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B nocne,IJ;HHe ro,IJ;bl peaKIL"!i.ll II B (p, 3 a) HHTeHCHBHO H3y'la
nacL B o6nacTH Manhlx :meprnii:npoTOHOB /I-4/. HacTO.IIll\a.ll 
pa6oTa .IIBn.lleTC.II npO,IJ;On)l(eHHeM paHee BbiDOnHeHHbiX HaMH 
nccne,IJ;oBaHHH peaKILHH II B (p, 3a) /s/ B o6nacTn pe3oHanca 
npn E =3,75 M3B, 'ITO cooTBeTcTayeT ao36Y*.IJ;eHHIO 
COCTO~HH.II COCTaBHOro .II,D;pa 12 C C :meprneii: 19,39 M3B. 

3KcnepnMeHTanLHLie pe3ynLTaTbl cpaBHHBaiOTC.II c pac- · 
'leTaMii, BbiDOnHemiLIMH no TCOpHH MHOro'laCTH'IHOrO p&.CCeH
.HHH c y'leTOM nonapuoro B3aHMO,IJ;eii:cTBH.II ac_ex Tpex a - qac
THIL, o6pa3YIOIILHXCH B KOHe'IHOM COCTOHIIHH. TaKHe H3Mepe
HHH H aHanH3 ,IJ;n.ll :HOH o6naCTH 3HeprHH npOTOHOB BblllOnHe
HLI anepnhle. 

TEXHHKA 3KCIIEPHMEHTA 

3KcnepHMeUTbl DpOBO.IJ;HnHCb Ha 3neKTpOCTaTH'IeCKOM 
reHepaTope 3r-s Jia6opaTopnn HeiiTponHoii !}JH3HKH OHJIH. 
HcnonL3oaanncL caMono,IJ;,IJ;ep)KHBaiOll\Hec.ll MHWeHH H3 6opa 
TOniiLHHOIO 50 7 80 MKZ/CM 2 , nonyqaeMble DyTeM pacnLI· 
neHHH 6opa ecTeCTBeHHOrO H30TODHOrO COCTaBa C llOMOll\biO 
3neKTpouuoro ny'la. PerncTpaiLHH a -qacTHIL OCYll\eCTBnH
nacL !~peMHHeBLIMH nonynpoBO.IJ;HHKOBLIMH ,IJ;eTeKTOpaMH. AnH 
H3Mepeunii: .IJ;BYXMepnhlx cneKTpo·a ncnonL3oaanc.ll 4096-Ka
HanLHLIH auaiin3aTop c pacnpe.IJ;enenHeM Kauanoa 64 x 64 
B pe)KHMe "aMnnHTy,IJ;a-aMnnnTy,IJ;a". 

HMnynLCLI oT .IJ;eTeKTopoa no,IJ;aaanncL ua npe,IJ;aapHTenL
Hhle ycnnHTenn c pa3.IJ;enLHhiMH TpaKTaMH ycHneHH.II. "Me.IJ;
nennLiii:" TpaKT - ,IJ;nH H3MepeHHH cneKTpa, "6LICTpbiH" -
.IJ;nH oT6opa coana,IJ;eHHii:. 0T6op coana,IJ;ennii: o6ecne'lnaanc.ll 
c noMOIILLIO npeo6pa3oBaTen.ll "BpeM.II-aMnnnTy.IJ;a" B npe,IJ;e
nax 5-:-12 HCeK. EnoK-cxeMa 3KcnepnMenTanLHoii: annapaTy
PLI noKa3ana na puc. 1. OnncaHHe MeTO.IJ;HKH H3MepeHnP. 
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Puc. 1 . .5AoK- cxeMa 3KcnepuMeHmaAbHOU annapamypbJ. 1 -
c)emeKmopbl,, 2 - npeoeapumeAbHbJe YCUAU1fleAU, 3 - OCHOBIIbJe 
ycuAumeAu, 4 - 3KcnaHoepHo- nopozoer.ze ycmpoucmea, 5 -
AUHeUHbJe cxeMbJ nponycKaHUJI, 6- 3MummepHbJe noemopumeAu, 
7· - npeo6pa3oeameA& "epeMJI~ aMnAumyoa ", 8 - AWIUJI 3a-

. oepJICKU, 9 - ou¢¢epeHt.JUaAbHbJe OUCKpUMUHamopbJ, 10 - cxe
Ma coenaoeuuu, 11 - oeyxMepHbJU aHaAU3amop. 

