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OHIWI XAPAKTEmCTHKA PAEOTU 

Altqa,m,HoCTe nccJie,noB8.llliit R,I!,pO-R,I!,epHmc BaanMo,l{eiicTBl!it npn peM
THBHCTcKHX aHepr:runc COCTOHT np~e Bcero B B03MOlKHOCTH o6HapyxeIUISI 
H nsyqeHM ~9KTOB, He npOJlllJilIXll\IDCCJl B a,Iij)OH-8,Iij)OHHHX CTOJIKHOB9HMX. 
K HHM OTHOCJlTCJl, Hanp:l!Mep, B!l6HBaHH9 H3 R,I!,9p npoTOHBAm 6UCTpllX R,I!,9p
HllX ~parM9HTOB* H xyMyJilITHBH09 po,!(,It9HH9 1:1acTmt*. JleJKalllll9 B OCHOB9 
aTHX RBJI9HHH npoueccu paaurpUBaIOTCJl Ha OTHOCHT9Jll,HO MaJihlX paCCTORHH
ax,n OTKpllBa9TCJl B03MOJKHOCTl, HCCJI9,D;OBaHHR oco6eHHOCT9H R,I!,SpHOH CTJ}Ylt
TYPH Ha MeJKHYRJIOllHWC paCCTORHMX IlOpil.ZU,a pa,zuryca KOH~aHHM8HTa, r.1{8 
KBapKOBU9 ~9KTU ,l{OJilKH!i nrpaTL onp9.1{9JilIIC11lYIC) pom,. 

Bonpocu CTJ}YltTYPU R,I!,9p Ha MaJIHX pacCTORHHH.X TeCHO nepenJieTruoTCR 
C npo6JieMoi! CYllleCTBOBaimJ:l ,!Ud6apHOHHHX pe30HaHCOB, npe,ncKa3HBaSMWC Jlll
,noM TeopeTmecKHX Mo,neJiett. BHyTpH R,I!,ep 3TH M8.J!OnyKJIOHHU9 CHCTSM!l RB
Jlll!OTCR BHPTYaJU,HllMH, H R,I!,pO-R,I!,epH118 CTOJIKHOBSHHR npe.nocTaBJilIIOT pasHO
o6pa3HHe B03MOJKHOCTH ,Il,1lR IlOHCKOB 3THX.rHITOTSTHqecKHX o6~eKTOB, 

H, HaKOHeU, TOJibKO.B orruTax C R,I!,paMR y,naeTCff HCCJIS,D;OBaTl, poJK,ne
IIBe H B3aHMO,nei!CTBHe B R,I!,epHott cpe.ne H9CTa6HJil,HHX KOpoTKOl!WBYJIUiX coc
TMHHH, TaKHX KaK, HanpHMep, a,Iij)OHHH9 pe30HaHCU, HH~OPMar.uut O napa
M9Tpax B3aHMO)t9HCTBM KOTOpllX C nyKJIOHaMH H906XO)tHMa ,Il,1lR npoB9pKH 
pa3JIH'!HUX KBapKOBl:lX MO)t9JI9H, 

Oco6oe M9CTO B 9TliX HCCJI9)t0BaHHRX OTBO)tHTCR )t9HTpoey. RBJIRRCl, 
npocTefunHM COCTaBHUM R,I!,pOM, .nettTpoH npe,ncTaBJUI6TCJl y,no6HHM o6MKTOM 
RaK ,II,1lll anpo6runm pa3JIHqHUX no,nxo,noB K OilHCaHHJO CTPYKTYPll H M9xaHH3-
MOB B38IDII0,1{9HCTBHH peMTHBHCTCKliX COCTaBHUX a,IUJOHH!lX CHCTBM, TaK H 
,I1,11R noncKa HOB!lX JlBJI9HliH. 

lleoe pa6gTH - aKcnepHMeHTaJU,Hoe nccJie,noBaHHe HMIIYJILCHWC cneKT
poB BTOpll'lllliX npoTOHOB n .nettTpoHOB, Bll~9TaJCIIIHX no.n yrJIOM 0,139 pa.n 
rrpli B3aHMO)t9i!CTBHH .Jt9HTPOHOB C liMIIYJll,COM 9 raB/c C si:.npru,!H BO)tOpo.na, 
.nettTepHR H yrJiepo,l{a; aHaJili3 BKJia,nOB OCHOBHllX M9XaHH3MOB, npHBO'AfflllHX 
R ~parM9HTaunH peMTHBHCTCKHX .nettTpoHOB Ha BO,l{Opo,ne; oueHKa napaMeT
poB 8MIIJIHTY.l{ll ynpyroro pacceRHHR nyKJIOHHUX pe30HaHCOB Ha H-yRJIOHax R3 
,naHHUX IIO peaimrut d+p.+d+N•. 

HoBHSHa pa6ow 
l. BnepBUe HMITYJibCHU9 CII9KTpll BTOplPilillX rrpOTOHOB, o6pasymuucca 
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c 6W!l,IIIEMli nonepe'!HllMH m.myJU,cru,m B npouecce WpaI'M8HTa.t:Um .n;eih'poHoB 
c m.my.riI,coM 9TuB/c Ha R,Iij)8.X Bo.n;opo.n;a, .n;effTepM H yrJiepo.n;a, HSMepeHll 
c m.mym,clillM paspemeH:HeM ---roo MaB/c no-q,rn .n;o KIIHeMa.THtiecKo:ii ~ 
RX HCnyCKaHHsl •. 

2. IIpoBe.n;eH COBM8CTHHH'aHaJIH3 OCHOBHHX M8XaHH3MOB, npHBo,wmimc K 
wparMeHTa.t:Um pe.,mTHBHCTCK.HX .n;eih'poHoB Ha Bo.n;opo.n;e. 

3. Bnepwe B IIHTepBa.ne m.mym,coB 5,5-9,0 raB/c no.n; yrJioM 0,139 pa,!{ 

lisMepeHH ru.m:ym,cHUe crreKTpu . · BTOPifl!HliX .n;e:iiTpOHOB, ncnycKaeMWC B 
pesym,TaTe B3aHMO,IJ;8HCTBR/i .u;eih'pOHOB C m.myJll,COM 9 TaB/c c·JJ.lU)aMII BO
.n;opo,na, .u;effTepM n yrJiepo.u;a. 

4. Ha OCHOBaHHll aHaJIH3a no.ny-qeHHWC ,IJ;aHHl:lX O C8"48Hll/IX B036~eHR/i 
ayKJIOHHWC p830HaHCOB B pearo.um d+p+d t N. B paMKax MO.n;8JIH MHoroKpaT
HOro .IUJJi>paKI:tHOHHOro paccE!JIIDISI C.D;eJiaHli OU8HKH napaMeTpoB 8MIL7lllTy.u; yrr
pyroro paCC0Jilillll ayKJIOHHliX peSOHaHCOB Ha ayKJIOHax. 

Haywtag H npaRTHtI8CRaJI ll8HHOCTI,. IIo.ny-qeHH HOBli8 3Kcnepl!M8HTaJII,
Hli8 .u;aHHHe o cneKTpax npoToHoB, o6pasYJCl!lllXCH B npouecce wpa:rMeHTa.t:Um 
p0JIR:THBHCTCK.HX .u;eih'poHoB B YCJIOBRIIX, Kor.u;a npHMeHllMO m.myJII,cHoe npH-
6.nmteHHe. <Pop,ra BllCOKom.mym,cHott -qacT.H cneKTpa npoTOHOB, ncnycKaeMWC 
C 60Jibm:m.m·noriepetnruMR mmyJII,CaMH, onpe.u;eJDI8TCH B OCHOBHOM BHYTJ)8H
Hett CTPYKTYI>Oil .nettTpoHa. AHa.ims M8XBHHSMOB WparM8HTa.t:Um C B086y,J{,lteHH-
8M IlllOHlWX CTeneHeil CB06o.u;u - OCHOBHHX WOHOBWC npoueccoB K 
m.mym,CHOMY IIpH6Jm.lit8H.llJO - IIOKasa.n, ."4TO llXBKJI~ npeBimiaeT 30% TOJII,KO 
B ysKoil o6JiacTH m.myJU,cHorocrreKTpa oi- 4,8 .u;o 5,4 raB/c.IIoaToMY no
.nyqeHH!le pesyJILTaTH MOryT 6llTI, llCIIOJII,30Ballll }J.JISI npoBepKll pa3.7III'IHWC 
TeopeTu-qecKwc Mo.n;e.i:reit, oIIHcu~ BSBl!Mo.n;ettcTBRe11 CTPYK'J!YPY p0JDI
TllBllcTcKoro .u;eih'poHa. B paMKax peJDITHBllCTCKOii Mo.n;eJm '1t8CTIGIX CTOJIKHO
BeHIDI: ll3 W8HOM8HOJIOrll"48CKOtt CTpyxTypHoil w~ .n;eilTPOHa Hail.u;8HO llM-
llYJll>CB08 pacrrpe.n;8JI8Hll8 HyxJIOHOB B .n;eilTpOH8 •. 

