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Bee~euae 

B nocne~uee ~ecsTaneTae B uayquo-accne~oeaTenbCKHX uenTpax MHorax CTpan npoeK· 

THPYIDTCS H cTposTcs ycKopaTenH c npocTpaucTeeunoA eapuauueA uanpsmeuuocTH MarHHT

/l-3/ 
uoro nons • Cpe~H aTHX ycKopHTeneA anaquTenhH~A HHTepec npe~cTaensiDT ycKopa-

Tenu UHKnOTpOHHOrO THUS HS aueprHID UpOTOHOB H9CKOnhKO COT ~98 ~ns reHepSUHH HHTeH-

CHBHbiX ny'IKOB lr -M930HOI! - TSK H83biB89Mbl9 M930HHbl9 reuepaTOpbl, 

8 HSCTOSW99 Bp9MS OKOnO ~eCSTH UHKnOTpOHOB HS T8KH9 aueprHH HSXO~HTCS B CTa

~HH UpOeKTHpOBSHHS ( Ta6nHU8 1) • Yfccne~OB8HHS 0 UpOBe~eHH~e HS MO~ensx, UOK83SnH 

B03MOmHOCTb YCK0p9HHS B 9THX UHKnOTpOHSX UpOTOHOB ~0 aneprHA - 1000 ~a/3 •41 , no

ny'I9HH9 TSKHX aueprHA HSKna~~B89T »C9CTKH9 Tpe60B8HHS HS TO'IHOCTb ¢opMHpOB8HHS aa

~SHHOrO 38KOH8 MSrHHTHOrO nons B Cpe~HeA nnOCKOCTH UHKnOTpOHS, 

B na6opaTopHH s~epH~X npo«SneM OYI.fiYI paapa6aTbiB89TCS penuTHBHCTCKHA UHKnOTpOH 

HS aueprHID UpOTOHOB 700 ~aB C HHTo,!HCHBHOCThiD UY'IKS - 500 MKS, ~arHHTHyiD CHCTeMy 

TSKOrO UHKnOTpOHS npe~nonaraeTCS B~UOnHHTb HS 6839 aneKTpOMSrHHTS CHHXpOUHKnOTpOHS 

na6opaTOpHH S~9pHblX npo6neM, 

~~~ /~ 
PaaBHTHe MeTo~oe pac'leTa , uaMepeHHH H cTa6anuaauuu MarHHTHbiX noneA 

CnO»CHblX KOH¢HrypaUHA B na6opaTOpHH H~epHblX npo6neM U03BOnHnO nepeATH K ¢opMHpo

B8HHID MSrHHTHOrO nons HS MO~enH MSrHHTHOA CHCT9Mbl UHKnOTpOHS, 

8 HSCTOHW9A pa60T9 paCCMOTpeHO MO~enHpOB8HH9 MSrHHTHOA CHCT9Mbl pemiTHBHCT

CKOro UHKnOTpOHS, ~ns KOToporo H906XO~HMbiA 38KOH H3M9H9HHS UOnH B nnOCKOCTH CHM

M9TpHH ( Z =0) 38~8H B BH~e/4/ 

H(r,ct>)• H(r)[J+ t(r)Cos(r- Ncb)], (t) 

r~e 2rrX H N - pa~uanhHbiA war u nepuo~H'IHOCTb cTpyKTYPbl MarnHTHoro nons. 

Tpe6yeMaH pa~uanhHSH aaeHCHMOCTh cpe~uero nonH H rny6HHbl eapuauuu onpellenHIDT-

CSI BbJpameHHSIMH 

NX 2 
t(r) .. r [(.Q. 

H 
H(r). ~---

r2 
+ ---) 

r 2_, r 2 

,/1 -(.!.-)2 
r_ 

2 
r .. 

1- 2 -2 
N '(r .. - r ) 

1 ·r 
2 

- 2N 2(rZ- r2) + 'h (~~ ) 2 

Eo 
r = --rlle oo eHo Q. - '18CTOT8 8KCH8nbHbiX KOne6aHHA. 
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Ha puc. I npHB8Ll8Hbi aasucHMOCTH axcuanbHo-cHMM8TpH'!Horo (cpeLlH8ro) non11 H(r) 

u aMn/lHTY Llbl OCHOBHOII rapMOHHKH · non11 • (r) H(r) OT pa.auyca, paCC'IHTaHHbi8 no cpopMy-

naM (2) u (3) npu cne.ayiOll.lHX ocHOBHbiX napaM8Tpax UHlUloTpoHa: N •S,lt •7,7, H0 •7887a, 

Q • =0,24. nuHHH .aonyCKOB Ha B8/lH'iHHY sapHSUHH noll !I ( KpHBbl8 3) paCC'IHTaHbl npH .aony

CTHMOM H3M8H8HHH '!aCTOTbl aKCHa/lwfblX KO/le6aHHII ~ Q• = :!:_0,09, npu 3TOM .aonyCK Ha aM-

-2 
nn HTYLlY sapuauuu Ha xoHe'iHhiX pa.auycax cocTaB/l!leT !:._1·10 • .llonycx Ha B8/lH'iHHY cpe.a-

H8ro nO/Ill onpe.ae/l!I8TCll KOHe'IHOII 9Hepruell '!aCTKU K COCTaB/lli8T :!:_ ( 2- 3) •10 -
4 

npH Max

CHMa/lbHOM Ha6ope 9H8prHH aa 060pOT 400 KSB. 

np8LlBapHT8/lbH08 onpe.aeneHHe napaMeTpOB CHCTeMbl CllllpallbHblX lliHMM H KOHcpHl'ypa

UHH noniOCHbiX HaKC>.H8'1HHKOB anexTpOMaruuTa, cpopMHpyiOll.lHX none sa .a a (I), 6bino npos8-

.aeuo Ha OCHOBe paC'I8TOB H MOLl81lHpOBaHHll OTLl8/lbHblX 9/l8M8HTOB MarHHTHOII CHCTeMb/ 
101 

npoBeLl8HH08 HCC/leLlOBaHH8 no cpOpMHpOBaHH!O n8pHOLlH'i8CKHX MarHHTHblX nonell C nOMOll.lblO 

KpHBO/lHHel!HblX lliHMM noKasano, 'ITO Ll/lll YCKOpHTe/lll Ha TaKyiO 3H8prHIO HaH6onee npHeMne

MblM !IB/l!leTC!I Bhi6op lliHMM c rpaHHUaMH, HaMeH!IIOll.lHMHCll no aaxouy cnRpanH ApxuMe.aa 

r = aq, ( a - N'A. - napaMeTp cnupanu ). napaMeTpbl cnupanbHblX ll.lHMM - ~ •7, 7 CM, Bb!Co-
' . 

Ta 2b •25 CM H aaHMyTa/lbHaR npOTR)K8HHOCTb a •18° 6bl/lH Onpe.aeneHbl nyTeM MOLl811H-

poBaHHR cRCTeMbi np!IMO/lHHeliHb!X WHMM. Ha ocHose STHX )1(8 axcn8pHMeHTOB 6bi/l Bbi6paH 

npocpH11b CHCTeMbl CnHpa11bHbiX lliHMM h l ( r ) , cpopMKpyiOll.lHll He06XOLlHMblll 3aKOH Bapua

UHK C paLlHYCOM, ,Jlllll yTO'IH8HHR npocpH11R CHCTeMbl CnHp811bHbiX lliHMM H nO/l!OCHb!X HaKOHe'!

