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IIIUlllYlll JIOepHblX UCCAeOOBOHUU Jiy6Ha 

B pa6oTax ( 1-3/' IIOCBHil.\eHHhIX nccne,n;oBaHHIO BnHHHHH 

rrpocTpaHCTBeHHoro 3ap11,n;a rrytJKa Ha ,n;nHaMntJecKne rrpo:u;ec

ChI rrpn' ero YCKOpeHHH, 3KCIIepnMeHTanhHO 6hinO IIOKa3aHO, 

'ITO B rrpoTOHHOM penHTHBHCTCKOM KOilhIJ;eBOM UHKnOTpoHe 

C ,icecTKOH <tioKycnpoBKOH BII,<?nHe peanhHO O)KH,D;aTh ,D;OCTH)Ke

HH.H cpe.n;Hero TOKa B IIYtJKe rrop11,n;Ka 200 HnH 6onee MHJIJIH

aMnep. Ilpn 3TOM, eCTCTBeHHO, B03HHKaeT Borrpoc O MeTo.n;ax 

3¢¢eKTHBHoro, 6nH3Koro K lOOo/o, BhIBo,n;a TaKoro rrytJKa H3 • KO~hIJ;eBoro UHKilOTPOHa. 

Han6onee nepcrreKTHBHhIM MeTO,D;OM BhIBO,D;a H3 H30XpoH

Horo UHKilOTpOHa CO CIIHpaJihHOH CTpyKTypoii MarHHTHOrO 

rronH rrpe,n;cTaBnHeTCH MeTo,n;, OCHOBaHHhIH Ha 3¢¢eKTe pac

lIIHpeHHH 3aMi<HYTOH op6HThl BCne,n;cTBHe pe3Koro H3MeHeHHH 

3aBHCHMOCTH BapHaIJ;HH OT pa,nnyca, rrpe,n;no)KeHHhlH B Jla6o

pa TO PHH 11,n;epHhIX rrpo6neM I 4 / • 3KcrrepnMeHTanhHhie nccne -

,D;OBaHHH 3To'ro. MeTo,n;a BhlBO,D;a 6y,n;yT rrpoBe,n;eHhl Ha 3neKT:

pOHHOH MO,n;enH B 6JIH)KaiimeM 6y.n;yll\eM. 

· B TO )Ke BpeMH, IIOCKOilhKY 3neKTpOHHa11 MO,n;enh rrpe,n;o

CTaBnHeT YHHKanhHhie B03MO)KIIOCTH ,n;n11 HCCne,n;oBaHHH pa3-

nH'IHbIX MeTO,D;OB BhIBO,n;a qacTHU; rrpe,n;cTaBnHnO onpe,n;eneH

HhlH H,lITepec arrpo6npoBa Th O,D;HH H3 H3BeCTHhIX MeTO,D;OB BhI

Bo,n;a / 5•6 1, o6ecnetJHBaIOII.\HX K03$$HIJ;HeHT BhIBO,D;a IIYtJKa 

"' 80o/o; 
B HaCTOHmeii pa6oTe nccne,n;yIO'I'CH B03MO)KIIOCTH BhIBO,n;a 

IIYtJKa; HCIIOilb3YIOmero . 3a6poc qacTHU B BhIBO,D;HOH KaHan 

3a CtJeT rrpeuecCHH. · TaK KaK· BhIBO,D; ocymecTBnHeTCH B 30He, 

r,n;e qacToTa pa,n;nanhHhIX Kone6aHnii Qr 6nn3Ka K 2, rrpo

BO,D;HTCH aHanH3 ,n;pyrnx <tiaKTOpOB, KOTOphie MOryT IIOBilHHTh 

Ha BenHtJHHY 3a6poca IIYtJKa, TaKHX, KaK rrpe,n;pe30HaHCHaH 

pacKatJKa nytJKa 3a CtJeT ,n;eiicTBHH BTOpoii rapMOHHKH Mar

HHTHOro rron11, napaMeTpnqecKnii pe3oHaHc, HennHeiiHhlii pe-

30HaHc. 
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MEXAHH3M 3A6P0CA 

Ecnu paccMaTpHBaTL npouecc 3a6poca qacTHU B Bhl

BO.D:HOii KaHaJI B H30XPOHHOM UHKJIOTPOHe Ha :meprHio, orpa

HHqeHHYIO BHYTpeHHHM pe30HaHCOM Qr = 8 i 4, TO Heo6xo,nH

MO yqHTLIBaTh BJIH.HHHe npe,npe30HaHCHOii pacxaqKH KOJie6a

HHii, o6ycJIOBJieHHOii ,neiiCTBHeM MexaHH3Ma npoCToro pe30-

HaHca npu Q = 2 • Ilpe,npe3oHaHcHa.H pac1<aqxa MO)KeT cy-r . 
IQeCTBeHHblM o6pa30M H3MeHHTb aMilJIHTY.D:bl pa,nHailhHbIX 

KOJie6aHHii B 30He BbIBO.D:a H, TaKHM o6pa30M, IlOBJIH.HTb Ha 

HaqaJI:LHLie yCJIOBH.H .D:JI.H ,npyrHX MexaHH3MOB 3a6poca, B03-

MO:lKHbIX B 3TOH 3 OHe. PerneHHe ypaBHeHHH pa,nHaJILHbIX KOJie-

6aHHH B 30He npocToro pe3oHaHca 

d 2p . 2. · 
-.-2 + Qr ( ¢) p = - f k R Sink ¢ , /1/ 
d¢ . 

