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Bae.aeHne 

B TeqeHHe 1855-1858 r.r. B naoopaTopHH H.aepHbiX rrpooneM 05oe.anHeHH0f'O 

HHCTHTyTa H.aepHhlX nccne.aoaaHH~ 6hln paapaooTaH H aarryweH unKnoTpOH c rrpo

cTpaHCTBeHHo~ BapnaqHe~ M8I"HHTHOI"O nonH H8 9Hepi"HIO .ae~TpOHOB 13 .M~B /1/. 

M 8I"HHTHOe none 9TOI"O UHKnoTpoHa ObinO BbiiiOnHeHO B ABYX aapH~;iHTaX. 0 epBbiil: 

aapnaHT cTpyKTyphl Mai"HHTHoro nonH ohln Hcrron&aoaaH .anH nccne.aoaaHHH HennHeil:

Horo acpcpeKTa a ueHTpe ycKopHTenH. YJayqeHne cpaaoaoro .aan:>KeHHH n .aanhHeil:ume 

nccne.aoBaHHs npocTpaHcTBeHHoil: ycTo~qnaocTH obmH npoae.aeHbi Ha aTopoM aapiiaHTe. 

HacToswas paooTa nocaHweHa aonpocaM cpopMnpoBaHHH M8I"HHTHoro nonH 

CIIHpan&HOI"O UHKnOTpoHa /CU/ • ¢opMHpOB8HHe rrong ObinO ocyrn:ecTaneHo CHCTeMOH 
/ 

CIIHpanhHbiX H KOn&UeBbiX lllliMM. PacqeT M8I"HIITHOI"O nons CHCTeMbi 9TIIX lllliMM 

BencH B npe.arrono:>KeHHH paBHOMepHOT'O H8M8.I"HHqJIB8HHS HX OO'beMa no HarrpaaneHHIO 

aepTHKan&HOil: cocTaBnHromei\-BHelllHero HaMarHnqnaarowero nonH. OrrncaHbi ocHoa-i

Hbre TeXHnqecKHe BOIIpOCbi H3I"OTOBneHHS CIIHpant;,IIbiX ll1HMM 1 a--T8K)Ke _l{OHCTpy.K

THBHbie OCOOeHHOCTH IIOniOCHbiX H8KOH eqHJIKOB aneKTpOMaf'HHTa~ 

1. Bbroop napaMeTpoa cncTeMbi cniipan&HbiX lllHMM 

O.aHHM na aoaMo:>KHhlX aaKoHoa-naMeHeHHH Maf'HHTHoro nonH a cpe.aHefi 

IInOCKOCTH .anH UHKnOTpOHa C npocTpaHCTBeHHOll Bap~aulieH:·-sanseTCH cne.ayiOUtHfi 

/2/: 

/1/ 

H(i) = .... Ho- . 
J 1- (~)z 

. /2/ 

83HMyTan&HO-CIIMMeTpHqHoe ·fcpenHee/ M8I"HHTHOe none, 

2,'3(.} - pa.aHan&Hbri\ lllar cTpyKTypbr MaT'HHTHoro nons, N - uenoe qucno, onpe-

.a~ngro .uee aaHMyTan&Hbrfi nepno.a aapnaunii, 

• 
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Bhr6op napaMeTpoa t IV k npOH3BO,l:UWCSI Ha OCHOBe aHaJIH3a D.HH8 -

MHKH D.BH:>KeHHSI qacTHU B ycKop.IITennx aToro T.llna /3/- /9/. AHa.rr.IIs noKa3hiBae.Z., 

qTo B OTn.IIqHe OT CTpyKTyphl THna ToMaCa /10/ paccMaTp.IIBSeMoe M8PH.IITH~e 

none, o6nan.aromee nep.IIOD..IIqecKoii: cTpyKTypoii: He TonhKo rro as.IIMYTY, HO H no pa

n..IIycy,.nosaonneT 3HaqHTenhHO CHH3HTb He06XOLJ..IIMYIO rny6HHY BapHaUH.II. 

J.1 n.eSI MeTOD. a C03D.8H.IISI He06XOD.HMOH B8pH8UHH MarH.IITHOPO nOnS! COCTOSina · B 

TOM1 qTo n.IIHH.II M8KCHManbHOii: HSnpSI:me.iJHOCT.II M8PHHTHOf'O nonSI. MOf'YT 6biTb nony

qeHbi npH nOMOlllH .C.IICTeMbi KpHBOnHHeHHhiX UiHMM npSIMOyronbHOPO ceqeHHSI. npn 

8TOM cpopM.1IpOB8H.IIe M8f'HHTH0f'O nonS! BHD.8 /1/ MO:>KeT 6biTb pasn.eneHO Ha D.Be 

npaKTHqecKH C8MOCTOSITenbHhle san.aq.II: 

a/ Cosn.aHHe aap.IIau.IIn: MarHHTHoro. nonn, npn: KOTopoii HMe'e'I'. MecTo rrpocTpaH-

cTBeHHaSI ycToiiqn:aocTh qacTHU, c noMOlllhiO cHcTeMhi /Y lllli:MM 1 H30PHYTbiX nO 

cnn:pann: Apx.IIMen.a 7.(:!) = N1:1' H CD. B.IIHYTbiX OTHOCII:TenhHO n.pyr n.pyra H8 

yron &Ji ; 
/Y 

6/ Cosn.aHn:e Tpe6yeMoro aaKoHa cpen.Hero nonn /2/ C.IICT~Moii: Konbuea~x 

lllli:MM1 pacnono:m eHHbiX Ha noaepXHOCTII: noniOCHhiX H8KOHeqHHKOB aneKTpOMarHII:Ta. 

