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0 B03MOJla-IOCTHX 3JIEI\TFOIIHO-KOJI1:rreBOft TEXHIOOI 
• 

r. ,TiyOHa, I 987 ro.n;. 



BBE,ILEIME 

ITO~ 8~9RTpOHHO-RO~neBO~ T9XHMRO~ HM~e ITO~pa3yM9BaiDTCfl ycTpO~
CTBa, B rrponecce ~YHRUHOHHpOBaHMfl ROTOpHX 8~9RTpOHHhl9 RO~Dna ITepe
MemaroTCfl, RaR e~oe n~oe. 

B ITepBo~ ~acTH pa6oTu o6c~eHu B03MOEHae ITpn~o~eHMH TaRnx 
ycTpOHCTB, a HM9HHO: 

I) Ro~eRTMBHoe ycRopeHHe ffOHOB ~o HH3RHX SHeprn:M: ( ~ 20 MsB/HyR.JIOH 
ITpH HHT9HCHBHOCTH: ypaH ~' IOI4 ~ep/ceR, ~eMTepMM ~ IOI7 ceR-I ; 

2) R0~9RTMBHOe ycRopeHne ffOHOB ~0 cpe~HX SHeprH~ (I00+200 MsB/HyR.JI 

ITpH HHT9HCHBHOCTH ~ 1013 gnep/ceR ITO yparry; 

3) ITO~~eHne ro~ux ~ep TH~e~ux s~eMeHTOB; 
4) 8RCIT9pHM9HTH ITO 8~9RTp0H-H9~TpOHHOMY B3aHM0~9HCTBHID 

5) HCIT0~30BaHHe ~aHHHX ycTpOHCTB RaR 8~9RTpOHHHX ycROpMTe~eH BM9CTO 
IDfY H Tp~oHHHX 6eTaTpoHoB, B ~aCTHOCTH, ~ : 

a) reHepanHM ROp0TROBO~OBOro 8~9RTpO~~rHHTHOrO M3~~9HHH 
(CHHXpOTp0HHOro, ~~paiQUIOHHOrO, OHAY~TOpHOrO, TOpM03HOro) 

6) reHepanHH ~eMTpOHOB ; 

6) aTOIVUiafi CII9KTpOCROll:wi, HCCJie.I(OBaHHe HOH-HOHHHX B3aHMO~e~CTBHH 
7) OTpa6o•rRa Ha 8~9RTpOHH1lX MO~e~X M9TO~OB ~OpMMpOBaHHfl MOI.UHRX 

HOHHRX ItOJien .II;JI.ff yupaBJIH9MOrO TepMOJI.I(epHOrO CHHT93a. 

Bo BTOpOH ~aCTH pa60TH paCCMOTpeHa CXeMa ~OpMMpOBaHHfl 8~9RTpOH

HhlX KO~en C ITapaMeTpaMI!, Tpe6yeMHMH ,n;Jlfl peaJIH3a,nHH YRa3aHHhlX B03MOJK

HOCTe}i: ~c~o s~eRTpOHOB ~ IV roi4 , SHeprHH I5 + roo MsB , pa.,r.o:Iyc 

B ROHe~OM COCTOHHMM 5 + !0 CM. PaCCMOTpeHHafl CXOMa 06~e~Hfl9T ROH

nerrnHH ITpOCTpaHCTB9HHOrO CeTaTpOHa H CTaTH~eCROrO ROMITpeccopa 8~9RT

pOHHhlX RO~en. llpe,n;JIO~eHa nporpru~ IIOSTaiTHOrO pa3BMTRff 8~9RTpOHHO

-RO~DneBOH T9XHHRH. 
B Tp9TD9H ~aCTH pa60~H paCCMOTpeHR OCHOBHRe, ITO MH9HHID aBTOpa, 

!l>aRTOphl, orparrn~Baroi.IUie Be 3MO~ocTH a.n;resaTopa KYTM-20 , H rrpe,n;Jio.xte

HH M9phl ITO OCJia6JieHHID 8TH]: orpaHH~9HHH. 
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I. B03MO}[H}lE IIPM.JfOmrnH 3JIEKTFOHHO-KOJI1UEBhiX YCTPOMCTB. 
KOHKpeTHHe 3Ha'1ei-HIJ-I Hapa.MeTpOB KOJI8I(, ~m:rypiipyronme B paCCMa.TpH

BaeMHX HIDKe ITpiiMep; Bht6Hpa..JIHCL MCXO,mi H3 Tpe60BaHHH cpoKycrrpOBIW H 

YCTOH'IHBOCTH KOJiei( f/ (B rrepByro O'Iepe~ - OTHOCHT8JILHO 8JI8KTpOH

-HOHHOH ,II;HITOJILHOM HeyCTOH'tilffiOCTH - "3MefiKa") , a He H3 ,IJ;OCTHrHyTHX 

K HaCTOm.I.l8MY MOM8HTy rrpaKS'I1'18CKHX pesyJILTaTOB. 

YcJIOBHJ-I ycTOM'IHBOCTH MoryT 6HTL san:vrcaHH B BII,n;e 

/;, A/ J -fj' :::::::;t' <.I 
-IVe"'~tO · ~~ 
0 az. (I .I) 

r,n;e t-;, - 60JILIIIOH pa.neyc KOJILI(a, Ci.. - pa,IUIYC C8'18HJ!I.H.,0 - peMTH-

BllCTCKHH cpa.KTOp 8JI8KTpOHOil. 

YcJIOBHe ycTOfi'IRBOCTH OTHOCHT8JILHO 8wcp8KTa OTpHI(aTeJI:OHOH MaCCH 

( CaM06aH'1HpOBKH) HMeeT BH.1( (I. I) c Z paBHHM MaKCHMa..JILHOMY sHa'Ie

HHIO OTHOIII8Hll.ff MO,IJ;yJI.ff TaR Ha3HBaeMOrO ITpO,IJ;OJILHOrO llMIT8,IJ;aHCa CB.fi3ll, 

B3.fiTOrO B e,IJ;HHHI(ax I20.?T OM, K HOMepy a3HMy-TaJILHOH rapMOHHKH. B CJIY

-qae .n;HITOJILHHX aJieKTpoH -HOHHHX IWJie6aHHii 7? .fiBMeTc.fi WYHKD;Hefi ci>a.K-

. TOpa sapa,n;OBOH HefiTpa.Jm3aiJ;HII, napa.MeTpa sarpy3KH ( OTHOII18Hll.fi ITOJIHhtX 

Ma.CC HOHOB H 8JI8KTp0HOB KOJILI(a) .II ITOKa3aTeJI.ff cna,n;a MarHHTHOrO rro;r/riJ 

ll3 COOTHOIII8Hll.ff (I.I) CJie,n;yroT saKOHH ITO,IJ;06HR, llCITOJIL3yeMHe B 

,n;a.rr:oHemueM. 

I,I. YcKopeHHe HOHOB no Hll3RHX 8HeprHfi. 

06JiacT:o rrpHMeHemm noHoB c aHeprnRMH "'I -r 20 MaB/HyKJioH -qpes-

BH'tlafi:Ho Illllp0Ka ll o6meH3B8CTHa /
2 

' 3/ (IIMITJiaHTai(ll.fi, ITOBepXHOCTHM 06-

pa60TKa MaTepHaJIOB, cpMJILT])ht H T. ,n;.). Ha.u6oJiee HHTepeCHHe IIp06JieMht -

- CHHT83 CBepXT.fi1K8JI1IX 8JI8M8HTOB H 8JI8KTpOR,IJ;epHilli 6pHq}HHr C llCIIOJIL30-

BaHHeM IIJ't{Ka ,n;ell:TpOHOB. 

Bo BCeX CJIY'Ia.fiX Tpe6:reTC.fi B03MOiKHO 60JILIIIM HHT8HCHBHOCTL IIJ't{

ROB ll MaKCHMaJILHHH K.rr.,n;. yCKOpHTeJI.fi (sa HCitiTI0'18Hll8M pa3Be 'ITO ycTa

HOBKH .IT,.7IJ-I 8KCIT8pHM8HTOB ITO CllHTesy HOBhtX 8JI8M8HTOB). YCI{OpeHHe B 

aJiei{TpOHHblX KoJIL:o;ax rrpe,n;ooTaBJIJieT ,IT,Jm aToro YHHKaJILHYIO B03MOiKHOCTL 

cpe,n;H.ff.fi HHT8HCHBHOCTL ,IJ;a1Kt3 IIP,ll B8C:OMa CKp01VIH1IX napa.MeTpax ROJiei(, 3a

JI01K8HHI1X B rrpoeRT KYT.li-20 137 , oKasHBaeTc.fi Bhtiiie, 'tleM B IJ,HR.JIOTpoHax 

H JIHH8IDibiX ycKOpHTeJI.fiX, a rJiaBHOe - I1M88TC.fi CIT8:0:ll\Pll'18CKHH ,IT,JI.fi KOJieTI; 

CITOC06 ycKopeHHR B CIIa,IJ;a~~eM CTaTH'ti8CROM MarHHTHOM IIOJie, II03BOJI.fiiO

nniH ,IJ;OCTll'tiL BHCOKOro K.II •• J;. 

Eme Ha O,n;HH - ,IJ;Ba rro:;;>JI,IJ;Ka llHT8HCHBHOCTL HOHHOrO ITJ't{Ka MOJiteT 

6HTL YB8JIH'ti8Ha rrpH MHOro:{r;THOM HCITOJIL30BaHIIH 8JI8KTpOHH1IX KOJI8I( 

rro cxeMe, rrpe,n;JioJiteHHoii B /I (eM. prrc.I). 



PIIc. I. CxeMa 'IeJTIIo'llwro ycRop:rrTe.:rr.q: I - reHepaTop s.JieKTpOIIHHX 

KOJI8D;, 2 - n 3c:JI O.li\li.TI;aHIIJin , B ROTOpoM IIpOliCXO.IJ;IIT Ha....~OIT

JI8HII8 H OO,I!;IIpi:a IIOHOB, 3. - CTapTOBEe BITTKI!, 4 - C0~118-

HOII.IJ;, 5 - BHT1:H I! 6 - 8MROCTI! HCKYCCTB8HHOH 3aM8,Ii;.JIF.UJ

meii .:lTIIHIDI, BO::mpamarome:li KOJioD;O B HCXO.TI;HOe COCTO..cm:re 

ITOCJI8 pa3,IJ;9JI8HIIJI 8.JI9RTpOHOB H HOHOB B IIO.JI8 OTpaiKa.IOII.tillC 

BHTKOB 7 , 8 -- .II;OIIOJTIU!T8JI:bH1I9 8Kpmi1I "6eJurq:oe KOJI6CO", 

9 - BaKYYMfirui Tpy6Ka C 8Hif30TpoiiHO - ITpOBO.II;.fiiiUIM IIOKpll-

. THeM. 
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0TMeTHM S~eo:o oymeOTBeHHH€ MOMeHTH, Ha ROTOpHX B 8TOM paOOTe He OH
~0 SaOOTpeHO BHHMaHHe. 

