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© UetrrpaJlbHblA H&)"IHO-HCCJlellOBaTe.llbCKHA HHCTH'fY'T HH<j>opMauHH 

" reXHHKO-!M(()ffOMH:tee:KHx 11ecne4oaaHH A no &TOMHoA HayKe 

H TeXHHKe {UH~;HaTOMHlllj>opMl 1984 

AcHMMeTpWI ce~eHRSi lfx:>Too6paao:ea.HH.Si ae!T~Horo IIKOHB. B 

peaRUHR 
~ + p - p + sro 

Ha IIOJIJIPH30BaHHWC IlpC>TOHa.X IlpH HeIIOJIHpll80BaHHOM ny'q!(e ~ - KBSH­

T?B OIIpe~e.JlJleTCSi IIO 41<>prqJie 

f Nt-Nt 
T=-p Nt-N~' (I) 

r.u;e P - cTeIIEIHb IIOJllIPH3all,lllt IIpOTOHOB, N + H N • - BHXOltH 

Pea.l<UD IIPH }I;B'lX opHeHTaI.O!IDC HBJipaBJiemdt IIOJllIPH3allllll IlpO'l'OHOB 

n1tpIIeH,ItHKyJIJ1pHO IIJIOCKOCTH Pea.l<UD· 

B IIOJlS1PH30:BaHHliX IIpOTOHHHX Ml!llleHII:X (IIIlM), HCIIOJU>syeM!lx B 

aRcne~HTax, p:l6o~ee Be111ecTBO MHD)eHH IIpe.ncTaBJilleT co6ott MOl!t­

Hoe MOJieeyJiffPHOe coe.D;HHeHRe ( aTRJieHrJIHROJlD - C2 H6 Oi , 6yTa -

HOJI - C4 H,oo H ~.). B KOTOPOM Hapsmy co CB06o.n;HHMR IIOMp:ll:30-

BaHHHMH IlpC>TOHaMH HMelOTCR'. H cBR:aamrae IIp<>TOHll B JI,lijlax yrJiepo.na 

H IUICJIOpo,na, Ha KOTOPWC TaKl!te npoRCXO.I(l!T IIpouecc lfx:>TOpol!,Il;eHHli 

ST 0
- MeaoHOB. BBH;UY aToro acHMMeTpHR: MmneHH aKcnepHMeHTaJibHO 

onpe.neJIR:eTCR: CJie.ny!OOll!M o6pasoM · 
f N + - N+ 

TUlM = P:i<: N+ - N~ 
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r.zce K - OTHODJerute BHXO.zta pe~ Ha: CB060.ItHJ:lX npoTOHa.X o6}:83-

q,a MmlleHR K noJIHOMY BHXO.IJY peaRIUDI, T.e. 

K = Nc&o6 
N nonH 

(3) 

H3 qJoPMYJJli (2) B:imHO, 1fl'O 3HaHRe BeJmtmHl:l K Heo6xo~o RB.K c 

·To"llUI 3peHKfI oueHRR B xo.zce IIJraHHpoB8.HRR axcnepBMeHTa 06'1.eMa 

.Ha6H}:8eMOfi CTaTHCTIDU'I 'A)V!: onpe.zceJieHWI aClltMMeTPl!l!I: TH8M c 3a­

,IlilHHoit TO~HOCThm, TaK H c TO'lltll apeHWI onpe.zteJI6Hlfj{ TH3M npH 

odp1.6oTRe axcnepHMeHTa.JIDHliX .zcamnvc. BMecTe c 'l'eM, Heo6xo.ztHMO 

KCJtaTD ny'rH no nOB!i1110Hml 3.Ha'<I6HR!i BeJIK<ml:!lf K • nOCKOJihey TO'<I­

HOCTh JiI3M0PfieMoi1 acHMM0TpialiI o6yCJIOB11eHa Ta:iate -VXeHOM 6(K)/K2 

CJie.IJYeT OTMeTHTI>, '<ITO nepe'<!HCJieHHYe BHme o6cTO.l!TeJIDcTBa, 

CBR:SaHHHe co 3.Ha'<IeHHeM KO~eHTa K ' OCTa!O'l'CJi B CHJie 

TaJQte B .ItBaJK.ll:ll nOJIJipR3auHOHHIDC axcnep:KMeHTax <.nr.rs} no H3Mepe-
>C.' c' 

mm .ztHH8.MH'<IeCKHX :se.1H11HH H x , G~ , P,.a H Pxi! . 

