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Bee.o;eaae 

B HBCTOSIIUee BpeMSI HSH6onee nepcneKTHBHb!M HSIIpSBIIBHHBM B pa3BHTHH CHIIbHO

TOqHb!X yCKOpHTenell SIBIIHBTCH C03.D;SHHe YCKOpHTBIIell UHKIIOTpOHHOro THUS, II KOTOpb!X 

acnonbayroTCSI MarHHTHble nonH c rrpocTpaHcTBeHaoll BapHauaell. HccnellOBaHKSI, npoee

.o;eHHb!B B OHSIH Ha llHKnOTpoae c npocTpaHcTBBHHOll eapaauHell aa aaeprHIO .o;eliToHos 

11 21 • 13.41 
13 Mae ' , a TSK>Ke e .o;pyrHx aayqao-accnelloeaTenbCKHX ueHTpax , noxaaanH 

eoaMO>KHOCTb C03.D;SHHH penHTHBHCTCKHX UHKIIOTpOHOB HS aHeprHIO npOTOHOe .D;O 

1000 Mae. B na6opaTOpHH H.o;epHb!X npo6neM OHHH s HaCTOHIUee speMSI paapa6aT&Iea

BTCSI penSITHSHCTCKHil UBKIIOTpOH Ha SHeprHIO npOTOHOe 700 Mas, .D;IISI KOTOporo HB06-

XO.D;HMbiil 38KOH H3MeHeHHSI HSUpSI>KBHHOCTH MSrHHTHOrO UOIISI e UIIOCKOCTH CHMMSTpHH 

I z ,. 01 aa.o;aH s ea.o;e 

H(r,cf>J 
Ho Ill [1 +t(r)Cos(i-Ncf>)], 

VJ-(~i J , .. 
rlle r = ~ 

oo eHo 
• 2 .. x H N -pa.o;aanbH&Ill mar H nepao.o;aqaocTb cTpyKTypbl MarHaT-

aoro nonS!. 

O.o;aoll H3 aaa6onee cno>KH&IX aa.o;aq npH coa.o;aHHH ycKopHTenH Taxoro Tana HSnH

eTcSI cj:lopMRposaaae Tpe6yeMoro aaKOHa MarHHTHoro non11 • .3To o6ycnoeneao cno>Kaoll 

KOHcpHrypaUHBJI 3SKOHS liOn!! ea.o;a II I H >KBCTKHMH LlOUyCKSMH HS TOqHOCTb ero e&r-

UOIIHBHHSI. 

HacTOSIIUaSI pa6oTa noceHrueaa pacqeTy H MOLlenapoBaHHIO oT LlBIIbHbiX aneMeHToe 

MarHHTHOil CHCTBMbl penHTHeHCTCKOrO UHKIIOTpOHa. 

MarHHTHoe none ea.o;a II I MO>KeT 6b!Tb ccj:lopMHposaao cacTeMoll cnapanbHbiX 

WHMM a TOKOB&IX o6MoTOK, pacnonaraeM&IX s aaaope anexTpoMarHHTa, nonroca KOToporo 

HMBIOT Kynonoo6pa3HyiO cpOpMy. H eo6XO.D;HMblil 3SKOH H3MBHBHH!I SMUIIHTy .O:bl eapHSUHH 

non11 e.o;onb pa.o;ayca t (r) o6ecneqaeaeTcH nyTeM cooTseTcTsyroruero npocj:lHnapoea-

HH!I IH3MBHBHHSII aaaopa MB>KLlY CUHpSIIbHbiMH WHMMSMH. 

B pa6oTe npHeO.o;SITCSI ¢opMynbl .o;n11 pacqeTa MarHHTHoro nonS! KpasonHHeiiH&IX 

WHMM pa3IIHqHbiX KOHcj:lHrypauHJI, UOKS38H8 uenecoo6pa3HOCTb Sbi60pa LliiSI penHTHeHCTC

KOrO uaxnoTpoHa lllHMM c rpaHHUaMH e cj:lopMe cnapanell ApxHMBLla. Ha ocaoee pacqe

Ta H MOLlBIIHpOSSHHSI CHCTBMbl UpSIMOIIHHeliHbiX 6pyCKOB orrpe):leiiBHbl OUTHMSIIbHb!B napa

MBTpbl H UpOcpHIIb CHCTBMbl CUHpSIIbHbiX lllHMM penHTHSHCTCKOro npoTOHHOro UHKIIOTpOHa 

Ha SHeprHIO 700 Mas. 
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B npano>KeHHH paccMaTpHBBIOTCH Bonpocbl yBenJf'leHRH aManH'l'Y.llbl aapaaaaa 3a 

C'leT llpHMeHeHHH WRMM C pa3nR'IHbiMH ¢opM11MH nonepe'IHOI'O Ce'leHHH, HCnOnb30BBHHH 

CII9UHilnbHblX ¢eppOMIII'HHTHbiX cnnaBOB H TOII:OBbiX ltaTyllle!{, 

OnacaHbl sKcnepaMeHTbl no accne.lloBaHHIO BnHRHHH o!Sny'I9HHH Ha MarHHTRble .caoll

cTBa CTan&HbiX o6pa3UOB R C.llenaH BbiBOJl, 'ITO eiOIIblliHe nona Pll.llHIIURH B penHTHBHCT

CII:OM UHKnOTpOHe He npaBe.llyT K H3MeHeHHIO C¢apMHpOBIIHHOrO 311KOHI1 Mlli'HHT,HorO nonH. 

1. Pac'leT Mar'HHTRoro nona cnapan&RbiX lliBMM 

Bb115op HeOeiXO.llHMOil II:OH¢aryp11UHH CnHpan&HbiX lliRMM II noniOCHOI'O HllKOHe'IHRII:Il 

penaTHBHCTCII:OrO UHitnOTpOHil npe,llCTBBnHeT CnO>KHyiO 31l.llll'ly. Jlns ee pellleHHH B na-
60p8TOpHH a.llepablx npo6neM OvHIJ.1 6blnB paaBHTbl MeTO.llbl pac'leTa a ¢opMKpOBaaaa 

CTBTH'IeCitHX Mlli'HHTHbiX liOnel! CnO>KHYX KOH¢HrypllUHii/5-B/, 

M arHHTHOe a one ¢9ppOMIII'HHTRhiX ol5pll3110B npOH3BOIIbHOil ¢opMb1 1 noMeiUeRHbiX !I 

31l.ll8HHOe BHelliHee none, MO>KHO HIIIITB H3 CHCTeMbl ypaBHeRHil .. 
If-- grad 41, 

41. 1 r!l- ~ad}J ctv, 
• 

i -xr!ii,!)i,, 121 ... .. .. 
H1 .. H0 + .. H 

r.lle X -BocnpHRM'IHBOCTb BemecTBil, M -eeKTop RaMarHH'IHBilHHH, R -paccTOHHHe 

OT TO'III:H HaeiniO.lleHHH .llO sneMeHTil Oei~eMa 06p113Uil, 

Talt KBK TO'IHoe pellleHae CHCTeMbl ypaeReHHII 121 He npe.llcTaBnHeTcH B03MO>KHbiM, 

pllC'IeT Mlli'HHTHOro nonll CIIHpllllbHbiX lliHMM npOBOJlHnCH B npe.llnOnO>KeHHH pllBHOMepHo-

XI 
ro HaMarHH'IHBaHHH WHMM eaon& oca z , (M. • M (r) , M, • .V rP • 0) • MeTOJl pae-

HOMepHoro H8Mili'HH'IHBilHHa OnpllBL:tlln ceoa Hll llpllltTHKe llpH ¢opMHpOBilHHH MllrHHTHOrO 

nona CnHpan&Horo UHKnOTpOHil Hll 9H9prHIO aeiiTOHOB 13 Ms!I/Q/ H aBnl!9TCH B HllCTOH

Wee BpeMB, nO-BHLlHMOMy, HIIR!Sonee np&eMneM biM .llna p8C'IeTa CnO>KHbiX M8I'HHTHb1X 

non ell. 

B aToM npeanono>KeHRH MarHHTOCTaTH'IecKHII noTesuaan aByx ~~:paBonaHeliHbiX 
WRMM, pacnonO>K9HHbiX CHMMeTpH'IHO OTHOCHT91lbHO nnOCKOCTH Z • 0 R OrpaHH'IeHRbiX 

no B9pTHKilnH IIOB9pXI!OCTHMH Z = h
1 

(r) 

Oape,llanHeTcH Bblp&>KeHHeM /6/ 

R z • h 
2 

(r) JlnH oonacTR I z I < h (r) 
l 1 

.. ->.11 (t) -.\h (tJ 131 
r) (r, rP, z) • 2 :t t f M (r ') Cosm(4>- 4> ') ([ e t - e 2 1 Sh>.zl.,(>.r)l,.(Ar')d>.ds' , .. 

m•o s o 

x/ J.1 CIIOnb3yeTCH UHnHHLlpH'IeCKilH CHCT9M8 II:OOpllRHilT <I> Z C HS'Ia-

noM OTC'IeTa B ueHTpe 31130p11 sneKTpOMBrHRTil: nono>KHTenbHOe HllllpllBneaae OCH Z 

coenaaaeT c HanpaeneaaeM nonH aneKTpoMarHHTa. 

• 
4 

_.. 
;. 

~\ 

,tl 
.,, 

·.·1··: {!; ... 
lj • 

--~ 

·····-··-·-······-......:..-----'--·----------
rae t,.•l npH m • 0, t., • 2 np11 m > 0 , I., -q,yaKuaa BeccenH. Ecna o6nacT& 

orpaHH'IeHa LlYI'IlMH 011:py IKHOCTell r • R H R r = R 1r B 11pOB3BOn&HbiMR XpHBbiMH 

s 

"' - f3, (t) H rP • {32(t) , TO COCTI1BnaiOIUH9 HanpS!>KeHHOCTB Mlli'HHTROrO nonR 38n&-

WYTCH B BHL:te: 

oo Rk ' 00 ·Ah (r) ·Ah (t'.t 
H • 4l: ~- ( M(t')·Cosm[.p-{3(r')1·.5in ma(t J.f[e -e JCh>.z·l (Ar)·f (At)•A•d>.•t'•i:k', 

• m•o m Rn 2 o ., ., /4/ 

Rk a(t') 00 ·A~ (t) •AII2(r':~, 
H =4:t.!.!!... (M(r'}Cosm[</>-f3(t')}Sin m..,.--•((e -e J·Sh>.z·l(At)•l (>.r')-.\•r'dr'a>./51 

r m ~ m m , 
-~ ~ 0 

Rk ' , 00 
, oo ·AII

1
(' ) -.\h2 (r J 

H.~..=- .!. :t f M ( r';Sin m [r/>- {3 (r')1-Sin m rY!l. f[ e -e J·.Sh >. ... l (ArT I (Ar')- ciA·<'· flr', 161 
'P r m=l RH 2 0 m • 

r.lle {3(r)•'h[;J 1(r)+f3
2 

(r)1, a(r)•'h[f3 2 (r)-13
1 

(t)1. 

