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Hariemrn CBOikTB K -Me30H0B SIBnlleTCSI 0AHHM H3 HaH6onee 

nnoA0_TB0pHbIX HanpaBneHHli B cpll3l!Ke sneMeHTapHbIX '!aCTIIU Ha 

npOTS!MeHl!II nocneAHIIX IlHTHaAuaTI! neT. PacrraAhl K0 
-MeaoH0B 

Aa!OT IIHcpopMau1110 o npnpoAe cna6oro Baa11MoAelicTBIIS1, o CP-11 CPT-

Cl!MMeTpl!HX, o npaB11nax OT6opa ~ I = 1/2 H tiQ / ~ 5 = 1, 

EonblIIl!HCTBO SKCnepnMeHT0B C K
0 

-Me30HaMII B HaCT0SIIUee 

BpeMSI BeAeTCH c Il0M0!UblO IICKp0BbIX KaMep, Oco6oe MeCT0 cpeAII 

HIIX 38Hl!Ma!OT npoB0n0'IHbie KaMepbI, K0T0pb!e Il03B0nHIOT ocy

meCTBnS!Tb C'beM IIHcpopM8UIIII Henocpei:tCTBeHH0 B' 3BM. 3KcnepHJl'.1eH

Tbl Ha nl!HIIII C 3BM 11Me10T ABB 0'!eBl!AHbIX npeHMyIUeCTBf.l, Bo

nepBbIX, o6nerqaeTcSI npouecc HaKannnBaHIIH II o6pa6oTKII nHcpopMa

UHII, B0-BT0pbIX, Il0HBnHeTCH B03M0MH0CTb BeCTH K0HTp0nb 38 pa6o

TOH anrrapaTypbl II nepB0HB'lanbHYIO o6pa60TKy l!HcpopMaUl!II B rrpo

uecce sKcnepnMeHTa, 

TeMOH AIICCepTau1111 HBnHeTCH npaKTll'!eCKoe pe1IIeH11e pHAa 

0 
38A8'1 MaTeMaTl!'!eCK0I'0 o6ecrre'!eHl!H SKcnepHMeHT0B C K -Me30Ha-

MIi, 

ll11ccepTaUl!H C0CT0HT 113 ABYX qacTeli: nepBaH '!aCTb Harrnca-

/1-5/ 
Ha Ha 0CH0Be pa6oT , nocBHIUeHHbIX HccneAoBaHHIO pacnaAHbIX 

CBOHCTB KO -Me30H0B C Il0M0!UblO KaMepbl BnnbCOHa, ITpeAMeTOM 

BT0poli '!aCTII HBnSieTCH CIICTeMa nporpaMM, C03AaHHaSI Anll o6cny-. . 

Ml!BaHl!SI ycTaH0BKII NCKllcp'. YcTaHOBKa "CKl!cp# - ST0° MaI'HHTHbIH 

cneKTpoMeTp AnH perncTpa1m11 pacnaAoB K
0 ➔ ,l 11 - c rrpoBono'I

HbIMII HCKp0BblMII KaMepaMI!, CrreKTpOMeTp pa6oTaeT Ha nllHI!ll 

c 3BM E3CM-4, 
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Ile p Ba SI ·. 'I a CT b COCTOIIT 113 'I0Tb!pex rnaB, f n a Ba II e p -

aasi - BBonttasi - conepmnT KpaTKl!tt 063op 11pnMettett11fi MeTona 

MoHTe-Kapno B coapeMef{HOll !pll31!Ke aneMettTapflblX 'I8CTIIU, 3a 

11ocnenm1e ro)lbl M0TO)l MottTe-Kapno CTan OCflOBflblM MeTO)lOM, 

1103BOnSIIOIUIIM yqeCTb II IICKnlO'IIITb Bnl!SIHl!e neTSKTOpa llpll o6pa-,. 

6oTKe 9KC1Iep11MeHTanbflblX naHflhlX, llpyrl!MII cnoBaM11, MeTon MoH

Te-Kapno II03BOnHeT BhI'IIICnHTb nnH nattHoro neTeKTopa a¢¢eK

TIIBHOCTb per11eTpau1111 pa3nll'IHhIX rrpoueccon e yqacTneM aneMeH

TapHbIX 'IaCTIIU, Heo6xonl!MOCTb y'IliTa 9TOfi a¢¢eKTl!BflOeTn rrpn 

rronyqeHIIII KOHS'IHOro pe3ynbTaTa O'ISBll)lHa. 

Bo BT op o fi r n a Be rrpnaonnTcH 01111catt11e aKcrre p11MeH

Tanbttofi ycTaHOBKII, B KaqeeTBe neTeKTOpa l!ellOllb30Banaeb KaMepa 
3 

B11nbe0Ha C rrone3HbIM o6'heMOM 100~ X 60 X 17 CM B MarHl!TflOM 

rrone "' 9000 apeTei:t. KaMepa 9KellOHl!pOBanaeb B HettTpanbHO_M 

rry'IKe cnHxpo¢a3oTpoHa 011HH. B Hefi Ha6n10nan11cb 3ap_iimettHhie 
0 

rrponyKTbl paerranoB K L -M830HOB: 

0 + 
K ➔ 7T-e+v 

L 

0 + 
KL ➔ ,r-µ+v 

0 + - 0 
KL ➔ 7T 7T ,;· 

0 O O 0 
KL ➔ 7T 7T 7T 

t---➔ + -e e y 

(I) 

(II) 

(III) 

(IV) 

0 ' 
K -Me30Hhl, pomneHHbie Ha BHyTpeHHSH _Ml!IIJSIII! Cl!flxpo!pa3o-

Tp0Ha, 0T611pan11cb rron yrnoM (90:!:_2)° K rrepBH'IflOMy rry'IKY rrpoTo

HOB C attepr11eft 1 0 raa. PaCCTOSIHl!e OT Ml!lllefll! no cepenl!Hbl KaMe

pbl - 6,2 M, 

Bn11ny Toro, 'ITO MepTBOe Bp8MSI KaMepbl COCTaBnHnO "'100 ceK, 

cpa6aTblB8Hl!e rrponexomrno B K8lKAOM 10 Ul!Kne ycKopnTensi. 

