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n11ccepT8W,H nOCBHl!l8H8 3KCnepllMCHT8JII,HblM II TOOpCTll4CCKIIM

IICCJIC;ll,OB8HHHM OCHOBHblX npHHU:llnH8Jll>HblX npo6JICM cauoCiaJiaHCIIPOB

KII uarHIITHUX CIICTCM YCKOpHTCJieti, OCiJia;l\8IOIJlUX CiOJII,illOil C!topopTI>lO 

HapacTaHIIH nOJIH, a TaIOKe peruettmo HCKOTOPb!X aa;n,aq KoppeKI.\1111 B 
. ' ' . , 

SJICKTPOHHb!X CHHXPOTpOHax_Ha ,BUCOKlle 11 CBCJJXBb!COKIIC sttepr1111. B 

paCiOT8 y;n,eJieHO T8!0K8 CiOJil,illOC BHIIM8H118 BOnpoca!l paapaCiOTKII ;n.a•r

'IJIIKOB OCHOBH~X napaMeTpOB W!PKYJIHPYIOl!lero II BHClllllllX nytJKOB' HH

cpop11au;11H OT KOTopux noaBOJIHCT ocymecTBIITl> OCHOBHLIC KOppeK·n1py10-

11111e -onepamrn. 

IlpHHU:llll cauoCiaJJaHCIIPOBKII HBJIHCTCfl P83J311TIICM OCHOBHblX aan

paBJICHHi-l, yJKe cymecTBYIOIJlllX B COBpCUCIIHOti Tepp1111 II TCX!IIIKC yc

KOpHTeJiei-l -:- 1mCiepHeTH88W,H c_ ITOMOJlll,10 3BM; yconeprueHCT.BOB8HIIC 

TCXHOJJOrHH 11arOTOBJICHHH H cCiop!tll 3JICRTPOMarHIIT8;
0

yc1top11TeJJei-l II . . ·•~ ,. ' ,•, . , . . 

;n.p. 0CHOBHU8 np11Hu;11nu _cauoCiaJI8HCIIPOBKII II ;n.pyr11e BOnpOCbl t paapa

CiOT8HHUC B ;n.11ccepTau;1111, uoryT 6un C ycpe_xou npllMCHCHbl II B 6y

;ll.YIJlllX ycKOPIIT8JlflX co CBepxnpOBO;ll,HlllCil uarHHTHOi-l CIICTCMOi-l. 

Uen11 cauoCiaJiaHcllpOBKH ycTpaHHIOT nepeMCHHYIO COCT8BJJHIOIJlYIO 

B03M~l!l8HHi-l ynpaBJIHIOIJlCro uarHIITHOro nOJJH ii rpa;n,HCHT8 3Toro nOJJH, 

STOT THn Boauymen~n HBJIH8TCH HaHCiOJICC Tpy;n.Ho KOMneHcHpyeuL!M no 

HHcpopuau:1111 o nyqKe_ no '.L'Ol-l ,npHtJHHe, _tJTO cpopuu aaHMyTaJJI>Horo pac-: 

npe;n,eJieHHH Olllll60K nepeMeHHOti COCT8BJIHIOl!l6l-l napaMeTpOB nOJJH !.ICIIH

IOTCH B T8'1J8HH8 U:HKJJa ycKopeHHH, T8K K8K 38BIICHT OT MrHOBCHlloro 

3H8'1JCHHH npOl13BO;ll,HOl-l nOJIH no BJJCMCHII, 8 T8JOKC OT pacnpe;n,eJJCHIIH 

napa311TijblX YT8'1J8K B CHCT8!.18 ITll'.l'amrn~ IlOCJl8;ll,HIIC MOryT SH8'1JIITCJJI,-
~ . --

HO H31.18HHTI>CH .B 38BIICHUOCTH OT oCimero T8XHH'IJ8CltOro COOTOH!IHH 

YOKOPHTCJIH, OT T8UJIOBb!X, 8TMOC\Ii:PHUX II ;n.pyr11x ycJJOBH!-l. 

UenH oauoCiaJJaHCHPOBKII ycTpaHHIOT HCOCiXO;n,HMOCTI, C03;ll,8HHH 

CiOJil>lllOro 'IJHCJia YOIIJIHT8Jiei-l MOl!lHOCTII, Henoope;n,cTBCHHO C03;ll,8101Jl11X 

TOKH B KOppeKTHPYIOIJlllX OCiMOTKaX 6JIOKOB, TaK11e ycTpoi-lcTBa noTpe-
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6yJOTCH TOJI1,KO ]l)IH ROppeKl.1,1111 B HatlaJie l.llrlKJla YCKOpeill,lll, KOPJl,8 

a6COJIIOTHl,te 3HatleHllll OID1r160K H63HatllrlTeJII,H~. 8TO Il03BOJllrlT' y;n.eme

Bl,ITI, ClrlCTe!!Y 1rnppeKl.\lrllrl lrl -IlOBhlClrlTI, Ha;n.eJKHOCTI, 1r1 on~paTllBHOCT
0

l> 

yupaBJJemrn 1r1u1r1 c nouo111i.10 SBM. 

Cauo6aJiaHClrlPOBlt8 Il03BOJIHeT 3HalllrlTeJil>HO OCJia(J1,1TI, ;D.OfiYCKl1 
. -. ·, 

Ha lrlH]UIBlrl;D.yaJJI,HbJe 3JieKTPl11leCKl1e l1 uarHHTHhle xapaKTeplrlCTl1Kl1 OT-

;n.eJII,HblX 6JIOKOB 11 OCJI86l1TI,. Tpe60B8Hl1H •. K CT.enea11 o;n.Hopo;n.HOCTl1. Cl1-

Jlbl TO!ta 1l uenHX. BOac5yJK;D.eHlrlH SJieKTpouarRlrlT8. Jiepetll1CJieHRble c·BOll

CTDa cauo6aJiattc11poBanHoro aJieKTpouarH11Ta noaBOJillIOT ycKOPHTl> npo

uecc coa;n.aHlrlH YCKOplrlTeJieil., o6JI6Ptll1Tl, HX aanycK H 06ecneq1,1Tl, cTa

(Jl,IJil,HYIO 3KCIIJiyaT81.\HIO. 

IlpHHl.lHn cauo6aJianc1,1poBioi·aaKJI10qaeTcH B coa;n.aHHH B aJieK-
• . . ' ,. 

TpouarHHTe Cl1Jil,HOWYKCl1py10111ero YCKOpHTeJIH ;D.OITOJIHHTeJII,HhlX naccHB-

IlblX. ueneti, C IIOMOmi,IO ·ICO'l'Opb!X rrepeueHHaH COCT8BJIHJ01118H B03MYllleHHH 
J • ~ - -- ' 

IIOJIH B OTAeJII,HOM 6JIOKe Bbl3blBaeT·KoMnenc11py10111ee aHTHB03MYllleHH6. 

PeayJil>T8Thl reopeTHtl8CKOro H 3KcnepHJL8HTaJILHOro HCCJie,ItOBaHHA npo

uecca cauo·aaJiaHCHPOBKH rrprrne;n.eHbl c·ooTBeTCTBeRHO B nepBOll H BO 

BTopon rJiaBax ;zu1ccepTal.\H1r1. 

I'.rraBROti.aa;n.aqeti TeopHlrl cauo6aJiaHCHPOBaHlrlH HBJIH8TCH orrpe

;n.eJien1,1e OCHOBHOPO COOTHOIDeHlrlH MeJK;n.y 1IpOH3BOJil,HhlMH OTKJIOH8HHHUl,I 

rrapaMeTpOB 6JIOKOB H CBO<iO;D.HO Bap1,1,1pyelfblM napaueTpou CBH3l1' ocy

mecTBJI8Hl16 KOTOphlX ]l)IH Bcex 6JIOKOB 3JieKTpouarHHTa 06ecrreq1r1BaeT 

TOtJRoe paBeRcTBO a6coJIIOTHblX BeJIHtlHH BoauymeR1r1ii 1,1 BoaHHKalOlllHX 

8 HTlrlB03MYlllem1!1. J!JIH npaTlrlll6CK0!1 '~eaJI1r1aanHH npHHI.\HITa cauo6aJiaH

ClrlpOBKlrl MarHIITHble (}JIOKH CR86JK8IOTCH KOppeKT1,!py10llll1lll1 o6UOT~Ul1, 

KOTOpble BKJIIOIJ8IOTCH napaJIJieJII,HO C ITOMOllll,10 corJI&CYIOlllHX 3JieM8HTOB, 

BblITOJIHeHHblX KOHC~PYKTHBHO B Bl1;D.6 aBTOTpaHc~opuaTopoB, ITO;D,RJIX}

IJeHHhlX K tlaCTl1 .BlrlTKOB KOppeKTHpy10111al1. 06MOTKH. 
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Ilp~HI.\HIT11aJI1,naH cxeua cauo6aJiaHcHpoBaHHH rrpHBe;n.ena Ra 

pnc. I. 

rn~u~' 

,_ ·._··_ .. ' 

, ~:._-~ucmou.,u• I 
- - - nu.mOHuP 

I'Hc. I. IlpHHI.\HITH8Jil>HaH cxeMa caM06aJiancnpoBaHn1t. 