.[lnn Toro, qTo6bL aenHq.IIHa aMnnHTYD.hi aapliauH.II G 1/{i} He aamrcena oT 

HaMeHeHII:SI cpen.Hero nong C pan.HYCOM 1 He06XOD.HM0 1 qT06hi MaPHII:THOe COC'fOSIHHe 

cnn:panhHhlX ll!HMM 6brnO 6nH3KO K H8ChillleHHIO I 4$'M 3 
21•10 apcTen./. Ta-

KOe COCTOSIHHe D.OCTHraeTCSI 1 HanpHMep, B npSIMOliHHeiiHhiX .I.Uli:MMaX HeorpaHJiqeH

HOit n.nHHbi c KBa.dpaTHbiM ceqeHn:eM a no.nnx H ~ 14000 apcTen., a B ll!.IIMMax 

npSIMOyronhHOf'O ceqeHHSI 1 y ~OTOpbiX npOTSI:>KeHHOCTb no ITOniO B .D.B8 pasa 60llhll!e 

npoTSI:>KeHHOCTII: nonepeK,-B nonnx H ~ 10 000 apcTen. I n.nn ll!HMM H3 yrnepon..IIcToii 

CTann:/. .[lng npSIMOli.IIHeiiHbiX ll!HMM KOHeqHOH D.liHHbi MarH.IITHOe COCTOSIHII:e/ 6nH3-

/ll/ 
KOO K H8CbiUleHII:IO) Hac:_TynaeT np.II MeHbll!HX nonSIX 

npen.BapHT~libHaSI oueHKa Bap.IIaUHII: OT CIICTeMhl AI CnHpanhHbiX ll!HMM' 

M02KeT 6biTb npOH3Ben.eHa 11:3 paCCMOTpeHII:SI MaPHIITHOrO nOliSI 6eCKOHeqHOH CHCTeMbi 

npSIMOliHHei!:HbiX ll!HMM. B cnyqae "TOHKHX" ll!HMM /TonmHHa ll!HMMhi Mana no 

cpaBHeHHIO C n.pyrHMH ee napaMeTpaMH/ 1 noMemeHHbiX B nliOC](HH 38,30p M8PHHTa 1 

Bbipa:m eHHe D.liSI aMnliii:TY D. rapMOHHK C yqeTOM BliHSIHHSI nOliiOCHhiX H8KOHeqHHKOB 

Me TO D. OM OTpa:>KeHHii: npH S' :>> 1 npHHHM8eT BHD.; 

'; 

'"'' I 

I 
I 

1 

i 
{ 

j 
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1 -m ih., 
e T 

131 

1' ,ae ~ - TOllllUIHa lli.IIMMbi 1 2(? - BbiCOTa lli.IIMMbi 1 2 !J;;\- - paCCTOSIH.II8 M8){{.llY 

lli.IIMMaMH, k, -paCCTOSIH.IIe OT cpe,aHeit fillOCKOCT.II .llO H.II){{Hero OCHOBBH.IISI llilliMMblto 

'lhM- BbrcoTa aoa.aylliHoro aaaopa MarHHTa I 2h~'~ :> 2(2.~+k,j I, trv- HOMep 

rapMOH.IIK.IIo 

Bbrpa){{eHHe 131 aaeT npe.aenbHoe 3Ha'IeHHe aMnllHTY.ll rtJ.pMOHHK oT cHcTeMhi 

cnHpanbHhiX lli.IIMM, Kor.aa KpHB.II3Ha HX cTpeMHTCSI K Hynro. B cpopMyne 131 MHo-
2(~ .. -~.- el 1 

){{HT8llb I i + e-lrL .l- I Y'I.IITbiBaeT nepaoe OTpa){{eHHe, a ---'--...,n--

h i- e·"'--4 
- ace nocne.ayroruHe. OpH ,., :::: 2e + ~~ lcHcTeMa cnHpanbHhiX lli.IIMM pacnono){{eHa 

Ha noaepXHOCTH nonrocHoro HaKoHe'IHHKa I Bbrpa){{ eHHe /3 I nepenHllJeTcSI: 

_hi 4e 
1- e "' 

1 
-WI l,\,;., 

- e ~ 

/41 

hJ.::i t4/ BHi:lHO~ 'ITO BniiSIH.IIe nepaoro 0Tpa){{8H.IISI CBO,ll.IITCSI K. YB8ll.II'I8H.IIIO BbiCOTbi 

lliHMMhr a aaa paaa, a BKna.a acex nocne.ayroruiix oTpa){{eHHii npH .{? ';, 2.!~ 
aaeT yaenH'IeHHe ocHOBHoii rapMOHHK-H I llV = 1 I MeHee 'I eM ha 2%. 

Ope.aaapHTellbHhiii Bhi6op napaMeTpoa cHcTeMbi cnHpallbHbiX lli.IIMM Mo){{eT 

6hlTb npoHaae.aeH .1!3 ycnoBHSI • Pac'IeT &MnllHTY.ll rapMOHHK .II 

cpe.n:Hero HOllH B aaBHCH MOCTH oT ·pa.n:Hyca anSI cHcTeMbi N O,ll.IIHaKOBbiX 

"TOHKHX" COHpallbHbiX lli.IIMM HeorpaH.II'I8HHOii BbiCOTbi 1 C.ll BHHYTbiX OTHOC.IIT8llbHO 

.apyr .apyra Ha yron , npO.II3BOLl.IIllCSI no cpopMyllaM /}21: 

151 

161 

171 
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Cu.,~ttY''[- jJt;, ~m-~(x,)] d~'· 

~r.t+ i <::! '[ d J I -:;;a t->li\.I'Y\~ - d1-, ~hi-~()(,) J'i 
' ' 

H ('t)- cpe,llHee none OT CHCT8Mbi N cmrpam;>HbiX lllHMM, Hlrt(t) H ~,,Jc.)aMnnn
( ':VH- ~K) - asn-Ty .llbi H cpaSbi rapMOHHK nopSI.llKa m m.. = s N (s = i,2.,~ ..... ) • 

MyTanhHaSI npOTSI>K 8HHOCTh CnHpanhHOii lllRMMbi 0 Qhl-~ (1',) - CcpepR'IeCKaSI cpyHKURSI 

ne:m.aH.llpa BToporo PO.lla c. nonyuenbiM HH,lleKCOM OT apryMeHTa 
- k~ + 'z.L + N2~2..f'.t 

.x,- 2tNA~' • 

npn STOM B pasno>KeHHR nonSI 6y,llyT npHCyTCTBOBaTh TOnhKO rapMOHRKH C 

nepHO.llH'IHOCThiO, KpaTaoii 1'1 • Cpe.llaee none H aMnnHTY.llbi rapMOHRK cncTeMbi lis 

,.Y nap cnapanhHbiX lllHMM a A' pas 6onhllle COOTBeTCTBYIOIUHX BenR'IHH B pas-

no>KeHHH nonSI O.llHOii napbi lllHMMo 8TO noSBOnSieT SKCnepHMeHTanhHO npoaepHTh Mar-

HHTH08 none CHCTeMbi HS N nap O.llHHaKOBbiX lllHMM no nonro O.llHOii napbi. 

none OT CHCTeMbi lllHMMbi . KOHe'IHOii BbiCOTbi 2e -:::: ~z..- k, MO>KHO nony'IHTh 

KaK paSHOCTh nonefi CHCTeMbi !1JHMM--6eCKOHe'IHOii BbiCOTbi. 

l.JncneHHbie pactieTbi noKaSanH, 'ITO npn onpe.neneHRR aMnnnTy.ll rapMOHHK Mo:m.