HttTeHCl!BflOeTb rryqKa llpOTOHOB, c6paebrnaeMbIX Ha. Ml!lllettb, 
8 

eoeTaBnSina ( 1,5 ... 2,5) 10 ; 11p11 9TOM B epei:ttteM Ha 2,5 Kanpa 

11p11xon11noch onHo V
0 

-co6b1T11e, 

4 

,i 

Beero 38 BpeMH 9KC110311UIIII ( 1961-1965 r.r.) B KaMepe 

6bin0 3aper11eTp1!pOB8HO "' 11000 V O 
- C06b!Tllfi, 

B pa6o·rax, Ha OCHOBe KOTOpblX H811l!eaHa rrepBaH 'I8CTb 

n11ccepTau1111, rrpoaHan11311poBaHo "' 4700 V 0 -co6b1T11fi, Ilp116n11-

31!TenbHO 0,9 9Toro KOnll'IeCTBa cocTaBnHm! BIIIIKII OT paerranoB 

K
0

L -Me3ottoB, 

llm1 1!3MepeHl!SI Ha rronyaBTOMaTaX OT611panl!Cb Bee C06bITHSI, 

TpeKI! KOTOpblX !!Men!! nnHHy rrpoeKUl!I! Ha rrneHKe f ~ 3 MM II_ He 

6bm11 HarrpaaneHhI rrapannenbHO 6a3e cTepeo¢oToarrrrapaTa, 06eqeT 

H3MepeHHhIX co6b1T11fi 11poaon11ncsi Ha 3BM M-20 110 rrporpaM-
/6, 7/ 

MaM , 

Linsi aHan113a pacrranoa (I - III) 0T611pan11eb co6b1T11S1, yno-

aneTnopsi101Ul!e eneny101UHM Kp11Tep11siM: 

1) yron BbmeTa TpeKa O 
O < El ± < 70 ° 

2) nn11tta TpeKa B rrpocTpaHCTBe L ~ 6 cM; 

3) yrnhI pa3neTa 10 ° < w < 160 °; 

4) l!MllynbCbl p ± . < 700 M aa/ c, 

llnsi aHan113a Ha rrapbI llan11ua co6hITl!SI 0T611pan11ch 110 ene-

AY!Ollll!M kp11Tep11siM: 

1 ) nn11Ha ropl!30HTanbflOH rrpoeKUl!I! TpeKa L ~ 4 CM; 

2) nMrrynhCbI p 1 :5- 80 Manic, p 
2 

,s, 100 Maa/c; 

3) yron HaKnoHa TpeKa K rrnocKoeTH ¢0Torpa¢11ponatt11sia~ 45°; 

4) yron BhmeTa cyMMapHoro nMrrynhca 0 ~ 200; 

5) yron pa3neTa 
o, 

w 'S, 70 • 

QqeBl!)lflO, 'ITO 11erronb30BaHHe Bbl11Je11epeq11eneflttb!X Kp!!Tep11eB 

OT6opa BHOel!T orrpeneneHHblS l!eKamettl!SI B crreKTpbl BTOp!!'IHblX 

qacTl!U, llnsi yqeTa aTl!X 11cKamel}11fi 6bma co3naHa rrporpaMMa 

Monen11ponaHl!S1 Tpex'IaCTH'IHoro pacrrana, B Heft e IIOMOlllblO reHe

paTopa enyqafiHhIX q11een 11onyqan11eb eneny10m11e aenH'Il!HhI, 01111cb1-

Ba10m11e TpexqaeTl!'IHhitt paerran: 

1) z = cos 0 1 , rne 

TeMe ueHTpa Mace; 

0 
I 

yron BbineTa qaeTl!Ubl 1 n e11e-

2) cf, I - a311MyTanbHblll yron qaeTl!Ubl 1; 
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3) e I • e 2 - 9Hepr1m qaCTl!U 1 ll 2 B CllCT0M0 ueHTpa Mace; 

4) X - yron noBopoTa qacTllUhl 2 OTHOCHTenbHO qaCTllUhl 1. 

3Heprlll1 H HanpaBneHHe llBHJKeHHll pacnanaromellcll qacTHUhI 

nn6o 3anaBan11cb nocTOllHHh!Mll, nn6o TOJK0 MonennpoBanllCb aHano

rll'IHblM nyTeM, 

C nOMOIJlblO BC0X 9TllX napaMeTpOB Bhl'lllCnllnllCb KOMnoHeHTbl 

B0KTOp-HMnynbCOB BTOpll'IHhlX 'l8CTllU B na6opaTopHoll CllCT0Me, 

TaKall npouenypa npnMeHSinacb nnll MonennpoBaHnll pacnanoB I - IV . 

KaJKllbill MonenllpOBaHHblll cliyqall npoBepllnCll no COOTB0TCTBY!Ollll!M 

Kpl!TepllllM OT6opa. B pe3ynbTaTe onpenenllnaCb aljxpeKTllBHOCTb 

perHCTpaUllll KaJKnoro pacnana ll CTpOHnllCb yrnoBbl0 ll 9HepreTll

'l0CKll0 pacnpeneneHHH nnll BTOpll'IHhlX qaCTllU, 

B T p e Tb e ll r n a Be ll3naralOTCl1 M0TOllbl npOB0ll0Hlll1 aHa

nH3a Tpex'!aCTll'IHhlX pacnanoB ll npllBOllHTCH nonyqeHHhJe qJll3ll'!0CKll0 

pe3ynbTaTbl, 

OnHoll ll3 OCHOBHhlX 3ana'I llCCnenoBaHllll 6hinO Bbl'IHCneHHe 

BepoHTHOCTell pacnanoB I -IV. 
0 0 

I) Pac nag KL ➔ 3 11 • KaK 6bmo cKa3aHo BhlllJe, 9TOT pac-

nan perHcTpHpoBancH no e+ e--nape OT nanHuoecKoro pacnana 

0 
onHoro ll3 TT -M030HOB, 

0 
Ha BCell HccnenoBaHHOH CTaTHCTHKe K- - pacnanoB 6b1no 3a

L 

perllCTpllpOBaHo ll OT06paHO 16 nap nanHua. 3¢¢eKTHBHOCTb perHCT-

pauim pacnanoB I - Ill COCTaBnlleT ( = 0,932. 3¢¢eK-
3apHlK, 

THBHOCTb perllCTpauHll pacnana K: ➔ 311 ° eCTb npOll3B0ll0Hll0 Bepo-

HTHOCTll nOHBn_eHl!H napbl nannua B 9TOM pacnane ( I = 0,037) 

Ha BepoHTHOCTb ee perncTpaUllll ( ( 2 =: 0,345). Benl!'Il!Hhl ( 
3apS!lK, 

11 £2 HaXOllllnl!Cb M0TOllOM MoHTe-Kapno. B pe3ynbTaTe 6bmO 

HallneHo: 

R
3110

~ 0,28 t.0,08. 

