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Pa6oTa BUIIOJilleHa B Jia6opaTopmr Bucororx sneprnil 06~e~eHHoro 
llHCTIITy-Ta H,l(epHHX liCCJI8'AOBaJilIH. · 

Hayqnuil PYKOBO~TeJU,: 
'AOKTOP qJII8liKO-Ma.T8MaTll'!8CKIIX HayK 

npaj>eccop 

OqJIIItHaJII,HHe OIIIIOH8HTH: 
'AOKTOP qJII3HKO-Ma.T8MaTII'iecror.x HaYl{ 

npaj>eccop , 

'AORTOP qJII3I!RO-MB.T8ll'!a.TII'i8CKIIX Hayx 
npaj>eccop · ' 

XATIATYPIDI 
MapReH Hapu6eeBll'!. 

ACA'fflAHH 
Trura JieBaHomra. 

I'PilllMH . 
BaJreHTim I'puropheBll'I. 

Be,Jzy111ee Hay,IHO-liCCJI8'AOBaT8JU,CKOe ~eJ!(,I(e:im;e: 
Hay,mo-nccRe'AOBa.TSJU,CKllli HHCTRTYT H,l(epHoil qJII3HKli MI'Y, MocKBa. 
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IIIJH Jia6opaTopmi: BHCOKIIX 3Heprnil 06'Le.n;mreHHoro llHCTIITy-Ta H,l(epHmc, 
liCCJie'AOBaJllili, r.ny6na, MocKOBCKOtt,o6RacTR, Jia6opaTOpwl BHCOKliX• 
3Heprnil Ollilli, KOH~epenn-sM. 
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AKTyaJII,HOCTb rrpo6R8Mll. HSytieID'le 6nHapHl:lX pea.KitHH a,lij)OHOB JIB

JIR:8TCH o~ott H3 neHTp8.7II,HHX npo6ReM qrus:iran BHCOirnX 3Heprntt. 
Cpe.JUI MHOJiecTBa 6HHaPHHX peaxnHil oco6oe MecTo sam1MaeT peax

nHH sapg,n;oBoro o6MeHa 

li-f ➔ ?n. ( I ) 

Ha!lff.IlY c rrepesaPH.U;Kott rrnoHOB 

Ji7' ➔:Jion ( 2 ) 

peaxnHH (I) OTHOCBTCH K 'inCJIY rrponeccoB O6111eHHoro xapaxTepa, BH
'A8ReHHOCTh KOTOporo onpe'AeReHa TeM, 'iTO B MO'A8Rn Pe.n;llte rrpa.BnRa 
OT6opa 'AOIIYCKaroT B t - KaHMe pea.KitHH O6MeH O'AHHl\1 llOJIIOCOM C 
RBaHTOBHMn 'inCJiaMH Az-M83OHa. Pea.KitHH (I) HMHeTCH no cymecTBY 
e.JUIHCTBemmM rrponeccoM, rr_mrno.IDillllll™ nerrocpe'ACTBeHHo orrpe'AeRHTh · 
naparAeTpH A2 - TpaeKTOPHn. 

HCCJI8'AOB8.HHe o6RacTn Ma.ma: rrepe'AaBaeMHX HMrryJU,COB 'AaeT BruK
HYID HH~pMaI:lHD O pORB CrrnHOBHX 3qxpeKTOB rrpH B3aHMO'A8liCTBHH qac-. 
Tnn. O~axo B pesyJU,TaTax, rro~eHHHX pasHHMH rpyrrrrar.m, HMeIOTCH 
llPOTHBOpe'iHH, KaCaKl!lH8CH B rrepBym O'iepe~ CTPYKTYPH .JUI@lepeHitH
MhHOro ce'ieHHH clo /dt pea.KitHH ( I) rrpn t ~O ( t = t- t wm). 

UeRb pa6oTH - aKcrrepnMeHTaJII,Hoe HccRe'AoBaHHe rrponecca 

r,-P ➔?" , , ➔rt, ( 3 ) 

BKJIIJqaJ!lll88 B ce6H: 
I. HaMepeID'le .JUiqxpepeHitHB.JU,Horo ce'ieID'IH c;/o/ cit peaxnHB 

(3) B o6RaCTH MaJIHX rrepe'Aa.HHHX 4-HMrryRDCOB 0,0 -E -t .$ 0,36 
(I'aB/c)2 _nPll aHeprrur:x: 3,26 ll 4,75 I'aB, BHllOJIH8HHOe Ha 60JII,Il!Oft 
CTaTl!C'l'HK8, C BHCOKHM paspemeHHeM no f ll HHSKHM ypoBHeM ~Ha • 

2. neTa,JU,HOe llCCR8'AOMHHe do/ Jt C neRDD orrpe'AeReHHH 
BMB,'AOB Clll!HOBHX aMIJJm~ ll BH'illCR8HHH OCHOBHHX rrapaMeTpoB ,lUiip
qiepemriJaJII,HOro ceqeHHH do/ clt peaxitHn (I): 

a) OTHOmeHHR aMIIJmTY,11; c rrepeBopoTOM n 6ea rrepeBOpoTa CrrnHa, 
d) RaJUIORa XOHyca pacceRHHR, 
1) ciqemiR npu t = o. 
HOBHSHa pa6OTH. BrrepBHe O6Hapy.11teH 'i8TKO BHpruiteHHHtt MlllmMYM 

B rrepe~eM mmpaBJiemm ll rrpoBe,11;eH 'A8TMbmrli aH8Jlll3 .JUiqxpepem'tl!a,JU,
Horo oe11elil!H pemmu:e (I) B o6JiaCTH MaJIHX rrepe;nammx 4-l!MrryJIJ:,COB 
llPlf aHepr:e.ax 3-5 I'aB, corJiaCYJ]ItdOH o A2-o6MeHoM 11 yxas1mamr1dt Ha 
cymecTB8JIHY]) p0.7II, 8MIIJ1l!TY,ll;H C HSM8H8ID'l8M CllHp8.7II,HOCTll • 
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BrrepB!Ie llORa38IIO, 'ITO B peam.nm C o6MeHOM 3apSI,nou (I) B 06-
JiaCTll :mepr:nii 3-5 raB OTHOmeime aMIIJmTY;D; C IIepeBOpoTOM ll 6e3 "'ne
peBOpOTa cmma cocTa.B.IDieT Bemt'lllHY - 5, a Ta.roite onpe;n;eJieHH 
BruKHHe l1,7I.JI TeopeTll'leCRoro aHa.Jrnsa nap8.MeTp!I - ce'leHne no;n; eyJieBIDII 
yrJIOM n HaKJIOH ROeyca paccemillR. 

Ka'tJ:eCTBeHHO HOB!ra pesyJII,TaT 6!IJI IlOJiy'leH B HameM 3RCnepHMeHTe 
6Jiaro:n:aPR B!ICOROMYpaspemeHll!O YCTaHOBRll TIO nepe;n;aHHOMY 4-HMIIYJII,
cy t , 60JI1,moit CTaTHCTllRe ll Hll3ROMY YPOB!IlO qJOHa. 

Haxrnrur UeHHOCTI, pa60T!I. IloJiy'leH ll IlpOaHaJill3llpOBaH 60JII,IDOH 
3RCnepmieHTaJII,H!ra MaTepllaJI IIO l"'"e-B3a.llMO;D;eticTBllSIM C o6pasoBa
HlleM raMMa-KBaHTOB Ilpll 3Heprll.Fnc 3, 26 ll 4, ?5 raB. 

IloRa3aHO, 'ITO B peaRUllll (1) ;D;OMHimpyeT BRJI~ a.MlIJillTY~ pac
C8SIHHSI C nepeBOpOTOM cnnHa. 

