp • 1,24~ 

3TOT IlOJlXOJl K nepeHOpMHpOBKe aKCHanbHOI'O TOJta npeJlCTaBnHBTCli O'IBHb HHTepeCHbiM, 

Oa noxa3biBaeT, c 'IBM CBH3aaa KOMileacannn pa3/IH'IHbiX BK/IaAOB (aapnlKBHHhle TOKH);. n9-

BHJlHMOMY, B03MOlKHO 0606IIlHTb DpHBBJlBHHbiB BbiWB peaynLTaTbi C TaM, 'IT06bl y'leCTb BnHH· 

ane liJlpa, paCCMOTpeTb Jlpyrne DpOilBCCbi0 BK/IIO'IBli nponeCCbi C B3MBHeHHeM CTpaHHOCTH· 

aJlpOHOB, 

§ 6, l: - A 6eTa.:.pacna.tt 

HecKOnhKO oco6oe nonoJKeane 3aHHMaeT nponecc l: - A 6eTa-pacnaJla 

l:--+ A0 +·e-+:ii
8 (1.1.6) 

H l:+ ... A0 +·e++:v. 
(2.1.6) . 

Ha paccMOTpeaahiX,_Jlo ·cnx nop ncmynenTOHHhiX nponeccoa 6ea H3MeaeHBn CTpaaaocTn 

aTO nepBbii! npHMep, KOI'Jla nepeXOAOM 3aTpai'BBaiOTCH AJlp0Hbi 0 He npHHBJliiBJKalllHB OAHOM)' 

H30MYnbTHn/IeTy, 3AeCb pa3/IH'IHB Mace BJlpOHOB - Hea./IBKTpOMBI'HHTHOI'O npOHCXOlKJlBHHH. 

n aTo npnBOJlHT npn ncnon~>aoaal!:nn CBT K caoeo6paaahiM alj>lj>eKTaM. 

\ 
06mee BbipaJKeane JliiH BeKTopaoro ToKa rnnepoaoa 

-· . •1 
<AI Jav I I >=i ul:[ V( q2)ya+:L ( q2) u,;_f3 qtl(Ail:+MA) + 

(3.1.6) 
• 2 •I 

+:1N( q )qa (Ml:+MA) 1·uA 

AOIIlKHO YllOBIIBTBOpHTb npn CBT ycnoanro ( qa = ( l:- A) a) 

v 
qa<A IJa ll: > =0' 

'ITO npHBOAHT K COOTHOWBHHIO 

. •I 

V( q 2 )(Ml:-MA)+·N ( q
2

) q2 (Ml: +MA) .= 0. (4.1.6) 

Mbi BHJlHM, 'ITo nponopnnoaan~>aocTb J a TOKy naocnnaa ci6pamaeT B i,flYnh V (0) • 

Peayn~>TaT 3aMeTHO MBHHBTCli, BC/IH B Ka'leCTBB 'HyiiBBOI'O' npHfiiiHlKBHHJI' npHHliTb 

SU(3) -CHMMeTpHIO, B paMKaX KOTopoi!: l: H A.npnHaJl/Ie)KaT OJlHOMY .YHHTapHOMY MYnLTH-

. IliiBTy. B npeJlene TO'IHOi! SU(3) - CHMMBTpHH Ml:= MA , aa 'V(O) ae HaltllaJlbiBaeTCli BHKa-

Knx orpaan'leanll ( V (0) MOlKeT 6b!Tb H. OTIIH'IHbiM OT HyiiH), a N( q2)=0 npn ,npona-
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'\ BOilhllhiX · q 
2 

• HapymeH!IH SU(3) - CliMMBTpllll Dpll cnpase.nnHBOCTll H30Tonnqecxoi1 liHBapnaHT

HOCTH o5pamaeT B eym. V(O)~ a N(q
2

) OX83h!BaeTCSI DpOnOpllliOll81lbliOl! p83liOCTH M8CC ;E 

II A rn:nepo11os. 

CnTyaanH C V(O) ,j, 0 BBCbM8 CBOeo5pa3Ha. Ornn'lne V(O) OT eynH nony'laeTCH npH 

y'leTe llliWb TOll XOMfiOHSBThl CllllhllhiX B3aHMO.Qei!CTBHJI1 KOTOphle o5nall810T TO'lHOJ! SU (3) 

CHMMBTpHeJI. ( BhiXlliO'lBHhl yMepeHHo-CWibllhiS B3811MOl!SJICTBHll) • 

flp11 cnpase.nnHBOCTH CBT MO:>KII01 BBOllH V
1 

(q1 (V
1 

(0).(0), 
2 2 . ·2 _ V(q2) B Blllle V ( q )= V 

1
( q )(M;E +:MA) 

DpBllCT8BHTb 

Torna lia 141 

_ N ( q 2) = y
1 

( q2) M:E - M A 

M:E + M A 

. II 3Ta BBUII'lllll8 OX83h!BaeTCll CBSI38llliOJI C COOTBSTCTBYIOntiiMII cjlOpM-cjlaXTOpaMII SllBXTpo

M8I'liiiTIIOI'O pacna.na 

a 

BenH'llllla L ( q2) 

;EO -+ Ao + y • 
(5.1.6) 

DpSIMO CBD38118 C cjlopM-cjlaxropoM M8I'IIIITIIOI'O nepexo.na B (5), 

L (0) = p. 
:EA 

ll;EA- M8I'IIHT11hlll MOMSHT I!epexona (5) ). 

Tax xax s (I) - (2) 
q :uano ( q ~ 80 Mss/c), STH coo5palKe!IHH no:3sonSIIOT 

OlKllll8Tb, 'iTO BKn8ll BSKTOpliOI'O B3aiiMOll9llCTBllll B STll pacnanhl Man. 

~/ -
Kax noxaaanH KoneMaH 11 rnemoy , B paMKax SU(3) --ciiMMSTpiiH "':EA =v:3/2p. n. 

P.n -M8I'li11Tllhll! MOMSBT Heli:Tpolla). flp11 &'l'OM BpSMSI lKH3BB pacnana (5) paBIIO 
-19 2 

2,6 • 10 Cex. SU (3) - CIIMMSTpHSI DpDBOlliiT X 'l'OMy-, 'iTO .QnH M8nh!X q 

2 
V ( q 2

) = -·q 2 R I 6 • /34/ D 
r.ne 

-13. 
RD 3 (0 ±. 0,08) • 10 CM 

aapJillOBhiA panayc Heli:TPOHB. 

B npeAnonoJKeHHII, 
A 

Ja a a·caMOM 
'iTO .nnH OllBIIOK ll0CT8TO'lll0 Y'lBCTb llliWb 8XCH81lhllhll! TOX JA 

1 A a 
Dpeo5naA89T ~A Y a Y 3 COOTIIOWelllle f-T .QSST 

GA=- G"l:A:Fnfvf (l+RIA >. (6.1.6) 
l:A Ml: + M .A 

34 

Ecnn s (6) nono:>KB:Tb sxnaA BHTerpam.uoro cnaraeMoro RIA •0, TO nonyqiiM 

. - ·4 2 rc :E • > 1 r < .t > ... 1,3. ·10 < G .: • 1 G > 
il e tot · 1T.Wll n"NN 

(7.1.6) 

ro::)fr 
lle tot 

+ ·4 

(;E ) = 0,4. :10 
2 

(G.., IG )~ 
77-<.A ITNN 

(3l!SCb y'lTSIIO pa3UII'lll9 cjla30BhiX 051.BMOB II TOT cj,axT, ,'iTO OTIIOWBIIHS nonllhiX BBpOJ!THo-
+ -

CTell pacnal!OB l: -rnnepOIIOB rto t ( I ) I ·rto t ( :E ) :: 2 ) •. 

u 

/35/ 
3xcnepHMSIIT81lhllhl9 3118'1SIIUSI 

.. :r < .tA. >I ·r tot < :E 

+ + 
r<.t. )/r (:E) 

.1\e tot 

-4 
) = ( 0,75 t,;0,28) 10 

( 0, 66 t 0,35) 10 • 4 

(8.1.6 J 

llaXOll!ITCll B COOTBBTCTBIIII C (7) no M8CWTa5y BSllll'lDllhl npu G77,tA :;:: GITNN Ollli8XO, OTIIOWBllllll 

ABYX 'lHCen cnpaBB B (7) II (8), He 38BBCHmll9 OT KOHCT8HT, HBCXonbXO pa31IH'l810TCSI 0 

3xcnepHMSHTanbHhle nannbte o cneKTpe A -'laCTIIIl CBIIlleTBnhCTBYIOT B nom.ay 

V(O) = 0 • Onnaxo Tpe5yBTCSI 3H8'll!TBllbHOe ysenH'IeBBe eTaTBCTIIXII. 

§ 7. Bonpochl x cjlnauxe nel!TpHHO BblCOKHX sHeprHll: 

CymecTByromaH B H8CTOHmSe BpeMH TeopHSI Cna6h!X B38UMOABliCTBH!l HMBBT B CBOSM 

axTHBe orpoMHhle llOCTUJKellllu. Bo scex cnyqal!X, Korna OT TeopuH MOJKno nony'lHTb oano

·3HS'lHbtll: OTBeT, OH C0Bfi8.QABT C SXCnepHM9liT81lbllhiMII .QAIIIIhiMU llAJKe B TeX cnyqal!X, 

KOI'.Q8 OT BpeMBHII nony'IBHIIH TeopeTII'lBCXOI'O Dp91lCK83AHBll .llO OCyntSCTBne!IH!I HeOI5XO.llH

MOI'O OllhiTA DpOXOA!IT rO.Qhl. 

Mnorae . neucnhle • 110 ne.riasnero speMenH sonpocbt cnaooro B3auMo.nellcTBIIH oh!cTpo 

BbiSICHSIIOTCH B nocne.QBBe I'O.llhl B CBSI311 C ooo5meHIIBM. H30TOfiU'IBCXOll IIHBapUAHTHOCTll 

CllllbllhiX B38HMOll9liCTBUJ! liS 5onee BbiCOXUe ( SU (3)- II ee o6o6meHUS1) CHMM9Tpllll. 

0CHOBH8ll 'IBCTb B3Y'I8BWUXCSI HBnSHHJI llO llOCnSllUBI'O Bp9MSHB llO IIS05XOAHMOCTB 

CBSI3b1B8ll8Cb C p8Cll81l8MU 'l8CTUil, B XOTOpb!X 38XOHhl COxpBIISIIBH li8Kll81lhiB810T lKSCTXHS 

CBSI311 Ha B03MO,lKllhiS COCTOSIIIHH, a BBnH'lllllhl nepG.Q8B8GMhiX Slleprul! U UMHYIIbCOB B9CbM8 

orpaHB'leHhl. PSill BSlKHhiX sonpocos cjlH3HKH cna5hlx B38BMOllellcTsull:, oco5enno npu 5oru,

mnx saeprnl!X, ocTaeTCH noJta 6ea OTBeTa. 

'flepen nccne.nosaanRMu c.neATpnno OT MOmhh!X.ycxopuTenell: B 1962 ro.ny MOJKHO ohlno 

ccjlopMynHposaTb, nanpnMep, Taxue sonpochl: 
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1. GosnanaroT. nil .ael!TpBHo oT pacnana nuoBoB B cTpaHahlx ·'laCTBil c Bel!TpBao OT 

OeTa-pacnana? 

2. CoxpaaSieTCst nu 1.1 - e yHBBepcanbHOCTb npB Bb!COXBX saeprBHX? 

3. MMeeT nB MecTo coxpaueaBe BexTopaoro Taxa npB BhiCOXBX saepr~HX? 

4. HBnsteTCB liB cnaooe B3aHMO)lel!CTBBe TO'l9'lHhiM H npa BhiCOKHX saeprHHX 

.(npoMe)l(yTo'lHbie 0030Hbi1 noxallbHocTb nenToBHoro TOKa)? . 
5. CoxpaaaeTCa nu nenToBHoe·· 'lucno npu BbiCOKifx saeprlfHX? CymecTByroT nu aapB)ly 

c npo:QeccaMu 

If 

npo:Qecchl 

H 

"f + D -+ p + f 

+ 
"f + p -+ .D + f 

:. 
"f + p -+ D + 

. -
Vf+D-+p+· 

6. CymecTByeT liB npo:Qecc 

"t + p .. "t + p • 

(1.1.7) 

(2.1.7) 

(8.1.7) 

( 4.1.7) 

(5;1.7) 

HaliH'lHe'KOTOporo I'OBOpHliO Obi 0 cymeCTBOBaBBif Hel!TpallbHhlX TOKOB B cna6blx B3aBMo

JlellcTBHSIX? 

7 • .no xaxux aaeprBl! cnpasenlllfBhl 3aKnro'leBHa nepBoro npaonu)l(eaaa Teopulf B03My

meuul! nna npo:QeccoB c ael!Tpaao? 

B. Tax KaK npB B03paCTarowBX 3H8';!9HKSIX llepenaBaeMhiX HMllyllb~OB C9'l9HHB B3alfMo

Jl9liCTBDB Hel!TpHBO C ByKliOHaMB O'l9Hb 'lYBCTBHTellbHhl X a¢¢eB:TaM CHllbHhiX B3aHMO)leJ!

CTBDl!1 TO 

a) XaltBe CB9Jl9HBB 0 CTpyB:Type a)lpOHOB MO)I(JIQ liOlly'lBTb H3 SKC!I9pUM9HTO!I 

C H9l!TpBHO? 

6) XaltBe CB9Jl9BHB 06 ll30TOllll'l9CKOl! CTPYXTYP9 ll CHMM9TpBSIX TOXOB anpOHOB MO)I(HQ 

nony'lHTb H3 nono6Hb!X Ollb!TOB oco6eaao 'npB ll3y'leaua TaKHx aeynpyrux·npo:QeccoB xax' 

"t·: D -+·P +rt0 + f

"f+""""D -+n+·rr-t+t

"t + p -+ p + rr++ t-

36 

. (6.1.7) 

(7.1.7 ) 

(8.1.7) 

9. KaKBe cBeneHBB o6 aneKTpoMarHHTHbiX cBoiicTsax ael!Tpuao MO)I(HO nonyqnTb H3 

9KCll9pBM9HTOB np!I BbiCOltliX aHepruHX? 

10. CymecTBYIOT nn TaKDe 'nnaroaallbHbie nponecCbi' cna6oro s3aiiMoneiiCTBIIB KaK 

pacCeBHH9 HeiiTpliHO Ha 9ll9KTpOHaX 

v+e-+v+e? (9.1.7) 
e e 

§ B._ CKollbKO eCTb pa3BhiX aeiiTpnao? 

liTaK, uel!TpHHO OhlliO BB9Jl9HO "npa H3y'leHHli 6eTa-pacnana Bllep. llo Mepe OOHapy

)1(9HliB a asy'leHIIB HOBJ;>!X nponeccoB pacnana qaCTHit - snepBhie npn . pacna11e 1.1 -MesoJios 

npiiWliOCb BCTpeTHTbCB C ~pyrHMH nellTpHHD-llOJlOOHhlMH 'laCTBilaMH. llpa nepsoll BCTpe'lE' 

aTII· aosble a~llTpaao nony'llma OhlliO na)l(e aosoe aassaaae - aell'l'peTTo. Ho saTeM see )1(9 

MHeHHe OOllbWHIICTBB CKliOBHliOCb K TOMy, 'lTO aellTpeTTO CnenyeT C'lHT.aTb COBlla)laiOI!IliMH 

c aeiiTpaRo. CosAaaaQ V-A Teopaa cna6hiX BsaaMonellCTBHI1 npnseno K xonoccanbHOMY npo

rpeccy B STOll o6naCTH ¢H3HKH. OnHaKO TO?PHSI BCTpeTHllaCb C HeKOTOphlMH TpyJlHOCTSIMH 

~ llOHHMaHHH npB'lHB OTCYTCTBHH,TBKHX CllaOhlX npOitOCCOB pacr.ana Kalt 

1.1 .. e + ·y (1.1.B) 

1.1 .. ·3 e, (2.1.B) 

a TaK)I(e npouecca npespameBHH Mtooaa B aneKTpoa 

1.1 +·p-+ e +·p , (3.l.B) 

CYW9CTBOB8HHH KOTOpblX MQ)I(HQ OlKHJl8Tb KSK a¢¢9KTOB BTOpOI'O IIOpHJlKa llO CliBOOMy 

B38HMO)l9HCTBHIO. HanpnMep, It npoiteccy ( 1.2) JlOll)I(Ha Obllla npnseCTH JlHBI'paMMa pac. r) 
B :ia)I(JlOll as sepwau KOTOpoll cxonHTCH UBHHII 'lOThipex ¢epMnoaos, .nponcxonaT cna6oe 

B3BHMOA9HCTBHe. TaB: KaK v-A TeopHH npnHa)llle)I(HT K HenepeaopMnpyeMblM TeopHSIM, TO 

BKlla)l STOll JlHarpaMMbl OK83biBaeTCS! nponOpllHOHallbHb!M KBanpaTy napaMeTpa OOpe3aHHH A • 
/36/ 

Han6onee noApooHhie pac'le';t'hl npnseneHhl E.n. Mo¢¢e 

w ( 1.1 ... e + y) .. 

' ( 5 
8 a G A m,. 

9 ( 211 )8 
[ 

2 2 
fn ~) 

m2 ~ ,. 
llpn aTOM 

Ry = 
w(f!-+e+·y) -3 

-......c..:.._ _ _;_.:_- ( 10 

w (f! .. e + v +·v) 

-.4 
10 ) • 
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(4.1.B) 

(5.1.B) 



~-

/37/ 
Hnn&ccon nonyqnn 

\) 

Pnc, r. 

G 4 A4 m
6 

w(,. ... Je) .. ---~, 
128 (21T )

1 

e 

(6,1.8) 

Bnnaxne .onenxn nonyqen~ npn ncnonh3onannn Teopnn c npoMe*YToqnhlMH 6oaonaun. 

0AHaKO-SKcnepnMeHTan&HO HH OAHH H3 rrponeccon (1)-(3) He yAananocb OOHapy-
. /38/ -8 

:lKIITb, flocneAHne AaHHhle , l"OBOpHT 0. TOM, q'l'o Ry.< 10 • 

Bepxnna npeAen J:tnn Re 

R = e 

-· w (,.- +p .. e + p 

w (JL-+ p ... n + v ) 

-7 
< 2,2 10 

OcTananacb noaMO:lKIIOcTb npnnncaTb OTCYTCTnne nponeccon (1)-(~) cnoiicTnaM cnaooro 

naanMoAeiicTBnH no BTopoM nopHAKe no G • H ecnn ohr sTa Toqxa apeHnH oxaaanac.~> 

npaal!n&Hol!, nponecchl ( 1) - ( 3) Mornn ohl ChlrpaTb n ljlnan!:e cnaohrx naanMoAellcTnnft 

pen& JleMo.;.,lliHijl'l'a B. sneKTPOAHHaMHKe, 

lllnnnrep, Hllmn:lKIIMa, KanaxaMB, OneAa, ITaTH, ITonTexopno, JinnManon, Mapxon, 
/39/ / 

Jin H Hnr, <l>ellnoepr YKaaann Ha Apyryro B03MO)!{HOCTb noHHTb OTCYTCTBHe J!POilOCCOB 

(1)- (3); CBSI3aHHy10 C cymecTBOBaHHeM ABYX THnOB HeliTpHHO, 

B TeqeHne pSIAa neT nocne C031laHHH V -A Teopnn .cqnTanocb, qTo Hel!Tpnno, BXOilH

mee B nape C MIOOHOM0 He OTnnqaeTCH OT HeHTpHHO, BXOil=ero C s'neKTpOilOM, HMOHHO 

B STOM npeAnono)!{eHHii llHarpaMMa f Aanana OTnnqnhlii OT HynH BKnaA. 

Ecnn, OllHaxo, npe~tnono)!{HTh, qTo cymecTnyiOT Ana Tnna nel!Tpnno- "'e n .... ,. ,'Bee ne

o6xo~tnMoe pasnnqne KOTOphlX COCTOHT B TOM, qTQ B ( 18,1,2) V noHBnHeTCSI B nape C e H V . . e I' 

B nape C I' , H HIIKOl"ll8 Hao6opOT0 nponeCCbi (1)- (3) PYAYT QTCYTCTBOBS~b. 3To CBH38• 

HO c TOM, qTo B npanol! BOplliHHe llHarpaMMhi r llOn)!{Hbi OhtnH Obi BCTpeqaTbCH 'TOKH 

( ev ) ( e .... ) 
e I' HO no npe~tnono)!{eHHIO TOK ( eviL) = e··y a (l+•y

6
) VI' He cymeCTBYOT, 

LlaHHhre o3pyrnx nponeccax cnaooro naanMoAeiicTnnH He npOTnnopeqaT Aonymennro 

0 TaKoM pasnnqnn V e H VI' , TOl"ll8 CXOMa pacna)la MIOOHa llOn)!{Ha Bhil"nSIAeTb. TaK 

38 

+ + 
I' .. e · +:v +:v 

e I' 
(7.1.8) 

(H3Mepenne nap&MeTpa MuwenH AOK&ah!B&BT1 qTO V .f ;,, ), CXeMbl paCII&AOB IIHOBOB: e ~ . 

+ +. 
IT .. I' . +·v,. (8.1.8) 

+ +. 
11 .. e + ve · (o.x:s) 

( 0Tnowenne nepOHTHOCTell: AOKa3hlBaBT "'e -· v,. ynnnepcan&BOCTb) n K -Neaonon: 

+ + (10.1.8) K ... J.l + .... 
I' 

+ '+ 
( 11.1.8) K .. ITO +'.JL +·v 

I' 

+ +' 
K -+rt0 +e +·v (12.1.8) 

e 

+ + 
K .. e + ve. (13~1.8} 

Kax MO)!{HO nenocpenCTnenno sxcnepnMeHToM nponepHTb rnnO'l'esy o TOM, ~o ..... ,. v? 
e p. 

/39/6 
B. ITonTexopno H 

/40/ 
M.lllnapn npeAnO)!{HnH nponecTH sxcnepnuenT na ycxo-

pnTenHX n noxasann,·qTo sTo B03MO)!{HO cnenaTb, 

Tax K8K OCHOBHhiMH HC'l'oqn.nKSMII Heli:Tpi!HO H8 yCKOpi!TenHX HBnmoTCH nponeCChl 

(8) -(12), TO nyqxn Heli:TpHHO OT yCKOpHTenell: B OCHOBBOM COCTOHT Jl3 VI' C ManoA 

npHM9CbiO v e , Torlla, ecnn cymeCTByiOT nHWb TOIOI (JL V ) II ( :e V ) B OTCyTCTBYIOT I' . e . 
TOKH (JL V ) H ( e V ) t noJ:tneli:CTBHeM STHX BeiiTpHHO OyllyT HBHilHHpOB8TbCS! pe&ltlliiH e I' . 

v,.+·n .. p+·l' 

( H T. A.) C OOp830BaHHOM MIOOHOB1 H Be OYAYT HBHliBHpOBaTbCS! pe&ltllHH 

.... ,..+ n .. P+e 

(H T,)l,) C OOpB30BaBHeM sneKTpOBOB, 

(14.1.8) 

(15,1,8) 

Tax: n J:ton)!(Ho obiTh, ecnn ohl ne nano 6hlno yqnTh!BaTb sljlljlex:Ton cnn&nhlx nsanuo

nell:cTnnll:, Ho Mhl snaeM npnMephi nponeccon, xorAa nMenno onnnax:onbrll: xapaKTep nsanMo-

AOHCTBHB sneKTpOHOB H MIOOHOB npHBOAHT K CHn&HOMY pasnnqnro n·nepOHTHOCTS!X pacn&AOB 

Ba napbl C yqaCTHOM sneKTpOHOB H MIDOBOB, K TaKOMY sljlljleKTy nnH np0Il9CCOB (14) H 

{15) npnnonHT nnnynnponannhrll ncenAocxangp, nxnaA x:OToporo nponopnnonanen Macce 

ne·nTOHa ( H nOSTOMY· npene·op9)!{HMO Man AnH nponecca C ncnyCKBBHOM aneKTpOBa) o 

/ 
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§ .9. l.J:TO MO:>KHO CKa3aTb' 0 peBKI{HSIX C .Hel!TpHHO 

6ea no)lpo6nhiX cae)lennl! o cJ>op!'d-c!>axTooax? 

BcnoMHHM, xax naeancSI OTBeT na aToT ~onpoc JlJISI e-p. -pacceSIHHSI, B· HH:>Kal!meM 

rrpn6miJKennn no a ce'Ienne e-p - pacce.smng naeTCSI cJ>opMynol! Proen6nyTa 

( da/ do) R 

(da/<h)
0 

2 2 2 2 2 22 
F + _q_ p. :F + _q_ (:F +·p. :F ) tg L 

1 4M2 a 2 2M2 1 a 2 2 ( 1.1.9) 

( F 1 n F 2 - nnpaxoecxnl! n naynneecxnl! <jlopM-cJ>axTophi HyKnona, 
(do/ do) - ce'lenne 

0 
ynpyroro paccesmnsr aneKTponoa na 6eccnnnoaoM S!Jlpe,. p. a - BHOMBIIL!Ihli! MBI'HHTHhii! 

MOMenT nyxnona) a KOTopoi! a (do I· do ) BhiJlenena naaeCTnasr aaancnMOCTb OT sneprnn 
' . ·0 - - -

> anexiponoa n na KoTopoi! annno, 'ITO nn_sr onpenenennSI nayx cJ>opM-c!>aKTopoa 'F. ( q 2 ) 
. . - . . I 2 . 

u F ( q )ireo6xonnMo npoaecTn JlBa IIaMepemtH npn paanhiX sneprnSIX n yrnax pacceg.. 
2 . 

nnSI, no npn c!>nxcnpoaannoM q 
2

• B cJ>opM-cJ>axTopax CaKca 

. q2 , •. 2 
(da/dOJR ~ ( 1+ -. -; )( GE+ 
(do/do) o 4M 

2 

~ G2) +-·-Q_ G2 t 2.£_ 
4M 2 ·M 2M 2 Mg2 (2.1.9) 

Bhrpa:>Kenite 
JlJISI JlHcJ>cJ>epeHI{Ha.libHOI'O Ce'IeHI!S! 6nnapHhiX Hei!TpHHHhiX peBKD:HJ! 

~~K(E,E_) I 
do v f 

+. 
M M 

CIIHHbi 

KPOMe MaTpH'IHhiX sneMenToa 

H 
M ~ Ja n f ya ( 1 + y~) nv 

M * ~ J* n y ( 1 + y ) no a v a 5 L 

conep:>KnT naaeCTHbii! KHHeMaTH'Iecxni! c!>axTop K ( Ev, E f) • 

CyMMa no nopgpnaaitHSIM paaaa 

I M* M ~ I J* J Sp [ p ·r ( 1+ ·r ) PoyCl + y ) 1 , 
CIIHHhi . p a V p ~ L ~ CIIHHhi 

·rne npn nony'Iennl!. cnena ncnoJibaoeano npn6rrn:>Kenne 

I 0 f'.v 0 f.v ~ 
2Ef'.v, 

( P -.m ) ~ 
f,v f,v ~-

2 Ef'.v 
Oaa conep:>KHT 

CIIHHbi 

Sp [ 1 ~ 2 [ ( Pv Pf ) 8 a: • r{Jap p vr pf f3 - pvp pf a- f. a pfp 1 

CyMMa no cimnaM OT 6apnonnhlx TOKOB 

40 

(3.1.9) 

( 4.1.9) 

l _, 

I J; Ja='A plpp2a+·'B8ap+'Cc,_.vpa Pill p2V+'Dqaqp+'Eptizqp 

(5.1.9) 

BKIIIO'lBeT CKaJIS!pHhie KOacJ>cJ>nitHSHThi 'A, 'B, ••• , KOTOphie 3aBHCSIT TOJibKO OT q2. 

B rra6opBTOp!IOl! CHCTeMe 

(pp)~-EM 
1 V v N 

/41/ 
TaK 'ITO 

k 
dv 

a 

(p pf) =-·M E +·m2/2 
2 N V f ' 

. 2 . . 2 2 
K ( Ev) [ ll 0 ( q ) +ll 1( q1 Ev+:ll

2
( q ) Ev1, 

2 (' 2 2 2 2 2 
q=- P

1
-p 2) =+;(MN+-M 2-2p 1 pa

1
)=+(MN+M;}- 2M

1
E

2
• 

(6.1.9) 

Ecnn naMepnTL 

TBll: uK 11
1 

( q2) 

a· npn Tpex 3HB'leHHSIX Ef ·, TO 6yTJ.yT H3BaCTHhi 11
0

, 11
1 

H 11
2

• 

BbipB:>KBIOTCS! 'lepe3 6 ·(a JliiS! HyKJIOIIOB 'Iepe3 4) cJ>opM- cJ>aKTOpOB, 

TO a o6meM cny'lae aeo6xoJlHMhi nongpnaannoHHbie axcnepnMeHThi 
1421 

'r'OT !pB.KT1 'ITO BSIIH'IHHhi 11 1 B ( 6) 38BllCS!T TOIIbKO OT q2 
1 CBSI3aH C IIOKBIIb-

2 HOCTLIO nenTOHHOI'O TOKB, 11poaepKB H838BHCHMOCTH 11 1 OT S "'- ( p I+ p 
2

) 
1 

oco6eano 
7437 

II?H fSOJibmHX SHe_pl'HSIX H8J!TpHH01 npeJlCTBBIISISTC.II CaMbiM I(OJlXOJlSimllM Cll0C060M JlJISI. 

rrpoaepKn aToro caoeo6paaaoro ceoi!cTea nonynenTOHHhiX rrponeccoe. 

HeCKOJibKo cnoa o6 yJlo6HbiX KHHeMaTa'IeCKHX nepeMeHHhiX. 