OilHCLIBaIOIQee IlOBe,neHHe qacTHUbl npH H3MeHeHHH qacTOThl 

pa,nHaJibHbIX KOJie6aHHii KaK B pe3oHaHCHOii 30He, TaK H B,na

JIH OT pe3oHaHca, Mo:>KeT 6LITL c ,nocTaToqHoii TOqHocTLIO 

3anHCaHo B BH,ne: /7 / · 
fk·R 

p= 2P 

¢ 
{ Cos O cp f Cos ..K_ ¢ 2 d cp 

r 2 1 1 
'Po 

+ Sin Q ¢ /sin .1L¢ 2a¢· J 
r · 2 1 1 

¢ 
0 /2/ 

dQ . 
r.ne X = d_¢r , Qr = P ·. npH ¢ = 0, fk - OTHOCHTeJILHa.H 

aMilJIHTy,na\rapMOHHKH MarHHTHOro IlOJIH, R - pa,nHyc C>p6H-

Thl. • 

,lJ;JIH oueHKH 8.MililHTY.D:hl KOJie6aHHii, B036y:lK,naeMbIX k -oii 

rapMOHHKOii MarHHTHOro IlOJIH, MO:lKHO IlOJIO:lKHTb HH)KHHii npe

,neJI HHTerpana B /2/ paBHLIM ¢ 0 =-oo , a 3TOM cnyqae 3Haqe

HH.H HHTerpaJIOB <I>peHeJIH H3 /2/ MOryT 6bITb onpe,neneHbl 

no Ta6nuua.M Is/_ IlonyqeHHaH TaKHM o6pa3oM JaBHCHMOCTL 

aMnJIHTY.D:LI pa,nnaJILHLIX xone6aHHii OT Or-, ,nn.H mi.paMeTp_oB 

3JieKTpOHHOH MO,neJIH npH P = 2 , R =100 CM H OTHO

CHTeJibHOH aMilJIHTy,ne BTOpoii rapMOHHKH MarHHTHOro IlOJIH -

f.2 = 6. 10 - 3 
IlOKa3aHa Ha PHC. 1 /KpHBaH a/. 0TMeTHM, • 

qTo .no 3HaqeHHH Qr =l, 95 aMilJIHTy,na pa,nHaJibHblX KO)Ie6a-. 

-HHii, B036y:lK,naeMbIX BTopoii rapMOHHKOii MarHHTHOro IlOJI.H, 

4 

,/c" 
7 

6 • 
5 

4 

3 

2 

4 Or 
1.900 1.925 1.950 1.975 2.000 

PHC. 1. 3aBHCHMOCTb aMilJIHTY.D:hl pa)Ulam.HldX Kone6aHHi, 
B036y)K,11;aeMLIX BTopoii rapMOHHKOii, -OT -Qr" /KpHB8.JI a/ 
H IlOJIOCbl HeJIHHeiiHoro pe 30HaHca OT aMilJIHTY.D:hl /KpHBa.H 6/. 
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C .nocTaTO'IHOH TO'IHOCTLIO onpe,nemi:eTCR peweHHeM ypaBHe· 
HHR /1/ npH nocTOHHHOM Qr /TO'IKH Ha PHC. 1/. H3 PHC. 1 
cne,nyeT' 'ITO. npH BenH'IHHe BTOpoii rapMOHHKH MarHHTHOro 
non.si: E 

2 
=6. 10-3 qacTHULI npHo6peTaIOT 3aMeTHYIO aMnnH

Ty,ny BLIHy)K,neHHLIX KOne6aHHH npH 3Ha'leHHRX Q r,,nOCTaTO'I
HO .naneKHX OT pe30HaHca. 

Ilepeii,neM TenepL K oueHKe nonocLI HenHHeiiHoro pe3·o
HaHca 8/4, KOTOpa.si: onpe,nen.si:eTCR cne,nyIOIUHM BLJpa)KeHH.
eM /7/· 

Es R a a 
-- { J (-) - J (- )} 
aQt q-1 i\ q+ 1 it , 

/j, Qr /3/ 

r.ne a - aMnnHTy,na Kone6aHHii, -X - ,pa,nHanLHLiii war 
CTPYKTYPLI MarHHTHOro non.si:, ·"q =4, ~- Es - OTHOCHTenLHa.si: 
aMnnHTy,na OCHOBHO:ii rapMOHHKH, lq .. 1 H J q+ 

1 
- cliYHKUHH 

lieccen.si:. H3 ypaBHeHHR /3/ cne,nyeT, 'ITO WHpHHa pe30H8;H
CHOH nonoCLI H3MeHReTCH, npHMepHO, KaK KBa,npaT Ha'lanL
HOH -aMnnHTy,nLI. 3aBHCHMOCTL rpaHH'IHoii qacTOTLI 3TOH no
nocLI Q = 2 -A Qr OT aMnnHTy,nLI TaK)Ke HaHeceHa 11a 
pHc. l lKPHBa.si: 6/. TaK KaK HenHHe:iiHLiii pe3oHaHc pa3BHBa
eTc.si: O'leHL 6LICTpo, To qacTHUa, nonaBwa.si: B nonocy 3Toro 
pe3oHaHca, BLIBO,nHTCR "aBTOMaTH'leCKH". H3 pHC._ 1 BH,nHo, 
'ITO HanH'IHe B MarHHTHOM none BTOpoii rapMOHHKH' . .nn.si: 
3neKTpOHHOH MO,nenH orpaHH'IHBaeT ,nOCTH)KHMYIO BenH'IHHY 
Qr 3Ha'leHHeM 1,967. 

qTO KacaeTC~ napaMeTpH'leCKHX pe30HaHCOB, TO IlOCKO- , 
nLKY HX nonoca He 3aBHCHT OT aMnnHTy,nLI_, BnHRHHe npe.n
pe30HaHCHOH pat:KB.'IKH cKa)KeTCR TOnLKO qepe3 H3MeHeHHe 
napaMeTpOB op6HTLI / R , n , ( H T .,n./. OueHHM nonocy 
napaMeTpB;'leCKHX pe3o_HaHcoa; .nn.si: 3TO_ro 3anaweM ypaBHe~ 
HHe pa,nHanLHLIX Ko.iie6aHHH a BH,ne 

