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1. B B e A e n n e 

OupeAeneune nonuoro :yrnonoro MOMeHTa J yponnelt coCTannoro m:~pa, KOTOpbiM 

C.')OTBOTCTBYIOT pe30IIli11Chl B IIOIIOpO'iltbiX CO'IOIIBWt MOll llOIIHhiX HOltTpOI!On ( f a Q), 1103- . · 

111 
MOlKHO lleCJCOnhKHMH MOTOllliMH (CMo o53op ). HaBt5onee yBKnepCllllbllbiM 1!3 HIIX SIBJtlleT-

CSl NOTOA llpOnyCKalll!l! IIOllllpH3bB~HllbiX H&ltTpOIIOB 'lepea IIMllpB30Bl!HH)'lO MJimeHb, nony-· 

'OIBmHlt 38 IIOCIIOAHOO BpONS! CHllbHOO p83BHTJIO, MnorO'IJlCIIOllllbiO pat50Tbi B &TON WliiJl«B-

/2/ /3/ 
IIOHHB BhUlOIIHOHbl rpynnaMH CTOIIODH H Celtnopa , nonllpH3llHJil! IIOilTpOHOB B 9THX 

az:cnepBMOHTax npoB3BOlllill8Cb c IIONOIIU>JO oparronCKoro OTpalKOHIIS! OT naMarHB'IOHHOro 

MOHOJCpBCTllniill z:o()anbT - lKOll930, noiiHpH3lllliiSI HCCIIOliYOMb!X 5Ul0p npOii3BOJlllllliCb pll3llii'I

Hb!MII MOTO)ll!Mll (fopTepa-Poyaa, ''IJICTOlt' C:Jillb!, 'pliC:TBOpeBBe' a cpeppOMarHeTJIKllX). 

B nacTomnen CTa,be Mbl c:ooomaeM peaynhTaTu nepnoro e&c:nepnMenTa no onpeAene-

Ho 
166 . 

HHJO C:llBHO~ COCTORHHlt C:OCTllniiOrO 5Ulpll Ha yCTaRODKO naoopaTOpllll HOl1TPOHHOl1 

ljJRanz:H OH.Hli, cnpoez:Tuponannolt AnSI naMepeHHst nponycz:aHllst c nonnpuaonaHHbiMH nen

TPOIIaMR B 5Ulp8MII, nonHpB3lllllllt IIOATpOIIOB ocymeCTBll!UISCb MOTOAOM nponyCJClllllllt '!epea 

/4 5/ 
IIOllllpii30nannyro npOTOHnyiO MBmellb, OIIHCSIIllhlM B pa60TaX 1 

, 3TOT MOTOA II03BOllltOT 

IIOIIY'IHTb llOllllpB30B8HllbiO BOl1TpOHbi C aueprnelt AO 10 KsB, B TO BpOMII KaK pauee HCIIO~ 

30B81111hl0 MOTO/lbl llOllllpll3llHHR ReltTpOHOB eiblllll npi!MORI!Mbl AO sneprBII 10-20 SB, 

II • Teopa.ll MOTOAA 

m; . . 
Eme n 1948 r. Poya noxa3an, 'ITO ceqeu:ue aauMoAeiiCTaun nonHpuaonauuhiX 

neltTpouon c nonnpuaonaunhiMH m:~paMn Ann naonnp•cmannoro peaou:anca Aaeron cpopuynoll: 

(1) 

H IIAOp, COOTBeTCTBOHRO, 

Bellll'IBHA ·p Ha3biBaeTCst CTATBCTH'IOCJ[Jl.:; nOCOBhiN 4laJCTCPoN B ·panna: 

3 



ll(l+ 1) AnSI J-1+%, 
·p;=l 

-1 nnn J -I-~ (2) 

rna 1 - cnuu uccnenyeMoro ·SIApa. 

T-T 
( = --l?..,_,_,!, 

'T+T 
B50ASI s~~eKT nponycxaRHn Tp H T •- nponycxann , rna 

p • 
o6paana nnn napannen&uoa u auTunapannen&uoa opHORTanHH nongpuaanuu ReATpOR05 OTR~ 

/13/ • 
CHTOnbRO nongpuaanHR SIAep, COOT5eTCT50Rll01 ROTpyARO nony'DITb, 'ITO : 

• = - % ( 1 + ¢ ) f 
11 

th n u 
0

·1' f t ' N 
\8) 

rna n - 'lucno SIAep B cM
3

, t - Tonmuna MumeRH, ¢ - s,pjleKTRBliOCTb nepe5opOTa 

nongpH3anHH liOHTpOR05 RpB C03A8RHR 8HTHRapannen&HOH opueuTaRHH (ecnH nongpR3aRBSI 

ny'llta npu napannen&uon opueuTanuu panua f
0 

, TO npn auTurrapannen&uon oua pa5Ha 

-¢fn ). 

3naK OAH03Ha'lHO coOT5eTCT5yeT cnuuy peaouauca 5 Tex cny'lanx, Korna peso-

uaHCbi xopowo paapewoHhi: J = 1+% npn • .< 0 u J =I-% npu •>0 • B TaX 

cny'lanx, Korna peaonaHCbl He paapeweubl unn OTKnoueuue OT uyriu nopnA~ta 5enH'IHRbl 

cTaTHCTH'IecKofi omu6KH, 6onee uane~uan uu¢opManun Mo~eT 6b!Tb nony'leHa ns6o nyTeM 

auansaa nnowanea nan KpH5biMB nponycKauun npx napannen&uoll u auTunapannen&uoll opu-

eHTaHHSIX nongpuaanua ueATpouo5 u ·SIAep, nu6o nyTeM cpa5ueuun ua6nronaeMoro aua'le-

HHSI < no BCOMY po30RaHCY C p8C'IOTROH BonR'IHBOH, llocnoAHRH MOTOA obln HCROnb305aR 
171 165 ' 

CeanopoM H np. nnn onpeneneuun cnuuo5 peaouauco5 Ho c suepruell 18,1 u 

21,0 35, 3TOT MOTOA A050nbHO TPYAOOMOlt, 

HaMn ncnoAhaosancn 6onee npocToll MoTon auanaaa nnomanen, aaKnro'la5wullcn 5 cne-

nyromeM, 

KaK xopomo H35oCTH01 nnomaA& peaouaaca uan KpR5on nponycKaHRH T(E) pa5aa: 

