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PasBHTHe COBpeMeHHHX 8KCnep}!MeHT8Jll,HWC HCCJI8~0B8mtll C 8JieMeH

T8pIWMR '18CTHWIMR H 8TOMHBMH R,lij)8MH npHBeJio B nocJie,nHHe rD,Iiji K 

lllll'.pDKOMy pacnpocTpaHeHHIO CUWITWIJllltn{OHHHX H no.nynpoBO,nHHKOBWC ~e

T8KTOp0B R,ItepHwc '18CTtm H Hsixyqead. 0T.7IH'WTeJILHoi\ 'leproR CtniH

THJIJIHiniOHHWC ~eT8RT.Op0B, J/UIH C'l8T'IRROB, SlBJISl6TCR me BNCOKOe 6UCT

po~ettcTBHe. Ilo.nynpoBO~ROBll8 ~eTeRTOPll o6ecne'IHB8JOT 60JII,myID TOq

HOCTI, 8H8pI'8TH'l8CKHX HSMepeHHR K Bee 6oJiee npH6JIHJK8RlTCR R CURH

TWLJISltn{OHHNM cqeT'IHR8M no.· 6110-rpo~eitcTBJm. 

K U8HHllM K8'18CTB8M Ctn{HTHJIJISltn{ORHHX C'leTqm<oB OTHOCHTCR cpaB

HHTeJII,HM llp0CTOT8 B HSTOTOBJieHHH CURHTHJIJIRTOpDB npaKTH'l8CRH JIID-

6wc pasMepoB H KOH~HrypaUHR, 'ITO oco6eHHO B8JKHO B SKCnepm1eHT8X 

c 'lacTHuaMH Bucoxmc aHepm. 

Ilo.nynpoBO,nHHKOBll8 ~eTeRTOPll HM6RlT MeHI,WHe pasMepu H HCllOJII,

symca npeHMymecTBeHHO ,n1ISI HCCJie~OB8HHR npoueccOB, B ROTOPWC 06-

pasymcR KOPOTKOnpo6elltH&e. '18CTHUN HJIH MRrRHe T8MM8-KB8HTll. CJie,JJy-

. eT OTMeTHTI,, 'ITO 6Jiaro~pa nporpeccy B COBepmeHCTBOB8HHH xapaKTe

PHCT~ no.nynpoBO,D;llHROBWC ~eTeRTOpoB H SaMeqaTeJILHl:.M ycnexaM B 

R~epHott SJieKTPOHHRe 06JI8CTI, T8RHX HCCJI6~0B8HID1 HenpepllBHO pacum

:pll'.eTCR. 

KOMilJieKC p83H006pasHWC BOill)OCOB, CBR38HHWC C npHMeHemmMH 

CUHHTHJIJIRin{OHHHX H no.nynpoBO,nHHKOBWC ~eTeKTOpDB B q:JI3H'l6CRHX HC

CJI6~B8HHRX, 6NJI pacCMOTpeH B pa60T8X/II-3S/, BUilOJIH6HHWC 8BT0p0M 

HJIH C ero yqacTHeM, ROTOpue H RBHJIHCI, OCHOBOtt H8CTORmen ~ccepra

In{H. 

MaTepHaJI ~ccepratn{H H3JIOJKeH B mecTH rJIBBax. 
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TJiaBa I. BpeM9HHOe paspemeHHe CJJJiIBTWIJIHil,ROHHOIO C'i6T'i.lIB8 

BalltHeilma.a xapaRTepncTm<a CIWHTHJIJIIIIWOHBOro C'ieT'iRRa - ero 

paspemaiaJtee Bpewt - ·· onpe,D;eJISieTCSI IJ;eJIHM Pfi.IJ;OM (faKTOpoB H npoD;ec

coB, npozcxo,namm: B cim:HTHJIJI.11Tope H qiOTOYMHOJKHTeJie. B TeopeTR'!e

cRott pa6oTe/I/,. nocM~8HHOtt BpeM8HHOMY paspemeHmo CIJ;ll:HTllJIJillIJ;HOH- '. 

Horo C'i9T'iHR8, paccM8TpHBaJiaC:E. CT8TltcTHR8 IlOSIBJI9HHSl qJOT08Jl9KTpo

HOB B HS'iaJI:E.HHe MoMeHTH cBeTOBott BcnHIDRH, cna,IJ;a!Olllett no aKcnoHeH

Te. Ilpli STOM He Y'iliTHB8JlllCb CT8THCTH'i6CKH6 ~RDKTyaUllH cyMMapHoro 

KOJIH'i9CTB8 (fOT03JI9RTp0HOB /( · , OTHOCSl!Il8I'OCSl R 0,11.HOMY aRTY BHCB6-

'iHB8HHSJ •. B H9KOT0pl\1X IlOCJI9.llYJOOIIDC pa6oTax npe.n;npHHHMaJIHCl, nonHTRH 

pemHTl, sa,na-qy B 6oJiee IlOJIHOM BH,IJ;e - c y-qeTOM W~DKTyaull~ fl H 

,l])Ifl JIID6HX q qJOT08JI9KTp0HOB, B03HHRaJOOtIDC B T9'i9HH9 BCilHIDRH, 

0,11.HaKo 6wrH ,IJ;ony~eHH cep1,esHHe norpemaocTH, 'iTO OTMe'ieao B Hamett 

. ny6JIHR8IJ;ll:H/I4/. a T8Kllt9 / 2/. BmIOJIH9HH08 HaMH ROppeKTHOe pemeHHe 

sa,IJ;8'lll/I4 , I 3/ npllllO;n;HT K CJI9,lJYJOOl9MY .BHpa~eHHD ~nH \.-l(t)-nnoTHO-· 

CTH BepoSITHOCTH noSIBJieHHSI nponsBOJI:E.Ho B3SIToro Q -ro qioToaJieKTpo-

!ia: 

t :::
0 

e (J- - -of . Loo R, R -Ro l ' R Q 

W(J (R-Q)/{Q-1)/y (t-'f}. ct.£ 
R.=Q 

t: 
,3,IJ;9Cl, Ro - cpe,D;Hee 3H8'i9HH6 R, 'f=(1- e-f). 
a C[ - IlOCTOSIHHM BpeM9fill BHCB9'iHB8fillSI. 9TO llt9 Bap8JK6HH9 0HJIO 

no.ny-qeao H9CROJlbKO nosllte .u;pyrma M8TO,IJ;OM B paOoTe/21. OcHOBHBMCb 

Ha ~aHHOil ~OpMyne, MOlltHO onpe,I1;6JIHTb cpe,:a;Hee BpeMSI .Il0SIBJI9HM 

Q -ro qJOT08JI8KTp0R8 H ·,Il;ll'.cnepcliID 3TOro BP9M8Rli. B rJiaBe llpHBe,IJ;e

Hli COOTB9TCTDYJOOUI9 qiop.iyJIH H· rpa~HKH, Il03BOJISI!OlllH6 aattTH paspemaro

mee Bp9Wi CIUIHTWIJIIIU!iOHHOI'O C'i8T'lfflK8, ecJIH BJIIDIHHe ~OT0YMH0lltHT9JISI 
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eme H6B8JIHRO, aanpnMep npH HCilOJil,30B8HliH cpaBHHT9Jll,HO M6.,Il)I6HHHX 

aeoprarurqecKHX KJ)RCT8JIJIOB. 0,IJ;HaKO B CJIY'iae llpm.!9H9HHSI opra.ru,:qe

CKHX CUll:HTliJIJI.11TOp0B B03IlliR86T H800xO,ll;lrMOCTb Y'iHTHB8Tl, BP9M6HHH8 

qJRDKTYaltllH, o6ycJIOBJI9HHli9 npoIJ;eccar.m co6npaHHH 3JI9KTp0ROB:B qJOTO-. 
yMHODTSJie, a T8Kllt6 KOH8'iHYID CKOp0CTl, H8paCT8HHSI CIJ;ll:HTliJIJillll;HOHHOH 

