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OEll\AH XAPAKTEPMCT~KA PAEOT~ 

AK Ty a H L HOC TL n p O 6 He M ll. ~JIB pemeHMH pH,ll,8 

npo6HeU COBpeMeHHOtt H8YHM M TeXHMHM ~ce 60Hee WMpOROe npHMeHe

HMe H8XO~T CMHLHOToqaue BHeKTpOHHNe nyqHH. B nocne,ll,HMe rO,ll,N B 

CCCP M aa py6e~Ol4 61:lHM npe,nnoxeHll H MCCH6,!lOB8HN MeTO,!lll aBToyc

HOpeHUH T8KUX nyqHoB, He MM8IDDtM8 orpaHuqeHMn no BHeprHH qacTMU, 

CBoncTBeHHl:lX hpHMIDl MeTo,naM ycRopeHRH. 0,!lHMM MB nepcneRTMBHllX 

M8TO,!l0B 8BTOYCKopeHMH HBHHeTCH ycKopeHMe npu npepNB8HMH MHTeH

CMBHoro 3H8KTpOHHOro nyqKa B ~eppMTOBWC CTpyRTypax. Oco6eHHO 

6oraTue BOBMOlKHOCTM B 8TOU OTHOrueHMH OTRpllBaeT M8TO,!l, OCHOB8H

Hlln Ha y,napHOll BOa6ylK,!l8HMH CB060,!lHOi1 O,!lHOpO,ll,HOn npeueccm1 Mar-. . ~~ 

HHTHOrO MOM6HT8 B rMpOTpOilHOM ~eppHTe. 

AH8HM3 npuBe,ll,eHHNX B HMTepaType ,l1,8HHl:lX noKa3NB8eT, qTo B 

3RCnepHM8HT8HLHOM nnaHe 3TOT MeTO,ll, paapa60T8H H8,!lOCT8TOqHo. TaK, 

,ll,O npOB8,l1,8HMH MCCH8,l1,0B8HMn, COCT8BMBWMX npe,ll,LleT H8CTOHDten ,ll,MCcep

T8IOUi, He 6llHO ocy111ecTBH8HO Hll 'O,ll,HOro 3RCTiepMM8HT8 no 8BTO

ycRopeHBID npll y,napHOM BOa6ylK,ll6HllH nyqRou ~PPMTOBOil CTpyRTypN • 

Ilornouy aKcnepMM8HT8HLHNe MCCH8,!l0B8HBH B BTOM H8Ilp8BHeHMM HBHH

DTCH B8C~M8 8KTY8JILHllMBo 

C O C T O H H M e ll C C H 8 ,!l y 8 M O r O B O Il p O C 8 

M n en M pa 6 0 T ll. MeTO,ll, 8BTOYCROp8HHH 8JI8KTpOHHOrO nyqRa 

61:lH npe;ztJIOll8H B 1971 ~- ll B ,!l8HLHennieM TeopeTMqecRM p83Bl!T B na-
. * 

6opaTOPMH npo6HeM HOB!il ycKopHTeneil ~Ill AH CCCP (MOCKBa). SKc-

nep11MeHT8HLHO B03M-OllHOCTL aBToycRopeHMH'llyQK8 6llHB IlOR838H8 B 

. ** *** x~rn (1973 r., XapLKOB), B ~Ill AH_ CCCP. (MOCKBa); HIDUN> Tilli 

* l{a3aHCKHli JI. H., Kl!CJlel.lOB A.D., JieCle.l(eB A.H. AJ, 1971, 
T.JO, BWl. I, C'. 27-JI. ·· 

** HacoHOB H.H., llieH.l{epoBH'l A.t.l. YKpMHCK.tjJH3.JKYpH., In6, 
T.21, BWl.· 4, C.667-678.. . · 

*** KOJIOM8HCKllll A. A. 1 C11Mrt03H:i:'M. no KOJIJI8KTllllHUM MeT0.!{8.M 
yCKOpeHHSI. OJUiU, Jl9-6707, ,liyOHa, 1972, C0 79-91. . 1------1 ,; :-a ..• :u!i rm~ 
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* (TOMCK), B MopcRott HCCJI8'AOB8T8JI:&CROil JiaCiopaTOPHH (BamRHr- .•. 

TOH). B 3THX H llOCJie,llY~~HX 3RCnepHMeHT8X no BBTOycRopeHHD 

CHJI:&HOTOQHOro 3JI8RTPOHHOro nygRa MBRCHMBJI:&HBH 8HeprHH ycRopeHHllX 

3JieRTpOHOB npeBHmBJIB HX H8Q8JI:&HyD 8HeprHD B 2-3 paaa, QTO xopomo 

corJiacyeTca c TeopHell. IloJiygeirae cymecTBeHHO CioJI:&mero npHpa~eHHH 

3Hepr.1m gacnn~ TaI<RM M8TO,ltOM B03MOXHO np:ll OCYJ!18CTBJI8HRH 34J4)8KTHB~ 

Haro y~aJISHHH 8JI8RTPOHOB, noTepHBmHX 3HeprHD Ha B036Y~'A8HHe yc

ROPHD~en CHCT8YH. 

E~e B 1959 r. 'AJIH ycRopeHHH QSCTH~ B nJI83M8 6HJI npe'AJIOZeH 

M8TOA (~li AH CCCP), HBJIHDll\HtlCH, no cy~eCTBY, BaplllBHTOY BBTOyCRO

peHHH, He TpeCiyDDUIM YABJI8HHH 8JI8RTPOHOB, TIOTepHBmHX 8HeprHD. B 

STOY BBPHBHTe HH,JtyK~HOHHOe ycR~pHD~ee SJieRTpHqecKoe noJie C03AB-

8TCH npH npepHBBHHH TOKa nygKa. ABTOycRopeHHe npH npepHB8HHH 

nygKa B BBKYYMHWC cTpyKTypax BnepBHe CiuJio ocy~ecTBJieHo H aKcne-

** p111MeHTaJI:&HO »ccne.itoBaHo B X~Tli AH YCCP (1973 r.). B 

8THX SKcnepHMeHTBX, B gacTHOCTH, npH TORe nyqaa 850 A M8KCHM8JI:&

H8H SHeprHH ycKopeHHHX 5JieRTPOHOB·CiOJI8e gey B TPH paaa npeBHmBJIB 

HX H8Q8JI:&HyD 3HeprHD, PBBHYD 110 KSB. B noCJI8AH88 BpeMH llOHBH

JIOC:& cooCi~eHHe O npe,1tB8PHTeJI:&HOM 8KcnepHM8HTe no BBToycKopeHHD 

npH npepHB8HHH CHJI:&HOTQgHoro 8JI8RTPOHHOro uygxa, Il~OBO,ltHYOM B 

MopcKOil HCCJI8'AOB8T8JI:&CKOil JiaCiopaTop111111 (BaDl.lllirTOH). 

