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B fiOCJie,wtee BpeMR: y,neJIJieTC.H 60JI»moe BHHMSHHe HCCJie,D;OB8HIDIM 

H3MeHeHEi ~H3HRo-MeXSHHqecKHX CBOICTB pasnuqHHX MaTepHaJIOB no~ 

,neiCTBHeM 06~eHRH nyqROM npOTOHOB, ,ne!TOHOB, reXHH C 3HeprHH

MH o,a + 5 MaB. Hoau TaKHX aHeprEi ,noBOJI:&Ho npocTo no~amTc.a: 

Ha aneKTpocTaTHqecKKX reHepaTopax Tuna BaH-.ne-rpa~a (8r), KoTo

pue ~ paccMaTpHBaeMHX neHei HMeiDT npeUMYmeCTBa nepe~ mcnoJI:&so

BaimeM YCKOpHTeJiei lU'YrHX TBUOB (LUIItJIOTpoHiit JmHeime YCROpBTe

JIH H T • .n.) • 0CHOBHRMH H3 HHX .HBJJBID'l'C.H: 60JI:&JU8Jl MOH03HeprenqHOCT.b 

nyqRa ( N o,I%); nJI8BHOCT:& H3MeHeHHJI 3Heprmu, nmpoo:A ,n;Hana30H 

H3MeHeHHH HHTeHCHBHOC'l'H nyqKa (o~ COTUX ~OJiel MHRpoaMnepa .IJ;O 

20 - 30 "MKQ ) , MaJIHi WoH COnyTCT:E.YJOIItHX H3~e.miii H :MaJiaH pacxo

,n;HMOCT:& nyq:Ra. IIocJie,n;HJl.f.t oco6eHHc cT:& .II;JI.f.[ nexei o6JIYqemtfi He .flB

JIJieTc.a: He06XO,n;HMOit llOCROJibicy 38,1J,aqm HCCJie~OB8HHI qacTO CM38HR 

C OO~eHHeM 60JI:&mKX noBepXHOCTe!: C O~H8KOBOI nJIOTHOCT:&D TORS. 

B 3'1'01 CBS13H npH HCllOJI.b30BalmH OCr He06XO,n;HMO COOpYJltST:& cneuzaJI:&

HHe CHCTeMH MO,D;Y.1I.HllHH nyqita B BepTMlt8JI.bHOM H ropH30HT8JI:&HRX 

llJIOCROCTHX C '!'eM, qToCSH oCSecneqH'J':& paBHOMepHOe oCSxyqemie 3THX 

oCSpasD;OB C 38.IJ;8HHOI HHTeHCHBHOC'f:E,IO. 0.IJ;HO 1!3 TeXJmqeCKHX pemeHHI 

aTOI npo6JteMH, ocymecTBJieHHOe Ha or OHfiVI, l! HBJIJieTC.H npe,IJ;MeTOM 

H8CTQHmel paCSOTR. B pa6oTe ,naeTCE: ODBCaHHe YCT8HOBKH no oCS~e

HiiD MaTepHaJIOB {YOM) H npHBO,n;R:TCE napaMeTpR nyqKa. 
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I. METO.DliKA 3KCTIEP11MEHTA 

llytioR HOHOB Bo.rcopo.n;a, .rteiTepKH HJIH rexKSI, ycKopemrux Ha 

axeKTpocTa'f:HqecKoM reHepaTope THna BaH-.n;e-rpa~, npoaHaJIHsHpoBBH

Imi no HMIIY1Il>C8M MarHHTHWII 8H8Im38TOpOM 1 npoi,n;sr HOHOOpoBO,IJ; ii CHC

T8MY KOJIJIHMHPYIOIItmX .IJ;HaCI>pam norra;n;aeT Ha MHIUeH:o pasMepoM 60x?O MM. 