.• df p + Q !I [ ·1 - h Co~ ( k rp + ¢ ) ] p ,,., O , 
d¢2 r k o 

a Ek 

/4/ 

nEk + R-;r--
r.ne h k = .' r , (< - HOMep rapMOHHKH,. BLI3LIBa-o; 
roiueii pe3oHaHc, ck - et:: 0THOCHTenLHa.si: aMnnHTy,na, n- = 
= dB _.lL 

di' ·B 
- noKa3aTenL pocTa MarHHTHoro non.si:. IlpH 

6 

Q = 2 BTOpa.si: rapMOHHKa BLI3LIBaeT napaMeTpH'leCKHH pe30-
ilaHc BO BTOPOH o6nacTH HeycTOH'IHBOCTH. 'HpHHa nonocLI 
:noro pe3oHam;a onpe,nen.si:eT_c.si: ycnoBHeM /9 

_L h 2< ~ < ...L-h~2 
24 2 - Qr - 24 /5/ 

H B paccMaTpHBaeMoM cnyqae He npeBLiwaeT 10 - 5
_ 

illHpHHa nonoCLI napaMeTpH'leCKOI'O pe30HaHca, B03HHKa
IOIUe.ro B ne.pBOH o6naCTH HeycTOH'IHBOC,TH no.n ,neHCTBHeM 
'leTBepTOH rapMOHHKH B ctpyKType MarHHTHOro non.si:, onpe-

h 4 1'1Qr h 
.nen.si:eTCR H3 - - < -- < _4_ • 

4 - Qr - 4 

IlpH aMnnHTy,ne qeTiiepTOH rapMOHHKH Toro )Ke nop,i:,nKa, 
'ITO H BTOPOH, niHpHHa nonoCLI He npeBOCXO,nHT 3 .10-3 

B:ee pe 3 OHaHCHLIX 3 OH BenH'IHHY MaKCHManLHOro 3a6poca 
MO:>KHO paccMa TpHBa T_L KaK cyMMY ,nByx cnaraeMLIX 

·s = 11 r + /1 r ( 0 ) , 
a /6/ 

r,ne !'1 r - war Me)K,ny 3aMKHYTLIMH op6HTaMH, Ar - 3a-. a . 
6poc; onpe,nen.si:eMLIH npeueccHeii op6HTLI, o6ycnoBneHHLIH 
Ha6opoM 3HeprHH "'3a o6opoT. IlpoaHa.TIH3HpyeM Ka)K,nyro H3 
COCTaBnRIOIUHX cyMMapHoro 3a6poca s . 

mar op6HTLI 3a C'leT Ha6opa 3HeprHH B H30XpOHHOM 
UHKnOTpOHe onpe,nen.si:eTCR COOTHOWeHHeM 

Ar_ 
Re V [ 1 - ( R / r 

00
) 2 ] 3J.2 

E (R/r )2 
0 "" 

/7/ 

r.ne e.V - Ha6op 3HeprHH 3a o6opoT, r.00 ~, _£_ , w - qac-
. (i) 0 

TOTa ycKOPRIOIUero Hanp.si:)KeHHR, E - 3Heprpa noKOR. IIo.n-
CTaBHB B /7/ 3Ha'leHHR napaMeTpoi 3neKTPOHHOH Mo,nenH: 
e V =1,5 K3B, too = 121,23 CM, nony'IHM, 'ITO Ha pa,nHyce 
'R :::100- CM 3HepreTH'leCKHH war op6HTLI t\r evs = 1 MM. 

BenH'IHHY MaKCHManLHoro 3a6poca ny'IKa H3-3anpeuec
CHH op6HT /1 r a MO)KHO oueHHTL no diopMyne 
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Ar -= 2aSin2TTQ (v _ _J_) Sin TT(Qr -1) 
a ·~ ~ /8/ 

r.ne a - MaKCHMaJILHaJI aMIIITHTyJJ;a pa,nHaJILHLIX 6eTaTpoH
HLIX KOJie6aHHH, l' - .l.(enoe 'IHCJIO, 3aBHCJill.(ee OT 3Ha'leHHJI 
Qr ' aMIIJIHTYJJ:LI p_a,nHaJILHLIX Kone6a.HHH H HX cl>a3LI. Hc-

IIOJIL3YJI cl>opMyny /8/' MO:lKHO HaHTH CBJl3L Me:lKJJ;Y aMJIJIHTY
,noii Kone6aHHii H 3a6pocoM, orrpeJJ;enJieMLIM rrpel.(eccHeii, B 
3aBHCHMOCTH OT pa~Hyca. B ,qaCTH0CTH, .I(JIJI HeKOTOPLIX 3Ha
qeHHii Qr Sin 2 TT Qr ( v - i/2) OKa3LIBaeTCJI paBHLIM e.IU1HHl.(e 
H .I(JIJI 3'.l'HX TO'leK CBJl31. Me:lK)ly aMIIJIHTy,noii KOJie6aHHHH Be
JIH'IHHOH 3a6poca yrrpoll.(aeTcH .no: 

llr e == 2 a Sin TT (Qr - 1) • /9/ 

3Ha'leHHe MaKCHMaJILHOH aMIIJIHTY.IJ;LI pa.I(HaJILHLIX KOJie-
6aHHii H3MepJIJIOCL ABYMJI He3aBHCHMLiMH MeTo,naMH. B rrep
_B0M MeTo,ne aMrrJIHTy,na pa,nHaJILHLix Kone6aHHH H3MepJinaci. 
Ha rrepBoM o6opoTe / R =20 cM/, rJJ;e :mepreTH'leCKHii war 
Me:lK,ny op6HTaMH Ar ev > 2 a • H3 rrpoee,neHHLIX H3MepeHHH 
6LIJIO oiipe,neneHo, 'ITO MaKCHMaJILHB.JI aMIIJIHTy,na KOJie6auuii 
Ha 'R =20 CM 6JIH3Ka K 6 MM. ,lJ;anee, y11HTLIBa11, 'ITO c yee
JIH'leHHeM pa,nHyca 6y,neT IIPOHCXOJJ;HTL a,nHa6aTH'leCKOe 3a
TYXaHHe aMJIJIHTY.IJ;LI 

R 2 1/2 
a = a [1 - (-) ] , 

O r 
00 /10/ 

Haii,neM, 'ITO Ha pa,nuyce R =88 CM aMIIJIHTy,na paBHa 4 MM, 

a Ha paJJ;Hyce R ... 100 CM ee 3Ha11eHHe ne 6y,neT npeeocxo
JJ:HTL 3,5 MM. 

