
~__!/~ 
~ 

COOBIUEHHH 
OB'bE,llHHEHHOrO 

HHCTHTYTA 
H,llEPHbiX 

HCCJIE,llOBAHHt1 . 
llyfSaa 10 . 4600 

• 

M.A.Boeao,nHH 

8 
! . ::; 
• 

H3MEPEHHE HOHHOrO TOKA 
MArHHTOHH~YKUHOHHbiMH ~ATqHKAMH 

HA yqAcTKE HH*EKUHH CHHXPO~A30TPOHA 

1969 



10 - 4600 

M.A.BoeBO,liHH 

H3MEPEHHE HOHHOrO TOKA 
MArHHTOHH~YKUHOHHMMH ~ATqHKAMH 

HA yqACTKE HH~EKUHH CHHXPO~A30TPOHA 

!f: - -. - . --
A ttf~·!);.:,;~wt••t.~~ .. a~. 4 ~~~;~T• .. :i '!. ; 

r ;Wpb."-JZ irOCC.Je,lGECJ['~~ 

6.¥!6~~ .. ;0TEKA 



l.B BeiJ.eHHe 

OcHOBHhiM H3MepH TenbHhiM HHC TpyMeHTOM An51 orrpeAeneH H51 aem.PIHHhi 

H ~OpMhl HMrrynbCHOr O nyq Ka 3Bp5IM8HHhl X q aCTH U HB yqaCTKe HHM8KUHH HB

n He TCH UHnHHAp ~apaAeH . 

il HnHHAp ~apaAeH rrpOC T B H3rO TOBneHHH, HBA8*8H B pa6oTe H o6ecrre

q HBB8T BhlCOKYID TOqHOC Tb H3M8p8HHH, HO OH OTHOCHTCH K qacny Hellp03paq

H~IX ABT'IHKOB, TBK KBK AnH CHHTHH HH~OpMBUHH llpHXOAHTCH llOnHOCTbiO rrepeK

phlBB Tb rryqoK H HCITOnb30BB Tb BCe q aC THUhl AnH H3MepeHHH TOKB . KpoMe 

TOro, HB 8HeprHHX 10 M8B H BbiWe Uf!nHHAp ~apaAeH BKTHBHpyeTCH, AOCTBB

nH51 OrrpeAeneHHhle TpyAHOCTH ITpH ero o6cnyMHBBHHH . 

B rrepHOA rrycKO- HanaAoqHhlX pa6oT H oco6eHHO B rrepaoA 8KcrrnyaTBUHH 

YCKOpH TeneA , KOrAa He06XOAHMO KOHTpOnHpOBBTb ITapaMe Tphl rryqKa , He HB

pyWBH peMHMB yCKOpeHHH , KpOMe UHn HHApOB ~apaAeH , Me n aTenbHO 

HCITOnb30BBTb TBK HB3hlBBeMhle rrp03paqHwe ABTqHKH, KOTOphle He BHOCHnH 

6hl H3MeHeHHA HH B HHTeHCHBHOCTb yCKOpeHHOrO rryqKa, HH B ero yrnOBhle 

xapaK Tepac THK H. 

K rrp03paqHbiM AaT q HKBM B o6naCTH HH3KHX 8HeprHA OTHOCHTCH HHAYK

UHOHHhl8 H3M8pH T8 n H, HCITOnb3YIDWHe ITpHHUHIT HBB8A8HHOro 3apHAB HB BHYT

peHHeM 8neKTpOAe Hn H HBBeAeHHOA 8 . A. C. B 06MOTKe MBrHH T HOr O ITOHCB 

( rro5Ica P o r oacKo r o ). 

n paMeH8 HH e HHA YKUH OHHW X AB TqHKOB HB yqaC TKe HHmeKUHH CHHXpO~a -

30TpOHB HMee T H8KOT0pb18 Xa p a KTe p Hbl e OC06 eH HOC T H: 

1. H H3 KHe 8 Hepra H rry q Ka 3apHMeHHbiX q ac THU . 
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2. 0aHOKp8THOe B38HMOaeHCTBH8 cryCTKS 38pR*8HHbiX qaCTHU C aaTqH

KOM 38 UHKn YCKOpeHHR. 

3. He6onhUIHe paaMepbi HOHorrpoaoaa. 

4. HanHqHe B 30H8 paCnOn0*8HHR aaTqHKOB MOUIHblX HCTQqHHKOB HMnynbC-

HbiX H BbiCOKQqSCTOTHbiX ITOMeX. 