BCillillIKH. B pa60T8/I5/ BH1119YK838HHO_e BHP8llt8HH8 ,l])Ifl W ( f} MH OT

H8CJm K IlJIOTBOCTH B9POSITHOCTH Il0SIBJI6RM Ha 8HO,Il;9 qJOTOYMROllrnTeJISI 

Q -ro o.n:aoaJieKTpoaaoro m,myJI:E,ca, llJlRHSIB sa R CJMMY 0,11.HOaJieK

TpoHHHX m.myJibCOB, COCTBBJISID.ItHX CHrHaJI, H onpe,IJ;emm qJyHKD,Rll f 
KaK B6p0SlTROCTl> 06pa30B8RM 38 Bp6MSI f OT,Il;6JlbHO B3SITOI'O O,IJ;H0-

8JI9KTp0RHOro HMnyJibCB. 9TB 4JYHKIJJffl 6HJI8 aa:li,IJ;eaa, KBR H i/3, 4{ c· 

noMonu.n 'iBCTO ncnoJI:E,syeMoro B pa;n;HoTexaHRe HHTerpaJia THna 

t 
U8,.,_(tJ= r u.;J(_ (fl h(t-f} df , 

v 
r.ne Ut,. li L/ lwr. - COOTB6TCTB8RHO BXO,IJ;HOil: H BHX0,11.HOil: cnrRaJIH, 

a h - nepexo,IJ;HaSI qiyRKD,RSl. B aameM CJIY'i88 u.,:. = I (t) - qiyRK

mm BHCB6'iRB8HM Cil,RHTHJIJISITOpa C IlOCTOHRHOH BP9M8HH cna,na 'T, 
H H8pBCT8HW-l Cf2, , h.. = i ( t) - qJyHKD,RSl, OllHCHBaD'Jl8.fl Bpe

M6RHOll pas6poc O,Il;H08JI6KTp0RHHlC HMllYJil,COB B llp0M9lityTK6 qJOTOK8TO~ -

nepBaf:1 ;n;HHO,II; H ,naJiee B ;n;HHO.IJ;HOtt CHCT6Me. Mli RamJIH, '!JTO 8KCnepn

M8HT8JI&HHM ,IJ;BHHHM xopomo·cooTBSTCTByeT ~HKD,RSl THna 

. - . ( (- t) g - t f (t}=- - e . (3 , 
8l'T3 'C3 

r,IJ;e . 'l_3 .::- IlOCTOSIHHM Bp9M8HR, 

~pHHa aa IlOJIYBRCOTe ~w 

saBHCJmtaSI OT THn8 qJOTOYMHOlltHT6JISI. 

pacnpe.neJieHIDI W ( i) SIBJIH-

6TCSI OCHOBHOtt B6JIH'iHHOH, onpe,IJ;6J!Slllllt6H paspeW8IOOl66 BP9M.II Cll;HHTHJI

JISIIJ;ll:OHHOro C'i9T'iRK8. nonOJIHHT6Jll,HH6 BpeM6HHH9 ~RDKTyaunH, T8Kllt6 

y-qTeRHHe B ,D;ltCC8PTBIJ;HH, B03HRK8DT li3-38 npoTSIJlt6HHOCTH 0,Il;IIOSJieK-
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TpoHHl:lX llMllYJU,COB ll pas6poca RoaiWJmmeHTa BTOpWIHOR SJmCCHH c 

;mmo,IJ;oB. 

Pesym,T8Thl BWlllCR8HHM npe~T8BR8Hhl rpaifxrqeCRH ;D;1Ill pasnnt'IHl:lX . 
napaMeTpOB C!WHTHJIJIBIUIOHHOro CtJeTtJllRa ll paSHl:lX llHT8HCHBHOCTett 

CB8TOBllX BCllWlleR. B R8tJ8CTBe npRMepa Ha pnc. I npHBe,neHa saBHCH

MOCTI, paspemal!lllero BpeMeHH npH Ro = 500 OT nopora h , HSMepg

eMoro B ,IJ;OJiilX aMilRHTy.IJ;H m.myRLCOB TORa· Ha Bl:lXO,IJ;e qJOTOYMHOlKHT8JIJl 

XPI020, cotJneHeHaoro co CIUIHTILJUI.RTOpoM Tnna "HaToa-I36". Pac'lleT

_HM RPHBa.H I ~elKHT Me~,ey .IlllYMR 3RCll8pllMeHTMI,Hb!MR RPHBHMH 2 H 3, 

nonytJeHHblMH-Ha pasHHX 3R38MllJIJlpax qJOTOYMHOlltHTenen/5/. B o6naCTH 

CaMl:lX MMl:lX noporoB RpHBa.H I COBna.naeT c KPIIBOR 4 ·ns ~py- · 

roro sKcnepnMeHTa 161. Bn,nao x~pomee cornacne pactJeTHllX sHatJe

HHR C 3RcnepllMeHT8Jll,HHMH ,ll,8HHHMH, ROTOpoe ORasanoc1, 3HatJHTenLHO 

nytJme, tJeM B pa6oTax, BllllOM8HHl:lX ~I'HMll aBTOpaMH. Ilpm.1etJ8T8Jll,HO, 

'!!TO RPHBhl8 HM8IJT MRHHMyM. B ,IJ;HCCSPTaUHH 8H8mt3HPY!Ol'C.fl IlPHtJHHhl no

.f!BR8HHR MHHHMyMa, a T8R~e 38BHCllMOCTI, ero rny6HHhl H_nono~eHHR OT 

pasnHtJHllX napaMeTpOB CIU!HTHJIJIBIO!:OHHOI'O CtJ8.T'IHR8 • 

rnaBB 2. CUHHTHJIJIBIUIOHHlle M8TO,IJ;H perHCTP8W'fll tJaCTmt 

Bh!CORHX sHeprm!: 

lJpaRTRlleCRH RH O,IJ;HH 3RCil8pnM8HT C '18CTH~ BllCORHX sneprntt 

He 06XO,IJ;HTC.fl 6es OT6opa 8RTOB C0Bll8,n8Hml:. PenrcTpaD;WI tJBCTmt HC

cne,eyeMott .fl,IJ;8pHOft peaRriim Ha 60JU,IDOM qJOHe pas~Hl:lX HSRYtJ~HHft OT 

YCROPHT8}IJI H conyTCTBY!OO!HXIlpo~eccoB Tpe6yeT o6WIHO npHMeHeHHR 

CX8M COBil8,IJ;8Rml C Bh!CORHM paspe_meazeM. PacCMOTpe~oe B nepBott 

r~aBe _BpeMeHHoe paspeme·ane · crnmT~IUioRHoro C'leT'IHRa onpe,nenneT 

6 

.! 
I 
I 

i 

i 

-\1 
4 

I 
r 
1 

I 

JIHlllI, llJ)HHUHllH8JU,HhJ8 BOSMOJKHOCTH,· R8 nyTH R peannsaIUIH ROTOPHX 

B03HHR8lOT BOllpOChl,· CM38RHh!e C perHCTPHPYKX!l8R sneRTpoHHROH. Bo 

BTOpott rnaBe OllHChlB88TC.fl MH.f!HHe pas.lllI'lHHX qiaRTOpOB Ha paspema10-

ll!88 BJ)eMR CX8Mhl COBna,neHml:, TaRHX RaR. ~TenLHOCTl> -H (fOJl,18 HM- . 

nyJU,COB, ypoiieHI, ll CTa6MI,HOCTl>.IlOporoB n T • .n. Ilpe.nnaraeTCH cno

co6 yny'illleHIDI BpeMeHHoro paspememm H paccMaTpliBararc.H oT.nenLHh!e 

oco6eHHOCTH, xapaRTepm,1e ,IJ;}lJI 3RCilepHM8HTOB· Ha YCROPHT8RHX, npHBO

~:itHe R YB8nH'l8HHIO tJHcna no~HHX 0'1_'.CtJ8TOB. AH8RH31IPYIOTC.fl "annapa

TYPHhle" H "qJll3JitJeCRHe" npHtJllHhl, .oc5ycJIOBJUIBaIOllll!8 IlOTepH OTC'leTOB 

npz p€I'HCTP81Uill COBna,neHIIR
0

ll aes4qeRT1'lBHOCTI, 8HTHC0Bll8,IJ;8HIIM. IlplI

BO~TC.fl nony'!eHHhl8 C Y'll8CTH8M8BTOpa pesynLTBTl:l O,IJ;HOI'O !IS nepBllX 

HCCR8,ll,OB8HHH siM:eRTa ocna6neHH.H ROHBepcHOHHOft sq:q.·eJ(THBHOCTH nnac

TI{q8CKOro CIO!:HTHJIJIBTOpa.c .poCTOM. y,nenl>HOR HOHHsaurm/16/. PaccM8T

PHB8IOTC.fl·M8TO,IJ;H II,IJ;8HTIIIIHR8I.UiH '!8CTHU no BenHtJHHe IIOHH38IUIH, npo-

6ery, .HMnym,cy H"CKOpoCTH, KOTOpl:le HBIDRII npHMeHeHirn B HBIDHX HCCRe

,IJ;OB8HH.HX, OllHC8HHhlX B ciie,DyJOuteit, TpeTLeR rnaBe. Co.n.epJKaHHe BTOpoii 

rnaBh! .IJ;HccepTaIUIH, OCHOB8HHOe IlP8ID.1YIIt8CTB8HHO H8 pa6oTax BBTOpa, 

.f!B}IJI8TC.fl COKp8:!!8HH!cM· H3R01l8HH8M MOHorpaif1rn/II/ 1 H3,IJ;8HHOft RBR B 

CCCP; TaK·z sa py6eJKOM (Cl!IA). 

