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• 
HacTOHUl8H pa60T8 HBnH&TCH npo.llorutc8BB8M paaee BhiDOnB&BBHX BCcn&JlOB8BBl pea~ 

UBI TpBTBH C yrnepo.llOM, 

/1 2/ 
B npeJKRBX uy6nRit81lBHX ' 6wna aanoJKeaw peaynbT8TH aawepeaal B .llB8Il830Be 

o.~ - 1,2 MaB. B Jl81lbBelweM DOBBBnacb B03MOJKBOCTb npo.aonJKBTb 9TII Bccne.llOB8BBB 

.llO aaepraa 118 Mea, a TaJtJKe .llOnonaBTb ax B3M&peBBIIMB yrnoawx pacnpe.lleneaal a -
12 u• 

"18CTBU B3 p88ltUBB C (t, •
1 

) B B ynpyroro pecC&IUIBB H.ll&p TpBTBB B8_ yrnepo.ae,. 

OcaoaRoA uen1o10 pa6oTH BBBnocb nonyqeaae .lleTanbBwx aJtcnepaweaTanbBHX .ll&BBHX 

no peana'IIIYM Jtaaanaw peaJtDBB B .llOCT:JlDIOM .llBanaaoae aaepral .llnB ax .llanbBelwero 

TeopeTB.ecKoro aaanaaa, 

TexaaJta SJtcnepBMe&Ta 

ny"'Oit BOBOB TpBTBB, ycKOp8BBHX B8 8n8BTpocT8TB'l8CitOM reBepaTOpe1 nocne npoxoxc

.ll&BBB MSTBBTBOrO 8BMB38TOp8 · B tj>oJtyCBJIYIOUlBX nBB3 B8Upa&nllnCll B Jt8W8py C TB&p.llol 

yrnepO.IlBOI NBW8Bb10, npBM&RJUIBCb MBW&BB 6ea DO.IlnOJKitB TOnWBBOIO 15-25 NJtr/cu
2

, 

nony'leaa~o~e acnapeaaew rpacpaTa B aa~tyywe, 

,Llnll B3M8p8BBII OTBOCBTenbBOrQ BYXO.Il8 pe81tUBB B JtaMepy 6wno yCTaBOBneao lUWI 

nonynpoBO.IlBBitOBHX Jl8TeltTOp8 DO.Il yrnOM 90° OTBOCBTenbRO D8Jl810Ulero ny'llt8 BOBOB 

TpBTBBo 

O.llBB aa Jl&TeltTOpoB, aaroToaneHBHI aa JtpeMHBII p -Tana, JtONneacapoaaaHoro 
J2 14 

nBTBew, acnonb3o&anCII .llnB perBCTp8DBB npwoaoa aa peamaa C (t, p ) C a rpynUY 
12 JJ 

a -qacTBD aa pe~a C (t, a 0 )B , BTOpol q,o&epxHOCTHo-6apbepaYA Kpewaae&~o~A 

.ll&TeJtTOp npBNeasncs .ana peracTpanaa .llByx rpynn a -'lacTBU aa peamaa C1't t, a) B1 f 

HNnynbCY OT o6oax .ll&TeJtTopoa ycanaBan&Cb cneuaanbRYMB ycanaTenliMB c BB3KBN ypo&

aew wyNoB B no.lla&BnBCb aa JlBS 128-JtaBBnbBHX awnnBTy.llBHX aaanaaaTopa, 

J.iaMepeBBB OTBOCBTenbHOrO BhiXO.Il8 peamal 6lolnB BhiUOnB&RI>I B .llB8D830B8" 811eprBI 

0,6-1,8 Me&, nony"leBBide Kpaawe 6~o~na BOpNBpo&SRY aa paaee eaMepeBBide aa raaoaol 
. /1-2/ 

MRWSHR a6conJOTHhl8 3B8'19BBll JlBqxptlpeBUR81lbRidX C8'18HRI o . 
B aawepeaasx yrnoBYX pacnpe.lleneael O.llRB Ra .lleTeJtTopoB acnonb3o&ancs B Ka-

'l&CTBe MOBRTopa, &Topol - apawancs BOKpyr MHW&BB B npe.llenax yrnoa D-165° n,c, 

npaMeR&BRe JlBYX THROB Jl8T81tTOpOB noaBonBnO BaMepBTb O.llROBpeMeBBO yrnOBYe pacnpe-

.llM&BBll npo,.oaoa a rpynn~o~ a 0 -qacTBD, na6o a 0- R a 1 -qacTBU. 
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B aaMepeHHSIX yrnosblx pacnpe.o.eneaaA npoToHos no.o. ManbiMH yrnaMa nepe.o. .o.eTeK

TopoM ycTaHa8nasanacb amoMRHReBaSI cponbra, TOpM03SILUaSI !!JJ.pa TpHTHSI, ynpyro pacce!IH-

Hble Ha yrnepo.o.HoA MaweHH. TaKoA MeTOJJ. aenparo.o.eH npa peracTpanaR a -'l&CTHU, 

nosToMy a o6nacTH ManbiX yrno8 soa HHxana TPY JJ.HOCTH s oT.o.eneHHH a -qacTRn oT pac· 

C9SIHHbiX RJJ.&p TpHTHSio no 9TOA RpH'IHHe 06naCTb ManbiX yrnos JJ.ml rpynnbl a -qaCTIIn 
' . 0 

orpaHH'i&Ha yrnoM - 20° n.c. H .o.n11 rpynnbl a 1 -qacTRU - yrnoM - 35-40° n.c. 

PeaynbTaTbl RaMepeHIIA 

H a pH C. 1 npiiBeJJ.&Ha aaBRCHMOCTb JJ.II<P¢epeHnRanblloro Ce'I&HHSI peaxnHII C
12 

(t.p )C
14 

oT sHeprHH 6oM6ap.o.Hpyrowux qacTIIn. KpoMe paHee Ha6nro.o.aswaxcR MaxciiMYMOB npH 

E 
1 

• 850 H 1117 xss, o6Hapy)KeH MaxcHMyM npa sHepraa 1340 xss. YrnQBble pacnpe.o.ene· 

HHR npOTOHOB cna6o M&HHIOTCR B paAOHe 9TOrO MaXCRMyMa, H B llOnHOM Ce'leHIIH peaxnHH 

pe30HaHC He Bblpa)KeH CTOnb '19TXO, xax B JJ.RcpcpepeHnRanbiiOM Ce'i&IIHII. noSIBnelllle MaxcH

MyMa B JJ.H<flctJepeHnllanbHOM C&'i&HIIH MO)KHO 06'bSICHRTb npOABn&HII&M ypOBHSI COCTaBHOrO 

R.o.pa N
15 

Ha pac. 2 .o.aHa aaaHCHMOCTh oT sHeprlla .o.acpcpepeHuHanbHoro ce'leHIIA peaxuaa 
u u u u• o 

C (t,a
0

) B 11 sa pac. 3 - peaxnBR C (t~ a,)B .o.n11 yrna 90 n.c. B cnyqae peaK-
u u 

nKB C (t1 a 0
) 8 npOABnHeTCSI WllpOXIIA pe30HaHC npR 9HeprBB 1320 X9B xax B JJ.IIcpcpe-

peHnHanbiiOM1 Tax B nonHOM Ce'leHRH peaxnHB. nonO)K9HH9 9TOrO pe30HaHca Ha 20 X9B OT

naqaeTCA OT peaosaHca npa 1340 xsa 8 npoTOHHOM xaHane. PaanB'IHe B wapaHax 9TBX 

yp08HeA, a Tax)Ke TOT <flaxT, 'ITO a - 'laCTBUbl B npOTOHbl perRCTpRpOBanHCb OJJ.HOBpe-

MeHHO OJJ.HBM R TaM )1{9 JJ.9T9XTOpOM B OWH6xa 8 onpe.o.eneHBH OTHOCRT&nbHOrO nonO)K8HBSI 

pe30HaHCOB, CBA3aHHaA C H9TO'IHOCTbiO xana6pOBXR 9HeprHH 0 T&M CaM&IM BCXniO'Ia&TCH, no-

BBJJ.HMOMy, yx83biBaiOT Ra TO, 'ITO B p
0 

B a 0 -xaaanax npORBnHIOTCR JJ.Ba ypOBHH COc
lS 

TaaHoro RJJ.pa N c sHepraeA aoa6y)KJJ.9HHR 15,92 H 15,91 Msa, cooTaeTCTBeHHO, 

J 2 lt* • 
8 peaxnBR C ( t, a 

1 
) B Ha6nro.o.aeTCR WBpoxaA MaxcHMYM npH E 

1 
a 1400 X9B. 

