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I'. M. AMBA3HH,8.A.'.AXBiP.llHH, I'.B. EA.ztAJJHH, 

I'.H.EPllJUH H, I'.I'. 30I'PAEHH,I'. B.ECAHH 

fIQ]YITPOBO.llH.11 KOBhlE .llETEKTOP~ 11.L(EPHblX llJ3JJYl!EH i1tl , 

llJX C03.l!AIU1E llJ llJ CIIOJJ130BAHllJ E B 8KCIIEPllJMEHTAX HA 

EPEBAHCKOM 8JJEKTPOHHOM CllJHXPOTPOHE 

B paoore npHBOAHTCH Kj)aTKMtt o6aop H OCHOBHble oco6eHHOCTH 

HaroToBneHHH no11ynpoBOAfiHKOBh!X AereKTopoB. IIo.n.po6Ho paccuoTpe­

Hbl BOITpOCN npoBepKH pa6orocnoco6HOCTH xapaKTepMCTMK M3I'OT OB~H­
HblX AereKTopoB H .n.ocTHrHyTNe B Ep~ napru.ieTphl. ITepetrncnaIDTCH 

H aHa1!H3HPYIDTCR OCHOBHble 3KCITepHM0HT8JibHNe Hccne.n.oBaHHH, Bbl -

rronHeHHhle Ha EpeBaHCKDM aneKTPDHHOM YCKOpMTe11e c npHMeHeHHeu 

paa11HqHhlX no11yrrpoBOAfiHKOBhlX .n.eTeKTopoB. IToKaaaHo ycnewHoe rrp111-

MeHeHHe KpeMHHeBh!X no11yrrpOBOAHHKDBhlX .n.ereKTOpOB KaK IlOBepx -

HOCTH0-6apbepHhlX, TaK Ill nHTH~-.n.peMwoBJ:D( .ll.1IH cneKTPDMeTp111111 H 

H,ll.eHTlll~lllKa~111H IlpOTOHOB, .n.eM TPOHOB H 6011e e THX01lhlX qaCTH~ B 

C1!0lKHblX ycnOBHHX 3Kcne pHMe Hra Ha BHyrpeHHeu nyqKe aneKTPOHHoro 
CHHXpOTpoHa 601!bWO~ 3H0PrHH. 

Epe BaH CKH a ifi!aHqecKH~ HHCTlllTYT 

EpeBaH I986 

I. ilo11ynpOBO 'AHHK OBble ,l\0T0KTOpbl H;lle pHb!X 

irn11yqe Hiii l1 

Cos ;11aHMe B Haqa11e 60- x r o.40B a11e1\TpOHHO-AhlPO'lHblX rro11yrr po -

BOAHHKOBhlX ;11eTeKr opoB (ITIT.ll ) 6bl110 oqepe,ll,HblM aTarr OM B pasBHTH lll 
·. 

H;llepttoro rrp1116opocTpOeHHH, MOilJ,HblM TOJl'lKOM ;llJlH paspadOTKH arrnapa-

TYPbi c KaqecTB0HHO HOBblMH napaMeTpaMH. 8TO CBH3aHO (, Teu, 'lTO 

npH ltl CIIOJ(b30BaHHH J!fl.ll ,l\Jllf crreKTPOMeTpHltl 111 0Hlt13HPYIDTI\HX 11311yqeH.:~ 

AOCTvt raeTCH TaKoe 

y;11aBa11oc :o no11yqar:o 

paTypix [I -4] • 

attepre T1'!'lec1rne paapernemie, KOTopoe .n.o ::iToro 

1Illllll:O c II OM Oll(bfil CJIOlKHOl1 Ill ,liOpor ocT OH U{eli arnl::i-

Il o11ynpoBO,liHlll KOBble ;lleTe.KTOp!X no Ha3Ha'leHHru Ii ycTpol1cTBJ OTHO­

CHTCH K TBe PAOT0111>HblM ,n.eTeKT OpaM HOH>13lllpy1011mx 1rnnyqem1i1. 

AKTb! B3ru!M OAeilcTBl'lH l'l OH>1 3111 PY IOlllllJX H3JIY'WHl'li1 c rronyrrpOBOAiHl KO­

BblM MaTep111aJIOM 1111,i.J, C03,ZJ;alOT B cpe,ZJ,e HOClllT81ll'l 3JJe KTP~l'l8 C KOI'O 31:!pfl 

;11a, a Tairne IJ>1KpOH00 ,ll,HOp0,il,HDCT>1 (Bb16>1BaH11 e aTOM OB J.13 t;e .'t{,Zl0Y3J!l-l tl. 
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IlOflBJieHJlle ll,6HTpOB pe1mM61rnaIJ,Jl!Jll, o 6pa30BaHJl!e JIOByllieK ll T.,/.J,. ) . 

Ha OCHOBe 3TOI'O flBJleHJllfl - B03HJllKHOBeHJ/lfl Il MaTepJllaJie CB06o.n­

HblX HOCl1TeJietl 3JI6!\Tpl1llGCTBa - C03,/.J,aHbl flf1.i1 )l.Jlfl pefllCTpa IJ,Jlllll 38pfl­

lK8HHblX qaCTJlll.\ 11 ~ - 1rnaHTOB. B 3TlllX .11eT8KTopax B pe3ym,TaTe cCio­

pa CBOOO;l(Hb!X HOCJllTeJieil 3Jl8KT)llll'WC!\JllM IlOJieM Ha 3 J!eKTpO,/.l,ax .11eTeK­

TOpa C03,ll,a6TCfl 3apfl,1i, Il03BOJIRJOJJU1tl c IJOMOIJll>lO IlOCJJe,D;yl01J16I'O 3JI6K -

TpOHHOI'O ycTpO~CTBa perl/ICTpllpOBaTb aKT bl B3al1MO,/.J,eJiicTBllfl JllOHJll3Jll­

PYIOIJU1X Jll3JJyqeH11it c qyBcTBlll1'eJII>HOiil oonacHJO ,l(eTeKTopa. 

B Cll6KT)lOM6Tpl1.l'l JllOHJll311l)lYKJJJU1X Jll3JIYli8HJlli1 Hal160JI66 illlll)lOKO l1C­

IlOJII>3YIOTCfl IHI.l( c aJieKTPOHHO-,llhlpoqnb!M ne pexo,n,oM. 

