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BBE,REHHE 

Bneps~e HAepH~e peaK~HK CKHTe3a H3oronos BOAopoAa, xaraRH3Hpo

saHH~e orpH~arenhHHMH KDOHaMH, Ha6nDAaAKCh AnhBape~ow H AP· B 

I957 r.III. B Hacroamee Bpewa peaK~KH CHHTe3a Hsyqaorca rnaBH~M 
06pa30M KaK C ~enhD KCCBeAOBaHKH 06pa30BaHKH MDOHH~X MOneKyn-npeA

WeCTBYD~KX ~3 HAepH~X peaK~A,-TaK H HeKOTOp~X OC06eHHOCTel CaMKX 

HAepH~X peaK~HA B 3TKX uoneKynax. BepoHTHOCTh K uexaHK3~ o6pa3o

BaHHH MD-MOJ!eKynHpHLIX CHCTeM pd tA H cld~ BaZHLI B Crl3H C TeM, 

qro K3yqeHHe 3aXBaTa MDOHa AeRTpOHaMH MOXer AaBarh HOBYD HH~OpMa~D 

0 CnHHOBOA 3aBHCHMOCrH K KOHCraHrax B3aHMOAeiCTBHH ~-3aXBaTa/2t 
B rrocneAHee BpeKH CAenaH pHA K3UepeHHA BLIXOAOB npoAyKrOB HAep

HLIX peaK~R B MD-MOBeKynax, 06pa3yDmKXCH rrpK ocraHOBKe KDOHOB B 

XHAKOM BOAOpOAe. B paOorax /I,J, 4,S/ H3yqanca BLIXOA MDOROB OT peaK

~HH 

(I) 

B 3aBHCHMOCrH or KOH~eHrpa~HH A00aBneHHOro B BOAOpOA AelrepKH. 

BpeueHHLie pacrrpeAeneHKH ~- KBaHroB or sroporo KaHana peaK~K 

(2) 

OLinH H3MepeH~ B XKAKOM BOAOpOAe 3WMOpOM H Ap./6/ K HeAaBHO Oonee 

roqHo rpynrroA neAepuaRa 1?1. 
B rrocneAHeR paOore OLinK K3MepeR~ aOconorHLie CKOpocrH pHAa 

KD-aTOMHLIX npo~eCCOB, rrporeKaD~KX B XHAKOM BOAOpOAe C uanLIMK KOH

~eRTpa~HHMH AelrepHH, H,B qacrHOCrH, CKOpOCTh 00pa30BaRHH pd~-MO-



~exy~ B CXOpOCTL SAepaol peaKUHH B 3TOl MO~exy!e. CKOpOCTL 06-

pa30BaBHH pq~- wo~exyJI Clw~a H3MepeHa taue B UEPHI8 IB/ nyrew 

H3MepeHHH BpeMeHHOrO pacnpeAe!eHK$1 Me30peHtreHOBCKHX KBaHTOB OT 

HeOHa, AOCiaBJIBeworo B XHAXKI BOAOPOA. 

Cy~ectBeHHO weHLmaa 3KCnepxweHtaJILHaB HH~opxauxa no~yqeaa 

0 CHCTeMe dd~ . B paelotaX / 4/ H /S/, BliiDOJIHeHHiiiX C DOMOBILII 

XHAKOAeltepHeBWX ny31i1pLKOBWX Kawep, ClliiJI H3MepeH BliiXOA DpOTOHOB 

or peaKUHH 

dt"- + d ~ ddf ~ P + t + r-. (3) 

HaxH Cllii~H taxze no~yqeHiil AaHHWe o BliiXOAaX peaKUHH (I) H (3) 

B onwrax c AH~Y3KOHHOI KaMepoi,HaDO~HeHHOI BOAOpOAOM H AeArepHeM 

/ 9/. HeAaBHO C DOMOBILII TOA ze MeTOAHKH Mlil /[O/ HCCJieAOBaJIK BTOpOI 

KaHan peaKQHH B ddf- MOJieKy~e: 

d f + d ~ dd ~ - He.~+ n + f'l • (4) 

llpH 3TOM ClliiJIO ycraHOBJieHO, qro OTHOmeHHe BepOBTHOCTel KaHaJIOB (3) 

H (4) 6JIH3KO K eAKHHQe. ~3MepeHHiile BliiXOAJil BCeX 3THX peaKUHA AJIH 

ra3006pa3HOA ¢a31i1 OKa3aJIHCL OTJIHqHJiiMH OT rex, XOTOpliiX c~eAOBaJIO 

OZHAaTb Ha OCHOBaHHH ODiiiTHWX AaHHiiiX, nonyqeHHiiiX B ZHAKOM BOAOpO

Ae K AeRrepHK. 

B Hacroa~eA paelote cy~ecrBeHHO yse~HqeHa crarHCTHKa cnyqaes 

peaKUHI Kata~H3a H y~yqmeH MeTOA onpeAeJieHHH CKOpOCTH nepeXOAa 

MilO HOB OT d ~- atOMOB K CJIOZHiiiM BApaM npHMeCH C. H Q ( Z -npH-

MeCK). OCicyzAaDTC$1 B03MOZHiile BapHaHTiil HHtepnpetaUHH HaCI~IIAaeMiiiX 

3¢$exros. Pe3ynhtarw HacroaH~eA paelorw Clwn• AOnozeHw Ha 12-R Mez-
IJI/ 

AYHapOAHOA KOH~epeHUHH no ~K3HKe BliiCOKHX 3HeprKI B nyCIHe (1964r). 
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I • llOCTlHOBKA C 

I. YC.IIOBI! ODiiiTa 

OtpK!lat enHwe 11 

B paeloqew oO\ewe AH4 

B warHKTHOM no.11e 70C 

.RaHHYe DO BliiXO,I 

xotopwx xawepa RanoA 

AeltepKa, KOHUeRTpaD 

XOA MIIOROB OT npOTOB 

Pf 
a DOCJieAynm•e CTOJIKB 

x peaxuaH (I). Ctar• 

npU8JI8RKII df -aTOll 

te DO K3yqeRHII ynpyr 

AelrpoHaX H CJIOZHiiiX 

BHI npoBeAeHHB 3Kcne 

TaCIJIHUa I COAep~ 

HDI H HDTI ), pa 

HJDI HCDOJIL30BaJI CS 

MaJILHiill npODHJIOBWI C 

soro cnHpta oelecneqM 

HHHX B JtaMepe npHMe p 

(C K 0) . 



tyne. Cxopocth o6-

~ B UEPH,e IBI nyre11 

lHOBCKKX KB8RTOB OT 

lop~~auxa noJiylleRa 

!HeHH~X C fiOIIOIIIh~ 

18H BbiXO,ll; DpOTOHOB 

(3) 

: peaKUHH (I) H (3) 

o~opo~o11 H ~eRrepHeM 

I HCCJie~oBaJIH sropol 

. ~ • (4) 

ITHOCTel KaHaJIOB (3) 

X 3THX peaKUHI ,JJ;JII 

xoropax cJie,n;osaJio 

biX B XH,ll;KOII BO,ll;Opo-

raTHCTHKa CJiyqaeB 

CKOpOCTH nepexo,n;a 

il L H 0 ( Z -npH-

1perauHH Ha6JI~,n;aellblx 

~oxeHbl Ha 12-R Mez

~HI B ly6He (1964/J:f 

I. DOCTAHOBKA OllliTOB H 3KCIIEPHIIEHTAJihllliE PE3YJihTUii 

I . Yc~OBIB ODHta 

OtpKQaTeJihRYe IIOOBY DOCJie TOp110Z8BKB B 'IJihtpe OCTaHaBJIKBSAKCb 

B paOoqew o~e11e lK'*yaxoaaol KaMepw swcoxoro ~aBJieRKB,paOotasmel 

8 waraarao11 no.IIe 7000 apcte~. 

!aHHYe DO BYXOlY peaKUII (I) 0YJII DOJiyqe&Y B cepHK ODYTOB, B 

KOIOpYX KaMepa R8DOJIHI.1IaCh BOlOPOlOII ~0 l8BJI8HII 23 arM C l OOaBKOI 

,JJ;elrepKB, xoauearpau•a xoroporo ( ~6~) oOecneqKBSAa noqra 10~ nepeM 

XO~ IIOOBOB OT npOTOROB K .n;elrpOHaM B pe3y.1IhTare peaKUKK 00Ke&a: 

Pf + d ~ d~ + p) ( 5 ) 

a DOCJie~lliiiU CTOJIKROBeHKI d t"- .. aTOIIOB C npOTOHaMI DpKBO)tKJIK 

K peaKUHH (I). CtaTHCIKll8CKHI MarepKaJI 3THX ODYTOB , KaC81liiiKICI pac

npe,neJieRKI d~-aTOIIOB DO npoOera~~,yze 0YJI KCD0.1Ih30BaH HaKH B pa6o

T8 no a3yqeHan ynpyroro paccea&aa dt"-- aroMoB li2 I Ha npotoHax, 

,neltp0H8X H CJIOZHYX llpax, r,ne DpBBO~HTCI no~pOOHOe ODHC8HHe ycno

BHI npoBe~eHHI 3KCnepH118 HTa. 

TaO.IIHUa I co,nepzar ,naHHYe o ~syx cepaax onwros (o6o3eaqaeMbiX 

HDI H HDI! ), pa3JIJnallllBXCI paOOllHMM za,~;xocrau KaKepY : B cepHH 

HDI HCfi0.1Ih30Ba.IICJI 118THJIOBYI cnapr CH30 H ' B cepHH HDJI ooHOp

Ma.llhHYII nponKJIOBYR cmtpT c3 H70H • HcnO.IIh30BaHHe B onwrax nponHJio

Boro cnxpra o6ecnellHBaJIO npa o~Haaxoswx reMnepa rypawx pacnpe~e.lle

HHBX B KaMepe npllllepHO B 5 pa3 118Hhmyn KOHU8HTp8UHil CJIOZHYX g~ep 

(C H 0). 

5 



EaHH~e no B~XOAY pe8XUHK (3) no~yqeaw K8X B cepa• ODWTOB 

c uanonueuxew xawepN ~elrepxew AO ~as~eaxa 7-17 arK npx pa3JaqHHx 

KOH I.leHrpaiUUIX l -npHMeceR (onwrw l>i> J)2 u 'D3, raO.II.ll), 

rax H B onr.tcauuol B~lle cepMK onwro11 94~ Hz.+ 6 -;o I\ ( HD ,raon.n). 

CreneHh OQKCTKM AeRrepHH OT TpZTHft 0~!8 AOCT8fOQHOI Anft roro, Qto-

6w , He weuss rewneparypuoro pezHMa paOorw Kawepw, ooecneqxrb ycJo

B~R ~XB Ha~ezuoA HAeHTH~HK8UIM COOWTHR (npKMeCb tpKTHft COCtaBJIIJ8 

5.ro-12 aTOMH~X %, qro l8eT QMC~O ~ -paCD8A08 rp~TKR O,I CK3 

ceY. -I). Bee ~ororp~HH DOlBepranxch ABJXP8!ROMJ npocworpy. qxe

xn HaRleHHWX npK 3TOM M~OHHWX OCT8HOBOK DpMB8A8HW B DOCJI8lHHX 

cronouax raO~HU I H n. ~eKTHBHOCTh peracrpanxH ocrauoBox w~oHoB 

H HHTepecy~~HX HaC C00WTHR peaKUHR (I) H (3) DpH OlHOKpatHOM npo

CMOTpe COCTaBJIRJia 90%, a npH lBYKP6THOM Owna 0nH3Ka K eAHHKUe. 

?. • H,l!,eHTH!JlHMIUUI C.ll;ytlaeB peaKUHH d r + r ~ He.1 
+ tt-

B peaKitHH CHHTe3a p+d-. \-\e1 BWlenHercH 3HeprHH 5, 5 M3B, H 

DOQTH BCJI ORa (5,3 M3B ) YHOCHTCJI M~OHOM KOHBepCMH. ll03TOMJ H~eB

TH~HK6UHII cnyqaeB peaKUHH (I) 36KJIDQ6eTCJI B TOM, qro HYZHO BWA&

JIHTh COO~THH, y KOTOpNX H3 TOQKH OC T6HOBKH nepBHQHOrO MDOH6 B~XO

AHT CJieA BTOpHquoR qacTH~ C KpHBH 3HOR H HOHH36l.lHeR, COOTBeTCT

C TByD~eA MDOHY c aueprr.teR 5,3 MaB. TaK KaK xouueurpaUHH ~eRrepa11 

B onwrax H.DI H HD:n: wan~a ( raon.I), dfl -aroww oopa3ynrc11 

B ocuoBHOM B npouecce ooweuuoro pacceHHHH (5) (ronbKO B 6% cnyqaeB 

dr- D.TOlW 

6HTY 

Mll-MOJJeKyJibl 

o0pa3yDTCJI B pe3yJihT6Te npHMOR noca~KH MDOHa Ha op

d~ -aTOMa).ll03TOMY df -aTOlW ~0 o0pa30B6HHJI 

pd~ npoxo~Hr B ra3e Kawepw 3aweruwe paccroHHHH ll2{ 

6 

flo 3TOR DpHQKH8 B 8~ 

H8BAHBa~~erOCft MDOH6 H 

AHMliM Clii81(8HII8M, BeJIBQ 

JoiJ>OHHOfO C~e,J;8 AO 8 llli 

unoaa conpoBo~aercH B: 

0,5 llllol. Dpxuep cnyqaR : 

Bxsx cxyqaH peaxnxH (I . 

B& ~ety 1 Dp01l30 IIe~IIHMH J 

D6A8Jolll, y KOTOpWX KpHBl 

rpoHa raxa11 ze , KaK H : 

Tt 

0003&8qeHKe l llO~HOeiKOHI 
cepHH ~aBne- rpa1 
ODWTOB HKe Bo-~eA~ 

~i:OI 

AOpO A{l. lpiU! 
(aTll) ( B 

HDli. 
23,0 
23,0 

5,t 
6, ~ 

~003Ha- nonaoe KoH~ea~ 
~eHHe ~asne- rpaUHII 
~DYTa HHe leRre-

(an) 
pHR 

(B %) 

Di 7,2 94 

D2 I7 ,3 90 

D3 16,7 89 

HD 23,0 6,I 



B cepllll ODiiTOB 

7 8.TII Dpll p8.3JIIIHiiX 

U !>3, T8.0.11.ll), 

Yo ~ ( HD , raon.ll). 

OIIBOI ~JIB roro, Qto

pw, ooecnellllth yc~o

h tpKTilJI COCT8.Bla~a 

~01 tpKTilJI O,I cu3 

o.y npocworpy. qac

eHii B nocneAHHX 

1(11 OCT8.HOBOK K~OHOB 

pH O~HOKp8.THOM npo~ 

JIH3K8. K eAHHHne. 

prxa 5,5 MaB,H 

CMH. Il03TOMY HAeB-

K, 4TO HYXHO Bli~e-

8HIIHOfO W~OH8. B~XO

auHeR, coorsercr

ueHrpanHH ~eRrepKa 

4 - aTOWii 00p8.3YDTCJI 

:ronhxo B 6~ cnyqaeB 

DC8.AKH W~OH8. H8. Op

~ AO 00p8.30B8RHB 
!12/ 

~e paCCTOJIHHR • 

no aroR npe~KHe s 8~ scex cny11aes peaxua• (I ) KOHen cneAa ocra

HaB~HBa~~eroca wnoHa K Hallano cneAa sropHIIHoro w~oaa OTAeneHii ,BH

.JUUWK CK81{8HBeK, B8JlH~KH8. KO TOpor o l8lii:HT B npeAeJiaX OT DOJiyiiHpHHii 

wvoHHoro cneAa AO 8 ww . Kpowe roro, qacro Ha~aJio sropHIIHor o cne~a 
3 wDoHa conposox~aerca BHABMiiw cneAow or~aiiH BApa He pa3wepow oxono 

0,5 ww . llpKKep CJIYIIa! peaKUHK (I) npHBeAeH H8. pxc.I . B H8.WHX ycno

BHJIX CJlyllaH peaKUHH (I) woryt OLITb HWHTHpO BaHLI gT~ fA- -paCDMaMH 

H& ~ety, DpOK30meAmHMH H838.)1;0Jif0 lO OCT8.HOBXH DHOHa, H f4~e~paC

D8.AaKK, y XOTOpLIX XpHBH3Ha H K8.XY.8.KCB fiJIOTHOCTh HOHK38.UHH 3JieK

!pOH8. raxaa xe, xax K y sropHIIHoro wnoHa. 