!10 ae ytiHTbiBaTh BJIHSIHHe nonrocaoro aaKoaetiHHKa. O.aaaKo npn pacqeTe cpe.aaero no

nSI CHCT8Mbi CnHpanhHbiX lUHMM yqeT O_Tpa>KeHRii cyruecTBeHHO B1IRSI8T KaK Ha BenR'IHHY, 

TaK H Ha XapaKTep ero saBHCHMOCTH OT pa.anyca. 

11. ~arHHTHoe none UHKnoTpoaa c npocTpaacTaeaaoii aapnauneii 

~a rHHTaoe none, sa.a aaaoe a an .a e I 1 I, 6bmo Bbmonaeao a sasope aneKTpo

MarHHTa ~hM = 22 C::M, .llHaMe'fp nOliiOCOB KOTOporo paBeH ¢ . = 120 CM, B ,llByX 

aapnaaTax.: 

N = 4; 

N = 6; 

~ = }
1
37 CM 

~ = 2,7 CM; 

e = o,o2 

£ = 0,066 

,\ npH. ~8.ll8HHOM S8SOpe Me:n<.ay cnnpanbHb!MR lllHMMaMH 

MarHHTHoro nonSI B ueHTpe ycKopnTenSI Ho(o) = 13:700 apcTe.a 

18al 

1861 

2 "'· = 8 CM H Be1IH'IHH8 

.ll1ISI napaMeTpOB Mai'HHT-

HOI'O n01ISI /8a/ HS Bb!pa:>KeHRSI 141 6bi1IH onpe.aeneHbl cne.ayJOIUH8 reOMeTpR'I8CKRe 

, I 
1. 

-I 
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p83M8pbl LUUMM npHMOYI"OnbHOI"O C8'I9HUH: 

a/ 5 == I ,2 CM, 2.8 = 4 CM. 

DnH nepBO!"O BapUaHTB paC'I9Tbl Cp8LlH91"0 nonH~ BbinOnHeHHble C y'ISTOM LlBYX 

oTpa:m:eHull: no cpopMyne 151--- npu paanu'IHbiX 3Ha'IeHuHx 'tH = N:lr~H 1 npueeaeHbi Ha 

/13/ 
puc. 1 • VTa aHanuaa pacqeTHbiX KpUBbiX B o5nacTu Manhrx paauycoB 5bino 

Bbi5paHO "1: H == 4 CM. 3K cnepUMSHTanbHaH npoBepKa paC'ISTOB Cp8LlH8!"0 nonH CUCTe-

Mbl cnupanbHbiX LUUMM H8 5hJna npOB8Ll9H8 ua-aa 9LlUHOI"O KOHCTpyKTUBHO!"O BbinOnHe-

HUH CriHpanbHbiX U KOnbU8Bb!X LUUMM. 

CpaBHeHue aKcnepuMeHTa c pac'IeToM anH aMnnuTyLlhi u cpaahi 4-ll: rapMOHUKU 

npeacTaaneHo Ha puc. 2. Pac'IeT 5bm BbmonHeH 5ea yqeTa enuHHHH nonrocHhiX Ha

KOHe'IHUKOB, npU'I8M H8M81"HU'I9HHOCTb cnupanbHbiX lllUMM npUHUManaCb paBHOH 

4:rM == 21.10
3 

apcTea. Yeenu'!eHue aMnnUTYLlhi 4-a rapMOHUKU Ha KOHe'IHhiX paauycax 

I 't > 52 CMI CBH3aHo c HeonTuManbHbiM Bbi5opoM 'cooTHOLUSHUH Me:m:ay aaaopoM 

I 2h., I u maroM cnupanu I 2!li~ I. npu 9TOM cpaaa rapMOHUKU Ha 9TIIX paauy-

cax aaMeTHo oTKnOHHeTcH oT cnupanu. OnTUManhHhla Bhl5op ~ 

'I8H U3 9KCTpeMyMa Bblpa:>KSHUH /4/ • 

, 

Mo:>KeT 5biTb nony-

Bo BTOpOM BapiiaHT9 pacqeT OCHOBHoa /6-a/ rapMOHIIKH CUCT9Mbl cnupanhHbiX 

LUUMM CBH38H C cpyHKUUH Mil / ;Jt. ~ IJi (~tJ /0 Ta5nUUbl KOTOpb!X B H8Cl'OHI.ll99 Bp9MSJ 

OTCyTCTBYIOT 0 noaTOMY 5bin II36paH 9KCnepUM8HTanbHbiH nyTh LlnH Bbi5opa napaMeT

poB cnupanbHbiX LUUMM. npeaeapuTenbHbie napaMeTpbi cnupanhHhiX mUMM anH 

C03Ll8HUH BapHBUIIU H906XOLlHMOH BenU'IIIHhl 186/ 5hlnU onpeaeneHhl II3 Bhlpa:>KeHUH 

/4/, a OKOH'IaTenbHbl9 - 6binU Bbi5paHhl U3 9KcnepHM8HTa C OLlHOH napoll: cnupanb-

/14/ 
Hb!X lllUMM o nony'I9HH09 H3 9TOI"O 9KCnepUM9HTa cpeaHee none, aMnnUTYLlhl 

OCHOBHoa H Bb!C~UX rapMOHUK B 38BIICUMOCTU OT paauyca anH paanU'IHbiX napaMeTpOB 

cnupanbHbiX LUUMM I h.~, .2~, 'tli I npuaeaeHbl aa-puc. 3, 4,- 5. 

3flBIICUMOCTb aMnnUTYLlhl II cpa3bl 6-ii: rapMOHUKU CUCT9Mbl cnupanbHbiX LUUMM 

oT paauyca anH Bbi5paHHhiX napaMeTpoa:· 

6/ s = 2,5 CM 0 2_~ = 3 CM. 