IlOJiy'leHHHe pesyJII,TaTH IIORa8HBaIOT, 'ITO OCHOBH!Ie 3aROHOMep
HOCTll IIOB8;D;8HllR .u;n@epeHIJ,llaJII,HHX C8'!8Hllit peaRI.J;llll (1), IlOJIY'Iemme 
H8.Mll B o6JiaCTll 3-5 raB,coxpa.rurorcR n npn 60JI1,mnx aHeprnsrx 
(;no 200 raB), a HMeHHo: 

a) OTHomeime 8MllJil'ITy;n;peaxrmtt c nepeBopoTou n Oea nepeBopoTa 
cmrna 118.I(Jl8HHO na.naeT C po CT OM 3HeprllH Ka.It l, tv s , J1 

6) KOHYC paccemIHR cyxaeTCSI C pOCTOM 3Heprnn Ta.ro.te KaK {; n s ' 
B) C8'l8Hlle Ilpll t = 0 nponopI.J;llOHaJII,HQ s -1,26• 
PesyJII,TaTII, IIOJIY'I8HIW8 B ;D;aHHOit pa6oTe,Bamm l1,7I.JI pa3BHTHH 

MO;D;eJieit Pe,IJ.llte, y't!llTI:ll38IOOUIX B3a.llMO;n;eitcTBlle IIOJI!OCOB ll paspesoB, a6-
COp6TllBH!IX MO;D;eJieil, ll3y't!8HllH BOilpOCOB, CBR38IIHllX C IIOJI!OCHOit 
TpaeRTopneit. ., 

IlPaKTll'l8CRM U8HHOCTI, pa6oTH COCTOHT B cos;n;amm ROMIIJieRca 
nporP8NJM o6pa60TRll ~ Ha SBM - nporpaMMH MO;D;eJIHpOBaHllR ll 
nporpaMMH reoMeTpH'l8CROit ll 3HepreTH'l8CROit peROHCTPYRIJ;Illl COOHTllit, 
ROTopue MOryT 6!ITI, IlCIIOJII,30BaHII B 3JI8RTpoHmlX 3RCIIepHMeHTax, 
pacc't!nTamrux Ha perncTpami10 6oJII,moro 'lllCJia rru.!Ma-RBaHTOB n 3JI8RT
poHoB. 

PesyJII,TaTH, IIOJIY'I8HH!Ie B ;D;aHHOH pa6oTe,MOryT 6m1, HCIIOJil,30-
BaH!I Ilpll IIJiaimPOBaHllll Il npoBe;n;eHHil ItOB!IX 3RCII8pHMeHTOB Ha ycRopn

TeJJRX. 

Anpo6a.gnR pa60T!I. ·OCHOBH!Ie pesyJII,TaTH paOOT!I o6CYJlt,ItaJIHCI, Ha 
ceunHapa.JC JIB3 (Mffii. ~3Ht18CKH8 p83YJILTaT!I OWIH npe,nCTaBJle
H!I Ha EBponeitCROH ROH~8P8HUllll IIO /pn3HR8 't!acTn~ B Ey;rtanemTe 
(19?? r) n XIX Me~apo~OH ROH~epem.nrn no ~ll3llR8 B!ICORHX aHep
rHtt B TOKHO (1978 r.). 
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Uy6JIHRa.gnH. OcHorne pesyJII,TaTII ,nnccepTamin nsJioxeHII B pa6o
Tax /1-.?/, ony6JinROBamrax B JKYl)HaJiax "H.nePHM ~ll3HRa" Il "Nuclear 

Instruments and Methods•, npenpl!HT~ Il C006Il18HliRX OWill. 

06'!,eM wccePTarnm. TeRcT cocTOHT ns BBe;n;eimsr, 'leTHpexrJiaB 
ll 3a.RJilO'I8HllSI. Pa6oTa co;n;epimT' 136. CT~ .T8RCTa, 40 ' PllCYHROB, 
12 TaOmut ll 6n6JIHOrpaqmt1eCKHll CilHCOK JIHTeparypu 113 II4 HaIDleHOBa
imit. 

ABTop 36.1!\Hl!laer: 
I. PeayJILTaT!I 3KCnepnMBHT8.JII,HOrO 1rnyt1eHHSI npo~ecca 1i'p- "l, ~, 

ti-. 't' ;r. ABTop npnHHM8.JI yt1acrne B paspaOoTKe npoexra 3KCnepn:u:eHra, 
B 003,I(aHllH yCTaHOBKH H npOB8,I(8HHH 3KCITepn:u:eHra, IlOJIYt18HHH•H oOpa
OorKe Cloumoro 8KcnepnueHTaJ11,Horo 11aTePHMa, co.nepxa.Jllero ~ 350000 
COClHTHIL Jf-,:, - B3aHMO.I(8llCTBHSI npn 3HeprnSIX 3,26 H 4;75 raB •. ' 

2. PeayJl.bTB.Tli pa.OoTH no C03.I(B.Hllll nporpa.MMH 110,I(8Jll!POBaHHSI npo
~eCCOB uero.nou MoHre-Kapno n nporpaMMH reouerpntrncKott H 8HeprerHt1ec
xon peKOHCTPYKIUill coelurnn B MHOroKaH8.JlbHOM qepCHKOBCKOM uacc-cnexr
pouerpe. 

3. PesyJII>TaTH ;n;eTaJIJ,HOro l!CCJI8;D;OBallllR .u;nippepeHIJ,llaJII,HOrO ce't!e-
mm d6"/c;,{t peaRUllll Ji-r.,.?n, ~ ➔Ip_ B 06JiaCTll MaJI!IX nepe-
'AaBa8MHX m,myJII,COB IIPH 3HeprnRX 3,26 H 4,75 raB. 

' 4. PeayJILTB.Tll allaJIH3a BKJ!a.I(OB B cet1eH11e nepesapSI.I(KH $p - 'l,, 11 
aunnnry,n peaxrmn c nepeBopoToM n des nepeBopoTa cnnHa, onpe.r1eneHnS1 
cet1eHHSI np1,1 t = 0 n B8Jlllt[HH!I HaKJIOHa KOHyca pacceSIHHSI. . 

5. Pe~yJII>TaTH no o~emte ROOP.u;HHaTHOft TO'lHOCTll perEcTpar1;n11 
3JI8RTpoHOB ll rru.1Ma-RB8IITOB B ro;n;OCICOIIll'l8CKHX CII8KTpOMeTpax IlOJI
Horo nor~Oll181IliR c pa8M8P8.MH JitieeR 30-50 MM. 

Bo BBegeHHE no;n;qepxHBaeTCH aRTYaJI1,HOCTI, ll3y't!eimsr sap,moB0-
06Memmx IlponeccOB, qJOIJMYJil'lro'8TCH OCHOBHM neJII, ,ll;llCCepTauHOHHOi 
paOOTH H IlPHBO,JtHTCSI ee KpaTKOe co,nep:18.HHe. 

B 1I8PBOH rJiaBe 06CYJlt,It8lOTCH OCHOBH!Ie peayJII,TaT:S n npo6JieMH, 
cMaam'me c uccJie;n;oBamHIMH sapsr.noBoo6Memrnx npo~eccoB pacceminR 

Jf - M~~QHOB Ha .HYRJIOHax (1) n (2) · B nrnpoRoM .u;nanasoHe 3He:P-:, 
/I/ · ... 

rntt • 
Hsy't!eime 3TEX peaR:a;nit B o6JiaCTE MamlX nepe'Aa'l llMllYJil,Ca CM-

3aHO c npo6JieMru.m: 
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I. B1m1cnem111 TpaeKTOPHii J,, ( t, ) Il cJ.," ( °t ) . lfaMepeHil.fI 
.L O /\.!!. ) '· B 06JiaCTil ~ :::: lIBTepecllll C TO'IKil spemm HSytl8Hil.fI xapa.KTepa 

"Cil!IlBaim.lI" noBe~eHll.fI TpaeitTopn:ll: Pe;n:,Ke B 06JiaCTil prur,neim.fI "IaCTil~ 
( t ,o) n pacce.fIHll.fI ( t<O). 

