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1. BaeJleHae 

CpellK cymecTay~max MeTOJlOB HJlBHTH~HKa~HH qacTH~-npoJlyKTOB 

HJlBpHb!X peaK~HA 6 Onbmoe pacnpOCTpaHeHHe nonyqan MBTOJl, B KOTOpOM 

OJlHOspeMeHHO H3MepSieTCSI aaepraSI 'laCTH~bi H ee yJlellhHaSI HOHH3~HSI. KaK 

cneJlyeT H3 Bb!p8.lKBHHSI )lnSI yJlenbHOA HOHH38~HH '18CTH~bl, npOH3Be)leHHe 

STHX JlBYX senB'IHH B HepenSITHBHCTCKOM cnyqae nponOp!lHOH8JD:.HO Z 
2 

M H 

cna6o aaaHCHT .OT aaepraa 

3JleCb: M H Z -M8CC8 H 38pHJl '18CTH~bl, E -aaeprHSI qacTH!lbi, K 1 

KOS~~H~HBHT, COJlBp.lKamHft nHmb ~H3H'IBCKHe KOHCT8HTbl 
1 

IC ll -38BHCHT 

nHmb OT csoAcTs nornoTHTenst. 

8 CHCTeMe KOOpJlHH8T C OCSIMH E H <IE/dx z 

H M COOTBeTCTsyeT onpeJleneHH8Sl ranep6ona. HeTpyJlHO BHJlBTb, 'ITO C 

pOCTOM M H Z 'laCTH!lhl noshxma~TCSI Tpe6osaHHSI K paapema~meA cno-

C06HOCTH JlBTBKTOpOB JlnSI H8JlB.lKHOA HJlBHTH~HK81lHH OTJlBllhHh!X H30TOITOB. 

06menpHHSITO CBH'I8C B K8'1BCTBe JlBTBKTOpa E HCITOnb30B8Tb nony-

nposoJlHHKOBbiA JleTeKTop, a B Ka'lecTse JleTeKTopa dE I d x - na6o nony-

npOBOJlHHKOBb!H JleTeKTOp JlnSI pa3)leneHHH H30TOITOB BOJlOpOJla H renHSI, na-

60 pa3nH'IHbj..e THllbl HOHH3~HOHHb!X K8Mep )lnSI pa3)leneHHSl H30TOITOB 6onee 

TSI.lKenbiX aneMeHTOB. 
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IlpHMeHeHBe TOHKHX nonynpOSO!IHBKOSbiX ):leTeKTOpOS !11ISI H3MepeHHSl 

y!lellbHOH HOHH38IUIH TSDKe1IhiX BOROS C):lep:lKHBaeTCSI, rnaSHbiM o6pa30M 1 Tpy!I­

HOCTSIMH HX H3I'OTOS1IeHHSI, bOllbiii8Sl Y!I91IbH8Sl HOHH38IUIS11 C03!18SaeM8Sl TSI-

:lKe1IbiM HOHOM, H S0;3paCT8IOIIIHe C Z H A Tpe6osaHHSI K ~HepreTH'ieCKOMY 

paapeiiieHHIO npHBO!ISIT K He06XO!IHMOCTH H3I'OTOSneHHSI !leTeKTOpOS T01IIIIHHOH 

S HeCK01IbKO !leCSITKOS MHKpOH C BbiCOXOA JUlOCXOIUlpami&llhliOCTbiO( C paaopo-
2 

COM T01IIIIHiibl nOpSI!IKS 0,1 MK no P.S60'leA JinOtn8!1B OKOJIO 1 CM ) • BMeCTe 

c TeM nonynposonHHKOSbie neTeKTopbi dE I dx o6nan8IOT pSUJ.OM npeHMY­

mecTs nepen HOHH38UHOHHbiMll KaMepaMll. 0HH KOMD8KTHbl 1 npome S o6p8-

meHHH
1 

nerKO pa3M9IU8IOTCSI S K8M9p8X pacceSIHBR; Me:lK!IY MHIII9Hbl0 H ne­

TeKTOpOM HeT nor1IOIII8IOIIIHX aaeprHIO <ll01Ibr. IloaTOMY p83p860TKa TOHKHX 

!19T9KTOpOB !11ISI aKCnepHM9HTOS C Tst:lKe1IbiMH HOHSMH - H8CYIIIHO He06XO!IB-

M8SI 38!18'18. 