HHKOB anexTpOMS!'HHTa 6b!11a C03LlaHa MOL1811b MS!'HHTHOII CHCT8Mbl pe/!SITHBHCTCKO!'O UHKno

TpOHa B MacwTa68 I( = 1/61 087 (puc. 2). HaMepeHHll Ha Mo.aenu noxaaanu, 'ITO napa-

MeTpbl CHCTeMbl, -Bb!6paHHb!e TaKHM cnoco6oM, 6nuaxu K Tpe6yeMbiM. l-1cc118LlOBanuR, npo-

B8Ll8HHbie Ha MOLlenu, n03B011H11H HBIITH KOHcpnrypaUH!O CnHpa11bHblX lliHMM H n011lOCHblX Haxo

He'IHHKOjl, o6ecne'IHBaiOll.lYIO cpopMHposaHue aa.aaaHoro aaxoua MarnHTHoro no11l! A' cpe.aaell 

n110CKOCTH, npH 3TOM 38BHCHMOCTb BMn/lHTYLlbl BapHaUHH MS!'HHTHO!'O nO/Ill OT pa.aKyca Ha

XOLlHTC!I B aa.aaHHblx .aonycxax • .llose.aeaue cpe.auero nonl! .ao aa.aaHHbiX .aonycxos npe.a

nonaraeTcR OCyll.leCTBHTb C nOMOll.lblO TOKOBblX KaTyllieK, CeKTOpHbiX H KO/lbUeBblX lliHMM, 

Mo.ae11uposanHe MarHHTHoll cucTeMbi UHK110Tpoaa 

U811b!O MOLl811HpOJiiBHH!I scell MarHHTHoll CHCTeMbi ycxopuTe11R !IB/!Rnocb: 

I) Onpe.aen8HHe .aonycxos Ha napaM8Tpbi MarHHTHoll cucTeMbi • 

2) YTO'iHenHe npocpH11!1 noniOCOB anexTpoMaruuTa .an11 coa.aaHHR p8aouaHcHoro aaxoHa 

Cpe.aHef'O MarHHTHO!'O n011!1 npH HanH'IHK CHCT8Mbl CnHpanbHblX lliHMMo 

3) YTO'!HeHH8 napaMetpoB cucTeMbi cnupanbHbiX lliHMM, o6ecn8'1HBaiOll.lHX sapRaURIO 

MarHRTHoro non11 B aa.aal!Hhix .aonycxax. 

5 
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4) Onpe.aeneuue TonorpacpHH MarHHTHoro nonS! 38 npe.aenbHbiM 

HHSI aonpOCOB, CBSI38HHbiX C BbiBO.llOM ny'IK8 H3 K8MBpbl yCKOpHTenSI. 

pa.auycoM .anSI pewe-.-

5) Vfccne.llOB8HH9 M8I'HHTHOI'O nonS! TOKOBblX K8TyW9K .anSI KOppeKUHH Cp9JlH9I'O nonS!. 

~o.aenHpOB8HH9 M8I'HHTHOI'O nonS! penSITHBHCTCKOI'O UHKnOTpOH8 npOBO)lHnOCb B 3830-

pe :;meKTpoMarHHTa c .anaMeTpOM nomocoa 115 CM. KoscpcpnnneHT no.ao6HSI 6&m IJPRHSIT 

paBH&IM oTuoweHHIO .anaMeTpoa non10coa penSITHBHCTCKoro UHKnoTpoua ( D 700 eM) H Mo

.aenu ( /, 115 CM) H COCT8BnSin K • 1/!J,087. 

npHHUHnH8nbH8SI CX9M8 KOHCTpyKUHH MO.llBnH M8I'HHTHOli CHCTBMbl H306p8>KBH8 H8 

pHC. 2. 8&!60p npOcpHnSI noniOCHOI'O H8KOHB'IHHK8 SneKTpOM8I'HHT8, cpopMHpyiOW9I'O 38Jl8H

/}0/ 
Hbll! 38KOH cpe.auero nOnS! ( 2), 6&In npOBB.llBH MBTO.llOM 9KBHnOTBHUH8nel! • illHMMHpo-

aauue Kpaeaoro scpcpeKTa OCYWBCTBn!lnOCb 38 C'I9T KOHB'IHOl! KOnbU9BOli WHMMbl, KOTo-

pall cny>KHna npo.aon>KBHHBM noniOCHOI'O H8KOHB'IHHK8o Jln11 npH.ll8HHSI >KBG:TKOCTH K8Mepe 

3T8 WHMM8 KpenHn8Cb K )lHCK8M H3 H9p>K8BBIOWBJI CT8nH. Jln11 H3MBHBHH!I p8JlH8nbHOJI 

38BHCHMOCTH cpe.auero nong· ua npocpune non10ca 6&In npe.aycMoTpeu ua6op JlHCKOB H KOnb-

ueBbiX WHMM. 

Pacnpe.aeneuue cpe.auero non11 oT pa.auyca .an11 npocpHnH noniOcuoro H8KOHB'IHHK8 

sneKTpOM8I'HHT8 ( 6e3 CHCTBMbl cnupanbHblX H KOHB'IHb!X KOnbUBBbiX WHMM) H306pa>KeHO 

H8 pHC. 3 (KpHB8SI 6). ~8KCHMYM CpB.llHBI'O non11 )l0CTHI'89TC!I H8 t =51 CM npH pOCTB 

non11 - 34%. 

CnHpanbHblB WHMMbl KpenHnHCb 6onT8MH K JlHCK8M H3 Hep>K8B9101UBJI CT8nH, KOTOpbl9 

BMBCTB C KOH9'1Hb!MH KOnbUBBbiMH WHMM8MH cny>KHnH Kpb1WK8MH UHnHHJlpH'IBCKOJI K8M9pbl 

(pHC. 4, 5). npocpHnHpOB8HH9 cnupanbHbiX WHMM 6&In0 CBSI38HO C cpopMHpOB8HHBM 38KOH8 

B8pH8UHH (3) B 38)l8HHbiX )lOnyCK8X. npoBB.ll9HHb19 OU9HKH nOK838nH, 'ITO pOCT Cpe.auero 

M8I'HHTHOI'O non!! 38 C!IBT npOcpHnHpOB8HHSI CHCTBMbl cnupanbHbiX WHMM MO>KBT COCT8Bn!ITb 

- 15%. npu H8nH'IHH KOHB'IHOJI KOnbUBBOJI WHMMbl Bb!6p8HH8SI M8I'HRTH8!1 CHCT9M8 )lOn>KH8 

o6ecne'!HTb ueo6xo.aHMBil! rpa.aneHT M8rHHTHoro nonS! ua npe.aenbH&Ix pa.auycax Mo.aenu 

- 500 s/cM. 

reoMBTpH'IBCKHB p83MBpbi noniOCHb!X H8KOHB'IHHKOB MO)lBnH 6blnH BblnOnHBHbl C TO'I

HOCTbiO :!:_0,5 MM. 