BbipalKeH.HH 141, 151, 161 onpeaenRIOT cocTaBnliJOIUHe MarRHTRoro nonR KpBBonaaeiiHbllt 

WHMM B ¢opMe pHLl8 ~yp&e. Hyneeoll 'lneR I 111 • 01 COOTB9TCTBY9T cpe)lBeMy nomo, 

a ocTan&Hble 'lneHbl I m > 0 I -onpeJlenRIOT BapB81lBIO. B ¢opMyne 161 cyMMHpoBaaae 

Hll'IHHileTCR C m=l , TaX KIIK cpeaaee 3HB'IeHBe H</> - COCTaBnRIOIUell paBRO HyniO • 

Jlna C03.llllHBR B8pB11UBK "ltona C 311JlllHROII nepBOJlB'IHOCTbiO HeoeiXOJlHMO BCnon&

nap lliHMM, C.llBBHyTh!X OTROCHTen&HO Llpyr Jlpyra R8 ·YI'On 6 • ~(0 >a). 
N 

30B8Tb N 

MarHHTHOe none TSKOII CHCTeMbl B anOCKOCTB Z • 0 MO>KeT 6b!Tb 3anacaRO B BH)le: 

H.(r,.p) • NH(r) + Ni H.,N(r)Cos[f3 (r)- mN.p1, 
••J atN 

H(r)• H(r,h1 )-H(r,h2 ), 

171 

H • ..j[ H •If (t,h
1

) -H • (r, h
2
Jf + [ H 

0 
(r, h1 )- .'f,.01f(r, h .)]

2 
, 

•M 81 •N mlf • 

fJ.,If (r) = «ret' H.,~ (r, hz ) - H..~ (r, h, ) 
H o -

,.If (r, h ) - H 
0 

(r h ) 
I ,.N • ' 2 

181 

aaRa'leHHR H(r,h) 
. . 

R H,.N(r,h),H.,If(r,h) Bbi'IHCnHIOTCH no ¢opMynaM 

H(r, h) 
2 Rk ---:-;[2 ( M(r')a(rJ[-Q' ( 1 h(r') 

7ffJ2 ,,L J:)---
RH n .jt"" 

191 
dt', 
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!l:;(r,h)- 8 ;kM(r')· SinmN ..llftl[-Q:N .. ~/ x)].( SinmN IJ(t'] )· h(r)·dr' 1101 

, m N r 3h 8 2 CosmN IJ(r') ..;7" 
H 

B sTHX cj:lopMynax Q.' (x) ;npoHa~O.llHaR ccj:lepHqec~~:oll cj:lyHKilHB JlelKaH.llpa 
mN•I\ h + rl+r . 

II -ro pO.lla OT apryMeHTa x • 
2

rr .. VIa cj:lopMyDhl 17 I BH.llHO, qTo a cTpyii:Ty-

pe MarHHTHoro nonR npHcyTCTBYIOT TODbKO rapMOHHKH c DepHO.llHqHocTbiO, KpaTaoll N 

BeDHqHHhl KOTOphiX B N 

DR O.llHOil Dapbl WHMM., 

paa 60DbWe COOTB9TCTBYIOLUHX rapMOHHK B paano>KeHBH no-

)lOR qHCDeHHDrO pacqeTa KOMDOH9HT cJ>ypbe · MarHBTHOI'O DOOR B YCKOpHTeORX C 838-

MyTaDbHOil I fJ- Const I H DpocTpaHcTBeBBOII I fJ • {3(t) I aapHanHell, 6&Ino B&IDODH9HO 

181 
Ta6ynHpoBaHHe npoH3BO.llHbiX ccj:lepaqecKHX cj:lyHKI!BII Jle>KaH.llpa .. Ta6nHnhl eTHX cj:lyBK-

IlHil .llaiOT B03MO >KHOCTb paccqaTa"I;b aMD.rlHTy .ll hi H cj:la3hl OCHOBHhiX rapMOHHit C D9pHO-

.llHqHOCTbiO CTpyKTyphl MarHHTHOrO DOOR N a 8,4,6,8, 06&IqHO HCDODb3yeMoll B YCKOpB.. 

TeDRX 9TOI'O THDa, 3TH >Ke Ta6DHilhl D03B.ODRIOT paccqHTbiB8Tb Cpe.llH99 M8I'HBTH09 DO

lie KpHBODHHeilHb!X WHMM H 8MDDHTY.llhl HH3UJHX rapMOHHK, KOTOpbie MOI'YT B03HHKHYTb 

sa cqeT HeToqHoro BbiDODHeHHR MarHHTHOII CHCT9Mhl ycKOpHTenB. PacqeTbl aMDDHTY.ll 

rapMOHHK Mat'HHTHOI'O DOOR DO cj:lopMyDaM 181, 1101 TPY.ll09MKH, D09TOMy npe.llCTaBDR9T 

HHTepec paccMoTpeTb npe.llBDbHhlll cnyqall. EcnH npH Rk .... KpBBH3Ha WHMM CTpe• 

MHTCSI K Hymo, TO aMDDHTY.llhl rapMOHHK DpH t-+ oo CTpeMSITCSI K Dp9.lleDbHhiM 3H8-

qeHHRM, KOTOp&Ie p&BHhl aMDDHTY.ll8M B pa3DO>KeHHB DODSI 6ecKOHQqHoll CHCT9Mhl DpB

MODHHeilHhiX WHMM, B IITOM coyqae .llDSI Z • 0 

s· me h 8 M. m lt .. ., l -•~ 
DJ ·( e r- e lt ), 

1111 H .. 
r.lle m a 1,2!8 ............ , 2c H 2rr1t - Dp9.lleDbH&Ie 3Haq9HHSI TODLUBRhl UJHMM H 

paCCTORRHil MelK.llY HHMH. 

)log pacqeTa BapHaUHH DODSI CHCTeM&I CDHpaDbHhiX WHMM H8 pa3DBqRhiX p8.llBYC8X 

MO>KHO BOCDODb30BaTbCR npe.lleObHOII cj:JOpMynoll /11 I, 9CDH M , 2c H 2,'lt nona-

raTb paBHbiMH HaM8I'HRqeHHOCTH, TODLURH9 H p8CCTOSIHBIO MelK.llY WHMM8MB DO HOpM8DB 

K Cp9.llH9il DHHBH UJHMM Ha 9TBX p8.llHycax, 

OpH IITOM 
b (t).t Njt 2 h (') 

BM(r) .Sin mN[f3,(t)-fJl(r} I ·mpvt+(:t') -•~t+(~lt )2 
1121 

m 2 e -e I I. H.,(n a 

Ha pRe. 1 npaBe.lleRo cpaBH9HHe pacqeToa, Bb!DODH9RRhiX no cj:lapMynaM 1101 11 

I 12/, a TaK>Ke cpaBHeHue pacqeTa no cj:lopMyne 1121 c sxcnepHMeBTaDbBhiMB aHaqeHHR

MH aMDDHTy .llbl 6-1! rapMOHBKB Mat'HJITHOI'O DOOR WRMM C rp&HR!laMB B cj:JOpMe CORp a-

6 

\} 

....J,Il~, ..... UL 111 11•111 
-

nell ApxHMe.lla I Nlt = 18,72cM,a a 80°, hl • 5 eM, h2 = 12 eM/, OpHBe.lleHH&Ie 

rpacj:JHKH DOKa3b!BaiOT, qTO DpH6DR>KeHHaR cj:lopMyna 1121 C .llOCTaTOqHoil TOqHOCTbiO M0-

>1<9T 6b!Tb HCD0Db30BaHa .llDR Oope.lleDeHHR aMDDHTY.ll rapMOHHK MarHHTHOI'O DOOR CRCTe

Mbl CDHpaDbHbiX WHMM .llDR R8 ~ r ~ Rk. 

OpH pacqeTe nonB WHMM, pacnono>KeHHb!X a aaao.pe sneKTpoMarHHTa, Heo6xo.llRMo 

yqHTbiBaTb BDHRHHe DODIOCHblX HaKOHeqHHKOB, ECDR cqHTaTb, qTO DODIOCHbie HaKOHeqHRKH 

orpaH&qeBbl DDOCKRMH 6earp8HRqHhiMH DOBepXHOCTRMH, 8 M8I'HHTHaR DpOHH!l&eMOCTb HX 

DOCTORHH8, TO pe3yDbTHpyiOLU8R BanpR>K9HHOCTb MarBRTHOI'O DOOR 6y .lleT BKDJOqSTb .ll0-

6aaoqHoe DODe OT aepKaObHO OT06pa>KeHHbiX WRMM/SI C HaMat'HRqeHHOCTbiO 

M" .M("-1>" ••P --
IJ.+ 1 

/18/ 

I'.ll9 I' -M8I'HHTHaR DpOHRUa9MOCTb, 

n -BOMep OTpa>KeHRSI. PacqeTbl, npoBe.lleHHhl9 DO cj:lopMyDaM /91, /10/, DOKaaa

DH, qTo BDIQIHHe RODIOCHbiX HaKOHeqHRKOB CyLUeCTBeHHO CKa3biBaeTCR TODbltO Ha aenHqHH9 

cpe.llHero DOOR R He H3M9HReT BenHqHHbl B8pHaUHH, 3TO CDe.llyeT T81t>Ke 83 DpR6DH>KeH

HOII cj:lopMyDbl 1121 R 06'&RCHRATCR 91tCDOH9HilH8DbHOil 3aBHCHMOCTbiO 8MDDHTY.ll rapMOHRK 

DOOR OT p8CCTORHHR WRMM .llO cpe.llH911 DDOCXOCTR. 008TOMy BO MHOI'HX coyqaRX MO>KHO 

He yq&Tb!BaTb oTpa>KeHall, a nonaraTb h 2 • ... 