2. X8paKTepHCTHKH TOHKHX KpeMHH9BbiX !19T9KTOpOS dE/dx 

B PanuesoM HHCTHTyTe HMeHH B.f.XnonHH8 6bma paapa6oTaaa 'l'ex-

aonorusr uaroTosneHHSI TOHKHX nnocKonapannellhHbiX KpeMHHeSbiX nosepxao­

cTao-6apbepHbiX !19T9KT?pOS TOnmHHOIO !10 7-10 MHKpOH H pa6oqei!: nno-
2 

IIIS!IbiO OKOnO 1 CM ' 06ecrre>mBBIOIII8Sl SblCOKylO O!IHOpO!IHOCTb Ton.-

ll!HHbl KpeMHHeBbiX n.nacTHHOK. Henocpe.ocTBeHHble H3Mepeausr TonmHHhl oT­

nenbHbiX neTeKTOpHbiX nnacTHH .oanu p8a6poc ( +0,1 ·- 0,2) MKM H8 nnoma-
2 . -

!IH 1 c~ • Xopom8sr nnocKonapannellhHOCTb nnacTHHOK nonTsep:lKnaeTCSI TaK-

:lKe cosnaneaHeM aaepreTH"l:eCKHX p8apemeHHA neTeKTopos, nony"l:eHHhiX c 

T 
, 20 

a -"l:aCTHllSMH he H C ycKopeHHbiMH HOHSMll N e 1 · HS SCeH pa6o-

qeH nnoma!IH ):leTeKTOpa H C K01IJIHMHpYIOIIIHM OTsepCTli9M !{HaMeTpOM 1 MM. 

B Ta6nune 1 npaseneHhl OCHOSHble xapaKTepHCTHKH 3-x neTeKTopos, 

K OTOpb!e HCllb!Tb!S81IHCb Ha TSI)I{enhiX HOH8X, lJ.eTeXTOpbi 6b!nH H3I'OTOS1I9Hbl 

H3 KpeMHHSI OTe'leCTBeHHOI'O np0H3BO!ICTBa C yaelibHbiM COnpOTHBneHHeM 

300-550 OM,CM H BpeMeHeM :lKH3HH HOCBTenei!: t -30-50 MKCeK. 
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HoMep llGMJI 

C neKT P a -'ia CTHll oT HCTO'iHHKa The + T he ' an 
HOH 42,5 M K M • a -1IHHH SI H I Am C E a =5,4l 

ansr K ana6poBKH mKan bi . 

Ha pHc.1 npHseaea cneKTp a -"l:aCTHn T he + T he ' 

aeTeKTope ~1 n pa o6ny'ieHH H BCeH pa6oq e A noBep x a oc : 

C a aepraeH 6,04 Mas T ep sriOT B ):l e T eKTOpe BC IO CBOIO 9 

THll bi c aaepr HeA 8,7 8 Mas T e p SIIOT 4,7 7 M aB • .lln SI Ka JJ 

·aaeprui!: npHBeneHhi TSK:lKe a - JIHHHSIH I A c E , 
a 
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Pac.l. CrreKTp a -'lBCTHU OT HCTO'lHHKa The+ The' anSI J:teTeKTopa TOniUH­
lHI 

aoi!: 42,5 MKM. a -nHHHSI Am c E a =5,48 Maa rrpaaeaeaa 

):InS! KBnH6pOBKH lliKBnbi. 

Ha pac.l npaaeaeH crreKTp a -'lBCTHU The + The ' 

):leTeKTOpe ~1 rrpH o6ny'leHHH BCeH pa60'lei!: IIOBepXHOCTH. 

, rrony'leHHbiil: aa 

a -'lBCTHUbl 

C SHeprHei!: 6,04 MaB TepSI!OT B ):leTeKTOpe BCIO CBOIO SHepr1110 1 a -'laC-

THUbl c aaeprnei!: 8,78 MaB TepmoT 4,77 Maa. nnSI Kana6pOBKH lliKBnbi 

·aaeprHi!: rrpHBeJ:teHbl TBK)Ke a -nHHHSI
20 

A c E a =5,48 Maa. 
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3. Paapema10mas cnoco6aoc:Tb TOBJUlX 