llOJIY'<leHHe J8C'<leTHHM rryTeM aaBHcHMOCTH K OT Elf 

B CBJi3H c 3THM, 

• H e; CTaHOBH'l'-

CH aKTYa.J!DHOfi 3a.Ir,a'<Iefi. BalitHOCTh 3TO! npo6JieMH o6ycJIOBJleHa Tax­

.ate TeM, 'ITO cpa.BHeHHe OT.zteJlbHliX H3Mepem KOaj$u:(HeHTa K c 

• 3aBHCKMOCTDRl K ( E ~ 1 6gr) MOJiteT npnecTH K cymecTBeHHO! axoHoMHH 

Dy'lltOBOro BpeMeHK. 

31MeTHM, '<ITO 3Ha'<IellWI K B axcnepmaeBTaX !IO qJ<>TopOlK,ll;eHHJD 

ST±,O_ ~eSOHOB B p030HaHCHOI 06JiaCTlil'. 3H0pI'l!llil 0 - KBaHTOB 

CH..'lliHO M0Rfil>TCJi B 3allHCHMOCTl! OT T.llIIB. axcnepHMeHT8.IlbHOI ycTa­

HO:BKR. 

B axcnepKMeHTe [I] !IO R3Mepemrn acliDIMeTpmt YBlllemt T peax-

~ ~p -sr+n B o6Jiacm E0= (0,5 - 2,2) raB 11cuom.ayeTC11 

IIlIM C }:86o'<IIDI BellleCTBOM (jyTaBOJl. YCTaHOBKOI perBCTIJllPYllTCJi 

TOJlbKO grt - Me30HH. Cpe.ItHee 3Ha'<I8RB:e RO~eHTa K COCT8.B-

JUl0T 0,4. 
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B aKcnepHMeTe ( 2) no H3MepeHmo T peaRUHK ~p ..... pST" TB.Kllte 

Hcnom.ayeTCH o.wi:ollJle'<IeBBJI ycTaHOBKa. Pa6o'<IHM ,eU1ec'l'i!oM ITIIM 

·SIBJilleTCJi aTliLl.telii'JtWtom.. HaMepemtfi npoBO.ItHJUICh 'la nOJUiaTHJI.eHe, 

R B aHepreTH'<I0CKOi!: o6JiacTH Ea-= (0,33 - I,2, raB n~wm 

.IVlJi K . aim '<IeHHJi B .ztHana3oHe 0, I - 0, 35.. B UeJUIX yBe.mt'<Ieltrut 

BKJiaJJi1 OT CB060.ICHHX npOTOHOB aBTOpll }:86oT!l ( 2] HCllOJlh30BaJIR 

!flc>TOH!i KOrepeHTHOro TOpi108HOrO R3Jiy'!0HHII aJieKTpC>HOB, qTO Ilp!!­

BeJlO x yBeJlll'<IelmJO BeJIH'<IHHll K Ha 30%. H3MepeHHHe 3Ha'<IeHIDI K 

xopamo cor.naeyJOTq°R: p np:KBe.zteHH!lMH aBTOpaMR pacqeTHl:lMR 3HaqeHH-

m.111. 