B IDUUI<.l> ToucKoro noJIHTexuHgecKoro .1rncn1Ty:ra(l966r. )H <PH AH 
3U£lE 

CCCP(l97lr.) CiWio•npe)IJIOX8HO HCilOJI:&30BaT:& ,ltJIH ,8.llTOYCKOpeHHH(ny-

TeM npepHBaHHH nyqKa)cTpyKTypu,aanOJIH8HHU8 q>eppHTOM.Ilpn onpe,1te

Jl8HHWC YCJIOBHHX aDTOyCKOpeHHe·nyqKa B ~eppMTOBWC CTPYKTypax 

HBJIH8TCH OOJiee 3qxpeKTHBHUM,qeM B BaKYYMH~-OcoCieHHO nepcneKTHBHW,f 

* )LRAeHKO A.H. H ;:p. iitypH.TeXH.qiHa., 1977, T.47, BHn. 5, 
c. l<:e4-la28. 

** rpemaeB H.A. H ,l)Jl. !ypH.T8XH.ql.l!:3., 1974, T.44, BHn. 8, 
, c.1743-1748. 
*** Eam:MaKOB D.A. HAP· KpaTKH8 cooCi~eHHH no ~H3HK8. 

~H AH CCCP, M., 1971, i 5, c.I0-14. 
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HBJIH8TCH npe,JtJIOX8HHHil(l971 r.) H HCCJI8,ltOBaHHUil TeopeTngeCKH H 
lE 

3KCnepHM8HTaJI:&HO B X<PTH AH YCCP ll8TOA YCKOpeHHH C lICllOJI:&30BaHH8M 

rnpoTpOilHWC CBOllCrB <I.ieppe:ra. 3KcnepHM8HTaJILHO aBTOYCKOpeHne nygKa 

B <I.ieppHTOBOll CtPYKType (<I.ieppMt HaMarunqHBaJICH AO HaCIDit8H.IIH) CiUJIO 

ocymeCTBJieHO BCJI8,ltCTBH8 pa3BHTHH npo,JtOJl:&HOll HeyCTOllQHBOCTH nyqKa 

** B X~l! AH YCCP (1975 r.) . 

Uem1 A8HHOll paCioTli CJ18AYD111He: 

I. Ocy~eCTBBT:& H 8KcnepHMeHT8Jl:&HO HCCJI8AOB8T:& 8BTOyCROP8HHe 

npu npep!iB8HHIII HBTeHCHBHOro 8JI8RTPOHHOro nyqaa B CTpyKTypax, 

88llOJIH8BHlil R8K rHpOTpOUHWI, T8R Ill H8H8Cll~8HHl:IM WBPPHTOM. 

2. llpoBeCTH aacnepnMeuTaJI:&Hoe HCCJIBAOBaHHe npo~eccoB paaBH

THH llPO'AOJl:&HOM HeycToMgeBOCTH HHT8HCI/IBHOrO SJieKTpOHHOrO nygRa 

npR ero B3alWO,Jt8llCTBHll C ~eppHTOM. 

)tJIH AOCTHE8HI/IH yR838HHlil ~eJiell 8BTOPOM 6Wl npOB8A8H pacger 

H paapaCiOT8H8 ueTO,JtHRa SRcnepHM8HTOB no 8BToycRopeHHD·llPH npe

PliBBHJ,ll/1 SJieRTpOHHOro nygRa B qieppHTOBl,IX CTpyRTypax. C08A8Hli H 

8RCll8plllM8HT8JI:&HO HCCJI8AOB8Hli W8PPHTOB!i8° CTpyRTypU, OCiecnegHBB~ 

Dll!He sippeKTHBH08 8BTOYCKOpeHH8 nyqKa. IlpoBeAeHO 3KCnepHM8HT8JI:&

HOe HCCJI8AOB8HHe Bq>q)8KTOB 8BTOycKopeHHH nygaa B 8THX CTpyKTypax. 

Hay g H 8 ff HOB H 3 H 8 p 8 3 y JI:& Ta TO B. BnepB!ie 

ocy~eCTBJl8HO H 8KCnepHM8HT8Jl:&HO HCCJ18AOB8HO 8BTOycKopeHH8 nyqaa 

nyTeM YABPHOro B08CiyiitA8HHH CBOCiOAHOil npe~eCCHH MarHHTHOro MOMeH

T8 B rHpoTpODHOM wepp111Te. BnepB!i8 ocy~eCTBX8HO H 8KCnep111MeHT8JI:&

HO HCCJl8AOB8HO 8BTOYCKOP8HHe npH npepNBBHIIIH nyqKa B crpyKType, 

aanOJIH8HHOil HeHSCli~eHHWI q>eppHTOM. IloJiyqeHli HOB!ie 8KCnepnueu

T8JI:&Hlie ABHHHe O p83BHTHH npOAOJI:&HOtt ueycrollgHBOCTH nyqaa, B38-

* PaKHtHHCKHil A.A., llleH,JtepOBHq A.M.ICm.m03RYM no KOJIJI8KTHB
HWl M8TO,ltaM ycKopeHHSI. omm, JJ.9-6707, .l{yCiHa, 1972, c. 129-132. 