CoocuocTb .ancKoa H· cnupanbHbiX WHMM o6ecne'IHBanacb c TO'IHOCTbiO 0,2 MM •. 3epKanb

HoCTb BBpXHHX CnHpanbHbiX WHMM OTHOCHTBnbHO HH>KHHX )l0CTHI'8n8Cb 38 C'IBT BbiCOJtOl! 

CTeneHH COOCHOCTH H 83HMyTanbHOJI· ycT8HOBKH BBpXHBI'O JlHCK8 OTHOCHTBnbHO HHJKII,E!I'O 

TO'IHOCTbiO 0,01 O • 

c 

BBH.lly CHnbHOli 38BHCHMOCTH B8p.t8UHH non11 OT 3830p8 MB>K.lly CnHpanbHbiMH WHMM8-

MH OC06BHHO >KBCTKHB Tpe6oaaHHSI npe.a~SIBn!lnHCb K TO'IHOCTH H3I'OTOBnBHK!I CTyneH'I8TOI'O 

npocpHnSI CHCTBMbl cnupanbHblX WHMM 0 Ha MO.llBnH Mai'HHTHOl! CHCTBMbl STOT npocpHnb 
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KOHTponupoeancH cneuuanbHbiM HH.llHKBTOpHbiM ycTpoJICTBOM. To'IHOCTb B&monHBHH!I npo-. 

cpHnll CHCTBMbl CnHpanbHbiX WHMM COCT8Bn!ln8 :!:_0,05 MMo 

0wH6KH H3I'OTOBneHH!I H ycTaHOBKH sneMBHTOB M8I'HHTH')JI CHCTBMbl MOI'yT npnBBCTH 

K nO!IBnBHHIO II.B.llOnyCTHMbiX B03MYlll9HHl! B 38KOHB M8I'HHTHOI'O nOn!! ( HH3WHB rapi\10HKKH, 

ucKa>Keuue Me.auaHHoJI noaepxHoCTH ). OueHHM M8KCHM8nbuoe eoaMymeune non11, Ko~opoe 

MOlK9T B03HHKHYTb B nnOCKOCTH Z =0 OT CHCTBMbl CnHpllnbHbiX WHMM, n8p8MBTpbl KOTOpblX 

BblllOnHBHbl C TO'IHOCTbiO a ± t'.a , h ± 1\h , a+ 1\a 2rr + 1\¢ 
'N- • B 3TOM cnyqae aoa-

MO>KHbiB rapMOHHKH non!! C TO'IHOCTbiO JlO 'lnBHOB BTOporo nOp!l.llKB M8nOCTH MO>KHO H8l!TH 

H3 Bblp8>K9HH!I -m~ N 

IH.,i=4Me •{Sin~rlt'.a} +t'.cp)•'!.Sinm(cf>+n~- .!_) + 
2 a n=1 N a 

m lt'.hl h lt'.al t'.a N 
+[Sin ~--1- + - 1 --)+ _Cos~}!. Cosm(cf> +n.l..!!....-!-.) I 

2 a a 2 2 n=l N a 

(4) 

r.ae 4rrM - HaM8I'HH'I9HHOCTb CnHp8nbHOJI WHMMblo 

Cpe.auee 3HB'IBHHe .'1., - cocTaanHIOWeJI a nnocKOCTH z = 0 

pacnpe.aenenn11 owu6oK t'.a > 0 , !ih
1 

>o npu 0 <r < R H !ia < 0 

.an11 uauxy .awer-o 

' ' 1111 
!i h 

1 
< 0 npu R < r < R k 

MO>KHO OUBHHTb no cpOpMylle 

(5) 

IH (rJI~4MNt[~_l JR[Q (x )-Q (x Jl+it'.hi~-1 -[hiQ'(xl)-hQ'(x2)Jl, 
r , 2 V :;- Y.o 1 Y.o 2 1 2 r.J r R Y.o 2 on 

r.ae QY.o (x) - ccpepuqecKa!l cpyHKUH!I fle>Kan.apa II 
R\r 2 +h2 , X•-----· 

2Rr 
-ro po.aa oT apryMeHTa 

TaK, npu H3roToeneuuu u ycTaHOBKe cnnpanbH&Ix wHMM ua Mo.aenu c TO'IHOCTbiO t'.a •t_O,o:f, 

t\h
1

=;t0,05 MM, 1\a =;t0,1 MM H t'.cf> •:!:_0,05° B nnOCKOCTH Z = 0 pa.auanbH8SI COCT8BnSI-

IOlU8!1 nOn !I MO>KBT JlOCTH'Ib 9 3. AMnnHTy )lbl nepBOli H HCK8>K9HH!I OCHOBHOli rapMOHHK no

nS!, paCC'IHT8HH&Ie no cpopMyne (4) .an11 sTHX aenH'IHH, npuse.aeubl a Ta6nuue II 

Ta6nnua IJ 

t'.a = ± 0,03° 1\ h 1 • ± 0,05 MM 1\ a.•: 0,1 MM l'l<t> - t o,05° 

H I (s) 7,5 2,2 2,1 4.0 

8H (s) 1,2 6,9 6,7 9,0 
I 

O.o.uaKo omn6KH SKcnepuMeHTanbHOI'O onpe.aeneHHSI Tonorpacpuu MarHHTHOro non11 

MO.O.BnH npeBbiWaiOT B03MYlllBHHSI non!!, o6ycnoaneHHEIIB reoMeTpH'IBCKHMH HBTO'IHOCTSIMH 

cHCTBMbi, npuee.o.eHHbiMH a Ta6nnue II • 3To CBSI3aHo c .aocTnruyToll TO'IHOCTbiO ycTaHoB-

7 



KH ):l6T'!HK6 M<lrHHTOMBTpa B liOliSIX C rpaJJ:HBHTOM - (2000-3500) 9/CM, npHM9ij9HHe 

/9/ . 
