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AH!I/!H3 B3!11!M Oile flcTBliH HYKI!OHOB c nyKnOHaMH npH a He prHHX, 6 nH3KHX K BOO M as, 

H8 B03MO>KeH 6e3 neTanbHOrO H3ylJ:eHHH HeynpyrHX CTOilKHOBeHHli . J.1 3 Be C THO, Y:TO n p H 3 THX 

3HeprHHX c elJ:eHHe Heynpyroro B38HMOQeHCTBHH .llOCTHra eT HeCKOilbKHX necs:JTKOB npo ueHTOB 

I 1, 2/ 
OT ITOilHOrO Cel.feHHSI , • YfHTeHCHBHOe Me30H006p830B8HH e B 3 T O M c nyqae , ITO-BHllHMOMy, 

/ 3-5/ 
38MeTHO BllH SieT .08)Ke H8 xapBKTep ynpyroro pa.ccestHHR • no 3 TOMY HeynHBHTellbHO, 

1.J:TO ITpH BOCCT8HOBI1€HMH 8MITI1HTY.llbl yrrpyroro paCCeHHHR HYKilOHOB HyK110H8MH pe3yllbT8 Tbl 

CHilbHO 38BHCSIT OT npeniTOI10)KeHH0, cnenaHHbiX OTHOCHTellbHO rrpoueCCOB Me30H006pa30B8-

/6-!0 / 
Hl!H 

B CBH3H c TeM , l.fTO orry6nHKOBBHH bie cee neHHn o npo ueccax o6paao~aHHSI rr -Meao-

HOB B ( n -p ) - CTOnKHOBeHIHIX npH 3 HeprHstx , 6nM3KHx K 600 M3e, HeaocTaToqHo nonHhl, 

6bmo npoaeaeHo H3MepeHRe yrnoaoro pacrrpeaeneHHH aapH>KeHHbiX R nonHoro ce1..1eHHS1 ot5paao-

B8HRH HeATpanbHbiX " - Me30HOB B CTOJ1KHOB8HHH HeiiTpOHOB C npOTOH8MH npR a<flcfleK -

THBHO H 3HeprHH H81'i:TpOHOB 600 ~ 10 M 38. 3Tofl CTB Tbeli 8 BTOpb1 fTOllBOllSIT HTOrH C BOHX 3 K C 

rrepHMeHT8/lbH b!X pa 6 0T, B brrTO/!HeHHb!X B 1957- ! 963 rr. B fla60p8TOpllll <IIlepHb<X rrpo6neM 

0 6 b8ll.HHeHHOrO HHCTHTYTB HllepH b iX HCCJ18ll.OB8HHA. 

He fl TpOHHhl fi ny40K , HCITOnba yeM~R B Ofl bi T B X, n o n y4B J1 CH D p0aynhT8T9 6 oM 6apaHpOBKH 

6 epHnn He aon MH m eHH n y 4KOM npoTO HO B , ycKopeHH JI X n o aH e p rHH 670 M as a c HHxpouHKno

TpoHe 011.HJ.1 . HeHTpOH bl a 3TOM c ny1..1ae , KBK HaaecTHO, HMe iOT aecbMB ..uHpOKH Ji ::mepreTH

'!eCKH ir c rreKTp ( 100-670 MaB
151

), H H3Mep<IeM ure c e'! e HHH HB/l <IKJT C H c e'!eHHHMH, ycpe a He H

HbiMH no 3!tepre TlfLJ8CKOMY cneKTPY ReA:Tpoaoa. B CBH 3 H c 3THM aonpoc o 6 onpeneneHHH 

c p ea Hei< a<jlcpeKTHBHOil a HeprnH E e rr np»o6pe T a eT c yruecTBe HH brll HHTepec. 

nnsr onpeneneHHSI Eert 6blna HatiaeHa 3 8 BHCHMOCTb ee OT x apa KTepa cflYHK il HH B03 -

6 y>KaeHHH H3Y48eMb!X p eaKUHil /
2

/ . <l>yHKUHH B036y>Kil e Hl!51 6pan acb Fl BHile 

a ( np ~ 11) - T} " 
Mox 

( I) 

- M8KCHMBnbH09 3 H848HH9 HM IT YllbC B rr -M930 H8 J3 CJI CT9Me U 8 11Tpll Htl ep -

3 



UHH CTaJlKHBa!OWIIXCH Hy:J<J!OHOB. 0K03aJ!OCb, 'ITO a<i><jleKTIIBHaSI 3 HeprHSI llJ!SI y'!aCTKa CJ19KTpa 

HellTpoaoB 450 :> ED ~ 670 MaB np11 noxaaaTem:x cTeneaa n ~ 3 B Bbipa>KeHHH ( 1) cna6o 

38BHCHT OT (pac. 1 )~/ 

TaKHM o6paaoM , an~ acex aenJPIHH, xapaKTepH3Y JC!ItHX rrpou9cc o6paaoaaHHSI " 

M930HOIJ , KOTOpbie pacTyT C YB9Jlli'I9HH9M aaepr1111 H9l"!Tp01!0B JlOCTBTO'Il!O 6btCTpO ( nponop-

UHOHSnhHO 
7JMax 

npR 3 $ D ~ 6 ), cpeAHSISI a<l>¢exTHBHasr a aeprRsr c y '<eToM owR6ox 

[\ HOMepeHHH cneKTpa Hei1TpO HOB MO)I{e~- 6b!Tb npHHSITB paBHOII 600 ~ 10 MaB. npll 3TOM, 

ecTeC TBeHH0 1 B 3KCnepHMeHTSnhH bl 9 .Lt8HHbie HeOfiXO.OHMO BB9CTH IIOIIp8BKy H8 H81lH'iHe B 

cneKTpe HeATpOHOB ~acTHU c aaeprael! MeRbWe 450 MaB. BenH'!HHa nonpaBKH npH n > 3 

He npCBbiWaeT HeCKOJlbKHX npoueHTOB (eM. Ta6JlHUY 1). 

T a 6 n " n a 

3 4 6 

nonpaBKB Ha H911Tp0H bl C ED< 450 MaB 0,065 0,036 0,012 

2. nonH09 C9'19HH9 o6pa30BBHHSI 
0 

11 - Me30HOB 

/ 11-13 / 
K a K H3BeCTHO , a npeanonoJKeHHR, qTo yrnoaoe pacnpeneneHHe po;KllBlOIUHXCH 

l.f llCTHU OTIHC biBBeTCSI Bbtpa>KeHH9M BHil.B 8 + b COS 
2 8 • IIOnHOe ceqeHHe o6pB30B8HHSI 

11° - M930HOB MQ)KHQ onpe.oenHTb IIO .llH<txl>epeHUHBnbHOMy C 9'-19HIHO BbiXOll8 

non • HaoTporrHqecKHMH' yrnaMH . B HaweM c nyqae 'H30TponHqecKHM' yrnaM 

·y -KB8HTOB 

(J = 54°,45, 

H 125° IS' B c a cTeMe ueHTpa HHepuHR CTBJ!KHBB!OWHXCH HYKJ!OHOB cooTBeTcT-

By!OT yrJlbl H86Jl!OJleHHH cjl ~ 33° If 97° B n a 6opaTOpHOli CHCTeMe. 

npH yK838HHbiX y rnax H86Jl!O)l9HHH H3MepS111BCb p83HOCTb Bbl XOilOB ·y -KBBHTOB OT 

11° -M930HOB, p e rHCTpHpy9Mb!X OT paCC9HBBTenel! lf3 110JlH 3THJleHa ( ·CH ) 
2 

H pacnana 

rpa<jJHTB ( C ) , nooqepeAHO no>.<emaeMbiX B nyqox ueliTponoB. CpasHeuHeM BbiXOila y-

KB8HTOB C JlOTOKOM llpOTOHOB OTJlB'IH OT ynpyrHX (n - p) - CTOJlKHOB9HBi!, H3M9p9HHblM 

118 yrne cjl ~ 60°, JlOJl y'leHR bie BbiXOJlbJ Y -KBBJITOB HOpMHpOB8llHCb Ha llH<I>¢epeHUHBJlb-

HOe ce~euHe ynpyroro (n -p) -pacceRHH!I, HaMepeuuoe HBMH pauee
1 14 1 

nn!l perHCTp8UHH •Y -KBBHTOB 6bln HCDOnh3088H TeneCKOll B .;J llHTE CUHHTHnnRUHOH-~ 

HbiX C~9T'IHKOB (puc. 2) • '-leTbipe llOCJ19JlHHX C'!eT'IHK8 neTeKTOpa BKJl!O'l8JlHCb Ha COBI!all9-

HH e H perRCTpHpOBBJlH 3JleKTpOHbl OT KOHB9pCHH ·Y -KB8HTO B , Bb1118T8lOlUH8 H3 KOHBep-

TOp8, nOM8ill8 HHOrO Me>Kny n epBhl MH nayMH Cq8T't.JHK8MH. nepBblf1 cqeTqHK BKn}()q8JlCR 

x / 

y n pyrHX 

30HO B. 