** 3aKYTHH B.B. n .itp. A3, 1976, T. 40, Bun. l, c.59-60. 
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llMO.l(encTBYID!ll8ro c qieppllTOM, Paapa6oTaHa opllrllHBJlbHBH MeTOA"KB 

peryJillPOBKll pa6ot1en TOtJKll HB RpllBOil: HBMarmltJllBBHllH q,ej)pl!Ta, 

o6ecrretJHB8ID!ll8H au6op OllTllM8JlbHl1X ycJIOBllll: MH BBTOycRopemrn nytJ

Ka. OpllrllHBJibHOCTI, 3TOii MeTO.l(llKH 38!lllllll8H8 BBTOpCRllM CBll.l(8T8JII,

CTBOM HB 11306peT8Hlle, 

Hay tJ Ha H ll ll pa-KT ll tJ e CR a H U e H HOC TI, 

p a Ci O T u. IloJiy'leHU HOBlle 3RCll8Plll48HT8JlbHl18 .l(8IJHl18, 

ll03BOJillBilllle YCT8HOBllTI, OCHOBlll1e 38ROHOM8pHOCTll npouecCOB aBTO

ycRopemrn npll npepuBBHllll nytJRa B (1/eppllTOBblX CTpyRTypax. Ilpll 

TOKax ny'!Ka B COTH11 mmep .l(OCT11rHyTa Hanpm!CBHHOCTI, YCKOPlllOIIlero 

llOJI/l 500 KB/u, ll llOKa3allU nepcneKT11BU ee .l(BJlbHellmero nOBUlliBHllll, 

IloJiytJeHHOe llPllPa!ll8Hl1e 3Heprllll 3JI8KTPOHOB CY!llBCTBBHHO npeBUlliaJIO 

me HatJaJibHYD 3HeprllD, 

Ha3BaHHUe OpllrllH8JII,HUe pe3yJibT8TU B COBORynHOCTll C llOJiytJeH

HIJMll HOBhlMll ;IJ;8HHb1Mll O pa3BllTllll npO;IJ;OJII,HOii HeyCTOiitJllBOCTll nytJRa 

B qieppllTOBblX.CTpyHTypa:X MOI'YT 6UTI, llCll0Jlb30B8HU MH npaRTlltJeC

HOli peaJill38Ullll llCCJI8;IJ;OBBHHOrO MeTo;n;a ycRopeHllff llHT8HCllBHOrO 

3JI8KTpOHHOro nyqua. 

Paapa60T8HHl1li 8BTOpOM MeTO;IJ; peryJIHpOBRll pa6otJeii TO'IRll H8 

KpllBOii HaMarHlltJllBBHllff qiepp.11Ta B H8CTOH!ll88 BP8Mff llCllOJII,3yeTCH B 

X~TI1 AH YCCP ll MO~eT 611Tb npllMeHeH B ycROpllT8JIHX pa3JilltJHOrO Tllll8 

C weppouarHHTHhlMll ycKOpHIDIIU1Mll CTpyRTyp8Mll. 

0 CHO B H 11 e p e 3 y JI I, Ta TU ll ll OJI O ~ e H ll a, 

n p e .I( CT a B JI e H HU e K 3 a Ill 11 Te. 

I. OcJllleCTBJICIIO 11 3KCnepmrnHTa.JII,IIO HCCJIB.l(OBaHO" aBTO

ycHopeHlle nyTeM y;n;apttoro B036y~;n;eHllH (38,JUJllM qipOHTOM llMilYJILC8 

TOKa llHTBHCllBHOro 3JieRTPOHHOrO nytJKa) CB060;IJ;HOii npeuecCllll uar-
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HllTHOro MOMeHTa B rllpOTpOUHOM qieppllTe. Ilpll OTHOCllT8JlbHO MBJiblX 

TOKBX nytJKa (COTHll aMnep) noJiytJBH8 cpaBHHTBJII,HO 60JII,lli8H Hanpa

llt8HHOCTI, ycaopHD!llero llOJIH. rronytJeHO IlPllP81ll8Hll8 3Heprllll 3JI8KT

POHOB, CY!ll8CTB8HHO npeBl:llll8D!ll88 llX H8tJ8JII,HYE 3HeprllD. 

2. 0CY!llBCTBJIBHO n 3KCnepm.rnHTaJII,IIO llCCJIB.l(OBaHO aBTO

ycRopeHll8 npll npepUBBHllll llHTBHCllBHOro 8Jl8KTpOHHOrO nyt1Ka B CTpyH

Type C H8H8CUffi8HHbll4 qieppllTOM, IloJiytJeHa cpaBHllT8JII,HO BUCOKaH aqi

qieKTllBHOCTI, aBTOycKopeHllH nytJK8 yiv.e npll TOK8X B COTHll aunep. 

3. IlpOB8.l(8HO 3KCnepllM8HT8Jil,H08 llCCJI8.l(OB8Hll8 npoueccoB pa3Bll

T.IIH npo;n;OJII,HOH HeyCTOHtJllBOCTll llHTBHCllBHOro aJieRTpOHHOrO nyt1K8 B 

qieppllTOBIJX CTPYKTypax, H8KJI8.l(IJB8DIIU1X qlll31l'l8CKll8 orp8HlltJ8HllH Ha 

B03110lltHOCT11118TO.l(OB 8BTOYCKOp8HllH npM nP.8PUB8HMll TOKa nytJKa. 

4. Paapa6oTaHa ll 3RcnepllM8HTaJil>HO HCCJl8;ll;OBaHa OpllrHHaJII,Haff 

M8TO;IJ;llK8 peryJIHPOBKll pa6ot1en TOtJRll Ha KPllBOH H8MarHHtJHBaHMH qiep

PllT8 'AJIH BU6opa onTllMaJibHUX yCJIOBHii B npo~ecce aBTOYCKOpeHllH 

nyt1Ka. 

An po 6 au ll a pa 6 o T 11 ll n y 6 JI u Rau ll "· no 

MaTepllaJiaM ;n;HCC8pT8UllOHHOii pa60TU c;n;eJiaHO 5 ;IJ;OKJia;IJ;OB Ha Me&;n;yHa

po;n;HUX .ii Bcecofil3HUX KOHqiepeHUllHX! 2-M CllMnoauyue no KOJIJI8KTHBHUM 

M8TO;IJ;aM ycKopeHHH ( ny6Ha, 29 CeHTHOpH - 2 OKTH6pH 1976 r.), 

IO-i Mex;n;yuapo;n;Hoii KOHqiepeHUHll no ycKOpllT8HHM 38pH~8HHblX tJaCTHU 

BUCORllX 3HeprHii (IlpOTBllHO, HJOJII, 1977 r.), 4-u BcecOfil3HOM"C8MllHa

pe no JIHH8iiHl1lal YCKOPHT8JIHM ( XapI,KOB,llfilHI, 1976 r.) ll 5-M Bceco-. 
ESHOM C8MllH8P6 uo JillHenHl:.IJl ycROPllT8HHH ( XapLKOB,HDHI, 1977 r.). 
OCHOBHOe co;n;epxaHHe ;n;HCC8PT8UHll ony6nllKOBaHO B 10 netJ8THblX pa6o

Tax. 
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C T p y H T y p a 11 0 6 ~ e M A 11 CC e p Ta U 11 11. Pa-

6oTa 11sno~ena Ha III MaWHHOil11CHbJX CTp8H11UBX 11 COCT011T 113 BBe

AeH11H, Tpex rnaB, 3BKnrogeHl1H, np11no~eHHH 11 Cil11CK8 nHTepaTypu, 

coAepEamero 90 6116n11orpaw11gecK11x Ha11MeHOBBHl1H Ha I3 cTpaH11uax. 