H HCKOTOpble ,D;CTaJIH 3KCHCPHMCHTaJihHOH TCXHHKH CO,D;ep

»eaTC51 B pa6oTe /5/ • 

MeTo,D;oM i,D;ByxMepnoro ananH3a H3Mep5InHCh 3HepreTn

qecKHe . CHCKTpbi COBITU,D;CHHH ,D;BYX a - 'IUCTIIU /H3 Tpex, 

o6pa3yiOI.UHXCH B peaKQHH/ npH pe30HaHCHOH 3HeprHH npo

TOHOB- E P =3, 75 M3B ,D;n51 pa3nH'IHhiX KOM6mm:.~;n:E yrnos 

. Bhlll~Ta nepDOH a -qacTH:Uhi ( E)f) H BTOpOH a -qaCTHUhl 

( El 2) : El e = 70° . El e -50° 60' ~0° 80? 90° 100° 110° 120° 
1 ,, 2- ' ' ' ' ' ' ' ' 

181 e_ 90 o. 
u l- ' 

El ~= 110 °; 

130°. . 
e ; = 50°, 60° , 70° , so o, 90°, woo , uoo, 120°, 

El£2=50°,60°, 80°·. 

3,D;ecL n: B ,D;anLnei!weM B pacna,D;e 12c na TpH a -qac

TH:Uhl a - qaCTH:UY, perHCTpHpyeMyiO nepBhiM ,D;CTCKTOpOM, 

0603HaqaeM HH,D;CKCOM 1, BTOpbiM ,Il;CTCKTOpOM - HH,D;CKCOM 2, 
TpCTbiO, HeperHCTpHpyeMyiO, - HH,D;CKCOM 3. 

Ha puc. 2 noKa3aH ,D;BYXMepHbiH cneKTP a- a- COB~Ia,D;eH~:ll 

Hero npoeK:unnna ocn E 1H E2 ; Ep =3,75 M3B,Eli =70 , 
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Puc. 2. ,l(eyxMepHbJU cneKmp a -a- coenaoeHuu U3 peaKI-IUU 
liB ( p, 3 a ) . N - 'IUCAO coenaoeHuil e ooHOM KaHaAe aHa
AU3amopa. N k- HOMep KaHaAa, E?3, E31, E12 -omHocumeAb
HbJe 3Hepzuu coomeemcmeyroweu napbJ a - 'laCfUI-1 e 3aeucu
Mocmu om 3Hepzuu nepeou a - 'lacmUI.IbJ (E, ) Ri j (O+ ) u 
Rij (2 + ) yKa3Mearom Ha .I)OAoxeHUJI pe3oua!!coe B3auMo

oeucmeuJI nap a - 'laC1!1UI-I 1] 6 OCHOBHOM (0 ) U nepBOM 
eo36yxoeHHOM ( 2 "") cocmoRHUJIX 8 Be. YzAbJ Eli u 82 omc'lu
mbJearomcJI om HanpaeAeHUJI naoa10111e.zo ny'IKa npomoHoe, E>t
e eepxHeU noAycffiepe, @ 2- 6 HUJICHeii. 

e J-=90° . Ha 3KCnepHMCHTanhHble TO'IKH Hanecena pac

C'IHTaHHaH ,D;HarpaMMa ,ll;anu:ua. Ha 3TOM >Ke pucynKe BHH3Y 

cneBa nanecena KHHeMaTHKa TpexqacTH'IHOH peaKIJ;HH, pac-, 

C'IHTaHnaH .D;nH ,D;annoro cnyqag na 3BM 1i3CM -6. 
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· 3KCIIEPHMEHTAJihHh/E PE3YJihTAT.bi H HX 
AHAJIH3 