MmmeHI> pasMe~eHa B KaMepe o6nyqeazn. ~ HCRJIDqeHHfi neperpena o6-

xyqaeuux o6pasnoB, pacnoxo&eHHHX aa MHmeHH, H o6ecrreqeHHH paBHo-

MepHOrO HX o6xyqeHHH, nyqOK HOHOB MHOrOKp8THO OTKJIOHHeTCH B Bep

THK8Jil>HOM I!I ropHSOHT8Jil>HOM Hanp8B118HHHX. qmCJIO qaCTHn, ll8.It8romHX 

H8 11/IHmeHI>, HSMS.PfiSTc.FI HHTerpaTOpoM TOKa t KOTOpHi. IIO,I(KJIIOqaeTCH R 

MHDieHH qepes B8IcyyMHOIDIOTHHe HSOJIHpOBaHHI:le BBO.JJ;I:la Bo BpeWI 06JrY

qeHH.fi npOBO,IJ;HTCfl KOHTpoJII> 38 H3MSBeHHeM B8JtYYMB B KaMepe o6xyqe

HHH H TeMnepaTypoi. KOpnyca MHmeHH, Ha KOTOpOM pasMemeHH o6xyqae

MHe o6pasna. YCT8HOBR8 o6xyqeHBH MaTepH81IOB (YOM) COCTOHT H3! 

a) CHC'l'e:MH nepHO,I(IIIl:JeCKOrO OTKJIOHeiWI {MO,ny~) nyq.Ra npo

TOHOB1 ll8,lt8mtHX H8 MHmeHI> B ropK30HT81I.DHOM H BepTHK8JlDHOM Hanpa:a

JI8HRSiXj 

6) xaMepH o6xyqeHHH. 

CxeMa pasMemeHHH YOM npe,n;cTaBJieHa Ha pmc.I. 

PaccMoTpHM KOHCTPYKTHBHHe oco6eHHOCTH Ka~n;oro aJieMeHTa YOM. 

§ I. y CT8HOBK8 .!(Jill :MO.z:tY.71H.UD IIytiKa 

Y CT8HOBK8 .rtJIH MO,IJYJJJII.nm nyqRa COCTOH'l' H3 ropH30H'l'81Il>HWC H 

B8pTHK8Jll>.tm.X IIJI8C'rHH, paCIIOJIO&eHBax B HOHOllpoBO,JJ;e 31I8KTpoCT8TH

qecKOrO reHepaTopa or-5, H .JJ;Byx reHepaTOpOB CHHYC0~!(81Il>HHX Hanpa

JteHBi.a 

Bep'l'HKanLHHe H ropHSOHTaJII>HHe IIJiaCTHHH nunoJIHeHH H,n;eHTHliHO 

H HX KOHCTPYKUHH npe.JJ;CT8BJI8H8 Ha puc.2. OHH YCT8H8B1IHB8IDTCff Ha 
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H30XHpOBBHHHX BBO~ax B ~py6e, HBA~eica qaCTbiD HOHOITpOBO~a. nnm
Ha nnaCTHH 320 MM; WHPHHa 40 MM. KoHCTpy~H npe~CMaTpmBaeT H3-

MeHeHHe paCCTOJlHBH ( ~ ) MeJK.ItY ITJI8CTHH8MH 6e3 HapymeHM B8IcyyMa 

B HOHOITpOBO,I(e • B Ha CTOJIU{e:i pa 6oTe - o.f = 30 MM. CxeMB pa 3Mentemui 

ropH30HT8JIDHHX E BepTEKBJIDHHX llJI8CTHH B EOHOITpOBO~e npe~CT8BJI9H8 

Ha pmc.I. 

B Ka't!eCTBe o.m10ro Hs reHepaTopoB cmzycoH~anmn: HanpwKemdt, 

no~aBaeMHX Ha ITJI8CTHHU ropH30HT8JIDHOrO OTKJIOHeHBH, HCITOJih30B8H . . 
BHCOKOBOJihTBHi TpaH~pMaTOp, ITHTaeMRi qepes BapH8R9 nepeMeBBHM 

HanpaaeHmeM 220 BOX»T, 50 repu. BpameHHeM Bapmaxa (AATP-2) o6ec

neqmBaeTCH msMeHeHHe Hanpgxemm Ha nxacTmHax B ~anasoHe O-I2 

.ImJIOBOJihT. 