· rnaBa 3. 3RcnepllMeHT8Jll,Hl:le YCTpoil:CTBB co CIUIHTHJIJIBU;iOHHHMl'J 

CtJSTtJHKBMII 

J1ccne,noBaHJie pe)J.Kmc· llRII sanpe:neaHllX n,onec,coB c ytJacTJieM . 

sneMeRTBPHllX '118CTUU. II 8TOMHl:lX .H,D;ep npH Bl:lCORIDC 3H8PrHRX npe,IJ;CT8B

JIJl8T 3H8tJHT8J!I,HHH HBYtJHHH llHTepe.c C .TOtJKII .speHHR, ,:,rncnep:l'!MeHTani,

HO:li npoBep1m npHHI.UiilOB CHMM8TPHII MUKpoMHpa_. 06WJHO nsy-.:ieaHe T8RHX 
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npoueccOB saTpy:tJieHO HS..;.sa 60JILIIIOI'O ypoBBSJ ~OHa OT YCl<Op.HTeJUI H 

conyTCTBYl!llllDC peaRmi::il: H qacTO OR8SliB86TCR BOSMOZHl:lM TOJU,RO ripH 

H.U6RTH~amm qacTHU 0,IijlOBpeMeHRO no MHOI'li!M mt napaMeTpaM, ~CTyn

HHM ~ HSMepearut. Hanp.HMep, .npoueccH cl+ cl -Yt-"'t- I-fa~. H 

d + d. - a+ He.", ceqeR.HR ROTOPWC HS IipeBl:llll!WT ro-8 OT DOJIROI'O 

cetJeRM ( cl., d )-Bsa.HMo.ue:il:cTBd, HCCJIB~BaJil!cI, iiaMJ(17 I nyTeM 

H.U6HTH~mtami:H d.. _qacTH~ .no me ripo6ery i CROp0CTK, m,my;r1,cy }I Be

JIK'1HH6 HOHHsami:H. Ilpn: STOM ~ ·YJlYl¾meaRR aMDJIHTY.uaoro paspemeRRR 

6WI paspa60TaH H npHMeHeH M8TO.U, B ROTOp0M HS HMnyJILCOB, nocTynaB

mmc C H6CROJILRHX cneRTp0M6TpK'l6CRHX C'JeTqllROB, BRJIIOll6HRHX Ha COB

na.ueRM, OT6HpaJICR nyTeM aMIL7IKTY.uROtt nHCRp.HMHHami:n: carHaJI c H8H

M6RI,mett aMIIJillTy .uottl16/ •. 

B JlH.U6 CJIY'1aeB CI.lHHTHJIJIRI.lHOHHOMY ,IJ,8T6RTOpy MOlltRO np.H,IJ,8TI, .UO

nOJIRHT6JILHl:l6 xaqecTBa, COCTaBHB CI.lWiTHJIJIRTOp HS OT.U6JILHHX CJIOeB. 

B qacTBOCTK, qepe.uoBaHae CJIOeB CI.lHHTRJIJIRTOpa H DJIOTHOI'O BemeCTBa 

- KOHBeptopa nosBOJIR6T noJzyqHTI, 6oJILmyD aq¢eKTHBHOCTI, DPH peracT

pami:H H6HTp0HOB HJIH raMM8-RBaHTOB (Hcnox1,syercR.T8REe B RaJIOpHMe

rpax).0.uaHM HS nepBUX, a BOSMOlltRO H nepB:blM .U6T6KTOPOM T8KOro Tmta, 

6WI npen;romeHHIDl.HaMH B I955 r. ME perHCTpal.lHH 6HCTpux· H62Tp0HOB 

.U6T6RToi/18/, npHMeH.fIBIIllIHCR saTeM B HCCJI6.UOB8HHRX RBaseynpyroro 

( p, n. )-pacceRRM • .v1me paH1,rue, B I95J r., aBTOP npen;rol!OOI perHcT-· 

pHp0B8TI, ROpOTKOllp006lKHli6 qaCTHI.lli Ha 6om,moM ~OH6 OT npOXO,ll;fl~ 

BliCOR03HepreTH'J6CRHX qacT~ nyqxa C llOMOIIII>D .U6T6RTOpa, COCT8BJI6H

HOro HS CIJ,HRTHJIJIRIJ,HOHHHX llJI8CTHH_H Pl!,yx <l;oTOYMH?EHT6Jie2, perncTpH

PYDlllHX CB6TOBU6 BCnl:llllRH OT.U6JII,HO C ~6TRWC H H6~8TRUX CJI06B H BKJID

qeHHWC Ha aHTHCOBtta.ueHHR/H/. Bnoc;re,nCTBHH .U6T6KTOP aHaJIOrK'IHOtt 

. ROHCTPYRmm ycneWRO npHMe.HJJJICR ~ perncTpal.lHH HeitTPOHOB C aaeprH

ett B B6CROJII,RO MSB C aiI¢eRTHBHl:lM Il0,IJ,8BJI6Hll:6M (IOHa OT IlOCTOpOHHero 

•• 

9 

.. 
:·I 

l r ,, 

raMMa-HSJIY'16HRH/7/. B rJiaBe_ P~CCM8TpHBa6TCR cnoco6 no.ucoenHH6HHR 

Pl3YX ~TOYMHOUTeJiett R CJIOHCTOMY CI.lWiTHJIJIRTOpy, ROTOIJH:il: npH no-- . . . . . "., , 

CTP06HHH CIUIBTH~I.lHORHOro ro.uocR~na MOX6T nOSBOJIHTI, CORpaTHTI, 

Ha nOJ)H~R 'IHCJIO ~OTOYMHOJKHT6Jiett, ecJIH saeprIDI, TeJ)HeMaR '18CTHU6H 
-,· ~ - ~-- -,:· ~~ 

B CI.lWiTHJIJIRTope, coCTa.BJ!Jj:eT OROJIO JO MsB HJIH 6oJiee. 

B JlH.U6 3KCnepHM6HTOB HHT6HCHBHOCTI, CB6TOBO:il: BCnU!llRH Ha ~OTO-
- . ,, . .. ,_ 

R8T0.U6 YMHOUT6JIR OK8SUB86TCR HeOOJII,lllOH , no3TOMY Heo6xo,n;11Mo 

3H8TI, aMDJIHTy.n;y CHrHana,cooTB8TCTBYD~ero.o,n;HOMY ~OT03JI6KTpOHy. 

O.uaoaJI6KTPOHHU6 HMDYJILCli H3M6J)HJIHC~ H8Mll C noMOUU,ID 'CBBT?BUX 

HCTO'IHHROB, n03BOJll!Blllmt OCB6i!l8TI, qJOTOKaTO.U OT.U6JII,HHMH (fOTOHaMH 

/i9/ .. IlpH ~TOM 38BHCHMO~T~ CROpOCTH ~'16Ta OT H8nJ)HiK6HIDI n11;a~HR 

qJOTOYMHOUT6Jll!, pa6oTaIDiJlero B JIHH6HHOMpeUM7, HMeJia nJiaTO. 0TCID

.u.a CJI6.UOBaJI npoCTOH cnoco6 onpe.ueJIBHH.fl cpe.IUie:il:. aMnJIHTY ~ O.IUI0-

3JI6RTpOHHUX HMnyJII,COB. TaKott aMDJil'!Ty.ue ,ll;DJI:1{6H COOTB6TCTBOB8TI, no

por nHCKPHMHH8TOpa, KOTOpwl: np11 ~HKCHpoBaHHOM Hallp.iiiK6HHH DHTaHHR 

H8 ~OTOyMHOUTeJie YM6HI,lll86T 'IHCJIO 0TC'16TOB B_n:B06 no cpaBHBHHID C 

HM6IOl!lHMCR B 06JiaCTH nJiaTO. B rJiaBe IlPHBO,ll;f!TCR TaR~e pe3yJII,T8TU 

HSMepeHH:il: UJYMOB OT~6JILHUX 3KS6MOJIRPOB (fOTOyMHOlKHT6JI6H THna qi3Y-30 

H qiSY-36. 