B aKcnepmv1eHTe [ 3 J no H3Mepemno acRMMeTpHH MK!IleHH T 

pea.Kr.nm ~n-fl'-p RCIIOJlb3yeTCR HeHTpC>HHaH nOJIJipH30BaliH8R: MW!leH.b, 

o6pa3UOM KOTOPOH CJIYDT .neUTpll!poBa.HHIIB 6yTaHOJI. 0Tpaua.1e.'IL"" 'it 

IlHOH gj - H npOTOH p perHcTpHpylOTCR COOTBeTCTBeHHO MB.rHHT­

HHM cneKTPOMeTpoM H npo60lltHllM cqeT'!HKOM. B 3HepreTH'leCKOH 06-

JUl.CTH E~ = ( (0,5 - 0,9) r3B ,JJ,JlH B0JIH'IHH!l K nOJiyq:eHO 3Ha'i e­

"" 0,&5. HHe 

Pa6oTa ( 4] Il0CBRJll0Ha ,n;Balit.ltll IIOJIHp.1'!3a.u,HOHHOMY 3KCrrepm~el!'ry 

mna "IJY'!OK-MH!lleHD". Pa6o'!HM BemecTBOM MHllleHH F!BJUieTCR 6yTa.Ho,1. 

,Il,rui peI'l4CTJl3.UID1 npoTOHa p H He.liTpa.lll>HOL'O IDIOHa gy 0 
H3 peaK­

UIDi If P - pgf 0 HCilOJib3YIOTCJi COOTBeTCTBeHHO MarHHTHllli cneKTpo­

MeTp H cnexTpoMeTp nOJIHoro norJtoU1eHIDI, perHcTpHpyKII!IDt .n;Ba 0 -
- KBa.HTa OT pacna.na (j1° - Me3oHa •. d 06.JI&CTU :mepr1rn rrepBr~Jll:lX If -

- KBaHTC:B E ~ = (I' I - 2. 3) raB 3Ha'ieHJlle K MeHReTCR B ,W::!a.Ila30He 

0, 7 - O,b5. 

B Ha.CTO.l!llleit pa6oTe npoBO,W::!TCR J8cqeT 38.Bzcm•ocTH KoajxpH­

• UHeHTa K OT E~ H 6~ B TO~ iume~laTR'i0CKO~ 06.JUl.CTH aHep-
4 

I'mI nepBH'!HllX 0 - KBaHTOB H yrJIOll e~ - M030Ha B C!UA • r.ne 

IlliaHHJ>Y0TC.fl npoBe,neHRe H3Mepemm acHMMeTpR.l'l MHWeHH c IIOMOlltbkl 
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aKcnepw.•eHTaJihlt~ YCTa.HOBKR' B KOTOpo~ .:r..'III pernCTJllllll.II npoTOHOl 

H ri 0 
- Me30HOB .l!lCllOJIDSflYl'c.R: npo6e.EHJ:i2 cneRTpoMeTP R cneKTpoMeTP 

::ra..woro IIOrJIOillellJlJi Ha OCHOBe KPHCTa..VIOB NaI ' COOTBeTCTBeH­

HO [5] , 

Pac'leT npoBO.IUtJICR: c y'ieTOM cpop.iH TOJ;N03Horo cneRTJS t -
- KMHTOB. Pacc:.sa.TpHBaJICR K8.R aMOp'PHblit cneKTP r - :tmHTOB, 

Ta.R li! CIIeKTP c KBa3HMOHOXpoMant'leCKHM !llIBOM llp.l!l .ItBYX 3Ha'ieHimx 

1THO;;;emm RHTeHC.HBHOCTe:lt ( I IIKK I I a.MOpp.), faBHIDA 6 ~coOT­

-e:· c 7B"j eT KOJLIIltMaUIDI ! C , I 6 Mp ) R 17 ( l<O:L'IR!.:auH.11 ! C , l € Mp) • 

-.e.:e~ooCipaaHocn npoBe.ItelmSi JSC'lera 3Hatie;-.:rui: K MP. aHepreTK-

":::Rora c:IeKT;a 0 - KBaHTOB c !<Ba3ID.lOHO:·::poi.!aTITTecKZ~! imY.O~ 

:-'CJlOBJieHa .ztBYMI! qiaxTOJBMH: 

: ) o:rpe.IteJieHRe cTene!lll y:se.Jnti:teill!li 3Ha'leHIIB t< npz nepexo-

o:" a:.<eptiioro cnexTpa ~ - K.DaHTOB K c.:reKTPY c :aoHOX:;JOMa-

ecJGn,! ;:ra;<o1.1; 

2) onpe.ne.'!eime ypoBWi 3Ha'lemui: K , IDJemero BaY.Hoe 3Ha-

..,.,. ~e B ;:::B8.:l':,I!;H ll0.11.fipl!sa::;;HOHHOM axcnepRMeHre T&Ia "IIO.'Iiipi!30BaE­

::-.r·wK - no-IBpH30BaH3M Mm;iem:". 