' l2 l4 Ha pac. 4,5,6,7 .o.aH&I yrnOBhie pacnpe.o.eneHHH npoToHoa H3 peaxuaa C (t,p )C 1 

Ha pac. 8,9,10 - yrnoshre pacnpe.o.eneHHH rpynnhi 

rpynnbl d2 u 
a l - qaCTHU H3 peaKnKA ($ a

0
) B H 

a 0 -qacTHU H Ha pHC. 11,12,13 ·

C1h a )B'1!; 
l 

Kpaable Ha p11c. 4-13 npaae.o.eHbl no aHa'leHBHM .o.acj:lqlepeHnaanbHhiX ce'leHHA, 
1 ( 

Bbi'IHCneHHbiX no cpopMyne f(O) m- ~a, P(cos0)-pasnO)K8HHH yrnOBbiX pacnpeAeneHKA 
k 2 I 

no nonHHOMaM ne)KaHJJ.pa. nyHXTHp yxasblaaeT HanpaaneHR9 9XCTpanonHnHH X 3Ha'leHRHM 

.o.a¢cpepeHnBanbHblX ce'leHKA no.o. 0°K 180°, Bhi'IHcneHHbiM no sroA cpopMyne. 

~T06bl npocneJJ.RTb xapaxTep K3MeHeHaA yrnoablx pacnpe.o.eneHBA npo.o.yxTOB peaKuaA 

npH npOXO)KIJ.8HHR pe30HaHCOB, B paAoHe peaoHaHCOB yrnOBb19 pacnpe.o.eneHHSI B3M8pS!nRCb 

.o.nH HecxonbKHX {6nH3KHX K peaoHaHcHoA) sHepraA HJJ.ep TpBTRH. Bee yrnoable pacnpe.o.e-

4 

'* 

\ 

neHHSI HeCHMMeTpH'IHbl OTHOCHTenbHO 90° c.n.H. H CHnbHO aasHCSIT OT 9HeprHI 

LUHX 'laCTHn. 

B sKcnepaMeHTax npH aaMepeHHHX yrnoablx pacnpe.o.eneHKA BhiXOJJ. a 

npOTOHOB nOJJ. aaJJ.aHHbiM yrnOM 0 HOpMRpOaanCH Ha OTC'I9Tbl MOHHTopa, )'C1 

0 no.o. yrnoM 90 n.c. ,Llacp¢epeHuaanbHoe ceqeHHe o na(j. a OTHOCHTenbHhiX 

peAenHnocb no cpopMyne N 

0 
na6. 

naKa 

,''/MOB 
'7 ' 

r.o.e N nHKa : 'IHCnO BMnynbCOB, COOTB8TCTB)'IOWRX npOTOHaM HnR a -~ 

MepeHHA cnexTpa aMnnaTyJJ.HbiM aHanaaaTopoM, N - qacno oTc'le1 MOH, 
17 - nonpaao'IHbiA KoscpcpRnReHT, y'IBThiBarowaA npoc'leTbl aaanaaaTopa, o 

xoHe'IHbiM MepTBblM apeMeHeM. A6conroTHaSI cpe.o.HeKaa.o.paTH'IHaH oJ.qH6Ka 

o· na
6

• Bbi'IHCnHnacb no cpopMyne 
-------------------r--~r----

'7 2 2 
l1ona6 c ---V l1 + NliRKa + N 

NMOH 

(11'1) + naxa 

'7 
2 N MOH 

3.o.ecb l1 -owa6xa a BbiJJ.eneHRB Ha cnexTpe aaperacTpapoaaHHbiX RMnynt 

OT qaCTRU JJ.aHHOA peaKnBR. 

,LlnH onpe.o.eneHHSI npoc'I&TOB &MnynbChl oT apawarowero .o.eTexTopa n· 

HBSI peracTpapoaanac& no .o.ayM xaHanaM. • Me.o.neHHbiA' KaHan aKnro'lan aMn 

naaaTop, H '6b1CTpb1A' KaHan - JJ.HCXpRMRHaTop B nepeC'I8THYIO CX&My. no~ 
' Topa, cornacoaaHHbiA c xaHanoM aHanaaaTopa, ycTaHaanaaanc!l TaK, 'IT06bl 

cxeMa perscTpapoaana RMnyn&Cbl, npaxoAHUlHe a onpe.o.eneHHoe qacno KaHa 

pa. 
0THOW8HH9 'IHCna OTC'I8TOB nepeC'I&THol CX8Mbl K 'IHCny HMnynbC08, 

HbiX aHanaaaTopOM 8 COOTB&TCTBYIOUl&M xonR'i&CTBe KaHanoB, .o.aaano X09cp 

TOB. npa Rcnonb30BaHHH swanH3aTOpa CO Cp&JJ.HRM 'MepTBbiM apeMeHeM' f 

nonpaaKa Ha npOC'I&Tbl TOnbXO npH H3M&peHHSIX a -qacTRn no.o. ManhiMB 

rana 10-12%, B OCTanbHhlX cnyqaSIX OHa COCTaBn!lna 0,5-1%. CTaTHCTH'i9CK 

onpe.o.eneHHH N MOH He npeahiWana 1%. CTaTHCTHxa OTC'I&TOB N naxa 
12 l1 

BbiXOJJ.OM peaxnHR nOJJ. JJ.aHHhiM yrnoM. ,LlnH peaxnHH C ( t, a 0 )·8 COCT 
12 u u u* 

AnSI peaxnKA C ( t, p ) C H C ( t, a 
1 

)'B 1-1,5% H 2-3% COOTB&TC 

Bo acex aaMepeHHHX yrnoablx pacnpe.o.eneHKA rpynnhi a 1 -qacTHn 

sxcnepaMeHTanbHhle owH6KB onpe.o.engnac& rnaaHbiM o6paaoM Heonpe.o.eneH 

HRSI naKa. To )1{9 caMO& HMeno M8CTO H B cnyqae 
a

0 
- KaHana npa M! 

p&XOJJ. H3 na6opaTOpHOA CHCT9Mbl K CHCT9M9 n&HTpa HH&pUHH OCyLUeCTBnRl 

Cos 0 = Cos 0 
6 

..J 1- y 2sin 2 0 6 - y sin 
2 

0 6, 
ua na na na 
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pacnpeaeneHHJI npoToHoa noa ManwMH yrnaMH nepea aeTex