CoBpeMeHHH6 HCCJI6.UOB8HHR Ha ycROpHT8Jll!X H ,npyrHX ~H31'!'16CKHX 

ycTaHOBK8X llPf.UMBJIRDT cepI,63HUe TpeOoBaRM R 3JI6KTp0HHO:il: annapa

Type, KOTOpaR C noRBJI6HH6M Tp8H3HCT0p0B CTaJia H3rOT8BJIHB8TI,CR B 

BH.U6 OT.U6JII,HUX 6JIOKOB, JI6rKO 3aM6H.F.6MUX _B xo.ue 3KCnepHM8HTa. 113 

T?,KHX_¢YHRIJ,HOH8JII,HUX OJIOROB,_KaR CX6MH_COBna~eHHH H aHTHCOBna.ue-

HHH, YCHJIHTBJIH, .uHCKPHMHH8TOpli, JIHH6IlHU6 BOpOTa H T • .u •• OWia C03-

.uaH8.3KC~~J)HM6HT8JILHM ycTaHOBK~/20.:.231, nosEOJIRBillM Ha0JID,IJ,8TI, H~ 
. . . 

I!HOHHOM IlY'IKe OT CHHXp0I.UffiJ!OTPOHa Jia6opaTOp1m R.UBPHUX npoOJieM 

011Hl1 pe.JJJ(Hit npouecc Tnna 7✓- + f - e - -t- e .. + n.... npa sHepraH 
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275 M:lB. Ce11emrn. STOI:? nponecca B BH6paruiott reoMeTp.m onHTa (yr

Jll:l BWI8T8 aneKTp0ROB H·noswrpoROB-OROno s9° OTROCHT8Jll,RO ny'IIRS 

llHOROB) COCT8BMO CL(Jj~dQ7..~= (3,o±O.B) •I0-23 crl/cTepa.,l-. 
•··- > •• ,. • 

IlpH paspa60TRe a~napaTYPH oco6oe BRHMBRHe 6wto y,neneao no.ny~eRHJO 

BHCOKOa!M;eRTUBHl:lX 8HTHCOBil8,neHHtt Ra HRT8RCHBHOM ny'IIRe 'i8CTHU,H . . 
BlffiOnH8HH8E H8MH qxeMa ycne!llHO .nettCTBOBMa B ycnoBIDIX 60JII,IIIIDC sa-

rpysoK Cti~T'IIHROB l''- 6•Ia6 HMII/ceR). 

Aii8nOrlit!RH8 q:yRKUHOHSJll,HHe_ 6nORH 6wm. Ilpm,!8R8HH R_BMH TSKllte 

npH IlOCTP08HHH cneRTpoMeTpa ,Il)ISI HSMepearui: yrnDBl:lX raMMa-raMMa ·. . . . '. 

ROppeJISIUHtt, .nettcTBYIClllero B ~8CTORmee BpeMSI B ~H3liti8CROM HHCTHTyTe 

AH HPit24/ •. 0Tnlit!HT8JII,HOtt oco_68HHOCT1,IO Cil8RTp0M8Tpa RMg8TCR . Bl:l-

COK08 R8118CTBO CT86HnH38Qlili 8MMHTY~l:lX IlOK838RHil_, no,zy-qaeMHX co 

CUHHTHnJISI~OHHl:lX ,neT8KTOpOB Ha RPHCTBM8X /1/a.. I ( ! {) 1 . ROTO-

poe 6~0 AOCTHrHYTO BBe,neHHeM B ycMHT8nH o6paTROtt CM_SH C HCllOJll,-

30B8lll'!eM HCTOtiHHROB CBeTa. 

. rnaBa 4. ~p.mpoB8HH8 HMnyn1,coB B no.nynpOBO,Il,fIW<OBl:lX 

,neT8KTOpax 

B RHHre no no.ny~poBO,IJ,fIHR~Bl:lM ,neTeRTOpaM/I2/ RBMH 6WI npoBe-
·. ·. . 

,neR SHMHB npon~cCOB C06HpaHHR sapa.na, B, nJIOCRIDC . p- i - h. - H 

f.: 11.-nepexo,n~. 3TOT MaTepHan HsnollteR B ,naaaott. rnaBe. _Hn:e npH

BO,wITCR IlOJJY118HHH8 BHP8llt8HHR, llOBBOJISIJl!IH8 oneHHTl, <fop,iy H BMMHTY

.uy HM~y~coB B ,neTeRTOpax ;OJIIIU!HOtt W c aJieRTplitie~KOM no~eM G 
. . .. . ·~., , ' . 

np.r llO,11,BlilltHOCTli_ HOCHTenett (vi , ,wIHHe TpeRa c(_ H nonaoM sapa,ne 

OCBO6Ollt,n8RHl:lX HOCHTeneil Q . .. . .. 
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EcnH,~8CTHnB BXO,ll;IIT co CTOpoHH OTPH<l8T8JII,HOro IlOT8HQHana 

p - t - rt_ - nepexo,na, TO aa ero aneKTpo,nax aJieKTpoHH HBBO,IJ,fIT 

cne.uyll'.lqlm sapa,n: 

Q= fl'ln GJ Qt 
tn VV 

n;?u t. == o-~ t . 1 , 

r.ne { = W-d 
, f',, g - BpeMR, tiepes KOTOpoe RO~OHR8 HS 3Jl8KTpo-

nnn nn=nn-n;eT K IlOJIO:JtHT8JII,HOMY. 3Jl8RTp0.JJY, nv.c uv,u.v¥I, 

H 

Q ~q W-oL _t- ( t -f,}f1n 6 _ (t- t, }2
(fl1,, (; /,. 

>i · W . Hl · 2. Wcl 
. -

nna \I\/ - Cl < t < 
,.,.,w, (}1h r; -- ..._ vv 

fr'~ 0 
- BpeMR nOJIHoro co6upaarui:. 

3Jl8RTp0HOB • 

3apa,n, H8BO,ll;IIMID1: .nHPRaMM B TetieHMe BpeMeHH MX BXOllt,neHID! B OTpMna~ 

TeJ11>autt aJieKTpo,n OT t c:. O , ,no · r. ==. cl , cocTaMReT 
. /A,•& . 

Q = a[ t&t; _ t,Yf1e {,)<: • 
r l \11,/ 2 v1/cL 

B f- 11. -nepexo,nax sapa,n, o6ycJIOBJie!:HHi1 aJieKTpOHaMlll, paBeH 

Q (-t)= Q (1- f~v) ( 1- ~ - t/[) 

r,ne 'qUCJ18IIHO er[ HCeK]~ \ [ ROM ] ; B,neci, f' :-- Y,Ii.8JII,ROe conpo

THBJI8HH8 M8Te pll!aJia. 3apa,n OT ,nupoK Cyll{eCTBeHHO HHllte, ecJIH perncT

PHPYIOTCR KOPOTKOTIJ)06e~HH8 ti8CTMilH, npo6er ROTOPHX 38M8THO M8H1>ille · 

TOJfil!HHli ,'llyBCTBMT8Jl!,HOrO CJIOR ,neTeRTOpa, tiTO t1a1ue Boero M 6hlB88T 

aa npaRT1me. 
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B KOHUS rnaBH pacCMOTpeHH nponeccH, BH3llBaJO'.JlH8 ~nlOKTyal.UtK 

3aJ)R.n.a, CH:llMaeMoro C .r,;eTSKTOpa. 