A(nu
0
,r ,d•)=f[1-T(E,nu

0
,r ,h)] dE, 

(4) 

2 
rne n - 'IHcno nnep. ua 1 CM , u 

0 
- nonaoe ce'loJiue 5 MaKCHMYMo peaoaauca, r -

nonaan wupnua peaouauca, h nonnneposcKoe ywnpeaue peaouauca, B 6on&mHHCTBe cny-

'la05 BenH'IRHa STOH nnOWaAB HO 3aBHCHT OT ¢YHKHHH paapoweHHSI H nllB HepaapeweHHbiX 

peaouaucos pa5ua cyMMe nnomanell COOT5eTCT5yromux peaouaucoa, 

nnomaA& A p nan Kpuaon np?nycKaunn npu napannenbuon opuenTanuu nongpnaa-

HBH HOHTpOH05 B nnep pa5ua: 

Ap=*(l+f
0
)f[1-T(E,nu0(1+pfN).r,d)] d:E + 

(5) 

+ * ( 1 - f ' f[ 1 - T (E , n u ( 1- p f ) , r, h) j dE. 
. ~ o N 

4 

1 
1 

'• il 

( 
j, 
lj 

j 

t 

·, 

r 
l 

t 
.~ 
II j 
J 

,,,:...........~._ ... -.~--

ABAAOrH'III01 AnSI AliTimapannon&BOA OpBoHTSAHB: 

•A a- % ( 1 + ¢ f 
0

) f[ 1 - T ( .E , n u 0( 1 -·p fg ·r, d J dE+ 

+ %(1-¢ f
0
)f[ 1-T (E ,n u 0(1+p f~,r,d]dE. 

PaaBOCTb nnomalloll paasa: 

Ap-Aa=%(1 +¢)f
0
[A(nuo(1+·pfN),r,d)-

' ..L ) [ aA(nu rd) -A(nu
0

( 1-pf )·r,h 1 J= (1+¢ £
0 

2 °'' nu0pf+ 
N 2 · a ( nu ) 

+ _1_ 
3 

a3A -- (n up£ )a a(au) 3 0 N+ ... ]~ 
0 

.s( 1+cp) f
11

fNp n u 
0 

a A< a u ,r ,d·) 
0 • 

a ( D u
0 

) 

0 

(6) 

(7) 

llocnellHOO npuonB~eHHe cnpaaellnHBO AnSI TOnCTb!X o6pa31(05 C TO'IROCTbiO OKonO 

3% npx p f N• 0,5 B nepexonuT 5 pa5eHCT50 nna TOHXBX ot5paano5. 

llony'loHHOO COOTHOWOHRO YAOOHO 3aRHCATb B 5JIAO:' 

A p- A 
8 

= ( 1 + ¢ ) p f
0 

f N A ( 0 u 
0

., r, h) ala A 
aln(nu.> 

(8} 

ROCltonbKY npoB350AHASI a fn A I a fn ( n q 0) cna6o 3A5BCBT oT napaMeTpOB peaoaauca, 

a nnoman& A 5 pnne cny'laoa MO~eT obiT& .nerxo naMepeua 5 TOM >Ke sxcnepuMoRTe, 

nnn rpynnbl HopaapeWOHHbiX po30HaHC05 MO~HO HaiTJICATb: 

f f I.p.A. afnAl. 
nNi 11 afn(nu) 

01 

A -·A =(1+¢) 
p a , (9) 

llpoB35eAoHBe ( 1 + ¢) f 0f N 5 cny'lae ueaa5BCBMOCTB ¢ OT suepruu smnu-

OTCSI HOCTOSIHHbiM AllB BCOX pe30HAHCOB B nHOO H350CTHO 3apaHe0 1 111100 MO~OT Ob!Tb onpe

neneHO no xaKoMy-nn6o cBn&HOMY uaOnHpo5aHHOMY peaonaucy c H3BeCTHbiM cnunoM. Ta

KHM o6paaoM, 5bi6op napa:ueTpo5 p 
1 

( T,e, onpe11enenue cnunos peaouaucos) uo~eT 

ObiT& nponenoH no uauny'lweMy co5rraneHRro OTHoweunn · ( A P- A a ) I I. p 
1 

A 
1 

a t" ·A i 

C O~AaOMOH BOJIH'IHHOil ( 1 + cp ) £
11 

f N • I a fn ( n qO~ 

nerltO T8K)K9 ROK83aTb 1 'ITO slj>¢eltTHBHOCTb nepesopOTa nongpH3ai(HH HOIITpOHOB 

MO~eT Ob!Tb SKCRepHMOl!TanbHO RGny'IOHa H3 COOTIIOWOHRB: 

¢=1~oj (10) 
Ap- A 0 

! 

rne A 0 - nnomaAb uan Kpnnon rrponyc~~:aHHB rrpH f 0 = 0 • 
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III. 3xcnepsMeHTam.aas YCTaaonxa 

YCT8BOBXa COCTOHT B3 nonspH38TOpa1 yCTpOllCTBa Alii! nOBOpOTa IIMS!pB3aitBB HOllTpo

HOB Ha 180° (CIIBHOBOA pOTaTop), IIOnS!pH30BaHHOil S!Aepaoit NJIWBHa a HOilTpOHHOro ABTBX

Topa. 06mall BRA yCTaHOBita IIOita3aH Ba puc. 1 a 2. HCTO'IIDiltOM HBilTpOHOB cnylKIIn .,... 
_/Q/ 

:tcy'JILCHblit peaitTOp Ba 6biCTpbiX BOitTpoHaX (HBP) na5opaTopaa aeitTpOBHOil cjlli3HltB OH.HH • 

pafiOTa~mait CO CpBAHBn MOIUHOCTbro 6 XBT H 'laCTOTOit 5 rn npn AnHTBnbHOCTH HM!IYJILC8 

60 Mltcax. Hei!TpoanhiA !Iy'IOX nepeA npOTonnoit lllHmem.ro, pacnonoJKeanoa na pacCTOBHBH 

11 M oT aXTHBHOil 30Hhl peaitTOpa, KOllnBNIIpOBanCSI fiopo-napai!'BHOBhiM XonnBM8TOpOM 

.AO pa3Mepon 39x31 MM. 8 AByXMOTpOBOM !IpOMOJKyTXe MEllKAY npOTOHHOII a S!AOplloA MBmam.ro 

YCTaBSBnBBanCH cnHHOBblit pOTSTOp. 