Ecnn COIIOCTaBHTb IIp0Il8CCBM ( 13,1.2)- (15.1.2) 

ii(v)+N-oB+f 

l!MIIyJibCbi Pv ( ;; 1 v ) ll ~ (N) B HB'laJibHOM H p 
2
(B) ll Pf ( f ) 

To yno6nee ncno!IbaoeaTL nepeMeHHhte ManneJibcTaMa s 

2 2 2 
s=-(p1+pv) ~-·(p2+pf) =M I+ 2 M1Ev 

Bhtpa:>KaeTCSI 'lepea saeprnro aei!Tpnno a na6opaTopaol!· cncTeMe, a 

(7.1.9) 

B KOHa'IHOM COCTOS!HHH, 

u , npn'IeM 

2 g 2 2 2 . 
t='- ( P.,-Pf) =-·( p 2 -p 1) =me- 2Ev(E CpfCosOf) =M

1
+M

2
- 2M

1 
E 

Bhipa*aeTcH 'lepea na6opaTopayro saeprnro 6apnoaa nnn 'Iepea sneprnn, nMnyrrLc n yron 

li91ITOHOB B IIBfSOpBTOpHOJ! CllCTSMe, 

nnSI 05Cy:>K)leHl!.ll pacrrpeneneHHS! no yrny o5pa30B8HHSI TSI:>Kerroi! 'I8CTllilbi 

YAo6ao· :ncnoJibaoaaTL nepeMeHHyro 
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- 2 2 . 2 ·• 2- 2 2 . 
u = M 

1
+ M 2 +me -s -t =-{ Pf -p

1
) =-(Pv:-PJ = M 2-2Ey{:E 2-p2ms 11

2
) , 

TaK 'ITO 2 2 . . 
s -u =·M 1-M:i+ 2M 1Ev-2Ev{E 2-p 2ms11J. 

nu¢<flepeHitUallbHble C9'l91l.Hll IIaU5onee YA051lO IIpGllCTar'.ITb B BUlle fh/ dt 1 a llPY-

rue BGIIU'lUIIbl - arid COS lie 1 r'a/ d COS II ll U r'a/ dE 2 Bblpa3UTb 'lepe3 da/ dt , 

C IIOMOliibiO liK05UaHOB npeo5pa30!lall.HSI UMGGM 

du 

d cos lie 

du 

· d Cos II 
2 

U 

=I 

=I 

a 
411rEvPe 

. 2 2 2 2 
Ee{2M

1
Ev+ M

1
-M 2 +me)-2me{Ev + M1 ) 

4Ml E" Pt 
. . 2 . . ll 2 2 

2{ Ev+ M 1) M 2 - Ell{ 2M 
1 

Ev+ .M ( M.
2
- ml) 

' du· 2 M du --= 1-
d.E 2 d t 

§ 10, Ce'l:enusr npoiteccos 

A. Ce-qes:ue npoitecca vI'+ ·o .. p + :1'-

du 
dt 

I~ 
dt 

(8,1.tl) 

(9.1,9) 

(10.1.9) 

~ax sunno ua npo!leAennoro paltee aaanH3a, a.P.PeKTBBHOe.B3aHMOAeAcT!lne nnsr Bblnu-· 

cannoa Bblme peaKlluu MOJKHO npenCTaBUTb B BI!Ae· 

H =·.ll!. <pi:F ·Y + L ·Fnvu·l'lqa+:AAFA y ·r.- ~:F q ··y In> 
,.;:2 IVa 2M • a,.. p a v mil p a s ). (1.1.10) 

xi<" I ya( 1+:-y
6
}1 v > 

rne 

" = l'p -•JtD =·3,7 1 A .A G[GV' G=·G V' 

a 5yKBaMU P D , · p P , PI'. U P V 0503Ha'l:UM 4-nMny~Cbl COOTBeTCTBYIOliiUX 'l:aCTUit, 

C IIOMOliibiO ( 1) H9TPYllHO IIOIIY"lUTb BblpaJKeHUe llllll llU<fJ¢epellllU811bHOro Ce"leHUll B na5o

paTopaoA CUCTeMe 

du G2 2 Cos
2 4---- = -- Ev ____ ..!:.._ __ _ 

do 2,.2 · . •a 
[ l+ .1fu. sia 2L], 

M 2 

2 2 2 11 
IIF I+__!L(2I:F +I'F I tg 2 -+"2F 2 )+ 

lV 4M2 lV 2V' 2 . 2V 

2 2 2 II q 2 ll II 
. + .\ AF A {1 + 2 tg - + -- tg _ ) + 

2 4M2 2 
(2.1.10) 
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' J 

+ol { :F +:I'.F \ . .\A.FA { 2 ~ - ~ ) tg 
2 ..J!...:.f. 

lV _llv' M . 2M 2 2 

2 2 2 
·+:( m.,.b:F ) _-_q_tg _II_ - ~ ( m b :F )( .\ :F ) tg

2 
_!_I 

.- P .411 2 2 M - I' P A A 2 

Ecnn ssecTii ll.BB8pnaHTIIbiG nepeMell.Hble . s ,n u , rne V. s - nonnall 

sneprnll cncTeMbl, a 
s- u =· 2:Ev( M -:E 2+:p 2cos 112 ) ., 

MOJKIIO npUBGCTB (2) X BBllY 

du· = 
. d q 2 

Gll 

3211 Ell 
v 

G (q2) +fG (q2)(s-u)+:G (s-u >i, 
0 1 . ll 

rne B npene5peJKell.Hn sxnanoM USA1UBPOBaHHOro ncesnocxansrpa 

B 

ll . 2 ll . ll . ' ' ll: ll: ll ~ . . 
G =·q ( 4.F AA-4.F ) +.q {.F + ...e.,. .FliV+ -- .Fl ·F.y+ 

0 A lV . lV M· II v-. 

2 2 2 2 
+:A· .F ) - q8 ~v 

A A 4M2 

G =4 q2 (:F + L .F ) .\A'FA 
1 l.VMliV 

ll ll 2 2 
G =cF +:.\ :FA+ q 

2 lV A 

2 2 

~ 
.4 11 2 

+ 
B. Ce"lell.He peaxnnn vI'+ p + u +:1' 

3aMGTUM1 "'TO MaTpB"lBbb9 sneMeiiTbl o5paTBbiX peaxn~A 

o .+:vi' ... p +-1' 

(3,1.10) 

(4.1.10) 

(5.1.10) 
p +:1' .. n +:vi' 

OllUHaKOBbl B cuny spMUTOBOCTB TOKOB, ITpu nepeXOll9 K paCCMOTpell.HIO peaxnuu (12,1,2) 

Heo5XOllRMO aaMeHBTb .<vi'IJaljL_>. na -<I'+IJaliil' > , 3.TB.TOXH paBHbl BBBllY 

CPT-H!lBapBaHTHOCTU. Enu~cT!leHHbiM OTIIH"!UeM B sblpaJKenuu ttnll sepoS!THOCTU peaxnnu 

+ 
V +:p + D + I' no cpasnell.HIO.C peaxllHeA. vl'+:n .. p +'I' 

-~ 
na 4-uMUyllbca PD. na -pP , a Pp na -P8 . , "'TO IIpllBOllUT lt aaMene 

-{·s- u).: 

CnenosaTellbHO, ce"ienue peaxnnn ;:; · +P .. n +'I'+ 
2 . • " 

~ = G [ G - G ( ·s - u ) + G ( s ,.- u 
d 2 32 11 Ell . 0 1 . 

2 
q v 
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paBHO 

) 2] 

l!BIISl9TCll 3aMe-

(s-u) na 

(6.1.10) 



Gi ( q 2) C TOMR.lKO 'ITO· a paaee JlJlSI peaxnRR v +:n 
. I' -+ p +.,..- , COOTBOTCTBOHHO 

5 (2) MOHSieTCSI saax y cnaraeMoro, nponopnnonan&aoro 
..\A FA ( F. I v +·I' F 2V) • 

C, 3¢¢eKT HHJlYUHpOBaHHoro llCOBJlOCK8JlSIPa 

B (4) npeae6peraeTCSI BKJlaJlOM HHJlYilHpOBBRHOro UCOBJlOCKangpa, fionaoe Bb!palKOHIIO 

JlHSI JlH#epennnallb!loro ce'leansr (2) (a na6opaTopaoll cncTeMe) coJ:teplKHT (b :F ) 2n nii
P 

Tep¢epeannoaabli! 'lnen b FP FA • 

.llaaa&te ns o6nacTn M:ro-saxaaTa (eM. noJ:tpo6aee nemn11 Banamoaa n Ro6oaa) npn

BOJlSIT K OllOIIli:O KOHCTBHTbl HHJlYIIHpOBaRROrO ITCOBJlOC:Kangpa C 6on&mol! OWH6Koll, 110 ORR 

CKOpee lie UpOTHBOpe'laT ITOHIDCOHOrH'IeCKOil OIIeRKe, OCHOBaHHol! !Ia COOTHOWeHHH f-T. 

MolKHo npeJlnonolKHT&, 'ITO ¢QpM-¢axTop Fp YJlOBneTBOpSieT JlHCUepCHOHHOMY COOT-
aomelinro 

F ( q2) 
p 

A +-1- J 
q2+:m; "(Bm")2 

du-
2 

Im .F ( -u·2 ) 

q 2+. u2-i; 

2 g 
A= 0,13M G A:...__:__ruw. 

"2 

.llncnepCROHHble COOTHOWOHHSI JlHH Jlpyrnx ¢opM-¢aKTOpOB HMeiDT BliJl 

2 2 
FIV( q ) = G v+ .....!._ f du-

2 
Irn F

1
v(-ul 

q 2 + u-2- if 

F ( q 2) = 
2V 

F ( q2) 
A 

" 2 ·(2m 11 ) 

J du-
2 

Im F2J-u~) 
c:m )2 q2+:u2-i f• 

" 
" 

q2 du 2 Im FA(-ul 
G A + J 

" < l!m"l 2 u2( q2+:u2"-i<,) 

TeopeTH'Iecxaa oneaxa no COOTROWe!lnro r-T {npene6pelKeHUe HIITerpanoM 

J:IPHBOJlHT x nsaecTnoMy s!la'leanro 

GP=+7GA 

(saax onpeJlenSieTCSI no paCCMOTpennro BKHBJla N N npoMelKyTo'IHoro COCTOSIHHR)~ 

(7.1.10) 

(8.1.10) 

(9.1.10) 

(10.1.10) 

B (7)) 

{ 11.1.10) 

1441 
fiMary'IH Bh!'IHCHHH BKJla)l HHJlYilHpOBaHHOrO UCOBJlOCKI\JlSipa B Ce'leRHe peBK!lHil 

(11.1.2) a ( 12.1.2). llpn b = 10 u 

21 2 -2 
Fp =·:lh=-:tv=:i'~ =·( 1+ 1,25 q I M ) 

uP- 0,17 
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•38 
10 2 

CM 
(12.1.10) 

JlHSI .E,= M 

JlHSI E 11':<< M 

) . ' 
llpn :E, .. M axnan nceBJlOCKangpa MaKCaManen. 011 npeae6pelKHMO_ Man 

a TaKlKe __ B aca~nToTa'lecttoll o6nacTa ·E,>> M. 

Bena'IHRa ce'leHRSI yaenn'lnaaeTCSI no'ITH HB nopHnOK, ecnn 
yaena'IHTb G • BTpoe- ~. 

- p -

JlO 
GP =25. G A , TaK xax anTep¢epemuiSI nceBJlOCKangpa c attcaanoM Mana. Eonee npa-. 

ann&llb!M 6blno 6bl npencTaBnTb FP B. anJle , 

F .. ( 1+ ~I m
2 

p . ' - 11 

/45/ 
'ITO yMeHbmaeT BKHaJl UCOBJlOCKangpa 

·I 
) . 

D. Hectton&KO saMe'li:umll o ce'leRHllX 

1, fipa ¢nKCHpOB8HHOM 3Ra'IOHIIH q 
2 aenn'IHHbl G a (6) ¢attcnpoaaabl, llpn ,. ' . 

E,~ 
rnaaaaSI saancaMOCTb oT snepran coAeplKHTCSI B cnaraeMOM, nponopnnonan&IIOM 

( s- u )
2 /s- u,. E

11
/ , llos'l'OMY 

uo.(v)'=g-
00

{-;;) 

npn E, ..... 

n npn cnpaae)lnaaocTn (12) 

u .. 7 • to-39 c,} .. 
2. Ecna npene6pe'lb axnalioM nnTep¢ape~nB nceBAOCttangpa c attcaanoM, TO Bblpa"" 

lKORHO JlHSI do- (vu) 

do 
+ 

du(vp 

do 

)laeTCSI cyMMOil llOJlOlKHTOHblibiX BKJlaAOB 0T p83nH'IllblX ¢opM-Ijl8KT0pOB ( CMo-
(2) ). Tor-

)la OK83blB80TCSI cnpaBO)lHHBblM aepaBeliCTBO 

du-(vn) 
---+ 

do 

du-( ;;p- ) G2 
2 Ccs

2
0 /2 

_.;..._;·..!.-:... > -- :E 
do - 2n Q. v -[ 1 2 Ev • 2 0 ] a + --Sill -. 

M · 2 ' (13.1.10) 

II 1
2 q2 ,. 12 20 2 2)1 

X .F + -- ( 2 :F +:JL_ .F 'tg- +:,. _F • 
IV 4M2 .IV 2V 2 2V 

· -C y'I:OTOM CBT BblpalKeane cnpaaa MOlKeT 6b!Tb Bbi'IHCne!lo npn naaeCTRbiX snexTpo

Marnn'l'JibiX ¢QpM-¢axTopax nyxnoaoa. 

fipoaepKa Bb!ITOHHORHSI STOrO nepaBOHCTB8 npR 6on&mHX 
q2 _npeACT8BJlSI9T HRTepeC, 

0TMeTHM, 'ITO HMO RHO B9KTOplibi9- ljlopM:_IjlaKTOpbl H B OC009RHOCTH 
; 

eyro Jlonro BKHBAa a ce'leane. 
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HepasencTBo (IS) .Ana HOJIHbiX ce'Iellllll npoiteccos noasonaeT yKB.aaTb miJKIIIIll npe-.- . ~-----

Aen O:lKHA49MbiX Cny'Iaes, He ·aaBHCSIIIlHli OT HeonpeAeneHHOCTej\ CBSI34HHbiX C OTCyTCTBHeM 

CBeAellllll o5 axcaani.noM u ncesaocxanspnoM ljlopM-IjlaxTopax. 

· 3. B npelie5peJKenuu Maccoll nen.Z.ona: 

~) B nanpasne!lllu snepeA npu npouanoin.ublx sneprusx neltTpRHo 

. • -- •I ll . ~-
do( v),. do ( v) ~(21T ) [I G vi + I G A I ] d q 2 ; 

(14.1.10) 

5) B npeAene M4Hb1X sneprull Ev .. 0 

.. 4 -~.,.. 0 • B HR:lKallmeM nopga:s:e no E v 
0 M4ltCHM4nbHOe 3Ha'Ielllle qll pasnoe 

. •I 2 
d o ( v ) "' do-( v-·) = ( 21T ) [ I G vI ( 1 + cos 0 ) + 

2 2 +:1 GAl (3-cosO )],d(cosO )Ev• 

(15.1.10) 

4~ Ha cpasnenua (3) 11 (6) BHtUi:o, 'ITo onpeAeneHRe paalioCTH do(v) -do(v) 
' 2 noaso-
mreT npS!Mo onpeAeliii:Tb FA ( q ) 

run E v , :s:or'Aa 
BMecTe co ana:s:oM, ecnu y'IeCTb CBT. C pocToM snep-

. \ 

do-( v·) .. do-(';; ) ; 

c HOAOOH~ll :alralllla OYAeT Tpe50BaTb BCe 5oni.meJt TO'IlrOCTU. PaC'IeTb1 HMary'IH, nu· II HRra, 

raTTo u" Kaou55o fiOK83b1BaiOT, 'ITO npu snepr!lll :E.,- 1 ran 

do·( v_),.l/3 do( v) 

E. ITponeccb1 o5paaosa!llla nHolros 

.B llpOB9A9HlrbiX It lr4CTOSIIIl9MY BpeMe!lll RCCJieAOBAHHSIX C HeJ!TpH!rO BbiCOKUX SHepruJt 

BbiSIBBnacb ana'IHTeni.naa, poni. T.n. "1reynpyrux'1 nponeccos, xorAa B :s:oJre'IHOM COCTORHBB 

_HaXOASlTCSI Tpu·.'IaCTHilbi. ITpUMepaMR T8KRX pea:s:nBJt SIBHSIIOTCH 

+ "t + p .. p +-IT-.;. f 
(16.1,10) 

+ -
(17.1.10) 1-'f + D .. D +IT + f 

-
Vf .+ D .. p +:IT0 +f . (18.1.10) 

· /46/ /47 I "" /48/ 3Ta npoiteccM o5cy:li(AaJIH Benn n BepMan , Hryen Ban Xbey , .noM5el1 u .nenne-/49/ \ 
PH , HO 5ea ll0Ap05Hb1X p&C'ISTOB. 

qHCHO ljlopM-IjlUTOpOB B TOKe 8llpOHOB B03p8CT4ST AO 6 AHH 

8 C4MH.RHBapttaHTHbie ljlyH:S:IlHB 38BHCHT OT ABYX KHHSM8TH'IeCKHX 

TyAbi o5~>t'IHMx 5unapaMx peamull Me:li(Ay anponaMu. 

J V R AO 8-t!nH J"-
a a 

nepeMeHHbiX :s:ax aMnna-
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/ 

J1BTepecHb1MH SIB:UIIOTCSI B30TOIIR'I9CXRS COOTHOIIl9RHSI MH peu:Iiall (16) ;_ (lS). qT05bi 

nony'IRTb ax, y'ITeM, 'ITO TOll: J a "npeo5paayeTCH KB.:s: llaosexTop. BseAll mnyp.Ii:ou 

sr (I= 1) 0 HSTpYAHO y5eABTbCS, 'ITO MO>KHO HOCTpOHTb AB4 H938BHCHMbiX M8TpH'IHb1X 

sneMeHTa 

M =A iS N (-;x;) N 
I I [ I I (19.1.10) 

H 

M 2=- A 2 SI; I NN (20.1.10) 

TorAa / 

Mu: Mn=·( A 2- A,) : (AI+·\) : .j2 A I' MIS 

OTXYA4 · AJISI BepOHTHOCTell Olt83b1B4eTCH CnpaseanttBbiM HepaseHCTBO 

RIS + RU > RIT ' 

KOTOpoe JlOJI:lKHO BbifionHHTI.CSI JlHSI BCeX saeprnll H nepeJlSB89MbiX HMHynbCOB. Ta:s: :s:a:s: J 
. .. . a 

npeo5paayeTCS! K4lt II30Be:S:TOp0 8MHJIHTYJlbi peam11A (16)- (18) IIM910T H30CTpyx-rypy, ana'-

norH'IB:YIO CTPYKType 4MHHH'eyJl IIROH-ayKnOHHOrO pacceruiHH. 
\ 

B np.oiteccax po>Kaeausr nuoaon 50ni.mYJ? ponb urpaeT o5paaosaHHe nuoa-uyxnoHlrblx 

(a Apyrux) peaoaaacon. Beci.Ma HHTepecaoll llenbiO s:s:cnepiiMeaTani.aoro ·Kay'IeHHa npoll.':_C

cos' (16)- (18) HBnsreTCSr pacnpOCTpaHeHHe sxcnepaMeHTOB XoljlmTaATepa aa 8:S:CIIanbHb19 ,, 

_ljlopM-Ijla:s:Topb1 uao5ap. 

+ -PaccMOTpeaue npoiteccon c o5paaosaalleM 1/2 a 1/2 uao5ap nposoaaTcsr nnonae 
\ 

aaanorH'Iao Teopllll peaKHRA (11.1.2)- (15.1.2). 
\ 

· .nnsr npo11ecca /50,51/ 

v + N .. 1:!. +p. (21.1.10)' " 
npoaoni.HOCTb HeliTpHHO npHBOAHT X sljlljle:S:TIIBHOMY M8TpH'IlrOMY sneMeH'ey BRAS 

rae Hsljlljl =_·Jaja ' 

ia=i' 'Ya( l+:y5) "• 

.Qng fiOCTpOeHHsr o5mero BHAII Ja Y'ITSM, 'ITO /l (3/2+) OIIHCb1B4STCll 'IeTb!pbMSI CnHHOP'

HhlMII sentt'IRHaMH l:!.a (a=1, •• ,,·4) , yaonneTsopmomwMH B ljlopMaJIHaMe PapllTb1-IIIBHRrepa 

YCHOBII.HM 

.yal:!.a=O, 

rae k - 4 -KMnyni.c 1:!. • 

ITpeacTasus Ja B Bllae 1 =·J v+:J A 
, a a a 

k 1:!. =0 a a (22.1.10) 

, Hony'IHM_ 
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/ 

H 

v . ·-1 

Ja at._p(k >.1 a 1 8ap+·q{JI 
. ·1 .. -

(i 82 'Ya :'"iila I ua.\ q .\ + 

•1 . . 
· + a 4I. qaJ.,' 1 .N~p) 

·1 

J~ ;. t. p(k ) I b1 8afJ + qfJI 
·1 

(ib2 ·ya+:b
3
I (p+:k)a+ 

+b4 I"
1
qaiN(p), 

(23,1.10) 

(24.1.10) 

3AeCb I =-M +:M* , M u ld*- Maccbr · ayxnoaa n peaoaaaca, a 'lepea q o6oana'leHa 

paanocTb 4-nMnyiihcoa ayxnoaa ( p) u peaoaanca 

q=p -k • '' 

llosmneune '6onee Bhlcoxnx, 'leMa cny'lae peaxnni! (11.1.2) - (15,1,2)
1

_cTenene_ll qa 

B BbipaiiceHHHX AliSI TOKOB __ BApOHOB _l2,3}_'ll ·(24), CBSI3BHH~ CO Cnl!HOM pe30HBliCB
1 
II~uBO:. 

AUT,. npu OAHHaKOBb!X npeAITOliO}I{elli{SOt ·O 3aSH~HMOcTll ljlopM-cpaKTOpOB OT q!l · 
1 

,X 6onee' _ 

peaxoA aasncnMOCTH ceq~au~ peax~nli _( 21 ) OT. sileprnu, BexTopllble ljlopM-cjlaXTopbl 'a . 
' ' f . • • ' ·4:' • ~-

CBSI3B!Ibl (:BT c ¢opM-IjlaxTopa1.!n .snex'l'popo*Aennst peaouauca, Hosag nuljlopMannH npn XOIII!• 

.'l9C'l'B9HHOM HCCneAOBBllllll KBK paa H CBSI3BHB C ..!IKCHBnhllb!Mll _ lj!OpM-cpaXTOpaMI( b
1

-

flpu ol5'beAlllleHHn uao6ap B. OAHH CBBPXMynhTHnneT c ayxn:oaa~ ( B paMXax 'SU(6);... 

) . . . . /52/ CHMMeTpHH· H ee Coo6meanll: OKB3b!BB9TCll B03MO}I{Hb!M AOB9CTH paCCMOTpeHUe AO 'lliCen · 

,.rlposepxa STIIX 3BKliiO'l9HHll B 6YAYII!IIJI: 'sxcnepHMell'l'aX C neli:TpHHO lla BOAOpOAe npel(CTaBn:a-

eT -3liB'lHT,enhllbli! HH'l'epec. , . 'I'\ 

§ 11.-He HBAO liB Y*e D3M9HHTb Teopuro? 

MO}I{HO AOnyCTHTb 1 'ITO TOK X 'l'OX CX9Ma cn:a6oro B3BHMOAeliCTBH51 SIBli51BTC51 "CTBTD,_ 

'l9CKIIM If npefreliOM Teopuu, B KO'l'Opolt KB}I{Abll! D3 TOKOB B3BHMOABli:CTByeT Apyr C ApyrOM 

nyTeM 06MeHa Tll~enoi! '11\CTHI{ei! B npOMB*YTO'lliOM COCTOHHHH, 

HMeroTcs ABe B03MO}I{HOCTD o6o6mDTb 'l9Tb!pex¢epl'duomioe B3BHMOAellcTsne, uanpn..: 

Mep, ( v , " ) ( n , p ) BBeAeHHeM · npoMelK}rTouoro 6oaoaa, Ecnu Taxoll 6oaoa /.1 -,. ' 

BBeCTD:MB}I{Ay TOKBMH ( Jl/.1 1 /.1) 11.( n 1 p} _B COOTBeTCTBHD C:AHBI'pBMMOll (puc; .l{), 

TO TaKaS 'IBCTH!la 0Ka3b!BB9TC51: 

1) 3Bp51}1{eHHOll, 'ITO COOTBBTCTByeT 3BpSI}I{9HHOCTll cna6LxX TOKOBi 

) \ . 
2 B9KTOpHoi!, 'ITO npHBOAHT B npeAene X V-A B3BHMOAeliCTBH10, flpu STOM W ·-

q q . 2 
nponar~Topy COOTB9TCTBY9T MliO}I{HTen:b (8/.IV '+..:rJ;iY)x_ (ld w + q 2 ~i£) 

1 
ll9ITTOHBOll 

sepnmae - i gyp Cl+··y5 ). aexTopnoMy Torx: c 6apnoaaMU(aApouaMU) -·ig.J_- , a llenToHBo-
My nponararopy - o6N'lllbli! MHOlKHTen~o (ip +:m )" 1 , . P 
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~ vtv 

p 

P B C, .a.~ 

/53/ W -M930HBX Il03BOli519T liS TOlibKO paCCMBTpH-Hcnonh3oBanne npeAcTaaneHHn o 

BBTb TeppHIO cnaOblX B3BHMOZ(eliCTBHll BllOIII!e BHanOrB'lliO ApyrHM TeOpHDM ITOliD C B3BHMo-. -. _.-' 

ASiiCTBHeM'IOXBBCKOrO BHilB
1 

HO D 3BMBliHTb aaKliiO'leHBe OOhl'lHOll TeopHH (CM, HU}I{e) 0 

6earpaliH'lliOM B03paCTBliHH C pOCTOM SlleprnB Ce'leli,BSI, aanpnMep, paccenlllln snexTpoaos 

IIBilTOllaMB liB Bb!BOA 0 CTpeMliBHBH Ce'leHHll npH Ev ... K IlOCTODHHOMY 3HB'l9HHIO 

u{ve+,e .. >;,+e) .. ConstC:Ev ... oo), 

Teopas coxpauseT 

MllpyeMoll, 

CBOiiCTBO IIOKanbHOCTll n:ellTOHHorO TOKB1 HO OCTBBTC~ aenepeHOp-' 

Mo)KHO npeAC:TaBuTb u Apyroll cnoco6 BBeAeans npoMe*YTO'IHoro 6oaoaa aeexon~oxo 

liBOObl'lliOrO BHAB ""; o6nBABIOII!9rO fsapHOllllb!M ll nenTOllllbiM 'IHCIIOM, .l{ng s..:oro He06XoAH

MO paCCMaTpliBBTb
1 

ilanpnMep1 _ ( VjL ,- /.1 ) ( n 1 p) B38HMOAellcTBHe XBK "CTBTH'l9CKHII" 

npeAeii B3BHMOAeltcTBHS:I TOKB (v,n) C TOXOM (p, Jl ) 1 XO'l'Opble OOM9liHBBIDTCS:I Tnll<:elib!M 

-- (aellTpan~oab!M) 6aponenToHOM B (a TepMHHonornu n,E.Oxyag). ltnst onncaHBn itponecca 

Jl ... e ·pacnaAa (n Apyrnx nenTOHHb!X nponeccos) aeo6xoAnMo asecTH Apyroi! 6oaoa -
. / . 

6ea 6apnoaaoro 'lncna, no c nenTOJIHb!M 'lHCliOM, Teopus:1 c y'laCTHeM DOA06HbiX B Me-
. - . - /54/ ·- /55/ 
aonos paccMaTpnaanacb c 1936 roAa (Beun9nh 1 3elibllOBB'l _ ,,KnnomnTa, Taanxasa,_ 

BaTaaa6e1561 0 1511 ) · -' • KYHb • 

B M930Hbl OKB3b!BBIOTCS: . 

1) CKBli5!pllbiMU
1 

'ITO DpH KOH9'lHOi! MBCCe MB30HB npHBOAHT K nepeaopMHPY!lMbiM 

TeopnnM; 

2) _HellTpalibllbiMH H 3Bps:1}1{9HHb!MH, 
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Banny neo6xonnMocTn BBO.tlHTb necKOJibKo Tnnoa Meaonoa Teopnn c B -MeaonoM OKa-· 

ah!aaeTi:::n 'neaKonoM~ol! ... Heo6xonnMoCTb aaeneHHn neli:Tp&JlbHhiX B -Meaonoa npnBO.tlHT K 

nosmneHHIO B TeOpHH Hel!Tp&JlbHhiX TOKOB, BKna.[l KOTOphiX (npH HCnOJib30B8HHH COOTHOIDeHHl! 

4>npna) HC'le3aeT nUmb B CTSTH'leCKOM npHOnH)KOHHH, 3TO OOCTORTOJibCTBO C03.[180T HOKOTOphle 
\ + ? . 

TpynnocTn c aanpeToM Taxux pacnanoa K&K K -+ 17+ e- e+ •. OTCyTCTBHe no cnx nap 

nannhlx o nponeccax paccennnn nel!Tpnno na neli:Tponax n anTnael!Tpnno na npOTonax ocTaa

nneT B03MO)KHQCTb .tlnR T8KBX Hel!TpaJibHbiX TOKOB, B -Me30!lhl . He DpHBO.tlSIT, KaK BeTpy.tlHO 

BH.[leTb, K nponeccy pacceSIBHR Heli:TpHBO DpOTOH&MH, OTCYTCTBHe KOTOporo nO.[lTBep)K.[laeTCR 

3KCnepHMeHT8JlbHb!MH .tlSHHb!MH, 

B Teopnn c B -MeaonaMn BeKTopnhll!: ToK coxpansreTcsi npn6nn)Kenno .nnmb npu Ma

nhiX 3Ha'lennnx nepenaaaeMh!X HMIIyJibcoa. Cna6oe aaanMonellcTane nepecTaeT Ob!Tb noxanb

Hh!M no neiiTOHHOMy. TOKy, 

CymecTaoaaBae 6aponenTonoa non)Kuo npuaecTn K noRBneHHIO yaxnx peaonancoa a 

peaxnnsrx anna (11.1\2) - (12.1.2), a T&K)Ke npn ynpyroM pacceRSIBa aneKTponoa npoTo

HaMa. axcnepllMeHThl ne YK83b!B810T na cymeCTBOBaHHe T&KHX peaonancoa B pacceRSIBa 

aneKTponoa. XoTn acsr cxeMa c 6aponen1-onaMn ne Bhl3hiaaeT oco6blx CHMnaTall, npRMb!M 

axcnepaMeHTOM c anexTponaMn ace ·)Ka o'leHb Tpynno ncKniO'lHTb cymecTBoaaHHe peaonan-

ca c mnpnnol1 B .llOnH sa. 

I 

C ToqxJI apeHHn ceronnsrmnero ann nan6onee nenecoo6paano paccMaTpnaaTb cxeMy c 

B -.Mea'onaMH xax MO.tleJib, KOTopan noxaai>IBaeT, Kax Mornn Obi DhiTb H3Menenbl npeacxaaa

nnn COBpeMeHHOl! Teopnn Cn&Ob!X B38HMO.tlefiCTBKfi, 

BBH.tly OTCYTCTBIIR pacna.[la K-Meaona 

K_:. W + y 

y)Ke npn BBe.lleHHH BeKTopnoro Meaona era Macca .llOn)KHa Dh!Tb 6onLme 500 Maa. 

3KcnepHMeHT8JlbHO H3y'leHHblli: BH.[l 
{3 -cneKTpa ODhi'lBoro 6eTa-pacnana Tpe6yeT, 

'lTODbl Macca cxannpnoro 6aponenTona npeah!mana 2300 m • . . 
faccMoTpHM 6onee no.llpo6no, xaxne H3Menennsr BHOCHTCR a TeopniO npn nepexone 

K BeKTOpHblM W -Me30H8M, 

.Qnsr OD'hncnennn 6eTa-pacna.lla, MIO-aaxaaTa, 6eTa-pacnana A rnnepona n 11-+ e 

pacnana neo6xonnMo nocTynnpoBaTb cymeCTBOBaHHe aaanMo.lleficTanl! 

(a) n -+ p + ·w C KOHCTaHTOfi B38HMO.tlefiCTBHH ' gl 
(6) A .. p + W - C KOHCTSHTOl! B38HMO.tlel!CTBHH g 2 

(a) w - ... e -+:V e C KOHCT8.HTOl! B38HMO.[lefiCTBHS! ga 
(r) w - -+ 11-+ "11 C KOHCT8HTOfi B38HMO.[lel!CTBI!H g 4 • 
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MaTpH'lHble sneMeHThl nponeccoB 

n .. p + e -+ ii • (1.1.11) M .... g1ga 

11 + p -+ n +:vJl {2.1.11) M2 .. gtg4 

(3.1.11 • M a .. &a g 4 + + -
Jl .. e +:v + " • Jl 

A .. p +·e-+ u._ (4.1.11) M4 .. g2g.a • 

napBb!O TpH M8TpH'lllbiX sneMeHTa DO'lTK paBHhl. CnenoaaTem.no, 

&, ga .. gtg4• gag4 gl• ga=s g,=· g • (5.1.11) 

Ha-aa aaMe.llnennocTK pacnana CTp&Hl!biX 'l&CTBn 

g2 .. 1/3g. (6.1.11) 

MaTpH'IHbiM aneMeHTAM npozteCCOB (1)- ( 4) COOTBeTCTByeT nnarpaMMA (pnc, ,(l). 

B COOTBOTCTBHK c . paaee npaaeneaHh!Mll npaannaMn 

M = 
.g2 - - . . 

