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Bneneltne 

011aoll na ueHTpam,UhIX sa11a'l B nporpaMMe nccne11oaa1mn sr11epHhIX BaanMo-

11ellcTBUll SlBITSl9TCSl ll3Y'l0Hl!O ynpyroro pacces!HHH HyKnOHOB Bb!COKOli sueprnu HyK

noHaMn. B HaCTOHmee BpeMn OCHOBHOll 38)18'10ll SKcnepnMeHTaIThHhlX nccne11onaaull 

B STOil o6nacTll qlllGllKll MOJKHO C'lllT8Tb nonyqeane naHl!bIX, o6pa6oTKa KOTOphlX nos

Bonnna 6h! 0Jlll03l!a'!UO ll C JlOCTaTO'lHOl!: TO'IHOCTblO BOCCTal!OBllTb aMnnnTyJlbl ynpy-

roro pp - ll np -paccesiann. 

Pa6oThI, npencTaBnea11h1e B peqiepnpyeMoll 11uccepTaunn, cBnsaHhI c npo6ne-

Moll BOCCTal!oBneHHlI aMrrnnTy/1 N N -paccesiHnH, c nsy'le.HneM aosMOlKHOcTell nc-

IIOIIb30BaHlllI OilblTOB rro N d -paccelIHl!lO npn pemeHl!ll STOli aa)la'lll II C H9KOTOphl-

Mil M9TO)lll'l9CKllMll BorrpocaMn, rrocTaHOBKa KOTOpb!X CTHMynnpoBanacb noTpe6aoc

TllMll TOH JKe OCHOBHOll npo6neMbI. 

,nnccepTaunn aarrncaaa rro MaTepnanaM sKcnepnMeli:TanbHhIX n pac'leTHhlx pa-

6oT, Bb!IlOnJieH!IhIX 8BTOpOM B Te'!eHne 1959-1966 rr. COBM9CTHO c rpynnoll COTpyn

HllKOB na6opaTopnn nnepHhIX npo6neM OlUII1, Bb1'!ncnnTenbHoro ueHTpa 011.HH :n 

Bceco1oa1Ioro Hay'IHo-nccnenoBaTenbCKOI"O llHCTnTyTa llCTO'lHIIKOB TOKa ( BHI1l1T) • 
/1-25 44/ 

PeaynhTaTbl 3TIIX pa6oT orry6ntr~KOBa!lbl • II J:lOKIT8,llb1Ban1ICh Ha M9)K,llyHapo.n·-
/ 13 38-40/ 

Hb!X KOHq:iepeHUIIlIX ' • 

lltrccepTaunn cocTonT na 5 qacTell, aaKnro-qeansi n npnnoJKeaull, coneplKaHue 

KOTOpblX nanaraeTClI HlllKe. 

TYJlhI 

t.J A C T b 

BoccTaHOBneane aMIIITllTYJ:j ynpvroro pacceSIHlllI IIVKITOHOB HYKITOHaMH 

Ynpyroe pacceSJHHe ~yKnOHOB HyKnOHaMH MOlKHO onncaTb C llOMOmhJO aMnnn

N N -paccesiann, npencTaBnnromell co6oll onepaTop, nellcTByromnll aa aa-qanb-

Hoe CIIIIIIOBOe COCTOSIHHe CUCT8Mbl. Onnoli 113 pacHpOCTpaaeHHb!X qiopM sa1111cn aMII

IIIITy/lhl SlBITSl9TClI BbipalKeJine 
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( 1) 

11 , k 1 -nMnynbCbI oTeocnTenbJioro ABHmeHHlI qacTHII B Ha'lanbHOM H KoHe'IJIOM 

COCTOlIHlllIX. 3KcnepHMeHT81lbllble pe3ynbT8Tbl nepeIIKO BbrpamaIOT TaKme 'lep93 npy

rne nap~MeTpbx: 

a =a+{3 b a-{3, c=5+£ d=ll-£, e=2y (2) 

Ha ll30Tonn'leCKOfi llHBBPllaHTHOCTH lIAePHbIX CHn cnenveT. 'ITO CllCT9Ma 

ABYX Tom.tteCTBeHHbIX HYKlIOHOB MOmeT HaXOJ:IHTbCSI lllllllb B e.ttllHCTBeJIIIOM no ll30TO

nll'leCKOMY CilHHy COCTOllHllll C T = 1. CacTeMa, COCTOS!masi 113 HefiTpoHa ll npoTo

Ha, He S!Bl!SleTClI CTOllb npocTOfi H MOmeT H8XOIIHTbCll KaK B COCTOlllIHSIX C T = 1, 

TaK H B COCTOlIHHlIX C T = o. AMnnHTyna ynpyroro np -paccesimrn MomeT 6bITb 

npencTaBneea KaK nnHefieall KOM6llll8lllilI aMnnnTy.tt paccelI!IHll B STHX COCTOlillHllX. 

B npocTpallCTBe o6bI'IHOro CIIIIHa aMnl!HTYJ:lbl pacceSIHlllI B COCTOlIHlllIX c T = 0 n 

T = 1 HMeIOT OAHH H TOT me BllJ:I ( 1). HO onHCbIBaromne HX napaMeTpbl pa31!ll'lllbl 

no BenH'IHHe ll no-pa3HOMY ll3MeHSl!OTClI npn 3aMeHe yrna pacceHllllll B c.11.M. 0 

Ha rr-0. 

l13BecTHbie Tpy.ttHOCTll npoBe.tteHHSI sKcnepHM9llTOB no paccelIHlllO H9fiTp0HOB 

npOTOHBMH nenaroT BOCCTaHoBneane aMill!HTyAbl np-pacc9lIHHSI Kpafille ClIO.lKHOfi 

sanaqell n npllBOIIS!T K H0o6xonnMOCTll nOHCKOB nyTeli COKpameHHll 'lllCl!a MllHHMBJlb-

/1,38/ 
HO Heo6xonHMbIX onbITOB no n p -paccelIIIH!O. 3To OKa3bJBaeTCll B03MO)l{HbIM -

6naronapg TOMy, 'ITO npH Bb!II01IH9Hllll napbI O.t(HOTHnHb!X OilbITO.B, OAllll ll3 KOTOpbIX 

npoBOIIHTCSl C p p -. a npyrofi C n p -CllCTeMofi, ll COBMeCTHoro a1Iann3a nx pe-

3YllbTaTOB MO)l{HO nony'lllTb He 2, a 3 COOTIIO!IleHHlI Me>K.ny Kos¢¢nnneHTaMn aMn

llllTYA pacceSIHHSl: ABB COOTHO!Ilellllll onpenensi10TCll B38llMOnefiCTBHHMll HyKlIOHOB B 

COCTOHHllHX CT= 0 ll T = 1, a Tp9Tb9 CBH38HO C llHTep¢epeH11nefi Me>K,tly HllMll. 

B nnccepTaUllll npnBeneHbl ¢opMyllbl, CBll3bIBa10mne 3KCn0pllM9JITanbHO onpenenae-

Mble nenn'IHIIbl C Kos¢¢nnneHT"aMH N N -aMIIllllTYA, n npennomellbl 4 aa6opa onbl_--

TOB AJlSl BOCCT8HOBneHHSl aMnnnTyA p p - ll n p -paccelIHllSl, KB)l{llblll H3 KOTOpb!X 

COCTOHT. ll3 13-14 onbITOB n conep)l{llT nlllllb 5-7 OnbITOB no n P - pacceHHllIO. 
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Bee paCCMOTpeHHhle HaMli SKcnepnMeHTanbHbie Ha6opbl conepmaT onbIT no on-

peneneHlllO K03¢¢nunenTa CDD KOppenlIUllll nonlipll38Ullfi HyKnOHOB npll pp -pac-

ceHHHll. B Hall!HX onbITax no ll3MepeHHIO STofi B01Ill'IHHbl ncnol!b30BanClI ny'IOK npo

TOHOB CliHX)'.)OllllKl!OTPOHa na6opaTOPlili llIIePHbIX npo6neM OHHH c sJieprnefi OKono 