2. Hsyqemut CTPYRTYPH ,Il;Ilqxpepe~am,Horo ce"!eim.fI JT,1I.fI onpe
~eJieHil.fI OTHOWSHil.fI CllHH-<pJIIlJIOllBX n HS(pJmllOBHX BRJia;D;OB. 3TO OTHOme
Hil8 ~aeT miq)OpMB.UilD O POJIIl CllilHOBWC aqxlleRTOB B peim~mc npn BHCOKilX 
slteprnmc. B HSROTOPHX Mo~eJIHX("pe,IJ,]teOMeTpn.1I") CB.IISL pa8JilJlllIIDC crm:
HOBHX aMIIJIBTY~ llt8CTRO q)IlRCHpyeTC.II, Il SRCnepnMeHTH npn MaJIIDC t_ , 
-qyBCTBHTeJILH!:le K CllHHOBHM aqxpeRTruA, JIBJI.IIDTC.II xopomett npoBepKo:ll: 
3TilX MO~eJiett. 

C TO"IRil spemm MO~eJIIl Pe,IJ,]te 8TO BalltHO Ta.Rl[S TIO TO:ll: llpH"IIlH8, 
"ITO ~eieHHe ~OBOtt aMIIJIBTy;ItU 08Ha"IaeT ~8JI8Hll8 npaRTil"I8CRil 
"IIlCTO llOJIJlCHHX BRJia;D;OB, TOr~a RaR He(pJmnOBa.lI 8MII.1IHTYM co~eplltHT 
SHa"!IlTeJILmrlt B~ OT paspesa. IIosTOMY ~OBa.lI aMIIJIBTYM, ~8.J)

II!M HHq)OpMa.n;,ID 06 J... A,. Il d.. f , _ MOllt8T 6HTL HCllOJILSOBBHa np:e 
HSytl8HHH BOllpOCOB, CB.fISammx C noJIXJCHOft TpaeKTOpnett (RpHBH3Ha 

J._ ( t; ) , 06M8HH08 BHP0~8HH8 H T. ~- ) , TOr~a KEllt He(pJmnOBM aM
llJIHT~a ~aeT HHq)OpMB.UilJJ 06 a6COPTHBHHX SqlP8RTax. 

B CB/l3H C aKTYMLllOCTLD npoOne11H B I975 roJI,y H&m Ouna npeJI,no
llteHa nporpru.!Ma HCCJIS'AOBaimtt sapsmoB006MeHHHX npo~eCCOB (I) _Il (2) 
npn mmyJILcax 3-7 raB/c Ha cnHXpoqiasoTpoHe JIB3 OIDIH. 

Bo BTopo:ll: rJiaBe OllHCHBaeTC.fI MSTO,Il;IlRa 8RCnepnMeHTa Il npHBO
~C.fI OCHOBHHe xapaRTepncTHRH HCnOJIL3yeMo:ll: annapaTypH., 9KcnepH
M8HT npoBO,IU!:nC/1 Ha CHHXpO!pa30TPOHe IlaOopaTOPHH BHCOKHX 3HeprHit 
OH.IIH Ha 3HeprHD IO rsB C llOMOmLD 90-KaHMLHOrO qepeHKOBCKoro 
uacc-cnexTpoueTpa "~oToH" 121. 

CxeMa 8KCllepm.1eHTa npHBO,Il;IlTC.II Ha PRC. I. 
_Ily-qOK jj- -!JISSOHOB C .o.p/ p = ± I%, cqioxycnpo~ Ha 

lm~OBO~OPO.IUIYIO MHlll8HL Hz )t7IlIHOfr 80 CM, perHCTPHpyeTcit TeJieCKO
llOM :ea c~HTH~oHHHX c"IeT'Il!KOB CI-3. C'leT"IIlltil AI-2, pa6oTamtl!e 
B peJmMe 8HTilCOBna,n;eHil.fI, lJCRJ]J)qaJlT cpa6aTHBaHHe YCT8HOBKil OT.ra-' 
JIO IlY'!Ka. Koop~aTH TpaeRTOpntt -qacTH~, lla;D;anJtl!X Ha MnmeHL, HSM8-
PIIDTC/l npH nOMOII!H mecTn nponop~OHBJII,HHX RaMep IIKI-6 • 

.IJ.ruI onpe~eJieHil.fI HanpaBJieHH.fI ra.MMa-KBBHTOB OT pacna,n;a '1--. )' ( 
npHMeIDID.L'CJI 32 HCKPOBHe RaM8PH MKI-32 pasMepruAH 92x92 c-,? c Mar
HHTOCTPHimHOHHHM c~eMOM m$>p.tattm1. KaMepH co6HpamcJI B rpynn:a 
no "IeTupe, HS ROTOPHX ,ItBe RaMepH pacnOJiaraIDTC.fI ropHSOHTaJll,HO, a 
,JUie ,IUJYrHe - no~ yrJioM I?°. MeJrJJY rpynnaMH HS "IeTupex RaMep pas-

4 

t:L 
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T\IT l TV' I I 

HKl--32 K1-6 crt'20 f1·9J 

PHc.I. CxeMa 8RCnepHMeHTa. IIKI-6 - nponop~OHaJILllll8 K8M8PH, 
CI-3 - MOHHTOpHHe C~TH~OHlllle C"I8T"IlJK!, AI-2 - C~H
THJIJI/lIUiOHHHe C'18T'IHKH aHTHCOBlla,l\8HHR,: co - rasoBHtt 
-qepeHKOBCKilil C"IST"IIlR, Hz - BO'AOPO,IUIM Milll!SHL, llliI-32 -
- npoBOJIO"Illlle HCKpOBHe KaM8pH, KI-6 - Me'Alil,Ie KOHB8PT2JlH, 
CTI-20 - C~HT~OHlllle ro~OCKOlliltt8CRM8 C"IST"IIlRH, CI-90 
- -qepeHKOBCRHe rB.MMa-cneRTpoMeTpH. 

Ta6JIH~ I 

cnlW'OOB IIPOCTPAII- lll!l!l'l"l1'II -- 31411111-
mutrOPII =-'" 

I<lll-JlO ~ TlllIW JC0.1-00 ~- ctll!IIIIOB 'ilO<l)I HOB TD-
ft "P.&3PllllB- P.l3PID- P'31'1- 8F· .... 131 IJPOOOIOK IIHI!, ... ID!I, J 11111111, .. 