~yrol reHepaTop' npmcoe~He~ K nxacTBHaM BepTHKaJihHoro 

OTKJIOHeHHSI, o6ecrreqHBaeT rro,n;aqy Ha 3TH llJI8CTHHH HanprutteEmH I-I2 

RHJIOBOJI»T, c qaToToi I Merarepu. ~xeMa reHepaTopa rrpe~cTaaneHa 

Ha puc.3. OH nocTpoeH Ha xaMIIe rY-80 c caMoBOs6~eHHeM rro cxeMe 

rrapaxJiex»Horo nmTaHWi~ Hanpsuteime, IIHTannee reHepaTop, no,n;aeTca: 

oT BHnpHMBTeBei Ha 2000 BOX»T (aHo~oe xanpHEeHBe)H600 BOJI»T 

(.I(JIJI 2-oi ceTro~). 06a res:epaTopa pacnoxoxemr sa ceT't!aTHM orpax

~eHHeM, ~Beph KOTOpol CH86JteHa aJieKTpHqecROi 6JIOREpOBKOie qepe3 

6JIOK-ROHT8RT 3TOI 6JIOIOelpOBim ITO,I(8 eTCH Hanpru,tteime Ha nepBHqHHe 

nenH sTu mmpmmTexel. IIpm OTRpHT:ra:H .I(Bepm ceTqaToro orpaJKJJ;eimSI 

.7IliHlf.fi pa3MJ:lRa9TCSI, a BHCOKOBOJihTHbtl 3JISRTpo,I( BI:mpa:MBTeJIH 8BTOMa

TH'q9CRH np:ra:coe~aaeTCH c seMHei cnenuax»Hol saseMHeHHol mTaHroA. 

llpHHUHnH8JihH8H 6JI01t-CX9Ma 3J19RTpE CJ9CRO:I U9Im ycTaHOB!tH npe,I(CT8B

JI9H8 Ha pmc.4. 
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1\aMepa 06JJYqea:HH npHCOe,nMHeH.3 K KOHlJ.Y O)U{OrO H.S K8H8JIOB 
.... 

HOHOnpOBO~a SJieKTpOCTaTmqecKOro reHepaTopa 8r-5. CxeMB K8Mepa, 

pacnoJioJKeHme ee oT~eJILHHX sJieMeHT<>B npe,!(cTaBJiaHii a:a pmc.5. KaK 

:mmao ms pHCYJIRa, nepe~ BXO.It·:)M B .KaMepy pacnoJioJJteua .ItHamparMa 

(IO) H no.n;BHEHOI WTOR (II), Ha xoropoM RpenmTCff KBapneBHf SRpaH 

( 9) • liiTOK B90JIHpOB8H OT KOpnyca B,:>HOnpOBO.It8, qro fi03BOXS:eT npo

BO.IU!Tl> HSMepeHHe 'fORa D:y'qlta·, KOTOpllii B fiOCJie.ztYDileM MOJltaT 6HTL 

HanpaBJieH Ha MHW9Hl>. B pa6oqeM CO~TOHHHH IDTOK C KBapneBHM SKpa

HOM C,ItBHHYT C nyTH nyqxa (CMe pBCJHOR) • HaJniqJI!e KBaplleBOro SRpaHa 

o6Jierqaer a:a6~eHHe sa peryHHpOBKOI m no.n;6opoM Heo6xo~ro To

KoBoro peDMa nyqKa (HHT8HCHBHOCT & , O,ztHOpo.n;HOCTl> fiJIOTHOCTH TOK8 

Ha BCei IIJIO~a.n;B a6~eHHH H T • .zt.) nepe.n; TaM, K8R ero HanpaBHTl> 

B KaMepe pacnoJIOJteHH .rtBe .n;Harppa!'Mbl m MHmeH:c. O.ItHa ms .ztmag)

pai'M (3) pasMepoM 50x70 MM npmcoezn.~HeHa R xopnycy xaMepa H CJIY

EKT ~ orpaHHqeHHH pasMepoB nyqxa, na.n;ammero Ha MKWeH:& (5). 