Pa3JIJ/l4aKJT 2 OCHOBHblX Tl1IIa 3JI6KTpOHHO-,/.J,hlpOqHblX IUJ,U: 

p-n 11irn n- p - THna 111 ( p-i-n) HJll'I ( -n- ~ - p ) - T11rra.Cpe,1U1 

ilil ;'l p- n - TJ/lna HWIClOJII>lllee pacnpocTpaJ:Iemie nonyqJllJIJll noBepx -

HOCTH0-6apI>epHbl6 ,/.J,8T8KTOpbl, qyBCTBl1T8JJI>HaH o6JiaCTl> KOTOpblX co3-

.11aeTCfl IIOBepxHOCTHbIM 6apl>8)lOM, a Cp6,IU1 n!J,U p- L - n - TJ/llla -

.IU1WWY3l10HHO-,/.J,peilwoBh!6 c qyBCTBl1T6Jll>HOtl OOJJaCTl>JO, C03,/.J,aHHOil 

pe3yJI.bTaT6 ,/.l,peliiilJa c OOTB6 TCTBYlOlJlllIX npm.ieceVI (HanpJllM6 p' Jll1 Tlllfl) 

ll 

B noJJylipOBO)l,Hl1KOBli~ MaTep1r1a.J1. 

2. OCHOBHble oco6eHHOCTH Jd 3 l 'OTOJW6HHH 

n onyn p OBO,l(Hlll !COJlb!X 1~e T fl KT OpOB 

Ha IlpOTfl*6HJll lll MHOI'HX J18 T Ililn B OCHOilHOM l13I'OTaFlli!BaJll1 C.b 113 

r0pMamrn: l1 K j)6MHHft ' TaK l\!lK OllH H:i'160JIC8 nonH O y ,n,OJJ -

rreTBOpfli!H TpeGOBaJ:IHHM, n pe,ll,'bflBJIHl:} MID\ K MaTepl!aJ!fill AJJR 11il)l [I} • 

Ilil.il 113 Ge l1 Si. H3-3 a OTHO CJ/l T8Jl.bH O llblCOKOro lllyMa, ooyc-

JIOBJ16HHOI'O o6paTHblM TOKOM, 3IJ!iJ6KTHBHbl npH pe:rJllCTpaulllH 3ap11~e H­

HblX qacTllIU c atteprnetl >c- I MaB. Ha npaKTl1Ke STiil MaTepl'la.JJbl np111 

.::neKTpOMeT p1111 l13Jiyqemii1 c atte prnetl ~ I MsB Tpe6y10T CHl1lKe m!fl 
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pa('.loirnti Tewie paTyp 1>1 ,l.IJ!fl orpaHH'l6Hl1fl BJilllflHJll fl 11a atte preu1qecKoe 

pa3 pe wemie o6paTHblX TOKOB. 

B HaC'!'DfllJ\{:!8 F)l8llfl B8~1,YTCfl pa60Tbl no MCil 0Jll>30BaHJrn ,/.l,pyr.11x 

IlOJlyIJpllB O,ll.HllKOB!:lX MaTepl1aJJOB ,IJ,JIH K;:,roTOBJJ6Hl'IH !1CT,U, paelOTa.Dll'JiX 

6e3 OXJ!alli'.(81Hlll: apcettHM I'aJIJJ~fl I q,occPl1M I'"dJ1JU!fl:, CJJll>\PH,ll.1. l1 

'1'8JIJIYPH,ll,a Ka,zl,Ml'lfi, KdpOH,lla Kpewmrn, idO,/.J,H,lla PTYTl'I, a.HTl1M OtU1.Z:.a 

irn .mm Ill AP. 

B [?] pacclr!OTpl.Hm cneKTpuueTp.l'l11eciurn xapaKTep!iCTlr1Kl1 AeTeK-

TopoB r<3 Gci.As , CdTe l1 H9:12 B cpaBuemrn c KpellHMOBbll!H H 

:repMa.HHe13hll.!H. Ocooettt:o B1>1;z(eJif!e'rcn HS J, , ero yl\eJIL'iOO conpo­

'T'l1J3JW!rne ;1QC'.l'a'l'O'lJHO J:IL!COK o, TOlt•I yTe tIKH MaJlhl. Ott l1Mee T don.ow 011 

8.TOMHblll HOMep 1: dOJLbUl,yJC IlJJOT'IOCT:b, '!TO ll03BOJJHe'"' ,il,OCXHI'll.~b .u.-
. 01w~ aW<ticKrlill!rocr,1 .::! · l< i' OHKHX ,l(8T0Y.'i'Opax. ii.BTOp~ l6] .1Ka311-

aa;T Ha rne .1He 1- K U~ll0DJIIJfl f1'lpO.IeH 

a.:a .n.lil c oz ,lla1rn ~1 Hfl ox TTL~l!lla" .i .J., .Il~n 

Hu pa.001·an_ npu 1<0uaa:motl TeMrropruype 

qiGl\Til!iHOCTM1 pe rHCTparurn 'PCllTI\JHOBCl\OI'O 

O)lti ! ·3 H 1;;, C 0 
' . 

oOJJa.n.~~T n~coKv~ ; 

- u::rnyqe1rn11. Vix 

rrp8,l\IIOJJa:raeTC.'l l!CllOJJ!l30BaT:b ,IJ,Jlfl crrex:rpo<:Komrn ]j OO!IaCTl'l SHJp­

rnn I-30 K3B, B qacTHOCTH, ,/.J,JIH H3L!epeHJrn peHTreHOBCKO~ qi.ny .. 

opecuoHI.{MH. 

B nocne.n.&Me ~OAbl CTanH 11ame 11cnonI>30BaTI>cn AeTeKTDpbl E3 

CBepxll.HcToro Ge [7] • CBepxtJ.1t1CT1>1it Cre cTaJI .11oc TyneH AJli! 

rrpaKTl1'l8CKOI") ilCilOJJ:b30Bamrn Jllilll:b B IlOCJl6'AH6e BpeMfi. !Ipem1y1J16C'l'-

BO AeTe!tTopoB 113 cBepxtJ:lllCToro Ge CBO,/.J,l'lTCH H TOMY, 11'1' 0 OH. 

MO:ryT xpa!illT.bCfl npu KOMllaTHOt! T6Mne paType 6e3 yxy,lij!le!il'lfl cneK .. 

T)lOM8Tpv.qecKJllX :ii:apaKTe )lllJCTJllK. 

lill1po1rne npv.Me!ie ttHe 1! TexHono:rau l13 roTon;re HHfl ( d E/dx ) - ii,e­

T8KTopo:e aaxo.11F1T am1TaKc ttair:&tt1>1e Kpe.t.tHHe:s:iie GuP.s- CTPYKTYD::l 

'.:) 



[8-9] • Ilp11Mette1:rne 3IU1TaKcJ.1aJI:oHwc cTpyKTYJ:l 11oaBOJIHeT noJiy1rnT:o 

IlJIOCKOnapanJieJIDHble nJiaCTl1Hbl MHKPOHHblX TOJ!llU1H, KaKHe HeB03MOlltHO 

H3rOTO~l1Th nyTeM Mexatt11qecKO~ OOpaOOTKH CJ!l1TKOBOrO KpeMHl1H. 

