
• 

0 
06bE,UVIHEHHbiC1 VIHCTVIT'T 5l,UEPHbiX VICCJlEJI,OFL\11111~1 . 

na6opaTOpHH H~epH~X npo6neM 

P-278 

C.B.HypyweB, IO.n.KyMeKHH, K.C.MapHW, r.n.CTotJeTOB 

METOD nonY4EHVf.H 

n POll Onb HO-nOnH PJ.130BAH H 0 ro 

n Y4KA nPOTOHOB 

lly6Ha, 1959 roa 



P-278 

C.E.Hypywem, IO.n.KyMeKHH, K.C.MapHw, r.n.CToneTOB 
\ 

M ETOU .nonYlJEHI1.H 

nPOUO.UbHO-non.HPI130BAHHOrO· 

n YY:KA nPOTOHOB 

--------~-----~--
061>e.Iume11Mhlll l!IICI »1}'1 1 
1l,liCfillUX llCCJJeJl.OBallldl 

61116JIMOTEKA 

H-90 



.A H H O.T aU H H 

' . '. ·: ~' . , ' 

PaccMaTpunaeTCH ·no3Mo:>KHOCTb nonytieHHH npo.uonbHo-nonHpH3oBaHHoro nyqKa npoTo-

HOB Ha' CHHXpOUIIKnOTpOH~ na5opaTOpHH. H~epHbiX Tipo5neM~ 

: l 

BBeneaue· 

npu IlpOB9.ll9HHH TIOJ'I.~OI"O, Ha5opa_ Ollh!TOB B HyKnOH-HyKnOHHhiX ,coy.uapeHHHX B03lUII{a9T 

aeo6XO.llHMOCTb B HCTIOJlb30BaHHH IlpoilonbHo-noliHpH36riaitiloro nytiKa- HyKnOHOB, npHM9H9HHhifi 
1/ ~ 

B pa6oTe cnoc_o6 nonyqenHH TaKoro nytiKa Tpy.uHo peanH30BaTb B u~w.efi na6opaTOpHH u3-3a 

u eo6xo.uHMOCTH Hcnonb30BaTb cHnbHoe ropu30HTanbuoe MarHHTHoe none. B uacToHmefi pa6o-
~ > ~ • ' > A \ •' ' 0 .. 

Te of?cym.uaeTc~ npaKTH~9C_KH 6o:nee Bh!I"O;Hhlfi cnoco6 nonyti9HHH nyqKa npo.uonbHo-nonHpli":" 

30B8HHhiX IlpOTOHOB; , 

Ecnu npoH3BecTH nepBoe pacceSiuue He.B ropH30HTanbHofi, Ka~ aTo 6hlno c.uenaHo B 
. 11 
pa6oTe 1 a B" B9pTHKanbHOfi TinOCKOCTH 1 TO B9KTOp TIOnHpH3aUHH paCC9S!HHhlX IlpOTOHOB 1 KO-

TOpbJii Bc~r.ua nanpaBnen uepneH.llHKynHpHo nnoCKOCTM plwceHHH, 6y.ueT pacnonomeH B ro­

pH30HTrinb~~fi nnoc.KociH, Cne.uoBaTenbHo, cnHHhi npoToHoB T~Koro IlytiKa 6y.uyT npeueccH­

poBaTb TIO.ll B03.ll9fiCTBHGM 06h!'IHOI"O B9pTi!KanbHO-H8TipaBneHHOI"O M8I"HHTHOI"O TIOnfl, npHti9M 1 

11> - .flp- f 10 ecnu ny'IOK oTKnoHSieTcH Ha yron ~1 , TO yron npeueccHH "'f. 6y.ueT paBeH 1-- i t _ ft~ 1• 

r.ue f'P- MarHHTHhiit MOMenT npoToHa B H.uepHhiX MarHeToHax, ~ - cKopocTb q·acTHUhi 

B e.uKHHUaX CKbpOC~H CBeTa C, 

,[lnH OCYIU9CTBneHHH paCC9flHHH npc:_TOHOB B BepTHK!'lnbHOfi _ TI~OCKOCT,H: Heo6_XO.llll~O. HC..: 

nonb30BaTb .uBa MarHHTa M, H M2. , KOTOphie cnymaT . .unH yBo.ua H o6paTHoro B3Bpame­

H HH K ropH30HTanbuoit nnoc"Kociu ny~Ka HenonflpH3oBaHHhiX, npoT.OHOB /cM,pHc,4/, B MecTe 

nepecetieHHH nytiKOM ropH30HTanb~oit nnocKocTH pacnonaraeTcH pacceHBaTeni, --p nonSI­

pH3oBaHHbie n~OTOHhi: ucnymeHHhie non yrnoM (} , OTKnoHfi!OTCfl MarHHT_o~ M5 ua Tpe6y- · 

eMhiit yron ~ 
- 0 

paBeH 90 , 

, np!iti9M Bhii"O.llHO Bhi5paTb 91'0 TSKHM, tiT06bi yron npeueCCHH CTIHH8 6biJI 

.;. ,. 

