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x) 
B aaHHoA pa6oTe B cooTBeTCTBHH c nporpaMMoA nposeaeHHH nonHoro Ha6opa 

9KCnepHMeHTOB 1 Heo6xoaHMhlX anR BOCCT8HOBneHHR 8MIInHTya pacceHHHH HyKnOHOB HyK

nOH8MH1 6bin OnpeaeneH KOs!fl<f>HIIHeHT KOppenRIIHH HOpManbHbiX COCTaBnRIOillHX IIOnHpH-

38IIHA ( napaMeTp ( ,.,. ) anR yrna pacceRHHR 80° ( c.a.M.) npH ynpyroM pacceHHHH 

IIpOTOHOB C SHeprHeA 650 J'v\se I1pOTOH8MHo l-faAaeH0
1 

'ITO . c h"' ( 90°) "'0,93 .!_0,20. 

l-fa OCHOB8HHH IIOny'teHHbiX SKCnepHMeHTanbHbiX aaHHbiX Bbi'IHCneHbi 3Ha'teHHH MoayneA 

8MIInHTya 1 BXOaSIIllHX B MaTpHIIy ynpyroro (pp)-pacceRHHH anH yrna 90° C.II.Mo IIpH 
STOA SHeprHH. 

x) 

Pa6oTa aono)KeHa Ha X Jlle)KayHapoaHoA KOH<j:>epeHuHH rro <i:>HaHxe BbiCOKHX 
saeprHA e PoqecTepe (aerycT 1960). 
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§ I. B B e A e H H e 

Ill 
B OAHOi!: H3 HBIIIHX npeAhiAYIIIHX pa6oT 6brn ps:IA B03MO.>KHbiX 

Ha6opOB OIIhiTOB 1 II03BOns:IIOlliHX BOCCT8HOBHTh 8MIInHTYAhl pacces:IHHs:I HyKnOHOB HVKno

H8MH H8 OCHOB8HHH COBMeCTHOrO 8H8nH38 AaHHhiX 06 /n p f - H /pp/ -pacceSIHHH. 

Bee aTH ua6ophr cpe.AH ApyrHx aKcnepHMeHTOB COAep.>KaT onpeAeneHHe KoacpcpHUHeu-

Ta c ftWI (6) KOppemiUHH HOpManbHhiX COCTaBnSIIOillHX IIOnS1pH38UHi!: HyKnOHOB npH /pp/-

pacceSJHHH. 3ToT Koa¢cpHuHeHT onpeAenSieTCSI KBK cpeAHee 3Ha~eHHe OftepaTopa ............. 
6", n · i'"a. n, • pasuoe 

..... . 

( 1 ) 

rAe M - 8MII~Ty~a ynpyroro /pp/-pacCeSIHHSii ~- CIIHHOB8SI M8TpHU8 C. -oro 
- IC; )C K.,. 
ft::: 1 ¥i • Kt I - opT HOpManH K nnocKOCTH pacceSJHHSI uyxnouos; lo("J-

ce~eHHe pacceSJHHSI HenonS1pH30B8HHbiX HyKnOHOB HenOnS1pH30B8HHbiMH HyKnOH8MH; , -

yron pacceSIHHSI B c.u.M. ABYX HyKnOHOB. 

J.1cnonh3ySJ AnSI M /2/ 
npeAnO)KeHHoe Bonb¢eHIIITei!:HOM Bbrpa.>KeHHe 

38IIHIIIeM Ce~eHHe /pp/-pacceSIHHSI B BHAe 

(3) 

KoacpcpHUHeHT CIIHHOBOit KOppenSJUHH c'l'Ut(~) IIpH 9TOM 6yAeT OIIpeAeneH K&K 

(3a) 
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EcnH nnH aMnnHTynhl pacceHHHR Hcnonb30B8Tb npyryiD qacTo ynoTpe6nHeMyiD 

/1 3 4/ 
38fiHCb ' ' 