Bee 3TH HOBble nonynpOBO,ll,Hl1KOBb!e MaTep11aJibl noRa TPY'AHOnony -

qaeMble 11 ~opor11e; y HeKOTOpl:l.X paaMepbl noRa He6on:oru11e (Hanp11uep, 

H~:J2 ). no 3Tl1M np111111HaM OHH TOJl:OKO Ha~HaJOT BHe'ApHTDC!l B ([JH-

3111leCKH~ 3KCnep11MeHT. 

PaaBJIITHe 3Kcnep11MeaTaJI:OHb!X 11ccne~oBaID1li aa EpeBaHCKOM ycRop11-

TeJ1e B OOJiaCTH H,1.16pHOli ([ll13l1KH BblCOKl1X 3Hepr11~ c 11cnoJI:030BaH11eM 

illl~ np11BeJIO K HeOuXO,ll,l1MOCTH OpraHH3aJ.U1H paapaOOTKH H H3rOTOB­

JI6HHH HX B CaMOM l1HCTl1TyTe, TaK KaK rrony11ea11e 'AeTeKTOpOB HYlKHblX 

THnopaaMepoB 11 napaMeTpOB l13BHe conpalKetto c paan11qaliMH Tpy,1.1ttoc­

T1IM11 11 aaTpaTaMl1. 

B 1975 r. B paMKax naoopaTOPHH pa,ll,l1aJ.U10HHOli ([JH311KH TBep'AOro 

Tena t:p<lllil Ob1Jll1 opran11aoBaHb! paapaooTKa 11 11aroTOBJien11e KpeMn11.1e -

Bb!X nOBepxHOCTHO-oap:oepHblX AeTeKTOpOB. ~CXO,l.IHblM MaTepHaJIOM CJiy-

lKll.IT KpeMHHli 

I-3 KOM·CM 

n-T11na c y,ll,eJI:OHliM conpOTHBJieHJll6M He MeHee 

TexaoJior11a 11aroT0Bnett11a JJJOOblX BH'AOB AeTeKTOpOB c nepexO'AaM11 

BKJIJOqaeT B ce6a MHOr11e T11n1111able onepa~Hl1 11 Mepbl npe,ll,OCTOpOlK -

HOCTl1 [ 2-3] • 

CHa'!aJia CJIHTKH KpeMHHH HapeaaJOTCH aa IlJiaCTHHbl COOTBeTCTBYI0-

11\e~ TOJ!ll\ll.IHbl, aaTeM ITJJaCTHHbl ll!JJl1(pyIOTca, IlO,ll,BepraJOTCH Xl1Ml1'!6CKO­

MY Tp3BJieHHJO. nocJie TpaBJieHHH KPHCTaJIJl Tll\aTeJI:OHO npOMblBaeTCH 

ITO.I.I npOTO'!HOH ,lleHOHl13l1pOBaHHOH BO~oli. 

MeTO,ll,11Ka l13I'OTOBJieHJIIH TOHKHX Ll.E - ,ll,eTeKTOpOB TOJIUU1HOli Me­

ttee 50 MKM HeCKOJI:OKO OTJll1'!aeTCH OT MeTO,ll,11Kl1 l13I'OTOBJieHl1H .l.IPYI'l1X 

Tl1TIOB nrrn . B 3TOM cnyqae 6onee' lKeCTKl1e Tpe60B3HHH npe,ll~HBJIH~T-
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Cf! K IlJIOCKOnapaJIJI6Jl:OHOCTl1 OTillJIVI([JOBaHHblX nJiaCTHH. Paa6poc no 

TOJl lJIHHe He .llOJiilteH npeBblillaT:o I - 2 MHM [IO] • ITocJie HatteceHHfl 

TepMl11lEICKHM l1CnapeHl1eM aJieKTPO.llOB KpHCTaJIJl ynaKOBblBaeTCH B KOp­

nyc JI! IlOCTynae~· Ha l1Cnb1TaTeJl:OHbl~ CTeH,ll ,llJIH nr OBO PKH paC50TOCilO­

C06HOCTl1 Ii onpe,lleneHHfl pa6o'!HX napaueTpOB. Ha p11c.I noKaaau o6-

llU1it Bvr.zi; TexHOJIOI'Hl!eCKoro yqacTKa no 1rnroroB11eHJ1110 ITIT.ll. T11rr0Baa 

KOHCTPYKUJIIH flil,l.( H306pa1KeHa Ha pHc.2 a,6. 

3. TipoBepKa pa60TOCllOC06HOCTl1 l13I'OTOBJJeHHblX 

,ll6T0KTOpOB H 1.I.OCTHrHyTble napaMeTptJ. 

IlpoBepKa pa60TOCilOC'06HOCTl1 l13l'OTOBJ!eHHblX KpeMHi.tellb!X TIOBep:x­

HOCTH0-6ap:LepHblX Illl~ BKJIIO'!aeT 2 3Tana: 

a) onpe.zteJiemia 33leKTpl111eC.KHX xapaKTepHCTHK ,ll8T6KTOpa, Di(JIJO'!a­

!OUU1Y. CHHTJ.ie B01!:0TaJ.mepnott xapaKTepHCTHKH H mrnepeavre 8MKOCTH 

(BOJII>TaMIIepHaH xapaKTep11cT11Ka cqHTaeTcH y.zi;OBReTBDp~TeJII>Hott npH 

HaID!imH nJia!O TOKa Ha cpe.ztHeM ypOBHe ~ O,I ~KA); 

6) HCflblTaHHe 3JieKTp11qecKH I'O,!!HblX ,l.18T6KTOPOB Ha ~l13Jlll!eCKHe 

xaprucre PHCTHK~. 

06bll!HO npoBepKe IlO,!!Jle~aT Te CBOitCTBa, xapaKTepHCTl1KH ,lleTeJ­

TOpOB, KOTOpble IC PHTHllHbl np11 n p0B9,l!;9 HHl1 qli3 ll!'l0CKOI'O 3KCIIe p111.1e H­

T a. Ilp11ueHf!eMble Ha.MH ITIT]l B ( A E,E) - TeJiec1rnnax k1CilOJI:03YIOTC!l 

'AJifl onpe.1{eneH11H 3Hepnrn qacTHUbl n ee HJl6HTHqurna~1111 II O 3Hepro-

llbl.ll8JieHHlUI B 4E H E-,lleTeKTopax. ~a cxaaaattoro cne .n.yer, 11TO 

oco6oit, TIJlaTeJI:r.Holl .npoBepKe II O.llJiel!ta T TaKHe xapaKTepHCTl1KH fllI.ll, 

KaK: 

- IDIH6~H OCTl> ,!!6'!'6K~Opa !IO 3Heprn HM {nponopu110Ha11:0H OCT:o a.MllJ!Jll -

TYlJ.tJ. m.my:n:Lca ;zteTeKropa Bh!,D;eJieHHo"1 B HeM 3He prHH); 

·- 3HepreT11qec1we paspemeH11e; 
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- peaJIDHaH l!YBCTBHTeJ!nHaf! TO J!JJU1Ha lJ.eTeKTOpa, salJ.aIDmaa 3Hep­

reTH'!eCKHM ~anasoH per~cTpapyeMhlX qacTan; 

- qyBCTBHTeJibHaH noBepxH OCT», saAaromaH pa6oqyro aneprypy AeTeK-

•ropa; 

- H3M6H6HH6 nepel!HCJ!6HHhlX xapaKT6pHCTHK OT B03A6~CTBHH BH8WHHX . 
cpaKTOPOB (TeMnepaTypa, pa~ruuifl HT.A.). 