/2 3,39 40/ 650 MsB ' • • l13yqaeMoe p p -pacceHHne nponcxo,mno Ha =nKoM Bonopo-

ne, B Ka'leCTBe aHanH3STOpOB nonlipH38Ullll ncnonb30B81lllCb MH!IleHH 11'3 anIOMlllllllI H 

0= 54°, 12°, 
rpa¢nTa. l13MepelllllI 6bmll BbinOnHellbl AlllI yrnoB p p -paccellHlill 

90°. KpoMe Toro, ll3 CBOfiCTB 

CD n (106°) = C n n (72°) ll 

CHMMeTpnn napaMeTpa en J 0) cnenyeT, 'ITO 

0) 0) /35/ Cnn( 126 = C nn (54 • Bb!IIOnHeHHb!e II03IIHee 

SKCnepnMeHTbl C nonllpll30B8HHOfi npoTOHHOfi MH!IlellblO IIO.tlTBepnnnH Hali.tteHHb!e HaMll 

3Ha'leHHSI Kos¢¢nnneaTa Cnn(0) 3aa'leHHSI Cnn(0) n Benn'IHHbl npyrnx napaMeTpoB 

/26-30/ 
pp -pacceHHllll, onpeneneHHble B pa6oTaX npn SHeprHll OKOno 640 MsB, 

6bmH ncnOnb30B8llbl llilMH nnll oneHKll KBanpaTOB Monynell Kos¢¢nnneHTOB Pp -aM-

nnnTyIIbI. Ebmo ycTaJioBneHo, 'ITO npeo6nanaromnll BKnan B ceqeHne p p -paccesi-

. • 2 2 
HHS! BO BCeM paCCMOTP9HHOM llHTepBane yrnoB naroT 'll!eHbl (a) + ( e) . BKna.tt 

qneaoB {d) 2 Man npn Bcex yrnax paccellHIISI, a BKnan qneaa (c)
2 

Man npn 0 <;;.90~ 

Tiponenea11e H0KOTOpb!X SKcnepnMeHTOB C n p -paccellHlleM 6bl1IO 3H8'111Tenb-

!IO o6ner'leHO npnMeHeHH9M pa3pA6oTallHOfi HllMH YCTaHOBKll C KOllblle.BbIM paccen-

/4,38/ B . BaTeneM • STOil ycTaHOBKe np11 IlOMOmll KOJlllllMBTOpOB ¢opMHpoBanclI lWnb-

neBofi ny'IOK HefiTpOHOB Bb1c0Koii saeprnu, n B aero noMemancH TopounanbHbili KOnb

neBoli paccenBaTenb." JleTeKTOP paccellHHbIX HefiTpOHOB pacnonarancH Ha ocn cuM

MeTpnn ycTaHoBKll ll Mor nepeMemaTbCSl BIIOllb Hee, 'ITO n03B01!SlJ10 ll3MeHlITb yron 

paccelIHllll per11cTpnpyeMbIX HeliTpOHOB. CxeMa onbITa npnBeneHa Ha puc. 1. TipuMe

aeHne KOllblleBoro paccenBaTenlI nano B03MOmHOCTb npn He3H8'1HTellbHOii Tonm11He 

ero BIIOllb HanpaBneHlllI CKOpOCTll aefiTpOHOB noMemaTb B IIY'IOK B 50-200 pa3 6onb• 

Ille paccenBaromero BemecTBa, qeM npn 06b1'1HhlX MeTonax H3MepeHnil:. OnncaHHhlli 

MeTo.tt s¢¢eKTHB0H npn H3y'l8Hllll n P -paccelIHIIH Ha Manble yrnbl ll Ha yrllbl, 

6nn3K11e K 180°. B nocnenHeM c11yqae perncTpnpyroTclI He paccellllllb1e HeliTp6HbI, 

a npOTOHbl OTIIB'lll. 

YcTaHOBKa C KOllbll8BbIM paccenBaTeneM 6bma HCll01Ib30BaHa H8Mll Allll ll3M0-

pea11fi n11¢¢epeHnnanbHbIX ce'leHnfi n p -pacceHHHH npn cpenHeli sHeprnn HefiTpo-
o O /5 38/ 

HOB T n = 590 MsB B llHT0pBanax yrnoB OT 5 no 35 c.n.M. ' ( perllCTPll-

• 0 0 /25/ 
p0B81!11Cb H0llTp0Hb!) ll OT 15_9 no 179 30' c.u.M. ( perncTpllpOBanncb npoTO-

Hbl. OT.tta'lll). l13 STIIX Oilb!TOB cnenyeT, 'ITO npn SHeprnn Tn = 590 MsB pacceH-
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Hne nel!TpOIIOB BnepeJ:t CTaHOBHTCSI 6onee B9pOS!THbIM, 'I9M paccegmre Ha3M( ( B 

OTnll'Ill0 OT cny'Iag MeHbWHX aaeprnll); OTM9'I9Ha TaKme 

n-p -paccemmg, xapnKTepnayeMaSI oTHomelllieM ceqennl! 

6onhm8d1' acnMM9Tpnn 

lo(6J >11.Co
Io (90 

IlOCTaBnemrn nony'IelIHbIX HaMn Il nMeromnxcg B mITepaType J:talIHbIX O CE!'I9Hll51X 

np -pacC951Hll!I Ha Manhre yrJibI Il0Ka3_ano, 'ITO npn T n < 200 MaB B9JIIl'IIlH8 

Im a (0°) orrpenenS1eTcS1 B ocnoBHOM BKJiaJ:toM cocTosrnnl! c T = 0, a rrpn aneprnnx 

OKono 600 MaB BKnnnhI COCTOSIHilll c T = 0 n T = t 

co6oll. EbmO TaKme IlOK838HO, 'ITO npn Tn = 690 
CTBHOBSITC!I 6nn3KllMil Me~y 

MaB 3Ha'InTe.libHbill BKnan B 

np-pacceHnne Bnepen BHOCSIT nellCTBHTenbHag 'I8CTb 6eccrrnHoBOro n CilllHOB0-

38BllCIIMbI9 'IneHbI aMrrnnTyJ:tbI. 

HenocTaTO'IHOCTb J:tOCTynaoro 9KCil9pllM9HTanbHOro MaTepnana J:tnH IlpS!MOro 

BoccTaJioBnenng aMrrnnTyJ:t N N -oaccegnng no6v11nna nae ncrronbaoBaTb ne3YJTb-
/41-43/ . 

TaTbI q,aaoBoro anannaa .r:tnSI BhI'IHcneann Koaq,q,nnnenToB aMrrnnTy,t:t ynpy-

roro pp -paccegnng, ynpyroro pp -paccegnnn 6ea Kynona, ynpyroro np-

paccegann rrpn aaeprngx 23 MaB, 40 MaB, 52 MaB, 66 MaB, 95 MaB, 147. MaB, 

210 MaB, 310 MaB, 400 MaB, 630 MaB
161

• ITpn aToM 06Hapy1Kelib1 cneJ:tyromne 

oco6eJIHOCTll Hal!JleHIIbIX HBMH K09tpq,HIIHE!HTOB. 

1. Bo BC9M p8CCMOTpeHHOM IlHTCpBane aaeprnll B cnyqae pp -paccennnn 

n pp-pacceHHnn 6ea Kynoua MHHMan 'IBCTb Koaq,q,nuneHTa y rronomnTenblia 

n 3lIS'IHTe.liblIO npeBOCXOJ:tllT ero .r:teil:cTBHTenblIJ"IO 'ISCTb ( CM~ pnc. 2). 

2. B cnyqae p p -paccesmnn 6ea KynoHa Ha Manbie yrnhI Koatpq>nnneHThI f3 n /5 

6JIH3Kll Me)Klly co6oil: BO BC9M IllITepBane 9Heprnil:. noaTOMY B 

o6nacTn MSJibIX yrnoB paccenHnn aMrrnnTyJ:ta PP paccen1mn 6ea Kyno-

Ha Mome'r 6b!Tb rrpencTaBneJia B BilJ:te CYMMbI aMrrnnTyJ:thI lIE!HTpanbHOro B38IlMO

neikTBll51 n onnoro (nMecTo 3 B o6meM cnyqae) 'InenoB, cooTBeTCTByromnx TeHaop

noMy B38HMO)leil:CTBilIO HyKnonoB. 