ED =450 M aB - rropor neTeKTopa, perHcTpHpy!Omero '!Herro npoTOHOB OTJlB'IH OT 

(n -p) -cT011KHOB8HH i't , H8 KOTOpoe B OnbiT8X HOpMHpOB8nCH BblXOll f7 - Me -

4 

K8 8HTHCOBD8A8HH8 C OCT81lbl 

max 113 pacceHBaTerr!l. KosBe· 

YrnoBoe paapeweHHe aeTeKTO 

HOpMHpOBKB H8 C9'!9HH9 ynpy 

c BbiKniOqeaHbiM nepBbiM cqe 

cxona onpenerrnncsr npH aTOM 

H COOTB8TCTBOB811 aHe preTuq• 

/14/ 
HHB , HB KOTOpoe HOpMHp 

McnonbaoaaHRe neTeKTC 

peuue BbJXona y -KBBHTO 

npHBOilHll K TOMy, ~To n p>< P• 

p8CC8HB8T81leA H HCflbiT8BlliHJ 

Onesxa BenH'IHHbi a<l>¢eKTHBR• 

'ITO ce'I9HH9 06M98HOrO pace 

110 npOTOHOB B stnpe CBHHU8, 

noxaaana, qTo a ycnoBHHX 01 

BHJlHMO My, He npeBb!WBeT 5-

6bUIB Baeceaa npH a ToM c y• 

COCT8BJ1!19T 50% OT H81lll9HHt 

TOB B 38BHCHMOCTH OT yrna 

10.n. npoxowxHHblM, )leTarrb> 

B pe3ynbTaTbi aaMepe> 

perHCTpBUHH y -KBBHTOB 

nH¢¢epeHUHBJlbllbJe Ce'l 

U8HTp8 HH8pQHH CT811KHB810ID 

OK83811HCh p8BHb!MH COOTB8To 
-27 2 

(0,72~0,10).10 eM /cTepa 

•y -KBBHTOB paBHbl ( 8, 3 

OWH6KH BKnJOq8H bl OtuH6KH 0 1 

OWH6Ka a<jl<jleKTHBHOCTH perH< 

<jlepeRUH8JlbHOrO C9'1eHHSI yn] 

nonHOe Ce'!9HHe o6pa3< 

H3MepeHHblX Ha 060HX lf30Tp 

perHCTpaUHH R llH¢<jlepeHUHB1 

CHCTEt-M8THq8CKHMH. 3TO nae 

HOe ce~eHHe o6pa30BBHHH 

YxaaaHH8H owu6Ka He sxn ~, 



3rnn ann yqac TKa cneKTpa 

B Bb!p8);{9HHH ( 1) Cna6o 

ecc 06pa30BaHHH 7T 

TaTO'lHO 6biC TpO ( nponop

aeprHH c y'leToM oma6oK 

I ~ 10 M ae. npH 3TOM, 

Ollp8BKY HB H8fl~~~e B 

a nonpaBKII npH n > 3 

6 

0,012 

l9R9HH9 p o ;KJl.BJOI.UH XCH 

C9'18HHe 06p830BaHHS! 

BbiXO.Q8 

t' yrnaM 

·Y - KBHHTOB 

0 = 54° .45 , 

R HyKnOHOB COOTBe TCT-

IJ:\OB ·y - KBaHTOB OT 

•l!H 3TKne aa ( ·CH 
2

) H 

3BH9llH9M BbiXOll8 y 

HOBeHHH, H3MepeHHbiM 

nHCb Ha llHcjJcjJep&HUHHnh • 
/14/ 

·"3 flRTR CUHHTHnnRUHOH·· 

<n lOqanHCb Ha coanaae-

Tn9T8JOIUH9 R3 KOHBep -

9TqlfK BKnlO'l8flC51 

no flpOTOHOB OTll81tH OT 

! 51 Bbl:XO.D. " - Me -

H8 8 HTHCOBll8ll9HH9 C OCT8HhHbiMH H CnyXHn .QHR HCKnJO'IeHHR 38p5i>t<9HHbiX 1J8CTHI1, Bhln 9T810-

• mnx na pacceneaTenn, KoaeepTopoM 6brna CBHHilOBan nna cTHHKa paaMepoM 3 x 3 x 0,5cM
3

• 

Yrnoeoe paapemeane a eT&KTopa cocTaBnHl!o 3°. Onpeaeneaae noTOKa npoTOHOB oTaaqa anB 

aopMHPOBKH aa ceqeane ynpyroro ( D - p) -paCC&HHHS! !IpOBOllHnOCh 3THM lK& T&n&CKOilOM 

C BbiKniO'I&RHbiM nepBbiM C'I9T'IHKOM H y6paHHb!M KOHB9p'rOpOM, 3aepreTH'19CKHA nopor Ten&· 

CKO!Ia Oitpe.uenHnCH npH 3TOM M&llHb!M cPHnhTpOM 0 liOM&!Il9HHb!M IlBp&ll liOCn&llHHM C'I&T'IHKOM, 

H COOTBBTCTBOBHn 3Hepr&TH'l9CKOMY nopory IlpH H3M&p&RHS!X C9'19HHH yrrpyroro 
/14/ 

HHR , H8 KOTOpoe HOpMHpOBBnCR BbiXOll ·y -KB8 H T OB. 

n p -paccen 

HcnonLaoaaaue neTeKTopa ua cnBHTRnnRUHOHHbiX cqeT~xos aaMeTHO ynpomano H3Me-

peaue BbiXO.ll8 ·y -KB8HTOB B 86CORlOTllbiX 9.ltHHHU8X, HH3KHA nopor .Q9T9KTO'p8, OJlH8KO, 

l!pHBOllHn K TOMy, 'iTO IIpH pa6oTe Ha yrne 33° H&KOTOpaH llOnH H&I\TpOROB, Bbin&THIO!IlHX H3 

paCC9HBHT&nel\ H HCllbiTaBlliHX o6M9HHO& paCC9S!HH9 B KOHBepTope, MOrna perHCTpHpOBH TbCH, 

OoeaKa eel!H'IHHbi a<jxpeKTHBHOCTH perncTpaoiiH aei\Tpoaoe 6bllla Bb!Ilonaeaa ·B npeanonolKeHHB, 

'ITO ceqeaae o6Meaaoro paccenanH aa Hr.pe CBHHua paaao u (¢>) z 
np 

, rne Z -'IHC -

no rrpoTOHOB B Hnpe ceaaua, u •• ( ¢>) -ce'!eaae o6Meaaoro ( n - p) -pacceHHHH, OoeaKa 

ITOK838Jl8, qTo B ycnOBBRX OfiblT8 M8KCBM8RbH8R llpHM9Cb HeftTpOHOB .llRR yrna c:l> :.:: 33°, rr o -

BIIllHMOMy, ae npe abrrnaeT 5-7%. CooTeeTcTBYJOIIlHH norrpaaKa B aKcnepaM&HTanhH bie aaaabre 

6bmB BH&C&HH np11 3TOM C Y'IBTOM TOrO, 'ITO OUIH6KH B Ollpeaen&HHH npHM9CH H91\TpOHOB 

COCTHBnH&T 50% OT HHI\ll&HHOi! B9l!H'IHHbi, .QaHHb!& 0 3<jlcjJeKTHBHOCTII perHCTpHilHH •Y -KBHH-

Toe e aaBHCHM OC TH OT yrna aa 6n10neann E(<l>) 6binH nJ0693HO npenOCTaBnBHbl aBTOpHM 

IO • .U. npoKolliKHH biM, aeTanhao acc neaoeaemaM 3TH eonpoCbi paaee. 

B peaynhTHTbi aaMepeaHi! rroToKa y -KBBHTOB eaocHnHch nonpaBKH aa 3<jlcjJeKTHBHOCTh 

perncTpaoan y -KB8HTO B H npOTOHOB OT.UB"'R H H8 npHM9Cb H9ATpOROB, YK838HHYJO BbiWe. 

.UacjJcjJepea naanhH bie ceqeaHH o6paaoaaHHH •Y -KB8HTOB nocne nepecqeTa B CHCT9MY 

o e HTpa naepoHH cTanKHBBIO!IlHXCH nyKnoaoe E. ~ 595 M aa) aa yrnax 0 = 5SO n 125° 
-27 2 

OKa3anHCh paBHbiMH COOTB&TCTB9HHO ( 0,66+0,08).10 CM /cTepaa. H 
-27 2 -

(0, 72+0,10) ,10 CM feTe pan. 0TCIOllH CneayeT, 'ITO B&nH'IHH bl l!Ol!Hb!X C9'19HHA o6pa30BaHHS! 
- -27 2 -27 2 . 