MSrHHTOMBTpa, OCHOB6HHOrO Ha HBliBHHH HJJ:BpHoro peaOHaHca B liOliHX C TaKHMH rpaa"U 

eHTaMII, OKaaanOCb H9B03MO:>KHbiM, II 113MBp9HIIB TOliOrpa¢1111 MarHHTHOrO !lOllS! npOBOJJ:II-

x) 
nocb npu6opoM, ocHoaaHHbiM Ha a¢¢eKTe Xonna • TepMOCTaTHpoaaHHe JJ:aT'!HKa H noTeH-

IIIIOMeTpH'iBCKIIJI MBTOll H3M9p9HHSI pa3HOCTH liOTBHUHaliOB Ha ~pHCTanne, a TaK:>KB BbiCOKaH 

TO'iHOCTb liOJJ:JJ:Bp:>KaHIISI npOJJ:OllbHOrO TOK6 qepea I'PHCTann li03BOliHliH liOlly'iHTb TO'iHOCTb 

-4 
llaMepeHIISI !lOllS! :t_5 • 10 • PaaMepbl KpHCTanna COCTaBliHliH (0,3 X 1,2 X 1,8 MM }, 'ITO o6e-

Cll9'ii!Bano npaKTH'iBCKH TO'iB'iHblB H3MepeHHSI, 

jJ.aT'ii!K MarHIITOMBTpa ycTaH6BliHB6<liCSI Ha H3M9pHTBllbHYIO lliTBHry ( pHC, 5), KOTOpag 

o6ecrrequaana ycTaHOBKY JJ:aT'ii!Ka no pa.JJ:nycy, rro aanMyTy H no aepTHKanu c TO'iHOCTbiO 

!._0,1 MM, ±_0,0 I O H ±_0,5 MM , COOTBBTCTBBHHO, J].ng HCKliiO'iBHHSI OlliH60K, CBH3aHHblX C 

H9CTB611llbHOCTbiO MBrHHTHOrO liOliH, 6blll 11pHM9H9H CTB6HliH38TOp, OCHOBaHHbiJI HB SIBliBHHH 

IW ~ 
HJJ:BpHoJI IIHJJ:YKUHH , KOTOpblJI o6eC!I9'iHBan CTa6HllbHOCTb !lOllS! :t_2• 10 • 

MaKCHMallbHBSI Olli1!6Ka H3M9p9HHSI llOJ)H B TO'iKB Ha MOJJ:BliH MarHHTHOJI CHCTBMbl ):lo

CTHrana :t_ ( 30- 40) a, a TO'iHOCTb Ollp9JJ:9li9HHH cpeJJ:Hero liO.liH H aM!IliHTY llbl BOCbMOJI rap

MOIHIKH, nonyqaeMaH 113 a31tMYT6llbHbiX H3M9p9HIIJI !10 48 TO'iK<IM Ha !19pHOll9 2" COCTSB-

( ) 
xx) 

n11na ±. 10-15 a • 

J].ng penHTHBHCTCKOro UHKnoTpoHa Ha aHeprHIO rrpoTOHOB 700 Maa paaJJ:enbHOe ¢opMu

poaaHue CpBJJ:HBrO !lOllS! H BBpHaUHH OKa3biBa9TCSI H9B03MO:>KHblM, 3TO CBII3aHO C TBM, 'ITO 

MBrHHTHOB COCTOSIHHB CliHpanbHblX lliHMM He JJ:OBBJJ:BHO JJ:O HaCblll.(9HH11, noaTOMY <iJopMHpo

BaHIIB !lOllS! (I) B CpBJJ:HBJI llliOCKOCTH MOJJ:eliH MarHHTHOJI CHCTBMbl UHKliOTpOHa BKliiO'iano 

B ce6H HBCKOllbKO aTaliOB liOCliBJJ:OBaTellbHOrO llpH6lii!:>KBHIISI K 36):l6HHblM aaKoHaM CpeJJ:Hero 

M6rHHTHOrO nong II 6MllliHTYllbl OCHOBHOJI rapMOHifKH, 

Ha pHC, 3 11p11BBll9Hbl aaBHCIIMOCTH aM!IliHTYllbl OCHOBHOJI rapMOHHKH H cpeJJ:Hero Mar

HHTHOrO nonSI OT paJJ:nyca, nony'ieHHbre a nepBbiX aKcnepHMBHTax Ha MOJJ:enu, 8HJJ:Ho, 'iTO 

aapKaUKSI MarHHTHoro nong ( Kpnaall I') a a HCKliiO'iBHifBM KOHB'iHbiX paJJ:nycoa, ne:>KHT aHyT

pH 3a):laHHblX ):lOnyCKOB, 3TO yKa3b!B69T Ha TO, 'iTO !16p6M9Tpbl MBrHHTHOJI CHCTBMbl, Bbl-

6pBHHbl9 HB OCHOBB npeJJ:Bapi!TBllbHblX paC'iBTOB H MO):l9l1Hp0B6HHSI OTJJ:BllbHblX aneMBHTOB 

cucTeMbr, 6nuaKu K Tpe6yeMbiM. 0JJ:HaKo npHHHToe paa6neHue rnaJJ:Koro npo¢nm1 Ha II 

CTyneHBK H9llb3SI C'iHTaTb yJJ:OBliBTBOpHTBllbHblM Ha-aa HaliH'!HSI HBJJ:OnycTHMblX OTKliOHBHHJI 

rp6JJ:H9HT6 BapllaUHH OT Tpe6yeMOrO II CTyliBH'!aTOrO XapaKTBpa 36BIICHMOCTH Cp9JJ:H9~0 nonS! 

OT PBLlHyca. 3To yKaabraaeT Ha Heo6xoJJ:HMOCTb yMeHblliBHHH paJJ:uanbHOJI npoTH:>KBHHOCTu· 

CTYIIBHBK npo<iJKnH. 

x) . 
8 1{6CT0Hil.(ee BpBMSI B na6opaTop11H SIJJ:BpHbiX npo6neM Ovf.fll1 paapa6oTaH HJJ:ep-

HbiJI MarHHTOMeTp, rroaaonHIOIUHJI K3MepHTb MarHHTHble nong c rpaJJ:HBHT&MH JJ:O 4000 a/eM, 

KOTOpbrJI 6yJJ:eT ucnonbaoaaH a JJ:allbHeJilliHX pa6oTax rro MOJJ:enHpoaaHHIO MarHHTHoro nom1 PU. 

xx) 
8 HaCTOSIIU99 BpBMSI BBJJ:yTCH pa60Tbl no Ollp9JJ:9li9HHIO H906XOJJ:HMOrO 'iHCna H3Me

pR9MbiX T0l.f9K H8 nepRO,ll9 .UllSI .n.OCTH>K9HH'R' 88.0.8HHOA TOt.tHOCTH llO cpe,aHeMy nonJO, OCHOB

HOA H HH3WHM rapMOHHK8M. 