M = oe + t6;;~; .. ((;,"~>;. .. r;..;,~;., ~: -;;;;a.l, 
( 4) 

TO ceqeHHe pacceSIHHR Io (~) H Kos<P<PHuHeHT CllHHOaoa KOppenHUHH c,."{.8) npHMyT 

BH.O 

I.(,_)=! (I o•~~ 1811+ ICI ".,. rGlfl+ I el~) ... 

l.<IJC ... CDJ= f (tal"- tffl_lcla.+ltll"-+ I ela.) 

a~ (J. ... fo g ~ct- ~ C-:ccf+£ J...~cf-t 

(5) 

(5a) 

fl::2.f {6) 

OcHOBHbJe npHHUHnhr sKcrrepHMeHT81lbHoro onpeneneHHH C 
/4 5/ h"' 

6oi1IH p8CCMOTp8Hbi 

B pa60T8X 
1 

• 

B naHHOM coo6w:eHHH, HBIIHJOW:8MCSI nepaoi:i: qacTbiD pa6oThi no onpeneneHHID 

KOSlPlPHUHeHTOB Cwtlll (,.) anSI /pp/-paCCeRHHR llpH SHeprHH 650 JV9B, OllHC8H8 MeTo-

.OifK8 HCCnenOBBHHa H rrpHBO.OS!TCS! peayabT8Tbl H3M8p8HHSI c"'"' anSI yrna 90°(c.U.Mo ) • 

.[lng STOI'O YI'.'IB Bb!p8)K8HHSI (3), (5) H (3a), (5a) H3-38 CHMM8TpHH KOSlPlPHUHeHTOB 

ftMllllHTY a hi p8CC8SIHU Sl yrrpOW:BIOT<.:SI: 

Iol~J=k(21Qia+ 1~1'-..,. lefJ=~I8f+ZICI2+~ IHI2. (7) 

C '( 1. 1. " ... II'" 'I 1. I.l"') -<~J= 1 -2111 +loll+ I et ) =-~181+2 ( .. z HI . 
(8) 

KpoMe TOI'O 3HaqeHHe c r\r\ ( 90°) OK83hiB88TCH npOCTO CBR38HHhiM C BKilanaMH TpH

Illl8THOI'O lt'L H CHHrneTHoro Is. B38HMo.oei:i:cTBHH a ceqeHHe pacceRHHSI T
0 

(90°)- : 

It.-a. l9o•) _ I + C.,. ... t9o0
) 

I. l9o•J 2 
(9) 

' 
b 
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§ 2. nocT8HOBK8 9KCnepHMeHT8 

3KcnepHMeHT8nbHOe onpe.lleneHHe K09ciJ<PHUHeHTOB CnHHOBOit KOppenHUHH OCHOBaHO Ha 

H3MepeHHH aCHMMeTpHit 1 B03HHKa10lUHX npH O.llHOBpeMeHHOM pacCeHHHH o60HX npOTOHOB 

oT ynpyroro (pp)-pacceHHHH aa MHUleHHX -aaanH3aTopax nonHpH38UHA. CxeMa HCnonb-

30saaaoA HaMM 9KCnepHMeHTanbHOit ycTaHOBKH npHBe.lleHa Ha pHC, 1. HenonHpH30B8HHblit 

ny'IOK npOTOHOB 1 BbiBe.lleHHblit H3 KaMepbl CHHXpOUHKnOTpOHa 0vHH1 H O'IHlUeHHblit pac

ceHHHbiM noneM MarHHT8 yCKOpHTenH1 ¢opMHpOB8nCH KB8JlpynonbHbiMH nHH38MH 1 a 38TeM
1 

nocne npOXO:>K.IleHHSI '1epe3 CT8nbHbie KOnnHMaTOpbl 0 20 MM B OCHOBHOit 38lUHTHOit CTE'"

He H M9CTHOit 3alUHTe ycTaHOBKH, nona.llan H8 :>KHJlKOBO.IlOpO.IlHYIO MHUleHb, 3aeprHH 

npOTOHOB B ueHTpe :>KH.IlKOBO.IlOpO.IlHOit MHUleHH COCT8BnHna 650 :t_12 .Mas. 

