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AHHOTAUMH 

Tipe;LVIol\eHo ;n.ono.mHeHHe x nporpauue HccJie;n.o:satndi CTPYlt'fJPH 

aMMHTy]J.H J7# pacce.R:IUU:I BlleJle]J., KOTOpM peaJIHSyeTC.fl Ha 

ycxopHTeJI.R:x ,ny6HLI H Cepny:xoBtt.. 

IIpe;n.ycuaTpHBaeT,cn pe;meHMe~ aatolBHetimHx B axcnepHUeHTaJI:&BOM 

Malle 3a]J,8ll - HSMepeHHH Tip.-pHccemnur, BKJIIOtla.R: 06JI8CT::b KJJIOHOBC

KOii HHTepPepeHUHH npH HaHdOJI!.mHX 3HeprHHX, ]J.OCTYIIHlitX Ha YCKOplf

TeJie 1i~B3 (eM. qacT:& I -" 01.- npoexTa"), H Hcc.ne;n.olunnul 

KprepeHTHOro B38HMO]J.eHCTBH.R: HHOHOB C .R:]J.paMH, mAeJOOlKMH Jn\Kyywrne 

KB8HTOBHe qHcJia - B nepJ3yJO Otrepe;n.:& C mr,p&m He~ ( CM. ti8CT:O /lA). 

IIpH npoettTHpoliaHHH axc:nepHMeHTOB no ynpyroMy pacce.R:HHIO Ha n;n.pax 

K paspa6oTKe Heo6XO]J.HMOH MeTCI]J.HKH npe;n.ycMa'l'pHBaeTC.R: paSBHTHB 

" on - Line " TeXHHKH cnexTpoMeTpHpo:eaHH.R: napaMeTpoB KaK .R:;n:ep 

OT]J.QllH HJIH HX q)parMeHTOB, Tal: H peJIHTHBHCTOKHX rrpo;ZJ.yKTOB peax

UHH (eM. qacT:o II A, E, r;ZJ.e npe;ZJ.JiaraeTcs: paspa60TKa ;ZJ.eTeKTopoB

cneKTpoMeTpoB H;n:ep OT;D,aqH). HOBa.R: MeTO;D,HKa 6YJleT IIpHMeHeHa B 

HCCJie;ZJ.OB8HHJIX peattUHH KorepenTHOrO pell;lJ.eHH.fl KaK Ha JierKHX .R::ztpax 

( H30TOITOB BO;ZJ.Opo;n.a, reJIH.R:), T8K Ha cpe]J.HHX H TH~JIHX s:;n.paX 

8TOMOB 6Jiaropo;n.HNX·r830B. 0Ha 6y;n.eT npHrO;n.Ha BMOTl» ;ZJ.O C8MHX 

BHCOKHX ycKopHTeJI:&HHX aHepndi. Ilpe;ZJ.CTaBJI.He'l'C.R:, ti'l'O rrpe;IJ.JIOJieH!""!_'' 

HaH MeTO]J.HKa H nporpaMMa HCCJ£e;zr,OB8HHH 38HHM8IOT Ba&Oe MeCTO 

K8K B rrpo6JieMe H3ytteHHH CHJI:OllbiX B38HMO:zteAOTBldi, TaR H B 3Jiei<Tpo 

M8rHHTHO-S:;D,epHOH TeMaTHKe. B 06'.De;n:HHeHHH B paMKaX 3TOH nporpaMJ~.: 

Mbl HCOJie;n.OBaHHH pecypCOB, OffilTa H ;zJ.OOTRllteHHH, HMelOU{HXCH B 

1i~B3 H B CTpaHaX- yqaCTHHUaX OMRM , 38KJIJOqaeTC.R: OCHOBHOH 

o T'~::, 

opraHH38UHOHHI:H1 MOMeHT H8CTOHII{ero npe]J.JIOJieHH.fr,· 

TiporpaMMa MeTO]J.HqecKHX pa3patJOTOK H {pHSHqecKHX HCCJie;ZJ.OB8HHH 

paccqHTaHa opHeHTHpoBoqHo Ha 5 JieT. 
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COliEPJKAHHE 

BBO;lUiari qacT:& 

A. Ilporpauua axcnepu:ueuro:s-. 

I.Hcc~e~o:eaame ynpyroro Ilp - pacceRHHH H pac

ceHHHH C B036yll\lf.eHHeM H306ap IIpH He60JI:&l1IHX 

nepe;zr.aqax\t.\ S.Io-4~ -t ~ 0,6 ra:e2/c2 IIpH 

JJNap 

3 aueprunx ~o 60 Th:e .......................................... . 

2. Vlcc~e;IJ.OBaHHe IIpH 6 + 60 Th:3 i<orepeHTHOI'O 

paccemntH IIHOHOB ua smpax n:pH ue6oJI:&l1IHX 

nepe~aqax fi.l , BKJIIOllan o6~ac'r:& HHTepcpepeH~H 
5 xpaTmx pacce.fiHHH ••••••••••••••••••••••••••••••••.•••••••••• 

E. K o6ocuo:eaHHID Heo6xo~HMOCTH BHIIOJIHeHH.fi 

npeMo JteHHoii nporpa.J.AMI:i ••••••••••••••••••••••••••••.•••• • ~'t .. 
B. MeTO~HtJeCKHe B03:MO:mHOCTH BHUQ\HeHH.fi nporpaMW 

. . 2.3 
3 KCIIepHMeHTO'B • • .................... • • • ••••••••••••••••••••• 

qACTn I. VlccJie;zr.o:eauxe ynpyroro Ilp - paccemtun 

H pacce.fiHHH C B036yll\lf.eHHeM H306ap IIpH 

ue6oJI:&l1IHX nepe;zr.atrax 5. IO-~ \t\ f 0, 6 ra:e2/c2 

HpH 50 Th:e/c + 60 faB/0 ••••••••••••••••••••••••• ~~. 
tiACT:b IIA. TIOCT8HOBK8 aKcnepH:MeHTa IIO HCCJie]J.OBaHHID 

KOrepeBTHOI'O tJi ... cl ._. <'J\-J... pac-

ceHHH.fi npu 6 Da:e/c + 60 ra:e/c (mcno~-

30Ba.HHe D~Rore.nHeBOrO CJlHHTHJIJ.l.fmB'ORBOI'O 

~eTeKTopa B Kat~eCTBe cneKTPOM8TP8 

aaeprHi qacTHn oT~aq~) •••••••••••••••••••••••••• 1:~. 
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tiACT:b II6. HcnoJI:osoBa.HHe .ztpelq>oBoM nponopnuoHaJI:D

HOI xauepu B onHtax no msyqeHHD xorepeH-

THLtX B3aHMO,IJ;eltCTBd flHOHOB C S:,D;paJLH • ~ w • 

JIHreparypa x BBO.ztHOI qacxH PI qacTs:M I H ITA. . • ~ .. 

HmTepaTypa x qacTH ITE. ' . . . . ""' .. .. . . 

6S . ~ .... 

.92 . . -
96 
... c • ' 
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BBO JlHAH T.lAC Tb 

A. rrporpauua axcnepHMeHT~. . -

ITpu 6ox»mux aaeprHax 6-60 raB H MaJILIX nepe.n;aqax HMIIY JIJ:,COB 

s.ro-4 !; It I f:. 0,6 raB2 /c2 npe.n;xaraerca H3MepBTi )J;KqxJjepeH

I(Ha.1I:&Hlie CelleHHSI ynpyrH; H XBlL3:\!.D;BYXtiaCTH'CJHT:lX peaxi(Hl llHOHOB 

c nporoaaMH H sutpaw, H no Bo:::MOXHOCTH onpe.n;eJIHTJ> cTpyxrypy 

&mJIHTY.n;H !liN - paccemtHa. 

1. Hccxe.n;oBaa:me ynpyroro ITp-/pacc eaHHa H ITp-pacceauua 

c B036yx.n;e_!~e_!L _H~~6ap npm Ma;;~ -n~~.n;aqax, Soro-4 $- - t ~ 
0,6 raB2/c2• 

1 Q. Mccxe.n;oBaHHe .n;HqxpepeHI(HaJI.&HHX ceqeaHl ynpyroro ITp-
-pacceaHHSI B 06JiaCTH KYJIOHOBCKOf HHTepqepeH~H, npH CaMHX 

MaJIJ:lX nepe.n;aqax t""' (Ko eJi.cr • S).ro-4 raB2/ c2 ll03BOJlSIDT ' 

Ka.IC H3BeCTHO, JiyqmHM CIIOC060M t:>IIpe.n;eJIHTl> lie !ltV (o) 
BemecTBeHHYIO qacTJ> a.n;epHol aMIVIHTY.n;H lip - pacceaHHsr Bnep~.lt j J /, 
:MHIO.faSI qaCTl> MepHOI ~TY.Jtlll onpe.n;eJIJteTCSi no OIITHtrecltol 

TeopeKe noxHHM ceqeameM a.n;epaoro B3aHMo.n;elcTBBsr:..?'m 4AI (o)= ~ ~ 
(3aMeTHM, t.ITO aMnJIHTy.n;a pacceaUHSI IIHOHQB fia:'~HfltJIOHe lfJIJI 

H,D;pe !f=fl+ H .s'vn () npH f)'= 0 on•cwBaerca JIDJ> 

CKaJiapHOil ~yuKI(HeH n (S,O), DOCKQJil>KY HClle3aeT BTOpOI 

llHeH H .sln () , onHCLIBBJ)lltd pacceoHe c nepeBO:QDW'OM 

CIIHHa)o 
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ITpm aneprmax ~o 60 raB ~aHHHe no noxnsM rr-p- ceqeHHHM• 

yxe noxyqenH; B npe~xaraeMol nporpa.J.W:e aKcnepm:Meu:roB 

3HalJeHHSI d-e.ot MOry:r 6btT:b Ollpe~eJieHbt O)UiOBpeMeHHO C 

H3MepeHHSI:MH ynpyrnro paccesrHH;-I. ITpm onpe~exeHHH 

ma mn:rep~epenumonRHX ~aHHbtX ~~~epennman:DHoe ceqeume 

ynpyroro paccesums o6bl~Ho aniiJ~OKClo.mpyD:rc.~t ~PMJ'XOI Ee:re /2 J 

A c - - t- we:e;_ F <t l . 
v I /t/' 

3~eC:b HCIIOJI:b30BaHbl 0603Ha.lleHHSI: e,, e2 - 3apa~ qac:rHn; 

V - CKOpOCT:b pacceHBaDJilHXC;fi qac:rH~ B JI.C.Kj 

K ... BOJIHOBoe qHcno B c.u.M:; 

(J_ -!% Io-I3 CM - pa3Mep HYJtXOHa; 

fJ - yroJI pacceaHHSI B c.~.M; 

F(t) - aJieK:rpo:varHHTHWl ~opM<Pcl.KTOp npo:roua B annpoKCHMa

~:u .us uamx yrnoB paecesrHHSI. 

3HalleHHe " t " 6y~e:r H!3MepeHO B HaJJIHX 3RCnepHMeHTaX: 

3TO "HaRJIOH" 3KCIIOHeH:rs, KOTOpOit npH He60JI:blllHX nepe~aqaX 

lt I <::: o, 4 raB2 /c2 xopomo a.nnpo:s:cuuHpyD:r aKcnepuueu:ran:D

uwe ceqeHHa a.»;epnoro paccesnu;=t. (HanoMHHM, q:ro B uo~exm 

norno•Mlllero mapHXa BeJIHlJHHa " ! " onpe~enae:rca pa~mycoM 
B3aH»:o~elc:rBHSI 8~ R%. ). YrJioBaSI aaBHCHMOCT:D &. fi .IV H 

.Jm /1/V' o6blllHO np~~no.narao:rca o~mtaROBOI , x.e.GReiiZ~,.,fi!V 



O~Haxo aro ~oBonDHO npoH3BOKLHOe npe~nonoxeaue npaxruqecxu 

He MOJCeT npMBeCT H K 3Ha'tlHTeJILE:OyY C~BHry 3KCnepHileHTanDHO 

Hal~eHHOR BeJIH'tlHHH ~ 01' HCTHHHOrO 3HaqeHHH 3TOrO OTHO-

meHHR. ( B CaMOil ~eJie, B HHTep!PepeHI(HOHHNX H31lepeHH8X KHcfl<>p

YaUHR od " ~ " cod~q>aerca c yaKoro MHTepBa.Jia / t / t/7 

(!fo 4) !0-3 raB2/c2 
j BeCLila dJJM3KO npHMhTKaDJnero K t = 0. 

IIonara.§, Hanp:HMep, 8& .:: 0 HJIH 8/{,.e = 100, T.e. CHJILHO 

yxo~s: OT OdNtiHOro' npe,D;nOJIOliCeHHSI t~,e.;: 8!fh} = IO r3B
2 

/C ' 

M1:1 MaJIO H3MeHHM peayJILTaT odpadOTKH, HdO 3HatleHHe Jlefl(t.-11¢} ~ 

:. fleflo (1- it) uaMeilaerca MaJio,.tJ/Ce.fl(t::J'PP)/Jte.!lre).$' ~ < 10$ 
I\aK D0Ka3NB8J)T W~eJILHiie pacqerH, )(aJCe npH TaKHX CHJILHHX 

BapHaUHS:X 8 lte. 3HaqeHHe c::;o(. YeHHel'CSI JIHmL Ha BeJIHtiHHY 

LJd V7 O,OI :MeHLmYD qeu craTHC'rHt~eCKHe norpemHOCTH arccnepu-' . 
MeHTa. 

IIpe)(nOJiaraeTC$1 IIpPf Esr::::. 30 H 60 raB H3MepHTL ,lteCRTKH 

TLICH'tl COdLITHI ynpyroro lip paCCt~JtHHSI, onpe)(eJIHTL napaJLeTp 

HaKJIOHa " g ", H B Ka'tleCTBe rJiaBHOrO pe3yJIL TaTa DO.IJ11HTi 
' 

3HaqeHHe o{, =fU fiiV hm fiN <: l'OtiHOCTLD .L1 ot. .::::: 0,02. 

B KOHTpOJILHHX H3MepeHHJtX dy)(yT onpe)(eJieHH 3Ha'tleHHJt HOJIHLIX 

IIp-cet~eHHI • 

1f: 0)(HOBpeMeHHO dy)IJT H3MepeF.:hi CO THH C oSHT:d KBa3H,li;ByX--
qacTHtiHOrO TPIIIa $ ~ .ff/Vi ~ C B03dYJ:)teHHeM H30dap. 

2. HccJie,D;oBaHHe npH-6 • 60 raB/c xorepeu:raoro pacceJtHHH 

J!HOHOB ua H,D;pax _ npJt! MaJILIX n~p~)t!i'l_l~X __ / i; / , __ B~JIDqa~ 
OdJiaCTL HHTep~peHI(HH KpaTHLIX pacceaHHRe 

.2a .. Hccne,D;oBaHHe c:rpyrc:rypLI a.imnm:ry.n;u ynpyroro pacceRHHa 

JfA/ - pacceaHHa. 
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II pH He otieH:& MaJIIIX rrepe,:n;a.tiax HMIIYJI:&ca 1 t /~O,I5 raB2 /c2 

yxe ,:n;aBHO rrpe,:n;JIOJICeHa (M B sarra.,:n;Hux Jia6oparopH.a:X y:a:e ocymecrB

JI.aeTc.a) nporpa.wa "rroJIHoro onhrTa" B IIp-pacce.R:HHH npH 6oJI:&mmx 

sHeprH.ax. Bec:&Ma cymecrBeHHaa tiacT:o aToll nporpa.w.m cssrsaHa 

C H).MepeHHeM IIOJIJij)H3aiU10HHhiX a<PfleKTOB B !Ip-pacce.R:HHH, XOTOpl:le 

orrpe,:n;ensnorca HHTeplflepeHIUteR auiiJIMTy,:n; flu... H .sLn (} • 

C peaJIMsaumeR STOll BeC:&Ma CJIOJJCHOkt rrporpaMMhl MCCJie,:n;oBaHHI 
. 

CB.R:3aHa Ha,:n;e:ac,n;a 3KCIIepHM9HTMl·HOrO OIIpe,:n;eJieHM.R: CIIHHOBOit 

c TPYKTYPH a:MIIJIHTY.:n;H JT !I - pace e.R:HHsr, onpe,:n;eneHH.a napn;HOHM:&-

H:orx BKJia.n;oB flu.. H JLn (} I• ,:n;M¢4>epeHn;HaJI:DHoe ceqeHMe 

Sf# - pacce.a:HH.R:. D,:n;HaKO T€XHHKa IIOJiapH~aD;HOHHDIX HSMepe

HHkt rrpH rrepe.n;atrax It/~ O,IS ras2 /c2 He pa6oTaeT BBH.D;Y 

orpaHHtreHHR, CB.R:SaHHhiX C MaJIOlt 3HeprHelt npOTOHOB OT,ItatrH 
L/ ,.., It/ ~ 
vvP- 2m..._. 7 MaB. IIpe.n;cTaBJiaeTc~, qro npH CTOJib .vaJIIiX 

nepe,ltatiaX · /1:: I e.JtHHCTBeHHhiM c no co6o:u: onpe,JteJieHma BKJia.,D;OB 

/AI H lH sin e I ) B CHMMeTpHtJHYD qaCT:b aMDJIHTY.ItB ~ -

pacce.R:HHSI g-::: ~ (/l;tfJ~.:fs;;-p) , OCTaeTCH COBMeCTHW a.HaJIH3 
+ 

,:n;aHHhtX no ){HqxpepeHIUtM:&HbfM cetreHH.R:M ynpyroro TIP - paccemmsr 

H ynpyroro (xorepeHTHOro) paCC3SIHMSI nHOHOB Ha a~ax, TaKHX 
LJ l( J2. 16 

Ka.K ne , C , Q , HMelOII(HX HYJI6Bhle SHatreHHJI CnHHa 

H H30CIIHHa. (ITo pa,n;y C006pa:ateHml, CB.R:3aHHiiX C U8TO)tHKOlt 

IIpOBe,:n;eHHJ:t 3KCIIepHM6HTa, HaM60Jiee IIO,ItXO,I(BII(HD J:tBJUWTCB 
u '-1 <'' z.g 

.a,:n;pa ne , .....JL H a.n;pa Cl.TOMOB 6JiaropO,ltHHX BJieMeHTOB 

;Ve ., /12, Xe ~ Kit • O.ztHru;o, Ka.K 6yxer el(e o:r:u:etreao 

HHJB:e, B rrepByD Otrepe,lt:& MH HMeeM B BH,D;y HCCJl6)(0BaHHH Ha 

a,:n;pe fie~ , nocxoJI:&Ky M c ~msmtrecxol H c :u:ero,:n;mqecxol 

TO'CieK 3peHHS: o{, - 'CiaCTHD;li OCiJia,Jtae:r pa,ll;Oll YHHXaJI:bHhiX 
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KaqecTn). 

B paMKaX rJiay6epoBCKOH MO;B.6JIU oeqeHHe pacoeHHHH ImOHOB Ha 

TaKOM 6eccnHHOBOM H;n,pe onpe;neJIJWTCH, rrpH 3a;B.8HHOK CTpyKType 

H;H.pa, CITHHOBOH638:BHCHMOH 'ti8CT:&JO aMWIHTy;u.H JtJI-pacceSHHH~ T. e. 

neJIH'tiHHoi I fl (S, t) I I .3 I. ITpn aTOM npe;u.no.naraeTcH, 'tiTO 

HH~OpMaUHH 0 CTpyKType H;B.pa MO~~T 6WT:& llOJiyqeHa H3 pH;na ;n,pyrHX 

axcnepHMeHTOB. (Tax, ;B.JIH ~erxux H~ep, HarrpHMep, He4, xopomee 

corJiacHe pac'tleTa c aKcnepHMeHTOJll rroJiyqaeTc.a: rrpu ucnoJI:&3oBaHHH 

cpopMcpaKTopa, Haxo;u.mqerocH B coo•rneTCTBHH c ;u.aHHblMH rroh:>acceH-

' HHJO aJieKTpoHoB). B rJiay6epoBcKOJA paccMOTpeHHH I 9 lnKJia;D. fkJI 

onpe;neJIHeT rJiy6HHy I-ro MHHHMYMCl B ;B.H~epeHUHaJI:&HOM ceqeHHH 

pacceHHHH llHOHa Ha H;B.pe. (TaRHe MHHHMyMW 06HapyEeHbl rpyrrnoi 

ITaJieBcKoro Is-;- npH HccJie;nonaHJ-a:u KorepeHTHoro paccesHHH rrpo

TOHOB Ha H;B.pax He4 , C12 , 0~6 , H Tpa.RTYJOTCJI /i ,+9 IRaK a<MJeKT 

HHTepcpepeHUHH 8MllJIHTy;B. O;ll.HOKpaT::Ioro H ;B.:ByKpaTHOrO pacceSIHHJI 

Ha HyKJIOHaX H;npa. HaH6oJiee rJiy60KHM MHHHMyM COOTBeTCTByeT 

'tiHCTO MHHMOH aMnJIHTy;B.e J(A( paJC6HHHH). ~CCJie;ll.OBaHHi! KOrepeH

THOrO paCC6HHHJI Ha sr;npe, TaKOM :<aK He4, OTKptmaeT :B03MOJIIHOCTH 

;nJIH onpe;u.eJieHHH Mo;nyJIH R ci>asH A ~N , crrHHOBOHesanucuMoi qacTH 

aMIIJ!HTY;ll.bl.. 3C'N -paccesrHHH. 0;ll.H8KO, H6CMOTP1! Ha Ha6JIJO;B.8D

meecn corJiacue rJiay6eponcxux pa~qeToB c ;u.aHHHMH aKcnepHMeHTa 

rrpH He60JI:bmHX yrJiaX pacceHHHJI H BblCOKHX 3HeprHHX, i!CH0 1 jfej 

'tiTO Heo6XO;zJ.HMbl K8lJH6pOBO't1Hble H3;'depeHH.H llpH TaKHX 3HeprH.S:X H 

nepe;n,aqax , r:n.e Hnq>opaanuH o6 A (S, t) MOlleT 6uT:& noJiy

qeHa pa3HblMH cnoco6aMH. (HarrpHMep, llpH TaKHX ;zJ.OCT8T0t{H0 Bbl

COKHX 3HeprH.HX S ~ I f3B, r;zr,e y;naJIOC:& HJIH ecT:& Ha;ne~a 

nponecTH t!Ja30BHH 8H8JIH3 :K/V p~Jt.U,,f ). 
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\ . 
Ilpe,ltCTaBJUieTCSI Ta.RJite He06XO)l;HMHM npoBeCTH 3KCnepHMeHTH 

no KOrepeHTHOMY pacceSIHHI> Ha pa3E:biX SI,ItpaX C D;eJI:DD BHSIBJieHHSI 

H yqera B03MOlltHHX Heonpe,lteJleHHOC:I'el, CBSI3aHHHX, HanpHMep, C 

aqxpeKTaMH "crpyl" B npoMelltyTOtlHH:X sBeH:DSIX n;enoqKH nepepecceSIHHI. 

HsMepeHHSI Ha HeCK01l:DKHX s.npax, BC3MOlltHo, nosBOJIHT HaiTH napaMer

pH 3aBHCHMOCTH (HanpHMep, THna CaKCOHa-ByAa), ODHCHBaD~He pac

npe,lteJieHHSI HYK110HOB B SI,Iij)aX x). ~~eTHM )taJiee, qro npH HCDOJI:D= 

30BaHHH B KaqecrBe Y.HilleHH pan;a SI,I;ep or He4 .no Xe OOJiaCT:D I-ro 

MHHHMYMa CMetqaeTCSI OT 3HatleHHSI l (lft"l = 0,25 )tO -t ~ 0,01, 

T.e. B npHHD;Hne HCCJie)tOBaHHSI 06Jie.CTH MHHHl.fYMa ,ltHcppepeHD;HaJI:DHOro 

ceqeHHSI xorepeHtuoro pacceSIHHSI nP.rouoB Ha pasuux a.npax nosBOJISieT 
.51/V' } 

npOCJie)tHT.D KaK HS:MeHSITeCSI OTHOUleE.He &::,g A if N : d.. (t B 

,n;Hanasoue (o,or ;'6- t ~ 0,2s)rsB2 ;c2• 

Hrax; DO.ltHTOlltHBaa CKa3aBHOe B n.n. 11, ~6 B CBJJ3H C ~OPMY
JIHpOBKOtf nporpa.w.w: HCCJie)tOBaHHSI n:pH BHCOKHX 3HeprHJJX CTpyxrypH 

a.wiJIHTY.nH ynpyroro pacce.sHHSI nHOEOB, 3aKJII)qaeu: cne)O'DBtee. 

B ynpyrOM lip-pace eSIHlUf npH t: 0 HMeeTCSI BKJia.zt T~JI:DKO CDHHOBO

H93aBHCHMOI aMIIJIHTY.ltH fl ( .J. o); ee MHHMa.SI qac T.D onpe,JteJiaeTCSI 

DOJIHHM ceqeHHeM, a BeiqeCTBeHHaSI GaCT:D aMDJIHTY.ltH MOllteT 6HT.D 

Ha.I.JteHa npu t ~ (I• 5). ro=3 raBjc2 ~s aqxpeKTa ee uurep~peHitHH 

- - -,~"6]' 
x) B He.naBHel pa6oieY:Ks aHaJIHsa ~aHHHX, noxyqeuuux ua ycxopHtene 

2Jl.SY (Io6 

OT Be 
R_(fl} 

C06HTD THna ¥' -+ SI,lij)O __,._,/)+ SIJtPO; SI,lij)a 

.no u_ ) onpe.neJJeH By.n-caKcouoBcx:d PMHYc 

= (1,12 ± 0,02) A~~,r~. 
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C H3BeCTHOI KYJIOHOBCICOI aJmJIHT:V,D;Oit, UO'Q:TH D;eJIHICO:M BeuteCT:SBH

HOI H C O,D;epza.melt HeOOJI.Lmme p,a)tJtJaD;HOHHHe nonpaBICH. IlpH OOJI.L

mHX nepe,v;aqax It I , :sue oonaGTH xynoaoacxoit uurep<Pepean;Hm, 

BnJioT.L ,v;o It I ,~ 0,2 r'3B2/c2 , Bx.na.,v; a:unnury,v;s c nepeBoporo:u: 

CDHHa :UOJ:eT OHTL CYuteCTB eHHHM. (!IOJIRplf3alUIJI B Ilp-pac CeJIHHH 

~ 0,2 npm :uaJIHX I i: I H oHa ne yKeHLmaerca npu y:M:eHLmeHHH 

It I )J;O 0,2 r'3B2 ;c2 ). O,D;BaJCO B '3TOM HHtepBaJie / tl BeT 

CSesyo,v;eJILHHX cnocoCSoB oni>e,D;eJieHH~ crpyxryps a:unJIHTY.JUl Yl# -
pacceaHHR. 

BBH.ltY '3TOrO npe,D;JIOJICeHa npc1rpa.wa HCCJie,D;OBa.HHR KOrepeHTHHX 

peaKD;HI fiHOHOB C SI,D;pa.MH (B nepi1YJO oqepe,D;:D 6eccnHHOBHWf, Ta.KHW 

KaK He4). PeanHsan;HR xaxol nporpaMMs nosBoJiaer, B npHHD;Hne, 

onpe,D;eJIHTL t - 3a.BHClWOCT:D MO,D;YJIR H cpasli CllHHOBOHe3aBHCH- · 

MOl CH:MMeTpH30BaHHOI aJmJIHTY.lUi _!7T/V - pacceRHHJI. IlpH 3TOM 

HCUOJIL3Y6TCSI npHOJIKEeHHe rJiay6epa. 

~HeiC~Topse nepcneKTHBli npHMeHeHH~~pe,ltJiaraeKOI 
~-- npc;>eKTe _ 3KCnepHMeHTaJILHOI MeTO,IOUtH • 

- ·- . - - . -

211.. HccJie,D;oBaHHR no aJiexxpoMarHHTHO-R.D;epHol xewrHxe. 

K3:MepeHHe ynpyroro paceeaHHR II- H II+ - Ke30HOB Ha 

s,D;pe He4 B o6Jiacxu I-ro MlliHln4yMa t - saBmcoocxu d.o/dt 

,D;aeT HHTepeCHYD ;B03MO:EHOC T:D H3Yli~;HHS 3_!M>e!(TO~_, ___ g_~!Q!.Q.l!!!_eHHli~_ 

CM~~~~M S,D;epH0-3JieK~~OMarHHTH~M B3aHMO.D;eiCTBH&M. Peq:& H,D;eT 

06 '3KCnepHMeHTaJILHOM Onpe,D;eJieHHJ: BKJI~a ,D;HarpaNK CHJILHOro 

BSaHMOJtelctBHa -c BHyxfueaam.m H BHemRHJm <Poroaaw. 

Bonpoc 0 pOJIH TaKHX ,ltHarpaMM npe,D;CTaBJiaeT He TOJILKO "axa,D;eMH

qecKHI"HHTepec. Kax noKasaHo B pa,lte reopermqecxux pa6or, 
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. ;n.o:ee;zr.euuHx ;n.o qHcJieHHux oueHoK /2. e I, yqeT a!MJeKTo:e TaKHX 

;n.Harpru.w ~THtiecKH :eaxeu ;ZJ.JIH noHHMaHHH npo6Jieu cHJI:&Horo :eaa

IU.IO;ZJ.eioT:aHH. Peq:o H;ZJ.eT, HanpHMep, o nonpa:exax :e ycJio:eHe ytnt

TapuocTH ;ZJ.JI.R: aap.R:JKeHHiiX qacTHI(. Tax :e pa6oTe I 2 e I fiOK838HO ,, 

+ 
'qTO H86JID]!8JOiqyiOCH npH 3HeprH.R:X Cl1 30 l:a:e pa3HKUY :S fiOJIHllX rr-p 

ceqeHH.R:X M01KHO 06'.&.R:CHKT:& 3THMH nonpa:eKaMH. ,1!aJiee, 3TH pa;TlH8-

UKOHHHe nonp:aBKH H:BJIHIOTCH onpe;ZJ.E~JI.R:JOIJlHMH :S :eaqHcJieHH.R:X OTHOCH

TeJI:&HOro C;ZJ.:SHra rp83 8MfiJIKTy;ZJ. "qi[CTOro .R:;n,epHOro" H ttqHOTO KyJio

HO:BCKOro pacce.R:HHH (Tee • :S onpe](eJieHHH :eeJIHqHBJ:l a :B cpopuyJie : "· ~ 

EeTe-cM nia, a Ta.K)Ke ccHonRH I 2. i ) . ViHTepeouo, qTo 3TH aw

rpeKTH C:SJI3aHI:I C pa3HOOT:&IO ;ZJ.H\W>epeUUHaJI:&HHX ceqeHHH KorepeHTHO-

ro IT ± ot pacce.R:HHH. .t _ (fM) _ 1 ri, 6) 
il - rt t j'i ""elv \ -;r--:r. 'gi + ol 

IIpH :el&qeHHoM aJieKTpoMarHHTHOM 113aHuo;neiicT:eHH 3Ta paauocT:& 

CTporo paBH8 HyJIIO, eCJIH :SHllOJIHJIElTCH H30TOfiHqecKa.R: HH:eapHaHT

HOCT:& :S CHJI:&HOM :S38HMO;ZJ.eHCT:BHH. EcJI• BKJia;ZJ. ;ZJ.HarpaMM C :BHyTpeH

H~ H BBemH:tDlH tPoTOHaMH npeue6peDMO :UaJI, TO pa3HHU8 .Jfd H • .: 

.9Ttt ceqeHHH ynpyroro paoce.R:HHJI onpe;neJI.R:eTCH HHTe:p<pepeH!(Hei . 