HeaHa'IIITenbHbiH poeT aMnniiTYLlhl OCHOBHoa rapMOHUKII Ha KOH8'IHbiX paauy-

cax I 'Z. > 50 cM/ yKaahraaeT Ha Bbr6op aenu'lUHbi 1 5nU3KOH K onTUManbHOMY 
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3Ha'leHIUO. 0TKnoHeHIIe lP83bi rapMOHIIKII OT II.D.eanhHOH B o6naCTU pa.D.IIYCOB 10;;;..54 CM 

He3H8'1 IITenhHO. 

0THOllleHIIe SMnnRTY.D. 12-fi II 18-fi rapMOHIIK K .OCHOBHOH COCTaBnHeT rv 30% 

II "'-, 1,0% 1 COOTBeTCTBeHHO 1 'ITO cornacyeTCSl C paC'IeTaMII 1 npOH3Be.Q eHHbiMII no ¢op-

Myne /3/ np11 2B-oo 

H~n. 
Hi 

- (tt~- 1). h., 
= e T /9/ 

CoanaHRe aaHMyTanhHo-cHMMeTpH'IHoro /cpe.o.Hero/ nonSI no aaKoHy /2/ c 

. -4 . . ' 
TO'IHOCThiD 2•10 SIBnSinOCb HaR6onee Tpy.o.oeMKOH 38.D.~'Iefi. ¢opMI1pOB8Hlle Cpe.o.He• 

~o nonst ocymecTBnSin.och Ha6opoM KOnhueBbiX llliiMM, KOTOphre pacnonaranRCh CRM

MeTpH'IHO OTHOCIITenhHO cpeaHefi n.TIOCKOCTII 383opa aneKTpOM8r'HIITa. npii pac'leTaX 

no Bbi6opy napaMeTpOB KOnhUeBbiX. llliiMM 6binll IICnOnh30B8Hbi: 

a/ 38BIICHM~CTh HanpH:>K eHHOCTII M8r'HIITHOI'O nonSI aneKTpOM8r'HIIT8 OT pa.o.nyca 

B . cpe.o.Hefi nnOCKOCTII; 

6/ 38BliCHMOCTh cpe.o.Hero nonSI CIICTeMbi cniipanbHbiX lllliMM OT pa.o.Ryca; 

Bf pe30H8HCH8SI KpiiBBSI M8r'HIITHOT"O nonsr l-l("t) • 
' 

lliHMMI1pOB8HIIe cpe.o.Hero nonsr UIIKnoTpoHa ocymecTBnHnoch KOnhueabiMII ·lllnM-

M 8MII .QBYX BII.D.OB/"TOHKIIMII" no pa.o.Hycy II "TOHKIIMlf"' 
. /15/ 

no BhlCOTe/ • 

Llnsr 11
TOHKIIX" no pa.D.IIYCY KOnhUeBbiX Ill IIMM 

.aR I 
- ~<. 1 
R 

/rne AR::: R.z.- ~. , 
. fl.,+ Rz. 
R = 2. I pac'leT Z cocTaansrromefi MarHRTHoro nonsr npoRaao.o.Rncsr no 

¢opMyne: 

H~('r.) = 4!liM ~R [ cp~ ( 't, h,,R) 'P~ ( "t, h:., R) J 

rne 

R to (d.) 4>, (-c., ~I R) = [(R-t)l.+h:z.] J(R+r.-)2·-J.h'Z-

a .o.nsr "TOHKIIX" no BbiCOTe KOnhUeBbiX llliiMM Ak ~.:: i /rne 
h. 

h ~ 6..:.b. I- no ¢opMyne 
2. 

Hit.) = li!JiM ~"- [ cpl- ( 't, h., R.t) - <P:z- ( ~, k' R1) J 

/10/ 

' 

/lOa/ 

' 
4h.= h.2.-k, ., 

/111 
' 
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I".lle 

Ill a/ 

B 9Tl:IX Bhipa:lKeHIISIX II Eo (oL) - HopMIIpoBaHHhie nonHhie snniinTIItteCKl:le IIH

cooTHeTCTBeHHO OT napaMeTpa o(. 1161 
t I".lle 

Ha pl:lc. 7 noKa:9aHa CIICTeMa KOnbueBbiX lliiiMM, KOTopan ohma IIcnonb30BaHa npii 

~OpMIIpOB8HIIII cpeaHei"O nonSI 

ann KOnbUeBbiX llll:IMM 2 II 3 

UIIKnoTpoHa. BeniittiiHa HaMai"Hl:ltteHHOCTII 

3 
B pactteTax npl:IHl:IManacb paBHOfi 21"10 9pCTe.ll. 

Mai"Hl:ITHOe none 9Tl:IX lliiiMM Cttl:!Tanocb 6e3 ytteTa oTpa:lKeHHil:. "ToHKl:le" no BhiCOTe 

KOnbueBbie llil:IMMhi· 4, 5, 6 l:l 7 B .ll8HHOM BHelliHeM none He .llOBO,llSITCSI .llO COCTOSI

HIISI MBI"Hl:ITHOI"O H8ChiilleHl:ISI. OnpeaeneHl:le cpeaHefi H8M8I"Hl:ltteHHOCTl:l 9TIIX llll:IMM 

/17/ 
npOI:13BO.lll:lnOCb no l:I3BeCTHhiM 'KpiiBbiM H8M8I"HH'll:IB8Hl:ISI BemecTB8 C nOMOI.llbiO 

/15/ 
pactteTa MBrHl:ITOMeTpHtteCKOI"O pa3M8rHl:I'!HB8IOI.ll8I"O ~aKTOpa , 

PactteT nonst "ToHKl:IX" no BhicoTe KOnbueBhiX lliiiMM, ncnonb30BaHHhiX npii lliiiM

Ml:lpoBaHIIl:l CpeaHei"O nonst Ul:IKnOTpOHa, npOI:13BO.llHnCSI C ytteTOM 3-x OTpa:lKeHIIfi C 

noMOI.llbiO HOMOI"paMMhi, nocTpoeHHofi Ha ocHoBe Bhittl:lcneHHfi no ~opMyne I II a/, 

/18/ l:l /15/ -
npOl:I3Be,lleHHbiX B paoOT8X • Ha piiC, 8 .ll8H npHMep ~OpMl:lpOB8HIISI 

Mlli"Hl:ITHOI"O non£ C nOMOI.llbiO CHCTeMbi "TOHKHX" KOnbUeBbiX lliiiMM. PactteT M8I"Hl:IT-