Bo BTopoM MeTo,ne aMIIJIHTy,na onpe,neJIHJiacL no MaKcH
MaJILHOMY 3a6pocy' H3MepeHHOMY B 3aBHCHMOCTH OT pa,nHy
ca Ha 'leTLipex cl>HKCHPOBaHHLIX a3HMyTaX. H3 cl>opMyJILI /9/ 
BH.I(HO, 'ITO MaKCHMaJILHLIH 3a6poc H3· 3a npel.(eCCHH .I(OJDKeH 
HMeTL MeCTO npH 3Ha'leHHH Qr= 1,5.3KcnepHMeHTLIIIO onpe
.neneHHIO 3a6poca B 3aBHCHMOCTH OT pa,nuycanO.I(TBep,nHJIH 
:no. MaKCHMaJILHLiii 3a6poc, paBHLiii 10 MM, Ha6JI10,naeTcJ1 · 
Ha pa,nHyce R = 88 CM, r.ne Qr =1,5.BLI'IHTaJI H3 MaKCHMaJIL• 
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uoro 3a6poca; 3HepreTH11ecKHH war op6HTLI Ar ev = 2 MM, 
orrpe,neJIHM, 'ITO aMIIJIHTy,na paJJ;HaJILHLIX KOJieoaHHH Ha R = 
=88 CM paBHa 4 MM, 11To cornacyeTCJI c ol.(eHKoii, c.nenauuoii 
no 4>opMyne /10/. · 

.. · Ilo,ncTaBHB B «l>opMyny /9/ 3Ha'leHHJI aMJIJIHTYJJ:LI H 11acTo
TLI .pa,nuaJILHLIX KOJie6aHHH, COOTBeTCTBYIOIQHX pa,nuycy R = 
; 99,S CM / a = 3,5 MM .H Qr = 1,88/, nony'IHM, 'ITO.MaK· 
CHMaJILHL1ii· 3a6poc, onpe,neJrneMLiii npel.(eccueii, 11a 3TOM 
pa,nuyce cocTaBHT Ar 8 =2,6 MM. · 

Ilpoee.neuHLiii aHaJIH3 Mexamt:.3Ma : 3a6poca ·n03BOJIJieT 
c,nenaTL BLIBo.I{'o TOM, 'ITO BeJIH'IHHa 3a.6poca .B KaHaJI p;e
«l>neKTOpa, YCTaHOBJieHHoro Ha pa,nuyce- R ,,;,99,5 CM, oy.neT 
onpe,neJIJITLCJI B OCHOBHOM cnaraeMLIM, 3aBHCJlll.(HM OT npe-
1.(eCCHH op6HT. TaKoii 3a6poc ,nocTaT011eH )l.JIJI BLIBOJJ;a ny11Ka . 
3JieKTPOHOB H3 YCKOPHTem1. 

. . 
OPEHTbl YCKOPEHHbJX lIACTHU 

,lJ;JIJI Toro, 'IT06LI npaBHJILHO BLI6pa TL IIOJIO)KeHHe IIJiaCTHH 
3JieICTpocTaTH'leCKOro KaHaJia, Heo6xo,nHMO 3HaTL IIOJIO:>KeHHe 
op6HTLI, · 11To, B CBOIO oqepe.ni., Tpe6yeT T0'IHOro npe,ncTaBJie
HHJI 0 xapaKTepHCTHKaX MarHHTHOro nOJIJI B 30He BLIBO,I(a. 
C 3TO:ii l.(eJILIO .B },OHe pa.nuycoB Bl,IBO.I(a 6LIJia· npoBe,neHa 
cepHH H3MepeHHH MB:rHHTH0ro IIOJIJI. B H3MepeHHJIX HCnOJlL· 
30BanacL cnel.(HaJIH3HPOBaHHaJI WTaHra .I(JIJI MarHHTHLIX H3· 
MepeH:e:ii B :meKTP0HHOii Mo.neirn .c: nepMannoeBLIM ,na_T'IHKOM~ 

MarHHTHOe none B 30He BbIBO,na ny11Ka r =95+107 CM 

H3MepJIJIOCb C HHTepBaJIOM no pa,nHycy Ar =1 CMH no· a3HMY· 
Ty llcp =2,5° /144 T0'IKH H3MepeHHii Ha noJIHLI.ii o6opoT 
wTaHrH/. TaKoe Tll.(aTeJILHOe o6cne,noeaHHe npecne.noeano 
l.(eJIL 6onee ,neTaJILHoro H3y11eHHJ1 noee.neHHJI <l>a3LI rapMOHHK 
MarHHT,Horo IIOJIH B,I(OJIL pa,nHyca. Ha PHC. 2 H 3 IIPHBe,neHl,I 
3aBHCHMOCTH OT pa,nHyca aMIIJIHTY.I(LI H <l>a3bl rapMOHHK Mar
HHTHOro IIOJIJI c HOMepaMH k =1,2,3,8,16,24. KaK BH.I(H0 H3 
PRC. 2 H 3, HHTepecyroll.(aH Hae oco6o BTOpaJI rapM0HHKa 
HMeeT npaKTH'leCKH He.H3MeHHYIO «l>a3y ¢2 =90±4° . B 30He 
pa,nHyC0B r = 96+104 CM H aMIIJIHTy,ny Ha ypoBHe 
0,12+0,15 rec rpa,nHeHT0M 0,6 i'c/ M. 