Hcxo;n.Rmt BhlpaJKeHHeM ;n.JIH aHaJI1r1aa · npouecca cauooaJiaRcnpoB-
, •·' . ' ' 

Kl1 HBJIHeTCll ypaBH6Hll8 MJlPRl,ITROPO ITOTOKa_ B 6JI_Dite' BKJIIOtleHHOM B 

uen1, cauo6aJiaHc1r1p_oB!Cll :·, 

<l>s1i = I,.,5(n) Rm + Mt.+ i.'i,n)( i~Q-](nj\- Ii.,~(n)X,,n Ro~ l 
Xui t- Xsn +'Ao+ llXon. + X81t. , 

r;n.e 5(n.)::. I1.i/I1,n, Lr ClrlJI8 TOKa D nepBlrltlROli o6MOTK8 6JIOKa, 

OT KOTOPOPO'H8tlllH88TCH Hyuepal.\HH, ~ Sn. - uar1rnTHhlll IIOTO!t~ 

nepeC8K8l011111ll CTpOI'O aa;n.aHHYIO ;D.Jlll BC8X OJIOKOB IIJIOIJla;D.I, s Ra 

ue;n.naHHOl1 IIJIOCKOCTll, Rn-t = <Si>sn./J-1,n.- KoaqxlJnl.lHeHT rrporropu110RaJI1,

HOcT11 UeJK;n.y ClrlJIO~ TOK8 B OCHOBROli o6MOTKe 11 B8JlllqllHOli uarHllTHOPO 

noToK~, nep~ceKa10111ero aa;n.aHHYIO ~oma;n.Ky S , R112: -~s~/In,2."" KO

a{Ji{JiBI.\H8HT, orrpe;n,eJIHIOlllllil TY lite nponopu.110HaJil>HOCTl> MelK:AY noTOKO!.I 

4? s ti. · i.i' c11Jioi1 TOKa B KoppeK~npy10111eri o~uorKe 6Jio~ ', X~,lt - co

npor1r1BJieH11e CBH3ll ue11t;n.y OCROBHOll lrl 1topp8KTHpy10111111111 o6MOTK8MH, 

Un.i./1-r,n. , Ash.. - c_orrp~THBJiemie pac-

paBttoe w_Lsn. , r;n.e 

orrpe;n.eJIHel.108 OTHOIDeHl18M 

C8lllllll1 itoppeKTlrlPYKl11111X o6MOTOK 6JIOKOB, 

Lsn. - l1H;D.yKTlrlBHOCTI, pacceHHllll, °Z h.z. - BeJIHlll1H8 8KTHBHOPO 
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,: 

COilpOTl1BRemrn noppe1mipy10men OOMOT.Kl1 6JIOita l1 Xeu . ? eu 
3HatJeHl1fl COOTBeTCTBYIOl!ll1X peaKTl1BHhlX l1 8KTl1BHhlX conpoTl1BJieH11fi, 

BHOCl1MhlX B uen11 KOppeKUl1l1 l1~ nepBl1tJHoro KOHTypa IlllT8Hl1H. B 3TOM 

lite .aupaJKeH11l1 X o - cpe)lttee 3HatJeH»e peaKTl1BHoro conpoTl1BJiemrn · 

rrapaJIJieJII,110ro coe;n.11HeH11H KOppeKTl1PYIOl!lllX o6MOTOK Bcex N - i 6Jio

KOB 11 AXon. - pas Hoen Mellt;n.y XO l1 corrpoTl1BJieH11eM rrapaJIJieJII>

Horo coe;n.11HeH11H ncex N 6JioKoB, HpoMe n.. - ro. 

0603H8lll1M cpe;n.Hl1e 3HatleH11H OCHOBHhlX rrapaMeTpOB, BXO;ll.Hl!ll1X 

B (I), t1epea X/,0 H Ro , a OTitJIOHeHHR. 3Tl1X rrapaMeTpoB ]J)IH 

rt -ro 6JIOKa qepea AXn. , 4Rn1 , A Rtq~. Iloc;rre no;n.cTaHoBror 

HX u (I), pa3JIOJKl1M (I) no cTerreHHM AXn., 41Xon. H Xsia+XIH 
C yqeTOM M8JIOC:rl1 OTKJIOHem1t1. B noJiytJeHHOM Bblp8lKeHl1H TOJII>KO nep

Bhlfi tJJieH ue 38Bl1Cl1T. OT 11H;ll.l1BH;D.yaJII>HhlX napaMeTpOB 6JIOKOB H l1MeeT 

Bl1,ll,! 

X i:tJ 
<.P5n. = L.i Ro x O X I s<t) . 

f.O + o t:i 
(2) 

AJIH Toro tJT06hl IlOJie ·n·KalK)IOM 6JIOKe 011l1ChlB8JIOCI, BhlpaJKeHieM (2), 

He06XO)iHMO.Bhll10JIIll1TI, YCJI0Bl1e: 

_AXI'\. -::.LiRn.2 +AXon. _ AX01'\,+Xs11.+Xek + 
X<,o+ Xo ~ ~ Xf,oi"Xo 

{3) 

+~ i.-....i . {ARm-AfM/1_ Xs;n.+Xg")+ R11.i (X$rt.+X'")l 
--

0 -,-L5(L) Rn.i. ~ X1,otXo Rni X1,o 'i' Xo 'J. 
X1,o t- Xo ,,\ -

AXh. 
BeJil1tJl1Ha X ..... X no)lo11paeTcH c n0Mom1,10 corJiacyroIUero i,o T O . 

:31!81,!eHTa, B!lITOJIHeHlle YCJIOBllH (3) ]J)IH 1{8lK)IOro 6,10Ka l103BOJI11T rro-

JIYlll1TI, O~l1H8KOBOCTI, M8rHV.THhlX IlOTOKOB rf._ np11 rrpaKTllll8CKll 
'±' Sh. 
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I 
i 

·l 

I 

npOl13BOJII,HblX TeXHOJIOrl1tJeCKl1X OTKJIOHeHl1HX napaMeTpOB OJIOKOB l1 

Ilpl1 11p0113BOJII>HOt\ WOpMe TOKOpacrrpe)leJieHl1H. 

0)1H8KO 11Pl1 l13MeHeu1111, 38KOHa TOKopacnpe)leJiemrn ~(n.} Ha 

At (11.) paBeHCTBO (3) MOJKeT OhlTl> Y'AOBJieTBOpeHO 1 ; ecJil1 

AX tt.. 11aMett11:r1, Ha neJil1tJl1°Hy SAX n. : 

X 10 + Xo · · X 1,o t- Xo 

OTHOilleI!lle 

~6.Xn. = '?'~(ti:, f~1.0+x.[6Rnt:.ARn2~- ){~~M"'+ Rn1(}sl\+XeH1l (4) 

X10-t-Xo Z.'s(,) l Xo 1 · Rn.2 X1,o-t Xo/ ~tti\X1,11+x;AJ. 
i=I 

3Ta BeJI11tJ11Ha orrpe)leJIHeT B8Jil1lll1HY B03MYl!l8Hl1H, Il031!l11(8JOll(ero .B 

fl. -oM 6JioKe, ecJI11 aHatleu11e KoppeKT11py10mero napaMeTpa X + X 
. ~ 0 

AXI\.. 

He l13MeHeHO B COOTBeTCTBl111 C (4). BeJil1lll1Ha X-t,-O -t xfJ c xopo
{:N 

met\ TOtlHoc:r;i,10 pantta neJil1lll1He XO ~ 1 ( l) . KpoMe Toro, B r,pyr-

JihlX CKOOK8X rrpette6peJKeM qJieHOM L=i )(s,,,.1- XtN TIO cpaBHeHl1IO C 
· ·x:,o -t-Xo 

e)ll1Hl1llel1. Tor,n,a ( 4) nepe11l1II1eTcH n Bl1;D.e: 

St.Xn,.. A~(n.)(6~M-.4~11.2 + Rni x~.,-t-X4H\ 
Xip + Xo - '.:, Rn2. RI\.?. X 1;0 T Xo/ 

(5) 

TaKl1M o6paaoM, a6COJIIOTH8H B0Jil1ql1Ha B03MymeHllfl cpe)lttero 3HaqeHllfl 

ITOJIH B 6JIOKe, KOTOpafI B OOhltJHOM aJieKTpOMarHl1Te onpe)leJIH8TCH 31!8-

tleHtteM AS (n.) , B C8M06aJiaHCl1PO.B8HHOM yc1rnp11Tel!e oy)leT 0CJia6-

JieHa B ,.... ( 6 Rn1- 4 R~2 -t R111 · Xsn. ) paa. 

Rnt. Tni. · X-1,0 + Xo 
O;n.HaKo, ecJIH rrp11 l13rOTOBJI8H~il 6JIOKOB Bhll10JIHl1TI, ycJIOB11e: 

Li R: ll\. - 6 R l'\1 
Rnt. 