r;raBa 5. ITpm.1eHeHJ1UI llOJIYllpDBO.llll.lIBOBHlC .n.eTeKTOPOB B 

3KCll8J)HM8RTMbHOH ©i3.IIB8 

B rJiaBe npoaHa.lllI3liPOBaHH npRqliHH, on~.r,;eJUIIOOlliS 3HepreTITTe

~KOe R BpeMeHHOe pa3pemeHHe YCTPOHCTB C llOJIYllpoBO,ll,HHKOBHMH .r,;eTe

KTOpaMH/12· 131. PaccMOTpeHa .cnemig;.IIBa me npHMeHSH.IUI B HCCJie;IJP

BaHHRX C qacTHU8Mli BHCOKHX 3HeprHH li npRBe.n.eHH pe3yJibTaTH o,naoro 

H3 ll6PBHlC liCCne.r,;OBBHH:fi/25/, B KOTOpOM HaMH 3KCll6pHMeHTaliHO 6WIO 

llOKa3BHO, qTQ y.r,;eJibHHe HOHH3aIU!OHHH8 llOTSPli BHCOK03HepreT~eCKIDC 

qacTHU B IlOJIYllPOBO.r,;Hl!KOBOM .n.eTeKTOpe OilHCHB.8IOTC.II pacnpe,11.eJieHHeM 
olE 

]aH.r,;ay l'I ,I,;aHHml: Tlill .n.eTeKTOpa MO~eT 6HTb l'ICilOli30BaR KaK -
vlX 

cqeTqUK B OilHTaX Ha ycKOPRTeJIRX. 

~ pa.n.e 3KCnepUM8HTOB MOlKHO BOCilOJID30BaTbC.II ~OT03JI8KTP~6CKH

Ml'I CBOiiCTBaMH IlOJIYilpOBO,lllll'IKOBOrD .r,;eTeKTOpa, OT~aIOUl6rOC.II KOMllBKT

HOCTb!O, CTa6.wn,HOCTb!O H CJia6oii lJYBCTBHTSfilHOCTblO K.MarHHTHOMY no

JIIO. HamH Hcc~e.r,;oBaHHJI/26 ' Z7 I noKaaa.lllI, 'iTO KBaHTOBml: Bwco.n. g;oTo

'iYBCTBHTSJibHOro IlOJIYilPOBO,ll.lU[KOBOro .r,;eTeKTOpa B BH,11.HMOH l'I HaqanbHon 

HH~paKpBCHOH o6;racTH 6JIH30K K 6.r,;HHHU6 H qTO TaKOtt npH6op .IIBJU16TC.II 

BSCbMa COBepmeHHHM OHCTPO.n.eiiCTBYIOOlHM g;OTO.r,;HO,I,;OM, JIHHSHHO npeoopa-

3YIOUlHM CBSTOBHS CHrHaJIH B 3JI8KTP~6CKHe C aMllJIHTY.Il.OH BilJIOTb ;HP 

COTHH BOJIDT. G IlOMOUU,IO IlOJIYllpDBO,ll,HHKOBHlC .n.eTeKTOPOB - g;oTO.r,;HO;IJPB 

HaMli npoBO~Cb li3MepeHH.!I MaKpOCTPYKTYPH nyqKOB CIIBXpoUHKJIOTpo

Ha ]a6opaTopRH JI,11.epHwc npo6;re~'81. 
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PeaJIH38Im.lI B03MOlKHOCTeil, KOTOpHe .n.aeT TaKOH 38MeqaTeJibHHH 

npH6op, KaK no;rynpoBO,ll,HHKOBHli .n.eTeKTOp, 38BHCHT npe~.n.e Bcero OT 

xapaKTepRCTHK perHCTPHPYIOOlSH 3Jl6KTpDHHKH. B rJiaBe omICaHH OT,I,;6Jib

HH8 3JI8KTPDHHH6 cxeM✓29 ' 3o/ li 3HBti_HT8filHOe M
0

8CTO OTB8,IJ;8HO BSCb

Ma aKTyaJibHOH B H8CTO.IIUl88 BpeMJI npo6JieMe 003,I,;aHH.II npeIUl3liOHHHlC 

cneKTpDMeTpITTeCKIDC Cl'ICT8M C 0.r,;HOBpeMeHHHM HCilOJib30B8Hli8M 3HepreTH

qecKOii li BpeMeHHOH liH~OIJMBUHH. PaccMOTPSHH oco6eHHOCTli, B03Hm<aIO

lllH8 npR BpeMeHHHlC l'I3MepeHJ1UIX C rePMaHHeBHMll .n.eTeKTOpaMH,H npe.n.

cTaB rre HH 3Jl8KTpoHHHe CHCTeM✓31 • 321, 06ecneq1rnaIOUlH8 BHCOKOe Bpe

M8HHOe H aHepreTH'lecKoe pa3peU1eHHe /PHc. 2 .r,;eMoHcTpHpyeT pe3y;rb

TaTH, IlOJIYqeHHHe npli ll3MepeHlill COBrta.r,;eHIDi Mem.r,;y HMilYJibCaMH IlOJIY

llpDBO.r,;HITT<OBOro .n.eTElKTOpa ( ·v~ 2 cM3 ) R CIU!HTHJIJ.I.IIIU!OHHOro. cqeTqH

Ka, COCTaBASHHOro H3 CTllJib6eHa l'I g;oTOYMHOmHTSJI.II· XP10211321. B 

c.eyqae perllCTpaUHH raMMB-KBaHTOB B 3HepreT!fq8CKOM ;n;;i:ana30He 6oiee 

qeM IDO:l (10+1330 K3B - KPHBaH D ) pa3pema!Wlee BpeM.!I cacTeMH 

paBHJIJIOCb 2 HCSK. IlpH 3TOM IlOJIO~eHHe MaKCHMYMOB BpeMeHHHlC IlllKOB, 

COOTBeTCTBOBBBlllliX OT,I,;SJibHblM JIHHHJIM, C.r,;B.Hra;roct B ,I,;BHHOM .im:anaaoHe 

Bcero Ha-1,2 HCeK. Pa3pem8JOUlee BpeMJI Ha JIHHHRX 50 K3B (A), 

511 K3B (B) li !330 K3B (C) COCTaBHJIO COOTB8TCTB8HHO 15,6 HCeK, 

2,? HCeK li I,I HCeK. Ilpl'!MeqaTeJibHOtt H BBlKHOH oco6eHHOCTblO npaBe

.n.eRHHlC BpeM6HHHX cneKTpoB HBJI.IIBTC.II oqeHb HH3Kl'IH ypoBSHb g;oHa, KO

TOpml: .n.a~e Ha JIHHHH 50 K3B JiemHT HH~e G,0I BHCOTH IlllKB. 3TO HB 

nopa.r,;OK Jiy'iille COOTBSTCTBY:romHX peayJibTaTOB .n.pyrmc aBTOPOB. B HaCTO

Sl!ll88 BpeMH .,cepH.!I TBKHX CHCT8M ,Il;]IB rrpeIUI3llOHHHlC BpeMeHHHX ll 3Hepre

Tll'i8CKHX; H3MepeHUH C ycnexoM npmJeHH8TCH B 3KCnepHMeHT8X Ha nyq

KBX MIOOHOB cHHXPOUHKJIOTpoHa .IIHIT OW!~ 

B·oT.n.emawc HCCJI6,ll.OBaHHJIX BOamrnaeT neo6XO,ll.lThlOCTb HCil0fil30-
. . . 