I) Tioo~e o6pooa HOHOE RO~:O~O B03BpamaeTOfl B llOXO~HOe OOOTOHHHe 
ITO~ ~eHOTBHeM TOROBOro llMily~:ooa B MORYOOTBeHHOH ~HUll sa~ePJKRll , B 

ITO~OM aHfOrHll 0 pa60TOH "BHOOROWJ!RJIH'tffiOrO ROMIIpeooopa" s~eRTpOH

HHX IW~eu 5/. llpll 8TOM MOJKeT ITOita.SaT:&Ofl, "t!TO ITOBTOpHM Haita"t!Ra 

SHeprHH B y;Ke llOITO~SOBaHHOe RO~:OUO HH"t!ero He ~aeT ITO OpaBHeHlliO 0 

~OpMllpOBaHHeM HOBOrO RO~:&Da - H TO H ~pyroe Tpe6yeT pa60TH HMIIY~:OO

HOH OHOTeMH 0 O~HHaROBOH ~aOTOTOH. O~aRO, ITOORO~:&Ry saTpa"t!eHHM Ha 

YOROpeHliie HOHOB 8Heprn.rr H€ MOJKeT ITpeBHOHT:O ~ 50% OT ITepBOHa"t!~HO 
sarraoeHHOH B RO~:&Ue BO~e~OTBHe pe3ROrO OHUJKeHHH ~OrryOTliiMOrO Te~ma 

YOROpeHH.fi *), R.IT.~. O~OiaSOBOH OX8M1I ~e ORaSHBaeTO.fi HIUKe. BO-BTO

pHX, ITpll BOSBpameHHll RO~:&Da "MarHHTHI:lli ITOpmeH:o" ~O~eH OOBepmaT:O pa-

6oTy ITpOTHB oymeOTBeHHO M€H:&mero rpa,II,H8HTa OTaTH"t!8CI{OrO ITOM, "t!eiVI 

B ROMIIpeooope, ll 8TO IT03BOM8T ITO~T:O 6o~ee ITO~yro ITepeRa"t!Ry SHe~ 

nrn H3 ~HH B RO~:OUO. TIOH.fiT:O 8TO ITOMOraiOT O~e~yiOIIUie ITpOOTHe 0006pa

JR:eHll.fi, ITO~TBe~aeMHe 6o~ee oTpornM aH~soM. ToRH B ~m1 ~roTo.rr 

oyrreprr03HUIIeH TOROB, H~yu~pye~ ~HJKymHMOfl KO~:OUOM H BOSO~aeMUX 
reHepa.TopoM., IOOJ~ - sr ITepE,n;a-qa aHeprllll oy,n;eT nMeT:o MeoTo, eo~ Ko~:o

uo ITO~HOOT:&IO raouT ourHM, n~ymu:n OT reHepaTopa. HeTpy~o ymr,n;eT:o, 

"t!TO ,n;eHOTByiOiqM ITpH 8TOM Ea KO~UO OHJia paBHa ITO Be~WIIDie (II ITpOTHBO 
ITO~OJKHa ITO Haiipa.MeHHIO) or:~e TOpMOJKeHII.fi, ROTOpOe RO~:OUO IICITHTHBMO 

6H B OTOJTOTBIIe OllrHMa 01' reHepaTOpa. nan:oHeHlliee ITOBHmeHIIe ,IJ;eHOTBYK 

meii Ha KO~:O~O Oil~ HellSOe~RO OOITpaJKeHO 0 ITpDIIrplillieM B R.IT.,n;. 

'tfuo~O "Ra"t!aHMH" O~OI10 RO~~a orpaHH"t!eHO, B OOHOBHOM, ero paso
rpeBOM ITpll oopooe HOHOB. X,M JMeH:omeHH.rr ORa"t!Ra "t!aOTOTH RO~e6aHHH 
s~eRTpOHOB ITPH oeiTapaunn r:peMo~araeToH uoiTo~:osoBaT:o 8I{paHLI "6~ti:oe 
RO~eoo" (pno.I , rr.8). Tip:v rrpoBe,n;eHHM 'tlllc~eHHHX pac"tieTOB 141, pesyJIL 

TaTH KOTOpbiX IIORa3aHH Ha pno.2 ,paOCTO.H:HHe ~0 8RpaHOB O"t!HTMOO:O He

I13M8HHblM. Ol!eBn,n;Ho, 'ITO ee:~ o6JIHJKaT:o SRpaHH TaR, '!T06H YBeJIWieHue 

HX woRycnp~omero ,n;efioTBMH KOMIIeHcnpoBaJIO OHHJKeHne HOHHOH woRyoHpoB-

*) }10IT0~:030BaHUe BizyTpeHHOrO OOJieHOH,IJ;a, OOS~aromero ,II;OITOJIHHTe~HI:lli 
MarHHTmill: ITOTOK / 6/, ITOSBO~~O 6a SaMe,n;JlliT:O rra,n;eHIIe YCKOPffiOiqeif OHJIH 

RO~Ua H ,n;o6HT:OOfl 60JI1meii ITepe,n;a'lli 8Heprnn HOHaM. HeHOHO, O~aRO, 
RaR o6eoiTe'!HT:& MeXaHH'!eoR:no ITpOliHOOT:o u Rperr~eHHe TaRoro co~eHon,n;a 

ITpn ,IT,JIIDie IO + 20 M. 
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Pile. 2. Heo6paTnMoe :y"Be.mr"tieHHe a:rw:vraJI&Horo pasMepa sJieKTpoHHo

ro KO.JIOD;a II];lli cerrapauiiTI. CIIJIOII1Ha.ff Kpi1:BM - cKa'tiKOOO:pa3-

HOe H3M8H6Hil€ :Mar:m:ITHOrO IIOJI.f.[, :rryHKTllpHM - OIITHMa.JII:,HaJ 
remvreTpiDI Mar:m:rTHoro noM. ApryMeHT f> = G..f ( A/.9Tit ) 2 

1 

~ - WaRTOJ 3a~OBOll H8HTpaJIH3auuH, ~ - pa.CCTOHHHE 

Me)K,lzy' 3RpaHarru. 
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.KH ITO Mepe OT,TI;8JI8HIIJI HOHOB OT KO.JffiiJ;a, TO M0.1KHO 3Ha'UIT8JffiHO YM8H:b
I.Ill1T:b "BoTpJioKy" aJieKTpOHOB n yBe.Jm'll!TI> ;n;orryoTnMoe 1II1:0JIO Kai.!aHII:Li. 

~ TOro, i.!TOOH i.!aOTOTa aKOHaJI:bHHX KOJI86aHHH 3JI8KTpOHOB He IIa,TI;aJia 
pe3KO IIpll o6paTHOM ,TI;BII~8HHII OT MarHIITHOll rrpo6KYI (003,TI;aBa8MOH BIIT

Ra.MH 7, pno. I) , OTpaJKem1e ;n;oJDKH06HTI> HeyrrpyriiM, i.!TO IviOJKHO ;n;ooTII'II> 

BH60pOM TOJimHHH II ITpOBO;n;JIMOOTM 8KpaHOB. 

3) IIpn rrpoBe;n;eHHII 'IMOJieHHHX on;euor~ B I 41 sa ooHoBy 6H.Jm B3JITH 

s~i'IeHMJI rraparvreTpOB aJieKTpOHHHX KOJien;, 3aJIO~eHH~e B rrpoeKT KYTM-20 
13 • O;n;HaKO 8TJii 3Ha'I8HMJI orrpe;n;eJieHH rrpiiHJITHM B 131 onooo60M wopvm

pOBami.H ROJI8Il;, a He IC8.KIIMH-Jm60 ci!YH,TI;aM8HTaJI])H1IlVIH orpaHI1:'!8HI1.f!MH. 

TaR, yoJIOBRH·YOTOM1II1:BOOTM (I.I) ;n;orryoRaiDT YB8JIII'IeHIIe 'IIIOJia aJieRT

poHOB Ne rrpn O;n;HOBp8M8HHOivi YJ38.7m'I8HIIIIJ: pa.;n;nyoa ROJII>IJ;a fO 11 OTHO

III8HMJI MaJioro pasMepa K pa,n;Hyoy a.;r; RaR t;; Nf1/J; ~~'f/.l, eo.Jm 

WMRonpoBa.Ha aueprn.a: aJieKTpOHOB, HJIH RaK IO"'a.//Q ,v He"/~ , eo.Jm WHR-

onpoBaHa Han~eHHOOTI> MarHIITHoro rroJI.H. ITpn aToM ;n;ooTnraeTo.a:: 

a) YB8JIH'leHne HHTeHOHBHOOTH uoHHoro ITy'!Ka ( N' #e ) ; 
6) OOJia6JI8HII8 a600JIKTH1IX ,TI;OIIYOKOB Ha TO'IHOOT:b II3rOTOBJI8HIIJI II 

YOTaHOBRH Y3JIOB yorwpUT8J1J1 (;n;o I.;-2 MM rrpn ~ = Ioi4) ; 
B) YM8H:bill8HH8 MHOrORpaTHOfO pa008J1HUJ1 8JI8RTpOHOB Ha HOHax 

BOJI8,Il;OTBII8 0~8HII.H ITJIOTHOOTH; 
r) OH~8HII8 ITOT8p:b Ha OIIHXpOTpOHHOe H3JIY'!8HH8 (B rrepBOM OJIY

-qae) ; 

;n;) BO BTOpOM OJiy-qae - YJ38Jm'18ID.I8 y;n;ePJKl!BalUI.\8H MOHH OHJIH II, 

OOOTB8TOTB8HHO, YM8H:bill8Hl1 e ,Il.JTIIHH YOKOpilT8JI.H KaR ~ -~" • 
ITpiiBe,TI;eM B03M0.1KHH8 TiapaM8Tp1I yoROpiiT8JIJI MOHOB ypaHa Ha 8H8p

rnro 20 MaB/H~~oH: 
1fiiOJIO 8JI8RTp0HOB B ROJI:bll;8 

3HeprHJI 8JI8RTp0HOB ,lJ,O yoRopeHII.H UOHOB 

Hai.!aJII>HHfi pa;n;nyo KOJ.:Ln;a 

Harr~eHHOoT::o MarHM'IHoro rroJIJI Ha 

Ha'!aJI::OHOM yi.!aOTK8 

0THOIII8HI18 pa;n;Myoa OE'I8Hll.H R 60JII>IIIOMY 

~ = Ioi4 
Cu, = I 5 MaB 

f"~ = 8 OM 

B,;, = 6, 4 RI'o 

pa.;LJ;Hyoy 
~OJIO MOHOB ypaHa B ROJI:bll;8 

~aKTOp 3aPff,I!;OBOH HetTpa.JIJii3aJJ;I'il1 

,IL.m!Ha yoRopeHMJI 

t'l,';. fru. = o ,I 
Nc" = I,65·Ioii 

(rrpM Z/A = 0, 08) .f = 3% 
t =30M 

KoaWlJIIn;neHT rrepe;n;a'!I:: aHeprnn JiiOHaM 

KoHe'!HHii pa;n;Myo ROJIUJ;a 

f = 0,5 
IJ = I6 OM 
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IIo,u;-crepRH8M, 1!TO 3aROH CIIa,TI;13.fU!.fi MarHMTHOrO IIOJI.ff I1, COOTB8TCTB8HHO, 

~a YCROpeHM.fi BH6paHH C f1!8TOM II~8HI1.ff y,u;epxrnBa~eM MOHH C~H ITO 

Mepe paciiiMpeHH.fi ROJI:&u;a. ITO,JROJI:&Ry )J,JJJI ,TI;OCTIDK8HH.ff sapJI.IUIOCTH HOHOB 

ypaHa 2 = I8 + I9 Tpe6y-eTc.rr BpeMFI ,6 I Mcer~, B03MOJKHa HHTeHcHB

HOCT:& HOHHOro IIy-crRa Ha BHX),TI;e ~ I,5•IOI4 .ff,TI;ep/ceR. 