BTopa.R .ztmamparMa ( 4) :msoJIHpOBaHa oT xopnyca, H npH no.&aqe Ha Hee 

oTpmnaTeJII>Horo HanpaJJteHEH (-I500 a), BHITOJIHHeT WYH~HD sJieRTpo

.n;a, 38.It9pzHB8~ero BTOpHqHUe SJI9RTpOHH 1 BS6HBaeMHe fiY'qKOM HS 

MHmeHH. ITocJie,IUiee Heo6xo.n;HMO .ItJI.fi npamiJI:&Horo :msMepeaw.r qmcJia 

qacTHD;' na.ztaiOUtHx Ba :MlmleB:&. 3a yRasalt!IHMH .ztmamparMBMH ycTaHo:s

JieHa MHm8Hl> - RpOHmTeiH, R KOTOPOMY RpeDHTCff o6xyqaeMRe o6pas

IlH• MHmeR:& H90JmpOBaH8 OT ROpnyca H COBM8CTHO C ,n;Ha~parMa:ME 

(3,4) HBnffaTCff JIOBymROI TORS. 

K KpOHmTeiHy MHmeHH npHRpenJieHa TepMonapa (2) .Itnff HSMepeHKH 

ero TeMIIepaTypN IIplll 06JJYqeHHH. ITpoBO,I(8 TepMonapH qepes HSOJIHpO

BaHHHe BBO~ IIQ~eHH K npm6opy ~nff HSMepeB:HH 8nC TepMOnapa. 
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l.fcnom.soBSH "IlpB6op YJmBepcaJI:&HBit BsMepHTeJI:&m.dt YIOOI-00 M". TeM

nepaT,Ypa ROpnyca RaMepH ii3MepaeT<~ TepMOMeTpoM. 

OBJlYliEIOO! OEP A3UOB 

.fi l1cnOJ1:&30BaHHe OIIJICaHHOi annHp8'f'YP:El H8 SJleRTpoCTaTHlJeCROM 

reHepaTope OHHH npe,ztocTaBJIJieT ooaMOJKHOCT,I, o6JIYqeiDISI pasJmqHHX 

M8TepH8JIOB ~ROM npOTOHOB, .n;eiTOHOB, .3 }te, H '( }je., C SHeprHei 

OT 0,8 .n;o 4,2 MaB. B ,D;HanaSOHe a~~HX SHeprHi HMeeTCB: B03MOJitHOCT:& 

06JIYqeHHa nOTOROM OT 109 .n;o IOI? qacTKU H 60Jiee Ha Ka~~~ RBa.n;

paTHHi caHTMMeTp noBepXHOCTH. HHl~ rpaHH~ aToi BeJIEqHBH onpe

,n;exa:eTCB: 'qYJ3CTBHT8JI:bHOCT])IO HHTerpaTopa '!'ORa H B C.7IYlJae He06XO.ItH

MOCTH MOXeT 6HT:b .IJ;OBe.n;eHa .ItO 107 qacTBn/cM2• BepXRSH rpaHHna on

pe,n;eMeTCSI BpeMeHeM o6nyqeHKfl. IIpH on;eHRe sToro BpeMeHH onpe.n;e

MICJitHM (\)aKTOpoM SIBJ.tSieTCB: .n;o:rryCTHMaSI MOIIUIOCT!;, nyqRa qacnn;, na

.D;8IOOUIX Ha lVIEmeH:&, KOTOpaSI He npHBO,D;HT R HeilteJiaTeJI:&HID4 TenJIOBHM 

TIOBp~I(eim.fiM STOit MH11IeHH. 8H8TJ6IDie STO! MOIJlHOCTB Bp&.n; JIB MOlleT 

6HT:b noxyqeHO H3 pacqeTOB HJIH HH~rerpaJI:&HOro H3MepeHHSI TeMnepaT,Y

pli BCei MHIDeJm • 9Ta BeJm'qHH8 BpH.:t Jm TaiOite MO:ateT 6HT,I, BSSITa H3 

HHTepaTypHHX .n;aHHHX, nox.yqeHHHX liPH .APyrHX 3HeprHSIX H OTJmqam

mHXCSI MaTepuaJiax o6n:yqeHua H HX •ro~Hax. Hs-sa pasJIHqa~xCSI 

TOpM03HBX CDOC06HOCTei HOHOB pas;mqHHX Mace H 3Hepr.Hi B 3THX 

MaTepHaJiax BH,n;en:eHHe aHeprHH B a•rux o6pasn;ax 6y;uyT pasJmqJm, a 

OTJll!qa:roma.a:CB: npH aTOM TennonpoBo::urocT:& o6pas.u;a 6y,n;eT npHDO.n;HT:& 

K cymecTBeHHo oTnmqaDmHMca ycJIOBJ~ JIORaJI:&Horo ero Harpe:sa. 