lleTeKTOpOB &a TSDKenbiX BORaX 

Har.tepeJ!IlH paapema10mell cnoco6aoc:TK aeTeKTopoa aa TSDKenbiX xoaax 

npoaoaxnHcb aa Bbl&elleHHOM II}"Ute IUirtnOTPOHa Y-800 OH.HH. KOIUIHMKp~ 

BaHHbiA ny'IOK HOHOB D8l18n B K8Mepe pacceHJillK H8 MHUleHb H3 CyCSnbHOrO 

2 
3000T8 TO~IO OKOOO 0,2 Mr/CM , lleTeKTOpbi yCT8Ha&nHBanHCb T8UM 

0 
o6p830M, 'IT06bl B HHX DODSllanK HOHbl, pacceaHHble IIOll yrnoM 80 . llnSI 

STOrO yrna ceqeHHSI aetnJlyrHX npODeCCOB Ha HeCKOnbKO IIOpHllKOB HHlKe Ce­

'leBJISI ynpyroro pacceHJ!IlSI, YrnOBaSI paCXOllHMOC:Tb KOHOB, DOD8l18BUlHX B 

0 
AeTeKTOp, He IIpeBb1Ul8na 8 , MoaosHepreTH'IHOCTb II)"lX8 HOHOB, K3Mepe&-

H8K C IIOM8Ulbl0 TOOCTOrO nonynpoBOllHHKOBOrO lleTeKTOpa, COCT8BnSina 

""' 1 %, O.IU18KO, B cnyqae Jl.OHOB apro&a OH8 yxyamanacb llO 8%. .llnSI yMeHb­

meHRSI 4J<>Ha OT sneKTpOHOB, Bbi6HTbiX nyqKOM H3 MHmeHR, Depe.r:t lleTeKTOpa­

MK ycTa&aBlUIBanaCb 383eMneHH8SI 8nJOMHHHe&aSI 4Jonbra TonUlHHOIO 6 MK. 

J1CDOnb30Ban8Cb B03MOlKHOCTI> OAHOBpeMeHHOrO yCKOpeHHSI H8 IUIIUIOTpOHe 

IIap pa3nH'IHbiX HOHOB C Ol1HK8KOBbiM OTHOmeHJLeM 3SpSI.Il8 K M8CCe Ill + + C 

18+++: 15+++ . 20++++ 
II 0 : N II N e • B SKCDepiiMeHTax IIpHMeBSI118Cb CT8H-

l18pTH8SI sneKTpOHH8SI annapaTypa, pa3p860-T8HH8SI Mil- BOnynpOBOllJillKOBbiX 

AeTeKTOpOB B nSIP OHSIH. CneKTp perHCTpHpOBanCSI &a MHOrOK8HanbHOM 

8MDnHTyllHOM 8H8nH38TOpe 'Teaaop'. 

15 
Ha pac.2 IIpBBeAeHbl CDeKTpbl KOHH381UlOHHbiX IIOTepb HOHOB N H 

20 
Ne B lleTeKTOpe M!2, IIony'leHHble B OllBOM o6n)"leHHB. 3arpyaKa lleTeK-

Topa COCT8BnSina 400 IIOHOB B ceKYHJlY· UHcppbl y c-rpenoK yKaablBa-

JOT aenJI'lHHbl saepreTB'Iecux. IIOTepb aoaoa B AeTeKTope, onpeaeneHHbiX sa 

/1/ 
3HBHCBMOCTB IIp06er- SHeprllSI • 

B Ta6nHIIe 2 npeacTaBneHbl SKCIIepaMeHTanbHble aaaable no saepreTH­

'Iec~OMY paapemeHHJO Tpex TOHKHX lleTeKTOpOB IIpH 06ny'leHHH p83n11'1Hbi­

MH HOH8MB. B Ta6nsny BKnJO'IeHbl T8KlKe peaynbT8Tbl ans G -'18CTHII · Thc~ 

B nocneaHHx cTon6aax ra6nHubl npaaeAeHbi OlKIIJl&eMhle &enH'IBHbi paapeme-

- /2/ 
HHH, Don)"leHHhle pac'leTOM no !IK>pMyne Kpsamoy 
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Psc.2. CneJ<TP BOBH3ailBORBbiX nOTepb 1'1 E HOBOB 
15 

N s 
20 

Ne Ill 

TeJ<Topa TOIDDH&oll 48,6 MJ<M, Us<!>pbl y cTpenox llBIOT noTeps ~ 

rHH HOBOD B lleTei<TOp~ 

R% • 2,6 [ 
W Max 

· ~E fn( W Max / I) · 

~ 
] 