IDD!r0P- Cl-I • IO•Hd 66DYP 3 - . .. - • "·" JIIB. 

zm- .llll'IIOOIIIA- IOOitlOod - .u-.ll 2 ~"°'"" •&J-30 • - - - • ... , 
~ 20 

1000x100X20 
181-30 - i~:l ~ AIILllll7JII)! +IE .. ... , cr1-ao ~I ~ "' PA3PIIIE!ll!E -II 

~ ~ 
.., 

l 1~1000 981-3& .. d•lOO 
1 - - ! l • -

=f"~ !'1-•o ~t-uo 111-til •• !(o,a&t-t,6/{I 
"' .. - ~-1>,• •• 100 

d•1t• I - • h•• 

Il1'IKClll!IIIUlOl'llJDLW, n11-, • 150xl60x8 - - ... 6.-6'. • 1,0 - .. .... 
111B lWlll1'II 

ILln!lll'OCTl'I 111-u .. ICKP0WI lWlll1'II 
•~120x1,1 - - 69 TIIOo t=.- 0,"5 

Ei,• o,30 - ..... .. 
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MemeHII Me,JUWe ROHBSIJTOpH Kl-6 TOJlll!l1HOfi 0,4 pa,n.e.n;. 8qxpeRTl1BHOCT!, 
ROHBepcHH O,Il.HOro ram~-RBaHTa COCTaBJUle:r 56%. ,' 

Cll;l1HTl1JI.JUml!OHHHH ro.n;ocROll cr1-20 l18 20 cqeTql1KOB, pacnoJIOZeH
HHfi Mel!t,IIY l1CRPOBHM11 RaMepa\ill l1 qepeHROBCREMJI cneRTPOMeTpaMlI, ll08BO
JI.fi8T YES~TI, a@leKTl1BHOCTI, sanycKa YCTaHOBKl1 l1 no~l1Tl, .n;ono.mm
TSJII,HYJ) ROOp,n;1maTHYJ) l1Hq>OPMB.Ulll0. 

3Heprl1H raMMa-KBaHTOB l18M8Pfl8TCH B qepeHROBCKOM Cll8KTPOM8Tpe 
Cl-90, cocTOHmEM :0s 90 HesaB11cm.mx Mo,nyJieil, crpynnl1poBaHHHX no 
45 B Krur,n.Ol/1 Meqe YCTaHOBKl1. PaJ:U'!aTOP MO.IJYJI.fi BllllOJIHeH l13 CBIIHUOBO
ro CTeMa MapKl1 TI?-1 B q>OpMe reRCarOH~HOH npl18MH C ,l(l1aMeTpOM Bill1-
CaHHOfi B OCHOBaHl18 ORpYJKHOCTl1 17,5 CM l1 ~HOH 35 CM (14 pa.It. e.n;.). 
K Topey pa.nEaTopa Mel1TCH WOTOJ'MHODTSJII, Tuna ~3Y-49E. KoHTP~ 
ycl1JI8HHJI Cll8RTPOM~TpmecKl1X TpaKTOB OCYJ!l8CTBJI.fi8TCH C llOMOJn!,lD CB8TO

BHX BCmmieK B KpllcTMJie No.J OT ~ - qaCTIIU pa.nEOl130TOna 241Am , 
ROTOpHe aBTOMaT11qecKll perl1CTpnpymcJI M8l!t,IIY Ul1MaMl1 YCK0Pl1T8JI.fi. A6-
COJIIOTHaH R~6poBKa llpOH8BO,nl1TCJI Hall~Ke MOHOSHepreTHqecRHX 8JI8RT

pOHOB. 
YcTaHOBRa pa6oTaeT Ha Jil1IllJl1 c 3BM Hewlett - Packard 2II6B, 

ROTOPM ocymecTBJIHST npl1eM, HaROIIJieHHe; ROHTpoJII, l1 npe,nBapl1T8n
HYD o6pa60TKY l1Hq>Ol)MB.Ulll1 C ,1(8T8RTOpoB. 

3anycR YCTaHOBKl1 npOl18BO,l(l1TCH B TOM c~ae, 8CJil1 npl1 COBna,ne
Hl1l1 Cl!rHMOB OT C[(IIHTHJIJISmll:OHHHX l1 qepeHROBCRHX .n;eTeRTOPOB BllllOJI
Hae:rca ycnoB11e,q:ro6u 3Hepr11a B neBou H npaBOM nneqe cnex:rpouetpa l1 
11x cywa npeBHmaJIH noporoBue sHaqeHHa, onpe.n;enaeuue 1tHHeua:rHxoll 
HCCJie,nyeMoro nponecca l1 reoMeTpl1ett aKcnepEMeHTa. 

0CHOBHH8 napaMeTpH .n;eTeRTOpOB Macc-cneRTpOMeTpa "~OTOH" npn
Be.n;eHH B Ta6JI11ue l. 

3aBepmaeTcJI BTOPM ma.Ba o6cyx,n;eHHeM Bonpoca o ne'pcne1tTHBax 
f . 

M8TO,nl1Kl1: BOSMOJK,HOCTH l18MepeHHH C llOMOmI,][) MHOrORaH~HWC Cll8KT-
poueTpOB nonHoro norno~eHHa xax aueprnH, :rax H xoop.n;nHa:r. rauua

-ItBaHTOB H anex:rpoHOB C BHCOXOll TQqHQCU.D, CpaBHHMOll C xoop.n;nHaT

HOll :roqHQCTLIJ HCltpOBHX ltall8P /JI. Jvrn nonyqeHHH xonntteCTBeHHHX ,. 

O~IHOlt 6Wia COCTaBneHa nporpalll(a, ltOTOpaa Il03BOnHna, HCllOnL
syJI aKcn~pHMeHTanHHe ,MHHHe o npo.n;oJII,HOM l1 nonepe~oM pacnpe.n;eJie
HHH qacTHU 8JI8KTpoMarHl'ITHOro JIHBHJI, onpe.n;eJIIITI, onm:6KH l1SMepeHHJI 
KOOPJJ,llHaT B 8aBl1Cl1MOCTH OT pasMepa MO.IJYJIH, KOOp,nl1HaTH TO~H BXO;zta 
l1 yrJia na,neHHJI qacTHU B cneRTpoMeTp H aHepreTnqecKoro paspemeHl'IJI. 

B pesyJII,TaTe pacqeTOB Ha 3BM noRaSaHO, qTo B cneRTpoMeTpax 
noJIHoro norJiomeHHH c pasMepaMH MO.IJYJiett 30-50 MM H anepreTmecKHM 
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paspemeHHeU ~ 5% MO:EHO H3M8PHTL KOOp.n;nHa:ry rruwa-KBaHTOB H 
:meK:rpOHOB C roqHQCTLD ,v 1 LIM. 

TpeTI,JI rJiaBa nocBnmeHa Bonpocy cos.n;aHIIJI nporpru,lli! o6pa6oTKH 
8KCnep11MeHTaJII,HOit IIHq>OPMB.UllH, no~aeMofi Ha ycTaHOBKe "~OTO,..: 

a) rrporpaMMH Mo.n;e.n11pOBaHHJI MeTO,l(OM MoHTe-Kap.7IO FAMEL 4/n 
6) nporpaMMH reoMeTp11qecKOfi H 8HepreTnqecKOH peKOHCTPYKUHH 

C06li?Hll, perHCTpHpyeuux B yCTaHOBKe "<.POTOH", BLURE /5/. 
B RaqecTBe reHepaTopa KHHeMaTnqecKHX napaMeTpoB B nporpaMMe 

M0,1(8JIHPOBaHl1JI l10IlOJI!,3Y8TCJI COOTB8TCTBYJ(ll1M qacTI, nporpaMMH FAKE 
,Il,.7IJI nysHp!,KOBHX KaMep. 

