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oBmAH XAPAKTEPHCTHKA PABOT~ 

AKTVaJibHOCTb. rrpouecc o6pa30BaHHH IlHOHOB HBJIHeTCH 

npeKpaCHblM TIOJIHrOHOM KaK }lJIH HCTiblTaHHH TeOpHH MHOrHX TeJI, TaK 

H nJIH noJiy4eHHH BaJKHOA HH¢0pMaUHH O HeKOTOpbIX CB08CTBax 

¢y11naMeHTaJibHblX B3aHMone8CTBH8 MeJKny qacTHUaMH, KOTOpble He 

npOHBJIHIDTCH B nayxTeJibH08 CHCTeMe~ NNrr CHCTeMa 4YBCTBHTeJibHa 

K Bbl6opy TIHOH-HYKJIOHHOro ¢opM¢aKTopa, conepJKHT HH¢0pMaUHID 0 

rrN-pacceHHHH, Karna TIHOH 11axonHTCH BIie MaCCOB08 noaepXHOCTH. 

JlJIH TIOJIHOro OTIHCaHHH aMTIJIHTynhl NN-pacceHHHH Tpe6yeTCH 

311a11He H ynpyroro, H 11eynpyrHx Ka11aJIOB. rrpouecc NN--+NNrr 

npencTaBJIHeT OCHOBHYID 11eynpyrocTb B_ HYKJIOH-HYKJJOHHOM 

pacceHHHH BTIJIOTh no 311eprHH _ 1 f3B. HaJIH4He 3-roro 11eynpyroro 

KaHaJia o6ycJiaBJJHBaeT TOT ¢aKT. 4TO HYKJJOH-HYKJIOll!lble ¢a30Bble 

cnaHrH CTaHOBHTCH KOMTIJieKC!lblMH nJIH 3HeprH8 BblWe nopora 

TIHOH006pa30BaHHH. 

B TIOCJ1en11He ronbl HYKJJOH-HYKJIOH!lble H HYKJIOH-HnepHble 

B3aHMone8CTBHH B o6JiaCTH npoMeJKyT04llblX 3HeprH8 CTaJIH, o6beKTOM 

npHCTaJibHOro BHHMaHHH, 06ycJJOBJie1111oro TIOilblTKaMH 0611apyxHTb 

cymecTBOBaHHe a110MaJIH8 

HBJIHIDIUHXCH OTpaxe11HeM 

4aCTHU. ITOHCKH HOBblX 

THna }lH6apHO!lllblX 

KBapKoao8 cTpyKTYPhl 

cTene11e8 cao6onhl H 

pe30HaHCOB, 

3JieMeHTapHblX 

COOTHOWeHHe 

HYKJIOH-Me30HHblX C KBapK-rJIIDOHHblMH CTeneHHMH cao6onbl B Hnpax -

onHH H3 HaH6oJiee BaJKHblX H ¢y11naMeHTaJibHblX aonpocoB 

coapeMeHH08 ¢H3HKH. 3KcnepHMeHTaJibHOe 11a6JIIDne11He JlH6apHOHOB 

(wecTHKBapKOBoro COCTOHHHH) MOJKeT CTa Tb 11aH60Jiee HpKHM 

npOHBJieHHeM KBapKOBblX CTene11e8 CB060Jlbl. 

MH0,04HCJieHHble TeopeTH4eCKHe HCCJienoaaHHH yKa3blBaIDT, 4TO 

eCJIH }lH6apHOHHble COCTOHHHH cymecTBYIDT, TO OHH HaH60Jiee CHJibHO 

CBH3aHbl C ·KaHaJIOM NNrr. I1pH4eM, B HYKJIOH-HJlepHbIX coynapeHHHX 

H}lpo MOJKeT BblCTynaTb B Ka4eCTBe caoeo6pa3110ro ¢HJ!bTpa, 

BblJleJIHIDmero onpeneJieHHble oco6eHHOCTH HYKJJOH-HYKJIOHHOro 

B3aHMO}le8CTBHH. 

npH aHaJIH3e 3KCnepHMeHTaJibHblX naHHblX Il04TH Bcerna 

Tpe6yeTCH pe30HaHCHYID aMnJIHTYJlY Bbl}leJIHTb Ha ¢011e 

11epe3011a11c1108 qacTH HaH6oJiee qacTo }lJIH 3Toro HCilOJ!b3YIDT 
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peanHCTHqHue MonenH ¢0HOBoro npouecca. CTpH noHCKe pe30HaHCHUX 

CTPYKTYP B npoueccax NN-tNNrr ¢0HOB¥IO qacTb aMnnHTynu MOJICHO 

BUqHCllHTb no MonenH onHonHOHHOro o6MeHa (OPEM). 