0 + 0 
2) P acnan __ K L ➔ 11 11 3' ilnsi aHann3a co6bITHH Ha pac-

nallbI K f ➔ 11+ 11- 11 ° , K O ➔ 11 e v , K O 
->TT µv npOBOllllnCH oT-

L L 

6op no nepBOH rpynne KpllT0plleB (rn, 2 §2). BepOSITHOCTll perllCT-

paUllll (c yqeTOM 9TllX KPllTeplleB) Bbl'lllCnHnllCb M0TOllOM MoHTe-Kapno. 

6 

0 + - 0 
0TneneHne pacnana KL ➔ 11 11 11 OT nenTOHHhlX pacnanoB 

npoBOllllnOCb npll noMOlllll napaMeTpa 

E, 
~j~ +Mt ~m 5 
2(Mt+P.i.2o)r-• 

( 1) 

rne mo II Mo Ma CC bl TT O II KO -M030HOB, M 
t 

- CYMM8pH_8l1 

Macca 3apSIJK0HHhlX 'IaCTllU B npennonOlK0Hllll, '{TO OHi! llBnlllOTCll 

TT -M030HaMl! 0 

Uhl, 

p .!. O - nonepe'!HblH llMnynbc H0HTpanbHOH '!8CTll-

MonennpoBaHll0M COOTB0TCTBY!OlllllX pacnanoB 6bmo noKa3aHo, 

'ITO nonaBnHromee 6onhlllllHCTBo pacnanoB K
0 ➔ 11 +"-"~ 
L naeT 

3HB'I0HIIe 9Toro napaMeTpa E ~ > 493 M9B, ll Hao6opoT, nnll nen

TOHHhIX pacnanoB, B OCHOBHOM, E ,5 < 493 M9B, 

3Hal1 o6mee Konll'I0CTBO · cnyqaeB c E ' > 493 ll 9¢¢eKTllB-
o 5 

HOCTb perllCTpaUllll pacnana K ➔ TT+ TT-TT O , MOJKHO H8HTll OTHOCll
L 

TenbHYlO BepoHTHOCTb 9TOro pacnana: 

f'{K~ ➔ TT+TT-11°) • 

R + _ 0 = 
0 

= 0,194 :t_0,023. 
11 11 11 r ( K ➔ ~aplllK, > 

L ' 
0 

3) PacnanhI KL ➔ 11 ev 

0 

KL➔ 11 µv • ilnll HllX npennonara-

nocb COOTHOW0Hll0 BepOHTHOCTeli 

3To naeT 

f' {K ~ ➔ 11µv )/f' (K~ ➔11ev )= 0,65. 

R 
TTeV 

·n·· 
11µv 

0 
f'(KL ➔ 11ev) 

f' { K0 ➔ 38pHJK,) 
L 

0,48 !:. 0,06, 

0 

f'(KL ➔TTµv -= 0,32 +0,05. 
- r <K\ ➔ 3apHJK, > 

0 + _ 0 
ilnH 8H8nll38 pacnana K L ➔ TT TT TT .OT6Hpanl1Cb C06b!Tll$1 

c E; > 493 M9B, Bbmo nocTpoeHo pacnpenenenne no KHHeTn'Iec

Koli 9Heprllll 11° -M030Ha B CllCTeMe U0HTpa Mace ll npoBOllllnOCb 

cpaBH0Hll0 9Toro pacnpeneneHHSI C paC'Ii'.!THb!Mll, nocTpoeHHh!Mll 

7 



B pa31Ill'Hlb!X npennonoJl<eHHSIX. CToKa3aHo, 'ITO SKCnepnMeHTaIIbHOe 

pacnpeneneHne He cornacyeTcH c qiaaoBoil xpnBoil ( P (x 2 ) «0,001), 
/8/ 

Ecnu llCIIOIIb30BaTb IIHHeilHoe npuonHJKeHne : 

dN = (1 + a T
O 

/M 
O

) d 11> (T
O 

) , ( 2) 

rne d 11> (TO ) - sneMeHT qiaaoBoro oobeMa, M
O 

'." Macca K 0-Me-

aoHa, TO Hannyqwee cornacue ( P( )(
2 

) =0,30 ) c sxcnepHMeH-

TanbHbIM pacnpeneneaueM naeT Benn'IHHa 

+ 1,3 
a = -8,2 

...:.0,9 

Ecnu npennonoJKHTb1 'ITO pacnan K~ ➔ 77+77-77° uneT qepea 

HeKOTOPbiil AllIIHOHHb!il peaoHaHC U , C Maccon MU H nonywnpu-
/9/ 

Hoil I' u I TO pacnpeneneaue B0IIll'lllHbl To AOIIlKHO HM0Tb Bun: 

rne 

dN= 
Cd<I>(To) 

[(A -T )
2 

+B
2

] 
0 

A (M -m ) 2 2 = o 77 -Mu 
2M

0 
, B 

M r u u 

2Mo 

Haunyqwee cornacne c sKcnepnMeHTanbHbIM pacnpeneneHneM 

( P ( X 
2

) = 0,30 ) na10T BenH'IHHb1: 
. 2 2 

M u=350 -t_lO MsB/c , , _r u = 75 ±_15 M9Blc • 

(3) 

MccnenoBaHne nenTOHHblX pacnanoB K
0 

-Me30HOB npoBOAllIIOCb 

Ha rpynne COOblTHil C E ' < 493 MsB • .llnsi sTnx coobITHil ObIIIO 
5 

IIOCTpOeHo pacnpeneneHne no cyMM8pHOil Macce ABYX aapSllK0HHblX 

'18CTHII, B npennonoJKeHHll, 'ITO OHll SIBIISIIOTCSI 77 -Me30H8Mll ( Mt5 ) • 

noxaaaHo, 'ITO sTo pacnpeneneHne He cornacyeTcsi c pac'leTHbIM 

pacrrpeneneHHeM, OCHOBaHHblM Ha S - BapnaHTe B38HMoneilCTBllSI 

(P(x 2
) « 0,001 ). 