Ilpl1 MO,neJIHpOBaHHII nporpaMMa FAMEL ~HTHBaeT KaR .n;HHaMl1KY 
nponeccoB, TaR l1 reoMeTpHlD YCTaHOBKH, pasMepH .n;eTeKTOpOB, BeJil1qHH1:l 
8HepreT11qecKl1X H yrJIOB!l)C pasperneHl1H, npocTpaHCTBSHHOe H HMnyJII,C
HOfi pacnpe.n;eJieHHe qacTHU B nytiKe l1 .n;p. B nporpaMMe reuepnpyioTcJI 
HCKPH, o6pasoBaHHHe TPSKaMH qacTHU B HCKPOBHX RaMepax, a TaRXe 
qlOHOBHe IICKpH. IlpH 8TOM ~HTHBa.IOTCJI agxpeKTH o6pasOBaHHJI 8JI8KTPO
MarHHTHOro JIHBHJI H MHOrOKpaTHOro KYJIOHOBCKOro pacceJIHH.fI npn npo
XOX,1(8Hl'IH raMMa-KBaHTOB H 8JI8KTPOHOB qepes KOHBSPTOPH l1CKPOBHX Ka-

' Mep, KOop.n;nHaTHM ToqHOCTI, H 8(pp8KTHBHOCTI, perHCTPB.UllH HCKp B Ka
Mepax. Ha OCHOBe .n;aHHHX O pasMepe JIHBHJI B pa.n;naTope Cil8KTPOM8Tpa 
B nporpaMMe onpe.n;eJIJieTCJI SHeprOBH.n;eJieHHe B Kaz.n;OM OT,1(8JII,HOM MO.IJY-

. ' 

Jie npn TIOTia,l(aHHH B CTI8KTPOM8Tp raMMa-KBaHTOB l1 8JI8KTpOHOB. 
no nporpaMMe FAMEL · 

1) onpe.n;eJieHa reoMeTpl1~8CKM a@eKTHBHOCTI, perncTpanHH IlCCJie
,nyeMHX nponeccoB; 

2) pacc~HTaHa reoMeTpHJI aKcnepEMeHTa; 
3) no~eHII pacnpe.n;eJieHHJI KEHeMaTnqecKHX napaMeTpoB nponecca 

(1rneprl1fi~ yrJIOB, 8(pp8KTilBHllX Mace, 4-IIMnyJII,COB Il .n;p.) Il l1X Oml160Kj 

4) OCYllt8CTBJieHa HMETB.Ull.lI pa60TH.OCHOBHHX 8JI8M8HTOB YCTaHOBKl1 
reH8Pl1POB8Hl18M ROOp)U'!HaT l1CKP B l1CKpoBHX RaMepax l1 aHeprutt B qe
pemtOBCROM raMMa-cneKTpoMeTpe. 

YKa3aJIKM HK<l>OJll,lallHH Il03BOXHXa OilTHMH3HPOBarL ycxOBHH axcne
PHM8HTa H nponecc o6pa6oTxH, a raxze OCYJ118CTIHT» nposepxy H oTna.itJCy 
nporpaJDLH reou1TJ)Hq1cxon H axeprerxqecxoB pexoxcrpyJCitJtl co6JnHA • 
ycxoBxax, 64H3XHX X peMLHHII ycXOIHHM axcneJ)HKeKra. 

Ha puc. 2 np11Be~eHH Mo.n;eJIHpoBaHBHe , pacnpe.n;eJieHH.11 2 ¥ -co6a:
THff npH 8Hepr:HH 3,26 raB .ItJI.11 OCHOEHHX nponeccoB, peI'l1CTPIIPY8MHX 
B YCT8HOBX8 •~TOH". 
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PBc. 2. Pacrrpe.zteJieime MO.rteJrapoBaIDIHX 2 r --006HTBil rrp:a :Fir-= 
= 3,26 ThB B peaitnruric: 1r;-p --11 ° . 11--rr , 

,,-P .. 11 A123,' , 11 --rr 
,,.-p .. c.Jn, 6J .. ,,~)' •1 ,,~ .. YY 

,,-p .. ,,~,,o0 , ,,.o .. yy , 

rE y - CymJapHaJI 8H8pl'l!H, Mn - H8)tOCTaJillaJI Macca, 
Myy - ~eRTlIBHaJI Macca, Byy - yrOJI pasJieTa. Ha rol)llSOH-

TaJIJ,HOii OCll yxasrum 06JiaCTH orpamr!elllIJI IJplJ OT6ope 2,y -co-
6HTllit lJS peaRJWH ,,-p .. q o ,1/ .. yy. 

PBc. 3. Cxe:MH nporpamm reoMeT!)ll
qecRott n anepreTuqecxoii pe
ROHCT~ co6HTntt BLORE 
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CxeMa rrporpaMMU peKOHCTPYKJWH C06HTHtt BLURE 
Ha pnc. 3. 

rrp1rne.rteHa 

IlocJie BBO,Ita KOHCTaHT B BLOCK DATA OCYJ!l8CTBJI.fI8TCJI ,IteKO,Itll
poBKa 8KCllepnMeHT8Jll,HOtt HHq>OPMaJWH B llO,ItllpOrpaMMax HPACDC, 

PEDONL , SPALFA , SPEDEC , PRODEC , SCADEC , HODDEC 
AltaJIHS HHqlOPMaIWH C qepeHKOBCRHX cneKTpoueTpOB npOH3BO,lU!TCH 

B IIO,ItllporpaMMax CER2 , SUR , CENT • A6COJilOTHl:l8 :maqeHHJI 
aHeprnn qacTnn C y,I8TOM Bcex IIOIIpaBOK onpe,It8JI.HlOTCJI B GAH2 • 

06pa60TRa HHq>OPMaIWH, IIOJiy,Ieirnott B HCKPOBHX KaMepax, n BOC
CTa.HOBJieime npocTpaHCTBemnrx: KOOp,ItllHaT TpeKOB sap.RJKeHHHX qacTnn 

OCYJ!lSCTBJI.fISTCJI B IIO.rtnporpaMMax ZEROFR , SPACE , VALPAR , 
DEJA , SWAP.' a HHq>OPMarutH, nonyqennoR C llOMOillbD nponopJ:UiOHMb-

HllX KaMep,- B PROPCH H · mr.oPR. 

PeKOHCTPYKIW.II Sap.RJKeHHHX qacTnn n JraBHeil OT ra:MMa-KBaHTOB 
n onpe.zteJieHHe HX reoMeTpnqecKnx xapaRTepncTHK B l!CKPOBHX KaMepax 
npOl!SBO,lU!TCH B IIO,ItllporpaMMax SHOWOF • FNDSTA , FOLSLO , 

NEWSLO • CHKBRA • APEX • STORBR • ERASHO 
B IIO,ItllporpaMMe GAH2 BHnOJIHH8TCJI COBM8CTmrtl aHBJIHS ll pe-

KOHCTpyitIUIH COdHTllR no ~aHHW l!CKpOBllX xru.iep, C~HHTHnnH!UiOHHHX ro
~OCKOIIlJqecxnx cqeTqHKOB H qepeHXOBCKHX cneKTPOMeTpOB yCTaHOBKH. 

B CLEAN , VERTEX , ORIGO BOCCTaHaBJIHBaeTCJI Toq-
Ka BSal!MO)teiicTBHJI qacTHn B MHmeHH. 

BwmCJieHHe lI rHCTorp&lMl!pOBaHH8 KHHeMaTHqecKHX napaMeTpoB, a 
TaR.llte OT6op co6HTllii, Y.ItOBJI8TBOpm!!EX pasJIHq:E{HM ycJIOBHHM orpa.HlJqe
Hl!H IIO KHHeMaTHqecKIW'napaMeTpaM, OCYJ!l8CTBJI.fI8TCJI B IIO,ItllporpaMMax 

PIPAIR , KINHAT , HISTGR , OHIST 
C IIOMOillbl> IIO,ItllpOrpaMM DISCHA , DISCER ll . DISPLAY Ha 

nrnpoxyD neqaTb 3BM BHBO,lU!TCH TononorHH BOCCTaHOBneHHllX COOHTHR 
COOTB8TCTB8HHO C HCKpOBHX xauep, qepewtOBCKHX Cll8KTPOM8JPOB H 
nceR yCTaHOBKH B ~enou. 

