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L BBeAeHHe 

"t!eTbipexMeTpOBhlll H30XpOHHbi:ii. D;HIOIOTpOH Y ~00, BBep;eHHhlll a·· 

e~cnnyaT<m;HD' B l978 'r., conp;aH l!a OCHOB~. eKcnepHMe~Taiu.HhiX pe-' 
- • ' < ' .' '' ~. - - - • ·- - • - • • - •'-

3YJ1bTaTOB, IIOliY"'eHHhiX IIpH coopy:>KeHHH H 9KCIIllyaTa:u;HH p;ByxMeTpO-

BOrO :u;HKliOTpoHa Y-::-200, IJ;HKliOTpoH Y:;-400 ~o:>KeT,YCKop.s:Tb HOHhl c 

MaccoBbiMH "'HCllaMH 4 ~ A ~. 250 p;o KHHeTH"'eCK~X eHeprHii 35-1 
MaB/HyKn., coo.r:Be'l'cT~~HH() · [1]. <MaraHTHM. cTpyxTypa ycKopHTemr 

conp;aeici "!eThlpbMK napaMH ceKTopos, · nMeiO~irx · np.s:M:b:ie rpaHH:u;hi 

H yrnosy10 npo'ri)l{eHaoci:b :-- 45°. · Mno:X:poHHa.H.oaB:Hcm..iocTh :M:arHHT-'' 

HOro nomioT 'paAHyca B:gnanan6He 18;5:~ 21;1 :Krc con;o;ae'ic.s: KOllb~ 
:u;eBhlMH H' 66KOBhiMH timMMaMH,· p'anMe~eH~hlMx:; Ha no~epxHOCTH xi Ha 

• ' • • < •• ' ,. -_ ' ' • - • • ~- ' ~ 

Top:u;ax ceKTOpOB, a TaK:>Ke TOKOBhiMH :KoppeKTHpyro~HMH KaTyWKaMH. · 
,D;ec.s:Th imp Kon~:u;e:B:blx pa~na.nhHb:rx KaTyweK, Ka)K~rui: Hn KOTop:hlx co...:: · 

np;ae; ~one'p;o 100 rc, pan~~~e~bi a' nan ope ;Ae)KAY Kphliui<8.MII Kalrephl 

H UOliiOCaMH. KpoMe TOro, HMeeTC.S: BOCeMb nap a3HMYTMhHhiX KaTy

weK p;ll1! KOppeKD;HH nepBOll rapMOHHKH a3HMYTMbHOll HeOp;Hopop;HO
CTH :MarHHTHOro IIOll1! c aMIIliHTyp;oii I"V 16 rc, KOTOpbie' pacnonaraJOTC1! 

a p;onnHax.:u;nKnoTpoHa. Pap;nani>:Hrur <J>o:KycirposKa noHpsocyul.ecTBll1I-

eTc.s: na c"!eT pacTa cpep;H~!o MaXHHTHoro noll1! nopap;nycy, a aKcH

MhHaJI na c"'eT. sapna:u;irH nollii - <J>naTTepa, 'cocTaBJIKIO~ero 0,075 -

0,09 :Ha KOHe"!HhiX pap;Hycax YCKOpHT~rui'[l]. . 

IIy"'KH HOHOB Bhlsop;.s:Tc.s: Hn :u;HKnoTpoHa ~eTop;oM H~ neproapJip;KH · 

Ha TOHKHX yrnepoA~hiX <J>onh~ax [2] Ton~Hlioii 40'-:: 60 MKr/cM2
, npn 

9TOM B03M02KeH BhiBOp; KaK op;HHM, TaK H ~BYM1I - TpeM1! o6qpOTaMH 
. . -; _' ' -.. 