. IIo.nyqeHH HOBH8 :mcrrepHM8HTaJII,Hl:l8 ,IJ;aHHli8 0 CII8KTpax .n;eih'poHOB OT 
d ..:.p , d-d n d-C BSaHMo.n;ettcTB:idt. IIpoBepeHa npHMeHHMOCTl> Mo.n;eJIH 
MHoroKpaTHoro paccerutM B c.ny-qae yrrpyrwc d-p , d-d H KBa.Seynpyro
ro d-d pa.ccemmff B o6JiaCTH SHa-qeIDnf KBa,IU>aTa nepe.n;aHHoro -qeTHpeXHM
nym,ca ltl ~I ,4(raB/c)~ Orrpe.n;eJieHll ce-qeHM Bos6~eHRSI ayKJIOHHHX peso-• .· . 
BaiiCOB B pea.KUHR d +p ➔ d + N npR 9 TuB/ C • 

PesyJI1>TaT11, IIOJJY1!8HHll8 · B pa60T8, MOryT, 6!lTl, HCIIOJll,30BaHli npn 
IL1IaHHJ)OBaHHR R npoBe.n;eHHH 3KCII8pllM8HTOB B 06JiaCTll peJIR:TllBllCTCKOff 
H,D;8pHOH Wll3RKH, a Ta.Kllt8 .n;JIR:.pa3BllTR/i KBapKOBWC MO.D;eJieff ~HOB R 
H,D;ep. 

.AJ3Top sammnaeT: 
I. P83YJll,TRTli paspa60TKH, C03.D;aHll.f! H 8Kcnepm1eHTaJII,HOro HCCJI8-

,Il;OB8liHSJ XB.paKTepHCTllK CHCT8Mli npono~OHaJil,Hl:DC KaMep MarHHTHOro 
CII8KTpOM8Tpa MAC!MK • 
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2. HsMepeHH!le C IIOMOllll,JOMarHHTHOro cneKTpOM8Tpa mmyJII,CHliecneKT
Pll npOTOHOB R .n;ewrpoHOB, HCIIyCKaeMWC no.n; yrJIOM 0,139 ~ llO B3anMO
.n;ettcTBllSIX .u;ettTpOHOB c mmyJU,COM 9 raB/c c .fI.lUl8MH BO.n;opo.n;a, .n;eilT8plm H 

yrJiepo.n;a. • 
3. PesyJII,TaTli aHaJIHSa BK~OB npo~eccoB C B036YJK,IJ;eHHeM IIHOHlillX 

CT8II8H8ff CB060,IJ;U B mmyJU,CH!lil CII8KTIJ npOTOHOB OT WparM8HTa.t:Um .n;eilTpO
HOB Ha BO.n;opo.n;e. 

4. P83YJII,TaTli npoBepKH npl!MeH.HMOCTH MO,Il;8Jlll MHOIOKpaTHoro paccM
Hll.fI )I,J1R. OIIHCaHH.f!, yrrpyrwc d-p, d-d ll KBasnynpyroro d-d paccMHHff np:ir 
9 raB/c B o6JiacTB nepe~a-qltl~I,4(faB/c) 2• 

5. IIo.ny-qeHHHe ,Il;aHHlie O C8"i8HllSIX B036YJK,IJ;eHR/i ayKJIOHHIDC pesoHaH
COB c Ma.CCaMH I,4I; I,52 n I,68 raB/c J3 peaKI~x d+p➔ d+N• np:ir 
8,9 raB/c rro.u; yrJioM O,I03 p~ n npH 9 TaB/c no.n; yrJioM 0,139 ~-

. . . 
6. ~8HKY napaMeTpOB 8MIIJIHTy-,IJ;U ynpyroro N-N paCCMHll.fI ll3 aaa-. - . . 

.mrsa ce-qem B036YJK,IJ;8HH.f! N B peaKIUUIX d+ p-d+ N B MO.n;eJill MHoroKpaT-
HOro pacceHHR.f!. 

Anpot'Sa1ma ;pa60Tll H ny<5mamm. 0CHOBHli8 p83YJII,TaTll, H3JIOJK8HHll8 
B .n;HccepTan;mI, .n;OKJia,Il;llBaJIHCL Ha HaytUWX ceMl!Hapax Jia6opaTopmi Ollilli, 
Ha IX EBponettcKofi KOHql8p8HWffi no npo6JieMaM H8CKOJII,KHX TeJI B ~H3RK8, 
Ha MElJ!t,ll,YHapo.n;HoM ceMHHape no npo6JieMaM ~HSRKH wcoKHX aHeprnn (JIY6Ha, 
1986), Ha BcecOID3HOM cm.mosnyMe IIO ayKJIOH-ayKJIOHlillM H ~OH-H,D;8pHliM 
B3anMO,D;efiCTBH.f!M npH IIpOMe,eyTO'lllllX 3H8PI'H.f!X (faT"4.HHa, 1986) H Ha cec
Cll/IX OT.n;eJieHMJI,D;epHofi w:irsRKH AH CCCP (MocKBa,1986, 1987, 1988). 
Ilo pe3YJII,TaTaM BllllOJIH8HHllX HCCJI8,D;OBaHllil ony6JIHKOBa.HO II pa6oT, CIIH
COK ROTOplDC.IIpHB8.D;8H B K0.~0 aBTopewepaTa. 

CO,Il.EPJKAHJIE PAEOTH 

Bo BBenemm o60CHOB!lBa8TC.fI 8.KTy-aJll,HOCTl, HCCJI8,Il;OBalrnit B3aHMo.n;e:ii
CTBlltt peJDITllBHCTCKHX .n;ettTpOHOB C H.n;PaMH,· PaccMaTpHBB.IOTC.fI TeopeTJille
CKHe Mo.n;e.mr, llCIIOJll,3Y8Mll8 )I,J1R. OIIHCaHH.f! BIJYTpeHHefi CTPYKTYPll peJI.f!TH
BllCTCKHX .n;efiTpOHOB H M8XaHll8MOB HX :aaruwo.n;efiCTBlill C H,D;paMH. Co.n;ep,KHT
C.f! o6sop 3KCII8pHM8HTaJII,HliX ~arurnx O Wpa!'M8HT~H .n;effTpOHOB B npoTOHli 
HO KorepeHTHliX B38.HMO.n;effcTBRRM .n;eih'poHOB C .f!.n;paMH, no.ny-qeHHllX K MO
M8HTY IIOCTa.HOBKH 3KCnepl:lM0HTOB, <rop.zy'JIHpyIOTCH U0.11ll OIIHCaHHllX B .n;HC
cep-r~ HCCJI8.D;OBa.HHff. 

B nepBOll r~aBe onnca.Hbl· IIOCTaHOBKa H M0TO.n;HKa npoBe.n;eHll.fI 3KCIIepn
M8HTOB no llSMepeHillO HMIIYJILCHliX CII8KTPOB BTOPH'IlillX -qacT~. o6pasylCl!lllX
CH no.n; yrJIOM 0,I39 ~ BO B88.ID,10,IJ;8ilCTBH.fIX .n;eilTpOHOB c m.myJII,COM 
9 raB/c c .fI,D;paMH Bo~opo~a. ~eih'epM n yrJiepo.n;a.UsMepeHR/i npoBO.n;HJIHCL 
Ha Cruuq:Jo:p8.30TPOH0 Ollilli C noMom:i:,m MarHHTHoro cneKTpOM8Tpa C IIPOBOJIO"i-

3 



HHMH IlpOIIO~OHaJII,HllMR RSM0:paMK Ha ~ C 31W EC-IOIO. CXeMB. 8RCII0-
pm.1eHTa noxasaaa Ha J)Hc.I. 

-

·c• ,:· ~,CC C C~.C. M :;__4,~. • 

~~oY.ir.™~ 
PHc.I. CXeMa 8KCII0pEM8HTa. 'l' - MHlll0Hl,, 

Mr - MOHHTOpi ny,ma, Ml +M3 -. MaI'IDITH, 
CQ+C7 - CllHHTHJIJJJlltllOBIW8 C'l8T1DmH, 
Ill{l+Ill{lQ - llpOBOJlO1IHH8 llpOIIO~OH8Jll,Hli8 R8M8pu. 

Il'y'IOR BliB8,l\8HHllX H3 CllllXpC$lsO'rp()Ha ,11;eitTpoHOB ne.na.n Ha Mmll8HH 
H3 ClJ.:a, CDz H C, YCT8HaBJWBa8Mll8 IIOO'l8pEW¾O B. HOHOilpOB0,1\8 MQM8H
HOro BHBQAa ny,ma. 0THOCHT8Jll,HO8 MOHHTOJ>HI)OBSHH8 KHT8HC:Bl3HOOTH ,11;elT
poHHoro ny,ma llpOHSBO,ll;MOOb B IIOMOJIII,ll 1J1IYX T8JI8CROIIOB O!lHHTHJfJilm;HOH
HllX O'l8T'lm(OB, Hanpal3JI8HHWC Ha OT,11;8Jll,HYJJ MOHHTOPHYJJ Mm118HI,. 

BToplAHl,le- 'laOTEnl:i, HonymeHHHe no,11; yrJI.oM O,I39 pa,tt, perHoTI>HPO-
BaJI.Hoi. OllHHTll'JJJIIUntOHH!,WH O1I0Tlllm8Ml! C0-C4 H llpOIIO~Ol!a.7II,HJ:D,ff KaMe
paMH Ill{l-IIICTO. T8.7I8OH1lfl: yrOJI OOHOBHOrO IlJI.8'la OII8RTpoM8Tpa Onp0,l\8JULJ!-

0Ji pa3M8paMH OllHHT~OHHWC C'l8T'IHKOB CO H C4. CHI'HaJJH OT OllHH
Tll'JJJIIUntOHHWC O1I8T1llll<OB HOIIOJI1,3OB8JIHCl, lJ)m Blilpa6OTKH "TpH!'repa" yoTa
HOmra H B HSM8p8HWIX Bp0M8HH np0JI8Ta p0I'HOTJ>HPY8MWC 118.0T:r,m. 