3 :r::art...-:;iy ei'.OM a::<cnep:i!MeHTe :ro Z3Mepe:IB!l ac;n,!1.ieTpmi ~.!Rl:leim 

-,;;-~ rtz:,: .Be:UeC:EO~! Tl:,'. R.B.IBe':'Cli 3~L1eHI'.'IID<0..1:0, .;:(.1.ii KOTOpOrO KO~t-

.;: .• -... '"'" HT K orr;:iez;e.'L..c;:eTCli l<3K 

K , : _ --1':'_ H 6 
Nca HG Ct 

\ ~) 

':' \." H;; ca - :::o.1mar! Bi:lXO.It :pea~';AZ, _;:e.Bffiili :J.0.7..iCT-fi:Je .B::iXO;T,CB 
, . ' 

:p;• :=:J:;j' :( o:;;:aen:'~X r:o.1iipz2a.:rz.a II?OTO!:!OB, ·r.e. 2 (Nl~N; ; ,N,,, -

- .r.:.:·:o;: :;;ea.~! Ha ~·OTOHaX, KO':'O_;)~..'! O.:Ip€.ne.:,s:e:C?. ;?;0::10.1..'a::'e:e:-

!..:"':,! 3K ..... r:e;·~.'e~:- ·J~:' !\Or.Ira ame::-_::;~-<C: =:,! F..a.T!0.-1:~CJ:eT1~>! ~~' BOD;O-

~o.::')\t. 

L..'ll'i ou:pe.neJiemm Bl:&XO.Ita pe~ Ha CBOCiOJ!;HOM npc:-c;;e "'iaCTO 

::a :rpa.KTIIRe acno.ru,ayeTcR ~~eTO.ItRKa Bl:l'IBTaHZ..'i CH 2 - C . ito~a 

.:orro.:r.'il!TeJIDH!le a31.;epeIDIB npoBO.IUiTCli Ha .IIBYX ':Eep!l;llx Mu::ieHJU: 

IICl.JIBaTHJieHe Crla :a yr .. 1epo.ne C , :;:-o C.)l'lBHl::>e..-r:rno ~::;;>0rue, 

"e1.'. npoBe.zteH".de :a3Yepet!IIB He. AHJJ;KOM BO.Itopo.ne • .D "'f'OM c:::;'L9.e 

R03-~z::.lHeHT K ::;:,-.::e T 

~ 
I\:.-~ 

K2. = ,. , 

H ROap:.PK:.UleH:' .l!,.'L'i oT".J.1eH!'.1:!.:<0.1.'1 ' K 1 ) no:::;qae::-c.s: ::TJTe?.' ~e.zte-

HZ.'l: B K 2 COOTBeJ.'C:'E:,-?Lek :JOu]XlE:.E Ha :::;;:'. c:::-c ::;:;:e E 0 :.'~3:;e ~ra-

::ieH~ .f!.:tep KZC~Opor:;e... 

i:\oa~eHTis K 1 ;! K 2 , Bl:l?<l-'f.eH!l!le 'le .pe3 ;:;:p;•epeH:x;'.a.:rhlilie 

ce'leH.IL'! B~.'.o,r:e!icTBU 1 ;f:,'eil':' c..1e.:~y10..::Z:: ~:.::: 

jd.Z5°~/ an.J.P 
------

d2.S:: / :i.?_:J_D - ::.2:..: .:i .:"''-:1:) -t' _;~~:p .:i.;"'_j~ 
I . 