IIOCJle MHWeHH, "'TO p;aeT B03M02KHOCTh BapHa:u;HH 9Hepi'HH BhiBep;eHHhiX 

ny"'KOB na c"!eT pap;nan~Horo u anHMYTMhH~ro nepe~ew;eHHji <f>o~hrH. 
CpoK cny:>K6bi '¢onhrH onpep;ell1!eTC1! THIIO~ H HHTeHCHI~HOCTbiO nap;a-

. - . l ' ' ! . . ' 

IO~Hx Ha Hee ny'lKOB HOHOB. HaripHMep, p;ll1! HOHOB 14N+~ c HHTeHcH-

BHOCThiO 6 • lQ13c-1 cpOK cny:>K6hl <f>OllhrH COCTaBll1!eT 48 ;- 80 "JaCOB, 

a p;ll1! HOHOB 55 Mn+5 C HHTCHCHBHOCThiO 1013c-l cponhra panp'ywaeTC.S: 
nocn~ I"V45 "!acos pa6oTbi. ' . . ' . 

Koo44>n:u;HeHT BhiBOp;a onpep;ell1!eTC1! e<J>4>eKTHBHOCThiq nepenap.B:p;KH 
HOHOB p;o eyx<aoro mi.p.Kp;a H cocTRsll1!eT·.·~100% p;ll1! caMhiX J1erKHX Ho-
HOB H 15 - 20% p;ll1! T1I:lKeJihiX. . .. 

· B CB1!3H c proKHM pocToM .:u;ea aa aHeprOJIOCHTen~, B TOM "!Hcne H 

r;:;;::-::.""S::·.l-:.~-:::::::::::::;-1 
~ ~-"!''11!'\;~ ......... ,;:;.~,;:l>> ... ::...~i-."< ~.u.;;~_.,.l,c_.·d.ya · < 

~ t:; ~~:~:;~/\ .. l.~;;;~~~;:;;:~t~"~;:~~ · .. ·· 
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Ha aneKTpoaHeprmo, npegcTaBIDieTc.H n;enecoo6panHhiM paccMoTpeTh 

nyTli CHli:lKeHIDI MOll\HOCTli nliTaHIDI aneKTpOMarHliTOB I.J;liKnOTpOHOB 

Jia6opaToplili .agepHhiX peaKn;IIii,- B pa6oTe npegcTasneHa ogHa 113 B03-

MO:lKHOCTeii peweHIDI aToii npo6neMh1 giDI · lleT~>~pexM:f:Tp()Boro ~3o
xpoHHoro n;IIKnoTpo:Ha T~:lKenhiX lioHo~ - Y -400 . .. 

' .. -, ' '. 
2. MariiHTHoe none 'n;JiKJIOTpoHa. 

. ~·royrii.;aThi <J>op~poB~a.mffi MarHIITHoro m)n.a' I.J;IIKno;poHa B 1978 
. . . . . . . . .,J . ,. . . 

n 1982 rogax.npegcTaBneHhi Ha piiCJHK~ [1] .. Hap11c.1 npiiBegeHa 3a-. ~ ' . .. . . . . 

BliCliMOCTh cpegHero JPOBHH MarHliTHOrO noiDI B n;eHTpe .I.J;liKJIOTpOHa 

oT Toxa Bo36y:lKgemrn :B ocHo.BHhlx o6MoTxax.· -B~~Ho; ~To npll: Tox~x 
B~36y~geHIIH 1000 - 2500A yMeHhweime .. ero Ha 400·- 56oA rip~Bo
gnT x cHII:lKeHIIro MarHIITiioro non.a B n;eH~pe n;IIxnoTpoiia H:~ :.__ f K:r~ 11 

'. • • ' • -·-- ~ • • • ~ . t ' ~ . • ;< • ; ' 1 \ : ,' - • 

yMeHhWeHliiO MaKCliMaJrhHOH MOll\HOCTli niiTaHrui. OCHOBHhiX KaTyWeK 

~ . ~ 1 ;5 pana~ 3aBliCH~OCTH cpegHII~ MarHliTHI~ii none~. o~,.pagiiyca . 
' . -. ' . , . . ~ . ' . 