KyJIOHO:BCKOH 1il :eemecTBeHHOH qaoTiJr .R:;ZJ.epHOH aMllJIHTy;n,H:a± ~flc/ie..fin 

3;n,ec:& BeJIHt{HH8 {/c CytqeCTBeHHI:IM Ct6pa30M 38BHCHT OT SJieKTpoMar

HHTHHX rpopu<PaKTopo:e ~ -qacTHUH u nHoHa, nocaoJI:&xy H:ueDTCH 

BBH;ZJ.y H3:UepeHH.R: B o6JiaCTH Iro HHTepcpepeHUHOHHOI'O UHHID.IfM8, T.e. 

npH 3H8'qHTeJI:&HblX nepe;n,aqax-t-v 0, ~~5 (ra:el C) 2 • 3JieKTpo:UarHHTHHi 

rpopM(paKTop cl -qacTHUil yxe · Hsuepea :e onuTax aa nytmax aJiexrrpa

uo:e, 8 H3MepeHH.R: 3 .M. tflopM{paKTOpa ITHOH8 ye H81{Q'.l'll ( HJIH ro

TOBJI'.l'CJI) BO MHOrHX Jia6opaTOpHJIX. (TaKHM o6p830M, :B UpHHUHne, 

HMeeTcH "6ea:uo;n,eJI:&Hblii'' cnoco 6 H~tMepeuHn: :eemecT:eeuuoi qacTH 

8MfiJIHTy;ZJ.ht KOrepeHTHOro pacce.R:HHH Ha JU.pe npH OTHOCHTeJI:&HO 

6oJI:&mHx nepe;n,aqax I t I. O;n.uaxc• roquo cT:& HsuepeuHi 
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/U, f/1'1 B 3TOM CllOC o()e 6y.n;eTOI!pe.n;eJISIT:bCR He TOJI:bKO B03MO)IC

HOCTJIMM 3KCnepH:MeHTa.JI:bHOrO oc>opy.n;o:saHHSI. 3.n;eCJl BaltHO, 'CITDOH 

BhtllOJIHJiJIOC:b YCJIOBHe fie l..-? /1111 , npH KOTOpOM y.n;o6HO IIa6JID

.n;aT:b HHTep¢epeHUHOHHht~ 3~eKT - T.e. HY)ICHO, qT06W HMeJiaC:b 

y.n;aqHO Bht6paHHaR 3HeprHR, npH KOTOpO~ 1-~ MHHHMYM OKa3ht

BaeTCJi ,D;OCTaTOqHO rJiy60KHM. H, KOHeqHo, BeC:bMa B8XHYID pOJI:b 

HrpaeT KOppeKTH~ yqeT pa.n;Ha~OHHblX IIOIIpaBOK. POJI:b 3THX . . 