A11ccepTaU"H 11nnrocrp11poBaHa 32 p11cyHKaM11. 

CO.ItEPEAilliE P AEOTU 

Bo BB e 'A e II 11 11 (nepBOM p83Aene) OCBemeHO COBpeMeHHOe 

COCTOHHl1e npo6neMN aBTOycKopeHllfl CllnhHOTogaoro 3neKTpOHHOrO 

nyqKa, cwopMyn11poBaHU Bonpocu, COCTaBl1BWl18 npe,nMeT llCCneAOBaHllfl 

ABHHOli 'Al1CCepTau1111, l1 npl1B8'A8Hlil OCHOBHUe pesym,TaTN, nonyqe,rnue 

B Ka~AOM l18 ee pa3AenQB. 

ti TO p OH p 8 8 A en IlOCBHIJleH 3KCnepl1M8HTanhHOMY 11ccne

'AOB8Hl1ID 8BTOYCKOpeHllfl npll npepNB8Hlll1 HHT8HCl1BHOro sneKTpOHHOrO 

nygKa a uenoqKe u11nllHAp11gecKllX pesottaTopoB, 3anontteHHhlX HeHaCH

lll8HHNM <1Jeppl1TOM. 

IlpoHe,ll.eH pacqeT 3Kcnep11MeHTa, Il03BOnHBWl1H BU6paTh OCHOBHUe 

napaMeTpU 11ttgeKT11pyeMoro nyqKa 11 ycKopHIDIJleH CTpyKTypu I qTo 

oclecne•nrnaeT sqxpeKTl1DHOe aBTOYCKOpeHl18 1.1aCTl1U ny1.1Ka. 

11MnynhC · TOKa nytrna mrnoo6pa3HOH q,opim ( c AnllHHUM nepeAH11M l1 

KupOTKllM 88AHl1M ~pOHT8M11) q,opu11p0Bancfl HenocpeACTBeHHO B Cllnh

HOTOIJHOH sneKTpOHHOH nyurne C xonOAHUM KBTO,ll.OM. 8ttepr1rn aneKTpO

HOB H8 BXOAe B weppllTOByID ycKopflIDIJIYD CTPYKTYPY COCT8Bnana 

100 K3B, Ben11gl1H8 TOK8 nygKa pery1111p0Banac1, B 'Al18Il830He 50-250 A, 

,ll.nllTenhHOCTh nepeAHero ~pOHTa llMnynhC8 TORB nygKa paBHHnac:& 

50-IOO ttc, saAHero - 8 ttc. 

Yc«opHIDIJl8fl CTPYKTypa npeACTBBnHna co6on uenogKy l13 40 U"nllH

APllgecKllX pe30H8TOpOB (o6men AnllHOH 0,8 M), sanonHeHHl:lX HeHacu-
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meHHIDl.ll q,eppllTOBNMll KOn:&nau11. BtteruHHH PBAHYC U"nllH,ll.pllgecKllX 

peSOHBTOpOB 11 Konen 113 ipeppllTa uapKll 60HH COCTBBnfln 9 cu, BHyT

peHm!H - 3 cu. 

B aKcnepmteHTe napaMerpu m.myn1ca TOKa nygKa H3Mepan11ch pe-

3l1CTHBHWl1 'ABTgllKBMll, BUilOnHeHHUMll B Bll,l).e noaca 113 conpoTHBneHllH 
I 

T11na Y~H; BpeueHH08 paspeweHlle AaTIJllKOB He Xj'lKe I HC. Hsuepe-

HHe 3Heprl1H ycKopeHHllX aneKTPOHOB npOH3BO,ll.Hnoc:& M8TO,ll.OU norno

meHHH B q,on:&re. HanpaxeHHe Ha KBX'AOM OTAen:&HOM pe3ottarope, Bos6y~

,ll.aeuou ny1.1KOM np11 ero npepUB8HHH, H3Mepanoc:& C IlOMOIJlhD ou11gec

Koro ;l(en11renH. 

Jlnfl BH6opa B 3KCnepHMeHTe OilTHManhHUX ycnOBHfi, 06ecneg11BaID-
~ 

m11x· Ha116on:&w11tt aqxpeKT BBTOyCKOpeHHH aneKTPOHOB, 6una paspaCiOTBHB 

r. aKcnep11MeHTan:&Ho 1-1ccne,ll.0BaHa op11r1rnan:&HBH MeTOAHKa perym1-

poBKll nono~eHllfl pa6oqefi rogKH Ha KpHBOH ttauarHHgllBBHHfl (PeppHTa. 

CylJIHOCTl> 3TOH M8TO,ll.11Kl1 COCTOHT B cneAyDmeu. BHYTPH OTBepCTllH B 

weppHTOBbJX KOnhUBX KOBKCHBn:&HO coneHOH.ll.J, cnyxameMy ,ll.nfl q,oKyCH

pOBKH nygKa, B,ll.On:& BCett ero J.IJll!HN pacnonaraercH BTopott coneHOM'A 

c npor1rnononoxH1i1J.1 nepB011y ttanpa:aneHH8IJ HBUOTRH cm1pan11. EcnH Te

nep:& coneHOH,ll.U IlOARnIDql!Tl, K HCTOqHHKy IlHTBHHfl HBBCTpegy ,ll.pyr 

,ll.pyry, To,oqeBH,ll.HO,as11uyran:&HUe COCTBBnHDIJIHe MBrHHTHOrO nona co

neHOH~OB 6y,ll.yT BligHTBTl>CH, a npoion:&HUe CKna,ll.UBBT:&CH. IlponycKaR 

no 06UOTK8ll coneHOH,ll.O:B COOTB8TCTBYDIJIHe TOKll, UOXHO npOH3:BO'Al!Tl> 

KOUileHC~UHD H perynHpOBKy BenHqHHU aa1111yran:&Horo uarHHTHoro no~ 

na H 'P BHYTPH q,epp~Ta, He 11s11eHHH np11 arou Ben11q1rny npo,ll.on~Horo .· 

uarHHTHOro nona Hz coneHOll,ll.OB, C noUOIJll,fil KOTOporo ocymecT,~nH

nac:& q,0Kyc11poBKB nygKa. 