3. Bo BCeM paCCMOTpeHHOM llHTepBane aaeprnil: OTHomeHHH J:t9il:CTBHT9Jib

HblX n MHilMbIX 'IacTeii 6eccnnHOBbIX K09q,tplllIIl9HTOB SM!InHTyJ:t pp -pacceHHIIn 
6ea Kynona 11 np -paccenang xopomo cornacyroTcn c npencKaaaHl!S!Mll, ocno-

BUHHb!MH Ha JlllCilepclIOHHbIX COOTHOW9HHSIX. 

B nanbHeiillleM peaynbTSTbl pa60Tb/
61 

6hmn llCilOJlb30BaHbl H8Mll rrpn pac'Ie-

Tax nponeccoB neyrrpy~oro Nd -pacceHHHH (cM. 'IaCTb 2 .r:tnccepTaunn). 
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tJ A C T b II 

BaanMonellCTBne HyKnOHOB C neiiTPOH8Mll 

TeopeTH'I9CKil pacceS!Hlle 'IBCTlllI BbICOKOil: aaeprnn neil:TpOHBMll 'Jame Bcero 

paccMaTpnBaIOT B TaK lI83bi'BaeMOM 'nMrrynbCHOM rrpn6nnmeHHll'. B KOTOpOM SMIT-

nnTyna Nd -paccegann npencTaBnneTcSI B Bnne nnaellnoii KoM61rnaunn aMnnnTyn 

paccegang ayKnoHoB HyKnonaMn. 
/7-9/ 

B namnx pa6oTax ynpyroe Nd -pacceS1H1Ie 

/36/ 
TilBilCTCKOM 'npocTOM llMilY.IIbCHOM rrpn6nnmeann' 

pacc'IHThIBanocb B aepeirn

c IICilOJib30BSHil9M /5 -

noTeHUnanoB n annapaTa MaTPllllbl IlJIOTHOCTll Cillll!OBblX COCTOS!Hllll CllCT9MbI. 3<1!

tpeKTbI yxona C aaepreTH'I9CKOll IlOB9pXHOCTll ne Y'IllTbIBanllCb. 8 XOJ:te Bbl'IllCJI9HHil: 

6binH rrony'IeHbl Bblpameinrn, CB.113b!B8!0Wll9 rronnpH30B8HHbl9 C9'l9Hl!!I ynpyroro Nd -

paccegann c Koaq><pnnneHTaMn aMmrnTyJ:thI ynpyroro Nd -paccennnn n aMrrnnTyJ:t 

pacceS!Hll!I HyKJIOHOB HyKJIOHSMll nnn nonnoro Ha6opa CilllHOBbIX onepaTopOB HyK

JIOHS.II neiiTpOHa B cny'IaSIX: 

a) na.r:teHIIH HenongpnaoBannoro nyqKa na nerronnpnaoBaHiryro Mnme Hb; 

6) rranen11n Ilp0113BOJlbHO IlOJIS!pll30BSHHOro rryqKa HyKnOHOB Ha nenonnpll30-

B8HHyro J:tellTpOHHYIO MilW9Hb ; 

B) rraneHnn IlpOll3BOnhHO IlOJIS!pH30B8HHOrO IlY'IKa nellTpOHOB Ha Herronnpll30-

BaHHbie HyKnOHbI. 

ITpH nay'leHHII B03MOIBHOCT8ll llCilOJib30BaHll!I naHHbIX 06 ynpyroM Nd -pac-

ceSIHlllI nmr BOCCT8l!OBneHH!I N N -aMrrnllTyJ:t 6bm rrpnMeHeH M9TOll, aHanorn'IHblfi 

11/ 
paapa6oTaHHOMY HaMII paHee 'COBM9CTHOMY aHannay"' CBene1111il o PP - II 

/10/ 
n p -paccenann • ( CM. 'l8CTb I J:tHCCepTaUHil), II 6bmO IlOKaaaHO , 'ITO aMrrnn-

TyJ:thI N N -pacce!IHllH B COCTO!IHH!IX c T = 0 n T = 1 Mory'li 6bITb BOCCTBHOBne-

Hbl npn Bb!IlOnHeHHH nomrnro OilbITa C pp -CHCT9MOH n no Kpal!Heii Mepe 5 Oilbl-

TOB C yrrpyrnM Nd -paccenHneM. 

BbI'IHCneH!ISI rronnp1!30BaHHbIX C8'l8Hllll Heyrrpyroro Nd -paCC951Hll!I npoBo-
/ 11/ 

J:tllnlICb HaMn B HepemIT!IBllCTCKOM llMilynbCHOM rrpn6nnmeHHH C Y'l9TOM 38B!I-

C!IMOCTH N N -aMrrnHTYll OT J:tBnmeHH!I 'laCTHU. o6pa3YIOWIIX neiiTPOH. KaK n IIPII 

pac'le~ax ynpyroro Nd -paccegann, Mb! rrpeae6perann TeM, 'ITO aq>q,eKTIIBHoe 

NN-paccesrHne IlpOIICXOJ:tHT BH9 9HepreT!I'l9CKOll IlOBepxHOCTll. 

7 



1-hl OTae=•wx noyx.ecTB'RhlX BMa>U<Tya B ceqeJme paccesHns nonapn

n acHMM8TPHSI TaKOI"O oacces-aoBaHHblX HYKnOHOB HerronsmnaoBaHHb!Mll ne:lTPO.IaMll 
/12/ 

HHS! 6hmll paCC'!llTaHbl HaMH Ha 8BM BU 0!1.H.11 nm1 cnyqas E 0 = 150 Man, 

0 2 (n.c.) = 70°, c/> 2 (n.c.) = 180° B 0 1 (n.c.) = 20°, cf, 1 ( n.c.) = o0
, 

rrpenrronoJKeHHH, '!TO B KOHe'!HOM COCTOSIHHH perHcTpHpy!OTCSI HanpaaneHll.lI IlBYX TOlK

necTBeHHblX qacTHU ll H3MepS!eTC.II SHepnrn OI!HOil H3 HHX. B peaynhTaTe STHX pac

'!eTOB 6bmo rroKaaaHo ( pnc. 3a,6), '!To: 

1. CneKTP pacces!HHblX HyKnOHOB HMeeT peaKHil MaKCHMYM llpH aqiqleKTHBHblX 

aHeprHHX NN -coynapeanH, 6nH3KHX K aHeprnH naneTaromeil qacTH!lbI H npn ae-

3Ha'!HTenbHOM yxone OT aaepreTHqecKoil IIOBepXHOCTH. 

2. IlpH OIIHC8HHOil IIOCTaHOBKe OllbITa nonHpH30B8HHOe ce'!eHHe B6nnaH MaK

CHMyMa crreKTpa IIO'!Tll rronHOCTb!O orrpenenHeTCSI IlBYX'!aCTH'IHOil aMrrnnTynoil pac

ceHHl!SI TOJKI!eCTBeHHbIX '!aCTllU. 

3. AcnMMeTpl!H pacceHHlllI B o6nacTn MaKCl!MyMa crreKTpa 6nnaKa K Toil, Ka

Kall Ha6nronanacb 6b1 npn pacceHHn11 B Tex JKe ycnoBl!Hx CB060I1Hh1x HyKnoHoB. 

4. C ynaneHneM OT MaKCllMyMa pacTeT OTHOCl!TenbHblil BKnan npyrnx I!Byx

'!aCTl!'!HblX aMrrnl!TYil B ¢opMllp6BaHl!e ceqeHl!SI H acl!MMeTpllll Nd -pacceS!HllSI. 

Ilpn aToM yaennqnaaroTCH TaKJKe neqieKTbI aHeprnn, onpenensromne yxon aaaHMoneil .. 