K qHcny TSKHX HCTQqHHKOB ITOMeX cneayeT OTHeCTH: 

1. PeaoHaTop nHHefiHoro ycKOpHTenR. 

2. BbiCOKoqac TOTHbiH reHepaTop, aoa6y*aaJOUIHH peaoHaTop. 

3. ViMnynhCHbiH MoaynRTOp. 

BnHRHHe ITOM ; ,x Ha H3M8pHTenhHOe yCTpOHCTBO , COCTORlUee H 3 aaTqH 

K81 ycHnHTenR H HHaHK8TOp8 1 ysenHqHB88 TC R H3-38 TOro, qTQ AnHTenbHOCTb 

HMnynhCHOH ITOMeXH TS *81 qTo H AnHTenhHOCTh H3M8pR8MOrO HMn y nhCa 

nyqKa 38PR*8HHbiX qacTHU 1 a speM51 B03A8HCTBHR Ha H3MepHTenbHYIO CHCTe

MY COBnanaeT C MOM8H TOM CHRTH51 C AaTqHKa none3HOH HH<jJOpM SUHH . 003TO

MY AaTqHK H ycHnHTenbHOe ycTpOHCTBO He06XOAHMO TUiaTenhHO 3KpaHHpOBaTh 

H YA8n51Th ITO Mepe B03MO*HOCTH OT H C TOqHHKOB BH8UIHHX ITOMeX. 

OpHMeHeHHe MarHHTOHHAYKUHOHHbiX AaTqHKOB ( MV!il) Ha HH*eKTHpye

MOM yqaCTKe HM88T HeKOTOpbie npeHMyUieCTBS nepeA HCITOnb30B8HH8M B TeX 

*e uenRX 3neKTpOCTaTHqeCKHX ASTqHKOB (3Cil) 1 a HM8HHO: 

1. YyscTBHTenbHOCTh MY!il He 3aBHCHT oT eMKOCTH s uenH Harpy3KH. 

3TO 06CT051TenbCTBO IT03BOnReT ynan51Th ycHnHTenbHOe ycTpOHCTBO Ha 3HaqH

TenhHOe paCCTORHHe OT aaTqHK8 1 KOTOpbiH pacnonaraeTC51 B HenocpeACTBeH

HOH 6nH30CTH OT HCTOqHHKOB ITOM8X1 H TeM CSMbiM CyUieCTB8HHO ocna6HTh 

yposeHb BH8UIHHX ITOM8X Ha BXOae HHaHKaTOpHOrO yCTpOHCTBa. 

2. Yl3MepHTenhHYJO o6MOTKy· MY!il nerKo 3aUIHTHTh oT so36y*aeH!f:,Ix 

HOHOB 1 B TO BpeMR KSK 3aUIHT8 BHyTpeHHero 3neKTpoaa 3Cil npeACTSBn5IeT 

6onbUIHe TpyaHOCTH. 

Vl3BeCTH0 1 qTo BHyTpeHHHH 3neKTpOA 3Cil Ha HH*eKTHpyeMOM yqaCTKe 1 

KOraa 3HeprH51 yCKOpeHHbiX npOTOHOB eme Mana, noasepraeTCR ITOCT05IHHOH 

6oM6apaHpOBKe B036y*aeHHbiMH HOHSMH > B03HHKa!OlliHMH . H3-38 COy

AapeHHH YCKOpeHHWX qaCTHU C MoneKynaMH OCTSTOqHOro ra3a. B pe3ynbT8-

Te ITORBn5IeTCR ITOMeX8 1 KOTOpa51 M0*8T He TOnhKO BHeCTH norpeUIHOCTh B 

H3MepeHHe napaMeTpOB YCKOpeHHOrO c ryCTK8 1 HO H nOnHOCTh!O nornOTHTh 

HanpmKeHHe c11rnana , CHHMaeMoro c 3neKTpocTaTHqecKoro aar>IHI< a . 



PaccMoTpHM Ha rrpHMepe JlorrycKH Ha eenH'IHHY pacceHeaeMoro 3ap51Jla 

Jln5! KOHKpeTHOf'O cny'I85! H3MepeHH5! 3C Jl8T'IHKOM HH)I{eKTHpyeMOf'O ITY'IK8 

ITpOTOHOe Ha yCKOpHTene 10 rae na6op8TOpHH ehlCOKHX aHepf'H~. 

VI c x o Jl H hi e Jl a H H hi e 

3HePf'H51 HH)I{eKUHH 

3Hep!'H51 $OpHH)I{eKTOpa 

ilnHTGnbHOCTb HH)I{eKTHpyeMOf'O Cf'yCTKa 

38p51)1{eHHhlX 'I8CTHU 

npoTH)I{eHHOCTb Cf'yCTK8 HH)I{eKTHpYeMbiX 'I8CTHU 

f'Jle ffi - MBCCB yCKOp51eMbiX 'I8CTHU. 