amoMHHHeaaH cjlonbra, TOpM03HLUaH Hapa TPH.THH, ynpyro pacceHH-

• Taxoll MeToa HenpHroaeH npH perHcTpauHH a -'i&CTRUt 

yrnoa aoa HHKanH TPY aHOCTH a oTaeneHHH a -qacTHU OT pac· 

STOll npH'IHHe 06JIBCTb Ma JlblX yroOB anSI rpynn&J a O -qacTHU 

n.c. H anH rpynnw a1 -qacTHU - yrnoM - 35-40° n.c, 

PeaynbTaTbl H3MepeHHII 

aaBHCHMOCTb aHcjlcjlepeHUHaobHOI'O Ce'leHHII peaKUHH C
1 2 

(t,p )C
1 4 

qacTHu, KpoMe paaee Ha6moaaawHxcH MaKCHMyMoB npH 

06Hapy)l{eH MaKCHMyM npH 3HeprHH 1340 KSB, YrnQBble pacupeaene· 

iHIOTCH B pailoHe 9TOI'O MaKCHMyMa, H B DOJIHOM Ce'leHHH peaKUHH 

CTOJlb 'leTKO, KaK B aHciJcjlepeHUHSJlbHOM Ce'leHHH, noSIBJieHHe MaKCH-

bHOM Ce'leHHH MO)I{HO 06'bSICHHTb npOSIBDeHHeM ypOBHII COCTaBHOI'O 

aaBHCHMOCTh OT 9HeprHK aHciJciJepeHUHSJlbHOrO Ce'leHHSI peaKUHH 
12 u* o 

pHc, 3 - peaxuHK C (t; a,)B anH yrna 90 n,c, B cny'lae peax-

~BnHeTCII WHpOKHil peaoHaHc npH 9HeprHH 1320 KSB KaK B aHciJciJe

Ce'leHHH peaKUKH, nono>K9HH9 9TOI'O p930HaHCa Ha 20 K9B OT-

1340 xsa a npoTOHHOM Jtaaane. PaanH'IHe a wRpHHax STRX 

'ITO a - 'laCTRUbl H npOTOHbl p9l'HCTpRpOBanHCb OaHOBpe-

e aeTeKTOpOM H OWH6Ka B onpeaeneHHH OTHOCHTeJibHOI'O nOJI0)1(9HHSI 

C HeTO'IHOCTbiO KaJIH6pOBKR 9H9pl'HH1 T9M CaMblM RCKJIIO'IaeTCSI
1 

no

Ra To, 'ITO B p 0 a a 0 -xaaanax npoHBniiJOTCII aaa ypoBHII coc

saeprHeJI BOa6y)l{a9HHH 15,92 H 15,91 M9B
1 

COOTB9TCTB9HHO, 

t, a 
1 

tt* 
)B Ha6nroaaeTCSI WHpOKHJI MaKCHMyM npR E

1 
• 1400 lt9B, 

12 u\ yl'noa&Ie pacnpeaeneHHH npOTOHOB H3 peaxuRR C (t, p )C 
1 

pacnpeaeneHHH I'pynnbi a0 -qacTHU H aa pHc. 11,12,13 ·-

d2(' a )B 11 
H C1ha )B'1!; 

0 I 

DPHBeaeH&l no 3Ha'I9HHHM aRcjlcpepeHUHanbHblX C9'19HHil, 

1{0) = _l_ I a 1 P(cosO)-paano)KeHHH yrnoBbiX pacnpeaeneHHil 
k 2 I 

nyHKTHp YKB3b!BaeT HanpaaneHH9 9KCTpanonHUHH K 3Ha'I9HRHM 
0 0 

noa 0 H 180 , Bbi'IHCneHHblM no sroll ciJopMyne, 

xapaxTep RaMeaeaHil yrnoa&JX pacnpeaeneHHA npoayxToB peaxuHA 

aHCOB, B paiiOHe peaoHaHCOB yrnOBble pacnpeaeneHHII K3MepSIDHCb 

It peaoaaacaoa) saepl'Ril 11aep TPRTRH, Bee yrnoawe pacnpeae-

4 

-

\ 

neHHII HeCHMM9TpH'IHbl OTHOCHTeJibHO 90° c,u,R, H CHJlbHO aaBHCHT OT SHeprHH 60M6apaHpyJO• 

WHX '18CTRU, 

B sxcnepHMBHTax npH HaMepeHHHX yrnoB&JX pacnpeaeneaall awxoa a -qaCTHU HJIR 

npoTOHOB noa aaaaHHblM yl'JIOM 0 HOpMRpOaanCH Ha OTC'I9Tbl MOHHTOpa, ycTaHOBneHHOI'O 
0 

noa yrnoM 90 n,c, .[lacPcl>epeHUHaJibH09 Ce'I9HH9 U na
6

, B OTHOCHT9JlbHbiX eaHHHUaX on-

peaen11nocb no ciJopMyne 
N 

rae N 
nHKa 

u 
na6. 

naxa 

N MOH 

'1 • 

'IHCJIO BMnyobCOB, COOTBeTCTBYIOWHX npOTOHaM HOB 

(I) 

a -qacTHUaM H3 H3-

MepeHHII cneitTpa aMnnHTy aHbiM aH8JlB3aTOpOM 1 N - 'IHCJIO OTC'IeTOB MOHHTOpa, 
MOH. 

'1 - nonpaao'IHblll KOScPcPRUHeHT, y'IHT&Iaaromall npoc'leTw aaanaaaTopa, o6naaarome!'o 

KOHe'IH&IM MapTBbiM apeMeHeM, A6conJOTHall cpeaHeKBaapaTR'IHaH 0114H6Ka a onpeaeneHRR 

u· na
6

, Bbl'IHCnHnacb no ciJopMyne 

--------------~r-~r---
'1 _/. 2 2 

lluna6 = -- v u + NIIRKa + N 
NMOH 

(ll'l) nHKa 

-;j2 N MOH 
(2) 

3aecb ll -owR6Ka a BblaeneHRB aa cne~~:Tpe aaperHcTpRpoaaHHbiX RMnynbcoa, RMnynbCOB 

OT 'laCTHU aBHHOil peaKUHB, 

.llnH onpeaeneHRII npoc'leTOB RMnynbCbl OT apamaromero aeTeKTopa nocne Rx ycRne

HBII peracTpapoaanacb no aayM KaHanaM, • MeaneHHbiA' KaHan BKJIJO'Ian aMnnRTyaH&Ilt aaa

naaaTop, K '6biCTpb1JI' KaHan - aRCKpKMRHaTOp H nepec'leTHyJO CXeMy, nopor aRCKpRMRHa

' TOpa, cornaCOBaHHbiJI C JtaHa.IIOM aHanRaaTOpa, ycTaHaBJIRBaJICII TaK, 'IT06bl nepec<ieTHall 

cxeMa perRcTpRposana RMnynbCbl, upRxoaRlURe B onpeaeneaaoe 'IRcno Kaaanoa aaanaaaro-

pa. 

0THOW9HH9 'IHCJia OTC'IeTOB nepeC'I9THaJI CXeMbl K 'IHCDY RMnyobCOB, aaperRCTpRpOBaH

HbiX aHaJIR3aTOpOM B COOTBeTCTBYJOlU9M KODR'IeCTBe KaHaJIOB 1 aaaano K09cPcPHUHeHT npocqe

TOB, npH RCnOJib30BaHRH aHaJIR3aTopa CO cpeaHRM 'MepTBibiM BpeMeHeM' nopllaKa 100jLCeK 

nonpaBKa Ha npOC'IeTbl TOJibltO npH H3M9p9HHHX a -qaCTHU noa MaJiblMH yrnaMH aOCTH-

rana 10-12%, B OCTaJibHbiX cny'laiiX OHa COCTaBnHna 0,5-1%, CTaTHCTH'I9CKH9 OWH6KH B 

onpe.f:IeneHHH N MOB ae npeBbiwanR 1%. CTaTRCTRKa OTC'IeToB N DHKa onpeaensnacb 

BbiXOaOM peaKUHH noa aaHHblM yrnoM, .[loR paaJtUHH C
12

(t,a 0 )·Blt COCTaBnllna 1,5-2%1 
12 14 12 tt* 

.llDII peaKnBJI C ( t, p ) C H C ( t, a I JB 1-1,5% H 2-3% COOTBeTCTBeHHO, 

Bo acex RaMepeHRHX yrnoBbiX pacnpeaeneHRil rpynn&I a I -qaCTHU 3H8'1HT9JlbHbl9 

9KCD9pHM9HTaJibHble OWH6KH onpeaenHDHCb rnaBHblM 06paaoM HeonpeaeneHHOCTbiO Bblaene-

HHII DRKa, To >K9 CaMoe HM9JIO MeCTO H B cnyqae a O - KaHana npH MaJiblX y!'nax, ne-

pexoa H3 na6opaTopHOil CHCT9Mbl K CHCTeMe U9HTpa HHepUHH ocyiUeCTBDHJICH DO cjlopMynaM 

CosO =CosO 
6

...;1-y 2sin 2 0 
6

-ysin
2
0, 

,. UK na na na6 
~~I 

(3) 

,, 
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r.ae 
y = V "E na!5 ml Ill I 

m2 (mil .E nat5 + MQ) 