_ Rni Xso , 
- 7frii" X-t,o+Xo (6) 

r)le Xso~Xsn. +4Xsn. 

orrpe,n,eJillTCH BhlpaJKeHlleM: 

TO OCT8TOllH08 B03Myll(8Hl18 B fl. -OM 6lIOK8 
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b.6.Xn. ,.., 6-e(n.) ~Xsn-
x~.~~ Xo '':> X1,o + Xo 

(7) 

BHnOJIHBHl18 ycJIOBl1fl {6) npaKTMqecKM pemaeT 3a'Aaqy a6cOJIIOTHOfi ca-

M06aJiaHCl1POBKl1 8JlBKTPOMarHl1Ta. 

Pe3yJI~TaThl 8Kcnepl1MBHTam,Horo MCCJIB'AOBaHl1ll OCHOBHOro co

OTHOlli8Hl1H caMo6aiiaHCl1POBIDI (3) IlPB'ACTaBJIBHhl B Ta6Jrnue I. 

3KcnepMMBHTaJihHOe MCCJIB'AOBaHMe npouecca caMo6aJI8HCl1POBKM 

OCY!l\BCTBJJBHO Ha cneuuaJihHOM 8JIBKTPOMarHMTe t COCTOH!l\BM l13 'ABBH:

Tl1 6JIOKOB. EJIOKl1 CHa6lKBHhl TpeMH o6MOTKaMM: OCHOBHaH - 200 Bl1T

KOB t 1wppeKTl1PYIOll\aH - 200 Bl1TKOB 11 'AOilOJIHHTBJihHafl KOppeKTHpyIO

ll\afl - 20 BMTKOB. K AOnOJIHMTBJihHhlM KOppeKTllPYIOll\11M o6MOTKaM noA

JUIJO!JBHhl corJiacyIOll\118 aBTOTpaHCqJOpMaTOphl t llMBIOll\118 no 32 BllTKa t 

HaMOTaHHhlX Ha qJeppMTOBhlfi TOppOM'AaJihHhlfi cepAeqHJ.lK. CpeAHMB 3Ha

qemlfl HanpmKeHHOCTl1 MarHMTHOro IlOJIH B 6JIOKax ll3MBPHJIMCh C no-

. MO!l\DlO 6e3lKBJI83HOfi KaTylliKll. B Ta6JIHUB I AaHhl l13MepeHHhle 3HaqeHHH 

llanplllKBHMti Ha KOHUaX KOppeKTl1PYIOll\11X 06MOTOK u;n. 11 u ?.rt. 11, 
I 

cooTBBTcTneHHo, 3HatJeHl1fl X h. 11 X h. 'AO ll nocJie noA6opa cor-

JiacyIOll\ero napaMeTpa X AX: X . J:laJiee, Ha ocH0BaH1111 113-
-1,0 o Ci) 

MepeHHhlX 3HatJeHMti HanpfllKB!}Mi1, HaBO'Al,lMhlX Ha AaTtJl1K IlOJifl Us n, 11 

U 1~2
) , onpeAeJieHH 3HaqeHttiI Rn.1 11 R n.2. • lfaMepeHH TaKlKe 

3HatJBHl1fl Xon. t 'Z h., 11 ~~n.: x;K • IlocJIB'AHl18 'ABB rpaqJhl 
1.0 o 

Ta6Jillllhl I npeACT8BJifllOT 3HaqeHJ.lfl pacctJllTaHHhlX ll ll3MepeHHhlX 3Ha-

lJBHJ.lfi corJiacyIO!l\l1X napaMeTpOB 6JIOKOB. PactJeThl npOBB'ABHhl no (3) 

C llCnOJIMOBaHMBM npMBB'ABHHhlX B Ta6Jil1UB l13MepeHHhlX napaMeTpOB 

6JIO_KOB. B Taeimiue ~aHhl CPB'AHllB 3HaqeHl1H OCIIOBHhlX napaMeTpOB 8KC

nep11MeHTaJihHOti ycTaHOBKll: x~.r, t X o t R () • 
B Ta6JIMUB II AaHhl pe3yJihTaTh1 ll3M~peHMfl OTKJIOHBHJ.lfi cpeA

Hero 3Haqe!lllfl nanpfllKBHHOCTll nOJifl B 6JIOKaX 'AO ll nocJie BKJ.IIO!JBHMfl 

~eneti caMo6aJiaHCllPOEKll. KaK Bll'AHO 113 Ta6Jil1Uhl, MaKCl1MaJihHhle 3Ha-
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Ta6mu~a II Ta6Jim~a Ill. 

If· 
/Me 6JIOKOB 

I . 
2 

3 

-4 

5 

6 

7 

. 8 

9 

t>.:
0 

uaq.(%) 
-.::ii-I . . . . 
H., ~CT,(~) 

Nt2 OJIOKOB '8 
naq • OCT • .' 

-0,854 . '. o,oo 
-9,00 +0,128 • 

.+O, 004 +0,080 

"+9,200 +O,IIO 

-6,40 0 . -0,128 

-3,840 +0,085 · 

·-4,270 o,oo 
-t-9,630 +0,128 . 

+7,470 +0,108 

I • 5D45 G°IO 

2 1°45 · o_Dro 
3- 6°20 o0r~ 
4 6°20 o0oo 
5· 4D35 o0oo 
6 4035 . · 0°20 

7 6°55 - 0°06 

8 ?015 o0oo 
9 oDoo o0oo 

t~z 
•5-

•t 

.. 
I 

,; 

•Z1 
i 
i 

•I I 

\ 
•t--7· 

·• 
•Ji I I ... I I I A ,a IOO IOO ,SO (m) 

P11c.2. IloABBJI8Hl18 UBilffilH caMo6aJiaHCl1POBKl1 OIDl160K 

nonfl, B03Hl1K8l0ll\l1X 113-38 HeO'AHOPO'AHOCTll 

xapaKTepllCTllK HaMaru11qHB8Hl1ll cepAeq1111KOB 

6JIOKOB. 
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.,. 

Ta6mnta I 

tJ~ U2,tL u~.n. Xn. x~ u(4) ~ Rn4 119'-~ Rn2. ARn2. gn (&r/a}ios {_f,f/~-H 7:iii 
6n.. g_ e. OM OM Mg Mf. •loo/.. 

I I,384 I,44 6,92 7,2 46,2 I,074 46,4 I,08 -0,952 

2 1,28 I,32 6,4 6,6 42,6 0,99 44,4 I,032 -5,61 

3 I,42 I,42 7,I 7,I 47,0 I,093 49,2 I,I45 +4,8 

4 I,53 I,50 7,65 7,5 5I,I I,I88 5I,4 I,I92 +8,38 

5 I,3I I,34 6,55 6,7 43,8 I,018 45,4 I,053 -3,5 

6 I,35 I,35 6,75 6,75 45,0 I,046 46,6 I,083 -0,645 

7 I,34 I,36 6,7 6,8 44,8 I,04I 46,5 I,082 -0,738 

8 I,53 I,54 7,65 7,7 5I,3 I,I93 52,5 I,22 +I0,66 

9 I,5I I,52 7,55 7,6 50,3 I,I70 52,I I,2I +9,93 

NJ A Rn{ Xon AXon uoi Xs,ttl,i AXn, AX .. 
Rnt. Xo gt1 'Zn 

XfptX, X1,o +Xo X ,-X'o 
OA. IC~. c.~tn .. ,.1 %¾ o/o% Mf. "lo~o 

(p,o.cJ11ff) 
OM OM •..c.l!f" "/• ¾ 

I -I,5I 0,876 0 4,45 0,6 5,5 -I,5I -I,39 

2 -9,7 0,885 +I,03 4,35 0,45 7,8 -8,63 -8,0 

3 +0,436 0,873 -0,343 4,65 0,47 8,0 +0,07 +0,84 
( : 

4 +8,I2 0,876 -I,03 3,82 0,48 5,0 +7,I03 +7,8 

5 -6,84 0,882 +0,685 4,5 0,48 7,2 -6,I65 -6,I 

6 -4,06 0,879 +0,343 4,54 0,48 7,4 -3,7I2 -3,58 

7 -4,52 0,88I +0,57 4,84 0,48 8,2 -3,968 -4,I8 

8 +8,45 0,867 .:.1,03 4,7 0,59 6,5 +7,4I5 +7,85 

9 +6,61 0,866 -I,I4 4,78 0,59 6,7 +5,47 +6,54 

IlpHMeqaHHH: cpe,lUIHe 3HaqeHHa·napalleTpOB 6JIOKOB: 

R
0 

= I,0903.ro-5 B6/a; X-1,o = 7,03 011; 

X0 = 0,876 011; X-t,o -t XO = 7,906 011. 

IlOCJI8 CaM06MaHCHpOBKH u~ h. BO BCeX 6JIOKax paJ3HO 46,8 JIB. 