Bee nepe!!HCJ!eHHble xapaKT6PHCTHKH CKJ!DHO aaBHCflT OT KaQ8CTBa 

MaTepaana, H3 KOTOporo H3rOTaBJIHBaeTCH ITIT~, a TaK~e OT T6XHOJ!O­

rHH M3rOTOBJ16HHH. 

CaM THn ,LieTeKTOpa,ero neJieBoe HaaHal!emrn (n poneTHblM AE - Ae­

TeKTOP HID! E - AeTeKTOp nonHoro nornomeHHR) Bceueno onpeAeJIHIDT­

ca 3THMH QlaKTOpaMH. 

06maH cxeMa HCll b1TaT6 JlbH Oro CTeHAa , IlflHM6HHeMall B. Ep~W ,l(Jlll 

asyqeHHH x apaKTe pacTHK IlIT}.(, rr pa BeAe Ha aa pa c .3 a , 6. }.(e TeKTOp 

pacrronarae TCH B crre naaJIDH O~ OTKa qaBaeM OM BaKYYMH OM KaMepe H 

o6nyqaeTCll KOJ!J!HMHpOBaHHblM ny l!KOM OT ol - pa AVJOaKTHBHOro HCTO'!­

HHKa. BhIXOAHble OT ITIT}.( HMITYJIDCbl n oc ne y cvineHHH pe racTpapyIDTCH 

MHOroKaHaJioHblM . aMilJlHTYAHblM aHaJIH3a TopOM ( Harrpm.ie p • 

11DE.i:·,c - 4000 " ). Ta K KaK CHrHaJibl OT t(eTeKTOpOB Ha rry TH B aHa­

J!H3aTOp npOXO,lilIT qepes cne KTpOMe TpH!!eCRHM TpaKT, TO Ha HHX 6y­

iJ.YT HaKJia,lib!BaTbCH HeKOTOpble HCKallteHHf! OT 3JleMeHT OB TpaKTa. 

IT03TOMY nepe;!l HatiaJIOM rrpoBepKH xapaKTepHCTHK mm He06XO;I.lHMO 

rrpoBeCTH npoBepKy BKJiall.a cneKTPOMeTpHtieCKOrO TPaKTa c UOMO~bID 

reHepaTopa TOl!HblX aMITJlJ<!TY.ll., no.n.anaeMblX Ha BXOlJ. npe;z.iyCHJ!HTeJIH. 

3TO ,liaCT B03MOlKHOCTb rrpoBepHTb co6cTDeHHYID JlHHe~HOCTD YCHJIHTeJIJ 

HOro TpaKTa, a TaKlKe orrpeAeJI~Tb BHOCHMbl~ HM BKJia;z.i B UJHPHHY KpH­

BOlt 3HepreTJ<!IJeCKOro paapeUJeHHf! r!II,Z\. 

BaKyyMHafl l\aMepa Ha pac . 3, co;z.iep~amaH HCIIb1TY6Mbltl ITH}.( viol- HC-
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TO'!HHK , MO~eT 6b1Th OCHameHa TaK~e pa3HliMH npac n oco6neHHHMH Al!H 

CKrurnpOBaHHll Il OBe PXHOCTYI f!TI}.(, H3N6 H6HHfl ero T6MilepaTypb1 H T, lJ., 

A. IIpoBepKa Jll'!H6ltHOCTl'I rrn.zr 
.l\JIH :noro l'ICil0JID3YIOT l'ICTOllHl'IKM ol - qaCTHU pa3HblX 3Hepri.t~ 

E1, ~·Es· ····· rrpH atOll aaepl'KH aeJiateRDHO Kll8Th TaKHe,11to6bl 

qacTH~bl CKaHHpoBaJIH BOSMOllHO Goa1t111m "8C!~ toa .. aw A«t!OKtopa. 

Per!<ICTPHPYH BC8 8TH DHH aa 811D•tJAHOK &IUUllaatope, .. ouo c 

AOCTaTOl!HOlt TOl!HOCTD~ onpe~iRT~ AMH8IHOCT~ llfi~. qaCYO iMaKc. 

He 6blBaeT AOCTaTOl!HO~ AJ!fl CKaHH POBaHHH 60JlDIJJHX TOJlmffH .n.eTeKTO­

pa, YI B TaKl'IX cJiyqaax HHOrM OOJIMJ<!e 3HepreT!tll!eCKHe M6TK.H MOlltHG 

ITOJ!Yl!HTJ:i, l!Cil01ID3Yfl yilKOPHT6JlbHble rr,yl!KH. Ha,LiO OTM8T.11TD, !!TO Ta­

K.11M IlpOBepKaM IlOMelKaT OC06811HO Te ITIT.l(, KOTOpue .V.OJJlKH!i l'ICl101lb-

30BaTLCH Mfl perHCTpauaH cppal'MCHTOB, TaK KaK B 3TOM CJiyqae Be­

pOHTHOCTH r.epeaapHAKH .f)paI'lleHTOB H R,Li6pHoro paccef!lll:rn yDeJUHl'l­

B3KlTCH. IlOJIJ '!6HHafl K8PTHHa llB1lfleTCH Ba&HOiil xapaKTe PHCT.l'IKOtl H 

!flaF.THQ6CKH np6ACT3DJIH6T 3H6preTHQ6CKYll K3JIH6pO~KY ITII,Z(, 

E. 3HepreTvitiecKoe paapemeHHS 1IT}.( 

3TO ecu lllHPHHa MOH03HepreTHll6CKOlt Jll!HllH Ha ITOJIYBUCOTe. 3Ta 

xapaKT6JlHCT.11Ka cpaay CHHMaeTCH Ilpif 11POB6,litlill'IH HCCJJe,ll(JI13!H1f! JU! -