. !r~: 
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P11c.1 K piiBM B036y:lKgeHIDI aneKTpoMarHIITa I.J;IIKnoTpoHa ,¥71QO. 
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I.J;liKnOTpOHa, c<J>opMIIpOBaHHhle KOJihi.J;eBhiMli WliMMaMli, npli pa3Jiliq

HhiX ypOBHHX B036y:lKgeHIDI 06MOTOK_ aneKTpOMarHIITa · nOKa3aHhi ·. Ha 

p1IC.2. IJyHKTlipHhle JiliHlili Ha l3TOM pliCJHKe - Tpe6yeMh!e li30XpOH

Hhle non.a giDI IIOHOB c OTHoweHIIeM A/Z = 4, 9, 10. QqeBIIgHo, qTo 

KOJihi.J;eBhiX WliMM HegocTaToqHo·giDI C03AaHIDI li30XpOHHhiX 3aBliCli

MOCTeH MarHliTHhiX noneii (Ha6nrogaeTc.H cnag, a He poeT noneii C 'yBe

JiliqeHIIeM p~giiyca I.J;liKnoTpOHa), noaTOMJ ri:ocnegyiOll\ee <J>opMIIpOBa

Hlie noneii ocyiu.ecTBIDinoch cexTopHhiMII 6oxoBhiMII WIIMMaMII [1]. Ma

rHIITHoe none n;IIKnoTpoHa, c<J>op:MIIpOBaHHoe xonhn;eBhiMII li 6oxoBhiMII 

WliMMaMII, noxana:Ho Ha piic.3. PIIc.4 IInnrocTpiipyeT 3aBIICIIMOCTII Ma

r~IITHhiX non~ii, y~peg~eHHhiX n<>" aniiMYTY, OT pag11yca ~IixnoTpoHa 
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Pi1c.2 3aBliCMMOCTh cpegHIIX MarH~THhiX
0

IIOneii (B), c<J>opMIIpo-

. BaHHillX KOJII>IJ,eBhiMH nmMMaMH,. oT pag11yca · I.J;IIKnoTpoHa R 
AIDI · ycxopeHllii IIOHOB c pannii~hrMH A/Z; 1-':-A/Z~4, 2-
A/Z-=9, 3.:.A;z:::;1o. -··.- II3MepeHru~, ·_ - ...::._ Tpe6yeMh!e · · 

- • • <' ·--. 

li30XpOHHhle noiDI. 

3. 



<.s>,Krc 
22 

Pn:c.3 3aBHCliMOCTU cpep;HHX ~~~HMTHhiX n~neii (B),. c¢opM:n:po

Baiiiihie KOJlhll;eBhlMli n:60KOBhiMli IIIHMl.mMH 1 OT pagn:yca ll;li

KJIOTpOHa R p;n.li ycxopeHII.li n:oHoB c 1~A/Z=10, 2-AJZ=5,4, 
3-A/Z=4 2. ' .. _ :__ n::JMepe~n:.li' - .:_. __ -:-' Tpe6yeMhre n::Jo-
. , . '· ' . ; . 

XpOHHhie nOJI.li. 

,; __ •. 

p;mr TOKOB B ocHOBHoii o6MOTKe Bo:J6y)Kp;eHH.li B HHTepBane 6T 1260A 

p;o 2000A. Bn:p;Ho, ~To npn: TOKe 1800A n: HH)Ke Ha6mop;aeTCJI poeT 
' . 