HOI"O nonn 9Tl:IX lli~MM ohm npol:I3BeaeH 6e3 ytteTa BnHstHHst ciicTeMhi cnl:lpanbHhiX 

H KOnbueBhiX lliHMM. OnpeaeneHHe cpeaHefi HaMai"HIItteHHOCTH · KB:lK.llOfi lliiiMMhi npo:u3-

BO.lll:lnocb nyTeM pactteTa cpeaHei"O p83M8I"HH'll:IB8IOI.llei"O ~aKTOpa 1 npl:ltteM BHelliHee 

H8M8I"HH'!HB8IOI.llee none C'll:ITanOCb O.llHOPO.llHhiM H npl:IHHManOCb paBHhiM HanpH:lKeH'

HOCTII nonn B ueHTpe 3a3opa sneKTpoMai"Hl:ITa. CpaaHeHl:le c sKcnepHMeHTOM noKa-

3biBaeT, 'ITO npH C.ll enaHHhiX Bhillie npeanono:lK eHHSIX M8KCl:IM8nbHOe OTKnOHeHl:le 

sKcnepHMeHTanbHhiX TotteK oT pactteTHoil: KpRBoil: He npeBhilliaeT .:!:8,5% oT nonst, BHo

Cl:IMOI"O CHCT8MOtl: lliHMM. 

Ha p1:1c. 9 npeacTaBneH O.lll:IH 1:13 STanoB npoMe:lKyTottHOI"O llil:IMMl:lpOBaHHst 

cpeaHei"o nonst. Kpnaan 2 onl:IChiBaeT cpeaHee none nocne ycTaHOBKH KOnbueBhiX 

llll:IMM 4, 5, 6 H 7. KpHBast 3 nonytteHa B pe3ynbTaTe ycTaHoBKH ceKTopHhiX lliHMM 8 
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lceKTOpHOH lliHMMOH 3.[l9Ch H83biB89TCSI lliHMM8 1 pa3p938HH8SI no JIHHHSIM cnn:panh

HbiX lliHMMI • 

.[lanhH9Hlli99 lliHMMHpOB8HH9 Cp9AH9I"O nonSI /xpn:BaSI 3, pHc. 91 ocymecT.BnSI

nocb un:nHRApaMn: Manoro AHaMeTpa I cp = 0,8 eM, 2B ==1 CMI, KOTOpbre aaxpennSI"" 

nHCh HB AIOpaneBbiX C9KTOpHbiX RaKnBAKBX. 

OueHKa BenH'lHHbi nonSI, BHOCHMOro ABYMSI UHnHHAPBMH t y KOTOpbiX AH8M9Tp 

Man no cpaBHeHn:IO c paccTOSIHn:eM n:x no cpe.a.Hen nnocxocTn: I h. == 4{3 eM/, npo

n:aBOAn:nach no tfJopMyne 1131 

00 

H (-t,~)::: I E, 
lll:;O 

{ k, t. e,.,_~(x,) - hz.~t (Q,.,_y4 ()C2-} J /12/ 

rAe C rn, == 1 AnSI \1\, = 0; Crn., = 2 AnSI m. > o, (~o 1 ~o) - KOOPAHH8Tbi 

TO'lKH nepece'leRHSI OCH CHMM9TpHH UHnBHApOB CO Cp9AH9H ITnOCKOCThiO; ~ 

ITnOIUBAh OCHOB8HBSI UHnBHApOBo 

CornaCHO 1121 tfJaaa M8KCHMYM8 nro6on rapMOHHKH B Bhl6paHHOH CBCT9M9 

paBRa yrny ..go • MemAY aMnnBTYAaMH rapMOHBK B paanomeHHH. /121 cyme

cTByeT npocTaSI CBSI3ht BbiT9K8I0Ul8SI H3 peKyppeHTHbiX COOTH0lll9HHM ctfJepH'lE:1CKHX 

. . . /19/ 
tPYHKUHH JlemaRApa BToporo poAa C nonyuenbiM HHA9KCOM 

( m,;- ~) 1-1 111 +:~. (x) = 2. (m + 1) .d·l,+r (x) - (m. + o/2.) 1-1, (") /131 

rAe Hm (y.) - aMnnn:TyAa (}1., -on rapMOHHKH B paanomeRn:n: nonSI 

UHnHRApOB 6eCKOH8'lHbiX no· BbiCOTe. 

C nOMOlUhiO paamt'lHOrO Ha6opa UHJIHHApOB B03MO)l{flO p83.[l9JlhHOe lllBMMHpo

B8HH9 OITp9A9Jl9HHbiX rapMOHHK .U C.pe.a.Rero nOJISI. BBB.D.Y TOro, liTO OAHHO'lHbi:fi 

UHnHHAP BHOCHJI B cpeAH99 none BeJIH'lHHY rv 2 9pCTeA. / "t. .{; 15 CMI n: 

~ 0,8 9pCT9A / 't ~ 50 CMI t CHCT9Ma TaKHX UHJIHHApOB 6biJI8 n:cnOJih30BaHa B 

nepByi<> oqepe.a.h .D.JISI TO'lHOro lliHMMBpOB8HHSI cpeAHero nOJISI UHKnOTpOHa. n epe

pacnpeAeneHn:e 9THX UHnHH.D.pOB no 83HMyTy HCITOnh30BanOCh AnSI YM9Hhlli9HBSI 

aMnnHTYA HH3WHX rapMOHHK. 

OnbiT n:cnonh30B8HHSI UHnHHApOB npn: lliHMMHpOBaHHH MarHHTHoro ITOnSI ITOKB3an 

'i, 

·[ 

"a 
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HeOOXO.IlRMOeTb e001IIO.IleHRH eRMMeTpRR B yeTaHOBKe UR1IRH.IlpOB 1 TaK KaK He3Ha"'R

Te1IbHbie OTK1IOHeHRH OT eRMMeTpRR _MOI"'YT npRBO.IlliTb K 1IOK81IbHOMY eMell{eHRIO Me-

.llli8HHOH noBepXHOeTR. 