B npoBeAeHHOM aKcnep11ueHTe 11unyn:&cHoe MarHHTHoe none H: ~o-
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CTl-!raJIO Bem!'rnHU .llO 2 K3, p83HOCTJ, TOKOB B OOMOTKBX cone11on

,llOB naMuHHnac:r, B npe,llenax O ~ 1,5 KA. 
Euna naygeHa 38BHCHMOCTJ, Hanpfllltellllfl Ha OT,llenLHOM pe30HBTOpe, 

B036Y*.llBeMoM 38.llHHM @po11TOM nunyn:r,ca TORa nygKa, OT H~. IToRaaa-

110, gTo cymecTByeT onTHMBnbHBfl pa6ogafl TQgKa, B KOTOpon ycKopfllO

mee HBnpfll!teHHe MBKCllMBnbHO. ITpn. ncnoJIL30Bamrn )lnfl qlORYCl1POBKH 

nygRa oougHoro O,llHHogHoro coneHOH.llB ycKopR10mee none yueHbmanoc:r, 

npn6JUJ3l1TenbHO B IO paa no cpaBHeHHJO C l.48KCHM8]!J,HUM 3Hage11neM. 

3TO o6ycnOBJieHo TeM, qTo HaJ111qne a3HMYTaJibHOfi COCTaBna10mei! Mar

HUTHOro rrona 4JOKycupy10mero coneHOH,lla rrpHBO,llliT K 3HaqHT0RbHOMY 

cuememuo pac:lottei! TOqKli OT OITTliMa.JlbHOil Ha KPHBOll HaMarm1g11aaHl1SI 

cjJepp!1Ta. 3KCITep11MeHTaJlbHOe uccne)lOBamrn 3aBHCHMO Ctl1 HanpSilK8HHO CTH 

ycKopaD1:1ero nonR OT TOKa nyqKa In (B )lHanaaoHe 50-250 A) noKa-

3a.JIOr qTO 3Ta 3aBHCHMOCTb mmellHaa, HMP.RllCeHHOCTb nona pacTeT C 

yBenuqe1meu TOKa 11 npn In = 2JO A ,llOCTHraeT nen:nqHHh! JOO KB/u. 

MaKCHMW!bHOe npHpameHHe :rneprnH qaCTnI.l COCTaB]lHJIO 200K3B (Ha 

,ll]lH!Ie o,u M), a ,llRUTeRbHOCTb HMITyn:r,ca TOKa ycKopeHHIDC 3R0KTPOHOB -

- 7 !IC. 
B T p e Tb e M pa a .ll en e npoBe,lleHo aRcnepnweHTanbHoe 

l1CC]l0,llOBBHl18 aiJxlieRTB aBTOycKopeHHfl npn Y.llBPHOM B036YJ11,ll8Hl1l1 (38,ll

HHM qipOIITOM HMnyn:r,ca TOK8 nygKa) CBOOO,llHOtt npe~eccnn MBrHHTHOro -uowe11Ta M B rnpoTponHoM @eppnTe. B aTnx nccne,llOBaHnax 6una nc-

non:r,aonaHa MeTo,lU!Ka, B ocHOBHOM onnca1111aa B paa,llene 2. ,npyron 

Ouna TOnbKO YCROpRJOmBfl CTpyKTypa, KOTOPBfl 3,ll8Cb npe,llCTBB]lflna co-, 

6011 Ha6op i,peppnTOBUX Kone~ (MBPKH 2COOHH), aauarangeHHUX ,llO HB

cumeHHfl B npO,llO]lbHOM HanpanneHHH nOCTOflHHUM noneM coneHOH,llB. 06-

maH ,llJIHHB weppliTOBOil CTpyRTypu COCTBBnflnB 0,8 M, HapyllCHUtt PB.llliYC 

Rone~ f'1 = 5 CM, BHyTp8HHHl1 - t 2, = 3 CM. 
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8Rcnepl1M8HT npoBe,lleH npn HBttBnbHOlt 3Heprnn aneKTpOHOB tv'o = 

= 100 KaB, ToKe nygR~ [
0 

= 400 A, )lnnTen:r,11ocTn nepe,llHero @poHTB 

HL!IIym,ca TOKB nygRa - 90 HC' 38,llHero - 8 HC. MBRCHMBJILHO ,llOCTllr

nyToe a11age11ne yrna npe~eccnn 4'·, orpaHngnnaeMoe nennttnHolt To

Ka ny1ma, COCTaBJIHJIO o, 57pa.n:. Ilp11 yBeJll1tiemm 4J B ,lll1aTia30He OT CJ ,1(0 
I 

o,J5pa.n: YCKOplllOill00 none B03paCTa.JIO;npl1 ()OJ!bll!HX yrnax none Halfl!llaJIO 

yoI:JBBTb. Ilp11 OHTHMB]lbHOM 3HageHl1l1 yrJia npe~eccn11 (lj}OITT. =U,35 pa,n) 

HanpmKeHHQCTJ, ycKOp.fl!Ol!lero no]!fl ,llOCTl1rana B8JIJ1gl1Hl:l 500 HB/M. Ila 

AnHHe qieppHTOBOlt ycKup~IOll!el.t CTPYKTypl:l, PBBHOlt 0,8 M, ttDCT,J~. 

pacnonoll\eHHUe HB 38,llHeM q,pOHTe l1MnyJJLC8 TOH8 nygKa, nonygnnl1 

np11pameHne 8Heprn11 400 RaB • .l{JIHTenbHOCTb HMnyn1,ca TOKB ycHopeH

HUX aneRTPOHOB COCTBB]!fl]!8 9 HC. 