MarH:n:THoro nonJI c yBenn:~emi:eM pap;nyca n;n:xnoTpoHa. Pacrrpep;ene-

:Hn:e cpep;Hero MarHli'rHoro nOJI.li OT amiMyTaJibHhiX lllliMM ,TOJIIn;liHOif 

1 MM npep;cTaBneHo Ha pn:c.5. Bxnap; aT:n:x IIIHMM B cpep;H:ee MarH:n:T:

Hoe none ycxopn:TeJI.li B n:HTeJ>Bane pap;nyccm 100 - 175 c:M cocTaBJI.lleT 

.6.(B)~(5-3,5) rcjMM. H~ OCHOBenpnBe~~HHhiXBhiWe pe:JyJihTa;OB no 

¢opM:n:poBaHHIO MarHHT~or'o norr.K p;n.li'ycxope:Hn:JI HOHOB :Ha ll;liKJIOTpOHe 

BMeCTO npe)KHe~O p;n:a~aOOHa cpep;HHX noneii B n;eH'rpe.l8;5 ·-·21,5 xrc 
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120 140 160 1BOR,CM 

Pn:c.4 Pacnpep;enem!e :MarH:n:THhiX noneii (B) npn: noH:n:)KeHHhiX 

· ypoBH.liX 'no paguy~y R (6e:J 6oKOBhlx IIIHMM). 

Bbi6paH HOBhiH noHH)KeHHhiH liHTepBan noneii OT 18 xrc p;o 20,Krc, ~TO 
n03B01lliT .CHII3liTh MOin;HOCTh nn:TaHH.li _aJieKTpOMarH:n:Ta YCKOpHTeJI.li 

p;o'-250 - 650 KBT~ ,IJ;llii ¢opMupc>BaHII.li cpep;Hn:x li3oxpoHHhiX MarH:n:T

HhiX noneii (pn:c.4), C nOHli)KeHHhiMH ypOBH.liMli nOJI.li B n;eHTpe, liCIT01lh-

3YeTC.li HOBhiH Ha6op, a3IIMYTaJihHhiX IIIIIMM (pn:c.6), reoMeTpn:~eCKHe 
pa3Mepbi KOTOphiX _paCCtllfTHBaJIHCb Ha OCHOBe 9KCn~pn:MeHTaJihHhiX pe-

3YJihTaTOB1 nony~eHHhiX npn: U:JMepemm uoirJI · OT IIIIIMMa TOJIIn;IIHoii 1 

MM_ (puc.5) .. OcHOBHh!e napaMeTphi n;IIKJioTpoHa }J;JI.li cpep;Hux MarHIIT

HhiX noneii C nOHII)KeHHbiMII ypoBH.liMli, II .TIInhi IIOHOB1 YCKOp.lieMh!e B 

aT:n:x no1I.llx II n:x KIIHeT:n:~ecK:n:e aHepriiu npnBep;eHhi B Ta6nn:n;e II. Ha . . . 

pnc.7; 

,5 
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PHc.5 Pacnpep;erreHHe cpep;Hero Mariii-ITHOro' ,norr.H: .6.(B} no pa-

PHc.6 

p;nycy R oT 6oKoBbiX nmMM TonninHoii 1 MM ( mJ~epeHn.H) 
. · 2ool . . . ·---
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illHMMHpOBaHHe MarHHTHOrO norur· D;HK110TpOHa. C · IIOHH)KeH

HbiMH ypoBH.HMH. Pacrrpep;eneHHe (a) H panMepbi (6) llil!MM. 
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Ta6nHt.ta 

l,A ks0),Krc K ~ AIZ E,M3B w. YcK. HOHbl 
H KBT 

1260 18 . 507 1,05 3,5-:-4 35.:.40 250 1J.N+4. 1s0 •4. 2oNe·.~ .. 

1500 19 540 1.03 4.5~5 25 360 2oN •4 1sN•3 . e , , ... 
. 

1800 19,5 556 1,015 6 15 500 J1p•s. 40Ar ·;; , . ·-

1900 19,75 568 1,01 7 12' 575 4oA •s 4sr•7 s2c •7 r • •. • r , ... 