B c~ae JierRMx aJieMeHTOB ,u;ocTH~Ma cymecTBeHHO 6oJI:&illa.fi HHTeH

CHBHOCT:&. PaCCMOTpiDII B I~aqecTBe IIpMMepa YCROpemre ,TI;8MTp0HOB ,TI;O 8Hep

rklH 40 MaB : 

liHCJIO 8JI8RTpOHOB B ROJI:biJ;8 "'= IQI4 

3Heprn.ff aJieRTpoHoB ,u;o ycRopeHMfl C:~ = I5 MaB 

HatiaJI:bHIDI p~yc ROJILu;a r"" = IO CM 

0THOrneHHe MaJioro pa,Il;llyca R 6o.J.IDrnoMJ q~ 1 r,-, = 0, 2 

llncJio .u;ei1:TpOHOB B Ro~r,u;e AI· = 2·IOI3 t_ c 
~Ha ycRopeHHH = I2,5 M 

Koa@JHUM8HT rrepe,u;a-crH aHeprHH ?!.. = 0,5 

KOH81!H:IDi pa,TI;Hyc ROJILD,a Tf = 20 CM 

B COOTBeTCTBMH C yrrpomeHHbM pactiSTOM (pHc.3) B03MOJKHO 100 - RpaTHOe 

ncrroJIL30Bamre Ra.JIQJ;oro Rom.u;a. IIpH qacTOTe cpa6aTHBaHIUI reHepaTopa 
• 

8JI8RTPOHHhiX ROJI8IJ; 100 I1J; I:OJiy-qMM HHTerpaJILHYIO HHT8HCHBHOCTL 

2•!0!? ,u;ef1:TpOI·WB/CeR. HaiiOMHUM, "CITO B COOTB8TCTBUH CO C,TI;8JiaHHHM 

B1ITII8 3a.M81!aHH8M (2), IIp8,TI;El.JI:bHM HHT8HCHBHOCTL B ,TI;8MCTBHT8JThHOCTH 

MOJK8T 6HTL ropa3,TI;O 60JI:bill8 ( ~ I018). B COOTB8TCTBMH JK8 C 3aM81!aHH8M 

(I) MOJKHO Ha,TI;8.fiTC.fi Ha BHCORHM R.II.,TI;. ycTpoMCTBa, 1!TO II03BOJIHJIO 6U 
ero rrpoMNmlleHHoe rrpMMeHeHne ,TI;Jifl aJieRTpo6pH,TI;HHra fl,TI;epHoro roproqero. 

I .2. Ycrwpem1:e HOHOB .uo cpem:mx aHeprHi1: ( ,..., 200 MaB/HyRJioH). 

Kpyr BOIIpOCOB, ;rr,JI.ff p13ill8HHfl ROTOpHX H806XO,IU!MH I1:HT8HCHBHH8 rryq

ID! HOHOB cpe,TI;HHX 8HeprHM, CO BC8M IIOJIHOTOll OCBemeH B / 3/. 3,U8C:b 

yrroMriHeM JII1:ill:b IIOHCR <J?a30B::DC rrepeXO,TI;OB B H,II;8pHOM BemecTB8, cymeCTBO~ 

Ba.HH8 ROTOpHX OTRpHBaJIO 6:l HOBble ropH30HThl B fl,TI;8pHofi T8XHUIW, a 

TaiOKe HccJie.u;oBamre MYJILTlEieliTpOHHhTX cncTeMQ 

,UJI.ff ,TI;OCTU.iK8HHfl TaKHX 9Hepriill rrpe,TI;JI01K8HH CIIOC061I YCKOp8HYI.fi 

9JI8KTpOH-HOHHliX ROJI8IJ; B 

I) BucoRotiaCTOTHhiX r;esoHaTopax /7/ ; 
2) HHmrrnnroHHhiX cemrvrmc 131 · 

A.J .......... /8/' 
3) CITHpaJI:bHOM BOJifiOEO,TI;8 • 
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IIpo:u;ecc ycRopeH:vr.rr B TaRHx cTpyi\Typax :vrccJie;rr;oBaH He;rr;ocTaTO"tiHO *) ,. :vr 

BOIIpOC 0 BLI60pe OIITUMaJI:OHOll OCTaeTCB: OTI\pb!TLIM, 

Ha"tlan:OHHH Te~rn JCROp8HHB: ~.8: IIpHBe;rr;eHHLIX B rrpe;rr;~ymeM IIO;rr;rryHR

T8 rrapalV!eTpoB ycRop:M:TeJIB: IWHOB ypaHa paBeH I, 35 MaB/eyKJ.IoH/M. O;rr;Ha

RO BBH;rr;y MaJIOll ,rr;OCTH~MOH "tiaCTOTbi cpa6aTHBaHHB: reHepaTOpa 8JI8RTpOH

HIDC ROJie:u; H JCROPB:!Oln8H CHCT8MLI (50 .;- IOO r:u;) , Bpm&r, saTpa"tiMBaeMoe 

Ha 06;rr;HpRJ HOHOB H, CJie,rr;oBaT8JI:OHO, OTHOill8HH8 ~;'~ , OIIpe;rr;eAB:ID~ee 
;rr;orrycTHMHft TeMII ycRopeH:vr.rr, MoryT 6uT:o sHa~rTeJI:oHo JB8JIH"tl8HLI, TaR 

't!TO BIIOJIH8 peaJieH T8MII fCROp8HHB: 2 i- 3 MaB/HyK.JIOH/M , a HHT8HCHB

HOCT:& IIytma ypaHa 'V IO 3 ff,TI;ep/ceR. 8TH :u;:vrtl}pL! Ha IVIHOrO IIOpJI,Il;IWB 

rrpeBOCXO,If..ffT TO, 't!TO MOJK8T 6LIT:O IIOJiyqeHO IIp.f.llV!LIM YCROp8Hn8M UOHOB, 

I.3. ITo~eHHe roJIHX gnep T~eJILIX aJieMeHTOB - rrpe;rr;cTaBJIB:eT 

IDITepec C TO"tiRH Sp8HHB: IIpOB8pllli RBaHTOBOH 8JI8RTpO,IUmaMUIDI B 06JiaCTH 
CBepXCHJI:OHHX 8JI8RTpH'ti8CRHX ITOJI8H /I, 3/, ~ IIOJIHOH 06;rr;HpKIT TB:JKeJIIDC 

8JI8M8HTOB Tpe6yeTCB: SHa'tl8H0:8 rrapaMeTpa he T: , r;rr;e h~ - IIJIOTHOCT:& 

8JI8RTpOHOB, rr - BpeNlfi 8RCITOSHJJ;riH' rrop.rr,rr;Ra he z: = 5. Ioi2 . Y;rr;ePJKB.

HHe B T81!8HH8 Bp8M8HH T ;:_ 0, I C 8R COIIp.FIJK8HO C ~OM Tpy,rr;Hoperna8lVLHX 

rrpo6JieM /I/ - Tpe6yeTCB: Bh!COIDIH .:3ai{JYM ~ < Io-I Topp rrpn ,rr;OCTMrHY

TOM HHH8 ;o > IQ-8 Topp) ;rr;nH rrpe;rr;OTBpameHHB: rrepesapg;rr;RH HOHOB Ha 

OCTaTO"tiHOM rase ; JM8H:Oill8HI18 8HeprHH 8JI8RTpOHOB Ha CIIHXpOTpOHH08 

HS.nytl8HII8 ;rr;e.rraeT rrpo6JieMaTH"tiHOH YCTOWIUBOCT:O ROJI:OIJ;a OTHOCHT8JI:OHO 

ROrepeHTHLIX BOSMJm8HHH, BOSMO~Oe peill8HH8 rrpo6JI8ML! BH.II;IITCB: B ITOJIJ'tl8~ 

HHH Ma.RCHMaJI:OHHX IIJIOTHOCT8H 8JI8RTpOHOB he , BHIIOJIH8IDUI Tp860Ba.Hidi 

ROrepeHTHOH ycTOti"t!HBOCTH sa C"tieT BUCOROH RHH9TH"tl9CROH 8HeprHH 8JI9RT

pOHOB H KOMIT9HCaJJ;rHI IIOT8p:O Ha CllHXpOTpOHH08 liSJiyq8HH8 HaJIOJK8HI18M 

MOmHOro B~ - IIOJIB:, 

ITpHBe;rr;eM BOSMO~uH Ha6op rrapaMeTpOB, B1!6paHHHM C yqeTOM Tpe6o

BaHHM ycTOM"tiHBOCTH 8JI8RTpOH-llOHHLIX .II;HITOJI:OHHX ROJie6aHHM B ITOJie C Ma

JIHM ITORa.SaT8JI8M crra,na H aSlilV!YTa.JI:OHOM MO.II;JJIB:D;liH ROJI:OIJ;a IIpH MaRCIDJiaJI:O

HOM rrpo;rr;oJI:OHOM :vrMITe;rr;aHce /I/ / Et /! J ,.~x = 40 OM : 
~CJIO 8JI8RTp0HOB ~ = IOI4 

J30JI:Oill0H pa,n:vryc ROJI:O:o;a t;, = 4 CM 

*) ITpOCTOH rrp:vr6JIHJKeHHHM METO.II; aHa.JIHSa BSaHMO;rr;eHCTBHB: HepeJIRTHBHCTCRH 

;rr;BH~eroc.rr ROJI:OIJ;a C pa,II;H8~HU1~ JIHHH~I, ITpHrO.II;HHH RaR B CJI~ae HH
;rr;yRIJ;HOHHHX C8R:o;HH, TaR M I CJIY1Ia8 peSOHaTOpoB, ITpHB8.II;8H B / 9 ,IO/ • 
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ManHfi p~c KO~nua 
MOTHOCTb 8~8ItTpOHOB 

3Heprii.F.I: 8~8KTpOHOB 

liH.I(yKUI'f.F.I: MarHHTHOrO TIO~.ff 

~aKTOp He.iTpa.Jmsaunn rrpn 2/A = 

liHTerp~bHa.FI MOmHOCTb ITOT8pb Ha 

0,4 

ne 
c 
8 
:1 

tZ.. = I,8 MlVI 

= 4·Io13 CM-3· 

= 60 MaB 

= 5 T~ 

= 5·Io-3 

cmrxpoTpOHHoe ns~yg:eHHe liV = 0, 54 fvffiT 

norrycTMMHH T8MI1 YCKOJ8HII.ff 20 MaB/HyKnOH•M 

Tpe6yeMoe sHa~eHne he~ ~ocTnraeTcR sa Bperdff ~ = O,I ceK, 

~TO ~orrycKaeT qacTOTY c~e~OBaHII.ff IO ru H IIHT8HCHBHOCTb rryg:Ka ~ep, 

~ep, HaiTpMMep, KC8HOHa, ~ IOII C8R-I , 

3aM8T~I, ~TO 6aH~pOEKa 8~8KT]OHOB BH8illHHM B~ - I10~8M ITOBHIDaeT 

rrpo~~bH~O ycTOH~BOCTb RO~bUa /II7, TaR ~TO ~orrycTMMa, ITO-B~HMOMy, 
II 60~88 HHSRa.FI 8Heprii.ff 8~ERTpOHOB, 

I .4, 3.n:eRTpOH - H8MTJ>OHHoe pacce.F.I:Hrre. 