H6~HOCT.H IlG.1!. TB.K ltaKa'..- HCTOllHHKH lUellT OlleH» yaKyll C00CTB6HH,Yll 

lliMPHHy JIHHHli. a y1irnpe11He JIHHHiil H3-3a lllYMOB CIT6KTpoue TpHtleCKHX 

TpaKTOD, npoBepcrnnoe rottepaTOpOM TOl!HliX aumiHTYJI., MaJJO, TO Yllll'l­

pe1rne 3THX mrnaiil 06'bHCHf!eTCfl KOH6lfHWi aaepreTHl!6CKi!M. paapeilleHK­

GM Ilil~. Paapelll6HHe AeT6KTOpOB SaBllCHT OT ycJIOBH~ C06HpaHHft aa­

Pll.llOB 11 JJ.eTeKTOpe, T.e. OT 11p1111olltettttoro HanpHlleHHH, a Taite 

OT TeMnepaTypbl. B H6KO:rOpblX CJ4Yll<ittX 6b1BaeT Heo6xOJl,HiJblM TaKlle 

viayti.ett11e aaBHCHMOcTH paapeUJemrn ITITJl OT aaep!'HU llXO.ztHW:: qacr11u. 
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B. llyncTBl'ITen:oHaH Tonmmm nn:zi. 
/lJIH rrpO JI6THblX nITJJ. !IpOB8plm - fll!Jlf!6 TCR ID! BCfl TOJlll\Y!Ha ,1(6 -

TBHTopa s~rpe KTl'l BH Oiil - ocymecTBJIReTcR oonyqeHl'!eM Ae TeKTOpa KaK 

c rre µe AHe~. Ta!\ 11 c sa,Ll,Heiil CT OpOH bl lll,l\8HTJil qlfbll/,l1 cl - l1CTOqfll'Jl\8.MH 

c TaKl1Ml1 3Heprl1 RMl1 , rr pH KOT OpbiX IT pooer cJ. - qaC Tl'lll, M8H:&lll8 llOJ! -

HOti TOJl li(l'!Hbl J(e TeKTOpa. B CJiy q ae , ecm1 sacpl1KCl'lpOBaHHble aMllJll1 TYA­

Hb!M a ttaJil13aTOpOM 3Tl'I 3He pre Tl1qeCKl'!e IDIHllUl (;u.nf! Il0311U,l'liil C3a;!\I'! 

Vi cnepe ;u,11) He COB!la,l\a!OT ' T O roB Opf!T 0 HaJil'lqvrn HeaclJrpe KT!llBHOr o 

( II ;,:e pTB Oro" ) CJ!Ofl B rrrr .n:. 
06bJqHO, eCJll'l MaTepl1a JI ;!\Jlfl IT ITA Bbl6paH y.n.a q Hb!M (;u,OCTaTOqH O 

Bb!COKOOMH b111 ). TO llpl'l COOTB6TCTBY!Oll\8M y :aeJll'lqeHl'll'l HilllpiiiK8!H1 fl CMe­

ll\6Hl1 fl 3 Tl'l Jll'! Hl'l l'l COBITa ;!\a JOT Ha ,l(l'lCIT Jiee aHa ID1aa Topa. B OCTa J!bHb!X 

(; Jiy qaRX !l OJiy qe HHbliil 11 Mep·rB11iil" CJIOiil ;!\OJiiK6H clJl'lKCl'lpOBaTb Cfl H y w­

TblB3 TbCH rrpH o6p a 60TKe llOJiytieHHblX 3KCll 6pl'lM8HTa Ji bHb!X ~HHb!X • 

.I\JIH :-r rr .n !lOJIHOrO n orJIOll\8H l'lfl rrpoBepKa HaJU1ql'lfl HeqyBCTBl'l T6Jl :&HOI'O 

c n ofl npoBO AYJ TCR atta Ji o r HqHo. B ITIT.ll rroJIHoro nornomeHl'lR, ecJil'l rroc ­

Jie Hl'!X CTaBl'lTCfl ;!\6T6 KTOP aHTl'lC OBna;u,e Hl'l n , rr pIAcyTC TBl'le 
11

M8p TBOI'0
11 

CJIOfl n pHBOAl'lT K HeKOTOPblM l1 CK8 lK6Hl1flM B KOHI.18 ::rne pr eT;iqe CKHX 

cneR~pOB perldcT pV!pyeMb!X qaCTl1ll, , vl C!lpaBJiemie K OTOpb!X He llpOCT O. 

4 TO KacaeTCfl orrpe ;!ieJieHl1fl pe a JI:&HO!i\ a Q:4JeKTl1 BH0tt TOJiml1Hbl ;!\8Te KTO­

pOB (B MllK[JOMeTpax ) , T O ITOCTyrra IDT CJ18.l\Yl<lll\l'lM o6pa30M : 0 6nyqa10T 

CTITJl Ha y c Kop.11TeJie OT Wl'!3.11qecKoli1 M.11we H.11 .11 perl'!CTP»PY JOT aMrrJiv.Ty.n.­

Hblt\ C!IeKTP T fllKeJlbllC qacT!t!l~, rrorra;u,aKJ!l(l'lX B ;!\eTeKTOp. B cneRTpe B 

OC HOBHOM npeo6na;u,aJOT n pOTOHbl 11 xapaKTepHb!l1 "nepern6" B e r o KOH­

u,e COOTB8TC TByeT K OHUY a tJ!clJeKT l'lBHOtl T0Jlll\l1Hbl ;!\6T6K'.l'Opa. 11crroJI:&3Yfl 

3Hepre T.11 q ecRyJO RaJll'l 6poBKY .n.eTeKTOpa no ol - a KTl'l BH blM i1CTQq H.11 -

KaM t MOlKH O BOCCT3 HOBl1 Tb ::itteprmo l'l , COOTB6TCTBe HHO ' TOJlllUIHY' co-

IO 

OT B6TCTBY!Oll\YIO KOHUY c neKT pa. 

r. qyBCTBV. TeJI:&Hafl !l OBe pXHOCT b TICTn 

llyBC TBV.T8JlbH3fl IlOBepxHOCT:& orrpe .n.eJineT CB8T0Cl1 JIY ycTaHOBKl'l l'l 

flBJlfl8TCfl BalKHill.! napaMe TpOM !1TI,U. 00bJqHQ qyBCTB.11T8JlbHOJi1 Ha3b!Ba-

6TCR BCH J\OHTaKTHafl llOB6PXHOCT:& l'l3 30i!OTa l'l aJ!JOMl1Hl1fl cnepeAl1 

i1 c sa.n.l'l ;!\6 TeKTOpa . OAHaI\O Ha rpaHilll,6 KOHTaKTOB MOryT OblTb HeO,l.\­

HOpO;ruiOCTl'l 8JleKTp11qecKoro llOJifl B o6'b8Me ;!\eTeKTOpa, qTO MOlK6T 

n p !A I>8CTi1 K He3l})¢6KTl'lBHOMY cCiopy sapfl.ll.OB VI COOTB6TCTB6HHO K 

yMeHbill6Hld!O 3tj;iJ!8KTl'lBI!OCT.11 perncTpau~rn '-!::!CTl1U l1 l1CKal!l:eHl'l!O crreK­

TpOB . 