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KOHTponupoaancH cneuuanbHbiM HHJJ:HKaTopHbiM ycTpoJicTBOM. To'iHOCTb BbmonHeHHH npo

¢un11 CHCT9Mbl CnupanbHhlX lliHMM COCT6BliSI1Ja ±_0,05 MM, 

0lliH6KH H3rOTOBli9HHSI H yCT6HOBKH aneMBHTOB MarHHTH9ft CHCTBMbl MOryT llpHBBCTH 

K noi!Bli9HHIO II.BJJ:OliYCTHMbiX B03MYIUBHHJI B 36KOHB MarHHTHOrO nOll II '( HH3WH9 rapMOHIIKII, 

HCK6:>KBHII9 M9JJ:H6HHOJI liOBBpXHOCTII ). OueHHM MaKCHM6llbH09 B03MYWBHII9 nonH, KOTOpoe 

M021<9T B03HHKHYTb B llliOCKOCTH Z •0 OT CHCTBMbl Clll!panbHbiX lliHMM, napaMBTpbl KOTOpblX 

BblliOliHBHbl C TO'iHOCTbiO a ± t1a , h ± !1 h , a + !1 a 2" + !1 cp 
'N- • 8 aTOM cnyqae aoa-

MO:>KHbl9 rapMOHHKH nonH C TO'iHOCTbiO JJ:O 'iliBHOB BTOporo 110pHJJ:K6 ManOCTII MO:>KHO Hal!TII 

H3 BbJpa:>KBHHSI •m~ N 

1Hm1=4Me •{Sin~tlt1a} +L'1ti>J•!.Sinm(rj>+n~- !__) + 
2 a n=1 N a 

[s . ma IL'1h11 h1 IL'1ai L'1a C ma ~ 2" t 
+ m~--- + ---)+- os--]•.w Cosm(¢ +n----j I 

2 a a 2 2 n= 1 N a 

(4) 

rJJ:e 4"M - HaMarHH'iBHHOCTb CliHpanbHOft WHMMbl, 

CpeJJ:Hee aHa'iBHHe !I, - cocTaBIIHIOWell a nnoCKOCTH z = 0 JJ:liH HaHxyJJ:wero 

pacnpeJJ:eneHHH owH6oK !!a> 0 , L'1h >o npu 0 <r< R 11 1'1,; < 0 , !!h < 0 npH R< r < R k 

· flit 
1 1 

Mo:>KHO oueHHTb no ¢opMyne 

(5) 

I H ( Jl 4MN tl!!al ;r[Q {I )-Q (I Jl+IL'1h ~~- 1 =[h
1
Q'(I

1
)-h Q'(x

2
)ll, 

• t .. --;;- -2- r 'h 1 'h 2 1 2 r,j t R 'h 2 'h 

R2+r2+h2, 
rJJ:e Q'h (I) - c¢epH'i9CKaH <PYHKUHH ne:>KaltJJ:pa II -ro pOJJ:a OT apryMBHTa X•-----· 

2Rr 

TaK, npu HaroToaneHHH H ycTaHoaKe cnHpanbHbiX lliHMM Ha MoaenH c TO'iHOCT'J'? L'1a =!._O,o:f, 
L'1h 1 =:t_0,05 MM, L'1a •:t_O,J MM H L'1rj> •±_0,05° B niiOCKOCTH Z = 0 paauanbHaH COCTaBng-

IOWaH !lOllS! MO>KBT llOCTH'ib 9 9, AMnliHTy llbl nepBOJI H HCKa:>KeHHSI OCHOBHOJI rapMOHHK no-

ll II, pacC'iHTaHHble no ¢opl\<yne (4) anH 9THX seiiH'iHH, npHBelleHbl a Ta6nHue II 

Ta6nuua IJ 

L'1a = ± 0,03° L'1h 1 • :!; 0,05 MM !1 a •:!; 0,1 MM /).rj> - t 0,05° 

H 1 (s) 7,5 2,2 2,1 4.0 

8H (a) 1,2 6,9 6,7 9,0 
I 

O.o.HaKo owH6KH aKcnepnMeHTallbHoro onpeaeneHnH Tonorpa¢nH MarHHTHoro nonH 

MO.O.BliH 11p9Bbllli6JOT B03MyWBHHSI nonH, o6yCli0Bli9HHBI9 reOM9TpH'i9CKHMH H9TO'iHOCTSIMH 

CIICTBMbi, npuaelleHHbiMH a Ta6nuue II • 3To cagaaHo c JJ:OCTIIrHyToJI TO'iHOCTbiO ycTalloa.-

•.:. 
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TopaH 

b!O 

a/eM, 

nong PU. 

H3Me-

0CHOB-

...... 

r 

·'I 

llepece'leHHe xpHBOA H 
1 

(r) c nnHHeJI <,.In (r)H {r) , COOTB8TCTBY!O!U8A Q ~ 0 , 

H8XOJlHTC51 liB paJlHyce r #4 CM, 3TO 03Ha'!aeT, 'ITO Jll!H p8l!>ITHB;~CTCKOf'O UHKl!OTpOHa 

axcnanbHaH cj:>oxycnposxa qacTHU 6yJleT uaqnuaTbCR y>Ke c paJlnyca r •24 eM. Ha xoueq

HLIX p8JlHycax MOJl9l!H !'J.r =(51-54) CM Ha6ll!OJla9TC51 pe3KRJI pOCT a~nl!HTYJlbl BapRaUHR, 

Taxoe yaenn'leHRe sapRaUHH xapaKTepuo JlnSJ cnnpanbHbiX !UHMM, y KOTOpbiX yron M8>KJlY 

paJlHycoM H xacaTenbHOi! x ocesoll nHHHH cnupann ua KoHe'!HbiX paJlnycax IL = arctA .!Jr._ 
k Ntr, 

oTnnqaeTCSJ ue3Ha'lnTenbHO oT "/2 . Tax, uanpnMep, a unxnoTpoHe c nocTOSJHHbiM 3a3opoM Me>KJlY 

CIIHpal!SIMH 2h
1
=8 CM npn 1L k =/34° ( N •4, ~ = 1,37 CM) aMnl!HTyJla BapnaUHH B03pac-

o 
Tana B 1,5 pa3a, a npn ILk= 75 ( N =6, ;\ = 2, 7 CM) 9TOT acj:>cj:>eKT 6bll! y>Ke H83Ha'IHTe-

/12/ 
neH YsenuqeaHe cj:>aaa rapMOHH-OCHOBHOJI T9M 1 'ITO aapnauHH Bbl3b!B88TCSI 

KH Ha KOH8'1Hb!X paJlRycax OTKI!OH!I8TCSI OT 3aKOHa cnHp81tH ApXHM8Jla, 'ITO 9KBHBaneHTHO 

it /10/ 
ysenH'IeHH!O auaqeunSJ napaMeTpa )1. 9 ¢= ---~ • )lns1 MOJl3l!H Maf'HHTHOi! CHCTe-

J 1 +( .!!.4>- J' ' 
Mbl (ILk = 79°) OU8HHTb BKnaJl 3T0f'O a!flcj:>eKT~ TpyJlHO Ha-aa pOCTa aMnl!HTyJlbl BapHaUHH 

3 a cqeT npocj:>nnnpoaaHH!I aa3opa M9>KJlY cnnpanbHbiMH lUHMMaMH, PacnpeJleneaue cpeJlHero 

Maf'HHTHOf'O nOll!! 0Tl!H'!a8TCSI OT p830HaHCHOJI KpHBOli B HHTepaane paJlHyCOB !'J.r=(24-55)CM 

Ha aenn'IHHy ::!:_300 3, l!pn 9TOM rpaJlH9HT non!! 6nH30K K Tpe6yeMOMY Bnl!OTb JlO paJlHyca 

r a 55 CM. CyrueCTB8HHOe OTKnOH8HHe cpeJlHero Maf'HHTHOf'O nonS! OT peaoHaHCHOf'O B ueu