CTByromHX IlBYX'!aCTll'!HblX CHCTeM OT 3HepreTn'!eCKOil nonepxHOCTH. 

ilm1 rrpoaepKn Toro, n KaKoil Mepe 11onHpnaaunoHHb1e 11apaMeTpb1 KBaaHyrrpy-

roro pp-pacce.lIHH.II 6nH3KH K napaMeTpaM cBo6onaoro pp -pacceSIHH.II llpll 

TaKl!X aHeprllHX, Korna npnMeHHMOCTb HepenHTHBHCTCKoro HMnynbCHoro npH6nH-
. /13/ 

)KeHHll CTaHOBHTCll COMIIHTenbHOil, 6bmll npoBeneHbl Ollb!Tbl 110 onpeneneHHIO 

aCHMMeTpllll pacceHHll.lI rron.1Ipll30BaHHb!X llpOTOHOB C SHeprHeil 635 MaB neilTpoHa

MH. Ha Toil )Ke SKcrrepnMeHTanbHOil ycTaHOBKe H B TeX Jl{e ycnoBHHX ll3MepHnacb 

acHMMeTpllll CB06onHoro pp -pacceHHlllI. .11aMepeHHSI 6bmll B?.!IIOnHeHbl B llHTep

Bane OT 18,5° no 145, 7° n c.u.M. IlBYX cno6onHh!X HyKnOHOB, n 6blno IIOKaaaao, 

'!TO rrpH acex HccnenoBaHHhIX yrnax pacceHHHH acHMMeTpnn KBaanynpyroro H cno-

6onHoro pp -pacceHHHH n npenenax axcnepnMeHTanbHOil TO'IHOCTH_ (5% - 10%) 

coarranaroT Me)Kny co601i. PeaynbTaThI aToro axcrrepnMeHTa n orrncaHHbIX Bb1111e 

pac'!eTOB CBnneTenbCTBYIOT B rronhay B03MO)KHOCTH l!CIIOnb30BaTb KBaaHyrrpyroe 

paccennHe HyKnOHOB ayxnoHaMH neilTpoHa nnH nony'!eHHH caeneHHil o rron.lipHaauH

onHhIX S1Bne1mnx rrpll pacce.lIHHH CBo6onHhlX HyKnOHOB, ecnH rrorpell!HOCTH B 10%-

15% S!Bnll!OTCSI norrycTHMb!Mll. 
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tf A C T b IJI 

Ilp11MeHeHHe MeTogoB 8BTOM8TH'!eCKOrO 01103H8HH51 o6pa30B nnH ngeHTHITTHK8UHH 

aapsD!<el!HblX '18CTIIU 

B pHne 3KcrrepHMeHTanbHb!X aanaq qJH3llKH Bb!COKHX SHeprHH (uanpHMep, IIPH 

Hayqeu1111 MeaoH006paaoaaH11S1 B NN -coynapeHHlIX, llpll HayqeHl!ll Nd -pacceH-

Hllll ll T.rr.) B03HllKaeT ueo6xonHMOCTb HneHTllqlHUl!pOBaTb qaCTHUY. IIOIIaBllIYIO Ha 

per11cTpnpyromyro cnCTeMy. 

B Ka'!eCTBe onHoro · Ha B03MOlKHhIX nonxonoa K perneHnro npo6neMbI 6eaMar

HllTHOH nneHTllqlHKaUHll aapHJKeHHbIX '!aCTIIU BbICOKHX 3Heprui1 MoryT cnylKHTb paa

BllTbie aa rrocnenHiie ronhI MeTOilhI anToMaTH'!ecKoro orroaHaHIIH o6paaoB c rroMOll!bIO 

sneKTpOHHblX Bbl'IHCnHTenbHb!X M8lllllH. 

B Hallll!X pa6oiax MaTeMaTH'!8CKOe MonenHponaune HI10HTllqlHKaUHll '!aCTHU 

no aapHny ll 110 napaMeTpy z/ f3 6bmO BbIIIOnHeHO Ha OCHOBe HCIIOnb30BaHHll BCIIO-

A, /31,33/ 8 . 
MoraTenbHb!X IIOTeHUHanbHbIX 'l'YHKUllH • STOM cnyqae xapaKTepHCTH'!eCKOil 

TO'!Ke Ka)KI!oro l!3 rrpeA'blIBneHHb!X nnn o6y'!eHHll o6'heKTOB llpHlll!CbJBaeTCll HeKOTO

paH qiyHKUH.II ( "rroTeHnHan")' MaKCHManbHaSI B STOil TO'!Ke II y6b1Ba10111aS1 llpll yna

neHHll oT Hee. 

Ilpn rrpoaeneanH qncneHHbIX pac'leToB B Ka'!eCTBe nocTaTO'll!O o6mero rrpH-

Mepa aaMH 6bma Bb16paHa aana'la orrpeneneHHH aapnnonoro crreKTpa rrpoTonon, a -

qacTun H .1Inep nerKofi rpynHbI ( 3 ::; z ::; 5) rrepBH'!Horo KOCMII'!ecKoro HanyqeHHH. 
,; 

Pac'!eTbl BenHCb rrpnMeHUTenhHO K l!CIIOnb30BaHHIO B Ka'!eCTBe perHC'rpHpyromeli CHC-

TeMbl TenecKona ( KpeMHHeBb!X) nonyllpOBOI!HHKOBbIX neTeKTOpOB ( 1111n) c aMrrnH -

TYUHb!M aaannaoM cHrHanoB Ka)Knoro ll3 HHX. Tonll!HHbl 'IYBCTBHTenbHOll o6nacTll 
. . 2 

1111n rrpHHHManHCb paBHbIMll 1,5 MM, a HX pa6o'!He rrnomanH paBHb!Mll 20 CM • Te-

neCKOII Mor perHCTpHpOBaTb qacTHUbl, nnn KOTOpb!X yron ( 0 ) Me)Kny HX TpaeK

TOpl!S!Mll n ochro Tenecxorra He rrpenocxonHn 40°. Ilpenrronaranoch, '!TO rranaromHe 

Ha TenecKOII qaCTllllbl HMeIOT crreKTp CKOpOCTeil
1321

, a HHTeHCllBHOCTb l!X IIOTOKa · 

rrporropuHoHanbHa Cos 0 . IlporpaMMa Bbl'!IICneHHll crreKTpOB l!OHll38UllOHHb!X IIOTepb 

rrpll rrpOXO)K/:{eHHH '!aCTl!Ubl qepea, rpyrrrry neTeKTOpOB OCHOBbIBanacb Ha MonenHpo

BaHHH peanbHoro <pH3H'!ecKoro rrponecca ( MeTon cnyqaJ'.iHhIX HCllbITaHHli). 
. /14/ 

B peaynbTaTe BbIIIOnHeHHb!X Bbl'IHCneHHil 6b1no rroxaaaHo ' '!TO uane)K-

HOCTb 01103HaHllll aapHna ynenH'll!BaeTCll C B03pacTaHHeM 'IHCna N. TO'!eK o6yqe-

HHH ua ,Knacce z . YBenH'!eHHe uane)KHOCTH rrpeKpamaeTCH rrpH N z = 50, a 
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rrpn Nz = 70 ona ne aaBncnT H oT Bbloopa TQqeK ooyqennn. C yBennqenneM 

snepreTHqecKoro rropora TenecKorra nanelKHOCTb orroanaHHH BoapacTaeT n, npn 

rropore 1 fsB/JiyKnoJI, nnn Bcex aapHllOB 1 ~ z ~ 5 rrpeBoCXOllHT 94% (rrpH rroc-

/15/ 
TOHIIIIOM N z = 70). Ebmo TUKlKe ycTSJIOB.1I8JIO ' 'ITO HUll8lKIIOCTb 01103JIUll!!H 

cna6o 3SBHCHT OT Blllla IIOT8HUHS,1lbHOll cpyHKUllll, 

Cym8CTB8JI!Ih!M II0ll0CTUTKOM a.nropIITMOB, llCII0.1Ib30BUBIIlJIXCSI HUMll IlPll MO

AennpoBa!Illll 0Il03IIUHllH aapSIAa, HB.1IlI.1IUCb ueo6xoAHMOCTb xpaJIHTb B IISMSITll Ma

lllllHhl BCIO llJicpopMaumo O rrpell'blIBnlIBIIlllXClI rrpn o6yqemrn OO'b8KTaX ll rrepepa6a

Tb!BaTb BCIO ee npn 0Il03Harmn Ka:IKlloro HOBOro OO'h8KTa. TioaToMy IIaMn Ohm paa

pa6oTaH II llCilbITaJI HOBhlll a.nropllTM, 'npn llCil0,1Ib30BUHllll KOToporo B naMlITll Ma