10 

qemrn OCT8TOIJHNX ll03MYlll8HHii np11MepHo Ha ]Ula nopH;ll,Ka MeH1>JJie 3H8-

IJ8HHil, CYl!l8CTll0ll8llJJil'IX ;ll,O BKJIJO'l8Hl'lff uenet-i caM06aJiaHcl'lpOlllGI. HoJiy

tJeHH8fi TOIJHOCT1> caMo6aJiaHCHJ)OBKH onpe;ll,enaeTCfi rrpe;ll,8111,HOY. TO'lHOCTI,10 

no;!J,6opa corJiaCY!Ol!l8PO napaMeTpa, KOTOP8ff 06ecne1Jl1ll8Jl8C1> B SKCIIC-

PHMCHT8JI1>HOll ycTaHOllK8. • 

AH8Jil13 llJil'lffH.llff 8KT.llBHOrO conpoT.llBJI8H.llff B uerrHX C8M008JI8HC.ll-

pyIOl!l.llX o6MOTOK Ha npou,ecc caMo6aJiaHc.llpOBl\H IIOK838Jl. tJTO Tpe6yerwe -

KOJIHIJ8CTB8HHOe COOTHOlll8H.ll8 M8llt;ll,y X.,,tt-11 Zn. orrpe;ll,e~ff8TCff mipaJKe-

H.lleM: 

z.,..,a ✓21sC (X,,_+X,), 
\A5\mai 

{8) 

r;ll,e b - ;ll,onyc·rHMaff BeJI1111J11Ha OTHoc11Te111,Hoil olll116K11 rroJIH ll 61101te 11 

~ - [ N~Cri> 1] (9) 
A> h!Olr - ~sen - . 

t=t 
lllcCJie;ll,OB8H8 CTeneHI, IIO;ll,8ll118Hl1ff C;ll,BlllrOB qia::i MCllt;ll,y M8rlU'lTHU-

Ml1 ITOTOK8Ml1 B OT;ll,8J!I,HblX 61101mx B np111cyTCTBlll1 uenen C8M068JI8HCl1POB-

m1. 
BeJilllJl1H8 OCT8TOIJHOrO CJ).Bl1r8 ~83bl onpe;ll,eJIHCTCfl Bblp8lltCHl1CM: 

- /_ARn-t-ARn2. + Rn1 x~n""Xitt) 
t ~ _ "s(n.)\. Rnt Rnz. XU>-t' X11_ +.< 

, n.oa.- )( _ t-c:~ ~(jn.. (IO) 

Xto: Xo ~
1 
~(l) 

B Ta6n11~e III ;ll,BHbl pe3yJibT8Tbl 113MepeHllff CT8118HIII IT0~8BJICHl1fl 

q:,a30BbJX C;ll,BllrOB M8llt;ll,y uarHIITHbJMl1 IlOTOK8Mll B 6JIOK8X. lfaMcpeHHbl8 

3HatJeHl!ff 1 n.. 0'1. xopomo cornacyroTca c Bbl'lllCJICHHbJMH no q;opMyne 

(IO), C IICITOJI1,30B8HHCM KOHKpeTHbJX napaMCTpOB s1tcnep11MeHT8JI1>HOrO 

sneKTpOMarHHTa, rrpllB8;ll,8HHbJX B Ta6n111ue I. 
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Orrpe;neJietta cTerrettI> · no;naBJieHl!H 01IM60K noirn, B03Hl1KaJOll\llX 't1a-3a 

B3811JMHDro OTKJiottemrn wopM xapaKTep11cT11K HaMarii11tJnBail11iI B · d.no1tax 

3Jl0ltTpOM8rHIIJT.a _- MH a~oro Beml_tJ~~hl ;• R~~(Ii); x;nf I}' XoCI1) B }I) . 
npe;ncTaBJieHN B Bl!]J.e CTeneHHHX PHAOB. B pe3yJII>TaTe noJiytJeHO Bl:lpaxe

mrn ]l.JIH _OTKJIOH0Hl!H UOJIH B ,6JIOitaX ml-3a HeO]J.~H81tOBOCTll H-13° xapa1tTe

Pl!CTl11t: 

A f~~z :.:n=~~ [I1,15(~~oltLRrL1~[1~15{~!1R~r·-}, (II) 

r;ne A,~ IIJ ~ ,.,, -OTKJIOHeH~H K0:3!J!qlll!Ule¥TOB H0Jll!HetlHOCTl1 xapa1tTep11c

TllK HaMartt11tJ11BaH11H 0T;ne.n1,ttux- 6.noitoll :o_i ,ycpe;ntteHH!:lX 3HatJett11i'i. 

HTait, OII!ll6Kl! IlOJIH, B03HllK810Jlll!e 113'-38 H00]J.HOPOAHOCTll xapaitTe

Pl!CTl!lt CT8Jll!, B' caMo6aJiaHcl!pOB8HHOM, aJieKTpoMarHl!Te oc.na6JIHIOTCH npl!-

MepHO B Xs.n -t )( iH pa3. . 
X 1,0 + Xo ·,, 

Ha p11c.2 rpaqi11tJec1t11 no1ta3anu a1tcnep~MeHTa.n1,nue pe3y.n1,TaTH 
, , - I 

no,ll,8BJI0Hl!H Oll!ll601t ]J.8HHO!'O Tllna • Cn.nomiiblMl1 "itpl!BHMl! no1ta38Hbl 38Bl!Cl1-

MOCTll t (I1) . B oT;neJII>HH~ 6.noKax OT BeJil!tJl!HU mwu TOKa ;no B.KJIIOtJe

HllH uenell caMo6airaHCl!PDB!tl!. noc.ne Blt.7I!OtJ0Hl1H 3Tll KPl!Bble JIOK8Jll130-

B8Hl:l B 38IDTpl!XOB8HHOH 06JiaCTll. 

PaCCMOrpeHbl ]).Be OCHOBHNe cxeMl:l IWMMYT8l.\lll! _6JIO!tOB:" KOJII,[_\8-

jJ8fl11, llpll KOTOpoll 1toppe1tTl!py10Jlll!e o6MOT!tl! cge]].l!HHIOTCH llil!ll8Ml!, l!]J.y

Jlll!Mll napaJJ.1WJII,JiO s.neicTpO!,!arHllTY, l! 11pa]J.l!8JII,H8H 11
, B KOTOpotl coe;n11-

1!8Hl!H rrpOl!3BOMTCH l!H]].l!Bll]l.ya~_I,Hh!Mll Jll!HllHMll B _pallone .reoMeTplltJec-

1wro uettrpa ycKop11TeJIH. 

EcJil! B.· KOJII,l.(eBoll cxeMe corrpOTllBJieHl!e 1toppe1tTl!PYJ01I1etl- o6MOTKll 

. OJIOI~a o603H8tJl!TI, qepe3 ~2. , a conpOTl!BJ.IeHIIJe yqacT~a llil!H.· MeJK;ny 

coce;n1111M11 6JIOit8MIIJ tJepe3 Z 1 , TO BeJil!tJllHa OTHDCl!TeJII,Hotl Ollill~Itl! 

b , Bosn111ta10maH 113--"38 oTJil11l'l!H z'.,1 OT HYJIH, onpe;ne.n11TcH BNpa'.... 

lK0Hll01J: 

~ = ...i __h r12 
2.. 'l2. 

12 

(12) 

_) 

) 

ll3 aToro BblpaJKeHllH-.nerKO onpe;ne.nl!TI, ;nonycTl!MYIO B8Jll!tJl!HY ~1 

rrpl! aa;naHHOM b • llnH no.nytJeHl!H YAOB.718TBOpllT8JII,HUX 3H8tJ0Hl!H s , •i. OK83blBaeTCH H8CTOJILKO Ma.non, tJTO OCY!ll8CTBJI0Hl!8 KOJILUC

BOtl cxeMU BU3blBaeT 60JILIDlle TeXHl!tJeCKl!e TPYAHOCTll. Pa]l;l18JII,HaH 

KOMMYT8Ul!H 6JIOKOB CB06o]J;Ha OT 3TOro H8]J.OCT8TK8. CorrpoTl!BJI8Hl!e 

coe]].l!HHIO!lll!X Kade.nett onpe;neJIH8TCH qiopMyJiotl (8). PactJeTbl ITOlt83U

BaIOT' tJTO ;MH ycKOpl!T0JIH C pa]].l!yCOM ,... 35 M cetJeHl!e coe]].l!HHIO

!llllX npOBO]l;OB ]l;~lltHO 6bJTI, ~ 4 Ml.i2 1 npH _ ~ = 10""
2

• 

CaMD6apattc11p9B1ta no yqacTKaM 03HatJaeT B.KJIJOtJen11e B uerr1, 

caMo6aJiaHCl!POB!Cl! KalKA!:lX ABJX 6JIOKOB, OTCTOH!lll!X ;npyr OT ;npyra Ha 

paccTOHHllll, 6Jll!3KC>M K IlOJlOBl!He }J.llllHbl BOJil!bl 6eTaTpOHHb!X KOJie6aHl!ll. 