Hl.myJlbCH BTOpw:mHX 'W.CT:m:( Onp8,11;8JIJL7ll!Cl, IIO SHa'IJ8HBJIM ROOp,ll;HHaT, 
saperHCTJ>HI)OB8HHliX llpOllO~OHaJll,HHMH RSMepmm CII8RTpoM8Tpa, HASH
Hlal o nOJie B sasope aHaJIHSHpylJllero MaI'HllTa. HSMepemm OXBaTJ:CBaJm 
l!DmyJlbCH1lfl: KHT8J)B8JI BTOplfl!HWC 118.0T:m:( OT 3,3 ,1\0 9 reB/o H IlpOBO)tHJIHOl, 
B H8HSll8HHWtreoMeTpH1IeoRHX YCJlOBWDC npH H80KOJII,lCHX SHa1I8HHJ!X TOKa 
B036~8IDIJI aHaJIHSl'lJlYJlijero Mal'HHTa. STJI .B&D'lliUlll BllCS:HpaJIHOl, TSKlW 
oCSpasoM, 1ITo6H 11:acTH Cll8KTpa, IIOJJY'i8HHll8 npH 0008,ll;HHX SHa11emmx 

"TORa, lDl8JlH nep8Iqllm8llltll:8CJi Y'IJB.CTRH, H3Y8p8Hlill8 co IOO%-Hol reOM8T
J)H1I8OROI ~8KT:Bl3HOCTl,IO CII8KTp0M8Tpa. STo 6WIO HeOCSXO,IJ,HMO, 'IJTOCSH 
o6ecne1IH:Tl, IIp8.]mJIJ,HO8 "clllHBaHRe" pB.3JIH'IJHl,IX 118.CTeA CII8RT:pa B YCJlOBHIDC 

6HCTJ)Oro HSM8p8HHII BHXO,11;a 11:aGTm( C lDIIIYJII,O011. 
Oonomw:e xapaRT8pHOTmtH CII8R'rpOM8Tpa npHB8,11;8H1l B TMJlm:(8. 
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Ta6.mma 
0CHOBHH0 XapaRT0pHCTllRH cneRTpOM0Tpa 

TOJllllllla Mlllll0HII 
KOJrn'!I0CTBO B0lll0CTBa Ha nyTII 11aCTIIU 
TeJieCH1lli yroJl OCHOBHoro IlJI01Ia 
ropH30HTa.Jll,H1lli yrJlOBOH aRC0ITTaHC 
t!IICJlO RaHaJJOB ill{ 

T01IHOCTl, orrpe'A8Jl0IUUI HM!IYJlbCa 
HMTiyJlbCHoe paapemellle 
Paspemellle no BpeMelll rrpoJleTa 

~2 r/~ 
~9 r/c~ 

2,9xI0-5 cp 

0,005 Pa.ri 
~3000 
~o,2%. 

±0;5% 
±,200 ITC 

OKOH1IaT0JII,HM o6pa60TKa ,ll;aHH1lX npoH3BO'AHJlaCl, Ha 3BM CDC-6500. 
OHa BRJIJO'la.Jia B ce6R OT6op co6HTIDi no BHpa(SOTaHHHM RpHTepruIM, onpe'Ae
Jl0lill8 m.myJII,ca 11:aCTHUJ:l ITO.aJI.rOpHTMY, no3BOMKll!8MY BHpa3lITl, B 8HaJllITH-
1I8CKOfi ~oi:wre BeJm'IBHY, o6paTHy10 HMIIYJlbCY, -qepe3 rrapaM0TpH ee TpaeRTO
pHH, a Ta.roite H,Il;8HTliqlllRa.nHID 11:aCTHUJ:l no BH1IHCJl8HHOMY 3Ha1I8Hill0 m.myJlbCa 
II ,ll;aHHHM O Bp8M8lill Ilp0Jl8Ta. 

]J,TIR a6COJI10THOH HOIMHPQBKl'l IIOJIY1I8HHHX B OTHOCHT8JlbH1lX 0AHHJm8X 
,11;Il@)epeHUIIMhHHX ce~eHIDi d26'tdQdp B cne~aJlbHUX OIIHTax npoH3BO,ll;MOCl, 
li3MepeHHe H8.B8,ll;8HHOH aETHBHOCT:H flA8P 24Na B TOHKliX a.JllCMlilIB8BHX ~JII,
rax, 06JlY118HH1lX B M8CT8 pacIIOJlOR8HM Mm118H8H. 

B pe3YJII,TaTH H3Mepem BHOCHJlHCl, nonpaBKH, CBR3aHHH8 C RABPHWII 
norJiomeHHeM H MHOrORpaTHHM pacceRHHeM perRCTpHpy8MHX ~aCTJm B BemecT
B8 ycTaHOBRll, a TaIOKe C npHM8Cl,D CJIY1IaihruX COBna,n;eHIDi. 

CrreKTpH saperRCTPIIpOBaHHliX 11acTim OT BO,ll;OPQMOfi H ,11;8liT8pH8BOfi 
Mlllll8H8:11 HaxO,IUL7IHCh no pa3HOCTH cneKTPQB, ITOJlY118HHHX C Ml!lll8HJl:MH CH2, 
CC>z :H_ c. B03MOJKHM CRCTeMaTH~8CKWI OIDII6Ra a6COJlmHHX 3Ha1IeHIDi II3M0-

peHH1!X .n;ll@)epeHUIIMbHHX ce_~e~ o~eruma~TCJi B ±I5% •. , . _ . . , 
Bo BTOpo:11 rJlaB8 'AaHO OITHCaHH8 ROHCTpy!i~. T8XHMOr:im':irsroTOl3-

Jl8HHJI H xapaRTepncTHK nponopUHOHaJ!l,HHX RaMep (IlI{) MaI'lillTHOro crreRTpo

M8Tpa. 
Ilep9A aHaJllI3Hpyl(IlllIM MaI'HHTOM RCilOJII,30BaJllICl, ,IUlyXKOOp,IUmaTHH8 

I(8M8pH c Moma,n;i.ro perl'lCT~ 256x256 MNf', a IlOCJle MaI'HZTa - O,IWO- H 
,IUlyXKOOp,11;RH.aTH118 K8M8pH C pa3M8paMII pa6o"'ll!X 06JlaCTefi 448xI92 ~ lI 
008xI92 MNf'. CxeMaTH1I8CR08 C8'1J8lill0 6JIOKa rrpoBOJlO'llillX 8Jl8KTPQ,JJ;OB 'JJ)3yx
KOOPAHHaTH0:11 KaMe:pu noKa3aHO Ha pnc.2. MOR lIM98T THITOBYJO paaCSopHyIO 
KOHCTJ)YKnIDO, o6ecrretnmalCillYJO npH Heo6XO,ll;HMOCTH ,ll;OCTYII K ITpoB0:7I01IRaM 
Jnx5oro 8Jl8KTp0,ll;a. 3n:8KTPO,ll;H RSMep HSMaTHBaJll!Cb.Ha np,RMOyrOJlbHH8 ,ll;H8-

Jl8KTPH1I8CRR8 paMKH IIpoBOJIOKOil BS IT030Jl01I8HHOro BOm,q>paMa TOJllllHHOfi 
20 MKM a maroM 2 MM H HaTSDK8.lmeM 50 r (CHI'HaJlbHH8 8Jl8RTpo,11;H) HRS 6e
pllJIJIH9B0:116poH3H TOJllllHH.Oil O,I MMC maroM I MM II HaTSD!t8HH8M 50 r (Ka-
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PHc.2. CxeMaTH"i8Cl(08 nonepetmoe ce'!eHHe 6JioKa aJieKTpo,noB 
,D;ByXROOp,nmiaTHOit Ilp0Il0J)D;ROH8JII,HOI K8Mepli C IlJIO~~IO 
peni:cT~ 448xI92 (608xI92) MNf-. l - M8TaJJJil'JtI8CKM 
paMa, 2 - ap.mpyllllee CT8KJIO, 3 - ,D;H3JI8KTPR'l8CK8JI paMRa, 
4 - ne'!aTHM IlJla.Ta CHI'HaJll,HOro 3JI0KTpo,na, 5 - paMKa H3 
T8KCTOJIHTa, 6 - J.ta'cyHH8Sl BTy-JIKa,? - pe3HHOB08 ynJIOTH8-
Hl!0, a - npmiott, 9 - oxprumoe xom,no, IO"".' snoKc:a,D;HaR: 
CMOJia, II - CT~ 60JIT, M -·MalJiap, K - KaTo,D;Han: 
MOCKOCTL, C - CHI'H8Jll,H8Ji IlJIOCKOCTL. 

TO,D;HHe'aJieKTpo,D;li). ,lLH3JI8RTPR'l8CRB0 paMRll R3rOTSBJmBaJmCL ll3 8IlOKCJm
HOro KOMTI~a C HaITOJllillT0JI0M (KBaJlD;8BHI necoK) no T8XHOJIOrHH JlHT:&Jl: 
no.n ,naBJieIUieM. llepe,n c6opKOI K8M8p 3JI8KTpO,D;li O'lBlll8JmCL YJILTpaSBYKOM 
B cpe,ne MODltWC paCTBOPOB. 