Yron TIO.ll'h9Ma nonHpH30BaHHOI"O TiytiKa v. Bhi6Hp~9TCH 1 B OCHOBHOM 1 HCXO.llfl li3 y.uo6-

C TBa pacnonomeHHfl Ma~H~Ta M ~- H pacceHBaTenSI "P . a TaKme H3 yrna paccef!HHSI e 
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0 6bi'iHO B Ka"'eCTBe pacceuBaTemi_ "'P ur:nonbayeTCSI yrnepo.o; • Tor.o;a yron e ' COOTBeT­

CTBYIOIUHii MaKCHMYMY nonSipHaauuu 1 cocTaBnSieT npu SHeprlilf 660 M SB 6 -=:- 7°. Ecnu Te­

nepb 38.LJ;8TbCSI paCCTOSIHifeM _l, = 200 CM II lt ": 540 CM 1 TO yron v~ 3~, ,D.nSI nO.LJ;'be­

M8 nyqKa Ha TaKoii yron Heo6xo.o;HMO MarHHTHoe none c He= 2 13,10
5 ap~T,CM, KaK noKa-

3biBaiOT npoBe.o;eHHbie Hlf>Ke pacqeTbi 1 T8KOe none MO>KHO C03.LJ;8Tb C. no~OIUb!O nByX 8CHM­

M eTpli"'HO 'pacnono>K eHHbiX OTHOCifTenbHO OCH ny"'K8. 6pyCKOB 1 lfCnOnb3YSI none· OTKnOHSIIOIUHX 

H 8C8.LJ;OK, ,D. anee npHBO.LJ;IfTCSI pacqeT M8I"HifTHbiX none!i OT. 6pyCKOB pa3nlf"'HOH KOHqmrypa­

Uiflf B npe.o;nono:>KeHHif 1 "'TO lfX .o;nlfH8 SIBnSieTCSI 6eCKOHe..JHOH~ 

2. PacqeT MarHHTHbiX noireii: 6pycKoB 

a/ 06iuue ¢opMynbi, 

' .. -.•. ·. _· 2/ 
B pa6oTe npuBeaeH no.o;po6Hhlii: pacqeT nonSI 6pycKa npSIMoyronbHoro ceqeHHSI npu 

npeanono:m.eHHHI "'TO .lfMeeTCSI nonHoe H8CbiiU~Hife 6pycKa. npu TaKOM npeanono>KeHHH ,Mar-- -HlfTHbiH noTeHunan B TO"'Ke R aunonSI M 1 pacnono>KeHo B TO"'Ke R1 
onpe.o;enSieTCSI 

B, bipa:m. eHHeM 

rh -- -- . 'i 
"tJ ( R R.') =M gra.d 1 .... --.,

1
• 

I R.-R. Ill 

MarHHTHhlfi noTeHuuan OT Bcero o6'beMa 6pycKa ?npeaenSieT6SI-Torha lfHTerpanoM: 

·rh- 5 . i d I "t-"CR) = M 9rad I rt _ jp I _ Y /2 I 

K aK ua BecTHO, M8I"HifTHOe none Bhl"'HCnSieTCSI TOI".LJ;8 lf3 COOTHOWeHHSI 

H ( R) :-q rad cP ( R) /3/ 

nycTb BHeWHee none HaripaBneHO no OCH l ,Tor.o;a 
-' 

cp { R) == S Mz ( guld·IR.fR., I )l d V' 
TaK KaK no y<;:nOBHIO HacbrrueHHSI M = Mz.:g~nSieTcSI nocTOSIIIHofi; To,ucnonbayro TeopeMy 

0cTporpaacKoro-raycca 1 Haxo.o;HM ' ·-
- . ' I 

q, Cit)= J-B n _ cis' 

rae S 1 noBepxHoCTb 6pycKa , ·yr . S' BHeWHSISI HOpManb r..:oBepXHOCTif 

CooTBeTCTBeHHo, nonSI Hz If H y onpenenSIIOTCSI ¢opMynaMH 

Ht=-

J-1 # ::. -

~=J ol 
acf:l 
a y =f 

M·n ( 1-I'> ds' 
1- -.,5 ·-R- R. . 