Pe3ynLTaThl H3MepeHHii npuae~e:Hhl ua pHc. 3-7. 
Ha ocHoae o61l(eii TeopHH MHoroqacTHqHoro pacceJI~' 

H MeTO,I(a CyMMHpOBaHHJI HepenJITHBHCTCKHX ~arpaMM 6 

6hln pa3BHT llO~XO~ K H3yqeHHIO MHOroqacTHqHbiX JI,nepHbiX 

peaxnuii, npoTeKaiOII(HX qepe3 cTa~ro o6pa3oBaHHJI cocTaB

Horo JI~pa /7-8/. II pH TaKoM no~xo~e aMnnuTy,ny peaxnuH 

p+11B ... 12 c (E*,J")-+3a c yqeToMnonapHoroB3aHMo~eiicT
BHJI BCeX Tpex a -qacTHn B KOHeqHOM COCTOJIHHH MO)KHO 

3allHCaT!. B BH~e: 

T(E*, £2'3, £~ 1 , £12 ) = const X 

£23LI £23LI 
{I [a23(E23)+I B£ La3I(E31)+I B£ L a12(Etil+ 

L1 L2 £31 31 2 L3 £12 12 3 

£~ 1. L 2 f'31 L 2 
I [a3t(E31)+I B £12L 3a12(E12) +I B £

23
L

1 
a2aE23)] + 

L2 L3 fl2 Ltf23 

fi~3 fi2 L3 
I [a12(El2)+I B£ L a23(E23)+ I Be L a31(E31 )]I, 
L 3 L1£23 23 I · · L:/ 31 31 2 

r~e E *- 3HeprHJI B036y~eHHJI, 1 TT - cnHH H qeniOCTL co

cTaBHoro u JI~pa; a i i · - ~ayxqacTuq~hle aMnJIRTY~hl a -a -
B3aHMO~eHCTBHJI; f i j - op6HTanLHhiH MOMeHT OTHOCHTenL

Horo ~BH)KeHHJI a -qacTHn i H j ; L k- op6HTanLHhlii :Mo-
'-1- ,, 

MeHT ,I(BH)KeHHJI a -qaCTHnhl C HH~eKCOM K OTHOCHTellLHO 

. . e~. ,L k 
neHTpa MaCC a -qaCTHn 1 + J ;8 11 H 

£jk • L i 

e* .. , L k ~ 
B IJ - K03'l'-

£ki'L j 

«l>unueHThl nepexo~a oT 6a3uca, onuchiBaroll(ero ~aHHyro Tpex

qaCTHqHyiO KOH«i>HrypanHIO [ ( i, j) * k), K 6a3HCaM, OllHCbiBaiO

lllHM BCe B03MO>KHble COCTOJIHHJI ~BYX ~pyrHX KOH«i>Hrypanuii 
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Puc. 3. CneK111Pbl coenaoeiluu oeyx a - 'IQCIIIUij upac<~e111 ce<~e
HUU OAR. pa3AU<~HbiX 3Ha<~euuu cnuua . <~emuocmu ROpa 12C . 
1 TT = o+ - wmpux- nyHKmup; J" = 1- ;. nyuKmup; J" = 2+ -

cnAOWHQJI AUHUR; J TT = 3 -- 60UHOU W111PUX- nyHK1!1up; J TT = 
= 4 + - wmpuxoeauuaR AUHUR. · 

[(j,k) i) H [(k,i) j), npHqeM i,j,k =2,3,1; 3,1, 2; 1,2,3 /5,8/;. 
E i ( OTHOCHTenLHaJI 3Heprng COOTBeTCTByroll(eH napbl a - . 
qacTHn. 