nonpaBOK /2/ eme He oqeH:b BeJJHKa, IIO-BH,1J;HMOMy, TOJI:bKO B 

"KJiaCcHqecKO~"o6JiaCTH KYJIOHOBCKO~ HHTeptflepeHD;HH npH 

It IV? ro-3 (rs:s/c)~. 

~~~HaH60Jiee BBXHOe MeCTO B 3JieKTpOMarHHTHO-SI,1l;epHOH 

TeMaTHKe aaHHMaeT npoc>JieMa sxcnepHMeHTaJI:&Ho~ npo:sepxm rmno

reaH YHHBepCaJI:bHOCTH CHJI:b~l!_9_~3aH:UO,D;eHCTBHJ_I 

ITpHtieM, OKa3blBaeTCR I 11 r I~ tlT 0 JIYtUilHM CDOC060:M: npoBepKH 

3TO~ }'HIIOTe3ht ( "V.2JM'') JiBJISiercs l1CCJie,D;OBaHHe KOrepeHTHOrO 
< 

p0)IC,1l;eHHJi Ha sr.n;pe ijE4 ;0 - M330HOB ITHOHaMH H ITHOHOB tfJOTO-

HaMH. HCCJle,D;OBaHHe pea.K[(D KOr,3peHTHOrO pox.n;eHHJi _.P -
. Mes oao~He 4 

ITJiaHHpyexcsr nocJie t)ITht~OB no yppyrouy paccesrHHD 

Ha sr.n;pax. 3TO 06CTOSITeJI:bCTBO JiHJIReTCJi BaJICH:&IM MOMeHTOM npH 

Bbl60pe H paspa60TKe MeTO,D;HKH HC:CJie,D;OBaHMJi ynpyrHX peaKIUfH 

(CM. pas.n;eJIH Jill, ][6 ). B nocJie.n;HeM pas.n;eJie H3Jiaraercsr 

npe.n;JiaraeMas Ho:sas MeTO.n;MKa ECcJie.n;o:saHHR xorepeHTHl:lX peaxwdt. 

CyT:b 3TO~ MeTO,ltHKH 3aKJIIOqaeTCJi B ,D;OIIOJIHHTeJI:bHOI perHeTpaD;HH 
Er>2 ra-t. 

napauerpo:s sr.n;pa oT.n;aqH ). ITpH s:a:eprHsr~pyercs: H3MepeaHe 

.n;mqxpepeHn;Han::bHhiX ceqeaHH peaxn;iar ..!l!c:L-pd... B .n;HanaaoHe 

nepe.n;aq 0,02 ~ It I~ 0,04 H onpe.n;eJieHHe xoppeJISID;HOHH:&IX 

XapaKTepHCTHK npO,l(yKTOB pacna.n;a _f-$ 0$ • 
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. 
2.8. HccJie.v;oBaHHe B3aHMo.n;eP..cTBd necTa6HJI:oaax qacTHil 

Taxas 3KCnepmueHTaJI:oHas nporpaMMa MOJB:eT 6aT:o peau.soBana 

C OOMOin:OD TOI h annapaTypH, KCtTOpas npoeKTHpyeTCSI H paspa-

6aTHBaeTCSI ,D;JISI HCCJie,D;OBaHHSI KOI'epeHTHOrO B3aHMO,D;eiCTBHSI C 

H,D;prom npH :u:anax nepe.v;aq~x / t/ .• Cymaocr:o MeTo.v;a saxJIDtzaer

cs B TOM, 'ClTO .D;HqxpepeHrtHaJI:OHOe Ce'CleHHe .l. peaKmtH, B KOTOpOI 

pOX,D;aDTCSI HeCTa6HJIDHHe 'ClaCTH~, SaBHCHT OT Ce'CleHHSI HX B3aHMO

.n;eiCTBHSI C "nO,D;CTpyKTypol" 'ClaC~IHIUi DmeHHo 

~.~.i. Tax a6coJIDTHae saa'CleHHSI ,D;HqxpepeanmaJIDHHX ce'tleHHI 

peaKJ.lHH .Y'fj, _... ..P ~ H OOJIOJCeE:He DHHyYUa B i - SaBHCHMO-T 

CTH ce'CleHKs 3TOI peaxnmm onpe~ensmrcs uo.v;yJieM H ~asol aunu

TY.IUi paccesHHJI .P - uesoHa Ha HYKJIOHax s.v;pa reJIH.fl /J I . 
TaxHM o6pasoM, MOllteT 6b1T:O san.na.HHpoBaHo noJiy'CleHHe HH¢op:vanmm 

06 &mJIHTy,D;e fl j?N ~ .P_N HS 3KCnepHJ4!HTaJI:OHHX ,D;a.HHHX 0 

nponecce g{d.. -_pot.. • IlpH STOll HCOOJI:OSYIOTCSI rJiay6epOBCEHe 

pac'CleTa B .v;yxe pa6ora I ~ / 

2 g2.. IIpe.v;Jioxeaaas MeTO.D;HKa nosBcurser (npH .v;o6aBJieHHH 

nJietza, perHCTPHPYJDlltero Y - KBaHTM, OT !7f0
) npoBeCTH 

npSI.lHSHOHHI:le HCCJie,D;OBaHH.S peaKilHH THna !llP -+ffff0 P., ..1TP~{n!Jf)p 

B 06JiaCTH MaJIHX nepe,D;a'Cl HMnYJI:OCa H, qro OC06eHHO Ba%HO, B 

o6JiaCTH ca.wx MaJIHX nepe.v;aq / i: I~~ . Y.v;oB.neTBOpHTeJI:o-

noe paspemeHHe no i H no m:rrjT ).tOCTHraerc.s npH cawx 
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B~coxmx aHeprmax x) , d~aro~apa permc:rpanmm napaue:rpoB 

nporoHa o:r~atzm, oc:raHaBnHBaD~eroca B rase MHmeHm-~e:rex:ropa. 

(CM. pas~en 16 ). 3:ro tJdecn,~tzmBae:r npoBe~eHme npor~J.lM!i 

onpe~e.ne Hma cetze~ma IIII-B3aHMO~~elcTBHa. Petzz, m~eT o xopomo 

H3BeCTHOit nporpawe, KOTOpaa 6bt~a HHMD;MHpOBaHa H 060CHOBaHa 

pa60TaMH redensr, qy H JIOY H ~p. JlJISI OpTO~OKCMl>HOit peMHSanHH 

aTol nporpa.MMil perHc:rpan:HR od;rac:rm crumx MaJIHX nepe~atz 

lfl«fl j HMeeT npMHitlfiTHaJI.DHC•e 3HatreHlfeo 

B paMKaX MO~eJIH O~HOtzac~ro 06MeHa (c KOTOpOI CBSl3aHH 

npe~~oxeHHa Hy m Jioy ) pea.KnHSI IIp - IIIIp onpe~eJiae:rca odMeHoM 

II-MesouoM m W ( ~) - Mesoaa:um, a peaKnma .!7/ot.-.7757~ 

onpe~enae:rca TOJI:OKO UJ ('f) - oc5MeHoM. T.e., CJie,IJ;ya ,IJ;yxy 

npe~JIOll:eHHI qy H lloy, MOXHO no ~aHHllM BTOpOI peaED;HH, 

noxytzeHHaM npH ca&x MaJIHX nepe~atzax It I , noJiyqHT:o oneHXH 

cetzemrl peaxnH:a: TMna !7r Ct.J--~ • OtzeBH.ztHo, tzTo HeoCSxo

~mwe ~Jia a:roro ~aHHLie no peruc~HH ...0d ~.!?lot.. CSyJJJT uo~y

tza:r:oca nony:rHo B axcnepMMeH:re no Hccne~oBa.Hrm nponecca 

~ot_ ~ J'oG , 0 KOTOpOM rOBOpMJIOCl> B npe~~~IItHX fiYHKTaX. 

x) IIp:a: 6oJihmHx aHeprMsrx B IIp- Imp peaxl.UfsrX pox~eHMa IIII-cMc

:reu C 60nZ>mMMK 3HatzeHHHMH 3Ql}JeKTMBHHX Mace mf.sr - OHM 

MaJI:bHO B03MOZHhtit nepe~aHHbll lflMnYJI:bC MOJCeT 6HT:b ~OCTaTOtzHO 

MaJI. 
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E. R o6ocaoBaHHD_~e£6Xo&HMOCTE. B~o~~HH!_BEe~RO!SHHE!_ 
!_J:porl!a.mfL:--

I!O-BH~MOJly, 06nteH3BeC THa Q)yH~aMeHTS,.JI&Has: BaD OCT:& 

H3MepeHHI npH BHCOKBX 3HeprHS:X ~~peHUHaR:&HHX ceqeHBI 

Tip-pacces:HHs: B ~H~PaKUHOHHOM xoayce x) H onpe~exeHHH crpyx

ryps aMnnHTY~ ~AI - paccesHHs: Bnepe~. Peq:o B~eT o . . 
peaRH38UHH, a TOqHee rOBOps:, 0 ecTeCTB8HHOM pa3BHTHH nporpaM

Mhi HCCRe~OBaHHit, yxe ~aBHO nocraBXeHHOI H qaCTHtlHO BI:liTOHHeH

HOA npu :u:eH:omlfx aaeprus:x. Peanm3anus: raxol nporpaJLUH Heo6xo

.1tHMa KaK ~HH npOBepKH Ha.H6onee 06ntHX npHHUHfiOB TeOpHH /12+1~/, 
TaR H ~HH npoBepKH TeX HHH HHHX qaCTHHX ~H3HqeCKHX rBITOTe3, 

Ha 6a3e KO TOphiX ~eXaiOTCS: fiOIThlTlCH ITOCTpOeHHS: Y~OBJ!eTBOpHTeH:&HhlX 

:u:o~eJiel ~Haoqecxo:H reapm:H CHJI:&Horo B3aHMO,ll;elcTBHs: / 11 I. 
TiepBOCTeneHHaS: Ba'B.HOCT:& H3MepeHHI ynpyroro pacces:HHS: HJleHHO 

B IIp-cHCTeMe CBS:3aHa KaK C TeM:t tlTO ~JIH Hee Y~a.JIOC:& CTporo 

(JIWII:& Ha 6a3e OCHOBHSX npHHI(HflOB TeOpJf·H) BHBeCTH aHaJIH!IHtrec

KHe CBOICTBa aMllJIHTY~ H noxytrUT:& ~cnepCHOHHHe COOTHODieHHS:I 

(~.c.) C KOHetlHIDl q:KCJIO:M BLttlHTaHmt, TaK H ITOTOUj', tlTO 

CTpyKTypa IIp-rumXHTY~Lt CYJiteCTBE!HHO nponte qeu, HanpHMep, B 
. .. - __ _.__ 

x) Huea aro BBH~y, MLI xHmL xpa:rxo orueqae:v po:nrt:aTol nporpauMLI. 
HaH6ox:&mHH o6'.DeM axoro pa3~exa, nyHKTLI 62.-G'I , nocBaJJ~eHLI 
060CHOBaHHIO He06XO~MOCTH npOBe~eHHS: OITLITOB no xorepeHTHOMY 
B3aHMO~eiCTBHD ITHOHOB C S:~paMH. !eno B TOM, tlTO nepcneKTHB
HOCT:& aToro HanpaBneHHs: HatlaJia mmpoxo o6cy~aTLca xBm~ 
B nocxe~aee Bpeus:. 
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pp- pacceJIHHH. 

I. B nepBy:D ot.repe.D;:o peayJLDra:rbl npe~JiaraeMI:lX axcrrepH-
= 

MeHTOB He06XO,IU1'Mbi ~1IH npoBej>KZ IIpe~eJIOB IIpHMeHHMOCTH 

Q.9._HOBHhlX IIOCTyJiaTOB CO Bl)eMeHHOit '11!111 U 111ft JIOltaJlhHOti 

l'eOpHH IIOJIJI, Ta.KMK KaK MHKponpHqHHHOCT:D, YHHTapHOCT:D, 

JIOpeHD;-HHBapHRHTHOCT:D • Ralt ()biJIO IIOKa3aHO MHOrHWI :reopeTH

KaMl1 112.-11 / (EoroJII06oB ~r ero c o:rpy~HHKH, roJI:o~6eprep . . 

H 0Me, EJIOXHHD;eB H RoJiepoB, lloryHOB H Hryea BaH X&ey H ~p.), 
:r-

eCJIH CYuteCByeT lflYH~aMeHTaJI:Dt:aJI ~JIHHa, xapaKTepH3Yi>ntaJI 

IIpOCTpaHCTBeHHO-BpeMeHHhle MC:.CmTa6bl 06JiaCTH aKa3yaJI:DHOC~H, 

TO CBSi3a.HHLie C He~ aqxpeKTbl jBeJIHqHBa.DTCJI npH B03p:l.CTaHHH 

3HeprHH H MOryT npHBeCTH K HapymeHHIO 06blqHhJ:X ~HCIIepCHOHHUX 

COOTHOmeHHlf ~JISi IIp-pacceJIHHS:l BIIepe~ /12...;-.f/ /, ,IU1'CnepCHOHH 

HbiX npaBHJI cymt 11~ f H pa.na cooraomeHH~ :u:ex~ ,IU1'qxpepenHaJI:D

Hbu.m ceqeaH.a:MM If~ i. RaK BH~Ho Hs pMc. 1 npH aHeprHJIX 

"raBHoro" ~HanasoHa ce~qac HeT CKOJI:DKO-HM6y~ cep:oesaux 

YKa3aH~ Ha HapymeHHe ~:HcnepC:HOHHbiX COOTHOmeHHlf ,li;JIJI llp

pacceJIHHSl Bnepe.D;. 

Jla.Haue o & fl.wp (J. o) , Koropbte npe,D;noJiaraeTCJI no.n:yqHT:D 

rrpH caMbiX 6oJI:omHX aaeprHnx n:~OHHLIX nyqKoB ycKopH:reJin H~3, 

H ~aHHbte 0 riOJIHbiX ceqeHHHX, :lOJiyqeHHble KaK B TOM J:e HHTep

BaJie ceprryXOBCK:HX 3HeprH:M, TaK H B mHpOKO:U: HHTepBaJie 60JI:D

mHX 3HeprHif, KO TOpw.i CKOpO C ·raHeT ,li;OCTYIIHHM Ha yCKOpHTeJie 

HAJI (Ea:raBH.a:,ClllA) ri03BOJIST OGyll{eC TBHT:D HOB:Wf 3Tan B BeC:DMa 

Bali:HOit IIpOFpa.MMe IIpOBepKH ~H<!IIepCHOHHHX COOTHOmeHHif ,li;JISL 

~f - pacceJIHHSl Bnepe,ll;. Kru: CJie,I~;YeT HS OD;eHOK, C~eJiaHHhJ:X 

B paMKaX aKaY3aJI:DHhlX MO,ll;eJie~, BOSMOXHO, q:ro IIpH 60JI:DmHX 
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pp- pacceRHHH. 

I. B nepBym oqepe.n;:o pe~IYJIAfaThl npe;tnaraeMl:lX 3KcnepH-
= 

MeHTOB He06XO,IUiMhl ).l;JIR npOBepKH npe;teJIOB npHMeH:£1MOCTH 

TeOp:£1:£1 ITOJIR, TaKMK KaK Ml1KponpHll:HHHOCT:b, YHHTapHOCT:b, 

JIOpeHI:l;-HHBapHHHTHOCT:b • Ka.E (ibiJIO IT0Ka.3aHO MHOrlU.m: TeopeTH

KaMJII 112.-11 / (EoroJII06oB :v. ero c OTPYAHHKH, ron:o,n;c>eprep . . 

H 0Me, EJIOXHHUeB H RonepoB, lloryHOB 11 HryeH BaH X&ey H .n;p.), 

4-
eCJill cy~eCByeT ~YH;taMeHTaJI:DEaR ,II;JIHHa, xapaxTepH3YIO~aR 

npOCTpaHCTBeHHO-BpeMeHIW:e Ma.CmTa6bl QC)JiaCTH aKa3YaJI:DHOCTH, 

TO CBJ13aHHhle C He~ 3~eKTU yBeJIH'lJHBaDTCH npH B03paCTaHHH 

3HeprHH H MOryT npHBeCTH K HapyllieHHIO 06Ut.rHbiX ,ItHCrrepCHOHHbiX 

COOTHOmeHHH ,II;JIJI Ilp-pacceRHH.f.l Brrepe.n; /12_..;.-f/ /, ,ItHCrrepCHOHH 

mrx npaBHJI CYJAM ( 1~ I H p.a:.n;a coo:rHomemdt Mez.n;y ,IUiqxpepenHaJI:o

Hbl:wr ceqeHHRMH I fl i. Ra.K BH,II;HO H3 pHc. 1 npM sHeprHRX 

"rsBHoro" .ItHanasoHa ce:ttt.rac Her CKOJI:DKO-HH6Y.It:D cep:oesHux 

yxasaH~ Ha HapymeHHe ~HCnep~HOHHbiX COOTHOWeHHH ,II;JIJI llp

pacce.a:HHJI Brrepe.n; • 

.llaHHlle o & f!Yip (J, o) , xo·ropue npe.n;nonaraeTCR no.n:yqH:r:o 

npH caMUx c>on:omHX sHeprHax rr.~oHEGX nyqxoB ycxopHTeJIR M~a, 

H ,ItaHHlle 0 ITOJIH:blX cet.reHHRX, llOJiyt.reHHlle KaK B TOll Jte HHTep

BaJie cepnyXOBCKJ/IX 3HeprHit, Ta.K H B lliHpOKOM HHTepBane 60JI:b

lliHX 3HeprHH, KO TOp:blit CKOpO C ~~aHeT ,II;OCTYIIHHJl Ha YCICOpHTeJie 

HAJI (EaTaBH.a:,CiliA) D03BOJIHT OGy~eCTBHT:b HOB:d 3Tan B BeC:DMa 

BaJB:HOit IIpOFpaMMe npOBepKH ,II;HC:rrepCHOHmtX COOTHOmeHHit ,II;JIH ... : 

.:lip - pacce.a:HHR Bnepe,n;. Kru: cne,]tye:r H3 OI(enox, c,n;eJiaHHHX 

B paMKaX aKaY3aJI:DHHX MO,D;eJie:tt, B03MOXHO, 'CITO rrpH 60JI:blliHX 



- 15a-

5(-p .... !/1-·P 

2 3 '1 S 6 7 8 fO 2D JD i~O SO 70 iiJIJ 
· P (Ger/c) 

Pmc.1 3aBHCKMOCTb OTHOmeHHI 0< Be~eCTBeHHOI qaCTB K MHHKOI 
s~epuol J! 1 I awnnHty~w ynpyroro TI-p pacceaHHs Bnepe~ 
OT MMnYBbCa B na60paTOpHOI CHCTeKe KOOp~HBa! 
~ r.r.Bopo6:&eB H ~p. Matepmanu XY Me~yua~OJHOI KOH~e

peHUHH no ~H3HKe BUCOKHX 3HeprHI.KHeB (1970) 

(/) r .r·.Bopo6:oeB H ~p. npenp.OIDIH E1-4445 (1969) 

• 
f 

---
• • • • 

A.A.Howo~HBOB H ~p.npenp. OIHH E1-3267 

Timc:oua B 13Tt~,546,(1967) 
J<.J: Foetg et tJt. Phys, ~t.v. £ett. 19, 193 (1967) 

TeopeTHtleCKJie xpmBLie: 

K,J.foleye.tal, Phys.ktv.iett. 19,193 (1967) 

B.C.EapameEKOB H B.!.TtHeeB.npenp.OHHH 
P2-3850 

&.l-lohle'l... c. £b~e o.v,o/ J Gieseckt. 

189,430, 1964 



• 

3Hep rHSIX VI ro2
r3B 6YJI.YT. Ha6mo,!(eHhi aqxpeKT.hi HapymeHHa ,101cnep

CHOHH.b1X COOT.HOmeHHt!,. eCJIH CYI&f~CT.ByeT. <f>YH.D;a:MeHl'a.JI:&Haa ,1tJIKHa 

eo\..., !0-!6 f- 10-I? CM nopn,IUCa. p8.)I.Hyca CJia6biX B3aHMOJI.eiCTB:d. 

RaK yxe 'or.Meqa.JIOCL /111 e. . / JI.Jia o6ecnet:IeHHa Heo6XOJI.H:MOI 

ycr.oitq.HBOCT.H pesyJI:&T.a.l'OB JI.HCDOpCMOHHbiX pact:IeTOB 

DO OTHOllleHHD K npOHSB<dY B Bbi()Ope aCHMnTOTHKH DOJIHbiX 

Cet:IeHldl He06XOJI.H:MO H:MeT:& Jf.OCT8.T.OqHO illHpOKHA HHTepBaJI 

3HeprHl E ) E~ B KOTOpOM XOpomo H3BeCTHii DOJIH!ie CetJeHHJi 

rr±p - pacceaHHR. ITpHMeHSISI )I..c. c JI.OTIOJlHHTeJI:&HhiMH BJiqHTaHHSI

MH, HCTIOJI:b3YR npH 3TOM )I.OnOJIH.V.·TeJI:&HYJ> HH<f>op:Ma.UHIO 0 fle.fln{fJ, 

MOJICHO ).'(Jia E <.. E1 
cymecr.BeHHO :yMeH:omHT]) Heonpe).'(eJieHHOCT]) 

II . 

J!.HCflPfCHOHH!iX pacqeTOB, CBS~aBHYIO C HeHSBeCTHhiM DOBe).'(eHHe:M 

dt.ot npm E > E: )lpyroH B03MOJ:Hblit cnoco6 npoBepxm B 

ITt p - pacceaHHH 06Il{HX npHH~HnOB TeOpHH ).'(aeT orpaHH'tleHHe 

Ha I f+(E) /f-(£) / , noJlyt:IeHHOe D.C.BepHOBhiM /2.0 / 
).'(JISI KOHetlHOrO npOH3BOJI])HOrO HHTepBaJla aHepruH, -

Ez . 

II e /l:!fg)_ I d.£ n 'f-{EJ E 
E, 

z 7 l\JISI npOBepKH Jm60A :MO,IJ;eJIH HJlH KOHI~eniUIH CHJI:&HI:lX - ---
BSaH:MO).'(eiCTBKI nepBOCTeneHHO BclJ:HOe 3HatleHHe HMeeT CJie~D

Il{aa axcnepHMeHTaJI:&Haa HH<f>opMa~fa, noJlytJeHHe xor.opol npeJI.

ycuaTpHBaeTcSI npoeKTOM (n.no a•JI.), HJlH KOTOpaSI MOEeT 6biT]) 

ITOJiyqeHa C DOMOII{:&D MeTO)I.HKH, ~le).'(JIOJ:eHHOA B npoeKTe 

(n.n. e•s/) 
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a) Onpe.n;eneHHe ,1U!4lflepeHI(HaJI:&HLIX celleHHI B ,ucppaiCilHOH

HOK KOHyce ynpyroro paccea:HEH, BKJIDlla.fl 0611aCT:& KYJIOHOBCXOI 

HHTepwepeHnHK - onpe.n;eneHHe uaxnoHa .n;H<flpaxnHoHuoro xo~~a 

H q,a.sw ~ ( .J, o) illlpH 30 m 60 raB. 

6) Onpe.n;eneHHe .n;H~epeHUHaJI:&HLIX ceqeHHI peax~l 

KBa3H.n;BYXllaCTMllHOrO THna C BOS6y~eHHeM H306ap. 

B) Onpe.n;eneHHe BKna.n;a B ~H~peunMan:&uoe ceqeHHe 

ITp-pacce.a:HH.fl MO.ztY11H CfiMBCBOHeS~BKCHMO~ llaCTH ~lJV 
aMIIJIHTY.n;Lt• 

r) Onpe~e m HHe C fiHHOBOHUSaBHCHMOit llSC TH a.MIIJIHTY,JU.l 

ITp-pacce.a:HHa: npH t"' 0 B <flYH.F:nHH aHeprHH. 

~) OneHKH yrJIOBOI saBHCP.:JdOCTH cpasa criHHOBOHesaBHCH

Mol llaCTH almJlHTY.n;Lt .!JTI( - J;aCCeHHHSI. 

e) ITpoBepxa npe)tcxasaaHI " V .!lJM " - rmnoxess ,11;11a: 
peaKUHH ff~ ~ _.,P-f)l. 

. E) llpOBepKa H30TODElleCKOM HHBapHaHTHOCTH H OI(eHKa 

BKJia.ztOB CMemaHHOrO 311eKTpOMarHHTHO-H~epHOro B3aHMO.zteiCTBIUI 
Of+ 1 -P-D+oL, B peaxnmH J' eX. / 

s) Onpe,n;eJleHHe BSaHxo.n;eHI}TBHa: uecra6HJ1:&HLIX qacrxn. 

ITOllTH BCe :MO~eJIH TeopHH C:HJI:&HliX B3aHMO.zteiCTBd CB.fl3a.HH 

c qmcro .2tH$paxnnouuoH xapTHHo~: pacce~HHJI npH BHcoxxx 

aueprHsrx. B raxoH xapTHHe c pc,c T8ll aueprHH paccesmHe Bnepe)t 

onpe.n;ensrercsr 2m fin T. e. lle fiN (s) /.Jm fl~t~r.sJ_,.O 
11./Ju ..s~ao 

TeopHsr c noJII)ca.MH Pe~e, uanpHMep, )taeT onpe.n;eJieHme npe,;-

cxasauHsr 0 TOM, no Ka.KOMY 3KKOHY CSy.n;eT HClle3aT:& OTHOmeHHe 
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. Bt. B Co, 5 )- '(J)npm: BOspacTa.HHU 3HeprHHx) ,JtaDTca Ta.K:a:e 
:Jh? f:l (0 .s ) - ov ' , 
onpe,D;eJieHHHe npe,D;CKaSaHJUI 0 TOM, Ka.It 6y]I3T SaTyiaT:D CIIHHOBHe 

3qxpeKTll B !JTJ./ pacceaHHH (T .• e. KaK 6y,D;eT MeHST:DCS COOTHOmeHHE 

BKJia.D;OB I R 1£. u. I vt H, 12. B ,D;ltqxpepeHUHaJI:&Hoe ceqeame 

cnHH-$11MnoBol H cnHHOBOHesaBHClti:Mol qacTH a.MIIJIHTY.D; 9i?l 

pacceaHMa). RccJie,D;oBaHHe pacce.fitm.a: c Bos6y:m:.D;eHHe:M Hso6ap, 
~ 

KOTOpOe 6y,D;eT perHCTpHpOBaT:DC.f.I O,D;HOBpeMeHHO C ynpyrJill. pacces:-

HHeM II03BOJISeT npoBepHT:D npe,D;Cjta3aHHS! ,D;HifJpaKnHOHHHX MOJ(eJiel 

I 2·1 I (aanpoep, c IIOJII)CaJm :Pe;JQ~;e, HJIH xo.D;eJIH .D;B<Wa.EitBOH

Hol .D;HcconuanmH) .D;JIS aeynpyrmx nponeccoB npH CaMHX BHCOKHX 

3HeprHaX IIHOHOB, ,D;OCTYIIHHX C elt;zac Ha YCKOpKTeJie 1!§J3. 

Peqz, H,D;eT 0 ,D;8BHO IIOC TaBJieHHhiX npo6JieMaX, 6htBWHX HeH3KeHH.O 

B neHTpe BHHMaHHS! "poqecTepCKHX" KOH<flepeHnHI IIOCJie,D;Hero 

,D;eC.S:THJie THS!e 

fiHTepec K HCCJie,n;OBaHHD Ilp·-pacceaHH.a: Bllepe,D; H X BHTep .. 
·' cpepeanmBHIWM ms:u:epeHHSIM qass aMIIJIHTY.D;H pacceaHHa ell(e ~o11ee --- --

x) ECJIH yqecrz,, qro npH E ~ 2• 6 raB Bemecr&eaaaa qacrz, 
ali.IIJIHTY,D;bt IIp-pacceaHHa MO:atHT cymecrBeHHWl o6pa3o:u: onpe.Jte
JIST:&ca 06JiacT:DD p8SOHaHCOB B Ilp-cHCTeue, TO KaK :U:OXHO 
saueTHT:D us pHc. 1. , no HMenutHMCa .ItaH:tm:u: rpy .JtHO 
c.n;e11arz, KaKHe-JIH6o onpe,n;eJitmHHe s.a.KJII)qeama o6 acH:tmTOTH
Ke oraomeHH.a fle fl N /.Jm f/,v • Hanp:e:uep, noKa rpy.D;Ho 
HCKJIJ)qHTR0St:HomeHHS! fle fl /.:Jm fl C yBeJIHtleHKeM sHeprmH, 
KOTOpld CJie,n;yeT PI3 JIOKa.JI:DHOI TeOpHH, B c.nyqae 8CJIH HMeeT 
uecro uapymeaHe TeopeMH Houepaaqyaa. 
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JCHJIHJIC.a: nocJie ne.n;aBHHX usuepen:wi! IIp H Rp - nonnsx ceqenml 

na ycxopmTeJie MtB3. IIonyqeanse ~aaase CTaB.a:T no.n; coMHeHHe 

rrpe.n;cTaBJieHH.S: 0 qHC%0 )l;H¢paKnHOHHOM aCHMnTOTHKe KapTHHH 

pacce.a:am.a: H cJie.n;cTBH.a: (nanpHMep, reopeMa IIoMepaaqyxa, reopH.a: 

C ITOJIIOCa.MH Pe.n;xe), BHTeK8.KlntHe JB rHnoTe3, CB.S:3a.HHHX C Ta.KHM 

. rrpe,IJ;CTaBJieHHeM. IlpH aHaJIH3e B03JUUtl1IeM CHTya~.H c5y.n;yT HMeTI> 

BaJJtHoe saaqeaHe Ha,IJ;eJICHHe axcneplu.reHTaJJ:I>HHe ,IJ;aHHse o noBe.n;eHHH 

d srr ( o. s) = & fl ro. E 2 
· Jmfl(aEJ 

IIpm c5oJII>mHX aneprHSIX cepnyxoBcxoro ,n;uanasoHa, ,n;ocTaTOtlHO 

,n;aJieKO OTCTO.S:.HX OT SIBHO He aCHlffiTOTHqecKOI 06JiaCTH H3BeCTHHX 

c5apHOHHLIX pesonaacoB B IIp--cmcTE!Me, TaxHe ,n;aawe nosBoJI.a:T 

flOJiyqHTI> oneHKH JI,JISI l.lcDllTOTHtleC KHX 3HaqeHHI <fla3 a:MIIJIHTY,D; B 

~i - pacceHHHH. Tax B He.n;aBHel pa6ore B.EanyHH m D.c. 
BepHOBa /22 /Ha c5ase aHaJIHTHtlHOCTH, YHHTapHOCTH H xpocc

cmMMeTpHH noJiyqeHH COOTHOWeHHSI MeJIC,n;y aCHMnTOTHtleCKHMH 3Haqe

HH.S:MM ~3 ~Af - aMnJIHTY,D; H HHTerpaJiaMH B KOHeqHOM HHTepBaJie 

SHeprd OT JIOrapHcpMa MO,D;YJISI OTHOJieHHS: aMflJIHTY,D; (1I't pace emma). 

1\ COICaJieHHJO, Ha rrpHMepe pa3BHTMSI KOHD;errD;HH C ITOJIJOCB.MH 

Pe,n;xe MOICHO 3aMeTHTI>, KaK BMeCTe C B03pacTaHMeM Oc5~eMa HH~Op

MaD;HH (SKCnepHMeHTaJII>HHX ,IJ;aHHLIX) rrpOMCXO,D;HT H yBeJIHtleHHe 

tlHCJia rrapa.MeTpOB B MO)l;eJI.a:X Teopmn. ilOSTOMJ' npe,D;CTaBJIS:eTC.S: 
' 

Ba:IIHHM TO Oc5CTOSITeJII>CTBO, tlTO OTlCpbiBaDTCSI HOBble B03MO:ICH01HfH 

npoBepx:w xeopmm npm peaJimsanm:w npe,n;JioiCeHHOit H8lfl'I nporpaJOW 

HCCJie,IJ;OBaHHI ~acce.a:HHS: UKOHOB Ha HYKJIOHaX H 6eCCnHHOBHX 

a.D;pax. 

3.n;eci>, B qaCTHOCTH, HMeeTCSI BBHXY CpaBHeHHe C rrpe.n;c:a:aaa-
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HHHMH TeOpHH 3KCITepHMeHTaHLH~X ~aHH~X ITO 

MOCTH OTHOWeHHH fle fJ n - I ( f ) 
!Jm fJ n - CJ(J ... 

i 
x) 

• 

- 3aBHCH-

3TH ~aHBHe, 

KaK yEe OTMetiaHOCL BHme, ~ U[aHHpyeM ITORYtiHTL npH HCCR8lO

BaHHH o6nacTelt HHTepcpepeHUHOHH~X MHHHMYMOB Ha pa3HHX R)ij)aX• · 

Ba.JB:HOe 3HatteHHe HMeeT TO 06CTi)HTeRLCTBO, tiTO B npelJiaraeMOI 

nporpa:awe npe.zycMaTpHBaexca nonytteame MH(j)opMaUHH o6 a.JmJIHTY

~e pacceaHHH m ee cpase npH xrucmx ManHX nepe.n;aHHI:lX HMnyJILcax, 

npH KOTOpbiX 3qxpeKTll noiiDCOB :?e~e npeBa..nHpyeT Ha.D; nonpaB

KaMH-acpcpeKTaMH BeTBJieHHA / 2.3 -2S /. (ITocJie.n;aHe coo:rBe:r

CTBYDT nepepacceHHHJO Ha "c:rpylCType HYKJIOHa", T.e. 06KeHa.M 

HeCKOJILKHMH pe.D;EHOHaMH, H KaK B ~cppaKUHOHHOM npH6JIHX6HHH 

MO.D;eJIH rnay6epa - 06lltiHO YtiHTUBaJOTCH npH HCITOJIL30BaHlm 

KBa3HKAaCCHtiecxoro Mero.n;a ·- "<HITHtzecxoro" HJIH alxoaaJILaoro 

npm6JIHJB:eHHH / 25 /. ITpH yBenmtteHHH I i / sqxpeKTH 

B6TBJieHd, "nepepacceHHHlt" CTc.HOBHTCH rJiaBHhiMH H (Ka.K H 

nepepaCC6HHHH Ha HYKROHaX .fl.D;pe.) npHBOlHT K CTpyKType 

(.n;:mqpaKUHOHHOrO THna) B .n;Hcpcp6I6HUHaJILHOM CetzeHHH pacceRHHH 

x)TeopHH Pe~e ~e.n;cxas~BaeT ~OBOJILHO cna6yro i - 3aBH-

. CHMOCTL 3TOrO OTHOWeHHH. 

t 8Tj. (t) 
qyxa ol (t)-= c 9 oz 
pHs sxoro nonJ>ca, a t 

Tax B cJiytzae o.n;aoro nonDca IToMepaH

r.n;e j (i} VI f +().itt - Tp.aeKTO-

- ~mpa.JCeHo B rsB2/c2• HanpoTRB, 

ecnH He BHITOJIHaerca reopeMa IToMepaatzyxa H pe,ltlmCTHKa aeBep

aa, KapTHHa pacceaHHH OTJIHttaeT~H OT .D;H¢paKUHOHHOro; C poe-

TOM saeprHH BKna.n; ~ fl N B ynpyroe paccesmme Bnepe.n; 

CTaHOBHTCH rJiaBHHM, B 3TOM cnyqae o{, ( t) MOX6T 6HCTpO 

H3MeHHTLCH B {j)yHKUHH t , a mMpHHa ,D;HcppaKUHOHHOrO KOHyca il 

.D;OJIICHa y6HBaTL MaKCHMaJibHO ,D;OITJCTHWM B TeOpHH o6pa30M A= rtf 
• 
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!JT ( }(, ;t/} Ha HYKJIOHaX 

PI npH 6o1f.LmPix/ t / • BBPI~Y TOro, qro npH He60R:bDIHX 

aJliTJIMTy~a, CBSI3aHHaSJ C BS.KYYMHbiM ITOJIDCOM (llOMepaHqyKa) Iii 
B OCHOBHOM MHHMaSJ, OXH~aeTCSJ, qTQ C pOCTOM 3HeprPIPI 6y~eT 

:K£1HBrpp.O.TRee npOSIBJIS3T:bCSI "nepBblkt HHTepqepeHIUfOH-

Hblit MHHPIMYM" B ~Piqxf>epeHD;HaJI:bHOM ceqeHHH Ha HYKJIOHe (yMeH:DDiaeTCSJ 

BKJia,IJ; Bell{eCTBeHHol qaCTH OT HeBaKYYMHbiX ITOJIDCOB , sanOJIHO

~H~ MHHHMYM)o MOXHO 3aMeTHTh, qro B TaKOM ITOAXO,IJ;e 3~aqH 

a.HaJIHSa pesy Jih TaT OB H3MepeHHit ,!](# PI 9f - SI,II;pO ynpyrHX 

paccesrHHit o:s:asblaaercsr recHo casr3aHHbiMH x). 

~ BaJICHOCT:b BblfiOJIHeHHSI Hamel sr.n;epHOit nporpa.mm CBH38lla 

raxxe c reM, qro ~ro, no-BPI~HMOMy, nosB~HT roqnee BbiSJBHT:b 

BOSMOXHOCTH npHMeHeHHSJ peaxn;Hi Ha SI)J;paX ,II;JIH ITOJiyqeHHSI CBe,IJ;e

HHSI 0 Ta.KH:X: 3~~~~l_fti~~~~HX rrpon;ecca~, KaK p4N~p -1-N·--~~- ~_!_ 
N ~ f N_. N~ Jt.,_ N u. r. ~/23/(B pa6ore I 3 /-;opMa.HeKa m Tpe~m 

npe,D;naraerca, HanpHMep, mccJie,IJ;oaar:D peaxn;mD ffot--_,J:J oC. 

BKJIIOqasr o6nacr:D i: ~ 0,25 rsa2;c2 , r.1te :r:axxe npe.J(cxasbl

aaercsr cymeCTBOBaHHe BBTepqepeH~HOHHOrO MHHHyYMao MO~JI:b B 

cpaaa a.MITJIBTY.lthl peaKn;HH _91# /' N onpe,lteJI.fli)T nosHJUtl) 

.. . ... _, 

x)npe.n;craaJisrercsr cJie,ltYDmasr cxeMa "HYKJIOH-sr.D;epHoro" "6y:r:crpana'! 
# • 

Yqe:r: nepepaccesrHd B sitKOHaJI:DHOM npM6nmxeHo qx,..ro o6'bac-

Hsrer c:r:pyx:r:ypy ( d.d /cit · .D;Jia .9.TN - pacceSJBHSJo J{nsr npoaep-

KH rmnoTeSbl 0 3aiTOJIHeHHH MHHHJ\fYMa BKJiaJtOM ~ f/_w-,.y 

HYXHa RHtPOpMaD;PISJ 0 '&_ fi11N (i~). EenoJiyUU H3 3KCnepHMeH

TOB no KOrepeHTHOMY pacceaHHID Ha SJ,D;paX B 06JiaC!H 1-ro 

HHTeptiJepeHD;HOHHOrO J.mHHJ.4YMa• llpH 3TOM OITSIT:b :19 HCITOR:bSyeTCSI 

3lKOHaJI:bHOe , a TOliHee, rJiay6opOBCKOe npHCUlHX9HHe. 
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H r~y6HHY MHTep~epeHUHOHHOrO l~HHMy.Ma). 

4. 060CHOBHBaJI He06XO,ltHMC,CT:b MeTO).(mqeCKHX paspa60TOK, 
= 

cos.ztaHma annapaxypaoro KOMMeB.ca m npone).(eama sxcnepmMeHTOB 

no ynpyrOMY pacceaHIDO nMIOHOB Ea JI.ztpaX Mhi m4eeM BBH).(Y MI TaKOA 

MeTo).(mqecxHA acneKT: B mcc~e.ztcnaamax ynpyrmx nponeccon 6y.zteT 

oTpa6oTaHa aonaa TeXHmKa Bli)teJJ.eHHH ynpyrmx m aeynpyrmx ---
KorepeHTHJ:lX peaKUHI. MH Ha,Itee~t:ca, qTO TeM CaJ.WM 6y.zteT OTKpl:lTa 

B03MOJII:HOCT:b UOCTaHOBKMI pa.zta BS.Jli:HHX 3KCnepHMeHTOB /2.6,2'1/ 
no HeynpyrOMY, KorepeHTHOJzy pC:xt,IteHHIO Ha JI).(pe, H B nepByiO 

oqepe,It:D Ha JI).(pe lief' , HMeiCIJleM BaKyyMHHe KBaHTOBHe qHc~a 
H, KaK 3~6MeHTapHaJI qacTHUa, He HMeiOIJlaJI B CBJI3aHHOM COCTOJIHHH 

B036y:xt).(eHHHX ypOBHeA. 

ITpocxoA aaaAMs, yqHTHBaDW~H aaaqeama KBaHTOBI:lX qmce~ 

oL - qacTHUH H nHOHa, llOKa3HBaiOT, qTO npHB6).(6HHaJI BI:lme 

peaKUH.R: .ffo<.. -_;ot. onpe.n;e~aexc.a B pa:MKax MO.zte~H c nomcru.m 

Pe.n;xe, TOKbKO O).(HOI UU - TpaeKTOpHel H ll03TOMY ee HCcne-

).(OBaHHe npe).(CTaB~SieT TaKOI :xte HHTepec, KaK H peaKUHH THna 

nepesap.a.n;KH _gr):> ~ !l1°n • 
ITo TOit :lite npHqHHe BaKyyMHbiX KBaHTOBbiX qHc e~ o(, -

qacTHUH, p - Meaoa B peaxuHH !llot.~ ,Pol pox.n;aexca 

~oToaono.n;o6HHM, 6ea npo.zto~:oaol KOMnoHeHTH no~apmsanmm / tf / 
B cn.aam c 3THM A.M.:Sa~.n;mHHM H P.M.Pua.n;HHbiM 6I:l~a no.ztqepxayTa 

HCK~JOqHTe~:DHaSI Ba:lltHOCT:b COBMeCTHOrO HCC~e).(OBaHH.fi 3TOI peax

UHH H peaKUHH r d ~ .!JU. 3TO SIBHJIOC:b 6h1 ~YlliiiHM CUOC060M 

npon epKH , V.2J M" rHno Teall (Mo.n;e~H nexxopaol .ztOMHHaHTHOCTH) 

nOCKOJI:DKY B TaKOM CJiyqae HeT npo6JieM, CBH3aHHh1X C onpe.n;e~e

HHeM TpaHCBepca~:DHOI KOMnOHeHT~, a C~e).(OBaTeJI:DHO, OTCYTCTBY-
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IDT H3BeCTHhle Heonpe,D;eJieHHOCTH npHHUHUHaJI:DHOrO llJiaHa, CBS:3aH- . 

Hhle c Bhl6opoM cucreMH orcqera • 

B. MeTOAHqecxue BO~!£XHEC!! ~llOJIH!!!S: nporp~-

3KCnep!!!!!2B !_3T~ns peaJIH3gg!!_TI~KTa 

I. ITpo6JieMa H3Me~~~~~-~~epeHUHaJI:DHhiX ceqeHHI ynpyroro 

ITp-pacces:nm:s: npm: BhiCOKH_?C ~-H:~rHs:X _!.oqeH:o :ua.JIHX yrJiaX pac-

e es:HHH {J /'V a, 03 T 0, 06 C OOTBeTC TBYIDJJtHX 06JiaC TH KY110-
K r r~l> /c 1 

HOBCKOlt HHTepcpepeHI.'(HH, npe,D;CT.3.BJIS:eT HCKJIIDqHTeJI:DHO CJIOlltHyl> 

TeXHHqecKyiD H MeT O,D;HqeCKyiD 3a,n;aqy X) • ITOMHMO Tpy.D;HOCTd, 

CBH3aHHhiX C Bhi.D;eJieHHeM HY~HOU 06JiaCTH CaMHX MaJihiX yrJIOB 

pacceaHHa, Ha xoropyiD npHXO,D;HTca JIHm:o C/? I/25 Bcero 

ynpyroro ceqeHHS:, BaEHYD p01I:D HrpaiDT BOllpOChl KOppeKTHOrO 

ODpe.D;eJieHHS: 3~eKTHBHOGTH MHOr03JieMeHTHOrO ,D;eTeKTOpa, 

pa6otam~ero B uepacceaHHOM nyqxe, 3~KThl xpaTHoro xyJio

HoBcmoro paccesHHa; KOHeqHoro yrJioBoro u Hunyn:ocuoro pa3-

pemeHus, a Tax:a:e CBJ13a.HHhle C ::IHMH BOllpOChl Hea..ytHTHBHOCTH 

H3MepeHHI C nyCTOI H llOJIHOI MBm6HSMH H T.n. 

- -
X) 3TO 06CTOS:TSJI:DCTBO HeO,D;HOKpaTHO OTlLellaJIOC:&, HallpHMep, 

B ny6JIMKartHsX rpynJThl JIHH,D;eu6ayua. 
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(CM. / j I' I 2 8 / ) xx) ITos:roMy ec:rec:rBeaao, q:ro J4JUI HamHx 

H3MepeHldt Hj'ltHa annapa:rypa, 06JIEL,14a.DiqaSI BeC:&Ma BHCORHM yrJIOBHM 

H HMnyJI:&CHIDl paspemeaHeM (A f} V? 5.10-5 pa,14.,~ ~ 0,25")x~, 

J4~CTa:roqHo 6oJI:&mHM yrJIOBbiM SaXE.aTOM (A S2 l./? 20o_;v, steft.., ), 

HO H Bu:ec:re c :reu: o6Jia,14aro~qasr ~cc:ra:roqao aa~eEHol H oeepa:rHB

Hol CHCTeMOI ROHTpOJISI S~eKTHBBOCTH perHCTpa~HH H xapaK:repHCTHK 

paspemaro~qel cnococ>aoc:r:w. 

B aac:rosr~eu: npoeK:re ·aeoc>xo~Moe paspemeHHe oc>ecneqx-

. Bae:rcsr KaK xopommL npoc:rpaHCTBeHHHM paspemeaHeM ,14e:rex:ropoB 

(0.3-0,5 MM) C He60JI:bWHM KOJIHqeCTBOM Be~eCTBa Ha DfTH qac:rxn, 

TaK H )40C:ra:roqao 60JI:&mHMH H3MepKTeJI:&HHMH 6a3aMH H 60JI:&mol 

BeJIHqHHOI HH:rerpaJia s J../ (e) d, e B aHa.JIH3HJ>YIUJ{eM MarHHTe • 
......., __ 
XX) 3TH MOMeHTbt BepOSITHO 6biJIH n:pHqHHOH paCXOJI,IteHHS:I HHTepcpepeH

:UHOHHhlX J4aHHh1X 6pyxxeiBeHCKHX pe.c>o:r /I 6 /r964-I965r.r. H 

I967-I969r.r. no ITp- pacceS:J:HHro, a :raKxe J4aHHHX s:rHx pa6o:r no 

pp.-pacceS:J:H:rem c ~aHHHMH rpynnhl UEPHa. BosMo:m:ao, s:rHo xe MO

MeH:raMH onpe,14eJIS:J:e:rcS:J: YJU!BHTeJI:&He.a cm:rya:uHS:J: B pp-pacceJIHHH, 

B03HHKmaS:J: B C BH3H C pe3yJI:&TaTa:Ml1:, flOJiy'leHHbiMH He.ztaBHO C DOMO~:bl) 

HCKpOBbiX a.KYCTHqeCKHX KaMep Ha rtpOTOHHOM nyqxe I-2 rsB/C. 

,nonOJIHliiTeJI:&Hhle Tpy~HOCTH, C KOT(lplitMH CBJI3aHh1 HHTep{flepeHJlHOH

Hhle HSMepeHHa ITp-pacceS:J:HHSI (nHOE:HHe ny'lKH cpec:rBeHHO :x:y:a:e 

npOTOHHJ:lX, Me~aeT clX>H ~ - ]lacllaJtO·B, ) 06~SICHJIJ)T TO 06CTO-

SITeJI:&CTBO, q:ro HeCMOTpS:I Ha H3BeCTHYD BaXHOCT:b ITp-,14aHRhiX, 

TaKHe H3MepeHHSI np OB0,14HJIHC:b JIH1III: B .ztBYX rpynnax B BpyxxeHBeHe 

H B J{y6Heo 

- - -
. x)Ta.Kaa :roqaoc:r:o onpe~eJieHNIS:J: 6a.iiaHca saeprHH CHc~ew ,Jto H 

nocJie paccesrHHS:J: ayxaa ~JIS:J: BH.zteReHHSI s~KTa ynpyroro ITp-

pacceS:J:HHSI Hs ~oaa neynpyrHx peaxnul aa Bo.ztopo~e. 
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ITpe~.xaraerca npmMeHMT:& B cy~Hocrm TY xe Mero~xy 

( fYn.- e;,rve ) cneKTpOMeTpHpOBa.HHH KMH9MaTHll9CKHX napa

MeTpOB pacceaHHHX qacrmn, xoropaa ycnemHo mcno.x:&aoBa.xac:& B 

aua.xormt~Hsx axcnepm:u:eHrax Ha ~MHxpo~aorpoHe lYdHs. ITpm 

3TOM, ecTeCTBeHHO, 6y~eT HCllOJI:&30BaH HaKODJieHHLtit OllHT 

npoBe~eHHH :ua:u:epeHMit H o6pa6o~rxm ~aHHHX / 2 8 I. HcnoJIDao

Ba.HHe B HHTep!l>epeHUHOHH{:lX H3Mt~p.emrax Ha YCKOpHTeJie H~B3 

npHM9HHBmeHca B ,1Iy6He MeTO~KU C 6eCtpHJibMOB:&Ur.m HCKpOBIDm 

xa.uepaMH o6ecneqmBaer cymecTBHHHO Jiyqmme ycJIOBHa no yrJio

BOMY H HMnyJI:&CHOMY paapemeHHD, ll9M B aHaJIOrHllHHX H3MepeHH8X 

C llOMOJI(:&JO ro~OCKOllHlleCKOH CHC~~eMS H3 CUHHTHHJISIUHOHHHX ClleT

llHKOB - B BapHaHTe C HCKpOBHMP[ cneKTpOMeT pOM B · HeCKO.X:&KO 

pas MeH:&me BemecrBa, ucxaxanmero rpaexropmm aapaxeHHHX 

'CJaCTHU BC.Xe~CTBHH MOJI:&epOBCKO!'O pacceaHHH. KaK yze OTMe'CJa

JIOC:&, 3TO 06CTOHT9JibCTBO B 3H8llHTeJI:&HOfl CTeneHH CIIO C06CTByeT 

YMBH:&meHHJO cmcreMarmqecxmx norpemHocreH axcnepmueura, B 

KOTOpOM B 06JiaCTH ManHX nepe~aq, I lien ro-3 (raB2/c2 ) HMeeT 

:u:ecro Bec:&Ma 6acrpoe HsMeHeHme cet~eHHa dG/cit "" 1 It 2 

o6ycJioBJieHHOe aJieKTpoMarHHTHHMK a~KTaMH. KpoMe. roro 

sa:u:eTHM, q:ro HlleBmaaca B ~6Hea:cxmx onarax / 2 8 / BliiC oxa.a 

TOllHOCT:& Onp e~eJie HHH KOOp~MHaT:JI TOllKH B38.HMO~eHCTBHH ll03BO~ 

JIHJia CB9CTH K HeCKOJI:&KHM npoue::ITaJL qloH KorepeHTHOrO paccea

HHSI Ha a,lij)aX B03)0'Xa, OKpyl!Ca.Dil{HrO MHllleH:&, B TO Bpe:rm Mit 

B 6pyxxeHBeHCKHX axcnepm:MeHrax /1 b lc ro~ocxono:u: aror lfloH 

cocraBJia.x "" 50-IO<:>;g aqxpexTa •. H,!iaKoHen, B cnexrpo:u:erpe 

' 

C MCKpOBlii:Lm Ka.:Mepa.MH Cyli{eCTBeHHO KeH:&llle OT,ll;9JILHLIX 3JieMeHTOB, 

ll9M B CI(HHTHHJISinHOHHOM rO,ll;OCKOrre, CJie,D;OBaTe.X:&HO, MeH:&me 3a60T 
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C onepaTHBHW KOHTpOJieM 3qxfJeKTlrBHOCTH CMCTe:Mhl. 

BMeCTe C TeM, CI(MHTHJIJISUl;HOHH:Wi ro,n;OCKOn 06Jia,n;aeT 
.. 

ropa3,IJ;Of 6om,mm.t 6btCTpo,n;eitCTBHE~M, 'tleM MCKpOBLie KaMepLI, MepTBOe 

BpeMSI KOTOpbiX COCTaBJISieT HeCKCIJI:&KO MHJIJIMCeKyH,n;. O,n;HBKO B 

YCJIOBHSIX pa60TLI B npSIMOM nyqKe, KOr,n;a H3MepSIDTCSI MaJILte 

yrJILI pacceaHHa, He npeBLmia.D~Me BeJIH'tlHHY yrJioBoro pa36poca 

nytiKa, npHXO,IJ;MTCSI aHaHH3HpOBaT~ TpaeKTOpHD KaE,IJ;Oit nyqKOBOI 

tiaCTHI(hi. B TaKHX YCJIOBHSIX CKOpOCT:D Ha6opa CTaTHCTHKM 06HtiHO 

onpe,n;eJiaerca B03MoxuoeraMM 3BM. TaK B 6pyKxeABe~HX 3KCnep:w

Meu:rax. no IIp-pac c eaHHD sa O.n;HH HMnyJI:oc HsJiytieHMSI Ha ysK:rtJtt 

HHTepqepeHI(HOHHhii HHTepBaJI t npHXO,IJ;HJIOC:D JIKW:& OKOJIO 

O,n;HOrO C06LITHSI ynpyroro paCCeSIHHSI , ,IJ;JISI BLI60pKH KOTOporo 

Ha 3BM PnP-6 anaJIH3HpOBaJIOC:D HeCKOJI:DKO TbiCSI'tl ITHOHHBX TpaeK

TOpHit. B ,n;y6HeHCKHX HsuepeHHSIX ITp-pacceaHMSI y,n;aJioc:o o6oirH 

Cyll{eCTBeHHLie orpaHlfqeHHSI Ha CKO.POCT:& Ha6opa CTaTHCTHKH, 

o6yCJIOBJieHHHe MepTBHMH BpeMeHaM3 HCKpOBLIX KaMep H B03MOEHOC

TSIMH 3BM-E3CM-'M (HJIH E3CM-4). 3TO 6HJIO ,IJ;OCTHrHyTO 6Jiaro~pa 

npnteHeHHD 6uc:rporo :rp11rrepa I ::.~8 I. Ehlc:rpoe ,n;ereK:rEpOBa.HHe 

aKTOB pacceSIHHSI aa yrJILI, npeBHW<UOmHe HeCKOJI:DKO MMJIJIMpa,n;HaH, 

OCyll{eCTBJISIJIOC:D C ITOMOII{:DIO ra30BHX ,IJ;HqxpepeHI(HaJU,HLIX qepeBEQBC

KHX cqertiMKOB / 1e; 28 /. O,n;Haxo, npEMeHeHHe aHaJiorHtiHOI 

CHCTeMLI npH CaMLIX 60JI:DWHX 3HeprliaX flHOHOB Ha YCKOpHTeJie 

J.ftB3 fl0Tpe6oBaJIO 6b1 BeC:DMa Cyll(eGTBeHHOrO yJiytimeHHSI OITTHKH 

cqerqHKa M napa:uerpoB :uarHHTHoro KaHaJia. 

B ,n;anHOM npoexre npe,n;noJiaraerca npHMeHHT:o ,n;pyrYJ> 

TpMrrepHyD CHCTeM:y, OCHOBaHHYD E:a HCITOJU,30BaHHH npOBOJIOllHHX 

nponoprtHOHaJI:DHHX KOOp,IJ;HHaTHbiX ,IJ;E·TeKTOpOB M COOTBeTCTBYJ)ll{eit 
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JIOrHKH, Blij)a6aTLIBa.IOiqeti pemeHHe ·- "He 6I:lJIO (6btJIO) paCCeSIHHSI 

Ha yroJI 6oJIDmKR sa~aHHoro" - sa BpeMa, He npeBsmammee 

3.!0-'i cex. IIO:MHMO BeCDMa JIH6epaJIDHbtX rpe60BaHHH, KOTOplie 

npe~T»JIBJIJIIOTCSI K napaMeTpaM liYllKCL npH HC110JID30BaHHH TaKOit 

CHCTeMbt W H~eeMCSI liOJIYtUITD B ~~TOM CJiyqae 60Jiee BliCOKd 

K03qxpH~HeHT (K VJ 50) no~aBJieHHSI npSIMOrO nyqxa. (B Olii:lTaX 

C qepeHKOBCKHMM ClleTqHKaMH K03qqtM~HeHT no~aBJieHMJI COCTaBJISIJI 

K = IO+ 20). 

B TaKOM CJiyqae, OC06eHHO npH HaM60nDillHX 3HeprHaX nMOHHI:lX 

nyqKOB M~B3, CKOpOCTD HaK011JieHHJI C06btTflU MOEeT OK83aTDCSI He 

HHXe, qeu B onure c rrpHMeHeHHeM ro~ocxona. PasyMeerca MI:l He 

C06MpaeMCSI 3aHHMaTDCSI np~THBOliOCTaBJieHHeM JIYllmMX XapaxrepHC

THK CUEHTHJIJIJI~OHHOrO ro~OCK011a (BbtCOKaSI CKOpOCTD CtleTa) 

JIYlllllHM xapax:repHCTHKaM 6eC<PltJIDM0301!0 HCKpOBOro CBeKTpOMeTpa 

(Jiyqmag KOOp~HaTHaSI TOqHOCTD, H COOTBeTCTBeHHO, Jiyqmee 

HMnyJIDc!tre M yrJIOBOe paspemeHHe H T.n. fipeHMYIIteCTBa HX SIBJISII)TCSI 

~onoJIHHTeJIDHii:wt .lq)yr K ~pyry, ra1: qro pasyMHbtti no,n;xo~ saKJIIO

qaerca B .JlC1101ID30BaHHH 060HX TlWOB Ta.KHX pa60TaDUlHX ycTaHO

BOK B e~HOtl mHpOKOH nporpaMMe HCCJie,ItOBaHHti x), KaKOH npe~
CTaBJISieTCSI BaXHaSI nporpaMMa HCCJI€,ItOBaHHSI c:rpyKTypbt ~ 

B3aHMO~eHc TBHti. 

- ---· 
x)TipocreHmHM npHMepoM pa6o:ru B paMKax e.ztHHott nporpaMMu Mory:r 

6HTD ,Ity6JIHpy:romHe H3MepeHHSI C 110M0lltDI0 ~BYX He3aBHCHMI:lX ycra
HOBOK. MOltHO HaliOMHHTD He MaJIO r!pHMepOB 110Jie3HOCTH liOBTOp

HbtX H3MepeHHH, TeM 60Jiee, q:ro :peqD H~eT 0.~ Ta.KHX Bali:HHX 