IIII!Hhl rrocne o6yqeJinlI OCTaIOTClI .1Illlllb H8KOTOph1e cpenane xapaKTBPllCTllKll 061>eK

TOB, IIp8Jl'hSIBmIBIIIHXCSI Ilpll ooyqea:n:H Ha KU:IKllOM ll3 rron.nelKamnx pacrro3JiaBaJIHIO 

/16/ 
KnaccoB. PacqeTbI c HOBhIM anropHTMOM rroKa3a.nH, qTo ero npnMeJieJIHe, o6ec-

rreqHBaH Ty lKB Jia)leJKJIOCTb OII03JiaJilllI, qTo ll anropHTM IIOTeJinlla.nb!Ih!X <PYIIKUllH, 

AaeT B03MOJKHOCTb yM8IlblllllTb aanoMnJiaeMyIO nmjJopMa!IllID O p83Y1IbTaTax o6y-

qemrn B 45 paa; C!Ill3llTb llpOllO.nlKHTenblIOCTb o6yqeJIHSI B 15 paa n COKpaTHTb 

BpeMs:i OII03HaHIISI B 8-10 paa. Ha OCHOBe llCIIO.nb30BanHSI .HOBOI"O a.nropnTMa M0-

/16/ 
ne.nHpoBanocb orro3HaJIHe qaCTHII 110 rrapaMeTpy z / f3 TipH paa6neHnH aJia-

qeJinfi STOro rrapaMeTpa B llJITepBa.ne 1 ~ z / /3 ~ 13,5 Ha 9 K.naCCOB HaA8lKHOCTb 

01103HaJinlI IIpllJiannelKJIOCTll qacTllUhl K KalKAOMY ll3 !IllX 6bma He XylKe 93%, a AlllI 

60.nbllIHHCTBa Kl!aCCOB AOCTnrana 3HU'I0HlllI 97 - 98 %. 

q A CT b IV 

KpI1CTa.n.nnqecKI!0 peTeKTOpb! lill0PHhIX na.nyqeHI!H 

Tipn paapa6oTKe rrpo6neM IIA0HTHcbIIKaUI!II qacTIIU BhICOKOll aneorI!II C IIOHMe

lI0HI!8M MarHI!THOI"O aJia.nH3a B03HI!KaeT Heo6xoAHMOCTb C03llUHI!lI ll0T0KTOpOB lill0p-. 
IIhIX na.nyqeJimi, npI!I"Oll!IhIX A.1IlI pa60Thl B Cll.1Ib!IhIX MarJIHTIIb!X II0.1IlIX, OllJIIIM ll3 

BilllOB TUKIIX A8T0KTopoB lIB.1IlIIOTCH KpI!CTa.n.nnqecKI!0 cqeTqllKII • 

CpenH MaTepHa.noB, rrepcrreKTIIB!IbIX A.1IH C03AaHHlI KpIICTa.n.nifqecKI!X cqeTqn

KOB, BJIIIMUHI!e MHOrIIX IICC.1I0AOBaTe.neil npnB.1I8Ka.n cy.nbcpllll KaAMIIH, 0AHUKO paa-
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pa60TKa lill8PHhIX A8T8KTOpoB Ha ero OCHOB0 aaTpyAHlI.nacb CllOlKHOCTblO rronyqegnQ 

/44/ 
KPYIIHl,IX MOHOKPllCTannoB 9Toro C00AHH0HHH 

' - /17/ 
HaMH 6wna pa3pa6oTaHa OTHOCllTB.nbHO rrpocTaH M0TOAHKa rronyqeHHH 

KpyilHblX MOIIOKpncTannoB cy.nhcpHAa KaAMHlI rryTeM rrepeKpncTannnaannn HCXOAHOro 

MaTepnana B OTKaqaHJIOH ll OTIIUlIIIIIOll KBapueBoii aMrryne. Tipn STOM JIU KOJIIIUX 

aMIIYllhl o6pa30BbIBannch cpocTKll Kpyil!Ih!X MOIIOKpHCTannoB, o6'beM KUlKllOI"O ll3 KO-
• 3 

Topb!X Mor nocTnraTb JI8CKOllbKHX CM , 8 B ee UBIITpa.nbJIO:li qacTn Bb!p8CT8l!ll 

- npy3b! MOIIOKpncTannoB C xopOIIIO Bb!p8lK8II!IblMH KpllcTannnqecKIIMII rpa!ISIMll, 

OnncaJIHbie MOIIOKpncTa.nnhI 6bmH IICilOllb30BUIIbl II8MII ll.1IH narOTOB.neJIHH 

/18/ _ 2 
Cds -neTeKTOpOB c pa6oqen n.nomallb!O no 1 CM, qTo B necSITKll II COTIIII 

p_aa rrpeBbIIIIano pa3Mepbl Bcex onncaJI!Ih!X K TOMY BpeMeJin ll0T0KTOpOB AaJIJIOI"O TIIIIa, 

8TH neTeKTOpbl Bb1pa6aT_b1Bann cnrna.nhI C KOpOTKHM BpeMeJieM HapacTaHI!lI 

( t cf,~ 5.10-8 ceK) n BpeMeHeM cnana, KoppennpoBaJIHblM c IIOCTOHHJIOll BpeMeHI! 

BXOAa ycnnnTens:i. EbmO IIOKa3aJio, qTO C IIOMOll!blO 9THX neTeKTOPOB MOlKJIO pe

I"HCTpnpoBaTb. ne TOllbKO anbcpa-qacTllUhI, !IO TaKJKe oeTa-qaCTHUhl II I"aMMa-KBaJITbl 

"" Co - , CrreKTpOCKOIIHqecKne CBOllCTBa llCIIb!Ta!!HhIX H8Mll A0T0KTOpOB Ob!,1III Hll3KIIMll, 

qTo orpaJil!qHBano B03MOlKIIOCTll HX np11Me1IeJil!lI lllllllb 3aJ:{aqaMI! perncTpaUIIII lIA0p

!Ih!X Il31lyqeJIIlll, 

K KOHUY lllITIIA0ClITblX roAOB IlOHBIIIICSI PHA pa6oT 110 IICII0.1Ib30B8HIIIO B Ka-

qecTBe HA0pHblX ll0T0KTOpOB p-n -nepexOAOB B repMaJIHII, OAJiaKO YAOBl!0TBOpII-

T01lb!Ibi0 peay.nhTaTb! yAaBanocb rronyqIITb lllllllb C Cil.1IbHO oxnaJKll0HHhlMII o6paauaMII, 

3naqifT0_1lbHO 60.nbIIII!e rrepcneKTI!Bhl C03ll8HI!H llpil6opoB Amr pa6oThl llpll KOM-

- /19/ 
naTHOil TeMnepaType OTKpbIBa.no IICil0.1Ib30Banne KpeMHlllI, HaMII Ob!.1III HCilb!T8Hbl 

o6pa3Uhl KpeMJIIl0BbIX p - n -nepexolloB, naroToB.neHJihie nncpcpyaHeii cpoccpopa B 

p -KpeMHI!il c ynenbHhIM conpOTHB.nenneM 50 OM.CM. 'IyBCTBI!Te.nblihie rr.no-

mallI! JialllI!X neTeKTOpOB llOXOllll.1Ill llO 20 MM
2

, qTo 3HaqnTB.1IbHO rrpeBbIIIIa.no rr.no

maAII nepeXOllOB, llCII0.1Ib30BaBIIIIIXCH BO Bcex onyomIKOBaHHhIX K TOMY Bp0M8HI! pa-

6oTax. TaKHe p - n-nepeXOAhl I!Cllb!TbIBanI!Cb B KaqeCTBe ll0T8KTOPOB anbcpa-qacTllU 

Pu
239 

II B KaqeCTBe ll0T8KTOpOB 'a.neKTpOJIOB B coqeTa!II!II C MarJIIITIIblM 6eTa-cneK

TpOM0TpOM. B rroc.nenneM c.nyqae acpcpeKTllBHOCTb perHCTpanHII Kp0MHI!8BblM ll0T8K