---uP y ( 1+ &')'1+ .•• , ) uDUfY ( 1+ y5 ) u • · 
M ~+ q 2 a a " 

T111t xax . TeopHSl c aexTopBbiM MeaonoM npn syneaoM nepenaaaeMoM RMUYnLCe nape-

XO.[lllT B OObl'lHy'IO 'lOTblpeXIj>epMIIOHHy'IO TeOpHIO , TO 

G g 2 1 10"5 

'1/2 = ~ = '1/2 M! • (7.1.11) 

OcTaaoaaMCH necKoJ!bxo na aTOM coOTnomeaan. npa)K.[le aeero BR.tlHO, 'ITO, ecnn 

yaaaepcanLHan Teopan 4>epMn HBnsreTCR cTaTH'leCKHM npenenoM TeopHn c npoMe~TO'lllbiMH 

poaonaMn, xoncTanTa cna6oro aaanMo.llellcTBHH G non)KHa DbiTb nono)KHTenLnoA S~tcne

pnMenTaJibnaH npoaepKa sTore yTaep)K.[lelllln, aanpnuep, no anaKy aMnnnTynbl, napymaJOmel! 

'leTnocTb a nponeccax 
n + p -+ n +·p 

17-+·p .. rf'+ n, 

'lpe3abi'lali:no aa)KHa, OTpnnaTeribRblll 3HaK G 'aaKpbiB&eT' n106yiO cxeMy c npoMe~-

TO'lHhiMH 6oaonaMn. OcymecTanennh!e nenaano s~tcnepnMeHTbl no onpeneneHHIO BKnana H.tlep-
/58/ . 

Hhlx cnn, ne coxpanHIOmnx 'leTBOCTb , caaneTeJibcTayiOT a noJibay nono)KHTeJibHOCTH G_, 

ecnu TOnLKo H.tlepnaH cj>nanKa ne npnroToanna naM 3/leCb 'c10pnpna' (eM. miKriniO H·.c.llla-

nnpo), 

H.E.3en&llOBH'l yKaaan na 

C SlleKTpO.llHHSMHKOll, nonO)KHB 

HBTepecnyJO B03MO)KHOCTb 'llOBeCTH 
2 2 

g paanol! e • 1/137. O!lnaKo 
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110 cnx nop ne HeRo, 
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_HMeiOTCSI. IIII opH3H'IeCKHe OCHOBaHHSI OlKH.!laTb,. AUSI 'laCTHI(hl C HOIIycna5hiM H sneKTpOMar~HT-

, . • " • • • '\'I H~M B3aHMonelic:raueM MaCchi noxoSI, npeahlwaromea Macey nox.oSI 6apn:oaoa. XOTSI 3araJIKa 

Ma~Chl M10-M~30HOB AO CHX HOp li<A,eT CBoero pa3peweHHSI, ycnex MaCCOBhiX opOpM;yn, B YHH

Tapao~ -CHMMeTpnu cxopee roaopHT ·. 3a To, 'ITO Mhl 'noHHMaeM' nponcxoll<.!ieuue Mace 'lac

Tan. TorAa HaAelKAOJl CTOpO!IliHKOB TlllKenh!x 6030!IOB SIBUSieTCSI IIQDepeJIOpMnpyeMOCTb Teo

pHH aneKTpOMarJIHT!IbiX B3aHMOAellCTBHll AUll BeKTOPHLIX '18CTHit, 

BeporiuocTn nenTOHHbiX pacnaAoa sexTopHhiX Me3ouoa paaw Apyr APyry a cuny 

p. .. e yuuaepcan&JIOCTH, npH'IeM 

w (W .. ,. +;·'>=·w(w -+e+v ).= g 2Mw/6y2fT p. . e (8.1.11) 

n: npn: g= VSOOO 

r( W ) < 10-17 
cex. 

PacCMOTpHM Tenep&, xax H3Me!ISIIOTCSI opopM;ynhl Allll MaTpH'I!IhiX aneMe!ITOB, Jlng 

M1,2,4· HMeeM 

'. --...... 

2 •I 
M .. _g_ ],.(8 +q a /Mw2 )y (l+y)( l+q 2/M:,>, M 2 ,. p.v p. v - v 5 w 

rAe Jp. 3HaKOMOe HaM BhlpaJKeHHe, AUll TO!ta 6apHOHOB, 

Gv 
- T,. =·y,. ( g + g y ) +:i ( p + p ) ( f + f -y ) + i ( p - p \ ( h + h ·r ) 
V-2 r- , r- V A 5 1 21L V A 5 I 2'/L V 'A: 5 

OnpeAenHM.IIOBhl~ Tox 

Gy R =y (.g'+g'A·)' ).;'i(p +p2) (f'v+·f'A·)',)+i(pl-p2) (h'v·+h' )') , yZ IL. 1L V 5 1 1L "' IL A 5 

2 
TaK1 '1TO AJISI BCeX 3Ha'leanfi q 

M = ..5:_ R y (1 +·y ) 

(9.1.11) 

(10.1.11) 

·a y2 1L 1L _ 5 

.j 
2 2 

R.., =· JIL ( 8/LV + qiLq..,/Mw) (1+ q2/Mw) • 

Ecnn BOCUOn&aoBaTbCSI ypaBHe!IHeM JlHpaKa, TO HOBble .op~pM-opaKTOpb! OX83hiBaiOTCSI 

CBSI3aHHblMH CO .CT8pblMH COOTHOWeHHSIMH 

( , , f' , ) ( 2 2 " 1 
gv' g • v •f = gv'g , fv'f H 1+ q /M"\, A A A A w' .. 
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I ' · J L • 2 .~ •l 
hv=·hv+-['2( m1- m2) gv+ ( m21_ m!) ~v] ( M w+ q 2) 

(11.1.11) 

hi=·hA+Hm +mjg+(m
2
-m 2)f ](J,I

2
+q 2)"

1
, 

1 • · A 1 .2 · A W 

Hriepecao OTMeTHTb, 'ITO MaXCBMan&HOMY H3Meaean:ro noAaepraeTCll n:anynnpoaaa-: 

mhlll nceaAocxangp. 0Aaaxo H3Meaean:e 

2MN g A (12.1~11) 
!!. h' =·h'- -·h = 

A A 2 2 
,·· q + M w 

~ Mano no cpaaHeHHIO co 3Jia'leaneM, npeACKa3h!J3aeMhiM coOTHoweun:eM IT hrr= 
m2+. q2 

h1
A HC'Ia3SIOT npa:TH'IaCKH 0TMeTHM TaJtlKe, 'ITO AOitOUHHTen&Hble cnaraeMhle. B b' H 

• - . ' v 
AnSI 5eTa-pacnaAa uellTpoHa, xorAa pa3HOCTbiO Mace 6apnoH~B Mo~o npe~e6pe'lb. Cyme-

CTBeHHOe OTUH'IHe . · HOBbiX opOpM-opaKTOpO: g' V t g' A, _ f'v•. f~ A OT_. CTaphiX 

gV' gA,. fv' fA HMeeT MaCTO rrpH -q2=-Mw• Pa3UH'IHe _h~-hV HC'Ie~aeT•AUSI npc>.

neccoB (4) B npeAene TO'IHOll YHHTapHoll' CHMMaTpHB, JtOrAa pa3HOCTbiO MaCe 6apUOHOB B 

Ha'lan&HOM COCTOSIHHH m I ll ltOHe'IHOM m 
2 

M..Q,lKHO npeue5pe'lb, 

§ 12. Kax MOlKHO IthiT8TbCSI uaifTH 

Mbr BHAenn, 'ITO TeopnB c npoMeJKyTO'IHhiMH 

, HMnyn&CaX 38MeTHO OTHB'I8eTCSI OT TeOpHH 6e3 W 

I!pOMalKyTO'IHhle 5o3GHhl? 

6030H8MH npn HeMaHhiX nepeAaBaeMblX' 

-6030HOBo 

Ecnu aexTopuhle Me3oahl cymeCTBYIOT, OHH AOHlKHbl pOlKABTbCSI B xynOHOBCKOM . none 

SIAep a pe3yn&Tare nponeccoa, · KOTOphiM 
v~ . . . 

• (pac, E)1 

\----F 
w-

w+ 

1e/\ 

COOTBaTCTBYIOT. npBBeAeHHble HHlKe AHarpaMMbl 

Puc. E. 

'-J~v ) 

' 
'Wt' 

_f7"" 

l\ fze_' 
H3 KOTOphlx BTopag arpaeT 6onee aalKHyiO ponb, 
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Bnepnlde onellltll: neiiH'mJ[ CEI'IeBasr aToro nponecca Dl>liiH .lla.llld Troi!Te~topao- a P:biR.II.II;_ . 15816/ ' . ' . ' /59/ ' 
IThlM • HaKoonee nonaag Teopua paanuTa rene.11oM • 

Bennau nopora ·.Eo nponecc, a ocaoaaoM, Re~torepei!Tea -H ce'leoe panao 

7/2 u-=-·A (E.,- Eo) , 

r,qe E.,,- aaeprna HeATpoo, a A aaaaci!T OT Maccld 1.1 w • 3aa'!eaasr A 

TOp:biX BGIIH'!Rn M w UpllBe,qeald B TaOIIUite ( E v ll E 
0 

- B raa). 

lilt ' 2 rsa/cr 

_A_Jjo-40 CM2) 

0,9 

710 

1,~ 1,8 3,0 

117 8,4 0,34 

Ilpa E., » E 0 npo:necc Jtorepei!Tea a ce'!enue HMeeT 'BH.£1 

u z 2 a 2 G 

4"v' 2 I 213 fa
3 

fJ +: 61 fa 2 fJ + ... I , 
6 

(1.1.12) 

.llJisr aexo-

(2;1.12) 

r.cte a = 1/137, z - aapll.ll ll.llpa, • 2 ~13 l/8 
fJ ",. 2~ /RMw, .R • 1,2•10 - A CM - pa.11ayc ll.llpa •. 

. . -17 . Ta~t ltaJt oopaayromuAcsr W -D03oa aa apeMsr < 10 cex fiy.cteT npeTepneaan. 

nenToaaldiJ: pacna.ct, o IlOHBJieRau W MOJK.B:o cy,qun, 'no oopaaoBaBHro(,.-p+), (Ji e) ll:IIU 

( e + -e) nap, B03HIIxaromuxc B peayJlhTaTe ~aHMo.ctelicTBua Rei!Tpoo _ c Sl.liPaMu, 

Baa.cty Toro, 'ITo 
W J1 po~a!OwHJ!CR C HHM MIOOJI (p ) 

. l RMeroT aeooJlhmyro OTHo-. cnTeJlhayro anepraro, a. Mrooa 
ll 2 , B03BHJtaromaa npa paona.cte W , _ rnocuT no'!TH no-JlOBIII!y MBCC!d 

M w , aaeprasr ll 2 .liOl!)!Qfa fil>lT& aaMeTao fioJlhme aaeprun ll 
1 

• HanoM-

RHM, 'ITo a caey coxpaaeausr nenToooro 'IRena, xor.cta aa Slllpo llB.IIaroT_ Mro-aeliTpaao, p

1 
OTpHnaTeJlhRO aapiDKea, 

PaccMOTpeBK!dl!' BI>twe nponecc sransreTcsr, xoaeuo, ae e.!lllacTaeRHl>lM, r.cte B03MOJK.B:o 

ooaapyJKHTb Oopaa OBaRa a 'W- D030HOB, O.ctaaxo B nponeccax CHJibaoro B3BHMO.lleAcTaHsr 

Ha.cteJK.B:ol! H.llei!TaljlaxaiiBH DY.lleT MewaT& '«!m:aH'Iec~taa ljloa' '.!!pyrax nponeccoa, XOTopue 

npaao~ It o6paaoaBRaro nenTOHH:biX nap oe3 Y'IBCTHsr npoMeJKyTo'!aoro ooooaa. OTMeTIIM 

HHTepecayro B03MOJK.B:ocn. a:~onro.llan. -w +-Meaoa B ~ .llP~ecce ( BepawTeAa, Mapxoa, 
. IlH'I'IHOHH I 

'. 
P + p .. d + w+;-

(3.1.12) 
' <f>H3H'IeCJtHM ljlOROM' X B03MOJ!C.B:OMy Ilponeccy ODpaaoaaaasr C .nOMOWblO .1191\TpH.IIO ·w -oooo-; 

aa c nocneayrowaM -w .. ll +:v· -pacna.QoM sransreTCsr nponecc aenocpe,~~cTaeaaoro oopaaoaaosr ' . . ll 

+ ' 
ll - ll- -nap a xynoaoac~toM non:e Slllpa. Ta~toli npon:ecc MOJKJto OJK.B:.Qan. xa~t nposraneHHe 
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nponecca pacceaoa Mro-JteATpRHo 

,IIHTb CBSl3aHHhlli C HHM nepeXOA 

sa Mroonax. B xyn:onoacttoM none Slllpa MOJKOT 

" .. " + ll + ii • ll ll 

a O,llliH 11:3 3apWKeHITh!X nenTOHOB OI5MOHHBaeTCg ljlOTOHOM C ll,llpOM (CM, pac, )!(}, 

..J 
--J ?.---__ fL 

1\ le 
Puc. )!(, 

npoucxo-

Ilponecc , a ttOTopoM }' -KBBHT 38MGHSleTCR Ha aeJ!Tparu,gwJ! IlliOH1 HOB03MOJKeH BBHII.y 

OTCyTCTBliR HeJ!TpaiibHI>IX TOXOB, 

Ce'!enae nponecca 

"~t + z .. z + vll + p. + 

B.llanu OT nopora IIMeeT BHII. 

u = _§__ 
54"2 

z 
2 

a 2 G 2 :E q 0 fa 

r,11e ljlopM-IjlaKTOp Slll.pa 

q o~ v'2Q/ R 
u ~ 10-42 

' a 
2 

CM • 

·2 
F(q2) =( l+:q2/q~) 

R - pa11.ayc Slll.pa. Ilpa snepraa 

+ 
ll 

E q 
---=..!~. • 

m2 
ll 

E, 

(4.1.12) 

(5.1.12) 

2 ran Ha llll.pe CBHHila 

Hay'lenae nponecca {4) npeACTannsreT caMOCTOHTeni>nwli anTepec c TO'IKH apennsr 

OOHapyJKeHUSl Itponeccoa, OOSl3BHH!dX 'AnarOHBJibHOMy B3aliMOil.el!CTBHIO'' TOKOB (vp.-p.)('(t -p). 
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. ~h 
Kax 38MeTnn n.B~OXyRb, npu xonnqecTneuuoM nayqeHBH SToro npo~ecca 

~enec~oopaauo cpanunnaTL npo~ecc (4) c npo~eccoM 

+ vi'.+ z .. z + v e + e + I' 
(6,1,12) 

KOTOpb!li smnSieTCR BenocpeliCTBeB.BLIM cne,llCTBBeM CYW9CTBOB811HSI Dpo~ecca pacna,lla 

MIOOJia 1'- ... e-+ ve +vI' • 

B paMxax Tox x Tox Teopnn cnaooro B38HMO.llelicTnnn cnaoan nepruuna B npo~eccax 
(4)u (6) O.llHII H Ta ~e. B OTHOWeHHH CeqeHBli npo~eCCOB (4) H (6) oy,lleT CHnLJIO yMeKb

WeiiO nnnRHHe lleonpeaenenBocTn n cnexTpe BeliTpnno u ¢opu-¢axTope R.llpa, 

0TMeTHM TYT ~e, qTo O.llHHM na B03MO~b!X (llo oqeR& TPY.llHb!X) nyTeJI: ooJiapy~eHBn 
pacceSIJiun snL~IIeli:TpHIIo na snexTpouax c nyqxoM neliTpnuo OT ycxopnTenell: HBnneTCn 

o611apy~enue n uccneaonaHBe nponecca oopaaonaJiun e + e--nap B xynouoncxoM none 

SI.llpa, · HeliTpan&nble llBOHbl B npOMO~TOqHOM COCTOSIHBll OllSITb He liO.IX~ li8B8Tb BKnalla, . . . 

Kou.equo; caMo o6uapy~elriie aToro npo~ecca cnn&no aaTpyaueno Manoa liOnel! v e B neJI:

TpHBHbiX nyqxax oT ycxopnTenell:, cno~OCT&ro B.lleHTn¢nxa~un n, ue B nocneanroro oqepea&, 

ManocT&ro ceqeHBn npo~ecca • Ho u llpyrue o6cy~anruuecn no.llXO.llbl x oouapy~euuro 
v e -·e . paccerumg ue npn~aane~T x npoCTb!M sxcnepuMeBTaM, 

II , 3KCflEPHMEHT C HEfiTPHHO HA YCKOPHTEnsiX 

§ 1, TpyauocTn ,' noauuxaroruue npu nponelleunn a:eli:TpHBllb!X 
sxcnepnMal!TOB ua ycxopnTennx 

3xcnepaMenTan&noe nayqeHBe naanMoaellcTaun ueliTpHHo c aemecTBOM ue npocToe 

aeno,. flpu nnaunpoaauun ueliTpnnublx aKcnepnManTOB caMbie OliTBMHcTiqecxne oneHXu noTo

xoa uel!Tpnuo, . x_oTOpble Mornn obiT& nonyqenbl ua ycxopnTen!IX BpyxxaneJia n UEPHa, aana

nn O.llBH cnyqaJI: B38HMO.llaJI:CTBHSI ueliTplll!O C BerueCTBOM B ,llei!L Jia Olllry TOlll!Y JteTeXTo-
/60/ 

pa 

.Qng Taro, =oobi CTano B03MO~b!M npoaeaeHBe xonnqeCTaennoro uayqeHBg B3auMo

.lleilcTang 11el!Tpu11o, npeanonaraeMblli aeTaKTop liO.IX~eu coaep~T& X8K Mo~uo 6on&rue ne

ruecTBa, B To ~e BpaMSI 011 .Aon~eu ooecneqnT& xoporuee npOCTpaucTBelluoe paaperue1111e, 

HMQTb nopSI.AKa 1 MKCaK BpaMSI qyBCTBBTenLBOCTH, =oobl YMOIILWBTb ¢on OT KQCMKqaCKBX 

nyqeli1 n, uaxo11en, Ob!Tb ynpannSieMb!M OT c~nuTnnnm:tnouHblx cqGTqHXon, KOTOpble o6ecne

qaT Dp9.llB8pHT9nLHb!Jl: OToop COOb!THli, 3THM TpeoOB8liHSIM noniiOCTbiO yi!OB.IXeTBOpmiJI HCxpo

Bble K8M9pbl, KOTOpb!e K TOMy BpeMeHH TOnLKO Haqnuanu UCIIonb30B8Tb B ¢B3Hqecxux SXCne-. . ' . 
pBMel!TaX, flpu .llOCTaToquo OonbWOM qucne BCKpOBb!X DpoMe~XOB Tp89KT!JPHSI qaCTH~bl 
Mo~eT ObiT& onpe.~teneua c Bb!Coxoli ToquocT&ro. 

56 

l 

Cno~Hb!M nonpocoM S!BliSiaTCH C03.118liHe H900XO.llHMOli 38WBTbl .AeTeKTopa OT '18CTH~, 

nonyqaeMLIX 11a ycxopuTene, ,B nepayro oqepe.llb~ OT I' · -Meaouoa, HanpuMep, TonLKO 2!) MeT-

po~ ~eneaa nornoruaiOT MIOOHbl C Slleprnell 28-30 raB, T,e, 1 rpyoo rOBOpll, H900XO.IIHMO 

I!M9,.;, B 'JIOOOBOJ!' 38WHT9 CTon&KO· M9Tp0B ~eneaa, CKonbKO SHaprHH B raB'ax HMeeT 

Bb!Be.llellllblli npOTOHHblli nyqox, HCnon&syeMbiJ! B 9KCIIepHMeHTe, 3aruHT8 B TIIKHX onbiT8X 

'npeBLimaeT Bee ycxopHTeng. flpa npoBe.lleHHH UEPHoBcxoro ueliTpHHIIoro axcnepuMenTa 

.obi.IXO·l1Cil0nb30B8110 6000 TOHH ~ene3a H 3000 TOHH 09TOII8, 

5000 TOHH CTan&HbiX 6onnauox BpeMeHHo aana IIIBell~apug 

peaepaa. 

nrooonb!TIIO OTMeTHTb, 'ITO 

113 cBoero rocyaapcTaeuuoro 

§ 2. Bpyxxa B eucxu ll ue liTp n liB bill axcnepHMeiiT 1962r. 

no 

B 1962 ro.AY B BpyxxaBeue oLin npoBe.Aeu axcnepuMeHT ua npoTOHHOM cauxpoTpoue 
/61-63/ 

OOHapylKeHHIO B38HMO.Ael!CTBHSI !lel!Tpi!HO Bb!COKOll aHeprBH C BerueCTBOM 

Ha pac. 2 npe.AcTaBJieuo pacnono~eHHe axcnepHMeHTan&uoli annapaTypb! B· aTOM, 

onhiTe, HeliTpHHHblli 'nyqox' nonyqancg oT pacnamt _naneTy naonoB u xaonoB. MeaoHbl 

o6pa30Bb!Banuc& npu OOM08p.llHpOBKe oepun.IXI!eBOli MHW9HB p83M9p0M - 75 MM npOTOHHblM 

nyqxoM ( E p - 15 raB). Muru&Hb pacnonaranaCb BHYTPH xaMepb! 
11 

HOCTb nyqxa COCT8B.IXSI.IX8 (2-4)•10 llpOTOHOB B HMilyn&ce, 

ycxopuTeng. HBTencaB-

B ocuoBHOM Bee uel!TpHHo nonyqaroTCSI oT pacna.Aa tt - a K -MeaonoB ua MIOOH 

H MIOOHHOe HeliTpHHO B npo~eCC8X (8.1,8) U (10.1.8), Bxna.11 B ueJlTpU!iHbie noToxu BliOCBT 

,Tax~e Ta~ne pacna.llbl xax (11.1.8) u (12,1.8). B ueliTpHHHOM nyqxe npa aueprau ycxo

peHHbiX npoTouoB ao 15 raB auepreTnqecxuli cnexTp ueliTpKKo Taxoll, qTo qncno nel!Tpuuo 
' 

C 9Hepraell 2 raB OT pacna,lla 77-Me30HOB yMeHbruaeTC.II OOnLrue, qeM B 10 paa no Cp8BH9HHIO 

c uel!Tpuno, uMeroruuuu E v ~ 

OT pacnaaa K -MeaonoB, 

raa, HeiiTpHHO 6on&ruux auepruii nonyqaroTCll B OCHOBHOM 

HeiiTpHHIIbie BaauMo.lleilcTBHSI perucTpupoBanucb ucxpoBoii KaMepoll, pacnonolKeunoli 

Ha paCCTOliHHU 21 MeTp OT MI!WeHH, HcxpOB8SI KaMepa oblna OKpy~eHa 38WHTOH H3 ~ene-

aa H oeTOHa. Tonmuua 38WHTbl H3 lKeneaa no uanpaBneHUIO nyqxa COCTaBnSina 

13,5 MeTpoB. Ha puc, 3 npeacTaBneua ncnon&aoaaullal! B axcnepuMeHTe ycTauoaxa, , xoTo--:; 

pa.B COCTOl!na H3 10 OT.llen&HbiX HCKpOBb!X KaMep OOWUM .BeCOM !0 TOHH. KalK,ll8ll UCKpOB8.11 

nnacTHH paaMepoM 120 ·x'120 x 2,5 cM
3

, paaaeneHHbiX npoMe

lKYTKaMii a 10 MM ua opraHHqecxoro cTexna. Ha puc. 3 BH.llHO pacnono~enue C'leT'<!liKOB A, 

KaMepa nMena 9At. 

aanycxaroruux CUCTeMY HMIIYHbCHOrO IIHTBHH.II HCKpOBbiX KaMep, C6poc ny'IK8 llpOTOHOB 

Ba Ml!weu& npoucxoaun a Teqeuue 25 Mxcex, CTpyKTypa ny'<!Ka oblna Taxoll, qTo 'crycT

xu qacTUil' .llHHTeJibHOCTbiO 20 IICeK WJIH '1epe3 220 HCeK, flpH Cp808TbiBaHHH .IXIOOOli napbl 
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ennliTRIUUDIBOHHbiX. c'leT'lmtOB BblpaoaTblBllliCB BMnym.c, Ec101 STOT BMnyllbc COBn!Ulall no 

apeMeiDl cO 'cryCTitOM 'laCTlllt' B ecnll OTcyTCTBOBallll HMnyllbCbl 0T CIIBBTHnnSDIBOHHhiX 

c'leT'IBitOB, paenonolKeHBbiX cnepena n esann yeTaHOBitll no aanpaaneaaiO ny_'llta, a TaltlKe 
. -

caepxy_ ( B , C , .0) t TO BblpaoaTblBaeTCB HMnym.c, ynpaBnHIOIIlHil paooTOi! BcKpOBhlX 

uMep. Hcno11b30Banne CTPYJtTYPhl ny'llta n03aonnno yMeB.bmHTb cjlon _OT ltOCMH'IeCxnx ny-q;ell 

ll yMOHbWHTb 'IBCliO 'sanycKOB' ycTaHOBKH OT M9Ali9HHblX Bei!TpOHOB, :3xcnepl!M9BT 'npo,I:I0/1-

lKaliC.II 800 -q;acoh64afTipn o6pa60TKe nony'leRHhlX c BCKpoaoi! ltaMepbl cjJOTorpacjlni! ncnom.so- , 
' . 

aaliC.II pnn !tpllTepHeB All.ll Toro, · 'ITOObl Halt9lKHO Bbllt9nRTb cn.y'laH, COOTB9TCTBYIOmBe ynpy-

rnM peaKIIH.IIMX}, Bblll~ nony'leHO 34 OAHIIO'IHbiX AliHHllbiX TPeKa1 BHTepnpeTBpOB8HHhlX KaK 

Bb13BaHBb19 MIOOHaMil, BM9101llHMB BMnyllbc OOI!bme 300 Msa/c, CpeAB STBX Clly'laeB TOllbltO 

(5~:J) MOryT fSbiTb Bb13BaHbl It0CMB'19CKBMH ny'laMil, )lnn TOrO 'ITOObl yoe,I:IHT!>CSI0 'ITO' B cny.:. 

-qae nonaneBBll snexTPona on !Shln obi naAelKllo BbiAenen no cosnanHOMY HM nnaaiO, 6hlna 

nponsaenena :Kann6poaita ncxposoi! xaMephl aa anexTponnoM ny'lxe, nocne, ncnom.sosaann 

pesyllbTATOB ltSnHOpOBit.Il OCT8liCSI TOIIbKO OABH HellCHblil cny-qai!, KOTOpbli! MOr . Ob!Tb HAeH-

TBcjJBIIHpOBBH KaK aneKTPOH, 

HcxoAn ns Toro, 'ITO ne 6hlno oonapylKeao Hit onnoro naAelKllo sapernCTpnpoaanaoro 
I I • 

cny-qag OOp830BaHBH Sli9KTpOHa, aBTOpbl CAellallll BbiBOA, 'ITO 9li9KTpOHHOO B MIOOHHOe Belt-. 

TpBHO -· p83Hb19 .qaCTBIIbl, HeOOIIb~ASI CTSTBCTBKa MIOOHHbiX Clly'laeB (29 ±.1) H HaliB'IBe 

6 'aneKTpOHHbiX KaHAHlt8TOB' OCTaBliS!liB MBCTO AliB MeHee KpaCBBOlt l!HTepnpeTaiiBH, TaK 

KSK B npn V = V nCeBAOCKannpnoe B38BMO)tei!CTBBe npBBOltBT acjlcpeKTBBHO K oop830Ba- . 
. e P. . • 
BRIO TOJibKO MIOOHOB, 381tliiO'IeHBe 0 V =/ II B oom.moi! CTeBeHB 3aBHC9liO OT npeneope-

e P. 
:lKeann nceanocKannpoM. Yaenn'leHile xoacTaaTbl b a Tpn pasa no cpaaaeHBIO c onemtoi! no 

r-T nosaonnno nony'lnTb na6n10naameecn npeo6nanaane MIOO!IHhlX cny'laea aan anexTpOHllhl-

MB K8HltHA8T8MB, (Tpeoo~aameeCH yaenB'IBH!le b Be npOTHBOp9'1Bll0 ASHHbiM ll3 oo-· 

. /646 B/ 
nacTn p. -saxsaTa) ' , 

B ny'IKB Bei!TpllHO SKCnepliMeHTa 1962 rona coneplKaliOCb npBMepBO paBHOe 'IBCliO 

V B V, 
p. p. 

HepaaeacTao (13.1.10) nnn nonHhlX ce'l~ani! npnaonnno x. aalKIIOMY saKniO'IeaniO o 

TOM, 'ITO npn V = V· O:lKB)taameecn 'IBCliO aneltTpOliOB )tonlKIIO fSblliO npeBblmaTb 12 (+4), . 
e P. -

Ta·K KaK 'IBCno xaannnaToB a sneKTpOHbi ne· npeah!mano 6 n· ae 6biilo _aai!nea~ Hll onnoro 

aane:lKaoro aneKTPOHaoro cny-qan, CBT noMoi'ano cnenaTb BbiBOA " .• Ja31Dl'IHH V H J1 • 
e· p. 

:3xcnepnMeRT
1 

BblnonHeHRblil )laHfSH H AP•o Ra'lan spy H3Y'19HilSI B3aHMOAellCTBHH aeii:

Tpnao Ra YCKOpBTennx, .B STOM SKCnepBMBHTe BnepBble H8 yCKOpBT9ll9 OblliO H3MepeHO 

CEi'leane = to-38 cM2, 

~- . 
KpnTepnn oToopa p. -Mesonos OT npyrnx -qacrnn 6ynyT paccMOTpeahl npn o6-

cylKneann pesym.'raTOa, nonyqeRHbiX B UEPHe. 
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3. Uepnoncxnl! nel!Tpnnnbrlt axcnepnMenT 1963-1964r.r. 

B 1963 roJly ObllUI onyoliHKOBaHbl npe)lBapnTellbHble peayllbTaTbl nei!Tpnnnoro axcne

PHM~IITS, nponeJlennoro B UEPHe. Bl>lno nony'leno oollbmoe xonn'leCTBO cnyqaea aaanMo-

AellcTBUH Hei!TpU!!O C BBWBCTBOM0 OopatlaTKa KOTOpb!* Ilana O'IBI!b HI!TepeCI!ble pe3yllb-
' /65-671 
TaTu •. Ha puc. 4 npellCTaanel!o pacnonoJKenne axcnepnMenTa1!hnol! annapaTypu. Yc-

1 
nemlloMy npoBelle!Ilno B UEPHe uel!Tpnnnoro axcnepnMei!Ta npellmeCTBOaano ocymecTaneHBe 

OOllbmol! nporpaMMbl IIOJlrOTOBKH: 

1. BuBOil HO'ITH 100% npoTonnoro ny'IKB na ycxopnTenH. 

2. Coallai!He O'IBHb a¢¢eKTIIBHOl! CHCTSMbl ¢oxycnpOBKH BTOpH'IHbiX 'laCTHU, Otlpa30Ball-

Hb!X a Mnme nn. 

· 3._ Hcnollb30aanne_ B Ka'lec'rne lleTeKTopa uel!TpHHI!biX naanMOileilcTaul! ny3b!phKOBol! 

·- -J- KaMepbl B . Marl!HTIIOM none H llCKpOBOl! KaMepu, COJlBplKamei! B Olli!Ol! H3 'laCTell ycTaHOB

KH MariiHTaoe none. 

'A. YcTpOl!CTBa, Otlecne'IHB~He IIOBbluieane I!Si!TPHHIIblX HOTOKOB 

Ecnu cpaBI!HTh o6paaoaaane nnouon II KaOHOB aa BIIYTpeuael! H Ha _Baemaei! MHilleH~X 
npoToanoro cnnxpOTpoaa, To npenMymeCTBa BToporo cnoco6a. 6eccnopl!u. KpoMe Taro, Bbi

BelleHI!blll llpOTOHHblll Hy'IOK MOlKI!O ljJOpMHpOB8Th JlO Manoro pa3Mepa II 38TeM, npnMeHSISI 

JlliHHHYIO. MHUIBHh, aljlljleKTHBHO HCHOllb30B8Th npOTOHHb!ll ny'IOK. 