Uenh pa6on1: 1. H3MepeHHe nH¢¢epeHUHallbHUX ceqeHHA 

o6pa30BaHHH 3apHl!CeHHUX nHOHOB 

nnH Hnep yr nepona H MenH npH 

B npoTOH-HnepHUX coynapeHHHX 

3HeprHHX 240-500 M3B, noHCK 

HeperynHpHOCTeA B 3HepreTHqecKOA 3aBHCHMOCTH BUXona nHOHOB. 

2. Co3naHHe yToqHeHHOA MonenH onHonHOHH010 o6MeHa nnH 

pacqeTa KOHeqHUX cneKTpOB qaCTHU peaKUHH NN-tNNrr' 

HCCnenoBaHHe CTeneHH cornacHH MonenH C 3KCnepHMeHTOM, 

onpeneneHHe o6naCTH npHMeHHMOCTH MonenH. 

3. HccnenoBaHHe BKnana KBa3HCBo6onHoro npouecca NN-tNNrr 

B ceqeHHe poJICneHHH nHOHOB B npoTOH-HnepHUX coynapeHHHX. 

HayqHaH HOBH3Ha. BnepBue H3MepeHU nH¢¢epeHUHanbIIUe 

ceqeHHH o6pa30BaHHH 3apHl!CeHHUX nHOHOB B npoTOH-HnepHUX 

coynapeHHHX npH 3HeprHH nana10mHx npoTOHOB 240 M3B non yrnaMH 

60°, 90° H 120° Ha Hnpax yrnepona H MenH. H3MepeHa 

3HepreTHqecKaH 3aBHCHMOCTb BUxona 3ap.Hl!CeHHllX nHOHOB non yrnoM 

90° nnH Hnpa MenH B nHana3oHe 240-500 M3B. 

nnH npouecca NN-tNNrr pa3pa6oTaHa Monenh onHonHOHHoro 

o6MeHa c yqeTOM HHTep¢epeHUHA Bcex nHarpaMM MonenH H BKBanoM 

s- H p-BonH nonnpouecca rrN-pacceHHHH. npoBeneHu cHcTeMaTH-

qeCKHe cpaBHeHHH pacqeTOB C 
+ naHHUMH npouecca pp-tnprr 

HMeIOmHMHCH 3KcnepHMeHTanhHllMH 

nnH cneKTpOB nHOHOB, H C 

pe3ynbTaTaMH nepBUX 3KCKlll03HBHUX H3MepeHHA, KOTopue no3BOnHnH 

npoTeCTHPOBaTb pa3pa6oTaHHYIO Monenb Ha ypoBHe MaTpHqHoro 

3neMeHTa pe~KUHH. OnpeneneHa CTeneHb qyBCTBHTenbHOCTH MonenH 

K BXOnHUM naHHUM: ¢opMe nHOH-HYKllOHHoro ¢opM¢aKTopa, nonpaBKe 

Ha cxon C MaCCOBOA noBepXHOCTH nnH nonnpouecca rrN-pacce.HHHH, 

TQqHQCTH ·yqeTa. napuHanhHOA CTPYKTypu aMnnHTynu rrN

B3a~MoneACTBHH. npoBeneHHOe cpaBHeHHe MonenH C 3KcnepHMeH

TanbHUMH naHHUMH B ll!HpOKOA o6nacTH 3Heprm1 ( 400-1000 M3B) 

no3BOnHno BunenHTb ¢YHKUHIO nHOH-HYKROHHoro ¢opM¢aKTOpa. 

C npHMeHeHHiM pa3pa6oTaHHOA MoneflH B HMnynhCHOM 

npH6nHJICeHHH BUnonHeHU pacqeTU cneKTpOB 

naHHOA ~a6oTe Ah.SI H.ll~P yrnepona H MenH, 

2 

nHOHOB, H3MepeHHUX B 

npaKTHqecKaH ueHHOCTb. naKeT nporpaMM OPEM, co3naHHUA 

nnH pacqeTa cneKTpOB qacTHU peaKUHH NN-tNNrr, 6un Hcnonb30BaH 

npH aHanH3e 3KcnepHMeHTanhHUX naHHUX npouecca pp-tpprr0 (flHH~. 

1988 r. ), npH pacqeTe ¢oHa B nOHCKax CTa6HnbH010 H-nH6apHOHa 

(flB3 OHHH, 1989 r.). naHHllA naKeT TaKJICe MOJICeT HaATH IlPHMeHe

HHe npH nnaHHpOBaHHH 3KCnepHMeHTOB B ¢H3HKe npoMeJICyToqHUX 

3HeprHA H npH HccnenosaHHH npouecca, o6paTHoro nH0Hoo6pa30Ba

HHIO, - nornomeHHH nHOHa napoA HYKllOHOB Hnpa. 