(4) 

u(O) = l+yoo.s!lu,a 

u.a (1 + Y 2 + 2y cos 0 •'!J 
u.w 

3.aec& 0 ll H - yron BbiDeTA perHCTpHpyeMoA 'IACTHUbl B CHCTeMe I{,H,
1 

E - saepraa na.aa10meA 'IACTHUbi B Msa, 
nat5 

m I - MACCA nA.OAIOUl&A '18CTHUb11 

mil MACCA 11.0pa MBWeHB 1 

m1 - MACCA perBCTpBpy&MOA 'l8CTBUbl 1 

m 2 - Macca a.apa-npo.ayJtTa, 

M•m+m=m+m 
I 2 I II 

Q - saepras peaJtuaa ·a Msa, 

ul{l.Ju B- .OBqnpepeHUBADbHOe Ce'leHH& B OTHOCBTeDbHbiX e.QBHHUAX ( C 0 U,B,) .ana yr

nall: c.u.a.), 

u(8) -
6 

.0Bcp¢&peRUBAD&HOe C8'18RHe B O'rHOCBTeD&HbiX e.QRRHUAX (n,c,) .ana yrna na 
8 (n,c,), 

.Llna nepeao.aa .ORcp¢ep&HURAD&HbiX Ce'l&HBA B OTHOCHTeDbllbiX e.QRRauax K Oe'l&RBaM
1 

BblpaJKeBHbiM B MBDDR6apRAX RA CTepA.OBAH1 BCnODb30BADBCb 1tpHBble .aacp<tJepeHUBAD&HbiX 

Ce'leBKA .ana yrna 9()
0 

n,c, HopMRpOBO'IHbiA KOB«!>ctlBUH&HT N onpe.aenanca Ra peweaaa 

no MeTO.Oy BABM&HbWBX JtBA.OpATOB cne.ayJOUl&A CBC!I'eMbl ypABHeHRA ! 

r.ae n 

N1 u 1 (0 1 ) = 1(0
1 
), 

N
2
u

2
(fl

1
)= 1(0

1
), 

• ,• I r I I !' t I' I !' I I I I !' 

Nnu (fl1 ) = 1(01), 
u1fl 0 ) = 1(0

0
), 

(5) 

'IRCDO pA3DB'IHbiX cepHA R3M8p8HBA yrDOBbiX pacnpe.aeneHHA, BblnODH&HHbiX npR 

O.OHOA R TOA JKe SHeprBB na.QAIOUlBX 'IACTHU C OTDB'IAIOUlRMB!i31 YCDOBRaMB 

BKCnepBMeHTA (Hanp&Mep, RSMepeHBa C pASHOA re.OMeTpHeA), 

N - BOpMBpOBO'IHbiil MHOlKHTeDb .ana .OAHHOil cepBB BSMepeHHA, 

u(01)- ,aacpcpepeHURAD&HOe Ce'leHBe B OTHOCBTeDbHbiX e.QHHHUAX .ana .OAHHOro yrna 

0 1 (e c,u,a,), 

1(0) = k
1

2 l:a 1 P1 (<»•0) - npe.acTaeneHae yrnOBbiX pacnpe.aeneaail a sane pasnoJKeaaa no 

• 

nODRHOMAM nelKaH.Qpa ( TeopeTB'leCKOQ 3H8'18HKe .aa¢4JepeHURAD&HOro 

ce'leHBII B M6ap/cTep), k - BODHOBOe 'IRCJI01 

COOTBeTCTByiOUlHil yrny 90° D,C,, 

6 

0 0 - yron B CBCTeM& U,R, 1 

<r (0
0

) - .aa¢¢epeHUHADbHOe ce'leHB& B MKDDH6ApHAX HA CTepA.OHAH (a C, 

BeTCTBYJOUlee .aacp¢epeHUHADbHOMY Ce'leHHIO .ana yrna 90 n,c, 

8 sanHCK CRCT9Mbl ypABHeHHil (5) no.apasyMeBAeTCa 1 'ITO BXO.Q!IUlHe B 

ce'leHHil aMeJOT owa6KK, HopMapoao'IHbie MHOlKBTena N H K09<lJ<lJRUH9HTbl 

no noDHHOMAM ne)KAH.OpA Bbi6HpAIOTCII no M9T0.0Y HAHMeHbWHX KBA.OpATOB H; 

Cpe.aaeKaa.apaTH'lHbie owa6KH HOpMapoaaHHbiX ce'leHHA 1(0) onpe.aenHJOTCs 

r.ae M 

!J.N 

IH = .,j(IHN)
2 

+(!J.NI/ 
Teop. 

- OWH6KA ce'leHH!I1 nony'leHHA!I H3 MeTO.OA HAHM9HbWBX JtBA.Of 

OWH6KA HOpMHpOBO'IHOrO MHOlKHTeDH1 BS!ITA!I T8K)K9 H3 M,H,~ 

HopMapoaaaHoe sKcnepaMeHTan&Hoe sHa'leHae nacp¢epeauaan&Horo ceq, 

u( 0) OTH,en, HA HOpMBpyiOUlHil MHOlKHT9Dl onpenenHeTCH npoaseeneHaeM 

cpenHeltBA.OpATH'lHA!I OWR6KA .ODS! 

SKCn, HOp 
u(0) M, .aaeTC!I BblpAlK&HReM 

9KCI1. 

HOpM 
!J.u = .,j(!J.NuOTH,e.0)2+(N!J.uOTH,elj2, 

SKCn SJtCn SKCn 

nonHble ce'leHK!I peAKUBR onpe.aenHDKCb no ¢QpMyne 

U nODH = t~ a 0 1 

nonyqaeMOA nocne RHTerpHpOBAHHa KpRBOll l((l) 1 ODHCbiBAIOUlell KSMepeHI 

, pacnpe.aeneHR!I B BH.Oe paSDOJKeHRH no nODRBOMAM nelKAR.apa, VfHTerpRpOB 

B npe.aen~ yrDOB 0-180°, Bee Bbl'lHCDeHR!I 6blDH BblnonHeHbl HA .sneKTpOHI 

MAWRHe, 

B TA6nauax , II , Ill naHbl aaa'leHHa Kos¢¢auaeHTOB pasnoJK 

pacnpeneneHHll no nODRHOMAM ne)KAH.OpA .ODS! COOTB9TCTBYIOUlRX KAHADOB p 
2 

Kos¢¢auaeHTbl noneneHbl aa 
j, 

k ), Ha pac. 14 noKasAHa aaaacHMOCTI 

HHil OT SHeprRH 6oM6ap.aapy10UlRX 'IACTBU, 

.LlnH yrna 135° n.c. 6biDH aaMepeHbl na¢¢epeHuaan&Hble ce'leHHH ynp 

HHH H.aep TpRTHH HA yrnepone B naanasoHe SHeprHA 900-1700 KSB, B STO 

sHeprall He 06HapylKeHO K8ltRX-nR60 AHOMADHit, CBH.QeTeDbCTBYIOUlRX 0 peam 

ceaHHR, no a6CODIOTHOll BeDR'lHHe nacp¢epeHURAD&HOe ce"'eHRe pABHO Ce"'eHH 

cJtoro pacceHHRH npR E 
1 

• 900 JtBB a cocTaBnHeT 25% oT Hero npa E 1 • 

06cylK.Q8HR8 pesyDbTATOB 

Haa6onee nonHaH a aaJKHAH aa¢opMAUBH, KOTopyJO Heo6xo.aaMo assn, 

yrnoablx pacnpeneneHBll nponyJtTOB a.aepHbiX peaKuBll TpBTBH c yrneponoM 

HBe MATpH"'HbiX SDeM&HTOB 
S -MaTpRUbl ( f:p.'e'/S/fa·s ), T,e, TeX nA) 

7 
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y V "Enal5m1 m I 

m2 (mu ·~: na6 + MQ) 

oro J = 1 + Y 008 n a.u 
a.u 2 1 ( 1 + y + 2y 008 0 13 2 

a.w 

yron a&IneTa perucTpHpyeMoA qacTHUbl s cucTeMe a.u., 

aHeprHB na.llaiOmell 'IBCTBUbi a Mas, 

MBCCa DBJlBIOUlell 'IBCTBUb11 

Macca Sl.llpa MBill9HB1 

MBCCB perHCTpBpyeMOll 'laCTBUbl, 

Macca Sl.llpa-npO.IlYKTa, 

M=m+m=m+.m 
I 2 1 11 

aHeprHB peaxaHH ·a Mas, 

(4) 

JlHcpcpepeHUHaDbii09 C9'19HH9 S OTHOCBT9DbllbiX B.llHHBilaX ( C,U,H,) JlDSI yr

nafX c.a.a. ). 