W H = 9,4 Mae 

W .h = 570 Kae 
'I'•H• 

T = 450 MKCeK. H. 

z 

iln51 HH)I{eKTOpa eenH'IHH8 z COCT8eHT = 20000 M, Jln51 <j:>OpHH)I{eKTOpa -

5300 M, 

HarrpH)I{eHHe Ha eHyTpeHHCM aneKTpoJle aneKTpocTaTH'IeCKoro JlBT'IHKa 

rJle 

u = _q_ 
c 

eMKOCTb BHyTpeHHero aneKTpOJl8 H8 3eMn~ 1 - JlnHHa aneKTpo-

A a, 

c 
Q 3ap51A ycKop51eMoro crycTKa rrpoTOHOB. EcnH rrpeArrono)I{HTb, 'ITO 

'IBCTb 38p51Jl8 (Q ITOIT8Jl8eT H8 eHyTpeHHH~ aneK TpOJl 3Cil, TO Harrp SI)I{e-

HHe ruyMoB U ru orrpe£tenHTCH cne£ty~WHM o6pa3oM: 

~Q 
Uru= --. c 

VfHJlHK8TOpHbie ycTpO~CTB8 XOpOlUO pa60T8~T ITpH OTHOlUeHHH CHf'Han/ruyM 

CBhirue 10. EcnH yqecTb aTo ycnoBHe, TOrJla Tpe6oBaHne K Koa$$nuneHTY 

ITOTepb .OOn)I{HQ 6b!Tb T8KOe: 

npHMeM e = 50 CM, T0f'Jl8 KOa<jl!fmUHeHT ITOTeph ( 

JlnH HH)I{eK Top a = 0,25·10-5, 

)ln51 $OpHH)I{eKTOpa -5 = 0,945·10 •. 

5 

(6) 



CoBepweHHO O'IBBHAH0 1 'ITO BhlrronHHTb ycnoBHH (a) H (6) Ha yqaCTKe c Ma

nbiMH 3HBpf'H51MH yCK?PHBMbiX rrpOTOHOB 1 KOf'A8 erne BBnHKH ITOTepH OT paC

CBHHH51 Ha OCT8TO'IHOM f'83B 1 HBB03M0)KH0. KpOMe TOf'0 1 BenH'lHHa U ill rrpH6-

nH3HTBnbHO rrpOrrOpUHOHanbHa CYMMB BBnH'lHH 38p51AOB H HMBBT M8KCHManb

HYJO BenH'lHHY K KOHUY H3Mep51eMoro HMrrynbca. Crraa )KB aToro HarrpH)KBHHH 

rrpOHCXOAUT C ITOCT051HHOH BpBMBHH T 
H 

1 rrpeBhiWaJOrueA B aecHTKH pa3 anH-

TenbHOCTb HMrrynbca T H • B peaynbTaTe Ha aKpaHe ocuHnnorpa<!Ja BMBCTO 

aaaHero ¢poRTa 6yaeT BHABH rrpouecc cTeKaHH51 aapHaa c BHyTpeHHero aneK-

Tpoaa C 6onbWOA ITOCT051HHOA BpeMeHH T H . 

K rrpeHMyru e cTBaM Maf'HHTOHHAYKUHOHHhiX aaT'lHKOB cneayeT TaK)Ke oT

HeCTH HB60nbWHe pa3Mephl 1 'ITO IT03BOn51T pacrronaraTb HX B T8KHX TpyAHO

AOCTyiTHbiX MBCT8X1 KaK BXOA pe30HaTopa nHHBHHOf'O ycKOpHTenH 1 HnH BHyTpH 

Tpy6oK apeA¢a. 

KpoMe TOf'0 1 Maf'HHTOHHAYKUHOHHhle aaT'lHKH nerKO KanH6poBaTb 1 KanH6-

pOBKy MO)KHO OCYWBCTBHTb rrpH HB06XOAHMOCTH H8 pa60'IBM Y'l8CTKB . 

f OBOpH 0 rrpeHMYIUBCTBaX M8f'HHTOHHAyKUHOHHbi X A8T'IHKOB 1 cneayeT OT-

MBTHTb H HX HBAOCT8TKH: 

1. t.{yBCTBHTBnbHOCTb K BHBWHHM M8f'HHTHbiM rronHM. 

2. H e 6onbwyio BenH'lHHY BhiXOAHoro CHf'Hana . 

2. MarHHTOHHIJ.YKUHOHHbre JJ.BT"lHKH 

C HBKOTOphlM AOITyiUBHHBM M8f'HHTOHHAYKUHOHHhlH A8T'IHK MO)KHO pac

CM8TpHB8Tb KaK pa3HOBHAHOCTb HMrrynbCHOf'O TpaHc¢opMaTOpa 1 rrepBH'lH9H 

06MOTKOH KOTOporo SIBn51eTC51 ITpOXOA511UHH rry'IOK 3ap51)!{6HHbiX 'l8CTHU. 