B TaKOH cxeMe B03MYJll0Hl!H B o60llX 6JIOK8X .OK83blB8IOTCH O;ll.llHa!tOBHMll, 

Il03TOMY BUHYJKA8HH00 ABlllK0Hl!0 tJ8CTl!U OilllCHB80TCH ypaBH8HIIJeM: 

t1.,, (e>-=l ~!;{/ l \2. F(e) 41-1 ei.rrM-J(.t-1) sLn.1r~N x 
H ~ ti.I 2t f H

0 
Sin rr~'J 

82 

( -V•mA~) J r"' -i.~d } x i-e -le) e e , 
(13) 

e-t 

-i. ¼tr,~ 
r;zi.e A'J - OT.KJIOHen11e ✓ OT BeJil1tJllHbl o, 25. lbreH (I-e ) 

onpep;e.nHeT yueu1,meHlle aMll1IllTYA KOJie68Hl!ii tJ8CTl!U. 0TKJIOH8Hl10 

paBHOBecaon op6llTbl OT 11p;eaJII>HOH onpep;e.nHeTCH B8JllltJl!HOtl cpe;nae

KB8;11.P8THtJHOH OIDl!6ltll _nOJIH B 6JIOKaX. PeaoHaHCHble llCK8lK0HllH op6l1-
-i,'ltrA..J 1 

TU OCJI86JIHIOTCH B (I- e . ) pa3 • Ilpll ~ V = 0 pe3 O-

H8HCHb10 llCKallt8Hl1H IlOJIHOCTl>IO OTCYTCTBYIOT. noaTOMY p;onycK 118 aMIJJill-

13 



TY'/lJ 6.iH1JKaliruett rapMomrcrncRolt cocTaBJiruol!lelii ol!ll160K yrrpmm.HJOl!lero 

rroJIH r~mrnT 611TI> sI1ati11Tem,Ho ocJia611;H •. IlpH 6 V = O, OI 

ai,11I11l1TY,ll,a pesonancnoro 11cKaJKeHHfl op611Tll ocJia6irneTcH rrp11MepHo 

B 10 pas. 0cymecT.B110Hl10 l{errei,i C00,1U1H0Hl1fl 6JlOKOB, RaK IIOita3!,JBaeT 

npH.Bff,ll,011Hlltl B m1ccepTa1{1111 anamrn, He npe,ll,cTaBJH!0T T8XHHtJeCKl1X. 

TPYJlHOcTelii. TaKall cxeMa caM06a11anc11po.srm MOJKeT 6HTI> c ycrrexoM 

OCYl!ICCTBJJeHa .B yJKe ,ll,eMCTBYJOlllllX YCKOPHT8JI.fIX. 

B MarHMTHhlX CHCT0MaJC C pa3,Il8110Hll!,JMH q,yHK1{11llMH B 1{0fil ca

M0681I8 HCMpOBIUl MoryT 6HTI> BR11JOtJetthl H. KBa,ll,pyrtonI>ttlle JIHHsH; ".l\Jrn 

3TOro B JI11H38X ycTaHaBmrnaJOTCll tieTi.pe caM06a11aHCHPYIOl!llle o6MOT

RH. BR1110tJe1111e CaMo6aJI8HCl1pyIOl!\HX 06MOTOR 11HH3 13 CHCTeMy C8M0-

6aJiaHcl1pOBKl1 II03BOJ!fl8T ycTpaHMTl, 0111116rm B saKOHe a3HMYTaJII>Horo 

pacrrpe,ll,eJieHHll rpa,ll,11EHITa rronH. 

Pesy111,TaT11 3RCrrepl1MeHT8JII>HOro 11CCJI8,ll,OBaHHfl CTerreHl1 Il0,ll,8.B-

110Hl1ll a311MyTaJII>IIOtl iieO,ll,HOpO,ll,HOCTl1 IIOJI.fl B ·· wHpOKOM ,1U1arras0He 

qacToT IIORa3aHbl Ha p11c. 3. IlyHRT11pm1e JIOMan11e II0Ras11BaJOT xo,ll, 

a311MyTaJII>HOfi !100,ll,HOPO,ll,HOCTl1 IIOJ!ll Ht/Hi B 61IOKaX Ha 

pa3HhlX tJacTOTaX ]lO BR11J04eHl1ff l{eIIetl caMo6anaHCl1POBRl1, a CIIJ!Olll

Hhle - IIOCJie BJQIIQqeHl1ll'. 3Kcnep11MeHT: IIO,ll,TBepJK,ll,aeT OTCYTCTBl18 Ha 

ll1Ra11e 48CTOT RPl1Tl1tJec1rnx TOtJeR, r,l],e ::iqiq)eRT caMo6aJiaHc>'lpOBRH 

MOlK~,T 6h!TI> OTp>'ll{aTeJII>llhlM. 

Ha pHc;4 h0Rasan11 ocn1111norpaMM11 no,ll,aBneHHH nepexo,ll,tthlx 

rrponeccon c il0Monit,10 IJiIIetl · cawi6anaHcHpoBR>'l B >'!Mrryn1,cnux aneKTpo

MarHMTax. BepXHfffl OCl{MJIJiorpaMMa rrpe]ICTa.BJifleT co6otl tta1JOJKeHMe · 

cpopi.! hepeXO,ll,llhlX rrpoi\eccdB. BO ncex ,ll,8.BHTM 6JIORaX IIPM OTRJlJOtJeHMM 

nerretl caMo6aJiaHCMpOBRM. HMlKHflfl - IIOCJie BR11IOtJ0HHff 3TMX uerrei1. 
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PHC). IlOAaBJieHHe l{elIRMH cauo6aJI8JICMPOBRH aa11MYT81II>HO~ 

HeO,IUIOpO,IUIOCTH IlOJlff B lllMpOROM AMaIIa30He qaCTOT 

IIMTaIOl!lero ~neKTpOMarHRT TOKa. 
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P11c. 4 ~ Ilo;na BJieillle l.\elll'IMll caMo6aJia HCllpOBKll 

nepexo;D.Hh!X npOl.\eCCOB ~ 3JieKTPOMarHllTax C 

111.myJII,CHhlM IlllT8HlleM. 
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Uenll caMo6aJiaHcllpOBKll He ycTpaHHJOT O~ll60K, .B03Hl'IKa!Ol!lllX 

113-38 aaJillqllfl IlOCTOHHHOtl COCT8BJIH!Oll!etl nllT8Hllfl 3JIDICTpOM8rHl'IT8 ll. 

npocTpaHCTBeHHhlX Cldell!eHHtl 6JIOKOB. _no 3TOtl np11q,HHe caMo6aJiaHCH

poBaHHhlH ycICOpHTeJII, HYJK;D.aeTCH TaKJK.e ~ paspa60TICe MeTO;D,OB ICOppeIC-

1.\llll noJIH no anamrny: llH~opMal.\llll o nyqKe 11 no nsMepem110 pacnpe;ne

Jiemrn noTepHHHhlX qacTlll.\. Pe3yJI:&TaThl BTllX pasl)a60TOk np11Be;D,eHh1 

B Tpene rJiaBe. Onpe;n,eJieHne BeJilltJllHhl 11 xapaICTepa ·B03MYll!emrn noJIH 

B 6JIOKe, ocymecTBJIHeTc~ ll3MepeHHeM' iiapaMeTpOB Tpa·eICTOPHll 'nyq1ca 

Ha . ero KOHl.\aX. 

Mccine;n,oBaHi-iH !'CJIOBHtl BBO;D.a q~CTHI.\ 1f ioiJriencal.\llH ;rpy6ux Olllll-

60K. MarHllTHOrO nOJIH B MOMeHT ·nIDJieICl.\llll MoryT 6hJTI, OCyll!eCTBJieHh! no 

llHWOPM8Ullll o pacnpe;neneHMtt noTepHHHhlx qacTlll.\, MH sToro n JUtccep~ 

Tal.\llll paspa6oTaH cJie;eyrol!lllli MeTo;n;. G nmi~m:&io q,oiyc11py1oll!Hx JIHHs·, 

ycTaHOBJleHHIJX Ha yqacTKe BBO;n;a; CllJII>HO BI:iTHrHBaeTCH HHll\eKTHpy.:.: 

eMhltl was OBhlH •~•• - SJIJIHnc • Boi,pyr "a 11-SJIJlllTICa KOJl:&l.\6BOrO YCKOpH

TeJIH JierKO onpe;n;eJillTI, o6nac:Tll, COOTBeTCTBYJOnuie 'onpeie3Ie!lllb!M yqacT

KaM as11MyTa~ ·Ecn11 qacTlll.\a ttaxo;n.nTcH BHe •ia 11.::sJIJIHnca, io ·otta 6y

:n,eT noTepHHa B o:n,HoM iis HatliieHHhlX yqacTKOB asnMyTa. · Bpal!laH 0011 
ff II . . . ' " E· - smmnca B npe:n,enax T, ll ll3Mepirn pacnpe;nene1rne noTepHHHhlX 

qacT.Hl.\ no· 83l1MYTY ,- MOJKHO onpe:n,eJillT:& Ka IC CMelllCHlle ,•l.\eHTpa "f • -ann11n-,-
. . I 

ca OTHOCllTeJI:&HO naqana Koopi'.l,llHaT 't. 0 , Zo , TaK If neJmqllny oum-

6oK MarHllTHOro nOJiff yc1topi1Teirn. Ilo1msaHO' qTO nocTOHHHaH COCTaB.:.:. 

JIHID01aH · pacnpe;neJieHllH noTepHHHhlX qacT.Hl.\ OTBeTCTBeana sa ci'.rnll(ettlle 

l.\eflTpOB "a" 11 "E.":.:.amrnncon. IlocJie COBMemeHllfl IWHTPOB SJiiuincoB 

acllMMeTp1rn· pacnpe~eJieHllH rioTepHHHhlX qacTlll.\ Il03BOJIH0T orrpe;i;e1rn:r:i. 