nnoTHOCTb nOTOK8 npOTOHOB 1 na.ll8Blllero H8 :>KH.IlKOBO.IlOpO.IlHYIO MHUleHb KOHTpo

nHpOsanaCb HOHH38UHOHHOit KaMepoit 1 aanonHeHHOit I'enHeM npH JlaBneHHH 0,4 8TM 1 H B 

8 -2 
Jl8HHOM sKcnepHMekTe o6&I'IHO ae npes&IUiana senH'IHHbi ( 3,3 :t_0,3) • 10 npoToa/cM • 

B onb1T8X ocymeCTBnHnCH T8K:>Ke KOHTpOnb 38 O.llHOpO.IlHOCTblO pacnpe.lleneHBSI nnOTHO-

CTH nOTOKa npOTOHOB 1 na.ll810lUero Ha MHUleHb, 

0 
06a npOTOH8 OT K8:>KJlOrO 8KT8 ynpyroro pacceHHHSI H8 yron 90 c.u.M. JleTeKTH" 

posanHCb conpH:>KeHHbiMH CUHHTHnnHUHOHHbiMH C'leT'IHKaMH 1 H 1 1
1 HMeBUlHMH nnaCTMac-

3 
cOBble CUHHTHnnHTOpbi c paaMepaMH 20x60x20 M • Yrnos&Ie paapeweHHsi nepsoro ·paccew 

HHSI B ropH30HTanbHOit nnOCKOCTH paBHHnHCb :t_1,5°, 8 no 83HMYT8nbHOMy yrny 'P 
0 

yrnosoe paapeweaHe coc~nHno .!_3,6 • 

PacceHHH&Ie npoTOHbi H npoTOHbi .. OT.Il8'1H .. npoxo.llnnH '1epe3 KonnHMHpyiOUIHe Uie -

2 
nH B .llOnOnHHTenbHOit 38UlHTe ycT8HOBKH H nona.llanH H8 aniOMHHHeBble (20 r/CM ) 

MHWeHH - aaanHaaTop&I nonHpH38UHH. CHcTeMbl C'leT'IHKOB ( 2,3,4) H ( 2 ',3' ,4') c pa3Me• 

3 3 3 
p8MHMH CUHHTHnnHTOpOB COOTBeTCTBeHHO 23x50x10 MM 1 40x90x10 MM H 50xll0xlOMM 

.lleTeKTHposanH npoTOHbl 1 pacceHBwHecH s aaanHaaTopax Ha yron 11° :t_2 ,5° ( n.c.). 

ViMnynhCbl C aHO.IlOB ¢oTOYMHO:>KHTeneit nocTynanH Ha ¢opMHpyiOlUHe Sl'l9itKH 1 r.lle 

orpaHH'IHBanHCb no aMnnHTy.lle H ¢opMHposanHcb no .llnHTenhHOCTH 1 a 38TeM no.llasa-
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nHCb H8 BXO.llbl .llBYX qeTb!peXK8H8nbHb!X cxeM COBna.lleHHH ee
1 

H ee2 C paapewaiO-
C'T- -9 

IUHM apeMeHeM ~ =7,5 •10 eM. eoanaBlliHe a aTHx cxeMax HMnynhChi nocne 

.llOnOnHHTenbHOrO ¢opMHpOB8HHH no aMnnHTy.lle H .llnHTenbHOCTH CHOBa nO.llBepranHCb 

aHanHay Ha coana.lleHHe Me:>K.llY co6oi!: B npe.llenax paapewaiOlliero apeMeHH, paBHoro 
-8 

7,5•10 cex. 