IlpoBepKa lI OTJia,IUta nporpaww peKOHCTJlYRJWll BLORE 6HJia ocy
Ill8CTBJieHa Ha MO,tteJIHpOBa.HHHX co6HTHHX TllIIa Ji)>➔ Xn, x➔.e. ... -e..-, ro 

lI .Jio.Ji-+ 'f ( • 
IlpBBe.tteHHHe B .rtairnOtt rJiaBe pesynTaTH cpaBHeimJI rrapaMeTpoB 

MO,tteJillpOBa.HHHX co6HTntt c·.ItairnHMH, IIOJiy,IellliHMH B·pesyJIDTaTe 06pa-
60TR1I TeX Jlte co6HTHi IIO nporpaMMe peKOHCTPYltIWll,rOBOPHT o Ha,It8Jlt
HOCTll BHJt8JI8Hl!JI C06HTllil C o6pasoBaHHeM H8CK0JIDKllX 8JI8KTp0HOB ll 
raMMa-RBa.HTOB. 

B qeTBeprott r~aBe o6cyiir.n;amcH Borrpocs o6pa6oTRll aRcrrepHMeH-
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TaJibHOil HH<pOpMalUl!i!, nOJIY'l8HHOli Ha YCTaHOBKe,n HCCJI8,I\0BaHll.lI ~qxile
peHI-UlaJibHOro ce~eHH.II peaRI-UlH Ip ➔~ h, ~ ➔ 00 np!i! :meprnmc 3, 26 
n 4,75 raB 16,71. 

3am'!CaHHlle Ha MarHHTHllX JI8HTax B npou;ecce 8KCII8P!i!M8HT8•"' 350000 
codHTHn 6WIH o6pa6oTruru no rrporp8M!vle peKOHCTPYK~llH BLURE Ha 
3BM CDC 6500. 

0T60p 2 "( ,-co6HTllll B nporp8M!v10 OCYJI10CTMMC.II no CJie){YDIIlHM 
KPllT8PRlIM: 

I. KoJmqecTBO KJiacTepoB B cneKTPOMeTpax paBHO 2 - no O~OMY 
B R~OM nJieqe ycTaHOBKll, llC:KJIIOqM CJIY'lall cpa6aTHBaHll.lI rpaHl:l'llillX 
MO~Jiefi. 

2. B llCRPOBUX :KaMepax BOCCTaH~BaIOTC.II MHHJIMYM 2 Tpe:Ka 
(JrnBIDI), HM8Dl!HX HaqaJIO B O~OM ll8 ROHB0PTOPOB ll Y,D;0BJieTB0PlIDIIlHX 

ry,_2 .:S IO - YCJIOBHIO nepeceqeH!i!.II B pauoHe M1'1ill0Hll. 
3. KoJrnqecTBO cpa60TaB1111:1x rO,I\OCKOnnqec:KHX cqeTq:llKOB ~ 2. 
4. B03MOlltHa CBlI3Ka B npocTpaHCTBe Tpexon, saperHCTpnponaHHHX 

B HCKPOBHX Kai!:ep!ix, cpadoTaBillllX ro,D;OCKOIIHqecKHX cqeTqllKOB ll KJiaC
Tepon B cnexTpouetpax. 

• IIp!i! OKOHtiaTeJibHOM OT6ope 2 0 -: co6HTHii, OTHOC.IIllfllXC.II R 
peaKI-Ulll (J), BBO,ll;HJIHCb orpaHHqeHlllI no CJI8,ll;YDIIlllM KllH8MaTHqeCKHM 
napaMeTpau: 
E y / E; - OTHOW8HHD M8Hbmero 8HaqeHllfl :mepr:trn ll3 ,ll;BYX raMMa

KBaHTOB K dOJihme11y, 

I!} 
er, - yrJiy pa8JI8Ta r8MMa-KBaHTOB, 

- aHeprHH r8M!vla-RBaHTa, 
- CyYMapHon 3HeprHH ,ll;Byx raMMa-KBaHTOB, 

MI'\ - H8,ll;OCTalllll8n uacce K Cl:ICTeMe ,IUlyx r8MMa-KBaHTOB, 
My( - aippe1tTllBHOn MaCCe ,IUlyx raMMa-KBaHTOB. 
3HaqemJ.II COOTB0TCTBYJ{lllllX napaMeTpOB orpaHEqefill.lI npnBe,I\eHll B 

Ta6Jmu;e 2. 

IlapaMeTp 
or~eHEH 

Et / Et. Er , MaB 
I"Er , MaB 

err, rps.re 
M h , MaB 
Mrr, MaB 

Ta6.imna 2 .. 

3HaqeHHH napaMeTpOB orpaHEqeHHR 

3,26 raB 

~0,2 
400.,.. 2800 

3000 - 3500 
I7 - 26 

600 - IIOO 
440 - 640 
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4,75 raB 

~o.r 
400 - 4200 

4400.,.. 5000 

I2 - I8 
600 - II00 
440 - 640 

·1· 

' . 

KpnTepnn oT6opa 6wrn onpe,I\eJieHll no pesyJihTaTaM MO,I\eJmpoBa
Hll.lI OCHOBHHX npou;eccoB, SIBJim{IJlllXC.II llCTOq!IllKOM 2 '( - co6HTllfi, pe
rncTpllpyeMUX ycTaHOBKOll B ,I\aHHOM 3KcnepnMeHTe (pnc. 2). 0nm6Kll 
ll3!.mpeHHH yrJia BWieTa Ii! aHeprllll ra.MMa-KBaHTOB Offi'ICllBa.JIHCb <p0PMY
JI8Mll 

6e = o,oos- -t- 2 i Ji. 11· oer = 21 45 ..[E.y . (4) 
l' Ea- u 

r,I\e Ey- aueprll.lI raMMa -KBaHTa B MaB, X - TOJIIJIHHa KOHB8pTopa B 
pa,D;.e,I\. 

B pesyJibTaTe npnMeHeHll.lI yxa8aHHllX KPHTepneB 6WIO I!,I\8HT!i!tpI!
u;npoBaHO 46!8 Ii! I440 co6HT!i!li peaKI-Ulll (3) np:0 aHeprnmc 3,26 n 
4,75 raB COOTB0TCTB0HHO. 3KcIIepllM0HTaJibl!He pacnpe,I\0JI8Hll.lI ?-Me-
30HHllX C06HTllfi no B8JII!'I_l!H0 :mepr:All E >) , , yrJIY BHJieTa 0~ , 31J?-
!p0KTHBHO:it imcce M; n M'J , He,I\OCT8.!00leii Macce Mn Ii! nepe,I\aHHOMY 
4-Ji!MIIYJibCY t npe,I\cTaBJieHH B Bli!.I\e rncTorpa.MM Ha p:00. 4. 
CITJiomHHe Kp:ABHe Ha pnc. 4 IIOJIY'l0Hll MO,I\eJinpoBaHHeM pell.It~llH (J), B 
npe,D;n0JI0lltemm,qT0 do/cLt = (_r - jct )ec.t. ·, ~ = 5,3 Iii 

C = 6,0 (raB/c)-2• CorJiacne 8KCnep:AMeHTaJibHllX :A MO,I\0JillPOBaHHHX 
pacnpe,I\eJieHllli roBOPllT o Ha,ll;0l!tHOCTll BH,I\eJieHll.lI peaRI-Ul'.0 (3). 