H CJIOJfCHHX OllbtTaX KaK HHTepcpepeH:~HOHHHe H3MepeHHSI lip- paccea
HHSI. 
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B o6~e~HHI1 pecypcoB, orrura H ~OCTH~eHHA,mMeD~mxca B 

Hg?B3, OH.ffii H ,n;pyrHX MHCTHTyTaX CTpaH-ytJaCTHHU, 3aKJIDtzaeTCH 

OCHOBHO~ opraHH3aUHOHHOH MOMeH'L' HaC TOH~ero rrpe,n;Jio~eHHHo 

z, HccJie~OBaHHe KOrepeH~rHHX peaKUHA B1ICOK03HeprHtzHhiX 
~ . . . ..__--------·--._-~----~ .. 

ITHOHOB C H,D;pOM rrpe~CTaBJIReT HCJCJIDtJHTeJI:&HO CJIO~HYD MeTO,n;Hqec

KYIO 3a~aqy. B HaJIIeM rrpoeKTe, KaK H BO MHOrHX ,n;pyrHX rrpe,n;JIOJB:e

HHRX, BU,n;eJieHHOe (no cpa~HeHMIO c· onuTaMH Ha ,n;pyrHX ~pax) 

ITOJIO:ateHHe 3aHMMaeT 11CCJie,1l;OBaHHH :rtorepeHTHbiX peaKUH~ Ha 

~ - tJaCTHUaX. :00JibmHHCTBO rrpe,n;JIO~eHHil (CM.HaiTpHMep, ~~~ l(,Zt( 

CITHHOBhle 11 H30CIT11H0Bhle KOMIIOHeETbi B aMITJIHTy,n;e pacCeRHHR, B 

pe3yJI:&TaTe qero B HeR OCTaiOTCR JIHm:O rrpocTeilmHe (HarrpHMep, B 

aMrrJIMTy,n;e .!!lir ynpyroro paccesHHR TOJI:&Ko cKaJispHas 

¢YHKnms). K Touy :ate s,n;po He4 KaK qacxHna-MmmeH:o o6Jia,n;ae~ 
CJie,D;yiO~HMH Ba.JB:HbiMH KatJeCTBaMM: 3TO O,ll;HO 113 HaM60Jiee JierKHX, 

xopomo HsytJeHHHX s~ep, c Hai160JI&mett 3HeprHeR CBR3H (6es ypoB

HeR B036y~,n;eHHR B CBR3aHHOM COCrOHHHH) H He60JibmHM sapH,ll;OM. 

,I{o ITOCJie,D;Hero BpeMeHH :rtore:peHTHble peaKUHH BLIC OK03HeprHll

HbiX ITHOHOB C cl - tJaCTHnaMH H 60Jiee TRJB:eJibiMH H,D;paMH ITO 

HaCTOHll{eyY lPaKTHlleCICH He HCCJie,ll;O:)BaJIHCb BBH.n;y y:m:e YITOMHHYTbiX 

MeTO,n;HqecKHX Tpy,n;HOCTeti Bhi,ll;eJieHH:H KOrepeHTHhiX a.KTOB X) 

--------------------
x) IlOtJTH BO BCeX OITbiTaX CO Cpe,D;HHMM H TR~eJibllDI R,D;paMH OCHOBHhiM 

CITOC060M B~eJieHHH KOrepeHTHUX C06biTHA 6LIJia perHCTpaUHR 
peaKUHH ITpM MaJILIX /t/ • 3;~eC;b, KaK ITOKa3biBaeT 3KCnepHM8HT, 
BM.n; .n:ucW>epeHUHaJI:&Horo cetleHMsr tinl,tt V? e.LP R,2;,A /2 ·t 
Onpe,n;eJIHeTCR B OCHOBHOM pa,ll;HJ'COM s.n;pa Jt • O,n;HaKO pea:rc-
nHM C B036y~eHHeM ypOBHeA ¥~pa, ITO-BH,ll;HMOyY, TaK~e CBH3a
Hhl C R,l(epHDIM pa,n;Hyc OM B3aHlW,D;eACTBHR V7 R. ItA , KaK H KOre-

peHTHOe pacceRHHe (po:at,n;eHHe). [03TOMY B TaKHX pa60TaX HRHO He 
060CHOBaHO kiCITOJI:&30BaHHe CaMoro ITpkiBJieiCaTeJI:&HOrO MOM8HTa 
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,Iljrg Bbl,11;eJieHlUI no 6aJia.HCY SHeprMM TaKMX C0611TJ41 OT qloHOBHX, 

M)O'utHX C p8.3BaJIOM an;pa, He06XO)J;HMO, npH SHeprHa:X, npeBHDiaJ)JitlfX 

HeCKOJI:bKO raB, HMeT:b TOtiHOCT:b OilpH,n;eJieHMS MMITYJI:bCOB riepBHtiHHX. 

H BTOpMtiHHX tiaCTM!( He MeHee tieM HCL rropa:,n;OK Jiytmie )J;Q.CTHrHyTOI 

B COBpeMeHHHX TiiilOBHX SKCrrepiiMeHTt:LX no ynpyrOyY pp M IIp-paccea:

HHD. (B IlOCJie,n;HHX npHMeHHJJTCS MarHHTHiie " OJ?.,- &n.err CileKTpO

MeTpH )J;JIH )J;HCKpH:MMHaiJ,HH OT ~Ha pE!aK!(Hti C pox,n;eHHeM IlHOHOB. 

ECJIH npM SHeprHaX B HeCKOJI:b~O raB "~o60BOI ITYT:b" yJiytmieHHS 

TOtiHOCTH onpe,n;eJieHHSI 6aJiaHCa :SJ.;Iepl'MH MOlteT OKa3aT:bCS IlpHMeHH

WM ;IVISI BH)J;eJieHHSI KOrepeHTHOrO ScM)eKTa, TO C yBe~HtieHHeM 3HeprHH 

STOT ITYT:b npe,n;CTaBJISJeTCSI SIBHO He nepcrreKTHBHHM. 

JlMeCTe C TeM, Ha MelX)O'HapO)J;Hb[X KOH!I>epeH!(HSIX 1969 ro,n;a /2,tt/ 
H 1970 ro,n;a /29i/ ,n;y6HeHCKOI rpynnc~tt, yqaCTBYJJJ.ttel B ,D;aHHOM 

npoeKTe, 6HJIO BnepBHe npo,n;eJ.tOHCTpP.rpOBaHO (B 3KCnepHMeHTaX ITpH 

3.48 H 6.13 r3B/C) Ha,D;eJICHOe BH)J;eJI€·HHe KorepeHTHHX C06HTHI Ha 

SI,D;pe He
4 • 0HO ITOJiytieHO B TOM CJiyqa.e, KOr,D;a perHCTpHpOBaJIMC:b 

napaMeTpH ( Pci • fJrL J .~cTMUN o:~·.n;aqM x). 3.n;ee» npOHBHJIMC» 

npeHMYII{eCTBa raSOHaOOJIHeHHOit MHIUeHM - TpeKOBO:OO ,n;eTeKTOpa 

qacTH!( OT)J;atiH. rasoBaa: ~pe,n;a o6ecnetiHBaeT ,li;OCTaTOtiHYD ,li;JIMHY 

npo6era )J;JIH CMJI:bHOMOHH3MpyD~X qa~TM!( OT,n;aqM, MMeDJ.ttHX HMnyJI:b

CH, XapaKTepHHe )J;JIH paCCeSIHMSI B ,D;.ilqJpaK!(iiOHHOM KOHyce. 

J1:3MepeHMe JIHIU:b ,D;BYX KMHeMaTHtieCKH X: napa.MeTpOB OT,D;atiM yr Jia 

Gut. H MMITYJI»ca Pot. (no npo6er:v B rase) nosBoJia:ex, xax 

3TO y:a:e OTMetiaJIOC:b, Bli,D;eJIMT:b Hy:a:H.YIO peaKUHD, npMI:IeM yCJIOBHSI 

---------------------------
X)HeKOTOpbiX KorepeHTHHX peaK!(Hit - HCnOJI:b30BaHHSI npaBMJI OT60pa 

no COHHY lii qeTHOCTH. 

~- &a --- =- w-• 

x) Ha pMc. 2. npmBe.n;eHo pacnpe.n;eJieHue, xapaxrepmsyi)D(ee 

BH.IteJieHMe ynpyroro .!!/Tci ~ .11 oL - pacceaHua:. 
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H3MepeHHI npm E ~ I raB noqrm ae 3aBHCHT o-f naqan»nol 

aHeprHH I :fa c. /. (HanoMHHM, qro npm sa,Ita.HHo:u: H:MIIYJI»ce 

naqaJI:onolt nyqKoBo~ qacrm:u;u, snaqenms HMrlyJI.oca m yr11.a (P-', B~) 

qacTHUbi OTAaqm onpe~eJIHDT c y~oBJieTBOpHTeJI.DHOI 

TOqHOCT:bD BaxHe~mHe xapaKTepHCTHKH npo:u;ecca it H ~ 3~. 
II c yqeroM npmBe~eHHHX 3Aec:o coodpaxeHHI m m:u:em~eroca 

OnBTa, B ~aHHOM npoeKTe npeAJ10ZeHa 31IeKTpOHHaH MeTO~Ka 

HCCJie~OBaHHH KOrepeHTHbiX.peaKD;EI~ KOTOpaa npeACT&BJiseTCH 

HaH60Jiee nepcneKTHBHOI. HapaAy C H3MepeHHeM xapaKTepHCTHR 

peJISTHBHCTKHX npo,n;yKTOB peaKD;HE ~JIH 3TOrO HCfiOJI.D3yt)TCR HCKpO• 

BHe xa:u:epu " ~ ~ " cnexrpo:u:erpa) npe~naraercs onpe~e~ 
JieHHe KHHeMaTHqeCKHX napa:MeTpOB qaCTHD;bi OTAaqm. 

B HB3 OKHR yxe mueercs onfe~enennaa :u:ero~mqecxas 6a3a 

H 3~eJ1 padOTbi B 3TOM HanpaBJieEHH. 0CBOeHa M8TO~Ka pa60TH 

C HCKpOBHMH KaMepaMH (TaK yxe ~nOMHHaJIOC:b 0 cepHH 3KCnepHMeK

TOB / 2B I, npoBeAeHHHX aBropa.:t.m npoexra). MsroroBJiena m 

npoxo~HT ~a..n:.onelmme cr~~ut :u:erc~mqecxoit paspa6orxm xx~o-. 

reJIHeBaH MKmeH:D - CD;HHTHJ1JIHD;HOEHHit AeTeKTOp 3Heprd qaCTHU 

or,n;aqH. McnoJI:osoBaHHe aroti MHme·HH - ~erexropa npe~noJiaraer:.

cs B nepBHX "un,-~ " axcne·pH:MeHTax no ynpyroMY 

!liot, ~ 5!ot, paccesrHHD. OcBoeEa m paspa6aTHBaercs rexuoa 

npOBOJIOqHHX hponOpUHOHaJI.DHHX Ka:u:ep H HOHH3a:u;HOHHHX H3KepeHHI 

nOJIHOrO 3aps,lt8. B TpeKOBOI XOJIOHKe. Ha OCHOBe HCDOJIJI30Ba.HBR 

3TOI T8XHBRH H TeXHHKH H3MepemiH Bpe:u:eH ~pelqa 3JieRTpOHHOI 

KOJIOHKH, OCTaBJIHeMOI CHJI.DHOH0Hlf3Hpyr>mel qacTH:u;el OT~aqH 

B rasoBol cpe~e :ammeHH-.D:e~eKTopa, npoeKTOM npe.D;ycuarpHBaercsr 
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pa3pa60TKa np116opa ,D;JISI l1CCJI9,D;OBaHMS! KOrepeHTHlitX SI,ItepHHX 

peaKUMH x). Peti:D, B cym;Hocxm, m;~eT o 6eccJll1JI:DMOBOKlleTO,Jte 

H3MepeHPISI Rapa.MeTpOB TpaeKTOpMH tiClCTH OT,IJ;atiHo Is: H&,D;881lCJI, 

tiTO y,n;aCTCS:I H3MepS:IT:D He TOJI:DKO :3HeprHIO OCTaHaBJIHBaJ>.eles 

CHJI:DHOHOHPI3MpyD~eA tiaCTHUR, HO J~ onpe,n;eJISIT:D PISlleHeHHe 3KeprRH 

B)J;OJI]) TpaeKTOpHHo Ha,n;o ,IJ;Y:MaT:D, qTO B TaKOM CJiytiae BH~OpKa~BB 
a 

6y,n;eT .D;OCTaTOtiHO ,IJ;JISI TOro, tiT06:t C XOpOmHM nepejilnpe,It8JI8HB8Jl 

BR,lt9JIHT:D npH BbiCOKOM ypOB_He Heito~epeHTHOrO tjlOHa ,n;axe BeC:&Ma 

pe,n;KHe xorepeHTHbie co6uTmSI npm caMbiX BbiCOKHX aueprmsx .-em-. 

lltMXCSI nyqKOBo Ilpe,n;ycMaTpMBaeTCSI HCOOJI:b30BaHHe peryJIBpye&X 

HH3KHX TeMIIepaTyp ra30BOti cpe,D;bl :MIDIIeHH-,lteTeKTOpa ,ltJISI Odecne.;.. 

tieHHSI OOTKMaJI:bHOrO COOTHOmeHHS:I CKOpOCTH reHepaUHH fiOJie3RHX 

C06HTHH (B rase) H <i>OHa ( B CTeHKax), a TaKlt9 ,ll;JISI peryJIBpOBKH 

,n;HanasoHa BeJIHtiHHbi npo6eroB (B rase) ox,n;atiH MJIH npo,n;yKTOB 

HX pacntenneHHSI. 

KaK yxe OTMeqaJIOC:D, B nepByiO Otiepe,n;:D npe,JtyCMaTpHBa8TCSI 

pa6oxa c HanoJIHeHMeM He4 (He3 ) B KatieCTBe pa6otiero rasa-

Ilp11 pa6oTe C JierKHMH SI,ltprov:H HSOTOfiOB reJIHS! HJIH BO,D;OpO,n;a 

(npe,n;nonaraexca Hccne,n;oBaHHe xa.paKTepHcT:vtK npH6opa d H2 H ~ _____ , _______________________ _ 

X)ITOMHMO HCflOJib30BaHHSI TaKoro )teTeKTOpa B CcpOp:MYJIHPOBaHHOI 

HaMH nporpaMMe, paspa6aTb1Bae~: 3JI9KTpOHHul M8TO,Jt perHCTpaUHH 

napaMeTpOB SI,ltepHRX npO,IJ;YKTOB pElaKUHH MOJIC9T 6HT:b npoeHeB H · · 

B pSI,n;e ,n;pyrHX 3KCnepMMeHTOB. 
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HaOORHeHHeM) B KaqecTBe KpHTepza none3HOCTH C06HTHS K03eT1 

uanpmMep, ClfHTar:oca noaBneume sana3.IU>IBaDJ.qHX (BcJie~eTJJie 

Apel~ 3ReKTpOHOB) CHrHaROB, COOTB8TCTByDJ.qHX reHep~BB B 

rase AeTeKTOpa OAHOrO H TOR:&KO O~Horo TpeKa OCTaHaBJBBaD.eles 

tlaCTHULI (yAeJI:&Haa HOHH3aUHa KOTOpOit Ha nopa.n;KH 60JI:&me, qell 

OT IIYtlKOBOit qaCTHULI). 

TipH HCCJieAOBaHHH peaKUHI Ha AOBOJI:&HO TSXeRHX a.n;paX 

(npH sanoJIHeHHH AeTeKrop·a 6Jiaropo.n;HbiMM rasrum Ne ~fi~~Ye. M ) 
· p2 t o. ot ..:.o Ob-

KmHeTHt~ecKaa saeprHa W = 2.f'l : · 2.1'1 v, · 2 .'so .f./) o, 1-:--~s tJAJ 
SAPa HHqTQXHa MaJia (H,KOHeqao, HeB03MO~HO Ha6nDAaT:& npo6er 

' 

TaKoro a.n;pa, npm napaMexpax raaoBol cpeALt, 6JIH3KHX K uopuax:o-

HLIM). B TaKOM CJiyqae KHHeMaTHt19CKHe napaMeTpht C06HTHH onpe

AeJIJIDTCS no peJIJITHBHCTCI~HM IIpO,n;yKTaM peaKnHH, a HHfPOp~HSI, 

OOJiyqaeMa C AeTeKTOpa qaCTHULI OTAatlH HCOOJI:&3yeTCH AJIR ~CKpH

MHHaUHH ~OHa, COOTBeTCTBynJ.qero pacmenJieHHD SApa Ha JierKHe 

~parMeHTbi ( P. cL~ T. fie 
4 

•.• ), KOTopue permcTpHPYJ>Tcs 

B rasoBOM AeTeKTOpe. 

5-B6 



-33-

HCCJIEJtOB.AHHE YIIPYroro 11 p - PACC:rulHHH I 

PACC EHHHH C BO 3DYX)1EHIEM H 30BAP IIPI 

HESOJibiiiHX ITEPE,UAti.AX S.Io-4<-t < 0,6 (raB/c)2 

npH so raB/c • 60 raB/c. 
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ITpe~naraeYHI· axcnepmueHT npe~nonaraerca npoBeCTH sa 

nyqite, HMeJ>ll(eMca Ha CepnyxoBcxoM ycxopHTene. MarHHTRKI lt8li&JI 

npHBe~eH Ha pmc.j[-J~1Jr.B Hacro~ee BpeMSI paspemesme no RMHJ~

cy B xaHaJie cocraBJiaer 0,3~ [ 30 J , o~axo, ero, no-BB»JKOJQ', 

y~acrca ~osecrm ~o (0,15-0,20)%, xoropaa B ~aHHou sscnepRKeHre 

6onee xenareJI:&Ha. Oc>ocHoBaHHe rpt~Ciose.Intl, npe.zt'.D.a:Bnaewx It 

annaparype ~1u1 .zta.HHoro sitcnepmueHra uowo 6y~er HaiTH B npHJio

xeHHH Ji I -1.. • 
3KcnepHMeHTaJI:&HaSi YCTaHOBKa COCTOHT H3 HeCEOJI:&KHX Y3JIOB: 

I) H2 wmeH:c; 

2) cnexrpouerp, cocroall(HI ms mcxposax xauep, pac>oram•mx 

B JIHHHH C 3B:M; 

3) rpurrepa, ·sxJIDqaDll(ero B ce6a oc>aqHae c~HHTHJJIS:~BOHH&e 

cqerqmxm, qepeHKOBCKHI cqerqmx, a raxxe nponop~OHaJI:&HHe xaxeps 

m Ciscrpoe Jioruqecxoe ycrpolcrBo, aHanmsmpymll(ee HH~opuan»m 

srmx xauep. 

ITpe~JiaraeTCSi HCDOJI:&SOBaT:& CJierKa MO.ztepHH3HpOBaHHyD 

HueDlltYI>Ca MHmeH:&. ITo~ uo~epHHsa~Hel no.ztpasyuesaerca Y.ztJIHHeHHe 

BaEYYJlHHX pyxaBOB lmllleHH. 

!C!pOBHe !!!e_EH 

Ilpe,»;JiaraeTCS: MCDOB:&30BaT:& HClCpOBHe XaMepH, paspaCiOTa.HHHe 

B JlB3 OH.ffii. Ilpe)t'.DSIBJISieWe X HHM Tj)eCioBaHHSi CJie~YJ)utHee 

I) MHoroTpexosocT:& - 5-6 mcxp; 

2) BpeMS: naMSITH -2~ 
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3) TOtmOCT:& H31lepeHHS! ROOp)tHHaT - 0,3 lDl; 

4) MepTBOe Bpeu - 2 • 3fn4..U. 

5) a~xt~BHOCT:& x pa6oqel mcxpe - 93~; 

6) pa3u:epu Ka.Mep: 

ID\I-mt4 •. 250X250 ml 
MK5-RHIO-· 420x600~ 
~I-HKI6-.750XI500~ 

Tpmrrep BHpa6aTHBaeT HMDJBLC 3anycxa ~Jia HCKpOBHX RSMep. 
"' Cxe:ua. 3anycm xaxoBa: (S1 S.:z S3 +-c~ ~"Stt -.SJ"') + JIOrHqecxul 

CHrHaJI C nponopnHOHMLHHX Rallep ; 

CqexqHXH S1 S2 8.3cquranr fiOTOR nepBHqHHX qaCTHil H CTp06HpYJ)T 

BCe OCTaJILHHe Y3JIH TpHrrepa. Pa31lep IIJiaCTHKOB B 3THX cqerquxax 

40X40X5UM3• B cqerqHRaX HCIIOJIL3~TCS! CTaH~apTHHe KOXYXH H 

YKHOZHTeJIH. qepeHROBCKHH cqerqHK CJIYXHT ~JIS! BH~eJieHHS! qaCTHil 
. . 

o~oro copra, B HameM cJiyqae rr-ue3oHoB. B xaqecrBe raxoro 

cqerqHXa npe~oxaraercSI mcnoJI:&3BBaTL HMem~Hica. Cqerqmx S 4 

CTOHT nocne aHaJIH3HpyD~ero uarHHTa H cnyXHT ~Jia no~aBJieHHa 

3anycxos ox HeynpyrHX nponeccos, a xaxxe nponeccoB c paccea

HHeM Ha CJIHmKOM dOJILmHe yrJIH. 

Pa3Mepu cqexqHxa S 4 750xi~>OOM~. Cqerqmx S .f¥1 cnyux 

,D;Jia 3anpera 3anycxa, ecJIH B ropuqnaa qacrHna - JVI Ke3oH. 

B ~:aqeerBe ra.x~ro cqe'rquxa npe~rwnaraercsr HcnoJI:&3oBaTL HKei)

DtHica B HaCTORDtee BpeKSI Ha ,la.HHOl{ nyqxe. 

CqerqHKH s~- $6$+ HCIIOJIL3YJ)TCS! ~.lra KOHTpOJIS! 3a aqxpeKTHBHOCTLD 

ycTaHOBXH. 



IIponopn;toHaJI:oHHe xaMepLI H c~Hcrpoe JIOrH'leCKOe yc:rpoHc:rBo 

CJIYEaT ~H npe~BapHTeJI:OHOrO aHa~H3a yrJia pacceSHHSI IT-Me30Ha 

B H2 - MHmeHH H ~R BNpa6o:rxH sunycxaD~ero HMnyJI:oca, ecJIH 

3HaqeHHe yrJia pacCeHHHSI HaXO~HTCS: B HHTepecyDll{elt HaC 06JiaCTH. 

YcnoBHH BHpa6oTKH sanyoKaDll{ero HMDyn:oca cne~Dmme: 

I ) {),.x:. .L {) 

2)/Bzx-S,.x/~c /JJ/1.1.. /82'1 ... e,!II~C~u /B2x-Bt.x.l'"/()2t-Oti!~ c ~ 
Tpe6oBaaua, npe~~aBJIReMYe K nponopnHoHan:OHHM xaMepau, 

l'aKOBH: 

I) :roqaoc:r:o Ka.Mep - 0,5 14M ~~ns xauep IIKI-IIK6; 

I w ~JIJI KaMep IIK7 -IIK8; 

2) pasuepht xauep - IOOxi001o.f ~a Ka.Mep IIKI-IIK6 x); 

3) a~eKTHBHOCT:O - 98~ 

x)Hcnon:oayeMaa nJIOll{~]) KaMep IIEI-IIK6 6y~eT COCTaBJISIT:O soxso~ 

xx)EcJIH a~eKTHBHOCT:o rrponopnmoHa~:oHLIX Kauep oKa~erca Bume 

9~, TO YCJIOBHe "aanycK, eCJIH e ~ €)~" MODO 6y~eT 
saueHHT]) YCJIOBHe:M "aanpe:r sanycKa, eCJIH 8< entin.t ". 
B 3TOM CJIYqae fiJIOI!la~h Ka.Mep Illi7-TIK8 MOZHO C OKpaTHT:O ,ltO 

. paaMep OB IOOxi 00~. 
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3 B I - -
B RatJeCTBe 3.BM npe~nonaraetCH HCfiORL30BaTD B3JM-3M B 

"()1V- eirv~ n peDxe • .MamHHa ,ItORlma HMeTL AUIIY H MarumT o

lfx>H Cl{C • " ~- eii'Ve " nporpa.wm 6y~eT C03,ItaHa Ha OCHOBe 

cyll(eCTBYI>Htel nporp8l04Ii (KPAH) rpynnol JIBTA. l{JIH "0/f-~ " 
o6pa60TRH npe~onaraercs mcnoJILSOBaT» BSCI-6 H Cl{C. 

B CXeuax, BHpa6af~BaD~X MOHHTOpHHl H TpHrrepBHI CHrHaJI 

npe,ItnOJiaraeTCS HCfiOJIL30BaTL CTaa,ItapTHHe 6JIORH 3JieRTpOHHKH -

ms~eJIHs U3M ~m. 
06Jl(ee zconmt~ec:rBo cxeM I20 mxyx. Kpolle xoro, ueo6XOJtB:Ma 

CTOIRa "UB~OnetJaT»", CTOHRa "BMDIHS" H 6JIOR ynpa»JieHHs, o6ec

netJHBai>~H CHHxpOHHSanHI> pa60TH 3JieRTpOHHRH C YCKOpHTeJieM. 

J{J!JI IIDJIJ'IeRHII tO'IROC rll ,I!J!II A at ( o{, : J~~4 
nopQxa 0,02 ueo6xo~HMH~2s:: t~acoB Ha ycxopHrene 

H Ha 3.BM: B " o·n,- ei,f'U?, " peDME!'(n.o ft,.a..kziifo.-&). 
' 

IIpe~oJiaraexcs npoBec:rH axc:no3Hltml> npu JtBYX aueprHsx. 

)lns ax oro no rpe6yerc~ trac oB ua ycxopHtene H9B3. Ha HM8.JtltY 

annapaxypw nJe;niOJiaraexcs sa:rpa3'HTh 300 qacoB ua cuaxpoqaso

:rpoue OM.fM H JOO t~acoB ua ycxopu.::rene Hts3 •. Hxoro, oCSB(ee 

Bpeus ua ycxopuxeJie H~B3 - SOO ~acoB H ua ycxopurene OHHH -

300 tracoB. 

~TpaTH_H~-~!{-

I) IOOO qacoB Ha EXM-4 1IB3 H BXM-31 

2) 400 qacoB Ha B~M-6 H C,ijJ. 
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IIPHJIOJK:mHE N I -1 - - .. --
Heo6XOAHMHMH YCKOBHBMH ~KR ycnemHoro npoBe~eHHR 

3KCnepHMeHTa 00 IT-p - pacceSHHD RBKRDTCS BWCOKHe yrKOBOe H 

HMOYKhCHOe paspemeHHe ascnepHMeHTaKhHOI YCTaHOBKH. 0HO ~OKXHO 

6HTh rex Bsme, t~eM BHme aaeprma nepBHt~Horo nyqxa. iMHYKhCBDe 

paspemeHHe ~OnllHO 6HT:& TaKOBf, q~r06H MOJltHO 6LIKO OT~eKHT:& 

ynpyrym peaxnum Sip __., .Jlif::> ox Heynpyrux, :ws xoropsx cne,u;yex 

paCCllOTpeTh TOK:&KO peaKUHD g{/p -~!Jl:5'i"'p , ,D;KS KOTOpOI noTeps 

HMIIYKhCa nepBHtiHOI tlaCTHIUi :U:Oll:e~~ 6LIT:& HaHKeHhmel H3 BCeX 

B03:MOJIHliX .n;pyrHX HeynpyrHX peaKI(HI. Hepes OHaHCHOe pOlC.B;eHHe 

IT-Me30Ha KOZeT ~T:& noTepD HMnyJffiCa nepBHtiHOI tlaCTHUH ~-

> 140 MaB/c. O.n;Haxo 4630BHI o6~eM aroro npouecca B o6nacrx 

(140-300) M3B/C HaCTOKDKO HeBenE:K, tiTO BK~OM ero B ·ynpyrHI 

fiHK MOJIHO npeHe6peq:&. 

Bonee saMeTHHI BKna.n;, xora roze ae6onhmol, Mozer .B;aT:& peaxuma 

.YiP -+!iiN'IZJB • J{Jis arol peaKWJH HaHMeH:&mas norepa HJdliY m,ca 

nepBHtiHOI tlaCTH~ COCTaBKSeT 300 MaB/C. J{KS nyqxa 60 raB/c, 

3Ta BeKHtiHHa COC~BKSeT 0,~. qT06H OT,D;eKHThCS OT 3TOI peaKQHH, 

Heo6XO,D;HMO HMeTh HMnYK:&CHOe paspemeHHe OJ?:! =- ~ (0,15-0,20~. 
. 3 
qT06H UOJIYtiHT:& Taxym TOtiHOCT:&, HYEHO aHaHH3HpOBaTh ne TOKhKO 

HMnyK:&C BTOpHtiHOI tiaCTH~, KaK 3TO .B;eKaKOCh B HameM npe~~

~eM axcnepmMeHTe [281 , uo H HMayn:&c nepBHt~HoB t~acTmna. 
B HaCT OSII{ee BpeWI MarHHTHLII Ka.Ha.n, Ha KOTOpOM npe,u;nonaraeTCJI 

npoBOJUfTh axcnepu:ueHT, HMeeT paa:~emeHHe no HMnYJI:&cy 1./1 0,35~. 

O,u;aaxo, UOCTaBHB nepe,u; HMnyB:&CHHM KOKBHUaTOpOM npH60p C 

nyqmHM npocrpancTBeHHHM paspemeHHeM (nponopumoaan:&Haa Ka»epa), 

t~eM HMeeTCR celtiaC (CqHHTHKBSUHOHHHI ro,D;OCKOn), MOEHO yBeKHtlHTh 
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aTy xoquocr:o .n;o O,IS-0,2~. 

YrJioBoe pa.apemeuue ycTaHOB.B:H saBHCHT ox xoop,ItHHaTHol 

roquocTH HCKpOBHX xa:u:ep, dasH .n;na onpe.n;eJieuxa yrJia pacceauma 

qacTH~ H xoJHqecxBa Be~ecrBa aa rpacce .n;o UHmeHH H nocJie 

omeau, KOTopoe onpe.n;eJiaer l4HoroxpaTuoe pacceSHHe nyq:s:a. 

Cy~qeCTByn~e 68.3bl paCC:Ma.TpPIBae:u:<>ro Ka.HaJia fi03BOJISJ)T C BCICpO

BH:uH :s:a.u:ep8.lm, a.HaJIOrBqHbtW Tell, KOTOpHe HCfiOJI:&30BaJIHC:b B 

BaJJieJl 3ItCnepH:UeHTe [28]. (TOtlHOCT:b 0,3...0,5) o, fiOJIYtlHT:& 

npu:u:epao ra:s:oe xe pa.apemeaue no nepe.n;aauo:uy u:u:nyJI:&cy, Itaxoe 

w u:u:eu. 

BaJIHHK MoueuroM B nocxauoBlce aitcnepHlleHTa RBJistexca 

CB:OpOCT:b Ha6opa CTaTHCTHKH. 0Ha odecnetlHBaeTCS H3dHpaTeR:&HHJl 

sanyc:s:o:u: uc:s:poBux xa:Mep. CucreMEL ,D;OJIJICRa sanycxanca TOJI:&xo 

B TOM cJiyqae, ecJIH yroJI paccesHila doJI:&me uexoroporo :tmHBMaJI:&

Horo yr~a ( e~ l)tMI'V)• B KatteCTBE! 3TOrO MHHlUfaJI:&HOrO yrJia 

Bbl6HpaeTCS yroJI COOTBeTCTBYD~BI KBa,D;paTy nape,D;aHHOro BMfiYJI:&ca, 

paBHoMy o,s.ro-3 raB2;c2 x). 

lJia BMnyJI:&Ca 60 raB/C 3TOT yroJI paBeH 0,4.~i. 

CucTe:MY sanycxa ucxpoBuX xa.uep npe,D;noJiaraerca c.zteJiaT:& 

Ha OCHOBe nponop~OHaJI:&HbiX Ka.Mep H 6HCTpOI JIOrHKH, KOTOpaa 

BHpa6aTuBaeT uunyJI:&C sanycxa, ecJIH yroJI pacceanma, ms:u:epeHHHI 

nponopn:HOHaJI:&HbtMH xa:u:epaMH, 60JI:&me MHHHMaJI:&HOro. ITOCICOJI:&Ky 

-..-- za:oe 

pacceauua suaqureJI:&Ho 6oJI:ome 

CTaHOBHTCSl MaJI03aBHCS~el OT 
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npOIIOpitHOHaJILHlie KallepH HCIIOJIL3YDTCSI TOJILKO ,ltJISI sanycxa, It 

HHM Ilpe~~SIBJISDTCSI MeH:&mHe Tpe60B8HHSI Ha TOqHOCTL H3MepeHHR 

yrJia pacceaHHa, O~HaK0 1 OHa TOXE! He ~OJIDa 6HT:& MeH:&me 

uexo:roporo npe~eJia. IIonpo6yeM orteHHT:& a:ro:r npe~eJI. 

EcJIH qaCTHUa pacceaJiaC:& Ha yroJI 9, TO BepOSITHOCT:& B 

pesyJI:&TaTe H3Mepeu:ma yr.11a noJiyqJr:r:o (JII06oe) suaqeuHe 9r paBHa 

(), e.xp [- e,z -t e:J T (_§_ (),) 
6 z ~r; z J "':"' 0 6' ~. 

r~e (5 - TOqHOCTL 1!3llepeHHSI yrJia, 

1 0 - 4fYHEitHa BecceJia :uuooro apry:Meu:ra. 

Tax q:ro, H:Mea xouequyD :roquoc:r:o, MH Bcer~a Moxeu noJiyqBT:& 

B pesyJI:&Ta:re usxepeuma suaqeu:me 6?~ &~ H, cJie~oBa:rex:ouo, 
C~eJiaT:& 3aiiYCK, XOTSI HCTHHHHI yrOJI pacceau:ma 6HJI 3HallHTeJI:&HO 

KeH:&me 3TOI BeJIHllHHHe Hal~eM 3HaqeuHe ~ , npH KOTOpOY 

xoaqxpMJ:tHeHT no~aBJieuua npauoro nyqxa 6y.u;e:r "" 50. IIpool 

nyqox npu npoxo~eHHH qepes MHmea:o MHoroxpa:ruo pacceuBae:rca ~ 

11 B pe3y Jir.:raxe 1111eer IJl.C npe.»;e.neHJJe no yrJI8.11 x) /AI((})=-/:. exp[:e ~:;} 
rJre 80 - xapa~t:repusl yroJI, xoropsit saBHCHT ox TOJUttHHH 

Mlfiil eHH ( e ) H MllllY JI:&Ca nyqxa ( p ) • J{JISI e • 50 CM H 

p • 60 raB/C BeJIHllHHa 80 COOTaBJiaeT <n 0, 05mro/. 

B HH:repBaJie yrJIOB 0 + 3 eo co;tepDTCSI 99% npooro nyqxa, 

Hcnu:raBmero MHoroxpa:ruoe pacceSIHMe. Bepoa:ruoc:r:& sanycxa o:r 

qac:rHIUl pacceauuol ua yroJI ue 6o;rr:ome, qeM3£l(), ecr:o 

WM= fd_ej,e:cpfJ;]j J(J unf EJ~B_/71 (()(),) 
0 D 0 1"'1 • .J ,- ~6V -D (j<-

O'IYW/1 ----- --
x) J{Jia OiteHOK anpoxcu:a.mpye:u: Mone:poBcxoe pacnpe~eJieuue 

rayCCOBWLe 
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Pact~eT no 3TOH tfJOPMYJie fiOXfL31iBaer, tll'O HepaBeHCTBO 

W~)~ 5~ = YXOBJietBopsrerca XJIH 6 < o, I5tn!ULfi • 

Otc~>xa , npm HMeDIJU{Xca 6asax aa ~aaou: nytllte, noJiyqaex 

Tpe6yeJ&yl TO'IHOC l'J, XJIJI IIp OfiOPltHOHaJILHiiX Xa.Mep, Cl'OJIJJtHX )tO 

MWIIeHH, paBHYD "-' 0,5 :M14 H XJI.S: :B:aMep nOCJie lOOIIeHH - "' I lDl. 

YcJIOBHe sanycxa (},2~ A B .z~exaproBN:X xoopxmuarax BHrJIJI)tHT 

xax yc.noBme 

Ve,;x. .,. e,~t ~Jr (a) 

JlOrHtleCEitJI CXel48. BlifiOJIHHTJ, T8.XOil: aHaJIH3 He B COCTOJIHHl'IIe 

3aMeaa aroro ycnoBHa ycJIOBHHYE 

npHBO,ltHT X pa3Ml:ll'Hm rpa.HH'IHOrO YCJIOBHJI B HHTepBaJie OT B 

xo B V2' HJIH 't 2~ or cpexaero saaqeama:. Taxaa yrJioBaa 

XapaxrepHCTHEa TpHrrepa JIBJiaeTCH aey,ltOBJieTBOpHTeJILHOI. 

YcnoBHe 

(c) 

3XBHBaJieHTHO YC,JIOBHI) (a). O,IJ;HaxO COBMeCTHOe HCfiOJIL30BaHHe 

YCJIOBHH (B) H (c), TO eCTL 

npHBO,ltHT X pa3WTH.I) rpa.HHrtH Ol' B lO I,09B, TO eCtL X pas6pocy · 

OTHOCHTeJILHO Cpe,ltllero 3HatleHHJI ·t 4,5~, liTO SIBJIJieTCJI lOCTa

l'OtlHO xopomHM npH6JIHXeHmeM x ycnoBHD (a). 



HecMorpa Ha xo, wo B npe)CIIOJiaraeuoM axcnepm:Meu:re 

H3yqaDTCH O~OTpeXOBHe C06HTHH, Tpe6oBaHHH X MHOrOTpeXOBOCTH 

HCXpOB.LIX Ra.Mep OTHD)U, He JIHDIHH, TalC Ka.It B CBH3H C B03pOCmHl4H 

6a3aMH no cpaBHeHHD C H8mHM SRCnepHMeHTOM H B CBH3H C DORB

JieHHeM Jiormqecxoro ycrpolcrBa B nenm 3anycxa,3a~epxxa B.Licoxo

BOJIDTHoro HMnYJIDCa no OTHOWeHHD K MOMeHTY npOXO~eHHH qaCTH

!Ui qepe3 HCICpOBYD ICaMepy yBeJIMqHTCH H C OC TaBHT V1 I/'~ • 

3a 3TO Bpeua qepe3 ICaMep.LI MOXeT npOITH e~e HeCKOJIDKO qaCTHn. 

J!JISI O,ltHOTpeROB.LIX Ita.Mep TaiCEe cn,yqaJI OICaJtYTCR Hesq.peitTHBHw.DI 

H BeJimqHHa 3TOI HeSqqeRTHBHOCTH MOXeT OKa3aTDCH 3HaqmTeJID

HOio YCJIO&eHHe 6JIORa Ka.llep DOC.IIe MarHHTa B CpaBHeHHH C 

npe,ItH)tYU{HM 3RCDepHMeHTOM TaKl!Ce OBH3a.HO C He06XO).tHKOCTDD 

aHaJIH3a YHOrOHCKpOB.LIX C06.LITHI. 

5-B6 
I2.I2. 70r. 



BOCWIOBIA 3KCJIIPIIIIIU no ICCilutOB&BIO KOl'IPBH!BOfO 

§/ d _. g[ d, PJ.CCJmBJm IIPI 6 r3B/C - 60 f3B/C 

{lcnoaaoaaa DDOre&eBOro ~oro 

.aeunopa a awcne cueupoac~a anprd ect111 

o2aa). 



I. 
2. 

---/if-

CxeMa 3XcnepHMeHTa H pa6oTa ycTaHOBXH 

2. I HsMepeaHe napaMeT}X>B paccemiHoA qacTHill:i ,. - .,.. 

NHtA";. 

'IS - ... ,... 

2.2 re~HeBaH MHmeHn -.cneKTIOMeTp 3H8prHH l!8CTHUH ..... 

- - -
2. 3 Pa6oTa ycTaHOBXH r- ~- - -

3. Ba~eneuHe xorepeHTHHX co6aTHi 

3.I M:eTO~HXa BH~eneRHH RorepeHTHiiX C06IiTHfi npH 
51 

'tl > 0 I r 2; 2 .- - ~ - ........ .. • 3B C - - - _. ..-

3.2 pa60T8 13 o6JraCTH Ky.nOHOI:lCKOi HHTe:pWepeHnHH 

4. Ou~aeuaH cTaTHCTHRa. .. ~ _ - - - - - - -

5. OltH~aeMM TOT.JHOCTB· B onpe~eJJeBHH t _ _ - - S9-
6. fipH.no~eaHe ~I - OueBKH c:seToc6JDpa Hs ·EH~xoren:He:soro 

. CUHHTHJl~tlHOHHOrO Cl!eTtiHXa. - - - /Jf_ -
7. TipH.nOlt8HHe ~2 - Onpe~e.neBHe HMny.nhCa Ha!8T8~HX 

fiHOHOB C TOtiHOCThiO"' O.I+0.2% - - ~3- -
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I. UFJH1 3KC11EPHMEHTA. 

Tipe~araeTos H3MepHT:& ~~epeanman:oaoe oeqeaue ynpyroro 

.n-o< paooeJJHHs npH Er, = 6 ThB 13 HHTep13a.n~e nepe;ZJ.a'tl 4-x HM:nyJI:o-

oa ( I X ro-3 <- t < 0.4) ThB2/o2, 13KJID'ti8H paioas: 

a) KyJIOHOBOKOi HHTe~apeHUHH . 

6) ;ZJ.H~paKUHOBHOrO KOHyoa 

B) I-ro YHH,HMYJla Kpooi (if), -ot = f (t) - o6JiaCT:& HBTep

~epeHUHH O;ZJ.HOKpaTBOI'O H ;ZJ.13JKpaTHOrO paooeJJHHH 

tr) 2-I'O MaKCHUyM8 KpH130H (~);,-ot ::: t ( t) , o6yCJIOBJJ,eHHOrO 

npeHM~ecTBeuuo ;ZJ.ByKpaTHHM pacce~~eu. 

B o6JiacTH ;ZJ.HC{>paKUHOHHOI'O KOHyca 38 BpeMSI nopSI;ZJ.Ka COTBH 

qaco13 npe;ZJ.noJiaraeTcs: npoH313eCTH H3MepeHHJJ ;ZJ.H~epeunza.n:oHHX ce

'tltHHi C TO'tiHOCT:&IO nopJOU(a HeCKOJil!KMX nponeHTOB. 

~H3Hqecxoi neJI:&D 3KcnepaweuTa SIBJIJJeTcs: onpe;ZJ.eJieHHe uonyJIB 

M ({>83H CUHHOBOHe3aBHCHMOH 't18CTH CMMMeTpH'tiHOH 8MnJIHTy,nH JTA( pac-
+ r,-p ii'*P) 

ces:HHJJ Y nsf == 1:- ( 3:s f + r,s+ 13 HccJie;ZJ.yeuou HHTep:sa.ne ne-

pe;ZJ.aq t . ,If,Jis: nepexo;ZJ.a OT ;ZJ.H~epeunma.n:ouoro ceqeHHJJ ;;r-o<.. pac

ces:HHH K napaMeTpaM aYnJIHTy.nH J:;f 6y,neT HCUOJI:&3013aH8 uoneJI:D 

rJiay6epa. 

EcJIH npm It/> 0.2 ThB2/c2 ec'l·:& H~e11';ZJ;a onpeneJIHT:& cTpyttTy

PY srN aMIJJIHTy;nu, peaJIH3ys: nporpa.MMy noJIHoro OIIIiTa, 13KJID'tla~yD 

M3MepeHHSI Ha UOJIHpli30138HHOfi: YHmeEH, TO B paiioHe nepe;ZJ.aq J t J < 
~0.2 I'3B2/c2 npe;nJiaraeusi cnoco6 cnpe;neJieBHH Y ;sf npe;ZJ.CTa:B

JiseTOJJ e;ZJ.HHCTBeHHRU. 
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BuecTe C Teu 3TOT ~Hana30B nepe~aq HBXHeTCH B03MOEHO BaH~ 

6oAee HBTepeCHHM rrpH rrpo:eepRe TeX KnH HHHX ~HHaMHqecKHX rHllOTe3 

CHA:&HHX B3aHMO~eHCTBHH-Ha 3TOT ~ana30H npHXO~TCR OCHOBHaR 

~OXH ceqeHHH ynpyroro pacceHHHH; 3TOT ~Hana30H BaH6oxee 6~H3RO 

npHMJ:lltaeT It OC06eHHOCTHM B t - KaHaJie H IT03TOMy, uanpiMep, B 

TeopHH C ROMnHeKCHHMH yr~OBHUH MONeHTauE, 3~ec:& npoueCCH C 06Me

HOM OT~M:&HHMH pe]J.JtHOHaMH HrpaiOT eme onpe~ex.a:mtyiO poX:&, :S TO 

:epeuR xax npH 6o~:DmHX nepe~aqax ocuo:auy10 po~:n HrpaiOT npoueccH 

o6yMo:eJieHHHe nepepacce.a:uKeu (pa3pe3ar..m) • 

.ITJt.a: ;3Toi nporpro.ws: MH :es:6pa.J.i1 . .a:~po He4 xax HaH6oJiee: no~xo
]J.HJitYD MHmeH:D ;ll.JIH H3yqeHHH :S3aMMO~€:HCT:SHH 6eCCIIHHOBHX qacTHJl. 

,I{aHHHe no Taxouy nponeccy 6wrw :ene:p:eHe noJiyqeuu uameA rpynnol 

:e o6.nacTH ue6oJI:DmHX nepe]J.aq t (C.007 <- t < 0.046) ra:e21c2 

:ueTo;auxol cneRTpoMeTpHpo:eaau.a: napaueTPlB qacTHU OTlf,aqH I 2..9 I. 
I 

.llJin npo~HJKeHHH :e o6JiacT:D 60J(bmMX nepe~aHHHX uunyJI:Dco:e :e 

e:acTo.mneu npoeKTe npelf,ycuaTpm:eaeTc:.a: Hcno~:&3o:aauue " on - flne " 

TeXHHRH cnettTpoMeTpHpo:eauu.a: xax napaMeTpo:e pacce.a:uaoi qacTHUH 

( C ITOMOilt:&JO Mai'HHTHOrO CIIeKTpoMeTpa C 6ec(pHJibMOBHMH Kauepa.MH), 

TaK H 3HeprHH qacTHilH OTlf,aqH (C IIOMOlltbiO JKii].U(Ore~HB:SOI"' CtlH~
JIJID;HOHHOrO ~eTeiCTOpa, S:S~.R:JOBterOCH O~HOBpeMeBHO MHmeH:&IO) *. 

IIpH noJiyqeHHH o~;aaeuoro pa3:pemeuHn JKH]U(m'e~ue:eoro cnexrrpo

MeTpa no aueprHH MODO 6y~eT MaHlt~po:eaT:& npo:ae;neuHe no;ao6uoro 

attcnepHMeHTa npH cepnyxo:acKHx aaeprH.RX, r;ne :au;ne~eaHe ttorepesT

HHX co6i:JTHI ~Hm:n Ha ocHo:ee onpe;ne.!IeHH.R napaueTpo:e pacce.a:Haofi 

* llpe;nJIOJlteHHe 06 HCIT0~])30:SaHHH JKH;B.KoreJIHe:eoif MHmeHH ;HJI.R: crreKTpo
MeTpHpoBaHBH aaep:rHH qacTHU OT;lJ.aqH 6WIO C;zJ.eJiaHO HaMil B 1967 
ro:ni H Tor;na Ee o6cy~euo Ha uayqao-TeXHHqecxou co:eeTe nB3 
OHmi. K xoauy I970 ro~a u~ore.rrHe:ea.a: MHmea:n 6~a H3roTo:e~eua 
H OT;zJ.aHa Ha RpHoreHHHe HCITHTaHHn. 



qacTHUH Boo6me B8B03MOZHO. 

ITpe~~araeMHi axcnepuueBTe uoaeT oxasaTbOH nepsuu marou Ha 

nyTH uoo~e~oBaBHs ~pyrxx, 6oHee aKSOTHqeoxux H TPY~BHX B• axone

pHMeHTaJibHOM n~aae, ao HHTepeoaa:~ I :t.i I xorepeHTHHX peaxumii 

aa reJIHH, aanpHMep, Taxmx xax .:Ji(;.,!.' _, .!' -oe. 
Ba:6op aaqaJIDHoi aHeprxu B 6 faB o6ycnoBAeH aeoxoAbKHMM 

0006paEeHHSMH -B OOHOBHOM MeTO~HqeoKOro H TeXHHqeoKOro xapaKTep~ 
. . 

I._Ha KaHane nHOHOB 0 HMny~bCOM 2 + 7 f3B mueeTOH OOBOeHHSii 

rpynnoii, yqacTE~ei B peaams&QHR npoexTa, xounnexo pa6oTaDmel 

annapaTypa: " on- t;ne. " cneKTpoMeT:pa paooeSHHHX nHoHoB. 

2. TipH HaH6oHhmeA 3HeprHH, ~OOTHrHyTOH B !B3 H npH KYeDmHX

OH orpaaHqeHHSX no MaKOHMaRbHOH Be~HqHHe yrAOBOrO 38XB8T8 ycTa

HOBKa UOJJteT perHOTpHpoBaTI> 6c)Jlbm•ii HHTepBM t • 

,. XOTS, B03MOXHO, 0 TOqKH SpeHHS ~H3.KH HaH6o~bmHH HHTepeo B 
aacTOsmee Bpeus npe~oTa~sDT H3MepeHHs npH ueHDmHx aaeprusx 
(~I DaB), ~e OT8HOBHTOS B03MOZHHM ~aSOBHH aHaJIH3, a Cle
~OB8TalhHO H npoBepKa npe~~ozeHHO~ HaMH MeTO~a onpe~eJieHHH 
OTpyKTYPii aMWIHT:DUl .JiJV paooeSEHS, OOHOB8HHOro Ha HOUOHb30Ba
HHH npH~~H&eHHS r~ay6epa. 



• 

IIpe~Jiaraewit sxcnepHMeHTe :uozeT oxasaT:ocs nePBLIM marow ua 

nyTH mccJie~oBaHHs ~pyrHx, 6oJiee sK:JoTHqecKHX H TPY~BiiX B• sxcne
. I I 

pHMeHTaJI:&HOM IIJiaHe, HO HHTepecBI:lX 1 :ti KorepeHTHI:lX peaRUHfi 

Ha reJIHH, H8IIpMMep, T8KHX K8K :11--ot. ~ f' -o(. 

BH6op uaqaJI:&Hoit sueprHH B 6 n~B~o6yCJioBJieH uecxoJI:&KHMH 

C006paJKeHH.fiMH B OCHOBHOM MeTO~HqeCJtOro H TeXHH'IeCKOro xapaKTep~ 
I •. Ha K8HaJie nHOHOB C HMIIYJI:OCOM 2 + 7 I'3B HMeeTCSI OCBOeHHsl 

rpynnoft, yqacTB~ei ~ peaiBSaQHR apoeKTa, KoMnnexc pa6oTa~ei 

annapaTypa " on- tint'.. " cneKTpoMeTpa paccemtHHX nKoHoB. 

2. IlpH HaH6oJI:omei 3HeprKH, ~OCTHrHyTOH B !B3 H IIpH KYeDmHX

CSI orpauHqeHHSX IIO MaKCHMaJI:&HOi Be.1IHt{HHe yrJIOBOrO 38XB8Ta ycTa

HOBK8 MOllteT perHCTpHpoBaT:& 60JI:om•A HHTepBaJI t . 

,. XOTSI, B03MO~O, C T0t{KH 3peHHSI ~H3aKH HaH6oJI:&mHH HHTepec B 
HaCTO.fllqee BpeMSI npe~CT8BJU11DT H3MepeHHS IlpH MeHDmHX 3HeprH1tX 
( V\ I ThB), r].J,e CT8HOBHTCSI B03MODWI ~aSOBJiH aHaJIH3, a CJle
~OB8TeJI:OHO H IIpoBepKa IIpe~JIOllteHHOFO HaMM MeTO~a onpe~eJieHHSI 
CTpyKTJPI:l aMITJIHT!]J.H Ji/V pacce.mJHJI, OCHOBaHHOro Ha HCIIOJI:&30Ba
HHH IIpH~~HXeHHSI rJiay6epa. 



2. CXEMA 3KCITEPHMEHTA H PAfl)TA YCTAHOBim. 

B npe~~araeuou axonepHMeHTe o~HoBpeuenao H3uepnDToH napa

ueTPfi paooe.mmoi t~acTHUH H aHeprlirrr t~aOTHllH OT;nat~H. Cxeua axone

pHMeHTa noKa3aaa Ha pHo. ITA-I. 

Yro~ paooerrHHH B uumeHH H Huny~:&o paooe.mumx nHOHOB onpe~e

~1!eTC11 0 UOMOII(:&D MarHHTHOrO cneK~~poMeTpa, OOO'l'Ofill(ero H3 HOKpo

BHX KaMep IIIK I-9 H aua~H3HpyiOJqerCI MSrHHTa 9Cl1-40. 3TOT cneKTpo

MeTp 6a~ Hono~:&30BSH B onaTax no Hoo~e~oBaHHD ynpyroro J.r-1' 
paoce11HHH I 2 I I. B HaoTof.{ll(eM axc:nepHueHTe B MarHHTHOM cneKTpo

ueTpe npe;nJiaraeTcfi ~Hm:& 3aMeaa 2--x noMe~HliX HCKpfBax Kauep 
- I 

(pacno~ollteHHHX noc~e aua.nH3Hpynmero uarHHTa) ua xauem6o~:&mHx 

pa3uepoB. 

re~HeBM MHmeH:& B HameM 3KC1lepHMeHTe O~YlKHT O~HOBpeMeHHO 

cneKTpo:UeTpoM 3HeprHH tJSCTHU OT;ri,lU!H. 

Cl - qaoTHJ.lH· OT~atrH, npH nepe;o,aqax 4-x uepJ~oro H:uny~:&ca 

(0. I <. - t < 0. 46) raB2 lc2 HMeDll\He 3HeprHD B ~ecHTKH 
M3B, BH3HB8M B re~HH CUHHTHJlJIHUlfOHHyll BCUHmKy, HHTeHCHBHOCT:& 

KOTOpoH 3HaqHTe~:&HO npeBamaeT HH•reHCHBHOCT:& BOTillmKH OT DyqKO

BOrO TIHOHa. BHyTpeHHf!f.£ TIOBepXHOO'L':& MHmeHH UOKPHTS OBeTOTpSHC-

q,opMHpymtHM o~oeu. CBeT nona;zr.aeT Ha 2. cpoToyuHOlKHTMH ( S 2. H 

S 3 Ha pHo. ITA-I)*. A:uiiJIHT~H cJ.~rHanoB o <lJoTOY1.ffiOJKHTe~el 

* l1o~po6HOCTH, KaCaiDII(HeOfi CBeT006opa H3 lltH~Kore~HeBoro CUHHTH~
~fll.lHOHHOrO oqeTt~KKa, npHBe~eHH B llpH~OllteHHH I K qacTH rr A. 



2. CXEMA 3KCTIEPIDAEHTA H PAEOT~ YCTAHOBKH. 

B npe~~arae:uoM axcnepHMeHTe o~uo:spe:ueuao H3:uepHDTCH napa

ueTp& pacceHHHOi ~acTHUH H aHeprHn qacTHUH OT~aqu. Cxeua axcne

pu:ueHTa noxa3aua aa puc. ITA-I. 

YroJI pacceHHHH B UHmeum H uur:y~:oc pacceHHmx ImOHOB onpe:n.e

~HeTCH C UOMO~:&D uarHHTHOPO cneKTI~MeTpa, COCTO~ero H3 HCKpo

BHX xauep HK I-9 H aHaJIH3Hpy~ero :uarHHTa 9CTI-40. 3TOT cneKTpo

:ueTp 6a~ ucnoJI:&3o:saH :s onaTax no P:cc~e~o:saHHD ynpyroro ;;r-p 
pacceHHHH I 2 8 I. B uacTOH~e:u aKcnepu:ueHTe :s uaMntTHOY cnexTpo

ueTpe npe:n..naraeTcH JIHm:& saueaa 2-x noc.ne:n.HHX ucxpo:sux Kauep 
. I 

(pacnoJio~euaux nocJie aHaJIH3Hpyro~el~ uarHHTa) ua xauep116o~:omux 

pa3:uepo:s. 

reJIHe:saH :MHmeH:& :S Hame:u 3KCHI~pHM8HTe CJiyJKHT O;D.HOBpeueHHO 

cneKTpo:UeTpoM 3HeprHH qaCTHU OT;o,aqH. 

Ol - qacTHUT:l oT:n,aqH, npH ne:pe:n.aqax 4-x uepHoro HMIIyJI:oca 

(0. I < - t < o. 46) ra:s2 lc2 :iiM6Dil\H8 3HeprHI> B ~ecHTKH 
MaB, :SH3SB81>T :S reJIHH CUHHTHJ!JIHUH':>HHyll BCfiHmKY, HHT6HCHBHOCTD 

KOTOpoi 3HaqHT6~:&HO npe:ssmaeT HHT6HCH:SHOCT:& BCllHmKH OT DyqKO

:soro nHoHa. BHyTpeHHHH no:sepxaocT& MHmeHH noxpaTa c:seToTpauc-

({lopMHpyonH:u cJioeu. C:seT nona;zr.aeT sa 2 !lx>Toyuao~HTeJIH ( S 2. u 

S 3 Ha puc. TIA-I)*. A:utiJIHTYiJ.T:l cHrHMOB c cpoToyMHOJKHTeJiel 

* llo~po6HOCTH, KBCax>~HeCH C:S6TOCCiopa H3 JKH~KoreJIH6:SOro CJ!HHTH~
~flUBOHHOrO cqeTqHKa, npu:se:n,eHa :s Tipm~o~eHHH I K qacTB TI A. 
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(H3MepRDTCR, KO~HpyDTCR H nepe~a~rOR Ha 3BM. 3HeprHR qaCTMnN 

OT~aqH nponopnHGHaJIJJHa cywe a.MllJIUTy~ CHrHaJIOB C ~3Y .. 

W ot= K1 V1 +Kt. V1. 3~ecx, V, H V2. CHrHaJIIl c ~3Y reJIHe:aoro 

cqeTT.{HICa ( s'2. H s3 Ha pHc. ITA--I)' K., H I< 2. aKcnepHMeH-
~~~ TaJIJJHO onpe;14e~e KaJIH6poBO'lHble MHOPTeJIB. 0( qacTHilH ;D.JIR 