TaKHM o6pa30M, .llBYXKBH8nbH8H cxeMa coana,lleHHH ee3 OT6Hpana cnyqaH 

'TpOHHOro" pacceHHHH 1 T.e. cnyqaH 1 KOr.lla pacceHHHaH ..,qaCTHUa H qacTHUa OT.ll8qH 

O.llHOBpeMeHHO HCnbiTb!BanH paCCeHHHe B aHanH3HpyiOIUHX MHllieHHX Ha yrnhi 1 38.llaH

Hb!e reoMeTpHeil: onhiTa. 

npH ynpyrOM (pp)-pacceHHHH Ha yron 90° CoUoMo nonHpH3aUHH 060HX nyqKOB 

npOTOHOB (·pacceHHHbiX H npOTOHa "OT.llaqH") 1 na,llaiOIUHX Ha MHllieHH-aHanH3aTOpb! 1 

KaK H3BeCTH01 .llOn:>KHbi 6biTb paBHbi HyniO. KoHTponb nonHpH38UHH STHX nyqxoa npo

BO.llHnCH O.llHOBpeMeHHO C OCHOBHbiMH H3MepeHHHMH H 6hinO HaH.lleH0 1 qTO nonHpHaa

UHH npOTOHHbiX nyqKOB ( o6ycnoaneHHaH1 HanpHMep, HeCOBepllieHCTBOM IOCTHpOBKH nyq-

KOB H cqeTqHKOB ecnH H cyruecTayeT, TO no a6coniOTHoil: aenHqHHe He npeabrlliaeT-

0,003 :t. 0,002. 
fc:.,o.... 

§ 3. KaJIH6poaoqHbiA onbiT 

.LlnH onpe.lleneHHH aHanH3HpyiOrUHX cnoco6HOCTeA BTOpbiX pacceHHHil: 6bm npoae

.lleH K8nH6posoqHbiil: onbiT. B aToM aKcnepHMeHTe npoTOHbi aaMe.llnHnHch .llO sHeprHH 

385 fv'eB C nOMOIUb!O nonHSTHneHOBb!X ¢HnbTpOB 1 yCT8HOBneHHblX 6nH3 KaMepbi ycxo

pHTenSI, a cqe.TqHKH 1 H 1' , onpe.llenHIOIUHe yron nepaoro pacceHHHH, pacnonaranHcb 

TaK, qTo Bbi.llenHJIH npOTOHbi, pacceHHHb!e Ha yron 1?' = 41° ( BA.c. =19°). npH 

STOM Ha BTOpb!e pacceHBaTenH na,llanH npOTOHbi C TOil :>Ke aHeprHeii 325 !v\sa 1 qTo H 

npH npoBe,lleHHH KOppenHUHOHHbiX Onb!TOB 1 a nonHpH3aUHH HX B STHX ycnoBHHX CQC~~
x) 

nHna 0,39 :t. 0,03 • 

6brno HaA.lleHo, qT·o acHMMeTpHH E 
1 

H E
2 

B pacceHHHH npoToHOB Ha MHIUeHHX -

8HanH3aTopax np!i HanHqHii! Me:>K.llY cqeTqHKaMH Me.llHOrO ¢HnbTpa aa.ll8IOillero (BMec

Te c aniOMHHHeBbiM pacceHBaTeneM ) nopor perHcTpauHH npoTOHOB 260 !v\sa paBHbi 

E
1 

=0,200 :t_O,Ol5 H E2 = 0,210 !_0,016. 3To cooTBeTCTByeT aHanHaHpyiOillHM cnoco6-

HOCTHM BTOpbiX pacceHHHit: P
1
=Q,51±.0,056 H P 2 =0,54:t_0,06. (11) 

) /6/ 
X 3TO 3HaqeHHe IIOnHpH38UHH nonyqeHO ycpe,llHeHHeM CO.llep:>K8WHXCH B 0630pe 

.ll8HHbiX .llnH IIOnHpH3aUHH npH 3HeprHHX 314 !v\sa (P=0,38:t_0,2), 315 !v\sa (P=0,38:t_0,CI2; 
H 415 l'v'ea ( 0,41±_0,03). 
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§ 4. KoppemiUHOHHaSI acHMMeTpHSI H Koa<PcPHuHeHT C "" ( 90°) 