EcTeCTBetmo, q'fo HaH6oJiee Ha,n;emm:e .n;aHHHe no npe,n;e1I:&Ho ,n;orrycTH

MHM MODtHOC'l'.flM nyqKa MOryT 6HT:b nc)JIYllellll TOJI:&KO H3 3RCnepHMeHT8 • 

TaR, Hanpoep, B npoBe.n;emm:c HaMH m:ccJie.n;oBBBMH.X .n;M pSI.D;a 

.D;HSJieKTpHKOB H fiOJIHMepOB MODtHOCT:~ rryqga , na,n;a:onero Ha MBmeH:&, 
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B uTepBaJie aaeprui I-4 MaB Haxo.:~11ac:L B npe.n;eJiax OT 0,02 .n;o 

0,05 BaTra Ha xa~ xBa.n;paTmdi eaHTMMeTp o6JIYl{aeMoro o6pasxta. 

8'1'0 SHaqeHHe no.n;CSHp8JIOC:L attcnepH14eHT8JI:&.HO, npmqeM, OCHOBHHM KpH

TepmeM BLt6opa .n;onyCTHMO:! MOUUIOC'l'lf JiBJI.R:JlOCL BH3Y8JILHOe (rro,n; MHK

poCKOllOM) Ha6xxm;eoe sa rroBepXHOI}TLIO oc>nyqaeMoro MBTepHaJia, xo

TopaH He .n;ox:atHa oeT:L c.11e.n;oB Ten;IOBHX paspymeHHi. 

llpH 06JiyqeHHH .n;HaJieKTpHROB BOSMOEHO IIOJiBJieHHe IIOBepXHOCT

H.btX p83~IJ;OB, npBBO,IJ;Jil!lBX R. HX IIOJ3peJK.IJ;emuo. )lJ.tfi HCKJIIOqe.HHJl aTOro 

o6pasnu IIORpHB8KHC:L (paCIIHJieHHeM B BaxyyMe) CJIOeM 8JIDMHHBH TOJI-
0 

lllHHOI 400 A, no ROTOPOMY CTeKaJ:>T sapg.n;Ii H8 .Kopnyc MHmeHH, He 

BJ!HJiJi np:m aTOM Ha CTpyRTypmre CB<>iCTBa OCHOBHOro o6pasn;a. MeTO-

. .IJ;HRa oc>.zryqelmJi npe.IJYC:MaTpBBaeT paBHOMepHoe (B npe,n;eJiax 5%) oCS

JIYqeHHe .KaJJUtOro RBa.ztp8THOro C8HT11MeTpa IIOBepXHOCTH • 8'!'0 ,IJ;OCTHra

JIOC:L 38 cqe'!' BCIIOJI:L30B8HBJi IIpHMOJmHeiHoro yqaCTRa RpHBOI Hanpa

JteHliJi, npmMa.IJ;I:maeMOro x ropmsoR~~aJI:L.HHM B BepTmxax:DHHM nJiaCTB

HaM. Ha pmc.6 npe.n;cTaBJieHa samTpnxoBltoi Ta qacT:o Hanpa:J~e.tm.a:, xo

Topaa o6ecneq:aBaeT npe6HBaHBe Dy'IKa B npe,n;eJiax sa.n;aHHWC rpamm 

MHmeHH C C06~eHBeM yxasaHHHX BlOUe YCJIOBBI HepaBHOMepHOCTB. BHe 

samTpHXOBaHHOI 06Jl8CTH ~OR Ha nmmeHH OTCYTCTBYeT. 
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