BaTb M038HKY H3 no.eynpOBO.r,;Hl'IKOBHX .r,;eTSKTOPOB, KOTOpHe .wm·coKpallle-
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HID! RORH'i€CTBa 3R€M€HTOB aneRTPDHHOfi.annapaTypH MOryT 6HTb.BMIO

'i€HHllMl-! B ·.mm.mo sa,nep,am, BHllOJIHRJl B Hel <JiyHmnm KOH,IJ;eHCaTOpoB. 
--

B rnaBe paccMaTpHBaeTcJI cnoco6 yny-qrueHIDI BpeMeHHoro paspemeHHJI 

TaKOIO YCTIJOHCTBa/33/. 

rnaBa 6. :1leTo,IJ;H Hccne,noBaHHJI nponeccoB ynpyroro pacceBHIDI 

'i8CTHU B.o6nacTH.ManHX nepe,naBaeMHX HMllYRbCOB 

Hal-!6onee JipKaJI ponb no.nynpOBO,IJ;HHKOBHX ,neTeKTOpC>B B !pH3HRe 

BHCOKHX 3Heprlfll CBB3aHa, ll0llt8nyil:, C uccne,noBaHlffiMH nponecCOB. 

pacceBHHJl 'iaCTHU Ha ManHe yrnH. ITepBOe-npe,nnOllt€HHe H3y'iaTb TaKH8 

nponeccH nyTeM perHCTpaUHH 'iaCTHn OT,IJ;a'iH H H3MepeHIDJ me 3HeprnH 

6wro c,nenaHo aBTOpoM eme B 1953 ro,cy,H ,IJ;nJI aTofi nenH Ha ny'iHe 

npoTOHOB C 3HeprHefi 660 !11:rn npHMeHMCJl/II/ CROHCTHA .neTeKTOp, 

OllHCaHHHfi B rnaBe 3 •. 0.IUiaKO ycnemHaB pea;msaUHJI 3R€KTpoHHoro Me

TO,IJ;a HCCne,nOB8HHH nponecCOB pacceJIHHB 'iaCTHU Bllill€YKa3aHHBM nyTeM 

OTHOCHTCJI K 1964 ro,cy, KOr,na HaMH 6WI BBe,neH B K8Mepy CHHXpoq:aso

TpoHa 011HM no.nynpOBO,IJ;HHKOBHH ,neTeKTOp H H3MepeHH 3HepreTH'i€CKH8 

cneKTPH BTOPH'iHHX 'iaCTHU, BWI€TaBmIDC no.n onpe,neneHHHMl-! yrnaMH. H3 . 

nneHO'iHOi\ llORH3Tl-!R9HOBOii Ml-!wem/34 ' .35/. TlillH'iHl:lH Bli,IJ; cneKTpa no

Ra3aH Ha PHO. 3. Ha.HeKOTOpoM ypoBHe qoHaOT'i9TRHBO BH,n€M9TCJI 

llliK OT npoTOHOB OT,na'iH .• rro cpaBH€HliR) C (1'0T03MYRbCHOHHOH T_eXHHROil, 

npm.1eHJIBmei!cJI paHee ,IJ;nJI onpe,neneHHJI yrnoB BHneTa H m.1nynI>coBn:po-_ 

TOROB DT,na'iHl8/, aneKTPDHHHi! MeTo,n perHcTpaUHH-oTnH'iaeTCB aecpaB

Heaao.6onbmefl CROpoCTbR) Ha6opa CTaTHCTHRH li ll03BORB9'1' npOBO,nl:tU 

H3MepeHHJI C 6onee_KOIJOTKOnpo6el!tHHMH"'iacTilllaMl-! OT,na'iH. C IlOMOmbR) 

,naHaoro•MeTo,na perncTpaUHH npH Y'iBCTHH aBTOpa 6HRH H3Mepeauf36/_ 
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.. ,nl:t@;epeHUHaRbHHe ce'ieHHB ynpyroro pp- H pd.-pacceSJHHJI na ManHe 

yrnH ll Il0JIY'i8HH CR8.IJYJOOnI8 3Ha'ieHHJI napaMeTpoB HaKROHa: 

~,P= (7,9±0,7)(raB/c)-2 H ~,,L =(36±0,7)(raB/c)-2• AHanorn'l

HHif M9TO,n perncTpam1H 'iaCTHU OT,IJ;B'iH no.nynpOBO,nHHKOBhlMH ,neT9KTOpa

MH Hamen saTeM ycnemHoe npm,ieneHHe B aKcnep;rMeHTax aa .npyrnx yc

KopzTeMX: B Wm:/9/ 1 EaTaBllll (CIIIA,JIO/ ll B EpeBaHCKOM q:113H'i€CKOM 

llHCTllTyTe, r.ne Ha aneKTPDHHOM yCKOpHTene C aamHM Y'i8CTH€M 6HRO 

llCCR9,IJ;OBaHO ynpyroe ~ p -pacceSJHHe llpH 3Hepnm 4 ,4 faB/37/ • ilpH 

3TOM B OTRH'llle OT npe,nH,cymmc 3KCnepHM9HTOB cneKTpH npoTOHOB OT,na

'lll ll3M8PflRHCb OT,IJ;8RbHllM ,IJ;CT8KTOpOM cpasy B mHpoKOM HHT8pBane KH

H9M8TWl9CKIDC yrnoB (CM. puc •. 4), 'lTO ,IJ;OCTHranocb npHMeaeuueM ,IJ;nllH-· 

HHX ,neTeKTOPOB ( nnoma,JJ,I,Rl 40xIO MM2) • Ilocne. BH'i8T8 g:OHa' . KOTOpHH 

ll3M8PflRCSJ Ha yrnepo,IJ;Hofi MllW9Hll, cneKTPH .naBanH Haq:oµ.1aUHro O xo.ne 

,IJ;!:t{~epeHUHMbHOro C9'i9HllB B 3aBHCllMOCTll OT B8Rll'lllHl:l nepe,nanHoro 

m.myRbca y_ :l • Ha OCHOBe 3THX ,IJ;aHHHX 6WIO onpe,neneHO ll0B€,IJ;€HH8 

3R8KTPll'i8CKOro ¢opMqJa.KTOpa npOTOHa B6.11H3li HyneBHX nepe,naBaeMHX. 

HMllYRbCOB, 'lTO ll03BORHRO HailTH 3R€KTpll'lCCKHH pa.neyc npoTOHa He

nocpe,ncTB8HHO, 6e3 KaKmc-nu6o MO,n9RbHHX npe,nnonOllt9HHH, KOTOpHe 

.nena;mcI, paHee IlPH o6pa60TK€ pesynbTaTOB, Il0JIY'l€HHl1X B _06nilCTH 

60RbWllX q,~. 3Ha'l9Hlle 3R9KTpli'i€CKOI'O pa,neyca npoTOHa OKa3MOCb 

paBHHM (0, 79±0, 04)(/> • 
. •' 

Cepb93HM TPY,IJ;H:JCTb npn llOCTaHOBR8 ·3KCil8PHM€HTOB Ha BHyTpeH-

HllX ny'iKax, 'iaCTIII.J. ycKOp!1Teneil 6wra CBSJ3aHa C ae,nocTaTO'lHOi!· pa,lllia

UHOHHOfl CTOHKOCTbJO non,-:aTWieHOBOfi nneHO'lHOit Mninemi:·: Ilo,n ,ne:l'icTBHeM 
,..,., . ' 

llHT9HCHBHOI'O' IlOTOKa 'i8CTHU nneHKa B M€CT9 npoxollt,neHIDI ny'iKa .no

BORbHO 6HCTPD T€MHena H paspywanacb. 3Ty Tpy,IJ;HOCTb HaM y,nanocb 

npeo,noneTb, C03,na-~ Millll8Hb --~ B;,ne. Bpa:Ji~lO.JISrOCSJ ,IJ;llCKa(::JS/, 'l:TO .B 
~ . . . 

,IJ;9CRTKH pas YB€Jlll:'illRO cpoK CJIYllt6H MllW€Hll H Il03BOnHRO npOBO,IJ;llTb 
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HenpepHBHHe ceaHCH H3MepeHHR B Te~eHne.HeCROJihRIDC. cyTOR. MnmeHh 

8!18JIOrHtrnon ROIICTpyRmm HCilORh3Y8TCR B HaCTO.HJ]{ee BpeWI TaRate B 

:rncnep,:IMel1°l'8X Ha YCROPHTeJie B EaTaBmr-1101. 
B ROHUe rJiaBH paccMaTpHBaeTCR ,IJ,MhHeftmee pa3BHTHe MeTO,IJ,OB. 

perHCTpaUHll npoueccoB pacceRHRR ~aCTHU C IlOMO~hID IlORYilIJOBO.JJ,IIBRO

BHX ll·CUHHTHJI.ruu:moHHHX ,IJ,eTeRTOPOB ll CBR3aHHHe C STHM nepcneRTHBH 

HOBWC HCCJI8,IJ,OB8HHH. IloRa3HBaeTCR, ~TO ll3MepeHHe SHepreTH'ieCRHX 
. ' . 

cneRTPOB ~aCTHU OT,IJ,a~H H HCilOJih30B8HHe COOTB8TCTBYmteit m~op.laUHH, 

ROTOpyro MIDT pacceRHHHe ~8CTH!lll', Il03BOJIIDOT IlOCTaBHTh ueJIHit PR.II. 