CxeMa MVID rrpeacTaBneHa Ha pHc. 1 1 

PHc.l 
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rae w , L - 'IHCno BHTKOB H HHayKTHBHOCTb H3MepHTenbHOii o6MOTKH aaT

'IHKa, R H - aKTHBHoe conpoTHBneHHe Harpy3KH. Ha ocHoBaHHH npHHUHna 

uB38HMH9CTH B38HMHOii HHayKUHH " /5/ CBH3b B H3MepHTenbHOM nOHCe Me~ay 

nepBH'IHOii CTOpOHOii ( ny'IKOM) H BTOpH'IHOfi ( H3MepHTenbHOii 06MOTKOii) cne

ayeT C'IHTaTb ~eCTKofi, T,e , Kos<P<PHuHeHT CBH3H K=l. BhiXOaHoe HanpH~e

HHe H3MepHTenbHOro nOHCa 6yaeT onpeaenHTbCH Bbipa~eHHeM 

U =i R 
BhiX 2 H 

M dJa L di 2 
= ---- ---, 

dt dt ( 1 ) 

rae M - Kos$$HUHeHT B3aHMOHHaYKUHH H anH cnyqaf!, Koraa 

L 
(2) 

w 

Yp a aHeHHIO ( 1) 'cooTBeTcTayeT sneKTPH'!ecKaH uenb, npe acTaaneHHaH Ha pHc.2. 

L 

-":::-Md.Jo 
~ at. 

PHc,2 

tz 

PasnH'!aiOT ase cxeMhi MarHHTOHHayKUHOHHhiX aaT'IHKOB. 

EcnH B cxeMe p11c. 2 BhinOnHHeTCH ycnoBHe 

R H » L __i_h_ , 
2 

dt 
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TO C H3BeCTHOii TO'IHOC Tb !O MO)KHO y T Bep)K.Q8Tb 1 'ITO TOK l 2 He TOllbKO 110 

BellH'IHHe , HO H no ~OpMe 6yae T COOTBeTCTBOB8 T b HC T O'IHHKY Hanp~)KeHH~ , 

T . e . BellH'IHHe - M d J 0 

dt 
H anpSI)KeHH e u B b !X .QOCT8TO'IHO npOHHTerpH-

p0B8 T b 1 'IT06bi nony'IHTb CHrH8ll 1 no IPOpMe H B ellH'IHHe COOTBeTCTBYIOWHH 

H3Mep~eMOMY TOKY J O , f1pH STOM nOCTO~HH8~ BpeMeHH HHTerpHpOB8HH~ 

1 
H 

AOll)KHa yaoBneTBop~Tb ycnoBHIO 

T >> T H 
H 

nn~ yBellH'!eHH~ nopora 'IYBCTBHTellbHOCTH H3MepHTellbHOrO no~C8 o n e p8UHIO 

HHTerpHpOB8HH~ Clle.QyeT npOH3BO.QH T b nocne npe.QB8pHTellbHOrO yCHlleHH~ 

CHrH8ll8 1 CHHM8eMoro C A 8 T'I11K8, MarH11TOI1HAYKU110HHble 110~C8 1 YAOBlleTB OpSI IO-

'' , WHe ycnoBHIO ( 3 ), Ha3biB810TC~ AHIPIPepeHuHpyroiUHMI1 110SIC8MH , 

E Cll11 B CXeMe PHC . 2 Bb lllOJIHSieTCSI YCJIOBI1e 

di 
L 

d t 

2 
» l R H ' 

2 (4) 

TO HanpSI)KeHHe 

p~eMOMY TOKY 

U BbiX 6yaeT cooTBeTCTBOBaTb 11 0 ~PopMe 11 B e ll11'111He H3Me

) 0 , 0nep8UH~ HHTerpHpOB8HH~ BhlnOllH~eTCSI H8 C 8MOM 

H3MepHTeJibHOM no~ce , nn~ XOpowero BOCnp0113BeAeH11~ nJIOCKOH '18 CTH 113-

Mep~eMOrO 11MnyJibC8 A0ll)KH0 BblllOllH~TbC~ yCJIOBHe 

T H » T 
H 

Yl,3MepH T ellbHble no~ca, YAOJ31leTBOp~!OWHe ycl!OBHIO ( 4 ) 1 H3BeC T Hb l noa H83-

B8HHeM " HHTerp11pyrow 11 x no~coB': CpaBHeHI1e A BYX cxeM BKll!O'!eH11~ MarHHTO

HHAyKUHOHHhlX no~COB / l / 110K83hlB8eT, 'ITO npH O.QHH8KOBhlX 118paMeTpax 

no~coB , T,e , Koraa w = w L L 11 , 11 , H r = 
a . 11 . H . n . • a . 11 . a . n. 11.11. ' 

'IYB C T BHTellbHOC T b HX OA11H8KOB8 1 8 '!8CTOTHbie CBOHC T B8 11HTe rpHpyrowe ro 

110~ca HecKol!bKO ny'!we , '!eM nHIP$epeHuHpyrowero. 