TaOJIKna I 

OC!o3Haqesn Paeloqaa CyMMapHoe thtcno liKCJIO 
cepHH .n:aBJie- rpanxa :o.n:xocn IIHCJIO aro- MIJOHHLIX 
ODLITOB 

llo~;oeJKoaneH-
Bile so-.n:ettre- MOB C K 0 

$ororpa-.n OC!aHOBOK 
.no pol~ 

(arw 
pHB 

(B ~) B cw3(I 019) c fr> 2ow 

r--;.fnr 23,0 5,6 CH~OH 0,15_±0, 05 103260 26200 
HD:It 23,0 6,5 C~H70H 0, 03_±0,01 55750 I I900 

TaOJIHna II 

pc5o3Ha~ Ilonaoe Koanea- qHCJIO PaOoqaa CywwapR. liHCJIO liHCJIO 
qeHHe A8.BAe- rpanKa Aellrpo- :a:K,IJ;KOC!h tJHCJIO ¢oro- UllOHHbiX 
on~o~ra HHe ,IJ;eAre- HOB 3 8.TOMOB rpa¢HR OCT8.HO-

pHB B Cli C K Q BOK C 
(arM) (B ~) B CM tr> r o lili (10 19) 

Di 7,2 94 3, 6.1020 C.\ H7 0H 0003+ 33000 3330 
.± ,or 

D2 17,3 90 8,2.1020 C. H3.0H 001 5+ 517000 9950 . + ,0'5 
D3 16,7 89 a,o.1o20 C?>H7 0H 0003+ II700 2200 

.± ,or 
HD 23,0 6,1 7, 4 .ro19 fC.\ H, OH 0009+ 159000 40600 C 1-l lOI-I .:!: ' 0'3 

-
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C nen&c 6oxee Ha~ezuoro OTAe~eHHR c~y~aes peaxu-• (I) or ona

caHHWX BHme B03MOZHNX *OHOBHX CXyqaeB 6HXH BB8A8HH C~e~yD~Ke orpa

HK~8HHR Ha AnKHY CR8AOB ~aCTHn: 

a) AAKHa CA8A8 OCTaH8BXXB8Dl81CR ~aCTHQW tr AOXZHa 6NTL 

6oA&me 20 KM; 
6) AAKHa npOeKQKH Ha ropaSOHT8ALHYD nXOCKOCTL CXe~ BTOpxqaoA 

qacr•nw AO~ZHa Our~ Oo~&me 30 KK. 

HaiAeHHNe npM npocMorpe K YAOBxersopao~e yxa3aHHYM xparepKRH 

C06NTHR M3Mep•~•c& Ha CTepeopenpoeKTOpe. ITpM H3MepeHHH KMnyx&COB 

BrOpH~HNX qacrKQ BBOAMXHCL nonpaBKa Ha H80AHOpOAHOCrL MarHMrHoro 

nona no o6~ewy xawepw, KOHH~ccxoe penpoexraposaaxe, K3MeHe&xe xpM

BK3HN no ~AHHe cne~a BCAeACTBMe ropMOZeHK~ B ra3e . Ha pMC.2 npKBe

ACHO pacnpe~eneHHe no awnyn&caw Bropaquwx qacr•n AAR scex oro6paH

HYX cnyqaeB. llMK B 06A8CTM KMnyALCOB 33,5 K3B/C OTB8Q88T cnyqagy 

peaKQHK (I). 

C QCRbD yY8HbWCHHR ~OH8 or 'Jf + fA - po.CnaAOB OHJIO npoBeACHO 

p83A8AeHHe no OTHOCHTeJibHOMy H3MepeHXD M8CC OCT8H8BAHB8D~XCB qac

THU ~na nepB~QHHX cneAoB. Ha pMc.3 npeAcrasneRo pacnpeAeneHHe cxe

AOB no napawerpy o( /IJ/, 38BMCB~eMy OT MaCCN OCTaHaBAMBaD~eACB 
~aCTHUN H XapaKTCpM3yDmewy TpaeKTOpKD 3apazeHH02 Q8CTMUW, OCTaHaB

JIMBaDmeRca B rase npK HaJIKQKK warHHTHoro nona. 

rrnasHoR KpHBO~ Ha arow pHCYH~e noxasaaa ~ysxnaa paspemesxa, 

HaiAeHHaB no X3MepeHHD CACAOB MDOHOB B ~~e - pacnaAaX. CnyqaH, 

HMCD~Ke 3HaqeHMB ol < 0,19, B OCHOBHOM OTHOCBrCB K ~_. ~ -pac-

n~aM Ba JICTy. nn11 3HaqeHHA ol >0,19 cneKTp HMnyJihCOB BTOpHqH~X 

qacTMU npeACTaBneH Ha pHc.4. Tiocne B~qHraHMR H3 aroro cneKrpa ~oRa, 

cqHraswerocBue saBHCRmHM or KMnyn&ca,· M BBe~eHMR nonpaBKH Ha cny-

8 

qax, uelli!IMe d..< O,l 

IIIHXCB K peaKQMH (I), ] 

6~TL HcnpasneHo Ha rec 

38HHYil C BU6p8HRNMM KJ 

Ha OCBOBaa.. pacnpe~t 

Howy cnov KaMep~ O~no 

BTOpHqHoR QaCTHaN C AJ 

nposepKH weroAa pacqel 

HKR no AAHHaM npoexnxA 

38XB8Te n--Me30HOB ren 

HOCTL COCTaBABeT 0,67~ 

cqxraHHOR ARB ~8HHOro 

KOZHO OTMCTHTb T8K 

no B~COTe qyBCTBMTen&H 

ACHHD TOqeK OCT8ROBOK 

B~core ~ .UII 3I c.t~l 
AO 37 Mas/c. Ha arow z 

H8HHe ARB roqeK OCT8HO: 

H HJ)j[ • H3 pMc.5 BM, 

ry H Her saMeTH~x npo1 

rpaHKQW qyBCTBHren&HOrl 

C yqerow 5~ a~eK~ 

(I) B onlirax HDI M 

HCfiOAb30B8TbCR AAR onp1 

3. HAeHTHWHK8UHB 

CnyqaK aroA peaKUHH 

BBHAY CnaOoR CBB3H MDOH 



B pea&UII (I) OT ODK

BeAeHH CI8AYD~Ke orpa-

KOCTh CI8Aa BTOpxqHoA 

e yxa3aBHHM xpxtepKHW 

H3MepeHKI KMUYI LCOB 

OpOAHOCTh MarHHTHOrO 

OBaHI8, 13MeHeHKe KpH

ra3e . Ha pHc.2 npKBe

CTHU AIR BCeX O!OOpaH

B/C OTBeqaeT cnyqaRM 

pnCDaAOB OHIO npoBeAeHO 

octaHaBJHBa~~xca qac-

eRo pacnpeAeneHHe cne

cH OCTaHaBIKBaD~eAca 

RHO~ qaCTHUW, OCTaHaB-

~YBXUIB paapemeHKa, 

-+e - pacnaAax. CnyqaM, 

CHTCH K <Jr.,.. ~ -pac-

KMDY ihCOB BTOpMqHHX 

K3 aToro cneKrpa ~oHa, 

AeHHB nonpaBKH Ha c1y-

qaH, KMeD~He o( < 0,I9, OHIO HaAAeHO, qTQ qJCIO cnyqaeB, OTHOCB

~HXCR K peaKUHH (I), paBHO 27±5• YKa3allHOe qHCIO cnyqaeB AORZHO 

OHTL HCDpaBneHO Ha reoMeTpHqeCKYD 3~eKTKBHOCTh perHCTpaUHK, CBR-

3aHHYD C BHOpaHHHMH KpHTepKBMH OTOopa no ARMHe CleAOB. 

Ha OCHOBaBIK pacnpe~818HK8 TOQ8X OCTaHOBOK KDOHOB DO qyBCTBHTeiL

HOMY cnoD Ka»epw 6Hno paccqHTaHo, qTo a~eKTHBHOCTL perHCTpaUKK 

BTopaqHoR qacTMUH c ARHHOA CleAa oonLwe 3 cw cocTaBnaeT 59~. InH 

npOBepKH MeTOAa pacqeTa 3~eKTKBHOCTH OHRK HCDOib30BaHH pacnpeAele

HHB no ARHHaM npoexuaA aapaxeHHHX qacTHU B I-nyqeswx 3Be3AaX npH 

3aXBaTe rr--we30HOB renMew. EH~o HaAAeHo, qro yKa3aHHaa 3~eKTHB

HOCTL COCTaBIBeT 0,67±0,I0, qro HaXOAHTCB B XOpOWeM COrlaCHK C pac

cqHTaHHOA ARB AaHHOrO cnyqaa. 

KoZHo orweTHTb raxxe, qto pacnpeAeneHHe cnyqaes peaKUHH (I) 

no BHCOTe qyBCTBMTeRLHOrO CIOB ~ AOIXHO OHTb 01H3KO K pacnpeAe

neHH~ TOqeK OCTaHOBOK M~OHOB. Ha pHC.5 npHBeAeHO pacnpeAeJieHHe no 

BHCOTe ~ AIR 3I Cl~as, IK8m.ero HMDYILCH BTOpHqHHX qaCTHU OT 30 

AO 37 Mas/c. Ha arow xe pHcyHKe nnasHoA KpHBOA noxa3aao pacnpeAe

xeHHe ARB Toqeg OCTaHOBOK WDOHOB, HaAAeHHOe B cepHBX ODHTOB H])l 
H 1-f])j[ • K3 pHC.5 BHAHO, qro oOa pacnpeAeleHHB 0JIH3KH Apyr K APY

ry H HeT 3aMeTHHX nponyc~OB c~yqaeB pe8XUHH (I) y BepXHeA H HHXHeR 

rpaHHUH qyBCTBKTeRbHOrO OO~eMa. 

C yqeTOW 5~ 3~eKTKBHOCTH perHCTpaUMH qHC~O C~yqaeB peaK~H 

(I) B onHTax HDI H HDJf. cocraB1aer 46.;t9. 3To IIMCIO H OyAeT 

HCDOJip30BaTbCH AIR onpeAeneHHB BHXOAa peaKUHH (I). 

3. H.l!.eHTHWHKailHR c1yqaes peaxqHH d f + d ~ p + t + ~-

Cnyl!aH aroA peaKUHH cpaBHKTenLHO 1erxo KAeHTK~HnHPYDTca,T.K. 

BBHAY cnaOoA CBB3H MDOHa B dd~- WOJieKy~e peaKUHD MOXHO paccwar-

9 



pHBaTh KaK AByXQaCTHqRyD, ITpH 3TOM HApO tpHTHft H npOTOR HMeDT on

peAe.lleHHNe 3HeprHH (Et•I,OI Mas; ~-3,02 Mas), 11 BenxqHHN-coorser

c r ByD~Hx 3THM 3HeprHHM opooeroB YAOOHN A.IIH perHcrpaUHH B Kawepe . 

Yron pa3nera npOAYKTOB peaKUHH ~ AOnzeH ONTh paBeH 180° c roq

HOCThD , no KpaA HeA uepe, AO 1° . Kpoue roro , H3 roqKH pa3nera p 
H t AOAZeR B~XOAHTh C.lleA 3.11eKTpOHa OT pacnaAa MDOHa. 0AHaKO 

C.lleA 3ReKTpOHa qac r o WOZeT O~Th He BHAeH H3-3a CpaBHHTeAhRO HH3KOR 

3~eKTHBHOCTH per KCTpaUHK pe.IIHTHBH CT CKHX qaCTHU B YC.IIOBHHX HaWHX 

on~ros (HH3Ka nnoTHOCTh napoB coxpTa) ,nHOo Hs-sa HAepHoro norno~e

HHH WDOHa B yrnepOAe H KHCAOpOAe. Ha pxc. 6 OpKBeAeHa ~OTOrp6¢HH 

THnHqHoro cnyqaa peaKUKH (3) (onwr JDZ , raon.IT). PesynbraT~ HAeH

TH~HKaUHH peaKUHH (3) npHBeAeH~ B TaOAHUe lli. 

Taonxna lli 

0003Ha- qHCAO 3~eKTHB- qxcno qHCAO CJIY- qHCAO CJ!yqa- qHCJIO MD-
qeHHe pacoa- HOCTD pe- cnyqa qaea ~eaK- eB peaKUHH OHHNX 3Be3)1, 
onNTa AOB rxcrpanxH es pe UKII ( ) C (3)c BHAHWLIM C Bil)lHMNMK 

3JiexrpoRQ. laxn•K c nonHw UeKTpOHOM nyqwut 
p...,.e . a 1-'--.e - (3) .npooerow pacnaAa 

pacn~,11.e opoToHa 
(% 

Di 1050 33 2I 5 5 23(6) 

J)2 4830 54 27 I6 I2 I27(29) 

D3 240 II I9 8 2 16 (5) 

HD 19000 50 13 10 6 -
-· 

qKCJ!a B CK00X8.X 03HaqaDT KOJIHqecTBO 2-Jiy'leBNX 3Be3)l B KaZAOW OOLITe 

(A11J'! onwra ._.D 2-nyqeBLie 3Be3)lLI He aHa1fH311pOBaJIHCh AeTaAbHO BBK-

AY 3Ha'IHTe1fbHOfO ~OHa CJiyqaAHLIX CJieAOB npOTOHOB, OTCTOH~HX or TOqKH 

IO 

ocraHOBKH MDOHa Ha pac 
BBHAY roro, qro 2-Jiyqe 

qxc~e co~yqaeB,a raue · 

aaeprxx qacrxn B sBea~· 

or 2-~yqesHX 3B83.Jt B o: 

7 npHBeAeHo pacopeAeJIE 

B omnax Di , ])2 , 

pLIX AJIKHLI CBeAOB HAH r 

AJIHHaM CJ!eAOB npOTOHa 

Ke TeMHNMK npawoyronbHI 

3Be3A B OOLITaX C BOAO} 

nxx (3) (nonaoe qxcno 

ro pxcyHKa MOZHO 38KAl 

pxc.8 npHBeAeHo pacnpe 

peaKUHH (3) A.IIH OULITa 

(pBc.80) (npooer HAep 

renhHOM CBOe xawepLI). 

B OOLITe HD H.D 

B CBH3H C cy~eCtBeHHN~ 

AeJieHHe B03MOZHO TOJibH 

(KOrAa oOe 'laCTHULI OCt 

Ha pxc.9 (a) npeAcraan 

Clery B onNrax Di , 

i{) B onLirax D2 H D~ 
BenHqHHLI ceqeHHH yn 
/12/, He H80JIDAaBHC 
re JDi (AaBneHxe 
3row aenHqHHa npooe 
orwerHrh, qro opHpo 
~ysxeA 1:1~- arowa 
MDOHa Ha AeArepHA ~ 
pOAe /13,14/,l, a He 



!R K npOTOH HMeDT on-

11 K BeBKl.lHHH -COOTBeT

lrHCTpaUHK B KaMepe. 