KpaTitoe onucanue nepeqncneaHbiX 'lacTeil ycTaaonKB cneAyeT BHJKe. 

ITongpu3aTop aell!ponon. B Ita'lecTne nonspn3aTopa ncnom.3onanacb nonspB30Baaaas 

npOTOHH8SI MaWOHb HS OCHOBO MOHOKpBCTSnliOB ABOinoro naHTaH-M8rHHOBOro HHTpaTa 
/8/ 

La 
2

Mg 
3

(NO 
3 

)
12

24 HzO , onncaaaag B pa6oTO • ITapaMarnnTaoll npnMecbro n 
' 142 

a TUX 

KpHCTannax cnyJKHn HOO)lHM C o6orameaneM 'IBTHo-'IBTHhiM H30TOnOM Nd 98%. 8 pacT-

BOp, H3 KOTOpOrO BblpSIUBBSnHCb KpBCTannhl1 BBOAHnOCb 0,4% HOOAHMS no OTHOWBHHro K 

naaTaey. Mnmem. cocTannsmaCb n3 ABYX MosoxpucTannoB TonmnnoA 11 B 9 MM B nMena 

nOliHble pa3MOpbl 42x34x20 MM (o6'beM :.!8 CM
3

). ECTOCTBOHHbiO r'paHH KpHCTannoB 6hlnH 

AOCT&TO'IHO pOBHhiMH1 TSK 'ITO HHltSKOA AOnonBHTOnbHOA wnnq.oBKH rpaaeil KpHCTannon 

nepen cnoJKoaneM ae npoH3BOABnocb. Mswem. noMemanacb n aacTpannaeMblll npHMoyrom.

Hhlll pe3oHaTop '06'beMOM oKono 60 CM
3

• BonaononHaH nBHHSI c pe3o!IaTopoM na KOH!le 

noMemanacb n renuen~>Ii! KpHOCT8T1 B KOTOpOM MOlKHO 6blnO nony'laTb TOM!IapaTypy llO 
0 . ' 

1,1 K. CxeMaTH'IOCKOe H306palKOHHe KpHOCTaTa IIOK838HO na psc. 3. rronspnaaung npo-
/10/ • 

TOHOB npOH3BO.QHn8Cb MOTOAOM COnHA-a<jl(jleKT8 Ha '18CTOTO :!6 frn (AliHll8 BOnHbl 8 13 MM) 

n MarHHTHOM none 9,55 xa. Tpe6ye!i.!oe none _nony'lanocb c IIOMOIUbro aneKTpoMar!IltTa c 

AnaMeTpOM nonrocnbiX naxoaeqnnxon: 250 MM a 3a3opoM 65 MM. HeonaoponaocTb nong no 

o6p831lY COCTaBnSina OKO!IO 3 apCTOA !IpH OTHOCHTOnbHOll CTafinnhHOCTU nong 110 XylKe 10-
4

• 
i 

nng H3MOpOHHSI IIOnS!pH381lHH 1IpOTOHOB HCIIOnb30B8nCH 8BTOltHHHblil CIIOKTpOMeTp SlllOp

HOrO MariinTnoro pe3oaanca c :"am~cbro cnrnana na caMonncen npn MellnenaoM 'laCTOTHOM 

npoxoJKneasn qepe3 npOTOHHbill pe3oaaac ('laCTOTa npoToanoro pe3oaanca oKono 41 Mru ). 

BHTKI! KOHTypa cneKTpOMOTpa 6bJnH H8MOT8Hbl nonepx pe30H8TOpa 1 I!MOBWero pa3pe3bl 

BAOnh Wl!pOKIIX CTOHOK. ITpl! IIOliS!pH381lHH !IpOTOHOB BbiWO 30% H8pS!lty C HCKalKOHIISIMH 

<jlopMbl CHrnana, CBSI38HHhiMH C H3MeHOHBOM, HHTOHCHBHOCTOil KOMnOHOHT MarHHTHOil CTpyK

TYPbl p030H8HC81 HMenn MeCTO TaKlKe II nennneiiHbiO HCKalKeHH>l CnOKTpOMeTpa H3-38 

6ollbWOll BO!IH'IHHbl cnraana OT MHWOHH oonbmoro 06'beMa. B aTOM cnr'lae BOliii'IHIIa npo-

TOHHOll IIOnS!pH381lHII fp OnpellOnHnaCb no H3MOHEiHHID nponycKaRHH npOTOHHOii Mlf!IIOHII · rot · 
A!ISI nei!Tpoanoro ny'lxa : 

6 

J 
\ 

II 
t 

I 

! 
j 

, 'I 
l1 

'i 
I 

I 
r 
l 

.......,;,_;;_">.. 

T -·T0 Cosh fp 11 C7pt, (11) 

r.11e T
0

- npouycxaBHe nenonspa3ouBHolt ( fl!z -o) Mllmen, 11 - 'IICJII> IIpOTOHOB B 

(AnSI HCnOm.30B8BHOro XpiCTAMA ft •0,38•10 SCM-3) 1 C1 -nonS!pii381IBOBH08 C8'1[8JIB8 

3 
CM 

p 
10 Xsn) 1 t - TO.IllliHB8 NBmeBH (n H8W8M cnyqae 2 CM). •16,715 npa 1 an < .E < 

Bno,!UI s<jlcjlexT onuoxpaTaoro nponycxaHBH f 1 , nony'IBw: 

f -I 

T -T0 _T_o __ 
J ( f p) - J( f p- 0) 

J(f-0) 
p 

- •Cosh fP11 uPt -1, 

rne J -1 BHTeHCBBHOC:Tb upomeAmero nyqxa. 