M·rt ( Y- lj') dS' 
11-R! p 

/4/ 

/5/ 

/6/ 

''; 



- 5-

6/ none opycKa npst MOyronbHOI'O Ce'ieHHst, 

none 6pycK'~ npstMoyronbHOI'O ceqeHHst ObinO nC?.llPOOHO Bbl'ilfCneHO B pa6oTe
2 

/ 

! 

l ., 

21 ' 

2 
' 

2.a. 

PHc, · 1. 

EcnH Bocnonh30BaTbcst. o6osHa'ieHHHMH, npHBe,lleHHbiMH Ha pHc.1, a TaK»<:e ¢opMynoa 

' eirn 
e-co 

.TO nony'iHM ,llnH noBepXHOCTlf 1 

,,, . !I a 
. f.[ :z = .. 2M ( QltC fn_ Y- a -c11~An _.,. ) 

l: (J l-h Q ~-h 

.ll nst noBepXHOCTii 2 · 

.17 I 

/8/ 

/9/ 

/10/ 

/11/ 

, 06oe.llHHstst ¢opMynbi /8/ 11 /. 10/, a TaKme 19/ 11 /11/ nonapHo, MO>KHO nony'iHTb 

none oT Bcero 6pycKa 
·'-

/12F 

/13/ 
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. 2/ 
3nr ¢opMynbi coBnanaiOT c nony'leHHbiMI1 B paooTe • 

Ebinl1 pacC'II1TaHbi saBI1C11MOCTI1 nonSI H~ oT · y np11 l = 3,5cM, a TaKme H~· 

OT 2 nnSI y = 3,5 CM, 11CXonSI 113 ¢opMyn /12/,11 /13/. Opi1JI9M a= h.= 2cM. 

n ony'leHHb!e rpa¢11KI1 np11Ben 9Hbl Ha p11c.5 B nprrno,iK eHI111; K aK Bl1nHo 113 9.J'I1X rpa4lllKOB, 

rop1130HTanhHaSI cocTaBnSIIOW:aSI nonSI H ~ B ueHTpe Memny 6pycKaMI1 nocTI1raeT Ben~_'II1Hbi 

""4000 apcTe'n. TaKofi Beni1'111Hbl nonSI nocTaTO'IHO nnSI non'beMa ny'IKa Ha ¥ ...... 3°. 

B/ Done opycKa C _yCe'ISHHb!M npSIMoyronhHb!M Ce'leHReM. 

Bbi'II1Cn11M none 6pycKa, ce'leHI1e KOToporo. noKasaHo· Ha p11c.2. 

l ' 

! 

i 
Uz. 

1 3 

-~a-

P11c. 2. 

none OT noaepXHOCTeil: 1 11 3 ObinO Bb!'I11CneHO' paHee. OrpaHI1'111MCSI TI09TOMy, Bbi'II1CneHI1eM 

nonSI OT TIOBepXHOCTI1 2, 

1.t>ja, 2 Ma, 
H~= Va~ ... h~ 

0 

Y''II1Tb!B8SI ypaBHeHI1e n11HlHI 2, 

( z- :t') . d '. va~ +h-7 
( y- f JZ.,. { ~ ~ :l')Z _g_ • Q, 

l':::.h;- ah' Y' 
- I 

, nony'I11M, 

a, 

tMa, J 
Va~ ... h~ . 

Jt.,' I d I: ifzz,+&-: 
c 2- h· + -a. 'J) IJ · a, _ 

(~·ff'JZ+(z-h,..--f{,y')Z -
0 

- - a. - J ~ 
Va7.,.1f, · 2Ma~· ci.At' - + h,, ' 'J'd1J 1 

a. Vaj + h: [c Z- h.)/ C~cy• l1 -o-( l- h,• !U'' a;, cy-y'J,'• Cl- h,• 1ft t J• J 
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h . . a,·_ . . . . .. 
a/·[a;'l:i-h,J-~lj• ... ·· _.·. ·. Wt'. • .. · _ .. ·· ... 

Q,Z..-hf . 
0 

(~-r)1.+($-h,.,.'lf.·~')Z, 

a, It, IJ 
t-n 

Va,z+ hf 

.Jlt 1:- U+Q, 
O.t II 

.,_!! t. r v-a, >' .,. ;;t 1 
2 y 1 -f" ( ~ ... h, )2 . 