Ll3y q11T:o 3TH OCiJiaCTl'l MOlKHO Cl1JlbHO KOJ1Jll1Ml1pOBaHHlli.al rryqK3J.:l1 

pai'l.Ji! Oa KTl1BHblX i1CTOqHJdKOB. C1;;am1pyR llOBepxHOCU nn]l ITO ;'li1:1MeT;:y 

IA CJie;!\fl sa cpe.n.Hetl cKopocThIO cpa6aTLIBaH»R ,l.\e'rexropa, 1.lOr.tHO or: ­

pe.n.e.llliT:& 3TOT He3@l8HT11BHbliil CJ!Otl. 06blqH0 Hes1t1i);eK'J'.i'!BHb!M CJJO>\ Ha 

Epa!O KOHTaKTHOtl !10BepXHOCTJ1 He rrpeBbUJJaeT 0,5 MM, 11 B (j/M311'l8C:.u!: 

3KCnepl'!M8HTe ero yq11TblDCi!OT, COOTBeTCTB61!HO CY3l1B OTBe pc Tl'le 

arrepTypttoro KOJIJll'!MaTopa renecKorra. 

n. TetmepaTy pHb!iil C,ll,Bi1r xapaKTep.11CTl1K ~nJI 

Tip11 1-1ccJie;n.onatt1111 .n.eTeKropa lK8JI3TeJI:&HO onpe,l\eJrnTh TY T.:nme -

paTypHyJO OOJI3CTh, B KOTOpoiil OCHOBHble xapaKTepMCTl!Kll liI1Jl O!TTll -

MaJJLHble v. MaJIO ;ia~mHfllOTCfl. 

HaJ11JiyqiJ!V!e xapciliTepl1CTV.Kl1 ann, TaKi1e ,KaK : JiytJIJ;Ge ::iHeprATl~ -

qecirne paspe:uett11e, Mam,ie ~'OKi1 .l\OC'rl'lraincR rrp.11 ttv.:;K11x re":ncvn:r­

pax. Ta1rne ycJJOB>Hi MOiKHO coa~a·n, wrnpi.wep, nµw~e:1ettl'ler~ liOlllr.•,­

Hl:l.X !.!11Hll3T_1pHblX },0JIOAl'lJILHl1I(QB, pa6oTaJOil(i1X m1 OCi ORC .1 1 ;e}:T'.l. 

ne.11n.e (.110 rrepef!'i)1a - I'J°C), L'x:;:J,.-'"'e Hl'1 Gll ,J.e7"CK'l'Oj~.:rn •H·1 : ,11 



cyxHM JlbAOY H.llli XOJIOAHO~ BO~OR, H.llli, qTO cnOJKHee, upKM6H6HH6M 

oxna~,l{6HHH JKK;IU<HM a30TOM H T.,l{. 

Ha11HHaa c 1975 r. B Ep~~ waroTOBJieHo oKono 200 KpeMHH6Bb!X 

IlOBepxHOCTH0-6apbepHbllC AeTeKTOPOB pa3JIKqHblX TOJlim!H, K3 KOTOP!iX 

B HacToa~ee BpeMa A6HCTBYIDT ""40. MarepwanoM cny~nK CJIHTKH 

Kp6MHHH OTeqeCTB6HHOro npOK3BOACTBa c y,l{enbHhlM conpOTKBJ16HHeM 

-I-2 J'.OM·CM ('AJIH TOHKKX ,l{6T6KTOpOB)K ~10 KOM·CM ('AnH E-AeTeKTO­

po~). B Ta6nKue npKBe,l{eHN tteKOTOpNe peayJibTaTli KCCJ16AOBaHKH 

xapaKTepKCTKK K3rOTOBJl6HHhlX ,l{6T6KTOpOB. IlpK STOY 3HeprKH 

r:i,, - qaCTHU pa,l{HOaKTHBHOro KCTOqHKKa 6li.llli: 5,156 ; 5,499 ; 

5,806 MaB COOTB6TCTB6HHO. 

Ta6RH~a 

Tonnuma Pa6oqaa Y.l{eni;Hoe II girn OJKe HR oe TOK ,l{e- 9HepreTH'l6C-
,l{6T6K!O- anepry- conpOTHB- 0 paTHOe T6KTOf5 1rne paapeme-
pa (MKM) pa Jl6HKe Ma- HanpHll!a HKe I (MK ) HKe 

cp (MM) TepHana U (B) R (KaB) 
~(KOM·CM) 

50 - 90 16 I,2 - I,8 20 - 60 ~ O,I 60 - 80 

200 - 30( I8 I,2 - I,8 IIO - 200 :$ O,I 50 - 60 

450 - soc 16 I,2 - I,8 ISO - 220 ~ O,I 45 - 70 

700 - 900 I6 ~IO 140 - 190 ~O,I 55 - 70 

IIpKMeqaHHe: B Ta6nwue npHBe,l{eHli paapemettwa, K3Mepettttlie c pa6o­

qe~ CTOpOHli ITIT.Zl. PaapemeHKH C o6paTHOH CTOpOHli - OTHOCKT6Jlbli0 

XyJKe. 

4. IlpKM6H6HKe nonynpOBO,l{HKKOBblX ,l{6T6KTOPOB 

B aKcnepHMeHTax Ha EpeBattcKou sneKTPOHHOM ycKopHTene 

MeTO;!IHKa ITIT.Zl KSJiyqeHHH IlOJiyqHJia lllHpOKOe pa3BKTK6 H npK116He-

12 

1; 

HKe B sKcnepKMettTaJibHOR WH3KKe. OcHOBHNe npeHwy~eCTBa IlilA no 

cpaBH6HHID c A6T6KTOPaMH .l{pyrKx THilOB - STO xopomee 3HepreTH'l6C­

K06 paapemeHKe, JlHHettHaH aaBHCKMOCTb aMilJlKTYAli HMITYJlbCa OT Be­

Jlli'IHHN norno~eHHOtt SHeprHH, cpaBHHT6JlbHO KOpOTKaH npO,l{OJlllOIT6Jlb­

HOCTb KMilYJlbCa, HeqyBCTBHT6JlbHOCTb K MarHKTHOMy IlOJIID, npOCTOTa 

K KOMil8KTHOCTb KOHCTpyKUKH, B03MOJKHOCTJ; pa60TN npH HH3KKX TeM­

nepaTypax (B CJiyqae Kp6MHHeBblX IlITTI - H npK KOMH8THOJ.1 T6Mil6paTy­

pe), B03MOlKHOCTb C03,l{aHHH ,l{6T6KTOpOB c npaKTHqeCKH Hynenotl TOJI­

~KHOH BXO,l{HOro OKHa. 