3aecb: W Max -M8KCBManbHaSI saepras, nepeaaaaeMaSI HOHOM < 

~ E -Haa6onee BepOSITH8H BenH'IHH8 HOHB381UlOHHb!X IIOTepb B 

Tope, I -cpellHBil: IIOTeHl1H8n BOHH38IIJI.H 8TOMOB KpeMHHSI, pal 

/3/ . 
neABJIM aaaHbiM 173 sa • <PopMyna Kpsamoy MOlKeT 6biTb X • 
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Pac.2. Cne~~:Tp HOHH3aiUIOIIBbiX nOTepb A E HOBOS 15 
N a 20 

Ne an11 ae-

TeJ<Topa TOlllllHBoA 48,6 MI<M. Ua<jlpbl y CTpenoJ< .tl8IOT noTeps ssep­

rsH HOBOD B .tlBTei<TOpax. 

R" .. 2,6 [ 
W Max 

· ~E fn( W Max / I) 

3lleCb: W Max -MrutCBM&llbH&H 3HeprBH, nepell&B&eM&H HOHOM aneKTpOHy, 

~ E -H&H6onee BepOHTH&H BenH'IHH& HOHH38IlHOHHb!X DOTepb HOHB B lleTeK-

TOpe, I -cpellHHii DOTeHilHan HOHH3BIUIM BTOMOB KpeMHHH, paBHblii: DO noc-

/3/ . 
nellHHM ll&HHhiM 173 aB • <J;IopMyna Kpanmoy MOlKeT 6hiTb xopomo annpoK-
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CHMHpOBaHa Bbip8)!{eHHeM, B KOTOpOM 38BHCHMOCTb pa3perneHHSI OT qaCTH-

Ubi Bbip8)!{eHa B SIBHOM BHt:te: 

R 15,5 • z v d 
K3B 

d -TOniDHH8 t:teTeKTOpa B MHKpOHSX. 00t:t06HaSI npSIM8Sl 38BHCHMOCTb 

R ( Z) BbiTeKaeT H3 BCeX H3BeCTHbiX TeOpeTHqeCKHX paCCMOTpeHHH cpnlOK-

/4-7/ 
TySUHH ROHR38UHOHHbiX IIOTepb B TOHKHX nornOTHTenSIX • 0TnHqHe OTI-

pet:teneHHOrO H8MH K09$$HUHeHT8 15,5 OT 06biqHO RCTIOJib3yeMOrO 14,6 o6yc­

noaneHO Bbi60pOM 3HaqeHHSI 
J =173 9B BMeCTO yHHBepcanbHOrO Bbipa)!{eHHSI 

--..._ 
~ 1:.10 z /8,9/ 
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3Up5f0 UOHQ. 

PHc.3. 3aepreTHqeCKOe pa3perneHJie TOHKHX AeTeKTOpOB B 38BHCHMOCTH ()T 

Z ROH8 • • -AeTeKTOp TOniDHHOH 48,6 MK 1 "' -AeTeKTOp TOn-
IDRHOH 42,5 MK, 0 -AeTeKTOp TOniDHHOH 10 MK. llaHHbie BCeX )le­

TeKTOpOB IIpHBet:teHbi K TOniDHHe 48,6 MK. 

8 

Ha pHc.3 CJienaHo cpaaHeHHe Me)!{AY 38BHCRMOCTblO 

z , JiaaaeMoit $opMynol!: Kpsarnoy
1 

H peanbHO aa6n10Jiae1 

MH. 

!13 Jl8HHbiX, npeJlCTaBneHHbiX B Ta6naue 2 H H8 pHCYI 

naTb JlBS BbiBOJlS: 

1) Pa3pa6oTaHHaSI a PaJIReBOM HHCTHTyTe RM. B.r.; 