Ha pRe. 10 R 11 npe.lleTaBneHa 3aBReRMoeTb aMn1IRTY.Il R cpa3 HR3lllHX 

11-ofi II 2-ofil rapMOHRK OT pa.llRYea, nonyqeHHaH noene yeTaHOBKR Uli1IRH.Ilp0B II 

eeKTOpHbiX lllRMM. 

illRMMRpoBaHRe epe.llHero nonH Ha M81lbiX pa.llRyeax I 'C.~ 15 eMI oeyme

eTB1IH1IOeb 9KenepRMeHT81IbHO e nOMOI!.{biO .llHeKOBbiX II K01IbUeBbiX lllRMM 9 II 10 

pRe. 7, "'TO n03B01Ili1IO nony"'aTb pa31IR"'Hhle 38KOHhl li3MeHeHRH epe.llHero IT01IH no 

pa.llRyey B ueHTpa1IbHOH oonaeTR URK1IOTpoHa. 

Ha pRe, 12 npHBe.ll eao epe.llHee none noene OKOH"'aTe1IbHOJ:'O lllRMMR-

pOB8HRH 0 0TK1IOHeHRe epe.llHero n01IH OT TpeoyeMOJ:'O 38KOH8 He npeBbilllaeT 2-3 ap

eTe.ll B RHTepBane pa.llRYeOB 10-53 eM, "'TO eoeTaBnHeT Be1IR"'RHY ITOpHJlKa ~1•10-~ 

nono)KeHRe Me.llli8HHOH noBepxHOeTR I 

MepeHRH paenpe.ll eneHRH n01IH no BepTRK81IR noene lllliMMRpOB8HRH epe.llHeJ:'O n01IH, 

B pe3y1lbTaTe npoBe.lleHHbiX Bbioopo"!HbiX R3MepeHRfi obmo Hafi.lleHo, _"'TO M9.1lR8HHaH 

noBepXHOeTb OTK1IOHeHa BHR3 OT epe.llHefi nnoeKoeTR 3830pa 91IeKTpOM8J:'HRTa Ha 

0,2-0,3 eM. O.llHaKo BR3ya1IbHOe HaoniO.IleHRe Ha KBapueBofi MRllleHR ny"'Ka yeKopeH· 

HbiX .llefiTpOHOB nOK8381I0 1 "'TO Ha noe1Ie.llHRX p8.1lRYeax URK1IOTpOHa I "t ::;;, 45 eMI 

9TO OTK1IOHeHRe .llOeTRJ:'81IO 1,0- 1,5 eM, "'TO YK83biBaeT Ha HeTO"'HOeTb Onpe.lle1Ie

HRH nono)KeHRH Me.llRaHHOfi nompxuoeTR TaKRM MeTO.IlOM. HenpaBneuRe Me.llRaHHOfi 

noBepXHOeTR Ha 9TRX pa.llRYeax oeymeeTB1IH1IOeb e noMOI!.{biO JlOIT01IHRTe1IbHbiX 

KaTyllleK, ITO ICOTOpbiM npoiTyeKa1IeH TOK fV 10 A. 

111. Yf3MepeHHe M8I"'HRTHOJ:'O n01IH 

Yf3MepeHRe M8J:'HRTHOJ:'O n01IH npOR3BO.Illi1IOeb H.ll epHbiM M8J:'HHTOMeTpOM 
1201 

e TO"'HOeTbiO ±_l• 10-
4 

npH rpa.llHeHTe n01IH rv 500 apeTe.llleM, .[(aT"'RK M8J:'HHTo

MeTpa ITOMemaneH B 3830pe 91leKTpOM8J:'HRTa H8 eiTeUR81IbHOM npRenoeoo1IeHHR 

llllTaHrel, KOTopoe no3B01IR1IO ITepeMemaTb ero B Tpex HanpaBneHRHX I 't-, :l., y> I. 

YeTaHOBKa .ll8T"'RKa ITpOR3BO.IlH1Iaeb e TO"'HoeTbiO! no pa.llRYeY t_0,01 eM, no 

0 
BepTRK81IR ±,0,01 eM II ITO 83RMYTY ±. 0,1 , 



12-. 

CT8011.111138U11fl M8rH11THOrO nO.Tifl OCyiUeCTB.TISI.118Cb CT8011.111138TOpOM 1 OCHOBBHHbiM 

• u 2 10-5 /21 I TA 
HB S:IB.TieH1111 SI.UepH011 11H.llYKU1111 C TO'IHOCTbiO _:t • • YJ3Mepe H11e MBrHHTHoro 

no.TISI np0113BO.llH.TIOCb 'lepe3 pBBHhle HHTepB8.1Ihl no 8311MYTY H8 pa3.1111'1HhlX pa.uHyCaX. 

To'IHOCTb onpe.ueneH11SI cpe.uHero nonst, 6-oa 11 12-oa rapMOH11K 1 nony'leHHaSI 

113 H3MepeH11:li a 36 TO'IKax - /.unst IV = 61, cocTaBnSieT oKono 2, 5 11 10 apcTe.u, 

/22/ 
COOTBeTCTBeHHO 

lY. noniOCHbie H8KOHe'IH11K11 

.[lnst BbrnonHeH11SI 3a.uaHHbiX .ucinycKoB Ha KOHCTpyKU11IO cHcTeMbi cn11panbHbiX 

W11MM Obi.TIO 113rOTOB.TieHO .llB8 .lliOpaneBbiX .ll11CK8 TO.TIIUHHO:li 3,7 CM 11 .ll118MeTpOM 

116 eM. B 9THX .U11CKax Ha KapycenbHO~ cTaHKe 6~.1111 Hape3aHhl no cnupann Apx11-

Me.ua na3bl npstMoyro.TibHOrO Ce'leHHfl 1 C.llB11HYTbie OTHOC11Te.TibHO .Upyr .upyra Ha 

0 . . 
yro.TI 60 1 rny6HHO:li 1,7 CM H WHp11HOa 2,5 CM. rny611Ha H WHpHH8 na30B Obi.118 

Bbi.Uep)KaHa c TO'IHOCTbiO .uo 0,01 eM. OTK.TioHeHHSI cpei:IHHX .TIHH11:li na3a oT 3aKoHa 

Cn11p8.1IH 1 a. TaK)Ke C.llBI:irH HX Me)K.uy COOO:li He npeBbiil!8.1111 0,01 CM /Ha M8KCH

M8.1IbHOM pa.u11yce/ • 

CnHpanbHbre W11MMbi Ha6Hpan11cb H3 nonoc KanH6poaaHHoro )Kene3a "ApMKo" 

TO.TIIUHHO:li B p,l CM. nocne Toro, KaK ace Cn11p8.1IbHbie W11MMbi ObiliH 38KpenneHbi 

a na3ax .umpaneaoro .ll11CKa, noaepXHOCTh WHMM 6hrna .uononHHTenbHO o6pa6oTaaa 

HB Kapyce.TibHOM CT8HKe. 