BenHqHHY H8M8I'HHqeHHOCTR O.llHHOqHbiX WRMM MO.>KHO Oll9HRTb C DOMOLUbiO pacqeTa 
. . 171 

paaMarHRqHB&IOLUero cj:laKTOpa R KpHBbiX HaMarHHqeHHOCTH aemecTBa • Ha pac. 2 npaBe.lle-

Hbl pacqeTHble H 9KCDepRMeHTaDbHble KpHBble HaMarHHqeHHOCTH DpRMODHHeilHbiX UJHMM C pa3" 

QHqHbiMR OTHOWeHRRMR TODLUHHbl It BbiCOTe, 3Ha'EjHRR HaMai'HHqeHHOCTR ODpe.lleDRDHCb H3 

CpaBHeHRll 8ltCDepHMeHT8DbHbiX pacnpe.lleneHRII Mat'HHTHOI'O DOOR R pacqeTHbiX, BbiDODHeH

Hb!X B npe.llDOQO.lK9HBH p8BHOM9pHOI'O H&Mat'HHqHBaHRB,KaK BH.llHO H3 Cp·aBH9HHR IITRX KpH-

Bb!X, OUJR6Ka B onpe.ll9DeHHH HaMarHHqeHHOCTR MO>KeT .llOCTHI'aTb 15% DpR MarHHTHOM coc

TO.RHHH LUHMM, 60R3KOM It HaCbiLUeHRIO, Cne.lly9T OTM9THTb, qTO TaKOII CDOC06 IIKCDepHMeH-

TaDbHOI'O Oope.lleOeHRR HaM&I'HRqQHHOCTR He .llaeT HCTHHROI'O 3HaqeHRR M o6pa3UOB, 

a cny>KBT nawb .llDB. onpe.lleneHRB HeKoTopoll cpe.llHell aenaqHHbi HaMarHHqeHHOCTH, aHa

qeHae KOTopoll .llaBano 6bl Haanyqwee cornacae sKcnepHMeHTOB c pacqeTaMR. 

TeopeTaqecKoe onpe.lleneHHe HaMarHHqeHHOCTH cnxpaDbHbiX WRMM penBTHBHcTcKoro 

llRKDOTpOHa OCDO.>KHSI9TCR TeM, qTQl Bo-nepBhiX, CHCTeMa HaXO.llRTCSI B pe3KO HeO.llHOpo.ll

HOM BHeUJHeM Mat'RBTHOM DOOe, &o-BTOpbiX, CDHpaDbHhle WHMMbl HMeiOT nepeMeHHYIO KpH· 

BH3Hy, TODLURHY H Bb!COTY R, B-TpeT&HX, RMeeTCll cymecT&eHBOe BDRSIHRe WBMM .llPYI' HS 

.Opyra. OosTOMY npRB9.ll9HHble BblpameHBR BCD0Db30BaDRCb .llDR npe.ll&ap&TeDbHOI'O Onpe

.lleDeHHSI oapaMeTpOB MarHRTHOil CHCTeMbl UHKD0TpOH8, KOTOpble B .llaDbHellweM KoppeKTH

poBaDHCb oyTeM MO.llenHpOBaHHSI OT.lleDbHbiX sneMeHTOB Mai'HHTHOil CHCTeMhl. 
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2. B&toOp OCHOBHbiX R8p8MeTpOB CHCTeMbl CRHp811bHb!X WHMM 

Cno>KHOCTb cj:>opMHpOB8HR!I aeooXO.llHMOro 38KOH8 M8rHRTHOro 11011!1 yCK0pRT911!1 BO 

MHOrOM Onpe.aen!I9TC!I Bb!OOpOM cj:>opM bl rp8HHU WRMM {3 (t) R {3 (t) • B URKIIOTpOHe 

· I 12! 
c npocTp8HCTBeaaoll B8pH8UHell H8 aaepra10 .aeliTOHOB 13 Man acnon&aoBaHbi cnap811b~ 

Hble WHMMbl C ROCTO!IHHOli TOIIIURHOli 110 HOpM811H K cpe.aaeli IIHHHH CRHp811R • .Q1111 T8-

KHX WHMM 
{31 (t) ~ _!_ - arct~ Jl_ v 1 + r-'-)2 

' 
a r a 

t 
fJl r r'J .. ; + ardg _§__ J 1 + ( !__ )

1
, 

r a /141 

r.ae a = N11: -n8p8MeTp cnap811R, 2li - TOIIIUHH8 WHMM • B aTOM cny>~8e yrnOB8!1 

npOT!!>KeHHOCTb WBMM a (t) • 2arctll ~ J 1 + ( _!__/so3p8CT8eT C yMeHbW9HH9M p8.llRYC8, 
t " . 

'ITO Bbi3biB89T yB&IIB'I9HB9 cpe.aaero DOll!! CDBpanbllbiX IUJJMM B U9HTP811bHOli OOIUlCTB • .Qn!l 

WHMM C rpaHBU8MB B cj:>OpMe CDR pane A ApXBMe.aa {3 ( t) = .!_- ~ , /J 
2 

(t) = .!_ + ..!!_ 
1 a 2 a 2 

yrnoB811 DpOT!I>KeHHOCTb WBMM COXp8H!IeTC!I DOCTO!IHHOII H8 BCeX pa.aaycax. B aTOM cny• 

'lae cpe.aaee MarRRTHOe DOlle /9/ CDRpallbHbiX WRMM C TO'IHOCTb!O .llO MHO)KHTell!l ."/a 
2rr 

cosna.aaeT c pacnpe.aeneaaeM MarHHTHOrO DOll!! KOII&UeBbiX o6pa3UOB, 118-

p8MeTphl KOTOpblx R 8 , R k h 1 R h 
2 

• CpaBHeaae cpe.aaax M8rHRTHbiX no-

nell, ROIIy'leHHb!X H3 SKCDepaMeBTOB CO CDHp81lbHbiMH WHMM8MH .aByX p8CCMOTpeHHbiX 

KOHcj:>Hryp8URII /pHC. 3i, DOK83b!B89T, 'ITO CHCTeMa· WHMM DOCTOHHHOII TOIIIURHbl Bb!3bi

BaeT pe3KO HeO.llHOpO.aHoe MarHHTHOe none B UeHTp81lbHOII OOD8CTH YCKOpHTell!l, 3TO 

DpHBO.llHT K 3H8'1HTellbHbiM Tpy.llHOCT!IM DpH cj:>opMHpOB8HHH pe30H8HCI!OrO 38KOH8 cpe.a· 

Hero M8rHHTHOrO ROll!! DpB IIIOOhiX 3H8'1eHH!IX H8'1811bHOrO p8.llHYC8 CHCTeMbl CDRp81lb

HbiX WHMM. Cpe.aaee none WRMM c rp8HHU8MH B cj:>opMe cnap8nell ApxaMe.ll8 B ueHT

p81lbHOII 00118CTH IIRWb He3H8'1RTellbHO OTKIIOH!!eTC!I OT O.llHOpO.llHOro, 'ITO Bb!3b!B8eTC!I 

YB911R'IeHHeM H8M8rHH'IeHHOCTH WHMM 38 C'leT yMeHbWeHH!I HX TOIIIURHbl B 00118CTH H8· 

>~8nbHbtX pa.aaycos. 

,[lpyrHM COOOp8lKeHHeM DpH Bb!OOpe KOHcj:>Hryp8UHR CDHp811bHb!X WHMM !IBIIHeTCH Tpe-

00B8HHe K X8p8KTepy H3MeHeHRa B8pR8UHH MarHRTHOrO DOll!! H8 H8'1811bHbiX pa.llHYC8X, 

J.1a Bb!p8lK9HHli /8/, /10/ BH.llHO, 'ITO 8MDIIHTY.llbl r8pMOHHK DOna DpH t = 0 00p8IU810T" 

C!l B HYIIb, 8 C pOCTOM p8.aRyCe B03p8CT8.10T DO 38KOHy 

mN i1!i 211 
HN=t 2.A t 

m 211. 
/15/ 

v=a 

r.ae A 
v -KOScj:>cj:>HUHeHTbl, 38BHC!IIUHe OT ROMep8 r8pMOHRKH H D8p8MeTpOB WHMM, 

.QII!I TOrO 'ITOObl U9HTp811bH8!1 o6naCTb, r.ae OTCYTCTByeT 8KCII81lbH8a cj:>oKycapoB

K8 38 C'leT M8rHHTHoro DORa, Obllla MBHHM811bHOII, aeOOXOJlBMO OOecne'IRTb M8KCRM81lb-
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HYIO CKOpOCTb B03p8CT8RH!I aMDIIRTY.llbl OCHOBBOII rapMOHHKB C pa.aRycQM • .Qn!l penRT&

BBCTCKOrO DpOTOHHOrO URKIIOTpOH8 H8 &HeprBIO 700 M&B TO'IK8 nepeCe'leHH!I KpBBOII
1 

H 
1 

(t) C DHHHell ((min (t) H (t) ) , COOTBeTCTBYIOIU&II '18CTOT9 8KCH811bHhiX Ji:·oneoaRBII 

Q" = 0 .aon>Kaa_.ne>K&Tb B HHTepsane p8.aaycos S0-40 CM Pac"'eT aMnnirTy.aw 

BOCbMOil rapMOHBKB DODR,DpOBe.aeHHblli DO cj:>opMynaM /10/,/12/ ,·.ana .llBYX paCCMOTpeRHbiX 

Bblwe xoacj:>arypauall DOK83hiB8eT, 'ITO o6nacTb aa>~aDbHbiX p8.aaycoa, r.ae 5y.a&T oTcyT-·. 