DnSI ynporu~HHSI aana<m paCCMOTpliM cnyqafi. a,==h,,= ~-::a 
<f>opMynbr /12/ H /l4/, nonytrHM 
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H l~ 

AHanorHqHhlM nyTeM BhlqHcngeTcg none ~· 

. ~ . . . ·~ . 
'1~2Ma.ia.' ... hfj- c~-~·>d.v'· _zMaia."+ltf' r( dy' H~- a, ~a.1 ... h! o < ~-f>z.+ U-l'rz- i a,cr h7 'a, ( ~) 1 ~-fP·..- <Z- ~') 2 

0 

a, 

f IJ' diJ' ' 
- (y- ~·)2..-(J-1')1)= 

0 . 

?M a,Vai'·+hf/ft.u + a, hri;- ~~-a'ylja: .. -d~~ _ ··-
,_ - •• I 1 Lo . a. + I . 1 

0 

Q,.t en (y-a,)~.,.. ~:L J 
zca,z.+ ~iLJ ~.z...,.. <~- w,)1 · 

=2M O.~Val·.,.. h.:z. h, ( a;W+.ti a. 1-. 'I-ra, 
{ 

· hr 

. ca~..-n:) 3/2a., :~ 1: + ~: ~- h, 

- .E.Len[cv-a,>2..,_1~. 1} 
z Y'- +I( 1- h,J1· ] 

. ~a;u;·~. 
hr _b! ~- y- a, 

Q, h 
... h. · .. I u ];~,+a,.(} 

)-

n·pennonarag a, =h..,=h=a .11: o6oe.llHHgg ci:JopMynbi /13/ H /16/ nonyqHM: 

H 
-J'1{.& [CM-al1 ... C1-a>1][LV·..-aJ1..-C~-al:J 

~- [(~+aJ:z.,..(~..-a.>z][~1-r (£-a.>:tJ . -t: 

+{if ~In :e- v+a.- QJLtf,a 2.;. !(-{l 
. . 'If ~ iJ '17 .,.. ~-a. . .. ~a · 1 + ~ -a 

.Len_ (V-o.J2 +-:e: J) 
2 V7.+{~-aJ'-

/18/ ' 

117 ,_ 

PacnpeneneHHe nonel!: H! H Hy Me~ny .llBYM~ 6pycKaMH c yceqeaHhiMH npgMoyronh­

H biMH ceqeHHgMH npH a= h= 2 c..,u.. nOK838Hbi H~ pHc.6. B ueHTpe Me:>K.llY "6pycKaMH none 

HecKonhKO noHH.3Hnoch, a TaK%e yMeHhWHnHch rpanHeHTbi ~ Hl H '0 HJ( 
v~ f)~ 

r/ none 6pycKa c npgMoyronhHbiM, saKpyrneHHbiM npH onHoM yrne ceqeHHeM • 

.. BhrqHcnHM none 6pycKa, ceqenHe KoToporo noKasaHo Ha pHc.3. 

-
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.t. 

J 

· - Pnc. 3. 

nocKonbKY oT nnocKocTeit n 2 BKna.u e none 6hrn Bhl'mcneH paHee, paccMoTp!tM 

nltu.ib noeepxHocTb 3 .. 

npH e -~ oo 

Beo.ug non51pHbie Koop.uHHaThi Z = R Sin.'{ 7 :Z.' = R.' Jt'n. lf J . 
I,.- ; . 

Y'= R CC-$ I{' npeo6paayeM · 

r.ue 

. , 
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aaMeHOii IIepeMeHHbiX Lf- Lf-'=: )A , nony'IHM 

~ .. ~ ,., . f • d;U cos,..u · · J d.,.u:Srn;: 
J!= Stnlf n,z ... R.'~- RR'~JA.- cos lf . R.t..-"R,:-ZRR'ccs.u 

tf- tfD Z · / 'f-'(. I 

~ . •. . f . 

"' 5 · zlf J cos~ d ,..u • 2 1p ( co-Sf-" s,·n_.u d ,u. 
.Jz= m 'f-:ifo R£-rR'- zRR'~- Sm 1) "'R2+'R2-ZRR'cosf 

lf-lfo · 

\ 

Bee 9TH HHT9rpanhi SlBnHIOTCH Ta5nH'IHbiMH· HnH CBO.llHTCH K HHM, nocne HHTerpHpo-

B8HHH H'I"PYIIIIHpOBKH qneHOB IIOny'IHM 

Hm= 1:1._ {(R1-R'2cosz•P)[OM,tn R+ R'+n··· Lfo ··-OilC-In R+'R.' .+n lp-lfo] -· 
· l R.2 .. · .. · . , ? 'R.;... R'7J • z · "J R -R o 2 · ·· · 

. .... ( Rz + R':z cos ~lf} ~ -R' (coslf- Sin.lf >+ 'R!2en i:+Rz.- z RR' co'b lf} . 
"f , 2 D2,..7]o1_ •. )Jl'O'c.:., lJI 

. J 

/18/ . 