Ko~bua c rrpnBe~eHHID!ffi B rrpe,TIJ>I,nyn~eM rryHRTe rrapaMeTpaMH rrpe.n;o

CT~IDT ~ro60ITHTHYID BOSMO~ROCTb IICC~8~0BaHM.ff ITpHMOrO 8~8RTpOH-H8MT

pOHHOrO BSaiiM0~8HCTBHR /It:./. TeiVIOBI:ii8 H8:f:tTpOHH MS HMIIY~CHOrO peaK

TOpa , ~aromero ITOTOR ~ ICI7HefiTpOHOB/cr~•C8R B HMITY~bC8 ~HT8~bHO
CTbiD I00 MRC8K, ITpli pacce.EHliM Ha HliX Y~TpapeMTHBliCTCRMX 8~8ItTpO

HOB rrpuoopeTaroT aHeprnro ~c, 8 IviaB n MoryT OHTn .n;ocTaTo•mo sqx]era'HBHO 

saperi1:CTplipOBaH1I ITO ITOpOrC,BID.1 H.,I1;8pH1IM p8a.KIJ;J:'LffM. llpH C8~8HHM BSaliM0-

~8HCTBID! d~/,/Q = 5'ICI-32 cM2/cTepa.n; 1ITIIC~O paCC8RHHHX H8:i1:Tp0HOE 

cocTaBI1:T "'-' IO He:f:iTpOHOB/c~·epa.n sa r-:rivrrry~bc, ~To Bno~e ~ocTaToqHo 

,IJ.JISI llpOB8~8Hli.ff 8RCIT8pHM8H~'a, 

I, 5, 1krro~sOBaHMe rEmepaTopoB a~eRTpOHHHX RO~eu RaR yciwpnTe

~eii 8JI8RTpOHOB, 

reHepaTOphl 8JI8RTpOHHIIX IWJI8U, 0 IWTOpHX IIO,Il;p00H88 IIOM8T peqb 

B C~8~yiDII.l8M pas~e~e, RBJI.ffDTC.ff aJI:OT8pHaTIIBOH JTI1Y H 6eTaTpOHruJI, YcTy

IIaff JlliY no HHT8HCMBHOCTH (. peROP.IUIHM rrapaMeTpaM ymwpuTeM ATA : ~c

~o aJieRTpoHoB B IDJIIIy~:oce .~-Ye ~ 3·roi5 rrpu aHepruii 50 MaB :vr cpe.IJ,Heli 

qacTOT8 c~e~OBaHH.ff ~0 50 Ill; ) , OHH IIM8IDT CpaBHIIMJ:ill: ~ ~aJite 6o~ee 

BhlCORMH R.II.~., o6ecrre~BaiDT ~yqmyiO MOH08HepreTII~OCT:O, a r~aBH08 

- MM8IDT H8CpaBHHMO M8H:OlliM!~ ra6apHTH. ITO cpaBH8HHID C 6eTaTpOHruJIH OHH 

rrpourpHBaiDT B ROMIIaRTHOCTH, HO MOryT 068CI18~T:O CJm8CTB8HHO 00~88 
Bl1COKH8 K. II.~. 11 UH~~O<~T:O, KOHe~yro 8HeprMIO 8~8RTpOHOB I1 HX 'IllC

~0. CMemeHMe RO~:oua rrpu y,:mopeHnn o6~er~aeT BhlBO.n; a~eitTpOHOB HS 
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YCTpOHCTBa ; (HarrpMMep, BOSM0~8H BilBO~ 8~8RTpOHOB B~O~b OCH sa c~eT 
nepeBO~a aSMMYTa..JibHOH CRO:fOCTI1 B npO~O~HyiO, He Tpe6yromn:fl HURaRHX 

~OliO~I1T8~bHHX ycTpOHCTB). KpoMe 8TOro, OHO ITOSBOAH8T BBO~HTb 8~8RT

p0HH BO BSaHMO~eficTBne c :r:as~~~m cTpyRTyp~m (oH~y~RTOpaMH, ~

WPaRUMOHHHMM pemeTRaMH) ~rnb rroc~e Toro, RaR ~ocTnrHyTa ROHe~aa 
aHeprnR, :as6eraa TeM ca.MHM rrpejK,I!;eBpeMeHHoro yxy~rneHMR rrapa.MeTpoB 

KO~bii;a. 

reHepaTOpH 8~8RTpOHHHX R0~8II; CITOC06HH pelllHTb 60~ill08 ~IC~O 

BalliHHX HapO~OXOSRMCTB8HHHX S~a~, ~ ROTOpHX cefi~ac ITpMM8HRIOT 6e
TaTpOHH n ~HefiHue pesoHaHCHHe ycRopnTe~ - paspyrneHne ropHHX rropo~, 

raMMa H p8HTr8HOrpaWMR, ~8SHHC8KII;MR C~bCROXOS.f!llCTB8HHHX ITpO~yKTOB, 

o6essap~BaHI18 CTO~HX BC~, T8XHO~OrHR MaTepnanOB, reH8paii;HR H8llT

pOHOB n T.~. BecbMa HHTepEcHofi rrpe~cT~eTCR BOSMO~OCTb cos~aHMH 
KO~II;8BHX ~sepOB Ha CB06C~HX 8~8RTpOHax /!3 ,!4/ M reHepaTOpOB 

~WPaRII;MOHHOrO HS~yqeHMR. 0TM8TMM O~eB~He rrp8MMYm8CTBa MCITO~bSOBa

HMR RO~eii; BM8CTO ~MH8MHHX ITyqROB: 3Ha~Te~bHO ~er~e ocymecTBMTb pe

JKH:M reHepaii;MM, a He YCM8EMR ; cymeCTB8HHO 60~blllee BpeMH BSaliMO~efi

CTBMR IIOSBOM8T reHepHpOBf.Tb 60Jiee I\:OpOTROBO~OB08 I13~yr!8HI18 683 
• 

YM8Hblll8HITR R.n.~. ; BOSMO~Eo sHa~Te~Hoe YB8JTI1~eHne ~~Te~HocTrr 

CHrHana sa CtieT BHCORO~aC'l'OTHOii ITO~Ra't!KU 8HeprMM B RO~bii;O • 

I.6. ATOMHaH WHSMRa. 

llcc~e~oBaHMR B o6~ac'J'M wnsnRH aTOMOB n MOHOB, ROTOpHe MoryT 

6HTb ocymecT~8HH C ITOMOi,IO 8JI8RTpOHHHX R0~8II; ~~e YM8p8HHOH MHT8H

CMBHOCTH, 06C~8HH B / 3 . 3~8Cb ~e OTM8THM rrpe~0~8HH08 B pa6oT61 51 

YCIWp8HI18 BCTp8~HHX llOHHhiX ITyqKOB B C~MaiOmiiXCR 8~8KTpOHHHX KO~II;ax. 

IIpn ROHe~HX sHa~eHHRX rral)aMeTpOB RO~e:o;, rrpnBe~eHHHX B rr. I. 3 , ~o
CT~MH CB8TMMOCTU ~ !0.32 CM-2 • C8K-I ITpH 8HeprHH CTO~OB8Hlifl ~0 
COT8H KaB/Hy~oH. 

I. 7. @opwrpoBaHHe UOHHHX RO~eu. 

B HaCTOH.ll{88 Bper.m: aK'rHBHO paspa6aTHBaiOTCR CITOC06H WOpMHpoBaHHR 

HHT8HCMBHHX MOHHHX KO~e:o; :~c~O HOHOB ~0 IOI? ) ~ yiTpaBAH8MOrO 

TepMo~epHoro cnHTesa /I6;~· IIpe~~o~eHo HecRO~Ro cxeM YTC c ncrro~
soBaHHeM llOHHHX KO~eu /I)/, HaH6o~ee HHT8p8CHOH rro-rrpe~eMY rrpe~
CTaBM8TC.f! H~8R "AcTpoHa". 3KCIT8pHM8HTanbHO YJK8 IT0~8Hhi ITpOTOHHHe 

KO~bua, o6pamaiOIIUre MariDIT:Joe rro~e n rrpnro.n;HHe, c~e.n;oBaTe~Ho, ,Ir.JI.f! 

y.n;ep.m.a.ImH: TepMo~epHoli rr~a.sMH. OcHOBHOH s~a-qefi .HBMeTc.f! YB8~'Ie

rme Bp8M8HH JKHSHH TaKHX R::>~eii;, ROTOpoe, rrpn Ha.Jll'I~HH MOTHOM II~aSMbi, 
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orpa.IDPIHB8.8TC.ff MHOrOKp8.THbM paCC8.ffi·U:I8M IIpOTOHOB M pa3BHTH8M IW~eK

TliBHhtX HeycToiitrn:BOCTeii. IIc'BlWHT:o ycTofitrn:BOCT:O KOJieu n CHH3MT:O pa.c

ceRHne IIpoTOHOB MOJKHO 38. C '!eT C~8CTB8HHOrO y:B8Jilft-I8HM.ff HX ::mepTI:IH 

(;n;o IOO MsB M 6oJiee) • IIocJ:e;n;yromM IWMIIpeccrm II03BOJrn:T IIOJiy'UIT:O pe

:Bepc IIpi1 M8H:OIIIIIX TOKax KOJ:eu;, 'ITO TaiOKe IIOB1ICHT 11X YCTOM'!HBOCT:O. 

Ta.KHM o6pa30M M8TO,Il;1I ~OpMI1J!OB8.Hl:I.ff 8JI8I<TpOHHhlX KOJI8U, 0 KOTOpbiX 

rroll,IJ;eT pe'!:O HIDK8, MOryT IIOMO'!:O peiiiMT:O Ilp00JI8J.VIY YTC, ecJrn: y;n;aCTC.ff 

;n;oBeCTH SHeprom\.Jin,u; B I{OJil>UO ;n;o ypOBHJI > I NUI,JK. 
CY1VflVIITPY.ff cKa.3a.HHoe, r<IOJKHO c,rr;eJiaT:o BhiBO.U, 'ITO sJieKTpOHHO-KOJI:o

ueBM TeXHHKa crroco6Ha. o6ocrre'!liT:O rrporpecc rr:paKTn'!ecror Ha Bcex 

rrpnRJia,n;:m.:rx Harr:paBJieHH.ffX, H ,naT:o sqxpeKTMBHHii nHCTpYl'fieHT ;n;M WYH.Ua

MeHTaJI:OHHX IICCJIG,Il;OBa.HHH B 00JI8.CTH HH3KHX II Cp8,1I.I·InX SHepriiit. 