0111116Kll ITOJIH ·:s M8rm1THOtl ClldTeMe. 

MH ·cos;naHllH n)Jocimti neplllllH!l noir~ n ciMo6anaHcllp·oBaHiioM aJie1t

TpoMarr111Te "npe,1l)IaraeTCH ~crioJI:&30B6T:b i'.l,OllOJIHHTeJII,HLJe ycTpotlcTBa -

- p036J)BBH0 MarHilTHhl·e 6Jia'1t11 . .HJI£! CII~l.\ll8)II,HhJe :n,pocceJiiiJ, CH86JKeHHble 

nepBllqnotl 11 BTOpllqHoll 06UOTK8M}l. BTopllqH!le o6MOTKll IIOi'.l,ltJIIO'qaJOTCR K 
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nen.11M napa.1meJI1>Horo coe;iurnemrn KoppeATMpyJOil!l1X o6MOTOK 6JJOKOB a11eK

TpoMarHMTa. ToK B nepm11rnotl nenM ;z1ononH11TeJI1>Hmc ycrpotlcTB, lp,r' 

Haq11aa.11 C H8KOTopon-~a3bl MarHllTHoro IIMKJ18 l13M8H.ll8TC.ll no 38KOHy: 

'(A·- :1)n. J per.= I-t,O ¥I. Sil'\. o,t - -;;- J (14) 

Ilpll t 1 ( t ( t 2. 

B a TOM BblpaJKeHllll (cnpaBe;z\JlllBOM ]\JI.II t ,~ t. <: tz) A -KoHcTaHTa, 

n.. -qMC}IO 6JJOKOB 3JI8KTpOMarHllT8' n, - qncRO peaepBHblX 6JJOKOB-

l1Jlll aKBHBaJJeHTHmc ;z1pocceJ1etl. TaKoe MaMeHettae Ire~ 06ecneq0Baer Imoc~ 

KYIO Bepw1,1Hy IlOJl.ll C Toil TOqHoCTl>JO, C KOTopoil. BblilOJIH.ll8TC.ll ycJJOBMe (14). 

91tcnepMM8HT8Jll>H8.ll npoBepKa IlO;llTB8plK;z\88T npaBMJil>HOCTI, MeT0]\8 

C03;llaHll.ll ImOCKOtl B8pllil1Hbl ll IlOJJyqeHHOro aaKOHa l13M8H8Hll.ll peryJJMpyIO

mero TOKa. C n0Mom1,10 OilMC8HHOro MeTo;z\8 MoryT 6b!Tl> C03;llaHbl ll IlJIOC-

1(118 CTyneHl>KM Ha BOCX0]\.1111!8» B8TBM MarHMTHoro IIMKJia • 

BonpocaM. BblBO;lla nyqKOB M3 caM06aJ1aHcllpOBaHHOrO YCKOpllT8Jl.ll l1 

C03]\8Hlll0 IlJIOCKOil BepWMHbl nocB.11meHa qeTBepTaH rRaBa. 

HccJJe,ll,OB8HllH ;llaTqllKOB llllPKYJJMpyromero l1 BH8WHMX nyqKoB 3Jl8~TpOH

HliX ycKOPMTeJJetl npe.n.cTaBJl8Hbl B IlHTOil. PJJaBe. 3.n.ec1, paapa6oTaHa Teo

Pll.ll MarHllTO-HH;z\yKUHO!lllb!X ,ll,aTqHKOB P83J!HqHbJX KOHCTPYKllMtl: O;llllOKOH

TypHblX l1 ;llBYXl(OHTYPHhlX, 683llC8Jl83HblX l1 C ~eppMTOBblM cep.n.eqHHKOM. 

9KcnepHM8HT8Jll>H08 HCCJl8,ll,OBa110e ,ll,aTqllKOB noKaaaJJo, qro noJJyqeHHbl8 

wopMyJJu Y'AOBJJeTnopHIOT rpe60Ba1111.1IM H!llKettepttoro pacqeTa. 

Ilp8;llCT8BJ18llbl peayJ11>T8Tbl TeopeTHqecKoro M 3Kcnep11MeHTaJ11>Horo 

llCCJl8,ll,OBaHlltl .n.aTqHKa a6cOJJIOTHOro qMcJJa qacTHU, ycKOpHeMblX B BaKy

YMHOtl KaMepe ycKOPllTeJIH. ~aTqMK npe,ll,cTaBJIH8T co6oi1. 38MKHYTbltl 3R6K

Tpo.n., ycTaHOBJI8HHbltl B CD060,ll,HOM npoMeJKyTKe B8KYYMHOtl KaM8pbl YCKOpH

T8Jl.ll. 9J18KTpocTaT0qecK11tl 38PH'A, HaBO,ll,llMbltl nyqKOM YCKOPH8MblX qacTllll 

_ Ha 38MKHYTbltl 3ReKTpO;ll, KOl,!IleHcMpyeTCH 061,eMHblM aapH,ll,OM I KOTOpbltl B03-

HMKaeT BCJ18,ll,CTBlle HOHl138llHR OCTaToqHoro raaa CHHXpoTpOHHblM l13Jlyqe

Hl18M. 
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91tcnep11MeHTaJ11>HaH nponepKa np06opl 11 cpaB11ett11e peayJ11>TaToB 

l13MepeHHtl C IIORa3aHHHMll KBa HTOMeTpa BllJJl>COHa IIOKa3aJJH npamw1,

HOCTl, TeopeT11qecKHX BblqHCJl8HMH IIOCTOHHHOtl np116opa: 

K = erf 
t" Lor~ 

H 
'i: L opS 

Q~pS, =- I tT f 
(IS) 

3l(ec1, I - c1ma TOKa, 0aMepetttta.11 B uen0 aJ1e1tTPOAa, 

Q opI. ~ sap.Ill\ Ha op611Te, l - ;IJ,JIHHa aJJeKTpo.n.a B;llOJIL nyq1a:i, 

L op!. - ;IJ,JlllHa op6HThl, · T- ;IJ,JIHT8Ji1>Hocn 11111ma ycRopeHllH, 

'C - ;IJ,Jll1T8Jil>HOCTl, O,ll,HO'I'O o6opora M f - qacTOTa IlOBTOpeHllH 

llHKJIOB. A6cOJIIOTHaH TOqHOCTl> l13MepeHllH .naHHhlM M8TO,ll,OM 3aDl1CllT OT 

OTHOCllT8Jil>HOtl CKOPOCTll qacTHll, ~ 1 _11 OT roq110CTll l13M8pl1T8JJLl!Oti 

annapaTypbl. B Ta6J1ML1eIY npHB8,ll,8Ilhl pea_y.1I1>TaThl 3RcnepUM8HTaJJI,IIOro 

HCCJi8l(OBaHllH npe,ll,JJOlKBHHOro MeTO,ll,a. 

HaM6oJJee BalKHblM napaMeTpOM raMMa-nyqROB YCKOpllTeJiH HBJJH-

8TCH CTa6HJil>HOCTl> RpaH CII8KTpa TOpM03Horo l13JJyqeHMH. 

B ,ll,llccepTa11nn, TaKJKe nnepBble, c(fJopMyJJ11pona11 np1111n11n uenpe

PblBttoro l13MepeHllH :3Toro napaMeTpa C llCilOJi1,30BaHl18M CBOt-lcTB ne

peXO,ll,HOtl KPllBOil 8Ji8RTPOHH0-4JOTOHH0ro JillBH.ll B BemecTBe. IlpMHUllil 

l13Mepellll.ll aaKJI10qaeTC.ll B TOM, qTo Ha ,ll,BYX pa3HhJX r.1Iy6mrnx nemecT

na, COOTB8TCTBY!Oll!l1X BOCXOMIIl8il l1 Hl1CXOMil!8H neTBHM nepexo,ll,HOil 

KPllBOH, l13M8pHeTCH pa3HOCTl> ttomrnannn, C03,ll,anaeMa.ll JlllD!leM B ilOllll-

3allllOHHblX KaMepax. HaMepeH11.11, npone,ll,ettuue tta raMMa-nyqKax Epe

BaHcRoro c11Hxp0Tp0Ha B ,ll,llanaaotte MaKcttMaJJ1>HblX aHeprutl, E (l'lla~, 

OT I,5 'AO 4,5 I'aB, noKaaaJJn, qTo np116op peaJJ1>tto o6ecneqnnaeT ua

MepettMe A El( c TOllHOCTl,IO ~ ro-4 
OT E ~ n"I))(. 

~.II ynpanJJeHll.ll npocrpaHCTB8HHblM IlOJJOJKeHtteM oceil BHelliHllX 

nyqKOB paapa6oTaHhl ,ll,aTqilKM IlOJJOJKeHll.ll raMMa-nyqKa, BKJIIO'IaIOllllle B 

ce6H HOHl138UHOHHble KaMepbl c CllMMeTpllqHQ paapeaaHHh!Mll co611pa!Ollll1Mll 
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Ta6Jir.nia IY 

E (I'sB) T I T Ne- Ne I MOHllTOQ 
M8ICC • ycKopeHllH KB8HTOMeTpa MOHllTopa onpe;n,eJieHHhlX onpe;n,eJieHHhlX fJ,- ICB8HTOMeTp 

(MCeK) (a) (a) no ICBa HTOMeTpy no MOHllTopy e . 
, (o./~11eKrpow.) 