TOpOM a.neKTponoB c sneprHeii, 60.nhIIIeii 70 KaB, 6bma 6.nnaKa K 100%, a ero <boa 

anaqHTe.nbJIO III!lK0 OOhlqJio 1IpllM8JilI0MhIX C MarJII!T!IblMI! CII0KTpOM0TpaMII raaOBbIX 

cqeTqllKOB, 
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.UeTeKTop onncannoro Tnna, onnaKo, ne pewan npo6neMbI cosnannsr npH15opa 

nm1 crreKTp0Me'rpnn nnnnnorrpo6elKIIbIX '!aCTHU, T.K. :$ nocTyIIIIbIX B TO B~8J.\,\SI 06-

pasuax KpeMHllSI B03M0JKII0 6bmg cosnaTb 'lyBcTlmTenbHbie cnon wnpnnoi!: nnwb 

no H8CK0llbKllX necSITK0B MllKP0H. 8Ta rrpo6neMa 6hma peweHa Ha nyTI! cosnaansr 

/37/ 
nII¢¢y3I!OHHO-npefi¢oBbIX neTeKTOP0B • 

BapIIaIIT TexaonornII nsroToBneansr TaKIIX neTeKT0poB paspa6aTwBantsr HaMn 

B C00TB8TCTBllll C B03MOJKH0CTS!Mll na6opaTopI!ll ll oco6eHHOCTS!Mll nocTyrraoro HaM 

KpeMHnsr n BKnro'!an cnenyromIIe ocaoBHbre orreparurn: 

rronroT0BKa rrnaCTIIIIbl II cosnaaI!e pp+-nepexoJJ.a ua onHoi!: ee cTopoae; 

HaHecemrn cnosr nHTHSI na npOTIIB0II0n0JKHYIO CT0p0HY nnaCTIIIIbl II ero TepMH

'18CKaSI nn¢¢ysnsr B Kp8MHHH; 

npei!:¢ ll0H0B nllTllS! B pasorpeTb!i!: KpeMHlli!: non neii:CTBH8M npnnoJKeHHoro K 

o6pa3uy sarropaoro aarrp11JKetmsr. 

no aToi!: M8TonnKe II3 p -KpeMHIISI C ynenbIIbIM conpoTnBnel!ll8M 
2 

100-500 OM.CM nsroT0BllS!llllCb neTeKTOpbl c · rrnomanhro nepexona OT 0,2 no 6,0 CM 

· 0 /20,21/ B npn wnpnne 'IYBCTBllT8nbHOro CII0!I no 3, MM • bIIl0llll8llHbI8 0ilbITbI Il0Ka-

3ann, . '!TO T8Klle neTeKT0pbl rrpnronHhl nm1 perncTpaunn ll ClleKTpOMeTpllll KaK cllnb

H0 no1may10mnx KopoTKorrpo6eJKawx '!acTm:c, TaK n cna6onoHnsyIOmei!: pannamn1. 

no peweanIO Il0CTOSIHH0 J:{ei!:CTByromei!: KOMIICCllll rKA:a no nonynpoBOAHIIK0-

BbIM neTeKTopaM pa3pa6oTaHIIbI8 B na6opaTopnn SIJ:18pHbIX npo6neM OlUU1 TeXHOII0-

rnn naroToBneHnsr 'AmjxpyanoHa:o-npei!:¢0BhIX AeT8KTOpOB c rny6Hl!llbIM ll lIOBepx

H0CTHblM pacrronoJK8HII8M 'IYBCTBIITenbHb!X cnoeB rrepeAaHbI Ann 0CBOeHIISI' BO BHHHT, 

rne B aacTonmee BpeMn ocBoen.o nx rronyrrpoMbrmneHHoe nponaBoncTBO, 

HecKOIIbKO TllIIOBbIX n - i - p -neTeKTOpOB nHn OHHH aKCIIOHnpyroTCS! 
. /34/ 

B rraBllllbOHe B.UHX IIO MllpHOMY ncnonb30BaIIIIIO aTOMHOi!: aHeprnn 

• /45/ 
B onHol! ns nawnx pa6oT 6wno rroxasaHo, '!TO npn nBnJKeHnn cBeToBoro 

aoana no mumn, rrepeceKaromei!: n - i ll i - p -rrepeX0J:{bI, 3aBHCllMOCTb 

¢oT.OOTBeTa OT non0JK8II:Hl CBeToBoro IIS!TIIa MOJK8T 6bITb l!CII0nb30BaIIa AnSI onpe

neneann CTPYKTypbl J:18TeKTOpa. <l>opMa ¢oTOOTB8Ta aaBl!CllT TaKJKe OT C0CTOS!I!l!ll 

IIOBepx!IOCTII 11ccneJ:1yeMoro o6pasua. 8To OTKpbIBaeT B03MOlKIIOCTb llCII0llb30BaTb 

CBeT0BOfi 30Hll nnn orrpeneneHII!I WllPIIIIbI 'IYBCTBHTenbIIOi!: o6naCTII J:{8TeKTopa, rny-

6l!Hbl ee aaneraansr, Il3MeII8IIIISI' C0CT0S!IIllSI' noaepxIIOCTll ll CTpyKTypbl /:18T8KT0pa 

rron nefiCTBl!eM pasnn'!HbIX areIIT0B. 
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'IACTb V 

noBp8lK.tJ8HI!e rronyrrpoB0llHllK0Bb!X ycTpoii:cTB rrpoT0H8MII Bb!C0KHX aneprJtii: 

Onaoi!: 113 BaJKIIblX xapaKT8plICTl!K rronyrrpoB0J:1HIIKOBbIX ycTpofiCTB, rrpe.t1na3-

na'!eIIHblX nnn pa6oTbI B paAnaunoHHbIX rronsrx, srnmrnTclI ycTofi'!l!BOCTb nx aKcrrnya

Tau110HHhIX rrapaMeTp0B K neii:CTBIIIO nnepHbIX 11sny'lennfi. noaTOMy H8Mll 6bma rrpo

Benena cepHS! pa6oT !IO nccne.t10BaIIHIO IIOBpeJK/l8HIIi!: llp0TOII8MII BbIC0KHX aHeprni!: 

KpeMHll8BbIX neT8KTOpOB H/l8pllb!X ll3nyqeHl!fi ll Kp8MHl!8Bb!X ¢OT09118M8HTOB, llBnsrro

WIIXCll 0CHOBHbIMII IICTO'!HllKaMH a1IeproIIHT8HIISI' 6opTOBbIX ycTpoi!:CTB nnnTenbH0 cy

mecTBYIOWl!X IlCKyCCTB8HHblX crryTHl!KOB 3eMnn. 

/22/ 
B pa6oTe pacC'll!TaHbl IIOBpeJKAaromne crroco6HOCTll aJieKTp0HOB, llpOTO-

H0B II HefiTpOHOB pa3Hb!X 9Heprnfi. ITocne HOpMllpOBKll IIO aKcIIep11MeIITanbHbIM naH

llb!M pesynbT8Tb! 9TIIX paC'!8TOB 6hinll 11crronh30B8Hbl nnSI oueHKII BpeMeH lKl!3Hll KpeM

Hl!eBblX ¢oToaneMeHTOB ll nonyrrpoBonHIIKOBbIX neTeKTOpOB pa3Hb!X Tl!IIOi:3 B ueHTpanb

HbIX '18CTS!X pan11an110HHblX IIOllC0B 3eMnn. 

. /22-24/ 
8KcrrepnMenTanbHb1e nccnenoBaHnH noapeJKneHni!: rronyrrpoBotuIHKOBbIX 

ycTpOi!:CTB rrpoTOH8MI! BbICOKOi!: a1Iepr11n rrpoB0IIHJil!Cb Ha lly'!Ke rrpoT0HOB C aHep

r11efi 650 MaB, nony'!aeM0M Ha CIIHXPOUl!KnOTp0He na6opaTop11n ic!nePHbIX rrpo6neM 

OH9.H. Bcero 6bmo o6nyqeIIo 40 KpeMHl!eBbIX ¢oToaneMel'ITOB c KnLI OT 5% no 8"/4, 

14 Kp8MHl!8BblX rroBepxHoCTHo-6apbepl!b!X neTeKTopoa, 18 n - - p -neTeKTOpOB C 

Tonm11Hoi!: 'lyBCTB11TenhHoro cnon 0,3 MM 11 4 n 

-cnosi, 6nH3KOi!: K 2 MM. 