CTBOBaTb 8KCH8RbH8R cP0KYCHpOBK8, OODbWe .ana WRMM DOCTORHHOli TOIIIUHHbl DO HOpMa~B. 
npaMeH&HHe KpHBOIIBH911Hb!X WBMM DIOObiX KOH4Jaryp8UHII /c p83RB'IHbiMB yp8BHeHB!IMB 

rpaHBU {3 1 (t) B /3
2
.(r) I, KOTOpble o5ecne>~BB811R 6bl K8K Tpe6yeMblli 38~0H. B8pB81lHB, 

T8K H HeOClXO.llRM bill pOCT cpe.aHero M8rHRTHOro ROIIH B.llODb pa.aHyC8, B llRKDOTpOH8X H8 

T8KII9 aaeprBB ae npe.llCT8BD!IeTCII B03MO)KHbiM, noaTOMy .llR!I pen!ITRBHCTCKOrO UHKnO

TpOHa Bb!Clpaaa CBCT9M8 WRMM C rp8RRU8MR B cj:>opMe CDHp8nell ApXHMe.aa. 

npetiB8pRTeRbHble p8C'IeTbl B8pBaURR M8rRRTBOro. DOll!! OT WHMM 9 rp8HR!l8MB B 

cf;lopMe. cnapane'l ApxaMe.aa noKa38DH, 'ITO npa N .. 8 1: /7 - 10/ CM H MRHR-

M8DbHGM ·3a3ope Me>K.ll;Y aneMeHT8MR MarHRTBOII CHCTeMhl UHKDOTpOB8 2h '" /14-15/ CM 
I 

y.a8eTCR no)y'IRTb 8MDUHTY.llY B8pH8UHR He oonee 25-30%. ,Una TOrO 'ITOObl DpB T8-

KOII sapRaUBB OClecne'IHTb DpOCTp8HCTBeHRy!O yCTOII'IHBOOTb npR YCKOpeHHH DpOTOHOB ,no · 

aaeprRR 700 Mea, aeo6xo.aRMO npe.ae11bBblli pa6o>~BA pa.aayc ycKopaTen!l Bb!Op&Tb ·paBBbiM 

r k = 325 eM. B aToM cily>~8e r .. = 896,4 CM , a cpe.aaee MarHHTHoe none .aon>KHO 

B03p8CT8Tb B COOTBeTCTBBR C pe30H8BCBbiM 38KOHOM /1/ C 

H (t k) = 13778 a - H8 npe.aenbHOM pa6o>~eM pana.yce. 

H 
0 

~ 7887 s B ueaTpe .ao 

3aaop M9lK.llY CDBp8RbHhiMH WHMM8MH H8 npe.aenbHOM · pa.aayce 2 hI = 15 CM !IBRII

eTCII, nO-BB.llHMOMy, MHBRM811bHbiM, B KOTOpOM ewe B03MOIKHO TeXHB'I9CK09 peweaae KOH

CTpYKUHB .ayaRTHO~ CHCTeMbl ycKOpRTeDR, noaTOMY Bee napaM&Tpbl CDRpllRbHbiX WHMM 

Bbi0Bp8DRCb B3 ycnOBH!I C03.ll8HHII M8KCBM8DbHOli BapHaURB Ha npe.aeDbBblli pa.aaycax 

UHKDOTpOH8. 0DTBM8RbHbl9 3Ha'leHBR STHX napaM&TpOB 6b!DH. nony~eHbl Ha OCHOB9 9KcnepR

MeHTallbHOrO accne.aoaaaBH MarHHT.Horo non11 cacTeMbl npHMonaaeiiHb!X wHMM. KaK no-

Ka3aHO Bblwe, B8pBallBII MarHBTHOrO DOD!!, C03.llaBaeMa!l CDHp8DbHbiMB WBMMSMR B8 p83• 

DR'IHbiX pa.aaycax, XOpOWO OnBCbiB89TCII <iJopMynoll /12"/, T.e. DOIIeM 09CKOHe'IHOII CBCTe

Mbl npliMODRHeliHb!X WRMM aeorpaBB'I9HHOil .llDSIHl>lo npoBe.aeHHhl9 paC'I9Tbl B 81tCDepBMeH~ 

Tbl DOKa3&11R, 'ITO MarHHTHOe none 6eCKOH9'1HOII CH<:;TeMbl C TO'IHOCTb!O B 1-1,5% COBna-

.aaeT C .pacnpe.aeneHB9M DORSI B ueHTpallbHOII oonaCTH CHCTeMhl R3 3-5 nap 
Dp!!MOY-

rODbHbiX 6pyCK0B KOH&qaoll .llDRHbl. C DOMOWb!O TaKBX CBCT9ld Mo.aenBpOBallaCb BapH8URll 

MarHRTHOrO 
UODII CDHpaDbHbiX WHMM Ba. pa3DR'IHbiX pa.aaycax UHKIIOTpOHa C KOS<jlcjJHuHeH-

TOM no.aoCSall K • 1 /8 ~7. 

.QnH MO.lleiiHpOBaBHSI Mar,HHTHb!X noneli BeOOXO.llBMO OCl8CD8'1HTb B reOM&TpB'IeCKH DO• 

ao6Hb!X o6pa31l8X O.llRHaKOBoe pacnpe.aeneaae aaMarHH'IeHBOCTH. YcnOBHe O.ll&BaKOBOA sa-

9 
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M8T'HII'IeHHOCTII BbiUOnHIIMO nHWb np11 II3T'OTOBneHHII 00p83UOB 113 MaTepHanOB C O.lliiHa

KOBOl! 38BIICHV!OCTbiO H~MaT'HH'IeHHOCTH OT HanpsvKeHHOCTH nOJlll II COonroaeHHH O.llHHaJtO

Bh!X ycnoeHl! HaMaT'HH'IeHHll anH HCKnroqeHHll •rHcTepe3HCHhiX • l!BneHHll. BhlnOnHeHHe 

yKa3aHHhiX ycnOBHll npH MoaenHpoeaHHH l!BnlleTcll TPY.llHOl! 3aaaqel!, onaroaapl! 38BH

CHMOCTH M8T'HHTHb!X CBOliCTB MaTepHana OT XHMH'IeCKOT'O COCT8B8, pa3nH'IHb!X yCnOBHI 

TepMH'IeCKOll II M9X8HII'19CKOl! Oop800TKH II T,.£l, 

nnll onpeaeneHI!ll npaKTH'l9CKOI TO'IHOCTH MO.ll9nHpOB8HHll OhlnH npoeeaeHbl SJtcnep•

MeHThl c noaooHhiMH npliMOnHHeliHh!MH WHMMaMH pa3riH'lHh!X KOHij:lllrypauHA. Ha pRe. 4 

H30opa>KeHhl IqlHBh!e pacnpeaeneHHll H. -cocTaBnHromel! MarHHTHoro nonll noaooHh!X 

WHMM t:tnll Tpex pa3nH'IHh!X KOH!j:lHT'ypauHI C KOS!j:llj:lHUHeHTOM no.ctO!SHll K = 1/2,5. 

HecoenaaeHHe nonel! a COOTBeTcTByiOIUHX TO'lKax He npeBhlwaeT :!: 10 s, 'lTo HaxoaHT

Cll B npeaenax TO'IHOCTH SKcnepHMeHTa, llnll OUpeaeneHHll B03MO>KHb!X OWHOOK Moae

nHpOBaHHll MarHHTHhiX cHcTeM npH paanH'IHOl! HaMarHH'IeHHOCTH oh!nH BhmonHeHhi aHano

T'H'IHhie aKcnepHMeHTh! B WHpOKOM .llHana30H9 RHt:tYKUHl! npH paanH'IHbiX KOSrh<j-JHUH9HT8X 

not:tOOHl!. Ha OCHOBe aTHX 9KCnepHMeHTOB MO>KHO caenaTb cneayiOIUHe BbiBOtlbl, 

x/ 
}. 8 npeaenax TO'IHOCTH 9KCn9pHM9HTa MOt:tenHpOB8HHe B03MO>KHO B WHpOKOM 

tlll8n830He IIHtlYKUHll. 

2. 0TnH'IIIll B M8T'HHTHh!X CBOllCTBax CTaneA B Ha'lanbHOl! 'l8CTH KpHBOA HaMaT'HR'IH

B8HHll He npHBOtlliT K 3aMeTHh!M OWIIOKaM MOt:tenHpOBaHHll. 3TO OObl!CHlleTCll TeM, 'ITO 

KpiiBall H8M8T'HH'IeHHll lj:leppoMarHHTHOrO Tena B OCHOBHOM onpeaenSeTCll COOTHOWeHHeM 

ero reoMeTpii'I9CKHX p83M9pOB II npH OTCyTCTBHII HaCbllll9HIIll cnaoo 3aBIICIIT OT Mar

HIITHh!X CBOliCTB BemeCTB8. 

3. Dp11 MoaenHpoeaHIIII aap11aU1111 MarHHTHOro nons UIIKnoTpoHa c noMOLUbiO npl!Mo

niiHeliHh!X WIIMM tlOCTaTO'IHO OT'paHII'IIITbCS reOMeTpll'l9CKIIM nOt:tOOIIeM WRMM II p8):19HC

TBOM BHewHHX MarHHTHhiX noneA. Dp11 aTOM HeT HeooxoaiiMOCTH Bhit:tep>KHBaTb noao

olle no 3a30py aneKTpOMaT'HIIT8, TaK KaK BenH'IHH8 B8pllaUHH onpeaenl!eTCS napaMe••pa

MH II H8M8T'HH'IeHHOCTbiO WIIMM II Cnaoo 38BHCIIT OT M8T'HHTHOT'O COGTOliHHS nonroCHh!X 

H8KOHe'IHHKOB, 

llns OoecneqeHHll HeOOXOtlHMOI\ 8Mnn11Ty tlhl B8pllaUIIII BbiCOT 11 CnHp8nbHbiX WIIMM 

Ha npeaenbHh!X paa11ycax BhiopaHa paBHOl! 2b = h,-h
1

= 25 eM. DpH aToM, cornacHo lj:lop

Myne /12/, YMeHbWeHHe aMnniiTy tlhl OCHOBHOl! T'8pMOHHKII 38 C'leT KOHe'IHOA Bh!COThl 

WHMM COCTaBnSeT He oonee 3%. 

x/ 
8 9THX aKcnepHMeHTaX IICnOnb30BanHCb WIIMMhi, T'eO!vie'l'pll'lecKIIe p83Mepb! KO

TOph!X Bbit:tep>KHB8niiCb C TO'IHOCTbiO ± 0.05 MM. VfaMepeHIIll nons npOH3BOtlllnOCb 11t:tep
Hb!M M8T'HIITOMeTpOM C TO'IHOCTbiO + 1.10-4 
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3KcnepHM9HThi C nl!Tb!O napaMH npl!MOnHHeiHbiX WHMM nOK838nH, 'lTO 3Ha'lSRBe 

H8MarHB'l8HHOCTB CIICTSMhl H8 20 - 30 % MSHblUS HaMarHH'lSHHOCTB OtlHHO'lHhiX WBMM 

C TaKHMH >Ke T'90M8TpH'l9CKBM pa3MepaMB, 3TO CBR3aHO C pa3MarHII'lHB810IUBM aeii

CTBHSM WHMM .llpyr H8 apyra. 0t:tH8KO npH Bhi!SpaHHOl! Bb!C:OTS WHMM 3Ha'ISHHe HX H8-

MaT'HR'lSHHOCTB H8 npet:tSilbHhiX ·pat:tHyC8X tlOCTHraeT 4,M • 17000 a. 