Hcpqoep9HilBBDbH09 C9'19BH9 S O~HOCBT9DbllbiX B.llHHBnax (n.c,) JlDSI yrna 

() (n.c.). 

a JlHcp¢epeHUBAnbllbiX C9'19HHII S OTHOCHT9DbHbiX B.llHHHUBX K C9'19HHSIM
1 

HDDHOBpHBX HB CTepa.llBaH, HCfi0Db30SBnHCb KpBSb19 .llBcpcpepeHnHaDbllbiX 

90° n.c. HopMBposo'IHblll xoacpcjlanueHT N onpe.ll&DSIDCB aa pemeHHB 

HbmHX KBa.llpaTOS CD9.1lYIOill9A CBCli'9Mbl ypasH9HHll ! 

N1 o 1 (0 1 ) = 1(0
1
), 

N
2

o
2

(!l
1
)= 1(0

1
), 

• ,• I I I I !' I I I I I I I I !' 

Nno· (01 ) = 1(01), 
o111 0 ) = 1(0

0
), 

(5) 

paaDH'IHbiX cepHll H3M9p9HHII yrnOSbiX pacnp9.1l9D9HBlt, SblnODH9HHbiX 

II H TOll >Ke BHeprHB na.llBIOIJlBX 'laCTB!l C OTDH'IaiOIJlBMH- yCDOSHSIMH 

9pHM9HTB (HanpHMep, H3M9p9HBH C paaHoll rB.OM9TpHelt), 

pOSO'IHbii! MHO>KHT9Db JlDH JlBHHOlt C9pBB H3M9p9HHII, 

9p9HilHAnbH09 C9'19HHe a OTHOCHT9DbHbiX 9JlHHHilaX .llDSI JlaHHOrO yrna 

(a c.n.u. ), 

OM aM 

npeJlcTaaneHHe yrnoablx pacnpe.lleneuaa a aB.Ile paano>KeHBB no 

ne>KaH.Ilpa ( Teop9TB'I9CK09 3Ha'I9HH9 JlHcpcpepeHnBaDbHOrO 

npu 

HSI a Mf5ap/cTep), k - aODHOaoe 'IHCJIO, 

9TCTayiOillHll yrny 90° n,c,, 

0 O - yron a CBCT9M9 IloHoo 

6 

tiP 

fT (0 0 ) - JlHcpcpepeHUHan&H09 C9'19HB9 a MHDDHOBpHBX HB CT9pB.IlHaH (a CoUoHo ), COOT

S9TCTSYIOUl99 .llBcpcpepeH!lBAnbHOMY C9'19HRIO .llDSI yrna 90 D,C, 

8 aanRCR CR¢T9Mbl ypaaHeHHlt (5) DO.IlpaayMeaaeTCH, 'ITO aXO.Il!IIllR9 a Hee aenH'IHHbl 

ce'IBHRII HMeiOT owuf5xR. HopMHpoao'!H&Ie MHO>KHTBDR N R KoacpcpRUHBHT&I paano>KeHRSI 

no nODRHOMaM ne>KaH.Ilpa a&I6Hp8IOTCH no M9TO.Ily HBRM9HbWHX KaB.IlpBTOa RX yKDOH9HHII, 

Cpe.llHeKaa.llp8TR'IH&Ie owR!SKR HopMRpoaaHHbiX ce'IBHRA l(f!) onpe.lleDBIOTCSI Bbipa>KeHReM 

/',./ = y(!'.IN)
2

+(6.NI/ 
Teop. (7) 

r.lle 6.1 

6.N 

OWRf5Ka C9'19HRS10 nony'IBHHaH 83 M9TO.Il8 H8HM9H bWHX Kaa,upaTOB ( M,H,Ko) t 

OWBf5Ka HOpMHpOaO'IHOrO MHO}f(BT9DSI1 aaBTaH TaK>Ke 83 M,H,K, 

HopMBpoaaHHoe aKcnepBMeHTanblloe aHa'leHRe .llHcpcpepeHuHan&Horo ce'leHHB u(UJ"
0

PMI· 
aKcn. 

N , a onpe,uenBeTCSI npoaaae,ueHHBM o(O) OTH,Q,U, Ha HOpMHpyiOIJlHll MHO>KHT9Db 

axcn. HOpM 
0 (fl) • ,U89TCH ablp8}!(9HR9M Cp9JlH9Ka8.1lpaTH'IH8SI OWR6Ka .llDSI 

axcn. 
HOpM 

l'J.o = y(6.NoOTH,9Jl/+(N!ioOTH,eij2 • 
aKcn axcn axcn 

(8) 

nonHble ceqeHHSI peaxuua onpe.llenBnHcb no cpopMyne 

0 nonH = t~ 8 o ' (9) 

nony'IBBMOII nocne RHTBrpBpOaBHHSI KpHaOll l(f!) t OnHCbia8IOUl9A H3MepeHHbl9 yrnoa&Ie 

pactlp9.1l9D9HRSI a aH.Ile paa,po»CeHHSI no UODHHOM8M ne»C8H.Ilp8, VfHTerpHpoaaHHe ae.ll9TCSI 

a npe.llen~ yrnoa 0-180°. Bee a&I'IHcneHHH o&IDB ablnonHeH&I Ha _anexTpOHHOA C'I9THol! 

M&WRHe. 

B Taf5nRnax , II , Ill Jl8Hbl 3H8'1eHHH K03cpcpHUBeHTOa p83DO»C9HRSI yrnoa&IX 
( 

pacnpe,ueneHRII no nODRHOMaM ne»CaH.Ilpa .llDSI COOTaeTCTayiOIJlHX K8HMOa peaKUHH. (ace 
2 

xoacpcpauueHTbi no.lleneHbl Ha k ), Ha puc. 14 nQfaaaHa aaaRCHMOCTb nonH&IX ceqe-

HHA OT 3HeprHH 6oMf58p.llHpyiOillHX '18CTRU, 

.llm1 yrna 135° n.c, 6&IDH !13MepeH&I .llRcpcpepeHuRanbii&Ie ce'IBHHSI ynpyroro pacceg-

HHSI Sl.llep TpHTHSI H8 yrnepo,ue a JlHanaaoHe aHeprHll 900-1700 K3a, 8 aToll Of5D8CTH 

BHepraA He Of5Hapy»CeHO K8KHX-nH60 8HOManull, CaR,UeTeDbCTayiOIJlHX 0 peaOHaHCHOM pac

C9SIHHB, no a6CODIOTHOll aSDH'IHHe JlHcpcpepeHUHAnbiiOe C9'19HH9 peaHO C9'19HHIO peaepcpop.lloa-

CKOrO pacceSIHHSI npa E 1 • 900 K3a H COCTaanHeT 25% OT Hero npH E 1 • 1700 KBa, 

06Cy»C.IleHH9 peayn&T8TOa 

Hau!Sonee nonHaB H aa}f(HaB HHcpopMaaHB, KOTopyiO Heo6xo.uuMo saane'l& ua aRanuaa 

yrnoablx pacnpe.lleneHHA npo.llyxToa B.llBpHbiX peaxuuA TPHTHB c yrnepo.llOM aTo Haxo»C.Ile-

HHe MaTpH'I~X sneMeHToa S -MaTpHUbl ( f:-p.'s'/S/fa·s ), T.e. Tex napaMeTpoa, xo-

i' 
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Tophle onpeaensuoTC!I He KHH.,MaTHKoll, a cneuK¢H'fecKHMH oco6eHHOCT!IMH npouecca. OaHa

KO Ha paano)f(eHHll H3MepeHHblX yrnoBblX pacnpeaeneHHil no nonHHoMaM /1e)f(aHapa H cpaa

/3/ 
HeHJdSI C ¢opMynoll Ll.IISI LlK¢¢epeHUHMbHoro Ce'feHKSI 

du 

dfl 

A2 

(21I +1)(21 +l)LI;.oBLPL(Q)sO) 
II 

( 10) 

I 
He yaaeTCSI c.aenaTb O.llH03Ha'IHblA Bbl6op MaTpK'IHblX 9.119M9HTOB 1 o6ecne'IKBalOWKX onHca-