Ha pHC. 4 II0Ka3aHLI op6HTLI ycKopeHHLIX 'laCTHI.( B 30He 
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BblBO,D;a, nonytJeHHbie lJHCneHHbIM HHTerpHpOBaHHeM ypaBHe· 
HHii ,D;BH)KeHHJI Ha 3BM. MarHHTHoe none npii" 3TOM 3a,D;aea
nocb. no pe3ynbTaTaM H3MepeHHH, a Ha6op 3HeprHH 3a 060· 
poT npHHHManc.ii paBHbIM 1,5 K3B. Ha 3TOM )Ke pncyHKe Ha· 
HeCeHLI 3KCnepHMeHTanbHbie TOlJKH, cinpe,D;en,irouurn nono:>Ke • 
HHe op6HTLI, KOTOpLie nonytJeHbl Mero,D;OM nepeKpbIBalOIIUIX 
npo6HHKOB. ",IJ;n,i H3Mepeirnii -nono>Ke.HH.H 'op6HT HCnOilL30Ba • 
IlOCL tJeTLipe ·CTaIJ;HOHapHLIX npo6HHI<a, pa3M.ell,leHHblX Ha" na-

. :.il>eTaX' H npo6HHK, xpen.HII(HH~.H Ha C'LeMHOM cl>na.Hne ~ A3HMYTbl' 
H3MepHTem.HLIX npo6HHKOB- B N!!l ,2;3,4. H 5,. BLipa)KeHHble 
B ·pa,D;HaHax; paBHbl COOTBeTCTBeHHO • 3,520; 5,236; 1,048; 
1,685 · H 2,965,' oTctJeT a:iHMyTa B~,D;eTc.H OT cpe,D;Heii nHHHH 
,D;yaHTa no qacoaoii cTpeJIKe B · nanpaimeHHH ,D;BH:>KE:lH~JI nyqxa. 
IIono:>KeHHe MHmeHH npo6HHKa no pa,D;Hycy tmpe,D;en,inocL 
c TOtJHOCTLro _ ±2 MM. Ka:ic BH.D;HO H3 . pnc; 4,. coana,D;eHHe 
31CCJiepHMeHTaJILHbIX TOtJeK_ C pacqeTHOH op6ino:ti: . ·tJaCTHIJ; 
BnOnHe y,D;OBJieTBOpHTeJILHO •. · . · . . 

.. : IIOMHMO npo6HHKOB, nepeMell,lalOUUIXC.H Hacl>HKCHpoBaHHblX 
; a3HMYTaX, y<1aCTOK pacqeTHOHTpaeKTOpHH ripoeep,rnc11npo6'· 
HHKOM, MHmeHh KoToporo nepeMell,lanacb no:a3HMyTy. 3ToT 
npo6HHIC ·c, qeTbIJ)LM.H .·no,D;BH:>KHblMH MHmeH.RMH BblnonHeH Ha 
ocnoBe · KOHCTPYKIJ;Hli ,D;ecl>neKTopa, cl>oTorpacl>H.H KOToporo no-
ICa3~Ha Ha puc. 5. ·· 

KOHCTPYKTHBH9, ,IJ;edJneKTOI) COCTOHT H3_ nepe_Mell,laIOll,leiic,i 
. nnaTcl>OPMbl~ Ha KOTOPOH npH noMOll,lH H30Il.HTOpOB i(pen'1TC'1 

OTKJIOHJIIOll,lHe . nnacTHHbI, >riepeMe_ll,l~IO~HX nnaT4>"opMy 'Mexa
HH3MOB Ou BaKyyMHor_o cl>n:aHn;a. rina-rcl>opMa ,D;e4>ne1fropa 6e3 
HapymeHHJI BaKyyMa B · KaMepe , ycKopuTe.rin Mo:>KeT nepeMe • · 
ll,laTLC'1 no pa,D;HYCY OT T =98,5 ,D;O · 1ot CM C TOlJHOCTLIO ye• 

.. . . 0. . • 
TaHOBKH :o,i MM, a no a3HMYTY Ha 20 C TOtJHtlCTblO ycTa• 
:iloBKH B o,D;HY. yrnoayro MHHYTY: Kpo:Me Toro, cnenuaJILHLIM 
MexaHH3MOM MO:>KHO H3MeH'1Tb nono:>KeHHe HeCYll,lHX H30Il.HTO· 
poB, y,D;ep:>KHBalOll,lHX ri.rra'cTHHLI ,D;ecl>ne'KTOpa, TeM caMbiM H3· 
MeHJI.H KPHBH3HY n.Tia.CTHHhl. IIonHLiii xo,D; no pa.n;nycy TJir, 
H3MeH'110ll,lHX KpHBH3HY nnacTHHbl, COCTaBiI.HeT 20 MM. EcnH 
BMeCTO nnacTHH Ha H30Il.HTOPbl ycTaHOBHTb MHWeHH C pa3-

', ,D;eni.11LIMH. BLIBO,D;aMH, -ro nepeMell,laroll,lHHC.H no a3HMYTY npo6-
HHK" MO:>KHO HCnonL30BaTL ,D;Il.H orrpe,D;eneHHJI KPHBH3HLI op6HTLI 
Ha onpe,D;eneHHOM yqacTKe. Pe3yJihTaTLI H3MepeHHH HaHeCeHLI 
Ha paCtJeTHYIO TpaeKTOpHIO pHC. 4 TOtJKaMH. 
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~AC TOTA PA,D;HAJihHbIX KOJIE IiAHH:0 
. '· ' ' . . 