HHTepecy.onero uac HHTePBua nepe;n,aq no -t ( -t < 0.46 ra:a2/c2) 

OCTaHaBJIHB8DTCR B MHmeHH. 

It/ (ra:a/c)2 EKHH(M3B) Poe (Ma:a/c) n~6er 
B r/CM B CM(B ~~ 

reJIH:tt 

0.09 I2.0 :3.00 r.44·ro-2 O.II 

0.20 26.6 447 5. frl ro-2 0.45 

0.38 50.6 6!7 I.87 ro-I !.44 

0.46 62.0 678 2.72 ro-r 2.09 

ITapa:ueTps uHmeHH: 

f_, - MHHa no IIY'lRY ·- I20 MM 

1J - ;D.HaMeTp - :~ MM 

KOJIH'leCTBO BellleCTBa Ha IIYTH IIHOH0:!3 B MHmeHH d11~,:; I.5 r/cw2 

MKmeHJJ oxpyxeua CllHBTHJIJIHpy:oi(HM 11JI8CTHKOM ( s'f M Ss 

ua pH c. ITA-I), perHCTPHPYIDlllHM qac'rHtni, :ao3HHKaDit:He npH pa3:aaJie 

R;n,pa. AHTHCOBIIa;l4aTeJIJJHbti HMIIyJil>C ·~ 3TOrO IlJI8CTHKa MO:ateT 6Hil> 

BKJIDT.IeH :a cxe:uy 3anycxa HcKpo:aax ltauep. Mu npe;14yc:uaTpH:aaeu, 

O;IUiaKO, ;14pyroi BapHaHT, KOr;l4a CHJ,!HaJI C aHTHCOBIIa;n.aTeJil>HOrO 

cqeT!IIlta nepe~~TCR Ha 3BM B KaqeoTBe ~OIIOJIHHTeJil>HOi HH({>opua

D;HH 0 CO 6NTHH. 



~-so-

2.3 Pa6pTa YCTSBOBRH. 

MOBHTOpHpoBaBHe ITyqKa ocymecTB~HeTCH COBnaneHHHMH 

MOH=S,M+S2M-S1. CqeTlJHR Sj. HMeeT B neBTpe OTBepcTHe tfJ = 6 CM. 

CqeT'llHRH 5 2 H S3 (~3Y, CMOTPJJmHe B JKH;zr.Rore~HeByiO MHmeHD) on

pe~e~SIIOT 3HeprOBH~e~eHHe B MHmeHH ITO BCil:YmRe CUHHTKH~Ht:(HH. CqeT

liHRH. slf H Ss cm:r, CMOTPHntHe B nnacTHR, OKpyJKSIOIIlHH re~HeByl> 
.J!-

MHmeH:&) perHCTHpyiOT ~HOBHe ~38HMO~e~CTBHSI (0 BH~e~eHHH KOre-

peHTHHX co6HTHR H3 WOHa cu. n.3). CqeTqHR S6 pasuepou 500 x 600 

uu
2 onpe~e~HeT anePTypy YCTSHOBRH. CqeTqHK S~ perHCTpHpyeT 38-

p.a:xteHHHe qacTHUH ( ,ft - uesoHs"), npome;noe ttepes cpH~:&Tp H3 
II 

CBHHI:(a H JteJiesa TOJIIItHHOH vt I. 2 MeTpa. 

Ec~H yro~ paccenHH.a: B MHmeHH M He npe:esmaeT sa~aHHoA ne

~HqHHH, 6HCTpa.a; pemal)litaSI CXeMa, CBH3aHHSSI C IIponOpt:(HOHaHbHHMH 

xauepa.MH I1K2, TIK3, TIK4 Bbtpa6aT&BaeT cHrHa.n R1. • B CJiyqae co:srra

;neHHH MOH- Ret ~ S 6 sanycr<SIOTCSI HCKpoBae Kauepu. B yc~OBHSIX pa-

60TH HCR}X)BblX Rauep B npHMOM nyql(e iTHOHOB npHMeHeHHe CHCTeMH 

H36HpaTe~:&Horo sanycxa nos:so.nneT y:sn~HqHT:& CROJX>CT:& Ha6opa cTa

THCTHRH B ~ecnTKH pas I 28_ I. HK I -4~ 3 onpe~eJiniOT TpaeKTOpHIO nH

OHOB ~0 MHl!leHH, ill{ 4 + 7 HX Tp&eKTOJYKIO noc~e MHl!leHH, ITO X -KOOp~v.r; 

HaTe B HI{ 8 + 9 onpe~eJUtlOTCSI OTKJIOHElHHSI 38pHJKeHHNX 'll8CTHU B Mar

HHTe. C:se~eHHH 0 6 SMIJJIHTy;ne CHrHaJIOlJ C Cl>3T re~HeBoro Ct:(HHTHJI

~Ht:(HOHHOrO cqeTttHKa, KOOp:n,HH8TSX JIHOHS B nponopD;HOHaH:&HHX HCKpo

BBX KaMepax, qHCJ!e fiHOHOB, COClJHTaHIII:lX MOHHTOpoM, CHrHanaX 0 

cpa6aTNBSHHH cqeTqHKOB S 't , 5 S , .£' , S 1 nepe;naiOTCSI Ha 
fl -1-

3BM H 38ITHCHBSDTCH Ha MarHHTHyiO ~eH~l'Y. flporpaMMNJM nyTeM KOHpo-

~HpyeTCH HOPMaJI:&HaH pa60T. YCTSHOBKU, KaHa.na, yCKOpHTeJIH. 