B UEPHe obm paapa6oTaa ll ocymecTanen MeTOil BbiBOila npoToaaoro ny'IKa na npo-
/60/ -

TOHI!oro cnaxpoTpoaa • Ha ycxopuTenH BbiBelleJio oxono 95% ycKopeaaux npoTol!oa. 

. .llni!TBllbHOCTh BbiBBJlBHHOro Hy'IKa· COCTaBnsma 
- ·2 MKCeK. Bl>iBeJ:teHHblH npOTOHHblli ny-.· 

'IOK ljloxycupoaancg·xnallpynonhHbiMH liHll3aMH n aa MHmeau ero paaMep, B npellenax KOTo-

,' pore HaXOilllnOCh oonee 'IBM 90% HHTSHCilBHOCTH BCero llY'IKa, COCTaBnsm 0,8 MM B ropn-

30I!T~nbHOM nanpaanennu u ·1,3 MM -. B aepTnxanhHOM. CTa6nnhaocTb cncTeMu BbiBOila ny'I

Ka u TPBKTa, ljlopMnpyromero ny'lox, noaaonHeT 98% BbrBellennux crycTKOB 'IBCT!In npo

nycxaTh 'lepea OTaepcTne llllaMeTpOM 2,5 MM B cnnJITnnnnpyromeM axpaae, pacnono)KeHHOM 

nepeh MIIWBHhlO II cnylKBIIlB!'d JlliH KOHTpOnH 3a llY'IKOMo 

,Ung ljJOKyCIIpOBKll HOny'IBI!HblX lliiO!IOB ll. KBOHOB HCUOllb30Banach cnen!lallbHBSI CllCTSMB, 
~ • ~8/ 

KOTOpaH Ha3biBaeTCH 'MarHIITHblll par' (, horn ) · • fipOTOHHb!H ny'JOK llOllBJlBBT Ha Mil-:' 

WBHh ,JlllBMeTpOM 4 MM ll JlnllHOi! 250 MM. fiHOHbl H KBOHbl
0 

BbiXOJlllUIIfe lf3 MllUIBIII! llOJl _ 
. 0 . . 
yrnoM 6ollhme 1,5 , nonallBIOT B MarnnTnoe none 'para' n ljloxycupy!CTC>I a aanpaanenuu 

lleTeKTOpa. 31jlljleKTHBHOCTb pa60Tbl 'MaranTaoro para' BllJlHa ua pucyuxa 5. 

B MOMSHT. BbiBOJlB llpOTOHHOrO ny'IKB ll3 yCKOpllTBli£! TOK 'MBrHilTHOro para' COCTaanH

BT 300 Ka • HcnollbaoaanKe 'MarnnTaoro para' noaaonuno noJlHHTh HHTeacKnHocTb o6pa- ' 

ayromuxcg aeliTpnao 6onee 'leM B llBCHTh paa. 
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"" 

cO . 
0 

= ll. 

E()lllomBe sxcnepaMeBTam.Hble B03MOlKHOCTH l18eT 'MaruaTilbll!: por' eme nOToM)', 'ITO 

npB nponycxaHBil 'l9p93 aerO TOXA B Ol1HOM aanpaBn9HBll OB ~OKYCHpyeT 'lSCTHttbl Ol1HOrO 

3

aaxa Jl l1B~OXYCBpY9T _'laCTBttbl npOTHBOUDnOlKHOrO 3HSX8. 3TO OISCT051T911bCTB0 U03BOnHe;' 

nMeTb 'lBCTble fiY'lltll vI' a ;~ • H3-38 Toro 'ITO 'MarHBTHblli por' ~oKycupyeT a Ae~o-
. 0 

xycupyeT TDnbJtO 'lSCTIIUhlt BblneTaiOJnll9 UOl1 yrnaMil 6011bW9 1,5 t BMeeTCH npHM9Cb OT 
0 

uel!TpHHOt o6pa3yiOmHXCll H3 'lSCTHU, neTlllnllX B XOHYCe 1,5 • 3T8 npHM9Cb COCTSBnHeT 

Meuee a%1691• Ha puc. 6 npaBGAeHa ~OToxtpa~Hll 'MarHHTHoro ·pora~ 

P•c· a. 

E. HcxpoB_ble KaMepbl UEPHa a caCTeMa ynpaBneHH11 ycTaHOBKoll 

.Unst H3Y'leHHll ·B3SHMOl1el!:CTBHl!:, Bb13B8BBbiX ueiiTpHBO, HCttOIIb3.0B81IHCb fiY3"i,IpbKOB8ll 

K8M9pa, B&nonBeBHSll ~QOBOM•ll MBOrOTOBnBll HCKpOB8ll K·aMepa. liCKpOBSll K8Mepa COCTOR

na B3 OTl1em.llbiX Monynel!:. KaJKnblll MOAynb 6bln a3roTosneu H3 · Tpex nnacTBB. Tonmuua 

ltaJKAOl!: ttnaCTHHbl 5 MM, 3830p 'MeJKl1Y BHMH 10 MM. To'lHOCTb BbiUMBeBHSI nnaCTHH Be 
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•enpa.uDI I.IH!JO.I 

IXO.l rua I 
UIKCD'AC .. II lUI 

uxe.1 rua 

7. 

64 

JKO 0,1 MM• Ha puc. 7 npeJlCT8BilOB8 KOBCTPYKilUll TpexnnaCTHB'l8TOrO MOJlYilll. MoJlyllU 
~ . 2 . 
uarO'I'SBilBBSilBCh JlBYX TUilOB - U3 Af U Cu paaMepoM 1,6 X 110 M • MollYilh ua Af 

u~en Bee, paBBblll 60 Kr, a na Cu - 200 Jtr. .. 
11EPH'·oBCK8ll HCKpOB8ll KSMepa COCT0llll8 U3 TpOX COKilUA. Ka)KJl8ll CeKilUll co6upa-

nach ua MOllYileA. Ha puc. 8 npeJlcTaBneua ¢QTorpa4Jull oJluon 
CeK.UBH. 

Puc. 8. 

nepBall ceKII.llll ·co6upanach na MOJlynen, uaroToBneBHblX na At u Cu • Me)KJlY / . 

HllMH noMemanUCb UJUICTU'!OCKllO CilUHTBilllliTOpbl' Pi ( CM. pH Co 9) • 
,I" 

Bo BTopolt ceKnnn ycTaBOBKU, KOT?pall ucno~aoBanacb JlO 1964 rolla, pacnonaranach 

napa KaTYWOK THila fellhMrOilbila C ,B~CKOilbKUMU UC!tpOBblMU K8MOp8Mll BBYTPU imx. 

B TpeTbelt ceJtnuu 6hmn ~~:cnollh30BaBbl MoJlynu ita Me)lB. Me)!{Jly BUMB ycTauaBnuBanucb 

cpltllbTpbl 11:3 )K61163a n.' CBUBilS
1 

'!TOfl.bl MO)KHO OblllO oneBBTb npo6er qaCTllilo B STOll CeKilBU 
I 

BSXO)lUilOCb TpH CilBHTBilll!lltUOBBblX C'l6T'!lllt8. 
c'/ 
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B ycTanoaKe ucnollb30BBn11Ch ,PoToyMHOlKHTenn THna 53 A V P. KalKALiii ua cuunTnnnst-
2 

UHOHHblX cqeT'IHKOB COAepJKan OAHH TSKOil 4>3Y H liMen CUHHTI!nnSITOp pB3MepOM 50 x80 CM , 

Jlnll TOrO 'ITOf>bl nepeKpbiTb pa3Mep MOAynH, TpefSoaanOCh 4 TSKHX CUliHTllnnlllliiOHHblX C'leT• 
.; 

'lliKBo 6BHAY TOrO, 'ITO ljlOTorpaljlnpOBSHHe HCKpOBOil KBMepLI npOH3BOAllnOCh cfSoKy, ljloTo-

yMHOlKHTenB MOHTIIpOBBnliCh CBepxy H CHli3Y ycTBHOBKHo 
2' 

YcTBHOBKll 1963 r. COAeplKBIIB OKOIIO 300 HCKpOBblX IIPOMelKyTKOB pa3MepOM 1,0x1,6M ~ 
o6II1BH }lnHHB yCTBHOBKH 10,5M, CI>OTOrpa4JHpOBBHHe ee JlOCTllTO'IHO CflO)KHO, To Ko tPOTOrpa_:• 

. ¢HH JlOnlKHB ofSecne'IIITh llpOCM8TpHB8HIIe BCeX MOAynei! H ABTb ABe npoeKUHH llCKpbi, 'ITOf>hl 

MOlKHO. 6bin0 ;:.OCC031lBTh npOCTpBHCTBeHnyiO KBpTHHY. B38HMOAei!CTBll!l, Ha pnc, 10 B HAHO, 

KBK C IIOMOIIlhiO ABYX IIIIOCKHX 3epKan, CMOHTilpOBBHHblX HB Moeyne, fShinB pewena npo-

/70/ 
6neMa npocMaTpnnanH!I o6'beMa HCKpoaoro npoMeJKyTKa 

( 

) 

P11c, 10 • 

Jlng CpBBHeHHH HBIIOMHIIM, 'ITO 6pyKXSB9HCK8H yCTBHOBKB HMena 90 IICKpOBbiX npoMe

lKYTKOB p83MepOM 1,2 X 1,2 M 
2

, 

B ycTaHOBKe ncnollbaonanocb .HeCKOIIbKO OAHOBpeMeHHO pa6oTa10mnx ,PoToKaMep. B npo

necce o6pa6oTKH nonyqenHLIX ,PoTorpa,PIIil nepTilKBIIbHSH KOOpARHaTa onpeAensnacb c a6co-

1110THoil OWII6xoi! ;!:.2 MMi TO'IHOCTb onpeneneHilSI rny6HHHOil KOOpAIIHBTbl 6bin8 B 4 paaa 

XyJKe, 
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J1enonb30nHHHblil B HeKpOBbiX KSMepaX raa Obln eMeebiO 30% Ne . II 70%. He • nnSI 

Taro, 'IT06hl raa B MO.llynllx ne nenopTunell na-aa ue6onblliiiX ·Te'lell, TaM seer,lla 

nOJlJl9p)KifBHnOeb ,ll8Bn9HH9, H30b1TO'IH09 no ep8BH9HHIO e HTMOe¢epHb1M, 

3KenepnMeHTbl ohlnu O'leHb JlniiTeru.HbiMII (o:s:ono 30 JlHeli a 1963 11 30 ABell a 1964r.), 

noaTOMY npHM9HllnHeb· HBTOMSTU'IeeKaSI eneTeMa enao~eHUSI MOJlynelt ra30M0 KOTOpaSI 

TaK~e yquTbinana naMenenne Jlasilenug u TeMnepaTyphl a noMemennn. 'iueToTa raaa a ne-

:s:ponoa :s:auepe ne nponepS!naei., nMeeTo aToro eneT9MHTH'I9eKH KOBTponnposanocb Bp9MSI 

'lyneTBJJTenbHOeTn nexponoll KaMepbi. 3anye:s: nponaBoJlnneSI OT :S:OCMH'Ieexnx ny'lell. Eea o'IH
/71/ 

waromero nonll Bp9Mll qyseTBHTenbHOeTH eoeTSBHllO"' 6 MKeeK • nepeJl yCTaBon~oll 

n· esepxy. ee ohlnn paenono~eHbl )KIIJlKOeTBbie e!1HnTnnnl!IlHOBBhle e'leT'IHKR, BKnro'leHBhle B 

exeMe ynpasneHHll ua anTnconnaJleBHll Jlnll yMeHbruellHll·, aanyeJroB OT JrOCMH'IeeJrUX ny'lell 

H nOnHJlHIOWHX B yeTaBOBJrY 38pli~9HHbiX 'IHeTHJl OT yeKOpHT9nSI.8epxnnll e'leT'IHK liMen no-
2 ' 2 

BE!pXHOCTb ·a 20M , nepeJlBHli "' 12 M • nnll nO~'IOBUll HMnyllbea, ynpaBnliiOmero pa-

OOTOil yeTaHOn~H, H900XOJlHM00 .'1TOObl HMenO·MeeTO eoana)leHHe B JlBYX eoceJlHHX nnaCTH-

qec:s:nx cnunTdnSITopax ( Pk, · Pk + 1 } , nnn connanenne Me~y R 1 H R 2 (pne. 9), 

nnn nonyqenne OJlHBO'Inoro "nMnynbca _ oT 6oru.wnx ~JlKOeTBhiX e'leT'IHKOB · L 1 ana L 2, a 

TH:S:~e 'ITOObl "MOM~HT npHXOJl~ STHX HMnyru.~~B Connan !:i _:,.OHH'IOM,- nbiB9Jl9HHOrO npOTOHHQ

ro ny'IKH, 8b1B9Jl9~~ll. npOTOBB~ll ny'IO:S: ~0Jl9p)KJ{T 20 eryeTitOB 'I~CTRit ( eM, pile, 11) • 

Pnc. 11. Ha tjJOTorpatjlnn npeJlcTasnena oeitnnnorpaMMa CTPYXTYPhl 
BhiBeJlennoro npoTonnoro nyq:s:a. PaccToliHHe Me~y erycT
JraMn 'ISeTIIJl eOCTannlleT 105 HC9:S:, 

68 

BJU1JO'IOHH9 C'I9T'IBKOB BHTUeOsna,lleHHI, pacnonO:>K9HHbiX nepe.ll B HH,ll ycTBBOBJtOI, 

yMeHbmnno 'lucno aanyexos .Ka oney TPOTb. Ha puc. 12a npeJlcTasneno paenpe~teneHHe .. . , . 
BO apeM9llH IIMHYnbeOB aanye~ ycTaHOBJ!:II OTilOCBT9nbHO eryeTJtOB qaeTBit, aaperUCTPBPO 

aaunoe ua npeMeHHOM auannaaTope. 11a epasnellHSI aToro paenpeAenennu e paenpeneneHH--_ 

eM, nony'leHHbiM Ha nyq:s:aX e B3n9CTHbiMU 'IHCTHI(SMU0 )lenaeTell 38Kni0'19BUe, 'ITO nono~e

HIIe ).(aJreHMYMH XpiiBOII eoOTB9TCTBy9T 'IHCTHJl8).( 0 e~topOCTb ltOTopbiX panna e~topOCTH eseTa• 

npHBe,llei>HOM Ha pHC, 12a, OHO WBJ?O,. '19M Jr8nHOpOBO'IHbl9 JrpHBblO/ 
TonbXO 8 pacnpe.llenennn, 

H I!MOOT 'xsocT' nocne OKOll'IHHHll '6an'la' • 3TOT 'XBOCT' o61.SleHSleTe51 nepellliTHBBCTCKH-

MII neliTPOHHMH, J1ay'leHU9 tjJOTorpatjJBII e UCKp~BOli K8M9pbl llOK83biBHeT, 'ITO MeAneHHbiO 

nel!TpOHbl atjlq,eJrTHBBO perUeTpBpyiOTCB ~AKOCTHbiMH e'leT'IHKHMll L I H 

Ha .[tOniC KOCMU'19CKHX ny'lel! npUXOJlHTCll TOIIl>KO OKOJIO 1% aanyeJrOB. 

L 
2 

(eM. pue.9) .• 

Ha pac. 12 6 npencTasneno pacnpenenenue eny'laes, nony'leBHbiX noene o6pa60TJrU 

tjJOTot:pa<jllll!: e ae:s:pOBOI! KaMepbl OT aanyeJraiOWI!X UMnynbCOB, IIOK838llHbiX Ha pile. l:.!a, 

BHJlHO, 'ITO llei!Tpoanbll!: MxnocT' CTan ana'IHTeru.no Mellbme. OeTaromBI!eu s:s:nan OT · nei!:Tpo-

nos QI(91lHnaeTell MellbWe '19M 4%, 

npn o6pa6oT:s:e nneHKH eotlhiTBe paecMaTpHsanocb ~tax uellTPHBBbll! eny'lal! saanMo-

' ,'leilCTnHll, TOnbltO• ecnn OH npOH30W9n B onpeneneHHOM npeMeHHOM 'IIHT9pBane IIO OTHOWB-

HI!IO K 'oaH'IY' • 

B. 3xenepnMeHTanbBbie peaynbTaThl, nOl!Y,'IeHHble e noMOmbiO nyablpb:s:osol! 

KaMepbl 

172/ nyabipbKOBHll KaMepa UMana tjlopMY Itl!nll~Jlpa Al!aMeTpOM 115 eM II rnyonnol! 

50 CM. 06'heM :s:aMepbl 500 nHTpon, T,e. oll8 conep~na 750 :s:r Tll~enoro tjlpeona (CF8 Br)· 

PaJluanHoaaall Jlnl!aa tjlpeoaa panna 11 eM, 

MarHHTHOO. none s IteHTpe xaMepbl 27000 apcTeJl, 

Ynenn'lenHe I!HT.elleHnHocTH nellTpi!HI!Oro noTo:s:a, JrOTopoe 6b!IIO AOeTHreyTo B UEPHe, 

noanonnno nenoiibaonaTb ItaMepy o6'heMoM scero 500 nuTpon. nyablpbKOBBB :s:aMepa ABeT 
6 I OIIbWYIO HHtjJOpMHitHIO 0 npOiteceax B3aHMOJlOI!:CTnllll nei!:TpHHO, '10M HCKpOBall KSMepa, 

8 nyab!pb:s:onol! :s:aMepe, noMemennol!: s MarnnTnoe none, naMepS!neB anaJr aaproKenHb!X 

'IHCTI!Jl, no KpHnll3He onpeJlenllnell I!MnynbC 'ISeTHJlbl, l-fenOHb3Yll M9TOA MHOrOJrp8THOrO_ 

PHCC9liHI!H, a Ta:s:~e HOHH3a!1HIO H e'IOT 0 -ny'leli:, MO)KJ{O npOB9CTH HAeHTHtjJHKHitlliO 

na6nronanwn -XCSI n ItaMepe 'laCTHit. l-fenoru.ayll aTy HHtjJOpMaitHIOI MO)KJ{O nbl.[tenHTb P OT 

17 
- u P. -Meaonos. K co~neuHIO, nenoHbayu _ aTll MeTOAbl; ne yAaeTeSI OTAeUI!Tb 17 -Me-

aonhl OT · p. -Meaonos, 9CIIH ORB He OCTHHOBHIIBCb n :s:aMepe. 8blOOp MO~Y 17 
H P. A9-

naeTcg no 'IHCny pacceSIHuft na nyTH npOX0~9HHll 'laeTHJl 'lepe3 :s:aMepy. npll oopatlOT~e 
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P~~:c. 12 • BpeMennoa pacnpe,~:~e.nauua npHxo,~:~a HMIIym.coa, ynpas.nmonmx aanycKoM: YCTBJfOBK.rr.. 

2085-'lliCliO 31!IIYCKOB YCTli.IIOBKH, BLIA&li&JUih!X )'liJlaBllmoiitell CHcTeNoll KBX nell'tpHll
ll:.Lie 3liiiYCKHo Cny'JliOB, CO.llOp:lKlllltBX O.llBH TpeK, -· 541, OCTll.nbHLIX - 431, 

r - BpeMH npnxo,~:~a ynpaBJIHIOIIti!X BMIIyllhCOB OTil:OCHTem.ao "6all'lar 'UICTHU, 
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17/J/ 
sKcnepHMeHTllllhHOro MaTepHana , nonyqeaaoro B aellTpiiHHOM onuTe, 6bmo o6aapylKe-

ao 459X) cnyqaeB B3liiiMOA91lCTBBH aefiTpHRO B II9BTpllllhHOM o6~eMe IIY3bipbKOBOil KaMe-

•• KOTOp~i! cocTaBnHn -220 nnTpoB. 11a 459 cnyqaes 454 cnyqasz co,~:~eplKanH rK&RAHAa-
p~, 

Tblr B OTpHII&TenhBbl9 MIOOBbl H 5 cnyqaeB COIIpOBOlKASIIHCb o6pa30BSHB9M 9.1I9KTpoaa C 

saepr~~:en CBb!W9 4UO Mss. OnenKn noKaaanH, 'ITO OlKI!Aanocb 3,/J sneKTpOHa OT 

'as pacnana K 93 • 

fiony'leHRble ltSHHhl9 C 50llbmei! AOCTOBepHOCTl>IO IIOATB9pltiiiiii Bb!BOA, CAe.II&HHhifi 

5pyKX9B9HCKOil rpynnoll 0 HSIIH'IHH IIBYX THIIOB HefiTpHRO, 

tlBHitY TOI'O, 'ITO IIy3bipbKOB&H KaMepa A89T B03MOlKHOCTb 6onee A9T&llbHO pa3o-

6paTbCH B KSlKAOM 8KT9 B38HMOA9HCTBIIH, C.IIeAyeT 6onee IIOitp06HO OCTaHOBIITbCH Ha 

9THX pe3yllbTliTliXo 

Ha pnc. 13 npeACTliB.IIell:bl Hai!neHHhl9 cnyqan. fio OCH a6cnncc OT.IIOlKeHa .E 

"'" rBIIAHMaSI sHepr~H cnyqag'. 8To BIIAHMOe sneproBhiAeneane onpenemmocb KaK cyMMa 

IIO.IIHOil 9H9pi'HII M930Ha H KliK KHH9TH'I9CKSH snepriiH IlpOTOHa IIIIH npOTOHOBo 

v 
e 

113 454 cnyqaeB 2/J6 MIOOHHbiX cnyqaeB ae ConeplKa.IIH IIIIOHOB, :.!09 cnyqaeB COAep

lKS.IIH IIHOHbl B .9 COAOplKa.IIH IIHOHbl H CTpaHHble 'ISCTIIIIhl, 236 H9IIHOHHbiX cnyqaeB conep-
. . . • ffl~ 

lKann MIOOHbl a onnn nnn 6onee npoTonos. · KaK 6hmo noKasano B pa60Te , nono:llteHnon 

na CHeHCKoll KOHIJlepennnH, npn ManhiX E "'" nMeeTcH IJlOH, o6ycnosnennun HeliTponaMH. 

Ecnn Bb15HpaTb C.ny'laii, BMeiOmne E vie > 1 fsB, npHMOCb OT 9TOI'O .jlona 6yneT He-

3HS'IHT9.1IhHa. 

Oqeab cepb93HhlM liCTO'iHliKOM yBe.IIB'ieHHH HOIIIIOHHhlX cnyqaeB HB.IIHIOTCH Heynpyrae 

cnyqaa C o6pa30B&Hli9M IIBOBOB, 'i8CTb KOTOphlX • npli npoXOlKA9HliB qepes .~~.~tpo, 

B KOTOpOM ORB 6hlllH o6pa3oBaHLI, BLI3biBlleT BTOpB'iROe B38liMOA9fiCTBII9o. 

'F'ac'ieThl IIOK83hlBSIOT, 'iTO A.IIH E vi• > 1 fss olKI!naeMoe ysenn'ieHHe ynpyrax cny-

'lees COCT&B.IIHOT a 25%. B pesym.TaTe 6hiliO nonyqeao 1:.!0 aeiiHOBHbiX cny'iaes,. Ko-

TOpbie MOlKBO 6hl.IIO 0Til:9CTH K ynpyroli pe&KIIBB ( 14.1.8) • 

Ecnu nonycTBTb, 'iTO nponsomen ynpyrun cnyqaft n 'iTO ayKnoa Mamean naxonun

CH B IIOKoe, TO nepenaHHhli! liMIIY.IIbC paBeR 

2 ) 2 4 E .E . 2 8 . q =·2 E ( E - p cos 8 -·m a. . Sln -
2 

• 
v " ". " v " 

rna 8 -. yron HCIIyCKliHHH MIOORa. 

·Ecna C'iliTliTb1 'ITO E ,; :EV 1 TO A.IIH K&lKAOI'O c.nyqag MOlKHO onpenennTb 11:3 

"'" liMIIy.IIhca H HanpanneaHH MIOona nepenasaeMhlll HMnym.c q 2 • Ha pnc. 14 npe,~:~cTasneao 
pacnp·anenenne 2 

q nnH npennonaraeMhlX ynpyrnx cnyqaen. 

x) /74/ • 
H nenasaen pa6oTe asTopbi ananH3HpyiOT 456 cnyqaen. 
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9'" (En/c)2 

P11c. 14. 

2 2 ·2 
B npe,t~nono)l(eaaH, 'ITO aKcna/lbHhll! q,opM<!JaKTop IIMeeT BRA FA" = ( 1 + q I M A ) , 

a B9KTOpHhli! <!JOPM4>aKTOp paBeH xoq,mTaAT9pOBCKOMY, Hafi,!leHHOMY H3 paCCeHHHH aneKTpo-

[ , q2 -2 M 2] 
HOB Ha IIPOTOHaX F = F = F = ( 1+ ""ii1! ) , r.t~e y"' 0,84 faB /c , II npeaeope--

IV 2y v My 
ran IICeBQOCKannpHbiM 'ln9IIOM, a TaK)I(9 C'IHTaH Macey IIpOMe)l(yTO'IHOro 0030Ha 6eCKOII9'1-

HOII, MO)I(Ho IIOJiy'IHTb CB9A9HHH 06 8KCHa/lbHOM q,opM-4>aKTOpe U3 9KCIIepHMeHTanbHhiX ,!laH-

HbiX M · +0,35 r 2 
• 9TOQOM HaHM9HbWHX KBa.t~paTOB Ohlna nony'leaa cneQyroman BenH'IHII8 M A ml,O -0 20 9Bt c .• 

H . ' 
a STOM ocaoaanHH 6hmo cQenaao 3aiUIIO'Ienne, 'ITO F = Fv" Ha pee. 14 npe.t~cTaaneno 

A . 
Pacnpe,t~en · 

eRBe npe nony'lennoM 3Ha'lennn M A. 

Hcnonb3yn STOT )l(e aKcnepHMeHTa/lbnhil! M8Tep11an, aaTophl onpeAenenn oTaoweaue 
F IF p 

A. v • e3y~TaT npe,t~cTaanen na puc. 15. 
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~ '] +t+ F., 
2 

'l 
I I o.t · o:t 0 Q2 Ott 1.0 1.2 f4 

q:L (Bt•/c)2 

Pac. 15. 

. 17517/ 
B psme pabOT ' 6hi.no npencaasaHo, 'ITO OllHHO'fHOe o6pasoaaaae nHoaoa nomKHO 

npOBCXOllBTb rnaBBhiM o6pa30M 'fepe3 eyKnOHHhlll H306ap (3/2, 3/2); T.e. 

v + N .. ,.,.- + !>. ·• 
p. . 1.. N +IT 

(21.1.10) 

D.lllil Toro 'IT06hi BhiiiiCHHTb BOnpoc 06 B3o6apHOM M8X8HB3M8
1 

paAKilllll (21.1.10) 

paccMaTpaaanac& KaK nayx'lacTn'lnaH. Torna Macca aso6apa (M*) paana 

M•
2
.=·M

2
-q 2 +2M(E -E), 

v p. 

rna M - Macca eyanoHa, a Ev .. Ev1•• 

. D.nlil Cny'laaa C ManoA E Ylli MACChi !!* no KH118M8TH'I8CKBM npB'IBIISM 6ynyT rpynna• 

poBaTbC!l B pallOIIa B306apll0ll MaCChi, nOSTOMY B paCCMOTpaiiHa npHIIHMS.JIBCb llHIIlb Cny'laB 

c EYI• > 1,5 raa. Ha pac. 16 npeltCTaBneao no.nyqeaaoe pacnpeneneaae M* : TaM )Ka 

npaaeneao O)KHAaeMoe pacnpenenenae Mace B Cny'faa, ecna o6pasosaaae naoaos smeT ae 

'lapa3 B306apllhill M8X811H3M (KpHB8H 1) • 

/73/ . 
ABTOphi C'IHTaiOT, 'ITO bonae 'laM B nonoaaae cny'laes o6pasosaHBe onnao'IBLIX 

nHOHOB BAST .'lapa3 B036y)KllellllhiB H30ISap (3/2
1 

3/2). 

Ecna HM88TCH H306apa (3/2, 3/2), TO OTIIOW811Ba 06pa30B8HBhlX nBOIIOB llGn)KIIO 5LITb 

,+ /,0 -511. 06pa6oTxa ona~oaahix cny'laas nana cnenyiOmall: pesyn&TaT:(IT + /,0) aacn •. = 

•1,9±,0,4. Pacxo)Kllaaae o61oscaiuiTCH 6on&mnM sapsmoso-o6MeBBLIM :13AKMoneilcTBII.aM 

'oopa30B81111hiX niiOHOB B TOM )1{8 !JApe. 

1761 . 
Baa Aep Meap lla OCIIOBSIIIIII BM810D!HXCll llAIIIIhlX 0 C8'1811BliX 00p830BAHHH IT- B 

K. -MB30HOB B HX SHepr~TII'fBCKBX cneKTpax paCC'IBTan nOTOKB .HeiiTpHIIO B M8CT8 pacn~ 
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.noll<eHHll nysbipL:ttoaoa KaMepbi (eM. puc. 5}. llnll Toro 'ITOObi npoaepHTb aTH pac'leTbi, 

f)bi.JIH HCllOllb30BBHbl 9KCll8pHM8HT8llbHhie llBHHble no ynpyroMy OOpa30BBHHIO p. -M830HOB 
. .· /446/ . 

H nonepa'IH08 C8'18HUe, p~CC'IHTBHH08 B npennO.IIOlKBHHH, 'ITO 

:F = · F = F = F • 
IV 2V V A 

flony'feHHbll!: TBKHM 

)l.Jill cpasaeHHll npuaenea 

o6pa30M aeATpHHHhili cneKTP npencTaanea aa puc •. 17 • TaM )Ke 

cneKTp Baa nep Meepa. 3a BCKlli0'18HU8M o6naCTH HU3KHlt aaepral!. 

aMeeTcq xopowee cor.nacue naaaLIX annoT& no 4 raa. Pa3llH'IHe B o6naCTH HU3KUX aaeprHA, 

pac'leTe Baa nep Meepa ae y'IHTbiBanocb 
no-BHllHMOMYo Otl1>SICHH8TCll TeM, .'ITO B 

'MaranTaoro pora' H samnTbi. 
nei!.CTBIIB npOTOHHOrO ny'IKB CO CTeHKSMH 

• s! .. 

"' 0 • 
~ • CD 
td 

~· 
Ill 
0 

0 .. 
0 • "' 

OllHOnHOHHhie cnyqaH 

• 
~ 

Puc. 16. 

(ElliS :> I, 5 En) 

(bla) 

B38HMo-

Ha puc. 18 npencTasneaa 38BUCHMOCTb OT 9HepruH HeJ!.TpHHO C8'18~SI "HeynpyrHX 

nponeccos'. llpa Bbi'IHCneHHH. aToro ce'leHHSI 
38 cneKTP aei!.TpHHO npHHHM8llHCb pesynbTB~ 

Tbi pac'leTa BaH nep Meepa;··· B aToM npennonoJKeHHn ce'leHne HMeeT TeHJleHllHIO K pocTy 

c aHeprael!.. Onaaao aenocTaTO'IHO aanelKHbie cseneuas o cneKTpe HallTpaao a o6nacTH 

BbiCOKHX aHeprHJ!. ( > 4 ,raa) He n03BO.JIIDOT npHllTH K OllH03H8'1HhiM BblBOllBMo Hanoonee 

HHTpHryiOmHM ~bi.JIO libt 38KlliO'IeHHe 0 pocTe ce'leHIIll c aHeprnel!. . HellTpHHO. Ceronas, 

OllHBKO, H8llb3SI IICKlliO'IHTb pe30HBHCHOJ!. 38BHCHMOCTH H. CTp8Mll8Hlill U .. Const • 

3TOT BOnpOC HSCTOSITellbHO TpaoyeT llB.JibHBfimero H3Y'I8HHllo 
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~ 
0 = a. 

r.: 
0 
= a. 

' 

nponecc v + p ... v .+ P. 