~h paBeH 180° C TOI.l-

13 TOl.lKH pa3nera p 
:na~a wDoHa. O~HaKo 

Ia CpaBHHTeBhHO HK3KOR 

~KU B yCBOBHRX HaWHX 

1-3a n~epHoro norno~e

lKBe~eHa ~ororpa¢HR 

l.ll). Pesyn:orarH K~eH-

!CBO cnyqa- ~HCBO MD
!8 peaKUHH OHHWX 3Be3A 
I)C B~KMHM C BK~KMHMK 
•nexrpoHoM nyl.laMK 
1acn~a 

5 23(6) 

12 127(29) 

2 16 (5) 

6 

: 3Be3A B KaJ:~OM onwre 

!pOB6AHCb ~eTaBbHO BBH-

lOB, OTCTOR~HX OT TOl.lKK 

OCTaHOBKH MDOHa Ha paCCTORHHRX, paBHWX npo6ery d ~) p- - arowa • 
BBKAY raro, qro 2-nyqeswe 3Be3~ HaOnD~aDTCR B OTHOCKTen&HO uanow 

qxc~e c~yqaeJ,a raEKe roro, qro B~er~acr•~w B sBes~ax Hsorpones • 

3ReprKH qacr~ B 3B83~8 COBep•eRRO R8 Koppe~HpOBaBH Me~y COOOI,~H 

or 2-Jyqeswx sse3,Jt B oiiHrax D i, D2 , :D3 Own ol.leH& Ma.ll. Ha pKc. 

7 npKBe~eHo pacnpeAe.lleHae no yrny f ~nR scex cnyqaea peaKUKK (3) 

a onwrax :Di , :D2 , D3 K ~na rex 2-nyqeawx 3Be3A, y Koro-

pHX ~AHHH C.lle~OB H.llK npoOerK BTOpHl.lHWX l.laCTKU 6.1lH3KK K OJ:K~aeMHM 

~.llHHaM C.lle~OB npOTOHa H R~pa TpHTHR B peaKUHK (3). Ha 3TOM ze pHCYH-

Ke rewHWMK npnwoyron&HKKaMH noxasaHo pacnpe~eneHKe no yrny ~ ~nR 

3Be3~ B OfiWTaX C BO~OpO~OM / 13/, B KOTOpHX OTCYTCTBYDT cnyl.laH peaK

UKK (3) (UO.IlHOe l.lKCAO 3Be3~ B 3TKX OfiWTaX COCTaBBHBO 211). H3 3TO

ro pKCYHKa MOIHO 3aKBDl.lKTb 1 l.lTO ~OH OT 3Be3~ He npeswmaeT 2-3%. Ha 

pHc.8 npKBe~eHo pacnpe~eneHKe no npoOeraw n~ep rpKTHR a cnyqanx 

peaKUHH (3) ~na onwra Di (pHc.Ba) K ~na onHTOB 'D2 H ]3 
(pBC.80) (npo6er a~ep TpKTKR BO BCeX cnyqaax OKaHl.lKBanca B l.lYBCTBH

TeBbHOM cnoe xawepw). 

B onHre HD H~eHTK~HKaUHH peaKUHK (3) donee sarpy~HeHa 

B CBR3H C cy~eCTBeHHWM ~OHOM, OTMel.laBWKMCH BHWe. B 3TOM cnyqae pa3-

~eneHKe B03MOIHO TOAbKO no cywwapHOMY npo6ery R~pa TpKTHR H npOTOHa 

(Kor~a 06e qaCTKUH OCTaHaB.IlHBaDTCR B qyBCTBKTe.ll:OHOM O~eMe KaMepw). 

Ha pKc.9 (a) npe~craaneHo pacnpeAeneHHe cnyqaes no cywwapHowy npo

Oery B onwrax Di , D2 , D'3 9 Ha pKc. 9( 6) HaHeceHH o~Honyl.le-

~) B onHrax D2 H D3 BB~y Oon:omott nnoTH9CTH ~eUrepHH H oouwoa 
BeAHl.lHHH Cel.leHHH ynpyroro pacceHHKH d~ - aTOMOB Ha ~eRTpOHaX 
/12/, He HaO.IIDAa.IIHCh cnyqaK c B~KMHM npoderow d~ -arowa. B onH-
re JDi (~aa.lleHHe ~earepHa 7 arw) raxKe cnyqaK HadnD~anHc&, npH 
arow senHl.lHHa npodera dt-L - arowa OYJia oKono I MM. Heooxo~Hwo 
OTM8THTh, l.lTO npHpO~a TaKOro 3~8KTa B 3TOM OnHTe CBR3aHa C ~H~ 
~ysKeR a~- arowaJ oOpasyD~erocs B pesy.ll&rare npawoa noca~KK 
wDoHa Ha ~ettrepKR ~aHanorHl.lHo AH~Y3HH pr -&rowoa s so~o-
poAe /13,14~, a He B pe3yn:orare nponecca (~). 

II 



BYe 3Be3,1(Y OitliTa HD , npooer xoTopwx OKaHUBaerca B qyscrsa-

ren&Hou cnoe xawepY x Halla~o cneAa Ayqa 3Be3AY CMeleHo or roqxx 

OCTaHOBKH WDOH8. Ha p8.CCTOIIHH8 He Oo!ee 5 WM. llo!araft ~OH B 00!8.CTH 

npoOerOB 6,2 - 7,2 Mr/Cy2 H3M8HftD~HMCft IHHelHO (nyHKTHpHaft !HHKII 

Ha pHC.9(0)), MY H8.WRH, liTO C yqeTOM 3~8KTKBHOCTH peractp8.QKK npo

Oera qxcno cnyqaeB peaxUHH (3) B onYTe HD paBHO I3.:t5 (TaOn.DJ). 

l\aK yxe OTUellaJIOCb, MDOH CJI8.00 CBft38.H B ddf-'-- MOJieKy!e. 

ll03TOMJ npH CIKIIHHH ABYX AeATp~HOB ewy AOAXH8. nepeA8.B8.TbCft B cpeA• 

HeM uanaft 3HeprHR, p8.BHall ero 3HeprHH CBII3K B UD-aTOMe He4 (II K3B). 

H3 roro ~xra, liTO B onYTe Di (rax xe, KaK K B octaJibHYX onwrax) 

He HaOJIDAanca cneA uDoHa nocne peaxUHH (3) (r.e. ero npooer ueH&me 

I WM), a Taxxe H3 pacnpeAeJieHHH no yny lf A.llft aroro onwra 

( lf = 177,7°) uoxHo saltu, uo cpeAHHH 3Hepna, nepe,l(aBaeuaa 

MDOHY B peaKUHIIX CHHTe3a HAep Aeirepaa, M8Rbme 118M 50 K3Bo 

4. HgeHrH!f>HKaUHH peaKID!H d f + d ~ tt" + P 

llOCJie HAepHOA peaKUHH B UD-MOieKyJie dd r )(DOH IIJIK OCtaer

CII CBOOOAHYM (peaKUHH (3) H (4) ),HIH MOXet OK8.38.TbCII CBII38.HHYK 

c JIDOYu H3 Tpex sapaxeRHYX npOAYKTOB 3THX peaxq~R. OqeHKK sepoaraoc

TK "npxnxnaHBR" uDoHa x npoToHy x x HAPY He3 OYJIK yxe np•se~eRY 

B paOore IIO/ • 

3AeCb MY Aa~xu oneHxy sepoarBoCTH "npxnKnaaxR" wmoaa x RAPY 
TpHTKII: 

dp. + d ~ t~ + p . (6) 

B peaxqHH (6) t~ -aTOM aelrpaneH, H cnyqax · arol peaxnx• ~OJIXHY 

BYrJIHAeTb KaK I-JiylleBYe 3B83AY, npoOer npOTOHOB B KOTOpYX paBeH 

I2 

npooery npoToHoB B pea 

c~yqaes no AJIHHaM npoO 

D2 , D3 . Ha 3row 

cnyqaen no npooerau np 

t~aes peaxuxx (6) B oo~. 

maer 2, nony11aew, liTO 

w (tfA-) = y (d· 
y (d 

5. BYXO.Jtl:i a.u;ep 

BYXOAH peaKqHA (I) 

peaKUHH K nOJIHOMy IIHCJI 

onYTOB HDI H HDJI. 
r,l(e Noun- IIKCJIO WDO 

Ha OCHOBaHHH H3BeCTHYX 

onpeAeJieHHOA paHee CKo: 

,ll,na onYTOB Dl , 
(5) H OTHOCHTeJibHO WaJI• 

TOIIHO paBHO IIHCJIY MDOHi 

Be,l(eHY BO BTOpOR KOJIOHJ 

pol KOJIOHKe raOJIKUY VII . 

~) B paOore /5/ asrop 1 
"npH11HnaHHII" MDOHOB 
BeJIHIIHHY 3HalleHHe (( 

B8.HHH onpe,l(eJieHHR OTJ 
(r.e. cnyqaes, coor1 
BYXOAY CJiyqaeB peaKJ 
BHTeJibHOCTH 3TO OTHI 
HOCTH nocaAKH WDOHa 
6011ee IIYBCTBHTeJibHO 
B peaKqKH (3). H3 Al 
~(t~) =(0,24;tO,II : 
rary. 



IIKBaetCJl B IIYBCTBX-

~ CMe~eHO OT TOIIXM 

lloAaras ~OH B o6Aacrx 

HO (nyHKTKpHaJl !KHKJl 

Hocrx peracrpan~x npo-

paBHO 13~5 (ra6n.W). 

ddp- - .IIO.IIeKyAe. 

nepe~asar&cs B cpeA

wo-arowe He4 (II X3B). 

K B OCtaAhHHX onurax) 

.e. ero npoOer ueH&we 

~nR noro onwra 

Reprxs, nepeAaBaeuas 

e qew 50 xaB. 

~ KDOH anx ocraer-

Ka3aThCJl CBJl3aHHYU 

xuxR. OueHKK BeposrHoc

OuAx yze npxBe~eRY 

aHHJl" UDOHa X RlPY 

(6) 

t · arol peaxuxx lORZHH 

lOB B xoropwx paBeR 

npo6ery nporoHoB B peaxuxx (3). Ha pxc.IO npKBe~eHo pacnpe~eneuxe 

cnyqaeB no ~RKRau npo6eroB B 1-nyqeswx 3Be3laX ~nR onwros JDi 
JD2 , JD3 • Ha 3tou ze pxcyaxe nyuxrxpow yxa3aHo pacnpeAe!eHKe 

cnyqaen no npoOerau nporoRoB B peaKUHH (3). CttKTaR, ttro ttKcno cny

qaes peaKUKK (6) B OO.IIaCTH npo<lerOB OKORO I2 Mr /CM
2 He npeBY

maer 2, nonyttaeu, ttro c 9~ sepoRraocrhm *) 

5. Bwxogw RgepRYX peaKUH~ 

BHXOlli peaK~KI (1) K (3) onpe~eJIRDTCA OTHOWeHKeU tiKCJia C.llyttaeB 

peax~KK K nonHouy ttKcny o<lpa3yDII{KXCII dt'- -arowos Ndr • .nu 

onuroB H'DI H HD'[ cpe~Hee 3HatteHHe Ndt' =(0, 95~0, OI) Nocm 

r~e Noc.m- ttHcno umoHHHX ocraHOBOK. 3ro 3HatteHxe Ndr- nonytteHo 

Ha OCHOBaHHK H3BeCTHHX KOHUeRTpa~K~ ~eRrepKII B AaRHiiX onwrax K 

onpeAeneHHOI paHee cxopocrx peaxuxx (5) 19,I41. 
.n:na onwros Dl , D2 H D3 B BH~Y OonLWoR cxopocrx peaxuu 

(5) K orHocxren&Ho .11anoa xoHueHrpauxx BOAOpo~a Nd~ npaxrxttecxx 

TOIIHO paBHO ttHC.IIY umoHHYX ocraHOBOK N oc.m • Buxo~ peaKUHK (I) npK

BeAeHY BO BTOpOI KOROHKe raO.IIKnH IV, a BliXO~H peaK~KK (3) - BO BTO

pol KOJIOHKe raO.IIKUU Vll. 

~) B pa<lore /5/ asrop xocseHHNU MeTOAOU onpe~en11er sep~HTROCTh 
"rtpHRKnaHHH" UDOHOB K H~py He B peaKUHH (4) K ~aer AJIJl 3TOA 
BeRHtiKHH 3Ha118HKe (0,31~0,0034). 3TOT BUBO~ <lHJI CP,e.llaH Ha OCHO-

BaHHH onpeAeJieRKII OTHOD8RKH BNXO~a cnyttaeB C ~BYJIII npotOHa.IIK 
(r.e. cnyttaes, coorBercrsym~x xpaTHH.II axraw xaranx3a) x nonHouy 
Buxo~y cnyttaes peaxuxx (3). O~Haxo nerxo noxa3ath, ttro B AeRcr
DMTeRhHOCTH 3TO OTHOIDeHHe COBeiWeHHO He IIYBCTBHTeJihHO K BepOAT
HOCTK noca~KH .IIDOHa Ha lllpO He • YKa3aRHOe OTHOmeHKe HeCKORhKO 
Oonee ttyscrsxrenhHO K sepoRTHocrx nocaAKK wmoHa Ha 11~po rpKTHII 
B peaKUKK (3). ~3 ~aHHHX paOOTH (5) UOZRO nORyttHTh, tiTO 
W(tp.) =(0,24~0,II) .• 3Ta Be.IIHtiKHa He npOTHBOpettHT Hame.lly pe3y.llh
rary. 

I.3 



~3 3lHX ~aHH~X MOZHO nonyqHTh Cpe~Hee OTHOIIIeHHe B~XO~a peaKUKR 

(I) H (3) ~HH ~BYX 3HaqeHHR nnOTHOCTH aTOMOB C H 0: 

y ( HDli> "Di,:D3) = 3,i ±. 0,6. 
y(H:ni,TI2) 

ilpHBe~eHHOe OTHOWeHHe nOKa3~BaeT, qro npH yYeHhWeHHH fiJOTHOCTH 

~ -aroMOB B 5 pas B~xo~ peaxnxl .xaranHsa yBenHqasaercs B 3 pa-

sa. 

6. BpeMs USHH d~roMa 

nns HHTepnpeTa~HH H3MepeHH~X B~XO~OB a~epHYX peaK~HR HeOCXO~HMO 

SHaTh Bpews ZHSHH df-l" - aTOMa 't B YCHOBHSX Haii!KX Oll~TOB, 
KOTOpoe onpe~enseTCS B OCHOBHOM CKOpOCThm paCnaAa CBOCO~HOrO MmO-

Ha Ao H cxopocnm nepexo~a MmoHa or dtt- -aroMa K C H 0 -aro. 

waw A~C~ , a raxze B OTHOCHTenhHO MeHhmeR creneHH cxopocrhm oO

pasosaHHB MesoMonexyn ~). 

L \I I I 
!1cr. = .>.. = .Ao + 1\l cl + .A pclr c,.. + >\"""ell (7) 

~) 3HaqeHHB A co wrpHxawH o0o3Haqamr cxopocTH B ycnoBHsx 
HaWHX Ofi~TOB, T.e. B ra3000paSHOR cpe~e onpe~eneHHOR llJOTHOCTH. 
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a) BenHqxHa A w 

HKR no npooerrur d t-« 

onpe~eneHHH ceqeHHR y 

/12/. 0H OCHOBaH Ha C 

npooeraw d~-arowo 

repxs B so~opo~e H pa 

npe~eneaaswH, paccqHr 

o0pa3ow BenHqHH~ A 
0) ITOCKORhKY OCHO 

Ao BHOCHT c:xopocr 

A raxze H3 aaOnm~ae 

xorop~x Haqano cne~a 

roqxoa (cne~ 3nexrpon 

qaes c 3nexrpoHauH Ox 

No~ H N - qHcn. 