- p -neTeKTopa C TOJIWHHOi!: 

3aBl!CIIMOCTb MaKCl!ManbHOfi M0Wl!OCTII, KOTOpasr M0JKeT 6b!Tb CHS!Ta c ¢oTO

aneMeHTa rrpn Bb16paHHbIX ycnoansix ocaemeHnn, oT rrony'leHHOfi: nM pannannoIIHoi!: 

/22/ 
nosb1 rrpnBene.aa Ha pnc. 1 . 

B 0IIbITaX C rronyrrp0BO)'.{llll'.KOBb!Mll neTeKT0paM,ll II3yqanl!Cb saBl!Cl!M0CTII OT 

pannau110HHOi!: noshl o6paTHoro • TOKa, aMrrnnTynh1 cnrHanoB rrpn cTaHnapTH0M Boa-

6yJKnenn11, OTHoweunn cnrHan/wyM n. auepreTn'!ecKoro paspewennsr aTnx rrpn6opoa. 

C II OM0WbIO CBeT0Boro 30Hna Il3y'lanacb TaKJKe 3aBHCIIMOCTb ll3MeHeHni!: cTpyKTy

pbl 'ToncTwx' n - i - p J:{eTeKT0pOB OT rronyqeHHOfi HMII pannaunoHHOi!: /l03bl. 

Ewno ycTaHOBneHo, '!TO rrpn o6ny'leHnn rrpoT0HaM11 c aaepr11ei!: 650 MaB xa

paKTep11cT11Kn KaK IIOBepXHOCTHo-6apbepllbIX, TaK ll n11¢¢yaIIOHHO- npei!:¢oBb!X /leTeK-

~ 1012 2 TOpOB cpaBHl!T81Ibl!O Mano 113M8HSIIOTCSI no rrony'leHl!Sl no3bl = npOTOH/CM 
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TTpn 6onbIIIIIX pannaunoHHbIX no3ax napaMeTpbI neTeKTopoB 6bICTpo yxynIIIaIOTc.11,n 

., 013 / 2 nocne nony'l'.eHll.11 A03bl = 1 , npoTOH CM MHorne geTeKTOpb! MoryT 6bITh nc-

nonb30BaHbl yJKe nl!IIIb KaK perncTpnpy!OIIIl!e, Ho· CTaHOBHTCH HeIIpllrOAHbIMI! nnH npo
/23,24/ -

aeneH11H cneKTpoMeTpl!'l'.ecK11x 113MepeH11fi • 

OnbITbl C "TonCTbIMII' n - p -neTeKTOpaMI! IIOKa3an11, 'ITO 110 Mepe 

yaenl!'l'.0lll!H nony'l'.0HHOii STIIMI! np116opaM11 pan11au110HHOfi A03bl IIIl!pl!Ha IIX 'l'.YBCTBII-

"" 13 2 TenbHOro cnOH yMeHbIIIaeTCH n nocne nonanaHnH Ha HllX ~ 5.10 npOTOfV CM 
/24/ 

-o6nacTb npaKTll'J'.eCKll IlC'l'.03aeT • 

3 a K n IO 'I e H n ~ 

B STOM pa3nene cpopMynnpyIOTCH HeKOTOpbie coo6palK0Hllfl O B03MOlKHb!X ny

THX nanbH0TTIIIero pa3BllTllH nccnenoBaHnTT B o6nacTHX cpn3llKll BbICOKllX SHeprnTT, 

KOTOpbie 6bmn 38TpOHYTbl B nnccepTaunn. 

q a c T b I 

OcHOBHOTT 38A8'l'.0TT ll3Y'l'.0Hll.ll ynpyroro pacceHHllfl HyKnOHOB HyKnOHaMn npn 

BbJCOKilX SHeprilHX B Te'l'.eHl!e 6n11JKarrIIIIIX neT, 110-BllAIIMOMY, OCTaHeTCH OAH03H8'J'.HOe 

ll Jl0CT8TO'J'.HO TO'l'.Hoe BoccTaHoaneHne aMnnnTyA N N -pacceHHnSI. TTpn sneprnHx, 

npeBbJIII8IOIIIIIX nopor Me3oHoo6pa30B8HilH, JJ.nH STOl:'O Ka)KeTC.11 aeo6xonnMbIM: 

a) BbllIOnHIITb TeopeTnqecKyIO paapa6oTKY BOIIpocoB, CBH38HHbIX C l!CIIOnb30-

BaHl!eM naHHbIX o Heynpyrnx npoueccax B N N -pacceHHIIn npn npoBeneHnn cpaao-

ooro aHannaa ynpyroro pacceHHl!H HyKnOHOB nyKnoHaMn; 

6) 3Ha'l'.nTenbHO yaenn'l'.llTb TO'l'.HOCTb SKCIIepnMeHTOB no ynpyroMy NN -

pacceHHIIIO n , B nepByIO o'l'.epenh, no pacce.11Hn10 HeiiTpoHoB npoTo~aMn; 

B) SKCnepnMeHTanbHO onpenenl!Tb Bellll'l'.llHbl pHna nonHp1!3aUllOHHbIX napaMeT-

poB ynpyroro np -pacce.11nn.11, npn'l'.eM caMn napaMeTpbI n ycnoBnH nx naMepenn.11 

AOillKHbl 6b!Tb Bbi6paHbl Ha OCHOBe MeTOAOB 'nnaHnpoBaHllH SKcnepnM0HTa'; 

r). yTO'IIIllTb nMeromnec.11 naHHbJe n onpenennTh IIOBbie napaMeTpbI neynpy-

rnx NN -BaanMonerrCTBnii B COOTBeTCTBllll C peaynbTaTaMn TeopeTn'l'.eCKOro aHa

nnaa Bonpocoa, yKaaaHHbIX B nyHKTe~a~ 
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q a C T b II 

no BCTynnean.11 B CTpon CilllbHOTO'J'.HhlX ycKOpl!Tenefi no cymeCTBy ennHcT-

BeHHbIM nyTeM nony'l'.eHn.11 cBeneann O nonHp11aau11011HbIX HBIIeHUHX npn np -pac-

ceHHilil OCTaHyTc.11, no-BlIAl!MOMY, MeTOAbI, OCHOBaHHbJe Ha ·II3Y'l'.emnr pacceSIHil.11 HyK-

IIOHOB neTTTpOHaMn. CnenyeT T8KlK0 OTMeTHTb, 'ITO II3y'l'.emrn Nd -coynapeHnfi 

npencTaBnHeT caMOCTOHTenbHblTT IllITepec, noaBOil.11.11 nony'l'.IlTb llHcpOpMSUil!O O B3an

MOAefiCTDIIHX B cncTeMe HyKnoHoB: npocTettIIIefi nocne cny'l'.a.11 pacce.11HPH cBo6on

HbIX 'IaCTIIU. Bo3MOlKHO TaKJKe, 'ITO ll3y'l'.eHne STllX npoueccoB noaBOilllT nony'l'.llTb 

COBepIIIeHHO HOBYIO IlHcpOpMBUll!O - A8HHbI0 0 BaanMoneiiCTBllll HYKIIOHOB BH0 SHep

reTII'J'.0CKOTT noBepxHOCTil. iln.11 SToro Heo6XOAIIMO: 

a) paapa6oTaTb pacqeTHbJe MeTOAbI, CB.113b!B8!0Illlle napaMeTpbl Nd -pacceSI-

Hil.11 C aMIIIIIITynaMn pacceHHil.11 HyKnOHOB HyKIIOHaMn Il Y'IllTblB8IOIIIlle penSITllBIICT

CKile scpcpeKThl, MHOroKpaTHOe pacce.11ane ll yxon C SHepreTU'J'.eCKOTT noBePXHOCTII; 

6) ccjiopMynnpoBaTb nporpaMMy "rroirnoro onb1Ta • no orrpenenennIO aMnnnTyn 

N N -pacce.11a11.11 aa snepreTnqecKOTT noBepxaocTn n Bae ee; 