Haa!Sonee ea>KHb!M napaMeTpOM c11HpanbHhill; WHMM. HBnseTcll napa'feTp ;It , ou-

peaensromal paaHanbHhii mar CTPYJtTyphi MarHHTHoro uonll. Heo!SxoaHMall eenH'lHHa aM,. 

nllHTYtlhi BapHaUHR B03p8CTaeT IIpOIIOpUHOHallbi!O napaMeTpy it , a 3aBHCHMOCTb Ba-

p118UIIH, C03tl8B89MOll CRCTSMOI CnHpallbHhiX WHMM, OT IIapaMeTpa 1(' xapaitTepeayeT-

~ • 0,4 II 
2rr1t 

4rrM = 11000 a aaeT OIITHM811bH08 cs lj:>opMynoA /12/. Pac'leT npa 

3aa'leHue it = 7 eM. Tait ltaK 
On• 

lj:lopMyna /12/ He Y'liiTbiB88T B03MO:>KROI 38BIICHMOCTH 

H8M8rHH'l8HHOCTH OT napaMeTpa it , 6biJ1H npoeeaeHhi SKcnepHMQHThi C CHCTQMOI npB

Ha pRe. 5 npHBeaeHa 38BHCHMOCT& TpeoyeMol ea-MhiX WHMM IIO YTO'IH9HHIO * odm 

pB8IIBB MarHHTHOT'O IIOJlll OT nap8M9Tp8 'it tlllS r k = 325 CM, Ha STOM :>Ke pBCyH-

'- 2c 
K9 !IpBB8.ll9Hhi SKCII8pBM9l!T811bHhi9 B pacqeTRhiQ 3R8'19HHS B8p118URH tlllS -- = 0,4 

2c . 2r~ 
II -- ~ o,444·. CpaBHeRHe 9TRX KpHBhiX IIOKa3hiBaeT, 'ITO OIITRM8JlbHOe 3'11aqeRRe 

2rr1L ' · * RSXO.llHTCll B HRT8pBane 8,5 - 7,5 CM, TaK KaK OIITHMYM liBJ1S8TCll He p93KO Bbi-

pa>K~HHb!M, a Bb160p !SOilbWRX 3118'19RBI "tlllll pen!ITRBHCTCKOT'O UHitJ10TpOH8 liBilliSTCll !So-

nee )KSJ1aTSJ1bllhiM, napaMeTp CIIRp811R Bbi!SpaH paBHhiM it • 7,7 CM, 

hpH 'it = 7,7 CM Tpe!SyeMall p8.llHall&H8ll 38BRCBMOCTb 8MIIJ1RTY.£lhi OCROBHOl! 

rapMOHHitll IIOilll B t:tonYCKR H8 H88 npR qaCTOTe 8KCH811bHhiX KOne!SaHBI Q. =0,24:!'0,09. 

npHBet:te'Hhi H8 pRC, 6. npa 9TOM .llOIIyCK Ha .8M!IIlHTYtlY BapH8URH Ra KOHS'lHbiX paaay-

-2 
C8X COCTaBilliST ;! 1.10 , Ha STOM >Ke pHCYilKS IIpRBet:teHa 3aBRCHMOCTb p830HaRCHOT'O 

cpeaHero IIOilll OT p8.llRYC8, llOIIYCJt Ra BellR'lHHY Cp8.llHero IIO?ll OIIpeaeillleTCll JtORS'l

HOA aHepreeA 'lacTRU a MaJtcaMan&RhiM HaoopoM aHeprHR 38 o!SopoT a cocTa&nlleT 

-4 ! /2-3/10 lipR aMIIIlRTytl& yCitOpliiOIUST'O H81Ipli>K8RIIll 2 V 0 • 200 KB. 

Ha pac. 7 upaeeaeHhi aKcuepaMeHTan&Hhie ItpBBbie eapHauaa MarHRTHoro uonll 

H - H , ) .. ·· 
eu ::1 • n CHCT8Mhi Tpex II8p !Ipl!MOyrOilbHhiX WRMM B 38BBCBMOCTR OT cpeaHe-

!l + H 
ro IIOJlll ( ••• •In ) IIpR pa3J1R'lHbiX COOTHOW9HBliX II8paMeTpOB ~ , Ha 

2 2c 2rr1t 
OCHOBe STHX SKCIIepHMSHTOB .llllS CIIHpallJ,HhiX WRMM OTHOWSHRS --- Bbi!SpaHO paB-

2rr~ 
HhiM 0,4. TaK K8K rpaHRUhi WBMM Bhi!IOilHliiOTCll. a lj:lopMe cuHpaneA ApxaMeaa, . aTo co-

OTHoweiiHe OCTaeTCll IIOCTOliHHhiM H8 BCSX p8.llHYC8X B COOTBSTCTByeT 3Ha'lSHRIO 

a • 18°, 0TKJ10HSHH8 OIITRMallbHOT'O 3H8'leHHR a = 18° OT pacqeTHOT'O 3H8'l8RHll 

a • 22,5°, IIOilyqaeMOT'O B3 lj:lopMyJihi /12/, liBilliSTCR cneacTBBeM YB8J1R'l8HRll H8Mar-

HH'lQHHOCTH lllHMM !IpH yM&HblllSHBH HX TOilWHHhi, 0TMeTHM, 'lTO OTHOWQRRe yrllOBOII 

IIpOTli>KSHHOCTB WRMM K a3BMyTaii&HOMY IISpROtlY CTpyKTypLI MarHRTHOll CHCTSMhi 

__ a __ • ( 18° ) • 0,4 o!SecneqaeaeT upH 3at:t8HRhiX 3aaopax lllli8KCBM811hHyro eapaa-

2rr/N d' 
UR~ TOJlbKO Ha upeaenbBhiX paaRyCaX H He liBilliSTCll OIITBMall&HhiM Ha BHyTpSHHRX 

paaaycax ycKopaTens. 
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l 

Bbr6op npo¢an11 eHeTeMbi enapanbHbiX WHMM h 1 (r) , o6eene'IHS810LUero Tpe-

6yeMy!O 38SHeHMOeTb 8MflllHTYilbl OeHOSHOli rapMOHHKH flO/Ill OT p81lHyea, npOH3SOJ~~/lell 

nyTeM aKeneOHM9HT8/lbHOrO HCene)lOS8HHSI MarHHTHOrO nom! flP!IMOyrOilbHblX WHMM /ijlH 

2c ~ 
it = 7, 7 H -- a 0,4 llll!l p83/IH'!Hb!X 3H8'1eHHli Jc _.., = -- ---1'fo;--- , KOTOpb!E 

2tt1\ a..., J 1 + (~)2 
eOOTSeTeTSYlOT p81lHyeaM UHKIIOTpOH8 r = 75,100,150,190 H 30(1 eJ, 8 aTHX aKene-

pHMeHT8X fl01l06He WHMM no Sb!eOTe 2 b H flO 3830py aneKTpOM8rHHT8 2 hM He OblllO 

Sb!llep)!{aHO, 38 HeK/llO'IeHHeM = 300 eM, OaHaKo npeasapHTSilbHbre pae'leTbl H aKene-

PHMeHTbl fl0K838/IH 0 'ITO OLUH6Ka S onpeaeneHHH Se/IH'IHHbl h 
t 

, ooyenosneHH8!1 aTHMH 

<J:>aKTOp8MH, He npeSb!LU8eT 2 - 3 %, PeaynbT8Tbl aTHX axenepaMeHTos, npaseaeHHbre s 

saae rpa¢HKOS Ha pae. 8, noasonHIOT HaliTH aeooXOilHMbrli npo<J:>Hnb h (r) 
t 

llll!l 

eHeTeMbl enHp81lbHbiX LUHMM pell!ITHSHeTeKOro UHKIIOTpOHa H8 iiHeprHIO npOTOHOS 

700 Mas. Ha pae. 9 aao6pa)!{eH npo¢anb enapanbH&rx LUHMM H aonyeTHMbre OTKIIOHeHR!I 

OT aToro npOrjlHIIII, eOOTSeTeTSYIOLUBe 38KOHy H3MeHeHH!I S8pH8UBH H ee llOflyeKOS, npB-

seaeHH&rx Ha pae. 6. OpaKTB'IeeKoe SbrnonHeHHe aasaeaMoeTH h (r) 
t 

MO)!{eT Ob!Tb 

SblllOIIHeHO S SH)le CTyneH'I8TOrO llpO<J:>Hil!!, H300pa)!{eHHOro H8 pRe, 9 KpBSOli /3/, npH 

ye/IOSHH, 'ITO H81IH'!He T8KHX eTyneHeK He npHSeaeT K HeaonyCTHMb!M rpaaHeH.T8M S8pH· 

8UBH SHyTpH 381l8HHb!X llOflyeKOS. 

KoHe'!Hblli paaaye Rk CHeTeMbl CflHp81lbHb!X LUHMM Bb!6Hp81lell H3 eOOTHOWE>HH!I 

R ~ r + "it 
k k 2- ' /16/ 

KOTOpOe IIOily'leHO H3 Sb!p8)!{eHHli /8/, /}0/ K8K yenosae, o6ecne'IHS810LUee UOily'!eHBe 

M8KeHM81lbHOli 8MilllHTYilbl S8pH8UHH H8 npeaellbHOM paaHyee yeKOpHTe/lll tk npH 

S8pbHpOS8HBH napaMeTpa R k , Ha oeHOS8HHH aT oro eOOTHOLUeHHll KOHe'!Hblli paaHye eRe-

TeMbl enHp81lbHb!X LUHMM Sb!6paH paSHbiM R k = 335 eM, -.. 
TaKHM o6paaoM, Ha oeHose nposeaeHHbiX pae'!eTos H MoaenaposaHHll eHCTSMbl npli

MOIIHHeliHb!X WHMM H8li.[.(eHbl OeHOSHble napaMeTpbl M8rHHTHOli eHeTeMbl UHKIIOTpOHa, 

Onpeaenl!IOLUHe S8pH8UHIO MarHHTHOrO UO/lll, 

3. B bl6op npo<J:>anll nonJOeHb!X HaKOHe'!HHKOB 

Bb!t5paHHbre napaMeTpbr enapanbHbiX LUHMM H aHa'!eHae npeaenbHoro pa6o'!ero paaay-

ea yeltOpHTe/l!l r k = 325 eM onpeaellli!OT SenH'IHHy 3830pa H8 KOHe'IHbiX p81lHyeax H 

llH8MeTp IIO/llOeHblX H8KOHe'IHHKOB aneKTpOM8rHHT8, ,Llll!l pell!ITHSHeTeKoro UHKIIOTpOH8 H8 

aaeprHIO npoToHos 700 Mas aHaMeTp non10eos aneKTpoMarHHTa aon>KeH Ob!Tb Sb16paH 

paSHbiM <l>n =700eMx/. 