,- S:i 

3. B&1:WEHHE KOrEPEHTHiiX ~TVIvi.--

3.! MeTO~HKa B~e~eHHH KOrepeHTHUX C06~HH 

npu I i:.l > O.T Th:e2/c2. 

Bs~e~eHMe KorepeHTHux nponecco:e npe~cTaB~HeT Tpy,nayro sxcne

puueaTanLHYD 3a~aqy. B C8MOM ~eHe H8 pa3BaH H~pa re~HH yxo~HT 

3HeprMH ~ 20 M3B. ECHH ITpM HMITy~LC8X ITHOHOB ITOpH~8 BeCKO~LKHX . . 
ra:e eme MO~HO 38 cqeT ~yqmero SHepreTMqecKoro paspemeHHH ycTa

HOBKH, H3MepHDmeii pacceHHHUe ITHOHH, C03~8TL yc~OBHH,npH KOTOpHX 

o6ecnequ:eaeTcH ToqHocTL onpe~e~eHHH 6anaaca saepruu, ~ocTaToq

HaH ~~H ~HCKpHMHH8UHH OT ~HOBHX npouecCOB *, TO npH sneprHHX 

B ~eCHTKH ra:e TaKOH CITOC06 rrpe~CT8BnHeTCH rrpaKTHqecKH HepeanLHHM. 

~H :e~e~eHHH s~eKTa ynpyroro pacceHHHH npu sanaanoii nepe~aqe 

'{t :::: piJ :s aameu c~yqae onpe~e~HeTcSJ ~ono~HHTeJILHsii napaMeTp-sHeP

rHH qaCTHUH OT~aqu. 

OJtH~aeTcH, qTo a(fl(fleKT ynpyroro pacceHHHH 6y~eT npoHBJIHTLCH 

RaK li!m rHcTorpa.MW no IJ= pe- ~V&.. (cu. puc. ITA-2), :eos:smna

romuiicH Ha~ {floHOBHM pacnpe~e~eHH~1 C:BH3aHHHM C C06HTHHMH HeKO

repeHTHOro THna. 

S~ecL: 

P - HMITyJILC HaJieTammero ITHOH8 

6 - yro~ pacceHHHH ITI~OH8 

Me~.- Macca o<. - qacTHDH ~T~aqu 

Wot- aneprHH o<.. - qac'J·HUI:i OT~aqu. 

Y:se~uqenHe OTHOmeHHH aqxpex-:/~OH~ KOTopoe MOJKeT OIC838T:BOH 

aeo6XO~HMHM npH H3MepeHHKX B odnaCTH I-ro MHHHMyM8, MOieT 6HTL 

* l~H 3TOrO He06XO~MO H3MepHTb HMny~LC HaneTa~HX H pacCeHH-
HHX ITHOHO:B C TOqHOCTLD 0.!+0.2% (CM. npH~OllteHHe Je2 K qaCTH ITA) ' 
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ll!.iH HOf'EPEHTIIIJr/J 
7l.J.- JiJ.. /JAfBE~IILii 

PHC .IIA..-2. 

t = t.±.t.t. 
L ' 

C06hiTH~ 
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.. 
TaK H oco6eHHo, sa cqeT y~yqmesKH paspema~eA cnoco6aocTH sHeP-

rHH CUHHT~~~HOBHOrO ~eTeKTOpa - MHmeHH. 

Onpe]le~eaHe paspemaDuteR cnoco6aocTH ;neTeKTopa uollteT 6iiT:& 

DIX>HS:Be]leHO 3KCDepm.leHT8JI:&HO B Me~~O;llHqecKHX HCCJie;llO:BQHHJIX C 

0( - HCTOt{HHKOU H nytrKOM; TeOpeTlf'leCKHe OUeHKH DpHBe;neHU B 

rrpHJiollteHHH I I x qacTH ITA. 
ll 

0 mt;naeTcs paspemeaue 
/":J ~ ~ 

\ 

~E~/Eot-~!~ un: Eo(..= IO MsB 

A~/E~ =£31b ;n~s Eo<. = 50 M3B 

I 
' 

ECJIH B 3KCD03HUHH DpH 6 ThB/c: 6y;neT DOJiyqeao XOIX)mee BIU(e-
• 

JieHHe KorepeHTHHX C06JITHH TOJI:&KO DO H3MepeHHJDI: HUDyJI:&Ca HaJieTal 

Dutero H paccesHHHOro IIHOHOB (npH liOCTHlleHHH A P/P = (O.I-+0.2)% ) , 

TO MODO 6y;neT DpoBepHT:& 3KCDepHUeHT8JI:&HO, KaiC DpH pa3HHX -t 
H3MeHSDTCJJ: B03U03HOCTH BH]leJieHHS KOrepeHTHI:lX peaKUHH C DOMOut:&D 

Hame:K T6XHHICH• 

3Ta HH~puaUHJJ: D03BOJIHT OUeHHT:& UeTO;nHqecxue B03UOEHOCTH 

;llJIJJ: 3KCDepHUeHTOB DO JiCX pacceSHHD DpH rv 30 H 60 I'aB/ C ( npH 

TaKHX 3Hepr'HX DpaKTHYeCICH HeB03M03HO o6ecneqHT:& OT;lleJieaHe 

HeKorepeHTHHX 006HTHH, H3Mepn:n: TO~&KO HMDyJI:&CH HaJieTaDuteH H 

pacceHHHol qacTH~). 

3.2 Pa6oTa :e odnacTH. xyJioao:ecKoA HHTe~epeauHH. 

flpH HCC~e;llOBaHHH ynpyroro ~~-0( pacceHHHS :B odn~CTH KYJIO

HOBCKOH HHTe~epeHUHH KHHeTHqecxas 3Beprus 0( - qaCTHUH OT]laqu 

CJIHmxou uana, trTo6s perucTpHpoBaT:& ee c xopomHM paspemeaueu 

(saaqHTeJI:&Bo :uea:ome cpe;nae:K saepnn ( Vl 3 MsB), ocTa:BJise:uoA 

B UHmeHH nyqKOBHU DHOHOM). 

E ~ = p2 I 2Mo( ~ 2000 ------- = 0.25 M3B 
8000 
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IlO;ztBBJIHDQee 60JI:&mHHCTBO B38HMO;zteic~~BHH ( > 90%) B STOH o6JI8CTH 

- ynpyrHe. B c.nyqae KB83HynpyrHX CCI6I:lTHH B MHmeaH 6y;zteT H86JID

;zt8T:&CH ;ztOfiOJIHHTe.n:&HOe SHeprOBI:l;zteJieHHe B pe3yJI:&TaTe IIOTepH SHep

rHH qacTHrtauB, o6pasoBaBmHMHCH npH pasBane H;ztpa. Ey;neu ;ztHcxpu

YHHHpoBaT:& C06UTHH, KOr:zta CHrH~C reJIHeBoro CUHHTHJIJIHUHOHHOro 

cqe'fqHKa 6ynyT npeBI:lmaT:& aexoTopoe noporoBoe 3Haqeaue. 

IlpH STOM, BCJie;ztCTBHe (f>JIJRTY8U~£H fiOTep:r:, SHep:mH peJIHTHBHCT

CKOii nytrKOBOi qaoTHUJ:l, 6~eT; ltOH6t£HO, BI:l6pomeaa qacT:& IIOJI63HI:lX 

He ~HOBI:lX C06JiTHH. Jie• Ta.KHX "JIOJJtHHX" CJiyqaeB pa3BaJia MODO 

OUeHHT:&, 3anycK8H B KaKOM-HH6y;zt:& I(P.:KJie (HanpHMep, B K821010M 1J,e

CHTOM) yCT8HOBKy OT HeJ'pacceHHHI:lX UHOHOB H CHHM8H ~H T8KOrO 

sanycxa pacnpe;neJieaHe saeprOBI:l;zteJieE:Jtii B MHmeHH. K TOMY ae sua

qtf'feJI:&HaH qacT:& CJiyqaeB pacceHHHH, H;ztymHX C pa3BaJIOM ~pa, 6y

;zteT saperua'i>HpoBaHa cqeTqHxauH $"1 H S s- • Kpoue Toro B 

Ofii:lTSX Ha CHHXpoip830TpoHe ,UydHI:l (r::pu SHeprHHX BaJieTSDmliX llHOBOB 

B aecxoJI:&Ko faB) MOEHO o6ecneqHT:& ~axHe ycnoBHH, xor:zta norpem

HOCTH onpe;neneHHH 6anaaca saepruii (paBeBCTBa saeprul qacTHrt :zto 

H nocJie aKTa ynpyroro pacceHHHH) M€H:&me saepruu :zt&3HHTerpanuu 

He~ ( vt 28 MsB) • .1lJm STOrO aeo6XO;ztHUO OUpe;zteJIHT:& HMfiyJI:&CU UH

OHOB C TOqHOCT:&D (O.I ~ 0.2)% (Ham Ofii:lT pa60TI:l yK83I:lB86T Ha 

TO, q'fO MOZHO C03;zt8T:& TaKHe YCJIOBH~). B STOM CJI~ae KOrepeHTHI:li 

aRT B~6JIH6TCH ;ztaae 6e3 HH~PM8UHH C reJIHeBoi MHmeBH-cneKTpoMeT

pa TOJI:&KO no 6aJiaHCY 3 aeprHH. 



qHCJIO cJiytiae:.s pacceRHHH N ( t) .B HH'rep.BaJI nepe,n;aq ~ Mepno-

ro MMITYJibCa ( f + t: +A-t, ) , perHC'l'pHpyeMbiX ycTaHOBRO~ 3a l 

UHRJI pa60Tbi yCROpHTeJIR : 

r,n;e 

Nit) = J'J II no' t, LJ c-r-t) II £ r /t). Ep (t). 

~ HHTeHCH.BHOCTb ll~tiRO.B~X 

... tiHCJIO aTOMOB reJIHR na r c.? ..,. (no= 2 Io22aT/c..?) 

• ,1J,JIHHa .MHille HH ( e • 12 CK ) 

£ r(t) - reO.MeTpHtieCRaH StlJ':fJeKTH:6HOCTb ycTaHOBRH ... ,11;0JlR Te

JieCHOrO yrJia, COOTBeTCT:3YI:'ID;ero HHTepBaJiy 

( -t -+ t + Ll -t ) , Bbipe:3aeMaH ycTaHOBRO~ _ 

Ep{t) ... s\{l~eRTH.BHOCT:o perHcTpai~HH o,n;noTpeRoB~x co6HTH~ 

cneRTpO.MeTpOM C HCRpOB~UH RaMepaMH. }J.JIR OUeHRH CTa

THCTHRH ~p(t) 6epeTCf. pa.BHO~ - 0 5 

Jj G"'(tj - 34):fJeRTHBHOe ceqeHHe paC CeRHHR B HHTepBaJia 

(-'=--;.. t-t.A"i:) 

PactieT o~r~.n;ae.Moi1 cTaTHCTHRH npoBe.n;~H ,n;JIH 2x npe.n;noJiaraeMbiX 

SRCIT03HUH~ npH 6 rsB/C 

I • .i(JIR pai10Ha ( I X ro-3 .( .... t < 0.16 ) rsB
2
/c

2 ' BRJIDtiaD

mero 06JiaCTb KYJIOHOB~H HHTeptiJepeHUliH. 

2. }J.JIB: paHOHa ( 0,1 < .,. t < 0,46 ) rs:.s2/c2, BRJIDtiaDmero 

06JiaCTb HHUJeiXf?epeHUHH 0,11;HORpaTHOrC· H ,1l;ByRpaTHOrO pacCeRHHH. 

TeopeTHtieCRHe BeJIHtiHH~ dr ( t) 6e PYTCR H3 pactieTOB npotflec .. 

copa qHXa H AOKTOpa ~eCHRKa ( CM. pHC. llA-3 ). 



P:&~c.IIA-3 

.~t 
~ .,6.2. 

rivsc. 
(lAi: 

A2.~ t 

10_, 

11- 4 He 
Ptal= 613 Gev/c 

6' = 25.8m& 
I 

R = 1.3tfm 

' c = 8 (6ev,trz 

) ~(a=-02) 

~~slc (c~-=0) ' 

~:~ ( d.=-(}.2) 
~/ 

' 
i 

,o-~ ~2 I 
0 .115 .lD .15 .31 .25 .JJ .Jf .I(J liS .50 --b. -J 

- .n;HqxpepeHIU1aJII>Hoe cetieHl'le yrrpyroro Ji~ ~;;ex. pacceSIHHSI 

- .n;Hcp(pepeH~HaJibHOe cetieHl1e CYW¥ yrrpyroro H KBasHyrrpyro·. 

ro Jid. ~ Ti-ol pacceaHMSI ( 6e3 pOJK,D;eHMSI HOBblX tiaCTHn) 

- KBa.n;paT 4-x MepHoro rrepe.n;aHHoro HMIIYJII>Ca 
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OueHKH c~eJraH~ B npe.IJ.no~ollleHHH, l[TO OTHomem1e pea.nl:lHOH qac-

TH K MHHMOH .IJ.JIR TiN pacceRHHH ( d.. =- Re A"' ) 
jfYI Alii 

--=-02.. 
' 

B Ta6~Huax IIA·l-2 npHBe~eH~ 3HaLeHHR ~ ~pac - o~H~aeuoro 

qHc~a cRyqaeB ynpyroro H KBasHynpyrorc pacceRHHR ( 6es poE~eHHH 

HOB~X qaCTHU ) H ~~np- qHC~a CRyqaeB TORhKO ynpyroro pacceRHHR B 

3a.,1l;aHH~H HHTepBa.n KBa,n;paTOB 4! )4epHOrO !lepe~aHHOrO -'UlilyRI:lCa At 

Bo BpeMH I 3KCIT03HUHH ( 0,001 raE
2
/c

2 ~- t ..:::.. 0,16 raB
2
/c

2) 

HCKpOB~e Ka.uep~ 6y~yT HaXO~HTI:lCR B~acceHHHOM nyqKe ( B pacqeTaX 

UeHTp TR}KeCTH nyl!Ka npe~TIORaraJICH HeCKO~bKO CMemeHH~:U K KpaD HC

KpOB~X Kauep ~~H 6b~l:lmero nepexBaTa no~). 

~onyCTHMOe qJ1C~O sanyCKOB ycTaHOBKH 3a UHK~ ( npH "paCTH.Ke" 

H3JiyqeHHH V\ 400m.sH) V"l 50 - 100. OJKH~a~:uoe OTHOIDeHHe l!HC~a nyq

KOB~X nHOHOB, perHCTpHpyeMHX MOHHTOpOM K l!HCJlY sanyCKOB ycTaHOB-

• 

KH ( KOS~~HUHeHT OT6opa )~50. Pacq~TH~R HHTeHCHBHOCTI:l nyqKa 6ep~T

CH paBHOH 2•103 H/UHK~. 
Bo BTopoi1 aKcnosHUHH ~~R nepexBaT.3. 66~hmero HHTepBa.rra no I -t I 

2 2 2 ') 
( 0,10 raB /c .(- f; <.. 0,46 faB lc'·) l1CKpOBNe KaMepbiJ CTOHII{He 

sa MHIDeHhD, H CUHHTH~~HUHOHHHV. cl!eTqHK, S6, sa.IJ.aDma~ anepTypy ycTa

HOBKH, CMeli{aDTCR OTHOCHTeJI.bHO nyqKa TaltHM 06pa30M, l!TO nyqoK npo

XO,ll,HT BHe KaMep. B STOM CJiyqae q.ac~o nHOHOB 1 nona,n;aDmHX B anepTypy 

yCTaiiOBKH COCTaBJin:~T ~OJIH TipOUeHTa OT t!JrlC~a nyqKOBHX l!aCTHU. ~Jill 
II CA 

p&cqeTOB O~I1:,1J.aeMO- C'!'aTHCTMKM BO 2o~i ilKCTI03MIJ,MI1 HHTeHCH.BHOCTb n;yq-

Ka c5epeTCJI paBHOfi :Jr. = 5 ro4 7i I IJ.viKJl. 

Cyw,aapHO(.j qVIcJio codbiT_l1i1 ynpyroro pacceHHVIH Ha Bech k'lHTepBaJI 

Ilp.vl.XO,Ir.HIJJ,HMCH H8 3I-I:CP03Hll.Hll. 

;IJ.JUI Iofi SKcnoSHUHH - sa UHM 

( 0,001< -t< 0,16) rsB
2
/c

2 
-~·-------- 2 

sa IOOCJ.c.COB co6c'r BeHHO s.Kcnos ~ll..lii!tl-Ic? 
.,.; 
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5 • OiKWEM.Afl TO'CffiOCT1 B OfiPEJlEJIEHirn TIAP AMETPA t 

llpM B~'l!HCneHHM t no napaMeTpaM pacceRHHOrO nHOHa TOq

HOCTb B onpe~eneHHH t 06ycnasnHBaeTCR TO'l!HOCTbiD Onpe~eneHHR 

MMnynbca P naneTanmero nHOHa M TO'l!HOCTbiD onpe~eneHHH yrna 

6 pacceSHMR B MMilleHH: t ~ (P6)2 

B HacTosmee BpeMs MMIIynbc ::~aneTaromMx nMOHOB B KaHaJie onpe

~enseTcs c TO'l!HOCTbiD~ I%. 
HeTO'l!HOCTb B onpe~eJieHHM yrna paccesHMR CKJI~UBaeTCR H3: 

a) HeTO'l!HOCTH, BH3BaHHO~ MlOrOKpaTHHM pacceRHHeM nHOHOB 

B XH~KOrenMeBO~ MHilleHM 

e 21 V. etJ A ~- £ 
· ltiAI.Iftu&t p(O pa~ . .. :: 

21 ,jf2 
6000 y 683 -%- o, 45 MJipa.n; 

6) HeTO'l!HOCTH, BH3BaHHO~ M~OrOKpaTH~ pacCeRHHeM nHOHOB 

Ha Tpacce KaHana M ne:roquocTbiD onpe~eJieHHR yrJia paccesnms ms-sa 

norpemHoc:re~ B onpe~eJieHHH xoo:~~HHaT mcKp B KaMevax. 

Cy1018.pHaa HeTO'lHOCTb, o6yoJIOB.IIeHnas 3THYH npH'lMHaMH onpe~eJie

na 3KCnepHYeHTaJibHO npH 3KCn03:fiD;HH C nyCTOkt MHilleHbD B OITblTe 

no mccne.IJ;OBa.HHI> ynpyroro n-p paccesHms. 

~ e yOTa.HOBKM ~ 0,40 Wipa..IJ; 

06maa neTO'lHOCTb B onpe~eJieHHH_yrna paccesHMR 

A e -=- V ( o, 45 )2 + ( o, 40 )2 .-= o, 6 o unpa~ 
Tor.IJ;a .IJ;Jis sHatieHH~ t =0,10 (raB/c)2 H t =0,30 (raB/c)2, 

COOTBeTOTBeHHO, HMeeM: 



O,IO 51,6 ,..,., I ,., 
'£. ,.._ 4, 4% ,_ 4,5.ro-3 

r 
' 

""'r, o. ro-2 ~ 0,30 86,5 ,-Jo,'i· ,_, 3,4% t ,. 
f 
! P-H MHHHMYMa ' r 
' 
' 
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llPWIOIEHL4E J I 1: qacTH 1IA 

OUEHKH CBETOCBOPA ~· l~KOrEITHEBOrO 

Cl.OO:ITW1.1IfU.U10HH oro Cli.ETiffiKA. 

B n~aH:a~euou aKcnepHMeHTe no HsyqeHHD ynpyroro pacceRHHH 

IlHOHOB Ha HApax re~HR 6yAyT perHcTpHpOBaT~CR ~- qacTHUH OTAa• 

qz C KHHeTHqecKHMH SHeprHHMH O'I 12 llaB AO 50 lls:e. B paOOTe . . 

I IIA-1/ cooomaeTca, qTo ex • qacTH~aMH :a ~~ROM re~HH npx Bo

HH3a~HH H peKOMOHHa~HH a~eKTpOHOB C HOHaMH C03AaDTCH ~OTOH~ C 

MHHOR BO~Hbl .A = 1500 .i ( qTO COOT:BeTCTByeT SHeprHH V1 10 a:a). 

llo~araa, qTO a~~eKTHBHOCT::O KOHBepCHH SHeprHH HOHH3a~H B 

CBeT B ~HAKOM re~HH~ I% /liA-a/, rro~yqHM, qTQ Ha 1 ~OTOH HaAO 

V1 1000 SB ( BlltHAKOM RCeHOHe Ha I tlJOTOH Ha,zJ;O Vt 240 a:e), TOrAa 

Ha 1 ~ • qaCTHuy rro~yqH)f 12 I0
6 

SB = 1,2 104 @OTOHOB C 

--\ = 1500 _i 103 SB 

B:aHAy HeB03MO~HOCTH HenocpeACTBeHHO Hcrro~»30BaT::o ~OTOH~ 

TaKOR A~HHbl BO~Hbl H3-3a HerrpospaqHOCTH OaR~OHa ~OTOYMHOlltHTe~H 

A~H ~ = 1500 j 1 HeOOXOAHMa TpaHC~OpMa~MH 3TMX ~OTOHOB B BH~ 
.1l.HMblil c:ee T. Koa~cpHUMeHT TpaHc}lo pMaiJ;HH no~OlltHM4oft IOO% ( eM • ., Ha

rrpHMep,/IlA-a/, CTp.97). ITOKpbiB~H TpaHC~OpMaTOpOM CBeTa { ,1l.H

(j?eHH~CTI1Jib0eHOM) BHyTpBHHOCT::O rt~~HeBOH MHilleHH, Mbl MOJKeM OJKH,ll,aT~ 

BbiX0,1l.a CBeTa B HarrpaBJieHHH K .po·royMHOJH!Te~D '-"" 10% (H3-3a Te~ec

HOrO yrJia H H3JiyqeHHH CBeTa ,1l.Hr~eHHJlCTKJlb0eHa BO BCe CTOpOHbl) H 

IIOT.~p::O eme Ha 50% 38 cqeT OTpaJK 1;HHfi CBeTa OT ITOBepXHOCTeM pas

~eJIHTeJivHblX CTeKOJI H CBeTOB0,1l.OB H3 aRIDMHHH3HpOBaHHOM ITJieHKH. 

Koa~tPviUHeHT OTpaJKeHHH OT CTeKO~ C.~= 1,5 paBeH 4% IIpH 
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na~eH1U1 CBBT.a OT IIOpMBJI:GHOrO ~0 45, :WSQJii;HIJ,MBHT OTp8iK8H11fi 8JUOMMHMfl 

V) 90%~ TaKMM o6pa 30M' '113 I2. ro3 cJ?OT0:10B R (j)OTOYMHOiKMTeJIIO ~oPi~eT 

V' I 2 .I0
3 

'== 600 ti}OTOHOB. ilOJiarafl RBaHTI)BbiM BbiXO~ (j)OT03JI8KTPOHOB ~Jifl 
I0.2 

cy p:oMHHo-LI,e sMeBDIX (tJoToH:aTo~oB V\ ro~; ( tiyncTBMTeJILHocT:o Vl40 ~IIL;~ 3 I*) 1 

TIOJIYtiMM'-'60 q)O'l'OaJieKTpOHOn, C03~8IO~VIX MMITyJI:&C HU BbiXO;l(e cll3Y CO eTa TJII

tiBCKMM pas6pOCOM"' {60 = ± 7, 75, tiTO ;tJ.ae'T ITOJIYlll11pMHY Ha ITOJIOBHHB MaR

CHMyMa":: 7 '~6 - 10073= I37b :vrn:vr pas6poc no sHepriUIM::::. ± 1,5 Man. 

8Rcnep11M8HTaJibHO noJiytieHiwe B pa6o~~e. I TT J\-l I aMITJIHTY;tJ.Hoe paspeme-

Hl1e n 25-t 30% ;tJ.Jifl 0(. ti8CTHD; OT;t1.8ti11 0~: pacceHHHfl HBMTP.OHOB C RMHBTMT.Jec

ROM aHeprHeti VJ 22 Man Ha yroJI I20 ( aTO COOTBeTCTBYBT 8HeprMH CX 

- ti8CTHIJ. OT;tJ.at~M B I2 MaB) IIIA-41, J:opo!llo corJiacyeTCfl co c;tJ.eJiaHHDI-

MM Bbllll8 OIJ,8HR8MJI1. 

Ilp:vr 50 Man aMnJIHTY;tJ.Hoe paspellleHHe 6y;tJ.eT ;tJ.anaT:o TOtiHOCT:o onpe;tJ.e

neHMH aHeprMM ±-3 MaB. 

JI1'1TG;P ATYP A I{ riP HME qAH1'IIO 

II\ I V 32 N~II p II73-79 (I96I) 1- J.E. Simmons, R.B. Perkins R.:3.J. 

IIA-2 B.cil. repaCHMOn, B.C. 3eHRBn11ti 

rasonue CIJ,MHTMJIJIHTOpbi C - 344•I · ( JIB8) 
c -929 

eM. TaKJKe R.SI v 30 cTp. 838 v CTp. II30 ( 1959 r.) 

IIA-3 ]lJK. EHpKc. CIJ.MHTMJIJIHLLMOHHhie CtiETtiMim, 11HJI, 1955 r. 

IIA-4 A.M. EaJI;tJ.MH, B.1'I. ron:O;t1.8HCRJ11M, M.]. PoseHT8JI:O 

KMH8M8Tl1R8 H;tJ.epHbiX peaKUY.ll ( CTp. 5I, ci!OpMyna (10,29), 

I959 r. 

* TaRona• tiyncTnMTBJI:OHOCT:O cJ?OTOR8T0~8 cil8Y-65 ( Ha 8TOT TMIT cil3Y MDI 

opMeHTMPOBaJIMc:o paHee). ITpe;tJ.nOtiTHTen:oHee McnoJI:osonaT:o ~SY-49, 

tiYBCTBMTBJI:&HOCT:O KOTOpbiX n cpe~HeM VI 200 MHalem, TOr;tJ.a MOJKHO 

OiKM;t1.8T:0 2 tiTO 8MITJIMTY;tJ.H08 pasperneH118 ynytilliMTCH. 
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7. IlPIDIOIEHHE Jf. 2 K tlACTH IIA. 

Onpe.D;eJieHHe HMTIYJII>ca HaJie:ramrtHX nHOHOB c :roqHOCTI>IO 

o,I:+ 0,2~ 

E:MeeTCSI B03MO:EHOCT:b llOBhiCW~:b TOqHOCT:b B onpe,D;eJieUHH HJ4TIYJI:b

ca HaJieTaiO~HX ITHOHOB, Bhi3BaBWHX paccenHHe .D;O 0,1+0,2~. B npHH

ll;}fii8 3!0 MOJB:HO C.D;eJiaT:b C TIOMO~:bD :MarHHTa 6CIT-40, CTO.Rrqero nepe,It 

MHUieHI>IO, I1 CHCTe:Mbl HCKpOB.p!X KaMI~p., Orrpe,D;eJI.RIOH{HX HaiipaBJI8HHe 

qacTHD;hi .D;O H nocJie MarHHTa. 

O.D;HaKo .D;JI.R ,ItOCTHJteHH.e yxasaauo~ TOqaoc:rH, HY:EHH 6oJII>WHe 6asoBHe 

pacc:ro.eaH.e, OTCYTCTByrorqHe B namHx ycJIOBH.ex. Mo:EHo .D;OCTHq:& 

:rott xce n;eJIH .ItpyrHM cnoco6oM. IIpo,ItJiarae:rcs ycxaHOBHT:& B cpoKyce 

I-ro o6~eKTHBa uaramTnoro xaaana ( B pa~one " HMnyni>caott ~enH") 

nponopn;HOHaJI:&HYD EaMepy TIKI, msMep.ero~:ro "ropHSOHTaJI:&Hy:ro xoop.ItH

Ha:ry X, npOXOJIC,IteHH.R flHOHa. 3HaqoHHe KOOp,ItHHaTbl KO,ItHpyeTC.R H ne

pe,ItaeTC.fl Ha 3BM. TaKHM o6pa30M )tJISI KaJK,Itoro CJiyqag Mb1 KaK 6hi 

y:MeHI>WaeM .. 1• pa3M8phi HMITYJI:bCHOt-1 L~eJIM H TSM CaMUM yMeH:&maeM 

Heonpe,IteJISHHOCT:& B 3HaqeHMH HMII~rJI:&Ca nyqKOBOt-1 qaCTHI.J;H, C KOTO

pott 6HJIO CB.RSaHO cpa6aTbiBaHMe MOKpOBblX KaMep. 

IIpM cymec:rBynmeM B aacxosmee BPHM.e pasc>poctM:MIIYJII>ca.B KaHaJie 

A p/p=l~ B pat!OHe "HMITYJI:&CHO~ ~eJIM" Xp0MaTM3M H306paJCeHH.fl 

TOqeqHOtt MHU18HH Mycz HaxO,D;.Rinetic:.e B IIOJie MarHMTHO~ ,ItOpOJICICM CMHXpO 

qaso:rpoua, coc:raBJI.ee:r AX., 9 w ( .ax - rrorrepeqHa.e JIHHet!Ha.R 

.D;Hcnepcm.e}. Tor,Ita B npe,ItnoJioJJ:eHnH xoqequoa MHmeHH Myc.H B npe

ne6peJJ:eHHH a66epau~ JIHH3 .ItJISI A.~ = 0,9 MM MMe~ APIP=O,I%. 
~aKTMqeCKH TOKH B MarHHTHOM KaHe~Jie MOfYT 6blT:& 3aCTa6MJIH3MpOBaHbl 

c TOqHOCT:&IO 0 ro-4 = o, OI%, a fl(IJIS ycKOpHTeJI.R Ha "CTOJie" sa 



-0 '1--

BpeMH IJpaCTHEKH" ~ 500 MHnnHCeKyH~ HMeeT H9CTa6HnbHOCTb 

~ 0,02%. Bo BpeMa sxcno3HU~H npeAyCMaTpHBaeTca H3MepeaHe 

H nepeAaqa Ha 3BM AaHHUX Hanpfl~eHHOCTH MarHHTHOro nona YCKOpH

Teng H B MarHHTaX KaHana C TOGHOCTbD nyqme O,I%. 
TaKHM 06pa30M TOqHOCTb H3MepeHHR HMnynbCa HaneTanmHX nHOHOB 

Ap/p ·~ 0,!+0,2% MOXeT 6UT:b AOCTHrHyTa npH pa3pemammel cno

C06HOCTH nponopuHOHaJI:oHo~ xaMepu TIKI &x.~I w H YHmeHH Myc · e 

paAHanbHhlM pa3MepOM nop~AKa HeC~OJibKHX A9CRTHX MHnnHMeTpax). 

ECRH H3MepaTb C TaKO~ ~e TOqHOCTbD eme H HMITYRbC pac

C9RHHO~ qaCTHUH, TO npH 3HeprMRX HaneTanmHX nHOHOB B HeCKOJibKO 

r3B, B03HHKaeT B03MOXHOCTb BU~eneHHR KOrepeHTHUX C06UTH~ 

Ton:oxo no 6anaacy HMnyn:oca rrHoHa AO H nocne pacceaHHa (6e3 

aHaJIH3a laHHHX C reJIH9BOrO cneKTpOMeTpa 3HeprHH qaCTHU OTAaqH). 