B) paapa6oTaTb MeTOAbl anan11aa SKCnep11MeHTa1IbHbIX naHHbIX C uenb!O no

ny'ieHilSI napaMeTpoB "'nonaoro onbITa' (cM. nyHKT "'6'); 

r) paapa6oTaTb SKCnep11MeHTa1IbHY!0 T0XHilKY, 06ecne'l'.l1B810IIIYIO B03MOlK

HOCTb IIAeHTllcpnKaunn perncTpnpyeMOH 'iSCTIIUbl ( T.e. onpeneneHl!SI ee MaCCbl, SHep

rnn nnn CKopocTn n aapsina) n onpeneneHne ee non.11pnaaunonHoro cocTo.11Hn.11; 

n) Bb!IlOIIHllTh nporpaMMY nonHoro onbITa ·Il npoBeCTI! aHanna nony'l'.eHHbIX 

peaynbTaTOB. 

t.facTb III 

PaccMoTpeHIIbJe B STOTT qacTII nnccepTaUHll BOilpOCbl llCIIOilb30BaHnH aBTOMa

Tll'i0CKOro ono3H8HH.11 o6pa30B .nn.11 n.neHTllqJHK8UIIH qaCTllll naneKO He nonHOCT:'IO 

ncnonhayIOT B03MOlKHOCTil 8BM. nanbHellIIIIle pa6oTbl B STOTT o6naCTil AOil}KHbl, no 

HaIIIe~y MH0HHIO, pa3BHBaThCH, npoxon.11 qepea cnenyIOIIIIIe STanb1: 

a) nccnenoBaHne B03MOlKHOCTefi AByxnapaMeTpH'l'.eCKoro ( nanpnMep, no z 

H f3 ) anan11aa curHanoB perncTpnpyIOmefi cucTeMbI, conep>Kameii naT'l'.IlKH paa

HbIX TilIIOB ( nanpuMep, IlOHil38UilOHHbl0 Il 'l'.epeHKOBCKile) B npe.nnonoJKennn, 'ITO 

napaMeTpbl npHHllMSIOT pHA AilCKpeTHblX 3H8'i0HllHj 

6) BOCCTaHOBneane nenpepb!BHO ll3MeHH!OIIIllXC.II napaMeTpOB perHCTpHpy

e Mb!X 'iSCTlll! i 

15 

,, 



B) nneHTI!QllIKBUIH! MBCCbl perl!CTpllpyeMblX 'IBCTIIU; 

r) perne1me o6meft Ga.Qa'!ll l!.QeHTl!Qll!Kaunn qacTnu no rrapaMeTpaM z , f3 , M ; 

n) SKcrrepl!M9HT81lbH8H npoBepKa pe3ynhTBTOB MaTeMaTII'19CKOro MOAennpoBa-

mm. 

LlpyrnM aanpaBll9Hll9M IIC!l01lh30B8HIIH M8TO.QOB aBTOMBTU'!ecKoro OII03HBHIIH 

o6pa30B B cpll311Ke . Bb!COKIIX saepr11fi, B9pOHTHO, OKaJKeTCSI IIX llp1IMeaea11e rrpn aaa

llll39 umpopMBUllll, CHllMaeMOH C Tp9KOBbIX rrp116opoB QlOTorpacjmqecKIIMII llllll ae

cpoTorpaqin'leCKIIMII M9TOAaMn. 

LJ a C T h IV 

llanbH8HIIIII9 11ccnenoBaHIIH, aarrpaBIT8HHbl8 Ha C03A8Hlle rronvrrooBO.QHllKOBbIX 

neTeKTOpOB .QllSI lllllpOKOH o6nacTII rrpnMeHeann, J:{OlllKHbI, BepOHTHO, rrpoHTII qepe3 

pe111enne cnenyJOrunx GaAa'I: 

a) pa3pa60TKa MeTO.QOB CTa6nnll38UIIII napaMeTpOB rronyrrpoBO.QHIIKOBbIX .ne

T8KTOPOB; 

6) C03.Q8Hlle cneKTpOM9Tpll'18CKIIX raMMa-neTeKTOPOB, pa6oTaJOIUIIX rrpn KOM

HBTHOH TeMnepaType, ll A8T8KTOpOB (nnu CllCTeM C !IX llC!IOllh30BaHl!eM) AllSI .TO'I

HOfI crreKTpOMeTp!Ill raMMa-ny'!eft Bh!COKIIX ( IIO Kpallnen Mepe AO HeCKOllhKIIX Ae

CHTKOB MsB) 8Hepr11fi; 

B) C03J:l8Hlle neTeKTOpOB penSITIIBIICTCKIIX 'IBCTllU C KOPOTKIIMII QlPOHTBMll 

HapacTaHIIH c11raan0B II rrpnro.QHhIX AllH TO'IHOro II3MepeHIISI TepaeMOH B HIIX saep

rttII; 

r) C03Ll8HII9 Cil8KTpOM9Tpll'l8CKIIX AeTeKTOpOB C BHyTpeHHllM ycrrneaneM 

cnraana. 

Lf a C Th V 

Cpenn npyrnx aanpaBneanll II3Y'l8HIIH PBAIIBUIIOHHOH CTOHKOCTII nonynpoBOAHII

KOBb!X ycTpOHCTB B 6nnJKall111ne ro.Qbl J:lOllJKHbI, IlO-BII/:lllMOMY. 6b!Th Bb!Il0ITH9Hbl cne

ny IOIUHe SKCll9PIIM8HTanbHbie II T80P9Tll'!8CKIIe nccnenoBaHllH: 

a) YTO'!H8HIISI npencTaBneanll O J:{BlllK8HIIII g.nep OT.Qa'III B BeruecTBe ll npe.n

llOJK81UIOll H8MII pacqeTHOll CX9Mbl; 

6) II3Y'l8Hlle BlllIHHIISI OKpyJKaJOmen cpe.Qbl aa pa.n11au110HHyJO CTOilKOCTb no

nynpoBOAHIIKOBbIX Y.CTpollcTB II cnoco6oB 3aIUIITbl IIX llOB9pXHOCTll; 
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B) cpaBHlITenhHOe II3Y'l9RII9 pa.nnauno.lIHOli CTOAKOCTII nonynpOBOJ:.lllIKOBbIX 

ycTpOHCTB, 113rOTOB.JI9HHbIX ll3 pa3HbIX MaTepnanoB; 

r) Bb!HCH9.1Ill9 B03MOJKHOC'Feli nocTpaAJIBlllIORHOrO OT)Kllra rronynpoBOJ:.HIIKO-

BhIX ycTpolicTB. 

3Ha'IIIT9.Jib!IblH IIHTepec rrpeACTaBnHeT T8KlK0 AeTa.JibHOe (TeopeTll'!9CK09 JI 

8KCllep1IMeHTa.JibHOe) II3Y'l9Hll9 II3M~ueann napaMeTpOB rronynpoBOAHIIKOBblX ycT

pOllCTB llOA .r:.ellCTBll9M 6oM6apAIIPOBKII IIX '18CTllUBMII, rrpo6er KOTOpb!X M0Hblll0 ( ll 

MHOro Mem,1110) IllllplIHbl o6enHeHHO!i o6naCTII B npn6ope. 

1 npe.ncTaBnHeT co6oli anb6oM llOCTp09HHbIX no TlpnnolKeHne 
/6/ 

pe3yllhTBTBM pa60Tbl rpaqJIIKOB yrnOBOil 38BIICHMOCTR K08Qlqlll!lll0HTOB aMlllllITY-

Ahl ( l) nnR ynpyroro • pp -pacceHn1rn, ynpyroro pp-pacceHHIIH 6e3 Kynona, 

yrrpyroro np-pacceHHIIH AllH pSina 8Heprntt B lIHT0pBane OT 23 no 630 MaB. 

TlpllllOlK9Hll9 2. co.neplKIIT qJOPMYllbl nng pac-qeTa B IIMlly.JibCHOM 

rrpn6nHJK9HIIII nonSipll30B8HHblX ce-qeHHH 

pbIX Tllllll'!Hb!X aKcnepHM0HTax. 

Nd -pacceHHirn, ll3MepH0MblX B H0K0TO-
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