3nexrpoHa pacna~a H o 
sam~caTh: 

'Yo ... ~ ( HDI) - ~ 

r ~e 'l - cpe~Hss Be 

aKT nepexo~a K H~py y 
CpaBHHBaH (8) c aH 

npeaeOperaH B nepBow 



THomeHHe swxo,~~;a peax~l 

B C II 0: 

6. 

~eHbWeHHH nnOTHOCTH 

i ysenHqKBaeTCH B 3 pa-

!pHYX peaKUHI HeOOXO~KUO 

OBHJIX H8.DIIlX OUYTOB, 

pacna~a CBOOO~Horo MDO

df -aTOKa K C K 0 -aTO• 

CTeneHH CKOpOCTLD 00-

(7) 

lOCTM B YCJ!OBKRX 
lpe~eneHHOI nnOTHOCTH. 

a) BenHqHaa A woxeT OYTL onpe~e~eaa H3 aHa~K3a pacnpe~ene

HXI no npooeraw d~- arowoB. 3TOT weTo~ own Kcnonb30BaH npH 

onpe~eneHHH ceqeHidl ynpyroro pacceaHHR df -aTowoB B so,~~;opo~e 

/12/. 0H OCHOBaH Ha cpaBHeHHH 3KCrrepHUeHTanLHYX pacnpe~eJieHHI DO 

npooerau d~-arowos, nonyqeaawx npH pa3nHqHol KOH~eHtpaUHM ,~~;eR-

TepHa B BO,D;OpO,D;e K pa3nHqHoR KOH~eHTpa~HH l -npHUeCeR, C pac

npe~eneHHRUH, paccqKTaHHYWH wero~ou MoHTe-Kapno. HaR~eHHYe TaKKW 

oopasow senKqHHY A npHBe~enu B raOnH~e I Y. 

6) IlocKOJihKY ocHoBaoR BKJia~ B A , nowKwo CKopoCTH pacna.na , 

Ao BHO CHT cxopOCTL nepexo.na A'l. c-l. WO:KHO onpe.neJ!HTh 

fL~ e- pacna)(OB, B 

Kotopwx aaqano cne~a 3.11eKTpoaa pacna.na conposox~aerca BH,D;MuoR 

roqKoR (c.11e~ 3.11eKrpoaa Oxe) 112,141. EcnH oOosaaqHTh awxo.n cny

qaeB c 3JieKTpOHIDlH O:s:e Yo~ = N o~e j ( N -+ N o.u) , r .ne 

N0~ H N - qHcna cnyqaes c BH~HwoR "ToqKoA• B aaqane cne~a 

3neKtpoaa pacna~a H Oe3 aee, ro, aanpHwep, )(JIB onwra HJDI woxHo 

sanHCaTh: 

(8) 

r .ne rc - cpe)(HJIR BepoRTHOCTb noasneHHH OJ:e - 3JieKTpOHa Ha O,D:KH 

aKT rrepexo.na K a,~~;py yrnepo,~~;a HnH KHcnopo.na. 

CpaBHHBaa (8) c aHanorHqawu supaxeHHew .nnn anura HD] H 

npeHeOpera.fl B nepBOU npHOJIK:S:eHHK qneHOW X,.a,. c~ ' KOTOpbil coc-

15 



> 
H 

i 
It; 
'Cl 
Qj 

E-< 

Q) 
Q) 
~ 
lo{ 
Q) 

""" p, 
0 

H 
I w 
Q) 

J,llll (,) 