Pa3pa6oTaHO MaTeMaTHqecKoe o6ecneqeHHe nnH HneHTH¢HKaQHH 

H cneKTpoMeTpHH 3apHl!CeHHllX qacTHU C Hcnonb30BaHHeM 

MHoroMepHoro aHanH3a 3KcnepHMeHTanhHUX naHHUX, conepJICamHx 

HH¢0pMaQHIO OE, ~EH ~t. 

l13MepeHHUe BUXQ)ll, nHOHOB npH 3HeprHH 240 M3B Ha Hnpax 

yrnepona H Me)lH no3B0ll.HUT onpenenHTb B03MOl!CHUe HHTeHCHBHOCTH 

HH3K03HepreTHqecKHX nyqKQB nHOHOB H HX cneKTpanbHUA COCTaB 

npH HCnOllb30BaHHH )lll.H reHepauHH nHOHOB CHllbHOTQqHUX 

ycKOPHTeneA C 6onee HH3KHMH 3HeprHHMH, qeM pa6oTaIOmHe ceAqac 

Me30HHUe ¢a6pHKH. 

ABTop 3aummaeT. 1. Pe3ynhTaTu 3KcnepHMeHTanh1?oro Hccne

noBaHHH o6pa30BaHHH 3ap.Hl!CeHHUX nHOHOB Ha H)lpax yr nepona H 

MenH npH 3HeprHH nanaIOmHx npoToHoB 240 M3B non yrnaMH" 60°, 

90° H 120°. 

2. Pe3ynbTaTi. 3KCnepHMeHTanbH010 HCCnenoBaHHH 3HepreTH

qecKoA 3aBHCHMOCTH si.xona 3ap.Hl!CeHHNX nHOHOB non yrnoM 90° )lllH 

H)lpa Me)lH B )lHana30He 3HeprHA'. nana10mHx npoTOHOB 240-500 M3B. 

3. Pa3pa60TKY MO)lenH O)lHOnHOHHOro o6MeHa npouecca 

NN-tNNrr. Pe3ynbTaTU HCCne)lOBaHHH no onHCaHHIO 3KcnepHMeHTanb
+ Hi.x naHHUX npouecca pp-tnprr. 

4. Pe3ynbTaTU HccnenoBaHHH B HMnynhCHOM npH6nHJICeHHH 

o6pa30BaHHH nHOHOB B npoTOH-H)lepHUX coynapeHHHX. 

Anpo6aUHH pa6oTi. H ny6nHKaUHH. OCHOBHi.e pe3ynbTaTU 

pa60TU )lOKnanuBanHCb Ha HayqHo-MeTO)lHqecKHX H HayqHUX 

ceMHHapax nHn H nr~ OHHH, Ha ceCCHH OTneneHH~ H)lepHOA ¢H3HK" 

AH CCCP ( Mocirna, 1983 r. ) , Ha 2-M CHMn03HyMe no 

HyKrio~~~yKnO~HllM 
( 

H 
i•1 

npoMeJICyToqHux 

COBemaHHH no 

(3BeHHropon, 

3HeprHHX 

¢H3HqecKoA 

1985 r.), 

anpoH-H)lepHUM B~aHMO)leACTBHHM npd 

( ra TqHHa, 1984, r. ) , Ha B ceCOI03HOM 
o) a ' •' f ' 

nporpaMMe MocKoBcKoA Me30HHoh ¢a6pHKH 

MeJIC)lyHapO)lHOM COBemaHHH no Teopml 

3 



MaJio'laCT!{'{HblX H KBapK-aJlpOHHblX CHCTeM ( ,ny6Ha, 1987 r. ) , Ha 

3-M MeJK.uyHapOJlHOM CHMfi03HyMe no fiHOH-HYKJIOHHblM H HYKJIOH

HYKJIOHHblM B 3aHMO)leHCTBHHM ( ra T'lliHa, 1989 r. ) , MelKJlYHapo,nHOM 

ceM11Hape no !pli3liKe rrpoMeJKyTO'lHblX 3HeprliH ( MOCKBa, 1989 r. ) , 

MeJK)lyHapoJlHOH KOH<pepeHUlili PANIC-XII ( KeM6pliJllK, CIIIA, 1990 r. ) 

H orry6JIHKOBaHbl B coo6meHHHX H nperrpliHTax OHHH, B Tpynax 

KOHfepeHUHH H JKypHaJihHblX CTaTbHX. Pe3yJI&TaTbl, Borne.nrnae B 

JlHCcepTaUHID, orry6JIHKOBaHbl B qeTblpHanuaTli pa6oTaX. 

CTDYKTypa li o6n~M n11ccepTau1111. ,Il11ccepTau11H COCTOliT 113 

BBe)leHliH, 'leTblpex rJiaB, 3aKJIID'leHliH li IIpliJIOJKeHliH; co.neplKliT 99 

CTpaf!liU, 24 pliCYHKOB, 10 Ta6JIHU li 6116JI11orpa<pli'leCKliH CfiliCOK 113 

106 f!a3BaHliH. 