TpanbHOJI o6nacTH ( - 2000 3) o6ycnoaneuo yMeHbmeuneM aaaopa M8>KJlY cnnpanbHbiMH 

LUHMMaMH H yaenH'I8HH8M HX HBMaf'HH'I8HHOCTH Ha 9THX paJlnycax, VIa pHCYHKa BHJlHO ae-

COBIIaJleHne paJlHyCOB 9KCTpeManbHbiX 3H8'18HHJI !f (r) H H (r) ( Ar-·2,5 eM), 'ITO SJBn!leTC!I 

' 
H8:>Kel!aTel!bHbiM Jll!H peweHHSI BOHpOCOB, CBSJ3aHHbiX C Bb!BOJlOM 'laCTHU H3 KaMepbl yCKOpH

TenSJ, )lnH Hl!JI!OCTpauHH paan!l'IHbiX CI10C06,0B LUHMMHpOBaHHSI Cp8JlH8f'O Maf'HHTHOf'O nOl!SI 

Ha pHC, 3 11pRB8Jl8Hbl 9KCI19pHM9HTanbHb!8 KpHBbl8 2, 3, 4 H 5, 

a) KpHBbl8 2 H 2' COOTB8TCTBy!OT IIOn!O MOJl8l!H Maf'HHTHOJI CHCT8Mbl, B KOTOpOJI aa-

30p M8>KJly CIIHpanbHb!Mil LUHMMaMH 2h 1 
B HHTepaane paJlHYCOB !'J.r a( 1,2-12,5) CM 

ysenH'I8H C 2,4 CM JlO 2,9 CM; 

6) 3aBHCHMOCTb H(r) (xpnaast 3) nonyqeua xax aa cqeT H3MeHeHnst aa3opa Me>K-

JlY CIIHpanSJMH ( nyHKT a), TaK H 3a C'18T ysenH'I8HHSI 3a30pa M8:>KJlY nOl!!OCBMil 3neKTpo-

Maf'HHTa B U8HTp8nbHOJI o6naCTH C 20 CM JlO 26 CM; 

B) KpHBaSI 4 OTl!H'!aeTCSI .OT KpHBOJI 2 Ha B8l!H'IHHY IIOI!SI OT CHCT8Mbl TOKOBblX Ka-

TyW9Ki 

r) Kpnsa>1 5 onHCbiBaeT MarunTHoe none cncTeMbi npH yMeHbLU8HHH BbiCOTbi crmpanb-

Hb!X LUHMM aa C'I8T H3M8H8HH!I napaMeTpa 

COB !'J.r =(1,2-4,8) CM, 

h, C 5,3 CM JlO 4,6 CM B HHTepBane pailny-

VIa auanuaa aTHX xpnBhiX MO>KHO CJlenaTb Cl!8JlY!OlUH8 BbiBOilbi: 

I) <PopMapoaaane peaouaucuoro cpeJlHero non11 nyTeM naMeaeHHH napaMeTpa h 
1 

g 



ueuenecoo6pa3HO, TBK KBK 8!;13bJB8eT yxyJlW9HH9 XApaKTepa p8JlH8UbHOil 3BBHCHMOCTH 

H
8 

(t) B ueuTpanbHOI OOUACTH. TaK, yMBHbWBHHe cpe,auero nOU!I H8 BBUH"'HHY 

npHBOJlHT K CMBLUBHHIO TO"'KH nepeC9"19HH~ KpHBblX 

5,5 CM, 

H1 (t) H •min (r)H(t) 

600 9 

C 4 CM JlO 

2) Ysenuqeuue 383opa Me>K.ay nonJOC8MH sneKTpoMaruHTa B ueHTpanBuoll o6naCTH Hs

nHeTC!I Manos,P,PeKTHBHbJM. VlaMeHeHHe 3aaopa c 20 CM .ao 26 eM ua Mo.aenH npHao.aHT K 

OTHOCHT9UbHO MBUOMy (- 200 a) YM9HbW9HHIO cpe,auero MarHHTHOrO nOU!I. 0TM9TH~, "'TO 

)lUll pen!ITHBHCTCKOrO UHKUOTpOH8 9TOT CnOCOO uenpHM9HHM !13-38 KOHCTpyKTHBHbiX OCOOSH

HOCTBil 9U9KTpOM8rHHT8 CHHXpOUHKUOTpOH8 na,6opaTOpHH Sl,aepHbiX npo6neM. 

3) HaH6onee npH9MU9MbiM CnOCOOOM ,PopMHpOBBHHSI CpeJlHero MArHHTHOrO nOU!I SIB-

n 51eTc!l naMeueuHe napaMeTpa h, cHcTeM&I cnupanBHbJX WHMM. TaKoA cnoco6 noason11eT 

B ,QOCT8TO"'HO WHpoKHX npetJ.enax WHMMHpOBSTb Cpe,auee M8rHHTH09 none 093 CyWeCTBBH

HOrO naMeHeHH!I aapHAUHH. O.auaKo 9THM MeTOJlOM uesoa MO>KHO nonHOCTbJO c,PopMHpoaaTb 

pe3ouaucuoe uone npH co6nJO.aenHH Tpe6osauHll K sapHAUHH s ueuTpanBnoll o6nacTH. nos'ro

MY BbJOOp napaMeTpa h, CnHp8UbHbJX WHMM ,QOU>KBH y.OOBU9TBOp!ITb Tp90088HHIO MSKCH

MBUbHOrO npHOUH>KBHHSI ,PopMHpyeMoro cpe,auero nOU!I K 38,08HHOMY C TBKHM p8C"'BTOM 0 

"'T06bl OCT8BW99CSI OTKUOHBHHe MOrno 6biTb nerKO CKOMnBHCHpOBSHO C nOMOLUbiO TOKOBblX 

KBTYW9K, 

4) npHM9H9HH9 TOKOBbJX KSTyWeK ABU!IBTC!I H906XO.OHMbJM )lUll ,PopMHpOB8HH!I 38Jl8H

HOrO 38KOH8 non.!! B Tpe6yeMbJX ,aonyCKBX. 

npe,asapHT9UbHbie 9KCn9pHM9HTbl HS MO,Q9UH nOK838UH 0 "'TO TOKOBbl9 KSTYWKH pa,au

BUbHOil npOT!I>K9HHOCTH ~r • (2,5- 24,5) CM, pacnonO>K9HHbl9 HB KpblWKBX K8M9pb1 0 npH 

UHHBIIHOA nnOCKOCTH T~KS i •270 A/eM o6ecne"'HBBIOT r98JlHBHT MBrHHTHOrO nOUSI 

- 10 3/CM, 

Ha pHe. 6 npHae.aeH&I KpHBble sapHBUHH H cpe.auero non11 .an11 .asyx nocne.ayJOLUHX 

3TBnOB WHMMHpOBSHH!I, 8H.OHO, "'TO H3M9H9HHblil npo,PHUb CHCT9Mbl CnHpSUbHbJX WHMM 

·\ (t) npuse.ae!IHblil HB 9TOM pHCyHKe, ll03BOUHU ycTpBHHTb HB.OOilYCTHMble rpa,aneHTbl 

BapuannH H CTyneH"'STblli xapaKTep 38BHCHMOCTH cpe.auero nom! H (t) • npo,PHnHpOBSHHe 

napaMeTpa b,(r) n03BOUHUO yMBHbWHTb OTKUOHBHHe cpe,auero nOU!I OT 38Jl8HHOrO B UBH-

TpanBuoA o6nacTH Mo.aenu .ao senH"'BHbl - 1000 s. VlaMeHeuHe npo¢an11 h
1 

(r) us Koueq

HbiX pa,anycax H YB9UH"'9HH9 3830p8 MB>K.Oy KOHB"'HbJMH KOUbUB BblMH WHMMSMH HB 2,0 CM 

ll03BOUHUO np8KTH"'9CKH COBMBCTHTb pa,aayCbl 9KCTp9M8llbHbJX 3H8"19HHil H (t) 

(KpHBbiB 2), 

H H' (t) 

Pe3yn&TSTbi nocne.auero sTana ,PopMnposaaHs non11 Mo.aena npuse.aeH&I ua puc. 7. 