.llmI perzcT~ HHq)op,mnmi: c UK npm.1e.HHJUlcL annapaTypa, paapa-
6oTBHHM Ha OCHOB0 HCilOJIL30BaHHII rB6pH.nHWC HHTerpaJil,HWC Mmq)OCX8M 
K405XIIl*. CTIJYKTYPHM cxeMa amrapaTYl)H C'l>eMa m@op,m.nmt noxaaalia Ha 
pnc.3. Bee Clll'HaJII,JW8 IUITH KaMep pa3,D;0JI0Hli Ha I'.PYIIIlH no 16 JUIT0!. 
~ rpynna OOCJIY1tll000TCR 0,D;HO! 16-KaHaJll,HO! IIJIB.TO! peI'l'ICT~. 
B CBOD O'!epe,D;L, 16 IlJlaT perBCT~ rpymntpyl'.)TCR B MO,D;yJIR, 06CJIYJW
Ba8MH8 mwum.eyam.mn.m 6~epHHMB CTa.HD;MMR. BHelIIIDJJl Mal'MCTJ)SJIL nepe
,D;a'lli ,na.rumx llOCJI0,D;OBaTeJILHO C00,D;HHJieT BCe 6~0pHH0 CTaHD;HB H OKBJAB
Ba0TCR B llpH0MHOM 6JIOK0, paCilOJIOllteHHOM B Kl)eitre KAMAK. B Cll0KTp0M0T
pe MACilHK peMBSOBaH BapnaHT opraHBa~ c6opa ,n8.HHHX, o6ecne'llll3ElJJll}1! 
BliCOK00 6HCTpo,nelCTBH0 3a C'l0T Bl:l,11;0JI0HWI H onpoca B CHCT0M8 llK TOJII,
KO T0X rpynn KaHMOB, B KOTOplX co,nep,nITCR "HeeyJieBall" .liH:pOp.taWm. 

*Aqiruw.cLeB D.A. :11 ,IU>. IIT3, 1978, Ji 5, c.II2.· 
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c=tE3J PHc.3. CTIJYKTypHBSI cxeMa amrapa
TypH.C'beMa HHq)Op.1B.Illlll C 
nponopttROHaJII,HHX KaMep. 
IlP - n:.na.Ta perHCTP814HH, 
IIE - npne.MHIDt 6JioK , . 
KK - KOHTpoJL1I8p KpefiTa. 

C D;eJl1,IO BH6opa OilTHMaJll,HOro COCTaBa raaoBott CM8Cll IIpOBO,nllJIHCL 
llCCJI8,D;OBB.HIDI xapaxTepHCTHl( me Ha Cil0ltRaJILHOM aBTOMaTH3HpOBaHHOM CTeH
.ne C IlOMOOlLD HCTO'!HHKa 8Jl0KTp0HOB 106Ru. XapaxTepHCTHRH H3M8PfI.1IHCL: 

l) C "MarH'l0CKoii" ra30BOI CM8CLIO Ill)H pa3HHX ROHD;0HTJl8D;HSIX <ppeo
Ha; 

2) co CMeCLIO Ar +30%COz+q>peoHI3Br IIpH pa3HHX KOHD;8HTp8D;HSIX qipeo-
Ha; 

3) co CM0CLIO Ar+ Ne+30%C02 IIpll paairux ROHD;0HT~ HeoHa. 
KpoMe Toro, H3Y1JaJIOCL BJmJUme raCJJIIIHX ,no6aBOK - 6eH30Jia, STMOBOro ll 
ll301IpOilMOBOrO CTIHPTOB - K CM0CH Ar +30..%COz+<ppeoH13Bl. B KOH81JHOM 
HTore npe,nno'!TeHHe 6HJio oT,naHo 6.eaonacHott H He.noporoil. raaoBott CMecH 
Ar +30%Co2+a, 2%qipeoHaI3B1 • 

Ha pHc.4 noKaaaHH xapaRTepHCTHl(H me, IlOJIY'l0HHlie c STOA CM0CLIO. 
Il.JiaTO 3®eKTHBHOCTH no HanpsmeHHIO COCT8BJUI8T 200-300 ,B, 'ITO IIBJJ'Ji0TCJl 
BilOJIH0 ,I(OCTaTO'!HHM ,nJIH HOp.iBJII,HOI SKCIIJJYaTaD;HH RaMep. J{OJIJI ,D;Bofuwx 
RJiaCT0poB B KOHD;e wraTo 3®0RTHBHOCTH He npeBOCXO,D;HT 12%. Paa6poc 
HaIIpfl.lltBlil!!, IIpH ROTOplX paaHlle RaMepl C O,D;HHaROBHMH ROHCTPYKTllBHHMH 
napaM0TpaMH HJIH pa3Hlie IlJIOCKOCTH O,D;HOil H TOR lite KaMepu "BHXO,D;IIT" Ha 
TIJiaTO, He npe.B!llllaeT 50 B. 

~,~ ··t»' I ., 

Nfu/1<JU1 ,,,, 
PHc.4. 31:q)eRTHBHOCTL, ypoBeHL myMOB 

H .no~ ,D;Bofuwx RJiaCT0p0B B 
38.llHCHMOCTH OT HaIIpmlteHBSI Ha 
KaTO,D;HliX 8JI0KTpo~ax ,IVIli RaMe
pH C TIJIOma,D;LIO perHCTpanHH 
256x256MM2.CB0TJlliMH RPYJKR8MH 
noRa3aHH pe3yJILTaTH, OTHOCJI-
1Jlll0CJI K X -IlJIOCKOCTH, TeMHli
Mll - R Y -IlJIOCROCTH • 
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B aruizcm.1ocTR OT yCJiomtli pa6oTH Ha IzyllKe 1:JacT~ aqxpeRTHBHOCTI> IlK 
R aanycey ROJie6a.nac1, OT 90% .n:o 99%.CHueaze sq,IleRTHBHOCTR B OCHOBHOM 
06yCJIOBJIRBaJioc1>BRJIB,ItOM c.ny,m1nmx coBIIa,n:eruul B 'lllCJIO aanycRoB. Sqxl)eR
THBHOCTI> R Tpeey He OTJIHtIBJIB.Cl, 60Jiee 'i8M Ha 3% OT 3ql;p8RTHBHOCTl'I R aa
nycey. Cpe,nllee l(0JIH'l8CTBO RJiaCT8pOB }J)I!I IlK, pacnOJIOJ!teHIWX nep9'A aHa
Jm:3HJJYl(llll'IM MarHHTOM, COCTa.BJJJIJIO ~ 1 , 1 , a aa MaI'Hl'ITOM - "'1 , 05. To'l
HOCTI, perncTparnm ROOp'AllliaT RaM8paMR COCTaBHJia OROJIO 0,6 MM. 

B TJ)8TI,8it rJiaBe o6C~8.IO'l'CH peaym,TaTH R3Meperuut m.myJU,CHlDC 
cneRTpOB np0TOHOB, RCIIym8HHWC no,n: yrJIOM 0,139-pa,n; BO B3aRMO,n:effCTBRJIX 
,n:effTpoHOB c m.lnyJll,COM 9 raB/c c R,Iijl8MR BO,n:opo,n:a, ,n:eiiTeprui: n yrJiepo,n:a. 
Ilp:imO,wtTCH p83YJU,TaTU llOHCROB ,n:n6apzomwx p830HaHCOB B P8aRrnm . . . . . . 
d+p➔p+d ~·· AliaJm3RpylOTCH BRJia,n;ll pa3Jili1IHWC M8X8.Hl'I3MOB qJparM8HTarnm 
,n:effTpoHOB Ha Bo,n:opo,n:e. " 

IlOJIY1ieHHUe HMfiYJII,CHHe cneRTpu npoTOHOB rio1<aaaHU Ha pnc.5; ,Il,7m 
HMfiYJil,COB, 60JII,llmX llOJIOBRHU Ha'iaJII,HOI'O RMnyJII,Ca ,n:efiTpoHa, H3M8p0Hl'IH 
OJq:!liTllBaIOT llO'lTH BCD RRH8MaTlfll8CRH ,D;OCTYJIHYIO }J)I!I HCnyCRaHHSI np0TOHOB 
B peaRrnm A<d;p>X 06JiacT1>. Ha npoTRlt8HHH li:ccJie,n:oBaHHoro m.mym,cao
ro m!TepBaJia BllXO,n:Il BTOPlfllH!lX npoTOHOB na,n:aIOT 60JI88 'i8M Ha 'i8T!ip8 no
JJJml(a no oTHomeHHJO R me mucci,n:aM B Ma.RCHMYMB,X cneRTpoB. Ma.Rc:eMYMH 
cne1<TpoB HaxO,wtTCSI npn 4,3 raB/c; RaR pas TaRcitt m.1nyJ.i1>c,n:OJlllteH m.1eT1> 
npoTOH c Ha'ia.JIJ,HID4 m.lnyJII,COM 4 ,5 TaB/c noc.ne ynpyroro pacceHHM Ha 
HYRJIOH8 Ha yroJI 0,139 pa,n:. Y'laCTRH Cil8RTpa JI8B88 Mal(Cm.tyMOB o60r8llle
HH np0TOHaMH, IlOT8p.R13Illl'IMH 3Heprmo B Heynpyrmc B38.HMO,n:ettcTBHSIX C HYR
JIOHaMH Mmll8HH. 

CilJlOWHll8 RpHBU8 Ha pnc.5 np~,n:CTaBJifilOT co6oif p83YJI1,TaT cIIJiab
HHT8pilOJillltllH .3Ha'!eruul mmapzaHTHoro·~epe~aoro ce1:Jemm·}J)I!I 
yrJiepo,n:Hoit Mmll8HK, YMHOJ!t8llHIIB HB. l(0~8HT!l 0,371 H 0,243. K8.R 
B~o Ha J?HCYHRa, 3TH RpHBl:le B mITepBaJie m.1nym.coB oT 4,6 .n:o 7,2 raB/c 
xopomo corJiaCYDTCH c .n:ammMH WIJI ,n:eitTepzeBoii z Bo,n:opo,nlloit MH
meaei. TaKHM o6pa30M, B YRa3aHHOM HH'l'8pBaJI8 HMfiYJil,COB (p()p,fB.