o :t...o 
- ~ 8,"0 ~ 

H &:::: ... 
'-" •«~ Ol!j 

&::::1'.. 
...-< 

Q) ' ....... 
Oll<:ld 

Q)= 
011:;0 
&;::(')P, 

c:::--

Q) ... 
0 

>-
lllCI> 

o Cl>~ I 
II;Qj fo<IQ 
c.> I>' 1>40 

zto:»C?CI>= 
l:l'lt;CI>It;O 
fc.>'Cl(')P, 

lCs: I'll 
(,)~ :Jt 0 

o:.::s: = 
CI>II<:P, I 0 

~~~:;co~ l:z PoD: I'll a.: 
&:::: ><=CI> 
O ·ld cd 0 0:: 
&:::: = C?>S•(') 

""" Cl>lf-< 
iooiCD:J: 
0&::::~ 
Z~:s: 

(')Po 
'-" 

~ 
" + 

>-:L1, ~ 
H IJ' 
'-" L 

"X-.._, 
i!Q)Qj 
=::s: .. 
g::;~ 
'01:1'0 
0 

CX) 
(\J .. 
0 

d-.' 
(\J .. 
(\J 

0 
C'l) .. 
0 

tJ..' 
(\J . 
(\J 

<X) .. 
0 

~· .. 
(\J 

8-
+I 

Ct') 
<X) .. 
0 

10 
0 .. 
0 

tt' 
10 .. 
0 

(\J 

+I 
~ 

.::r 
,t.,l 
.::r 
H 

Ct') 

Ml 
(\J 
H 

.::r 
(\J .. 
0 
J.l 
<X) .. 
0 

H 
A 
:::t 

"' 0 .. 
0 

~· <X) .. 
0 

0 
H .. 
0 

6' 
<X) .. 
0 

Ct') .. 
0 

6' 
H 

.::r 
0 .. 
0 
+I 

H .::r .. 
0 

t-
... , 
(\J 
H 
Ct') 

H 

'+'I 
H 
(\J 
(\J 

0 
H 

,t., 
0 
(\J 

t-
lt"l 

0 
<31 
(\J 

(\J 

1==\ 
A 
::r. 

16 

raBnaer 2% + 6% or 1 

nepexo,~~;a A~ ci! * K< 

JtaHRhle, OTHOCHJJU 

\-\'DI * HDJI , npHl 

H N 6b!JI HCIIOJ! b30B< 

OT6HpanHCb ~ 

~a 3JieKrpoHa pacna,~~;1 

HY He MeHee 1,5 ~Y 

yroJI 8d~ 
Ma H KaCaTe.llhHOR K I 

KJIDqeH B npe,~~;e.11ax 1: 

HCIIOJll>30Ba.llc 

,JJ;JIR Ha6JID,JJ;eHHR 6bi.IIK 

N O,q. ,JJ;OJI:J:HO 6b!Th I 

Tbl Cr- !t!JIH 0~ 
rp oHa B HaqaJie cJie,JJ; 

,JJ;eHa B ra6JIH~e JV. 

HaRMHHoe 3THM 

paBKH Ha o6pa30BaHM 

BK,JJ;HO, o6a KCIIOJlh3Y 

3ynhratbl . B ra6nH~e 

KO TOpoe HaXO,JJ;KTCR E 

,D;pyrHY YeTO,JJ;OM /1 4 / 

B) CywMapHaa CB 

6h1Th raKxe onpe,~~;eJIE 

,JJ;JIR O!Ib!TOB C pa3JIH~ 



16 

rasnaer 2~ + 6% or BeAKttKHW A , MorRo HaRtH 3uaqeu !e Chopo crK 

nepexo,~~;a A~ ci!! H KoalflcPH~KeHr I(_ 

J{aHRhle, OTROCstJilKeC.Il K onpe.n.eJieHKD BNXO,D;OB Yo-.ce B onYtllX 

HDI H HD }I , npKBe,D;eRY B Tac!JIH4e 1Y. IlpK or el ope cJiyttaeB N o.ce. 

H N 6wn HcnoJih30BaH pst,D; KpHTepMeB orOopa: 

OT6KpaJtHCh TOJII>KO CJiyttaH C BH)!.KMNM CMe U(eHKeM HB.tla.Jia CJ:e

)1.& 3JieKTpOHa pacna.n.a OT¥OCKTeJI:&HO TOtt. K OCTaHOBKK KDOHa Ha BeJIKql

HY He weuee 1,5 ~~ 

yroJI 8d14 , cocraBJteRHbl" HanpasJteHKew. "npooera11 d r -aro· 

Ma K KaCaTeJII>HOA K CJie,D;y li.DOH& B TOttKe OCTaHOBKH, )!.OJIXeH 6b1Tb 38.

K./IDtteH B npe)(eJlaX 120° > ed,... > 60°; 

KCD0Jtb30B8.Jl8.Cb TOJib KO 48.CTb MatepKaJla, B KOTOpOM YCJIOBHSI 

,li;Jlst nadJID)(eHK.Il 6biJIK ocoOeHHO dnaronpHRTHhiMK. Ha6.11D)(aewo e tlKCJto 

~O~ ,li;O./IXHO 0h1Tb HCnpaBJieHO Ha n,ll;epHOe nor./IOU(eH Ke llDOHa C Op6K-

Thl Cr- KJIH Or- - arow.a, a rau:e Ha c./lytlaRuoe no.llBJteHKe 8 -sneK

rp oHa B Hatla./le cne,D;a sneKrpoua pacna.n.a. CyMw.apuaa nonpaBKa npMBe

,D;eHa B T8.0JIK~e 1Y. 

HaA,D;eHHoe 3TKW. cno co6oM 3HatleHKe A ( c ytierou uanoR non-

paBKK ua oOpa3oBaHK~ pd~- woJieKyJl) npKBe.n,eHo B radJIKne IV. KaK 

BK,li;Ho, o6a HcnoJih3yeuhlx wero,~~;a onpe,ll;eneHHR A ,~~;aDT 0JIK3KHe pe-

3YJII>Tathl. B Ta6nHne IV npKBe,~~;euo raKxe 3HatieHKe K03~KnKeHTQ ~ , 

KO TOpo e H8.XO,li;KTC.Il B COrJiaCHK C BeJIH~KHOR , onpe,~~;eJIRBWeRCR pauee 

,~~;pyrKM MeTO,li;Oil /1 4/. 

B) CywMapuaa CKopocth "HeynpyrKx" npoueccoB A uoxe r 

6h1Th T8.KXe Onpe,ll;eAeHa K3 CpaBHeRHR BhiXO,ll;a 3Be3,ll; C BK,li;KMhiMK JIJ48.MK 

,li;JIR OflbiTOB C pa3JIKttHOA KOHUeHTpauKeR 8.TOMOB C K 0, T.e. MeTO,li;OM 9 
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1\n'eopwlt O~n HCnOJib30BaH ,!I,JIH onpe,!l,e.lleHHJl A .u.na nponec roB c 

yw:~cneM pp. -nroMOB II 31. O.n.HaKo B ,!I,AHHOil cny4ae npMUeHeHMe 

3toro cnocooa 3atp:f,!I,HeHc KaK H3-3a Oonbworo cpoHa cny4aRHhlX npo

TOHOB ( onhiTbl HD ) , rax H BCJIC,!I,CTBMe ne oOXO,!I,IUofOCTH onpe.u.ennb 

B~XO~ 3Be3,!1, B YC.IIOBHIIX HacumeHKR npouecca nepeXO,!I,A MDOHOB OT 

d ~-aTOilOB K C H 0- ATOMAY, ~Cfi0Jib30BaHHe 3TOrO YeTO,!I,a B pa60Te 

jgj ,!I,JI.II CKOpOCTH nepeXO,!I,A OT dr -aTOKOB It C H 0 npiiBO,I{K.RO 

x tl eJt oropoxy saaxzea llll B e.rMtDI HH A • 
0KOR4aTe.llbHO npMHHMaeMble 3Ha4eHKJl A , ycpe.n.HeHHble no Bceu 

lH?TO,!I,all onpe,!l,e.lleHu ,!1,.1111 onwroB HDI H HD :!I , npHBe,!l,eHbl B noc

.lle )J.He~ KOJIOHKe raO.IIKUbl IY, a ,!I,JIH onwroB D i , D2 , D3 
C yqeTOM lla.IIOR nonpaBKK Ha o0pa30BaHHe 

JIHJ.le YIT. 

18 

dd ~ - WO.IIeKy.ll - B taO-

li. KHTEPIIPETAI.Uffi 3 

PEAKI.Um 

B raOnll.le Y npMBe,l{e 

BliXO,I{ax peaJtiU«ll (3), noJr. 

D3 x HD ), rax M B 

B paoore Anb.apeua 

pea~UMII (3) B ZltAltOBOAOP 

Yxa3AHHua B raOJIHne BYxc 

,I{&.IOCb Tplt C.IY4AJlo ~8TKC 

B ZM,I{KO,I{elrepMeBOR ny3~J 

,I{OpO,!I,a COCTABJ!fi.IIA ~. lc 
6bl.ll no.lly4eH 3HAtfMTe JlbHO 

peaKUHM ( KOHUCRTpaUHII I 

na I:C). 
3Kcnepv~eHT~bHYR I 

npe,I{CTaBneH CJ!e,D:YlJI!llUI B~ 

Yp lcid)::::: ~ 

r.n:e Addr. -cxopocTh oOpl 

ZK,I{KOrO ,l{eArepHII ~0 

No •4.I0221/c~t3 , A 

A=- Ao + >--a.-
1 

u: e f:P , .f11 K .Pi! 
cooTBercTBeHHO; F(dd)
dd f-' t IIHOXKTe.u 1/2 yqM 



~nH npone ccoB c 

cnyqae npHweHeHHe 

¢oHa cnyqaRH~X npo

CXOAHMOCTH onpeAenRTh 

epeXOAa WDOHOB OT 

3Toro weToAa B paCore 

H 0 npXBO,IUIJlO 

ycpe~HeHHHe no Bcew 

DK, npHBeAe HH B noc

i , D2 , D3 
I~- woneKyn - B Tad-

11. HHTEPIIPETAIUrn 3KCllEPHMEHTAJTbHI:iX !AHBUX no B!:iiO!Y 

PEAKI.Um 

B racn~e v npxse~eua Bcs c oBoKynuocr~ xuen.-xca ~aBRYX o 

BYXO,J;8X p881tltKil (3), IIOXJI'l8HRHX ltaJ: B Banx Ollloi!8X ( Di , J)2 , 

D3 M HD ), raJ: 11 B ~pyrxx pMor ax ( Ko.taxn 3). 

B pacore A1l&.ape~a a .~;p. III uacxn,~;axoc& wecxon&Ko c~qaea 
pealtr.tMJI (3) B ZX,J;KOBO,I;OpO,I;HOR Ka~epe C npKMtC&D ~e~repxa 4,3~. 

Ylta38HHb11! B T&CJIH!.t8 BNXO.I. paccqJ:T8R B np e,J;nOJIOZtBJIK, UO Hlld.IJ)

,1;8!0C& TpK CJiyq&Bo ~8TitOBJiqeu K AP•/4/ H3MepSACI BYXOl peaEr.tMJI (J) 

B XH,J;K O.J.eArepMeBOR ny3~phXOBOI lt&Mepe; npH 3TOU ltOHUenrpanxs BO• 

,~;opo~a cocraBHa3a ~. loy,~;owf5/c nowo~n aHaJioraqaoR ycraHOBKM 

CYJl nonyqeH 3H8QMTeH&H o Oon&mxl cratxcrxqeCKBI MArepxaH ~~~ aroR 

peaXUHH ( XOH~eRTp8UHft BO,I;OpO,J;a B .J.OIT epXX B 3TOM OUYT8 COCT8BXI

na I:C). 

3xcnepJuteHTMhHlJIR Bl:iXO.l peaKUMX (3) Yp (dd) uoxer cwu 

npe,JtCT8BJ! eH CJi e)(yt>llliiM BHp&X8HH8M : 

(9) 

r.n:e Adc!l" -clCopocn ocpa30B8.HU )(J)-voJlexyJI dd~ npM n.11oraocrx 

XK,I(KOfO ~eArepaa ?o , COOTB8TCTByn~eR qXCJiy A8RTpOHOB B CM 3, 

No • 4,ro22 1;cy3, A ... cy11uapna cxopoc n Heynpyux npo~eccoa: 

r.B;e fJ:> , .f11 M .Pi! .. nJIOTHOCTM ,J;ehepaJl,BO.J.OpO,la J! l-aTOMOB, 

coorBeTCTBeHHo; F(dd)-BeposrHocr& R)(epHoR peaxn•• (3) • MOJleKy.lle 

dd p ; MHOXKTeJib 1/2 YIIMTHB88T BTOpOH paBHOBepoaTHYR KaHaJI peait~Ma 
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4. 

5. 
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6. 

7. 

OnliT 
H3MepeHHiil Bli-
xo1. peaxun (3 

Yp (dd) 
C1o-2) 

:Di 0,63,!.0,14 

D2 0,27!,0, 05 

D3 0,86!,0,20 

HD 0,032.!,0J)I2 

AII>B8.P.e' 
II ;a:p.7I o,1a +0,12 

-0,08 
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1 ddr- -•oJieJ:yu ( peu~•• (4) ). 

!Ia YAOOcraa cpaBaea•a AaHBWX pas~•qawx paoor KOKBO or 

BWXOA& Yp (dd) nepeln J: BWXOAJ v; (del) , KOTOpWI 3&UCIT 

TO~hi:O Or UJIOTHOCTK Aelrepla ( r.e. 3KCnepii8HTa.bHWI BWXOA npl• 

BOAITCI K YC.IOBib f11 • 0, J'i! • 0 ) K onpeAUR8TC8 C.leAYJI .... 

BYpazene•: 

Adele fl./Jo . 1 F (dd) 
Ao + A,!,jl" ?.»/p

0 

2 ' 
(10) 

Tor.-a raxu oOpaso• onpueua&l BWXOA Y; (dd) •o•er 

own Bwpuea qepes Yp (dd): 

Yro { dd) = Yb (dd) ). A BA. (II) 
1 o + Adell" 31 fo 

KaJ: Oyler BKlHO as A&uael•ero, Adell" cocnuaer aeuuay 

nopa,.~:a 105+ 106 ce~:·1 , noaroMY c xopo•el roqaocrbD ( nop~a 
HeCKOJihltiX npo~e&TOB, 11TO cy.ecrBeBBO M8Hh•e 0•1001: 3KCD8pKM8BTOB) 

AJIS ycJIOBII onwros c wa.~ol n~oraocrhD .-elrepxa ( onarY I-5, raOJI• 

~a V) KOI:HO 3&DIC&Tb 

(12) 

lJIR OnYTOB 6 I 7, BB.,.Y M&AOI KOH~eRT~HI BOAOPOA& I npu

nqecxoro OTCYTCTBBJI ~ -npi18Cei,BYXOA "'fp (dd) O'leHh 0U301t 

It • ~ {dd) • Jna 3TIX OnYTOB B ra0.1~e V npaBeAeHO MaKCI~bHO 
B03MODOe 3H&tteHII8 v; (dd) , COOTB8TCTBYD.ee ~r•l.I05cex-I. 

Paccworpxw A&.~ee, BoswoJ:Ho .11 cor~acoBarh •eJ:lY coOol Bee 

14K8DIIU18Ca A&HHWe no BYXO,.Y yfo (dd) AU peuQ .. (3) •. 

2I 



I . Onpe.unne Add/" x F' (dd) H3 cpasaeau 

BKXO~OB npx pa3BKX nJOTBOCTRX 

Ec~• ae ~e~ar• Hl&aiKx cneqxa~»HKX npe~no~o•ea1l oraocxr~»BO 

aan•coocra A dd t' • F (dd) or nroruocn )lelrepxa • cxopocrx 

d !4 -ar.o»a u BKpuesu (10) MODO &alu 3&aqeBia A""r 11 F(dc:l) • 

!nnpa&a~sa acex ODKTBYX ~aBBKX 3TXX BKpaK8HK8M no M8TOJY Hal~ 

M~B~•sx JtBR)lpaTOB .-aer 
• (3,~0,7).I06cex·I , (D) 

• 0,20!, O,OI 

" ddt' 

F'(dd) 
Ha pxcymce II npsBueaa 3aBIICIKOCU aenquy 2 v;(d&j Pof_g, 

OT OTHOCBTe~LROI nJOTHOCTB ?jl~ C napaMetpaKK (I J). Kax BK)l-

BO X3 pKCYBJta , TaJtSK ~Op~»HKM nyreM MOZRO ~O~O~LHO XOpOIO OO~ac-

HKU lliXO,I;Y y; (dd) t DO~yqe&HY8 BO BC8X paCCM&.TpiB8.8KKX 

onurax. 0)laaxo raxaa xsrepnpet~•a xpaiRe &ey)loanersop•re~LHa no 

c~ e.JlYm••» npKIIXHaM. 
Bo-nepBwx, c or~acso reopxxfiS , I 6~ciopoct• &)lepsol peaxnr&r& 

AFtdd) B Mo~eJty~e ddf .~touua owu "'IoiiceE-I (r.e. F(dd)·I)J 

8C~K o6pa30BaBKe Km-MO~eKy~ npOKCXO)lKT C op6BT~LHYM MOM8HTOM 

K z 0 B B036yZ,~;eHBOM KOAe6ate~LBOM COC TORB KK \f • I. B c~yqae 06pa-

30BaHXR dd~ -~~o~exy~ sa cqeT 3~exrpxqecxoro )lxno~•soro nepe

xo)la Ei B cocroaHu c MOMe&TO» Mouxy~Y K • I cxopocn li.Jtep&ol 

peaxn•• BBK.JtY B~Bqxa nesrpo6eKHoro Oap»epa Oy~eT KMBTL MeHL.Yo 

seuqKHy. O,~;aaxo,xax no.:a3a&o JS"IS/,K a 3TOM c~yqae AF(d~ JlO.IKHa 

6YTb He M8Hbme 'ISM I08ceK-~ 
Tax xax F(dd) • ~F (dd) cu3a&Y coorHOIIeHKeM (Oe3 yq na 

cs epxro&xoro pac-.enn au B c •cre•e dd ~ ) 
A.f (cld) 

t= (dd ) = ~F(dcl) + Ao 

22 

(14) 

TO BCDO~»SYS Be~JqSHy 

P8UilU A F (del) • 
xoropaa or~sqaerca or 

Bo-BTopwx, s&aqeJ 

3,5 • 106 Celt-! HCJt~O~ 
HHM IHXO~OK P8altll1K ( J 

Ec.IB npKRar• 3Ha'le&He . 

qro BYXO)l peaxnBK (I) 

caepxro&Jtol crpy&rfpW 

MODO Oll8RBTh CKOpOCTJ 

Y. = -
tt Ao -t 

r)le CH -xoaneBTp&IUls 

Hcno.u3ya 3Kcnep10 

PeaEil .. (I ) , paBHYII ( 