Ha p11c. 4 'npe.IICT8Bneao cpe,llBee no speMeD sxcnepuweHTa c rom.MBeM (ox:ono 

( 12) ' 

15 'IACOB) 3Ha'leBHe f I (BHJKID18 TO'IXI) B 38.BIICIIMOCTB OT 9Heprii H8liTpOHOB. CoOTBBT

CTByromee CpO.IIB88 3B8'19llll& !IpOTOHHOI IIMS!pa381IBB IIO tjlopuyne 1(12) COCTaBliHliO 44%, 

8 OT.QellbHbiX Clly'I&SIX IlOnS!pK3alliiSI npOTOJ[OB AOCTBrana 50% (napXHI8 TO'IXB pxc. 4),, 

'ITO fibln() CBSI38HO X8X C HaXOT.OpbiM ynenn'leHHeN B:ACbiiUaromel MBKpOBOnHOBOlt MOIUHOCTK 

(AO 170' MBT)
1 

Talt B C OCOfiO TO'IHOA BACTpOlt:S:Olt ncelt CBCTeMhl. 

O.IIBaxo s CBS13H c CS~miiM npeMeHeM ycTaaosneann cTannonapnoro 3Ha'leHHSI npOTOH

nolt nongpH3anHB (o~tono 1-2 'lacon) Bbli5op Taxnx onTHManLHhiX ycnonHlt AOnolibno 3aTpyABH7 

TelleR. 8 SltCI!epHMeBTe C r~MB8M HAMB HCnOJIL30BAn8Cb MHICpOBOnHOB8ll MOIUBOCTb OKO!IO 

100 MBT (oaa onpeAenSiliaCb IIO B3M9H9HHro paCXOAA rennSI H3 XpiOCTATa), 'ITO H93B8'1HTelib

HO yMem.wano nonspH3AitHro npoTOaon, HO cymecTBenao ynenn'lanano npeMSI B3MepeHHH. 

ITonspB3AilBSI nyua HeltTpoHon f 11 , npomeAmero 'lepes nonspa3onannyro npOTonuyro 

/6/ 
MHW9Hb1 ASBTCSI BbipalKeHK9M_ ; 

fll=thfpllctpt. (iS) 

Onpenenennag 113 aToro BhlpalKeHHll cpeABBH no npeMeHH aKcnepKueaTa c rom.MneM nong

pK3anKSI H9iiTpOHOB 6hlli8 paBH8 51%. 

CnHHonoA pOTaTop. KoacTpyxnns poTaTopa aaanorH'lBA onncaaaolt B pa6oTe Cellnopa 

/3/ H np. On cocToHT H3 Tpex qacTelt. B nepnolt qacTu poTaTopa neKTop nongpJI3ai!KII nofiTpo-

non IIOBOp8'1BB8liCSI na 90° BHyTpB cnnpalibHOrO MArHHTHOrO KaHana (MarHHTOUpOBOAa) AnB

HOll 0,5 M
1 

o6p830B8HHOrO 10 BefiOnbWKMII ane:s:TpOMarHHTSMII (MarHHTHOe none BeyTpJ! KaHA

na O:S:Ono 300 a). 3aTeM IIY'fOit HOllTpOHOB !IpOXO.QHn 'lepe3 anroMI!HHeByro (jlom.ry TOliiUIIBOll 

2 MM. ITocne (jlonhrli yCTSHOBneHbl H8 IIOABHlKHOii TOneJKKe ABa M8rBHT011pOBOA8 1 · 8ii8HOrH'l-

HbiX nepBOMY
1 

HO C pa3HbiMH aanpanneHIISIMB CIIBpSnbHOCTII. 

ITpn naMepeHHB c napannenhBOll opneaTannelt nongpKaauall nei!TpOBOB n HAep, TOX 

7 



'tepe3 c!Jom.ry He DpOJIYCit&nCll B B JIY'tlte CTOSUI Marlll!TODpOBOJl1 B03BplllllB.BDIHil Be!::Top DOJlll

pll38Dilll BeiiTpOBOB B npemaee DOJlO~eBHe. fipll 8UTKDApannen&ROil OplleBT8DilB 'tepe3 c!JonLry 
npoeyeKaJICSI TOK OKOJlO 700 a II B JIY'tOK CTABIIJ[eg Apyroll MarRKTODpOBOA, Bplllll4BliiHi1 ae:s:

TOp n04Sipll3811Bil OT 90 JlO 180 O DO OTIIOIIleRJUO K nepBOBa'UUihllOyY llanpaanelll!IO DOJlSipll38-

Dilll BeiiTpOBOB~ 

3c!lc!JeKTIIBBOCTb CDIIBOBorO pOTaTopa 6hUia onpeJleneHA 8KenepHMeH'l'an&llO 113 H3Mepe

HHil DponycK8Billl B pe30H8Bee rom.MHSI C aJJeprnel! 3,92 8B (eM. c!JoPMYJIY (10)). OIUI Oltll-

3anaeb paBJJOII ¢ •0,60;t.0,18. Can&BOe OT.llll'tlle s<!x!>eXTHBilOCTil OT 1, no-BHJlHMOyY, M0~-

110 061.S!CHIITb 3Ra'tllTen&llhiMll rp8)lll911T8Mil Marlll!TilOro DOllS! B palloJJe c!Jonbrn, p83M~pb1 

KOTOpoll R93H8'tH'l'8n&BO npeBbiW8IOT p83Mepbl JIY'tlt8. 

.f!nopaag MBmeHb. Bb115op ro.llhMnsr (cnnn S!JlPa I= _7_ ) n Jta'teCTBe llllepaol! MHme-2 . 
Hll Oblll ooycnonneJI 'l'eM, 'ITO BHyTPellllee MarBBTHOe IXOJl91 C03Jl8BI!9MOe Sll91tTPOilBOI! ooo-

llO'tXOll 8TOM8 rOllhMHSI na CB09M S!Ape1 IIMeeT .O't9Hb abiCOKoe 31l8'telllle '(no llAJIJibiM paoo-
/7/ . 6 0 

Thl H BHyT • .,+ (8,80;t.0,46)•10 S ), 't'I'O D03BO.llSieT npll TeMDepaType 0 13 K II MarBH'!'-

HOM none 10-20 xs nMeT& llllepeyiO nonSipH381111IO a aecxom.xo JleCSITJtoa nponeaToa. Jlng 

nony'teHHS! TeMnepaTypbl 0,3°K IICDO.llb3oaancH xpxOCTaT c 38MKlJYTbiM' KOB'l'YPOM rennH-3, 
3 

xoaeTPYKDIIH KOToporo aaanorK'liUI pe¢pn~epaT.opy He , panee e03AI!BROMY B.C.Heraao-

BbiM II n.s. n ap¢eHOBbiM B na6opaTOpllll llllepllhiX npo6neM OHfiH. CxeuaTII'!eexoe 113()

opa~ellHe XpllOCT8'1'8 IIOKB.38BO 118 pile. 5. 