x/ AH8/IH3 aneKTpoMarHHTHb!X Harpy30K H KOHeTpyKUHH aneK·,·poMarHHT8 eHHXpOUHK

IIOTpOH8 Jla6opaTOpHH !lllepHbiX npo6neM IIOK83biS8eT, 'ITO H8 ero 083e MO)!{HO e031l8Tb 
aneKTpOMarHHT, aeo6xoaHMbili llll!l oaeeMaT_oHsaeMoro oenHTHSHeTeKoro UHKIIOTpOHJL. 
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C y'leTOM He06XOilHMOrO npocTp8HCTB8 llllll p83M9ll.l9HHll TOKOSb!X o6MOTOK H XOH

eTpyKTHBHbiX &ll9M9HTOB XpenneHHll CDHpallbHbiX LUBMM MHHHM8DbHblli 3830p M9>K.[ly no-

ll10C8MR 8/l91tTp.QMsrHHT8 H8 ltp810 Bb16paH paBHbiM 2h, = 130 CM, 
•In 

PaC'IeTbl epe.naero flO/Ill eReT&Mbl enHp81lbHbiX LUBMM no <J:>opMyne /9/ fl0X8381IB, 

'ITO sb16paHHhlli npoq,allb cnapanbHbiX WHMM (!
1 

(r) o6ecne'IBBseT - 15% Heo6xo.naMoro 

nepenana epenHero flO/Ill, 008TOMy B pellliTHBHCTCKOM UHitllOTpOHe H&06XOilBMO npenyc

M OTpeTb DpO<J:>HoRpOB8HBe DOIIIOCHbiX H8KOHe'IRHitOB aneltTpOM8rHHT8, 

Opa pac'leTe noniOCRbiX BaltoHe'IRHXOS npennonaranoeb, 'ITO npo¢anb nonJOca coB-

naaaeT e 8XSHDOTeHUH81lbROli ngsepxaoeTb!O (p.n m .. ) • YpaBH&RBll 8XliRflOT&HUB8/lell 

HsXOilBIIRCb aa peweHHll TpexMepaoro ypasaeHBll Jlannacca 

381l8HHbiX rpaHH'IHbiX YCIIOSHliX 8 flllOCXOCTH C HMM&TpHH 

~<I> (r,z) • 0 npB 

_ ~ j•=o a H. (r), 
az 

/17/ 

rae H. (r) -pacnpeaeneaae nollll, xoTopoe aeo6xonHMO eoanaTb aa e'!eT npo<J:>ana-

posaaall nonJOCoB. Ecna peweaae ypaeaeaall Jlannacca Bb16paTb B ¢opMe 

2n-1 
z 

41(r,z) = ! 12n·t (r) 
n=t (2;;- J)!, 

-I (r) = J_ L[r .L I (r)] 
2n+t r ar ar Jn·t 

TO rne 

.Llllll flO/Ill, 381l8HHOrO B M91lH8HHOli DIIOCXOeTH S BHil& !I• (r) 

f
1

(r) =-H.(r). 

Ho 
=-=-/ 

J 1-(_!_f 
r .. 

/18/ 

3 3 2 s • 
Y z 1 Y r 2 Y z 1 y 2 r 2 7 r 4 1191 

<l>(r,z) =- H0 (yz- --,-[3 + 2 (-) ]+ -
4
-[- +-(-) +-y4(-) 1+ ... I 

r OlD too r eoo 5 2 roo 8 t 00 .~ 

r.lle y=[J- (-'·-12]"'". 
r .. 

OyTeM cyMMHpOBaBRll nepBbiX 'lll&BOB pana /19/ np11 paanH'IHbiX eTeneHliX z MO>KHO 

H811TR npB61IH>K&HHOe ypaBB&HR& ll/IH npO<J:>Rnll fiOIIJOCHbiX H8XOHe'IHHKOB B BRile 

2 (~) 
z • r .. [ 1 - ( ....!_) l • tg ::!k--_ 

r.. r J1-(~f 
"' r .. 

1201 

Onaaxo sxenepBM&HTbl, npoeeneaable aa Monenllx c xoa<P¢•uueaToM nono6illl 

!( .. 1/10 , noxaaana, 'ITO npo¢anb non10ca, pacC'IBTsHHblll no q,opMyne /20/, ae o6ec

ne'!HT aeo6xonaMoro rpanaeaTa cpe.naero MarHBTHoro nonll aa npenenbHbiX panaycax 

UHKIIOTpOH8, 3TO CBH38HO C OTKIIOH&HH9M npo<J:>HIIR OT 8XBRflOTeHUH81lbHOli fiOB&pXHOCTH 

ua-aa nacblr.ueHHll >Keneaa nonroca Bt51IH3R xpall, a Tax>Ke c TeM, 'ITO npH aaaaHHB rpa-

HH'IHbiX yCIIOBHli S fl/IOCKOCTH Z = 0 ot5nsCTb <J:>opMBpOB8HBll flO/Ill orpaHH'I&R8 JlH8 -

MeTpoM nomocnoro naltoHe'IRBXa ane~tTpoMarHHTa, H ae y'IBTbiBaeTca "xpaeBoll aq,¢exT• 

DO/Ill /<}:>opM8 paeceliHHOro UOIIH HeH3B9CTHa/, ,LlnR yM&Hblll9HHll OLUH60X M9T0Jl8 &XBH

IIOTeHUBaneli HCIIOJJb30B8/l8eb CX9M8 H3M9H9HHR rpaHH'IRbiX YCIIOBHli, npenno>K8HH8H B 
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p 860Te 110/ • 3a npoq,an& nomoca npHHHManac& 3KBHliOTeHuaana , pacc'IHTaHH&Ie LinH rpa-

HH'IHb!X ycnOBHll, 38L18HHbiX B nnOCKOCTH Z = 0 B BHLie 

Ho • /21/ 
H.(r)=· +c.!l(r)-H0 n(t), 

vt-c-Ll 
rne H (r) -cpenHee none cacTeMbl ~nHpan&HbiX lliHMM, 

en 

I'>H(r) -paaHaua Me>Kny Tpe6yeMblM aaKOHOM nonH H noneM, onpeneneHHbiM aKc-

nepaMeHTan&HO aa Monena llnR npo¢.an.s, pacc'ti!TSHHoro no q,opMyne· /20/. 3TH pac

'ISTbl nOK838nH, 'ITO MHHHMSnbHbll! 3830p Me>KllY nOniOCSMH aneKTpOM8l"HBT8 Ha KOHe'l• 

HbiX pallHyCaX UHKnOTpOHa llOn>KeH 6b!Tb 2hmfn= 20 CM. ·KoH~pyKTHBHO 3TO B03MO>K" 

HO BbinOnHHTb C noMO!llbiO KOnbUeBbiX lJ.IBMM·, pacnono>KeHHbiX B HHTepBalte p8llHYCOB 

I'J.r = /335 - 350/ CM H C:BSI38HHb!X C KpbllliKSMH KSMepbl, 

Ana KoMneacauHH poeT a cpe llHero nona cacTeMbl cnapan&HbiX lliHMM B ueaTpan&

HOII o6naCTH, Bbl3B8HH01"0 yeenH'IeHHeM HSMarHH'IeHHOCTH H BbiCOTbl lJ.IHMM, He06XOllHMO 

rny60KOe npoq,anHpOBSHHe DOniOCa !JnBKTpOMSI"HHTa B QeHTpanbHOII o6naCTH. npa C03lla

HHH penRTHBHCTCKO!"O UHKnOTpOHa H8 6aae CHHXpOUHKnOTpOHa nstn TaitOe npOc:PHnHpOBa..:. 

HHe noniOC8 He npellCTaBnReTCSI B03MO>KHbiM aa-aa KOHCTpyKTHBHbiX OC06eHHOCTell aneK· 

TpOM8l"HHT8 E-1. 

noaTOMy llnR cP0PMHpOB8HHSI p830H8HCHOrO 38KOH8 Cpell&ero nOUR B penRTHBHCT

CKOM UHltnOTpOHe npellnO~araeTCSI HCnOUb3088Tb CHCTeMy TOKOBbiX 06MOTOK, pacnono

>KeHHyiO 38 cnHpanbHbiMH 1J.IHMM8MH, Y:acTH'IHOe lliHMMHpOB8HHe cpellHero nonH MO>KeT 

6b!Tb BbiliOUHeHO TS!t>Ke nyTeM yMeHblJ.IeHHH BbiCOTbl CliHpanbH&IX lliHMM B ueHTpanbHOII 

o6nacTH 38 C'!eT H3MeHeHHH napaMeTpa h 2 (t) VfccnellOBSHHe 3THX B03MO>KHOCTell 

H OKOH'ISTBnbHOe YTO'!HeHHe napaMeTpOB CHCTeMbl CDHpanbHbiX lJ.IHMM B npoc:PHnH DO

nJOCOB aneKTpOM8rHHT8 6ylleT npoBelleHO Ha MOllenH MSI"HHTHOII CHCTeM&I UHKnOTpOHa 

C K03rp<1JHUHeHTOM nOll06HH [{ = l/6,087. 

VfccnellOBSHHH, npoBelleHHble B HSCTOH!lleil pa6oTe, li03BOnHDH Bb16p8Tb MSI"HHTHYKI 

CHCTeMy UHKDOTpOH8 C DpOCTpaHCTBeHHOII BapHSUHeil H8 3HeprHIO npOTOHOB 700 ~SB, 

CxeM 8 KOHCTpyKUHH MarHHTHOil CHCTeM bl UHKDOTpOHa B M8ClJ.IT86e K = 1/6,087 npRB·e-

llSHa Ha pac. 10. 