~HaH~e TffllHLIX 3Ha'leHu'ii qacToT pa;:i;Ha~LHLIX Ko~e6aHHii. 
B 3aBHCHMOCTH o-i: pa;:i;Hyca B 30He BLIBO,IJ;a O'ICHL CYlllCCTBeH- · 
Ho, T.K; l}iopMa ·op6HTLI ycKopeHHLIX qacTH:unp11HaJlH'IBHB'io-. 
poii rapMOHHKH MarHHTHOro non.11 B 3Ha'IHTCJILHOH_CTeneHH 
onpe.zienemi BCJIHqil:e:oii Qt • ,D;ns: ,IJ;CTa.JIL!{0ro paCCM0TJ)eHHJI 
nOBC,IJ;CHHJI Qr OT pa,IJ;Hyca npOBC,IJ;CHLI paC'ICTLI H 3KCIIepH• 
MCHTaJILHO H3MepeHLI qacTOTLI pa;:i;HaJILHLIX KOJie6aHHH Ha 
pa,IJ;Hycax r =94·:-102 CM •. Pe3yJILTaTLI pac'leTa Q, Ha 3BM 
no nporpaMMe "CYCLOPS" 110 I noKa3aHLI Ha· pHc. 6a 
/c_nJIOWHaJI KPHBaH/. MarHH_THOe none B 3THX pacqeTaX_3a;:i;a
ea.riocL no ~3MepeHHHM /pHC. 2 H 3/. H3 npHBe,IJ;eHHoro rpa
.it>~K8; 3'aBHCHMOCTH · · Q ,·":" f(_r) cne;:i;yeT1 'ITO_ 3Ha'leHHe·. Q,. , 
paBHoe ;:i;:ey).{, ;:i;_oc,::HraeTcs Ha 'pa;:i;Hyce 'R =101,25 CM~- H3 
'rpal}iit:Ka TaK>Ke'·BH,Il;HO, ~Tb 3Ha'leHHe Qr np~ KOTOP0J.( qac- -
"i-HnLI. nona;:i;aIOT ,B Ka.Han ;:i;el}iJieKTopa, paBHO 1,as·. IlpB 3KC· 
riepHMCHl:an&H0:J.f onpe;:i;~iieilHH Q,. 11cnoJIL30BaJI8.CL annapa
Typa, ·. on:e:<?aH.~a,i B pa6o're /1 !I. B ·;:i;aHHLIX H3MepeHHJIX np:a
MeHHJICH MCTO,IJ; pe30HRHCHOB pacKa'IKH aMnJIHTY,IJ;LI pa,IJ;HaJII,• 
HI.IX KOJie6aHBii MO,IJ;yn,m11eii nponoJILHOro HMnyn1,ca 'laCTH:U. 
B :iKcnepHMeHTax no onpe)lenemi10 Q, Ha KoHe'IHLix ·pa-

. ,IJ;Hy'cax BcTpeTHiI:e:ci. Tpy,nn:ocT11 3Kcnep11MeHTaJILHoronnalia. 
IlepBaJI 38.KJIIO'laJiaCL B TOM, 'ITO no Iipose;:i;eHHLIM one11KaM 

.· ' . ~ . "' ,, ' , . - , . . 
,IJ;JIJI yBeJill'leHHJI aMIIJIIITY)];LI pa,IJ;BaJILHLIX KOJie6aHHii Ha 1 MM 

/Ha ·BeJIK'IIIHY, KOTOpaH l}iHicc11pye'ics: C OOJILIDOH ,ItOC.TOBep
HOCTLIO np11 11crtOJIL30B8.HIIH IIMeromeiicH annaparyp1,1/ ueo6-
XO,IJ;HMO,, 'IT06LI 'laCTH:ULl COBepmHJIII 6onee 50 npoXO)l(.QeHHii 
qepe3 MOAYJIHPYIOIUee ,yCT,POBCTBO. 3a 3TO BpCMJI 'laCTHULI. 
cMeCTHTCH no pa,D;Hycy.na:.5 CM, ,'ITo:coo'iBe·TcTBYeT cMeme
HHIO no Q, KaK CJI_e,ttyeT H3 pHC. 6a,Ha 6:_Q t=, 0,1. ,ll;JIJI TO· 
ro, 'IT06LI H36e)KaTL ·B036y:>K.D;eHHJI pa,ttHaJILHLIX KOJie6aHHii 
y qacTHD;, H8.XO,IJ;.Hm11xci Ha BHyTpeHHHX pa;:i;Hyca:x, Heo'6i:0J1B'..;. 
MO ,6LIJIO yMeHLmHTL pa;:i;HaJILIIYIO 30HY B036y)l(.QeHHJI, BLl,nBH· 

raJI :qpo6HHK C MO,IJ;YJIHPYIOmHM 3JICKTp0,D;OM Hapy,icy. Ha pHC. 
66 noKa3aHo, KaK 3aBHCHT pe3yJILTaT 113MepeHHR Qr OT 
pa;:i;HaJILHOii 30HLI B036y)l(.QeHHJI pe30HaHca. B cnyqae, KOrJla 
MO,ttyJIKpyromee ,ycTpOHCTBO BBe;:i;eH0 noJIH0CTLIO H pa,IJ;HaJILHaJI 
30Ha B036y:>K.D;eHHJI C0CTaBJIHeT 70 MM, 3al}iHKCHPOBaHa qac- . 
T0Ta, Qr =1,65. IlpH YBCJIK'leH_HH pa,ttHyca yc_TaHOBKHMOJlr·' 
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JIHPYIOillero :rneKTpO,D;a 'laCTOTa Qr , tl>HKCHpyeMa.11 Heno,D;-
. BH)KHblMH npo6HHKaMH, ·yaeJIH'IHBaeTcg H nocTene11Ho nepexo
.D;HT Ha IlJiaTO. 3iia'leHHe Qr Ha IlJiaTO ,D;JIJI npHBe,D;eHHoro 
npHMepa /pHc'. 60/ COCTaIJJI.S:leT Q~ =l,82~ Pe3yJILTaThl H3· 
MepeHHii:, C yqeTOM onHC8.HHOro 3tl>tl>eKTa, HaHeceHhl Ha pac:
'leTHLIH. rpatl>HK :3aBHCHMOCftH' Or OT. pa,D;Hyca /pHC. 6a/. 
Cciana,D;eHHe pe3yJILTaToB pac'leTa c 3KciiepHMeHTOM, KaK 

. •· . ' . . 
BH,IJ;HO H3 npHBe,D;eHHOro PH_<?YHKa, Bnom!e xopowee. 