8 

CTpu nocTpoeHnH pac'leTHblX pacnpeneneHnil nnsi V -BapnaH
/10/ 

Ta ObinO lipllHSITO cnenCTBHe T,H, µ-e - yHHBepcanbHOCTll : 

R.=I'(Kµ 3 )/r(Ke 3 )=0,65I +0,I26t +O,Ol89t
2

, (4) 

f 
rne e = 7=- - OTHOWeHne ABYX q>OpMq>8KTOpOB aeKTOpHoro Bapu-

+ , 
aHTa B38llMOAeHCTBllSI nnsi rterrTOHHb!X pacnanoB. 

CTpu TaKOM npennonoJKeHHH KpHBaH x 2 
HMeeT naa MHHHMyMa, 

KOTOpb!M COOTBeTCTBYIOT cneny101lllle 3Ha'leHHSI R ll e : 
+0,10 +0,6 

(P (x2 )=0,12), R
1 
= 0,76 

-0,06 
. e = o,8 

I -0,4 

+O,IO . +1,2 
. 2 

R
2

= 0,57 e =-6 ( P ( X ) = 0, 16 ) . 
2 

-0,09 -0,8 

CpaBHeaue no_ny'leHHhIX aHa'leHnil R I u R2 c sKcnepnMeHTanb-

HbIMH naHHblMll, nony'leHHb!Mll npS!MblMll MeTOA;Mll { R = 0, 73,!_ 
/11/ cp 

:!:.0,04 ) I naeT OCHOBaHne cnenaTb BbIOOp 
0

B IIOIIb3Y nepaoro 

peweHnSI. 

B '10TBepTOH rnaBe 

sHeprnn K~ -MeaoHoB. 

orrucaH MeTon rrocTpoeHnsi crrexTpa 

Lln11 lIOCTpOeHHSI crreKTpa llCilOIIb30B8IIllCb TOIIbKO pacrran·bl 

K o + - o 
L ➔ 77 77. 77 , TaK KaK OHll nerxo oTnenSIIOTCSI OT nerrTOHHblX 

pacrranoB. 

3aKOHbl coxpaHeHnSI SHeprnn n IIMlIYIIbC8 lI03BOIISIIOT rrony'lllTb 

nn11 :rneprnu K
O 

-MeaoHa ypaBHeHne aTopon CTerreH11: 

aE~+bE'k_+c = 0, (5) 

rne a=E 
2 

-p
2 

cos
2
El, 

C C 

b = - E O ( M i - m 2o + E ~ -p ; ), 

(i',I 2 -m 2 + E .2 _ 2 ) 2 
K O c Pc 2 2 2 

C = ------ + M p cos El • 
4 K c 

9, 



E
0
,pc - cyMMapHaH aHeprnH II cyMMapHbili nMnynhC ABYX 

aapHlKeHHhIX 'IaCTHU, 0 - yron MelKny HanpaaneH11eM K
O 

-MeaoHa 

n cyMMapHbIM 11Mnynht:OM aapHlKeHHhIX qacTnu, MK , m 0 - Macchi 
0 0 

K -Me3oHa ll TT -Me3oHa. 3To ypaBHeHne HMeeT naa peweHIISI, 

Hll O/lHllM ll3 KOTOpbIX Henb3H npene6pe'Ib, 

T aKl!M o6paaoM, nocne o6pa6oTKll 3KcnepnMeHT8nbllbIX ll8HHhIX 

MhI l!MeeM 11ayxMep11y10 rncTorpaMMY A= II a tkll , rne a ik -'IIIC-

no cnyqaea, B KOTOphIX onno 113 pewen11il ypaanennsi (5) nonano 

B i ·ll IIHTepaan, a BTOpoe - B k - il, ilnH H8XOlK/leHl!H llCTIIIIHOro 

cneKTpa N = 11 n 1 11 HYlKHO nocTpOl!Tb MaTpnuy G = 11 g 
I 
k 11 , 

aneMeHT KOTOpoil g lk eCTb BepoHTHOCTb rronanann~ nOlKHOro 

a11aqen11H snepr1111 B i -il nnTepaan, npn ycnoa11n, 'ITO l!CTIIHHOe 

ana'IeH11e nelKnT B k -oM 11nTepaane.IlnH BbI'IIICnemrn sneM'enTOB 

" ' 0 + - 0 
STOii MaTpl!UhI Mo11ennpoaan11c& pacna/lht KL ➔ TT TT TT , nony-

qeHl!hte C06bITllH npoaepHnllCb no Kp11Tep11HM OT6opa, 3aTeM onpe

nenHnOCb, B KaKOM llHTepaane HaXO/ll!TCH nolKHOe 3Ha'IeH11e 3Hepr1111, 

COOTBeTCTBYIOIIlee 3TOMy cny'I8IO, r11cTorpaMMa Benll'Il!Hbl E n , 
11p11 ycnoa11n, 'ITO ncTl!HHoe aHa'IeHne sHepr1111 K O 

-Me3oHa nelKnT 

B k-oM IIHTepaane, naeT i -fi CTon6eu MaTpl!Ubl G • 

Ecn11 IICKOMhiil cneKTp ncTnHHhIX anaqennli N = II n 
1

11 npencTa

Bl!Tb KaK 1111aronan&Hy10 MaTpllUY, TO, O'IeBllllHO, nonlKHO Bbmon

HS!TbCH COOTHoweHne: 

A=NG+GTN 
(6) 

11nn 

alk = g lk n k +gkl n I (i ,k=l, ... , m). 