,0) K, = 

_ :::_?5r:: / i.r.:.. :-: 
~~ z :. -;·;5; /;.:-:_~;- . 2·:.i::; .:'!. -~i... .:i p 

:'~.e d 2.:-p, d.;i..d.P :J. 2 3: .::J. ?:...J.;: ::i 2 7: I i.~L.:..:: 

_cerr...:ziaThP.J::le ce~erii~ ;o :: oc-~~··.n.30B..s-t.{.z..il Re~ 7""'~:.£r--:o:o 1-S~c;~a ~·<i O:!'; -

CTB€HHO Ha CBV60;I;i0 1
; :r; :Y!OEe, ~a fL ... }Ki:·: :n' .":t?J>J;:a i!. K:.!c~·:o~·,:z:.. 

!Ja:tteT rr;JOBO.l~~-!CJI B A?~~· .. ncHJ.'.~ .::;;z::.:;::::£-;-i:r~r, !".:.e cc 4'1t~:r .. ! 

.q;::;e pa.EEO c::~r.J~e ~c~er:z~ Ha O?.~e.·l.Ll~..::;: ::~.-:·. , ~::~r .. 

d 2 Tc/dndP = .),Z:sfs \ P"').:.: s - Z~fp '.y..., ) £p ··.., - ~ 
E. 

fT P. - - • . • 
r ... ::cs c~ )~ .. _ .:.:c::_:.· _:..._ ... ; 
\ 1.1--E--- :i.:;:.• - ;:, .... _,.:. • ,::v ) ,. ~ - _, - - . :: ·:: , :::-~-.- .. .., . _ .~,~ ~ ... - ':.:" ... .:1 ::-.., 
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L 

3tte"ci, Zs ' i!p - "IRCJIO IIpoToHOB Ha s H p o6oJIO'IKaX. ZJs H 

~P - Koaj$mHeHT'd norJiouteHWI npo.nyKTOB pearo.nm Ha s :e: . p 

o60Jiotmax • MH yrJiepo.zr,a Z>5 = 0,59 x Z>p"' 0, 75. ,U,;m KHCJIO-

po.zr,a c:or.nacao ]:a6oTe [6] :zJs = 0,65 H ZJp = 0,83. PN • e,.. • ':fN 

- BMIJYJ!l>C. IIO.'!Hpllllfi R a3ZMYTam.HIDi YI'Jlli !IpOTOHa B H;IUJe • .f's ( PN) • 

fp( PN) - ~nyJ!l>cHHe pacnpe.zteJieHRH npoTOHOB Ha S :e: p o6oJIO"<i­

I<aX [7] 

J's (PN) = gro/e ps3 e 
-PNl/Ps2 

P5 = 170 M:>B/c 

(9) 
2 p2 -P2jP.2 

J'p ( PN) = 3!13/a p 3 pr-"' e N p 
p p 

Pp = 110 M:>B/c 

dcose• d ':f • 
~ dcose - mto6mur nepexo.zr.a OT CUM K Jia60J:EiTOJlHOtt CHCTe-

Me. o( Ei, Tp, Sp ,OSI", PN,eN,<fN) - cWHRIJ;WI, OTJIRtmaJI OT IzyJ!H 

TOJ!l>KO B TOM CJ.Ty'lae, Kor.zr.a npoToli c K.HHeT.H-qeCKo.li aHeprHett Tp 

H yrJIOM ep HaXO.Iti!TC~ B. KH.HeMa.TH"<ieCKOH o6JiaCTH 3KCIIeplIMeHTa 

H XO'IH 6H O.Jnm H3 0 - KBaHTOB OT pacna.zta ~o - Me30Ha pe-

rHCTpHpyerCH ycTaHOBRoit. CeqeHHJI cf>oToo6pa3o:aa.HRR: HeliTPaJil>Horo 
ti 

IIHOHa B CUM dCT / d.n OOJIH IIpe.ztcTallJieHH B BH,Ite pa3JIOJKeHHI:I no 

11omm0Ma..'I! Jie~ 

dcr 
d.n."' =~.Re(E0 )Pe\cose*), (IO) 

T',I(e E-a' - aHeprPJI nepmrworo 0 - KBaHTa B Jia6opaTopHoli CHc-

TeMe, e-• - yroJI rmoHa B CUM. Koa@lm.ureHTH pi3J!OllteHRH 6:µumc:r, 

H3 pa60T!l r 5] . 