H3rOTOBneHHSI nonynpOBOJlBBKO~ JleTeKTOpOB II03BonSieT n 

TOphi dE/ dx JlnSI pa60Tbl C TSl)!{9nbiMH HOH8MR 1 He yeT: 

eMy pa3pemeHHlO nyqmBM o6pa3Il8M ROHH38IlHOHHb!X KaMel 

TOphi TOniiiHHOl!: 40-50 MK II03BOnSDOT B IIpHHilRIIe p83JlenSI'I 

MeHTOB JlO HeOH8 BKnlOqHTenbHO. 0THOCHTenbHQe 9HereTHqE 

JleTeKTopa ynyqmaeTCSI c yaenzqeaHeM ero TonmHHbi nponc 

Bo MHOrHX c~yqagx, IIpH JlOCT8TOqaol!: 9HeprRH HOHOB, 9TO 

6biTb HCIIOJib30B8H JlnSI ASJibHeHmero IIOBblllleHHSI pa3perneHI 

2) Ha6mot:taeTCSI B03 pacTa10mee c Z pacXO)!{AeHH 

qeTHbiMH H 9KCIIepHMeHT8JibHbiMH 3HaqeHHSIMH 9HepreTHqec 

3TO paCXO)KJleHHe IIpOSIBnSieTCSI BO BCeX HCIIb!TSHHbiX AeTell 

He MO)!{eT 6biTb cnyqaHHhiM. HeKoTopoe OTKnoHeHRe (npRM 

A8pTHb!X OlllH60K) OT o6mero XOAS 9KCIIepHMeHT8JibHOl!: 38 

pemeHHSI OT Z , H116nl0t:taeMOe AnSI HOHOB IS 0 , B03P, 

c aeynpyrRMH npoueccaMH. Cnet:tyeT 3aMeTHTb, qTo J'I3Mep 

Ct:tenaHHbie B pa3Hbie AHH H C p83HblMH AeTeKTOpSMH , t:tanl! 

pe3yJibT8Thi. 

06aapy)!{eHHbiH $8KT cyrnecTaeHaoro yxyt:trneHHSI aaepi 

pemeHHSI TOHKRX nonynpOBOJlHI'KOBbiX )leTeKTOpOB JlnSI HaH6< 

HOHOB, TIO Cp8BHeHHlO C np-enCK838HHSIMH TeOpHH, HMeeT BB 

TBK KSK MO)!{eT TIOCTSBHTb npenen HX HCIIOJib~OBSHHlO nnSI 

H30TOTIOB TSI)!{enee HeOHS. 
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Ha pHc.3 CAenaao cpaaHeHHe Me)I{AY 3aBHCHMOCTbiO pa3pemeHBSI OT 

Z , AaaaeMoa !j>opMynoa KpsHmoy
1 

H peallbHO aa6niOAaeMbiMH BeliB'lHRa-

MH. 

Yl3 A8HHbiX 1 npeACTSBlieHHb!X B T86liH!le 2 H H8 pHCYHKe 3, MO:>KHO CAe-

.118Tb AB8 BbiBOAa: 

1) Pa3pa6oTaHHSSI a PaAHeaoM HHCTHTyTe HM. B.r. Xnomum MeTOAHKa 

H3rOTOB.IleHHSI nonyrrpOBOAHBKOBbiX AeTeKTOpOB ll03BOliSieT IIO.Jiy'l8Tb AeTeK-

TOpbl dE I dx A.JISI pa60Tbl c TSI)Ke.JibiMH HOHSMH, He ycTynaiOmHe no cao-

/10,11/ 
eMy pa3pemeHHIO .Jiy'lillHM o6pa3Il8M HOHH38IlHOHHbiX K8Mep , JleTeK-

TOpb! T01III!HHOA 40-50 MK 1103BO.IISIIOT B npHHilHne p83Ae.JIHTb H30TOUbl sne­

MeHTOB AO HeOH8 BK.IIIO'lHTe.llbHO. 0THOCHTellbHoe SHereTH'leCKOe pa3pemeHHe 

AeTeKTOpa Y.JlY'lill8eTCSI C yaeliB'leHHeM ero TOliillHHbl nponopllHOH8llbHO 1/..;T. 

Bo MHOrHX C~Y'l8SIX 1 npH .OOCTSTO'IHOA SHeprHH HOHOB, STOT cjJaKTOp MO:>KeT 

6b!Tb HCIIOllb30B8H .OliSI .08llbHei!:mero IIOBblllieHHSI pa3pemeHHSI, 

2) H a6mo.oaeTc H ao3 pacTaiOmee c Z paCXO:>KAeHHe Me:>K.OY pac-

'!eTHbiMH H 9KCnepHMeHT8llbHb!M.H 3H8'1eHHHMH SHepreTH'leCKOrO pa3pemeHHSI, 

3TO paCXO:>K.OeHHe npOSIB.JISieTCH BO BCeX HCIIbiTBHHb!X .OeTeKTOpax H IIOSTOM) 