Ecn11 rrpennonolKHT&, 'ITO anaqemrn eKcnep11MenTan&Hofi r11cTorpaM-

Mbl a lk nMeIDT qinyKTyau1111, pacrrpeneneHHhte no aaKoHy nyacco-

Ha, TO BepOHTHOCTb pean11aaunn MaTpllUbl A 

6paHHO~ cneKTpe N eCTb: 

W = II 
exp[..:glk nk -gkinl ](gik nk +gkl 0 1 

1,k alk 

10 

np11. neKOTOpOM Bbl-

a 
lk 

(7) 

Benn'InHa W llOCTnraeT MaKCl!ManbHOro 3Ha'IeHHH npn 3Ha'IeHHHX 

n ' onpenenHeMbIX CllCTeMOH ypaBHeHnfi: 

I g_k 
k l 

a 
lk _ 1) =O 

giknk+1'1°1 

(j =l, ... , m ). 

/5/ 
B pa6oTe npnaeneH pacc'I11TaHHhiil TaKl!M crroco6oM 

cneKTp sHepr11il K O -MeaoHOB, 
L 

(8) 

BO BT Op OH 'I a CT ll nncce pTaun11 Olll!CaHa CO3/laHHaH 

.cncTeMa MaTeMaT11qecKoro 06ecneqen11H eKcnepnMeHTa na nnHnn 

c 3BM. 
l 

B nepaofi r n a Be OTMe'IalOTCS! neKOTOpbte npeMymecTBa 

6ecqinn&MOBOH MeTO/lllKll n npnBO/lllTCH Olll!CaHne ycTaHOBKII C npo

BOnO'IHbIMll IICKpOBblMll Kal),rnpaMn. YcTaHOBKa, COCTOHIIlaH ll3: 

8 KaMep n pa60Ta101IlaH Ha n11Hnn c 3BM E3CM-3M, 6hma coana

Ha II ncnbITaHa B nB3 B 1966 r/ 121 , 

EbtnO noKaaaHo, 'ITO KaMepbl pa60Ta10,,. C 9<p<peKTIIBHOCTblO 

, = 0,95 ➔ 0,96 11 06ecrre'InBa10T npocTpaHCTBennoe paapewe

Hne ~ x = 0,8 MM, 

B pa6oTe rrpoaepeHhI cxeMbI Bb1Bo11a nnqiopMau11n n o6masi 

cTpyKTypa nporpaMMHoro 06ecneqe11nH. OnnoapeMenno 6bma 11cnb1-

TaHa nnHIIH llBYCTOpoHneil CBH3ll qmanqecKOH YCT8HOBKII C 3BM. 

Ilnsi BhIBOlla nH<popMau1111 c 3BM ncnon&aolilanac& neqaTHasi Mawnn

Ka Tnna 3YM, H8XOllS11IlaS1CSI Ha ycTaHOBKe. 

BO BT Op O li r n a Be on11caH MarHHTHbIH IICKpOBOil cneKT-

poMeTp, pa60Ta10m11il na n11nn11 c 3BM E3CM-4 ( ycTaHOBKa 'CK11qi'). 

CneKTpoMeTp pa6oTaeT B HeilTpanbHOM ny'IKe CIIHXpoqiaaoTpOHa 

OHHH II npenHaaHa'IeH nnsi per11cTpau1111 pacrranoa K o + -
➔ TT TT 

MaTeMaTH'IeCKOe 06ecneqen11e 3KCIIepnMeHTOB Ha 3TOH ycTaHOBKe 

nonpaayMeaaeT coa11aH11e cne11y10m11x nporpaMM: 

1) rrporpaMMhI npe11aap11Ten&noro pacq~Ta; 

2) rrporpaMMbl rrpl!eMa, aarrnc11 II KOHTponsi; 

3) nporpaMMhI o6pa6oTKn; 

4) nporpaMMbl ceneKu1rn II nocTpoemrn rncTorpaMM, 

On11ca111110 9TllX nporpaMM nocBSIIIleHa T p e Tb SI r n a Ba. 

1 1 



MeTOllOM MoHTe-Kapno paCC'll!TaHbl 0CH0BHbie xapaKTepl!CTII

KII ycTaH0BKII, TaKne KaK reoMeTpnqecKaSI a<l$eKTIIBHOCTb, T0'IH0CTb 

K
o 

noccTaHoaneHIISI MaCCbI II yrna BhmeTa pacrraarnerocSI -Meao-

Ha, Ha pnc. 1 IIOKa38llbl Kpl!Bbie 3aBl!CIIM0CTI! aqiqieKTIIBHOCTII OT 
• 0 

MeCT0IIonoJKelll!SI pere11epaTopa nnSI pa3nll'lllblX IIMIIyn&c0B K -Me-

30ll0B, 

f, 

ao3 

a02 

o.o, 

2.5_ 

"\ 
800 ,000 1200 /400 ;z 

(MM) 

Pnc. 1, re~MeTpn'leCKaSI aqiq>eKTIIBHocTb perncTpaunn pacnanoa 
Ks ➔ 11+11- B 3aBIICllM0CTII OT K0opnn11aTbl pereHepaTopa, 

nnH paann'IHhIX nMnyn&coa K O -MeaoHa, 

. 0 
OueHK8 T0'!H0CTII onpeneneHllSI M8CCbl II yrna BbineTa K -Me-

30H8 nana a11a'!eHnS1 

2 
i:HI =6 Manic , i"10 = 2 Mpan, 

0 ·+ 
ilnSI yqeTa B03MOlKHOH llMl!TaUl!ll pacnana K ➔ 11 11- 6binll 

npoM0AennpoBallbl Tpex'!aCTll'lllbie pacnanbI K 0 ➔ 11ev ' Ko ➔11µv. 

12 

,, 

'1 

J' 

' t 
' 

I ,, 
\' 

It' 
11 

j ,, 

\' 
:\ 

,t 

ilnSI KalKll0I'0 cny'laSI Bbl'll!CnS!nacb cyMMllpH8SI Macca ABYX 38pS!

JKel!HbIX 'laCTIIU B IIpenrronoJKe111111, '!TO 01111 S!BnSl!0TCSI 11 -Me3olla-

MIi, 

AHan11a pacrrpeneneHnSI rro aToMy rrapaMeTpy rroKaaan, '!To 

rrpn perl!CTpaunn pereHepnponaHHblX KO -Me30H0B qJOII neIIT0IIHbIX 
s 

pacrranoa rrpeHe6pelK11Mo Man. 