3 , H H T erpnpyiOII!HH ITORC 

3KBHB8lleH TH8~ CXeMa H3MepHTellbHOrO M8rHHTHOrO 110~C8 C y'!e TOM 

eMKOCTHOH COCT8Bll ~IOWeH C011pOTHBJieHI1~ H a rpy3KH npeUCT8 Blle H a H8 p 11C .3 . 
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P!ic,3 

B bi XOaHoe Hanp51>KeHHe 

HOrO aH~~epeHUHanbHOrO 

zu 

U BbiX T a Ko i1 uenH onpeaen51eTC51 peweHHeM oaHopoa

ypaBHeHii51 / 4/ 

d BbiX 1 d U BbiX 
----- + ---- ------ + 

dt • (5) 

EcnH y'leCTb Tpe6oBaHHSI, KOTOpb lM yaoaneTBOplleT HHTerpHpy!OIIH!J:I llOSIC, a 

HMeHHO: 

11 

L 
>> T 

R H 
H 

H 
1 L 

f3 = --v-- » 1, 
2R H CH 

TO peweHHe ypaBHeHHSI (5) npHMeT cneay!OWHH BHa: 

(6) 
UBbiX = U max 

R 
_ __!!_ t 

(e L 

I 
----t 

- e R H C H ) ' 

rae 

u (7) 
max 

w 

J;i3 (6) H (7) BHaHo, 'ITO anHSIHHe conpoTHBneHHSI Harpy3KH R H Ha noKa3a

TenH MarHHTOHHAYKUHOHHOrO naT'IHKa HMeeT ABOHCTBeHHblH XapaKTep . C 
OAHOH CTOpOHbi, anSI yaenH'IeHHSI llOCTOSIHHOH BpeMeHH HHTerpHpOBaHHSI, T,e , 

yny'IWeHHSI nnOCKOH BepWHHbl HMnynbCa, a TaK>Ke yMeHhWeHHSI .nnHTenhHOCTH 
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¢JpOHT8 COITpOTHBneHHe H8I"py3KH CnenyeT yMeHblli8Tb, C APYI"OH CTOpOHbl I 

yMeHbllieHHe R H . npHBOAHT K yMeHbllieHHJO aMnnHTYAbi B b iXOAHOI"O CHI"Hana, 

3aBHCHMOCTb Me.lKAY BblXOAHbiM H8UpSDKeHHeM H 'IHCnOM BHTKOB o6p8THO nponop

UHOH8nbH8, HoC yBenH'IeHHeM W yBenH'IHB8eTCSI ITOCTOSIHH8SI BpeMeHH HHTei"

pHpOB8HHSI, Bbipa.lKeHHe t7) c y'leTOM (2) nerKo npeo6pa30B8Tb K cnenyJOJJle

MY BHAY! 

3necb 

u Bb!X 

u = 0,2·10-8 11 _s_ 
r 

•11 

u J w 
0 

(8) 

1 S - M8I"HHTH8SI ITpOHHU8eMOCTb 1 

nonepe'IHOe Ce'leHHe H cpeAHHH p8AHYC M8I"HHTOITpOBOA8, Vl3 noc nenHei"O B bl-

paX< eHHSI BHAH0 1 'ITO npH T H = const C yBenH'IeHHeM W HanpS!.lKeHHe, 

CHHM8eMOe C A8T'IHK8 1 yBenH'IHB8eTCSI 1 HO 9TO yBenH'IeHHe MO.lKeT 6biTb 9tj>

¢leKTHBHblM TOnbKO B TOM cnyqae, ecnH conpoTHBneHHe Harpy3KH R H 3Ha

'IHTenbHO 6onb1Jle C06CTBeHHOI"O COITpOTHBneHHSI H3MepHTenbHOH 06MOTKH. 