•y -KBBHTOB pHBHbl (8 , 30~ 1,00).10 CM H (9,05~ 1,30),10 CM , 8 YK838HHb!9 

OWH6KH BKnlQqeHbl OUJR6KH OITpeneneHHR BbiXO.ll8 •y -KB8HTOB B OTHOCHT9nbH biX 9.llHHHtt 8X, 

OlliH6KH :3<jl¢eKTHBHOCTH perHCTpaUHH, OUIH6Ka onpeaeneHHS! npHM9CH H&I\TpOHOB H OlUH6Ka llHcP-

cjJepeRUHHnbHOrO ceqeHHH ynpyroro (n- p) -pacc eHHHH. 

nonaoe C&'I&HH& o6pa30BHHHQ •y - KB8HTOB nonyqeHo ycp9.U H9HH9 M nonHbTX C91t9HHA , 

H3MepeHHb!X Ha o60HX H30Tp01IH'I&CKHX yrnaX C Y'l&TOM TOrO, 'ITO OlUH6KH 3<jlcjJeKTHBHOCTH 

perHCTpaUHH H llHcPcP8pBHIU<HnhHOrO C&'I&HHH ynpyroro ( D - p ) -paCC&QHHS! cneayeT C'IHTHTh 
-27 2 

CHCT<'MaTR'I&CKHMH. 3TO n aeT aenH'IHHY U,y z (8,5 ~ 1,0),10 CM , COOTBeTCTB9HHO non-

HOe C9'18 HH& o6pH30BaHHH rr
0 

-M83 0HOB OKH3b!Ba8TCQ paBHbiM u(op- pO) -(4,3+0,5) ,10-
27

cM
2

, 

YKaaaaaaH omH6Ka ae BKnJO'IaeT omu6KH rronaoro ceqeaaH yrrpyroro (n -P) -pacceHHHH 

5 



a YDP, HCIIOilb30B BHHOrO )lllSI HOpMHpOBaHHH, 3 T a OlllHOK9 6yn eT Y'lT9H8 ll03)lB891 1lOCil8 
Dp 

n epeaopMHp O B KH CC 'l9Hll li a {op- tr 0 ) , 0 ( DP- ,+ ) H a (op -11-) DO DOJIHOMY 'C8'l9-

H HIO ( n - p ) - B3RH MO)l9 tlCT B HH, 

3, Yrno a o e p a cnpe11eneaHe aapSilK8HHh iX Meaoaoa 

EcnH llpliHHTb 38pl'l ,10Byl0 CH M M9TpRIO Sl)l9pHbiX CHII, TO yrnOBbl9 pacnpeneneHBSI 110110-

lKHT91lb HbiX H OTpHUllTCilbHbiX fT - M 9 30H OB afT ~ ( 8 ) a o,_(8) , OOp8 30BilHHbiX B 

(n -p )-C T On KHOBeHHHX,OTJIH"'8 10T CH, K BK H3Be CTHO, TOnbKO 3H8K8MH n p H HelJ9THbiX CTeneHHX 

oos8 H MOryT 6biTb 38TIHC8Hbl B B Hlle: 

a,± (8) = a + boos8 + c cos
2 

8 ± (2 ) 

T a xaM ol5paaoM, c y MM a pH bi il Bbixon ,+_ a " -M930HOII )l89T B03MOlKHOCTb onpe-

ll91lHTb KO a <!><!>RUH9HTbl npH '!9TH biX C 0'9119HSIX cos8 , a paaaocTb a,... .(8)-o,+(8) - llplt 

H91.f9TH biX. 

B cooTBeTcTeaa c 3 THM a aMepe a a e yrnoBbiX pacnpe neneaatl npoBaaonHJiocb a nna 

3T B ITB . n e pBOHB'IBilbHO Oblll H3Mep eH c yMMBpHbll! Bb!XO)l 
+ 

fT- H , -M930BOB Ha KamnoM 

H3 y rnoa HB OII!Oll9 HHSI <1>. n p a 3 T OM ObinO aa lineao, 'lTO cyMMapaoe yrnoaoe pacnpelleneaae 

+ 
"- H 11 -M93 0HOB a,+(8) + a,_( (J) He COil9plKHT 'lll9HOB 001199 BbiCOKHX, 'l9M 

cos 
2 

(J 3 a T e M c rro M o mbiO M aruHTaoro rronH aa yrne <I> - 20° 6btno nponenaao paa-

.a.enbHOe onpe.ueneHHe Bbi Xo.na rr t. H 1r -Meaoaoa a aailnea xo a<!><!>auaeaT I> • 

Jln H H3 M9p9HHH CyMMSpHOrO Bbi XOilB 3 8pHlK9HHblX rr -MeaoHoa Ha o6mero '!I.Hcna 

BC 9 X 3 8 p H>K9HH b i X '!BCTRU , nOITBilBIOmHX B ll9 T9KTOp OT ( D -p) -<:TOIIXHOBBHHfl, OTOOpOM ITO 

cxopocTHM ( <I> < 60°) RIIH no npo6eraM (<I>:? 80°) acx niO'Ianl!Cb npoTOHbi OTIIB'!H OT ynpy

rH x ( n- P )....c T OJIKHOBe HH ti . n ony Ye HH bie npH aToM .na HH bre, noc ne a aeceaBH nonpaaox Ha 

a<!><!>eKTHBHOCTb p e rR CT p BURH 1T -M93 0 HO B, H8 npHM9Cb 3 JI 9 KTpO HOB H fl -M930HOB1 Jl8-

BBJIR B OTHOC HT9JibHblX 9.URHH U8X B bl JtO.O 3 8p 5I>KeHRblX 1T -Me30 HOB flO.O. .0.8HHblM yrJIOM 

H8 0 1110Jl9H B H, 

B cooTBeTC TBHH c y x a aaHH biM:R cnoco6aMH Bht.neneHHH " -Me30HOB a on hJTax Ha 

yrnax 4> 2: 60° .ne TeKTOpO M C JIY}f{HJI T€Jio3CKOfl H 3 Tpex CUMHTHJIJIRUlt:OHHbiX C 1{9T'I!HKOB 1 B 

H3MepeHHRX H8 yrnax 4> < 60° Cp9llHH ti cqeTqHK T9ii9CKOfl8 38MeHRJICR qepeHKOBCKHM. 

B npouecc e pai50Tbi OblllO B bmonaeno TpH cepllll 113MepeaRll, B Ka'!ecTae MHllleael! a 

nepaoli c epHH OflbiTOB HCflOJib30B8JIHCb .O.HCKH H3 fl0JIH3THJI9H8 H rpa¢HT8 1 BO BTO poH: -

.UbJOap, uanonHeHH bl i1 >KH .UKHM ao.nopo.noM. YcnoaHR on h!Ta H reoMeTpHH .neTeKTopa npaKTH

qecxa COBnB)lBilll C onHCBHH biMR paaee B pa6oTe /
2
/, J.13MepeHRH OblllH BbiiiOIIHBHbl HB yr

nax <I>= 15°, 30°, 45°, 60°, 80°, 90° a 120° . 

6 

CnenyeT OTMBTHTb, 

noM (•CH
2 

- •C) cymec1 

HOMY C'l9TY OT ·CH 
2 B 

5% llO 15%, 0/IHBKO cpa: 

lliliX OllblTOB HO ll03BOJIHn 

DpOB9ll9HHbiX B fla6opaTO 

10
5 

aeATpoa/ <:M 
2 
cex. 3T· 

CSI MHmeHblO C >KII.llltHM B 

OllHC8H8 HH)t(e. 

JlllSI onp9118119HBSI Jl 

BblXOll rr -M930HOB O'I 

<I> ~ 6()
0 

R X BbiXOllY llpC 

3KC119pHM9HTBilbHO onpen 

rn.e arr a . a 
11 

HOB,3118KTpOROB H 11pOTO. 

reoMeTpHIO )l9T9KTOpa B 

OTHOCH'rCH K BbiXOllY npo 

llpHM9CH 11 -M930HOB 

a<!><!>eKTHBHOCTb perHCTpa 

OTllB'lH OT ynpyrHX (D -

neHHH ITOTOK8 DpOTOHOB 

no R3MepeBBOMY H 
N 

lll9Hll8 T aa 3TOM 

~-- t" a • 
" 

a ~ I. 

yrnoBoMy pacnpeneneHB> 

CHH y -KBHHTOB, B 

15paBbi paBHbiM H no TOP" 

TpOHO B OK838110C b H900X 

KBSHTOB npH paOOT9 C 

anexTpoaoa oueaaaanacb 

30HOB, qTO C08Jl8 .'l89T, J 

30Hbl p8CC'IBTbiB8JIBCb fl 

" -Meaouoa, o6pa3c 

a TT }{ a 
p on peL 

COOTB9TCTBYIOmHX Cp9llH 



xeT Y'<Teaa noanaee,no cne 

p - 1T- ) no DOJIHOMY Cll'le-

M830BOB 

tOBbre p acnpeueneHHlt n ono-

. (II ) 0 o6p830BiiHHblX B 

MH DpH Re'leTHbiX CTeneHJI'X 

(2) 

ll88T B03MOlKHOCTb Ollpe-

- llph 

I DpOB3BOilBnOCb B llBB 

, -M930HOB HB K8~0M 

Joe yrnosoe pacnpeneneaae 

iOB 6onee Bbi COX:HX, l:leM 

20° 6brno nponenaao paa

>a<l><!>anaeaT b • 

1oaos aa o6mero 'lHc na 

:>nKHOB 9HRl!, OT60pOM IIO 

!pOTOH bl 0Til8'1H OT ynpy

BBeceHBII ll01lp8BOK H8 

tHQB H ~ -M930HOB1 liB-

iOB DO.D. ll8HHblM yrnOM 

-Me3QHOB B Ollbl T8X HB 

JUliOHHbiX C'leT1:J:HK OB 1 B 

ilnCSI qepeHKO BCKHM. 