HHe yrnoDblX pacnpe.aeneHKil paa.IIH'IHblX KManoa peaxuaa. Heo.aHoaHS'iHOCTb o6ycnoaneHa 

T9M, 'ITO MaTpH'IHble 9.119MeHTbl CO.ll9p)f(aT 60.IIblUOe 'IHC.IIO .ll9iiCTBHT9.11bHblX nap8M9TpOB
1 

a 

Hccne.aoaaHHe yr.IIOBbiX pacnpe.lle.119HHil .aaeT 'IHC.IIO ypaBH9HBil 3Ha'IHT9.11bHO M9HbW9 'IHC.118 

H9H3B9CTHbiX napaMeTpOB, VfCC.II9.llOBaHBSI pealtUHil C n0.11!1pH30B8HHblMH 'faCTHUaMH Morna 

6bl .aaTb .aononHHTenbHble ypaBH9HB!I .an11 onp9.aen9HBII napaMeTpoa. O.aHaxo TaxHx sxcn9-

PHMOHTOB noxa H9T, VfCXO.llll H3 SToro, 6bl.IIB npe.anpBHSITbl nonblTKB HaiiTB H9KOTOpble na

paMeTpbl B030Y)f(.ll9HHblX COCTOIIHHil npOM9)f(YTO'IHOro 11.llp8 If II ( cnaH, 'f9THOCTb, SHeprR!I 

B030Y)f(.ll9HHII) 1 COOTB9TCTBYIOWHX OT'i9TIIHBbiM P·B30H8HCa M B peaKUHIIX TpHTH!I C yrnepo

.llOM, 

HecMoTpR Ha o6oco6neaaocTb STHX p93oHaHcoa a Many10 SHeprHIO 6oM6ap.aapylOWHX 

'faCTHU, ¢opM8 yr.IIOBblX pacnp9.ll9.119HBA H XapaKT9p HX 3aBBCHMOCTH OT 9H9prHH H9 MOryT 

6b1Tb OUBCaHbl MO.ll9.11bl0 B30.11BpOBaHHOro ypoBHII COCTaBHOrO ll.llpa, 

/3/ . 12 u* 
H a OCHOB9 ooweil T90pHH yr.IIOBbl9 pacnpe.a 9.119HH!1 p9aKUHH C (to a I ) B 

Obl.IIH npoaHa.IIH3RpOB8Hbl B Up9.llfi0.110)f(9HHR HHTep¢ep9HUHH .llBYX ypoBHeil COCTaBHOro H~a 

N 
11 

npo;aaonono)f(HoA 'i9THoCTH. )ln11 Tpex SHepraA a pal!OH9 peaoHaHca 1, I Mae yrno-

Bble pacnpe.aeneHH!I Y.llOB.II9TBOpHT9.11bHO OfiHCbiBalOTCll TO.IIbKO KOMOHHanHeil CUHHOB 1/2 H 

5/2, npH'f9M OCHOBHOil BK.IIa.ll B pe3oHaHC9 .aaeT CfiHH 112. TaXHM oopa30M
1 

ypOBHJO N II 

C SHepraeA B036y)f(.ll9HKll 15,74 Msa MO)f(HO npHUHCaTb 3Ha'f9HH9 CUHHa, paBHOe 112, Vf3 

KHH9MaTH'i9CKRX C006pa)f(9HHJI 6onee B9pOliTHo npe.anO.IIO)f(KTb OTpauaT9.11bHYIO '19THOCTb, 

TaxoA Manaa 6y.aeT npo.aon)f(9H H .an11 .apyrHx xaHal!of peaxuaH. 

Ha6nlO.aaeMbiA npH E 1 - 1,4 Msa wapoKHA MaKCHMyM a .llH¢q,epeHuHanbHoM H non-

12 u"· 
HOM C9'19HHJIX peaKURH C (t,a 1 )B 1 UQ-BR.llHMOMY 1 CBH3aH C rpynnoil 6.11H3KO pac-

fiO.IIO)f(9HHbiX ypoaHeA N 
16 

a o6nacTH sHeprHA aos6y)f(.ll9HHH - 16 Msa
141 • .ll&HHbie Hac-

TOl!WeA pa6oTbl no.areep)f(.llalOT o6Hapy)f(9HHbl9 a peaxuaH Bll(a, n)N 14 /4/ ypoBHH 
16 

H.llpa N c SHeprR9A aos6y)f(.ll9HHll 15,92 H 15,93 Msa, H96onbwoe pacxo)f(.ll9HHe no 

9Hepr9TR'I9CKOil WKMe HaXO.llHTCH B npeaenax OWH6ox H3M9p9HHil SHeprHH 6oM6&p.llHpyl0-

/5/ 
, no-aa.aa· WHX 'I&CTRU. VIa p9aoHaHcoa, Ha6nro.aaawaxc11 a p9axuHH C 12

( t, n) N 14 

MoMy, TO.IIbXo p93oHaHc npa 'E 1 • 1,310 Msa MO)f(Ho C'IHTaTb aHanoroM peaoHaHca np~J 

·E, • 1,320 Msa a a 
0 

- xaaane, OcTa.llbHbie TpH peaoHaHca a o6nacTR SH9prHH 

OT 1,3 .llO 1,8 Msa B peaKUHH C 
12

( t, n ) N 
14 

B RCC.IIe.lly9Mb1X H&MR KaR&.IIaX He npo-

SIB.IISIIOTCJI, 

8 

• 

YpoaeHb c sHeprReA aoa6y)f(.aeHHII 15,74 Msa Ha6mo.aaeTCll a Hawax ~ 

161 161 
H a pa6oTe .an.11 a 

1 
-xaHana. B Toil )f(e pa6oTe HeT yxaaaaaA Ha pE 

E,- 1,1 Msa B npOTOHHOM KaHane. nonHbie ceqeHHSI peaxuHH •C
12

(t,ao 

Te.llbHO np9Bb1Wa!OT ce'leHHSI peaKUHil C
12

(t,p)C
14 

H CI
2
(t,n)J'J

14 
151 

T9.11bCTBO, a TaK)f(e yCTOii:'IHBOCTb BH.lla yrnOBbiX pacnpe.aeneHHII: a 0 -qacT 

HHTepaan9 saeprHA Mo)f(eT yxaabiBaTb aa aaMeTHbiil BK.IIa.ll npHMbiX npoueccc 

OKOH'faT9.1lbH09 cy)f(.lleHHe 0 HMH'IHH T&KOrO MeXaHH3M8 MO)f(QT 6biTb nony'IE 

.ll9Ta.llbHOro cpaBHeHH!I 9KCnepHM9HT8.11bHblX ,!laHHbiX C paC'f9TaMH no M9TO.llJ 

BO.IIH H no peaoHaHCHOil T90pHH, 

ConocTaaneHHe .aaHHblX HacToHweA pa60Tbi c
161 

noxaablaaeT o6wee c 

.aa XpHBbiX .llR¢¢epeHuHa.llbHbiX H no.IIHblX ce'f9HHil H BR.lla yr.IIOBblX pacnpe.!l 

Ill 
)1(9 Bp9M!I OCT89TCJI OTM9'18BW99CSI paHe9 paCXO)f(.ll9HHe B a6CO.IIIOTHbiX : 

12 14 
C (t,p )C ¢ep9HUIIa.llbHbiX H UO.IIHblX C9'19HHII: peaKUHH , 3Ha'IHT8.11bBO 

B03MO)f(Hbl9 9KCU9pHM9HTa.llbHbl9 OWH6KH, 

B aaxnro'feHHe aBTOpbi c'IHTaroT caoHM .aonroM Bblp&aHTb 6naro.aapHo 

nHpo, r.M. OceTHHCKOMY aa o6cy)f(.ll9HHe nony'leHHbiX peaynbTaToB H rpyn 

HHII 9.119KTpOCT8TH'f9CK0('0 reHepaTopa B COCT8B9 Vf,A, qenyp'19HK0 1 E,C. ( 

M.B. Caaeaxoaoll, H.H. C'ieT'IHKoaa, 

/] H T 9 p a T V p 8 
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SIIOTCSI He KIIH<>MaTHKOit, a cneuHcpH'feCKIIMII OCOOeHHOCTSIMH npouecca, 0.QHa