2. CXErviA <POPivlliPOBAH1f.H HHTEHCMBHLIX 3JIEKTPOHHbiX KOJIEU. 
,UJI.rr p8a.Jm3au;IIII OIII1C8.HH~~ B rrepBOH '!8.CTI1 pa60T1I B03MOJKHOCTeii 

H800XO~MO ycTpOHCTBO ~ WOPWipOBaHHH 8JI8KTp0HH1IX KOJI8Il;, Y.UOBJI8T

BOPJII<ll(88 Tpe60B8.IDIBM : 

lfu:CJIO 8JI8RTpOHOB B K 1)Jibll;8 

3HeprHJI 8JI8KTJ!OHOB • 
~CTOTa cpa6aT1IB8.HIIfl 

MarHIITHM IIH.Uyim;fffl B KOHe'tfliOM 

He /'V Ioi4 
C == IO + IOO MsB 

~ roo rn; 

COCTOJIHIIII ,Il;O IO TJI 

K.rr.,n. Ha ypoBHe .necHTKOB % 
0'!8BII,Il;HO, II~UHHTM B H8.CTOJII.qee BpeMH CXeMa KOMIIpeccHH: 8JI8KT

p0HH!lX KOJISU li • I ne B cocTomnrn o6ec~e'IIl;T:& Taruie xapa.KTep:rrcTIDUi, 
EoJiee rrepcrreKTHBHa. E1ICKa3a.HHM B I?,IB/ II,IJ;e.ff KOMIIpeccHIIB 

CT8.TM'!8CKOM MarHIITHOM llOJJe (eM. TaroKe /I/), II03BOJL'110~ "BTaJIKH

BaT:o" 8JI8KTpOHH1I8 KOJibU8. B C~:OH08 CT8.TH'!8CK08 M8.rHHTH08 IIOJie C 

BHCOKOll '!8.CTOTOH CJI8,Il;OB8.FH.ff. 0,IU-Ia.KO STOll CX8M8 B ee nepB03,Il;a:HHOM 

BH,Il;G rrpncym ~ cep:oe3H1I}: H8,Il;OCT8.TKOB /I/, CBH3a.HH1IX C T8M 'ITO 

,Il;BIDK8HH8 B CT8.TI1'!8CROM llC>JIG He COllpOBOil\,Il;8.8TCfl H8.00poM 8H8prH:H: 

I) ,IT.JI.ff ycTOii'IH:BOCTH ROJI:OIJ;a C OOJI:Oll!MM Ne HGOOXO~M HHJK8RTOp 

Ha SHeprHIO B ,TI;GC.ffTRH MsB, '!8.CTOT8. cpa6aT1IBaHH.ff KOTOpOrO H H .• II.,Il;. 

BpM JIII MOryT OTB8'!8.T:O IIOCT8.BJI8HH1IM TpeOOBaHHJIM; 

2) a.MIIJIHTY,IJ;H 6eTaTpOHH1IX KOJI80a.HHH yMeH:OlllaiOTCfl "'-' ,r;:; , 'ITO 

HG l103BOJIH8T ,Il;OCTJii'!:O BHCOIGIX l1JIOTHOCT8H H 00Jiblill1X YCROpJIIOI.qHX Harip.TI

jK8HHH. 

B pa6oTe 15/ rrpe,n;.n:o:rteHa rn6pii.TI.Hrui cxeMa - "noprueH:o", cos,na.Bae

M1Iii JIOKamf30BaHH1ll\1 B TipO,JTp8.HCTB8 HMITYJI:OCHHM MarHHTHHM IIOJI8M He

OOJI:OIIIOH H8.IIp.ffJK8HHOCTU, 38.TaJIKliB8.8T ROJI:OlT,O Ha "ropKy" RB8.3HO,I!;II0p83-
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HOrO ITO paJUiycy CTaTH~OCROIO MarHHTHOrO ITO~. PasMepH .RO~:ona H 

::meprn.TI 8~8RTpOHOB H8M8HillOTC5I ITpiT6JIU8HT8~:0HO TaiO!:W, Ita.R B .TI,MHa.J.IJIH

'IOCRH.X a,J:U188aTopax /I/ ( B 'I9.CTHOCTH, grQ t:: C.()hJ f , r,IJ;e 0 - pe
~TIIBHCTCIDIH Wa.RTop). Co'!eTa.ff, B ITPJtrH:o;IDie, ,IJ;OCTOHHCTBa u ,IJ;IIHaMH'Iec

rorx, H cTaT:vrt:recror.x a,IJ;resaTo:9oB, 8Ta cxe.Ma HMeeT n PM He,n;ocTaT.ROB, 

orpaHn'llmaroiiUix ee Bosrvroxmoc·rn u saTpy;n;Hmomux ee peamrsanuro: 

I) B COOTBOTCTBIDf C 8a.J3liCHMOCT:OIO fd- ~ Q,· r:.· / ;-f- , )J.JI.ff rro.;r.ryqe

Hlii.TI 60JILiilliX ROH81fl111X 8Ha'I8HIIH 8HeprHH 8~8RTpOHOB ( rf'f ) , Tpe6yeT

C.ff JTII60 8Ha':UIT8~:0HM 8Heprmr HIDK8RUV!H ( ft' ) , Jm60 60~:0IIIII8 Ha'Ia.JI:O-

HH8 pa,n;.uycH ~ •. ( ROHe't!HLill: pa.,n;:eyc rt ctrn:Taervr tfJuRcHpOBa.HHHM:) , 

'ITO BJie'IeT sa co6o~ y-Be.JnNeHHe Bcex ra6apuTOB ycTaHOBIDI; 

2) BBH.1JY 8Ha':UIT8~:0HO:ti IIpOCTpaHCTBOHHOH HOO,Il;HOpO,IUIOCTll IDviiiy~c
HOro ITO~ ( 8{ ~ 8{ ) .R08qr~,J~HT p = 1'0 /8~ f04./t)-a: OTJlli'IOH OT 

HYM, HOCMOTPff Ha pa.BOHCTBO C)8~ /P~ =0 ,n;JI.ff Cy-MMapHOrO ITO~, BC~8,Il; 
CTBH8 8TOrO yc~OBH8 YCTO~IEOro ,Il;BKm8Hli.ff neHTpa .RO~:ona / 5/ 

h{f-h) > 
1
o2. (2.I) 

r;n;e IZ = -t;/8~ ·~B.cf"Jr sacTai3JDieT CHHma.T:o rpa.rureHT cTaTH'IecRoro 

IIOJISfPf!>:rna , 'ITO TaiORe BO,IJ;eT R Y,IJ;JmH8HliiiO ycTaHOBilli ; 

3) ,IJ,JI.ff COXpaHeHHJI stW>eRrHBHOCTH B8a.ID/IO,Il;8HCTBHH .RO~I.J;a C .IDIHII

eif, paccToJIH:rre MeJii,IJ;y H:mvur ITO Mepe CJKa.THH ,n;oJDKHo YMeH:ornaT:ocJI tv 10 , 
BO H868:JKaHH8 H80,IT,HOpO,IUIOCTII ::nvmy~CHOro ITO~ TaiOK8 ,Il;O.IDK8H Yl\18H:OIIIaT:O- ;. 

C.TI H mar MOJIOIY BI1TKa.MJ1, B pe.3yJILTaTe Jrn:HHJI O.Ra8biBa8TCJI CM:OHO H80,Il;

HOpO,IU-IOH, 'ITO H8Y,IJ;06HO 11:8 Te:aiO~OrH'I8CKJiiX C006pa:JKOIDill II IIpiiBO,Il;IIT I~ 

0Tpa:JK8HIIIO 8Ha'IHT8~:0HOH 'IaCTU 8H8prllli HMIIy~:oca, CHIDKB..ff R,IT.,IJ;. 

MOJilliO ITp8,IT.JIOJIGIT:O c~e,IJ;ylOizyiO CX8MY IWMIIpeCCID! CB060,IJ;Hyro OT rre:pe

'IUC~8HHHX H8,Il;OCTaTIWB: Ha IT8])BOM 8Taii8 8~8I~T:pOHHOO IW~Lno, o6pa80-

BaHH08 MHOroo6opOTHOll HH:JK8KI~H8H I:I HM8IOIL(88 8HatrHT8~Hyro /.RCHaJI:OHyro 

rrpoTmrteHHOCT:O, ycrwpHeTcH B npocTpaHcTBeHHOM 6eTaTpOHe I 9/. Pa,IJ;Hyc 

IW~:ona OCTaeTC.ff ITpii 8TOM IIpHCi.IDI8Ii!T8~:0HO IIOCTOmllihiM. ITo ,Il;OCTH,eiDUI 

ROHe'!Holi 8Heprn:rr s~eRT:pOHH rrc,rra,n;aroT B cTaTII'Iecrarti a.n;resaTop IB/H 
IIpOHCXO,Il;IIT ROMIIp8CCH.ff .ROJILI.J;a ITO pa,IUIYCY. 0'!8BU,Il;HO, B Ta.ROM YCTp0H

CTB8 HOT JKOCT.ROH CM8H M81K,TI;Y pa;n;nycoM II 8H8prH8M 8~8!\:TpOHOB, H 

8HeprUJI MHJI\8ICJJ;IDI MOJKOT 6HT:O C,Il;Ma.Ha HaCTO~:O.RO HH8.ROH, HaC.RO~:O.RO 8TO 

IT08BOMIOT Tpe6oBaHH.ff ycTOH'IHEOCTH. 

2.I. ITpocTpa~cTBeHHHi1: 6eTaTpoH. 

CX8Ma ycTaHOB.RI1 ITO.Ra8a.Ha Ha puc.3. 0TM8THM Cyll.(8CTB8HHH8 MOM8H

TH B ee pa60T8. 
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ITpocTpaHcTBeHHEli 6eTaTpoH: I - Hap~KHlill, 2 - BHyTpeH- j 
Im:M: COJI8HOIUI;H; 3 - BIITKU HCKYCCTB8HHHX 3a.IVI8;IJ;JI.fiiOmJIX , 1 

JiilHIIM, 6, 7 - II];OBO,TI.8:IItU8 8KpaHH, 8 - 8JI8KTpOHH08 KOJIJ,D;O, r 
9 - BaKyyMHa.H RaMepa. \ 
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I • .IJ;ur oc.Jia6JieH:vm s@JeKTOB, CB.9:3aHHHX c co6cTBeHHhiMU rrOJLq:].Vlli 

KOJII>IJ;a, IIp:H HII3KMX 8HeprH.8J: UHX{G.KTJ;Hll .IKGJiaTe.JI:OHa ero Ma.KCHMaJI:OHM 

ITpOT~eHHOCT:O B Z! - HaiTpcBJIGHHH (TaR 'ITO IIOHa'Ia.JIY 8TO HG KOJI:OIJ;O, 

a E - CJIOH) • 3TO II03BOJI.ff8T HCIIOJI:030BaT:O MHOrOOOOpOTHyiO HIDKGKI.J;IIIO, 

Tait 'ITO HGOOXO,IUIMa H860JI:OIUEJI BGJIIfqiiHa TOita HIDKGKD;liH. 

2. ~fl Toro, 'ITOOH ITpE 3Hal!HT8JI:OHOH IIpOTEmGHHOCTH o6ecrreqrrT:O 

,n;oc•raTO~O Ma.JI!lli ~a30BIDI oC~eM, He06XO.n;HMO, O'IGBH,IJ;HO, M~IHHMII3IIpO

BaT:O aKCHaJII>Hyro CKOpOCT:O 8~8KTpOHOB. ~ paCCMOTpeHHblX B IIGpBOM 

pas,n;e.Jie UpHJIOX{GHHM Tpe6yeTCJI rfcf!e- ~~ ~ 2 CM , r,n;e t:l"f! - aRCHa.JI:O

HHH rro.JiypasMep. Harrprnvmp, rrpn O;· = 4 , tla: = IO eM rrMee~.=5·Io-2 • 
COOTBGTCTBGHHO, Tpe6yeTCJI o6ecrreqrrT:O IIOCTOHHCTBO CyMMapHoro MarHIIT-. 