Kax ylKe ynoMimanoc&· nbluie, aafSmoAeane nponecca (5.1.7) 

v+·p .. v+·p 

.[1aCT neaHYIO nHcj>opMalXHIO o aei!-rpan&Hb!X -roxax• cnafSoro naanM_gAeilcTnnH. Ha-repec x 
/78/ 

aTOll peaxnnn ewe fSon&we ycnnnnCll TeM, 'ITO n pafSOTe H,KofSaapena H n.OKyHll 

fSblna nbiCJt838H8 rnnoTe3a 0 TOM, 'ITO n nponecce (5.1.7) AOnlKHO npOHCXOAHTb 8HOM8nb~ 
/79/ . 

80 fSon&woe v -·p naauMoAeilcTnne. B pa6oTe onuc!ur aei!TpHHHbli! axcnepaMea-r, 

nblnonaeHHblil n lly6ae no noncxy aToro naauMOAeilcTnHn. 

Ha-aa TOI'O 'ITO npoTOH OTAa'IH IIMeeT HefSOn&WyiO aaeprn~, ero TpyAHO nblAenBTb n 

IICKponoi! KSMepe. JialjlopM8lXHIO ofS aTOM nponecce MOlKHO nony'IIITb C llOMOWbiO 11Y3blpbKOnoi! 

xaMepbl • llnll TOI'O 'ITOfSbl ycTpaHIITb cj>OH OT: HeiiTpOHOn OThlCKHnanBCb OAHHO'IHlile npOTOHbl 

c aaepr,Heil1 6on&w~ .2~0 Man;_ Ana oneaxn ce'leHBll nponecca (5.1. 7) paccMaTpunann:c& 

cny'lall TllllS- V +~ D ... p + ~- o . Cny'lall , KOTOpb18 . MOlKHO fSblnO fSbl OTHeCTH It peSKiliiH 

(5.1.7) c aaeprnell npOToaon· fSon&llle 250 Man, ae. ·· aai!AeHbi, Ha a·.toM ocaonaaaa 

AenaeTCH nbinoA, 'ITO ceqeane ·cocTannaeT Me_nee 3% OT .ynpyrax cofSbiTHil Tima (14.1.8) 

H 'ITO Ce'leHHe B38HMOl1eiiCTnHll1 . ofSycnonneHHOe HellTpan&HblMII neUTOHHbiMH TOK8MH 1 co-

CTasnaeT {3±.3)% ce'leHHH, ofSycnoaneHHoro aapHJKeHHbiMH TOKSMII. 

/80/ 
nnn noncxon nponecca (5.1.7) n UEPHe 6hln nponenea cne11nan&Hbill axcnepnMeHT 

. . 
napannenbHO C pafSOTOil 11Y3blpbKOnoi! II IICKpOnoil KSMep IICI10nb30nanCH ClliiHTBnnHllHOH-

Hblii l18T8KTOp (1700 Kr), TipnMeHeHHe fSbiCTpb!X CXeM COni18Jl8HHH CHII3HnO lj:loH 

OT MenneHHblX HeiiTpOHOBo YCTBHOnKa 1103BOnBna perHCTpllpOBSTb npOTOHbl OTAS'IH C aHep

rnel\1 fSon&we 15 Msn. -OAHaxo aa-aa cnn&Horo Heil-rpoaaoro cj>oiia TPY·AHO fSbmo •AoopaT&cn• 
' -38 2 . . . - .< . -37 2 

AO ceqeani! nopHAKa 10 CM n noaToMy ohmo CAenaHo aaKniO'IeHHe, 'ITO u - 2•10 CM • . ~ 

~Ta aenu'lnHa noanonana cnenaTb BbinoA, 'ITO aaoMan&aoe naaaMoneiicTnlle Ko6aapeaa-

0KyHn OTCYTCTnyeT, 

f. aKCI18pHM8HTan&Hbl8 pe3yn&T8Tbl1 llOny'leHHble C ·nOMOWbiO IICKpOnbiX KSMep 

HcKpoaall xaMepa coAepJKana MHoro nemecTna n nosTOMY noononana nony'laT&· 

rmljlopMallHIO o naaHMOAeiicTnHH HeiiTpliHO ropa3AO obiCTpee, 'leM c n.oMow&IO nyablp&Konoll: 

KSMepb! 1 _HO Hl18HTIIIjliiK8llHH 'ISCTHll n HCKpOBOi! KSMepe 3HS'IHTen&HO TpynHee, npli OTfSope 

•K8Hl111l18TOn~ COOT~eTCTnonanWHX peaJtllHH 

VI'+ D .. p +'jt {14.1.8) 

OblnH HCnOnb30n8Hbl cneJlYJOIUHe· !tpiiTepHH OToopa: cnyqaA COJlQp)KHT He oonee Jlnyx TpeKOS.: 

BeT nKnHll; l1nBHHblil Tpelt AOnlKeH ·npOXOAIITb 'lepe3 CllHHTBnnl!llHOHHble C'leT'IIIKH1 nhlpaoaTbl

naromae ynpannliiOwnll: HMnyn&c ycTaaonxn, a He _coneplKaT& nanoMa, cooTneTcTnyromero 

nTOpii'IHOMy naanMOJleii:CTnHIO, KopOTitHA. TpeK, ecn11 OH HM8eTCll, JlOn)KeH OK8H'IHn8TbCH n 
KSMepe. . 
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/S!l/ 
6blliO nony'IGHO 418 Cny'lae, YAOMGTBOplDOIIIHX. STHM EpHTGpXIIM , 0AIUI Tp9Tb 

113 STOrO KMH'IeCTBB IIMSliA ABS TpeKa, Tax: lK80 lt8K npH oopaDOTlte p~3YllbT8TOB, nony

'ISHHbiX c noMOillbJO ny3hlpbltOBOlt KBMepbl, auoc11nac& Ao5aaxa B uenuol!ll:ue co5biTIIB 38 C'leT

nBOHOB, o5p83YIOIIIBXCB B HeynpyrBX Cny'laBX, II 38TeM B3811MOAeltCTBYJOII:UlX B TOM lKe RApe, 

OneHKB llOKA38liH0 'ITO BltliBJ! COCTSBliHeT ~ 30%, 

J13y'leHHe yrnoaoro pacnpeAeneUHB MIOOHOB0 o5pa3yl0111HXCB B. HeATpHHHbiX B38BMO)Ielt

CTBHBX, cornacuo ynpyrolt peaxnuu (14.1 .8), ttaeT caeAeBHB o ¢opM~tTopax npx 5om.IIIBx 

nepeASB89MLIX UMnyn&cax. nonyCJtaB, 'ITO 81tCH8nbUbllt c!JopMijlaKTOp HMe&T BRA F a{l+:q2 fM2\" 2 
· A K 

11 HMeJOT MeCTo Te lKe npeAnonolKeBHB, 'ITO u npii o5paf50Txe ynpyrux Clly'18ea c ny3blp&-

xoaoil K8MGpb1 0 8BTOpb1 Bbi'IUCnllnB yrliOBbiG pacnpeAeneHIIB llliB TpeX 311A"'G.HKlt Jl A (eM, 

p!IC, 19). YAOBli8TBOp!IT91IbU08 ~ornac11e SKCnepBM8UT81IbUbiX A8HIILIX C pBC'IeTUbiMR nony-
, ~ 

'IS eTCH npu M A , 38ltliiO'I SHHOM B CliGJIYIOIIIIIX npettenax: 0,5 faa .~ MAC ~ 1,5 faa, 

0f5a STU npeAena llO HGKOTOpoi! CTeneUII YCliOBUbl , TBK KBK llliOXO H3BE!CTHbl c!Jou OT Ue

ynpyrux nponeccoa 11 ueATpuuubli! cnex:Tp. Beliii'IHUa M A , nony'leHHSll Ja Mlttepuane c 

173/ IICKpOBOil K8Mepbl, XOpOWO cornacyeTCB C BSliii'IUUOlt II A , nony'ISHHOA IBTOpBMH , IIC-

II01Ib3YIOIIIIIMII llY3b!pbKOBYIO ltBMepy, 

np!I llOIICKe Cliy'188B0 ltOTOpb!G MOlKJIO OblliO OTHGCTII K p98K!lBII 

v+n .. p+e 
(11.1.2) 

Tpe5osanoc&, 'ITOobl BMencB nusellb c sueprueil oOn&we 500 Mas 11 "!To6tr. ou conposolK)Ian"' 

CSI OABHM Tp~KOM, 3aB:li10'19BHe 00 suepr.uu liHBBSI A9li8liOCb 1!3 nonl!OrO 'liiCli8 l!C!tp C TO'I

HOCTblO ;!:.30%, J13 4400 paCCMOTpGIJBb!X cny'!BeB 39 YAOBliGTBOp!U!l! KpHTepiiSIM OToopa, 

nocne BHSCGBHB nonpBBKI! Ha s¢c!JeKTUBHOCTb ASTSK!lii.II SliSKTpOHOB OblliOIIony'leHo OTBOWe

HUe 'IUCna 'ynpyro' of5pa3oaau&b1X anex:Tpouoa K '!Hcny MJOouos. Ouo oxa3anoc& paaubiM 

(1,7;!:.0,5)%. 

H3MepSISI aueprl!JO u yron Rcnycxauug sneB:Tpoua, MOJKBO Iroll)"'ll'nr q 2 

Ha puc. 20 I!JleAcTas:xeubr nony11euuoe u OlKHAaeMoe pacnpeAeneHI!B 

3H8'19HHII M A • 
q
2 

AliB ABYX 

XoTSI CTBTUCTuB:a ueaenu,Ka, BBTOpbl yTaepJKABJOT, 'ITO MJOou-sneJrTpal'luag yu.uaepcallb

uocT& nposepeua )10 nepeJlSB89Mb!X .IIMnylibCOB llOPBAKB 1 fss/c, 

\ nposepxa 38KOU8 COXp8H9HIISI nenTOHHOrO 3apBAa 

KaB: ylKe OTMe'lanoc& Bb!We, AliB nposepKII 3axoua coxpaseHI!H nenTOIUloro 3BpBAa 

ueof5xoA.HMO ohlno noB:a3BTb oTCyTCTs.ue peaKnult 

. + 
vl'+p .. n +p. II 
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C :;~TOil. nenbiO 6bJnll nat.!epeHbl 3H8Kll y 924 '18CTHII, KOTOpbie npOXO):Uinll '1epe3 H8M8I""HH-. 

· • . 1831 n • 
-qeHBhie nnacTY.Hbi, pacnonoJKeBBble B xoune·ycTaHOBKll • onSI nonoJKHTenhBbiX TpeKOB 

oxa
3

anacb pasuoil (2,7 +0,6)%. B TO JKe .speMSI oJKHnaeMaSI nonS! nonolKRTenbHhiX TpeKoB oT 

IIPOIIeCCOB, o6p830B8HHblX 8HTHBeftTpliH01 1!3-38 TOI""O 'ITO IIOTOKI! uellTpHHO Be HneanhHO 

qucTbie, cocTasnMa 2%. '.MaranTBhili por• xoncTpyxnnn 1964 r. nasan npuMeCb ii MeHb-
/69/ . . /63/ 

we, -qeM 2,2% , nouHHMII:SI B p8C'IeT HeonpeneneHBOCTb B 3TOM 'II!Cne, 8BTOpb1 .nenaiOT 

38
xniO'IeBHe o TOM, 'ITO napyweaBe aaitoHB coxpaneHBSI nenToBaoro 3apB.lla Mel!bwe, 'leM 2%, 

Ecnu nMeeTCSI ue6onhmoe napywenne 3aKoBa coxpaHeBHSI nenToauoro 3apsma 1 

JtOTOpOe xapaKTepH3yeTCSI aMIIni!TY.llOll 1 
TO B 3KCnepliMCHTe ,3TO. BapymeBI!e nposmnH-

eTCSI ,llB8ll<Abl - llpll 'pacnaiJ.e 17-Me30HOB ll B nponecce B3aliMO.llCllCTBllll HCHTpiiHO, nony-

-qeHHblC .naHBbie noasonlliOT ycTaaoBHTb npe.nen AnSI E 
2 

paBHbill 0,01. 

'06paweHHe•aeli.T~HHO 

/81/ CymecTsyeT rnnoTe3a o ·TOM, 'ITO B pacna.nax CTpaBBbiX -qacTBn MOlKeT nponcxo-

.nuTb o6pameal!e v I! . ·"" 
T,e, BMCCTe C MIOOHOM 6y.neT ncnycKaTbCSI sneKTpOHHOe 

nellTpuuo, a c sneKTpOHOM ucnycxaeTCSI 

17+ .. 1'++v 

" 17+ .. e+ +- v· e 

MIOOHBOe Bei1TpHHO 

+? + 
K :. I' +v e 

K +! e++ v 

" llnSI TOI""O 'IT06b! OTBeTl!Tb H8 BOIIPOC 06 o6paweHHH HellTpHHO, He06XO,lll!MO paCCMOT-
• /82/ 

peTb neATpHHHblll noTOK, KOTOpbiii sa UEPHoscKOM ycKopuTene uMeeT cneayiOillHII cOCTBB · : 

90 % 

9% 

% 

VI' 

v,_. 
v 
e 

OT pacna.na 

oT pacna.na 

H3 K;3 

171'2 

Kl'2 

11 K; 'pacnanos, 

Ecllll I!MeeT MeCTO o6paweune neli.TpHHO, TO cne.nosano OlKll.llSTb noSIBneHHSI _sneKTpo-·. 

HOB B 10% IIO OTHOWCHHIO It MIOOHHbiM cny'laHM, B .llCHCTBHTenbHOCTI! sa6mo.naeTCil 

(1,7;!:.0,5)%, 3TO, Ka3anOCb 6bl, HCKnl0'18CT I""HIIOTC3Y o6pameHH.Il'HellTpHHO, H? TaK K8K 

UHijlpa 1,7 6e3 y'leTa OWH6KH oTnH'I8CTCil OT 0)Kl!lt8CMOII (0,7% OT K 
•a 

) H 

npesblmeuue uolKHO oTHecTH aa cqeT pacnaaa K B xaxoli.-To .none Ha v 
ea e 

TO aenaeTCSI 6onee OCTOpOlKHOO 38KniO'ICHHe 0 TOM, 'ITO 

w ( K -+J.I +V) w (17 -+I' +-:v ) 
< ~~-. <20% ll 

w ( K -+I' +v ) W ( 17-+ J.1 +VI-I) 

" 
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! 

Jl, flOHCKH 3BpSD1(9HHOf'O npOMBlK)'TO'IHOf'O 6030Ha 

B 1964 f'O.lly KOHCTpyxnnsr ncxpoaoll KaMephr, KOTopag ncnoru,aoaanacb a UEPHoacxoM 

aeriTpnanoM axcnepnMeaTe, - 6hrna II3Meaeaa. Oc_o6brM H3MeaeHnSIM no.llaeprnacb neHTpanb

'aasr-- '!aCTb ycTaao~Kn. KarylllKII renbMrOnblla 6blnll 3aMeaeHbl 6onbllli!M KOnH'!BCTBOM 
. . ' . 

)I(Bn93HblX nnBCTHH TOniUIIHOJ! 5 CBHTHMeTpOB, HBMBf'HH'IBHHblX JlO 18QQQ SpCTeJl, MP.)I(Jly 

KO~~P~MH pacnono:lKeHbl MOJlynll HCKpOBhiX KBMe;~ n03BJlH )'CTBHOBKII fiOMBIUBniiCb JlBB 

HaM6f'HH'IeHHb19 nnaCTHHhl TolllUnuoli no 15 CM, Ha puc, 21 npeACTanneira KOHCTp)'KllHS! HCKpo-

! ~ . 
• -- /83/ 

aoli xaMepbl, KOTopasr ncnoru,aoaanacb B 1964 r. • Bee semecTaa, noMemeaaoro a ac-

xpoayro KBMepy, COCTaBnSin 80- TOHH, 3Ta )'CTaUOBKa Ohlna CUBJlHBJibHO C03Aana AnSI UOHC-
·-. 11 

KOB npoMe~yTO'IHOf'O 0030Ha, flpH IIHTBHC~BHOCTH U)''!Ka 7•10 npOTOHOB/HMUynbC '!Reno 

aanyCKOB )'CTaHOBKH B 1963 f', COCTBBHno 40 B 'lac, a B 1964 f', - 60 B 'laC, Ha STOT'O 

xona'!eCTBa aanycxos cny'!aea, Bhraaanahlx nel!Tpuno, B 1963 r. 6blno 18, a a_ 1964 r. - 40. 

i · OcTanbHhre aanycxu o6SI3aHhl pacceSIHHhiM MIOOHaM u B3aHMO.llellcTsyiOillHM ne_J!TponaM, 

UpOHCXOllS!IJlHM1 rnaBHblM Oopa30M, OT B3aHMO.ll9liCTBHSI HBJlTpBI!O C _BBillecTBOM 3alllHTbl, 

Bhrna npOH3BB.ll9Ha TlllaTBJibi!aSI KBnH6pOBKB )'CTai!OBKH HB UpOTOHHOM, UHOHI!OM U Kaou

l!OM ny'!Kax. PeayJibTaTbl xana6poaxu ua naouHoM n)"'xe npe.llcTaaneahr ua pac, 22, Hcnoru,

ay_g Kana6pOBO'IHh19 .llaHHble, MO~O )'CTaUOBHTb KpHTBpHU, U03BOnHIOillB9 HaJIB~O Bhl.llBnHTb 
MIOOI!bl, 

Ha )'CTBHOBKB UpOH3BO.llBnCSI UOBCK naUTOHHblX nap fl- f1 -F U 

npu pacna.lle npoMa~TO'IBoro 6oaoua W no cxeMaM 

w+ .. IL++ v 
fl 

w+ .. e++ v • 
e 

f1- e +, B03HHKaromax 

qUCTOTa HBJlTpHHHOf'O U)''!Ka, B03MO~OCTb onpet~enaBUS! 3HaKa 'IBCTUU B HaMBf'HB'Ien

l!oll 'IBCTH )'CTaUOBKH H Xopowasr KanH6poaxa )'CTaHOBKH U03BOnUnH-OTopocn'l"b ~OH, COCTOSIB-
l!.lall aa ( IL-- P 11. (IL--11) cny'laes. 

+ + 
floacxu pacnat~a W .. IL + v IL 

BBH.lly Taro + 
W OlKB.llBIOTCSI B CpB.llHBM oonee 3I!9pf'B'!Hb19 f1 + 

'ITO OT pacna.lla 
'II)M 

IL 
, npa o6pa6oTxe nneHKa ucxanacb cn)"'an c llBYMH uesaanMo.ilellcTsyromHMH 

Tt:JexaMa, 
CXOllHble C nono~HTBJibHblM II OTpHJlaTeJibi!biM MIOOI!aMH

0 
npH'IBM npooEI'- IL + JIOn-

- /83/ 
6oru,we, 'laM npo6er IL • Tax B pa6oTe Tpe6oaanocb, 'IT06bl npo6er IL + 

l!{I:!H Ob!Tb 

6trn > 7A 
0 , a npo6er_- IL- > 2,5 A 0 ( A 0 - cpeausrsr llnHI!a B3BHMO.llellcTBBH, COOTBeT-

-C'l'ayromaH _reoMeTpH'IecxoMy ce'!euuro). 

cf>on, C03llBHBhlll 'uesaaHMO.llellcTsyromBMH' npOToBaMB u UHOI!aMR OT cny'la!m, BIIBUnn

Pobaanblx neiiTpHHO HnH BHTBHellTpHI!O, .llnH TaKHX DOJiblllBX npo6eroa 0'19Hb Man, Q~llaBJ.lOB 
'll!~no cny'laea_o6uapy~ei!HH pacnaaa npoMe~yTo'!uoro 6oaoua aasacaT OT: 
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1) noncpC'IIIOf'O Ce'ICIIIISI o6pa30BaHHSI 6030118 (OHO O'ICHb CllllbHO 38DIICIIT OT MaCChi 

6o3ona); 

2) 3(..j>eKTIIBHOCTII peri!CTpaUIIII; 

3) neilTpUHHOro cneKTpa npn BhtCOKifX 3HepriiSix; 

/84/ 
4) nepoSITHOCTH pacnana 603oaa na nenTOHHhte napht 11 anpoaht 

3~xjleKTIIBHOCTb neTeKUIIII MIOOHHhlX nap nnR naHHOli reoMeTpllll II Bhl6paBHblX KpHTe
/83/ 

pllCB OT60p8 COCT8BIIRCT 11% nnSI Mw= 1,3 fgn II Be O'leHb CllllbHO 113MeHSleTCSI llllR 

HeCKOllbKO 60IIbWIIX M8CC 

HeilTpllHHhte cnaKTphi, pacC'IHTaHBhte BaH nap MeapoM, npu BbieOKHX 3HaprnSIX HMeiOT 

3Ha'IIITCIIbHYIO HeonpanenaHHOCTb 113-3a OTCyTCT8Hll Heo6xonHMbiX 3KenepHMaHT811bHhlX naH

HhlX. noaTOMY 88TOphl llhiT8lllleb. OUaHIITb BhleOK03Haprll'IHYIO· qaeTb BaliTpiiHHOf'O enaKTpa 

113 aaepraTnqecKoro enaKTpa ynpyrux eny'laaa npu aa6ollbwiiX nepanaaHhlX HMnyllbeax • q~ 

B paecMOTpaana 6pan11cb IIIIWb Ta~tua eny'lan, KOTOpbta eonaplKanll MIOOHhl, npoxonrunua 

'lape3 HBMBf'HH'IeHli"oe 1Kelle30. liMnynLe 3THX MIOOHOB onpananSIIIeR 113 eTpellbl nporn6a II 

U3MepeHIIli npo6era. Co6ht~HSI Bht6Hpanueb e aa6ollbWHM napenaHHhiM IIMnyllheoM ( q 2
) 

IIOTOMy, 'ITO B 3TOM eny'lae nonapeqHOe eaqeJrne He eHIIbHO 38BHeHT OT ,$opM$8KTOpoa. 

Ha puc.-23 npencTaanaabl nony'laHHbta peayllbTSThl. XoTn cpenu aTHX cnyqaaa HMaaTCSI 

npnMaeb oT aeynpyrHx eny'laea, annao, 'ITO eneKTp Baa nap Maepa M01KaT 6hi'Rb B351T nnR 

.. 
I 
5 • .. 

ql (.2(Gev,t) 2 

~D. MEER 

oJ tl .,, sl ,, . 7; = . j tol ul 
£ (liaB) 

Puc. 23. 
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/ 

HKH oJKHnaaMoro ea'laHHR. Hcnollb3Yll. enaKTp Ban nap Maapa 11 nonapeqaoe ee'1a1111a o6-
oP m5/ 
pa"osallllll 6oaoaoa, Bhi'IIICnaaaoa By, .HaroM 11 np. , 11 yqiiTbtaaR KODII'IecTao npOT<>-'-

1108, nonaBWIIX HS MIIWaHb, S5TOpbl nODy'IIIIUI 01KIIll89MOa KOIIH'laCTBO 6030HOB, o6paayro-

. mn:xcll np11 B38HMonallcTsHII aallTpHIIO. PeayllbTaT npaneTaanea Ha p11e. 24. · 

• .!! .. • 
• 0 • 0 .. 
0 ... 
0 

5 

4 

3 

~ 2 • " G> 
0 
:II .. 
5 .. 
0 

0 2 

Mw = 1.5 GeV/c2-

aleDriJ IBitDIIO (Ell) 

P11e. 24. 

. B TaonHna II np11aeneao o1KunaeMoe '!Reno nap ,.-,. + , KBlt $yHKUI!Sl· MaCChi 

npoMa*YTO'IHOf'O 6030HB M 
w 

174/ -a npannono1KeHHII, 'ITO sepoSITHOCTII pacnana w+ aa 

nenTOHhl 11 anpoBhl paaabl 
( W+. + ) -. ( +: +' ) w · · .. p. v!L +:w ·w .. e v 0 5 B =· q = , • 

W ('W+-+ nO aeeM KBH8118M) 
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T a 6 n•11 n a II 

M w' c'· flpo6er p.+ > 80 eM JKene3a flpooer p. + > 60 eM JKene3a 
(rss) 

flpooer p. - > 

0JKIIAaeTCH 

1,5 12 

1,7 7,2 

1,9 
~ 

3,6 

2,1 1,8 

2,3 0,95 

2,5 0,5 

30 eM JKene3a flpooer -fL 

Haonro~teao 0:lKI!AaeTesr 

9 

5,7 

2,7 
0 

1,5 

0,75 

0,35 

flo11e1t11 paena~ta ·w+ .. e++:v 
e 

) 60 eM JKene3a 

Ha6n:ro~teno 

0 

flaphl p..-•e. lleKSIIIIeb TOIIbKO B nepeASei! qaeTII yeTaHOBKII1 IIM91011lei! BbieoKyiO 

s~~eKTIIBHOCTb B AeTeKnllll n11snei!. 3aeprllsr nasaei!· onpeAensrnae& 113 xanaoposoqnhlx xpll

shlx, nony.ienHhlX sa sneKTpOHHhlX eyqz:ax. Hexanne& enyqli111, B KOTOphlx BMeeTea Toni.xo 

OAIIH IIIIB9IIb e SHeprnei! 001IbUI9· 500 Mss II OAIIH Tpex e npooeroM 00/Ibllle, qeM 0,8 A0 • 

113 1500 enyqaes, o6pa3osaaRbiX s Al nnat;Tnnax, sTBM z:pliTepnSIM YAOBneTsopsriOT 

6 enyqaes. Ha pne. 25 npe~teTasneaa ~oTorpa~IISI OAIIOro liS cnyqaes- xaiiAIIAaTa s p.-e 

A11an113, nposeAeHIIhlil asTopaMII, noxa3an, qTo O:lKIIAaeTeSI Tpll noAoOIIhlX enyqasr. 0AKII 

enyqai! MOr B0311KKIIYTb B pe3y/IbTBTe B3811MOAeileTBKS! 3/Ib-llei!TpiiiiO e OOp830B811KeM 

e.- p II/III e •fT naphl. nsa ApyrHX MoryT OhlTb CBH3allbl e Y.-KB811T8MK OT pacnaAa tr0 -Me-

30IIa. B OAIIOM 113 enyqaes y -KBaiiT AOII:lKell KOIIBepTIIpOBaTb B napy qaeTKit epa3y B Toq

Ke B3aiiMOAelleTBIISI llellTpHIIO. B ApyroM - OAHII 113 y -xsaiiTOB KOIIsepTIIpyeT 11a lleKOTOpOM 

paeeTOHHIIII OT TOqB:II B3811MOAei!CTBIIHo 3apSI:lKeiiii8S! qaeTIIIta 1 IIAYIIl8H B TOM JKe llanpaBIIelllllf, 

M8CKIIpyeTeSI 38 IIIIBH9M1 eoaASIIIIb!M y -KBSIITOMo TaKIIM 00p830M IIMHTIIpyeTCSI SII91tTpOII

IIhlil IIHB911b 113 TOqKII B3aHMOAel!CTBIIS!. 

nna Maeebi npoMeJKyTOqlloro 0030118 1 p8BIIOll 1,8 rae, B npeAitOIIO:lKell1111
1 

qTo sepoSIT

HOCTII ero paena~ta 11a nenTOIIbi 11 aApOIIbl paBIIbi1 Oblno paccq11Ta11o O:lKIIAaeMoe q11eno 

(jt-e) ; OHO OK8381IOCb p8BIIb!M 6 npH IICnOIIb30Ballllll eneKTp8 Baa Aep Me®a H 16 - npK 

llenOIIb30B8HIIII 'sxcnep11MeiiT81IbHOro cnez:Tp8 11el!Tp11110' (eM. 
p11e. 23). 1fllcno 118fiiiJOA8B-

UIIIXCH enyqaes ~ 3. ABTOPb! AeiiaiOT Bb!BOA o TOM, qTo een11 pacna~t 

SIBIIS!eTCS! npeOOII8A81011liiM1 TO Maeea 0030118 OOIIbUie
1 

qeM 1,8 rss/e2• 

+ w 118 nHOIIb! 119 

+ 
flpll.nOIICKe pacnaAOB W B ny3hlpbKOBOi! KaMepe OC00911HO nerKO 11Cit8Tb paena~t-

Hy!O BeTs& W + , eo~tep:lKilmyro e+ • 456 enyqaes B3811MOAellcTsHa ael!TpHIIo Ob!IIII 

ooaapyJKellbl s neHTp8nbHOM oo'beMe ny3b!p&z:osol! KaMepb! 220 IIHTpOB). flpH 

nol!CKe npoAyKTOB P8Clt8Aa 0030Ha STOT OO'beM Ob!II ysenllqea. B HeM Ob!IIO 00118py:lKello 

86 

P11c. 25. 

700 Cnyq8eB B38UMOAei!CTBl!ll1 CpeAII KOTOpb!X HMeiiCS! OAIIH B03MO:lKHb!l! K8HAHA8T AIIS! 
+ . . 

pacn8A8 no seTBII, COAepJKamel! e • B TO JKe speMSI OJKIIA81ICSI OJliiH cnyqal! OT j; • 
2 . e 

Ec_rur M w =1,8 rss/ c ( 11 np11 Tax JKe npe~tnonoJKeHIISIX, qTo 11 p8HbUie o sepoaTIIOCTH p8c-

naA8 W no p83Hb!M exeMSM), TO AOII:lKHO HSOIIIOAIITbCS! 2;5 TSKIIX Cnyq8SI. 

flOIICKII llenenTOHHb!X p8Cn8AOB 0030118 

nnsr Tore qTOObl nposepiiTb p8Cn8A 
+ 

W no nHoaaol! cxeMe, B p8CCMOTpeHH: 6p8-

IIIICb II!IU!b T8KIIe cnyq8H1 nonyqeHIIble 118 ny3b!pbKOBOJ! K8Mepe1 y KOTOpb!X BIIAIIM8S! SHep-

r!l>l E _:: 4 rss. flp11 sTnx saepriiSIX o6p830saane ·w + Ka3anocb H8!l6onee sepoSITHbiM 
'Ylli 

no OTIIomeanro x ApyrnM npouecc8M. 

( 
YqnTb!B81IIICb III!IIlb T8KIIe cnyq4111 cyMMapllb!i! 38pSIA xoTopbiX paseH +l,xaK Tpe6yeTCSI 

. . . 174/ 
Ob!Tb oo/Ibme 2 rss/c • AIIH W 1 npnqeM IIMnyiibC OTplllt8TeiihHOro MIOOH8 He AOIIJKeH 

3TIIM KpiiTep!IS!M YAOBIIeTBOpS!IOT 5 K8HJ]IIIt8TOB 113 456 CIIyq~eB B38l!MOAeiiCTBIIS! HellTpl!HO. 

I 
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' B Ta!illllne III npnBeneHhl oJKnnaeMoe •mcno pacnanoB npoMeJKyTO'iHhiX 6oaonoB 

'iepe3 nenenTOHHYIO cxeMY pacnana ( B=O) n na!iniOnaBmeeca qncno xannnnaTOB na 

sTOT pacnan. 

~ raB/c
2 

1,5 

> 4 13,8 

> 5 . 11,2 

> 6 8,6 

> 7 5,9 

Ta6nnnalll 

OJKHnaeMoe qncno cny'iaeB 

1,7 . 1,9 2,1 

7 3 1,3 

6,2 2,9 1,3 

5,4 2,7 1,3 

4 2,3 1,1 

HnlKID!A npenen uaccbl ·w + 

Ha6moitaBmeeca 
'IHCJIO XaHnliA8TOB 

5 

4 

0 

. 174/ . 
B pa60Te ony6JIHKOBaBbl naHBhle, xOTopble npencTaBJIRIDT co6oi! pe3yJibTaT 

COBMOCTHOi! o6pa60TXH BCero 9XCnepHMOHTaJibHOrO M8TepHana, nonyqOBBOro C nOMOWbiO 

ny3hlpbXOBOA H HCXpOBOi! X8MOp, B Ta6nnne ·IV npHBOAOB nony~OHHbli! ·B. 9TOA pa60-

TO HHlKHHA nponen MaCChi npoMOJKyTO'IHOX:O 6030H8 npH p83Hb!X nponnOJIOlKOHHBX 0 CXOMaX 

oro pacnana. HnlKHHA nponen uaccbl 6o3ona naeTCH na ypOBHe 99% nocToBopnOCTH. 