1

BUCORO
m.mym,cHWC 'laCTeff cneRTPOB npoTOHOB H8 SaBHCHT OT SI,lij)a Mlml8HH Hon
pe,n:8JIII8TCH B OCHOBHOM BHYTP8HHeit CTPYl(TYPOit ,n:eitTpoHa. 

HMnym,cHlle cneRTpu OT Bcex Mml!eHeff npe,n:cTaBJIR:DT co6o! nJiaBHlle 
cna.n:8llllHe pacnpe,n:MeHRH, Ha ROTOJliX He Ha6~aeTCH CTaTHCTH'l8CRH 
SHa'll'IMWC oco6eHHocTett, YRMimaJallHX Ha o6paaoBaHHe ;n116apnorumx peso
HaHCOB. Ha OCHOBaHHH ,n:aHHllX,IlOJIY'l8HHWC C BO,n:opo,D;Hoit WIIJI8WI, 6wra 
onpe,n:0JieHa B8pxHJm r~ C8'i8HHH o6pasoBaHRH ,n:R6apl'IOHHHX COCTo.mun! 
B pe~ -d-tP-Pt·d· B 06JlacTH MaCC 2-2,5 rsB/c2 (pnc.6). 

IlOJIY1I8HHll8 8RCil8pHM8HTaJII,Hli8 ,n:amwe aaaJIR3npOBaJIHCI, B pru.max 
MO,n:eJIR peJlllTHBHCTCRmc ~eCTRHX CTOJIRHOBeruul, B ROTOpoit BllXO,n: BTOplfll
HllX np0TOHOB 06'bR:CHH8TCSl npo~eCCBMH CTOJIRHOBeHHit ROHCTffl'Y8HTOB (HYR-
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p. raB/c 
PHc.5.HMnym,cHHe Cll8RTpl,l np0TOHOB, aapel'liCTPl'l})OBaHHIIX no.n. YJ".ljOJ! 

0,139 Pa.It BO B3aHMO,U.ettCTBIDIX .n:effTpoHOB c m.lnyJll,COll 9 TuB/c 
c n,n:pm.m Bo,u.opo,n:a • .n:effTeprui: H yrJiepo,u.a. CnJIOIIIHile RpJml:lE -

. peaym,TaT cllJIB.ttH-HHTepnOJIHrnm mraapnaHTHoro .ttH®,epeP,w.,Jih
Horo C8'i8HHH }J)I!I yrJiepo,nllOf Mm118IIB, YMHOJr.emurl! Ha RO::i'.p1!'.
IJ;H8HT!l 0,371 H 0,243, 

JlOHOB) HaJI8TamµDC .n:effTpoHOB C npoTOH&m Mml!eHH. llimyJII,CHOe pacI1pt.ne
JI8HH8 HYRJIOHOB B peMTl'IBHCTCROM .n:effTpoHe B 3TOff MO.U.8JIH sa,n:aeTCF. C no
MO!lll,IO CTPYl(TYPHOff ®'HR1nm Gn,d< Y, LT), ROTOpaH xapaxTepnsyeT :u,;,o.;;:T
HOCTl, o6HapyuTI, B ;n.effTpoHe HYRJIOH C nonepe'llillM HMnyJII,COM lT 1! ;no
Jiefl Y npo,n:OJII,HOro l'IMilYJII,Ca .n:eflTpoaa B CHCT8M8 ero 6ecROH8'lHOro UM-
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Plic.6. CneKTP ae,nocTa.lCIJlillC Ma.cc B peamnm d p ➔ p X np:a 
aaqam,aoM .llMIIYJll:,Ce ,neitTpoaoB 9 raB/c n yr~e per:acTpaunn 
0,!39 Mpa,n. CMOIIIHM KPllBM - peayJII:,TaT aIIIIpOKCHMaumt 
aKcnepHMeHTaJU,lllilX ,nB.HHWC MaBHO! 3aB:acHMocTI>D. lliTp:axo
BM Kp:imaJI - 38.BHCHMOCTI, oneHKH BSpxHefi rpaHHl.1;ll ceqe
HHJI o6pa30BaHHJI ,n:a6apnomrux COCTOSIHIDl, OTB0q8100\efi 95% 
ypoBHID ,nOCTOB0pHOCTH. 

nyJII:,ca. B pa6oTe* 6wr npoBe,neH. aaa.mrn paaJIH'llillX cnoco6oB onpe,nMeHHR: 
BH,na CTPYKTYPHOfi cpyHKUHH. 0CHOBHH0 peay~I>TaTH 3TOro aa~aa CBO,nffTCH 
K Me,nymieMy-: 

I) 3KCII0pHM0HTaJU,lll,10 ,naHHHe MOl!tHO y,noBJI0TBOPHT0JII:,HO OIIHCaTI, B 
Mo,ne~ X0CTKHX CTO~HOBSHHfi C ~0HOM0HO~ornqecKofi CTIJYKTYPHOfi @'HK
nnett, .fIBJ!JllCIIISitca !pylUiin10ll ,nByx H038.BHCHMHX nepeMelllillX; 

2) ,naaHHe HS y,uaeTCJI OIIHCaTI, c IIOMOIIU,lO CTIJYKTYPHHX @'HKUHfi, 
BHBe,neHHHX H3 HepeJUITHBHCTCKI-IX BO~OBIDC <pyHKUHfi ,nefiTpoaa; 

3) no,n6op napaMeTpoB ~eHoMeHo~orli'lecKott CTIJYKTYPHOH IPYHKUHH Mo
xeT 6HTI, 3KBHBa.JI0HT9H yqeTY BR~a,noB .npyr:ax M0XaHH3MOB ~parM0HTanHH 
,nefiTpOHOB, He oXBaTHBaeMHX ,n:aarpaMMofi .llMIIYJII:,CHOro npH6J!HlKeHIDI. 

OCHOBHHMH ~OHOBHMH RaHaJlaMH no OTHomeHHID R MeXaHH3MY X0CTRHX 
CTC>.7IKHOBemui B peaKn,m 1Hcd,p > X SIBJUimca MexaHH3MH c Boa6yllt,I(eHHeM 
IIHOHHHX CT8II9Heii CB060,nH. B nponecce B3aHMO,nefiCTBHSI o,naoro H3 HYK
~OHOB ,nefiTpOHa C IIpoTOHOM-MIBII0HI,ID B03MOXHO pOJK,IJ;eHHe IIpOMeJeyTOqttOro . 

*Al!trHpefi ~.c., Pa3IDI C.B., .IQiuiH H.IT. fl~. !987, T.46, c.!987. 
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1r-M830Ha, KOTOplitt aaTeM MOJK8T nor~OTHTI,CJI HJIH nepe_pacceSITI,CSI HYK~O
HOM-CII0KTaTopoM, npno6peTruJIIHM BM9,UCTBHe 3TOro ,UOIIOJIHRT~HHH HM
nyJII,c. ,llzarpaMMH, COOTB8TCTBYIJIIH8 8THM nponeccBM, H306pa,KeHH Ha 
p:ac.7. 
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Plic. 7. MexaHH3Mll peamnm 
1Hcd,p)X c B036~eHHeM 
IIHOHHHX CTeneHefi CB060,IJ;H. 

Pe3YJII,TaTH BH'IRC~eH_HJI BK~a,noB pas~ M8xa.Iill3MOB ~parM0HTa
UHH cpa.BHHBalOTCH C 8RCII8pHM8HTaJU,HHMH ,naHH!:lMH Ha p:ac.8. Bn,nHo, qTo 
pOJII:, M8X8lil!3MOB C B036~eHHeM IIHOHHHX CTeneHefi CB060,nH B ne~OM H8-
Be~a. B~a :ax CYMMapHoro BK~a.na_npeBOCXO,nHT 30% OT 3KCnepHMeH
TaJU,H,oro ceqelil!SJ TO~I,RO B IlHT8p~e HMnyJII:,COB OT 4,8 ,no 5,4 raB/c 
n ,nocTnraeT ~37% np:a .llMIIYJII:,Ce 5,I raB/c. 

PacqeTH IIOKa3~, qTo 3RCnepHM0HTaJU,HH0 .na.rurue He y,naeTCR OIIH
caTb C IIOMOIIII,ID CTIJYKTYPHHX i:pyaKUHtt, IIO~eHHHX H3 HepeJUITHBHCTCRHX 
Bo~oBHX IPYHKUHH ,neiiTpoHa, n npn ,uo6aBJieHHH BR~a,noB oT ,n:aarpa.MM 
pnc.7. 

MHTepeCHO COIIOCTa.BHTI, HMnyJII:,CHOe pacnpe,nMeHHe HYK~OHOB B ,uettT
poHe, KoTopoe c~e,nyeT na weHOM8HMornqecKofi CTPYKTYPHOfi WYllKltl1H, c 
.npyrHMH H3B8CTHHMH HMnyJII:,CHHMH pacnpe,ne~eHHllMH. PeayJII:,TaTH BlitmMe
HHJI tl£ck>i2 ,nJUI CTIJYKTYPHOfi <pyHRUHH.C napaMeTpaMH, IIpH ROTOpHX ,UOCTH
raeTca Y.UOBJI0TBOpHT0Jll:,HOe onHCaHHe IIpOTOHHOr_ 0 CII0RTpa, noRa3aHH Ha 

2· 
pnc.9. T8M xe IIp0,UCTaBJI0HH 3HaqeHHSJ 1'£Ck)I , H3M0'l0HHH0 H3 ,UaHHHX 
110 3~0RTpopac111eM8HHID ,nefiTpoHOB*. 113 pncymm BH,nHO, 'ITO m.myJII:,CHOe 
pacnpe,ne~eHHe HYK~OHOB B ,nefiTpoHe, BHqnc~eHHoe H3 CTIJYRTYPHOH @'HK
UHH, B UMOM cor~acyeTCSI c pacnpe,ue~em10M, no~eHHHM ua ;i;aaHWC no 
peaKUHH 2H c e·, e >X • 8TH pacnpe,ne~eHHSI Ta.Rxe xopomo cor~acYJOTCSI c pac
npe,nMeHHeM, no~eHHHM B onHTax no ~parMSHTanHH ,nettTpOHOB C HMny~b
COM 9,I raB/c no,n yr~oM o0 Ha Bo,nopo,neH.' 