X) TIHHe~HOe YB9JIHqeHHe !-ro 06~eKTHBa B ropH30HTan:bHO~ nROCKO
CTH nopaAKa 9AHHHUH. 
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ll.ACT:b 1m._ 

BCITOH:b30BAHIE XPER~OBOR TIPOITOPUHOHAXEHOH KAIEPH 

B OIIElTAX ITO B3YtiEHBD ROI'FPEHTHHI BSAmlOllEltCTBBR 

IIHOHOB C JllP.AME 
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AHHOTAUE:fl 

B qacTH ll B onHcau npoeE:T renHeBo~ MHmeuH~6ec~HH:D»OBoro 

TpexoBoro ,ll;eTeKTOpa qacTmn o~·,ll;aqH. B ,ll;eTeKTope O,D;HOBpexeauo 

onpe,ll;eJISJIOTCSJ: 

a) llOJIHaSJ 3Hepr:RSJ qacT:RI(bl OT,ll;atiH H BeJIHqmua HOHH3aUHOH

HHX fiOTep:b 3HeprHH B,li;OJI:b Tpe:F:a; 

6) KOOp,li;HHaTH TOqKH B Kc.l4epe, B KOTOpO~ npOH30WJIO C06bl

THe, BH3BaBmee nosrBneuue qac~·mnbi OT,ll;aqu; 

B) yroJI BHJieTa qacTHnbi CtT,ll;aqm no OTHomeHHIO K uanpaBJie

HHD na,ll;aJ)Dtero Ha MHmeH:D nyqxe.; 

r) DOJIHHI npo6er qacTHUb! OT,ll;atiH. 

MHmeH:D-,D;eTeKTOp npe,li;Jiare.eTCSJ HCfiOJI:b30BaT:b B ycTai:IOBKe no 

• 

YxpynueHHaSJ cMeTa CTOHMCICTH y3JIOB npe,li;JiaraeMoro ,ll;eTeK

Topa H npmMepHHH nJiaH-rpa~HK no C03,ll;aHHIO ero npHBO,li;SJTCSJ HHXe. 
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COJ{EPIAHME 
ti8CTH llB 

r .naBa I K npHMeHeHHI> ,D;peitqtOBOM nponop~HOHa.llbH.OM KaMepll 

.D;RR HCCnB.D;OBaHHR RorepeHTHilX peaK~HI 

§ I. tyHK~HH .D;peK¢oBoit nponop~HoHaH&HOI KaMepll 

tJtlc:rp 

B YCTaHOBKe ~RR H3yqeHHSI ynpyroro KOrepeHT-
61 

Horo · Jr oL-~ ·:JeoL- - pacceaHHH. • • - - ... - -

§ 2. CxeMa BH.D;e JleHwa xorepeHTHOit peaK~HH •. - - - 1! 
§ 3. CpaBHeHHe HOHW3a~HOHHOrO M6TO,D;a perHCTpa~HH 

tlaCTH~Il OT,JJS3 q:;r CO CJ:tHHTHJIJUi~HOHHUM MeTO).I;OM, 

HCnOJI:&3yellliM B JltH.D;KOre JJHe BOM CtreTtrHKe •- - - f.j 

f JiaBa 2 llpHHrtHn pa60TU H xupaKTepHCTHKH ,D;pei!I>OBOit npo

noprtHOHaJl:&HOit K8Me]~Il C BIICOKOit fiJIOTHOCT:OI> pa6oqero 

rasa. 

§ I. Cxe Ma .D;pel!l>oBoit nponoprtHOHa JffiHOJi KaMe p11 _ - ?.it 
("Jl.ll.K") 

§ 2. reoMeTpHtreCKHE pa3Mepu KaMephi _ _ _ _1/1 
§ 3. OrteHKa BeJlHtrHEhi .zcpett!l>oBoro HanpSIJJCeHHa _ _ _1.1 

V .D;pe KIP a • 

§ 4. OrteHKa BeRHtiHEil pa6otrero HanpRxeHHR ~ Ha 
11 

' 
nponop~HOHaJl:&EOM npOMeJJCYTKe-

§ 5. ~OpMa H BeRHtrHHa BilXO,D;HOrO HMilYJI:&Ca_ _ _ 19 

§ 6. 0EH,D;a8MaR TOtlHOCT:O onpe.D;eJleHHSI KHHeMaTH-

qeCKHX xapaKTepHCTHK qaCTHI.tll OT,D;atl:K __ __ 8! 
§ 7. BosMOJJCHOCT:& H3MepeHHR Tpex npoeKrtHI TpeKa 

§ 8. TOtrHOCT:O H3M9pt3HHR B TpexKOOp,D;HHBTHOit 

KaMepe yrJla BhiJleTa traCTHUil OT,D;BtrH __ 

12. 

13 



rJIABA m. IT:pto..reHeHHe ,I!;:peftq,OBC•tt n:ponopnHOHa.JI:DHOH Ka.Me:pH 

,Il;XR H3yqeHHR KorepeHTHHX peaKnHft C XerKHMH 

R,IJ;paUH ( H30TOnH BO,I!;OpO,I!;a H renHH) H C R,II;paMH 

atOKOB 6naropO,I!;HSX r830B 

§ I. Cxeu:a yctaHOBKB ,II;JUI H3yqeHHR Heynpyrott 

xorepeHTHOI $eJ. _..,. ..P-J.. pea.ItnHB 

§ 2. Cxeua ~eHTH41HKanHH RorepeHTHOI 

$-J. -.,;:tJ- pea.KnHm _ 

§ 3. ToqHoct:D onpe,IJ;eneHHB nepe,IJ;aHHOro 

4 - HMnYB:DCa H aq,q,eRTHBHOI KaCCH flBOH

HOI CHCTeMH TOB:DKO npH flOKO~H 3-X ROop

,IJ;BHaTHOI ItaKepli " Jt~IT.K"'~ - -

§ 4~ tJBKnBH ~eH4IOBOI nponopnBOHaH:DHOtf Ka-

_11-_ 

KepH B ODHTax ITO H3yqeHHD KorepeHTHHX 

B3aHMO,IJ;eltCTBHtt flHOHOB C ,I!;pyrmm R,IJ;paMH _ _ 9! _ 

JIHtepatypa x qactH ITE._ - - - -
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fJIABA I 

R IIPIDmiEHHD JIPElttOBOI IIPOTIOPimOHAJI:bHOM KAMEPH ltJI.ff 

HCCHEnOBAHHfi ROrEPEHTHa! PEARU!R 

§ I. tyHXnHH ~peA~OBO~ npoaopnHOHaBbHOI KaMepu B 

yc:rauoBite )I.na B3j"leHiU ynpyroro KorepeH:rHoro 

Ji-J. ..,.. J- rJ pacceaHHSI 

RaE yxa:n,IBanocb B BBO)I.HOtt 'Iac:rH ( cM.pas)I.en B , TIYHKT 2. ) 

H3MepeHHe KHHeMaTHlJeCKHX xapa.K~~epHCTH.K tzaCTHn11 OT.n;attH TI03BO

nae:r Ha)I.eZHO BH)I.eJIHTb KorepeHTHittf 3qxpeK:r. !3 Toro, liTO npH 

nepe.n;attax ~01~ /i./~ 0,'10 (f3B/c)2, 3HeprHH rJ -tzac:r~mu 
o:r.n;atiH nexm:r B HHTepBane 

1 ~ 7:t (:, jO (..ilel/") 
SICHO, tiTO KHHeMaTHtieCKHe xapaK:repHCTHKH tiaCTHnH OT)I.atiH 

)I.OBXHH Onpe)I.eBSITbCSI Henocpe.n;CTBeHHO B MHmeHH. 

OnBcuBae:uaa.HKEe YHmeHb-)I.e:rex:rop qac:rmnu o:r)I.atzm B onu:rax 

no H3j"leHHD Korepeu:rHoro ynpyroro §'-j -+- !l ... ol - pacceaHHH 

HMee:r cne)I.~He ~YHKnmm: 

I) MBmeHH, o6ecnetiHBa~el He06XO)I.HMyD CKOpOCTb Ha6opa 

c:ra:rmc:rHKH, 2) :rpeKoBoro )I.e:reK:ropa, onpe)I.enSI~ero, no KpattHett 

:uepe, B81IHtiHHY npoeKnHH TpeKa 'Q:i3.CTHD;H OT)I.atiH Ha 3a)I.aHHyD 

KOOp.ztHHaTHYD nnocKOCTb j 3) cneltTpOMe:rpa 3HeprHH tzaCTHnH OT,ItatiH; 

4) :rpHrrepHoro 3Jie:ueH:ra, HCKBJ)tJa.nqero sanycK ox HexorepeHTHux 

co6tt:rH~, conpoBoz.ztaiii(HXCH pasBa~'IoM o(- tzac:rmn~). 
X) B CJiytzae TaKoro C06HTHSI, XO~~SI 6hl O)I.Ha H3 tzaCTHU-npO)I.yKTOB 

pasBana o1.. - tzac:r~Jnu, u:oxe~~ npott:rH qepes nponopnHouanbHHf.t 
npoMexy:roK ( c:u.rnaBy 2. , .§ 1 ) H BHSHBae:r noSIBBeHHe m.mynb .. 
ca, coBna~Dmero no Bpe:ueHH c KMnynDco:u sanycxa yc:raHOBKH~ 
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TaxyD MHmeHD rrpe~onaraeTCH HCITOHi30BaTD KaK B ODHTax ITO 

fiof- B3aHMO,ll;etfCTBHD npH Jl8.JII:lX- /i/ , Ta.K H ,li;JIH H3}'lieHU 

KorepeHTHOrO B3aHMO,ll;eiCTBHH ITKOHOB C ~paMH aTOMOB dJiaropO,li;

HHX rasoB ( cu. r naBy 3 s roro pa3.11;e.11a). 

Bllno yxe orMe1leHo, lfTO cetreHHe xorepeHTHoro ynpyroro 

$-;J. -$'(/_ paccesHKH uano B yxasaHHOU Bsme mrrep:aaJie 

nepe.D;a1l /i / no cpaBHeHHD c ce1leHxeu .uexorepeHTHHX npo~ec-
coB •. llocKoJIDKY ~- qacruna HMeer npocrettmHe KBaHTOBHe 

1lHCJia ( CnHB 0, H30CnHH 0), H TOJIDKO BHpTyaHDHHe ypOBHH B03-

d~eHM, ro aezcorepeHTHas ( ~~ol) pea.B:nxs conpoBoz.D;aercs 

paa:aanoy J. - qacT~s. 
HsuepeHHe .D;Byx npoezcnxt Tpexa qacr~ ot,ll;a1lH H ee rroJIHOI 

saeprxx BMecre c onpe.D;eneHHeu HanpaBneaus H BeJIHqHHH HMITYHDca 

dHCTPOI 'CiaCTHitH D03BOnHeT Ha.D;eXHO BH.D;eJIHTi H3yqaeYHI rrponecc. 

B Ka1leCTBe .D;ononaxreniuoro xpxTepHs .D;JIH ~eHTH~HKanHH 

'laCTJIIlH llOXHO ,li;06aBHTi peayJiiTcLTH H3¥epeHHtf HOHH3anHOHHIDC 

norepi 3Heprxx qacrneH OT,ll;allm":) BJJ:OJID ee rpaexropxx. 

lereKTopou-uHmeHiD, cnocodBHM Y.ltOBJieTBOpHTi Bceu Bsme

nepellHcneasuu rpedo:aaHHsM, sBnsercs, no uameuy MHeHHD, JJ:pel

·q,oBas nporropttHOHaJiiHaH Ka.Jlepa ~' n /( , HanOJIHeHHaH reJIHeM. 

X) llpOCTelmd CDOCOd QeHTHq,HK13.UHJl tlaCTHl'(H OT,ll;allH, COCTOHJilHI 
B HCDOJii30BaHHH COOTHOmeHHI " npo6er-3Heprua", Tpe6yeT 
ueaaBHcHuoro onpe.n;eneH& noJIHoro npo6era, r.e .usM:epeamt 
3-x npoexnxH rpexa, H aueprwu qacTHitH or.n;a1lH. Ero .n;ocroHH
CTBO B TOM, liTO RHHeMaTJtllleC.f:He xapa.KTepHCTHIU! 6scrpol tlac
THitli He HCDOJ1i3YDTCH )(JIH ~eHT~XEBnHH tlaCT~H OT,ll;a1lHe TipH 



llpH HOp:WlJU~HO:M ,l\8BJieHHH He 06XO,l\lU48Sl IIJIOTHOCT:O re JlHSI 06ecne

qHB8eTCSI ero OX~Z,l\6HH6M (B 06~eMe K8MepH) ,l\0 HH3KHX TSMIIe

paryp, BIIJIOTL ,l\0 BSJlHqHHH IIOPH,l\K8 HeCKOJlbKHX AeCSITKOB rpa

AYCOB Ke JILBHHa. 

MH~OpMa~HH 0 napaMerpax qacTH~H OT,l\aqH CO,l\epXHTCSI B 

3Jl6KTpHqe CK£fX lUmy JlLCax, noc·ryii810ll{IIX Ha CHCT6MJ KO,l\HpOB8-

HHSI. 3Ta HH~OpMa~HH 6y,l\eT HCJ10JIL30B8H8 npH npOB6,l\6HHH 3KC

nepHM6HTOB B peJICHMe "oH-~tiH'1 
•. 

§ 3 CpaBHeHHe HOHlf38I5HOHHOrO MeTo,ga perHCTp8UHH 

qaCTH~hl OT,l\8qH CO C~HHTHJlJlHIJ;lfOHHUM MeTO,l{OM, HCIIOJ1L3J6WM B 

XH,l\KOreJIH6BOM cqerqHKe. 

B ZH.l\KOreJIHeBoti wmeHH no awJIHTYAe c~HHTHJI.na:qHOHHOt:i 

BCIIhiWKH, Bhl3B8HHOI IIpOXOX,l{eHHeM qepe3 XH,l\RHM reJIHn qaCTH~hl 

OT,l\8qH, onpe,l\6JlH6TCH 0,1.\Ha (H TOJILKO O,l\H8) KHHeMaTHqecRaa xa

paKTepHCTHKa qaCTHIJ;hl OT~tJH -· ee 3HeprHa (eM. qaCT:& ITA). 

M,l\eHTH~HK8IJ;HH C06hiTHH H BH,l\eJieHHe KOrepeHTHhiX C06hiTHti 

npOH3BO,l\HTCH C HCIIOJIL30B8HH6~t KHHeMa:rHqeCKHX napaMeTpOB 

(HMIIyJI:&Ca H yr~ paccestHHst) ChiCTpO~ qaCTHIJ;H H HH~OpMaiJ;HH 

oi 3HeprHH qaCTHIJ;hl OT,l\aqm. 

3HeprerHqecKoe pa3pemeaue XHAKoreJIHeBoro ,l{ereKfopa on

pe~e.naerca qmCJIOM CB6TOBhiX KB8HTOB, B03HHKmHX npH npOXOX,l\8-

HHB qaCTHn;H OT,l\8qH qepe3 XH~KHl reJIHI, 3~8KTHBHOCT:&IO Tp8HC

~OpMan;HH CBeTa H3 YJI:&Tp8~HOJ16TOBO~ 06BaCTH K 06~CTH qyBCT

BHT6JlLHOCTH i3Y, ~eKTHBHOCTbiO H O,l\HOpO,l\HOCTLIO CB6TOC6opa, 

xapaKTepHCTHKaMH i3Y H xapaKT9pHCTHK8MH CHCTeMhl H3MepeHHH H 

KO,l\HpOB8HHSI CHrHaJia. 
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B OTRHtlHe OT 3TOrO CITOCOda H3MepeHHSI 3HeprH~, npH pa

dOTe ITO HOHH3anHOHHOMY KeTOAY~ pa3peueHHe HOHH3anHOHHOrO 

npHdopa no 3HeprHH onpe~e~eTca, B nepByD oqepe~D, t~HCBOM 

C06HpaeMUX 3ReKTpOHOB, CTadHJIDHOCTbD HanpaxeHH~ M xapaKTe

pHCTMKaMH CHCTeMU H3MepeHHH ~ KO~HpOBaHHH CHrHana. 

ilOCKORDKY qHCRO ~ReKTpOaOB HOHH3anHH, o6pa30BaBWHXCH 

B~ORD TpeKa tlaCTHnu OTAaqH, MHOro 60R},ill8 qgc~ CBeTOBHX 

KB8HTOB H nOCKORDKY np.OtlHe <f>·:U~TOpu, BRHRIOII(He Ha pa3!pemeHHe 

npHdopa, npH padOTe no HOHH3iU(HOHHOMJ MeTo~y nerqe yqeCTJ, l1 

CBeCTH HX BJlHHHHe K MHHHMYM:V, nOCTOJIDKY HOHH38UKOHHH~ Me

TOA H3MepeHHH 3He prHH npe~n01l THTe RDHee nepe~ CUHHTH RJISII.VfOH

IJ.HM. J{e~CTBHTeJJ.DHO, OlltH~aeMOB pa3pemeHHe no 3Heprl1H aJU,cpa -

tl6CTI1Uh1 ~JISI XHAKOreBHeBoro ClleTtlHKa,....,IO% ~~ Eot. = IO M3B, 

(eM. tlaCTJ, IT A), TOrAa KaK HOHH3anHOHHI:lt.i MeTO~ MOJlCeT Odec

rreqHTJ, pa3pemeHHe~I% ~RH E~ =10 M3B*). 3aMeTHM, t~To nnor

HOCTb padoqero Bell(eCTBa B HOHH3aUHOHHOM npHdope MeH},me, tleM 

B JitM~Kore .11HeBoM cqext~KKe. O~uaKo, ox.nax~aa ra 3 ~o HH3KHX TeM

nepaxyp H yBeJmtlHBaSI ~RHHY Kt!Mepu B~ORb nyqKa, MOJitHO OdeC

netrHTb HeOdXO~HMYIO CKpOCTb Hf16opa CTaTMCTHKa (noCKORbKY ~RH

Ha KaMepbl He orpaHHtleHa YCJIOIIHHMH 3qxpeKTHBHOrO CBeTOCdopa), 

a pa 36M BaH KaMepy ua OT~e JibHhle ceKUHH - yMeHbillHTb 3<W>eKTHB

HYIO eMKOCl'}, KaMepbi, onpe.n;eJIRIOIItYJO a:MITJIKTY~Y BbiXO~Horo HMnYJibCao 

HH:a:e on:wcuBaeTca .n;peH<f>oEaa nponopu:wouaJlliHaH xaMepa, aB

RHIOmaaca HOHH3aUHOHHb1M npHdOIOM H npe~Ha3Hat~eHHaa ~JIH onpe-

.n;e ReHHH 3HeprHH, npodera H IT}OCTp8HCTBeHHOrO ITORO:at6HHH TpeKa 

tl8CTHUH OT~aqH. O~HaKO onpeAeJieHHe BCeX nepetlHCReHHbiX xapa

KTepHCTHK qaCTH~ OT~OtlH TpeydeT C03~6HHR CJIOEHO~ H ~opor~ . 

*J CM.~ HanpHMep, ~OKRa~ n.E.fOROBaHOBa,H.A.foRlTBHHO H ~p. 
Ha roex~Hapo~Ho~ KoH<f>epeHUHH no annapaType, ~dHa,I970 r. 



Ci'l.e:Jl(L tl. 
· CRCTeMU ~O,ll;HpO BaHHJl HHcpOpN..ai.J;HH. IlOaTOMJ' npH pea J1H3fi~H1if npoeR-

Tfl npe,n;nOJiaraeTCJl BHflttfiJ16 orpaHHtiHTbCSI JIHID:b H3MepeHHeM 3Hep

rHH ttfiCTH~ OT,11;8tiH. ~YHKI.J;HH ~mK Ha 3TQM 3Tane: I) YHmeHb, 

2) CneKTpOMeTp 3HeprHH ttaCTHI~'bl OT,n;attH, 3) 3JI6M6HT TpHrrepHOt1 

CHCTeMl:l. 0T<50p C0<5UTH~ B 3TOM CJiyttae (B 3RCnepHMeHTfiX, fiHfi

JlOrHttHHX OTIHCaHHLI¥ B qaCTH 11 A)~ <5y,n;eT npOH3BO,ll;HTbCH C HCTIOJ1b-

30BaHHeM KHHeMaTHtteCKHX napa:MeTpOB <5HCTpOt1 ttaCTHI.J;H H »IHcpOpMa

D;HH 0<5 3HeprHH tta CTHI.J;'bl OT,IJ;fltt~· • 

Ha CJie.n;yiDnteM srane npenCIJiaraeTCR pasBHTHe cos,n;aHHoro 

npu<5opa H npeBpamenae ero B lpeROBbl~ .n;ereRrop-cneKTpOMSTp qa

CTHI.J;H OT,D;flqH, OTIHCEIHHLI~ HH~e. 
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rJIABA 

IIP:miilmi PABOm M XAPAKTEPHCT:tllil .ItPE~«>:OO~ 
ITPOITOPnHOHAJibHOB RAMEPH C EHCOROR TIHOTHOCT1D 
PABOtm'O rA3A 

Ha pmc.I npHBe.n;eHa ~xe:ua. ;~p~ttcpoBolt nponopnHoHaJILHOit 

Ka:t.repu, COCTOSID{elt H3 )J;Byx trac~~elt I H ll X) • Kaz.n;aSI H3 HHX 

SIBJISJeTCSI, no CynteCTBYt OT)J;eJILHOtf Kampoft H COCTOHT 113 .n;peit

cpOBOrO npoMexyrKa AC ( AC 1
) H nponopnmoaaJILHoro npoMexyrKa 

eF (e'F1. 

X) fa.KaSI XOHCTpyKI(HSI n03BOJiste:~: Bo-nepBHX, HCnOJIL30BaTL MeHL

m'l3 ).tpeit4!0BHe HanpstlteHHSJ, BO-BTOPHXt yBeJIHtrHTL 3qxpe.B:THB .. 

HOCT:L DO){a:BJieHHSI 3Bl!YCEOB 01' C06l:lTHlt C pa3BaJIOM H.n;pa-ome

HH, H B-TperLHX, yBeJIHtlHTL 6HCTPO.JteltCTBHe KaMepll,- DO 

cpaBHeHHI> C TeM CJiyq:aeM, Kor.n;a HCDOJIL3ye1'CSI 06W1Hast :S:a.Mepa 

C O)J;HHM ,lij)elt4!0BW npo:uezyri<:OM B)J;BOe 60JILmm.t. 
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A - BHCOKOBOXbTHHA 3XeKTpo~, BHDOXH6HBHA B B~e UeTaX~Hqec

KO~ cer.Ku, ~ - npo:u:esyroquaa cerxa. 

3nexrpoHH, odpasoBaBmHec~ B~OBb rpexa qacTHUH OT~aqu; 

~BH:IYTCJI,( DO~ ~eitCTBHeK Hanp.H1:6HHS V )(peftcp , npHJOJ:6HHOrO 

K ,B;peltf>OBO:U:Y npo:u:ezyrKy t CO c::s:opocTbl> (/ .npei«P H npOXO)(ST 

CeTKy C~ flO)( )(6ICTBH6M uanpaXeHKH ~ , npHXOZeHHOro K npo

n6p~HOHaJbHOMJ npouezyrxy, y npOBOXoqeK. ~ ( Ha KOTOpse 

npoexrupyerca Tpex) anexrpouu,·npmme.nmHe H3 .npe~tcpoBoro npo

vezyrxa, Bssssanr nponop~HouanbRH~ paspa.n. B pesynbTare, ua 

Kali:)(O~ H3 yDOMSIHyTHX DpOBOXOtreK DOflBXH6TCH HMIIJibC Banpaa-

HBfl • 

Koop.D;liRaTa A uexoropol roqKH rpexa onpe.nen.a:ercR no 

BOMepy cpadOT&Bmel npOBOJOqKH~ 

Roop)(HBaTa i TOI Ee TOqKH onpe)(6JJI8TCR H3 COOTBOmeHHR 

z =A t>z~;&~p. 
r 1re A .L = -1: - J. -L Bpe YJI ..,. r 3anycx -c,. sanycK - · 

JieHHfl onyJibca. 

3Bepru Ll £ , ocraBneaHas qacrHD;el or.naqH, nponop~Ho

HMbHa qHcny 3JeKTpOHOB Ha ytlaCTKe .TpeKa A .f t npoelCTltpJill{eM

ca ua o.nuy npoBonoqxy. AMnnH:y.na mmynbca c or.nenbHOI npo

BOXO'IKJI nponOp]lHOHalbHa HOHH!JallHOHHHM DOTepSIU 3BeprHH, a 

Cymla aMIIJHTJ)( HMIIJJibCOB npOIIOPllHOHaJibHa DOJIHOI 3HeprHH 

'laCTHilH OT)taqJI~ 

noarouy mmynbcs, nocTyna.DitHe c npoBonoqex, nocne 

ycmneuHSI pacnpe)(enaDTCJl ua TPH xauana, B xoropax xo.nxpyercs 
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HOMep t - npo:eoJIO'lKH, :eeJIH'lHHf~ A ,n;JISI rot xe npo:eoJIO'IKH, 

H aMDJIHTy.n;a HMDfJILCa C He!. 3ta HH~OpMa~Ha 3aTeM DOCHJiaerca B 

3BM H HCDOJIL3yeTCH npH o6pa60TKe pesyJI:&TaTOB 3KCDepBUeHTa. 

§ 2. reouetpHqeCKHe pasueps xauepu 

llpH onpe,n;eJieHHH reoMeTpM'leCKHX pasuepo:e Kauepu ( .n;JIHHH, 

mHpHHH, BHCOTH ,n;pei~OBOfO npoMelyTKa), a TaKEe DJIOTHOCTH reJIHH 

MH HCXO).(HJIH H3 CJie,n;y~HX YCJIOBHI. 

I) o( ~ 'laCTHna C KHHeTH'IeCKOI 3HeprHel 

I~ ~ ~ S'tJ f~t41/ 
).(OX!Ha DOJIHOCTLD OCTaHaBJIHBaTLCH B KaMepe; 

2) ).(JIHHa Rauepn: H DJIOTHOCT~ reJIHH ).(OJIEHH 06ecne'lHTL 

Tpe6ye)AJD CROpOCTL Ha60pa CTaTHCTSH Jl BHDOJIHeHHe ycJIOBHH 

7:t >> A E l!i4a:! ' 

r.n;e A E111a~. - uaxcHJlaJILHaa aueprma, ocra:exeuuaa 6scrpoA 

qacTmtelt :e xaJ.repe. 

Yt~HTSB8.a, 'ITO KaM&py npe,n;DOJiarae~t:CH HCDOJIL30:BaTL H ,1(JIH H3~eHm:SI 

KorepeHTHOI $;( -..,P-o( pea.RUHJ.t xx), _ reouerpHlleCKHe pasuepH 

Ka.Meps: 

.n;JIHHa: /. a IOO eM 

BHCOTa: ~ • IO CM 

m:RpHHa: ·iA 11 20 CM 

DJIOTHOCTL rasa: .fJ 11 4.Io-3 r/cu3 ( uoxer :eap:&HpoBaT:&ca)x). 

x) IIpH pa6orn: :e HHTep:eaJie nepe.n;at:: o.OI ...;: /i /.(.o.I (r3B/c)2 
DJIOTHOCTL rasa .)' V? 5.10-.L~ r/cJP , ,1(JIH HHTepBaJia 

o.r "-lik: 0~25 (:ra:e/c)2 fl(/) ro-2 r/c~ 
xx) Ceqeume 3 TOI pea.R~HH nopSI.n;Ka 50 6apu ( npH ~ =5 I'3 :e/ c) 

H Ma.RCHMa.JILHO DpH ~ ..,__ /2 t? .A/er. 
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reoMeTpH'IecKHe napauerps :~onopnRoHaJI:bHoro npouexyrKa 

(L , J' , tf), B1IHSIHHe ltOTOpH:t Ha xapaKtepHCTHltH nponopnHOHa1I:b

HOI KaMeps pacCKOTpeHO mapnaKOM /I/, 6HJIH BH6paHH THnHqHHMH 

.rtJISI nponopnmoHaJI:bHHX Kauep 

L =4 w, .5 II 2 o, 

PHc. 

BeJIR'IHHa ,D;peHcpoBoro uanpsn:eHHSI paBHa 

~peHq, • 270 1<1' ,( DpH 3TOM V,ItpeHcp 

OneuKa npo:ae,1teua c yqeroM cJie,n;yunmc ycJioBHH: 

=I,2 _eM ) 
./' ceK . 

I) Bo BpeMSJ ,ltpel$a sJieKtpoHOB B ~elcpOBOM npoMezyrKe 

He ,ItOJIEHO 6HT:b HeynpyrHX CTO~~HOBeHHI 31I8KTpOHOB C aTOMaMH 

pa6oqero ra3a; 
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2) 3a BpeMSI pasBHTHS! rrponc.puxouaJI:r:,uoro pasps,n;a Ha or.n;eJI:D

HOI npOBOJIOqKe IIOJIOZHTeJI:DHHe HCHH, 06pa30BaBmmecs B6JIH3H Bee, 

He ,]{OJDCHH 3a.MeTHO C,I(BHraT:DCH 07 3TOI IIpOBOJIOqiCH. 

ilOCJie,n;Hee yCJIOBHe He06XO,]{H1a:D )J;JIH Toro, tlT06Il CBeCTH It 

MHHHMYMY BJIHHHme BeJIHtzHHH yrma HaiCJIOHa rpe.B:a x nJiocxocrm OXY 

Ha aMIIJIHTY.D;Y BHXO)J;HOrO HMDYJI:DCa ( CM~ § !) ). !CJIH OT.B:asaT:DCH 

OT-HSKepeHHH 3HeprHH tzaCTHUH OT~aqm, TO IIOCJie,]{Hee yCJIOBHe YOZHO 

or6poc:wr:r:,, PI pa6orar:r:, np11. ropas,u;o KeH~>mmc }{pet:t<PoBux HanpSizeHux, 

OlHaKo, B 3TOM cJiyqae MaKcm:MaJI:r:,aoe Bpewr co6wpauma saps,n;a co 

Bcero rpexa yBeJIHtzHrca. 

§ q OiteHICa BeJIHtzHHH pa6otzero HanpSIXeHJm Vo Ha 

nponop~HOHaJI:DHOM npouezyrxe 

BeJIHtlHHa padotzel'O HarrpSIZeHHSI Ha nponop~HOHaJI:DHOll rrpo:Me:tyrKe 

saBmcmr or napauerpoB .B:aMepH 1_ , 1 , cf , po}{a pa6otzero rasa 

H ero IIJIOTHOCTH. 

B xaqecrBe pa6oqero rasa Bll(6paH XlDAJ{qeCKH tzmcran reJIHM. 

Tpe6yeuas rrJioruocr~> ero ( eM. § 2 sro~ rJiaBu ) o6ecnetzHBaercs 

oxJiaz.IteHHe:M rasa .no HHSICHX reuneparyp. ( Hanpm.~ep, }{JIH .,P = 
= 4,Io-3 r/cv:'3 re:ameparypa rasa .n;oDHa 6HT:D "" I5°K). 

nocxoJI:r:,xy npoueccH, npomcxo~smme B6Jimsm npoBoJioqKH B 

rrpOIIOPUHOHaJI:DHOI Kauepe H B 06IlKHOBeHHOM UHJIHH,n;pHtzeCICOM npo

IIOpUHOHaJI:DHOM cqeTtzH.B:e O,I(HH H Te ze, TO OUeHHBaSI BeJIHqmuy ~ 

MH Mozeu mcnon:r:,soaar:r:, pesyJI:r:,raru reopmH UHJIHH,n;pmqecxoro nponop

nHoHaJI:r:,uoro cq§TqHKa. 