T a 6 n H n a IV 

B 3/4 1/2 1/4 0 

:.! 
M.,( raB/C )·>2,2 2,2 2,1 1,9 1,7 

EpyxxaBoncxni! axcnopHMOBT 1964-65· r.r. 

Ha XOHcpepeHD.liH, COCTOSIBmOACSI B )i(eaeBe B 1965 rony, coo6maJIOCh o' HOBOA pa60T0 

no H3Y'!eHHIO B3aHMonoACTBnsi aoATprmo, npoBonnMoA B EpyxxaBOBo. 3ToT axcnopHMOHT 

BhlnOJIHSieTCSI HS BOBOil HCXpOBOii X8MOp0 0 BOC . B011!0CTBa B XOTOpOi! COCTaBJISIOT 

80 TOBB. llo CpaBIIOHHIO C 1962 ronOM . H3Milii0Ba HOCXOJibXO nocTaHOBXS 

caMoro axcnopHMOHTa. Bb!BonoHBhlil npOTOHHhlll nyqox H3 ycxopHTenH nonanaoT aa 

MH1l!Ollb 0 nHOBbl H X80Hbl cjloxyCHpyiOTC:SI nJIS3MOHHbiMH JIHH3aMH. B HSCTOHmOO BpeMSI 9Tll 

88 

nna3MeHHhiO JIHH3bl naroT MO!Ibmnll acjlcpexT, 'IOM 'MaranTHhrii por'. Onaaxo aocMOTpH aa 

cymoCTBOHHbiO yny'IWOBHSI B llOCT8HOBKO Ollb!Ta, 9KCnOpHMOHTSnhHblil MSTOpHSJI Ha!i>!pSOT

CII HO 6hiCTp0 · i BO BpeMII KOHcpepOHllHH B lly6He,. EpyXX9BOBCX8SI rpynna HMOJIS 300 cny

qaeB B3SHMOAOilCTBIIII HoilTpi!HO c BomoCTBOM, a B smBapo Hl65 ro.O:a ..;. 400. 

ECJIH C'iHTaTh, 'ITO nonTOBHhlil pacnan COCTaBJISIOT 50% nHOBBOro, TO HS OCHOBaHHH. 

nMoromorocH sxcnopHMeHTanhnoro MaTopnana (no 6hlno o6napylKeao BH onaoro cnyqaH, 

xoTophlll MO)!{BO HBTopnpeTnpoBaTh xax pacnan W + ) naoTCll nponon M > 1,8 ra5 tc2• w 

§ 4. 0CHOBHble pe3yJihTaTbr, nony'IOHHbiO B HeATpHHHbiX 

axcnepHMOHTax EpyxxaBoHa H UEPHa 

1. 3xcnopnMeHT, npoBonoHHhtll B UEPHe •. c xopomoll nocTOBOPHOCThiO nonTBopnnn 

ocnoBanar>til aa MollbmeA cTaTHCTHxo po3yJihTaT EpyxxaBoncxoi! rpynnhl o aanH'IHH nByx 

BHAOB ReilTpHHO V H 
e v,.. 

Po)!{lteane anexTpoaoB aa6n10nanoch B ny3hrphKOBoll xaMope B 100 pa3 pe)!{e, '<OM 

pO)!{ItOHHO MIOOHOB. C nOM011!hiO HCitpOB.Oil KaMOpbl AJISI OTHOWOHHSI ~HCJia 3<110KTpOHOB X 

'iHCJiy MIOOHOB nony'IOHO 3lta~OHHO (1,7:!:,0,5)%. 

2. ECJIH 3apH)!{OHHhlil BeKTOpHblll npoMeJKyTO~Hblil 6oaoa cymoCTBYOT, To ero Macca 
2 

npeBhl1l!aeT 1,7 raB/C • 3TOT npenen 3aBHCHT OT TOrO, KaKaSI H3 CXOM lJIOnTOHH8SI0 nHOH-

HaSI HJIH 6apHOH-aHTH6apHOHHaH) 6yneT AOMHHHpOBaTb npH pacnano !i030Ha. 

3. O'iellb Ba)!{HO nonqepxnyTh, 'ITO necMOTPH ua aoonponenoHHOCTH, CBSI3aHBhle co 

CnOXTpOM BeATpHBO H acjlcjleKTaMH SIAOpBOA cjlH3HKR, yHHBepCaJihBaSI TeopHSI CJia6biX B3aHMo

AOi!CTBHJl npn 60JlbmHx saeprHHX aoilTpnuo npHBonHT nnH ceqeanll ynpyrnx nponoccoB BHna 

(14,1,8) K 3Ha'ieHHSIM0 6nH3KHM K 9KCnepHMOBTaJihHblM po3yJibTaT(tl>lo 

4. llpn o6pa60TKO cnyqaeB ynpyroro o6pa3oBaHHH p- ll- nap B nponocce (14.1.8) 

6hiJIH nony'ieHbl naBJlbte o cjlopM-cjlaKTopax nyxnoHOB, OTaomoane cjlopMcjlaKTopoB .F K F 
2 

A V 

B o6nacTH nopenaBaeMoro HMnyJibca no 1,2 (raB/c) paBBo FA/ Fv'"1,8;!:.0,6. Ecnn npon-

CTaBRTh SKCHSJlhHblil cjlopM-cPaKTOp HYXJIOBa B BRAe 

2 2 -2 
FA(q) =(l+q2/MA). 

To xopomoe cornacrre c axcnepRMOBTSJihHhiMH naHHhiMH nony'iaeTCH npn 

MA=(0,8 :!;0,2) raB/c2• 

5. llpoBepxa 3axoaa coxpaneHHH nonToHHoro 3apSIAa noxa3ana, 'ITO ero uapymeano 

MO!Ibme 2%. 
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6. llony'l9HHbl9 C nOMOm.blO Ay3blpbKOBOlt KaMepbl ,llaHHble IlOKa3blBaiOT, 'lTO OOnee 

'laM B nonosnHe Heynpyrnx cnyqaes o6paaosanne O.llBHO'lHblX nnoHoB B.lleT qepea soa6y*

.lleHHbllt nao6ap (3/2, 3/2). 

7. Ce'leHne B3anMoAellCTBBll, o6ycnosneaaoe HellTpanbBblMH nenTOBBblMU TOKaMB1 

:S (3;!:..3)% ce'lennll, o6ycnosneaHoro aapll*eHHblMB ToxaMn. 

8. nony'leHbl nepsble .llaHHble o cnpase,llnnsOCTn ~ - e YHHBepCanbHOCTH npn 

OOnbWHX 
2 

q 

C.llenaeM o,~:~ao aaMe'laHKe, xacaromeecll o6pa60TKH axcnepnMeHTanbnoro 

MaTepuana, nony'leHHoro B nellTpaHHblX axcnepnMeHTax. AsTOpbl paooT, BblnonHeHHblX 

C IlOMOm.blO Ay3blpbKOBOll H HCKpOBOll KaMep, BCe BpeMll HailOMKHaiOT1 KOr,lla pe'lb H,1:19T 

o xpnTepnliX oT5opa ynpyrux cnyqaes, o xnHeMaTH'lecxnx anannaax, 'lTO nMeeTCll Be 

cso6onHblll HyxnoH, a Hyxnon B ll,llpe. TeM He MeHee, HeKOTOpble oneHKH O'leHb onTHMH

CTB'IHbl, ocooeHHO Korna OoCy*)lS9TCll BOilpOC 0 HSXO*JleHHH HeHTpHHHOro cnexTpa npH 
< 2 2 

ManblX nepenaqax • q (MeHbwe 'leM 0,2 (ras/c) ). llpn Taxnx MSnblx nepe.llaHHhlX 

HMnynbCSX R.llpO MO*eT CHnbHO HCK83HTb HCTHHHYIO KSpTHny B3SHMO)leltCTBHll Ba CBOOO.ll
/86/ 

HOM nyxnoHe 

§ 5. llepcneKTHBbl ,ll8nbHellwHX OilblTOB 

K 5nu*SllweMY 5y.llymeMy MO*HO OTHeCTH axcnepnMeHTbl c aHTHHellTpnHo, sxnro'lall 

H3y'leHHe OOp830BaHHH CTpaHHblX 'ISCTHilo 

B • 6na*Bllwee speMH B aellTpHHHOM axcnepnMenTe UEPHa 5yneT ncnonb30BaHa B 

MarHHTHOM none ( H ~ 27000 apcTeA) nyablpbKOBaH xaMepa o6'beMOM 1140 nnTpoB# oo'beM, 

B KOTOpOM OYAyT H3y'laTbCll B3aHMO):IellCTBH.H HellTpHH01 COCTaBHT 650 nHTpOB, 3Ta an-

napaTYPa JlOn*Ha Il03BOnHTb cymeCTBeHHO ysenU'IHTb CTaTHCTHKy, HM910lllYIOCH Ha Ay3blpb

KOBOll KaMepe B HSCTOSilllee BpeMSI, 

.llanhaeltwee ncnonbaosanne ncxpoBblX n nyablpbKOBblX KaMep c Tll*enblM aanonHe

HHeM B HellTpHHHblX axcnepnMeHTax 6eccnopao npnHeceT HHTepecHble peaynbTaThl. Ho 

cnenyromnM 6onee BblCOKHM aTanoM B aTnx axcnepHMeHTax Ann nony'leHnn nanemHblX 

xonnqecTBeHBblX peaynbTaToa· non*HO oblTb npn:Meneane 6onbworo sonopo,llHoro ,lleTex-

TOp a, 

OcnosHan TPYllHOCTb c acnOnbaosanneM BO.llOPOllHblX ny3blpbKOBblX xaMep nnn nay-

eo 

. . 

qeBBst B38HMO,ll9llCTBII:st H9llTpHHO COCTOIIT ll TOM, 'lTO OBH COA9p*BT Manoa KOnB'l9CTBO 

J1Slll9CTB8• 1 M8Tp 
3 

*H.llKOro BOAOpO,lla BeCHT BCero 67 Kr. llosTOMY -B naoopaTOpllliX1 

IUiaHIIpYIOlllHX aeltTpHBHble sKCnepBM9HTbl C HCnonb30BaHH9M OOnbWBX BO.llOpO.llHblX Ay3blpbKo-
- x) 

JlblX JU1M9p1 paCCM8TpBB89TCB Bonpoc 0 IlO,llBSITHH HHT9HCHBHOCTB , Ay'IKOB B _IQ pa3 

B pR.lle na6opaTopall pa3paCiaTblBaiOTCn npoe:s:Tbl 50nbwnx BOAOPO.llBbiX Ay3blpbKO_BblX xaMep 
3/87/ 

OO'b9MOM 25-30 M • B Taxoll KaMepe MO*HO 5y.lleT .ll9T8nbHO H3Y'lHTb Xa*Jlblll 

cnyqall B1 CaMOe rnaBBoe1 BA9HTBijlH!CaitBSI 'lSCTHil =aaeT 5onee OAH03Ha'lHOll. 

Taxan oOnbwan BO.lloponaan nyablpbxosan xaMepa - O'leHb cno*aoe a .lloporoe y=poll-

CTBO. 

~poaT paoOT no aayqeanro B3aHMO.lleltcrsnn aeltTpaao see pacwapneTcll. K HeltTpHH

HblM axcm;pnMeHTaM nepexo.llBT HOBblll ycxopBTenbHble neaTpbl ( Aproacxast na6opaTopaB), 
/1n/ 

accne,lloBaTenn xocMB'lecxax nyqelt, neHTpbl, pacnonararomae MOlllHblMH peaxTopaMn • 

§ B. liTO 03Ha'laeT ,llanbHeltmaB nposepxa CBT? 

.llOCTHrnyTaB K BaCTOBlll9MY·BpeM9HH axcnepBMeHTanbHaB TO'lHOCTb II03BOnl!eT roso

raTb o coOTBeTCTBIIR CBT axcnepaMeHTanbHbiM AairnblM, 0TxnoHeH!llt OT ee npe,~:~cxaaa

HKlt, CBB3aHHblX C IlpHOnll*eHHblM xapaxTepOM B30TOIIH'l9CKOlt BHBapnaHTHOCTB ll,llepHblX -· 

can, cospeMeHHbllt ypoBeHb TO'lHOCTH o6Hapy*HTb He no3sonBeT. Kax Y*e OTMe'lanocb, 

Haonro,lleHBe ljlopM-IjlaxTopos, aapywaromax CBT ( f _- _ .llnB oeTa-pacna.lla _ nnoaa a F 

.llnB KILB pacna.lla), CHnbBeltWHM o5pa30M 3aTpyAHGHO He TOnbKO TeM, 'lTO HX BKnan 

B ce'leaae nponopnnoHaneH Macce nenToHa m f. , ao TaK*e a Tolt .llOnonBBTefibHolt ManOCTbiO 

( f_/f+ =1/137, F_/ F;'1/1Q), KOTOpall CBB3aHa C TeM1 'ITO CaMO OTnH'IIl9 H F OT 

nynB oi'iB3aHO XOMnoaeHTe ll,llepHblX can, napywaromell, COOTBeTCTBeHH01 11:30TOnll:'leCKYIO 

IIHBapaaHTHOCTb H TO'IHYIO SU (3) -CilMMGTpHIO, 

HecMOTPll aa ysepeHHOCTb B H30TOIIH'lecxolt HHBapaaHTHo=n canbHblX saaaMo.llelt

cTBHlt B accne.llosaansx c HellTpaHo BblCOKHX aaepralt HBTepecHo nposecTa nposepxy. CBT 

npH 3Ha'leHHS!X q 2 
1 cymeCTBeHHO OTnH'laiOlllllXCB OT nynB. 

Cero,llHB npe.llCTaBn.l!eTCB, 'ITO sTOT sonpoc cTaHOBHTC.I! oco6eaao · BS*HbiM, ecna Mbi _ 

XOTHM nposepli:Tb TOK X TOK CXeMY cnaooro B3aHMO,lleltCTBH.I!, B paMKaX TeOpHH C W -oo-

soaaMa nogsnBeTC.I! B03MO*HOCTb An.l! OTcTynneanlt OT CBT npH 3Ha'lHTenbHblX q2 . 1 

TaK KaK TOnbKO 'CT8pble' .j,opM-IjlaKTOpbl (CM, 10.1.11)- ( 11.1.11) nO,ll'IHH.I!IOTC.I! STOMY 

ycnosHro. 

x) . 
YMeCTao nanoMHHTb, 'ITO anTeHCHBHOCTb aei!TpHHHblX ny'lKOB B UEPHe aospocna 

B 200 pas no·cpaanennro c TeM speMeHeM, xorna nnaHHpoaanc.l! Hei!TpHHHbllt sxcnepHM~HT 
B 1960 r • 
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Bo3MOX<Hoe cymecTaoaaaHe aeliTpallhHbiX -rox:oa, ac'le3aromHx np11 q:l.: o 

_citaJKeTCSI aa cnpaaellni!BOCTI! CBT npl! 6on&max q' 

, T81tlK9 

KpoMe Taro, aapymeHHSI CBT c TO'IKH 3peHHSI cerollHRmHero llHSI [(OnlKHbl 6b1Tb 

Manbl, noKyllB npaB HnbHbl npellCTBBneHI!SI 0 TOM, 'ITO cna60e B38HMOil9iiCTBI!9 OCT89TC.SI 

CJia6blM npn npOB3BOllbH() 60llhWBX q 2 
• 8()3MOlKH09 B3MeHeBI!9 COOTBOWeBI!SI MeJKily 

2 
a,P<j>eKTBBBbiMI! KoacTaBTaMB npn 6ollhmi!X q llenaeT npoaepKy CBT a aToll o6nacTH 

oco6eaao HBTepecaoA. 

npoaep!ta CBT B ax:cnepi!MeBTBX c aeliTpHBO' ~biCOKBX aHeprBll 1!8 pa3Bb1X CTallB.SIX 

MOlKeT 6b1Tb npoaelleaa no-pa3HOMy. C11enaeM saa'lane npellnonoJKeaBe, 'ITO CBT BMeeT 

MeCTo. Torlla ce'leBBSI T.B. •ynpyrBx• nponeccoa 6yllyT xapax:Tepn3oaaTbCSI 'leTbipbMSI ljlopM

Ijlax:TopaMI!, llBB H3 !tOTOpbiX COBttallaiOT C H3B9CTHbiMH H3 B3y'leBBSI pacceBHBSI aneKTPOHOB 

ayx:noaaMH. npeae6peraeM, llanee, ax:nallOM BHJlYll!!pOBaHHoro nceallOCKangpa. Jlng cyMMbl 

Ce'leHI!ll nponeccoa noll lleliCTBI!9M. aeliTpBHO II aBTHB9ATPBBO llOnlKHO 6b1Tb cnpaBellni!BO 
' . ~ . . ' .. 

HepaaeHCTBO {13..1.10),· a ·a. BblpaJKeiii!SI llnB CS).IHX Ce'I9HHll BXOllHT OllHa HElHSB9CTHaSI 

aen11<inaa ,_ F ~ • np11 nccnelloaaann 6aaapabiX nponeccaa· OllBB pa3 c aeliTpnao, ·a llpyroll 

-· c a'uTnaeiiTpB~o, Mbl. nony'l:aeM )laa ypaaaeaiu1 llnll ollaoro aen3aecTaoro;...F A • CoaMe

cTaocT& a'I'BX ypaaaeaBll SIBriSieTCll ae~oxoll_ npoaepx:oll CBT, ecnn, x:oae'l:ao, a<j>ljleKTbl 

S!Jlepaoll · <j>n3BKB MOlKBO · C'I!ITaT& y'ITeBBbiMB llOCTaTO'IBO nonao. 

Pa3nB'IBe .a ce'leHB.SIX B3aBMOilellcTanR c syx:noaaMB aeliTpBao x aHTBBeliTpBno caSI3a

ao. C pa3HbiM 3HaltOM BBTep<j>epel!llHH M9JKilY axnallaMB B9ltTOpaoro H aKCBan&BOrO TOitOBo 

C pocTOM aaeprBK aeliTpnao p0l1b aToro KaTepljlepeannoaaoro 'lneaa yMeH&maeTCS!. Tax:aM 

o6pa30M, c pOCTOM aaeprBB aeliTp.~ao nOll06Ball npoaep!ta CBT nOTPe6yeT yaenn'leHKS! 

TO'IllOCTB B3MepeaBll. 

Korlla cTaayT llOCTynHbiMB B3MepeHIIS! nongpn3annll 'lacTnn, nx onpelleneane no3ao

nnT npoaeCTB (BOBble ypaaaeHIIS!) eme 6onee ocHOBaTen&ayiO npoaepKy CBT, a npll cnpa

aellnBBOCTH CBT onpelleniiTb II nceBllOCKangpaoe .B3aiiMOllellcTBIIe. 

Jlng nepeXOllOB.C 113M9BeBB9M CTpaaBOCTI! 113Y'I911119 OT!tnoaeBHll OT 'laCTII'IHOrO 

COXpaaeBIIS! .BeKTOpBOrO TO!ta OT!tpb!BaeT nyTb K accnellOBaHIIIO Cp91lB9CHnbBbiX B3aiiMQ-

Il9iiCTBIIilo 

HaTepecayro a03MOlKHOCTb 113y'le~S! aonpoca o CBT 11 aenocpellCTaeaaoro H3Mepe

BHS! aenii'IIIBbl paCXOlliiMOCTII altCBan&BQ-89ltTOpBOrO TOKa np11 IICCnell08aBIIB nponecCOB 

pOJKil9HIISI niiOHOB II llpyrBX •aeynpyriiX• nponeCCOB nOll ll9iiCTBII9M aeliTpiiBO HellBBHO 
. - /88/ . 

paccMOTpen C.Allnep • 

92 

J 
j 
~-

I ,, 

§ 7. PacceS!alle ael!TpiiBO aa anexTpoaax 

Hea36eJKHbiM llellcTaaeM TOK x TOK CTpyxTypbi cna6oro B3aiiMOllellcTaiiS! S!BnSieTCS! 

cymeCTBOBaHHe ( e V) { V e) B3811MOll9iiCTBHS!0 KOTOpOe npiiBOilHT K B()3HIIKHOB9HHlO 

(a nepaoM nopRllKe no G nponecca pacceSIBIIB aeliTpllao anex:TpoaaMII 

V+e ... v+e e e (1.2.7) 

II MIOOHaMB 

VI' +·I' + VI' +:1' (2.2.7) 

06aapylKeHBe aTax nponeccoa 6Mno 6bl aec&Ma aalKHbiM llnB npoaepKII TOro,aacKon&Ko 

cnpaaellnllaa TOK x TOK CTPYKTypa cna6oro·a3aBMOllellcTalla. 

nocxon&Ky aenn'lnBa nonaoro ce'lealla 

u·= ..1... G 2 m.E v 

" 
( E v B na6. CI!CT9M9) (3.2.7) 

Mana llaJKe B M8CmTa6e HeliTPBBHbiX Ce'leBHll (lll!SI E v =1 faa U• 
-41 2 

10 CM ), 9KCnepi!M9B-

TanbBO o6aapylKIITb aeliTpaao-anexTpo~aoe pacceBHne npellen&ao TPYilHO. HecKOn&KO noMa-

raeT TO o6cToBTen&CTao, 'ITO npll pacceBHHII anepell aenn'IHBa ce'leHHB nponecca (1) 6nx3-

Jta K Ce'leHHIO nponecca 83aBMOll9iiCTBI!B HeliTpBHO C ayKnOHOM 

vi' + n -> p +·I' 

.lla<j>ljlepeana~n&aoe ce'leHIIe v. -e pacceaaaa llaeTca B mi6. CI!CT9M9) B BUlle 

~ 
do 

:!.. G' m 
2 

a 2 cos 20 I ( a 2_ cos '8 ) 2, 
,2 e 

rlle 

a= 1+:m.J:E., 

:3To ce'leHBe o'lel!b BbiTBHyTo anepell .11 cnallaeT a 10 pa3 npa nepexolle K 

( 4.2. 7) 

0= 3° 

Ana E.,= 1 raa. ToT <j>aKT, 'ITO B pean&HbiX 9KCnep11M9HT8X v-'N nponecc npoBcxo-

lli!T B liJlpe, npHBOllHT K TOM}', 'ITO nplll!!ll!n naynll pe3KO yMeHbW89T BllnB'IBHY C9'19HIIB 

v-·N B38BMOilellcTaiiS! anepell .(a IIHTepaane nepeAaaaeMblX BMnyn&coa q annaT& llO 

qa 2pF = 550 Maa). OllHBKO llOnB Ve B ny'IKe Bei!TpiiHO. OT MOWHbiX yCKOpiiTenell 

npll E = 1 raa Mana. KpoMe Taro, Ce'leBIIe pacceBHIIB aneKTPOBBMII aHTIIBeliTPIIBO v . . 

du-Ve 

do 
<~>[1+~<~-

do E., 
2 cos 'O ) ] • 

a 2- cos20 
(5.2.7) 

He BbiTBHyTo anepell 11 a npellene 0-.0° C9'19BIIe nponop!liiOBBnbHO MBCCe aneKTpoH8o 

93 



§ 8. 3apstnOBblil <jlopM-<jlSKTOp aei!TpHHO 

B Teopaa nsyXItoMnoaeaTnoro aei!Tpaao oao MOJKeT aMeTb TOJibKO aapsmosblil, no 

ae Mal'Bl!TBblll <jlopM-<jlaltTOp. PaccMOTpHM 'AHaroaaJibBbie' .'lneHbi B narpaHJKaaae cna6oro 

saanMonellcTBHB. Torlla aellTpnao MoJKeT nony'IBTJ> aapsmOBblil <jlopM - <jlaKTOP 

Fv(q2)~q2F (q2) 3M 
2 Ja ~ - eq ·F ( q 2) i7' ·Ya ( 1 + y

6
). v 

ecnn Y'l9CTb nepeXOll B aneltTpOB-D03HTpOHBY~ napy. 

Ve 

e e 

f;j, 

1\ (Nle.,J'l-) 

Puc. 3. 

llpn Bbi'IHCneann aapnnosoro <jlopM-<jlaKTopa aellTpnao caa'lana nony'laeTcn KBanpa

TH'IHO pacxonnmai!cn peayn&TaT, BbipaJKean~ nnn KOToporo ae ac'leaaeT npn ayneBoM 

nepenaBaeMOM HMDyn&ce. Ecna JKe npnHBTb BO BHHMaaae, 'ITO aapsm aellTpnao pasea aynro, 

Torna aToT KBanpaTH'IBO pacxonnmallcn naTerpan MOlKeT 6biTJ> nonoJKeH uynro Talt JKe, KaK 

a B cnY'lae co6cTDeaaoi! aaeprnn <jloToaa. OcTaromancn 'ISCTb 6yneT norapn<jlMn'leCKH pac

xonnmellcn n Bbi'IHcnneTcn aaanol'H'IHO nepeaopMHpOBite aapBAa B KBaHToson aneKTponnaa

MHKe. TaKHM o6paaoM nonyqaeTcn, 'ITO aapBA aei!Tpnao pasea 
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v 
e _1_ ....!_ (fn ~ ) ~ (e) q 2; 

<211' > 2 3 q v2 
q 2>:> m2 

( A - napaMeTp o6peaaann), rna 

aneltTPOHa ( e 2= 11137). 

q - 4 - nMnyn&c <jloToaa, e - o6bi'IHblil aapnn 

CymecTsoaaane aToro aapnna nonJKHo npaseCTB K pacceRRnro Mro-HellTpHHO aa 

aneKTpOHSX H 060HX BHAOB HellTpHHO Ha HyKDOHSX C C9'19HHeM DOpSUIKS 

(..2....Gfn~) 2 • 
IT q 

/89/ 
llonpo6HO STOT BODpOC paCCMOTpeH llepenOMOBbiM • 

Ill • HEfiTPHHHbiE llPOUECCbl C H3MEHEHHEM .CTPAHHOCTH All.POHOB 

CpeAH nponeccos pacnanos K aToll KaTeropan OTBOCHTCB nenTOHHble pacnanbl 

K -M930HOB 

a) Kb K .. f + vf 

6) Kfa K .. IT + f + Vf 

B) Kf4 K .. IT +IT + f +:vf 

a nenTOHHble pacnanbl rnnepoaoB 

a) At .. P+ f-+vf 

6) ~f .. n + C + vt 

B) i: f .. A + r-+ vt 

BalKHO oTMeTnTb oTCyTCTBHe nponeccoB 
~+ + 
"';.. .. n + f + vf 

n npyrnx nponeccos pacnanoB t=. 

1. llpasana oT6opa no naocnaay llDB pea~tnai! c aei!TpHHO 

A. Ha peaKnni!, npo~onnmnx 1t o6paaosaaaro ranepoaoB B 6naapablx nponeccax 
+ -vt + n .:. ~ + f (1.1.3) 
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" 

iii + n .. if+ f + (2.1.3) 

II£ + p -+ I,O + f + (3.1.3) 

+ 
"f + p .. :=_o + f (4.1.3) 

- + 
't+n-+I.+f 

(5.1.3) 

v2 + n ... S.- + f+ (6.1.3) 

peaKnHH (1) sanpemeHa npasunoM 6 S = 6 Q , a peaxnuu c o6pasosaHneM E. runepo-

HOB sanpemeHbi OTCyTCTBHeM nepeXOllOB c H3MenenueM CTpaHHOCTII I 6 S I > 2. 

3J:teCb HeT npasuna 161 I = 1 u see 6 cjlopM-<jlaKTOpos BXOllHT s BblpalKeHn:e J:tnll J a' 
eCnH He npeJ:tnOnaraTb cymeCTBOBSHHll 6onee BbiCOKOII, '19M H30TOUH'IOCK8H, CIIMM9TpHII 

CHllbHbiX B38HMOJ:19liCTBHII. llpii cymecTBOBSHRII SU (3} CHMM9Tp1I1I ~cno cjlopM-<jlaKTOpOB 

yMeHbwaeTcSI AO 'l9Tbtpex. 

TaKHM o6pa30M nccneJ:tyiOTCSI csolicTBa TaKa, Menmomero CTpaHHOCTb. B naCToSIWee 

Bp9MSI npBHHM89TCSI, 'ITO 3TOT TOK Bbl3biB89T nepeXOllbl CO cneJ:tyiOWHMH npaBBnBMH OTOOp8 

no 8llp0H8M 

1) lt.SI<2 

2) 6S .. 6Q 
(7.1.3) 

3) 61=~· 

llpuseJ:teM apryMeHTbl sa cymecTsosanne aTHX npasnn, pa3BBTbie snepsble OKyHeM II 

llOHT9KOpBOo 

B. llpasiino I :6. S I < 2 

8 paMK8X TOK X TOK CX9Mbl B38RMOll9llCTBIISI HapymeHII9 3TOrO npasuna 03H8'18nO 

obi Haniiqne aq,cjleKTIIBHoro raMHllbTonuana suJ:ta 

J+(~S =2) 
a 

J (6 s = 0 ) 
a 

CymecTsosaniie (8) npiiBOllRT K OTnn'lHOMY OT nynn MaTpaqnoMy aneM&HTY 

<K0 I J+ (6S=2) J (6S=0)1K0 > -/0. 
a a 
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(8.1.3) 

TaKIIM o6pa30M, H9J:IB8rOH81lbHblll MSTpH'IHblll aneM9HT M9lKJ:IY COCTOSIHIIl!MII K
0 

11, K
0 

oxasblsaeTCH nopSIJ:Ixa G • 

Hanu'ln:e TaJtoro MaTpii'lHOro aneMenTa npusoJ:tHT It niiHeliuoli no G pasHOC:H 

MSCC K0

1 
H K~ M930HOB, KOTOpaH ):lonlKHa nOCTaBnBTb B9nH'IBBY nopSIJ:IK8 1 3Bt 'ITO 

-5 
3!I8'lHT91lbHO npeBbiW89T 10 3Bo 

C. llpasn:no 6 S= 6 Q 

Ananorii'lHbtll apryMeBT MOJKHO npn:secTn OTHOCHTelll>BO npasiina 6 S = 6 Q • Hs cjlaK-

TS 
-

A-+pe-vf pacnaAa II3BeCTHO, 'ITO nepexoJ:t c 6 S =·6 Q IIM99TCll • 

llpeAnonolKHM, 'ITO KpOMe Taro HMeiOTCH u nepeXOllbi c 6 S = -·6 Q • TorJ:ta B paM-

KaX TOK X TOK CX9Mbl J:tOnlKHO 15biTb cnara9M09 

J+ ( 6 s = 6 Q ) J ( 6 s =-·6 Q ) • 
a a 

(9.1.3) 

3TOT '!n9P IIM99T 6 S = 2 H 6Q = 0 II OllHTb npHBO):IIIT It OOIU>WOII pa3HOCTII · MSCC K
0

- H 1 

K~- M930HOBo CneJ10B8T9nbHO, He'l" nepeXOJ:IOB C 6Q =-AS (ecnii IICKUIO'liiTb TaKyiO 

B03MOlKHOCTb 'ITO cjlasbl J a ( 6 Q = 6 S ) H J a ( 6 Q -6S) CJ:IBHBYTbl sa rr / 2). 

D • llpasHno I !.I I=~ 

'iaCTO npeJ:tnQnaraeTCB, 'ITO 'lSCTb oapiiOHHOro TOKa, MeHmomero CTpSHHOCTb - S t . p 

~peo6pasyeTCSI xaK xoMnoueHTa cnnuopa. llponsseJ:t&HIIe uyKnoHHoro H riinepoHHoro.nonell 

MOlK9T npeo6pa30BblB8TbCB Klllt H30CnHH 1/2 HUH 3/2 • Tax 'ITO 

S =S (I=~, 1 3=~ )+ S (3/2, ~) + S ( 3/2, .J/2). 
p p p p 

(10.1.3) 

TpeTull '!n&ll J:taeT 61;: 3/2 · H He yJ:tosn&TsopwT npasnny 6S=6Q , Tax JtaK 

6Q=+ 1 , 61
3
=3/2 TOrJ:ta lt8K 6S=-I=-AQ. 