K H6,l{OCTaTKaM 8THX ;ll6T6KTOPOB MO:KHO 0TH6CTH MaJIYID B6JIHqHHY 

CKrHa~a, H6B03MO~HOCTb 003,l{aHKH ,l{6T6KTOpOB AOCTaTO'IHO 60JIJ;lliOH 

TOJlim!Hli AJIH IlOJIHOro norJ1omeHHH qacTH~ BNCOKHX BHepI'Htl, H3M6He­

HH6 (yxy.l{lleHKe) xapaKTepKCTll!K npH HaKOITJ16HHK 60JIJ;illHX ,1{03 o6ny­

qeHHH, H6B03MO~HOCTb pa6oTaTb rrpH BliCOKHX TeMnepaTypax. 

8TH xapaKTepHli6 oco6eHHOCTH K onpe;11eJ1HIDT o6JiaCTK npHM6H6HKH 

IlIT;l(. Bo-ne PBhlX, STO CIT6KTpOMeTpll!H aapHJK6HHhlX qacTKD; H ¥ - KBaH­

TOB B 06JiaCTK HK3KKX H cpe,l{HHX aHep!'Ktt. Heo6XO,IU1MOCTb TaKHX 

HSMepettKJ.1 BOSHKKaeT BO Mttornx nccne.l{onattKRX H.l{epttotl w111sHKK,KOr­

.l{a He06XO,IU1MO K3yqaTb SHepreT111qeCKHe Cil6KTPN qacTHD;, B03HKKaID­

mHx B peaynbTaTe pa;!IHoaKTHBHoro pacna.l{a HJIK paattoro po.l{a H.l{ep­

HhlX peaKuntl. 

B EpenattcHOM ~KaHqecKOM HHCTHTyTe nepE~e sKcrrepKMettranbH~e 

KCCJ16,l{OBaHHH c IlPHM6HeHM6M KpeMHH6BhlX rronyrrpOBOAHHKOBhlX AeTeK­

TOPOB HaqaTli B 1970 r. 06~6,l{KH6HHaH rpynrra cneu111aJlliCTOB E~M Ill 

na6opaTopHK H.l{eptthlX npo6neM 0Mffi1, E TOM qKcne yqeHNe Ha CPP , 

HPE, I'.11.P, BHP Haqana cncTeMaTHqecKKe aKcnepHM6HTaJI:bHlie Kccne,l{o­

BaHHH ynpyroro e - p ' e - d pacceHHll!H Ha BHyTpeHH6M nyqKe 

EpeBaHcKoro aneKTPOHHoro ycKopKTeJIH (waKTKqecKH nepBlitt axcnep11-
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MettT rrocne ero nBo,n.a B .n.eHCTB11e). 

8TH op11ri-rnaJI:btth!e rro saMblCJIY 11ccne,n.0Bc.;i11fi rrpecne.&oBanvi uem, 

BblflCtteH11fi aneKTpOiio!arH11Ttto~ CTPYKTYPH 11p0Toua, .ne~Tpotta (ttei\ -

Tpotta) rrpw Manwc nepe,&aBaeM!ilX 11Mnyn:bcax,T.e.np11 MaJililX sHepr11f!X 

OTAaq11 · qacT11uaM-Ml1illeHaM, pervicTpvipyeMblM KpeMHl16Bl:lMH rronyrrpoBO,ll.-

Hl1KOBblMl1 ,n.eTeKTOpaMH [II-I3] • 

B sT11x sKc11ep11MeHTax ,n.nH crreKTpoMeTp11vi npoTottoB (,n.ettTpottoB) 

OT,1.1.aq11 l1CllOJ!b30BaJil1Cb Kpe1JHl1eBble n OBe pxtt OCT H0-6ap:be p!ible ,&eTeK­

TOpl:l rrpHMoyroJI:bHOt1 (f)op1rn I0x40 MM2 TOJillU1HOfl ~I MM 11 c sttepre­

T ~rqecK1'!M paspemeH11eM 60-80 1rnB Ha y poBHe ol - lliiH11H 5, 5 MsB, 

113rDTOBJI6HHble B JIRTI- 01Mll1. 3Tl1 paCiOThi rrpO,ll.Ol1llt8.Jll1Cb ,ll.O 1975 r. 

C 1976 r. aaqancf! ttOBblU s Tan ilJl1311l!eCKHX 11ccl1e.n.0BaH11~ B EpclM. 

C ITpl1M6H6Hl16M KpeMH1'16Bh!X ITOJ!yITpOBO,ll.Hl!i!WBblX ,ll.6T6KTOpOB. rpyrma 

i!:pclM. COBMCCTHO c Y'l6HblMl1 "13 HHC'l'l1TyTa aTOMHO~ 1))>1311Kl1 (mrne l1H­

CT1'1TYT W1'13HKYI 11 fi.l(epaoa Texttonorn11 r • .EyxapecT,CCP) rrpYJcTy -

mrna K Cl1CTeMaTLi4'.6CKOMy HCCl16.L\OBaHl1!0 rrpo,ll.yKT.OB 3Jl6KTPOA63l1H -

Terpa U1111 aTOMHblX f!,ll.ep 3J!ElKTPOHaMl1 60J!bllll1X 3Hepr11~ Ha C03)J.a ttttol1 

tta BttyTpetttteM rryqRe EpeBaHcKoro yc1wp1w1Te1rn aRcnep11MeHTaJ1bHO~ 

' 
ycTaHOBKe "e - A". 

~1CCJI6.l\,YIOTCfl @13l1l!6CK1i6 xa_IJaKT6p>1CTl1KYI: Mact:OBble t 3He preT.11 -

4'.6CKl16 cneKTphl, yrJIOBb18 .11 A-3aBJ•!Cl'1MOCTH' a TaKlKe 3aBl1CVJMOCTH OT 

Ha 4'.8JlbHO ~ SHeprn11 3116 KTPOHOB BblXO;J.a o6pa 30Ba HHb!X npo.n.yKTOll 

R,ll,epHb!X pac !:(errr.eHlii-i - rrpoTOHOE, Ae ilTpOHOB, TPl1 T OHOB, fl,n.ep 111a o­

TOITDB He , L i. t Be l1 C50JIC6 TfllK8JlblX (j)parneHT OB c IIOCJ16 ,11.Y!OIJU1M CpaB­

!i6HYl8M c cy4eCTBYllU(l'1Ml1 Te opeTl1 'leCK>lMl1 M0 ,1J,6 JlflMl'1 ITO 1.wxaa113MY 

06p'.!:, OB1.1Hl1H [ 1'1 -16). 