>.ci"r • co, I6!_0,09).I< 

z~oro ~elrep•a A, 
IIOK8T 0YTL DOJYQ8Ha B 

------------------
IV !Is roroJqroow C.JteJ 

• AF (d ) ' IOY.Jt< 
BIIRX, JtOr);a B ~( 
)lax peaK~tKI (2)• c: 
~eRrepKeM •• ow~o r 
Af(dc1) • (2,~0,0l. 

COB 8PJI8HHO Be 060CI 
110e asropo11 01:oaqa1 
( CMo Dpi~O&eHKe pE 

r~e B xoscrasrw A 1 
ll8CCOB; Yf4(Di!) -I 
Oflira, craucriqeca 
I3 c~)'llaea Peal:ll•• 
TO OII0Jta B )\ddt 
fiOCJt O.U.Ity ~Ue B 1J1 
3&aqea•e )...~dr • O,J 
pBIIe&f~•so aal)le&l 
liTO AF (cir!) MOK8T 
xoseqsoe ,s&aqeaxe. 



1 cpaaae811& 

~~oze8all or•ocxre.u8o 

I ~e1Tep1111 JJ CltOpOCTII 

e8u Adcir' 11 F"(&ci) • 

811811 no MerOlJ 8811-

(D) 

IIKHH 2 v; (del) Pojfv 
Tp8MII (I J). K8E Bll.l

~O~~HO XOpOIIO OO~IIC-

pacCMaTpi18811HX 

~oaneraopare~bH8 no 

b Slepaol peaEUKII 

cex-1 (r.e. F(cJ~ .. I), 

r aAhHHII IIOMearov 

IT .. I . B c~yqae oopa-

ro .l•no~o&oro nepe-

z l CEOpOCTb ll.l8pHOI 

YleT KMero lleBoiYII 

~~yqae AF Cd'9 .JtO.IDa 

(14) 

ro •cnousya au•uay FCdd) •s (I3),no.IJUII cxopocu a,upaol 

peuqu _\ F (del) • ( I,IJ.!. 0,06) .I05ce&•l, 

xoropaa or~•qaerca or o~ae11ol 113 reop•• &a rp•-•ecr• nopa~oB . 

Bo-nopwx, aaauue c1topocu oopaaosuu dd fA -MonEy~ 

3,5 • 106 C8Jt-l BCE~mqaerca ~OBO~~BO 00~ ... 11 3EC08pBII8Bra4~-
BHII IKIOAOII p88JtllBB (l),B804~88111111 I yc~OBKXX C ltHAKHII ~eRrepll 811. 

Ecu npBBan 3sa;qe&He >-.pd.Jok- , saii,Jtessoe B pa6oraxn ,B/ , a cqHran, 

qro awxo~ peaEUBK ( I) B yc~oaaax ~oro Jelrep•a 113-38 ~Jt!a 

caepxr oBJtoR crpyltrfpW p~~-woRe&y~y B03pacraer a I,7 pa381I71.ro 

wouo oqenn cJtopocu oopasosa8u dd t'l·•o.aeJty ~ c no10 Gm awpazean 

Y. = ).P~ I' Cw F( d\ 
\ol \ \ ~,1 .. p ') , (I5) 
1 Ao -t ""r"t' ~ -t Acld~ ( 4- CIIJ ' 

r.u CH ·xoBQe&TpallJia BOlOPOla 1 ,llelrepu. 

lcno.x~aya axcnepxwe8r~~so salAe8BHI a paoore loy~af5/ BWXOl 

pealtllllll (I) , paBHHI (4,14!,0,67).10~ 113 (15) aaxo~o, uo 

Acicit" - (O, I6!,0,09). I 06celt .. r , r.e. c ~ sepoarsocn11 a yc~OBJUIX 
z~oro leltepu >.,M~ 4.. 0,34.I06celt-I. llpoepao taJtaJI ze O!leHn 

110ll8T 6WTJ. DOJIYQ8H8 II 113 .la&BHX pBOOrH / 4/ • tt) 

tt) Jna roro,qroow C.le.xar• oo.xee onpe.le.ae&&wl BWBOl o ae~xqKBax Ad~~ 
x >.F (dll) , IOJlOM /5, 611.1a npo1aae~eaa aJtcn0311Illlll xa~~eps B ycJio-. 
BIIIIX, JtOrl8 B ltii,UO~ ~e repllll paCTBOpJIJtCII B03.Q'Xo H3 ~8HHYX 0 BYXO
.l8X p88EQKI (2)11 (JJ B 3!011 onwre B B ODHT8X C q,crw~ BO~OPOlOII K 
.l.elrepKell •• 6WJlO no.xyuao,11Io >-c~c~~ "" (0,36+0,I:3).106ceJt•.l 1 
A"'(dcl) • (2,5!,0,04).ro:>cex- • O~Haxo 3rH saiJ111qn•s crancTJiqecu 
COBep•eH80 He 060CHOBaHYe ieiCtBIITeJI~HO IIOZBO 38DIIC8t• IICOO~b 3Je-
1108 aaropo11 OJtoaqareu&oe awpazea11e ~· AJ.df4 a cn.um•e• Bille 
( cv. DpiJIOlleHKe paoorH /5/): / 

Acldl' = A Yr (Di!) - B ) 
r~e B JtoacraBtH A B B Blt.xmqe&w c~opocr• pa3.11111HWX •esoatOIIBIIX npo
qeccoa; '(~(D~) .. IHXOl p88lt!lllll {!) B JC.IOBX&X ~OD0~811TeJI•HOro 
onwta, crar•cfiqecaaa 0111161ta Jtoroporo cocraBJI&er 2~ (aa0Jml8.lfc• 
I3 c.xyqaea peaKQIIII (I)). llocJtO.ILEJ ltO&craura B • 015I.IOOcelt- 16 ro o .. o&a a Acid~ Oyler czo.xo 7~, r.e • .Xcldl' •(u,36!,0,24).Iu ._1 
DocJto~Jty lalle B opefe~ax o~aoll craa~apraoll o~OJtll He IICJtJimqaeiSl 
3&aqea•e Acid • 0,1. Obcu•I ro 11s swpazenl C9) • (14) • sJtcLe
poeHJaJ•ao *al.leusoro B sro4 paoore BWXOla pe8JtQIIII (3) CJielyer, 
uo Af (de!) xozer ••en cxou yro~8o oou•oe, B tov q•cJI8 11 Oec
Jtoaeq&oe ,sHaqeaKe. 
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TaJto oopsa o111, JC)QO 38KD 'IKn, qro BeB03IIIODO oOTtacaan 

3KCD8pRIII8BT~hHU8 BYXO~ pe~BR (3) ~RaHill 00p830111 ~ yCJOBRIX 

111&101 niOTROC t K AelrepKa ( ODYTY l-5) B DIOTROCTB ~oro A8lte• 

pxa, 8CIM Be DP8ADOJarar~ 8BOIII~BYX 3~KTOB B 00pa30BaBKK KmOB-

HYX 111018&yJ clcl r aaa cneQBtaqec&oro All la&Hol cacreiiiY 111exa-

BR3Ma &ataJR3a RA8pBOi peaKQKKe 

2. B03KODOCT& pe3oBaHcaoll 3ancuocu Add! 
or aHeprHH dt-L- arowos 

~&BelmaR IHtepnpetaQBI OCROBYBaerca &a fiP8lDOIOZ8BIH 7 '1t0 

cy1018.paaa aepoanocn Qepswx pe8Jttllll (3) • (4) a ddfol-YOJie:Ky.Jie 

B COOTBeTCTBIK C reopKell p8BHa 8ABBIU8 e 

lloJiaraa a awpazeaKK (9) F ( dd) • I, MODO aallr11 3RalleBXe 

A ddf'L .ltliS xaqoro K3 paccmrpoaewx omn:oa. BY'IICJeRBHe ra-

ltll.ll oopaa ox se.l!J'IJ!BW A lid~ , nepecqataJIHWe K n.noruocu :~J~AJtoro 

AeRrepKa ?o , npKBele&w B raO.n~e V ( xo.noaxa 8). CpeAaee 

3Ba'leHKe .Aa&~ ,J;Jia Raux OIBTOB (I-4) paBHO npa arow 

A ddt"- "' (0, 75z.O,II).I06cex-1 • 

B TO lEe ape1111 cpeAHee 3B8'1eHKe ).~df" , Hall,aeHHOe 113 ODWTOB 

c ZXAKKM leirepaeK ( cw.ry ze ra0JKQ1 ) cocraaJiaer BeJIK'IHHy, Mes~o

mym noqra sa nopalOE. 3awerKM,'ITO corJiacso reopetK'IeCIK.Il pacqera.ll 

/l5,l8/ ARB oelYquoro KexaHH3MB. o6paso&aaKa )IJ)•IIIOJiexyn nyre111 3.18&

rpKqecxoro .lHDOJI&Horo nepexoAa Ei ( c nepe.aaqei asepr•• c&a-

311 3JienpoHy ) A cidl" .. 0,04.I06ceE .. 1• nonwraeuca awacsan B03-

KOZRHe npK'IIHY 3TOrO p83JIK'IKS. 

Pacc»otpHK Bonpoc o B03KOZHol 38BKCHKOCTI ceqeaaa oOp&30BaHHa 

IIJ)-IIIOJ18ltJ J1 OT 3Repr.. d t"- -a TOE. Pacqetii ypOBBell d cJ. f -KOJie-
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J 

IYAH /IS/ DpiBO~T 

sat& sosoy .. e&HYe ~ 

V • I , E,6 • 40 :; 

K8K 6YJIO yxasaHo 3e 

uoro peaR&Roro KJIM 

Ja, npKBO~HT. npH Cl 

poaa x pesoaaucy, 1 

00p830B&HKS 111018ltl 

OiteHJCII /!9/ DOit&3Lll 

aoA c1opocr~m oopa~ 

,J;KnOJII>HOrO KJIH 3HeJ 

XO)l;KTh B U /U1 

passaa 600 as, a 

B ycJIOBIIax pes< 

ROll peaEitU Ia Jlety 

a rolla. 

)!Jill ODHT OB ) 

ZKAKKK leltepae», : 

3HepneA np• re111neJ 

saso c reM, 'Ito ec; 

OOJI&Rel, 11811 T8DJIOI 

ceqesxa npouecca y1 

ou Clacrpo 3&»e.aJiae~ 

XOHit8HTp&UKel Aeltt 

d~ -atOIIIY B OCHOBI 

'I&I~HOi 3HeprHel 4: 

HYIIIK 3H&'I8HKSIIIK. ce• 

cpe~&ell aHepru 



eB03M0130 OO~SCIITit 

M o6pa30M ~ ycJ~oB•ax 

OTHOCTI ZKlltOrO ,~;elte• 

fOB B o6pa30BaHIIB MmOI

,JUI Aa&Hol cxcreo aexa-

D OCTB A dd,t 

d tJ-- ATOMOB 

Ha npe,II;OOJIOZ8BIK,qro 

I (4) B dd~-MOJieEyJte 

MOZBO HaitH 3H&qe&Be 

'nwros. Bwq•c•easue ra-

.HWe It DJIOTBOC'fl ZQJ:oro 

( xoJtouxa 8). CpeASee 

paBHO npB 3TOM 

16cex- I. 

&aa,~;euHoe K3 onwros 

:taBJUJet BBJIKqKHY, llf8Hb

' reoperKqecKBM pacqeraM 

l Mm-MOJIBltyJI nyre11 3UE

: nepe,~;aqe& asepr•• caa

!onwraeuca BWICBHTit B03-

IOCTI ceqe&HA 06pa30B&HHJJ 

( yp0BB811 dcitt -MOJie-

I 
·I 

KYJIY /IS/ npiiBOAST X BYBO,ly, qro B 3TOI CHCTBMe MOryr Cyll(eCtB0-

8&tlo so scsyz..eeHwe ypoBHH c MMOI nepnel CBJl3K ( ypo8eHJ. K "' 0, 

V • I, Eca • 40 38 11 ypoBeHJt K .. I, V • I, Ecr. • 7 38) . 

Kax csw~o YJt&38HO 3eJIJtl08HqeM II91, &anKqKe y Mm-MOJieKyR csa3a~
eoro peaJILHOrO HJII BKpty&JILHOrO ypOBHJl C 3HeprMel, C!JII3KOB K ~y~ 

.Ill, DpiiBO,II;HT npH CTOJiltHOB8HKM df -aroMa C M8.JlOI 3Bepnelt K .l{elh

pOHa X pe30HaHcy, KOTOpYI MOZer Cyll(eCtBeHHO YB8JIKqJi f lt BepORTH OCtK 

o6pa30BaHIIJl MO.IeltYJrH dd ~ K s.J;epHOI pe&KiliB Ha Jiety, r py(lye 

oueex11 II91 noxa3wsamr, qro raxoe yseJIKqee•e no cpaBHeHK~ c o6Yq

eoA cEopocr~tm oopa3oBauaa »m-MonexyR B peayJILtare 3JieErpHqecKoro 

,I{KDOJlltHOrO HJIK 3JI8KtpKqecEOrO MOHODOJIItHOrO nepeXOlOB MOZer npOKC

XOlKTit B U /U1 pas, r,~;e U -uy<lKHa JOOl MOJieltyJJY ddf 
passaa 600 as, a tJ ' •3Hepras CB83K aoa6y~eHHOro ypoBea. 

B ycJioBKax pe3oHaeca Cltopocr• o6pa3oBaaKa Mm-MOJtexy~ • ~ep

Rof& pealtllKK lla Jiery MOryr 38BKCetlt OT OTHOCIT8JIItHOI 3Beprn dfA" -
aro~~~a. 

ll.u onwroB Di D2 x D3 , a raxze .JtJJS on~o~ros c 

ZQltllM AelrepKeM, a&epru dfA -atoM& uuerca npocro ren.1oBol 

asepr11eR np• reMneparypax coorBercrsesao 240~ • 20~. 3ro caa-

3aso c reM, uo ecu dt.t -atoM o6pa3yetca c saqa.u.aoR asepnea, 

60JIIt•eR, qeM T8D.IOB88 9 K p8BROI ~I 3B / 1J/, TO BBI.lY 60.IIt•OrO 
/12/ 

ceqe&aa npouecca ynpyroro pacceaBKS d~ -aroMOB sa ,~;eirposax 

oa 6wcrpo 3aMe,~;Jtaerca ,11;0 renJtosol asepr••· ~a OnYtOB c Ma~oA 

~osue&tpauKel ,~;elrepxa ( onwr HJD 11 onwr !A~tBapeua K ~p.II/) 
df -arow B OCHOBBOM o6pa3yllrca B pe3ynuare npouecca (5) c sa

qa.IJtHOi 3HepraeR 45 sa. Pacqeru no Mero~y Moare~Kap.1o c K3Becr" 

HYMK 3&aqe&KRMil ceqeHJll ynpyroro pacceasxa 112/ l81lT 3Haqesn 

cpe,~;Bel asepr11 
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we. B radnue v yu.sa& saaqea•• asepru d~..aroll& E.tl' a 

yc~o•••x &~oro onMra, ycpeAHtBKHe no .a&cae~~oacxo.y pacnpe~e

~e&~m x saarwe oreocxran~ao noxoa~eroca ~elrpoaa. Ba~ do~~

•ol cxopocu a~epsol peaxuu u del 1"- -•onxyn cxopocu ot1~aoM

ua ddf •IIIOUJtYJI • a..epeol peuuu aa ury ( ru xe xu • 

ceqe••• arax npoueccoa) 1 aa•KX onwrax ae •oryr Owr• onpe~e~eaw 

paa~enao . noaoaa no~ AJ.J.,_ • G44,_ cyoapue aaaqeBBJ 

yU.38RHYX Be nxq BB, aanue• 

,\~"1'4 = Nd G'dd~ lrd~. ( 16) 

no npuueaaw• a monue V anatte•••• AclJ.tt , asaecr•s• aaa-

qe&•a• Nr1 11 Ud,.. = ( 2 ~I'/ Md)'12 •a (16) Osu aalusw 

ceqea•• ()dd~ ( rao~. V). Ha p•c.12 ar• ceqea•a npe~craa~eaw 
B aaBxcuocu or aaepr•• dtt- -aro~~&. Ka& BJI,IHO &s pxcyua, 

ara aancoocn ae no,luuerca npocro.y suoay (J ...... i./ fE 
(nyHKrapaaa xpxsaa); c ~yrol cropoaw, ae KCKJimqaerca peao&aBcBaa 

aaBBCKMOCTb ceqeaaa or aaepr•• d~ -aro.a. B rpyOo• npxdJIBBe• 

HBB KOKBO annpO&CD8pOB8t• 3XCDepDeJT8JI~BJ» 38B.CBKOCT. OT a&ep. 

r11H cJieAJn•el ~opKyJiol Bpelra-B•raepa, cnpaJe~JIBBOI lJI& c~yqaa, 

xor~a aBeprKR p830B8BCBOrO ypOBBa 0~K3Jta K BJJ!m / 20/: 

A . 
Gc~cl,._ = ~ E.tr 

~e. rl. 
(17) 

(Edt«- Eo r + ~ (rt. +~e. ~ttt 

r.Jte I";; .. •aeynpyraa• •lfpua ypOJBJI; ~e. • ~o -xoacranw, 

ca•sae•we c •ynpyrot• .. p•aol • pe30R8Bcaol aaepr•el, coor1er-

CfB8BBOo 

Ha pBCol2 CDJIOa&OI lpKIOI npe~Cf8B~eBa 38BBCBKOCTh, ~&eKaa 
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swpaae&xe• (17), c nap~ 

Eo • (0,04~ 0,007) 31 

1118f0~0)l HaXMeHbmiiX KBa.Jt: 

J!Jill fTO'UI8BKJI pe 30. 

a napauerpoa soaoy-.esa 

px•esraA~~Haa JB~opuauaa 

CHMOCTM BHXO,Jta peaJtUKM 

BOlOPOle B MHTepaaJie KO 

cpe.JtHXe auepru d p-. -
a TaJtKe B raae npx ,~~;aBJI 