Bl>IB0,D; ~KA 

3KcnepHMe_HTaJILHag · ae.i:Iir<i11Ha :ia6poca H~ a3iiMyTe pa3 -
MellleHH.H ,netl>JieKTopa onpe,nemmacL YCTpOHCTBOM, Bhlnon
HCHHLiM im '-6a3e .n:etl>neKTOpa. B 3TOM ycTpoii:cT~e nepe,D;HJI.H 
/6JIH)KH.II.H K I(eHTpy YCKOJ)HTCJI.11/ nnacTHHa ~KaHaJia ycTaHaB· 
JIHBariacL. TOJI.bKO ,D;O ·nepBoro ,D;ep)KaTeJIJI H COCTaBJI.HJia 1/4 
no.riifoii: a3HMyTanLttoii npoT.H)KeHHociu nnacTHH .D;etl>neKTopa. 
3a imacTHHOH pa.3MelllaJiaCL .pa3pe3Ha.H n.HTHJiaMeJILH8.11 MH· 
weHL, c rrmdoitiLro K<>Topoii npoao.D;Hnc.11 ailaJIH3 pacnpe.D;ene
HH.H no pa,nuycy 'laCTHI(, nonaBWHX 38. nJiaCTHH}'. Pa,nHaJILHLIH 
pa3Mep Ka,ic,D;oii · naMenH 6bln B.b16paH 2 MM. Ifa p11c. 7a npu- · 

• • • • • ·a •• 

BOAHTC.11 ,D;HarpaMMa pacrrpe.n;eneHH.H 'laCTHU no naMen.11M • 
npH ycTaHOBKe .nepe,nHeii I<pOMKH nnaCTHHhl ,D;ecpJieKTOpa Ha 
pa,nliyCLI Rg =98,5; 99,2; 109 H 100,8 CM. H3 ,D;HarpaMMLI 
PHC~ 7a BH,IJ;HO, 'ITO MaKCHMaJILH.bIH 3a6poc Ha aHaJIH3Hpyro
IllY10 MHmeHL. ,D;ecpneKTopa, ycTaHoBneHHyro · Ha 'R g =98;5, 

cooTBeTCTBYIOilleM R =99,5 CM, paaeH 4--!--5 MM. C yaenuqe
HHeM pa,D;uyc_a aenH'IHHa 3a6poca B KaHan Ha a3HMyTe pa3Me
IlleHH.H ,necpneKTOpa IIOCT0.HHH0 HapacTaeT npH' yMeHLllieHHH 
cpe.n;Hero 3Ha11eHH.H ycKopeHHoro TOKa. Ilpoae,neHHLie 3Kcne
PHMeHTLI no 3a6pocy noi<:a3aJIH, 'ITO npH npaaunLH0 no,D;o6paH· 
HLIX reoMeTpH'leCKHX pa3Mepax 3-JieKTPOCTaTH'leCKoro KaHa· 
Jia MO)KHO O)KH,D;aTL, 'ITO K03cpcpHI(HeHT BLIBO~a H3 3JieKTPOH· 
HOH Mo,nenu 6y,neT.-6JIH30K K 7O-8O0/o •.. 

TpaeKTOpH.H 'laCTHI(LI, ,npoxo,IJ;.HllleH qepe3 ,necpneKTOP, Ha 
KOTOPLIH no,naHo OTKJIOHHIOillee HanpH)KeHHe, npuae,D;eHa Ha 
pHc. 8. Pac'leT TpaeKTOpHH rrpoae,D;eH Ha 3BM, npH'leM B 30He 
,D;ecpneKTopa 3a,naaanocL OTKJIOHHIOillee MarHHTHoe none BeJIH· 
'IHHOH B 6 H 8 re, 'ITO COOTBeTCTByeT HarrpH)KeHHOCTH 

16 
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Puc. ,6a. 3aBHCHMOCTL 'laCTOTbl pa,nHaJILHLIX Kone6aHHH Q;.. 
OT pa,nuyca. 
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Puc.· 66. 3aBHCHMOCTh- H3MepeHHOH Or OT panuanLHoro 
IIOilO,KeHHJI Monynupyro~ero ycTpOHCTBa. 
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r ,_, 

3JieKTpuqecKoro IIOJIH B 30He Me)Kny rrnaCTHHaMH 1,5 H 
2 KB/CM. 

PaCC'IHTaHHaH BeJIH'IHHa OTKJIOHeHHH qacTHUbl B rrone 
necl>neKTOpa HCIIOJib30Banacb nnx BbICTaBJieHHH Tpe6yeMOH 
KpHBH3Hbl rrnaCTHH necl>neKTOpa. IIocne ycTaHOBKH neclmeKTOpa 
B COOTBeTCTBHH c pac'leTHbIMH TpaeKTOpHHMH u He6oJihWOH 
IOCTHpOBKH KpHBH3Hhl rrnaCTHH ynanoch IIOJiy'IHTb Ha Bblxone 
H3 necl>neKTOpa C 3a30p0M Me)Kny IIJillCTHH8.MH 8 MM TOK 
IIY'IKa OKOJI0 120 MKA, 'ITO COCTaBHJIO 6Oo/o K TOKY rry11Ka, 
H3MepeHH0MY no rronxona K rrepemreii rrnacTHHe necl>neKTopa. 
KoppeKTHPOBKoii rrapaMeTp0B ycKOPHTenx / MarHHTHoro rro
JIH, MenuaHHOH IIOBepXH0CTH, CHCTeM HH)KeKUHH/ BeJIH'IHHa 
TOKa, rrpoBeneHHoro 11epe3 necl>neKTop, yBenu11eHa no 8Oo/o. 
MaKCHManLHaH BenH'IHHa TOKa rry11Ka, Ha6JIIOnaeMoro Ha Bbl· 
xone H3 necl>neKTOpa, COCTaBHJia 240 MKA. 