*Boated P. et al. ~hys. Rev. Lett., 1982, v.49, p.1380. 

~OpOJK0U C.A. ll ,up. B KH.: Tpy,nH Yll! M0llt,I(yHapo,naoro ceMHHapa 
no ripo6~eMaM qJH3HKll BHCORI-IX 3Hepr1m. )Jy6Ha, OI1RI1, ,Il,I,2-86-668, 
T.I, c.34!,. !986; 
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PHc.8. HMrlyJII,CHlifi Cil9RTP llpOTOHOB, saperRCTplfl)OBaHHHX IlO,D; yr
JIOM 0,I39 ~ BO B3am.10,lt9JiCTBHIDt ,D;e!TpoHOB C EMIIyJII,COM 
9 raB/c c JJ.DJ)m.m BO,D;OpO,D;a. lliTpHXOB8Si :KpHBal'I 2 - BKJia,u; 
M8xaHR3Ma Jlt8CTROrO nepepacce.,:nnm, BH'llllCJIBHHlifi C q>BHOM8HO
JIOI'li':19CROI CT!lYKTYJ>HOfi cpyIU(Ull81i B Ilp8.D;llOJIOllt8Hlm, TIO 
B Bepnnme B38l!MO,D;9iiCTBR1i IlpoHCXO.D;}IT TOJII,RO ynpyroe 
paccemme, RPl!l3ali 3 - ~ Heynpyr.wc npoueccoB B Bep
I!Illlle B38JIMO,D;8fiCTBRJI, :KpRBb18 4 H 5 - BKJia,Itll ,IUlarp&!M 

J)RC.78 H 76 COOTB9TCTB9HHO, Kl)HB8Ji I - CY?,!Ma BC9X 
Yl(838HH!:lX BKJia,u;OB. 

TSKHM o6pasOM, Ha6~a8TCJI corJiaCH8 mmyJII,CHHX pacnp0,D;e.nerurl! 
.HYl(JIOHOB B ;u;e!TpoHe, IlOJIY'IelililiX B TPBX pa3JIH1llilDC 8RCnepHM9HTax. B TO 
Jlt8 Bpelm 8TH pacnpe,D;eJI8HIDI OTJJlfllaJJTCJI OT pacnpe,D;eJierutlt, OTB9'laJll!HX 
BSB8CTIWM BOJIHOBHM giyHKUMM ,D;8!TpoHa. PaSJIHlllI8 STO HaH6o.nee 38M8THO 
B o6JiaCTH BMIIYJll,COB OT O,I5 ;u;o 0,6I'aB/c, r,D;e pesyJII,TaTH aI<cnepHM8H
TOB 38M9THO IlpeBHIIIBlJ'l' Ilp9,D;CR838HHJI IlOT9~aJU,HHX MO,It9Jleff. 
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PHc.9. 3HatJewm: RB8,Iijl8.Ta BOJIHO
BOfi \PYHRitRH ;u;e!TpoHa, 
IlOJiy'IJ8HHH8 HS ,D;aJIHHX 0 
peaxnm,: 2H te, e > X (Rpy,mH), 
HS ;u;arumx H8CTOJIIll8ro SRC
nepl!M9HTa no pea.:Kinm 

1Hcd,p>X(:Kplll3rui I), HS no
T9ImUaJia Pe~a (RpHBM 2) 
H HS napucxoro IlOT9lmIIa
Jia ( :KplillaJI 3) • 

B tJBTBepTofi rJiaBe .ItaJIO onHcaHHe pesyJII,TaTOB HSMepeHHfi m.my.nnc
HHX cneRTpoB BTOJ)li'IHWt ,ItelTpoHOB, ncnymemrux no,It yrJIOM 0,139 ~ IlpH 
BSa.HMO,D;efiCTBHH ,ItefiTpoHOB c m,myJII,COM 9 raB/c c H,IijlaMH BO,ItOpO,D;a, ,D;efi
Tep:HJI H yrJiepo,Ita. 0npe,D;9J19Hli C9'!9HHJI BOS6Y'1r,IJ;9HWI .HYl(JIOHHWt peSOHaJI-

• • . • .lit • 
COB N (I4IO), N (I520) H N (1680) B peaRUIIH d1-p-d+N • QuemmamCJ:1 

lli 
napaMBTPH aMIIJIHTY.IUl ynpyroro N-N pacce.lIHRJI. 

HSM8peHHH8 m.my.nncHlie Cll9RTPH ,D;efiTpoHOB noRa3aJIH Ha p:e:c.IO. B 
cneRTpe OT d-p BSaHMO.D;BfiCTBHfi npH HMIIYJI1,C8 8,2! raB/c pacnOJIOllt8H 
mm, OTB9'1ffi.IC11lllli ynpyroMy d- p pacceJIHmo. B cneRTpe OT d-d B3aHMO,Iteii
CTBHfi BH,D;8.1Ill!OTCJI ,D;Ba llHR8, RHH9MaT:IR9CRH OTB9'laiaJUi9 ynpyrHM d-N H 
d- d pacceJilllmM. B cneRTpe OT yrJiepo;!UlOii MI11ll9HH B 06.naCTH RBaseynpy-
roro d-N paccMHHJI Ha6~aeTCJI MaRCJi!MYM nrnpHHofi 1v700 ·MaB. C.neBa 
OT IIHl(OB d- p H RBaSRynpYI'oro d-N pace emrntt IlpOCT.Hpam'CJI Henpe
J)HBHli8 pacnpe.D;eJieHWI ;u;e!TpoHOB, o6yc.noBJieHHHe xorepeHTHWm HeynpyrH
MH npoueccaMH. lliTpHXOBH8 RpHBH8 Ha ·Cil8RTpax ,D;efiTpoHOB OT d-p H 
d-d B3aHMO,It8fiCTBHfi annpoI<cm.mpym HenpepHBHH8 y-qaCTRH BTHX Cll8RTpoB 
B HHT8pBMe OT 5,5 'AO 7,0 raB/c H llpHBe,D;eHH }J,7lfi Toro, '4To6H npo,1te
MOHCTp:e:poBaTn npom3Jl8HH8 B HMIIYJinCHOM HHT8pBaJie OT 7,I 'AO 7,8 raB/c 
oco6eHHOCTett, CBR:SaHHHX c o6paSOB8HH9M nepBllX BOS6Y'1r,IJ;8HHliX COCTO!Illlrlt 
HYl(JIOHOB. 

C U8JlbD IlpoB8PRH npaBwu.HOCTH a6cOJIDTHott HOp.mpoBKH axcnepHM8H
TaJlbHHX pesyJII,TaTOB H llpl!M8HMMOCTH MO,D;eJIH MHOroRpaTHoro pacceJIHWI 
.D;Jm omi:cawm: IlOJIY'I8HHWt 'A8HHIDC· 6HJIH BHilOJIH8HH pacl!9TH ynpyrHX d-p 
H d-d, 8 Ta.Kllt8 RBa3BYJIPYl'Oro d-d pacceJIHHfi B M0,1!;8JIH MHOroRpaT-
Horo paccesnum. Ha p:e:c.Il H !2 IlOJiy'IJ8HHH8 JJ;aJIHH8 0 C8'48Hl!RX npo~eCCOB 
ynpyrHX d- p H d-d pacc8JIHl!it CpaBHHBaJJTCJI C paC'I8T8MH H ,ItWUWMli 
;u;pyrHX BRCil8pHM8HTOB, a Ha pzc.I3 C pactieTar.m CpaBimBa8TCJI BllCOROHM
nyJinCHBSi 'llaCTl> Cil9RTpa .D;8ffTpoHOB, o6pa3YJ(lllHXCJI B d-d B5alWO,It81iCTBli-
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Pnc. IQ• lli,myJII,CH!,18 Cil8KTpl:l .nettTpoHOB, aaperHCTpHpOB8.HllliX no.n • 
yrJIOM 0,139 ~ BO B3am.f0.D;81CTBRIDC ,neftTpoHOB C sr.npa1,m 

BO,nopo,na, ,nelT8pIDI H yrJiepo,na npH 9 raB/c. IIITpllXOBl:l8 
KpllllH8 - p83YJU,TaTH annpoKC~ Y'{aCTKOB Cil8KTpOB 
OT 5,5 .no 7,0 raB/c nJiaBIWMK RpHBill,W. 
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PHc .II. HIIBap:imHTHoe ~peHD,H8JI1,HOe 
cetieime ynpyroro d- p paccemma 
B6Jm3H 9 raB/c B 3aBRClWOCTH OT 

~Ta nepe,nrumoro 1leTHpeXEM
nyJILca. O - ,naHHlie ,nOJIY'{eHmle Bic 
npn .HMilYJlLC8 npOTOHOB 4,55 raB/o, 
f - )truml,18 llpR m4IIYJILC8 

,It8itTpoHOB 8 ,9 raB/ c&-; J - pe-
3YJU,TaTH aacTo.simero axcnepRMeH
Ta. CilJIOIIIHM Kp:tmaJt - peayJILTaT 
pactieTa corJiacHo MO.tteJm MHoro-

. KpaTHOro HyKJIOH-HyKJIOHHOrO pao
C81lllRSI. 