HOrO ITOJI.ff C TO~OCT:OIO He XyiKe 

\ .a:Bt/8& J ~ (->: /e (2.2) 

3. IIpoTrmopel!rre Mejf{,Il;y rpe6oBaHHeM ycTotiqrmocTilf .n;BIDKGHIIJI IJ;GHT

pa ROJI:OIJ;a (2.I), CBO~MCJI R or~eHI/fiO Ha B8JII1qJiiHH rrepBOM H BTO

pol{ IIpOH3BO,IUiblX Cywirv'.!apHoro ITOJifl, H Tpe60BaHH8M MaRCHMa.JI])HOrO rpa

,n;HGHTa CTaTilf'IGCKOrO IIOJI.ff ,n;Jifi CORJ)9.II.i8HilfJI ,IT,vTIIHhi YCTaHOBRH, 6y,n;eT 
• 

YCTpaHeHO, GCJIH rpanrreHT HMUYJI:OCHOrO IIOJIJI CROMIIGHCHpyeT rpa,n;HGHT 

CTaTH'IGCROrO, TaR l!TOOH ~ CYMMapHoro ITOJIR BHIIOJIH~OC:O yc.JIOBHG 

( 2. 2) • 8JieRTpOHH, IffiX{GRTHpO:BaHHhiG Ha "ITOJIRy" CYNIMapHoro ITOJIJI, IIO,IJ;

HilfMa.IOTCJI Ha H8H, RaR Ha CTYIGH:ORe ~·ci\a.JiaTOpa. 

4. Hau6o.Jiee cep:oesHHe )rpaHrrl!eHHJI Tpe6oBaHrre (2.I) Ha~a.n;HBaeT 

Ha Ha~a.JI:OHOM sTarre ycRopeHrr.I. ITo Mepe rrpo,n;BH.IKeHHJI ROJI:OIJ;a B pacTy

mee CTaTH'IGCROe IIOJie ,IJ;OIIYCT>IMbi Bee 60JI:OIUH8 3Hal!GHJIJI rpa,II;HGHTa C-y11Jr

I1AapHOrO IIOJIJI U BHIIOJIHGHHG 63TaTpOHHOrO YCJIOBllfl ,n;JIJI HMIIYJI:OCHOrO IIO

JIJI CTaHOBHTCJI H800H3aT8JI:OI-L>IM. 3TO IT03BOJifl8T 060pBaT:O BHyTpeHHIOIO 

JIHHiliO, ocymecTBHB rrepe,n; TGM sa C'IGT U3M8H8Hilfl rrapaMeTpOB JIIIHHM rre-

peRal!Ry 8HeprHH H3 BHyTp8HH13M JIHHliB1 EO BHGIIIHIOIO. 

llpHBe,n;eM )J.JIJI HJIJIIOCTpa:o;HU B03MOJKHHe 3Ha'I8HilfJI OCHOBHhiX IIapaMeT

pOB 6eTaTpOHa Ha 8Heprrrro roo MsB /I9/: 
Pa.n;nyc opOHTH 

3HeprliJI IUIX{8RI.J;IUI 

~CJIO 8JI8RTpOHOB 

Hac5op sHeprHH 

CRopocT:o rrepeMemeHnJI ROJI:OIJ;a 

= 60 CM 

= I,5 MsB 

= roi4 
23 MsB/M 

h j2>.;. = 3, s· ro-0 

': 
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Pa;IJ;Jiiyc Bl'ITROB 

llHROB08 HaiT~8HH8 

ITUROBO:fl TOR 

EtvmOCTH ROH,Il;8HCaTOpOB 

BHyTpeHnelll 

4 CM 

50 CM 

30 KB 
7,2 RA 
0,9 MI@ 

BH8UIHefi: 

6 CM 

74,5 CM 

30 RB 
I0,4 RA 
2, 0 IviR@ 

8HeprHR, sarraceHHa.ff B HMITY~bC8 Tpeyro~HOM wopMH co Bp8M8H8M 

HapaCTaHH.ff H CITa,IJ;a 45 MKC8B., COCT~8T 16 I\)I)K , ROH8'IH08 3Ha'I8HM8 

cyNIMapHOH 8Hepr:vr:vr 8~eicTpOHCB - I ,6 I\UJK. 

2.2o CTaTM'I8CRHH anre~aTOR· 

0CHOBHa.ff M,Il;8.ff ROMTip8CCHH RO~Ua B CTaTH'I8CROM ITO~e CBO,Il;HTC.ff 

R 008CIT8'I8HMIO Ha Bb10paHHOll TpaeRTOpHM i- ( r) yc~OBM.ff 083pa3Jm'IHO-

ro pa:BHOB8CH.ff 
h(-t-11} =f> ~ (2.3) 

r,IJ;e f' H 11 - T8 JIW B8J[ll'IHHb1, 'ITO H B ( 2. I ) • 

KorepeHTHM g?oRycHpOBRa .n;BmKeHM.ff IWJibUa B.n;o~h TpaeRTOpMM, TaRHM 

00pa30M, OTCYTCTByeT. ~ORycupOBICa H81{0I'8p8HTH1IX IW~edamrf.1: 8~8RTpO

HOB MO.IK8T 0b1Tb 008CIT8'I8Ha C: ITOMO~IO 3apR,Il;OBb1X H300pa:H\8HHM B CT8H

Rax Killvi8pb1. BC~8,Il;CTBH8 H8TO'IHOCTH U3I'OTOBJI8HM.ff 001\IIOTOR MOI'YT 00pa-

30BaTbC.ff ~ORMbHbi8 ".ffMbi". 1lTOObi RO~blW He 3aCTpMO B HMX, rrp8M0-

~8HO ,Il;Ba BapHaHTa: 

I) Ro~uo rrpe,n;BapnTe~;:,Ho pasroH.H:eTc.ff Ha y'IaCTRe co crra,IJ;~M 

ITO~eM ,Il;O CROpOCTH, y,n;oB~8TBOp.ffiOI.U8H yc~OBI110 ( 2. 2) , B ROTOp0M - JI8Byro 

'IaCTb c~e,rr;yeT ITOHUMaTb RaR OTHOCHT8~bHyro OIIIHOKy, II 3aT8M ITO IIH8p

IJ;M:ll rrpoxo,rr;HT Y'tfaCTOR c HapacTaromrm CTaTn'IecKMM rro~eM /I7 I; 
2) IDVITIY~hCOM TOI{a H80r)~bill0H B8Jm'IHHbi B BI1TRax 3aM8,II;JI.ffiOI.U8H Jm

IillH cos,rr;aeTC.ff Mai'HHTHM rro·reHUMMbHM mJia , COIIpOB0.1K,ll;aiOlllM KO~bUO/IS, 
083 COB8pill8HH.ff Ha,TI; HIIM paoJTbi. 