IIpm napaMeTpax .B:a:Mepu, yxasaHHHX B § ~ m sa,n;aHHOM xoaq,q,mnHeHre 
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rasoBoro ycmJieumsr K=50, nOJIJ1raeu: Yo !::! 5, 3 ~ v 
( TO'QHOCT:& OUeHEH C/7 :3~) 

l{onycrm.m.sr uecradmJI:&HOcT:& ..ev:- HCTOllHHEa nmrauu ~¥ ~O,I~, 
npH ,lJ;onycTHMOH uecradHJI:&HOCTl! 

4
/ BeJIH'QHHII K ~k :, 11 

(3TH ycnoBHH odecnettHBaDT HsMepeume sueprmt qacrmnu or.ztattm 

C TO'QHOCT:&D He xyze 5~~ TaltaJI TO'QHOCTh HeOdXO,!I;HMa ,lJ;JUI TOro, 

llTodu c novom:&D cooraomeamft"npoder-saeprmsr" pas,n;eJIHTL srJtPa 

He"u He~ 

§ 5. top:Ma H BeJIH'QHHa BHXO,li;HOrO :mmyJI:DC8. 

TiycT:& o/.- llaCTHUa OT).t8.1lH B03HHEaeT B EOrepeHTHOlt 

J/oJ....,. p-J pea.KtliH npH mmy.II:&ce nxoua 5 rsB/c. B sroM cJiy-

qae B uarepBaJie sueprur j()~ Tot ~S~ (vt!eJ.') yroJI 

BHJieTa oC- ti8.CTK~ OT,D;a~H npaRTH'QeCKH He 3aBKCHT OT ee 

saeprmH PI paBeH npHuepuo 13°; BcJie,n;cTBme sroro, xpeE ttacrH

UH OT,ItatiK JieEHT H8. DOBepXHOCTH EOHyca C yrJIOM Mez,n;y OC:&D H 

odpasyunelt paBBLtM ~ ~ 13°. Oc:om xoayca aBJisrexc.a uanpaBJie

ume Bexropa :mmyJI:Dca na.n:ammero Jr- vesoaa ( xoropoe nepneu

,lJ;HEyJISipuo COdlq)aDI{HM npOBOJIO'tiEaM) t a BepmHHa KOHyCa Ha%0,lJ;HT

CSI B TOJIKe, B KOTOpOt! npOH30!1lJI8. peaKUHSI. 

QqeBH).tHO, 'QTO Ha O,n;Hy OT,D;eJI:&HYD npOBOJIQqKy COdi!paDTCSI 
' ..r 

3iieRTpOHH C yqacrKa Tp~Ea ,n;JIIHOI A f:: ~ &ot , r,lte J - mar 

H8.MOTRH COdmpaDI{HX npOBOJIOti.e£C, H BeJIH'CfHB8. A f_ He 38.BHCHT 

OT yrJia H8.ItJIOB8. TpeRa H flJIOCECOCTH COdlq)aDI{HX npOBOJIOtteit 

( r.e~ tiHCJIO 3JieRTpOBOB, COdwpaeYHX Ha OT).teJI:DHYD npOBOJIOtiity, 

He saBHCHT or ynoMauyroro yrJia). O.n;uaxo ecJIH nocro.auuasr 

BpeMeHH /l ~ nenOtiKH Ba BHXOJJ;e npOBOJIOtiKH cpaBHnta C 
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B9XHqHHOn A jr, ( KOTOpaa onpe~e~eHa HHEe) H C B9XHqHHOm ~+

BpeueHo·,lij)eMcpa noXOltHT9X:DHElX HOHOB OT npOBOXOqKH )I.O HSKOTOporo, 

60X:&moro no cpaBH9HHI> C ee ~HaMeTpOM, paCCTOHHQ 't,et TO aMilXH

Ty)I.a HMnyJI:&Ca MOE9T saBHC9T:D OT B9XHqHHH A T ( B9X:Hq:HHa A l 

ecr:o pasHocr:o uez.n:y npeueHaMH codmpaHHg axexrpouoB c uaqaxa H 

KOHna paccuarpmnaeuoro yqacrxa rpexa 4 l ) nocxox:oxy axexrpous, 

co6xpa~Heca ua nponoxoqxy, " pasuasaus" BO Bpeueum. H~xez~mu 

BH6opou .n:pen~oBoro uanpazeuug aror 3~KT MOltHO c.n:eJiaT:o ~ocraroq

uo MaJIUM m npeue6peq:o mM. 

Maxcmmx:ouaa aMnXHTy,n:a HMnyJI:oca c nponoxoqxm oneHmBaerca 

, r.n:e 

IL- qHcJio aJiexrpouoB, co6sq>aeMSX Ha O.ltHY nponoxoqxy, K -xoa~ 

~- eMKOCT:D npOBOXOqKH no OTHOme-

HHI> K "seuxe"• lXH BHdpaHHHX BHme napaueTpOB KaMeps H 3HeprHH 

o/. qacTHitLt 20.J/er A"'-4.I04 SJieXTpOHOB. ITonaraa eo~;jh.'!J 

H K =50 no.nyt~aeu: 

~~ ,.. ~/Jvt/.~ 

top:ya m.tnyJI:&ca ( npm 4 T= I) ) onPicsnaerca ~yuxnm:ett 
-t+1: 

) 

r.n;e tt .. xapa.xrepHoe BpeMS ~pet.t1f>a nono:z:uren:&usx HOHoB, c-xapa.x

repmcrmta XaJfepH, sa.BHCantaa or ee reoMerpmm~ ITpm "'7 F IJ rpopm . 

mmyx:oca Hsueuaerca. lJIHTeJI:&Hocr:e. q;ponra mmyJI:&ca npm R~~~.ue. 

HAT={) ozB;taerc.R nopa)I.Ka 0,2/cex, npm AT=LI~~;j,-4§:u.~.
nopH;II.Ka 0,5~ex. 
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Ha aMnJIHTy,n;y BWCO~HOfO UMIIyJI:DCa :MOfYT BJIHHT:b nponecCH 

peKOM6HHanHH 3JleKTpOHOB B ltOJIOHKe H " IlpHJIMnaHHe" 3JieKTpOHOB 

K aTO:Mall reJIHSi C o6p8.30BaHHE!M HOHOB & -. 0.D;HaKO 3TH 3flxl>eK

TH MaHU H HMH MOXHO npeue6peq:r,. 

Ha TOqHOCT:b H3MepeHRH 3HeprHH qaCTHnH OT,D;aqH BJIMHeT 

TaKze ( DOMHMO yDOMHHYTHX ~TOpOB) H 3aBHCHMOCT:b K03~HnHeH

ra ra30B0f0 YCHJieHHSi OT BeJIHqHH'fl HaqaJI:bHOI HOHH3anHH, nOHB

JIHDmaRCa BcJie.n;cTBHe ucxaxeuHS·Buemuero nona noneM sapa.n;a 

nOJIOJ:HTeJI:bHHX HOHOB B6JIH3H npOBOJIOqitHe O,n;Ha.KO B HameM CJiyqae 

3 THM s<fxl>eKraM uoxuo npeue6pE~q:r,, no cKOJI:DKY sapa.n; noJiox:wre n

mtx HOHOB MaJI no cpaBHeHHI> C: 3apa,n;OM npOBOJIO'qltH. (JleiCTBH• 

TeJI:&HOt JIHHeiHaa nJIOTHOCT:b :::apa,n;a npOBOJIO'qKH oneHHBaeTCS 

Be~K'IJtHOJ (). /J =: T/e~ tf./t.1J.q ·/t:J~_: (c.,rt!£;e:1 "'i fJI.if~~ f''Y'IJD, y" .J()() ~ / "'"' / { ad .J 

"""" ( r~e t - MeZS~eKTpO~HaB eMKOCTi, CM. , a JIHHetuaa 

nJIOTHOCT:b sapa,n;a nOROXHTeJI:bEHX HOHOB B6JIH3H npOBOJIOqKH 

paBHa ~+ ~ .e:,K / ( r.n;e t' nopR,n;Ka mHPHHhl rpexa) 

f' ~ 0, 2 CM ( § 6) t T • e • 

()~ ...... -tl'·ltJ-/fN. /Pf~ru1.) ~ f-ltJ -r-c:;c,_) 
I'T ~£ ~ I 

TaltHM 06pa30M, 

§ 6; Ol~aeuaa TO'qHOCTi onpe~eJieHHS KHHeMaTHqeCKKX 

xapaxrepucrHK qacrmns or~aqH 

a) Toquocr:r, onpe~eJieHHH BeJIH'qHHhl ~ - npoe:ttnux rpe:tta 

qacrHnH or~aqH onpe.n;eJIHercH maro:u: ua:u:orKH S H ee Moxuo 

oneuHT:D BeJIHqHHOH ~X """ .. > == ti.P.u, 
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HliiiYJIJ,Ca Ha npOBOJIOtiKe 3JieKTpCI,n;a c;z:> conpOBO:E,n;aeTCSI noSIBJie

HHeM Ha 3JieKTpo,n;e C. HJIH j= ( B6JIH3H MeCTa pasp.R,n;a) HMnY1:J:J,Ca 

npOTHBOnOJIOliCHOit nOJISipHOCTH ( C:Me .i J 2. , '-/ ) • TIO cy-

JJ{eCTBY TaKoe xe a:BJieuHe mcnoJI:r:.soBaJIOCJ, H B pa6ore / 1/ ,n;JISI 

onpe,n;eJieHHSI ,n;Byx KOOp.D;HHaT TO'lfKH npOXOX;D;eHHfl tiaCTlmll CKB03}, 

nponop~HOHaJIJ,HJD Ka.Mepy. IIpH aroM a.neKTpo,n; ( uanpHMep, ;C" ) 

npe.n;cTaBJISeT C060I pSI.n; npOBOJICtieK, HaTSIHYTHX nepneH.n;HKyJISipHO 

OCHOBHHM. TOtiHOCTJ, onpe~eJieHHS BTOpOH Koop.n;HHaTH cpaBHHMa C 

TOtiHOCTJ,D onpe,n;eJieHHSI ~ - ROOp.n;HHaTH, O.D;HaKO, aMTIJIHTy.n;a 

HH,IJ;yUMpOBaHHOrO HMnyJIJ,Ca Ha nopSI.D;OK MeHJ,me, tieM OCHOBHOro. 

YtiHTHBafl .D;OCTOHHCTBa TpeXKoop,n;HHaTHOH KaMepu ( CM. npHMe

tiaHHe K § 2. rJiaBH i ) npe,IlcTaBJISieTcSI QeJiecoodpasusM aKcne

PHMeHTaJIJ,HO HCCJie,IJ;OBaTJ, B03M03HOCTH H3MepeHHR 3-it KOOp,D;HHaTH, 

H eCJIH OHH HMeDTCSI, TO peaJIH30BaTJ, HX. 

§ 8. TOtiHOCTJ, H3MepeHKS B TpeXXOOp,D;HHaTHO~ KaMepe 

KaK ynOMHHaJIOCJ, BHme, TOtiHOCTJ, onpe,n;eJieHHSI ~ - npoeK

nmH ( H ~ - npoeKnHH) Tpexa qacTHnH oT.n;at~H onpe,n;eJIHeTca: 

BeJIHtlHHOI $ - paCCTOfiHHeM Mez,n;y C06MpaiiJUDlH npOBOJIOlUta:t.m 

( H paCCTOO HHeM j' I Mez.n;y npOBOJIOtiKaMH, C nOMOD(J,Jl KOTOpHX 

onpe.n;eJia:e TCSI Jt - npoeKnHSI TpeKa ) • 

TotlHOCT}, onpe,n;eJieHHSI BeJIHt~HHH r - npoexnmm Tpexa onpe,n;eJiaeT

CSI BeJIH'lHHOft f , xapa.KTepH3YQJteA pacnJIHBaHHe " H306p~eHHSI" 

TpeKa BCJie,IJ;CTBHe ,n;~y3HH 3JieKTpOHOB. 

IIpH Bl~c:1paHHOM BHme pezoe padoTs Ka:Meps .4 .%""'4-l""' 2 w. 
'. 
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CllHTaa .d J 1\.- 4 r ' oneHHM l'OQHOCT:D onpe.n;eJieHH.A: yrJia &o~ B 

"Tpexxoop.n;HHaTHo~" KaMepe. KMeeM cJie.Ityromme cooTHomeHHH: 

tr2 8. ~ A'-"!t &~ = _YJ'.t.;. -ll' ..: (/ 

<1 ~ .R ~ tPot ~ 

_r- as o{ ~4 _;_~--
Tor.n;a o ¥J=- ~.e.&~ = /l CkJ.t. &ot ( npm A f.= d ji=.J l ) 
0TCD,n;a: ~ (Y~ .::: 1_,)" 
IIpK /1, t::r ~ J'~ U. 4 )' ,., 4 .J.' ~ ; 

{'""'/') • (7 •. 7 
(J ftY_, I'\- ./ ,'\ / ' : 

~ ~ .. ( ,/ 
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rJia:sa 3. IIP~EPY IIPIDAEHEHMI .UPEA~BO~ IIRJI10PUIDHAJI1HOa 

KAMEPii }J]IH HSAEIUUI KDrEPEliTHIIX PEAKUffit C JIErKHM~i 

HJ!PAMH rE1IMH Vi H)lPAMH AIDM)B EliAf'OFO,UHHX rAOOB. 

§ i Cxe:ua ycTaHOBKH ;n.n11 Hsyqea:~.H aeynpyroii KorepeaTHOH 

$-of --" flo{ peaKUHH 

I\aK yEe. OTM6tiaJIOC:& ;D.JUt IlJX)B6pKH M0,1J.6JIH B6KTOpHOH 

,1l;ouHaaaTaocTH ( V.ctJ. H.) H peaxuHH KorepeHTHoro. poJt.neHH.H 

· ( aanpHuep, $-+ MIX>_,. p;. 11,11;po ) HaH6o~ee y;ao6aoii tracTHuef.i

-MHmeH:&JO HBJIR6'l'C.H fUJ,po I'6JIHH. · . - ( CU.· BBO;zJ.HyiO 't!aCT:& ) • 

HsyqeaHe a roil peaKuHH MH rrpe;aJiarae:u ocymecTBHT:&. c rro:uom:&I> 

OIIHCaHHOf.i B I'JI8Be 2 ;zr.peHfoBOH rrponopn;HOHaJI:&HOi KaMepH. 

-

Cxe:ua ycTaHOBKH rrpe;zr.cTaBJI.HE!TC.H cJie;n:yiOUteii. 

MOHHTOp 

. 
• Pc1 .. •Pc. 

\,_ ~- .I 2 
6JIOR rrponopn;HOHaJIL
HHX KaMep 

OtieTtiHX THIIa 
~OIH.D:BHti"_:_ 

.. . . .. - Q;;;.~e,-eKTOf 

liJioR J1 rrpe;n:Basaaqea ;IJ.JIJI onpe;zr.eJieH.HSJ aarrpa:BJieHH.H ... :seKTopa 
tr- - $ - IT."() •• H:urryJI:oca. Jt :- :ueaoaa, npo.n.yx'l'a_ pacna;zr.a.j). ~ "" ,11. _ .:: ctieTtiHK 

THIIa ".C8H;zJ.BHti" .":" . .D:JI.H .pei'liCT.paili'IH ~OTOHOB. pacna;zr.a $~- !g 

H onpe.n.eJieHHJI :sexTopa uunyJI:&ca $'!uesoaa no .xo.op:auaa~aw 

"I'OJIOBOK" JlHBHeii. ( Bll3BaHHUX.cl)oTOH8MH B -CBHHUOBOU KOH:sep-rope ), 
- U'I...Oj 

KOTOpue H3W6p.H~CJL C .nouom:&IO. HCKpOBllX KaMep Se, HYifeJIHtiHHe 

£~-CHI'HaJia ~-~~ e O- r-fiuUc,4k-<>f-IL• 
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3anycK ycranoBKH ocymecr BJIS!erc.a: no cne.n;yDII{eti cxeue: 

Ie BbtJI CHrHaJI OT MOHHTOpa 

2. He 6HJIO Hesanas.n;uBaQJ(ero ~~mrHaJia or MmireHH-.n;erexropa, 

COOTBeTCTByJJII{ero pas:ea.Jiy eX - tzaCTMD;H 

3. E npaBOI (JieBOI) ~aCTH ycTaHOBKH 6HJI CHrHaJI OT nponop

UBOHaBiHOI KaMepH ( saperHCTPHPOBaH O,D;HH rpeK OT ~:Me

SOHa, npo.n;yxra pacna.n;a;o-·-f'l"') 
. . 

4. B JieBO~ (npaBOI) tzaCTH yc~caHOBKH He 6HJIO CHrHaJia OT 

nponopnHOHaJIDHOH KaMepu 

5. B npaBOI (JieBOH) ttaCTH yc~caHOBKH, B CtzeTttHKe THna 

"C3H,D;BHtt" cywapHaS! aJAIIJIHTy.n;a 

Eo- CHrHaJia ~IJfRIIIII.8~_... MeH:ome sa.n;aHHOit 

6. B JieBOlt (npaBoH) ttacrH yc~~aHOBKH cymre.pHaS! aMIIJIHTy,n;a 

g ff""CHrHaJia 60JI:Dme SBJJ;aHHO-~ 

TaKHK odpasox, sanycK ycTaHOBKH npoHcxo.n;HT JIHm:L B TOM 

cxyqae, Kor.n;a xs YBmeHH BHJieTaer o.n;Ha sapaxensas ttacrHUa H 

.n;Ba ( HJIH doJiee) T - R:ea.nra. 

_jOH. 0EH,D;aercs, liTO JIOZHI:le su.nyCRH B OCHOBHOM 6y.n;yT BHSBa

HH HeKorepeHTHEHnt fot ~ _/) ~ ~ .. · peaKUHSIMH, HJI.Y

II{HUH C paSBaJIOM o( - tzaCTHUH, nocROJI:LKy CTO.HII{aS! sa 

IOimeHiD-.n;erexropo:M anna]larypa He sarpyzaerc.a npsMHll 

nyt~KOM. Cet~eHHe TaKHX nponeccoB MOZHO oneHHT:D no <}>op-

uy 11e G"kP.t"<YI'. ~ 6j'Ui · li / 6 / 
, r.n;e 

A - tlHCJIO HyKJIOHOB B a.n;pe, c;;ete~- noJIHOe cetteHHe peaKUHH 

$"'/f' ~.f'~ Ha CB060.n;HOM HYKJIOHe. 
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r,£1 N ~ IV D-. ;V t2 .r ..,t/r(#UI_ I V.freee ,_. v1'_f-'>JYp ,..., J;-11 ..,.p-tt ' -..,-·-· J 

qmcJio ".nouux" aanycxo:a ~,~ . ....., C? ~'lf'· :: 
H qHc.no "HcTHHHHX" sanycxo:s, cotr:aeTcrr:ayrom:ax xorepeHTHO.i 

J/01...,.. J'-of peaxnini pa:sao ~~. ""G;qr.. ; rrpHqeM 

/"""'"'"'· - ~"-t!· .4- 2.41"~. - /;/7 
/~.- - o-~. s-o.;v··:ru¥. ~ 7v, 

ITpH :au6paHHHX Bblme rrapaMeTpax Ka:Me.pJ:Z .H HHTeHCHBHOCTH 

104 II /nHKJI ./ tsuZ IO .. cot{/Yac. To:r:n.a. t~iWJ!o sanycxo:a, .cooT:seT-
. 

CT:ayromHx aexorepearraoMy po~eaaro ~ ~uesoaa, nops;n,xa 

~?CN. ~ 400 __ C?6/qa,~ ___ /V _____ I -~- .2 _ co6/l~. _ 

!at<HM o6pa30M, OJitH;n,aeTCH, tiTO t{HCJIO 3aiTyCKOB 6y]l.eT 

He60JI:&WHM. 

§ 2. Cxeua H;n,eHT~~~xanu~_xorepeHTHoi 

_ §-rJ ~_;0- ... _oL _ ~Q1tn_H~ __ .. __ 

K~HeMaTHKa peaxnHH lL.na6opaTopaoi cScTeMe npH aH,eprHH 

TI&;Il8IOO{HX .. ITHOHOB. ~ = 5 ra:a H a·aeprHH • d(-qaCTUUbl OT]l.aqH 

20 Ma:s Taxo:sa : 

YroJI BbiJierra oL-t~aCTHnot oT;n,aqn 

YroJJ. :SiiJierra jJ -.,.Meaoua 

MaxcHMa.JI:&HHii yrGl'JI :asJieTa pacna;n.H<>ro 

II ~Meao.Ha~ 

~MnyJI:&c rra;n.aDmero IT-Meaoaa 

&ot ~ 730 

~ ~ 4~I0 

&~z27,8° +.~ 
~ ~ 5,00 ra:e/c 
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ID.myJI:&C .}J-- Me30Ha 

3HeprH.fi o< - qacTlifil;bl oT,n;atim 

Pp ~ 4.92 rsB/c 

To( =20 Ms B 

:Bee yrJis onpe,n;eJI.fiDl'CSI no Ol'HOmeHmiO K HanpaBJieHHD na,n;ai)J}lero 

nyqKa. 

Bbt,n;eJieHHe KOrepeHTHO~ §"~' ~ .J' -J. peaKrtHH npOH3BO,D;HTCSI 

no KHHeMaTHKe 3l'O~ peaKrtHH. 

Ha ycranoBKe H3MepHIOTCSI ( ,!J;JISI Ha.n;exuoro Bs.n;eJieumr :rtorepeHl'

Hsx co6sTHti ua q,oHe 6oJI:omoro n~t:ta ueKorepeHTHhiX Jllo<. peaxnxt1) 

cJie.n;yiDmme KHBeMaTKqecKme napaMerphl: 

I. ID.myJI:oc H HanpaBJieuHe BeKropa HMIIYJI:Dca nepBHtiHoro II-Me30Ha. 

2. BeKTOp HMIIYJI:DCa o{- qacT:tmH OT,n;aqm. 

3. RanpaBJieHHe BeKropa HMIIyJI:oca 3apgzeuuoro nmoua - npo,n;yKra 

pacna,n;a JO-- Me3oua. 

4. BeKrop HMnyJI:oca uetrpaJI:&uoro nmoua - npo,n;yKTa pacna,n;a 

p-- Me3oua. 

§ 3. TotiHOCT:D onpe,n;eJieHHa nepe,n;auuoro 4 -mMnyJI:Dca m 

3qxp6KTHBHOI MaCCii OHOHHOI CHCTeMDt TOJI:DKO npH 

noMomm 3-x Koop.n;muaruoR KauepH "liT~ 

I!OJIOZHM, liTO HMnyJI:DChl HatiaJibHOTO nyqKa H3BeCTBH C TO'ti

HOCT:DD ~ ~' a 3HeprmH qacTmuH OT,n;aqm onpe,n;eJI.fieTC.fi C TOtiHOCT:biD 

IV 5~. :KMnyJI:DC HatiaJI:DHOro nyqKa 5 rs B/c; 3Heprm:R ~ - qacTHI:tbi 

or,n;aqm 20 MsB. Tor,n;a B peaxumm SD! ~ /'- ol yroJI BHJieTa 

J. - qacr HrtDI f) oL ~ 73°. 

j 
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Y'tLKTbiBasr, t!TO /1~ >) 'J; , p.F ;?/Jl~ 1 p.l' >)/J'!!J 

( r.n;e P%' - mMnyJI:&c na.n;anqero nmoHa, ~ - mwyJI:bC 

.J' - Me30Ha, hJ.H H .hJ..;.' COOTBeTCTBeHHO Ma.CC'bl ;J/ H ..f' -:Me-

30HOB) TIOJiyqaeM H3 3aKOHa COXpaHeHHH 4 - HMTiyJI:&Ca CJie,n;y~ee 

COOTHOmeHme: 

m ~ ::: 111 ~ - .2 r; ~ +~)"'' i!J;. Yl/-tt ~ ' &M 6'ot /' ~ .( f ~~ 

OTciO,n;a < d'mp) :::Y( :?f).tcft: '~ 

){ -7; J .¥~ = 6',( I ..I'.J -= P§ 
ITo.n;c TaBJII:Ul llHCJieHJme 3HaqeHH.fi, TIOJiyqaeM: 

/
111
/' JT:t ... f.fM 

'/)7()( 

~;: d'&., ... l;l.ft,, 
lQ/11p, 

~l'fi dfJ--;cAHI 

, r.n;e 

3HeprH.fl tlaCT~bl OT.I(at!H CB.fl3aHa C KBa.n;paTOM nepe.n;aHHOTO 

~·MMTiyJI:&Ca COOTHOmeHHeM 
/il 

7; ~ J 11a~. 
CJie,n;oBaTeJILHO, TOt~Hocr:& Hs:u:epeHHH BeJimt~mas It/ TaKXe ""5%. 

RaK BH,l(HO, npH MCTIOJI:&30Ba.HHH O,IJ;HOTO JIHm:& .n;eTeKTOpa 

tlaCTH!(Lt OT,IJ;atl:K ( np:KCSopa "J{ITJ{") oCSecnetlHBaeTC.fl TOqHOCT:& 

onpe.n;eJieHH.fl aqxpeltTHBHOtt Ma.ccu nopR.n;Ka coCSCTBeHHOlt mKPHHH 

jJ- Me30Ha. 3Ta TOqHOCT:D MOJJWT CSHT:& oCSecnet~HHa BTIJIOT:& ,11;0 

3Hepr.HH ""50 f3B, eCJIH np:K Tll.KHX 3HeprH.fiX OeT:& .I(OCT:Um.tyiO 

AP 
TOtlHOCT:b Onpe,l(eJieHHS: HMIIyJI:&CCl. nepBMtlHOlt t~aCTHnH p ""' 0. 3%. 

ITpH Ca.MHX CSOJI:bmHX 3HeprH.HX ("'50 I'3 B) HCDOJI:D30BaHHe 

pesyJI:&TaTOB 1ii3MepeHHH KHHeMa.XHtleCKHX xapaKTepHCTIK npO,l(yKTOB f 

I 
I 
.I 
i 

f 
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pacna.n;a ..,P - :Mesona, otteBH.n;Ho!, cytitectBeHHO He y.nyqmxr toq-

noct:L onpe,n;e11enma: Be JIHtiHH 1?2 ~qxp m jt / ~ 
HH<PopuanHa: o npo,n;yxrax paena.n;a ..P - :Mesona zcnoJI:&syerca: 

npm: 3TOJl ,IJ;JUI QeHTH<f>HK~HH pealtrtmi H H3MepeHHSI yrJIONiX ltOp

peJISI'UKI ( KOTOpHe BH3BaHH reM 06CTOSITe1I:LCTBO:M, tlTO ~ -Me30Rt 

poz,n;aDI(HitCSI B J/-J ::,Po/peaKl~HHt D01ISipH30BaH ). 

§ 4. iYHlt'UHH .npeit<f>OBO~ nponoprtHOHSJI:LHO~ Ka:vepu B OIIHT8X 

DO H3ytreHHD KOrepeHTEHX B3aH:MO,IJ;eiCTBHI DHOHOB C ............... 
.n;pyrHo !.n;pao .. ... 

4a) PeaKIUUI DHOHOB C JierK'KMH a.n;pa:MH 

BazHOCt:L HCCBe,IJ;OBaHHSI KOrepeHTHHX B3aH:MO,IJ;eiCTBHI DHOHOB 

c JierKH:MH a:,n;paMH, H!, n2, T3, He3 ~) 6una no,n;qepKHyTa BO 

BBO,IJ;HOI qactH. 0nHCaHHa.Sl B r1II3.Be 2-1 KaMepa ,10IK D0311'>BliJia 

Chi onpe.n;eJIHT:L Bee KHRe:varBqecocme xapaxrepHCTHKH qacrxna or~ttB 

B ua.n;eZHo ~eHT~HUHPOBat:L ee, m norovy npe,n;craBJiaerca: naxdo-

1Iee y,n;o6HI:Ul npxdopou: ,D;JUi npOBe,D;eHJm TaKHX ODUTOB~ iyuKrtBH 

MHmeum:-.n;erexropa ocraDTca teMH ze, ttro m B onarax no ynpyrouy 

KOrepeBTHOMj' pacceaHHI> ( CM. r11. i § _3 ) • 

46) Pea.K'UHH DHOHOB C a:.n;pao (/If, ./~ , )'e t 4) 
atO:MOB 61IarOpO,D;HHX ra30B 

Kpo:Me HCCJie,IJ;OBaHHSI KorepeHTHHX pea.K'UHI DHOHOB C BerKHMH 

st.n;pa:MH BO BBO,IJ;HOI ttaCTH 6H1Ia OTMetreHa Be06XO,IJ;KMOCT:L DOCTaHOBKH 

H npoBe.n;eHHSI ODHTOB DO H3ytreHMD KorepeHTHHX peaK'UHK C TSilteBHKH 
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s:,n;paMH Tmna· SI,n;ep ji , j'l. , /e , rtt,. H ,n;pyrHX. TIOCltOJI:DKy 

3HeprHSI SI,II;pa OT,n;at~H, a COOTBeTeTBeHHO, H npo6er, Ma.JU:l, TO 

onpe,n;eJIHT:D Bee KHHe:MaTKtleCKHe :tapaKTepPICTHKH 3THX SI).(ep 3aTPY.It

HHTeJI:&HO. 0,n;HaKO, B 3TOM CJiyqat~ MOlCHO HCTIOJI:D30BaT:& OnHCaHHRI 

B rJiaBe 2_ npm6op .ItJISI ,li;HCKpHM:~Hai{HH HeKorepeHTHI:lX C06H'l'Hit, 

conpOBOX,II;a~HXCSI pa3BaJIOM s:,n;pa JIH60 60JI:&mKM 3HeprOBI:l,D;eJieHHeM 

B TOt~Ke B3aDO,II;eltCTBHSI. ( fipH :3TOM C06UTHSI C B036yz,D;eHHell SI,I(pa 

He .ItHCKpHMHH:Kpy~TCSI). 

TipH 3TOM ~YHKI{HH ummeHH-,n;ereKTOpa H3MeHSIIDTCSI, H 3aKJIDqaDT-

·CSI B CJie,n;ym~eM: eCJIH 6HJI pasBan SI,II;pa MHmeHH, TO KaK npaBHJIO 

Bspa6aTuBaetca ( " 6es ,n;pett~oBoro sanas.n;HBaHHH") HMnyJI:oc sanpe

Ta na sanycK ycTaHOBKH x). EcJIH He 6HJIO pasBaJia sr,n;pa m 6oJI:o

moro 3HeprOBI:l,ll;eJieHHSI B TOt~Ke B3aKMO,II;eltCTBMSI, TO onpe,II;eJISIDTCSI 

KOOp,II;HHaTI:l TOtiKH B3aHMO.IteltCTBHSI~ 

QqeBH,II;HO, 'lTO B TaKoro PO.Ita OTIHTaX He06XO,li;HMO cneKTpOMeTpH

poBaHHe 6SCTpOit t~aCTHI{I:l~ IHmeH:&-,n;eTeKTOp MOXe'l' o6ecnet~HT:D 
.. 

OT60p ynpyrHX C06HTH1t, a ~eHT~HKai{HSI peaKI{HH H onpe,n;eJieHHe 

nepe,n;aHHOrO 4 - HMnyJI:DCa npOH3BO,II;HTCSI 06S'lHHMH CTIOC06aMK 

x) CM.npHMetlaHHe Ha CTp. ~lf. 

~~ 
/~~ 

dlitf 
f#'1v/ _.., 

~rr- , 
/~ ,-- .,....,. 
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