4,6439 9,3783 I,96·ICJ-5 4 53•10-8 6 865·109 9 6,599•10-18 
' ' 

6,969.10 

4,64 8,9264 2 13•10-5 8 9 7 619•109 6,2.10-!8 
' 

4,6-lu 7,43.IO 
' 

3,95674. 7,3424 5 3 2527·10-8 6,8844•Ia9 6 8545•109 4 724·10-18 1,62.10-
' ' ,. 

3,377 6,3164 5 8 6, 72946•la9 6, 740l•la9 3 923•10-18 1,3673-10- 2,6364.10- ' . 

2,498 5,4053 l 0017•10""5 8 5, 7I3•la9 5,6981-lq9 3,168.10""!8 
~ ' 

1,8083•10"" 

o 98·10-8 9 4 0275•109 2 37•10""!8 1,9127 4,496 0,6008.10-5 ' . 
4,136.IO ' . ' . 

1,3276 3,5597 0,28902-10-5 8 2, 70IS•la9 2 7+65•109 l, 527· l0-18 0,4123-10"" 
' 

0,8101 2,716 5 0,09581.10""8 l,1802•la9 0,9704•la9 0 8117•10""!8 0, 08982. IO-
' 

0,5626 2,1784 
. 5 

0,0408•10"" O,0I495•I0-8 0,7375•I09 0,2712°10 9 0,2027.I0-18 



llJ!ll BUCOKOBOJ!bTHblMJ,I 3JIBKTpq,naMn. TaK11e ycTpoiicTBa Il03BOJ!fflOT 

orrpe;n;eJil1Tb CMB!IIBHl1ff OCl1 ny1rna C TOll!IOCTblO ~ o,r MM rrpn lilH

TBHCllBIIOCTl1 B rryqKe ,,..,. ra1° 3KB. ¥ -KBaHTOB/ceK. 11mpopMa-

U11ff OT 3TllX ;n;aTllllKOB MOlKBT 6UTb BBe;n;eaa B aaMKHYTYIO CllCTBMY 

aBTOperynnpoBaHllff KaK npe;n;eJibHOii aHeprnn crreitTpa, TaK ll npocTpaH

CTBBHHOro noJIOlKBHllff 0011 ny11Ka. 

Paapa6oTaHa MBTO;n;HKa pacqeTa llOHl13al.{llOHHUX ItaMep-,lJ,aTllll

l(QB ny111ta, Il03BOJ!ffl0!118ff C TOllHOCTblO ±5% onpe;n;eJillTb llYBCTBllTBJ!b

HOCTb nx B ;n;HanaaoHe E t m~ic. OT I,5 ;n;o 4,5 I'::rn. 

liJiff ll3Mepe!lllff a6COJIIOTHOro 3HallBHllff llllCJia qJOTOHOB B MOIIO

xpoMaTllllBCKllX ny11Kax cn11xp0Tp0Haoro 11any11e1111R paapa6oTaH MeTo;n;, 

OCHOB811HU" Ha 113Mepe11nn JlllHBiiHOll MOTHOCTll J,!Ollll38Ullll, coa;n;aBa

eMoll nyllKOM B Boa;n;yxe. 

liJiff aToro npe;n;BapnTeJihHO 6wrn ll3Mepem,1 R03cpcpllUllBHTU IIOJll!Oro 

JlllHellaoro norJIOilleHllff <pOTOHOB B Boa;n;yxe ]l;nff pa3JillllHUX ]l;nllH BOJIH. 

JlaJiee I IlOJIHOe llllCJIO qJOTOHOB onpe;n;eJIRnOCb no q,opMyJie: 

(I6) 

r;n;e W - aHeprnR, aeo6xo;n;nMaff ;n;nR o6paaoBaHllff o;n;Holl napu no

HOB B Boa;n;yxe, E cpor - aaeprnH cpoToua, N4ior - 11ncJ10 qioTOHOB 

B ny11Ke, fl(>.) - noJIHU" 1toacpcpnune11T J1naeii11oro norJiollleHllff 

;n;RH ;n;aHHOii ;n;nnau BOJIHU, Rton.o.- q1,1cno nap 110110B, · B MecTe BU

xo;n;a Cl1HXPOTPOHl!Oro ny11Ka ll~ BaRyyMHOii CllCTeMU. 

C nOMO!llhlO aToro MeTO,lJ,a 6WI l13MepeH cneitTP CllHXPOTPOHIIOro 

'13JIYlleHllff EpeBaHcKoro yc1<0pllTBJIH B peHTreHOBCKOM ;n;Hanaao11e. 

]l;nllH BOJIH. 11aMepeHllff I C TOll.HOCTb.lO ;n;o R03cpcpnuneHTa OTpallteHllH 

KPllCT8JIJIJ,lllecKoro MOHOXPOMaTopa, COBil8Jlll C TeopeTllllBCKllMll Bbl

llllCJieHllHMll. 
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3 A K ~ D q E H M E . 
I. Bnepnae cwopuyJinponB.H, TeopeTnqecKH n sKcnepHMeH-

TaJ.IbHO HCCJI8AOB8.H npHHUHil ca1.106aJiaHCHpOBKH MarHHTHOlt CHCT81W 

ycKOPHTem1. 

2. B peayJibTaTe 3THX HCCJie,llOBaHHlt noKaaaao, t!TO CHC

Tella cauo6aJ.IaHCHPOBKH npaKTHqeCKH IlOJIHOCTbD ycTpaHH8T OlliH6KH 

nepeMeHHOlt COCTaBJiruomelt ynpaBJiruomero uarHHTHoro IlOJIH B 6JIOKWC 

He3aBHCHMO OT npHpO~ B03HHKHOB8HHH B03llymeHHlt. STO no3BOJIH8T 

o6JierqnTb Ka.K npouecc H3rOTOBJI8HHH 60JiblliOro qncJia,6JIOKOB 

SJieKTpOUarHHTa, TaK H ynpoCTHTlt Tpe6onamm K CTpOI'Olt O~OpO,ll

HOCTH CHJ!hl TOKa B o6llOTKWC B036yJK,ll8HHH SJieKTpouarHHTa. 

BeJIHqHHhl OCTaToqHblX B03MYmeHHil IlOJIH onpe,lleJIHDTCH Toq

HOCTbD ycTaHOBKII corJiacyIDIJlHX napaueTpOB. 

3. BnepBh18 paspa6oTaH H HCCJ18,ll0BaH, MeTO,ll cauo6aJiaHCH

pOBKH liarHHTHOM CHCTeW:i no y'laCTKall. B TaKoit cxeue uenHMH 

cauo6aJ.IaHCHpOBKH oxnaThlBaeTCH KaJK,llaH napa 6JIOKOB, OTCTOHmHx 

,llpyr OT ,llpyra Ha paccTOHHHll, 6Jill3KOM K IlOJIOBRHe 'AJIRHhl BOJIHhl 

6eTaTpOHHblX KOJI36aHRLi. BoaHHKa.Dmee B JID60ll 6JIOK8 B03uymeane 

cpe'Att81'0 aaaqeHHH noJIH aBTOMaTHqecKn C03,llaeT KOMil8HCHpyDmee 

ero aHTnnoauymeane n 6noKe, c KOTopau ocymecTBJieHa uen1> 

cauo6aJiaHCllpOBKH. 

PeaoHaHCHhle HCKaE8HHH paBHOBeCHOil op6HThl nyqKa B uar-

HllTHOlt m1cTeue, oxnaqeuttolt uemnm caK06anB.Hc11poBKH no yqacT

Kau, npmrnpHO Ha O,llHH nopH,llOK CJia6ee HCKaJKeHnlt, KOTOphle B03-

HllK8.DT npH OTCYTCTBRH STHX uenelt. CooTB8TCTB8HHO CMHrqaDTCH 

,llOnycKII Ha allllJlllTY~ 6JIHJKaJllliHX rapuoanqecKHX COCTaBJI!UlmHx 

omn6ox,ynpanJiruomero uarHnTHoro noJIH~ TaKaH cxeua cauo6anaH

cnpoBKR nepcneKTHBH8 ;ll.JIH Il0Bh1W8HHH CT86HJibHOCTH y,l8 nocTpOeH-

HhlX ycKopnTenelt. 
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4. B Mal'HHTHWCCllCT8llWC C paa,lleJibHhlMH WYHKUllHMH ue

nHMH cauo6anaHCHpOBml MOl'YT 6UTI, oxnaqeHhl He TOJibKO sanopaqn-
' - r • • •- • .. .. 

naDmne, HOH rp~AHeHTHhle.MarHHThl. Cos,llattne uerreii cauo6a1.1an-

cnp6BKH B TaKHX 3Jl8KTPOMarHnTax ycTpaHH8T B03HllKHOBeHne Ollill-

60K B aaKOH8 aanuyTaJibHOl'O pacnpe,lleJieHHH rpa,llH8HTa IIOJIH. 