TaHreHc yr~a HaRJioHa rpaeRTop~ur RO~hua .rr;aeTc.ff, c Y'tf8TOM (2.3), 
~~~ ~ d I- =: - _,e.__ :::: - /; ..tOP . li 

cle -t-11 ~-h .~~; (2.4) 
TaR 'ITO yr~ ~1'4f COOTB8TCTBY8T ITOKa3aT8~b crra,rr;a It = 0,5 • 

Ec.Jm B ROH8'IHOM COCTOJIHUH RO~bUO HaxO,IJ;1ITC.ff B O,Il;HOpO,rr;HOM ITO~e -(8ilf=4f) Ha pa..n;HYC8 '/- , TO KaR B OeTaTp0H8, TaR H B a,rr;resaTO-

pe ,II;OJI.ilillbi Bl:illOJIH.ffTbC.ff COO'IH0ill8HH.ff ---
13 = E> 2/rl~ ~ ~ ¥' ~· li-2.- ( ( 2. 5) 
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B '!acTHOCTH, Ha yqacTRe .ROMrrpeccnu, r.ne tf = tfr , .no.JDK.Ho 6HT:O 

IB B-a /8~ =.2 (-f- ~ /2r) (2.6) 
B pa6oTa I I npne.neH npHMop pac'!eTa, noRa31IBaiOIIU1H BHIIOJIHHMOCT:o 

ycJIOBHH ( 2 o 3) , ( 2. 6 ) • 
0TM8THM BaJKHOe CBOHCTBO CT8.TH'I8CROH ROM1Ip8CCMH, npHBJI8R8.T8JI:O

H08 C TO'IRH 3p8Hll.ff cpOpM0:pOBHHH.ff 06pamaiOmHX nOJI8 HOHHHX ROJISIJ; ,Il;JI.ff 

YTC: no Mepe CJKaTM.ff codcTBeHHoe IvrarnnTHoe noJie pacTeT rta.R 

I Bsd1d "' f "" f "" 13 e~ 
COOTB8TCTB8HHO YB8JIH'IHB8.8TC.f:: ,IJ;Ha.MarHHTHM CHJI8. ROJI:OIJ;a: 

.! = l 8st#/8e~l·] /V Be,rt 
(2.7) 

MOJKHO no&TOMY npe,IJ;JiaraelVIYfO :: .TI;SC:O CXSMY npOCTpa.HCTBSHHIDI 6eTaTpOH + 
CT8.TH'I8C.RHH a,n:re3aTOp npiDVISEHT:O H ,1J,JI.ff &THX IJ;8JI8H • .IJ:o6aBHM, 'ITO B 

COOTBSTCTBHH CO CR8.3aHHbllVI B n.I.I., OOJI:OillaJI BSJIH'IHHa TOI\8. B 38.p.ff.IJ;O

BO - H8HTpaJIM30BaHHOM HOHH0rl ROJI:OIJ;8 ( "-' I0
5A Ha 6eTa.TpOHHOM yqaCTRe) 

n03BOJIHT 068CIT8'IHT:O BHCORHM R.IT.,IJ;. ycTpOHCTBa. 

2, 3. ilpiDVIepHM nporpaMIV:a paOOT. 

MoJKHo rrpe,IJ.JIOUT:o cJie,IJ;yiomu:fi nyT:o pa3BHTH.ff &JieRTpOHHO-ROJI:on;eBoii 

TSXHHRH, COCTO.ffll.lHll H3 Tpex CCHOBHHX 3TaiiOB (pHc.4). 

IIepBHii &Tan BRJIIO'IaeT cc 3.TI;aHHe npocTpaHCTBeunoro 6eTaTpona na 

&HeprHIO I5+30 MaE (HHJKHHH npe,TI;eJI COOTB8TCTBY8T &Hepruu, Tpe6yeMOH 

B 'ISJIHO'IHOM ycROpHT8JI8 n.I.I , B8pXHHll - nJiaHupyeMOll &HeprHH .JmY-30 

1201). I!OIVIHMO npOBep.RH OCHOEHOll IWHIJ;8ni.J;r1H, Ha &TOM ycTpOMCTB8 MOJKHO 

IIpOBSCTH 8RCII8pMM8HTH IIO: 

I) ycToifc:rHBOCTH ROJI:on;a OTHOCHTSJII:,HO OaH'tfllpOBaHHJI npu pa3JIHtrHHX 

3Ha'!eH:vmx npo.noJI:onoro mvme.naHca ; 

' I 
l 

2) ycTOH'IHBOCTH 3JI8RTpOH - HOHHLcr ,IJ;HnOJI:OHLcr ROJI80aHHll B 3a.BHCH

MOCTH OT noRa3aTeJI.ff cna.n:a noAA, wa.RTopa HSMTpa.liM3arJ;IUI u .npynrx napa- ,j 

M8TpOB ; 

3) BJIM.ffHHIO npHHY.IJ;HTSJI:OHOll MO,IJ;yJI.ffiJ;Hll TORa ROJI:OIJ;a H8. ero YCTOH'IH-

BOCT:O ; 

4) reHepai.J;r1U ROpOTROBOJlHOBOrO II3JIY'!8HLI.ff IIpH B38.Jiil'JIO,Il;8HCTBHII C 

pa3JIH'!Hillv'TII CTPYRTY:pa.MII ; 

5) BHBO.TI;y IIY'!Ra C HCIIOJ1:030B8.HH8M JI8.38pHOH TGXHJ?riUI. 
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8I\CII8pHM8HTH (I-3) ,TI;a.TI;JT OTB8T Ha RJII0'!8BH8 BOIIpOCH YCTOM'!HBOC

TH UHT8HCHBHI:J.X SJI8RTpOH - H1)HHI:J.X I{OJI8IJ; H II03BOJI.ffT II8p8MTII R CJI8,IJ;yiD

I$1M STarra.III1. 

BTopofi STarr BRJIIO'!a8T C'raTH'!8CRYJO ROMIIp8CCHIO II yCROp8HH8 ROJI8IJ; 

B Mai'HHTHI:J.X IIOJIF.[X yM8p8HHOti HarrpHJKeHHOCTH, C03,IJ;aBa8M1IX TeiiJihThiJH 06-
MOTRa.MH (II.Jm 11\.8 OXJiaJK,IJ;eHHHMI ,IJ;O a30THI:J.X TeMIIepaTyp). ECJIH CHCT8Ma 

~opr~pOBaHHfl ROJI8IJ; 0~8TCH CIIOC06HOH pa60TaTb C '!aCTOTOM TIOBTOp8HHH 

B COTHI1 fu , TO ,IT,JIH YCROp8Hiifl T.fi.i'i\eJIHX IWHOB ,IJ;O HI.f3RHX SH8pi'IIM ,IJ;OCTa

TO'!HO O~Opa30BOH CX8I~, B03MO~O, C MCIIOJib30BaHH8M BHyTp8HH8I'O CO

JI8HO:VI,IJ;a G/ liiJlli JK8JI83HOI'O CT9pJK.Hfl 72I/ B :o;eJIJIX 60JI88 ITOJIHOM nepe,TI;a'!H 

SH8prHH OT SJI8RTpOHOB HOHaM H CORpameHMfl ,IT,JIHHH ycTaHOBRH. ~fl YCRO

p8HHH HOHOB JI8I'IWX H cpe,UH~ SJI8M8HTOB H83aBMCMMO OT ,IJ;OCTHI'HYTOH 

IJ;llRJIH'!HOCTH I'8H8paTOpa ROJI8U IJ;8JI8C006pa3Ha '!8JIHO'!Hafl CX8Ma ycKOp8HHR. 

B CJIY'!ae ycrreoolHX pesyrrnTaTOB no ycRopeHHIO B crra,IJ;aromeM Mai'HHT

HOM IIOJI8 MO.iKHO 118p8HTH R ycKOpeHmo ,IJ;O Cp8,IJ;HHX SH8pi'HH O,IJ;HHM 113. yrro
!v1IDIYTHX B II. I. 2 crroco6oB. 

TpeT:VIH STarr CBfl3aH C HCIIOJib30BaHH8M CB8pXIIpOBO,IJ;:Ii!MOCTH ll HM88T 

IJ;8JibiO ~opr~pOBaHH8 8JI8RTpOHHbiX ROJI8IJ; C BHCOROH IIJIOTHOCTbiO (,IJ;OCTaTO'!

HOH ,IT,JIH rroJIHoii o6.u;HpRH uonoB Tmrt~HX SJieMeHTOB), 60JIDIIIHMH sneprosarra

coM H y,u:epmmarornett CHJIOH, 1103BOJI.ffiOI$fNITI OC~8CTBHTb Mai'HMTOCTaTH'!8C

R08 ycRopeHne ,IJ;O cpe,IJ;Hnx 81-leprHfi. HcRJIIO'll1T8JinHHH HHTepec rrpe;n;cTaB

JI.ffeT HCCJI8,0BaHM8 .TI;8HCTBHR CHHXpOTpOHHOI'O M3JIY'!8HMH Ha pa3M8pH 

ROJibiJ;a / 22 , RaR IIpiT H~M BHCORO'!aCTOTHOH IIO,IJ;Ra'!RM SH8pi'HH ~ 
COxpaHeHHR 60JibillOI'O ~yea. ROJID:o;a, TaR H B ee OTCYTCTBM8. ECJIH ORa

JK8TCR, 'ITO MO.iKHO ,IJ;aJI8RO BbiT:TH sa pa.M.ICM OI'paHH'!8HUM, HaJiarae:rvrnx YOJIO

BHRMM ROI'8p8HTHOH YCTOfi'!HBCCTH, TO Ha IIOB8CTicy CTaH8T BOIIpOO 06 yo

R0p8HHM ,IJ;O YJIDTpapeMTMBHC'l'CRHX SH8pi':HM, O,IJ;HaRO peaJibHbiX OCHOBaHHll 

,IT,Jifl TaKHX Ha,IJ;e~ IIORa H8T. 

Ycrremnoe rrpo,IJ;BmKeHMe r:o o6pHCOBaHHOMY s,IJ;eon rryTH npoHoHHT rrep

crreRTHBHOCTb rrpe,IT,Jiai'a8MOH C:X8MH ,IT,Jifl ~OpMHpOBaHllfl HOHHI:J.X I{OJI8IJ;, 0 

ROTOpbiX I'OBOpHJIOCb panee. 

3. IIPFJl)IOll\.Eillifl ITO A,Ur:C3ATOPY K.YTII -20. 
OcnoBHOH oco6eHHOOTnro a,IJ;resaTopa KYTH-20 131 RBJIReTCR ysRaH Me-· 

Tan.IDI'!8Cl{af! Rruv18pa, SRpaHH])YIOma.rr SJI8I{Tpii'!8CR08 IIOJI8 ROJ!b:o;a ,HO IIp03-

pa'IHM ,IJ;JIR ero Mai'HHTHOI'O noJIR (npn yoJIOBHH Me,IT,JieHHOCTH ,IJ;BHJK8HHR 
•• 

IWJibll;a). ITOJIOiiUIT8JibHH8 3ap.H,IJ;H, Ha.B8,IJ;8HHH8 CM8~HHM ROJ!biJ;OM Ha OT8H-

RaX, c TpeMRTCR YB8JIH'!IITn eJ:o crvremenne; rrp:v.r'!eM rrpH rrprr6JIHJKeHHn ROJID

:o;a R O,IJ;HOll H3 OT8HOR HH;D;YWIPOBaHHUH 3apH.TI; 006Hpa8TOR Ha Hefi, 'ITO 
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YCHJIImaeT 8{fx!>eRT f 23f. BH8IITHee MarHHTHOe ITOJie CMCT8MH CJICaTMH KYTIJ-20 
6JIM3RO R O.n;HOpO.I(HOMy H CJial50 npeiDITCTByeT nepeMe~eHHlO ROJILIJ;a B,D;OJIL 

CHJIOBHX JIHHHH. (B OTJIH~Ie OT 8TOM CMTY~IH B paccMaTp8HHOM B npe.I(H

,I(Jm8M pa3,I1;8JI8 ycTpof1:cTB8 MH.I(ynHpOBaHHH8 3apH:,Il;bi CTpeMHTCH CM8CTliTb 

8JieRTpOHIJJ: nonepeR cnJIOBHX ~nunril MarHHTHoro rro.IDI) • B pesyJILTaTe rrpu 

,I(aHHOM 3Ha1!8HHH ITOKa3aTe.IDI CIIa,I(a CYJ.U8CTBY8T IIp8,I(8JibHOe "CIUCJIO 8JI8RT

pOHOB, ROTOpoe .lVIOJIC8T OHTb ;r.n:ep.iKa.HO OT 3aTHrHBaHMH Ha CT8HI{y, rrp:H118M, 

RaR IIORa3HBaeT aH8Jfri3 /
23/, 8TO ~ICJIO pe3RO rra.n:aeT IIpM HaJIH1IMU pac

COrJiaCOBaHMJI Me,I(liaHHH.X ITJIOCROCT8H Ra.Iv.rep1I M MarHMTHOrO ITOJIH. 

Tpe6oBaHne ycToiftnmoc'.:.'H ROJILIJ;a c ,I(aHHbJM "CIHCJIOM sJieRTpOHOB Mo
YA 

iK8T 01ITb nepetiJopMHpoBaHO RaR Or,PaHH118HM8 CHH3y Ha B8JIH'IIIHY ITORa3a-

T8JI.TI CITa,I(a MarHHTHOrO IIOJI.TI /23/ ~ 
It> f·(¥) 

u (3.I) 
r.n:e )I = 0,45·Io-13 ~:/r0 h.- anepTypa RaMepH Ha pa-

,IJ;Myce ~ • ll:aHHHe pac"CieToB no 6oJiee T01IHOH <flopMyJie/23/ .I(JLff I{a.MG-

pbi a.,:IU'esaTopa KYTil-20 rrpe.n:cTaBJieHH Ha pnc. 5. 0Hu noRasHBaiOT, "CITO 