' 

2000 20 574 1,005 11-:-12 574 650 4ar•4 saF .s 84K •a 13Bx •12 · . 1 , e, r , e 

I=2000A; K=574, 238lt10 ,. E =·1 M38/H 

10 ~----+-----,_~---+----~-------+40: 

7,5 I I """= ·I I ll 130 

51 1· ·- ~=><1 .· · · I . '120 

2,5 10 

.18 18,5 19 .19,5 20 <Bo),Krc 

PHc.7 
; ' • • z ~ ·, . • : t ' . • • . • • : • ' "' 

. 3aBHCHMOCTb aiJeprHH ycKOplHiMbtX HOHOB p;rur :P83ITH'IHbiX 

A/Z oT ypa'J31rn cp~p;Hero no~ B 'L\eHTpe ~HK~oTpo~a. 

7 



3. BhiBOA Holioa Ha ~HKJioTpoHa 

IIoHhi BhiBOA.HTCH n:J n;nlmoTpoHa MeTo;r:t;oM nx rrepeaap.H;r:t;Kn Ha TOH

xoii yrrrepo;n;Hoii <Porrbre, o;n;HnM n.im ;r:t;BYM.H - TpeM.H o6opo~aMn [2,3]. 

CMell\eHne ~r: TpaeKTopnn noHa B rrpon;ecce BbiBo;n;a B;IJ;OJib Bbi6paH

Horo HarrpaBJieHH.H xapaxTepn:JyeTaa6poc IIY'1Ka HOHOB. 3a Bbi6paH

HOe HarrpaarreHHe·rrpnHnMaeM BeKTop, HarrpaBrreHHhiH n:J .n;eHTpa n;n

xrroTpoHa B BbiBO;IJ;HOe.OKHO BaxyyMHOH KaMepbi (pnc.8) .. 3a6poc HOHOB 

rrpn BhiBO;r:t;e orrpe;n;eJI.HeTCH KaK . t 
:..;· 

. ,, 6 Zl 
· ~~~ ~ 4{4~ -:-.62 z2; 

200 
· X,cM· 

Pnc.8 : BbiBo;n; noHOB c pa;n;nyca 150 eM. X - xorrM, : D - AOJIHHa. 

:o;mpp~ y TpaexTopnii. -oTHoUieH:ne 3aj;m;n;o:B ZtfZ2 , <P -
cpm1bra. · . . . . . .. . 

~s 

)l;JI.!I O;IJ;H006opOTHOrO BbiBO;r:t;a II 

,..,_ 6 Zt 
~r2 = 8RB_1 -:- 62 Z2 

)l;JI.!I BbiBO;r:t;a ;IJ;BYM.H o6opoTaMII, r;n;e .R_.. - pa;n;nyc BbiBO;r:t;a IIOHOB, 6 -
rrry6nHa BapiiaD;IIH MarHIITHoro IIOJI.!I 

c _ Bx - (B) . . ~· ~ (B) - Bq 
u - (B) .' UJIII u - . (B) 

:J;r:t;ecb Bx, Bq - Kyco'1HO o;n;Hopo;n;Hoe none B xorrMe II ;n;orrnHe, (B) -
cpe;n;Hee MarHIITHOe rrorre Ha pap;IIyce. BbiBOp;a; Zt' z2 - :Jap.H;IJ;bl IIOHa 

;IJ;O H IIOCJie cporrhrii COOTBeTCTBeHHO. ,Urrn cyll\eCTBYIOil\HX rr~ne:ii D;H

KJIOTpOHa 6=0,25; rrpii rrepeUIHMM:npo'saHnli rrorreii :JHa'1eH:ne 6 .Bo:Jpac

TaeT. ~0 0,~7 -:0,28 (Bx = 23,5 xrc, Bq = 13,5'xrc, (B) =:= 18,5xrc). 

~ PIIc.9 

Y,cM · 

Bbmo;n; :noiwB c. pa;n;nyca '160 eM. 06o:JHa'1eHirn a.HarrorH'1Hbi 

puc.8. 

9 



Y,cM 

100 200 X,CM 

- . - . 

Pnc.10 BbiBop; noHOB c pa;c;n:vca 172 eM. 06onHa':IeHIDI aiiaJiorn'IHhi 

pnc.8. 