Koa<jl<jJHUH9HT c nw ( 90°) .oaeTCSI Bbip8)K9HH9M Cnn =: PL • r .oe e -HCTHH" 

HaSI KOppen~UHOHHaSI aCHMM9TpHSio 3KcnepHM9HTanbH09 3Ha~eHH9 KOppenSIUHOHHOA aCHM-

e l 
M9TpHH onpe.oenSinOCb H3 COOTHOI1I9HHH 

(12) 

r.oe ML. NJtR.. M.t. ~L CKOpOCTH C~eTa .llBOAHOA CX9Mbl COBna.oeHHA 
cc, 

s nono)KeHHSIX L l IlK. • t.ll Rt. COOTB9TCTB9HHO ( CM.pHC. 1 ) o 3Ha~e-

HHSI ~L 1 ~R IV/.~_ N~L B OObiT8X HaXO,llHnHCb KaK pa3HOCTH M9)K.llY 

nonaoA CKOpOCTblO c~eTa CX9Mbl CC
3 

H <jloHOM ycTaHOBKH npH ycnOBHH 1 KOI',lla o6e 

aHanH3HpyiOWH9 MHI1I9HH CTOSIT H8 CBOHX M9CT8X0 

cl>oH ycTaHOBKH: 

(13) 

3.oecb N +-. N -: N-- CKOpOCTH c~eTa cc3 npH y6paHHOA O,llHOA HnH 

069HX aHanH3HpyiOWHX MHI1I9HSIX 1 COOTB9TCTB9HHOo J.1aMepeHHSI OOKa38nH 1 "'ITO 

N -~< N~.,. ~ N+-::= N-+ . nonpaso~HhlA qneH 0,05 N++o6SI3aH 5% 

c}:JoHy cnyqaitHbiX COBOa,lleHHA B cxeMe COBOa,lleHHA CC3• fbnHhlA c}:JOH COCTaBnHeT OKo-

N ++ 
no 25% OT senHqHHbi • 

B peaynbTaTe npose.oeHHSI pSI.oa cepHA H3MepeHHA H ycpe.oHeHHSI 6brno HaA.oeHo, 

~TO KOppenSIUHOHHaSI aCHMM9TpHS1 e' pasHa e I = 0,267 !_0,037 o .lJ.nSI onpe.oene

HHSI HCTHHHOA KOppenSIUHOHHOA aCHMMeTpHH (2 B nonyqeHHOe 3Ha~eHHe e ~ cne

.oyeT BH9CTH .nonpaBKY Ha nO)KHYIO KOppenHUHIO eM..Jt/t 1 o6ycnosneHHYIO reoMeTpHeA 

ycTaHOBKH. Pac~eTbl n0583anu, ~TO e,,..t.,. = 0,01 :t. 0,04. 

H 

Via HaA.oeHHbiX 3HaqeHHA 

p 1 = 0,51 :t. 0,056 

p 2 = 0,54 :t. 0,060 

e = e '- t:?·~ o,257 :t.o.oa7. 

cne.nyeT, ~To Cnn (90° ) = 0,93 :!:. 0,20. 

(14) 

( 11) 

(12) 
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§ 5. 06cy>K.ll9HH9 peaynbT8TOB 

1. J.tnonb3ySI COOTHOW9HHSI ( 6) t ( 10) H Cpe.aHee 3H8'19HH9 KOScPcPHUH9HTa CITH

HOBOI KoppenHUHH (15), Haxo.aHM , 'ITO npH sHeprHH 650 NBs TpHnneTHoe aaaHMO.lleA

CTBHe .aaeT aKna.a ( 96%) B ce'leHHe ynpyroro pacceHHHSI I 0 ( 90°). BKna.a CHHrneT

Horo B38HMO.ll9ICTBHSI COCT8BnSieT BCero nHWb 4%. 