06pa3eii H3rOTODllmiCll 113 OTO~elllloll CTPY~a MeTanllll'tecJtoro rollbMBll ( 'tllCTOTOII 

99,9%) nyTeM npeccoaaBHH c aniOMBRKeaoll nyApol! n xa'teCTae CBll3YIOmel! ocuoabl. Ton-
-2 2 

mlllla o6pa3na DO rollhMHIO eocTannllll8 1r.cM , nnom8Jlb oopa3aa oxono 100 eM • Oopa3ei! 

ohln npnxneea 3aMa3xoi! Pau3aSI 1t alliOMHRKeaoll DnacTillie, KOTopaH MOX41llf'leem xpemi

nacb x MeAROMY XOJioAonpoaoAy. BpeMH yCTanoanelll!H 'l'ODnoaoro paaaoaeeBH Me~ o6paa-
3 

IIOM ll B811HO!l: c He OhlllO He oonee 30 MBB. HaMarHB'tllaaiOmee BRemnee none COCTaa-

nnno 14,9 xs. 

HeliTpOHHbrii neTexTop.. HeiiTPOilbl· perBCTPKpoaamrc& ~OCTHbiM CDIIHTHMSIDIIOHilbiM 
/11/ 2 

A9T9KTOpOM 0 onneaHHbiM a paoOTe 1 C pa6o'teA Illl011l8Jll>IO 400 CM B ac!Jc!JeK'l'HBilOCTbiO 

OKOllO 35% MSI HeliTpOHOB C SHeprnell: 100 sa. JleTeKTOp HrutOJlllllCH B KOHI19 nponeTHOl! 

6a3hl JlnHBoi! 118 M. 'lacT& nponeTHoll: Oa3bl lllliiHO!l: 100 M DhUia BaJtyyMnpoaaaa. 

CnrnanH OT AeT9KTOpa nOA8B8lllleb 118 1024-KaHAnhHblll: BpeMeHHOii 8H8llll38TOp e Wll

pllBOll KAHana 8 MXCeK. C nellbiO yMellbWellllll B03MO~X CllCT9M8TH'teCJtllX OWHOOX, ll3M9-

pellllst npn napannellbaoi! n aaTnnapannellb~ol! opneBT811HSIX npoBOJlK.llHCb 'tepeJlYIOI!lllMHeSI 

'tacoah!Mil cepHHMH. Bee pe3yllbT8Thi nepe.~taaannc& aa aneKTPOHRD-Bbl'tllennTellbeyiO Mamll

ey, Ba KOTOpoi! 38TeM 15blna npOB9Jl91l8 IIX oopaoOTKa. 
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0eBOBBOll c!Joll )leT&:S:Topa oHn 06ycnORnGil cna6o 38BilCKmBM OT BpeMellR •Y -c!JonOM 

pea:s:TOpa ll COCTAB.ll!IJI 10-20% 0'1" C'teTa HeiiTPOHOB. BpeMellllaSI 38BilCIIMOCTJo c!JoiUI onpeAe

llSUIACia DO cneXTPYt. eBSITOM;y npK H8nll'tKil B JIY't:S:9 napac!JBBA 'l'OIIIIlliBOII 3 eu, eKn&llO pae

cenaaamerO a•IITPOII},I ll Mano .ocna!S.nsmmero y -¢on. A6coniOTiloe 3Ba'teBBe c!Joaa aaxo-

JlHllOCb nyTeM DpKBS3ltK ll3MepeHBOro TAIUIM eDOCOOOM c!JoHoBoro eD&KTPA It IICTIIBHOM;y 

c!J~ny, JJaoniOAaeMOM;r 8 npoaane ciBn&noro pe3oaan:ca ron&MBSI np11 aaeprnB 3,92 sa. B lta

'teeTne MOHHTOp8.HCDOllb30B8l!CSI oOpRhlil C'teT'tllX1 pacnono~eRHhlil nepeA npOTOHHOI! Mil-

meHhto. 

IV. 3.:cnepxueuTallbRhle pe3yllbTA'l'H 11 B.X o!ScylKJleRHe 

Ha pae. 6 (aepXBBll xpnaaH) Dpnneaeno ll3Mepeaaoe 3Ha'teHne s¢¢exTa nponycxaBHll 

f , nony'tennoe nyTeM cyMMHpoaaanst· OAHOTHURhiX cepnll: H3Mepeanl!, aopMnponxn DO MOBH-
• 

TOpy, ahl'tHT8RilSI c!Jona H AOnOllHIITellbROil ROpMIIpOBKU no Oe3p030ilaReHOM;y y't8CTXY enexT-

pa oT 220 .no 250-ro xanana.nocneAHSist aopMnpoaxa oblna npoaeneaa c IlellbJl ycTPaBennst 

ac!Jc!JeKTOB. OT HeCT801lnbHOeTH DOllgpH38Uilll DpOTOHOB1 ORB yeTpangna T8lt~e BnHSIHil~ B03-

MO~HOi! cnnnonoi! 38BHCIIMOCTil ee'teHHst nOTeaunanbHoro paeeeS!IlHst, no Kpal!ael! Mepe, 

a!Snnaa o!SnacTII nopMnpoaxn. Hn~sst xpunas pnc. 6 npene'l'annsteT H3Mepennoe nponycxa

HBe roni.MKeaol! uameml. YJCa3aHHble aa pne. 6 saeprllll pe3oaancoa oblnn onpeAeneHbl 

ll3 ll3MepeHB!l: 118 1000-MeTpoaol! nponeTHOii 6a3e c pa3pemeBBeM B TPil pa3a oonee ny't
/12/ 

mHM, 'taM ll3MepeHHll l03a ll AP· • 

Cnnnhl ellllbllO H30n&poaaRHbiX pe3onaacoa np11 3,924 n 12,6 sa OblllH panee onpeAe
/3/ 

neHhi Cei!nopoM 11 JlP• B paaRbl J •4. Hawn ll3Mepeanst DOJlTBepJlllnll sTn 3Ha'teRHst. 