BenH'IHHa eMKOCTH C H MO.lKeT AOCTHI"8Tb BenH'IHH ITOpS!AK8 2000 IT~ 

H onpenenS!eTCSI eMKOCTbiO nnHHHOI"O Ka6enSI 1 CBSI3biB810Illei"O H3MepHTenbHbiH 

UOSIC C ycHnHTenbHbiM yCTpOHCTBOM, Vl3-38 HanH'lHSI 6onblliHX UOMeX CO CTO

pOHbl yCT8HOBOK 1 o6cny.lKHB810IllHX nHHeHHblH yCKOpHTenb 1 ycHnHTe nbHble ycT

pOHCTB8 H8 HH.lKeKTHpyeMOM Y'l8CTKe npHXOAHTCSI ynanS!Tb H8 3H8'1HTenbHOe 

paCCTOSIHHe OT A8T'IHK8, 

ConpoTHBneHHe R H HHTerpHpyJOmero nogca c nocTOSIHHoi!: BpeMeHH 

T H 3: 5-10-3 
CeK 06bi'IHO He npeBbllli8eT 500 OM, npH 9 TOM yBenH"IeHHe 

nepenHero ¢lpoHTa H3-3a HanH'IHSI uenH RH C H cocTaBHT Bcero nHllib 

3t- 5 MKCeK H 'l8CTOTHble CBOHCTB8 H3MepHTenbHOI"O ycTpOHCTB8 6yAyT onpe

nenS!TbCSI B OCHOBHOM '18CTOTHOH XapaKTepHCTHKOH yCHnHTenSI, 

CnenoBaTenbHO, BBeAeHHe cpaBHHTenbHO 6onblliOi!: eMKOCTH C H He 

YXYAlli8eT xapaKTepHCTHK A8T'IHK8 H He CHH.lK8eT BenH'IHHbl Bb!XOAHOI"O Han

pS!.lKeHHSI, 'ITO S!BnS!eTCSI 6onblllHM npeHMyllleCTBOM M8I"HHTOHHAYKUHOHHOI"O 

A8T'IHK8 C HHTei"pHpy!OillHM ITOSICOM, 

YpaBHeHHe (8), onpenenSIJOlllee 38BHCHMOCTb BbiXOAHoro HanpS!.lKeHHSI 

OT 'lHCna BHTKOB 1 H8ITHC8HO B npennono.lKeHHH 1 'ITO ITOCTOSIHH8SI BpeMeHH HHTei"pH-

p0B8HHSI onpenenS!eTCSI B BHAe T = H 
L 

, T.e. 6es y'leTa co6cTBeHHOI"O 
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conpoTHBneHHH H3MepHTenbHOA o6MOTKH . OaaaKo npH H3MepeHHH npoTH*eH

HhiX HMnynbCOB anHTenbHOCTbiO B 300 MKCeK H 60IIbWe conpOTHBIIeHHe Harpy3-

KH MO*eT OK838TbCH COH3MepHMO C06CTBeHHOMY conpOTHBIIeHHIO H3MepHTenb

HOii 06MOTKH 1 a B HeKOTOpbiX cny'IaHX aa*e MeHbWe Hero. TaKOe COOTHOWe

HHe COnpOTHBIIeHHH npHBOaHT K yMeHbWeHHIO T H HIIH yMeHbWeHHIO u Bb!X • 

IToaToMy onpeaeneHHe 'IHcna BHTKOB, aHaMeTpa HaMOTO'IHoro npoaoaa H con

poTHBneHHH Harpy3KH B HHTerpHpyiOweM nOHCe anH npOTH*eHHhiX HMnynbCOB 

HMeeT OnTHM8IIbHOe peweHHe. 

4. Pacqer HHTerpHpyiOwero aoHca 

06hi'IHO H3MepHTeiibHbiH MarHHTHbiH nOHC npeaCT8BIIHeT C060H TOpOH

aanbHbiH MarHHTonpoaoa, noaepx KOToporo HaHeceHa H3MepHTenbHaH o6MOTKa. 

Heo6xoaH~aH aenH'IHHa HHayKTHBHOCTH, KOTopaH o6ecne'I:Hna 6hl aaaaaaoe 

3Ha'IeHHe r H , onpeaenHeTCH B BHae 

rae T BH - C06CTBeHHOe COnpOTHBIIeHHe H3MepHTenbHOH 06MOTKH 1 

8p(b+h)w 
TBH 

"d 2 

BhxxoaHoe HanpHJKeHHe c y'IeToM (2), (7), (9) H ( 10) 

U BbiX 

(J J R H 
0 

[ RH + 8p(b+h) l 
W rrd 2 

(9) 

( 10) 

( 11 ) 

H d - yaenbHOe conpoTHBneHHe H aaMeTp HaMOTO'IHoro npoaoaa, 

h H b - anHHa H nonypa3HOCTb aayx aHaMeTpoa TopoHaanhHoro MarHHTo

npoaoaa . 

!-13 ( 11) cneayeT, 'ITO C yBeiiH'IeHHeM 'IHCIIa BH TKOB yBeiiH'IHBaeTCH 

BbiXOaHoe HanpH*eHHe , HO 3TO yaenH'IeHHe HMeeT orpaHH'IeHHbiH XapaKTep. 