Tax KaK 62 MaJio :rio cpaBHeii:Hroc ep;iiHri:~e:ii, To t!..h n 6.r2 nporrop:QHo

HaJibHhl 6 n oTH:oweHiuo mip.s:p;o:B ZtfZ2 , no3TOMY p;ru~ HOBblx ypoBHe:ii 

cpep;HHX IIOlleH na6pocbl BbiBep;eHHbiX HOIWB BO:JpaCT<;tiOT rv B. f,l pana. 

8To IIpHBOp;HT K yMeHbWeHHIO 'IHClla o6opOTOB HOHOB IIpH HX BbiBOp;e, 

H BMeCTO BbiBOp;a p;ByM.H -:- TpeM.H o6opoT<iMH peaJIH:JyeTC.H BbiiiYCK HO

HOB op;HHM - p;ByM.s: o6opoTaMH. BbiBOp; noH(m, nMero~nx OTHOWeHne . ' . . . ' . 

nap.s:p;oBZ2/Zt=2,3,4,5, p;IDI pap;nycoB BbiBop;a Rs = 150 eM, 160 eM n 

172 CM ;JJ;ll.H HOBOI'O p;HaiiaOOHa cpep;HHX Mai'~HTHbiX iiOJieH B n;eHTpe D;H

KliOTpOHa npep;cTaBJieH Ha pnc;8,9 n 10. O'IeBnp;Ho, 'ITO BbiBop; HOHOB c 

yxanaHHbiX pap;nycoB ocy~ecTBIDieTc.s: op;HHM :_ p;ByM.H o6opoTaMH no

crre <f>Ollbi'H, 'ITO ynpo~aeT BbiiiYCK ':IaCTHI~ H IIpHBOp;HT K yMeHbWeHHIO 
HX IIOTepb. 

10 

'.-. "., 

4. 3aKJnoqeHHe 

.. <l>opMHpOBaHIIe HOBOI'O p;naiia:JOHa II:JOXpOHHbiX Mai'HHTHbiX IIOlleH 

n;nxrroTpOHa Y-400 p;liH ycxopemmnoHoB c OTHoweHIDIMn·A/Z =3,5-12' 

npep;IIOJiaraeTC.H IIpOBeCTII ITO CXeMe: 
i. Ih:MepeHne norr~npn ypoBI?e. (Bo)=20Krc Ha arreMeHTe nepno

p;n'IHOCTII ;JJ;ll1l cy~eCTBYIO~UX . a:JIIMYTaJibHbiX WIIMM. 

2. IInMepemie·nori.s: (Bo)=20 xrc 6en WHMM. 

3. -Onpep;erreHIIe BKllap;a t!..(B) 6oKOBbiX W:UMM p;.ri.H panliU'IHbiX pa

p;n:ycoB oT 40 eM p;o 196 CM; 
4. Pac':IeT npo<J>n:rr.s: 6oxoBbiX wnMM AJI.H <J>opMn:poaaHirn n:n·oxpo:H-

Horo. norr.s: ripn (B~)= 20 i<rc. --- . · - - . " . 

. 5~- IInMepeHIIe c<J>op:Mn:poBaHIIb!X-IIOlleH c. HOBbi~UI ~IIMM~li -.IIPJ:I 
ypoBIIHX (Bo)=18 :Krc, 19 xrc, 20 xrc:· - . , 

6. IIInM:Miipc>Bamre norrH B o6rracTu xoHe'!Horo pap;nycaycxopeaaH 
~ '• ' ·- •• ' • -, 0 ,._ •'• 

c n;eJI:bro pacwnpemt.s: Rk oT 172 eM p;o RF= 180 - 182 eM... · 

JlHTepaTypa _ ·~ ~ ' 

1. OraliecHH·IOJ . .J;. II ~p. MarHIITHoe noJie ':Ie:rbipexMe;.pri:Bc;~~ Imo
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