5. MccJie,llOBaHhl B03MOlKHh18 BapHaHThl C03,llaHHH IlJIOCKOH 

nepmnHhl IIOJIH B cauo6a1.1aacnponattttou SJiaKTpouarHnTe. 0,lltta noa

MOlKHOCTl> 38KJID1l88TCH B H3MeHeHHH BO npeM8HH B8JIH1lHHhl cneunaJil,

HOlt llli,.zlYKTHBHOlt HarpysKn, IlO,llKJID1l8HHOit K uenaM rrapaJIJteJibHOl'O 

C08AHHeHHH KOJlP8KTnpyDmHx 06MOTOK 6JIOKOB. )lpyraH B0311?JKHOCTb 

saKJIIJqaeTCH B H3M8H8HHH BO BpeMeHH CMJihl TOKa B nepBH1lHhlX 

o6i.lOTKWC cneuHaJibHblX .zlPOCCeJieit, BTOpH1lHhl8 o6MOTKH KOTOpblX 

ITO,llKJIDqeHhl K uenHM cawo6aJiaHCHPOBKH. Hau,lleH aaKOH R3M8H8HHH 

yxaaaHHblX rrapaMeTpOB ,llJIH o6ecrreqeHHH Tpe6yeMOH paBHOMepHOCTH 

BepmnHhl IlOJIH. 

C rrowoml>D STHX xe M8TO.ll0B MoryT CihlTl> ocyIQeCTBJieHbl H 

IlJIOCKHe CTyrreHl>KH Ha B03paCTaDmeH B8TBH uarHHTHOl'O UllKJia.Ha 

STRX CTYII8Hl>KWC MOlKHO ocymecTBHTb qacTH1lHhlii 

6. Paapa6oTaHbl MeTO,llhl ocymeCTBJI8HHH 

BhlBO,ll IIY1lKOB. 

KoppeKunit rrapa-

MeTpOB Mal'HHTHOl'O IIOJIH KaK no RHq;OpMal.\HH O IIY1lKe ( HCIIOJII,30-

BaHHe Il03HTHBHOil nttwopwannn), TaK HO pacrrpe.zteJieHHH IIOTepHH

HblX qacTHI.\ B T81l8Hll8 ncero l.\HKJia ycKopeHHH ( HCilOJII,30Battne 

HeraTHBHO£i HHq,OpM!ll.\HH}. 8TH M8TO~, B ,llOllOJIHeHne K CHCTeMe 

CB.M06aJiaHCHpOBKH, II03BOJIH~T pelliHTl, 60JiblliOit Kpyr aa,llaq, CBH

aaHHhlX C 11p06JiellOH anToperynnponaHHH COBpeM,~mmx YCKOPHT8Jiei1. 

7. • Paapa60Tallhl lleTO~ pacqeTa H KOHCTpyHpOBaHHH 

60Jil>lli01'0 1lHCJia THIIOB uarHHTO-HH.zlYK~HOHHblX ,llaT1lHKOB IIY1lKa, 

HCIIOJib3yeMhlX B COBpeMeHHblX 3JieKTpOHHhlX ycKopnTeJIHX. Onpe.zteJieHbl 

HaHCiOJI88 rrepcneKTHBHhle THIIhl H KOHCTPYKUHH ,llaT1lHKOB. 
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8 • BnepB!ie paapaooTaH ueTO'A TOtiHoro aauepemrn tincJia 

aJie~TPOHOB,. ycitop~~MhlX H~. ope5HT~~ BKcn•epHM~H'l'bl · 11o~a3aJIH, tiTo 

'l'Ot!HOC'l'l, H3Mepemrn 8'l'HM M8TO,llOM JIHMHTHpyeTC!l rJiaBHblM oeipaac,u 

TOtiH;CTl>IO H3MepHTeJI1,~o.n -~JieKTpOHHOli1 annapa.Typ!l. ttcn0JI1,aoi~me 

M8TO,ll~ ,Il:03BOJIH8T, KpOMe pe~eHHH. OOJI~fflOl'O Kpyra aa'.n;~q ~. CB~3a1t~ia 

C ycK~PHTeJieu, ocyrnecTBJifi;I, wi~rHe q;H3·l;t!8CKU~-: 8KCll8IJHM8HTl,I no 

aJI,JKTpopoJK.z1ettHIO H e p -pacceHHHIO Ha :aliiTpe.HHeJ.!'riytme. 

9. Bn~pn1,1e,pa~pa60TaJ1 ,l\aTtiHK npe,lleJil>HOti aHeprnn cneit,

Tpa nyt1KOB raima-KBaHTOB SJie~TpOHHWC JCKOPHTeJieii. 8KcnepHM8H-
. . ' 

TaJil>Ha!l nponepKa .z1aTt1HKa noKaaa.na, t1To TOtiHOCTl>HauepeHH!l cue

!llemm KP~H cne~Tpa 'HM88'1' nop~;OK ro-4 O'l' 3Ha'l8HHH M8.KCHM8.JU>

HOil 3H~prHH. ttcnoJii.~onrurne aToro JJ;a'l'tiHKa· noa:eoJIHT ocy!lleCTBH'l'l> 

C'1'a61,mn;an~10 8Hepr1m BHOIIIHI-IX nyllKOB H ll03BOJill'l': B_ pa.6oTax no 

lpO'l'OpOlKJJ;OHHIO 3Hat!HTOJil>HO IlOBllCHTl, SHepreTHt!OCKO_e paapemeirne· 

HccJie;n.yeMwc nponeccoB. 

IO• PaapaoOTaHbl M8TOJl;l,I pactle'l'a H KOHCTPYHPOBaHHH oc

HOBHblX THnon JJ;aTtiHKOB nHemHwc nytiKOB aJieKTpoHHblX ycKopHTeJiett. 

Ha OCHOBe 3THX paapa60TOK 003,llaHll JJ;aTt!HKH. noJIOJKeHHH.neHTpa 

THJKOCTH EaMMa-nytiKa, o6ecnetiHBaIO~He H3MepeHH8 CM81Jl8HHH OCH 
' ' . :·. i ·. : -. : 

nytiKa c TOtlHOCTl,IO He xyJKe o,1·1.1u. 

II • Paapa6oTaH M8'1'0,ll H3MepeHHH a6coiIIOTHOrO tlHCJia \POTO-- ..... ' . •, 

HOB ll MoHoxpo1.1aTHt1ecKoM nytiKe m1HxpoTpOHHoro naJiyt1eHHH aJieK-
. .. . ·~ 

TpOHHoro ycKopHTeJIH. Ha ocHollaHHH aTHX paapaCioToK npolleJJ;eHu · ; - ~ . - . . 

uauep'eHH!l OCHOllHWC xapaKTOPHCTHK CHHXpoTpOHHOro uairytieHH!l ll 
, ' . ", . 

peHTreHOBCKOM AHanaaoHe ,llJIHH BOJIH EpellaHCKoro yc:KOPHT8JI!l. 
. . 

;li.11ccepT_81\l1H co.cTOl1T J.13 Bll8;ll.8Hl1!l, Il!lTH l'Jl8ll 11 "'8KJJIOtleHl1!l 

11 co;n.epJK11T 198 cTpaHHl\, 34 pucymca .11 6116n11orpaqiH10 Ha. 9, CTRa

nnuax na 95 HaanaH11ti. 

OcHOBHOe co;n.eplK8Hl18 ]l.11CC8pTal\1111 OTpaJKeHO B CJl8f\Yl01Jl11X 

onyon11Ko:eaHH1JX paooTax ; 
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I. tt. n. Kapa6eKo:e, IO.P. HaaapHH. 11 O BoaMoJKnoCT 11 caM06a

JiaHc11pollaH11H MarHH'l'HOro IlOJia B 3Jl8K'l'p0HH11X CHHXpO'l'pOHax". 

Tpy;n.11 Yil MelK;n.yHapo,llUOM KOHipepeHl\1111 no yc1rnpHTOJI!lM 38P!llK8HHlJX 

qacTHl\ (1969) T.l, cTp. 412, AH Apu.CCP, Epe:eaH,1970. 

2. H.Il. Kapa6eKon, Kl.P. HaaapHH, 11 O noaMOJKHOcTH 11cnoJI1,

aoBaHHH npHHl\11na caMo6aJiaHC11POB8HHOro ITOJJ!l B 'npOTOHHlJX c11nxpo·

TPOHax 11 
• Tpy;n.u Il BceCOl03Horo COB81!18Hl1!l no yc1t0pnTeJIHM aapa-

lKOHHliX tJaCT111\ (1970) T. l, CTp. 162, 11HayKa 11 , MOCKBa, 1972. 

3 •. 0.n. Kapa6eKon, B.K. Kpon1, H ;np. 11 BoaMoJKHliil napHauT 

K116epneTH38W111 3JI8KTpOHHl1X CHHXPOTPOHOB Ha llb!COKl18 11 c:eepXBb!CO

KHe anepr11.11 11
• Tpy;nu ill Bceco10,rnoro c.oBel!laHHH no ycKopHTeJIHM 
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