PHo .I2. HIIBapMa.HTHoe .D;HqXl)ape~oe 
cetieHRe ynpyroro d-d pacceJllWJI 
B6JIR3H 9 raB/c B 3aBHCRMOCTH OT 
KBa,Iij)STa nepe,nrumoro tieTHpeXHM
IIyJILca. + - .D;aHHH8 pa6oTr, 
~ - ,nrumH8 pa6oTlf8£, f - pe-

3YJILTaTH HaCTOJllll8rO 3KCil8pHM8H
Ta. CilJIOIIIHM KpllllaR: - pe3YJILTaT 
pactieTa corJiacao MO,neJm MHoro
KpaTHOro HyKJIOH-HyKJIOHHOro pac
C81lllRSI. 

JDC. B ~8JIOM peayJILTaTH pactieTOB, np0B8.D;8HHHX 683 K8.IUIX-JIR60 CB06o,n;
HHX napaMaTpoB, HaJCO,Il;IITCJI B paayMHOM corJiaCIDI C 3KCll8pJ!M8HT8JI1,IWMH 
,n;rummm. HcKJim8HH8 COCTaBJI/1171' ,n;amw:e no ynpyrHM d-p H d-d pac
C8JUIIDIM np:a ltl = 0,8 (raB/c)2 • Ha:a6oJiee B8POJiTHOI npmmtOfl Blllla,D;e
HM 3THX 'l'.0ll8K Sll3JI/l8TCJI HWIH'DI8 CHCT8MaTlf'l8CKOff Olllll6KH, ,Il;Onylil8HHOJ1 

*Friedes J.L. et al. Phys. Rev. Le~t., 1970, v.24, p.677. 

, HAzr:apeA JI.C. H ,n;p. H~. I9'78, T.27, c.!027. 
;J8B£ Goshaw A.T. et al. Phys. Rev. Lett., 1970, v.25, p.249. 
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PHc.I3. BliCOKOHMIIYJII,CHBSI tJ:aCT:E. cne.KT

pa .neirrpOHOB, BWl9TaI<JIUDC no.n 
g. □ .10 

....... 

~ 
~ 0.05 
C ... ..... ". ... 
" 5 0 

B.0 B.5 
r. raB/c 

• yrJIOM O, I3 9 pa,n B d - d B38Il

MO,Il;9HCTBHJIX npn 9 raB/c. Kpn

Bl:le - pe3yJI1,TaTU paCtJ:0TOB no 

MO;D;9JIR MHOroKpaTHoro HYKJIOH

HYKJIOHHOro paccemtru1. llITpHXO

BOH KpRBOH IlOKa3aH B.KJia,D; KBa.

seynpyroro d-Npaccemooi B 

o6JiaCT:E. nRKa OT ynpyroro d- d 

paccemnm. 

npn a6COJIIOTHOH HOp.rnJ)OBKe ,Il;aHHllX npn HatJ:aJII,HOM m.my.m,ce 8,9 raB/c. 

IloaTOMY RCITOJI1,30Ba.HHU9 B ,Il;aJII,H9mI!eM aHaJIR39 ,naHHUe, OTHOCsmuteCJI .K 

ltl = 0,8 (faB/c) 2 , 6UJIR YMHOJK9Hli Ha .K03~9HT 0,5; 8TO 3Ha'IJ:8Hll0 

rro.nyqeHo R3 YCJIOBWI COBIT8,I1;0Hlill 3HatJ:eHRtt .nw;Ix,pepelilUia.n:bHl:lX C0'1J:8HRH yrr-
pyrmc d-p n d-d paccemrnfi npR ltl = 0,8 (raB/c)2 c peey.m,TaTru.m 

pactJ:eTOB ITO MO;D;0JIH MHoroKpaTHoro paccElJ'IHRII. 

C ue.m,ro onpe,neJieHRII C9'1J:9HRH B036yJK,IteHWI HYKJIOHHHX pe30HaHCOB . ,. . . . 
N (I4IO), N (I520) R N (I680) B pea.imimx dp-dN aKcrrepRM0HTaJI1,HU9 

.n;aHHUe annp0KCRMRpOB8JlliC:E, BHpaJKeHIDIMR 
3 

· . 

,!;2 d26' = f ak~ + i bi ri • 
, P d.!2dp if..o 1:1 CMi-Mx>2+cn/2>2 

3HatJ:8Hlill MaCC ( Mj) R llllipRH ( ri ) 6wm Bb16p8llli TaKRMR, KaKRMR OHR no-
• JIY'IaIOTCJI B OITbl;rax ITO B036yJK,IteHRID N rrpOTOHaMR, Ii 3a£.PRKCiipOBaHbl, a 

3HatJ:eHWI K03qxi>HUH9HTOB ak Ii bi H8XO~C:E, no MeTo.ny HanM0H:E.lllIDC KBa,n

paTOB. PeayJI:E.TaTU arrrrpOKCRMauHH aKcnepRM0HTaJll,HhlX ;D;aHHblX IlpRBe,neHU 

Ha pnc.I4. · 

CetJ:eHWJ B036yJK,It0HRll H]KJIOHHHX p030HaHCOB B peaKU}m d + P- d + N 
lit 

aHaJIR3RpOBa./lliC:E, B MO;D;0JJH MHoroKpaTHoro pacceJIHRII. B 3TOH MO,IJ;0JJH ce-qe

HRe B036yJK,IteHRll N•B o6JiacTn nepe.naruwx m,my.m,coB ltl>0,4 (raB/c)2 

ITO'IJ:Tll IlOJIHOCThID onpe,neJISieTCJI BKJia,D;OM .n;:B]KpaTHblX B3aHMO,neitcTBHH. ,IlRar
paMMbl, COOTB0TCTBYKIIUI0 'IJ:JI0HaM .n;B]KpaTHHX CTOJ1KHOB0HRH, IlOKa3aHU Ha 

• pnc.I5. ,II.HarpaMMa pHc.I5a oTpaJKaeT CRTYaumo, Kor.na N o6paayeTCJI Bo 

BTOpoM N -N coy,napeHRR, a ,nHarpaMMa pHc. I56 - Kor.na HYKJIOHHUH peao

Haac, o6pa30BaBlllll:C:E. B nepBOM P- N B38.HMO,nettCTBHR, aaTeM ynpyro pac

cemiaeTCJI Ha BTOpoM HYKJIOH8 .nettTpoHa. 

B pactJ:eTax aMIIJIHTY.na N - N pacceJIHWI rrapaM8TpR30Ba.JiaCh B BR,n8 

f(t) = k 6i/4ft' exp(bt/2) , 

r.ne . k - m,my.m,c peao~aaca, t - KBa,npaT rrepe,naHHoro tJ:eTupeXllMIIY.m,ca, 

6 - IIOJIH08 C8'1J:8Hll0 N-N B38.HMO,IJ;8:l1CTBWI, b- napaMeTp HaKJIOHa. Ila-
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Pllc.14. CrreKTpi H8,IJ;OCT8IIIIKX MB.CC ;rJ)lJI nponecca d p-dX • COOT

B8TCTBYJ]llH8 yrJIBNI perxcTPmtmI ,neflTpoHOB 0,103, 0,139 pa.n 
:e6Jma:a 9 raB/c. CIIJ[OIIID8 RPllBli8 - pesy.Jll,TSTH aJIII.POR-

c~ .nammx. mTPJ!XOBU8 .KpRBl:le - BKJl'.8,1'.JJl OT;D;8.JII,lil,IX 

pesoHaHCOB. 

a 6 

~~-
Pilc.15. ,Il.:aarpaMMa B036YJr,It8llltfl HYRJIOH

Hl:lX pe30HaHCOB B PeaKU0 
dp~N JIYT8M .ItBYK.PSTHHX coy.na

pelid. 

paM8Tpi 6 H b H8XO,Il;}JJmC:E, HS YCJIOBWI HlilIJlY'Illl8ro cor.nacM p83YJIJ,TaTOB 

pac118TOB C 8KCII8pm{8HTa.ID,HI:D.m ,nammMH. • Pe3YJIJ,TaTU Bli"D!CJ18mrl!: ~pe~HUX C81J8Hd B036YJr,T.temm · N 
B d-p B3EillMO;D;8ttcTmmx IlplD38,n8Hll Ba pzc.!6. 

Ha p:e:c.16 BH,IJ,Ho, 'ITO y-qeT nepepacc8JUU!4 pesoHaHcoB YJJY'llll8.8T • cor.mc11e c ,naBHIMI TOJILKO B CJJY1W.8 :aoa6p:,1temm N (I4IO). STo cor.na-

cne ,ll;OCTHI'a8TCJI IlpH 3Ha'tJ8HBHX Jiapal(8TpoB 6 = 40 M6, b= 5(1'8B/cr2. 

B c.ny,me BOSCS~emm N.(I520) JI rlCI680) y,18T BKJI8,Il;OB 'tJJJ:8HOB, orm

CHBaJJqHY paccemme peSOHBHCOB, Jl8 YJJY'llll8.8T corJIB.CRH C 8RCII8pml8HT8Jllr

HmOI ,naHHHMH. STo MOJt8T OSHa'tJaTio, 'tJ'l'O Jm60 IIOJIHU8 C8'118Hl!JI B38JIMO;D;81-
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PHc.I6. 3aBHCl'!MOCTH .IUI\M)epeHIJ;naJU,HH.X C8'l8Hilll: B086Ylt.148HHJI 
. . 