IIpn ou;emrn BeJIWI:AHll ipoHa ll ero BJill.lIHll.lI Ha ~qxi)epeHUl!MbHOe 
ceqetme peaRUll'.0 :Jrp➔ ' h , ~ ➔ (a 6HJra paCCMOTpeHll CJI0.n,yIW!ll0 
npou;eccH: · 

-:1r--, ➔ 7 A12.3i; ' ,~Qd ' (5➔ 

~Wk... J W~Ji"i}) ::Ji°'?otf ' (6) 

~1i°.:Ir'll- ) .:tr°-?'lf( • (7) 

Afia.JIH8 <pOHOB!llC npoueccoB, IIOJIY'l0HHlltt MO,IteJrnpOBaHlleM,IIOKa8aJI, qTO 
npn yxasa.mmx: BHll!8 KPHTep:AJDC OT6opa co6HTHli OTHOCllT0JibHll8 BKJia,ll;H 

pea.Knl!ii (5), (6) ll (7) COOTB8TCTB8HHO paBHH IO%, I% ll I%. 
~eKTllBHOCTb perncTpail}m Z, ( t ) , He06XO,I\llMM ]J,IDI, IIOCT

poemm, do/ olt , onpe,IteJIJJJiaCb MO,ll;eJrnpOBaHlleM peaKD;llH (3) c 
yrJIOBHM pacnpe,I\eJietmeM ' - M080HOB B c.u;.M. peaKI(llH, COOT-
BeTCTBYJl!lllM ~aBHOMepHOMY pacnpe,I\e.neHHIO -c. B ~anasoHe O, 0 -
T 0,4(I'8B/e) ,EwJo pa8HrpaHO 600000 :a 130000 co6HTH:it np:a aHep
r:AJDC 3,26 H 4,75 raB COOTB0TCTB0HHO. 

To'IHOCTh onpe.neJieHM 4-m.myJibca t B peaRUHH (3) yxasaua 
B -radm1~e 3. 
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Ea-= 3,26 raB ,,_ 

.. ~.00~ .. lDL 000 600 600 

400 .tOO 4DO 

200 • 200 200 

lOOO 3200 3400 0 5 10 440 540 640 

E
1
,M,! a,. zpag Ml, M,! 

,OQOl[\JIXIIIW_5'0 •:5 800 800 j(l(I 

1600 li00 300 

g 400 . MIO 200 

~ 200 200 100 

II, ,~l 
440 s•o oao 100 100 1100 oa 0.1 o.z D.3 DA 

M1, Ma! M,, Ma! -t, traWcf 

E = 4,75 raB 
[l-

.. Ll ... ~::~-ISO 300 ISO 

IIICI- ZOO 100 

SCI 100 50 

4400 Ati004tl00 500CI O 5 IO 440 :i40 640 

.,.~'•·"'' ""~e
1
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PHc.4. Pacape;ne.1Ie1rn:a co611THit peam:~1m ,,-p .. 11n, 11 .. rr ao BSJll'l-
. B 

tJV.HaM E'I ,811 , M,, ,M'I ,Mn • H -t apH 8H8pl'H8X 
3, 26 H 4, 75 raB. Ca.1IomH1Ie KPHB118 [l0.7IYtJ8Hll M0I(6.7IH
POBaHHBM. 

12 

I 
HHtepBaJI t (raB/c)2 

0,0 - 0,05 
0,05- 0,IO 
0,IO- 0,I5 
0,I5- 0,20 
0,20- 0,25 
0,25- 0,30 

Ta6Jmua 3 

TO'IHOCTI, onpe;neJiemm t (raB/c) :2' 

0,0IO 
0,020 
0,025 
0,030 
0,035 
0,040 

,Iuicppepe~amHHe CetJ:_emrn: perutUHll rr➔~n B 38.BllCl!MOCTH OT -t 
np:u aHeprumc 3,26 :u 4,75 raB npe;ncTaBJieHH Ha p:uc. 5. Bu6prunme llH
TepBaJIH t m!eIOT Be.IDI'IllHY nop.lI,IlKa paspemaxmeii cnoco6HocTH anaapaTy
pu. YKa3aHHH8 OmH6Rll onpe;neJUIIOTCH CTaTllCTllKOit ll8MepeHHH ll COCTaB
JIHIOT BeJIH'IllHY -- 5% np:u 3, 26 raB :u - IO% npn 4, 75 raB. 

Ilpn MaJIHX nepe;uammx ·llMilYJii,cax ;n.7IH aMnJIHTy;nI,I nepesaPJI.nKH Mo-
xeT 6HTI, HCilOJII,80BaHa CJIS.JJYI{IllM qiopMa napaMeTp:usann:u: /, .L) 

1 !+C-f:)=f1-C.f:)exp(~t) , I _(lhJ-t f_(t)exp Lc-i:. • 3~8Cb t+ ll ~- -ru.irunhy;uu p'accemnm 6es rlepei!ol)3Ta ll c nepeBOpoTOM 
CilHHa. l!Jreim exp(c 't) OilllCHBaIOT aRCil0He~aJII,HOe na;uemrn C8'!8HHH 
pacce.mmH c pocToM nepe;naHHoro llMilYJii,ca, a f(·t) - Me.JJ,7IeHHo Meruno
Il!MCH qiymtUHH. C;neJiaB ynpomamiee npe;unOJIOX8Hll8 0 paBeHCTBe napa
MSTPOB HrutJIOHa K0eyca pacceHHilH c+ = c_ =C, Il0JIYl!aSM CJI8.IJYI01Itee BH
pa,it8Hll8 ;n.7IH 'AlliMiepe~aJII,Horo cetJeHllH nepesapR,1!,Kll npu MaJIHX t.: 

do/di ~(J.i'/,1t)c,,J1-~t)ect. (8> 

3,It8Cb@o/di}.- 'AllqiqiepeHD;l!aJII,HOS C8'!8Hll8 nepe8ap.lI,IlKll no;u HYJISBHM 
e=OyrJIOM, 

ff - OTHomeHlle npoHHTerpupoBaHHHX no i:..cetJeHllil nepesapH;n
Rll c nepeBOpOTOM ll 6es nepeBopoTa CilllHa, 

C - napaMeTp HaRJIOHa Koeyca pacce.mmH. 
AnnpORCl!MllPYH ;unqiqiepeHUl'J:aJII,HOe C6'!8Hll8 perutUHllJrp•~nB llHTep

Ba.Jie 0,0 t6 t60,6(raB/c)2 <lioP!lfYJIOil (8), M6TO:U0M H8.llM8HI,IIIHX KBa;upa

TOB ;nJIH napaMeTpoB (dG'/cH)l .. o, ~ n: C nonyttaell cJie,IJ,yJDmne BeJiwnnm: 

E~ (d6'/dt}t.o,r.m6/(raB/c)2 2 c,(rsB/c)-2 :X 2@T. 
3,26 138,9 ± 9,0 5,5 ± 0,5 5,6 ±·0,2 10,0 
4,75 9I,l ± 12,0 4,8 ± 0,9 5,9 ± 0,4 I5,0 

B pesyJII,TaTe aHa.mrna c{ ~ / clt pearo.nm (I) IlOKa.3aHO CY.IllBCTBO-
BaIIHe ttexxo Bupair.:eHHoro MHHHuyua npH pacceHHHH Bnepe,1t 
n onpe~eJieHa BeJm'!RHa oTHomemm aMIIJmTY:U c nepeBopoToM n: 6es nepe-
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D - Phys.Rev.Lett. ll, 5 ( 1976)i O -Nucl,Phys,filal,H 1979), 
A- Phys, Rev, Lett, ll, 80 (1976), 
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BopoTa cnnHa. Ilo.rryqeHHue sKcnepHMeHTaJU,HRe ;n:aaHRe corJiacymcH c 
yKa3a.HHell Ha ,IJ;OLIHHHPYJJIIIHlt BKJ!a,D; ½ - OelMeHa :n CBn.n;ereJII,CTBYllT 0 
CYll!ecrneHHOlt poJIH &!IIJ!Hry.n;u c nepenoporou cnnHa. 