dr-aroe Edr- .. o,r a 

3. Oocy .. eHxe soa 

HeoOx o,Jtawo rax•e p 

qxe B BHXO,Jt8X pe8X~MK ( 

HOCTM ,JtelrepHR tne,JtCTBM 

~eXTKBHOCTb H86XV,JteHM 

wepeJxoHeqso,cy•ecrseHH 

xax B nocne,JtHeM c~yqae 

xoroporo pases npM»epso 

H3nyqeHKH B nya~p&KOBHX 

~OB, H8RAeHHHX B p800Ta 

BHXO~~ 3TOi peaJtnxa on~ 

HeyqKTHB88MHX r -npl 

AeiCTBMTeRLHHI BHXO,Jt pE 

BO~KRO Ou K yMeHbmeHH~ 

qro He Ha6nc~aetca. 



dr--aro• E"r a 

CB81101CEOMy pacnpe~e

eltpOB&e BIJI,Q Oon

Ey.U cnpocu OCSpasoaa

ury ( ru ze EU • 

•oryr Owr • onpe~e1e1w 

cy.xapRWe 3&aqesla 

(16) 

114 

13 (16) OYII Bai~8BY 

I CeqeBII npe~C1'&BI8HY 

B~BO 13 piCyRia, 

tOBY G' .- i I fE 
ICIJimqaerca pe30I&ICB&I 

Le B rpyOOM npi0JIIZ8• 

nD 38BICKMOCT~ 01' aBep

lBe~JIBOI ~~a Clfqaa, 

By D /20/: 

(17) 

I ~0 •EOBC1'8Bfll, 

I asepr1e1, coorser-

L 38BICIMOCT., ~ae.aa 

BYpaEBBIBM (17) , C nap&M81'p6MR r~ • (0 , 012~ 0,009) 3B, 

Eo • (0, 040!_ 0,007) 31, Oe. .. (0,073~ 0,050) 3B Yz. , uaR,leHHYMI 
2. -

Mero~oM HaKMBHhiiiiX n aJtparoa ( J ... i"" .. IJ, 6 np11 J2. • 3). 

!BS yt0qft8HIH pe30BaHCROI npllpO,IlY KaT&nl3a dd •peaEUBII 

11 napaMerpos sosCSy~eusoro ypoBHa He oOxOJtMMQ lanhHeAmaa 3Kcne

pMMeHTaJD.Haa u~opyauaa; a qac rsocrx ,seoOxo~uo aaMepene san

CHMOCTM BHXO~a peUUBM (3) OT XOHUBHtpaQKJI lBirepKS B ZMAXOM 

BO~opo,lle B IIHTepBaBe KOHQ8H1'p8UIII ( 0,1+ 10)., np11 xoropwx 

cpe,llHKe 3Hepr 1Ul df- -arOMOB Oy;ryr .nemTL B OOJiaCTI o;r .. o,0053B, 

a TaKZB B raae npM ,llaBJIBHKII 20 arw II KOHUBHTpaQKH I~ (3H8prKa 

dr -aroMa Ec.lr- a 0 ,I 3B). 

3. OOcy~eHKe aoaMOZHYX 3KCnepxMeHranhHYX npHqKH 

HeoOxOJtMYO raxze paccworperL BOnpoc, He RBJiaerca .111 paaJIH

qBe B BYXOJtax peaxQHK (3) npK pe3KO O TJIKqav~Kxca 3HaqeHxax n.nor

HOCTK ,llelrepHa CJI8,1lCTBKeM XaKKX-JIMOO 3KCnepKYBHTa.llhH"X npKqKHe 

~eKTIIBHOCTh Ha0JIV,IlBHMH CJiyqaa 3TOR peaKQHK B lK~Y3KOHHOI Ka

wepe~KOHeq Ho,cy.eCTBBHHO OOJihiiB, qey B ny3HpbKOBYX Kawepax, TU 

KaX B DOCJIB,IlHBM CJiyqae Ha0JIDlaBTCJI TO.IIbKO CJIB~ npOTOHa, npoOer 

xoroporo paaeH npKMepao I MM. 0AHaxo HK3KHa ~ou nocropOHHero 

K3JiyqeHKR B ny3YpbKOBYX KaMepax H npaXTHqeCKOe COBna~eHMB BHXO

lOB, HaaAeHHYX B p60orax'4•5/,nO-BKAHYOMY n03BO~ReT cqJITaTL ,qro 

BYXO~Y 3roa peuuaa onpe~e.neHH ~ocraroqHo npasH~hHO. Ha.nxqKe 

HeyqKTY BaeMHX ~ -npHMeceB B ZJIAKOM ABAT epHM MOZBT YWBHb.HTb 

AB~CTB HTBR bHYi BYXO,Il peaKUBH (3), OlHaKO 3TO OAHOBpeMeHHO npH

BO~II~O 6Y K YM BHh&BHHD BYXO~a peaKUKK (I) B yc.nOBH RX OnHTOB/4 , 5/, 

qr o He HaO.nc~aerca . 
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Haxoaeu, cne~yer npoaHa~ll311posar~ B03KOJ:BOCr~ e~e o~aoro 

o6~RcResxa Ba6~m~ae•oro pa3~•q•a. Peqh ~er o Bn•aa•H aa cpaBBII• 

ren•Ho •e~~eHHYe Km-aroMHYe nponeccw (~1o6cex-1) cxopocr• poc

TR ~ 3YpLKOB B J:XAKOBO~OpO~HOI KaMepe, Ec~B Q~•8TOM, 00pa3yD

~Cft s ZKAKOu AeirepMH s0~M311 roqEII ocraBOBIII ~~mo&a, no~aer 

B o6nacrL nySYpLxa ra3a c np~~Mepso B 10 pa3 •ea••el naor&ocr•m 

lelrep~a, ro BYXO~ peaEUHK (3) •ozer yueHh•llr~ca, Paccuorp•u 

~ ror a~eEr noAp06Hee. 

P~xyc ny3YpLEa c~e~•ll» oOpa3oM 3aBKCKr or speue&wf21) : 

0 (CM) = 0,2 V C[" (cek) J 
(18) 

rle 1: -speua c •oueara npoxo~eaxa qacr-u. Cpel&ee c•e•ea•e 

dtt -8TOM8 B pe3ynLrare ~~Y311K ~erca WOPMJBOI 

R = ~ ~ D T~ ) (19) 

fle lJ - Jt03clxPJIIllleRT l•clxi>Y3 .. , p&BRYI 

3r. Ud~ n = 3!t N" d 
(20) 

B BYpa:a:eHIII (20) eel •YCP'lR8BHOe no lllaJtCBe.I.IOBCJtOyY pacnpe

l8B8HHm ceqe&•e nepeHoca, xoropoe KOJ:RO nonozKrL paBHYM ceqe&Km 

ynpyroro pacceana d./4 -aroMoB H& ~el'rpoHax , 

G""t'"'cl = (4, 15!. o,29).ro-19 c112, 

onpeleBeHHOMJ H&MH paHee / 12/, llpMHKMaa qi(C.IO ~elrpOBOB B CM3 

Zl()tKoro ~Altrepu paBRH» NG{ • 4.1o22 1;ca3, nonyqo: 

R, = 2 ~~"r . (21) 
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3a speua ZII3HB 

aa paccroaHxe R -
~oropoe uozer 6Yr~ oc 

MllOHOM, PaBHO "' 250 

B cpelHeM repaer aHei 

po~•eso ro ny3YPLKa f 

a~exra MDJ:HO no~OZH1 

~·x B ra3osoA ¢a3e 

~RTLCft OTHOS8HHeM 001 

~OCTynHOyY ARR ~~yE 

ROC teit: 

cy = i 

3ra oueH&a asnaerca ~ 

sea 3HeprMa, repaewas 

ny3YpbKOB, C Apyro" 

TOM ny3YphKOB• 

lot B J:lllKOC Til, 

HaO.IU 

<t 
npxqKHa pasn11qaa He < 



•oKBocr~ e~e o~aoro 

T 0 B!IRBIK Ha CpaBRI• 

o6cex-1) cxopocr• poe

• dr--aro11, oOpa3y.,_ 

OBIK MDOHa, non~aer 

3 Men••el RlOTROCt•D 

••r~ca, PaccMotpiM 

(18) 

r~. Cpe~aee c•e•ea•e 

t>opllfJIOI 

(19) 

(20) 

altCB8.UOBCJ:OIIf pacnpe

nOZKT~ paBHYII ceqe&KD 

Ha:x , 
2 

C!O l8itpOBOB B CM3 

Cll3, DOJif'ID: 

(21) 

3a Bpeua ZK3n 'Cd ~ 2,10•6 Celt d fA- -atOll CM8CTITCH - r-
Ha paccroauxe R • 2 ,8.10-3c•. lla:s:CKa.tJ.Hoe qJICJfo ny3Hp~>x o:s 1<. , 

~OTOpOe KOZet 0Ht~ 00pa30BaHO &a 3TOM paCCTO&RIK t0p1103R~IMCI 

MllOHOM, paBHO - 250 ( Ha paCCTORB.. R. • 2 ,8,10• 3 CM JOJ OB 

B cpe~HeM repaer 3HeprKD 50 13B, a Ha KHKUKMpOBaHKe OlHOrO 3a~ 

polH•eBo r o ny3Ypbxa pacxo~erca 3Heprxa ~200 3B). Ina oueux• 

3~exra ii>KBO nOJIOZMTJ., 'ITO CV - lO!Jl d,'-\-aTOMOB, noraOall-

IJtKX B ra30BOi llla3e ( N'd!. a 5.1if1 CM-3) ' OyleT onpe,lle-

JIRT~CJI OTHOM8HK8U OO~e11a, 3aHKMaeMOrO BC8MX ny3Hp~&aMH, X OO~e!IIY , 

lOCTYDHOyY ,I(JII l~YB.IlKPYil•ero 

ROCTeit: 

d r- -aroMa, ll OTH01118HI8M nJIOT-

3ta OUeHKa IBJIReTCR 3aBWM6HHOA, flOCKOJI~Xy B ,1(6HCTBHT6JibHOCTM He 

sea 3HeprKa, repaeMaa !llllOHOM, Oy.ller pacxo~osarJ.ca Ha oOpa3oBaHMe 

ny3YpLKOB. C .llpyroR cropoHY, ~Jia roro, qroow oo~acHKTL ·3~ex

TOM ny3YphKOB• Ha0JID~aeMOe pa3JIK\lK8 B BYXO,I(aX peaKUHK (3) B ra3e 

H B Xll~KOCTK, 



tii. KHTEPIIPETAUHH :l<CllEPKMmiWLHHX ,WlHHX no BHXO.IY 

PEAKUKH olt + p ~ pdt_t ~ ~e3+ t'"-

Bwxo~ peax~HH (I) onpeAe~a~ca HaKa B ocaosuoK c ~e~Ln no~y

qeH HR CBeABHJdl 0 CJtOpOCTH 00pa30BaHIUl Mll-KO.Ie:ly.( pd~ II CltOpOCTK 

~epHOA peaxnxH B 3TOi Kn-Konexyne. llOCXO.ILJty o0pa30B8HH8 MD• 

MOAexyn ae Aaer aenocpeACTDeHHo saO.IDlaeKWx ~exros, MH nonura

RHC ~ HaK TH HHT&pecym~He HaC B8.1HQHHY K3 CpaDHeHHR BYXOlOB peax

nxx (I) npH ~BYX p83lt0 pa3.1HQaD.-xca 3Haqe&KRX fi.IO THOCTH BOlOPO~a. 

leiCTBKTen &HO, 8C.IH 0003HaqHTL qepe3 '<r K \(r BWXO~Y peax

nxH (I) coorsercrseHHO npx nnorHocrax BOlOPOla Po x f B 

ycJIOBH.Rx HacY•eHK.R nponecca o'6KeHa (5), ror.-a 

y - ).. pd~ ~- ~ \ Frlc~ 
1\ p<\t'- + 1\o I 

(22) 

y' = ArJ.t<-~/fo FrLpd) . 
r Atdl' P!yo + J\o (23) 

3){eC& A pd~ -cxopocn OOpa3osasu IOl-KOJieKy .If npx flJIOTHOCTX ?o , 
a f t' lfd) -BepOJlTHOCT L peaK~Hil (I) B pd ~ - IIOJielty ne a H3 

awpa:~:eHxA (22) • (23) IIO:J:Ho sah11 ~ rd~ x F r- ( p~J , sHaa sltcne-

pKIIeHTanHwe BbiXOAH '{ t" • '{ r . Taxoll en ocoo onpe,le.leHXll 

npe,lno~araer, uo cxopocn A pJ~ nponop!liiO.RaJrua n.xoTHOCTK 

BOlOPO.zta, He 38JUICJ!t OT 3HeprK11 d ~ -aTOJia H BepOJlTHOCTL Jl,llep

HOII peaxnx• F,. lpci) ae 3asxcxr or n.xorHocr• ao.-opo.J;a. 

I. Cxopocr& o6pa3oBaHK.R ~ •IIOJielty~ 

H3 Bblpa:J:eHxA (22) H (23), c yqero11 roro, qro B Hawxx onYrax 

Be.lllfll HHa A I'~ I" P /f0 + Ao paBHa cynapHoa ciCopocn seynpyrn 
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nponeccoB >.. ( c11. ( 

.A pcltt = .A 

rAe ?o -n~OTROCTL :J:ll, 

TOBOB B c113 No • 4,2 

onwrax HD I x t{ 

BwxOA pea&!llll (I 

xor opwl aa~~e.n, uo \( 

qeso a~topoll, aaa6o~L• 

roqaoe saau1e xounearp 

loyxf5/ 13118pKI BMXOA 

:l:lllKOBOlOPOlBOA 1ta11epe 

3TKX pa60T 9 MH RB.IUH, 

Jrllllhl IV sHaqea•a \(~ 
cronoen) 1 ycpelHMB no 

Ar.tr ... (I,8!.0,6).Io6c 
I 

H >--rJr. <o,o52!o,ors) . 

llo~yqeHHYR pesyl 

2-3 pasa HK:J:e ,l{aHHhiX I 

~H4K6 MO:J:eT 06~RCHJlThC 

He crporo nponop~xoHaJ 

~xr paccvorpeaKe wexau 

HanpMwep, ecnw yqecr&, 
*) 

Cxopoc r& oOpasoaaHK 
nocpeJCTBeHHO,He npxoe 
(1), H3 onp eleneHKR cy 
B Olllite HJ)JI • Hcxo,~; 
( raOJ;lY) MO:J:Ho noxa3 
9~ BepOMTHOCthV He we 
C BepORTHOCthV 90% HM6 

4T O He DpO~jBOpeqKT pe 
Yll OHOR KOHBepCHH. 



HHX no Bl:lXOIY 

~ tle3+ )"--

HOBHOM C ~e~hO no~y

eEy• pdf 1 cxopocu 

Ky 00p&30B&Hie MD• 

~exros, MH nonwra

saeaaa swxo~oB peax

ax n~OtHOCTI BO~OPOl& o ,,, 
K lr- BliXO,ItH peax-

~a Po H f B 

a 

(22) 

(23) 

~ npK ~OtHOCtl ?o , 
i~- MO!ely~e. Hs 

F~(p~J , sHaft sxcne

oa cnocoo onpe~e!eRKH 

~H&!hH& O!OtHOCTK 

. H BepOATHOCTh A~ep

TI BO~OpO,J;a, 

'• qro s H&mKX onwrax 

IOi CKOpOCTK Heynpyrax 

npoqeccos A ( ex. (7)) , no.ty'llaeK 

(24) 

r,l8 ~0 -n~OTBOCU J:JUXOrO BO;B.OpO,Jta, CN.l TB6TCTBYiliii8.Jl qHC~y npo

TOBOB s c•3 No • 4,2.Io22 I/c•3 , p -~oraocrh so~opo,J;a B 

onwrax HDI K HD][ ( N .. l , 2.Io21 I /cu3) . 
/3/ 

Bwxo~ pea&UKI (I) .Jt~• :.r~oro BO.J;opo~a onpe~e~a~ca m~o• , 

IOTOp!il Haii8Jl, 'ITO Y r .. (2, 64 !. 0,35),10'•2 
o Kwt OYJIO oue

qeao aBtopo•, aaaOo•h-ra norpe•BOCTh B 3tOt pesyJihtar BHOCIT ae

roqaoe 3Baaae xoa~earpaulll ,~telrepaa B ecrecrseaao• so,Jtopo;a.e. 

! Oy,Jt/5/ 13K8pKI IMXO,Jt pea:.rQIK (I) npll KOHQeHTp&UKI ,Jtelrepaa B 

lrii);K OBo,a:opo,~taoa xaKepe 2,2.I0-3-. HcnOJih3ya pesyJinaru oOeax 

3TKX pMor , MH aa11u, qto '{ ~ • (2 ,8~ 0,25).rif. Bsi!B as rao-

UQH IV saaqeua Y ~ ( nopolt croJIOeu) • A. ( nocJie~aldl 
croJIOe~) x ycpe,~tHIIB no OillitaM H:DI H H"Dj( , HaR.neK: 

A r"r .. (I ,8!,0,6),I06ceit-I ()(.Rii No .. 4,2.ro22 1;cx3) , 

11 A
1

f"'r. (0,052.tO,OI5). ro6cex .. 1 C.~tu N ·1 ,2. 1021 1 /cx3). tt) 

lloJlyqeHHYl pe3yJihTaT, KaK BK;B.HO H3 raOJIKQH ~ npKKepHO B 

2-3 paaa HHJ:e laHHYX K3KepeHKl B ZK);KOM BO~OpO);e /'l,S/, 3tO pas

JIKqKe MOX8T 00~RCHHThCft T8M, ~ T.O CKOpOCTh 00p630B6HKH liiO~eXyJt 

He crporo nponopuxoHaJihH& nJIOTHOCTH. K raxowy saKJIDqeHKD npKBO

~HT • paccKorpeHKe xexansMa oOpasosaHKn pd t"' -woJiexy n II 5' 18/. 

HanpMxep, ecJIK yqecr&,qro aaeprKR csasH MD-Mo~ eEyJIY ( 95 as) 

* CKop OC Tb 00pa30B8.HKft MO~exy~ pJ~ MOJ:HO OUeHKTh T6KXe He-
nocpe~CTBeHH01He Tl pHOeraa K Onpe);eAeHKIJ BYXO;B,a MDOHOB B peaKIUIH 
(I), M3 onpeAeJieHHB cyw¥apao" cxopocTH aeynpyrHx npoueccos ~ 
B OnYTe I{D]( • HCXO~jl H3 BHXO.D.l'l c~yqaeB C Oxe-aJieKTpOH8.MM 
(raO~;IY) MOJ:HO nOK638.Th, qro B8 JlHqHH6 ~~C~ COCT6BJIR8T C 