,3 3Tl1X HCC !J~,D,OBCIH>iHX t B 0TJHl 4i1tl OT npe,l\l:lAfLJ.;e r o, J.iJ lH perv.CTP'l ­

IJ.1111 fl,!i.8jJ!ibil( 'ldCTiH.\ llpl111.18!-l'l!OTCR HO Oll;IH04Hbie i\reutt11en;,:e ~OT6K -

14 

.......... 

T Opb!, a TeJieCKOTil14'.eCKl'1e Cl1CTeMbl T11rra ( Li E ,E) 113 TOHKl1X '• J:'V-

Jl6THblX LIE - ,ll,eTeKTopoB ( To11m11aa 50 - 200 MKM) .11 E - ;zieTeKTO-

p oB OCTaHOBKH (Tonm.11Ha 0,5 - 4 MM), IT03B OJ!fl!OU(l'16 .11,ll,6HT.11WHKaU11!0 

"1 CITe!,TpOMeTpHll Tflllt6JlblX aapmKeHHhlX qacTliU. 8HepreTYl48CKOe pa3-

pewett11e ,ll.eTeKTOpOB COCTaBJJflJIO 65 - 70 K3B )\JIR ~E - ,ll.8'.1'8KT0p0! 

.11 80 - 90 KsB ;ziJIH E - ;J.eTeKTopoB aa ypOBHe cl - JI1<1H1<111 5,5 MsB. 

Tip11MeHfieMl:le B 3Tl'1X 3KCrrep.11M6HTax ITOJiyrrpOBO,ll.HliKOBl:le ,ll.6T8KT0pbl 

11aroTOBJlHJ1HC:b KaK B 5yxapecTe , TaK 11 B EpeBatte. Hal!11Hatt c 

1982 r., rroc11e aaBepmeHl1R COTPYJ.iH.11l!eCTBa c CPP B 3 Tl1X 3Kcrre­

p11111ettTax l1CITOJ11>3y!OTCfl TOJlbKO Kp6MH.118Bhl6 fJn,ll, l'l3I'OTOBJ16HHhle B 

!!; p4>JA. 

BamHO~ oc o6eHHOCTb!O yrrOMflHYTb!X Bblllle 3Kcrrep11MeHTal1bHhlX l'lCCJ1e­

~OBaH1<1~ HBJifleTcfl rrp11MetteH11e BnepBble Me T0.4HKl1 KpeMa.11eBb!X noJ1y­

rrpoB0,1J.HHKOBhlX ,n.eTeKTOpOB Ha BHYTP6HH8M nyqKe SJ!eKTPOHHOro C.11H­

xpoTpOHa 60J!bill0~ 3Hepr.11.11. ,lle~CTBl1T6l1bHO, np1<1 pa6oTa!OU(6M ycKop.11-

TeJie TITI,ll .11 ITOCJie,ll.yIOU(af! CIT6KTpOMeTp.114'.6CKaR 3 Jl8KTpOHl1Ka .11CITb1Tl:lB8-

!0T 60J1l>illYIO pa,D,.11a u.110HHY!O aarpyaKy, yxy;zuuaiomyro, B qacTHOCTl'l ' 

3HepreTH'l6CKOe paapemeHtte l1HOI,ll,a B HeCKOJlbK O pa3 H Tpe6y!OlllYk 

onpe;J,e JieHHblX uep ,ll.Jlfl HaAelKHOro rrpOB6,&61iYIR SKCnepHMeHTOB. 

Kpyr 11crroJ1J>30BaHHH B sKcnepwMeHTax Ha EpeBaHCKOM ycKop11TeJ1e 

rronynpOBO,ll.H.11KOBLIX ,ll.6T6KTOpOB He orpaH.11'l.11BaeTCfl O,&HHMH KpeMHH-

6BblMH ,ll,eTeKTOpaM.11. Ha411Haa c 1975-1976 rr. o6'.be.l(1'1r;eaao~ rpyrr-

rrott Ep~~ H ErY rrpoBO,ll.flTCfi COEMecTHHe wccne.n.0BaH11R ipoTOR.l(epal:lX 

p6aKU11~ c np1111eHeH11eM repMaHl16BO-Jl.11Tl16Bl:lX ,ll.6T8KTOpo:a ;J.Jlfl cneK­

rpocKOTil111 B036YlKA6HHl:lX a.n.ep-OCTaTKOB [I7-I8] • B STl1X pa6oTax 

HCITOJIMyJOTCfi cTaHAapTHble Ge\Ll.)-;zie TeKTOphl c pa604'.l1M 06'.beMOM 

COOTB6TCTB6HHO 30 H 60 cM3 rrp11 3HepreTl1'l6CKOM paapelll6H.11l1 

~3 K3B Ha ypOBHe 3H6pr.i!H raMMa KBru!TOB rJ I MsB. 
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B HaCTOH~ee BpeMa_nna.HHPYIDTCH H ;n;pyrHe. npHMeHeHHH noJ1yn po­

BO;zJ;HHKOBblX ,Z(8T8KTOpOB B 3KCnep1.Ut8HTax Ha EpeBaUCKOM CHHXpo -

TPOHe. 

B SaKJIIDqeaHe Bupa~aeu 6J1aro.napHOCTb A.U.AMaTyHH aa 60J1bmyw 

nOMOUU> H BHHMaHHe B. opraHH3aL\HH H ¢lYHKl\HOHHpOBaHHH rpyrmu H3-

rOTOBJ16HHfl ;n;eTeKTopoB H c.r.MaTHHHHy aa co.ne~cTBHe. BupagaeM 
' TaKKe 6J1aro,napHOCTb K.A.ApyTDHliHy, n.H.Ee,Iij>OCHHY sa llOUOUU> B 

pa6oTe. 

PHc. I 061!1BI l!H.A Tex110J1orHqecKoro yqactxa no 1i1arotoBJ18HH1> Illl.ll 

I6 

Jlu 
U3011upo&lHHb1U np0Co9 

Dt0pd11b 

"-' 

• It ) 0 {) 

PHc.2 KoHCTPYKl\HH Hs ro~oBJ1eHHoro noJ1ynpoBO;n;HHK-OBOro .neteKTOpa: 

a) paspea·; 6) pas6opKa 

- U 

11-~ 
,/-vMTMNtl,r /717~.,,,,.j----{ 
~ ,..,,.....,,, __ ,,. ___ _ 

-1 .. '7 'I 
'*""""""'~ I I / At I 

t'!{!l_/ f ~~- I 
I ~- ?-
I 

fi-fH/'TH" 
OmK4'¥KIT 

L ____ _J 

/Htr,,tarrmtlj' 

tt1•f/Tylfno4 

4_,_. 
olrKK.Aa' 

8 

PHc.3 ~cnuTaTenbHb!R CT8H;zJ; ,Z(Jlfl npOB8pKH ITOJlynpOBO;n;HHKOBb!JQ A8T8K· 

TOpOB: 

a) npHHUHIT HaJlbHaft cxe~~ 
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