HyRJIOHHHX peSOHaHCOB B pea.K~ d+p-d+N IIPH Ha-
'laJll,HOM HMJIYJibCS .u;ettTpOHOB 9 raB/c OT KB~Ta nepe
'AaHHOro 'l8THpexm.myJll,ca. lliTpHXOBHe KPHBHe - pesyJ!bTa
TH pac1teToB corJiacHo MO'ASJIH MHoroKpaTHoro pacceJlllHJI, 
B KOTOpux IIp8He6pera.,rocb BKJIB,IJ;OM ,IUiarpaMMU pHc.I56. 
CnJIOlllHl:le KPHBH8 - pesyJ!bTaTH pacYSTOB co CJI8.nyJ(llU1MH 

• SHaYeHIDIMH napBMeTpoB BMilJIHTY~ ynpyroro N - N pacce;r-
HIDI ! MR N.(I4IO) 6 = 40 M6 , b= 5 (raB/c)-2 ; MR 
N

111
(I520) 6,; 42 r.i6 , b= 40 (raB/c)-2; Will. N1'cr68o) 

-2 ' .. 
f>= 42 M6, b= 40 (I'sB/c) • .. . 

CTBID'I COCTO.FIHHff N (!520) n N (!680) c eyKJIOHBMH MaJIH, JIH6o IIapaMeTpU . . 
Ha.RJIOHOB 8MIIJIHTY~ N-N paCCSRHHJI MR 3THX peSOHaHCOB B8Jl}!l(H. 

B rroHJIOllterum paccMoTpeHa KHHeMaTruta MSxaHHSMa WparMSHTan:im c 
nepepacCMHH8M HYKJIOHOM-CIISKTaTopoM IIpOM9llCYT01JHoro 1'C-M830Ha, a Ta.K
~e IIpHBO~TCR HCIIOJibSOBaHHHe B pac1teTax napaMeTpHsan:im .IU!l.f:q)epeHIJ;n8Jll,
HliX C8'l8HH! ynpyroro IIHOH-HyRJIOHHOro paccrutHIDI R IDJKJil)3HBHOro pOlK,D;e
HWI'. rt-M830HOB B HYKJIOH-eyKJIOHHWC CTOJIKHOBSHHRX. 

B srus,nmeH,.m CWOpMyJIHpOBB.Hl1 OCHOBHUe pesyJ!bTaTu H BUBO~ .IUiccep
TarniOHHoff pa60TH. 

I. COS'Aa.Ha CHC_TeMa nporropUHOHaJU,HUX K8Mep C pa3M8p8MH OT I28xI28 
'AO 608xI92 MM c 06llJ,HM YHCJIOM Ka.HaJIOB ~3000. 3Ta CHCTSMa l(8M8p coc
TaBMa OCHOBY perncTpHpyiome.tt arrnapaTYPH MarHHTHoro CIISKTpoMeTpa, C 
IIOMOlllb!O KOToporo·6HJIH IIpOB8'A8HU HCCJI8'AOBaHHR RMIIYJibCHWC CIISKTpoB 
BTOpll'mmc 'laCTRU, ncnycKaeMHX BO BSaHMo,neffCTBHRX PSJIRTHBHCTCKHX 
'ASiiTpOHOB C Ji,IU)Sl.m • 

2. BHIIOJIH8H~ HSMepeHIDt RMlIYJ!bCHILX CII8KTpoB npoTOHOB,o6pasymtHXCR 
IIO'A yrJIOM O,I39 pa.n B pesyJibTaTe pasBaJia 'A8i1TpOHOB c RMIIYJibCOM 
9 raB/c Ha ~pax BO'AOpo'Aa, 'A8i1T8PHR H yrJiePO'Aa. l13MepeHHR IIpoB8'A8HU 
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B HMilyJibCHOM HHTSpBaJie OT 3,3 raBJc IIO'lTH .u;o KHHeMaTR'iSCKOH rpammll 

HCIIYCKaliru! IIpoTOHOB. 
3. YCTaHOBJieHa B8pxHJm rpamm;a C8'l8HIDI o6pasoBaHIDI .IUI6apHOHHHX 

pesoHaHCOB B o6JiaCTH sqxpeKTHBHllX Ma.CC OT I,9 ~o 2,5 raB/c2B pe~ 
d+p- p+ l 1 

rrp:e 9 raB/c no.u; yrJioM O,I39 pB,IJ;. 

.4. AHaJIHs CII8KTpoB IIpoTOHOB IIOKasaJI: 
a) Ha'lHHM C IDvmYJ!bCOB "'4, 6 raB/ C Ilp0RBJil18TCR H83aBHCHMOCTb 

¢)opMl1 CII8KTpoB OT Ji,IU)a-MmneHH; 8TO 03Ha'laeT, tJTO ¢)op.la CII8KTpa npo
TOHOB B OCHOBHOM onpe.u;eJIRSTCR BHyTp8HH8H CTPYKTYPOH .u;e.ttTpoHa; 

6) CIISKTpU Y'AOBJI8TBOpHT8JU,HO OIIRCHBa!OTCR B paMKax pSJIRTHBHCTC
KOii MO,ll;8JIHX8CTKHX CTOJIKHOBeanfl: co CTPYKTYPHO! gJyHKUHe! .u;eflTpoHa, 
RBJWllleitc;r WYHKIUieil 'AByx H83aBHCHMHX nepeMeHHUX; 

B) no.nyqeHHoe H8 CTPYKTYPHOii q,yHKUHH RMIIYJ!bCHOe pacnpe.u;e.neHHe 
eyKJIOHOB B .u;eiiTpoHe :x:opomo corJiacyeTCR c pacrrpe.u;e.n:eimm.m, nsBJie1teHHH
MH HS 8KCII8pHM8HT8JU,HliX ,ll;aHHUX O p88KIUIRX 1Hcd,pC0°»X H 2Hce,e)X , 
HO pacxo,IUITCR C HMJIYJU,CHUMll pacnpe.u;eJieHHRMH, OTB8118DllllMH H8p8JIJITHBHCT
Cl(HM BOJlHOBWil gJyHI<I.UlHM. 

5. HcCJie'AOBaaa pOJll, MSXaHHSMOB c npoMexyTO'!HllMH TC-MesoHm.m B 
npouecce ~parMeHTan:im .u;eitTpoHoB Ha Bo.u;opo.u;e no.u; yrJIOM O,I39 pB,IJ; IIpH 

9 raB/c. BKJIB,IJ; 8THX.M8XaHH3MOB npeBH111aeT 30% OT HSMepeHHoro C8'l8HHR 
TOJll>KO B YSKOM HHT8pBaJie RMlIYJ!bCOB OT 4,8 .n.o 5,4 raB/c, a MaKCHMaJII,
HHii BKJIB,IJ; COCT8BJIR8T ~37% IIpH HMJIY3lbC8 5,I raB/c. 

6. BuIIOJIH8HH HSM0P8HHJi HMIIYJ!bCHHX cneKTpoB .u;e.ttTpoHOB, o6pasyio
ll\l1XCR no.n. yrJIOM 0,!39 pB,D; B nponeccax B3a.HMO,D;e!CTBRH .n.ettTpoHOB c HM

nym.coM 9 raB/c c Jl.IU)aMH Bo.u;opo.u;a, .n.eiiTeprut n yrJiepo.u;a. 
7. IIo.nyqeHHHe .IU!l.f:q)epeannaJibHUe C8'l8HHR ynpyrnx d-p H d- d 

pacceRHnfl:, a TaIOK8 BHCOKOHMIIYJ!bCHM 'laCTb CII8KTpa .u;eitTpoHOB OT KBa-

3RynpyrHX d-d B3aHMO,D;eicTBd xopomo corJiaCYJOTCJl C pesyJ!bTaTBMH pac
'q8TOB B MO,ll;8JIH MHoroKpaTHOro HYKJIOH-HyRJIOHHoro paCCSRHRfl, BHIJOJIH8HHHX 
6es Ka.RHX-JIH60 CB06o,zumx IIapaMeTpoB, a Twate C ,ll;BHHHMR .1U'Yl'HX SKCne-
PHM8HTOB IIpH 6JmSKHX SHa1temmx HS'laJibHl:lX BMIIYJ11,COB. a 

8. Onpe.u;eJieHU ce'!eHIDI sos6YJ1t.I4emm TJIOHRHX pesoHaHCOB N (I4IO), 
N"(I520) n ~(!680) B pe~ 1Hcd,d)N no.u; yrJJOM 0,103 pB,IJ; npH 

8,9 TuB/c n O,I39 pB,IJ; IIpH 9 raB/c. • 9. Ha OCHOBaHRH 8HaJIH3a no.nyqemrux ce1>em B036yz.I{8HM N B paM-

Kax MO,ll;eJIH MHOroKpaTHOro HyRJIOH-HyRJIOHHOI'O pacce.rrHll.lI c.n.e.-rrruru OIJ.8P.Y.Y. 
napaMeTpoB 8MIIJIHTY,D; ynpyroro pacceRHIDt eyK.lJOHlillX J)830H8HCOB Ha ~'l:JJo
Hax. )J,nH COCTORHHR ~I4IO) IIOJIY'l8HU 3H81>8HY.R 6 = 40 M6 E b =5(r~B/cJ2• 
B CJIY1la8 BOOOYJ!t.I40HIDI COCTORHH! N.(!520) E N.(1680) xopomee OIIHca.REe 
,ll;SHHHX ,ll;OCTHraSTCR H 6ea y-qeTa B88llMO,D;etc1B~q pe30H8HC8 co BTOP,:M 
HYKJIOHOM .u;ettTpoHa. 
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