HHJI 113MepeHHbiX yPnOBblX pacnpeaeneHHit no nonHHOMaM ne)l(aH.Qpa H cpas
/3/ noll .Clnl! tlllcpcpepeHUiianbHOI'O Ce'feHHSI 

da 

dO, 

,\2 

(21 +1)(2/ +l)L::oBLPL(oos(J) 
1 11 

( 10) 

' enaTb OtlH03Ha'fHbiA BbiOOp M8Tpll'fHbiX aneM9HTOB
0 

o6ecne'fHB810lUHX onHca-

acnpeaeneHHit paanH'fHbiX K8Hanos peaKuRH. HeO.QH03H8'fHO~Tb ooycnoBneHa 

IH'fHbie aneMeHTbi coaep)l(aT 6onbWOe 'fHCno aellcTBHTenbHbiX napaMeTpos, a 

rnOBbiX pacnpeaen9HIIlt tl89T 'iHCnO ypaBH9HHlt 3Ha'IHTenbHO M9HbW9 'iRCna 

paMeTpos. HccneaosaHRH peakuHA c nonl!pR30BaHHbiMH '!acTHuaMH MornH 

HHTenbHbie ypasHeHRH an11 onpeaeneHRH napaMeTpos, OaHaKo TaKHx aKcne

HeT. HcxoaH Ha aToPo, oblnH npeanpiiHHTbl nonbiTKH Hal!TH H9KOTopble na

)I(.Q9HHbiX COCTOHHHlt npOM9:lKYTO'iHO!'O B.Qpa l'/
11 

( CnHH
0 

'f9THOCTb
0 

aHeprHB 

COOTBeTCTBYIOWRX OT'f9TRHBbiM p.:Q30HaHca M B p9BKUHSIX TpRTRSI C yrnepo-

Ha OOOCOtineHHOCTb aTIIX p930HaHCOB H ManyJO &HeprHJO 6oM6ap.QIIpyJOlUHX 

yPnOBbiX pacnpeaeneHHlt H XapaKT9p HX 3aSHCHMOCTH OT SHeprHH He MoryT 

Otl9nbl0 1130nHpoBaHHOrO ypOBHB COCTasHoro Btlpa, 

/3/ 
TeopHH yrnOBble pacnpeQeneHHB peaKuiiH u* 

C
12

(t,a
1

)B 

S npeanOno:lK9HRH HHT9pcpepeHUIIH tlBYX ypOSH9lt COCTBBHOrO B.opa 

nono)I(HOlt 'feTHOCTII, .lln11 Tpex &HeprHA s paltoHe pe3oHaHca 1,1 Mae yrno-

9HHS1 YtlOBneTBOp11T9nbHO OniiCbiBaJOTCB TOnbKO KOMtiHHauHeA cnRHOS 1/2 H 

CHOSHOlt BKna.a s pe30HaHce aaeT cnHH 112. TaxnM oopaaoM, YPOBHIO N ll 

oy)I(.QeHKll 15,74 Mas MO:lKHo npHnRcaTb 3HaqeHHe cnnHa, pasaoe 1/2, l-13 

COOOpa)I(QHIIlt oonee sepOBTHO npe.QnOnO)I(RTb OTpHuaTenbHyJO 'i9THOCTb, 

yaeT npoaon)l(eH H tlnB apyrux KaHaiJos peaKfiiiH, 

Mbllt npH E t - J ,4 Mas WHpOKHit MaKCIIMyM S tlRcpcpepeHUH8nbHOM H non-
12 rr"'· 

eaKfiHH C ( t, a 1 ) B , no-sH.QHMOMy, CSB3aH c rpynnoll 6nH3KO pac-
11 /4/ 

OSHell N S oonaCTH aaepPHlt S030Y)I(.Q9HIIil - 16 Mas , JlaHHbl9 Hac-

ll l4 14/ no.QTBep)I(.QaJOT OoHapy)I(9HHbl9 B peaKUHH B (a, n)N ypOSHH 

aHeprHell soaoy)I(.QeHIIB 15,92 H 15,93 Mas. Heoonbwoe pacxo)IC.QeHae no 

WKane H8XOtliiTCSI S npe.Qenax OWIIOOK H3MepeHHlt aHeprRII OOMoap.QHpyJ0-

12 l4 /5/ 3 pe3oHaacos, Ha6n10aasw11xcs s peaKUIIH C ( t, n) N , no-sHtlH" 

eaoaaHc npH 'E, ~ 1,310 Mas MO)I(HO C'iiiTaTb aaanoroM pe3oHaHca np1:1 

Mass 
a 0 - KaHane. OcTanbHble Tpll pe30HaHca s oonaCTII aHep!'HH 

as S peaKUHH C 
12

( t, n ) N l4 B HCCne.Qy9MbiX HaMR KaHan ax He npo-

8 .. 

YposeHb c aHepr11e1t soaoy)l(tl9HHSI 15,74 Mas Ha6nJOaaeTcB s aaw11x axcnepiiMeHTax 
161 16/ 

H s paooTe ans a 1 -KaHana. B Toll )1(9 paooTe HeT yxa3aHnll Ha pe3oHaHc np11 

E' - 1,1 Maa s npOTOHHOM KaHane. nonHb19 C9'19HIIil peaKUIIII •C 12
( t, a 0 )lJ 11 

3H8'fH-

T9nbHO Op9SbiWaJOT C9'i9HHSI peaKl{Hlt C
12 (t, p) C l4 H C12

( t,n) !'1
14 151

, 3TO OOCTOB-

TenbCTSO, a TaK)I(9 YCTOit'iiiBOCTb SH.Qa yPnOBbiX pacnpe.QeneHHlt a
0 

-qacTHll B WllpOKOM 

HHTepsane aHeprnll Mo)l(eT yxa3brsaTb Ha 3aMeTHbiit sKJJaa npBMbiX npoueccos. OaaaKo 

OKOH'iaT9nbH09 CY)I(tl9HH9 0 Hanll'iHH TaKOI'O M9XaHH3Ma M0)1(9T Ob!Tb nony'f9HO nHWb nyTeM 

tl9T8nbHOI'O cpaSH9HHB aKcnepHM9HTanbHbiX tlSHHbiX C paC'i9TaMII no M9TOtlY HCKa)I(9HHbiX 

BOnH H no p930HaHCHOlt T90p11H, 

ConocTasneHHe .aaHHbiX HacToswell pa6oThl c161 
noKa3hisaeT oomee cosnaaeHHe xo

aa rcpHShiX tlllcpcpepeHuHanbHbiX 11 nonHbiX ceqeHIIlt H BHtla yrnOBbiX pacnpeaeneHIIll, B TO 

111 
)1(9 Bp9Mil OCTa9TCSI OTMe'faBW99CSI paHee p8CXO)IC.Q9HHe S aocOniOTHbiX 3H8'f9HHHX tlllcp-

12 14 
cpepeHUIIanbHbiX II nonHbiX C9'i9HHlt peaKl{RH C (t,p )C 0 3Ha'iiiT9nbHO np9SbJWaJOW99 

S03MO:lKHble arccnep11M9HTanbHble OWIIOKII, 

B 3aKniO'i9HII9 aBTOpbl C'iiiTaJOT CBOIIM .QOnrOM Bblpa3HTb onaro.QapHOCTb ·Cl>,n,llJa

nHpO, r.M. OceTIIHCKOMY 38 o6cy)l(tl9HII9 nony'ieHHbiX pe3ynbTaTOS II rpynne oocny)ICIISa

HHSI anercTpocTaTH'IecKoro reHepaTopa B cocTase M.A. qenyp'f9HKO, E.C. CMIIpHosa, 

M.B. CaseaKosoll, H.H. C'ieT'iiiKosa. 
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E, Maa 

Li' 

... 1,29 

1,52 

1,36 

1141 

= 1,45 

1,54 

1,65 

1,68 

1,74 

1,800 

e::N O>l.n 
CX> 

I+ '-" Ow 
'H@ 
\00 
\0 

I+ '-" Ow . "' 0 00 
l.n....:J 
....:J 

I+ '-" Ow 
w l.n 
00 
~0 

I+ w Ow 
w 0 ... ,... 
CX>\0 .... 

I+ ,_. 
0• . "" 
~~ 
\0 

·H- 0 
Ow 

w .,. 