PacgeT ycKopH10mero nonH np11 nponaBonbHOli aunn11Ty,ne npcu~ccnn 

6un npoBe,lleH ,ll]lfl MO,llenn, B ROTOpot,t qieppHTOBl:lll ~l1nl111.llP C OTBepCTH

eM B U8HTpe ,llJlfi nponeTa nygRa HBuarHHttl1B8]1Cfl ~o HacumeHl1fl TIO,ll 

,lleilcTBneu npo,llOJibHoro nocTOHHHoro warHHTHoro nonfl H~ coneuon,lla 

Hn o 
l1 83l11.tyTBJlbHOrO MBrHHTHOro llO]IH nygRa '{J • ITyTeM COBMeCTHoro 

peweHHH (B winHH,llpngecaon Cl1CTeMe ROOP.llllHBT) ypaBHel!Hfi ~BH,nay 11 

Anqimn~a )l]lfl nepe1.1.ar11ngnBaH11fl qieppnTa • 

dM/dt =- fooJ1e[RH] 

l1 ypaB11e1111a MBrHHTOCTBTl1Rl1 -divB =O 

(1) 

(2) 

61:l]lli llOJiygeau COOTBBTCTBeHHO cne)lyIOmHe BUP8&8Hl1fl ,ll]lfl nepl10,ll8 

npeuecc1111 H Ma.KCliMa.JlbHOil 11anp.flllC8HHOCTl1 yCKOPSIJOmero TIOJl.fl: 

T-= 4K (stn-f-)/ Jlole (MHi!
0

) 
1
/z,, 

(3) 
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£ =Zp.:7eM ('1-r2 )VH:j1 sin-f- , <4
> 

r,l\e .fLo :::; 't'Jt.. 10-'t r IM - aCiCOJIJOTHaH M8rHl!TH8H npOHl!Ua-

eMOCTI, cB060,l\Horo npocTpaHCTBa; de= f,16 • 10 ff K/1 / l<'l, - r11-

poMarHl!THOe OTHomem1e .l\JIH aJieRTpOHHoro cn11Ha; cos lV:. M&
0

/ M , 
Mlo - npoeRnllH M Ha ocI> l B HBllaJII>HHfi uoueHT BpeL1eH11; 

K - noJIHhlfi 3JIJil!nT11qecR11fi l!HTerpaJI I-ro po,l\a; r 1 , r 2, - cooT~eT

CTBeHHO HapylltHHfi l! BHYTP8HHHR pa,l\l!yCH qieppl!TOBoro nllJil!H.z\P8. Ida 

wopMyJihl (3) CJie.l\yeT, llTO nepl!O.l\ npeuecc1111 cJiaCio aaBHCl!T OT ee 

8MilJil!TY.l\H- IlpH l!8M8H8HHl! yrJia 4' 
Cl!H YB8Jil!lll!B88TCH Jil!IDI> Ha 17%. 

Ida ~opuyJI (3) 11 (4),olleBl!.l\HO,~ueeu 

OTO .l\O :Jr/2 nepHO.l\ npeuec-

E ·T/2 =4K (sin-f )(r1 -rz) sinTiJB,<5> 

r,l\e ,1 B - 11auettett11e uarHHTHolt 1rn;D.y1tu1111 B cj/eppHTe. Ida qiopuyJIH 

(5)BH,ll;HO,l!TO npo~aBe.n;eHHe BenHl!UHU HaITp.HllteHHOCTH yCKOP.f!Dl!lero IlOJl/l 

n nonynepJ10.n;a npeuecc1m npn aa.n;aHHUX paaMepax qieppn:roBoro UUJIHH.n;

pa aaBHCHT :roJihI<O o:r Be-nnl!HHH llB n, cne.n;onareJihHO ,xapa.It:repnaye:r 

8.MllJIH:ry.n;y npeueccnn n c:reneHh yqacrn.H aneMeH:rapHl.x MarHHTHWC 110-

MeH:ron B coa.n;aHHH ycKopRDl!lero noJI.H.CornacHo qiopMyJie (4),ycxopnD

lI!ee none pac:re:r npaK:rnqecKu mrneRHo c yneJinllenneM 4-' , q:ro coo:rne:r

c:rnye:r xo.n;y 3Kcnepm..ieu:raJihHOR arumcnuoc:rn npn uaueHeHl!H 4' B ,101-

anaaoHe 0-0,35pa.n;.B a:roM .n;nanaaoHe aan11cnMoC:rh nponane.n;eHl!.f! E•T/2 

OT yrJia 4J Taue corJiacyeTcH c pacqe:rou (cu.qiopuyJiy 5). IlpH 

3HalleHH/IX yrJia 4J ,npeBUIDa.Ill!IHX 0,35pa.n;,Kp:11Ba/l 3KCnepHMeH:raJihHOR 

3a.BHCHMOCTH npoxo.n;1rna cymec:rBeHHO HHllte pacqe:rHoR. HaJIHllHe B 3KCne

pnueH:re on:rHMaJihHoro yrna npeueccHn uoimo od~.HCHHTh .n;eRc:rBneM 

10 

88MRHYTb!X M8T8JIJil!l!8CRl!X nonepxHOCTeR, ORPYllt8l01!1HX qieppHT. MH 

R81!8CTB8HHOro ylleTa BJIHHHl!H 8Tl!X noBepXHOCTefi Ha npeuecCHJO Mar

HHTHOro MOM8HT8 6HJI IlpOB8,l\8H pacqe:r MO,l\8JIH 1 B ROTOpOH W8PPHT 

pacnoJiarancH BHYTPl! M8T8JIJ!l!l!8CROro BOJIHOBO,l\8. B 8TOM CJiyqae ,l\JIH 

MaRCl!M8JihHOro ycRopHIOlll8rO IlOJIH 6HJIO noJiylleHO BHp8llt8HHe 

£=fl~ Je (r1 -r2,) l-lio ( Hlo + M co.s lp) ' 

ecJil! sin (/1 "> ( 2H /M) 112. ~o , 
l! BHp8llteHH8 

2, • 

£=:.JL;fe(r1-f'1,)M.sin 1.//(MHfo - : sin2 l/l), 

ecJiil tv( (ZH~0 /M) 112
• 

(6) 

(7) 