Ha pnc, 2 rroKaaaHa 6noK-cxeMa rrporpaMM rrpneMa II o6pa-

6oTKII 1111q>opMau1111 rrpn pa6oTe Ha n11H1111., 

EnoK nHCK ocymecTBnSieT rrpneM llllqJOpMaunn C IICKp0BbIX 

KaMep BO npeMSI c6poca ycKopeHHbIX IIp0T0H0B Ha Ml!IIIeHb, KaJK

noe C06bITl!e IIplllll!MaeTCSI 0T,:ten&H0, l:WSI Hero q>0pMl!pyeTCSI CBOH 

aaronoaoK II aaTeM 0110 rreperr11cb1BaeTcS1 a crreunan&HYJO 6yqiep

HYJO 30HY { E3-1)' C K0Topofi rrp0IICX0AIIT II0T0M 38IIl!Cb Ha Mar

HIITHYIO ne11Ty, nocne 0K0ll'l8HIISI pa6oTbl 6noKa TTHCK 1111qiopMauns1, 

np11HS1TaS1 a nocnenneM Ul!Kne ycKop11TenS1, nepem1cbIBaeTCS1 no 

nTopyJO 6yqiepHyJO 30Hy { E3-2). Co6bITllSI na E3-2 no TOM 06pa-

6aTbIBa10TCS1 nm1 nonyqe11nsI npennapnTen&HhIX peayn&TaT0B a .xone 

aKcnepnMeHTa II nnSI orrepaTHBHoro KDHTponSI aa annapaTypofi. 

HnqiopMaUl!SI C llCKp0BblX' K8Mep nocTynaeT B 3BM B Bil/le 

14-paapS!AHbIX 8ApecoB nepe6porneHHbIX qieppl!TOB, 5 AB0ll'lllb!X paa

pS!ll0B 0TBeAeHbl nnSI H0Mepa KaMepbl 11 9 - llnSI H0Mepa q>eppl!Ta 

B KaMepe. B 0llll0M M81IIllllll0M cnone C0AeplKIITCSI nna TaKnx 8A

peca. 

O6pa60TK8 co6wTIISI H8'11!HaeTCSI C nepenoAa 8Apecoa B K00p

AIIHaTbl, Bee K00pAllll8Tbl C06b!TIISI 38IIl!CblB8IOTCSI B anne MaTpll

.Ubl paaMepoM m x n , rAe m - 'll!cno KaMep, a n -1 - MaKcn

Manb11oe 'lllcno rrepe6porneHHbIX qieppl!TOB B 0llliOH K8Mepe. nepB8SI 

CTpoKa· .MaTpi!Ubl npen11aa11a'1eHa AnSI 38IlllCll 'll!Cna IICKP B KaJKAOH 

KaMepe. TTporpaMMbl nanllCaHbl Ami m = 18 !I n = 21, T,e, 

pacC'!IIT811bl 11a 18 KaMep ll 20 rrepe6porneHHbIX qieppllTOB B K8lKAOH 

KaMepe, Ha cnenyJOIUeM aTane ocymecTanSieTcSI rrepexoA OT K0op

AllHaT rrpoaono'!eK K K00PAllllaTaM IICKp ll 3aTeM rrepexon OT co6-

CTBeHHOH Cl!CTeMbl KaMepb! K HeKoTopofi o6mei1 CllCTeMe K00PAIIH8T, 
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I 
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I 
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t 
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3an0/\1UHQHUe 
. COCmOJ/HUll 

3n.&. 63-2 
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ne'lamu 

r 

63-j. ,---

63-2 

. 

. {VJJI t-+ 

. 5'1Ma* --11eHma 

2uc,r,. 
Cl.(em'4uk 

P11c. 2. EnoK-cxeMa nporpaMM, 06ecne'I11Ba10m11x npneM, 3an11c& 

iI o6pa6oTKY 11mpopMau1111 BO BpeMlI pa60Tbl Ha nllHlill, 

14 

I 

ilnH KOHTponSI 3a annapaTypoll 11cnon&30Bannc& cneAy10m11e 

nporpaMMh1: 

1) KOHTponh MHomecTBeHHOCT11; 

2) KOHTpOnh TO'IHOCTII; 

3) KOHTpOnh &qJcpeKTIIBHOCTlli 

4) pacne'IaTKa ( nporpaMMa * <l>oT*). 

KoHTponb MHomecTBeHHOCTII 3aKnlO'!aeTClI B IlOAC'IeTe cpen

Hero 'IHcna HcKp, np11xoASil!lerocSI Ha OAiIH 3anycK B KamAoll KaMepe, 

a TaKme cpeAHero 'IHCna nepe6pollleHHhlX cpeppllTOB, IlpllXOAlIJJIIIXClI 

Ha OAHY IICKpy. 

C IlOMOl!lblO nporpaMMbl KOHTponlI TO'IHOCTII onpenemieTClI 

npocTpaHCTBeHHoe pa3pe111eH11e KaMep. 

3cpcpeKTIIBHOCTh IICKpOBblX KaMep lIBnSieTClI OAHOH 113 OCHOBHhlX 

xapaKTepllCTIIK ycTaHoBKII. 

Ehmo C03A8HO II onpo6oBaHO B 9KcnepllMeHTe Tpll BaprtaHTa 

nporpaMM Bbl'IIICneHlllI &q)cpeKTIIBHOCTell. 8 OA~HOM 113 HIIX 9cpcpeKTIIB

HOCTh onpenenSinaCh no np_lIMblM TpeKaM, BO BTOpOM - no TpeKaM, 

nporneAIIIHM 'Iepe3 MarHIITHOe none, B TpeTheM - no V O 
- co6blTlllIM. 