B KaqecTae MHmeaell a 

pa<jJHT8 0 BO BTOpOI\ -

~TpHH neTeKTOpa npaKTH

ibtnH BblflOnHeHbl HB yr-

Cneuywr OTMeTHTb, 'ITo H3Mepeaae Bb!Xona aapHJKeHHbiX Meaoaos paaaocTHbiM MeTo

uoM (•CH 2 - •C ) CY!II8CTB8HHO 38TPYAH8BO. 0THO!ll9BH9 C'I9T8 38plllK9HRb!X M930ROB JC non

HOMY C'I8Ty OT ·CH 2 B o6naCTH HCCil81lOBaHHbiX yrnoB 4> OT 15° AO 120° H3MeHH9TClt OT 

5% llO 15%. 0UH8JCO CpaBHHTenbHO HH3JC811 HHT9RCHBROCTb H9HTpOHHOT'O lly'IK8 B R8'18ne HB 

IUHX O!lb!TOB He ll03BOilSIIl8 pa60T8Tb C lKHAKOBOAOpollHOII MH!ll9Hb10. fi031lUee B peaynbT8T9 

npoBeneBHb!X B fla6opaTOpHB M9pollpHSITHll HBTeBCHBHOCTb llY'<K8 6brn8 llOBbllll9H8 AO 

10
5 

H9liTpoH/<:M
2

ceK. 3TO ll03BOilHilO BO BTOpoll C9pHH H3Mep9HHII ycne!UHO BOCilOilb30B8Tb

CSI MHIII9Hb10 C lKHUKHM BOilOpOilOM. TpeTblt cepHlt H3MepeHHll 6brna KOBTpOnbHOll H 6yneT 

onucaaa HB>Ke, 

nn!l O!lpeueneHHSI na<jl¢epeBUB81lbHb!X C9'19HBll B A6COiliOTH biX 91lHHHU8X H 3MepeR HbJl! 

BbiXOil 1T -M930HOB OTBOCHilC!I K Bb!XOilY llpoTOHOB 0Til8'1H Ha 3TOM JK9 yrne llll!l yrnoB 

4> ~ 60° B JC B brxouy npoTOHOB OTAB'lll aa yrne 60° An!! yrnoB 4> > 60°. TaKBM o6paaoM 

3JCCil9pBMeHTAnbHO 0Dpeuen!lll8Cb B91lH'IHH8 

r.o.e arr a . aP 

a, N
11 

+ al' Nl' + a 0 N0 
~ = f -----------

a N + a' · N' . 
P P rr , 

± 
a<jl<jJeKTHBHOCTR p9T'RCTp8JlHH 1T -M930HOB0 

(3) 

-Meao-

HOB,31l8KTpOROB H npOTOHOB COOTB9~CTB9HH0 1 f - <)>opM<jJBJCTOp MH!ll9HH, Y'<HTbJB810!IIHII 

T'90M9TpHIO /l9T9KTOp8 B cnyqae, KOT'/l8 H3M9p9HHII Bb!XOAOB 11 -M930 HOB HB OaH HX yrnax 

OTHOCB'rC!I K BbiXOilY llpOTOHOB 0Til8'1H, H3Mepe>IHOMY HB llPYT'HX yrnax 0 N #' H N . 
DpHM9CH I' -M930HOB H 31l9KTpOHOB B perHCTpBpy8MOM l1Y'IK9 fT -M930UOB1 a'

11 

a<jl¢9KTRBHOCTb p9T'HCTp8UHH 1T -M930HOB B OllbiT8X UO onpe.a.eneHHlO fi0TOK8 npOTOBOB 

0Til8'1H OT ynpyrHX (n -p) -cTOilKHOB9HBll, rr -Meaoaos npa onpeue-

ll9 HHH !lOTOKB IIpOTOBOB 0Til8'1H. 

flo H3M9p9HHOMY HB ll8 HHOM yrne 3H8'19HHIO nerKO p8CC~T8Tb HCTHHHOe OTHO-

!ll9HH9 
N, 

-w;;- aa aTOM yrne. flpa o6pa6oTKe peaynbTaToB H3Mepeaall npennonaranocb, 'ITO 

~- - I, a, 
a ~ I. f!paMecb a neKTpoaos N . orrpeaenRnach no R3MepeHHOM Y HBMH 

yrn o aoMy pacnpeneneHHJO ·y -KBBHTOB Uy ( <J>) H p8CC'IHT8HHOll B9pOSITHOCTH KOHBe p -

CHH y -KBBHTOB. B nepsoll cepHH aaMepeaall pacceasaTenH B3 CH
2 

a C 6 b!llH Bbl-

6paHbi paBHbiMH no TOpMoaaoll cnoco6aocTH. BcnencTBHe 3Toro rrpa pac'!eTe B biXoua aneK

Tpoao~ OK8381l0Cb H906XOAHM b!M Y'IHTbiB8Tb p83HHUY B B9po!!THOCT!IX KOHBepCHH y 

KBBHTOB npa pa6oTe c KBJKilbi M H3 pacceHBBTenell. KpoMe Toro, nn!l yrna 90° npHM9Cb 

aneKTpOHOB OU9HHB81l8Cb 3KC119pHM9HT81lbHO H COCTABilii9T (10 + 2)% OT 'IHCil8 1T -Me-

3 0HOB, l.fTO COBTTB.:'l,B.eT, B npeQenax OlliH60Kt C pact~eTHO'A BeJml.fHHOA:. flonpaBK8 H8 I' -Me-

30H bl p8CC'IHT biB81l8Cb ITO H3MepeHHOMy y rnOBOMy pacnpeneneHHIO u ·, ± (II ) H C ll9K T p8M 

" -Meaoaoa, o6paaosaHH b JX B (n - p ) -cTnnKHOBeHH!Ix rrp a 3 Hepraa 590 M a a
1 15

• 
1 61

• 

a 
" 

H a 
p onpene1IH1IHCb 3KCnepHMeHT8 nbHO H8 nyttKBX T1 -Me30HOB H npOT OHOB 

COOTB9TCTBYIODIHX cpenaHX 3HeprHA. flonpaBKH K a 
11 

, HB. MHrKyJO 1.f8CTb cneKTp8 " -

7 



M930UOB BUOCHnHCb H8 OCHOB8HHH cneKTpoB, H3M9p9HHblX B pA60T8X/ Jo, 161• flo 3THM }1(9 

cneKTpa M D ceqeaBHM nornomeauSI rr -Meaoaoa paccttHThtBanacb aenH"l:RHa aJ' • Cne.o.yeT aa-
/ 1516/ " ' 

M9THTb, 'ITO pHC'I9T <!>opMbl cneJ<Tpa no liAHHblM 
0 

H8 3n9KT pOHHOl! C'19THOl! M8UIHH9 

nOJ<83Bn, 'ITO liHUHbl9 3THX pa60T npH )'X838HHOl! TO'IliOCTH H3M9p9HHl! H9 Bnonue COBM9CTH!.l, 

'ITO 1 B03M0}1(H0 , YKH3blB89T HB H8nH'IH9 B 3THX p a 6 0THX CHCT9M8TH'I9CKHX OUIH60K. naHHbl9 

3KCnepHM9HT8 npHB9!19H bl B Ta6nHU8X 2 H 3 H 1 n ep9C'IHT8HHbl9 B CHCT&My U9HTpa HH&pUHH 

CTanKHBHJOWHXCSJ uyKnouos , npencT a Bn&Hbl a a puc. 3. CnenyeT 3BM9THTb, 'ITO TPH 'IHCTHDbl 

B KOH9'1HOM COC T OSIHHH H3Y'I89MOl! peaXUHH H9CKOnbKO 38TpynHSIIOT nep9C'I9T B CHCTeMy 

n .u. OnuaKo, ucnonb3ySJ cneK T pbi 

cnyqae , B npenenax yrnosoro 

fT -Me30HOB 

pa3p9U19HHSI 

/15,16/ 
MO}I(HO y6enHTbCll, 'ITO B H8U19M 

neTeKTopa ( 3° n.c.K.) Me)!(J:Iy yrnaMH B 

CHCTeMe neaTpa HHepUHH H yrnaMH B bineT8 11 -M930HOB B n a6. CHCT9M9 CYIIl9CTBy&T 

ynOBn9TBOpHT9nbH09 COOTB9TCTBH9. flpH H3M9p9HHHX C BOnOpOnHOl! MHUI9Hbl0 BBOnHnHCb no· 

npa BKa K C'leTy TenecKona, o6ycn osneuuau B38HMonel!cTBHeM c ny'IKOM uel!TpouoB sonopo-

na , ue nona na10mero B pa6o'IH il o6'beM MHrnenu, npocMaTpi!Ba&Mbill TenecKonoM. 3Ta no

npaaKa 6htna onpeoeneaa sxcnepnMeHTanbHO a oTnenhHbiX onbiTax nyTeM BhtTecueauSI aoao -

pona H3 pa6oqero 06'b9M8 Mlllli9HH cneUI!HnbHblM yCT pOilCTBOM H COCTHBnsma B HHUIHX yc -

nOBHSIX ( 6 + 5)% OT C'I9Ta 

x / 
" - M930HOB ua yrne 90° B na6opaTopuol! cucTeMe Koopnll-

HUT 

Pacc'<HTaauoe no 3THM nHHHbiM aa 3 n eK T poa aoil C 'leTaoil Mamuue yrnosoe pacnpene-

neHH e OflHC btBaeTCSI Bblpt-1 :1<8-HHeM 

";,.+ (0) + "rr(O) [ I0,23+0,0i) + (0,08±0,04) cos
0 

0] 
- -27 2 

x ( 1 + 0,08). 10 CM /cTepan. 