,IJ,JIJI YCTOi11IHBOCTH ROJILIJ;a C IIp08RTHHMH: napaMeTpa~.'ill Tp80yiOTCJI 00Jibiilli8 
• • 

3Ha1!8HlHI ITORa3aTeJI.H CITa,I(a, '· ,I1;8JK8 nprr M,I(8aJibHOM COB:lVI8~8HIDI .lVIG.I(HaHI-IH.X 

ITJIOCROCTefi) 118M B CJm8CTB:rro~eH MarHHTHO~I CMCT8M8. 

0CHOBH1IM TpeOOBaHM8M, ROTOpHM pyROBO,I(CTBOBaJIHC:O rrpn BHOOpe 

It - TpaeRTOpnn, 6biJio OTCYTCTBne rrapaMeTpn"Ciecrwro pesoHaHca a.Rcn

aJILHHX ROJie6aHHM 8JI8RTp0HOB Ha BCSM IIpOTmK8HIDI CJKa.THH ROJILIJ;a. 3Ha-

118Iill.TI IIORa3aTeJI.TI CIIa,I(a, COOTB8TCTByroll{H8 p830HaHCY .JllliiOJILHH.X ROJie6a

HliH, Ta.IOK8 IIORa3aHH Ha puc .• 5 ( pe30HaHCY RBMpyiiOJILHHX ROJie6a:rrn:i1:, TO 

8CTL ROJI80aHHH pa3Mepa ROJihiJ;a, COOTB8TCTByJOT ll. , 66JI:omue Ha TaR 

Ha3I:maeM1IR RYJIOHOBCRMH c.I(Bnr "CiacTOTH). BaiKHo OTMeTnTL, "CITO rroJie HH

,I(ylJ;IripOBa.HHI:DC Ha CT8HR.aX 3a).TI,I(OB C,I(BHraeT ~830HaHCH1I8 3Ha1IGHHH IIORa-

3aTeJIH crra.n:a B cooTBeTCTBnu c (!>opMJJIOii 12 I 
heff:: !z. -~{(lfr = 0,2S" (3.2) 

Pa3Jlli'TIIe c TeHO'tffiHX rronpaBOJt B ( 3. I) n ( 3. 2) o6 wcH.rreTc.rr TeM, 1ITO 

IIpM OHCTpHX ROJie6aHVI.ffX ROJI:;,u;a ( rJiy6:uma CIOIH-GJIO.TI M8H:Olll8 TO~Hbl 

CT8HOR) rrepepacrrpe,I1;8JI8HM8 MH,I(YIJ;Mp0BaHH1IX Ha CT8HRax sapMOB ROM

II8HCMpyeTCH B030YJK,I(8HI18M TOROB ~yiW, CTpe:r..~C.ff, COrJiaCHO IIpaBHJIY 

.JieHu;a, BepeyTL ROJILIJ;O B cp3.IJ:HIOID ITJIOCROCT:O 
241. BcJie,n;cTBne 8Toro 

pa3JIH1IM.ff ITpM OITp8,I(8JI8HH1IX :3Ha1!8HHJIX ro /k ( ,I(OCTMraiO~ MaRCHMyMa 

B CJm8CTBYJOm8M Rruv.repe IIpM ro ~ 20 CM) Y.IJ:OBJI8TBOpHT:O O,I(H0Bp8M8HHO 

TpeOOBaHRffM (3.I) M 1/o/f ( 0,25 H8B03MOJilliO. 
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IIpe.n.rroJKeH1I ,rr;Ba rryTH pmueHIIJI rrpo6JieMbi. 

I . .IJ:oiiOJIHHT:O ROHCTpyRIJ;HIO llil.Mepbi a,rr;resaTopa CHCT8MOM HapYJiili1IX IIaCCITB

HHX BHTROB / 23/, C08)UIH8HHia IIOIIapHO HaBCTpe~y ,rr;pyr ,rr;pyry. BHeillH88 

MarHHTHOe IIOJI8, CIDJIII.18TJ!U~HOe OTHOCilfTeJI:oHO cpe,IUieM IIJIOCIWCTH MeJIUJ;y 

BHT.Ka.IVrn, He B036yJIO];aeT B ID:X TOR, B TO .iKe Bp8:MJI ROJI:OI.J;O, CMentMC:O 

H3 Me)UiaHHOM ITJIOCROCTH, HEUie,rr;eT B HliJC aHTHCHJ\:Il\18TplBI-I1Ie TOID'I, ROTO

pbie cRoMIIeHcHpyroT rrepepacnpe,rr;eJieHne IDI,Il;YIJ:HpOBaHHHX saPJI,ICOB u rrpu 

M8,II;JieHHOM ,I!;BH.iK8HHII ROJI:OI.J;a. IlpH ITOJIHOH ROMII8HCai.J;HH rrpa.BM ~aCT:O B 

( 3. I) 6y,rr;eT BTpOe M8H:OIIIe, 1J ITJ!OTHBOpel:!He MejK,ll;y Tpe60BaHHeM 174¥ < 0, 25 
H ycJIOBli8M YCTQ:tfqliBOCTH pa.EHOB8CHJI ROJI:oi.J;a B M8,Il;IIaHHOH IIJIOCI{OCTH 6y

,Il;8T YCTpaH8HO • 

2. 0TRa3aT:OCJI OT ITOIIliiTOR c~aT:O ROJI:OI.J;O, He rrepeceRaJI rrapaM8TJ!H~8CRI'IH 

J!830Ha.HC. KaR IIORa3HBaiOT pac~eTH, npa.I{TH~8Clli'I H8B03MO.IKHO y,rr;OBJI8TBO

pHT:O o,rr;HoBpeMeHHo ycJioBnm.lf nw < o, 25 n c 3. I) ,rr;aJKe ,JJ,JIJI MeH:om 

3Ha~eim:l1: Y/ r rrpu cymecTBYIOII.t8M ~ICJie CTyn8H8H CJKa.TII.ff. B TO JK8 I 

BJ!8Mff, COrJiaCHO 8RCII8J!HM8HT 9.JI:OHlii1VI Ha6JIIO,IJ;8HHJIM, ,Il;BJK8 IIOCJI8 MHOrORpaT- i 
HOrO IIJ!OXO.ii\.Il;8HHJI p830H8.HCa BhDK.11BaeT 3Ha~TeJI:oHM ,Il;OJIJI 8JI8RTJ!OHOB. 

O.rr;HH rrs M8Xa.HH3MOB, rrosBOJIJID~ 6JiarorroJIY~O rrepeceRaT:o pesoHa.HC, 

CBJI3aH c HOHHOH woRyc:vrpoBRo.:f 1251: I\a.R nsBecTHO /I/, IIJIOTHOCT:O no

HOB, 06pa30BaBillMXCJI B 8JI8RT:poHHOM I{OJI:OI.J;e, HM88T MaRCIIMyM B I.J;8HTJ!8 

ero ce~eHHJI. CooTBGTCTBeHHO, ~eM 6oJI:oiiie aNIIIJnlTy,rr;a rwJie6annl1: sJieRT

poHa, T8M M8H:OIII8 HOHHaH ,rr;o6;IDKa R ero ~aCTOTe. IT08TOMJ, ROr,rr;a peso-
e. 

nanc rrpoxo,rr;rrTCJI YMBH:omeHHeM rroRasaTe~ cn~a, ocJia6JieHHe HOHHOH @o-

KycHpOBRH ITOMOraeT 61ICTpee BRiTH H3 p830HaHCa. YmzpeHH8 HOHHOrO rryq
Ka pa6oTaeT B TY :ate cTopoey .• Ec.IDI rrepece"tleHHe pesoHa.Hca 6y,rr;eT rrpo

HCXO,rr;HT:O B ROHIJ;8 CJKa.TMJI, r,rr;G a3JiiMYTaJI:OHaH H80,nHOpO,I!;HOCT:O ITOM II OIT

pe,rr;eJIJieMaJI 8!0 mMpHHa p830HilliCHOH ITOJIOC1I ManH, TO MO.IKHO O~,II;aT:O JIHIII:O 

H83Hal:fliT8JI:oHoro yBeJIH~eHITJI pasMepoB IWJI:OI.J;a. Ta.Kmvr o6pasoM, fL - Tpa

eRTopnro CJI8,1zy8T WOJ!IW:rpOBaT:O TaR, ~T06Iii I\aR MO.iKHO ,Il;OJI:OIII8 OCTaBaT:OCJI 

B ROJ!H,I!;Ope 0, 36 < !Jr~_ < (), 64 ( rpa..H1Il{Hlii8 3Ha"ti8Hlill COOTB8TCTBYJOT 

p830Ha.HC8.M CBJI3aHHhiX r- H -2 - ROJI86a:ID.IH Ha BTOJ!OM rapMOHIIR8 

ITOJIJI) H CHITJKaT:O h... TOJI:OIW r:ocJie TOrO, RaE 6y,rr;eT HaROITJI8H ,It;OCTaTO~

HW HOHHHH 3a:pM. TaROH BH6op /l, - TpaeRTOJ!Hll IT03BOJIIIT y,n;OBJI8TBO

pllT:O ycJIOBIIIO ( 3 • I ) II rrpn ~~ > I oi 3 
0 

O~eBHAHO, ROJI:OI.J;a c eme 6oJI:OIIIHM ~CJIOM sJieRTpoHOB MoryT 6HT:O rro

JIJ'r{BHH rrprr o,n;HoBpeMeHHOM peE.JIU3ai.J;Hll 8THX .It;Byx rrpe,It;JIOJiteHrrrr. B ~acT
HOCTU, ITOCJI8,It;OBaTeJI:OHM 3aiifTim nap BIITROB (II .I) TOROM H860JI:oillOH 

B8JIII"tiHH1I II03BOJIIIT C03,II;aT:O CCIIpOBOJIO];aiOlltMM 8JieRTJ!OHHOe ROJI:oi.J;O rreperra,rr; 

MarHHTHOrO IIOJIJI C Tpe6yeMEm1 rpa,It;lieHTOM. 

I 



- 2I -
lipe,IT.JIOj[8HH:biH B IIJHKTe 2 BH:OOp h. - TpaeRTOp:vUI IIpHB8,IJ;ST Ta.It.'Ke 

R CHHj[8HI1IO a.MIIJ.rnTY,IJ;hi :pa.IJ;Ha.JioHOM rrpo:o;eccnn ROJI:o:o;a, perncTpHpyeMOM BO 
BC8X YCT8.HOBKax C 8JI8KTpOHHilMH IWJI:OII;a.MVI IIpH MaJIIDC 3H8.'!8HH.ff.X IIOitasa
TeJIJI crra.n;a fl. 0 Hrur6oJiee BepO.f:ITHOM IIpH'IHHOll ee B03HHRHOB8HH.fi .f:{BJI.f:{

eTC.fi 8JI8KTpOH-HOHHa.f:I H8YCTOa'!HBOCT:O ,IJ;HIIOJI:OH1IX p~IaJIDHHX KOJI80aHHM/I~ 
Ha pnc. 6 rroKasaHa o6JiacT:o Heyc'rOH'IHBOCTH Ha IIJIOCKOCTH ITepeMeHHLIX "elf 
Q~· = j 2~ (r.~ )£ , r,n;e f - WaRTOp sapMOBOM HGMTpaJIHsau;r1u 

KOJI:O:o;a, ITOJIY'!8HHM B pa.MKax J.rnH8HHOH TeOpiDI. lipn MaJillX he.f.f ROJI:OII;O 
CTaHOBHTC.fi HeyCTOfttrHBhiM ITp8li\II;8, '!8M YCIT88T H8.IWIIHT:OC.fi 3aM8TH08 'lliC
JIO HOHOB. lipn OOJI:OillHX 1/eff KOJI:OII;O ITOITa.D;eT B OdJiaCT:O HGYCTOM"llliBOCTH 
TOJI:OKO ITOCJI8 TOI'O, Ka.K 6y,n;eT H8.ROITJI8H 3Ha'UIT8JI:OHLIH HOHHhii1: sap.rr,n;, COS
,IJ;aiOIIUIM ITOJIG C CHJI:OHOll H8JIHH8HHOCT:OID. 3Ta HOJIHH8llHOCT:O ITpiiBe,IJ;eT K 
CT8.diiJIH3a.IUIH KOJID:o;a Ha ypOBH8 MaJIIDC ar,mJIHTY.TI: /Z6/. 
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Pue. S. JH~'I~li~,JII /liJK'?.jt?TeA.H eqq;;ti; or..5'e~/P

tylfe le Ji:'Ht?/1'7 '{)tN70/f.PffAI,K A1Me"JQ#r/$ ktM61Pl. 

tl 'ttl /-1 vye %c:Jf{) J" 't' fl' fffJ u--zt (}/H f?C.ti/U J/TO KO -

7Jbe>lfflfotp E:P'Zvuc. ~M.&!ftl ~fl' ;?et?4.&/t'o-H cu.f'.-
Aieuf€fitttt .AtDv~#.H~IX /!AtlCKtJcTe~ 1'70Afil ~ kt?~e-

fk ( J' = 0) ~ A'eMP~HtJ-'1 { S'c. !>)'{ O'T "':h~[)'/#). 
fdA.fl llajt;#ey,,g ttrttfe~ff#¥ lfle.-=lo ~ ~ =2JitJ8 

rti, =35 e.M • 
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Plrc.6. 06JiaCT:O HE~YCTOII'tffiBOCTU pa,rr;HaJrr.HI:JX 8.J:[8RTp0H-HOHHI:lX 

ROJieoaHzli npM WaRTope sarpysRYI ( OTHomemrrr no~qofi 

MaCCH TIOHCIB I~ CYfv'IT;2J!HOM peJIHTTIBHCTCIWH Macce 8J!8KT-

pOHOB) ~ = 50. II:yHKTHp - JmHHH pa.BHoro rrnKper.1eH-

Ta S "- Im &V/Wo , [(Jo - I'I!po"t!aCTOTa 8Jiei:TpOHOB, 