Cpa.BHeHHe napa.MeTpOB ;n:n@lepeHU}!MbHHX ce'!eHllfi c;{ 6"' / J;t- pea.R
UHR (I), no.rryqemrnx B ;n:aHHOM 3I<CIIepnMeHTe, C pe3y~TaTaMn IIOCJie,1:(
HllX :mcnepnMeHTOB, BHITOJIHeHHRX B AproHHe, Cepnyxone n Earan1rn Ha 
6oJibll!Ofi craTncTHI<e u c BRCOI<HM pa3pernemrnM no t B o6JiacTn 6bJib
mnx aHeprnfi,rrpnBe;n:eHo Ha pnc. 6. Bn;n:Ho, 'ITO Ha.nm ;n:aHHRe HaxO;n:HTCH 
B xopomeM corJiacnn c aHepreTU'IecI<oii 38.BHCIJMocrbro napa.MeTpOB ;n:ngj-
cpepeHUHMbHHX ce'!eHllfi, no.rryqeHHOii B pa6oTe Nucl, Phys, BI52, 
I(I9?9) no pe3y~T8T8.M"3I<CnepnMeHTOB B o6JiaCTil aneprnil ;n;o200 raB: 

C = (6,0 ± 0,2) + (I,6 ± 0,I) ~ ( S / So ) ,(raB/c)-~ 
~ = (4,6 ± .0,3) - (0,5 ± 0,2) ~ ( S / So ) , 

(J..6"/Jt)hc= (9?,? ± 9,5)(S/S.)-I,26 ± 0,04, MI<6/(raB/c)2, 
r;n;e So = IO raB2• 

B 8aI<JIJU'Ienne ccpopMYJinpoBaHH ocHOBHHe nTorn ;n:nccepTaUHOHHoil 
W,60TH: 

I. Ilpn Henocpe.n;crneHHOM yqacrnn anropa npe.n;JioXeH n peaJin3oBaH 
npoeKT no C03;n:aHnID MHOrOKaHMbHOro '!epeHKOBCKoro Macc-cneKTPOMeT
pa "<l>OTOH", BHilOJIHeH PH:n: M0TO;n:H'I0CKl'IX HCCJie;n;o:srumfi, npoBe;n;eHo 
3KCnOHHPOBaHHe YCTaHOBKll Ha ny'II<8 H rro.rryqeH 6o~rnoft 3KCIIepHMeH
TMbHHll MarepHM no rr- P-B8aHMO;D;eficTBUID C o6pa80BaHU0M rru-lMa
-KBaHTOB n 3JI8KTpOHOB npn IlMIIYJibCax 3,26 n 4,?5 r~B/c. 

2. IloKa3aHa B03MOlKHOCTb H3MepeHHH KOOp.n;HHar rruma-KBaHTOB H 
3Jl8KTPOHOB C TOtJHOCTJ,D ,v I MM B MHOroKaHaJIJ,HHX crreKTpOMerpax 
noJIHoro norJio~eHnH c pa3uepou uo.n;yJielt 30-50 MM. 

3. ~aHO o60CHOBaHne nOCTaHOBKH 3KCnepHM8HTa no HCCJI8;D;OBaHHID 
3aPH:n:OB06Memmx npoueccoB npn MaJillX nepe;n;a'!ax HMilYJibca B nHrepBa-
Jie aHeprnfi 3-? rsB. · 

4. C03;n;aHa nporpa1,1Ma MO;D;eJinpOBaHHH M0TO;D;OM MOHTe-Kapno cpnsn
tJ0CKHX npoueccoB B ycJIOBllHX 3KCII9pHM0HT8 Ha YCTa.HOBKe "<I>oTOH". 

5. Cos;n;aaa nporpa1,1Ma reoMeTpH'!ecKofi n aHeprerntJecKofi peKOHCT
PYKUHE co6mnil (raMMa-KBaHTOB n 3JI0KTPOHOB), perncrpupyeMHX B yc
TaHOBKe "<l>OTOH". 

no nporpa.MMe MO~eJIHPOBaHHH BHITOJIH9Hll pactJeTH ,nJISI npOORTOB 
3KCnepllMeHTOB B H~B3 H JIBS OIUIB. C IIOMOmbID nporpa.MM MO;D;eJinpOBaHHH 
n peKOHCTPYKUIJ:E co6HTntt npOBO;n:nJincb HCCJie;D;O:srumH peaI<UHE Jip ➔~ I-\ 1 

? ➔yr H eyMyJIHTHBHOrO o6pa30BaHM W- , ~ - H rr°-Me30HOB. 
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6. OcymecTBJieHa o6pa60TRa Ha 3BM SRCIIepnMeHTaJII,HOfi l'IH~OpMa
rum, CO,lleplltaI!(ell -v 350000 !JI- p - B3aHMO,llellCTBHll, H BU,lleJieHO 6000 
C061:lTHll peax_UHH !(ip-. rz, n , 'l, .. oo IIPH :meprH/IX 3,26 H 4, 75 rsB. 

7. I!OJIY'I0HH ,IU!qxpepeHI~HaJII,HJ:le C8'!J0JillJI clo/ olf · peam~nl'I 
:r,-p ➔ '1~ rrpn 3,26 n 4,75 raB B o6Jiacu o,o t;-f:.'=. 0,36 (raB/c)2• 

EOJibillM CTaTI:ICTI:IRa B CO'!J0TaHI:II:I C BUCORI:IM paspemeHI:leM no· t Pl 
Hl'l3Rl'IM ypoBHeM ~Ha II03BOJI1!.7Il! BIIepB!:le o6Hapy,itl'ITI, 'I0TRO BHPaJKemru:ll: 
Ml'IHl'IMYM npn paccemml'I Brrepe,l\~IIpOBeCTl'I ,l\8TaJII,Hllfi aHaJill3 d.i"/JJ,pe-

3YJibTaTH ROTOporo corJiacyioTCJI c ~OMllHHPyromHM BRJia,ll;OM A2-06MeHa nYRa-
3HBaIOT Ha cymecTB~HHyio POJIL 8MIIJIJI~ 0 ll8M8H8Hll8M crmpaJII,HqCTll-

8. Orrpe,l\eJieHH OCHOBHHe rrapaMeTpli ~llql(peP8JtnllaJII,HOro C8'!J8HllJI 
rJ.,o/c/f; peaxUY1H5i/-:, •f],11IIPH aIIIIpOKCHMaUl'IH 3KCIIepma:eHTMl>HWC ,llaHHl:lX 
BHpa1teHP1eM ("-o/d;tJ -t•o ( f - te, t) e,c~ , r.l\e ( ol!i/olt)!•o ce-qe:ime no,l\ 
HyJieBilM yrJIOM, g - OTHOW8HH8 ru.lIIJIHTY.ll pea.KUHR C nepenopoTOM H 
6es nepenopora cnnHa, C - napaMetp HaKJIOHa KOHyca paccenHnn. 

,1J;mr napaMeTpOB.~OJIY'I8HH CJI8,11,,Y1001E8 .3Ha'!J8HllJI: 
E, raB (ofo/ol.t)N ,MR6/(raB/c)

2 1 . C (raB/c)--2 

3,26 
4,75 

138,9 ± 9,0 
91,l ±I2,0 

5,5 ± 0,5 
4,8 ± 0,9 

5,6 ± 0,2 
5,9 ± 0,4 

IIoRa3aHO, "ITO IIOJIY'I8HBlle pesyJII,TaTH HaxO,l\JITCJI B xopomeM co
rJiacnn C 8HepreTH'!J8CROfi 3aBHCl'IMOCTI,ID napaMeTpoB ,IU!qxIJepeHUHaJII,HHX 
ce'!JeHnfi, ll3MepeHHHX B OOJiaCTl'I OOJil,IllHX 8HeprHfi BIIJIOTI, ,1\0 200 TuB. 
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