He MO:>KeT 6b!Tb cny'!aAHbiM. HeKOTOpoe OTKliOHeHHe ( npHMepHO H8 5 CTSH­

.oapTHb~ OlliH60K) OT o6mero X0.08 9KCnepHMeHT8llbHOH 38BHCHMOCTH pa3-

pemeHHH OT Z 1 H~;t6li!0.08eMOe .OliSI HOHOB 
18 

0 , B03MO:>KHO, CBH38HO 

18 
c aeynpyrHMH npoueccaMH, Cne.oyeT 3aMeTHTb, 'ITO J'I3MepeHHSI aa 0 

c.oenaHHhie a pa3Hbie .OHH H c pa3Hb1MH .oeTeKTopaMH, .oanH coana.oaiOmHe 

pe3y llbT8Tb!, 

06aapy:>KeHHhii!: cjJaKT cymecTaeaaoro yxy .omeHH H SHepreTH'IeCKoro pa3-

pemeHHSI TOHKHX IIO.JiyllpOBO.OH/'KOBbiX .OeTeKTOpOB .OliH HaH6onee TSI)I{elibiX 

HOHOB, 110 CpaBHeHHIO C npe.OCK838HHHMH TeOpHH, HMeeT B8:>KHOe 3HS'leHHe, 

TBK K8K MO:>KeT IIOCT8BHTb rrpe.oen HX HCII0llb~OB8HHIO .OliSI H.QeHTH$HK811HH 

H30TOIIOB TH:>KeJiee HeOH8, 

9 



MolKHO yKaaaTb <jlaKTOpbi, KOTOpbie ne y'IHThiBaJOTCR B <jlopMyne Kpaa­

ruoy ( TSK lKe KSK H B llPYI'HX TeOpHS!X $1IJOKTyaUHJi HOHH3SUHOHHbiX llOTepb), 

HO B npHHUHne MOI'yT Bbi3BSTb YXYilllleHHe paapellleHHSI C pOCTOM z HOHS. 

a) MaoroKpaTHoe pacceRHHe HOHa npH npoXOlKileHHH lleTeKTopa npHBo-

llHT K YllJIHHeHH!O ero nyTH no CpaBHeHH!O C TOJimHHOH JleTeKTOpa u 

JlOCKOJibKY cpellHHH yron MHOI'OKpBTHOI'O pacceRHHSI 0 paCTeT C Z 

o :~ .z :~d 

TO llHCnepCHSI nyTH HOHS B JleTeKTope 6ylleT B03pSCTSTb C yaeJIH'IeHHeM ero 

aapSUla. 

6) C~t~eHHe ynpyroro paCCeHHHH HOHOB HS STOMBX KpHCTSJinH'IeCKOH 

perueTKH JleTeKTOpa, KOTOpOe npHBOilHT K 6oJibmHM llOTepSIM 9HeprHH HOHB 

no CpaBHeHH!O C paCCeSIHHeM HS 9JieKTpOHSX1 TSKlKe B03pSCTaeT C Z H A 

HOHS. 

Ollnaxo npaKTHt~ecKoe coanalleHKe peaym.TaToB Ha lleTeKTopax paa­

ao.H TonmHHbl YK83biBSeT H8 TO, 'ITO nponeCCbl, llJIF KOTOpbiX $1IyJOKTy8UHH 

anepreTH'IeCKHX noTepb · nponopnaonam.Hbi TonmHne, ne HrpaJOT cymecTaea-

HOH ponH B a4KjleKTe CHJibHOI'O pa3nH'IHH R 
9KCll. 

Jlb!X HOHOB. 

H R 
Teop. 

llJI Sl T SilK e-

Heo6XOilHMbi llBJibneliruae 6onee lleTBJibHbie sKcnepaMeHTbi llJISI BbiRC­

HeHHR UpH'IHH H86JI!OilSeMOI'O a<lx!>eKTa. 

B 3SKJI!O'IeHHe 8BT0pbl Bblp8)1{8JOT rny6oKy!O 6narOJl8pHOCTb r;H.Citne­

poay aa llOCTOSIHHbiH HHTepec K pa60Te, a T8K)I{e rpynne 3KcrmyaTBUHH UHK­

JIOTpOHB Y-300 so rnaae c E.A.3arepoM aa o6ecneqeHHe 6ecnepe6oii:aoli 

pa60Tbl ycKOpHTeJISI. 
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