X (4) 

HnH B 6onee yno6HOM nnSJ Cp8BH9Hl!SI C npyrl!MH liHHHblMH BHne 

"+(0) +"- (0) -1/3+ (0,11 + 0,06)cos
0

0 • 
" " 

CncTeMa TH'!ecKa SJ orn><6Ka 8% cKnanbi BaeTcH l!3 ornl! 6 Kll uopMupoBKH ua n ll<!><!>epeann

anbuoe ceqeal!e ynpyroro (n -p) -pacceHHHH (6% ) H ornu6KH B onpeneneuau nonpaBoK 

HH nopor li9T9KTO~H H Ko3¢<!>HUli9HT OB n e p9C'I9TH B Cl!CT9My U9HTpa HH&pUHH no cneKTpHM 

115,16/ 
38pSDKeHH bi X rr -Me30HOB1 H3MepeHH bt X B pa60T8 X • 0 tu H 6 K8 nonHOrO ceqeHHH 

yn;>yroro (n - p ) - p 8CC9HHH!I B yKH3H HH bl9 OUIH6KH He BKnJO'I9HH H, K BK ylt<e YKH3blBH-

noch, 6y.neT yqT eHa no3aHee. 

nn!l onpeil<W9l!HH Ko31jl<!>HUH9HTH npH COS 0 B yrnoBOM pacnpenenesua "
17

+ ( 0) 

ll ""- ( 0 ) 6btnO H3MepeHO O T HOW9HH9 BbiXO.llOB rr -M930 HOB 060HX 3H8KOB HB 

xl Bonpoc o6 3 TO A nonpaBK9 6btn nouH!IT rr.<P. EpMOnOBblM H K . O. Ora HeCHHOM. On

H8KO H3MepeH H SI fiOK83biB8JOT, IJTI') OH8 1 fiO-BH.llRMOMy, H9B9nHK 8 . 

8 

~ 

0 
;rrne <I> • 20 • Paweneuae " 

tr+ 
H09 OTHOUI&HH& rr;;:- * 0,{ 

yrnosoe p acnp e neneaue HMee· 

(1~ ± ( 0) - [ (0, 115'!:_ ( 

X (1 ,00 ~0,0 

HaTerpuposauue H3Mepe 

CHMM9Tp HH SIJ:II!pH blX CHn !189T 

B ( D - p) -cTOnKHOB9HIISIX n~ 

flonu w e ceqeuuu uccnen 

fT - Me30HOB fiO,ll "'H30TpOITH 1 

yrnhl <I> a 30° H 90° (n.c . ) .J 

38BHCHMO H OK83hiB8JOTCSI pal 

CTBeHHO. 

YKaaaHHbie aenRlfHH bi H 

nosoro pacnpeneneauu 16nH3KP. 

n pennonolt<eau il , cnen aaawx nJ 

YcpenueaueM nony'leHah: 

HHSI 38pSI>K9HHbi X rr - MeaoF. 

" ( np-

Bee npHaeaeHH bte BbiWe 

ce'!eHHSJ ynpyroro ( n - p ) -r 

HHH y n pyroro (n- p ) 

npOHOpMHpOBHTb U 

B38HMO.lleflCTBHSI 

-p8CCI 

ynp 

np • "n 
(n - p) - B3811MOneACTBHH n: 

n p H H3 MepeHHbiX 3 H849HHSIX 

Ko 3¢<!>HU H 9HT H B9nH'IHHy ( 1,07 

u(np- "< 



1 10,16/ 
ITo 3THM JKe 

R'IHHa a' • CnenyeT 38-

" :aotl C'19THOll M8WHH9 

d\ H9 BllOn.Re COBM9CTHW t 

CKHX OWH60K. naHBbl9 

T&My ll9HTp8 HH9pUHH 

.HTb, 'tfTO TPH 1f8CTHUbl 

ep9C'!9T B CHCTeMy 

ieJlHTbCH, 'ITO B H8W9M 

, ) M9)!{.11y yrnaMH B 

HCTeMe c ymecTayeT 

.fRW9HhJO BBO.O.Hn8Cb no-

:OM H9tlTpOHOB BOAOpo

enecKonoM. 3Ta no-

·TeM BbiT9CHeHHH BOllO-

TBBnRna B H8WHX yc-

lHO A CHCT9M9 KOOpAH-

~e yrnoaoe pacnpeAe-

0) X 
(4) 

~BKH H8 AH<jl<jlep&HUH -

peneneHHH nonpaBoK 

aHepuHH no cneKTpaM 

3 nonHoro ceqeHHH 

KaK y)!{e yKa3bJaa -

eaenel!HR u 
17

+ ( 6) 

B o60H X 3H8KOB HB 

.0. OraHeCRHOM. OA-

;rrne 4> • 20°. Pa~enenue rr + H rr npoBOAH/.IOCb c noMoru biO MarHHTHoro nonH. HaliA en-
Nrr+ 

HOe OTBOW8BH8 rr;::- • 0,1)7: 0,09 /.189T /.1/.1!1 K 0 3<txi>HUH9HT8 b B9/.IH'IHHY b ~0,004 :0,013, H 

yrnosoe pacnpeAeneuue HM&&T BRA 

• [ (0,115+0,005)+ (0,004+0,013} cosO+ 
- -Z7 2 -

X ( 1,00: 0,08) .10 CM / CT~_PHA. 

(0,04: 0,02)co.f 6) 

(5 ) 

HaTerpxpoaaaue H3Mepeaaoro yrnosoro pacnpeAeneHH!I a npeAnonoJKeHHH 3a pRA o aoll 

CHMM9TpHH !IA9pHbiX CH/.1 A89T All!! UO/.IHOrO C9'19RH!I o6p830B8HH!I 38p!1 )!{9HH biX tT -M930ROB 

B ( D - P) -<:TonKnoaeHHRx npH 3HeprHH 600 : 10 M3B aenH'IHHY 

ITonHbi& ce'I&HH!I uccneAy&MbiX peaKnHA MoryT 6 biTb TaKJKe onpeA eneHbi no BbiXony 

• /17/ 121 
" - MeaoHOB non 'K30TponHqecKHMH yrnaMK . B HarneM cnyqae HM cooTBeTCTBy~T 

yrnbl 4> • 30° H 90° (n.c.). flpH 3TOM B9/.IH'IHHbl nO/.IHbiX C9'19HHI! p9 8 KUHll H3M9p!!!OTC!I He-

( ) -27 2 -27 2 
38BHCHMO H OK83hiB8lOTC!I paBHbiMH 1,65:0,19 .10 CM H ( 1,60:0,19).10 CM COOTB9T-

CTB9HHO . 

YKaaaHHbie aenRt.JHHbi H aenH"'HH8 rron uoro ceqeHHSJ, rronyqeHHoro HHTerpHpOB8HH9M yr-

/.IOBOrO pacnp9A9/.19HHR 16nH3KH apyr K Apyry, 'ITO ,B9pO!!TH0
1
yK83biB89T H8 A OUYCTHMOCTb 

npeAnO/.IOJK9HRi!, CA9/.18HHbi X npH o6pa60TK9 3KCnepRM9HT8/.IbRbiX A8HH biX. 

YcpeAH&HR&M nonyqeaawx pe3ynbTHTOB aaliAeHo 3HH'I9HHe nonnoro c e'!&HH!I o6pa3oaa-

HHSI 38pSDK9HHbiX tT -M930HOB B ( D - p ) - CTO/.IKHOB9HH!IX 0 paBHOe 

u {np-rr+)=o{np-rr-) (1,61+0,10) .10-27
cM

2• 

4. P e 3 y n b T a T hi 

Bee npuaeaeHH bie BbiWe 3 HH'I9HR!I ce<teHHA A B Hbi 6e3 y<teTa owH6KH ( 12%) nonHoro 

ceqeHR!I ynpyroro ( n - p) -pacceRHHst, na KOTopoe HOpMHpoaaHbi aH<jl<jlepeHuHanbHbie ce'le -

HH!I ynpyroro (n- p) -p8CC9!1HH!I. 0WH6Ky HOpMHpOBKH MOJKHO yM&HbWHTb /.10 6%, 9C/.IH 

npOHOpMHpOB8Tb u 
n + 

Y P , u{np- "- ). ·u {np - rr 0
) npRMo aa nonHoe c e 'I& HHe (n- p) 

np -27 2 118/ u"'' ~ (36+2).10 CM B38HMO.neflCTBHR 
np 

(n - p) -a3a'HMoaellcTBRR npR 3neprHH 586 M3a 

B3Ra nonHoe ce<t&HHe ynpyr o ro 

u - yn p ~ 26.10-27
cM

2114 1, nony'IHM 
np 

llpH H3M9p9HHb1X 3H8'l.f9HHSIX U ( np 
"