BTopoll. 'lneu yJ:tosneTBOp!!9T npaBIIny 6S = 6 Q , HO npeo6pasyeTCH xa:t:: cnHnop 

I = 3/2 H He yJ:toBneTsopneT npaBHny I M I = ~ • 
nepsblll. 'IU9B YllOBU9TBOp!!9T OOOHN npasnnaM. llpnMepOM TllltOrO B38HM0ll911CTBII!! 

SIBU!!9TCB A0 ra p • 

EcnH npasuno 
6 I = % IIM99T MecTO, TO BB9llSI wxrypHOil C I = ~. , HeTpyJ:tHO 

nony'lHTb COOTHOW9HH9 
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- + -· + 
R(ve+n .. l:+f ):2R(ve+p .. l:0 +f). 

(11.1.3) 

3Tn npaauna oT6opa n npaauna oT6opa ~I= 1 llnst AS=O nenTOHHhiX pacnallOB 

npHBOllS!T ·K napannenn C KBaHTOBbiMH 'IHC)l;SMH 3apsrmeHHhlX 'l:neHOB YHHTapHoro OKT8Ta 

( JT - llDSI 06hi'IHOro II K - llnS! CTpBHHOrO TOKOB) II Cll8llOBanH 6bl O'leHb eCTeCTBeHHO 

II3 riinOTe3bl; 'ITO CaMU TOKU Ja 1 Sa SIBHHIOTCS! 'IDe HaMil yHUTapnoro OKTeTa· TOKOB. 
I /90/ 

3Ta rnnoTeaa 6blna BblllBHnyTa Ka6n66o • 

§ 2. 0KTeTnan rnnoTeaa Kao1I66o 

0KTeT 0 Me30HOB ODHChiBaeTCS! (1,1) 6eccnellOBbiM TeH30pOM 

( 
...!!}_- 'lfV6 .,+ .. ) y;. 

i -· 
- .,0- 'lf../6 xo 

Mj " 
JT 

-./2 
- -

K xo +2.,/y6 

2 

M8 -K + . M I 03Ha'l:aeT .,+ 
• Tpu ocii 1, 2, 3 Taxoaht, 'ITo oc& • I . 

i 
M. ( i,j= 1,2,3) 

J 

(1.2.3) 

1 CBH3aHa C 

. aapsmoM, a oc& 3 - c runepaapS!lloM. 

runoTe3a COCTOH~ B TOM, 'ITO TOKD 

i ) 
Ja D Sa HBDSIIOTCSI 'lll8HBMH OKTeTa TOKOB 

( J j. a 1 'lbH CBOfiCTBa.npeo6pa30BBHHSI npu onepa~nH YHRTapnoA 'CUMMeTpHR COBna-
i 

llBIOT CO CBOfiCTBBMU Mj • 

npu paCCMOTpeHUH ll~DTOHbiX pacnapoa npellCTBBnSIIOT HHTepeC TOKU 12 u J .a, 

xoTophte npeo6paayroTcst nollo6ao· .,+ K+ • 
I I 

nnsr BHTnneDTOHHbiX npoueCCOB BB)l{Hbl D 

TOKH J I D j 1 
1 KOTOpbl8 

2 3· 
npeo6paayroTCst KaK rr-u K -; COOTBSTCTBenno. 

B MOllenu CaKBTbl 

1 =< J
2 

> =nr (1+r>.p a 1 a a 5 

s = ( J a ) = A ·r ( 1 + r ) P· 
~ 1 _a a a 

(2.2.3) 

npu cnpaaennuaocTH OKTeTnoa runoTe3bl na6nronaawnecst npaanna oT6opa SIBnSIIOTCS! cnen-

CTBIISM TOrO, 'ITO 
a 

a) s = ( J ) 
a 1 a UMeeT CBOJ!CTBB I A I I= ~ • 

~ s =- 1, ~ Q = -·1. 
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3pMIITOBO ConpstmeHHblll TOK · 5+ =(J I } npUBO!IUT K nepeXOilBM C ~S=+ 1 H ~Q =+ 1. a a a 
TaKUM o6paaoM, B03nnxaeT npaauno ~ Q =·~ S. 

8 OitTeTe He IIMeeTCS! TOKa C ~ S =t;'2. 

6) J =(J
2 

} SIBDS!eTCH BeKTOpOM H30CDUHa 1 'ITO npUBOllDT K ~~ =·1·· llllS! nepeXOllOB a 1 a . 
c ~S=O. 

Onnaxo ~nTencuanocTn pacnanoa c ~S = :!: 1 MeHbwe nenTonnblx ·pacnallOB c ~s ;=() paa 

(A - -\ -3 -2 
B 20. Tax, SKCnepnMeHTBilbHO W .. p+:e +·a:,,.. 0,8•10 · npu. · W Teop " 1,5•10 llllS! 6eTa-

B3BIIMOilellCTBBSI Toll me ljlopMbl n cunbl, 'ITO u n .. p +:e-+:v • Ananorii'Ino, apeMena JKRa-.. . 
HU JT p; B . K 112 cpaBHUMb11 XOTH OCBOOO)l{JlBIOIIlBS!CSI sneprnst BO BTOpOM Cny'lae MHOrO 

6on&we. 

MolKHO ohmo obi npunncaTb sTo paanuque B unTencuanocTnx BIIHHnuro ljlopM-IjlaKTopoe 

( suepruu, BhillenneMble B nponeccax c uaMeneniieM CTpannocTn, aaMeTno oon&we aneprua, 

BblllellB9MbiX B paCDBllBX C ~ S•· 0 ) 0 

Momno oblno obi llOnycTnTb nanu'l:ne 'cTpannoll ynuaepcan&nocTn' - ace nenTOHHble 

pacnanbl c uaMenenueM CTpannocTu npOTexaroT c OllUHaxoeo yMeH&wennofi (no cpaene

nu~ C ~5=0 ) KOHCT~HTOA/911• 

Ka6u6oo npellnonoJKRn, 'ITO TOK allponoe Momno npellCTaBUTb B BUlle 

J a{ l ) cos() +:(Ja } siti () • 
a 1 a 1 a 

HeOOXOllUMO C'IUTBTb 1 'ITO OllUHBKOB09 

(3.2.3) 

() cnpaBellnueo t{To6bl llOnyCTUTb TBitYIO ljlopMy1 

U llnH J V H nnst J A . , 'ITO 
a a cpaay He O'leBHllHO, no 'ITO OhinO uaeeCTHO ua ananuaa 

'CTpBHHOll. YHHBepCBnhHOCTH~. nocMOTpUM. KBK (3) COOTBeTCTByeT SKCnepUMeHTBn&HbiM 

llaHHbiMo 

CpaannM Kf
2 

u 

(BaKyyM), TO llnH Kf:l 

rr t
2 

pacnallbl. Tai· xax llnn · allpouoa UMeeTCSI nepexoll 0 -.. o+ 
H rr f

2 
paCD8llOB B J a OCTaeTCS! llUWb J! • MaTpH'IHhlll ana-

MeHT llllS! K f:l pacnar:ta DM9eT BUll 

A + 
M ( K b .. f +:vf) ,.,.<0 I Ja I K > ifa ( 4.2.3) 

TaK KBK enuncTaennoa BeKTopuoa nepeMennofi. a <O I J A llc+:; gansreTCSI ( p ) =· (p +p ) , 
a It a v fa 

TO 

<0 I J AI K+> 
a 

F P 
t.fvf ka (5.2.3) 

Ha (3) 

F 0 I ( a A I +. t.fvf Pita=.< · 11 )a K > sin6. (6.2.3) 
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.Llna nponecca , .. f +:vt 

~ 

:F..~~ P 
"'""'t lltl 

F •. p 3aMeaaeTca aa F__.__ P 
k<vt ka mvf rra 

' a H3 (8) 

A A 
=<OIJ lrr+>=.<OI{J~) l,.+>cos8 

a 1 a 
(7.2.3) 

Tax xax J npeo6pa3yeTCH xax 
+ rr ' a J a 

I 
KaX 

+ 
K t YHHTapaaa CHMMeTpHH 

npHBOAHT X paBeHCTBY 

~ A A + 
.<OI(J) lrr+>=<OI(J

3
) IK > 

I a I a 
(8.2.3) 

rAe s<jl«!JexTaMH, CBH3aHH&IMH c pa3HOCTbiO uacc rr n K npeae6peraeTCSI. Tax xax pka 

H p Aa!OT Alii! 060BX nponeCCOB OABHaXOBble BKllaAbl 1 nponopn HOHallbHble m f ~ 113 (7) 
lltl 

FkfJJf P k a F~tfvf =tg8A=tg8 

-.F ..II P 
...... f rra Frrfvf 

CneAoaaTen&ao1 

2 2 ~ 
(1-m 1Jma:) w(K+ .. IL++:viL) 

w (-rr+-.. IL++:v ) 
IL 

=-tg~ 8 mk 
A~~ 

mrr (1-in 2 lm~ ) 2 
IL rr 

'CpaBHeHHe C SXCnepHMeHTOM npHBOAIIT X 

8 = 0,266 +:0,005 
A -

.Lln£ onpeAeneanSI ov 
+ + 

rr .. rrOe+v 
e 

+· 
II K .. rr0 e+ v 

(9.2.3) 

(10.2.3) 

• Tax xax 
e 

1 OHII S!BliS!IOTCH qiiCTO <jlepMIIeBCXHMH nepeXo-

Ka61166o cpaaa11n 

o- .. o-B STHX nepeXOAaX AilS! aApOHOB 
v 

AaMH1 o6n3aHHbiMH Ja • 

Kax Mbl y:lKe 3HaeM, 
v 

M ( rrt .. rl' +·e++:JI ) =•/2 G a< P + P0 ) i. =< rl'l J vI,.+:> i._ • 
• ,.., +· a La a w 

C llOMODlbiO ( 3) TOT :lKe MaTpllqHbll! sneMeHT MO:lKHO Bblpa311Tb K8K 

' v +' 2 v . + 
<rl'l J I rr > J. =·.<rl'l <J > I" > i._cosO. 

a ta 1 a uz 
(11.2.3) 

0TKyAa 

< rl' I (J ~ ) v I 1/> = C ( P +-Po ) • · 
1 a + a 

(12.2.3) 

rAe v 
c =-1/2 G {3 I cos 0 v· 

MaTpnqH&II! sneMeHT K fa pacnaAa aaanornqao paBeH 
+ .. 

• M(K .. rf>+ f++Jt).-<rr0 l- J~viK+> ira= 

=·<ri'I(Ja)viK+>i sinOv. 
1 a fa 

(13.2.3) 
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B npeAene Toqaoli SU(3)- cnMMeTpnn MaTpnq~&III sneMeaT K .. ir AOll:lKeH HMeTb 

ToT :lKe BHAo qTO H MaTpHqH&Iil SlleMeHT 11 -·rr nepexoAa c ToqaocT&IO AO 3aaqeanfi 

ltos<!><!>HIIHeHTOB Kne6wa-ropAaHa. Hcnon&3yn Ta6nnn&I xos<P<PnuneaT<iB, nonyqnM 

a v + -
<if' I (J ) I K > = * C ( P + Po) 

- 1 a + a (14.2.3) 

Hcnon&3YH CBT Ann aepoSITHOCTH 71 ea paCnaAa H SKCllepHM9HTan&Hbl9 naHHble 

o K ea , nonyqaeM 

Ov = 0,241:!: 0,008 • 

3aa'!eHHS! OA II 0 V B OCHOBIIOM COBnanaroT. 

TeopeTIIqecxun cM&Icn KoM6naannR 

(•J 
2

) cosO+() 
8

) ~nO 
I I 

ae SICeH. Ecnu noaepayTbcSI aa yron' 6 BOKpyr oca 1, sTa KOM6naauna npeapaTnTca 

~ , 
5 (J ) , rAe 2 ·- aoaoe nono2Keaue ocu 2. Bonpoc, no'!eMy cna6oe B3anMonellcTBne 

I -

ebl6upaeT OAHY H3 ocefi B nnocKoCTH 1-2 , He HMeeT noKa ynoaneTaopnTen&aoro TeopeTn-

'!eCKOrO OTBeTa. 

3<1><!>eKTHBHO Ka6n66o npeAliO:lKHll paCWHpHTb jL -- e YHHBepCaliBHOCTb TaKHM o6pa- . 

30M1 qTQ B3aHMOilei1CTBHe llpHHHMaeT <jlopMy 

~· H w = G I () ) j • + h. c. 1 , · 
I a UI 

npnqeM pan& ynnaepcan&aoll xoacTaHT&I AOll}lma urpaTb 

v . 
. (15.2.3) ., G= G {3 I cosO= ( 1,011:!:_ 0,003) G IL• 

6nu30CTB G H /92/ 
Caxypan - npnaen apryMeHTbl B UOn&3y eme 6on&weli 

aexOToporo yMeBbweaaSI Ov 3a C'!eT GIL a paMxax rnnOTe3&1 Ka6u66o H3-3a 

B3aHMOAellcTBnA, aapywaromnx SU(3) • .Lln£ oneaxu _ Tax oro B3aBMOileliCTBBlt 

CaKypan OTMeTun, qTo cna6aa- K -rr BeKTopaaa aepmnaa 6nH3XO CBH3aaa c aepwnaoll 

K* .. K+:rr pacnaAa BeKTopaoro Me3oaa K* , a rr-17 · aepwnaa caa3aaa aaano-

ruqao c pacnaAOM BeKTopaoro p -Me30Ha p .. J7+lr n oneann peaopMnpyromun Maomn-

Ten& AliR STHX BepWHH CpaBHeHHeM WllpHH, COOTBeTCTBYIOIIlHX pacnaAOB. TaK KaK WHpl!Ha 

K* (50 MsB) npBMepHO Ha 50% npeBbiWaeT TO 3Ha'leHne, KOTOpoe. O:lKHAaliOCb Ha OCHo

Be YHHTapaoli CHMMeTpBil C UOMOIIlbiO 113BeCTHOi1 WHpllHbl p -Me30Ha (100 Msa), CaKy-

pan 3aKnroqnn, qTo aapymeana SU(3) MoryT npnMepao aa 50% yaenn'lnBaTb K -rr aep-

wnny no cpaaaennro c rr -·rr • 3TO npHBOABT X 3az:nroqeHHI01 . 'ITO Ha6nroAaBmeeCR 3Ha'!e-

HUe 0 V Ha 25% Bblllle TOre 3Ha'!eHHH1 KOTOpOe llOll:lKHO 6b1Tb B. npeAelle TO'IHOl! yanTap-

Boll CHMMeTpHH. llpa STOM 0 y 'Heo6XOilHMO yMeHbWllTb llO 0,19; II 3Ha'!eHHe G 113 (15) 
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coaceM xopowo coananaeT c G,. • Koae'lHO, aTn apryMeHTbl Caxypan nanexu oT CTpo-

rocTa. 

Ho name 6ea •aananox• aa aecTporocTb apryMeHToa Caxypau, MO*Ho n~naeCTH ap-

ryMeHTbl npoTHB 'npHB/Ie'leHHSl' COS () A/Ill ycTaHOB/IeHHSl ny'lmero COOTBeTCTBHSl G H 

G,. • Bauny ManocTH cos () n ca!l3aHHbiX c HHM a¢¢eKTOB sa !!Cno, a xaxoll cTeneHH 

cpK31!'leCKH OCMblC/IeHHO MOmHO OTAe/IHTb 'a¢q,eKT COS () ', CB513aHHblil C SU ( 3) - CHM

M9TJll!eil, OT 3/19KTpOMarHIITHbiX aq,¢eKTOB1 KOT_Opb!Mll npeaeoperaeTC!l B OKTeTHOM npuonn.;, 

meHim. no-aunuMc;>MY, Tpynno ucxnro'lii'I'b_ aoaMomaocTb, 'ITO ao acex ¢opMynax nano nono

muTb 
cos() =1. 

He BHAHO B03pameHHA npoTHB Toro, 'lTOObl C'lHTaTb CaMO BBenenue yrna Kaouooo 

'aHeWHHM' no OTHOWeHHIO. K rnnoTe39 0 TpanccjlopM81lHOHHbiX CBOi!CTBaX TOKOB J a .H Sa 

a yauTapHOM npocTJlaHCTae. Ho cna_'lana pacCMOTpHM cTpyxTypy MaTpn'lnoro sneMeHTa Kt 1 

pacnana, ne nena!l npennono*BHHI! o cnpaaennuaocTn runOTeabl Ka6u66o, c TeM, 'lTooi.x 

YBHAeTb, K KBKHM CBOilCTBaM TOKa Sa DpHBOAHT 3KCnepHM9HT. 

§ 3. Kfa- pacnan 

Hay'leHH9 pHna CBOi!CTB TOKa Sa CTaHOBHTC!l B03MO*Hb1M npH HCC/19AOBaHHH 

Kfa -pacnana. B aTOM pacnane HMeiOTcs: naa HMDyDbca pk .H P,. , xapaltTep.uayromae anpo-

Hbl. Oomui! aun K _,. Toxa nn!l aToro pacnana paaen 

.<,.IJviK>.=F (q2) (p tp) tF (q2)(p -p) 
a + t rra - k rra 

(1.3.3) 

rna q =·pk - P,. - HMDyDbC, nepenaaaeMbli! nenToHaM 

q 2=·-{ p -p )
2
=·m 2 t:m 2 -2m .E k ,. k ,. k ,. 

E,.=( m~t:p 2 )K, p - KMnyDbc naona; 

npa CnpaaeA/IIIBOCTH T -uHBapuanTnocTH F + ( q 2) nei!cTaHTB/IbHbl. Ka1t yme oTMe-

'lanocb panee, axnanoM, nponopnuonaDbHbiM F ·(·me) • ll/IB Ke3 - pacnana MOmHO 

npeneope'lb. Hay'lesue cneltTJlOB a pacnpenenenua no yrny () MB*llY HanpaBneHHBMH 

nuoHa a nenToaa nna K e3-pacnana npuaonuT x aaxnro'leauro o TOM, 'ITO F + ( q 2) 

onnaxo x xoacTaHTe. Ecna npencTaaHTb F+(q 2) B aune_F+(qll) =·(1+>. q2/m2), 
·F (0\ ,. 

xopowee cornacne nony'laeTCB npn >. -<>,04±.0,045. To me aaxnto'i~nue nony'laeTCB H 

F • npu A=O OTHoweaae nonHhiX aepoHTHOCTei! nnH pacnanoa K 0 
- Meaoaoa 

2 

.F_ .F 2 

A/IH 

w ( K'j, 1) 

W ( K0 ) 

0,65 + 0,124( - ) + 0,019 ( --> = 0,73t·0,15 
F+ Ft -

(2.3.3) 

•• 
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IIPHBOAHT K llBYM B03MOmHbiM 3Ha'leHHBM 

JlaHHbie o· K + -Meaonax naroT 

+0,9 
F _ I:F + =-0,66 _

1
,
3

. H/111 (- 6,6 . t0,7. 
-1,5 ) • 

F_ IF+ =0.:!; 1,5 nnn - 6,5 :t·O,S. 

Yme H3MepeHHH CneKTJl8 MIOOHOB DpHBOAHT K apryMBHTaM npOTHB BTOporo pemeHHSl. 

Eonee 'lYBCTBHTeDbno K Bbloopy onnoro H3 pewesui! H3MepeHHe nongpaaanuu MIOonoe. CMHp--
/93/ -

naTcxui! n Ballccenoepr nony'lunu nnH MIOonoa co cpenneu aaepruell 40-100 ~sa 

PJ.I =+ 0,7±.0,~ (npOTHBOnonomao helicity MIOOHO~ 113 ,.; .. ,.* pacnana). runan H np/
941 

nony'lunu PJ.I =+0,74 ±.0,16, 'ITO naeT F_IF+=-0,15±.0,9 unu '-4,0±_0,75. 

TaKHM oopaaoM, 3KCnepKM9HTaDbHb19 naHHble 'BbiOHpaJOT' Manoa 3Ha'le_HH9 F- F + 

§ 4. '-lacTH'lnoe coxpasenue ~S =;tl aexTopnoro Toxa 

B npenene TO'lHOil SU(3) - CHMMeTpHH M9HSl!OIIlllil CTpaHHOCTb B9KTOpHblil TOK {J a) y 
I a 

nonmen cTaTb coxpanaromuMc!l, Tax xax ero Momso nony'lllTb SU(3) npeoopaaoeanueM 
' 2 v ,. 

H3 ~S=-0 TOKa ( J ) , KOTOpbli! COXpaKHeTC!l OYAY'lH KOMnOHeHTOil TOKa H30CnHHa. 
1 a v 

~oli<no omunaTb, 'ITO a oohi'lHOM MKpe ( J a ) oyneT ynoaneTaop!!Tb aToMy aa~tony 
. I a 

coxpaneHH!l npH OODbWllX nepenaaaeMbiX HMnyDbcax, T.e. 'ITO 3TOT TOK oyneT ''laCTll'lHO 

coxpanSl!OmHMc!!'. 

B yHHTapnoM npenene K -,. aepwnna non*Ha coenanaTb c ,. -·IT aepwunoi! n 

F- IF+ .. o • noaTOMY xopowo; 'ITO nanHble 0 K ,.a npHBOllHT K Ma/IOMY 3Ha'leHHIO:F_/.F +' 

XOTH neonpenenennocTb· B F _ IF+ onuaxa x ±.0,5.Bo BC!!XOM cnyqae axcnepuMeHTa/lbnhla 

nannhle coaMecTHMhi co aua'lenueM F _( .F += 0 • 

§ 5. K e4 - p a c nan 

npu nocTeneHHOM nepexone OT oonee npOCTblX pacnanoa K oonee .C/IO*llbiM, K f4-

pacnan npenCTaBII!leT COOOi! nepebli! DpiiMep Dponecca, rne B Ha'la/lbHOM H B KOHe'IHOM 

cocToHHHliX aMeCTe y'laCTayroT 5 'laCTHil. Taxoro copTa nponecchJ a ¢nauxe cnaohiX 

aaauMonellcTaui! nay'lellbi Meaee acero. JlpyrHMH npHMepaMu nponeccoa · nonooaoro xnacca 

S!B.IIHIOTCH rHeynpyrae' Hei!TpHHHbl9 nponeCCbl C ot5pa30BaHHeM nKOHOB 

H/111 

.V + N .. N ±"J.I +,. ,. 

1.1 + Ca 
40 

.. K 
89 

t n + v ,. 
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no Mepe yrny5neunn nccnenoaaunfi, sTn-npoueccu 6ynyT paccMaTpnaaTbCR ace non-

po6uee. llosTOMY auanH3 

C STOll CTOpOIIhlo 

MaTpH'IHbli! sneMeHT 

K f
4

- pacnana, IIONllt.IO C06CTBBIIIIOro IIIITepeca, BalKBII II 

/95/ 
K f•- pacnana HMeeT BIIA 

M ( K ~ IT+ :IT + f + ·v f ) P < ,.,. IJ a I X > i fa (1.3.5) 

rne 

<=IJ IK >=A 2.JL +:B _!IA+:C (pt-P >a + 
a (1

1
.3.5) mk mk mk 

3AeCb 

p'=p +·p 
I 2 

q =·p - p 
I 2 

p • p 
I ' 2 

p 
k 

• Benn'IHHhl A, B 

4 

4 

. I a +.D Ea.{3y8 l\.{3 P.y q 8 m k • 

IIMnynbChl ABYX IIIIOHOB 

IIMnynbC HS'IanbHOrO K -MB30Ha~ 

II C npOHCXOART OT aKCHanhHOrO TOKa .J A , a D-OTJv 
a 

. MuoiKnTenu· m· i, 
a 

aaeAellhl H3 pa3MepJihlx coo6paJKeHHII, Talt Kalt MaCChl npoMeJKyTO'I-
k 

HbiX·. COCTOSIHHH > mk • 

· B cuny, ManoCTH p/ mk 11 q/mk 'lneaoM c D MOJKIIO npeue6p_e'lb. TSKIIM o6pa-

30M1 npaKTII'IeCKH Kf 4 pacnan caSI3aB c aJtcnanbllo-aeKTOpllbiM TOKOM. 

nng .. K ••- pacnaAa MOJKIIO npeue6pe'lb 'lneHOM C. C , Talt Jtalt 

pk -p =·p,..+·pf 

-i(pf+:p,..l~ifa =mf(vf(1-y5) f l 

H BKnaA c nponopnllouanea Macce nenTona. CJtanSipllble JtosqllpnulleHThl A. , B , C 11 

S!BnSIIOTCSI opyus;nliSIMII CKanSipllblX np0113BeAeHHi! 

p 2• ( pk p ) • ( pk q ) • 

llonuag 3HeprBSI B CHCTBMB ~OitOSI IT -•IT 

m 2 ·=-·p2. 
,.,. 2 IS 

AaeTCSI 

( pkp ) = mk.( m + p2) 
ITIT + 

rAe p - nonaui! HMIIYnbC .ABYX IIHOHOB B CHCTBMB IIOKOSI K • llepeMBBIIaSI ( pk q ) 

D 

npSIMO CBSI3aHa C yrnOM· 0 Me}!{Jty rr-v OTHOCHTenbllhlM IIMnynbCOM q '· H3Mepe~hlM 
B CHCTeMe IIOKOSI rr-fT , II BBKTOpOM p , ODpBABnBIIHbiM Bhlme. Ecnn BBeCTII 3118'19-

IIIISI BeKTOpOB p II q - p II q , TO 

(pq).;.~pqcosO 
t m,.,. -
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/ 

., 

llpn cnpaaeAnHBOCTH npaanna 1\'1··~ . cna6ul! nepexon K .. ~r+·rr · MOJKeT npn-

aeCTII numb It COCTOHHIISIM. rr-•rr . CHCTBMhl C .I = 0 Hnll I=·1. 

nng· COCTOSIHHII C I ~-0 . CT8THCTHK8 6030 Tpe6yeT0 '1T06hl MaTpli'IHb~i! sneMeHT 

(1') 6un 'IB_TBOII opyHKIIHBil npli fiBPBCTaHOBKB 

It TOMYr 'ITO. A. H C SIBUSIIOTCll 

nliH OT (pk- q) • TaKIIM o6pa3oM, 

'IBTHbiMii 

UHOIIHblX HBAeKCOB l H 2. 3TO npHBOAIIT 

ojlyHKnliSIMH, a B H D - ue'leTHble ojlyuK..: 

(0).. . . . . 2 2 

A =· Ao + At[ ( pt q ) j m k] + ••• (2;3.5) 

(0) 2 . . . . . 2 
B =·(p q)/mL(B

1
+Ba[(p q)/m 2 l·+ ••• I 

k A . k k O 

. . 2 

rAe A
1 

.H 'a.· SIBUliJOTCSI opyHKnHHMH OT m ITIT H, (p ) ~ 

nnn KOHe'IHbiX -COCTOliHHl!: C I •·1 MaTpH'IHbtl!: sneMeHT AonJKeH 6LtTb Be'leTHbiM 
.. , ' .' 

no IIIIABKCaM nHOHOB 1 H 2.·:·nnB 9TOrO cnyqag A H ·C AOnJKHbl 6b1Tb IIB'IeTHblMH 

cpyHKilHSIMH, 8 B li D - 'IBTHbiMH ojlyHKIIHS!Mii OT ( p q ) 
. k 

i 1> •. (p q.)/m
2

!A +A [(p q )/m 2 ]~+." 
t t 1 a _k k . . 

(I) ' 2 2 • 

B • Bo + B2 [(pt q )/mt] •+··~· . 

c 
, TaK 'ITO 

(3:3.5) 

TaK Kalt · (p q )/m2 · Mano, Mhl' npeue6peraeM nonpaBKSMH no sTol!:-nepeMeuuofi. B aToM- · 
. t k . . • 

npn6nnJKeBHH MaTpH'IHbll!: sneMeHT npHBHMaeT BHA . 

\ 

jfa ~ [ Ao ( m,.,. ,p2)+AI(m ,p2)[~).J,p +Bo(m ,p~Jq 
mr , m2 . a rm a 

t 

I 
•I ., ' 

mk ·• 

3AeCb A
0 

.;., OUHCbiBSeT nepeXOAhl K I= o· COCTOSIHHIO IT-fT CHCTeMbl C 

(4.3.5) 

f=·O , a· 

p -COCTOS!HIIIio · . A 
1 

n B 
0 

onncuaaJOT nepexoAhl 1t I= 1 COCTOSIHHIO IIllOHHOil CHCTeMbl B 
' ·-~,: 

+ ' 
B o6meM cnyqae AU!! K r •. - pacna.lla HMeiOT MeCTO 'nepeXOAbi-H .It I ~-0 H K I =·1 

. '· . ~ . 
COCTOSIHHS!Mo nng K f - pacnaAS 

4 + 
Ko.;. If' +'IT-+· f + V f 

~ 

npaanno · 1\1··~ ·paspemaeT·cocTOSIBHR nnosuofi cncTeMhl TOnbKO c I=-1. . .. ' 
· ~ Y'leT B38'iiMoAel!:CTaUSI MBJKAY AaYMSI IIHOIISMH MOJKeT 6btTb np~aeAeH C noMOmbJO 

ycnOBHR. CHMMeTpHii S -~aTpllit~>t." Ecn11 npnHHMSBTCSI . cnpaaeAnHBOCTb •. T -nuaapnaHT-

IIOCTH·cna6biX.B3aHMOAeilCTBHil, TO 

. ··so 
A =·R e 
-0 0 

t81 
A 1 =~R 1e 
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rAe 8
0 

. 11 8 
1 

- ¢aabl rr _.,. 

81 --8
1

(m,,.) , a- R
0

, 

paccemmst B S - II p -COCTOSIIIIISIX, COOTB9TCTB9HHO, 
. x) 

R 1 0 S I - A9fiCTBIIT91IbHble KOScppHilH9HTbl • 

X) . T - IIHBapHaHTHOCTb npHBOAHT K CHMMeTpHII 

sit:= sit, 

IlpH 'BblKIIIO'IOHHH' CIIa6blX B3aHMOAel!CTBHfi 

S •·S(O) •·8 e 1281t 
lk lit lit 

· S c 5-0> =·8 e128t 
Jtf. Jtl!. kf 

. IlpH_ 'BKIIIO'IOHHH' cna6oro B3aHMOAeiCTBBSI 

(0) 
s .. s + ··s(l> • 

lit lit' lit . 

S -MaTpHilbl 

( CyMMHpOBaHHSI HOT) 

(a) 

(b) 
I 

(c) 

· OrHCicnTeru.no \ s< 1) Mbi 6yAeM. npeAnonaraTb, 'ITO MoJKHo npeHe6pe'Ib ee KBaApaTOM r. 
lk . . . . . 

no cpaaHeHBio c nepaol! cTeneHbiO s< I) • IloAcTaHoaxa (c) a ycnoane yHHTapHOCTH s+ S=-1 • 
-~ . . 

npli y'leTe CHMMeTpHHH. S -MaTjlHilbl (a} llpHBOAHT lt YCIIOBHIO 

:£ ( t-1> s<o>• +s<o> s<ll•. > .. o. 
1t ··u,; kf .lit r.t 

(d) 

(0) 

ECIIH llOACTaBHTb B (d) AIISI Slit Bblpa)l{eHHe (b) 0 a 
(1) 

s 
lit 

llpeACTaBHTb B BRAe 

. sU) - • ''~',It· 
lit -I P11t e · (e) 

TO 113 (d) ll01IY'IHM1 'ITO 

- . "'lit •·8, + 81t • (0 

IlpH Kt 4 pacnaAe 8
1

=·0 ,a 8k=8,.,. 

HaiiH'llle llHOH-IlHOHBOrO B3aHMOAefiCTBHSI npHBOAHT_K TaKOMY HBTepecBOMY S~~eltTy1 KaK 
. . . 

. BBepX-BHH3 aCHMMeTpHSI B HCilyCKaBHH SII9KTpOBOB OTHOCHT91IbHO lliiOCKOCTH, OnpeAeiiSie-

. Moll HMnynbCilMH · naoaon. B cncTeMe noxost K -Mesosa acHMMeTpH!I nponopnnoaaru.sa. 