Pe3oHanc npn aaeprnn 
/12/ 

~ 8 sa, aaoniOAABWIIACst B rom.Milll 11 paaee , CeAnopoM 

n JlP• ne uecneAonanc~,·TaK xax
1
aepostTao, e'tnTanoeb, 'ITO 011 o6yenoane11 aeoollbmoll npn-

152 . 
MeCbiO Sm , u~eiOmero O'tellb cnm.Hbli! pe30II8HC npn saeprna 8,01 sa. Ha p11c. 6 

BIIAHO, 'ITO npn saeprnn oJtono 8,1 sa na6niOAaeTcst nono~'l'em.HhiA s¢¢ex'l' DponycJtallllH f 

152 
llocxonbxy BBJtaxoro s¢c!lexTa 118· pe3oHaHce Sm , stnnHIOmerocg 'teTHo-'teTHbiM H30TOUOM 

c ayneBhiM ·CDHROM1 ae AOn~no 6uno obi 1180niOAA'I'bCSI, a Apyrne B03MO~Rble nimMecn He 

llMeiO'l' CllllbllbiX pe30H8HCOB npll STOll sueprHH, OblllO npeADOll0~9B00 'ITO STOT pe30H8He 

a AellcTnnTellbHOCTH npHnanne~'l' rom.MniO. Jlnst npoaepxH s'l'oro npeAnonoJKellllst aa 

1000-MeTponoll: npOJIE!THoll: 6a3e obln& H3MepeHhi cnexTpbl DpoDycxaBBst o6pa3noa Ho 2o 3 
-2 . -2 

Tonmnaoll: 2,5 r.eM n Sm 2o 3 TOIIIIlBHoll 10 _Mr • eM • Ha pne. 7 npnaeAeHH nony'teH-

Hhle cnexTphi B pall:one· 8 an. H3 HHX 'teTKO BllJlHO, 'ITO saeprnn pe3onaacoa B roni.MHH 

11 eaMapHH pa3nH'lllhlo KpoMe Toro mnpnaa pe3oaaaca B o6pa3ue Ho2 0 3 3H8'tBTenbHO 

ueHbme, 'taM a o6pa3ue Sm 2 0 3 
• 3To SIBnsteTcst aononBBTem.HhiM yxa3aHIIeM aa To, 

a 



'ITO peaoHrurc JipK 8,1 sa smnHeTCH cna6~o~M pe3oHB.HCoM rom.w1ut. Halllll H3MepeHKSI noxa:.a

ns, 'ITO oro cnHa: pB.Bea: 3. 

171 
B pa60Te Cel!nopa B llp. 6~o~na C,QenB.H8. 110IlLITit8. OJipO.QOIIBTb CIIHIILI pe301IaRCOB 

llpH 18,1 H. 21,0 SBo 060RM p03CIH8.HC8.M 6Hn Jip!UIHCB.H CURH 3. 0.QH8.1t0 paapemOHRO yCTB.HOB

ItR HO 1103B0nKIIO C.QenB.Tb STO BllonJIO HB.,QOlKIIOo B HaJliOM cny'lae o6a pe30HIUlC8. pa3pemeHLI 

,QOCTB.TO'IRO Xopomo, It II3 pac. ·a BB.QIIO, 'ITO CIIIIH p030H8.HC8. 18,1 SB ,Qel!CTBRTO.llbBO 

paBOII 3, 8. ,llllSI CnHHB. pe30H8.BC8. 21,0 SB 6onee B8p0SITHO 3B8.'IOHRe· 4. 06pa60TitA ST)(X 

p030H8.1ICOB MOTO,QOM IIIIOmB.IlOll 110 ~OpMyllO (8) C yK8.38.B!IhlMR 3B8.'10HRmMR Cn!IHOB ,Q8.8T 

XOpome·e COBIIB.,QO!IBe BOnH'IHHhl %( 1+ ¢) f 0 f N CO 3H8.'19HKHMR1 IIOli}"l:OBHLIMR ,QIIH 

p930H8.HCOB 3,92; 8,1 H 12,6 SB ( CM. pHC, 8 B T8.6nHny 1), 'ITO BB..QeJKBO IIO.QTBeplK,I18.eT 

DpB.BIUibHOCTb C,QOIIB.BHOrO Bhi60p8. Cn!IBOBo 

B:~>tme peaoa:asca npn sueprHH 21,0 sa paapemeHRe Kamero cnexTpOMeTpa no apeMeHH 

nponeTa n03aomieT pa3.QenKTb pe30ilB.BCLI nJr:IIIb 'IB.CTil'IBO. 3ua'lemur • B3 pnc. a, yJKe 

lie MOryT ,QB.Tb O,QII03B8.'1ROll RII~OpM8.11HH 0 CIIIIBe BhimellelK&mHX pe301l8.1lCOBo C IIO.llbiO onpe

.QOIIOHKK CIIRIIOB STHX pe30II8.HCOB 5bln DpRMOHOH MeTO,Q IIIIOmB.Ilell C BCilon&30B8.1lROM ~op

MyllLI (9) AIIK ABYX rpynlt '18.CTil'lllo-p8.3pemollllhiX pe30il8.1ICOB! IIOpBSK rpynna BKniO'IIlll8. 

pe3oHaucu c sueprHell 85,3; 37,0; 39,4 aB, BTOpas - 47,3; 51,2 II 54 aa. Ha pnc. 8 II 

B Ta5nKil:O 2 llpRBOilOilLI 3Hil'IOHKH BOIIH'IRilbi % ( 1 + ¢ ) f D f N , IIOny'IOHHhiO ylta3SHHhiM 