0 ) 
H u (np - rr± 

Ko3<jl<!JRUR9HT8 89/.IH'IHHy ( 1,073: 0,060). flpH 3TOM ll0/.1H b19 C9'19HH!I peaKUHll paBH bl 

2 
CM, 

9 



5, KoaTpon&aaa cepxa R3wepeaan 

Bennqnaa nonaoro ceqeasa o5pa3osaaas aapsl!<eBHblX rr ~Meaoaoa B (n -p) -cTonK-

aoaeaaax xopowo cornacyeTcR c ns~poA, ony5nnxoaaaaoA aaTopaWH paaee
121, ao aecxon&-

/ 15/ ( + - · 2 
KO OTnR'IH8 OT peayn&TSTOB paf>OTbl q Dp - · 11 ) = a(np - rr ) = (1.2 + 0,2), 10-lf CM 

B CBli3H c aTRM 5&ma npoaeneaa TpaT&s KOHTpollbHBR cepa11 saMepesxA. liaMepeasa npoao• 

AHIIHCb H8 y rne aa5maA9HHSI ¢> • 00°, COOTB9TCTByiOW9M 'H30TpOllR'18CKOMy' yrny IJ • 12$' 

a cncTeMe neaTpa aaepQHH, ITocT&HOBKa pa5oT&J 5&Jna n onaoCTbJO aa anornqaa onacaaaoA 

B&Ime. B xaqecTae MRWORH acnon&aoaanca AbiOap, aanonaeaa&IA li<HAKRM aonoponoM. B 

npouecce H3MepeaaA cTporo xoaTponnpoaancR peJKRM pa5oT&l JtaMepaTen&aoA annapaTypbl, 

ITpa o5pa5oTxe peayn&TaToB TmaTen&ao onpenenanac& aaonRM &Je nonpaaxa a accnenoaanacb 

B03MOlKHbl9 HCTO'IHHKH CRCT9M8TR'I9CKJIX norpeWROCTel!, 

B peayn&TaTe 5bina nonyqeaa aenR'IRHa nonaoro ceqeaaa o5paaoaaaaa aapHli<OBHblX 

fT -M930HOB B (D - p ) - CTOnKHOB9HHSIX 

+ - -'0 2 
a (np- rr ) = a ·(np- rr ) = ( 1.6 :!: 0, 2). 10 eM , 

B npenenax yxaaasa&IX oma5o~ aToT peayn&TaT anonae ynoaneTaopaTen&ao coana-

A89T C B9liR'IHB8MH, nony'IOBSbiMR H8MH B nepBblX ABYX C9pHRX H3M8p9HHI!, 

6, 05CYJKA9BH9 peaynhTSTOB 

C yqeTOM peayn&TBTOB KOHTpon&soA cepaa nonsoe ceqesae o5paaoaaaaa aapaJKeBHblX 

ff -M930HOB B (D - p ) -<::TOnKHOB9HHHX 

+ - -'0 2 
a ( op - IT ) = a ( np - " ) • ( 1. 68 + 0, 17) ,JO CM 

HaAneaaoe aaaqeane a (np - · IT
0

) = (.4,6 + 0,6). 10-'0 cM
2 

xopowo cornacyeTcs c 

BanH'IHHO A a ·(np - 11° ) = 
-'0 2 

(4,65 + 0,3()), 10 CM , llOny'IOBHOI! B paf>OTBX/
19- 211 

npa 

5oM5apnn poaxe neATpoaoa npoToaaMH paanH'IHblX aaeprnA. ITonsoe ceqeane o5paaoaaaaa 

38pHlK9HHblX IT -M930HOB B (D - p) -<:TOnKHOBOHHRX BBXOARTCR B XOpOW9M COrnBCRR 
/2/ 

C peaynhT8T8MH, ony6nHKOB8HHbiMH H B MH paaee ' R .ll,8HHbiMH 1 nony'leHHbiMH B npe.nnono-

~9HRH 0 C IIp8B9.ll.nRBOCTH rHttOT93bi H30TOJIHq9CKOA HHB8pB8HTHOCTR KJl9pHOro B38HMO.ll,9ft

CTBRSI R3 peaynhT8TOB R3M9p9HHA C9'19HHI\ o5p830B8RHSI H9ATpanhHblX H 38pS1lK9HHblX f1-

M930HOB a ( p - p ) - cTonxnoaeaanx
1201• B npenenax aKcnepaMenTan&HblX owa5ox oaa 

/ 15/ /15/ 
cornacyiOTCH T8KJK9 C peayn&T8T8MR pa50Tbl C Y'<9TOM Taro, 'ITO A8HHbl9 pa5aTbl 

aeo5xonnMo nepeaopMHPOBBTh aa nonaoe c eqeane (n -p) - B3BRMoneAcTBRH. YrnoB&Je pac-

n:pe.neneHHH aapsnKeHH hiX rr -Meaonoa, uaMepeBH bie HBMH TBK>Ke snonue YJlOBneTBOpHTenbHO, 

COBU8A810T C peayn&T8TOM lf 3 + ( 0,18 + 0,06) COSO IJ t nonyqeRHblM B pa50T9/ 
151 

npR H3M9p9HHSIX H8 Cll9kTpOM9Tpe, 

10 

\ 

·. 

ITonaoe ceqeane aey1 

a -{np 

TaKHM o5paaoM, axnan np 

BHSI HaATpOROB C llpOTOH8~ 

Ceqeane o5paaoaaan 

600 Mas aoapacTaeT oT (1 

B035yJKAeHHSI p98KUHH llpH 

non y ' I9HHble Ll8HHbi9 He TI}: 

TaK , HanpHMep, HasecTHoe 

a (PI 

npa a ( pp- "+) 

a {pp - "o) = ( 1, 

BbiiiOnHReTcH srronHe yaos. 

nonyqeHH bl 9 3 H8l.{9HH: 

/17/ 
l.I9HH9 ~I 

a 
0 l 

38BHCHMOCTb qOl B H> 

Ceqeaag o5paaoaaan> 

IIORHbiM H30TOIIJf\J9CKHM CII 

HHaqe 

+ a (pp - 11°) = ( 10, 

a0 
= 2 a (np - " . 

T aKHM o5paaoM, o6p1 

COCTOSIHHSIX C T = 0 npM 

a ·o acero npnMepao B Il l 



rr •M830BOB B (a -p) -CTonx
/2/ 

ITOpaWB paaee . , 110 H8CKoru.-

O'- ) • (1.2 + 0,2) -10-n cw2 

H3M8p811Jrll, I13M8p811HII rrpOBO .. 

30TpOITH'18CitOMy• yrny () • 12!f 

>CTbiO aaanorH'IH8 OITHC8BHOft 

Ibi A li<RLlKHM eonoponoM. B 

,J Ji3M8pHT81TbHOft annapaTypb!, 

\( ble nonpaBKH H uccnenoaanucb 

HH 06p830B8HKH 38p11li<8HBbiX 

- 'l7 2 
CM • 

e ynoeneTBOpKTenbao coena-

UIX H3M8p8HKft, 

IBIIB8 o6p830B8HHH 38pHlK811llb!X 

-'ll 2 
• 10 CM 

xopomo cornacyeTcll c 

6 
/19-21/ 

y'leKaoA a pa oTax npa 

~ITB08 CB'IBHH8 o6pa30B8HHII 

8XOLtHTCII B XOpOlli8M COrn&CIIH 

IH, nony'leHHbiMH B npe.a.nono

' HOCTR IILtepaoro B38RMOL(eft-

r p anbHbi.X H 3 8 pSDK8HHbiX JT

pHM8BT81TbBbiX OlliR60K OHH 

r oro , 'ITO naHHbi& pa6oTb/ 
151 

a&HMonellcTBHH, YrnoBbi& pac-

enonae ynoeneTeopHTenbao, 

nony'leHHbiM B pa6oTe
1 151 

nonHoe C8 '!8HHe Heynpyroro ( n - p) - B38HMOLtei!CTBH!I 

'l7 :.1 u·(np -- , + ,"-, ,o ) = (8,0 :: ·0,6). 10- CM , 

TaKHM o6paa o M, BKnan rrpoueccoe a eyupy rax cTonKaoeeaait B nonaoe ceqenne n3aHMonel!cT

BR!I aei!Tpoao e c n poTo Ha MH npH aaepran aeliTpoaoe 600 Mae cocTaen!leT (22 +2) %. 

C eqeaae o6paaoeaHH!I aap!!lKe HHbiX " -Meaoao e c pocTOM aHepran OT 409 ao 

600 M ae eo a pacTaeT oT (0 , 20+0,02).10-
27

c M
2 122

•
24 1 ao (3,3+ 0,3),10-27c M2, ¢ yHKUH!I 

B036yJKlle HHH pe&KUHH Up H 3TOM RMeeT BRll 

u{np _" ) - TJ 4,9:t 0,5 
Max (6 ) 

non y
1
19 HHbi9 llB H Hbie He IIpOTHBOpe ttaT r H IIO T 93e ·aapR.O:O BO A H838BH CHMOCTH SJLl8pH biX CHn . 