MaKCHM8UbHOe OTKTIOHBHHe cpe,auero MSrHHTHOrO nOll!! OT pe30H8HCHOrO 38KOH8 HB npeBbJ

waeT ±_50 a, 38 ncKUJO"'eHneM o6nacTH ~r •(0-25) eM. Pacnpe.aeneuHe cpe.auero non11 

10 
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H (t) a uenTpanBnoA o6nacTH MO>KeT ObiTb .aose.aeuo .ao pe3ouaacuoro 38 C"'eT ToKos.oro 

lllHMMHpOBBHII!I, 3TO nOK83biB89T KpHB8!1 2, KOT0p8!1 llOUY"'BH8 pBC"'eTHbiM CnOC060M HB 

OCHOBBHIIII 3KCnepHM9HTBUbHO HBJI.OeHHOrO pacnpe,aeneHII!I nOUll TOKOBbiX KSTyWeK, YIIOM!I"" 

HyTblX BbiWB, 0TKUOH9HH9 BBpHBUIIH MarHHTHOrO nOUSI OT Tpe6yeMoJI B HHTepsane pa.aHy

COB ~t = (8-30) CM oy,aeT TBK>KB CKOMnBHCHpOBSHO 38 C"'BT 113M9H9HIISI H8MBrHII"'9HHOCTH 

CllHpBUbHblX WHMM np11 WHMMIIpOBSHHH Cpe,a_uero nOUSI C nOMOLUbiO TOKOB, }JUS! KOH9"1HbJX 

pa,anyCOB ~t • (51-54) CM OTUH"'HB BMnliHTy,Qbl BOCbMOI! rapMOHHKH OT 38,QSHHOA npe

Bb!WBBT JlOnyCTHMb!B BBUH"'HHbl II .OOCTHraeT- 300 9 H8 tk =53,4 CM, 3TO "'BCTH"'HO CB!I-

38HO C YB9UH"'9HH9M napaM9Tp8 Jt , "'TO BH,OHO 83 OTKUOHBHHSI ,PB3b! OCHOBHOI! rapMOHHKH 

nonS! OT l!HHBJIHOI! 3BBHCHMOCTH </> = _!_ (puc. 8), 0TKUOH9HH9 ,Pa3bl HS Tk =53,4 CM co-

O Nr. 
CTBBU!IBT 1 , "'TO COOTBBTCTByeT YB9liH"'9HHIO Jl JlO 3H8"19HH!I Jt = 8,0 CM, Cor naCHO ( 3), 

pOCT ;\ Bb!3biB89T JlOnOUHHT9UbH09 YBBUH"'BHHe TpeoyeMOil rnyoHHbl B8pH8UHH < (t) , 

TaK, Ha r k = 53,4 CM 9TB ,QOIIOUHHTenbHBSI B9l!H"'HH8 BBpHBUH!I COCTSBUSIBT - 160 9, 0T-

M9THM, "'TO 9TO OTKUOHBHHe ,P83bl (yBeliii"'BH!Ie n ) HB tk MO>KBT 6b!Tb yCTpaHeHO 

nyTeM yBBUH"'9H!ISI KOHB"'HOro p8JlHyca CnHp8UbHbJX WHMM R k •$5,0 CM, 

)Jn!l HB"'BUbHbJX pa,aHyCOB BBpHBUHSI BnOnHe YJlOBU9TBOp!19T 38.0BHHblM Tp&lOOBBHHSIM, 

npH"'eM nepeceqenHe KpHBOI! H 
1 

( r ) c UHHHell •min (t)H(r) uaxo.aHTC!I ua r =4 CM, )JuS! 

nonHoA xapaKTepHCTHKH Tonorpa,PHH MarHHTnoro non11 Mo.aenH Ha pRe. 9 npuae.aeHbl pac

npe.aenenH!I aapH8USIH c cpe.auero nonS! .anSI pa.aHycoa, npeBb!W8JOLUHX npe.aenbHbli! pa6o"1Hll 

pa.aHyc r k • 

TaKHM 00p830M, HB OCHOBe nonyqeHHblX p93YUbTBTOB H8 MO,Q9UH MBrHHTHOA CHCTeM!>I 

peUSITHBHCTCKOrO UIIKUOTpOHB uail,aeua KOH,PHryp8UH!I CnHp8UbHbiX WHMM H nOUJOCHblX HBKO-

H9lf.HHKOB 1 o6ecne"'HBBIOLUB!I ,PopMHpOBBHHe 38JlBHHOro 3BKOH8 MBrHHTHOro nonS! B cpe,a-

HeA nnoCKOCTH, 

nap8M9Tpbl cnHpBUbHblX WHMM H nonJOCOB 9U9KTpOM8rHHTB pBli!ITHBHCTCKOrO UHKnO

TpOH8 ua sueprHJO npoTouoa 700 Msa npHae.aeH&I a TaonHuax III, IV, V, VI. 

Ta6nHua III 

OcuosHble napaMeTp&I MarHHTHoll CHCTBMbl 

'-llicno· cnHpanell N • 8 

napSMBTp CnHpBUH 

YrnosaSI npoT!I>KBHHOCTb cnHpanbll)jl WHMMbi 

HaqanBHblA paaHyc cHcTeMbl cnHpanBH&lX lllHMM 

Koue"'H&IJI pa.aHyc cucTeMbl cnHpanBHblX WHMM 

:lt- 7,7 

a • 18° 

Rn • 2,5 CM 

R • 335 CM k 

MHH!IMBllbHblil 3B30p MB>KJlY cnHpBUbHblMH WHMMBMH 2h llllln = J4,6cM 

MaKCHMBUbHblil 3830p MB>K.OY CnHpBUbHbJMH WHMMBMH 2h1.,oz= 22,0 CM 

11 



BbiCOTa cnHpanbHblx WHMM 

)1H8M9Tp noniDCHero H8KOHeqHHK8 aneKTpOM8rHHT8 

PaccToSIHHe M9)1(Jly noniDCBMH aneKTpOMBrHHTB e ueHTpe 

PaccTOSIHHe M9)KJlY noniDCBMH aneKTpoMaraaTa aa xpaiD 

3830p M9)KJlY KOHeqHblMH KOnbU9BblMH WHMMBMH 

BbiCOTa xoaeqHbiX xonbueebiX WHMM 

PaJlBBnbHaSI npoTSl)K9HHOCTb xoaeqabiX xonbueewx WHMM 

3aKniDqeaae 

2b • (8 .: 25) CM 

</> •700 CM 

2h • 244cM 
at ••• 

2h = 131 CM 
mmln 

2h
1 

• 20 OM 

2b • 46,4cM 

11R • (335- 350) CM 

B pe3ynbTaTe accne)loeaHHH, npoee)leHHoro aa MOJlena , yToqaeHbl napaMeTpbl Mar

HHTHoll CHCT9Mbl pen!tTHBHCTCKOro UHKnOTpOHa Ha 9HeprHID npOTOHOB 700 Mae, Bb!l5paHHbl9 

/10/ 
paaee e pa6oTe • 

HaiiJl9H npo<!>Hnb CHCT9Mbl CnHpanbHblX WHMM h
1 

(t) , o6ecneqaeaiDutHII He06XOJlH-

M)'ID p8JlHanbHYID 38BHCHMOCTb aMnnHTYJlb1 OCHOBHOII rapMOHHKH nonlt B 3a)laHHblX JlOnycKaX, 

Bbi6paH oxoaqaTenbHblll npo<!>anb noniDCHWX aaxoaeqHHKOB aneKTpoMarHHTa, <!>opMHPYID .. 