MOTOIIOM, ,tlllK p8.3nK'IHhiX ltOM6RH8.11Ril CIIHHOD pe30H8.HCOB. BHyorPII KB.JK,QOit rpynnH •. Jlng 

IIOpBoll rpylllll>I IISR5onee ,tiOCTOBOpnoll KOM5Ril8.1lHOll llBIISIIOTCR 3H8.'101lRH CIIHHOB 3, 3, 4, 

COOTBOTCTBOHHO. 0!1HSKO CIIHH cna6oro pe30HSHC8. 37,0 SB. OIIPOIIOIIOH He O'IOHb HSAOJKIIO 

(Ha pHC. 8 TO'IItS An51 KOM5RH8.1l:IUI 3, 4, 4 BhiXOAHT TonbKO 38. ABOltHyiO omH6Ky H3MOpOIIHSI 

OT cpenuero 3Ha'lellRn % ( 1 + ¢ ) f 0 f N) • 

AllSIIOrH'IRSK CRT;ySil:HSI l!MOeT MOCTO llllH DTOpoli rpynnhi, D KOTopoli HMOIOTCR llBB. 

CHilbHhiX II OAHH CIISf5hilt (54,0 as) p030HSHC. Hax6onee BOpOSITH~MII RBnHIOTCK 3 IIB.'IOHHK 

CIIHIIOB 8, 3 0 3, COOTBOTCTBOIIH00 XOTR HO HCKIIIO'IOH00 'ITO CIIHH p030H8.HC8. C 9HOpriiOH 

54,0 9B paBOH 4 • 

llonnaR CBOilltB. nony'leHHhiX peaym.TaTOB upencTasneHa B Ta6mtll:e 1. TaM lKO nposo-
/3 7/ . 

neno cpasnenue c pe3ym.TaTaMn pa6oT Celinopa a np. ' • 

Ta6nana 1 naeT B03MOlKBOCTb upocneHIITb pacnpeAenenae nsyx B03MOlKBhiX CIIHHOBhiX 

COCTORHHll CpOilR pe30H8.HCOB B OllHOM II30TOIIOo H3 CTSTHCTH'IOCKOll TeOpHR IIIIOTROCTH RAOP"

/13 14/ 
HbiX ypOBHOll ' CIIOAYOT1 'ITO IIIIOTHOCTb ypOBHOll C ABHHhiM 3HS'IOHIIOM J IIponop-

( 2J +1) 2 ] 
IIBOIIS.llbHS ( 2J + 1) exp ( - , rAe u - HCKOTOphiil IIapaMOTp, CBR-

8u 2 · 

/15/ 
3SHHhiit C MOMOHTOM RHOpll:RR II TOMilepaTypOit SIJJ.pa. CornaCHO paC'IeTSM MSilhimOBS 1 

IISpSMeTp u" 5 B pallolle MSCCOBOrO 'IRCIIB A oo160, 'ITO B IIPOAOIISX omH60K cornacyeTCH 

/15/ 
c axcnepnMeHTBnbHhiM:R aua'leHRHMR (nnTepaTypy CM. pa6oTe ). Torna oTnomenae nnOT-
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HOCTH ypOBHell CO CIIHHOM J " I + % K I!IIOTHOCTH ypOBHOfi CO. CI!HHOM J = 1-% AIIH 

rOilbMHH llOillKHO t);biTb -p8.BIIO IIpHMCpHO 1. 3JtCIIOpHMOHT8.1lbHO HB61IIO,It8.EIMOO OTHOWOHIIO 1!0 

IIpOTIIBOpO'IHT STONy YTBOplK,IleHKIOo 

B 3SKIIIO'Ienae asTop:~>I nMpalKBIOT cso10 ncxpeHHIOIO npHanaTen&nOCTb A.B. nouoay 

38. IIpOilOCT8.Bil9HHO HOilTpOHHOro AOTO!tTOpa B IIpOBBABHHB II3MOpaHHA HS 1000-MeTpOBOil 

nppneTHoll 6a3e. Mbi Bl>IpalKaeM cao10 6naro.napuocTb B.H. Annonoaoay II B.A. PoAIIOnoay 

38. 6om.mofi ·B~IIBA B C03A8.HHO II HSilS.ItltY SKCIIOpRMBHTSnhHOll YCTS~OBitn. Mbi IIOnb3YOMCH 

TSKlKO IIPOAOCTSBHBmeliC.II HSM B03MOlKHOCTbiO II061IB.rOA8.pHTb XHMRitO)l na6opaTOpHH SIJJ.OpHl>IJC 

npo6neM OH.HH c.n.CMHpHOBy II H.C.ABAOOBY 38. DpOAOCTSBIIBHIIB KpHCTSIIIIOB IIB.HTSH

MarHIIOBOro IIRTpSTB B;biCOKOrO KB.'IOCTBB • 

Ta6nuna 

CnnHhi ypOBHOli COCTSBHOro HApS, COOTBOTCTByiOWHX IIOpBbiM OARHHBAil:STII HOilTpOHIIhiM 

peaouaacaM B Ho 165 

Eo • 

--
3,924 

8,1 

12,6 

18,1 

21,0 I 35,3 I { 37,0 l 
I 

39,4 
I 

i 
47,3 i 

{ I 

51,2 
I 

I 
54,0 ' I 

~t 1+¢) f
0 

fN 

O,I64 :t. 0,012 

0,189 :t. 0,034 

0,!70 :t. O,OI4 

0,!84 :t. 0,032 

0,!65 :t. 0,040 

0,05 :t. 0,16 

0,!85 + 0,0!8 

I ____ __..._ 

11 

J =I+ % 

HacTonman pa6oTa 

4 

3 

4 

3 

4 

3 

3(4) 

4 

3 

3 

3(4) 

Cellnop II AP· 

4 

4 

3 

3 



T'al5n:a:na 2 

Pe3ym.TaTbl BLI'IllCileDil aeliJI'IHIIbl * ( 1 +if> ) f
0 

f N 113 8XCIIepKN8HTam.JI:hiX AAJUIWX 

Dpit pA3liii'IIIhiX !Ip&.!UIOilO:lKGJ[][IIX 0 CliJIBAX BellTpOBHbiX pe30BABCOB1 BXOASIIIIKX B 'IAC'tll'IBO"o 

-pa3pemeBBhle rpy!Inbl 

KoMOHHIUlllsi CIIHHOB 

( J 1' J 2' J a) 

fpyn:n:bl pe30HA11COB 

3,3,4 

3,4,4 

3,3,3 

4,3,3 

35,3; 37,0 11 39,4 sn 

0,05 ±. 0,!6 

-o,025 ±. 0,074 

0,003 ±. 0,007 

niiTepa.Typa 

47,3; 51 12· n 54,0 an' 

0,249 ±.0,027 

0,185 ±.' O,OIB 

0,49 ±. O,IO 

1. IO.B. Tapa.B. MaTepHAilhi pal5o'!ero conemaog n:o B3AHMOAeliCTBIIJO seliTPOROB c S~Apaw:a:. 
npen:pitHT mum 1845, .ll.:rtSRa, 1964. 