9~ sepo~THOCThD He MeHee 3~- or cyMM8.P.HOi cxopocrx A • Tor~a 
c sepoRraocnv 90:' HMeeM Arclt<<o ,2•10ocex-I H ~rclr<.7.I06cex-I, 
~T O He npor~BOpeqK T pe3yJib i 8.T8.M onpelePeHHA ~ pdr no BYXO.D.Y 
W~OHOB KOHBepCKM . 

:n 



nepe~aercs a~exrpoHy, cBaaaaaouy B MOReXy! y H2, a Be arouapaowy 

3Jexrpoay, ro cxopocrL oopa3oaaaaa pd r- •MOJeKyJ, nponopnao

Ha~LHaa xyOy ~exrKBHoro sap~a 3~exrpoHa, yB eJaqHBaercH B 

1,7 pa3a , re~ xax ~~- 1,19. B CBH3Z c arK» np• OOJLmoa n~or

aocrK ae~eCTBa B03MOZHY COCTOSHKB, ttor~a ~Be KIK H8CKO~LXO HO~e

XYI RaXOlRTCB Ha paCCTOBHKM, CpaBHWHOM C paCCTORHHeM K6ZlY S~pa

UK B MOJeKyJe H2• 3! 0 MOZer npKBeCTK K e•e OO!LmeMy B03pa~raHKD 

3~CKTkBHOrO 3apHAao 

TMnHI.!a VI 

-
PaOota Ap.~14 (I o6 cex-1) 'tlHCJIO A l.f dl' ,lellr-

if.I I if2 I pOHOB 3 
6 5c11 Np"'I, 2.I 3 Nr•4,2.I -~ B Clal. (IO ce-i) crocer) CM CM 

cro20) 

li~es~ x 
.ll:P/ 'l 5,8!,0,3 3,1 6,3 3,0 

Kon~Popro 
II ~p/8/ 6,82!,0,25 2,2 IO 4,3 

J{aBBaSI 0,052!,0,015 1,8!, 0,6 0,7 1,5 4,0 paOoTa -
0,lHOBpeKeHHO yse~JNHTCB 3XpaHHpOBXa KyJIOHOBCK OrO fiO~B npOTOHa, 

u o raxxe ys e.11m HBM'J' cxopocu OOpasosaHHJI p d f -11oneEy n 

CnoRaaa axpaHxposxa xynoaoscx ~ ro nons npxBO.ll:HT x ys e.IIHQeHKm cxopoc 

rH npx~epuo B 3 pasa /I 51). 
~yrol 803MOZHOtt npHqKH02 pa3JIWQM S B CKOpOCTAX 00pasOBaHE8 

pdf-KOAeKyn B ZHlXOK H ra3000p83HOM BO,lOpO.Ite MOrAH 0Y 0YTb CHIL

HO OTJIHQ6D~HeCH OTHOCHTeALHNe CK OpOCTM d~-atOMOB ( DO aHa.IIOriZ 

c oopasosaHxeu dd~ -uonexyn). O.ll:Raxo pacqerw, npoBe.ll:eRHHe 

M8TO~OM Uonre-Kap!O C MCnO~L30BaHXeK pesy~LtaTOB paOOTY /!2/, 
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nolasa~K,qro cpe~&He o~ 

CllaTJUIB8.6J:OIX ODYtax Dpl 

2. CxopocrJ 

H,i:epsYII turop 

(23), pases 

Fr L pa~ 
Ha ocHOBaHKK aroro .. ek 

HeR CB6piTOHXOR CTpfXTJ 

IIO:IHO onpe,Jteun cxopoc 

1101exyne ( cx •• aanpMMeJ 

xo~Hnaeara xoasepc•• 

A.f(pa)= .>-.~ -t 

3ro ssaqea•e cor1acyerc 

Af (pd) 171, JtOl 

~e~eHKI ~ -UaRTOI 

AF ( 
HeoOxo.~tHKO orxeTHl 

F,.. lpd) M3 BYpaZeE 

ero OT fi.IIOTHOCTH BO) 

R.~tepuaa peaxnxa M~er •~ 

( K • 0), K B 3TOII CJI) 

plllae&X fi!OTHOCtel BO) 

i) T8.1t xax BIUO,J; '( -1 

Y't -o,I4!,0,o~71,a 
xo~anxeur xousepcr. 

Yr /Y't = .Xt 
rle I. r 11 >.:lr ~ 



:y!y H2, a ae aro»apHOMY 

~ -»o~exy~ , nponopnao

IH&, )'BeJIKIIHBae TC Ji B 

c 3TH» np• OOALmoR n.~~or-

1 ~Be K!K H8CKOlbEO MO Jie

: paCCTOHHXeK K&~y R~pa

l~e oon»meMy BospacrasHD 

l!HCJIO A -
,Aelr- \f dl' 

6 pOHOB3 5cll B CJ:! (IO cei-) crocw) 
cro20) 

3,1 6,3 3,0 

2,2 IO 4, 3 

0,7 1,5 4,0 

KyJIOHOBCK OrO DOIR npOTOHa, 

!HI! p d f -aonexy n 
-

IHB O~HT l yBeJIHIIeHHD CKOpOC 

1 cxopocrax o6pasoBaHEB 

(OpOle MOrJIH 6Y 6YTL CHJib

d r--aTOKOB ( DO aHaJIOrRII 

LK O pacqera, npose~eHHYe 

IY}(Ltaros pa6oru 1121, 

DOJta38JIX,IITO cpeJtBHe OTHOCKTeU.DI8 CKOpOCTII Qf"•&TOilOB B pac .. 

cKarpKBae~x ODYrax npaxraqecxa OJtllH&JtOBY ( eM. raOJIKQY VI ). 

2. Cxopocr• aJtep&ol pea~tnxx B 

~epuwll f&Jtrop Fr (pci_)o, aaJUeuHwl •s swpa:~:enl (22) a 

(23), paBeH 

a (3,5~ o,s).ro-2 ( 25) 

Ha ocHOB&BKH aroro l,lepaoro ~ropa, no~aa saceAeaaocr• no.Jtypos

ael csepxroaxoa crpyxrypw ~-MOJiexyxwll5 , 22/ craracraqecxol , 

MODO onpe,leun cxopocn. a~epsolt pe&Jtnu ~F (pcij B 3TOI 

ll0JI8Kyne ( CM • • BanpHMep, ~OpllyJIY 16.10 pa0orwf22/). C yqetOil 

xo~HUKeara KOHBepcxx M~OHa•) oua pasua: 

Af(pd) = )..~ -t A r • (0 , 6!,0,3). I06cex-1• (26) 

3ro ssaqesMe 

Af ( pd) 
COrJiacyerca C HenocpeACTBeHHO K31lepeHHOII BeJIKIIXHOI 

171, xoropaa onpeJteAS~ac• H3 Bpeaeaaoro pacnpe

~-KB&BTOB B p8&JtDKH (2) K OKas&naCb p&BBOII 

Af (~d) •(0,305!,0,010).I06cex-1 . 

HeoOxOJtllMO oraerar•, qro np• aaxo:JtJte&aH aJtepuoro ~ropa 

F~ l pd) H3 Bl!lpa:Jte&Hil (22) a (23) npe,ll;nonaraJtl1"b HesaBHcnocn 

ero or n.11orsocra BOJtOpoJta M JtellrepMa. Cor.J~acso reopa1 /I 5/ , 

BJtepuaa pea~tnaa KJter as S -oocroauu pdf -MOJieKYJIW 

( ~ • 0), a B aro• cJiyqae AJtepawl taxrop B oOJiacra paccaar-

i) Twt ltwt IYXO.l '( -JtB&HTOI Of peaxnn (2~ B :ltKJtltOil BO,I;OpOJte 
Y'IJ ..0,14~0,0~7/,a Yr- •(2,84~0,25).10- (ca. crp. 311 ) , ro 
KO~KnKeBT KOHBepCHX MDOH& paleR 

'<r-1"" = 'Ar/ A." - o,2o ~ o,o4, 
r,le A r • )..K -cxopocu peaKnal (I) • (2),coonercrBeBBO. 
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roqHOCThn nocroaHeH. Ha6~n~aewoe yueHhme&He BYxo~a peaEUHH (I) 

B ra3e DO CpaBH8HHD C ~aHHHKH, nonyqeHHYMH B ~OK BO~OpO~e, 

worno 6u HMeth wecro, ecnH ~epHaa peaxuHa B ra3e H~er H3 P-

coc TORHB pd r -wo~eKynu ( K- I). O~HaJCO' ltalt nolta3aU KoaH 

• ~p/18/, c~~:opocn nepexo~a H3 P B S -cocrosBJie oqesh 

B8JIIIXa ( Ap~ g .. 2, 5.Io10celt-I ~~Jl D.IOTHOCTI K)Ultoro BO~Opo~a). 
3Ta CKOpOCTh ~na HamHX yc.IOBBR (~I09cex•1 ) Ha tpH nopa~ npe

BYJiaeT cyu llllPHYil cxopoc Th A F ( pd) + Ao 
~pyroR np,qHHoR, npxBo~s~eA x noaBneHam 3aBKCHwocra Fr(pd) 

or nnorHOCTH Aelrepas, Morno 6w 6YTh nepepacnpe~eneHKe 3aceneH

HOCTei no,zyp OB Hel B8epXTOHKOil CTpyi'.Typw pd r -MOUJtynH , CBR-

36HHOe C npOUeCCOM CDBHOBOA nepe3apJIA£11 d~-aTOMOB/l 7/. 0AHa

ltO 3TOT 3~eKT MOKeT nposBnJlThCS npH nnOTHOCTIX ~elrepxs, Ha 

~sa nop~xa npeBHJiaD~Hx n~oraocra B o6cyK~ae.wx aKcnepHKeHrax. 

Tax•• o6pasow, ue BH~Ho npxqHH, &oropwe npHBO~HnH 6w 1t 

pa3nH'lMD S~epHYX ¢8XTOpOB B ra3006pa3HOM H KH~OM BO~OpO~e. 

Jq 

rv. P 

I • C DOilO~n ~Jill! 

clr .. & ....,. p+t· 
~eArepHa. Cpexsxl BY 

3aBKCHMWX H3KepeHHI : 

paBHOA HY.IIl, npHilepH 

HYX, rronyqeuHYX B K~ 

o6pa3oBaBHs dd~ · 
B 20 pa3 npeBIIIIII8.et · 

nOKeHKH 06W'lHOrO M8XI 

qecxoro ~HnOJihHOro m 

Bo3MOKHoR rrpHqKHI 

peaxuHI C~HSHHS ~BYX 

pe30HaHCHaS 3aBHCHMOI 

a~epsol peaxu•~ sa .11 

B03HIIKaet K3-3a BMJit 

6nH3KOA Jt Hy .nm, ll MOl 

peaxuxa CHHTe3a B ra: 

aHanK3, reoperxqecxxl 

B dd ~ -wonexyne 

s~ee spews axcnepxwe1 

2. Oue HeHa B epos 

' 
'\ 



IKe BHXO~a peaxqBH (I) 

tH B KJI.UOM BOAOPO.Jte, 

IH B ra3e HAet H3 P

LltO, xax noxa3a.u Koaa 

$ -COCTOSHBe Oqea~ 

ITHOCTI ZB,ItKOrO BOAOPOJta). 

·.-I) Ha rpx nopa.-xa npe-

10 

tHllll 38BHCHMOC'l'lt t f4 ( pd) 
pac npe,~teJfeHII e 3aCeJreH

pd r -MOJIBKYJIH , cu

d ~ -at OMOB/ 17 I. O,~taa
aocrax .~telrepxa, aa 

~aeMHx 3XcnepxMearax. 

pwe npKBO,ItHJlll 6H X 

H ZKAXOK BOA0p0,1t8o 

IV. PE3YJibTATH ii BUBOJU:l 

I. C noMo~m A~Y3KOHHOI xaxepw K3xepea BYXOA peaxn•• 

d f -+ d __,. p -+ t + f'4- B OOHtax C pa3.111UO.il DJIOTHOCUI) 

,!telrepu. Cpe,J;HKI BYXOA pealtqKK, ·3XCtpanOJUipOBaRHYI C OOMOIIII>m H8-

3aB.CHXYX H3ll8p8HKI It KOH~8HTpaqHK ~-8TOKOB ( yr.ll8pO,!t, KHC.IlOpO~~ 

paBaoR HY.IlD , npKMepso B IO pa3 npeBHmaet BYXO.It, ozx,~taeMYI 13 ,~taa

uwx, noJryqeHHYx B ~xoM ,~telrepHH. Hal,~teaHoe 3Haqeu•e cxopocr• 

o6pa3oBaus dd~ -KoJrexyJf Ad.df4 • (0, 75 ! O, II ).I06cex-I noqu 

B 20 pa3 npeswmaet reoperHqecxoe 3~aqeaae, BYQHC.Ilesaoe B npe,~tno

JlozeuxK o6wqaoro MexaHK3Ma o6pa30BaHHS KI)-KOJlexyJl nyre• aJrexrpH

qecxoro JtHDOJl~Horo nepexo,~ta. 

B03KOZHOI npHQHHOI, o6yC.IIOB~~el 60.IlbSOI Ha6JlDAaeKH8 BYXO.It 

peax~HR C.llHSHHS .ltBYX ,~teRTpOHOB B yCJIOBHSX Hamax OnHTOB, SB.IlS8TCS 

pe30HaHCHaS 3aBKCHKOCTb C8'18HKil 06pa30BaHKS dd f •KO.IleltyJl II 

Jl,llepuol peaxqH~ sa .aery or aa~pru d ~ -ar01ra. Taxas 3aBHCIOiocu 

B03HKKaet H3- 3a BaJIH'IHS y CHCTBMY ddf ypOBH81 C 3Heprxel, 

6JIH3KOI X HYJfD, I KOZ8T XaQeCTBeHHO 06~SCHKT~ pa3Jli'IHe B BYXOAaX 

peaxqKI CKHte3a B ra3oo6pa3HOM K ZHAXOK ,~telrepKH. Kax no&a3YBaet 

aHaRK3, teopetHQ8CXHI BHBO,It 0 TOM, qro BepOSTHOCT~ SA8pHYX peax~HI 

B dd ~ -KOJleXyJfe 6JIK3Xa X I, He npOTKBOpeqiiT Hll81)1(11KC8 B HaCTO-

a~ee BpeKS 3XCnepHK8HTaJlbHYK pe3y.ll~TataKo 

2. O~eueua Bepouuocn "npK.IlBnauKs" KI)OHa x a,~tpy tpHTKS: 

YCdci~ ..... t~ + p) 

y ( dd ~ ..... t + p + ~) 
.::::. 0,14 . 

)5 



3. B onurax, nposo,~~;xsmxxca B ra3oodpa3HOV ao~opa.e (23 arM) 

C KOH)leHTp8.)lHell ,llet!Te.PHH 6~, H3VepeH BYXO,l\ peaKitHK 

d f -+ p -. He.~ + f . 
;]TOT BYXO,ll;, 3KCTpano.IJHp0BaHHYA X KOHil6HTpa)lHH c-aTOVOB, paBHOii 

HY~D, cocraB~aer '(r ~ (3,6 ~ 0,9).10 -3• HaB,~~;eHHaa c yqerov 

3roro BHXO.JJ;a cxopocn, odpa30B8.HHa pd~ -Mo~eKyJI 

Af>dt' • (1,8 ~ 0,6).106 cex-1 , a CKopocu J~,J~;epHoi! peaKJlHH • 

AF(pcl) • (0,6 ~ 0,3).106 ceK-I. OrHomeHI!e xouepeHHoro aawx 

B~XO)J;8. peaKUHH K BHX0~ 1 OZH,ll;aeYOMJ K3 pe3y.11hT8.TOB 3KCnepHMeHTOB 

B %~KOY BO,II;OpO,lle, paBHO 0,37 ~ 0,12. 3TO pa3JIK4He MOZer dHTh KH

repnpeTKpOB8.HO Kax yMeHhmeHHe cel.leHHR OOpa30B8.HMa pdr--uoJ!eB:yJI 

B r8.3006p8.3HOV BO.JJ;OpO)J;e H3-38. 3~eltT8. DJIOTHOCTHo 

laHHHe uacroa~ea pa6orH cornacyvrca c rev xopomo ycraHOBJ!eH

HHM cel!qac qaKTOY, 'ITO cttopocr:r:. a,~~;epHoB peax!lHK A f (pdj <::.. A p.A~4. 

B 38.KJivqeHxe asropH BHpaxavr 6naro,llapaocrh D.B.Karamesy, 

M.~px~y H E.~.~ep6axoBy, npxHHvaB .. M yqacrue B Hal.laJihHOD cra)J;KU 

~ro•i pa6orH, a raxze c.c.repwrei!Hy 3a.none3RHe o6cyxJJ:eHxa. 
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PHc.7 . PacnpeAeneH~e no yrny pa3neTa BTOpMq HHX qacTMU lf 

B 2- nyqeBHX 3Be3Aax; nHK B oOnaCTH yrnOB ~ =180° 
OTHOCHTCH K cnyqagy peaKUHH (3). 
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PHc.8. PacnpeAeneHaH no npo6eraw HApa rpMraa B peaKUHK (3). 
CrpenxavH yxa3aHH pacqerHHe 3HaqeHKR npo6eroB. 
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PHC.IO. Pacnpe~eneHKe no npoOery BTOpK~HOA ~aCTK~ B O~RO~yqeBHX 
3Be3~ax ~.lUI on!lTOB Di , D2 , D3 • IlyHKTKpow o6o3aaqe
HO pacnpe~eneHKe no npoOery npoTOHa B peaKUKK (3). 
CrpenKoA yxa3aHo 3Ha~eHKe npoOera nporoHa B peaKUKK 

dr + d ~ tr + p . (6) 
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PHc.I2. 3aBHcawocr& ()dd~ (cyMwapHoro ceqeHHn o6pa30BaHHR 

dd t.t - M0.11exy.11 H ceqeHHR s,~~;epHoR peaittlHJI aa .1ery) or 
OTHOCHTeJihBOl! 3Heprilll d~- aTOKa. CnJIOIIHaJI KpiBM 
paccttnaHa no cpopllf.Jie (I 7), nyaxrHpHM .. 3aKOH i / f€., 
HOpKHpoBaHHHR Ha reoperHqecxoe 3HaqesHe 

Acld~ = 0,04.106 cex-1 • 