.; r .ll e 

COs 1P- IJ · · 5 ··n. o _. 1 . 1-R 7 .• L ,'1-R 

AHanorn'IH&Ie BhiKnanKH npHBO.llHT K BhipameHHIO nnH • 

. . ' . 

HI1.~'.M_fn,:zSin2•D[Qtttin R+R' +n.\lf'o -alcefn R+R! .J.'n lf-lfo]+ . 
~- R' 1''\. 1 . . -~ R- R' (J T . -~ ~-R I 0 p . 

+ ~· S~rr.2lf; lf'o + R[cos·Lf.~cosc lf+lfD)-· 
/19/ 

R.2 ...:. R'z.ClJS'2.i.f .e ~-rR' 1- 2RR' co.s lf . J 
- ZR.' n·R2 +R:z.-2RR'costlf+lfo) 

none OT BCeii qmryphi OIIpenenH9TCH cpopMynott: 

n nH Hz 

H? =.M.. {zcOJt.C ta IJ-a, ;- OJt,.t.fn IJ-ra. ~tQteln.L -Mdo y-ra )+ 1201 
~ a ~+a ? 1:- a ? 1-a . -J ..., . ~ 

'· 

~ 
J , 
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y:.< R.t- R'2.J.,... .rtc R.t+ R.':z.J 
2. RY 

-en [( y+a.)1+( ~+0.)1] [IJ2.+ ('1-aJ1] } 
. n~-a.l:.-r (:l+etl2J [C~-t-a>:.+cz-a>,.J \ 

: ' 

/21/ 

Pacnpe.oeneHusr noneii H;; u H~ , Bbi"'HcneHHbie. no cpopMynaM /20/ u /211, noKaaa-

H bi Ha puc. 7 B npuno:>KeHHH, 
' ' 

Ecnu a6coniDTHast.BenH"'HHa.nonsr .oocTaTO"'Ha ~nsr no.o~eMa ny"'Ka Ha Heo6xo.oHMhl1i 

' yron, 6onee Bbii'OilHbiM stBnHeTcH ucnonhaoBaHue 6pycKa c yce~eHHbiM ceqeHHeM, nocKonhKY 

B• aTOM cnyqae, Bo-nepBbiX, cna6o MeHHeTcH B ueHTpanhHofi · o6nacTH non·e H y , u eo-eTopbiX, 

ny"'OK He 6y)leT CHnhHO .oecpopMHpOB8H H3-3a Manoii BenH"'HHbl rpa.OH9HTOB, 

8KcnepHM9HTanhHO onpe.o~nHnCH no.o~eM ny"'Ka C ilOMOIUhiD IlBYX 6pyCKOB KBa.opaTHOI'O 

C 9"'9HHH pa3MepaMH 4x4 CM II .onHHOii 60 CM, 3a30p M9:>KilY HacaaKaMH COCTaBnHn ·11 CM, 

KaK u B cnyqae pa6oTbi Ha. npsrMoM. npoTOHHOM ~Y"'Ke. Yron no.o~eMa ny'IKa npu aTHX ycno­

eusrx oKaaancsr paBHbiM % 2,5'?, np~"'eM ny"'OK men B. HanpBneHHH OCHOBHor~· KonmtMaTopa. 

B aaKniO'IeHHe aBTopbi 6naro.oapsrT aa o6cyiK.oe~ue BonpocoB u ueHHbie aaMe"'aHHst 

DaHunoBa B.YI., KponuHa A..A., CaB"'9HKO O.B.,_CopoKo JI.M. 

D u T e p a T y p a 

1. J .simmons. . Phys. Rev. I04; 4I6 (I956) 

2. DaHunoB B.YI. OT"'eT Jla6opaTopuu sr.oepHbiX npo6neM 06~e.oHHeHnoro HHCTHTyTa 
sr.oepHbiX uccne.ooBaHHfi. 

· Pa6oTa ·nocTynuna B ua.oaTell.hCKHfi oT.oen 30 .oeKa6psr 1958 r. 
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