3aitniO'IeHHe 

Vfano>KeHHblll B pa6oTe MeTOll p8C'!eTa MSI"HRTHOI"O nonR !tpRBOnHHe.iiHbiX lJ.IRMM, 

0CHOB8HH&Iil Ha npellnOno>KeHHH paBHOMepHOrO H8M8l"HH'!eHRR, D03BOnReT C TO'fHOCTbiO 

_+ /10 - 15/% TeopeTH'!SCKH onpellenHTb He06XOLIHMble napaMeTpbl cnO>KHOil MarHHTHOil 

CHCTeMbl penRTRBHcTcitoro UHitnoTpoHa. OcHdBH&Ie OlJ.IH6KH MeTolla o6ycnoaneHbl TeM, 

'ITO TeopeTH'IeCKOS onpelleDeHHS H8M8rHR'I8HHOCTH CHCTeMbl CliHp8JibHblX lliHMM C 6onee 

B&ICoKoil ·CTeneH&IO TO'IHOCTH e HacToamee epeMR He npencTaanReTcll B03MO>KHbiM. B 

CBH3H C aTHM 60nblliOe 3Ha'!eHH8 npH06peTaeT npenno>KeHHbil! H o60CHOB8HHblll B pa6oTe 
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MeTOJl DpR6UB>KBHHOrO MOllenHpOBSHBR BSpBQUHH C DOMO!llb!O npOCTOII CHCTeMbl npRMoy

ronbHbiX lliHMM, Ha ocaoae aKcnepaMeHTOB c npRMoyronbHbiMH lliBMMSMB·. YTO'IHeHbl on

TRMSnbHble napaMBTpbl H Dp0cPBDb CHCTeMbl CliHpan&HblX '.llHMM penSITHBHCTCKOrO UBltnO

TpOHS, ot5ecne'IBB810UlHB HB06XOLIHMYIO pa~RSnbHYIO 38BHCHMOCTb B8pH~UHH C Tpe6yeMoil 

TO'IHOCTbiO, 

<PopMllpoBaHRe peaoaaHCHoro aaKoHa cpenaero MarHHTHoro nona c 38ll8HHoli TO'I-

HOCTbiO liPBllCTSBUReT 6onee cno>KHyiO 38ll8'1Y. Bb16paHHblil npOcPHnb liOniOCH&IX HSKOHB'I

HRitOII MO>KBT ot5ecnB'IHTb HB06XOllHMYIO p8llH8nbHyiO 38BHC HMOCTb CpBllHSI"O liOnll C 

TO'IHOCTbiO /2 - 4/% 38 HCKniO'IBHHSM UBHTpSnbHOII o6naCTH, r.lle np8BbllliBHHB cpe.a;He

rO liODll Hall pe30H8HCHbiM 3H8'1BHReM MO>KBT ll0CTHI"8Tb /10 - 25/%. noaTOMy LinK 

.ll8DbHBiiWero lJ.IHMMBpOBSHRR CpBllHBI"O DOnR H yTO'IHBHBR HBKOTOpbi¥: napaMOTpOB CHC

TBMbl CliRpanbHbiX lJ.IIIMM HBOt5XO.IlHMO MOllBnHpOBSHHe BCel! MSI"HIITHOII CBCTBMbl UBJtno-

TpOHS, 

UenbiO MonenapoBaHBR aceil MarHBTaoll cacTeMbl ycJtopaTena aanaeTcR: 

1. YTO'IHeaae npoq,ana non10coe eneltTpoMarHHTa nna coallaHHB peaoHaHCHoro aa

!tOHa cpellRero MSI"HRTHOI"O nona DpB RSnH'IHR CHC'I'eMbi CliHpSnbHbiX WHMM, 

2. YTO'IHeBae napaMeTpOB CIICTBMbl cnapanbHbiX WBMM, o6ecne'IHBSIO!llHX BapRSUBIO 

MSI"HHTHOrO nOUSI B 3!Ul8HRbiX ll0flYCit8X, 

8, VfccnellOBSRRe MarHHTROrO nonR CHCTeMbl TOKOBbiX ltSTYllleK llDSI KOppeltUHH 

cpena.ero MarRBTHoro nona • 

4. OnpelleneaRe Tonorpac:PRH MarHHTHOro nong aa npellenbHbiM pallHYCOM · llnR pe

lJ.IeHRR IIODpOCOII, CBI!38HH&IX C BbiBOllOM ny'IK8 R3 lt8MBpb1 YCKOpHTBnR • 

npRUO>KeH&e 

HeKOTOpble cnoco6bl yeenli'IBHRII MHH&MaUbHOro aaaopa Me>KllY cnapanbHbiMH 

1J.IRMM8MH Ha npe.a;enbHb!X pallHYCSX UHltDOTpOHa 

npa ODTHMSnbHOM Bb160pe OCHOBHbiX DapaMBTpOB CDHpanbHbiX lJ.IHMM MHHRMSnbHblil 

3830p MB>KllY HKMH Ha npellBIIbHbiX pallHYCSX URKDOTpoHa COCT8BIIReT 2hlmfn= 14,6cM. 

Tall: 1t81t yeena'leHae sToro aaaopa RBnReTCR >KenaTen&HbiM, 6b111H paccM.OTpeHbl aeKoTo

pble LIODODHHTBDbHble MBTOllbl DOBbilJ.IBHHSI B8pK8URH OT CK~eMbl CDHpanbHbiX WHMM. 

0llHBM 113 1103MO>KHbiX MeTOllOB RBnReTCII HCUOnb30B8HKB lJ.IIIMM 38KpyrneHHOII q,op· 

M bl. Talt Jtalt B sTOM cny'lae rpaHHUbl lliHMM 6onee 6nH3KR K noaepxHocTRM BToporo no

pRlllta, cnellyeT O>KHll8Tb yBeUB'IeHHSI cpellHeil HaMarHH'IeHHOCTH 38 C'leT 6onee paBHo

MepHOI"O HaMarHH'<HBaHHR o61>eMa lliHMM. Pacnp.elleneaHe MarHHTHoro nona npRMOIIRHeilaoil 

lJ.IBMMbl 381tpYrlleHHOil cPOPMbl B npellnOnO>KSHHH paBHOMepHO!"O H8Miil"HH'IRB8HHSI MO>KHO 
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paCC'IHTaTb no Bblpa>KeHHIO 

, . R2 R2 
H (r,cf>) = .ll{-!!..(1+ - 2- Cos2cp)+ ( 1-- Cos2cf>)[arctg ~tg .!ll + 

• 2 r r2 r- R 2 /22/ 

r - R R 2 2 R 2 R C + arctg -- ctg f + 'M t")Sin 2cf>ln r 2 + 
2

-
2 ' 

08 P + 2( .B.)Sin cfi l , 
r+R r+R+2rRcoscp r 

rae R -paa&yc 3aKpyrneHHSI, r, cp - KOOpJlBHaTbl TO'IKR Ha6n!Oa9HRSI B DOnSipHOil CRc-

TeMe KoopLIHHaT, (r > R). 

AMnnRTYJlbl rapMOHHK DODSI OT 6eCKOH9'1HOII CRCT9Mbl DpBMODRHeiiHbiX WRMM C paa

nH'IHbiMR cj:>OpMaMB DOD9pe'IHOrO C9'19HRSI MO>KHO paCC'IRTaTb DO cj:>opMyne 

rJle 2h 
0 

h Qn+!Qn 
• k -4- oo •.t ----tMZ Q Q 

H s 8 Me A :£ Cos a [ e :ll; n Sin ( k __.!?.±.! -a )-Sin (k 2- a ) ], 
k n•o n ;\ n 'A n 

3a30p Me>Kay WRMMaMR Ha OCR CRMMeTpRR WRMM, 2Q n - p8CCTOSIJIR9 OT 

ocR WRMM&I JlO n -ro cpe3a DOa yrnoM an, 0
0

• 0. 

Ha pHC. 11 DpRaeaeHbl eKcDepRMeHTaii!>Hble KpRBble aapRauRR anSI cRcTeMbl DpB-

MoyronbHbiX ( _l~- • 0,5 , -~~- ,. Q,456 ) R 38KpyrneHHbiX WRMM ( _1.£_ • 0,5 ) 
2"X 2"X 2"~ 

DpR pa3nH'IHb!X 3H8'19HRRX Cp9JlHero DODSI, Vf3 Cp8BH9HRR 9TRX rpacj:>HKOB BH,IlHO, 'ITO 

yaenH'I9HRe aMDnHTYJlbl BapR8URR 38 C'leT 38KpyrneHRSI COCTaBnHeT /3 - 7/% DO OTHO

WQHHIO K B8pRaURR, C03,ll8B89MOII WBMM8MR DpHMOyrOnbHOII cj:>OpMbl. VfCDOnb30BaHRe 3aK• 

pyrneHHbiX WHMM B penBTRBHCTCKOM UHKnOTpOH9 D03BOnSieT yBeDR'IRTb MRRRManbHblil 

3H30p Ha npeaenblibiX pallRYC8X Ha aenR'IRHy /0,2 - 0,5/ CM, Tak KaK 9TOT acj:>cj:>eKT 

IIB11!19TCSI H93Ha'IHT9DbHbiM, a H3rOTOB11eHH9 38KpyrneHHbiX WBMM CBSI38HO C HeKOTOpb!MR 

T9XH0110rH'IeCKJIMB TpyaHOCT!IMR, lln!l paCCM8TpHBaeMOrO UHKDOTpOH8 Bb16paHbl CDHpanb

Hble lllHMMbl C Dp!IMOyrOnbHOII cj:>OpMOII Donepe'IHOrO Ce'leHHSI, 

BTopbiM cnoco6oM, n03BODIIIO!llHM yaenH'IHT& aapHSURID OT cHcTeMbl cnRpan&HbiX 

lllHMM, MOMeT 6biT& RCnOD&30BaHR9 cneuRan&HbiX cj:>eppOM8rHRTHb!X cnnaBOB C 6onee B&I

COKRM 3Ha'leHReM aenR'IRHbl HaMarHR'IeHHOCTR Hacbl!lleHRB. TaKRM, MaTepHanoM MO>KeT 

cnyMHT&, HanpHMep, nepMeHaiDp, anSI KOTOporo 4" M .... /23500 - 24000/ a. Ha pRe. l2 

npHBeaeHO cpaBHeHR9 MarHRTHbiX nonell WRMM oaRH8KOBOII KOHcpRryp8URH, H3rOTOBDQH-

H&IX R3 nepMeHLIIDpa /50% Co , 2% V I R cTanR MapKR CT-30 10,3%C •• .I a 

aaanc HMOCTR OT aaewHero nonB. BRllHO, 'ITO pa3nR'IRe MarHRTIIbiX nonell o6pa3UOB R3 

nepMeHr.t!Opa H cTanH ao3pacTaeT, aocTRraB 15% a nonBx CB&Iwe 9000 s. 