TpeTllll cnoco6 lIBnlieTClI OCHOBHbIM np11 pa6oTe Ha n11HIIII. 

np11 OKOH'IaTenbHOii o6pa6oTKe MaTep11ana Bhl'IIICnSinacb TaKme 

9cpcpeKTIIBHOCTb KamAoll KaMepbl B 3aBIICIIMOCTII OT 'IIICna HCKp 

B H8H (cM. p11c. 3). 

nporpaMMa pacneqaTKII 11cnonh3yeTClI AnlI npencTaBn8HlllI 

nony'IaeMoll C K8M8p IIHcpopM8UIIII B rpacpll'I8CKOM BIIAe. • 

O6pa60TK8 co6bITlllI 38KnlO'I88TClI B OT6ope KOOpAIIHaT II Ha

xomneHIIII napaMeTpOB V
O 

-co6bJTlllI. 

ilnlI OT6opa KOOPAIIH8T v0 
- co6biTlllI Ilp11M8HlI8TClI cneny10m11ll 

anropllTM, B OAHOll B6TBH Bbi6Hpa10TClI 4 KaMepbi, AB8 nepeA Mar

HIITOM, H ABe - 38 M8f'HIITOMo ITepe6Hpa!OTClI BCe B03MOmHhie 

KOM6HH8UHH HCKp B 9THX KaMepax II AnlI Kamnoii npoBepSieTClI 

BblII0nHIIMOCTb KpHTeplllI TpeKa. Ecnu AnlI K8KOI"O-TO aa6opa Koop-

AIIH8T ( XI I x2 , xa t x4 ) 9TOT Kp11Tep11ll BhlIIOnHSI8TClI, TO 

npoBOAHTClI noHCK AononHHTen&HhIX HCKp, nemal!lHX Ha HallneHHOM 

TpeKe. 3aTeM, no OTo6paHHhlM T8KIIM o6pa30M TO'IK8M MeTOAPM 

H8HM8HblllllX KBaAp8TOB H8XOAlITClI napaMeTpbl V 0 
- co6biTHlI. 
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0.6 

0.'f 

a2 

t-t-f-Hi-f-f4-f 

2 " 6 8 {O f2 l/HC/10 IICKp 

P11c, 3, 3cpcpeKTIIBHOC:b 0/lHOil KaMepbi B 38BIICIIMOCTII OT 'IIICna 

IICKp, 

16 

>· 

B Ka'IeCTBe napaMeTpOB V 
0 

- C06b!TIISI, no KOTOpb!M npo

BOllllTCH MIIHIIMll38UIIH 'cpyHKUIIOHana, Bbi6paHbl cne1lyrom11e: ,\I. ,\2 

TaHreHCbt yrnoa HaKnoHa nepaoro II BTOporo TpeKOB B npoeKu1111 

Ha nnocKOCTb xoz ;xo•Yo•zo - KOOPllllH8Tbl aeplIIIIHbli 

tf, t
2 

- TaHreHCbI no~OBIIHbI yrnoB noBopoTa neplloro H BToporo 

TpeKOB B MarHIITHOM none, no 3TIIM napaMeTpaM Bbl'IIICnHIOTCH 

IIHTepecyrom11e Hae Benll'IHHbl~ T8KHe K8K cyMMapHaH Macca llBYX 

'IBCTIIU, aenH'IIIHa II aanpaaneane cyMMapHoro HMnynbca, pacnan

Hbiil npo6er II np, 

Ecnll C06b!Tlle YllOBneTBOpSleT HeKOTOpb!M BbI6paHHbIM KpHTe

p11HM, OHO Bblll8BTCSI Ha neqaTb H aanHCbIBaeTCH Ha MarHHTHYIO 

neHTy, B 1l8IlbHeil1I1eM OT6op no KpllTepllHM II nocTpoeHlle r11cTo

rpaMM npO113BO1lllTCSI C 3TOli neHTbl npll noMomH cneu11anbHblX npor

paMM 6bJCTpoil o6pa6oTKH, 

B nocnellHeil, 'I e .TB e p TO ii, rnaBe np11BO1lHTCH HBKOTOpbie 

pe3yllbT8Tbl 3KCIIO311UHH YCT8HOBKH .. CKHcp"' B HeilTpanbHOM ny'IKe, 

3Ta 3KCnO3HUIISI SIBHnacb 38BBplllaromHM 3TanoM MeTOllll'IBCKoil OT

Il8/lKII ycTaHOBKH, 

ITpoBepKa B pa60'IIIX ycnOBIISIX noKaaana, 'ITO nporpaMMbl 

srnnsiroTCH llOCT8TO'IHO aanelKHblMH B pa6oTe H o6ecne'IIIB8IOT npHeM 

H aanHcb BCeil nocTynaromeil HHcpOpMaUim, a T8KlKB cnoco6Hbl BeCTH 

onepaTHBHblll KOHTpOnb 38 annapaTypoil, nollKIIIO'IBHlle nporpaMM 

OKOH'I8TBnbHOil o6pa6oTKH V
O 

- co6b!THil llano BO3MOlKHOCTb 06-

pa60T8Tb 0, 7 Bcex C06b!Tllil B XO/le 3KCnepHMeHT8, PeaynbT8Tbl 

npenaap11TenbHOil o6pa6oTKII Bblll8B8IIHCb B BH/le r11cTorpaMM cyM

M8pHOll M8CCbl H yrna, a T8KlKe B Blllle HHllHBHllyanbHOil IIB'I8TH 

K8lKllOro·. V O 
-co6bITIIH, 

nocnenyromasi o6pa6oTKa acero HBKonneHHoro MaTepHana 

Ilana BO3MOlKHOCTb oueHHTb TO'IIIOCTb BOCCT8HOBneHHH MaCCbl H yr-
. 0 

na BbmeTa K -Me3OHOB: 

2 
6M = 7 Maa/c , 60 = 2 Mpall, 
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Ha pnc. 4 noKaaaHo pacnpenenemie no cyMMapHoil Macce, 

PacnpeneneHne no yrny BbmeTa cyMMapaoro 11Mnynbca npencTaBneao 

Ha pllC, 5, OT'IeTnllBO BlllleH ITIIK KorepeHTHO-pereaep11poBaHHbIX 

0 
K 8 -MeaoHOB, nonyw11p11Ha K0T0poro onpe.nemieTcSI paapewe-

HlleM ycTaH ... BKII, 
0 

llnsi KorepeHTHo-pereaepllp0B8HHbIX Ks -MeaoHDB 6bm IT0CT-

poeH crleKTp aaepr11il, KOTOpb1il xopowo corn,acyeTcSI c pac'It\THbIM, 

OcHOBHb!e peaym,Ta.TbI: 