KpoMe Taro , 'IpeaMepaoe yaenH'IeHHe w BeaeT K yBeiiH'IeHHIO pa3MepOB 
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UaTqHK8 H HHUyKTHBHOCTH pacceHHHH, YsenHqeHHe nocneaae~ MO~eT npHBeCTH 

K B03HHKHOBeHH~ nap83HTHhlX KOne6aHH~ HB nnOCKO~ qaCTH H3MepHTenbHOrO 

HMnynbca. 

nng yMeHbUieHHH HHUYKTHBHOCTH pacCe5!HH51 H3MepHTenhHy~ 06MOTKY 

H8HOC51 T HS MarHHTOnpOBOU B OUHH cno~, a Un51 yBenHqeHHS! nOCTOS!HHO~ Bpe

MeHH HHTerpHpOBSHHH HCITOnh3Y~T BC~ nnomaah MSrHHTOnpOBOUS, T,e, HSMOT

KY npoH3BOU51T nnoTH0
1

BHTOK K BHTKy. OpH 3TOM 

rrD 
w = --d--' ( 12) 

rae D- BHyTpeHHHl!: UHSMeTp TopoHaanhHOro MarHHTonpoBoaa. nocT05!HH85! 

T H C yqeTOM ( 9) H ( 12) onpeaenHTC51 TBK: 

aw 2 rr 3 D 2 

T 
H 

( 13) 

fpa~HqeCK851 3aBHCHMOCTb T H ~~ ( w) ang ~eppHTOBoro Konbua c ~ 

= 800 D = 120 MM H D . = 85 MM H paanHqHbiX aaaqeaHl!: R H 
BHelll BH 

npeacTaBneaa aa pHc. 4. HanpH~eaHe Ha BhiXoae naTqHKa paBHO 

U Bb!X 

u 

3 
11 

BbiX 

( 14) 

aaanorHqHa 38BHCHMOCTH,- npea-

•CTa,BneHHO~ Ha pHC, 4, H M8KCHM8nhH851 BenHqHHa BbiXOJlHOro Hanpst~eHHst 

6yneT COOTBeTCTBOB8Tb w 
opt 

2 

3 RHD 
w 1T ...; 

opt 16 p ( b + h ) 
(15) 

00CT05!HH851 HHTerpHpOB8HHst T C yqeTOM ( 15) 
.R 

arr 3 
D4 

T = ...; 
H 6 4 p2 <h+b)

2 
Ra 

(16) 

12 

I 



'!'u 
ms 

15P 

10,0 

5,0 

1000 2000 

Pllc ,4 

13 

2 
3 

-----'~ 5 ----6 
7 

L RH=500M 
2. RH = fOOr»t 
3. RH =1500M 
4. Rw= 200o,., 
5. RH=- 25Qo,., 
6. RH= 300o,., 
7. RH:. 350oor 

3000 w 

,. 



T 

> _H_ .·1[)() 
H - A . ' ( 17) 

r'lle A - ll011YCTHM8H BellH'lHH8 CK8llhiB8HHH llllOCKOH 'l8CTH HMI1YllbC8 ( B %) , 

YpanHeHHe (16) Hcrronb3yeM llllH orrpeneneHHH orrTHMallbHoii nenH'lHHhl corrpo

THBlleHHH H8r'py3KH; 

R "
0 2 

= _l_ (_a_) 3 [ -----] 2 • (18) 
Ho p i 6 T 

H 12 p ( b + h ) 

MaKCHMallbHoe Bhixonuoe HarrpH)I(eHHe c naT'lHKa, c y'leToM Bhipa)l(eHHH 

(7), 6yner panuo: 

U BhiX 
J 0 R H opt ( 19) 

W o p t 

3 a K n ~ q e H w e 

B HaCTOHWee BpeMH Ha y'laCTKe HH)I(eKUHH CHHXp0~830TpOH8 Ha 10 f8B 

HCI10llb3yiOTCH TpH M8r'HHTOHHilYKUHOHHbiX HHTer'pHpyiOWHX H3MepHTe llbHhiX 11051-

Ca, 0HH 1103B011HIOT 6e3 nepeKpbiTHH rry'lK8 BeCTH Ha6ll~AeHHe 38 BellH'lHHOH 

H $opMOH HH)I(eKTHpyeMOr'O rry'lK8 B 3-X pa311H'lHhlX TO'lKaX: 

a) ua Bhixone cpopHH)I(eKTopa, 

6) Ha BXOile pe30H8TOpa llHHeHHOr'O yCKOpHTellH, 

B) H8 BXOile llOBOpOTHhlX 11118CTHH. 