KpoMe Toro, ;I.IJIH y'leTa BJil!HHHH Ha npeuecc1110 Marm1Tttoro uoMeH-

:ra napaal!THHX 8MROCT8H ell IWHRpeTHOti CXBMU 8RCllepl!M8HT8 61:mo 

npoBe,l\eHO COBUeCTHOe pemeHHe yp8BH8HHH Kl'lpxrowa, ypaBH8Hl'IH Mar

HHTOCT8THRl'I l'I ypaBH8HHH JlaH;1.1ay-Jlm)JillHU8 • .l\1I.f! MaJIOlt B8Jll'ltJHHJ,I yrJia npe

uecCl!l! (ycJIOBl!fl ::JRcnepl!M8HT8 6Jll!3Rl'I I{ 8TOMy CJiyl!aIO) 6mro ITOJiy-

1!8HO CJI8,l\YIOlll8e BHpaxeHHe AJIH ycRopHIO~ero IlOJIH B 06JI8CTH 3aAttero 

wpoHTa HMilYJibca :roRa nyl!Ra: 

£ -r, - r2. il1i -1.a_ ( 1- coswpt) , <
8
> 

:r (r, -t-1z) H~ t' 
-

0 1/ 1 
r;1.1e Wp=(J)K(J,oH~

0
/LJB} 2, - qacToTa npeueccHH, GJK'l= LC , 

L =J-oS /:il(r
1 

-t-f'2,), [ 17 - aunnl'ITY.l\a 11Mnynhca :roRa ny•rna; n 
'{; - ,l\JIHT8JihHOCTb 38]:\Hero qipOHT8 HMilY JlbC8 TOH8 nyllRa, s - ce-

1!8Hl'l8 WtlPPl'IT8 AJIH 88l'IMYT8JihHOro noTOJ<a. 0C·T8JlhHble 0608H81!8HHH 

6hlJIH npl!B8A8Hhl Bhllll8. Ypa:aHemrn ( 8) nonylleHO npH ycJIOBllHX 
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L} B>~t1i~: '°K ( ( o/1 B , 8T.11 YCJIOB.11/l B peaJU,HWl 3l(Cllepl1-

MeHrax Odhlt!HO BblllOnHS1DTCSl,Pesyn1,raThl a.HMl13a,npoBe).\CHHOro Ha OCHO

ne COOTl!O!IICHHil (6), (7) H (8), no:.rnonsim od'IiSICH:11TL OCHODHhle 3aKO

HOMepnocrn sKcn·epnueura. 

q e TB e p Thi H pa 3 A e JI IlOCBHllleH 8HCI1epl1M8HTaJ1LHOMy 

l1CCJl8,l.lOBaH.11!0 P83Bl1T.11ll npOAOJILHOH neyCTQHg.11BOCTl1 nygHa, B38l1MO

,l.leiiicTBYIOll!ero C qicppl1TOM.UccneAOBaH.11H BlillOJIHeHbl Ha on11caHHWC Bbl-

me ycTaHOBK8X. (cM.p88AeJ1bl 2,3) B .IlBYX napnaHTax: D nepBOM 

HCilOnLSODMCSI HeHaCb!Ill8HHL!ll cpeppHT MapKH 60HH,no nropoM -

118MarHl1tJ8HHhli1 AO H8Cbl11!8Hl1H qiepp.11T MapKH 2000HH. B 060.11x cnytia-

flX IlOJlytJeHbl np.116J1l18l1TeJ1LHO O'A.11HaKODble peaynLT8Tbl .UCCJieAOB8H.11e 

aaKOHOMepuocTeH, xapaKTep.11~YKJlll.11X paan11T.11e neyCTOHtl.11BOCTH, npo-

113BOJ].11Jl0Cl, nyTeM l13MepeH.11fl l1MllYJILC8 TOH8 nytJKa AO l1 IlOCJle ero npo

XOlKAeHHH gepea CMeHHYKJ 8JllOM.11H.11eByJO qiom,ry. TOJlll(LlH8 qlOJILrH .113Me

HHJl8Cl, OT_20 AO 200 MKM, 8Heprl1ll tJ8CT.11U peryJ1l1pOB8J1ac1, OT 75 AO 

ISO KSB, TOK nytJHa - OT 50 AO 600 A, BeJ1.11tJ.11Ha qi0Hyc.11py10111ero Mar

H.11'rHoro nonn - OT 0,3 AO 3 H8; Marn.11Tnoe none H~
O 

, naMarn11g1rna-

10ll1ee qieppl1T AO HBCblllleHHH B IlPOAOJlL_HOM nanpannen11.11,.11aMeHHJlOCl, B ).lH-. 

anasoue OTO ).\0 70 3,).lnHHa weppHTOBOll CTPYKTYPH - or 0,2 ).\0 2 M. 

TipoBeAeHHOe 3HCnep.iMeHT8JILHOe llCCJleAOD8H.11e aaB.11C.11140CTH nopo

ra neycTOHtJHBOCT.11 OT IlJIOTHOCTl1 TOK8 l1 8Heprl1.11 tJ8CTl1U nytJHa 110K8-

38JIO, tJTO .11HKpeMeHT neycTOH'lll1BOCTl1 B COOTBeTCTB.11.11 C Teop.11en on

peACJIHCTCH CJlC).ly!OlllCH 38Bl1Cl1MOCTbJO: 

s -f ,13r-1fl-4/3 , (9) 

rAe j - llJIOTHOCTL TOK8 IlytJK8, d - 110JIH8H 8Heprl!H 3Jl8KTpOH8 

12 

B C).\HHHUax :mepnm IlOKOSI, ./3- - CKOPOCTI, 3/ICKTPOHOB, OTHeCellHaa K 

CKOPOCTH cnera.B 3KCnep11MCHTC HHKpeMeHT neycroiitJnDOCTll IlpaKTll4CCKI! 

ne aan.11cen oT ~en.11tJ.11Hbl npo,l.lon1,noro 11arn.11rnoro nona Hro, tJTO TaK

lKe cornacyeTCH c Teop.11eit, cornacno RoTopoll S ~ H;' 16 • 
• "'0 

HccJieAOB8H.11e 38BHC.11MOCTl1 tJ8CTOTll noaoyr..]l.8eMmc HOJ1e6a1rniii OT 

npo).lOJibHoro Marn.11Tnoro nonH H~
0 

rroRaaano, tJTO c_ pocrou nem1tJ.11Hli 

H!o gacrora Kone6an.11n .11MeeT TeHJJ.CHU.11!0 H ynen.11tJeH.1110. 