Koni>ueaast WHMMa, 3anpecoaaaaaSI B .uropaneBbi:li .UHCK, o6pa30BbiBana e.u11HYIO 

C11CTeMy cnnpa.TibHbiX 11 KOllbUeBbiX W11MM 1 KOTOp8SI Kpen11.118Cb C BHyTpeHHe:li 

CTOpOHbl K Kpbill1K8M KaMepbi, 

3a3op Me)K.uy .uropaneabiM .ll11CKOM u KpbiWKoa KaMepbi ohm 11cnoni:>30BaH .ll.TISI 

pa3MeiUeH11SI TOHK11X KOllbUeBbiX WHMM1 KOTOpbie KpeiiH.1111Cb K .lliOpaneBOMY .ll11CKy, 

CeKTopHbie WHMMbi 11 U11.1IHH.llpbi Manoro .UHaMeTpa ycTaHaBnHaan11cb aa cne-

UH8.1IbHblX .1l IOpaneBbiX H8KJI8,llK8X1 KOTOpbie noMeiU8.1111Cb Me)K,Uy BbiCTyiia!OIU11M11 113 

.ll!Opaneaoro .ll11CK8 KOHU8MH: CII11p8.1IbHbiX W11MMo 

3epK8.1IbHOCTb O.llHHBKOBO H3rOTOB.TieHHhlX BepxHero 11 H11)KHero .ll11qKO~ .ll0CT11-

ra.TiaCb IIOBOpOTOM O.llHOrO 113 .ll11CKO •• 

I 
'I 

·!. 

r 
{' 
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3a3op Me:>K.n:y cnHpanbHbiMH WHMM8MH Bepxaero H HH:>KHero non10caoro HaKo

He'IHHKa IIOcne pacKniiHHB8HHSI KaMepbi IIO.LJ: BaKyyMOM II3-M9HsinCSI He 6onee 'I9M Ha 0,02 CJM. 

To'IHOCTb II;3I'OToBneHIISI KpbrWeK KaMepbi TaKoBa, 'ITO npn MHOI'OKpaTHbiX ee 

pa36opKax 1 aenapannenbHOCTb noniOCHbiX aaKoHe'IHIIKOB ae npeBbrwana 0 1 05 CM 1 a 

IIX H9COOCHOCTb - 0,01 CM, 

Yfccne.n:OB8HIISI IIO ¢opMHpOB8HHIO Mar'HHTHOI'O IIOnSI UHKnoTpOHa C I1pOCTpaa

CTB9HHOH BapHaUH9H IIOKa3anH1 'ITO M9TO.LJ: C03.LJ:8HIISI Heo6XO.LJ:HMOH Bapii8UHH HaiipSI-

:>K9HHOCTH Mar'HIITHOI'O IIOnSI H8M8I'Hli'I9HHbiMH .LJ:O HaCbilll9HHSI CIIHpanbHbiMII WIIMMa

MH IIpSIMOyronbHOI'O Ce'IeHHSI IIOnHOCTb!O OTBe'!aeT ycnoBHSIM IIOCTaBneHHOH 38.LJ:8'III, 

K npeiiMymecTBaM .n:aaaoro MeTo.n:a cne.n:yeT oTaecTII: 

a/ B03MO:>KHOCTb pacqeTa B8pli8UHII H cP83bi MaKCHMyMa HanpSI:>KeHHOCTH M8I'HIIT

HOI'O IIOnSI C TO'IHOCTbiO 2-3%; 

6 I ae3aBIICHMOCTb a6coniOTHoro 3Ha'!eHHSI BapnaunH oT aanpSI:>K eaaocTH Baew

aero M8I'HHTHOI'O IIOnSI B WIIpO~OM .LJ:IIaii830H9 noneii /10 000-20 000 a peTe .a/; 

Bf IIpOCTOTy KOHCTpyKTHBHOI'O OcPOpMneHHSI IIOn!OCHOI'O H8KOH~'IHIIKa, 

3KCIIepHM9HT8nbHbie .LJ:8HHbi9 1 IIOny'IeHHbie II3 II3M9p9HIIH M8I'HIITHOI'O IIOnSI 1 IIO.LJ:"'" 

TBep.n:Mnii B03MO)K HOCTb npe.n:BapHTenbHOI'O Bbi60pa napaMeTpOB CHCT9Mbi CIIHpanb

HbiX WIIMM H8 OCHOBe paCCMOTpeHIISI IIOnSI CHCTeMbi 6ecKOH9'IHbiX I1pSIMOnHH9HHbiX 

wHMMo 

Oc~oBHbiM ae.aocTaTKOM .n:aaaoro MeTo.aa cne.ayeT C'IHTaTb aenonaoe IIcnonb-

3oBaaHe 3830pa aneKTpOM8I'HHTa
1 

CBSI3aHHOe C Tpe60B8HII9M H8CbiUl9HHSI CIIHpanbHOH 

WHMMbi, 

0IIbiT WHMMHpOB8HHSI cpe.n:Hero IIOnSI UHKnOTpOH8 IIOK83an, 'ITO .LJ:OCTH)KHM8SI 

TO'IHOCTb BhliiOnHeHHSI 38.LJ:8HHOI'O 38KOH8 6nH3K8 K TO'IHOCTH H3Mepe~HSI HaiipSI:>KeH-

HOCTH M8I'HHTHOI'O IIOnSI, 

ABTopbr Bbrpa:>KaiOT 6naro.n:apHoc~b B.n • .D.)K enenoBy 1 B.YI .3aMono.a 'IHKOBy 1 

38 IIOCTOSIHHOe BHHM8HH9 K pa6oTe 1 U9HHbi9 o6cy:>K.LJ:9HHSI H 38M9'!9HHSI; n,B. BacHnb-
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eay I IO.H. nemiCOBy, M .M. CeMeHOBY 3a o6cne'!eHHe Ha.o;e:tKHOlf pa60Tbi armapaTy-

pbi .o;mi H3MepeHHif MarHHTHoro nom1; K.A. Eaifqep, H.VI. llbSIKOBy, H.C. MaTio-

XHHy, A.A.QneifHHKy 3a KOHCTpyHpOBaHHe H H3rOTOBneHHe IIOniDCHhlX HaKOHe'lHBKOB. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