~l.n 
00-..:J 

·H- 0 Ow 
w .... 
0 l.n 
:t .... 

•• 
8,720 

I+ "" Ow 
w .,. 
0\C 
~l.n 

I+ o 
Ow 

w 00 
OQ) 
l.n\.N 
....:J 

·H- 0 
Ow . ,... 
0-..:J 
l.nH 
0 

•, 

·H- 0 
0• 

w .... i!OO 
'-"oo 

3,909 

I+ '-" Ow 
• 1-< 
.... 00 

Ia"' 

.. 
7,003 

;t0,202 ;t0,22B ;t0,2I9 

II18I2 7,464 II,644 
;t0,419 ;tO,Z68 ±0,251 . 

12,425 4,316 9,482 
;t0,245 ;t0,409 ;t0,57l 

II,300 2,507 7,639 
,tO,Z39 ;t0,239 ;t0,239 

II,557 1,684 II 1 7IO 
;t0,153 ,t0,30t. ;t0,306 

13,1.9<! -o,30t. 14,756 
±0,149 ;t0,604 ;t0,373 

14,385 :1,053 13,894 
.tO ,2.10 ;t0,5o8 ;t01210 . 

.L8,0jj -o,623 .L2,!:130 
;t0,464 ;t0,709 ;t0,265 . 
21,395 0,739 12,593 
;t1,092 ;t0,154 ;t0,642 

24,786 9,4tl0 12,145 
;t1,239 ;t0,6I3 ;t0,806 

26,837 16,750 12,788 
,11,321 ;t1 1021 ;tO, 7l0 

I+'-" Ow 
• N 
0\0 
l.nN 
l.n 

•• 
7,345 
;t01184 

II,644 
;t0,251 

10,218 
;t0,654 

5,833 
;tO,S<J.i! 

7,347 
;t0,506 

3 ,9i!O 
;t0,37j 

1,930 

t;O~O 

.L,604 
;t0,358 

0,263 
;t0,257 

0,124 
;t0,688 

2,594 
;t0,438 

.. 
-1,104 
;t0,184 

0,163 
;t0,243 

-4,954 
;t0,654 

-6,350 
,t(l,342 

-1,607 
;t0,383 

-1,207 
;t0,298 

-1,768 
;t0,267 

-o,849 
;t0.285 

-1,491 
;t0,3ZI 

1,270 
;t0,'137 

-5,890 
;t0,528 

't:.b 
OH 
l.nQ) 
\0\To 

0"' l.nl.n 
l.nO 

•H- N 
Ow . "" 
i!~ 
\0 

Tal5nau:a 

Pe~JtUBB C
12

(t, a. 

• • •, 

-1,148 -o,736 
,tO,I31 ;t01II4 

2,002 0,596 
,tO,Z35 ;t0,209 

-3,654 -1,815 
;tO,ij.90 ;t0,368 

-3,740 -1,926 
;t0,310 ;t0,279 

-o,696 -o,475 
;t0,230 ;t0,214 

-1,535 -o,075 
;t0,313 ;t0,320 

-2,042 -o,70l 
;t0,3.l.6 ;t0,316 

-l,bj 0,365 
;t0,325 ;t;0,351 

-1,009 0,655 
;t0,373 ;t0,360 

2, 720 0,812 
;t0,905 ;t0,874 

1,015 -o,304 
;t0,552 ;t0,5I2 

OCt 
Nl\. 
l.nCX> 

u 

)B" 

. , 

0,474 
;t0,22I 

-o,589 
;t0,191 

-o,688 
;t;O,Z39 

-o,438 
j;0,2'l2 

-1,696 
;t0,379 

2,057 
;t0,979 

-o,606 
;t0,462 

·I+ ,_. 
0• 

0~ 
\11 1-< 

"" 

.. . ' 

-Q,j51 
;tO,Z32 

-o,43l 
;tU,252 

1,531 3,259 

•,. 

1,!l03 

•, 

2,212 

• . 

;t0,948 ;t1,239 ;t0,7!:16 ;t0,6I3 
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Peaxuu c'' ( 1, o
1 

)t/1' 

E, M•a •• . ' .. •• .. a, • ~ 
0,67 0,202 -o,066 -o,006 0,!78 

,tO,OIS ,tO,OI3 ,tO,OIB ,tO,OI6 

0,77 0,2!! -o,I03 -o,oss 0,!07 -o,066 
±0,028 ,tO,OB4 ,t0 104I ±0,035 ±0,025 • .. 

0,86 0,3.5Z 0,038 0,226 0,!76 -0,!26 
±0,025 ,tO,OOO ,t0,025 ±0,025 ,tO,OI3 

I I 
~- - £,1'/.1) -0,96 0,473 -o,I46 0,203 0,070 -o,293 0,070 

C"ft.P.IC'" ,t0,056 ±0,!24 ±0,!46 ,t01 I35 ±01!0! ,t0,054 ~ 

!,06 0,962 0,287 0,450 0,737 0,082 
±0,082 ,t0 1I23 ,t0 1 I43 ±0,!23 ,t0,092 

--· 
-o,032 

~ 
I,IO 0,2!6 -o,OOB 0,!3! -o,Oli! 

±010II ±0,0!4 ,tO,OIS ±0,0!4 ,tO,OI7 I - """ - - - 0111 

£,(1116) 

!,IS 0,075!:1 0,0008 0,042! O,II52 0,0496 0,0828 

C 
12 (t, p)C 

1
• 

,t0,0075 ,t0 10!87 ,t0,0225 ,t0,0243 ,tO,OISO ±0,0!22 . I· I pH Co 1. .D.aqxpepeanaanbHble ce'!eHHH peaKIIHH no.n yrno1 . 
I,23 0,0808 0,0070 0,0097 0,!089 0,0404 0,04!3 

±0,0220 ±0,0554 ,t0,0685 ±Q,0659 ±0,043! ±0,0272 . . 
I,4I ,0,!58 0,022 0,084 0,031 0,173 0,062 

,tO,OI5 ;t0,017 ,tO,OOO ,tO,OZS ,tO,OD ±O,OlZ 

!,57 0,130 0,0!4 -o,010 -o,II3 0,074 
±0,0!3 ,t0,017 ,t0,028 ,t0,023 ,tO,OZO 

12 
13 

• ~- ,\' ,.,.II{. 
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0 
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I Jl I 1,. 

Ta6nKua Ill 

PeaJtUBR Cu ( t, a 
1 

JB'1• 

. ' ., •, .. •, • ~I I !' "{I ii I ... '2 -o,066 -o,006 0,178 I -
015 ,tO,OI3 .t<J,OIS ,t0,016 

II -o,103 -o,oss 0,107 -o,066 
028 ,t0,054 t;0 1041 ,tO,OSS ,tO,Ol5 

0,088 0,226 0,176 -o,I26 • ... I 1/ I \ I I I ll I I" 

.t<J,OOO ,t010Z5 ,t0,025 ,tO,OI3 
' ' -,1 I I . I .I 

... _ .. 
t.'T:IJ -D,146 0,203 0,070 -D 129S 0,070 

C,.(t,P.)C"" ,t01124 ±01146 ,t01135 ,t01101 ,t0,054 
I I I 

0,287 0,450 0,737 0,082 
t;0 1123 ,t0,143 ,t0,123 ,t0,092 

II. I I~ J ~ :11. 

-o,osz -o,ooe 0,!31 -o,0~1 
,t0,014 ,t0,018 ,t0,014 ,t0,017 II ""' """ 100 """ - -(.(IIJI) o,oooa 0,0421 O,II52 0,0496 0,0828 

C 
12

(t, p)C 
14 

non yrnoM 90° B n.c. 
t;0,0187 ,t0,0225 ,t0,0243 ,t0,0150 ,tO,Ol22 . 

~~I 
pH C, 1. Ll.a~P~PepeauaanbHble ce'!eHHSJ peaKUHH . . 

:'i·! 

0,0070 0,0097 0,1089 0,0404 0,0413 
,t0,0554 ,t0,0685 ±Q,0659 JP 10431 ,t0,0272 

0,022 0,084 01081 01178 0,062 
JP,017 ,tO,OOO JP,025 ,tO,OD ;t0,022 
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