0TllH'lHTellbHOH qepTOH M8r'HHTOHHilyKUHOHHhlX ll8T'lHKOB HBllHe TCH BhlCO

K8H Ha/le)I(HOCTb B pa6ore, T,K, OTCYTCTByiOT llOABH)I(Hhie lleTallH 1 H He60llb

WHe pa3Mepbl, 0HH C ycrreXOM pa60T8IOT K8K B 8TM0Ccpepe , T8K H B BaKyyMe 

H MOr'YT He TOllbKO lly6nHpOB8Tb UHllHHilpbl <!JapaneH, HO H 1103B011HIOT H8611IO

Il8Tb lly'lOK B T8KHX MeCTaX, r'Ae npHMeHeHHe UHllHHilpa <!JapaneH 110 PHilY llpH

'lHH npocro ueB03MO)I(HO. TaK, HanpHMep, BHYTPH BBKYYMHOr'O KO)I(yxa Ha nxo

ne nepnoii nonyrpy6KH npeiicpa (nxon pe3oHaTopa) no CHX nop ue ynananocb 
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BeCTH H80n!OileHHe 38 rrpOXOilSilllHM TOKOM C ITOMOlllblO UHnHHilpa ¢apaaeSI, 

nHllib ripHMeHeHHe MarHHTOHHilyKUHOHHOrO 118TqHK8 IT03BOnHnO pelliHTb aTy 

3aaaqy. 

l1crronb3YSI OObi qH bie HeaoporOCTOS!lUHe cjleppHTOBbie KOnbU8 1 MO)KHO H3-

rOTOBnS!Tb M8rHHTHbie 118TqHKH, IT03BOnSIIOlliHe C ITOMOlllbiO aneKTpOHHOil arrrrapa

Typbl H80niOI18Tb ripOXOilS!lllHH TOK BenHqHHOH B HeCKOnbKO MK8 rrpH anHTenb

HOCTH HMrrynbca T H = 500 MKCeK. 

TaK, C riOMOlliblO 118TqHK8 1 H3MepS!IOlUerO TOK B 1 M8 ( ( Ha BXOile ITOB O

pOTHbiX rrnacTHH), Ohina llOCTHrHyTa qyacTBHTenbHOCTb, rro3aonSIIOlll8SI aa6mo-

118Tb ITpOXOilS!lllHH TOK B 10 MK8 ripH ITOCTOSIHHOH BpeMeHH HHTerpHpOB8 HHSI 

= t.w-2 ceK 
H • 

0oMOTK8 Ha BCeX Tpex ll8TqHK8X OllHOCnOiiH8SI C paBHOMepHOH H8MOTKOH 

rrpoaoaoM TI3B 0,2 f- 0,3 MM. 

MarHHTHbiH ITOSIC ITOMellleH B MellHb!ll. 3Kp8H 1 KOTOpb!ll. OllHOBpeMeHHO 

cny)KHT 38lllHTOll. OOMOTKH OT B030Y)KileHHHbiX HOHOB, Caapy)KH ITOSIC 38lllHllleH 

M8rHHTHhlM 3Kp8HOM . BHelliHHll. BHil 118TqHKOB rrpeacTaBneH Ha pHC. 5 H 8 . 

OrrhlT pa60Thl IT03BonSieT caenaTb BhlBOil, qTo MarHHTOHHilYKUHOHHhle 

ITOSIC8 HHTerpHpyiOlUero THIT8 MO)KHQ C ycrreXOM HCITOnb30B8Tb H8 y qaCTKe 

HH)KeKUHH anSI HaOniOileHHSI 38 ITpOXOilSilllHM rryqKOM, 

B 3aKniOqeHHe 8BT0p rrpHHOCHT 6naroaapHOCTb n.n. 3HHOBbeBy H 

~.n. Ee3HOrHX 38 rrpaKTHqeCKHe COBeThl H ITOMOlllb, a T8K)Ke 6naroaapHT 

A.A. AH8lliHH8 H A.A. napHH8, rrpHHHM8BlliHX yqacTHe B H3rOTOBneHHH 118TqH

KOB H H8CTpOHKe H3MepHTenbHOll. arrrrapaTyphl. 
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Puc , 6. 11rv.nynbCHbiH T OK npoTouoB , 1!3MepeHHblfi c noMOlllbiO UI!JlliHLipa ct>apa 

ne SI, T 
11 

= 450 MKCeK . 

P11c. 7. 11 MnynbCHbiH TOK npOTOHOFl, 1!3MepeHI!blii c noMOillbiO MBf'HI! T OIIULiyK 

UII OHHOf'O na TYI!K a , T 11 = 450 MKCeK , 

18 



PHc.8. 06WHi! BHil MarHHTOHHilYKUHOHHbiX Jl8T'IHKOB H8 BXOJle pe30H8TOp8 

H sxoue nosopoTHhlX nnaCTHH (cnpaaa). 
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