VlcnODb30B8HHe nepMeHa!Opa llDSI CDRpan&HbiX WRMM URKnOTpOHa D03BOnRno 6bl yae

DH'IHTb MHHRMan&Hblli aa3op Ha aenH'IHHy,.., 2 eM. OaaaKo npHMeHeHHe nepMeHa!Opa a pe~ 

DIITHBHCTCKOM UHKDOTpOHe SIBOIIeTCSI 'HeMenaTen&Hb!M no CneayiO!llHM iipR'I!IHaM: 

L nepMeHr.tiOp CRDbHO aKTIIBRpyeTCSI c o6pa3oBai!B9M paaRoaJ[THBHbiX H30TOnOB K0-

6anbTa c 6onbWHM nepsoaoM nonypacDaaa. 
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2. OepMeHlliOP SIBDH9TCSI XpyDKHM MaTepHsDOM, 'ITO, 3Ha'IHTen&HO YCDO>KHSIQT npo

qecc H3rDTOBDQHIISI CDHp8DbHblX WHMM, 

3. BbicOKa cTOBMOCT& nepMeHaiOp~ H 3H8'111Ten&Hble TexRonorRqecx!le TpyaaocTB' Ra-, 

rQTOBDeHHSI 6on&WHX 06pa3UOB, 

noeTOMY H3rOTOBD9HHe CDIIp8DbHbiX WHMM p9nHTBBHC1jCKOrO UHKnOTpOH8 npeanara-

eTCH BblnonHHTb H3 cTanH MapKH CT-10, anSI KOTOpoA 4, M z /20500 - 21000/ s. .. .. 
TpeTbHM CDOC060M yaenHqeHHSI B8pH8UHH SIBDSI9TCSI HCnDnb30B8HHe CHCT9Mbl B,apRa

UHOHHbiX TOKOBbiX 06MOTOK, pacnonar89Mb1X HS KOH9'1Hb1X p8llHYC8X UHKnOTpOHS B na-

38X Me>Kay CD!IpanbHbiMII WHMMSMR, 

AMnnHTY abl rapMOHHK nonB aapaaU!IOHHbiX TOKOBbiX o6MOTOK MO>KHO oueHBT& ny

TeM pac<teTa MariiHTHoro nonB oT cacTeMbl DpBMODIIHeAHbiX TOKOB /p11c', 13/. 

H .. 
k 

0,8jf ·2rr.t t 
--- e 

rrk 

2b 
·2".tr ;:,. 

(1-e )·Sin2rrkf·Sin2rrkr /24/ 

rae j = (Ill') -nnoTHOCTb TOKS DO C9'19HH!O npoaoaHRKS, 71 - K08cj:>cj:>RUH9HT 38Don-
4hb71 ' 

HeHHII, (Ill') -aM nepBRTKH 06MOTKH, PacqeT bl, BbiDOnHeHHbie DO STOll cj:>opMyne Dpll 

2h =9cM, 2b=l0cM, f =47,3cM, 2a=30cM, 2h
1

=20cM, 

'1 '" 0,4 R MO!llHOCTII DHTSHKR p " 150 KBT ;:inB CHCT9Mbl K8TYW8K 83HMYT8Db-

HOI! Dp0TSI>K9HHOCTH 35° DOK838nH, 'ITO B91IH'IRH8 OCHOBHOII rapMOHHKII DOnSI COC-

.Y.aanBeT - 300 spcTea. KpoMe Taro, MOli<HO OlKHll8Tb aoDOnHHT&n&Horo yaenH'f&HHR 

aapaauHH 3a cqeT DOaMarHH'fH,BaHHB cDHpan&HbiX WHMM. OaHaiw npoaeaeHHbie c TO,Ka

BbiMII KaTyWKaMH, 8KCJiepHM9HTb! DOKa3anH, 'ITO DpR HaMarHH'fQHHOCTH cj:>epp JMarHHTHbiX 

o6pa3UOB 4rrM - /16000 - 17000/ epcTea, COOTBQTCTBy!Oill911 HaMarHII'f&HHOCTB 

cnHpanbRbiX WHMM Ha Ka>He'fH&IX paaHycax, sTOT scj:>cj:>eKT Man. TaKHM o15pa3oM, npllt.o,te· 

HeHH& TSKHX TOKO&biX 06MOTOK n03BOnHnO 15,bl yaenH'IHTb MBHIIMSnbHblll 3830p Ha lSenH-

'IHHy /1,0 - 1,5/ eM. K HeaocTaTKaM Hcnon~o3oaai!HR TOKOBbiX o6MoTOK cneayeT 

OTHQCTH: 

1. Son~owRe MO!llHOCTR CHCTeM DHTSHHSI, 

2. CnO>KHOCTb KOHCTpyKTHBHOrO Bb!DOnReHRSI KSTyweK B BaKyyMIIOI! KSMepe yc-

KOpHT&nR, 

3. OrpaHH.'feHII&Ie B03MOlKHOCTR eTOI"O MeTOlla anSI noKan~oHoro wHMMHpoaaii!IH 3a-

KOHa SMDnHTYllbl BSpHaUHH MsrHHTHOrO nonSI. 

Ha ocHOBaHBH eTRX coo6pa>KeHHII He npeaycMaTpHaaeTcB acnon~oaoaaaae aapaauH

OHHbiX TOKOBbiX OI5MOTOK B MSrHHTHOll CHCTeMe UHKnOTpOHS, 

17 



npH!IOlK9HH9 2 

BnHRHH9 OO!ly'leHRR Ha M8I'HHTHhl9 CBOACTB~ CT8!lbHhl~ oop83UOB 

3xcnepHM9HThl, !IpOBe}:leHHhle C !lO.llOOHbiMR WRMM8MR, !IOK838!IR, 'ITO p83!lR'IRe 

M 8 rHHTHhlX CBORCTB CT8!l9A He !IpRBO}:lHT K 38MeTHhlM OT!IH'IHRM KpHBhlX H8M8I'HH'IHB8HHR 

npR ycnOBHH H9}:lOBe}:l9HHR M8I'HHTHOI'O COCTORHRR OOP83UOB J:lO H8ChliUeHHR, 3TO CBR38-

HO c TeM, 'ITO !IHH9AH8H '18CTb KpHBOR H8M8I'HH'IHB8HHH Tena B OCHOBHOM O!lpet:~enReTCR 

ero reoMeTpH'19CKHMH p83Mep8MH, 

no STOA npH'IHH9 H9!lb3H OlKHJ:l8Tb CYIU9CTBeHHOI'O B!IRRHHH 60!lblliHX ypOBHeA p8-

.llH8UHH ua aenH'IHHY M8rHHTHoro nona, coa.n8&8eMoro cj!eppoMarHHTHhlMH o6p83U8MR, 

0t:~H8KO 8 ony6nHKOB8HHhlX pa60T8X RM910TCH CB9.ll9HHR 0 B!IHRHHH p8AH8UHH H8 M8I'HHT-

/11 12/ 
Hhle caoRcT&8 HexOTophlX Mapox CT8neA ' • C ne!lb!O npoaepxa sroro scpcpeKT8 6hlnB 

DPOB9.ll9Hhl HCC!l9J:l0B8HHR M8I'HHTHhlX CBOACTB !lll8CTHH /2 X 10 X 10 MM/ H3 CT8!IH M8pKH 

CT-30, o6ny'I9HHhlX H8 CHHXpOQHKilOTpOH9 n860p8Topaa ll.ll&pHhlX npo6neM OVIHVI ny'IKOM 

nporouoa c sHepraeR 680 Mas. 06ny'leHHe npoaaaot:~anocb Ha auyrpeHHeM Dy'IK& nporo-

HOB C RHT9HCHBHOCTbiO - 2~tA B T9'19HH9 50 '18COB, VfHTerp81lbHhlA DOTOK DpH &TOM 

COCT8BliHil - 1.10
19 

npOTOHfcM
2

, MeTO.llHK8 HCC!l9.ll0B8HRR COCTOlllla B Cp88H9HHH M8I'HHT-

HhlX liO!leA, C03.ll8B89MhlX CT81lbHhlMH 1IIl8CTHH8MH }:lO H liOC!le o6nyqeHRll, nnaCTHHhl, 

38KpenneHHbl9 B CIIeUH81lbHOM !IpHCDOC06!l9HRR BM9CT9 C ,ll8T'IHKOM llt:l9pll0I'O M8I'HRTO

MeTp8, IIOM9W8liHCb B 3830p 81l9KTpOM8I'HRT8, M8I'HHTH09 IIOil9 KOTOpOI'O CT80Hl!H3HpO

B8l!OCb Rt:lepHhlX CT80HliB38TOpOM, TO'IHOCTb H3MepeHRll M8I'HHTHOI'O IIOl!H 1IpH STOM COC' 

-4 
T8Bl!Hll8 : 3.10 , 

VfaMepeHHH !IpOBOJ:lHl!HCb IIpB t:lBYX ypoBHHX HH.llYKUBH B 3830pe 81l9KTpOM8I'HHT8 

Jl O • 14180 H /{ O = 17480 8, npa STOM B9l!H'IHH8 IIOliH 1IIl8CTHH COCT8BliHll8 

/';/{ ~ 4990 S H I'J.H • 5440 8 , COOTBeTCTBeHHO, Cp8BH9HHe peay!lbT8TOB H3MepeHHA IIO-

l!eA J:lO H liOCl!e OOl!y'leHHH IIOK838l!O, 'ITO p83l!H'IH9 B Be!IH'IHH9 H81IpHlKeHHOCTH IIOl!H 

1Ili8CTHH l!9lKHT B 1Ip9J:le!l8X TO'IIIOCTH SKC119pHM9HT8, 

3ro R03BOnHeT c.nenaTb BhlBOJ:l, 'ITO 6onbwae IIO!IH p8.llB8UHH B pel!HTHBHCTCKOM 

UHKliO'J'pOHe He 1IpHB9t:lYT K H3M9H9HHIO CcpOpMRpOB8HHOI'O 38KOH8 M8I'HRTHOI'O IIOl!H, 

narep8Typ8 

l. Ll.n. B8caneacx8H, A.A. rn8aoa, B.VI. Ll8Hanoa, B.n. Ll>KeneRoB, B.n. ,QMaTpuea
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MarHHTHOI'O IIO!lll, ATOMH8H SH9pi'HH, ~. 657 /1959/. 

2. a.n. B8CR!l9BCK8H, A.A. rn830B, B.VI. Ll8HH!IOB, B.n. ,Q>KeneliOB R .np. UaxnOTpoH 
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uepraa, _a_ , 189 /1960/. 
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