2. A.Stolovy. Phys. Rev., 118, 211 (1960); 134, B 611 (1964); 

Bull, Am. Phys. Soc,, 8, 70 (1963); 9,;461 (1964). 

3, H.Postma, H.Marshak, V.L.Sailor, :E.J.Shore, C.A.Reynold. Phys. Rev., 126, 979 (1962); 

128, 1287 (1962); 127, 1124l1962). 

4, lO,B. TapaH~ <ll.n.lliA!IHpo, )1(3T<Il, ~ 2185 (1963), 
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Py:a:OIIHC b n:OCTyn:IUUl B lt3AATellbCUll OTA9JI 
8 HlOHII 1965 r. 

cP ' 

Puc. 1. Oomall BHA axcnepaMeHTaJibHOll ycTAROBltH, Ha .nepeAHBM nnaHe - .xpaOCTaT 
SIABpHOJl llOJIS!pH30BAHHOii MHIIlQHK B MAJ:'HHTB1 Ha 38AH9M DJIAHB - llOilHpH3o
B8HH8B npOTOHHAB MHIIlBHb, 

13 



1 

Puc, 2,CXeMa SKcnepHMeHTSJib!rOl! yCTSHOBltB, 1 - MarHBT ROJIS!pB38TOpa1 
1 

2 - xpBCTann, S - Toxosecymasr cjlom.ra, 4 - MarlrBT Mepnol!. 

MBillOHB, 5 - BCCJ19AYOMbii!. o6pa3&D:1 6 - HOiiTpOHIIbli!: JlBT9KTOp, 

BeKTOphl H
1 

, H2 • . H3 noJ:a3biBSIOT Ka!IpABnBHBSI Mar!rBTRbiX 

nonel!:, Ha pncyHJ:e B3o6palKeH cn}"lall aHTBnapannem.Roi!: opBeli

Tanuu ROJIS!pll38nBB HOi!:TpOHOB OTBOCBTOJI&HO Sl):(9pBOII nongpB3anBB, 

14 

~ 

L 
4 

Pnc, 3, CxeMa KpuocTaTa nonsrpu3oaannoll npoTonnoir Mnmenu. 

1 - 6S'IOK C >KIIAKIIM 830TOM1 2 - 6a'IOK C lKIIAKIIM re

RliOM npu STMOCcpepHOM )lSBR911HU 1 3 - 6a'IOK C lKIIAKIIM 

reJIHCM 1 OTKS'IHBSOMbiH cpopnaKyyMHbiM HSCOCOM CO CKQ

pOCTbiO 150 n.ceK -
1, 4 - nenTum. :nnsr nepennna >KIIAKoro 

renusr B3 6a'!Ka 2 B 6a'IOK 3·,5 - KoaKcuanbHbiil Ka6enb 

CITBKTpOMeTpa gnepaoro MSrHUTHOrO pC30HBHCa 1 6- CTep

lKO!Ib nnsr perymrponKII nono>Keansr rroprnusr (9), 7- nonuo

nonuasr JIUHHSI CO'IOHHOM 3,4 X 7,2 MM1 8 - llpRMOyronb

Hblil pe3oHaTop, 

15 



3HepeuR H8tlf!1poHo6, 3lJ 
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700{ 

Pnc. 4. 3<j><j>eKT onnoKpaTnoro nponycKanng • 1 qepea nongpnaosannyro 

npOTOHllYIO MHW9Hb B 3SBIICHMOCTII OT 31Ieprnn nei!TpOHOB npn 

pa3JIII'IHbiX ypOBHSIX MHKpOBOJIHOBOi! MOWHOCTH, HSCbiWSIOW9il 

•aanpemennbti!" nepexo11 neoAnMa-142. HH)KHHe TO'IKH - 1cpe11nee 

so speMenn sKcnepnMenTa c ron&MneM ana'lenne <
1 

• Bepxnne 

TO'IKH - 3H8'19HII>I <I , npn MOWHOCTH 170 MBTo 

16 

I 

Jl 2 

.3 

':,.. I 1111 - 'I 

Pnc. 5. CxeMa KpnocTaTa nongpnsosauuol! smepnol! Mnmeun. I - oa'IOK 

C )I{Hl(XHM 830TOM, 2 08'10K C )KH)lKHM renueM IIpH 8TMOC<j>epUOM 

nasnenuu, 3 - oa'IOK c )I{HilJGIM reimeM, OTKa'lnsaeMbiii <j>opsaxy

YMHbiM HSCOCOM CO CKOpOCTbiO 20 ll.CeK-1, 4 - 08'10K C )I{Hl(KHM re

nneM-3, OTK8'1HB89Mb!i! AH<j><j>ySHOHHbiM MSCJilllibiM HSCOCOM (9), 
.tn<j><j>ySHOHIIbiM pTyTHbiM IISCOCOM (10) H <J>opBaKYYMHbiM repMe

TH'llibiM HSCOCOM ( 11), 5 - M9)11Ibli! XOJIOAOUpOBOil, 6 - oopaaeu, 

7 - B9HTHnh JlJISl nepenuBa r enuSI H3 2 B 3 08'IOK, 8 - 3M99BHKH 

AII5l OXJIS)KA9HH5l H C)KH)KSHH5l renuSI-3, 12 - 08nJIOII renn5l-3. 
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