UIHII COBM9CTHO C CHCT9MOII CnHpanbH.blX WHMM p930HaHCHOe cpeJlHee none C TOqllOCTbiD 

~50 9 , 3a HCKniDqeHH9M U9HTpanbHOII o6naCTH, 

Ha ocaoeaHHH pe3ynbTaToe pa6oTbl MO)KHO CJlen!ITb BbiBOJl, qTo t:PopMHpoeaaae pe-

30Haacaoro Cp9JlHero nonlt C llOMOUlbiD <!>eppoMarHHTHblX aneMeHTOB MSrHHTHOII CHCT9M.bl 

B OCHOBHOM 3aKOHqeHO, )lanbHellwee <!>opMHpOBaHH9 Cp9JlHero nonlt Jl0n)KH0 OCyuteCTBnHTb-

Cit 3a cqeT llpHM9H9HHH TOKOBbiX KaTyWeK, 

B aacTO!tutee epeMH )lnH MOJlenH H3roToeneao II nap TOKOBbiX KaTywex, 

xoTop.bie pacnonaraiDTCH 3a cnapanbHWMH WHMMaMH ( pac, 10). OueHKH H npeJleapHTenb-

Hbl9 9KCnepHM9HTbl nOKa3anH, qTo nHH91!Halt nnoTHOCTb TOKa B 9THX K8TYWKaX )lOn)KHa CO" 

cTaenSITb - 900 a/eM e ueaTpanbaoll o6nacTH " - 400 a/eM aa xoaeqawx paJlHycax. napa

MeTpbi 9THX xaryweK no3eOnSIIDT npOMO)lenHpOBaTb TOKOBble 06MOTKH, npe)lyCMOTp9HHbl9 

B MarHHTHOII CHCTeMe penltTHBHCTCKOrO UHKnOTpOH8, 

AeTOpbl Bblpa)KaiDT 6naroJlapHoC~b a.n. Jl)Kenenoey, 6.1-1. 3aMono)lqHKOBY 38 noCTO!tH

HOe BHHMaHHe K pa6oTe, ueHH.ble o6Cy)I(Jl9HHH H 38MeqaHHSI, )l.n. Bacaneecxoll, n.a. Ba

CHnbeBy, 10. H. )leaacoey 3a o6ecneqeaae Ha)le)KHOII pa6oTw annapaTyphl JlnH H3MepeHHII 

H cTa6anH3aUHH MarHHTHoro non11; K~A. 6allqepy, B.B.Kynaxoey H H.l-1. CeMeHoey 38 xoil

cTpyapoeaaae H H3rOTOeneHH9 M01lenH M8rHHTHOil CHCT9M.bl UHKnOTpoHa, 
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I a§ a !I" g !V 

Tipo<flHnb CHCT&Mbl COKpMbHbiX WHNM h (r) 

tlr (eM) 2,5-60,9 60,9-67,0 67,9-73,0 73,0-79,1 79,1-811,2 811,2-91,3 91,3-97,4 

hi (eM) 7,30 7,49 7,79 8,10 8,40 8,70 9,01 

l!or (eM) 105,0-112,6 112,6-124,8 124,9-140,0 140,9-155,2 155,2-228,3 228,3-240,4 240,4-252,6 

hi (eN) 9,86 10,29 10,59 10,83 11,02 10,90 10,71 

97,4-105,0 

9.37 

252,6-264,8 

10,47 

.:\,(eM) 264,8-275,1 275,1-283,0 283,0-289,1 289,1-295,2 295,2-301,3 301,3-307,4 307,4-313,5 313,8-319,6 

hI (eN) 10,23 9,98 9,74 9,50 9,31 9,18 8,95 

tlr (eN) 319,6-J25,6 325,6-330,2 330,2-335,5 

h (eN) 
I 

8,56 8,03 7,67 

I a~ lJ !1 II!! y 

npocjlHilb CHCT8Mbl CRHp4BblfbiX WHMM II (r) 

l!or (eM) 2,3-36,5 36,8-48,7 48,7-60,9 60,9-73,0 73,9-85,:1 85,2-97,4 97,4-335,0 

h, (eN) 15,22 1'8,26 21,30 24,85 27,39 30,43 

T a 0: n " y a Vl 

npcxtmllb DOiliOCHWX H8KOH8'1HKK08 31l8kTpoNarBHT8 ll.(r) 

l!or (eN) 0 - 152 152 - 183 183-213 113-243 243-274 274-304 

h • . (eNl 1:11,7 115,6 106,5 100,4 97,4 91,3 
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Pile. i. (I)-(2) 

(3) 

(4) 

SaaBCIMOCt• cpelHero M&rHB!Boro nonR • BapBaQBB ot 
p8,llBy0& lD CIIBps.JGBOrO ltJIKJIO!poB& B& 8B8pl'llll llpO!O

BOB 700 llaB. 
!IHIB lOIIJCKOB Ba BenBqaBY B&pK&QIK IIOXR IIpK 
~Q. •t,0,09 

KpaBu C.,;,H(') , coonetctBy•u Qc • 0. 
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Pille • 2. Cxeua paCIIOJJOX8HIIII CIIJipaJI:UYX K KO.JJ.~8BWX D101 B 

MO~eJJB M&rHB~HOI CJIC~8MS. 

(!) - lloJJmc 8JJ8KTpoMarHH~a. 
(2) - llpo~pOBSHHYI ttOJJDCHOI HaKOB811HIIK. 
( 3 ) - .l{Bc KO BYe IIIJIJIJOI. 

(4) - Kon"eBse mKMMY. 
(5) - .l{Bcx •a sepxaBe~el c~aJJB. 
(6) - CnKpa.JJ.BY8 IIKMIIS. 

(?) - Koseqsa~~ xon"eBaR ••MMa. 
lB) - 06uo!Ka anex~pouarBK~a. 

!6 

Pile. '3 . 

HorrR 

6 

row? /7/J/'7777777/1 '7 '?///~" 
/ 

251:>-7--r~,..rr,..,...,-' 

3a.•c•MOC~ aMnJJB~M OCBOBBOI rapMOHIIK• • C~Bero 
K&rJUIHOro IIOJJJI 0~ J>Q•Jc&, IIO.If118BIIW8 B II8p:lloiX III:C

aep .. 8B!SX Ba •olel•· 
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PIC. 5. KaMepa MBrRITHOI CICT8KY C 13M8plt8.DRYK Dp1CROC00.eBB8M. 
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