PyKOIIHCb IIOCTYIIHna B H3.[(aTenbCKHlf OT.o;en 29 HIDHSI ·1959 ro.o;a. 

n H T e p a T y p a 

n.n. BacHneBcKaSI, A.A. rna30BI B.VJ. DaHHnOB, IO.H. lleHBCOB, B.n. ll:tKe
nerroa, B.n. llMHTpaeacKHif,. E.VJ. 3aMono.o; 'lHKoa, H.n. 3arrnaTHH, B.B. Konbt•a,·_ 
A.A. KponHH, niD Ha-qyaHb, B.C. Pbr6anKo, A..n. CaBeHKOB, n.A. CapKHCSIH. 
3arrycK UHKnOTpOHa C IIpOCTpaHCTBeHHOlf BapHaUHeif HaiipSI:tKeHHOCTif MarHHT
HOrO nonSI. ATOMHaSI 9HeprHSI, .§_, 657 /1959/ • 

D.W. Kerst, K.M. Terwilliger~ K.R. Symon, L.W. Jones - Bull, 
Amer.Phys.Soc. JO, N 1 (1955;. 

B.n. llMHTpHeBcKHif. 0 npe.o;enbHoif aaeprHH qacTHU a ycKopiiTenSix THrra 
UHKnOTpOH C IIpOCTpaHCTBeHHOlf BapHaUHeif MarHHTHOrO IIOmi. 0T'leT Jl.Hn 1 

OHH'VJ /1955/. 

B.B. Konbra. npHMeHeHHe B ycKopHTenSix nepBO.[(HtieCKHX MarHHTHbiX nonefi 
crreun:anbHOrO an:.o;a. 0TtieT nrrn OVJ .H'VJ I 1956 I. 

B.B. Konbra. Bnn:Sian:e aoaMyrueHn:if Ha ycTofiqaaocTb op6n:T UHKnoTpoHa c 
nepHO.o;n:qecKn:M MarHn:THbiM noneM. 0TtieT n.Hn OVJ.H!-1 /1956/. 

B.n. llMHTpaeacKn:fi, B.B. Konbra. ¢a3oaoe .UBH:tKean:e a un:KnoTpoHe c rrepn:o
.o;n:qecKHMH MarHII:THbiMif rronSIMn:. 0TtieT nrrn OVJ.HVJ /1957 I. 

B.B. Konbra. Bnn:SIHHe BbiCll.ln:x rapMoHn:K aa .o;an::tKeHn:e qacTBU a ycKopn:TenSix 
c nepn:o.o;n:qecKHM MarHn:THbiM rroneM. 0TtieT nrrn OVJ .HVJ J I 958. 

K.H. Symon, D.W .. Kerst, L.J. J.aslett, K.M. ~.rerwilliger
Phys.Rev. lOJ,6 (1956) 

N. M. King, VI • . Walkins how Nuclear Instr. ~' N 4, 287·(1958) 

10. L.R.'l1l'l0mas- Phys. Rev. 54, 590 (19J8.)'. 

I 

! 

1{ 

f 
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11. B.VI • .Llaan:noa. ¢opMn:poaaan:e MarHHTHbiX noneii nnH ycKopn:Tenefi c npocTpaa
CTBeaaofi aapn:aun:efi • .Lln:ccepTaun:H 119591. 

12. B.VI • .Llaan:noa, H.n. 3annaTn:H, B.C. Pbi6anKo. 06 onaoM MeTone pacqeTa Mar
HHTHbiX IIOJI9H nnH yCKOpn:TeJIH C IIpOCTpaHCTB9HHOH Bapn:aun:efi MarHHTHOrO no
JIHo 0T'I9T n.Hn OVIHVI 119561. 

13. B.VI • .Llaan:noa, B.n. n r.mTpn:eBCKHH, t-r .n. 3annaTn:H, B.B. Konbra, niO H 9-'IyaHh, 
B.C. Pbi6anKo, n.A. CapKHCHH. MarHHTHOe none MOnenn: ·un:E:JIOTpoaa c npocTpaH"'" 
CTB9HHOH Bapn:aun:eii ICU-1 I. 0T'IeT nHn 0 VI H:VJ I 19581. 

14 •. B.VI. naan:noa, H.n. 3annaTn:H, niO Ha-qyaHh, B.C. Pbi6anKo, n.A. CapKHCHH, 
Bbi6<;>p napaMeTpoa wn:MM. nnH rbopMn:poaaan:g MarHHTHoro nonH CU-2. 0T'IeT 
n.Hn OVI .H:VJ I 19581. 

15. B.VI • .Llaan:noa, H.n. 3annaTHH, B.C. Pbi6anKo, n.A. CapKHCSIH. ¢opMHpOBaHIIe 
aKCH:aJibHO-cn: MMeTpH'IHbiX Mar HHTHbiX noneii. npenpn:HT' o:vr .H VI. P-344 I 195 9 I. 

16: C. Neumann - '.rables of complete ~lJ_iptic integrals - Journ.B.l 
Math. Phys. 20, 127 (1941).· · · · 

17. VI.B.AaTn:K, E.:VI.KoanopcKn:ii, E.n.OcTpoacKn:ii, B.A.Cann:KOB,·MarHHTHbie 
H3MepeHHSI, rOHTVI. 1939 r. 

.. 

18. J. Blewett- Journal of Applied Phys. 18, 968 (1947) • 

19. H.H. ne6enea. Cneun:aJibHbie cpyHKUHH n: n:x npn:nom:ean:SI, r:VITT n, 1953. 

20~ IO.H • .Llean:coa, nT3, NQ 5. 67 11958/. 

21. IO.H. Dean:coa, nT3, NQ 1, 96 119591. 

22. M.T. Cepe6peHHHKOB. rapMOHH'I9CKHH aaann:a. rocTexn:a.i:lai,. 1948 ron. 

PyKonn:cb nocTynn:na .B nanaTenhcKn:ii oTnen 29 HIOHSI 1959 rona._ .. 
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PHc. 9. 3aBHCHMOCTb cpe.uHero MarHHTHoro nonH UHKnoTpOHa oT pa.uHyca. 

1/ PeaoHaHCHaH KpHBaH cpe.uHero nonH .unH .ueATpoHOB npH 

H 0 /o/ = 13720 apcTe.u; 

2/ {lone nocne ycTaHOBKH KOn&UeBbiX WHMMj 

3/ Oone nocne YCT8HOBKH KOn&ueBbiX H CeKTOpHbiX WHMM. 
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