MHTerpaJI ( 9) c yti:eTOM qxrpMH T0pv!03Horo CIIeKT]:a Bl:ltJHCJIHeTCH 

rro cJie.IJY~eJ:t cxeMe. IIpH Ka.lK,I(oli {flHRc:apo:arurnott aHepr:;m E~ nep­

Blitn1oro 0 - KBa.HTa I!pOBO.ItHJIOCl> RHTerp:apOBaHHe no IClllieTH-qec­

KOfr 3Hepr:a:a Tp , yrJ.Ty ep npoTOHa OT,Ita"lli. Ms IGIBeMaTHKR on-

pe,I(eJlHJ!CR: yrOJI 6gr HeliTpan:oHoro llHOHa H !!pH !fMKCHpOBaHHOM 

0 

ero 3Ha"<ieHHH npoBO.ItllJ!OC:b HHTerpHpoBa.HHe no a3KMYTaJI:bHOMY yrJiy 

rmoaa B mITe.PBaJie (0,2W) H no yrJioBoMY pacnpe.zteJiemrn inc.I'uwl 

HeliTIWI:bHOro IIHOH.a §T 
0 

- t, + t 2 • IlOJ.Ty"<ieHH!lti BWCO,I( HOpMl!poBaJI­

CH Ha no.miY10 BeposrTHOCTl>. B c.nytiae OTJllrCIHH OT IzyJIH llOJiytJ:eHHoii 

"' BepoJITHOCTH Bll'lll'.CJlHJICH yroJI IIHOHa B CUM est • 9npe.zteJlHJ!OC:b 

ce-qeHHe dCT/ d.n... WI.fl !fm<cHpOBaHHOK a.Hepl'HR 0 - KBaHTa lJ 
j)I • 

frJJa 9g; • HHTerpHpOBaJIOC:b BllpaJKeHHe ( 9) B .zr,aHHOM HHTelJ:BaJie 

Elf JWI KallfJtO! {flopw HCIIOJI:b3yer.10ro orreKTra. 

Peay;n,-ram pac-qeToB KOacppmnieH~ K WI.fl aTHJieHrJIHKOJIJJ H 

llOJ!H3TRJieHa I!pHBO.D;IITCH B Ta6JI. I H 2 

Ms Ta.6.m!:~ Bli!,WIO, "<iTO B HCCJie.IJYeMott 06.1.!acTK aHeprHH E~ :a 

yrJIOB e; BeJllf'lliHa Ko~eHTa K MR al~OWtOro CIIeKTpi 

0 - nyi:ma Jle.iKl!T B HHTepaa.ne 0,56 - 0,69. IlOCKOJI:bRy Y.Be.l.!H"<ieHlie 

K !IpH rrepexo.zte OT a.Mop:.PHoro CIIeKTpa K TOJlM03HOMY cneKTpy c 

MOHoxpoMaTHti:eCKHM IIRKOM COCTaBJ!iteT HeCKOJI:bRO npo~eHTOB, TO ~e­

.llecoo6pa3HO H3Mepe.1me acHMMeTpmt MHll!eHH IlpOBO},IKT:b !Ip.I! aMOp:IlHOM 

cneKTpe 0 - ny~. 

3Ha~eHHH KOaqxplIIUleH~a K MR TOpM03Horo. CII6KTp;L c KBa.3H­

MOHOXpoMaTR'!eCKHM llliKOM !!pH MiII'KO~ KOJ!Jm~ MeHHIOTCH B IIpe.zte­

Jiax 0' 53 - 0. 72. IlOCKOJ!l>ey nepexo.n OT MHrKOii KOJIJlHMa.Ulrn K JKeCT­

KOtt He .n:aeT Bimrpurua B 3Ha'l:eHHH K ' TO K3MepeHR!i Ha6JIIO.u;ieMI:DC 

Be.m!'IHH H x H Ge B .lUl3 cJie.ll;'{eT rrpoBOJti!TI> .n;JIH TopM03HO­

ro cneKTpa c ROJIJ!IDlla.I.taeA z 0,16 Mp. 
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