; 

Hsy'leHHe + 
K £4 

2m It R0 S 1 sin (80- 8
1
){ p_[p q]) . (5.3.5) 

pacnaAa OTKpbiBaeT peAityiO B03MO)I{HOCTb H3y'i9HHSI llHOH-IlHOHHo-· 

ro B3aHMOAel!CTBHSI B 061IaCTII, KHHeTH~eCKOli SHeprHH B C.It.M. AO · 150 MaB. J1pOB9A9HHbiH 

AO CHX !lOp aHaiiH3 ll03BOIIHII 'sa6paKOBaTb' HeKOTOpble 'xpaliHHe' MOAeiiH lliiOH-IlHOHHOrO 

B3aHMOAei!CTBHSI. 

§ 6. nenT.OHHble pacnaAbl rnnopoHOB 

MaTpH'IIIbll! sneMeHT COOTBeTCTByiOmero, nepexoAa C .. D nponopnnoHaneH 

~<Di[(J2)V + (J2 )A] ~sO+((Ja)v+(J' )A) sinO )C> 
•./2 1a Ia 1 a Ia 

( 1.3.6). 
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B paMxax 
SU (3) -CHMMeTpHH ace 1/2+ 6apHOHbl 06'beAHHIDOTCSI B OAHH OKT9T qac-

THilt aneMeBTbl ltOTOpOrO o603Ha'laiOTCSI qepe3 B ~ ( i, j =·112,3) 
J 

B = 

~. 

:£0 }.0 

y2 - y6 

:£ 

E 

+ 
:£ 

:£0 J..O 
- y2.- y6 

-so 
-i 

·AHTH6apHOHaM COOTBeTCTBYOT MaTpHila Bj 

B D 

J..O 

y6 

i+ 

p 

I-

I· J..O 
y2--./6 

•D 

MaTpH'IBbre sneMeBTbi, KOTOpbre saM aeo6xoAHMbl, 

- i flio 
( B a I) I B o·) = C 

f3 j p ajf3 

. ,P 

D 

2A0 

y6 

s 

:;,• 

if.,• 

'16 

\ 
) 
' 

Bbl'IHCIISIIOTCSI o6bi'IHOll TOXHHKOll KOS~~HilH9HTOB Kne6wa-ropAaHa. 

IlocxollbKY Han6onee o6mHll BHA yHHTapHoro cxangpa 

.p =· I 
{3111 

Jl 
-a Bp 

(·C Bf3 
t. 2.1 

a!p I 0 

,xapaKT9pH3yeTCSI ABYMSI KOHCTaBTaMH D H :F 

. (2.3.6) 

(3.3.6) 

~ = D Sp IJ(BB +BB )I+FSp IJ(BB-BB)I, (4.3.6) 

MaTpH'IHbre sneMeHTbl xapaKTepH3YIOTC51 ABYMII aenH'IHHaMH D n F , TaK 'ITO . 

I I ·It . (5.3.6) <BI lxi·B >=iftlk Fx+dtlkDA 
I 

nng pacnaAOB C COXpaHeHBeM CTpaHHOCTH .HaM Tpe6yeTCSI MaTpH'IHblH 91I9M9HT OT 'J 
2 

I 
3 I 

AilS! pacnaAOB c H3MOH9HH9M CTpaHHOCTH - MaTpH'IHblH sneMeHT OT J I • BcneA sa na-

IIHTil9M Mbl MO)I{OM llOIIY'IHTb ero KaK KOS~HilH9HTbl 1 COOTB9TCTB9HH01 npH j
2 

H j
3

B (4) I I 

- 11,3 2,3 
(D-F)(BB)

1 
+(D+F)(BB) 1 , (6.3.6) 

J1epeMHO)I{9HH9M llOIIy'IHM 

- 2 -+ IO J..O :£• }.0 - - -
( B B ) = :£ (---)-(-+-)I + E" E 

I y2 y6 y2 y6 . 
(7 .3.6) 
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2 :so X,o ~- -+ :so ·Ao 
- (B B) =(---)-+.I (-- --) +pn 

. I V-2. y6 y2 y6 
H 

- a - :s• A0 
- - 2 - -( B .B ) = p ( - -- ) - n l: + _ A0 E 

I y2 y6 y6 

- a I• -
( B B) = ( _ - ....!l:.) E --·l: + ;::o + 

I V-2 y6 
0TCIOA8 

......2....p A• • 
y6 

3TH 

(a) <p I J 
2 

In> = D + F 
I 

(6} <A IJ
2
Il:-> =<l:+IJ 2 I:h>=--2E.. 

I - I y6 

(a) <piJal:h>=(D-t3F)/V.6 
I 

(r) <nl Jai:I"; =-D+F 
- . I 

(A) <AIJ'IE-> =·(D-3F)/V-6. 
. I 

Bbipa:>KeHHSI noACTBBnSIIOTCSI B ( 1) ~ 

Y'ITeM Tenepb cneAyromue o6cToSI_TenLCTBa: 
. . v . 2 . 

(8.3.6) 

(9.3.6) 

a) KoMnoneHThi, ( J 
1 

) a H (JI )v 
2 a COOTB9TCTBeHHO nponopnHOHBnbHhl KOMno-

HeHTBM TOKB H30CnHHB ( I + ) a (I_) a • 

EcTeCTBeHno npeAnono:>KHTb, 'ITO xoMnoaeHThi OKTeTa nponop!UioHanL-
(J 1,, v 

I a 
Hhl OKTeTy TOKa uaocnnHa. Ho TOK uaocnuaa He HMeeT l:A KOMnoHeHT. CneAoBaTein.Ho, 

( 98) DV= 0 H TOK H30CnHHa CQAep:>KHT nHWb BHTHCHMMeTpH'IHOe :F -B3BHMOAel!CTBHe,-

Fy =-1 

6) Hay-ieHHe 6eTa-pacnaAa 6apHOHOB n·03BOnl'!eT ABTb H938BHCHMYIO. oneHKY yrna 

Ka6u66o · () 

TaKHM o6paaoM, Ans MBTpH'IHbiX ar.eMeHTOB pa3nH'IHbiX nepeXOAOB 

Ta6nuna 

HMeeM 

flepeXOA BeKTop 

I- .. Ao 0 

n .. p cos() 

AKCHanLH. 
B9KTOp 

~DA cos() 
3 

(D..;_+FA)cos(J 

A-+p /J:sin(J '..L(DA+3FA)sin8 
:v_. 2 y6 

l: -+ n sin () ( - D A+ FA) sin () 

E':>-+A0 asin8 _l_(DA-3FA)sin8 
. 2 y6 
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BeooBTHOCTH 
TeopHSI 

(0,65+0,08)·10-:-4 

(5,1;!:.0,7)·10-4 

.3KCnepHM9HT 

(0,75;!:.0,28) ·10-1 

(8,1;!:.1,0)·10-4 

o3 ±. 2 > ·to-4 

( 24±_14) ·10-4 

Ha aKcnepuMeHTBnbHhiX ABHHhiX aeo6XOAHMO onpeAenHTb D A , FA B () • 

OTaoweaue 

A V 
Gf3/G{3 =·( D A+:FA) =-•1,15 t,;0~04 

A-+pki-.. n He 38BHCBT OT () 

{ 3 ·1 )2] 2+2(0 A+3F A 1,5· 

2 
[1+·3(-DA+FA) )5,8 

8,1 ~ 1,0 

13 ~ 2 

( 6onee HOBbie ASHIIbie 
-1,18;!:.0,02). 

Jlyqwee peweHHe DA=-0,76 ;!:.0,05, .F A=-0,39;!:.0,05. 

Ha A .. p 2 "2 •4 
~ sin 2 8 (..1.+..l.(DA+:3FA) }1,5.10 =-(8,1+1,0).10 • 

2 2 -

OnSITb ny'lwee peweuue : () = 0,26 :!:. 0,02 xopowo cornacyaTcSI c oneHKOll: () ua pac-

naAOB 11 u K -Meaoaoa·. 

,llpoaepKoll: MO:>KeT 6biTb l:-.. A 6eTa-pacnaA. Ha Ta6nHUbl AnSI ero' BepOSITHOCTH 

HM99M 
2 2 ·4 

3/4 ( 2/3 D A cos () ) 2,4. 10 • 

- - 4 
llnSI ny'IW9I'O peweHHSI HM99M l:~e /l:tot=(0,65;!:.0,08) •10- , 'ITO 6nH3KO K 9KCne-

-~ 
pHM9HTBnbHOif UH<jlpe (0,75;!:.0,28) •10 

-4 BTopoe peweHHe ABeT (0,06 ;!:.0,03)•10 , 'ITO cymeCTBeHHO MeHbwe 9KCnepuMeHTanb-

Holl nuljlphlo ( 0TM9THM
0 

'ITO COI'nBCH9 CTBHOBHTCSI eme ny'IWHM, ecm!: C'IHTBTb COS() = 1) • -

llnSI E-.. A · nepexoAa HMeeM (AnSI aepoSITHOCTH) 

2 2 • 2 
~ I ..!_ + _!_ ( D A - F ) I sin () 2,0 10 

2 2 A 

-4 H nepaoe peweHue AaeT (5,1 ;!:.0,7)•10 • Tpe6yeTCSI ynyqweHHe TO'IHOCTH aKcnepuMeHTa. 

TeopHSI Ka6u66o npeACKS3hlBaeT, TaM caMhiM, aapu:aHThl aljlljleKT&BHhlX aaanMoAell:

cTBHll. llnSI nyqwero peweHHSI 

A-+p :s-.. n ):-.. A 

V -(0,64;!:.0,05)A v +(0,37;!:.0,10) .A V -(0,14±!J,07)A. (10.3.ts) 

Jlyqwee H3M9p9HB9 BB9pX-BHH3 BCHMMeTpHH 9n9KTpOHOB npH paCIIBA9 nonSipH30BBHHhlX 

A0 -'laCTHn Aae/
961 

V -(0,(~:35 )A. 

Heo:>KBAaHHhlM peaynLTaTOM SIBnSieTCSI nono:>KHTenLHhlli 3HBK Y >.A no (V+->. AA) aaauMo-

AeliCTBHB AnSI l: -.. n u 6nuaocTb >. A K aynro nnSI E - -+ A 
0 

• 
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§ 7, no'leMy paBHbl 0v u 0 A ? 

HnTepecuoe aaMe'laaue OTnocnTe/Ibno paaeacTaa Ov=·O A /97/ CAenan BeAaBHO fypAeB ' 

Oa o6paTun aauMaane na To, 'ITO ecnn CAenaTb pS!Jl Aonymeanl!, 

·cneAoaaTb na o6o6meuus pe.aynhTaTOB AAnepa B Bal!c6eprepa. 

TO STO paBeHCTBO flyAeT 

C HOMOmhlO COOTBOWeHlj:!l fellbAfleprepa-TpnMeHa 

H Bal!c6eprepa MO:IKHO rrpeACTaBHTb B BRAe 

2 2 . 2 . 
G =· G + F I 

A V 77 77 

rAe F 77 - ¢opM-<jlaKTOp rr-+ I' +:vp. pacnaAa, a 

F=-~ 
7T 

gi'INN 

' 1 1,=- f 
7T 

dC&l [ ( + q --, u· "p )-u(77-p )) • 
C&l 

m7T 

peay/IbTaT AAnepa 

(1.7.3) 

(2.7.3) 

Ecnn, B9B3Rpas na B03MOmBOCTb yaenn'laHH!I pona pa3pe3a H neo6XOAHMOCTb auana, 
TR'lecxoro npoAonmeunn aa 6o/Ibwee paccTosnne, noaTopnTb paccymAaHRH AAnepa n Bal!c-

6eprepa A~!l TOKa, MeHHIOWei'O CTpBHHOCTb, TO BMeCTO (1)-(2) nony~M 
2 • 2 

G (~'S=-1) =·G (~S=1)+:F 2 1k, 
A V k 

rAe .F - ¢opM-<jlaKTOp K-+ I' +:v 
k . I' pacnaAa, a 

... 
I =· 1 
k -

fT 

( q ~ (u(K0 p 
C&l2 

mk 

)-u(K0 p)) .. ..!.J q ~ Lu(K+n )-u{K-n)) 
fT C&l2 

mk 

no onpeAenaBHIO 

tg(J = Gv (~S=l) 
v 

Gv 
H tg(J = GA(~S= 1) 

A G 
A 

Cornacao Ka6n66o1 

tg (} = Fk 
A -• 

.F 
fT 

TOI'AB H3 (3) 

2 tg 
2 

(} v G =' _ _;;_ __ 

A tg 2 (}A 

2 2 

Gv+Frrlk 

(3.7.3) 

(4.7.3) 

(5.7.3) 

(6.7,3) 

(7.7,3) 

Ecnn 

TpnMeaa 

npeae6pe'Ib pB3HHU9il B HH*HUX noporax, TO B CUny COOTHOWeHHH UmoHCOHB-

lk = I rr ' 

a TOI'Aa 
tg20v= tg20 A 
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3TH apryMeHTbl rypAeHB IIHTepeCHbl C TO'IKII 3peHUH nOHHMSHIIH CMbiCna yrnOB 

Ka6n66o. BIIJlHO, 'ITO no OTHOWaHIIIO K SU (3) - CHMMeTpHH yrnbi (} OKB3b!B810TCH 'leM-TO 

aHeWHRM, Uns AOKa3aTenbCTBS nx paBeHCTBB oxa3biBaeTCH ueo6xoARMbiM npn6erHyTh K no

Mown COOT!fOW9HR!I MemAy Ce'leHR!IMR, KOTOpOe RMeeT MeCTO nHWb B 6onee BbiCOKOil SU(6)-

CHMMeTpHHo 

qncneHHO ¢opM-(jlaKTOp ",..2 pacnaAa 6naaox K m 77 , (jlopM-(jlaKTOp Kl-' 2 pac-

naAB- x mk 

30HB 

, TBK 'ITO TBHI'eHC YI'l1B (}A 6nH30K K OTHOUI9Hill0 MBCC llHOHB II K -Me-

tg (}A= 2!..!r • 
mk 

Ecnu sToMy cooTHomeaniO npHABTb 6onee rny6oxnii CMblcn, TO MO)KIIO npnHHTh, 'ITO 

npeAany TO'IHOli SU(3) - CHMMaTpUII flyAeT COOTBeTCTBOBBTb 3Ha'leHUe (} =·rr/4 

TBK KBK npU m = m 
fT k 

§ 8. PomAaHne 

n 

tg (}A= 1 o 

rnnepoaoa 

OKTeTHB!I 

nOA nei!CTBHeM 
/98/ 

Monenh 

uel!TpHHO 

nepei!AaM Tenapb K o6cymAeHIIIO Hei!TpUHHblX 6nHapHb!X peaxnnft C ~S = 1 , npaan-

no ~ S=-~ Q paapewaeT nHWb peaxnnn (2.1.3), (3,1.3) n (5.1.3). BanAy nanR'lHH cooT-

aoweHRH (11,1.3) AOCTaTO'lHO paCCMOTpaTb aMnnHTYAbl peSKUHi! {2,1.3.) H (5,1,3), 

Kax yme oTMe'lanocb Bb!We, B o6weM · cny'Iae MaTpH'IHbli! sneMaHT o6cymnaeMbiX 

nepeXOAOB RMeeT BRA 
<~-1J+In> 

- + a 
< B t 1 T 1 N 'V. > =l v c v. > r < l+:·r > v <t > l .1 

L L a 5 <A I J +J p > 
a 

Bb!pa3HM MBTpH'IHblfi sneMeHT OT J a 'lepe3 6 (jlopu-¢aKTOpOB B BRAe 

+ -K 
.< B 1 J 1 B >.=·2 i1 < p > I r ( G v +:G ·r > + 

2a1 22 a A5 

+:u af3 q f3 ( Fv ~·1 
-1 •1 •1 )'} -·FA~ ·y ) +:i q ( -H ~ + H A/'S. ·Y . u (p ) , 

5 a .v 5 11 

rAe ~ =·M 1 + M 2 , a 

nepei!AeM K Ce'leHHIOo 

~=-M 2 -M 1 • 
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OnycTHB BCe qneaM, nponopnaoaanbaMe.xsanpaTy MBCCM nenToaa 

d ·1 2 2 2 
_a_=·( 32,. k k Bl s ) I ( G + G A - F v 
dt · Bl V 

•2 
l: }[(jj')2-l:21\2-

2 2 2 2 2 
-(mf-t)(l: +·1\ -·t )] +2[(Gv+Fv) (1\ -·t )· + 

2 2 ( 2 2 
+ G A ( l: - t) ] m£- t ) - 4 ( Gv + Fv) G A [ ( jj') t + m t l: 1\ ] I , 

rne BB'IBnbHMli B KOB9'1Hhlli HMnynbChl B C,I!,B, 

k =lS( s -M 2 ) s·K 
Bl 1 

2 K 2 K •K. k- =lHs-(M +·mt)] [s -(M -mt)] s 
ur 2 ? 

a 

(j j')=-(pv+pf)(p
1
+:p2 ) =2s -M~-M!-m~+"t. 

Ecna npaaaTb, 'ITO 

G~t)=~ 
Gv(O) · · G A(O) 

TO nna tlOnbWBX SHeprBJI 

·1 
Fv(t) = f ( t) = ( 1 - t I b2 ) 

FJO) 

2 
mf •, HM99M 

(3.3.8) 

(41.3.8) 

(4!1 3.8) 

III 
(4. .3.8) 

b 
2

k sr 
a .. ---

2rr kBI 
G 

2 
tO) + G

2 
(0) +:F 

2
(0) b2l:" 2 (fn 4kul-kBr 

V A V b2 
- 2)]. (5.8.8) 

Ecna •2 
f(t) =(1-t/a~, 

TO 

npa 

a·-+ ~ [ G
2
(0) +:G 2(0) +:~ F 

2
(0) a 2 I"

2
] 

6rr k v A v 
Bl 

E
11 

... co. 

IlpH .HHTerpHpOBBHHB 1!0 t npenenaMB HBnmoTCa 

2 2 ( s - M 
1
)( s - M 2) 

max 

2 
tmh;= -·me 

2 2 
M2 - M 1 

s - M 2' 

s 

+O(m;) 

2 
+ 0( mf )=-·4kBI kBr 
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(6.3.8) 

(7.3.8) 

8 (2) cjJOpM-!jlaKTOphl ·FA B HA npOBCXOilSlT OT TOKOB 'BTOporo Knacca', nna 

nepeXO/lOB C t1S =-0 STB cjlopM-!jlaKTOphl Of5bi'IHCi C'IBTBIOTCll paBHbiMB ayniO BBHilY cnpa-

aen11HBOCTB G -aasapBaHTHOCTB. B paMKaX 

npOCTpBHlliOTCll HB nepeXO,[lbl C 1\S =·1• 

su (3) MOilenB· STH 3aKniO'I9HHH pac-

BMeCTO J+ 
a 

ynot5aee paf5oTaTb c Ja , sanacau 

-· + - + 
<I lJ (n > =<n(J II > 

a a 
+ H 

(8.3.8) 

<AIJ+Ip>=<piJ lA > a a 

Bocnofibsosauwacb (9.3.6) H Tat511Huell (aa cTp. 108), MOlKHO 3BOHC8Tb 

< n I J a I I > = ( .Fa - D a ) sin e 
(9.3.8) 

< p I J I A>= .J~ (F +; 1/3 D ) sin e . 
. a 2 a a 

BeKTOpHbl9 'IBCTB F v B D v CBll38Hhl c MBTpH'IHbiMB sneMeHTBMH. sneKTpoMarHHT-
a a 

aoro ToKa 

< p I J I p > = F v + 1/3 D v a. a a 

<n1Jaln>=-.1.Dv. 
3 a 

l13 ( 10) B H3 H3B9CTHMX BblpalKeHBli nnH sneKTpOMBrHHTHblX TOKOB 

v 1 
F =[ F -t:!!z .F ] ·y + - [ F + lS F ] a f3 q f3 

a !p In a 2MN 2P 211 a · 

v 3 3 
D a=- 2 F '" ·r a- 4M F 2n a a f3q f3 • 

N .. 

¢>opM-cjJBKT0phl 31l9Cb HOpMHpOBBHbl TBK, 'ITO 

F (0) = 1, 
lp 

F (0) = 0, 

'" 
F 2P' (0) = 1L P • F 2n (0) =·p; " 

H 
Fv(O) = y + .L ( 1Lp+..l..

2 
IL,.>aa.., q {3 .. ·ra 

a a 2MN t-' 

Dv(O 3 ILn 
) =- - - a f3 '1{3-+ 0. 

a 4 !.IN a 

nna BKCHBnbHOli 'IBCTH FA 
a 

H D A MOlKHO 380HC8Tb 
a 

.FA= G F (t) )' Y + 
a A a 5 

F 
H A(t) qay 5 

DA =·G
0

(t) y ·y + 
a A a 5 

D 
H A(t) qay 5 
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(Fv--1) 

(Dv-+ 0) 

.(10.3.8) 

(11.3.8) 

( 12.3,8) 

(13.3.8) 



113 Ta6mruhr (cTp, 108) cneayeT: 

< p I J a I n > = ( Fa+ Da) cos 8 , 
TBK 'ITO 

Jo' D = 
G A ( n -+ P ) = [ G A ( t) + G A ( t) 1 cos 8 = G A ( t) cos 8 , 

BneaeM nonyro napaMeTpli3BUHIO 

G F( t ) '" G ( t ) X (t) 
A A 

D = 
G p) " G A ( t) [ 1 - X ( t) 1 

Bemr'!HHa x ( t) H3MeplleT OTHOWeHRe TliiiOB CSli3H F K D , KOTOpoe sooowe 

MO)KBT 3BDIIC9Tb OT 
2 

q 

f3 {3 
GA(O) = GAIGv =1,,18. 

3Ha'!eHne. x(O) nonyqaeTCll 113 H3MepeHHOJI senH'IIIHhl pacnana I 

x(O) .. 0,25. 

B npiiHUIIne ncesnocxangpnb!JI ¢opM-<jlaKTop H A MO)KHO y'!eCTb C liOMOWb!O COOTHD-

llleHHH ronha6eprepa-Tp11MeHa, He BBOllll HOBbiX napaMeTpOD, Ho noxa Mbl nm:epecyeMCll 

Ce'!eHIIeM, MOlKHO npHHHTb SKna)l H A MaDb!M, TaK KBK OH nponopuiiOHaneH {B Ce'!eHIIII) 
2 

xsaapaTy MaCChi nenTona m f • 

C y'leTOM 9TOrO 05CTOHTenbCTS8 B npeaene TO'IHOJ! SU (3) - CHMMeTpllll nonyqaeM 

H 

G f3 
<p IJ ln>=--sin8y..:;IF (t)y +F (t) u qf312M + 

a ,;2 2 lp a 2p af3 N 

+ 

<n I J I I-> 
a 

1 + 2:r(t) 

3 
GA(t)yayGJ 

G . 
..., sin 8 I [ F ( t) + 2 .F ( t) 1 y + v ~ Jp ln a 

+ 2~ [F2p (t) +2F211 (t)1ua{.lqf3-[1-2:r(t)1 GA(t)ya·y
5

J 
N 

(14.3.8) 

{15.3.8) 

3aMeTHM, 'ITO 

TenbHoe. 

ft. -TOK HMeeT V/A OTpnuaTenbnoe, a I - - TOK - VI A nono)KI!-

.ilnH Toro 'lT06hi noseCTII anan113 ao 'lllcna Ka61166o 11 'lHnbTOH caenann aanhneJI-

wee npeanono)KeHne: 
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GA(t) =1,25 f(t) =AAf(t) 

(6onee HOBble ABHHble AA= 1,18+·0,02), 

flpeHe6perall nanee 3aSIICIIMOCTbiO X OT t 0 IIOny'taeM OKOH'IaTCDbHO: 

anSI <pI J In> 
a 

F=ll=O 
A V 

Gv =- G ~ f ( t) sin 0 , Fv=- aft f'Pf(t) sinO 

G =-A G n f(t) 1+·2x. O A A 2 --ss1n 

II BKDallOM H A npeHe6peraeMi 

nnll < n I J I I-> 
a 

Gv= G f(t) sin 0 

GA=·AAG f(t)(1-2:r)sin0 

F = G (" + 2u ) f{ t) sin 0 v· rp rn 

{16,3.8) 

{17.3.8) 

11HTepeCHO OTMBTU:Tb pa3HbiJ! 3HaK OTHOWBHHll G ..j G A AnSI 9TIIX ABYX TOKOB1 'ITO 

!IpiiBOAHT K pa3nii'IH10 B 3BSIICHMOCTH OT aneprHH nonHbiX Ce'leHHii B oonaCTH 9HeprHJ!, rne 

3HaK VIA HHTep<jlepeHUHOHHOrO qnena MrpaeT 3aMBTHY10 pOnbo '!McneHHbiB OueHKII npnso-

AliT K TOMY, 'ITO 

ll 

UA. I ON~ 1/13 

oil uN = 1/18 npn E ... CIO. 

v. 

KPATKOE 3AKniO'lEH11E 

4>nauxa neJ!TpHHHhiX npoueccos nonyqnna ohiCTpoe paasiiTHe aa nocneaHHe ·ro.ttbl. 3To 

oTnocHTCH n It npoueccaM pacna.ttoB qacTau •. Ho oco6eano ycnewHhiM oblno na'lano nccne

nosaai!JI c neJ!TpHHO· na ycxopMTenHx. HccnenoaaHHH c noMOWblO MOWHbiX peaKTOpOB, KOTD

pbiX Mbl :s:acaiiHCb 0'19Hb Mali0
1 

BCTyiialOT B HOBYIO nopy KOliii'19CTB9HHbiX HCCIISAOBaHHil, 

I1M910TCH nepSbl9 CB9.t{9HIIH 0 H3MepaHHHX oeTa-cnaKTpOB B peaKUIIH {Is) Ha BO,t!Op0Jl90 

a TaK)K9 na .tteilTepMH. 
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K sTHM cTporo KOHTponnpyeMhiM sxcnepnMenTaM npncoeAHHlllOTCS! nepahle onh!Tbl c 

neaTpnno OT KOCMnqecxnx nyqea. TonbKO 1lTo cTana H3aecTnoa nepaaS! pa6oTa Paaneca, 
/99/ 

n)l{enKHHCS H APo 0 AeTeKTHpOBSnHH npOAYKTOB B3SHMOAeacTBHS! MIO-neaTpHnO, npo!UeA-

IUHX TOnDlY 3eMnH > na rny6nne 3200 MeTpOB. Ewe 6onee 3SMSH1lHBhl Ollh!Thl C COnHe1lHbiMH 

neaTpHHOo 

·a onh!Tax na ycxopnTenS!X, no-BHAHMOMy, Y*e 3aKonqnnach nepnaS! nonoca nonyxonn

qecTnennhiX nccneAonanna. OTKphiTne AByx BHAOB neaTpnno - caMMa B3BecTnua pe3ynbTaT 

9THX OIXhiTOBo 

TOT ~aKT, 1lTo AO cnx nop na ycxopnTenS!X paccMaTpneaiOT a3anMOAeacTBHS! neaTpn-

HO C STOMHhiMH S!Ap8MH0 naqnnaeT BCe CHnbnee H CHnhHee 38TpyAnS!Th H3Bneqenne 0An03Ha• 

noll TeopeTH1leCKoa Hn~OpMBiliiH na 9THX OIXhiTOBo nonS! B38HMOAeacTBna, OTHOCHMhiX K 'ynpy

I'HM' n •neynpyrnM' cnyqaS!M, 3aMeTno MeHS!eTCS! OT Bb!6opa xpnTepnen. XapaKTep yrno

Bh!X pacnpeAenenna ncKa)l{aeTCI! S!AepHhiMH s~eKTa'un oco6eniio cnnbno B o6nacTn nepeAa

naeMhiX HMnynbcoe ennciTh AO q=·2pF .. 550 Mae/c. 

Bo BCeX BHABX O!Xb!TOB (na peaKTOpax, yCKOpHTeJIS!X H B KOCMH1leCKHX nyqax) 3SMeT

Hble neonpeAenennocTn CBII38Hhl co cneKTpoM neaTpnno (~n3nKa AenennS! na peaKTOpax, 

nponeccbl pO*Aennll nnonon n K - Me3onoe na ycxopnTenS!X, I!Aepnhre nponecchl na Connne 

H npeACTaBnenHS! 0 nOTOKBX 1l8CTHIX B KOCMH1leCKHX Jiyqax) • IJpOI!Cnenne 9TBX BOnpOCOB 

npeACTaanl!eT caMOCTOI!Tenhnhla nnTepec. H3Mepenne 6eTa-cneKTpOB oT B3aHMOAeacTBHS! 

BHTHHeaTpHHO H3 peaKTOpOB C BOAOpOAOM H AeaTepneu, no-BHAHMOMYo npBBeAeT K XOpO!Ue

MY H3MepeHBIO (B pSMKSX Teopnn) cneKTpa anTHneaTpHHO OT nponecCOB·AenenHS!. 3xcnepH

MenTbl C COJine1lnbiMH neaTpnno, KBK Mhl H8AeeMCSI0 H03BOJlliiT ycTanOBHTh pOnb p83nH1lnbiX 

S!AepHhiX HHKnOB na HS!UeM· CBeTnne. 

nnsr OHb!TOB na YCKOpHTeJIS!X HOBBS! nonoca na1lneTCSl C nepeXOAOM K onh!TBM C BOAo

poAOM. Bee xonnqecTeennhle 3aKni01lennst oqenh 3aTpyAnenhl 6e3 TaKnx nccneAoeanna. 

YcxopnTenn qacTnn MeHhmnx :aneprna (necKonbxo coT M:aB), no 3H81lHTenbno 6onb-

IUHX HHTeHCHBHOCTea (peniiTHBHCTCKBe IXBKnOTpOnhl) nocne HX C03A8HHSI CMOI'YT BHeCTH 

CBOa BeCOMbla BKnBA B HCCneAOB8HBe neaTpBHnhiX HpOneCCOBo 3AeCh MO)I{HO BCHOMHHTh 

coseT P. MapwaKa. Ecnn nepeaTn K n3yqennl0 3aXBaTa MIOonon nyxnonaMH npn 6onbiUHX 

:aneprnS!X, To :aTo oKa3biBaeTcst nyq~nM cnoco6oM npoABnnyTI>cst Bnepx no :aneprnstM nea

Tpnno. KoneqHo, :aTo TpyAnhle onhiThl, no xaxoa xopowna neTpHHHhla :a~~:cnepnMeHT He Ka-

3ancg ·~aHTa3nea~ npn ero eo3nnKnoeeHnnl 

Mhl OCT8BHnH He paCCMOTpeHHblMH HeKOTOphle HHTepeCHble BOSMO)I{nOCTH Onb!TOB C nea

Tpnno. 0 MI0-38XB8Te S!Ap8MH H paABBHHOHnOM 38XB8Te MIOOHOB IIAPBMH I'OBOpHnOCh B neK

HHSlX Banawoea, no6oea, lliannpo. H3 STHX nexnna BHAHO, KBKHe npo6neMbl S!Aepnoa ~HSRKH 

B03HHK810T B. CBII3H C nOTpe6HOCTSlMH SKCnepnMeHTOB C MIOOHBMH ll HeaTpBHO. 
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0 pS!Ae pa60T eoofiwe He 6hrno peqn. Ho Aa*e n TaKoll nenonHhlli o63op Aon*eH COCTa

BIITh nne1laTnenne o uacmTa6e, CTnne n :rtpacoTe nccneAoeanna, e KOTOphiX H3yqannch pa3Hhle 

cTOpOHbl Hei!TpHHHblX nponeccoe. Erne 6onee 38MBH1lHBhl nepcne:rtTHBhl. Ha oqepeAH H3Y

qenne sneKTpOMBI'HHTnoa CTpYKTYPbl CBMOI'O HeliTpnno, a, B03MO)I{n00 H a·neKTpOMarnnT-

HOa CTPYKTYPhi :aneKTponon c noMO!UhiO TaKoro HAeanhnoro npo6Horo 'Tena•, KaK neaTpa

no. Ha oqepeAH HOBble 'c!Opnpa3bl' ~H3HKH nei!TpnHo. 
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