HccJie]J.OB8Hl1e np.11pa111eHl1H M8HC.11M.8JlbHOH anepr.11l1 3JieKTpOHOB 

(BCJle]J.CTB.116 p83Bl1Tl1H npO,l.lOJlLHOH HeyCTOMtJ.11BOCTl1 nytJKa) B 38Bl1C~MOC

Tl1 OT .ll,/Il1Hll ~epp.11TOBOii'crpyKTYPH IlOK838JlO, tJTO B COOTDCTCTBllH C 

Teop.11eit 3KCllOHCHUl18JlbHOe H8p8CT8Hl1e 3Heprirn tJaCTl1U npH crrpe).le

neHHOll .ll,/IHHe npeHpa111anoc1, l1 H8CTYil8JlO,ll8Cblll1eH.11e; M8KC.11M8JILH8H 

8Hepr.11H 8JleKTPOHOB yneJI.11tJl1B8JI8Cl, np.11µepHO BJ].BOe. B tJ8CTHOCTl1,ITPl1 

HatJaJILHOil aneprl1H aneHTpOHOB 130 KSB l1 TORe nytJHa 40U A aneprMIH 

3RCilOHeHUl18JlbHO napaCT8Jl8 Ha ).\Jll1He J].O I,5 M, np11 3TOM 80COJIDT-

H8H BeJlldtJ.11118 l1HKpeMeHT8 neycroittJl1BOCTl1 paBHHJl8Cl, npH6Jll13.11TeJlbHO 

1/17 CM - 1 • 

B 3 8 R JI IO g e H l1 l1 (IlHTOM paaAeJ1e) c~opuynHpOB8Hbl OCHOB

Hble peayJibT8Tbl H BblBO,l.lbl paoOTli, 

I. Bnepnlle ocy111ecTBJI8HO H 8KCI1ep.11MeHTaJ1bHO l1CCJle]J.OBaHO 8BTO

ycRopeHl1e nytJK8 npll YJJ.8PHOM noa6y~AeHHl1 CBOOOJ].HOH npeneccHH Mar

Hl1THOrO MOMeHT8 B r.11poTpOilHOM ~eppl1Te. HaytJeHf.J ycKupH~lllee Harrpa

xeH.11e, npHpa111en.11e aneprl1l1, ).\JI.11TeJILHOCTl, l1M.11YJILC8 TOK8 ycHOpeH

HWC aneKTPOHOB npH paanHtJHOH ).\JlHHe ycKupa~111en CTPYKTypu. Hccne-
1 

).\OB8H8 npeMeHH8H 38Bl1Cl1UOCTl, uarHl1THOH 11HJJ.YHU11l1 B tkePPMITC. Pe-

ayJILT8Tbl 8Tl1X l1CCJle,l.lOB8HHH cornacyJOTCH Me~).ly co6oii. IlpoBe]J.eHO 

l1CCJlC~OB8Hl1e aaBl1CHM.OCTH ycHOPH~lllero IlOJlH OT aM.IlJIHTY.Ilbl npenec-

13 



cm:. Ilpll TOKe ny,rna 400 A )lOCTHrHyTa HaIIPllllC8HHOCT:& yCKOpH-_,, 

llll(ero IlOJIH 500 KB/M. IIonyqeHo IlPHPa.1118HH8 3Heprllll 3JleXTPOHOB 

400 K3B npn Haqan:&HOll 3Heprnll 100 K3B ll TOKe nyqKa 400 A. 

2. BnepBue ocy~eCTBJieHO ll 3RCnepllM8HT8Jl:&HO HCCJleAOBaBO aBTO

ycRopeHHe npn npepuBaHHll nyQR8 B CTpyRType, aanonHeBHOK !!fil!!!.2!!

meHHIDI weppHTOM. liCCJI8AOB8Ha 8aBHCHMOCTL ycROpHD~ero llOJIH OT TO

Ra nyqRa B Aff8Il880H6 50-250 All OT nonoxeBHH pa6oqeK TOQRH BB 

RPHBOH H8MarBllqllB8HllH W8PPHTa. IloRa88HO, QTO AaHBHll MeTO)l o6ec

Il8QllB8eT cpaBHHT8Jl:&HO BHCORYD aiW,ieRTHBHOCTL 8BTOycRopeHHH nyQRB 

yxe llpH TORBX B COTHH aunep. IlonyqeHO npnpa~eHHe 8HeprHH aneRT

pOHOB 200 R8B Ha AnHHe ycRopHD~en CTPYRTYPli 0,8 M npll H8Q8JlLHOll 

8HeprHH Q8CTH~ 100 K8B ll TORe 230 A. 

3. llCCJl6)lOB8H8 88BHCHMOCTL nopora npo)lOJILHOn ueycTollqHBOCTH 

nyqRa 0~ B6JlllQllHli TOR8 (B AHanaaose 50-600 A) H 8HeprHH BJieRT

POHOB (B AHanaaoHe 75-150 R8B). 

llayqeHa aaBHCllMOCTL npHpa~eHHB MaRCllMBnLHOll 8HeprHH aneRTpo

HOB (npH pa8BHTHll DpO,llOJILHOll HeyCTOitQHBOCTH nyqKa) OT AnHHli wep

PHTOBOll CTPYRTypH. 

IlonyqeHHHe peayJILT8Tli nOSBOJIBDT BH6paTL ycnoBHB, npH ROTOPHX 

HeycTOKQHBOCTL npaRTllQ6CRH He ycneeT paaBHTLCH Ha 8H8QHT6JlLHOn 

)lnHHe, ll aBTOYCKOp8HH8 npll npepliB8HHH HHT8HCllBHOro 8JI8KTpOHHOrO 

nyqKa 6y)leT aiW,ieKTllBHWI. 

4. Paapa60T8H8 ll 8RcnepHM8HT8JlLHO HCCJI8.Il0B8H8 opnrHHBJILHBB Me

TOAHRB peryJmpOBKH pa6oqeK TOQRH Ha KpHBOit H8MarHHQHB8HMH <,pep

PHTB, o6eCD8QHBaD~aH BH60p OilTHMBJILBHX ycJIOBHK ARH BBTOYCROpe

HilB nyqKa. 
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