TaK , HanpHMep , Haaec THOe cooTHOUieHHe ansr non Hhi.X ceqeHHA 

n pa 

u ( pp ~ 11 + ) + a ( np ~ 11 + ) + a ( n p ~ 11 

2u (pp ~ ,o )+ 2u (np ~ ,o ) 

u ( pp- "+ ) = ( 9,0 ± 0,4) • 10 -'ll CM2 I 19/ 

U (pp- 11°) = ( 1,85 ± 0,12 ) . 10 - 'lJ CM 2 / l 9 / 

( 7) 

BbliTOrrHHe TcH enonHe yaoen eTeopHTenbHO. B enH'IHHa aToro OTHomeHHlj paen a (0 , 95 : 0,10 ) . 

n o n y q eH H bi9 3 H81.J8 HH H 
+ 

u·(np - " - ) aa10T B03MOJKHOCTb o n penennTh nap u na n hnoe ce -
II 7 I 

"o 1 

u · 
0 1 

2u(np-,+)-u(pp-,
0

) = (l.S:t 0,3 ). 10-27 c M2, 

38BHCH MOCTb a
01 B HHT8pBa n e OT 409 L(O 600 Mae npn aTOM HMeeT BHL( 

Ce '!e HHH o 6paaoea HnH 

4, 4 ± 0,8 
" ot - TJ max (8) 

" -M930HOB II p H CTOnKH OB8 HY. RX HyKn OHOB B COCTO HHHRX C 

no n HbiM H3 0TOITH'IeCKHM c nnHOM T = 0 H T= 1 OK83biBBJOTC!I paeHbiMn: u ' -= u(pp - ,+ 1 

+u(pp -11°) = (10,85+0,42),10-
27

cM
2

, u 0 = 3U ot s(4,4:1,0).10 - 27cM 2,nnll 

+ - 0 , ( ) -27 2 
HHa '!e u 0 

= 2 u (np - " , ,- , " }--o- - = 5,0-: I ,3 .10 eM • 

T a KnM o 6paao M, o 6 paao aaHae 

COCTO!IHH!IX C T = 0 rrpH E. 

tT -M830HOB IIp H CTOnK HOB8HHH JlBY X HyKnO HO B B 

600 M ae npo Hc xonHT nocTa TO'IHO HHTeHcn eHo . Ce'IBHHe 

u ·o ac ero npHMe pHo a aaa paaa MeHbme u' • He CMOTpR H8 TO, 'ITO npH aHeprHH 

II 



E = BOO M 3B CHCTeMa 11 -M930H-HYKITOH MO>K9T HaXOAHTbC!I B COCTO!IHH!IX C T • 3/2, 

6ITH3KHX K p930H8HCHOMy. 3TOT pe3yiTbT8T, ITO-BHIIHMOMy, CIT911Y9T llpHHHM8Tb BO BHHM8HR9 

llpH liOCTp09HHH KaKliX -nH60 MOAenel! , OllHCb!BaJOIDHX o6p830B8HH9 " -M930HOB B HYK1IOH-

HyKnOHH bTX cTonKHoaeHHstx. Cne.n.yeT aaMeTHTh, qTo CTOnh BhiCOKH:A BKna.n a ceqeaHe o6pa-

aoaaHHS1 11 -M930HOB OT He pe30H8HCHb1X COCTOHHHi% " -HYKJIOH -cHCT9Mbi He SIB1ISI9T-

/26/ 
CSI H90>KHLl8HHbiM 1 9C1IR BCIIOMHHTb 1 Y.TO IIO Jl8HHbiM pa60Tbl , 3TOT BK1l8Jl .ll1ISI cnyqag 

pp -cTonKHOBeHHII npn aHeprHH 650 Mas AOCTHr8eT HecxonbKHX A9CHTKOB rrpoueHToa
1251 

nony'I9HH09 HBMH yrnoeoe p8Cllp9119IT9HH9 38pHlK9HHb!X rr -Meaoaoa H yrnoaoe pac-

npeaeneHH9 Hei1Tp81IbHblX 11 -M930HOB, o6p83YIOIUHXCSI B 
/ 2'1/ 

(p -p) - coyAapeHHSIX , ll03-

/26/ 
eonHeT onpeAenHTb yrnoeoe pacrrpeAeneHHe 3apHlK9HHbiX TT -Me30HOB, o6pa3yiOIUHXCSI 

npH C T 0 1IKHOBeHnSJx HYK1IOHOB B COCTOSIHH 5IX C H30TOIIHtt9CKHM CJIHHOM T ""' 0 • 0K8381l0Ch, 

'ITO 

[a · +( O)+a .(0)) • I/3+(0,22+0,12)cos 2 0 
TT tr" T==o 

( 10) 

nonyqe HHblfi pe3ynbTaT H3M9HSI9 T Bb!BOII 0 CYI!l9CTB9HHOH aHH30TpOliHH 3TOrO yrnoBoro p8C-

/ 19/ /15/ 
npeaeneHHH , caenaHHbiA H8 OCHOBBHHH aeHHWX pa60TW 0 fl011HOM ceqeHHH o6paao-

BBHHH H yrnOBbiJt pacnpeaeneHHSIX 38pSOKeHHbiX rr -M930HOB, 06pa3yJOWHXCSI B (n -p )-

C T01lKHOBeHHSlX. 

B 3aKnJOqeHne aBTOpbi C'!HTaJOT CBOHM npHSITH biM nonroM no6naronapHTb rrpo¢eccopa 

B.n. n)f{enenoB8 38 flOCTOflHH bi11 HHTepec K npo6neMe H MHOroqHcneHHble o6cy)f<.£J.eHHH, 

IO.D. npoKOlUKHHa 38 rrpeAOCTllBIT9HH9 AaHHb!X o6 a¢¢eKTHBHOCTH 119T9KTopa r8MMa-KBaHTOB, 

H .C. AM8rno6enn rr B.C. KnceneBa 38 rroMOWb " aa o6cylKJl9HHe pHAa eonpocoe; 

K.O. OraHeCHI-18 38 MHoroqHcneHHbie .D.HCKyccHH o B03MO>KHbiX HCTOqHHKax norpewHocTeA: 

H3MepeHHfl n npeaocTaanetme MHUJeHH anH H3Mepeausr ¢oHa OT .nononHHTenhHoro aonopo.na H 

KonneKTHB OTAena CHHXpOUHKITOTpOHa 3a 6ecnepe6oilHyJO H '19TKYJO pa6oTy yCKOpHTenH B 

rrpouecce rrpoee11eHHH HaMepeHHii. 

fl H T e p a T y p a 

I. H.n. 6oraqee. DAH CCC P, 108 , 806, 1956. 

2. IO.M. Ka38PHHOB, IO.H. CnMOHOB. )K3T<I>, 35, 78, I 958. 

3. fl.6. 0KyHb, Yf.H. noMepaH'IyK. )K3T<I>, 30, 424, 1956. 

4. H.C. AMarnot5enn, IO.M. Kaa8pHHOB. )K3T<I>, 34 , 53, 1968. 

5. B.C. Kncenee, B.6. <l>nS!rHH, P.X. no3e. )K3T<I>, 36 , 812, 1958. 

6. P.H. 3ynbxapHeee, Y!.H. CnnHH, )K3T<I>, 45 , 664, 1963. 

7. !1, 6IICTpHUKHII, P. 3ynbxapHee e . )K3T<I>, 45 , 1169, 1963. 

8. n.c. AlKrHpeli, H.n. KnenHKOB, JO.n. KyMeKHH, M.r. MewepHKOB, C.6. Hypywee,r.n.CTo

neTOB, )K3T<IJ, 45 , 1174, 1963. 

12 

9. !O. M. K838pRHOB, B.C. I 

10. !O.M. K838pHHOB, B.C. 

II. A.A. THnKHH, DHccepT8: 

12. A . A. T HITKIIH. )K3T<I>, ~ 

13. !O.fl. npoKOWKRH. )K3T< 

14. !O.M. K838pi!HOB, !O.H. 