PeaynbTBTbi conocTaaneHHSI aHa'leHHSI napaMeTpa C.,. ( 90°) • 0 1 93 :!:.,0120, Hal.aeH
~ 

Horo UpH SHeprHH UpOTOHOB 650 N9B C H3B9CTHhlMH ero BenH'IHH8MH ,llnSI SHeprHI 

17 I C o +0 10 /8/ ( o 310 NBs ( •" (90 ) '"'0,84_0 22
> H 382 Msa ( ran (90 ) ""0,416:!:.,0,084) 

I 

YK83hlB810T H8 B03MO>KHYIO H9MOHOTOHHOCTb H3M9H9HHSI OTHOW9HHSI BKnB.llOB TpHnneT-

HbiX H CHHrneTHhlX B38HMO.ll9ICTBHH B ynpyroe (-pp)-paCCeSIHHe B SHepreTH'I9CKOM 

HHTepsane 300- 650 .Mss. 

2. EcnH npHHSITb BO BHHM8HH9 CBSI3b1 _cyWeCTBYIOillYIO M9>K.llY H3MepeHHbiMH H8 

on&I Te aHa'leHHSIMH napaMeTpOB C "'• (-{f) H D- ( ~) H lliO.llYnHMH senH'IHH 

B . c . H . G- t N HnH 0. . & t c I d . e . TO HM9K1UH9CH B H8CTO~ 
Hlll99 BpeMH SKCU9pHMeHT8nbHbie ,ll8HHbie 0 (pp)-pacCeHHHH UpH SHeprHH 650 Jv\sB 

OK83biB810TCSI .llOCT8TO'IHbiMH .anSI onpe.aeneHHSI MO.llynel 8MUnHTY.ll 1 BXO.llSIIllHX B MaTpB

uy ynpyroro ( PP )-pacceSIHHSI Ha yron -{Y • 90°. PeaynbTaT&I B&I'IHcneHHI .aaiOT .a~; 
MO.llynel KOS<JlcPHUH9HTOB M8TpHUbi paCC9SIHHH (2) H MO.llynel BenH'IHH (6) cne.ayiOI!lHe 

3H8'19HHSI: 

l6(9o•Jil- lgt~o·)ll. = ,_ c".(90,::c.o35':t:o.t 

4 I. (90)- 2 I.l~o·; 2 (13) 

L 2. 
ll£9o•JI= lct~o•Jf 

1 e (~o•)t .... _ I -t-(l\.t9o.J+2D .... {go~Q9f:l0t (14) 
- L J 

2J:0 (~o·) 
2\((~·Jll._ 

I.l~o0) 

;.;-. 

t 
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(16) 

flpH aToM Hcnonb3oaanocb aHa-q:eaHe napaMeTpa D"" (90°) =-0,93:!:_01 17, HAA.lleHHoe a 
/9/ 

pa6oTe npaKTH'ieCKH npH TQA >Ke aHeprHH npOTOHOB 0 

3. 3aaaHe KOJIH'ieCTBeHHbiX aaaqeaHA MO.llyneA aMnJIHTy.ll B,C H H noaaonHeT, 

B L..l-. R (90°) H A (90°) B npHHUHne, C,lleJiaTb OUeHKH napaMeTpOB OJI~eHIJlTe:li:H,!i 

npH aaeprHH 650 Mas. JlJISI STOrO CJie,llyeT BOCllOJib30BaTbCSI1 HanpHMep1 aHBJIHTH'ie

CKHMH Bbipa>KeHHSIMH ,llJISI OTHOCHTeJibHbiX ¢aaOBbiX C,llBHrOB YKA3BHHbiX BMllllHTy .llo 

n poBe.lleHHbie oueHKH noKa3biBBIOT. 'iTO npH c ".. ( 90°) .. 0,93 napaMeTpbl R ( 00° r 
H A ( 90°) Mano OTJIH'iBIOTCSI no aenH'iHHe H He npeaocxo.llSIT aHa'ieHHe 0,25. 
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