KaK c.JienyeT H3' PHC. 8, rrpoBeneHHbIH 11epe3 necl>neKTOp 
rry110K MO)KHO .aHaJIH3HP0BaTL rrpo6HHKaMH. N25 H 1 /a3HMYTLI 
npo6HHKOB 2,965 u 3,52 pao/. 1Iy110K, npowenwHii 11epe3 ne
cl>neKTop, Ha6nronancx 3KcrrepHMeHTanLiio, H3MepeHHoe rrono
)KeHue op6HTbl HaHeCeHO TO'IKaMH Ha pac11eTHYIO TpaeKTOpHIO 
/pHC. 8/. lfa PHCYHKa 8 BHnHo, 'ITO 3necb TaK)Ke Ha6JIIOnaeTCH 
BIIOJIHe ynoBneTBOpHTeJILHoe .cornacHe 3KcrrepHMeHTa c pac
'leToM. 

Ha rrpo6HHKe N2l nccnenoeanHCh xapaKTepHCTHKH rry11Ka, 
rrpoBeneHHoro"qepe; necl>neKTOp, B 3aBHCHMOCTH OT H3MeHH·. 
IO~HXCH rrapaMeTpOB BbIBona. Ha PHC. 76 IIOKa3aHbl pe3ynL
TaTbl 3KCrrepHMeHTa B 3aBHCHMOCTH OT HarrpH)KeHHHHanyaH
Te. lfa IIPHBeneHHoro pHCYHKa.'BHnHo, 'ITO K03cl>cl>HUHeHT Bbl· 
Bona 'laCTHU rrpaKTH'leCKH OCTaeTCH'. IIOCTOHHHhIM IIPH H3Me
HeHHH HanpH)KeHHH Ha nyaHTe OT 0,9 no 1,9 KB. MaKCHMaJIL• 
HLiii Ko3cl>cliHUHeHT BLrnona "' 85o/o Ha6nronaeorcx rrpu Harrp.H)Ke -
HHH u~ =1:'15-1,2 KB. Ha~ p1fo. ·7B IIOK8.3tma 3aBHCHMOCTb 
TOKa, rrpowenwero 11epe3 necl>neKT0P, OT HarrpH)KeHH.H Me)Kny 
ero rrnacTHHaMH. lfa pHC. 7B cnenyeT, 'ITO OIITHMaJILHaJ1BeJIH-:
l{HHa Harrp.H)KeHH.H, rronaBaeMoro Ha nnacTHHbl U =1,6 KB, 
6JIH3Ka K pac11eTiioii. OTKJIOHeHHe HarrpH)KeHHH OT OIITHManb
HOH BeJIH'IHHbl Ha ±5o/o cna6o BJIHHeT Ha BeJIH'IHHY BblBeneH
H0ro rry11Ka, B TO )Ke epeM.H H3MeHeHHe HaIIp.H)KeHH.H B 1,5 pa-. 
3a IIPHBOnHT K IIOJIHOH rH6eJIH rry11Ka Ha rrnacTHHax necl>neKTO - ' 
pa. 
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PHc. 7B. 3aBHCHMOC1.:h TOI<a nyq1<a Ha BhlXO,ne ,ne(j:ineI<TOpa 
OT Hanp,r)KeHHH Ha ·ero nnacnrnax. 
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· KaK cne,n;yeT .H3 npe,n;hIJJ;YIQero paCCMOTpeHHH BenHqHHhl 
3a6poca, 6onhIIIaH qacTb.3a6poca .nyqKa onpe,n;enHeTcH 11pe
ueccHeii. 3To 03HaqaeT' qTo K03ipqJHUHeHT BhIBO,n;a JJ;OIDKeH 
cyrnecTBeHHO 3aBHCeTh OT H3MeHeHHH aMnnHTYJJ;hl CB060,n;HhIX 
Kone6aHHii npH -~aH~oii HacTpoiiKe TpaKTa. H3MeHHTh aMn
nHTYAY CB06o,n;HhIX Kone6aHHH B CTOpOHY yeenHqeHHH MO)KHO, 
peryJIHPYH 3Heprmo .HnH yron HH)KeKUHH /2/. IlpH yBenHqeHHH 
3HeprHH HH)KeKUHH Ha 7-"10% OT OilTHMaJibHOH K03$$HUHeHT 
Bhrno,n;a npH <PHI<CHpoBaHHOM paccTOHHHH Me)K,n;y nnacTHHaMH 
.n;eclineKTOpa YMeHblllHJICH ,n;o 55+60o/o. 

Cy)KeHHe aMilJIHTy.n;Horo cneKTpa pa,n;HaJihHhIX KOJie6aHHH 
ocyrneCTBnHJIOCh ,n;HaqiparMHpOBaHHeM nyqKa Ha nepBOM 060-
poTe nocne HH)KeKUHH. Ha rrepBOM o6opoTe Ha a3HMyTe OT 
HH)KeKTopa H =240 ycTaHaBJIHBaJIHCh .n;HaqiparMhI c npo
xo,n;HhIM OTBepCTHeM 4 H 2 MM. IlpH JJ;HaqiparMHPOBaHHH nyq
Ka ,n;HacliparMOH B 4 MM K03$$HUHeHT ~hIBO,n;a nyqKa COCTaB
JIHJI 55o/o, JJ;HaqiparMOH B 2 MM - 40-45o/o. IIonyqeHHhIH pe3y
JihTa T IlOJJ;TBep:>1<,n;aeT npe,n;noJIO)KeHHe O TOM, qTo B MexaHH3 • 
Me 3a6poca cyrnecTBeHHYIO pon1,; HrpaeT npeueccHH. 

B :iaKJIIQqeHHe· ·aBTOphI 6naro,n;apHT B.B.Konhry 3a no
ne3Hhle ·o6cy~,n;eHHH .pe3yJihTaTOB 3KcnepHMeHTa, C.E.Bo
pO)KUOBa 3a noMOIQh B pacqeTax Ha 3BM, A. T .BacHneHKO 
3a pa3pa60TKY KOHCTPYKUHH ycTpOHCTBa BhIBO,n;a • 
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