15. V,P.Dzhelepov, V.S.K 
Coni. on High Energ 

lB. K.O. 0r8H9C!!H, B.A. H 

17. A.Rosenfeld. Phys. ~ 

18. B.n . D lKenerroe, B.Y!. C 

ri9.JO.fl. npoKOWKHH. nperrr 

20. A .<l>. fl yH8nues, IO.D. r 
~<1>. DyHailuee, !O.D. r 

22. G.B.Yodh. Phys. Rev 

23. S.Mandelstam. Proc. 

24. R .Handler. EFINS 64-

25. A.M. f ylK8BHH , r.K. I<n 
KHH , B.T. CMOJ 
1245, 1964. 

26. L.Va n Hove, R .Mars h< 



B COCTOSIHHSIX C T • 3/2, 

11pHHHM8Tb BO BHHMBHHe 

" -M9 30HOB B HyKnOH -

r BKnau B ceqeaue o6pa -

(nOH -cHC T BMbl He HBnSieT -

roT BKnau nn>I cnyqaSJ 
/ 25/ 

neCSITKOB npoueHTOB 

-Mesouoa H yrnoaoe pac

) - c oyuapeaa>Ix
121 1

, nos-

-Me30HOB, o6pa3y!Oll!HXC<I 

OM T ~ 0 • 0Kasanocb, 
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,ITHH aToro yrnoaoro pac -

ronnoM ceqeHHH o5paao-
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QqHHKBX norpBlliHOCTeA 

:onHHTenhHoro sonopoaa H 

pa6oTy yCKOpHTenSI B 

s. 

a, C. E. Hypywea, f.Ll.CTo-

9. IO.M. KasapHHOB, B. c . K acen ea, 11 . H. CanHH. n penpHHT 0 1151 11 , P - 1221 , Ll y6ua , 1963. 

10. IO.M. KasapHHOB , B. C . Kacenea. )!(3T<I>, 46 , 797, 1964. 

II. A. A. T<~ nK H H, LlnccepTauHH 0 115111, [ly6ua, 1960. 

12. A .A. T ;mKHH, )!(3T ¢> , _;m, 1150, 1956. 

13. IO.Ll. npoKOll!KRH, )!(3T ¢> , 1.1. 732, 1956. 

14 , 

"' ' " · 

IO.M. Kasapauoa, IO. H, CHMOHOB. )!(3T<I>, 1.1 , 169 , 1956. 

V.P,Dzh elepov, V,S , Kiselev, K,O,Ogan esyan, V,a,Flyagini'>roc, 
Conf, o n High Energy Phys, Roch ester, 46, 1960, 

16. K .O, OraHecHH , B. A . 51p6a. )!(3 T<I> , 45, 1835, 1963. 

17. A.Rosenfe ld , Phys. Rev., 2£, 146, 1954, 

1 9 60 Ann, 

18. B.n. D lKenenoa , B. l1 . CaTapoB, E.M. r onOBHH, )!(3T¢>, 29 ' 369, 1955. 

no.-IQ,[l, npoKOll!KHH. npenpHHT 0 115111, Ll-569, [ly6Ha 1960, 

20. A . ¢>. Ll yHal!ueB, IO.LI. n poKOWKHH. )!(3 T¢>, 38 ' 747, 1960. 

~¢>. Lly Hailuea, IO .LI . n poKOlUKHH, )!(3T<I>, 36 ' 1656, 1959. 

22. G ,B ,Y o dh, Phys. Rev., ~ 1 83 0 , 1 9 55 , 

23. S,Mande lstam, Proc, Roy, S oc,, A- 2 4 4 , 491, 1958. 

24. R ,Handler, EFINS 64-44, Report 385, C hicago, 1964, 

25. B.M. r ylKB BHH, r. K . l<narep, B .3. KonraHoB , A . B. lle6eueB, K . C. Mapn w, IO .LI .npoKOlU
KBH, B . T . CMon>IHKHH , A . n . CoKonoa, ll.M. CopoKo , Uyli Ba 4 yaH . )!(3T <I> , 46, 
1245 , 1964. 

26. L,Va n Hove, R ,Mar shak, A ,Pa is , Phys, Rev., .!:@, 1211, 1952, 

PyKonnc b nocTyn ana B HsuaTenbcKu il oTnen 
24 HOH5p!! 1965 r . 

13 



Cept 

T a 6 n H u a 2 

CepH!I aaMepeHa ii c Mawea!IMH CH 2 H C cp (n . c. K./ 
7)' (c. ~. u.J 

}3/o 
nonpa&l(a Ha 
npUHeCI:J J*f-Me30HOb 

u. '11-"'-pacnaa. 

I 

cp ( n c ~<) /5- 30' 45' 80' go• 120. 

?}' (Ct..<U} 28' 55' 77' /18' 129' 150. 

F/. 2.14 t 0,50 20,0~ 1/ 10,5 ! 1,3 4,27 t 1.29 3,10t 0,40 1,47t Ofl 

f7onpa8t<a Ha 

npitecb j.j - Me3a· 1,02 1.02 /.02 1,03 1,03 1,045 
HO -p/tcnal- }.1-

! 1,00 1,00 1,00 1.00 1,00 1,00 

d..r, 0,035 0. 457 0,475 0,9/7 0,805 Cj65~ J.,tjj 

I 
d.1i 

<:Xi; ~ 0 Q/16 Cj322 0,720 0,720 0,720 

d.p 0,202 0,536 0,670 0,931 0,931 0,931 

d.p .!!i .!!L,.!:!L N{ , Ny; ~=.!!Jj_ q0903 0,0903 0,0903 
/{p rip Np Np Np Np Np_ 

!l"f; 
tip 

o( Ne 
- 0 0,0017 0,0006 - 0,0024 - 0,0022 - 0,0017 

! e Np 

d.e tl".e 
Np 

tf1J 7. 
/'lp 0 

do ( ¢/ 10 -27 cjt, 
cf...W crep. 
8e3 '}~np~bi<U !fa 

~, L 50MfiV 

f{7( /c /ZfJ ! 2,9 25,7 t 2./ 16,3 t3,3 5,05! /,37 4,22!0,56 2.60!0,45 
Np ' 

6 - 27 
d. (<P} 10 cz dJ'i crep 

1,270 0,7¥0 0,490 0,202 Q/69 0,104 beJ nonpa6Ku. 
HO En"' 450 Mev 

d.6 (?J) 10-~i{; 0,320! 0,265 ' QZ36! 0,245 ! 0,263 t Cj3/0! d.W crep 
fleJ nepeHOpMUPob-

! 0,078 ! 0,02~ ! 0,050 t 0,059 t 0,039 !: 0,057 
l<u HQ Otot ( np) 

do (7/j to- 27c~ dw crep. 
5e3 neP.eHopMupoCKu 

H_q_(ftot In pj. 

14 



Ta6na n a 3 

Cepaa uaMepeaaA c *BllKOBonoponuoA MBrneab~ 

cp (n .c.,.;.f 30" 60" go· 120" 

'If (c. ~ . u.J 55" 97° 12f)" tso• 
90' 12a• 

129° tsa• 
j3 /o 25.2t 1,6 3,90t 0,10 2,92'! 0.07 (,95 t OJO 

~,tOt O,ltO 1,47t 0/7 

1,03 1,045 

nonpa&l(a · Ha 
npUMeCo )II-Me30H06 1,02 1.02 1,03 I,OitS 
u 'II- ;.t-pacnaa. 

1,00 1,00 I 1,00 1,00 1,175 1.00 

0,805 q65~ c/.;'Ji 0,502 0, 'ti8 0,785 0,613 
0,720 0,720 

0,931 0,931 d.j; 0,122 0,777 0,777 0,777 

0,0903 0,0903 d.p 0,565 0,933 0,933 0,933 

. 0,0022 -0,0017 !lJJ:. !!:1 = tfr. !{;' N7i 0, 0903 . 0,0903 !!.!I= -
tip trp /Vp iVp /Vp 

i,22 !0,56 2,60!0,45 

0.159 0,104 

d.e H.f. 0,0186 0,0056 0,0040 0,0032 
Np 

0,263! 0,310! 

tY#f/ • 27,2! 3,2 9,03! 0,64 ¥,02! 0,26 2,84! 0,54 
Np /. 

1{039 :t 0,057 d 6" ( ¢/ 10·27 c:;t, 
0,815 0.251 0,161 O,lf3 Q..W crep. 

8e3 'f~npa}£" Ita 
"n L OH~V 

do ( 7IJ 10.21c7c; 0,2!J2t 0,243'! 0,2i{8 f 0,330 f '"il:W crep. 
5e3 neP.eHO~MU.fjOCI(U t 0, 035 t 0,023 !0,024 t 0,070 

Ha 6"tat np. 

15 



91 

• ( r) HHRell<tldJqll 11 tlHoeaw-" 11:>'iUAU>'<H O..IOH'iUtlWii:>lll1>'< 

HRBUB~:> HUB~tlE:tlliOU ~0 IIOROd~ijBR HH..IdBR€ ijORIIH~XB¢$€ 'i~:>OWH3H1111£ "[ ":> H d 
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P H c. 2. CxeMa OITbiTa no H 3MepeHH JO BhiXonoa y - KBBHTOB. 

n - HeHTpOHHbiif rryL£OK, M -MOHHTOP ( HOHH38UH OH HBH KaMepa), 

1-CUHHTHllllHUHOHHblf:f CqQT'-IHK , 8K1l!Ol.f8HHbln 1-18 8HTHCOBIT8Jl8HH9 , 2,3,4 ,5 -
CUHH TH1l1THUHOHH bl8 CI..feTl.J:HXH, BK1lJOL£8HHhi8 HB COBIT8Jl8HHe K - KOHBepTep, 

P - pacceHaaTenb. 



SI 

->Iliad Q QOH0£91'<-a 

•aandaHH vd.Laan awa.L:::>H:::> a ... +-" .. d + u XHBn 

XlqHH9lKHdVC Vl10XI'III O.IOHUOU 9HH&Ua)tadu:::>ed 90QOU.l,.( '\; ':::> H d 

.1.·n·o ll . 
... y (J9f OSI oti 09 Of 0 

Jb 

(O 