IIBTepecHIDC SRcnepHMeHTOB Ha ny~Rax IlHOHOB, rnnepoHOB, raMMa-RBaH

TOB ll npoTOHOB cBepxBHCORIDC 3Heprnft. PaccMaTpHBaeTCR B03MOJKHOCTh 

npeUH3HOHHWC H3MepeHHll M8JIWC yrJIOB pacceRHHR peMTHBHCTCRIDC ~ac

THU ll ROOp,IJ;HHaT lIX BXO,IJ,a B MHm8Hh_ C IlOMOIJl1,ID IlORYilPOBO,IJ,!llll{OBHX ,IJ,e

T8KT0pOB. 

3 a R JI ro tj e H H e 

¾TOrH HCCJie,IJ,OB8HHH, Ha ROTOpHX OCHOBaHa HaCTORmM ,IJ;HCcepra

!WR, RpaTRO CBO,IJ,FITCR R CJie.ny~~eMy: 

I. Ilpe,JJ,JIOJKeH H pa3BHT SJI8RTpDHHHii MeTO,IJ, HCCJI8,IJ,OB8HHR npo

ueccoB yrpyroro pacceRHHR ~acTHU Ha MMHe yrJIH nyTeM perncTpamrn 

~acTnU OTM~H 111' H3MepeHHR .HX 3HeprHH IlOR]IlpOBO,IJ,HHROBllMH MH CUHH

THRMUHOHHl:lMH ,u;eTSRTOpaMH. IlORBJI6HHe TaRoro M8TO,IJ,8 H pa3pa60TRa 

C y~aCTHeM aBTOpa COOTB8TCTBYIDl]{eiii 3JI6RTpOHHOli annapaTypH 06ecne-:

~HJIO pa3DHTHe U6JIOro HarrpaMeHHR .HCCJI9,Il,0B8HHii Ha ycrnopHTeMX' 

~aCTHU BHCOR.HX aHeprHft. 
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2. BHIIORHeH npH y~aCTHH aBTOpa C npHMeHeHHeM pa3BHTOro HM 

M8TOM PR,IJ, HOBHX ~H3~8CRHX 3RCll6pnM8HTOB: 

a) li3MepeHH ,IJ;H~~epeHUHMhHHe ce~eHHR npoTOH-npoTottaoro H 

npOTOH-,IJ,8RTpoHHOro pacceRHHii B 06JiaCTH MMHX nepe,IJ,aHHHX HMilYJih-. . 
COB IlJ)R aHeprHH ~aCTlIU nepBH1'JHOro.ny~Ra, paBHOii 4 TuB. 

6) Ha BHyTpeHH6M ny~Re ycKOpHTeM 3JI6KTpoHOB C 3Heprnen 

4,4 raB HCCJie,IJ,OBaHO ynpyroe SJieRTIJOH-IlPOTOHHOe-pacceRHHe B paHee 

He 113yqeHHOil o6nacrn M8Jlh!X nepe.naHHHX HMilYJlbCOB 

ll;_ = 0,005 + 0~02 (TaB/c) 2• Pe3yJihTBTH H3Mepealiii npHBO,IJ,FIT K 

3H8~8HHID 3JI8KTp~eCROro·pamca npoTOHa, paBHOMY (0,?9±o,04)«f>. 

.lJ;m npoBe,IJ,eHHR TaRHX HCCJI6,IJ,OBaHHH C peracTpaUHeii llOR]IlIJOBO,IJ,

HlIROBhlMH ,IJ,eTeRTOpaMH ~aCTHU OT,IJ,a~H npe,JJ,JIO~eHa H paspa6oTaHa IlJie

HO~HWI MlIW8Hh HOBOH KOHCTPYRUHH, o6ecne~HB8IDl]{8ll pe3ROe YB8JI~e

Rll6 cpoRa pa60TH B ny~Ra~ ~aCT.tm BHCOROH HHTeHCHBHOCTH. 

3. B npouecce HCCJI6,Il,OBaHHR CBOHCTB DDRYDIJOBO,IJ,HHROBHX .u;eTeR-
, 

TOPOB H ,JJ,JIR lICDORb30BaHHR IDC B ~H3~8CR.HX 3RcnepHMeHT8X BHIIOJIHeHH 

CJI6,IJ,yIDl]{H6 pa60TH: 

a) IlpoBe,IJ,eH aHaJIH3 npoueccOB co6apaHHR 3JI8RTPDRHO-,IJ,Hpo~HHX 

nap, o6pasyIDl]{HXCR B DORYDPDBO,IJ,HHROBWC ,Il,6T8~TOpax npH perncTpamm 

H3RY~8HHii, H IlORY~6Rhl BHpaJKeHHR, 0IlHCHB8IDl]{lle q:opMy HMilyJihCOB Ha 

BWCO,IJ,e IlJIOCRIDC ,IJ,8T8RT0pDB. 

6) PaccMOTpeHH BC6B03MOJKHHe np~HHhl, onpe,Il,6MIOJlH8 SHepreTH

~ecKoe H BpeMeHHOe paspemeHHe ycTpOfiCTB C IlOJiynpoBO,Il,HHKOBlJMH .ne

T8RTOP~• 

B) Paapa60TaH PR.II. 3JI8RTpDHHHX ycTpofiCTB, B TOM ~HCJie CHCTeMa 

,JJ,JIR Bp0M8RRWC H3MepeHHfi C rep.1aHHeBHMH ,IJ,eTeRTOpaMH, paspemaIDl]{ee 

BpeM.H ROTOpoft npn I,3 MaB COCTaBJIR6T OROJIO O,IJ,HOH HaHoceeyH,IJ,H, a 
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IlOJIOJKeHHe BpeMeHHOro nHK8 B ,nHH8Mlii;J6CKOM ,nHana30He 3Hepm 

raMM8-KB8HTOB IOO:I CMemaeTC.!I ooeroaa I,2HCeK~ CHCTeMa n03BO

JI86T pa60T8TI, npH oqeHL HR3KllX 3Heprnmc, HaqHHM C IO K3B, II no 

,nHH8MH'l6CKOMY ,nH8Il830HY 3Heprnfi, 8 T8KJKe no OTHOmeHHID BHCOTH 

BpeMeHHOro nHK8 K q:oay OT pa,nHOBKTHBHHX llCTOqHHKOB 3HaqHT6J!LHO 

npeBOCXO,nHT ,npyrne ycTpOfiCTB8 8H8J!O~Horo H83HaqeHHRi R3B6CT

HHe B MllpoBOfi npaKTHKe. 

r) vlsyqeau onTnqecmrn xap8KT6PHCTHKR IlORYilp0BO,JJ,HHKOBWC p,e

T6RT0p0B H Bil6PBH6 3RcnepmieHTMLHO IlOR838HO, qTo nepORTHOCTI, 

o6pa30B8HIUI 3Jl6RTPOHHO,-,JJ,Hpo"iHOfi napu g:ClTOHOM, BOme,mnHM B p-11.
nepexop,, paBaa e,nHHm:~e. 

p,) MCCJ18,IJ;OB8HH qOT03Jl6RTpnqecKne xapaKTepnCTRRR RpeMHll6BhllC 

f"' · t'l-nepeXO,IJ;OB, Il03BOJ!RB:UHX IlORYqBTL' 61lCTpue cnrHaJIH C aMilJ!HTY

,IJ;Ofi ,Il;O IOO B. 

e) MaMepeHa C IlOMO!llLD q:oro-qyBCTBRT6J!I,H:WC IlORYilPDBO,JJ,HllROBHX 

,D;eTeRTOPOB BpeMeHHM M8RpoCTpyKTypa nyqKOB "i8CTRU CHHXP0UHRJIO

Tp0H8 Jla6opaTOpmI R,D;epHHX npo6JI6M OHlUf. 

.x) 3RcnepHM8HT8J!I,HO Il0R838HO xopomee COOTB6TCTBH6 Mex,ny 

cneRTPBMH llOHH38UHOHHHX IlOTepb npOTOHOB 60JII,:UID( 3Heprnfi B IlORY

npOBO,JJ,HHROBOM ,Il;6T6KTOpe H pacqeTHHMR Cil8RTPaMH Jlaa,nay. 