1, CoanaHa nporpa~Ma Monen11poBaH11S1 · TpexqacTll'IH□ro pac

nana, 11cnonbaoBaBwasicsi nm1 11ccnenoaaHllS1 pacnanHhIX caoilcTB 

KOL -Me30H0B C Il0M0l!lbiO KaMepbl, BnnbCOH_a. I1p11 Il0M0l!lll 

aToil nporpaMMbI Monen11poaan11cb pacnallbI 

0 + -
KL ➔ 77 - e + v 

0 + -
KL ➔ ,,-µ+v, 

Ko ➔ ,,+" - ,, o 
L 

Ko ➔ 77 0 77 0 77 0 (,,o ➔ e+e -y). 
. L 

2. MeTOllOM M OHTe-Kapno noKa3aHa B03M0)l(H0CTb oTneneHIISI 

pacnana K ~ ➔ "+ " - "' 
0 

oT. nenToHHbIX pacnanoB II aailneaa acp<jJeK

TIIBH□CTh ero per11cTpau1111, Ha 0CH0Be 3TIIX naHHhlX nony'IeHa 

OTHOCIITenbHaSI BepoSITH0CTb: 

r(Ko ➔ ,,+ ,,- ,,o) 
~ 0,194 + 0,023. 

r (KL ➔ aapSI)I(,) 

3, Ha OCHOB8Hllll CD0TH0WeHIISIµ-e yHIIBepcanbH0CTII HailneHo 

0TH0WeH11e BeposiTHDCTeil pacnanoa 
0 

+0,10 r(KL ➔ 77 µv ) 
0 = 0,76 

r ( K ➔ 77e V ) -0,06 
L 

11 0TH0WeH11e <jJopMqJaKTOpDB, BX0llSll!lllX B MaTpll'IHblH aneMeHT 

nenT□HHoro pacnana: 

f +0,6 
q= -=- = 0,8 

f+ -0,4 

18 

70 

60. 

50 

4 

30 

20 

ID 

I 
J 

/ 

-I""' Lr-' ".J LJ 
I I 

· 0.40 0.45 
I 

a.so · 0.55 
M. 

('38/c2) 

P11c. 4, r11cTorpaMMa cyMMapH0fi M8CCbl llBYX aapl!)l(eHHbIX 'IBCTIIU, 
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N 

4o 

20 

N 
10 
8 
6 
4 
2 

0.'+85 <M <0.5f5fao 

2 4 6 8 tO 12 14 16 10 8-f0-3pag 

o.44o <1\1 <0.485f3o 
0.515 < M <0.560f3o 

2 4 s a 10 12 14 1s 1a 9.10-3pag 

Puc. 5. rncTorpaMMbI rrpoeKunn yrna BbmeTa cyMMapHoro IIMrrynhca 

nayx qaCTHU Ha rop!I30HTanbHYIO IInOCKOCTb. 

20 

,,,, 

· 0 O 0 + 4. MonennpoaaaneM pacnanoa KL ➔ 311 ,11 ➔ ee-y 

o- 0 nonyqeHa acpcpeKTHBHOCTh perncTpaunn pacnana Kr:. ➔ 3 11 

n oueaeaa aepoSITHOCTb 

r (K~ ➔ 311 °) 

0 
= 0,28 :: 0,08. 

r(KL ➔ 3apmK} 

0 + - 0 
5. LlnSI pacnana K L➔" 11 11 npoaHanH3Hpoaaao -pacrrpenene-

o 0 
HHe KHHeTnqecKoll aHeprnn IT -Me3oHa B CHCTeMe KL -Me3oHa 

(, T O ) • TToKa3aHo, qTo aTo pacnpeneneHne He MOlKeT 5bITb onn

caHo cpa30Boll Kpnaoll. LlnSI pacnpeneneHHSI, npennolKeHHoro B pa-

5oTe181, HallneHo aannyqwee 3Haqeane napaMeTpa 

+1,3 
a= - 8,2 

.:..0,9 

, TToKa3aHo, qTo ecnn STDT pacnan nneT c yqacTHeM nnrrnoHHoro 

pe3oHaHca a , TO Macca n rronywnpnHa aToro pe3oHaHca nonlKHbI 

HM0Tb 3HaqeHHSI: 

2 M =350+10 Maa/c , 
a -

r 
a 

2 
75 +15 Maa/c 

6. TTpennolKeH n peann3oBaH MeTon Bb1qncneHHSI cneKTpa 

aHeprnll K
0 

-Me30HOB no Ha5nronaeMbIM nponyKTaM pacnanoa 

K:➔ ,,+,,-,,o 

7. Co3-llaHo · rrporpaMMHoe o5ecneqeHire ycTaHoBKH 'CKn«l>', 

pa60Ta10mell Ha IIHHHH C 3BM, COCTOSIIUee H3: 

a) rrporpaMMbI npenaapnTenhHoro pacqeTa, 

5) nporpaMMbl npneMa, 38IIHCH H KOHTpOIISI, 

a) nporpaMMbl OKOHqaTenbHOil o5pa5o,TKH, 

r) rrporpaMMbl ceneKUHH H IlOCTpOeHHSI rncTorpaMM. 

8, MeTonoM MonennpoBaHHSI aal!neHo onTHMa1tbHOe pa3M;em,e

Hne KaMep, cqeTqnKoB n pereHepaTopa nm1 perncTpaunn pacnan'oa 

0 + -
K 8 ➔ 11 11 

PaccqnTaHa reoMeTpnqecKaSI a<ji(j>eKTHBHOCTb perncTpaun~ 

o n -9THX pacnan_oB ilIIS! pa3nHqHbIX HMilYIIbCOB K -Me3DHa. on~qeHbl 

oueHKH TQqHQCTH BOCCT8HOBII0HHS! MaCCbl H yrna BbmeTa paci:i:ae,-
0 

werocSI K -Me3oHa, 
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9, B KaqecTBe 0K0HqaTenbH0ro 8Tana 0TnanKH yc~aH0BKH 

npoaeneaa aKcnoaHUHH B aei!TpanbHOM nyqKe c pereuepaTopoM, 

nporpaMMhl npoaepeHhl B pa6oqnx ycnoBHHX, O6pa6oTKa HaKonneu

uoro MaTepnana noaaonnna oueHHTb peanbHb1e yrnoay10 n Macco

ay10 Toqa0CTH YCTSH0BKH: 
2 

hM =7 Maa/c , , h0 = 2 Mpan • . 

noKaaaao, qTo aaepreTnqecKnil cneKTp KorepeHTHo-pereuepnpo

BBHHhIX KO -Me30H0B cornacyeTCH C pacq~THblM, 
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