3HepreTHqecKHii cnexTp a-a -coana~eHHii, xorAa B03-

MO>KHO pe30HaHCHOe B3aHMO~eHCTBHe nap a -qaCTHn B co

CTOJIHHJIX C onpe~eneHHbiMH op6HTallbHbiMH MOMeHTaMH q 
3 
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Puc. 4-7. CneK111Pbl coanaoeHuii c)ayx a - 'lQC111Utl u pac'lem 
ce<~eHuii OA.R pa3AU'lHbZX 3Ha'leHuii cnu11a u <~emHocmu . .Ropa 

12 C. 06o3Ha'leHU.R pac<~emHbZX KpuaMx maKuexe, KaK uapuc.3. 
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fj 1 H fj 2 , paBHLIMH 2 /T.K. rrepBOe B036y)K,nCHHOe COCTOJIHHC 
8 Be HMeeT CIIHH . H 'ICTHOCTL J "=2 +I, pacc'IHTLIBancg· no · 

· dJopMyne: 
d 3

a 
= F (PS) I T I 2 

' 
dE~do 1 do 2 . 

r.ne F ( PS) - IIJIOTHOCTL 4Ja3oaoro rrpocTpancTBa, CBJI3auuag 
,nm1 ,naHHOH peaKUHH C 3JICMCHTOM dJa30BOrO 06'LeMa COOT
HOWCHHCM • B3JITLIM H3 pa60TLI /9/; dO I H dO 2 - 3JICMCHTLI 
TCJICCHLIX yrJIOB IIepBOrO H BTOporo ,neTeKTOpa, COOTBCTCT
BCHHO. 

B o6nacTH pe3ouaucuoro a-a -B3aHMo,neiicTBHJI B D
COCTOJIHHH ,nByX'IaCTHIJHLie aMIIJIHTy,nLI aij 6paJIHC.b IIpOIIOp
UHOHaJILHLIMH H3BCCTHOMY B.bipa)KeHmo lipeiiT- BHrHepa. 

IIo dJopMynaM, rrpuae,neHHLIM BLime, 6LIJIH paCC'IHTaHhl 
.nudJdJepenuuanLHLie celJeHHJi ,nng pa3JIH'IHLix· KOM6Hnauuii 
yrJIOB 81 H@ 2 3Ha'ICHHH CIIHHa H 'ICTHOCTH COCTaBHOrO g,npa 
12C J "= 1- ,2+,3- ,4+. 

Pe3yJILTaTLI pacqeToa cpaBHHBanucL c 3KcrrepuMeHTanL
Ho H3Mepeunoii dJopMoii cneKTpa a -a - coana.neuuii. 

TaKoe cpaBUCHHe IIOKa3LIBaeT, 'ITO Bbi6paUHaJI MCTO,nH
Ka pac'leToB xopomo aocnpoH3BO,nHT xapaKTep cneKTpa 
coana,neuuii B npe.nnoJio)KeHHH 3HalJeHHJI cnuua H 'leTHOCTH 
YPOBHJI COCTaBuoro Jl,npa /19,39. M3B/ J rr = 2+ ·· Xopomee 
cornacue c 3KcnepHMeHTOM ,nng 6onLmoro ua6opa KOM6H
nauuii 8 1 H@ 2> KOr,na dJopMa CIICKTpOB COBna,neHHH CYJUCCT
BCHHO MCHJICTCJI, ,nenaeT onpe,neneHHe CIIHHa H 'ICTHOCTH 
,nOCT'!_ZO'IHO ua,ne)KHLIM. 

B 3·aKmoqeuue aaTopLI Bhlpa)KaiOT npH3HaTeJILHOCTL 
C.C.IIap)KHUKOMy, H.ll.JIHHLKoay, , A.,U.Boponoaoii, 
~.ill.XaMpaeay 3a OKa3aHHYlO IIOMOil(b B npoBe,neUHH 3KCne
pHMCHTOB, rpynne 3KcnnyaTauuu 3r-5 no.n pyKoao,ncTBOM 
M.A. qenyp'leHKo - 3a o6ecneqenue 6ecnepe6oiiuoii pa6oTLI 
YCKOPHTCJIJI. 
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