4 • .JI.ruI Il0CT8HOBRH COOTB6TCTBYl!lllHX 3RcnepHMeHTOB C IlOMO!llbD 

CUHHTllJlJlRUl'JOHHHX cqeTqllROB: '' 

a) paapa60T8H f!16TO,Il; p03,Il;6Jl6HHR qacTHU no B6J!K'IHHe llOHH38Ul'JR 

B H6CROJII,RHX C"i8TqHRax ll HCCJ16,Il;OB8HH C npHM6H6Hll6M 3TOI'O MeTO,Il;a 

pe,Il;RHe npoueccu THna d.. + cl _..,.y,., t- H-e.. a cl +cl---- O + ~).,_ 't; 

6) paspaOOT8H8 3Jl6RTpoHHM annapaTypa; Il03BOJ!HBWM H86JID,Il;8TI, 

pe,Il;Rnfi IlpDUeCC 06paTHOrO 3Jl6RTp0p01K,Il,eHHR IlHOHOB fi-+p-,.. f-+e• + t1_ · 

npll aHeprRH 2'i5 MaB; . 
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• 
B) npe,Il,1IOJKeH H peaJIH30B8H aifqjeRT.IIBHmi ,Il;6T6RT0p 6HCTPHX Hefi

TpoHOB C qepe,nymun,mcR CJ!ORMH IlJ!OTHOI'O nemecTBa H CIUIBTIDLJIRTopa; 

r) paspa6oTaH cneRTpoMeTp )J.1IR H3MepeHIUI yrJioBux rBMMa-rBMMa 

ROppeMUH! C BHCORHM KaqecTBOM CT86.IIJ!H38UHH TpBRTB OT CIJ;li!HTHJIJI.!I

UHOHH:UX: cqeTqHROB C KPHCT8J!JI8MH Ila I ( re); 
p,} p83BHT8 M6TO,nHR8 H3M8peHHR O,JJ,H03Jl6RTpoHHOrO ypOBRR HM

IlYJII,COB lI myMOB B ~OTOYMHOJllliTeJIRX; 

e) npo8H8J!H3HpoB8HH B03MOlmOCTH H OC008HHOCTH M6TO,Il;8 COBil8-
' ' 

,Il;6Hllfi Irr .npyrmc CUHHTIDLJIRUl'IOHHHX M6TO,Il;OB pernCTpBUl'lll qacTHU BHCO-

RHX 3Heprmi; 

JK) H3yqea aq:g:eRT OCJ186Jl8HIUI ROHB8pcHOHHOfi a<f)g;eRTHBHOCTH 

IlJ18CTK'l6CROrO CUl'IHTIDI.7IRTOP8 npH YB6Jl.liq6HHll yp,eJILHOfi HOHH38UHll 

qacTnu; 

3) pacCMOTpeH cnoco6 BHBO,Il;a CB8T8 ll3 CJ!OllCTOI'O CUHHTHJlJlRTOpa, 

ROTOpmi npn ,Il;OCT8Toqao HHT6HCHBHHX CUHHTHJIJI.!IUl'IRX MO.teT Il03BOJ!HTI, 

Bl1IIOJ!H.IITI, rO,Il;OCROil C cymecTB6HHO YM6Hb'IJ6HHHM KO~SCTBOM q:OTOYM-, . 

HOlllliT6JI6tt. 

5. P83BlIT8 T80p!UI paspemamero BP6M8HH CUl'IHTHJ!JlRUl'IOHHOro 

cqeTqHKa: 

a),PemeHa 38,Il;8"i8 0 pacnpep,eJieHim q:OT03Jl6KTPOHOB BO BpeMeHH 

B CTporott aHMKTHl!SCKOV. ~OJ:Me C yqeroM CT8THCTK'l6CRHX ~nDKTyaUl'ln 

oomero KOJ!Hll6CTB8 q:OT03Jl6KTPOHOB; OOp83Yl!lllHXCR 38 BP8MR criap,aro-. 

me! no 3KCilOH8HTe CUHHTHJ!MUHOHHO! BCilHIIlKll.:PeayJiliT8TH pac1!8TOB 

MOryT 6HTI, ~CilOJII,30B8HH ,Il,1IR onpe,Il;8Jl8HHR pa3peruam1ero BpeMeHH cqeT

qHRa, ecJIH BJIHRHHe q:0ToyMHOJ1011TeJI8·eU1e aeBeJIHKO, aanpHMep, npn pa-

6ore co cpaBHHT8J!I,HO Me,I1,1IeHHHMH HeopraHlJll6CKIIMH CUHHTHJlJlRTOpaMH. 

6) IlpoBe,Il;eH 8H8J!H3 H ROppeRTHmi yqeT p03JiliqHHX q:aRTOpoB, 

BJIH.Hl!llllfX HS paspememre 6Hcrporo CUHRTHJlJlRUl'IORHOro cqerqnRa, T8RllX 
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K8K KOH8'1HM CKOpOCTb.HapacTaHIDI ll cna~8-CB8TOB!:lX BCnH!IleK opra

HWJ8CKIDC CUliHTIDIJIRTOpoB, iJ)JIIDKTyar~ur B 'lllCJie 3Jl8RTpoHOB Ha <pOTOKa

TO~e ll B ,li;llHO.n:HOfi CllCTSMe, pas6poc BO BpeMeH~ npoJieTa 3JI6RTpDROB 

ll T • ~- TIOJIY'l8Rbl 8H8JIHTii'I6CRll8 Bl:lpallt6RHH ll npHB6,l\8Rbl rpaq:ll'I6CRHe 

pe3yJibT8Tbl, HarJIR.IUIO ~eMORCTPHPYIOOlll6, B K8KOH Mepe pa3pemaI001ee 

BpE)MJI CI.U1RTllJIJIRI.U10RHOro C'I6T'IJllR8 3aB!-1CHT OT Tex HJ!ll llHblX npll'lHH. 

6. BHeceHbl npe.II,.7IOlK6RIDi no ,IU3JibHeiimeMy pa:iBl!THIO MeTO,m)B nsy

tieRan npoueccoB ynpyroro paccenHIDI tiacTHU c noMomiro nd.rrynpoBO.n:HH~ 

ROBblX ll CIU!HTHJIJIRIUIORHIDC ~8T8KTOpDB. H B CM3H C 3TllM paccMOTpeHbl 

nepcneKTHBbl npoBe~eHIDI HOBUX: llCCJI6,l\OB8Hllii Ra ny'l!Kax rnnepOHOB, 

npoTOHOB CB8PXBblCOKIDC 3HeprHfi, IlHOHOB ll raMMa-KB8HTOB. 

IloKa3aHa B03MOJKHOCTb C03,IU3HM Ra 6838 rto;rynpOBO.IUIHROBOrO 

C'I8T'IHKa TaRoro BantHOI'9 .II,.71R q:rr3:imn Bl1COKIDC aaeprllfi npH6opa, KaK 

ROOp~H8TRID! ~8T6KTOp, oelecrreq;rna10mnn npH pa60T6 B' ,Il,OBOJ!bRO HHT8H

CllBHUX: ny'IJK8X peJIRTHBllCTCK.llX tiaCTllU BblCOKOe npocTpaHCTB6HH08 pas

pemeRne. 

0CROBROH MaTepnaJI ,li;llCC6PT8Ulill co~ep;KHTCR. B KHllrax/11 , 12 , 13/ 

H pa60Tax/l4- 3s/, _ony6JlllKOB8HHblX B OTetiecTB6RROH ll 3apy6elltHOfi 

ne<IaTH, 8 TaKllte ,l\OJ!OlK8RHblX Ra M6lK,IJ;yH8pD.IUlblX ROR<pepeRmmx ll CHM

Il03HyMax no q:ll3llK8 3JI6M8RTapRblX tiaCTllU (KneB, 1970 H i956). 

3Jl8KTpDRRblM ll (j:OTOHH11M B3&llMO~efiCTBIDlM . 01TaRa, 1971)' CimHTHJIJIR

UliOHHLJM ll IlOJIYilPOBO.IUIHKOBhlM C'leT'lllRaM - B BamllllrTORe (IS.72), )Iy6-

H6 (1962) n PocceH~opq:e (_1963), no n~epaon aJieKTpoHHKe - B Ilap.i:

llte (1968), ,lcy6Re (1967) ll BapRe-(1969), ~a 6-_ott BcecOI03HOfi KOH<pe

peHIUIH;IlO n~epHofi 3Jl6KTpDHlll{6 B MOCRBe (1_964). 
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