CO.IlEP~AHHE PABOTY 

Bo BBeneHlili o6cyJK,naeTCH aKTyaJihHOCTh npo6JieMbl, rrpliBe.neHbl 

Kpa.TKlie 063opb1 TeopeTli'leCKliX MO.UeJieH on11caHliH rrpouecca 

o6pa.3oBaHliH IlliOHOB B HYKJIOH-HYKJIOHHblX coynapeHHHX li 

3~Cfiep11MeHTaJibHOH CliTyaUlili B liCCJie)lOBaHlili o6pa30BaHliH IlliOHOB 

B HYKJIOH-HJlepHblX coy.uapeHliHX B o6JiaCTli rrpoMeJKyTO'lHblX 3Hepr11H. 

CqiopMyn11poBaHa ueJih HaCTOHIUero liCCJie)lOBaHliH. 

nepaaH rnaaa co.nepJKliT on11caH11e 

o6MeHa (OPEMJ .UJIH npouecca NN-NNrr. 

Mo,neJIH O,UHOIIHOHHoro 

OCHOBHaH li)leH OPEM COCTOliT B rrpennoJIOJKeHlili, 'ITO peaKUHHM 

CTOJIKHOBeHHH NN-NNrr npH 3HeprHHX .no 3 f3B COOTBeTCTBYIDT 

IIOJIIDCHble qieHHMaHOBCKHe 

npoMeJKyTO'lHOH 'laCTHUbl. 

JlHarpaMMbl C nHOHOM B 

OOJIHblH Ma Tpli'lHblH 3JieMeHT 

Ka'leCTBe 

M peaKUHH 

rrpe.ncTaBJIHeTCH cne.uyIDIUeH aJire6pa11qecKOH cyMMOH MaTpH'IHblX 

3JieMeHTOB OTJleJihHblX )lHarpaMM (pHC. 1): 

M=M -M -M +M 
I 2 3 4 

rne 3HaKH o6ycJIOBJieHbl npHHUHIIOM nayJIH C yqeTOM H30TOIIH'leCKOH 

HHBapHaHTHOCTH CHJlhHblX B3aHMO,UeHCTBHH. B MaTpH'IHOM 3JieMeHTe 

OT ,neJibHOH ,UHarpaMMbl C HH,UeKCOM l BblJleJIHIDTCH TpH MHOlKHTeJIH. 

OTBe'laIDIUHe aMIIJIHTy.ne BHpTyaJibHOro rrN-pacceHHHH, BeprnHHHOH 

qiyHKUHH NNrr H rrporraraTopy o6MeHHOro IIHOHa: 

4 

,, 

c.............. __ 

2 2 2 1 
M - ~(Z ,y ;K )·G(K )· ---, 

I I I I I KZ+ 2 
I µ 

rne z-nonHaH 3HeprHH rrN-cHcTeMbl, y2 -Kaa.upaT rrepenaHHoro 
I I 

4-HMIIYJibCa B BHpTyaJihHOM rrN-pacceHHHH, K2-KBanpaT 4-HMnyn&ca 
I 

BlipTyaJibHOro IlliOHa,µ -Macca IIHOHa. 
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PHC. 1. TIOJIIDCHble qieHHMaHOBCKHe .n11arpaMMbl, COIIOCTaBJIHeMble 

peaKUHH pp-tpnrr+ B paMKax OPEM. 

BeprnliHHaH qiyHKUliH NNrr, liJlli IlliOH-HYKJIOHHblH qiopM<paKTOp, 

OCTaeTCH Heorrpe,neJieHHOH B paMKaX OPEM. BHJl G(K2
) MOJKeT 6HTh 

I 

ycTaHOBJieH cpaBHeHHeM C 3KcrrepliMeHTOM rrpH HeKOTOpOH 

!pHKCHpOBaHHOH 3HeprHli, IIOCKOJihKY B cnyqae ,UOMliHHPYIDIUeH pOJIH 

OJlHOIIHOHHOrO_ o6MeHa qiopM<paKTOp JlOJIJKeH 3aBliCeTh TOJihKO OT 

rrepe,naHHoro liMIIYJibCa li He 3aB11ceTb OT Ha'laJihHOH 3HeprHH. 

HaH6onee qaCTO HCIIOJih3yeTCH .UHIIOJihHaH qiopMa qiopM<paKTopa. 

no aHanorHH c aMnJIHTYJlOH <pH3H'lecKoro rrN-pacceHHHH 

~ =:4 +~73, HHBapHaHTHble aMITJIHTYJlbl A H 73 3aIIHCblBaIDTCH qepe3 
I I I I I 

CIIHpaJihHble aMIIJIHTY ,Ubl fl H fz, a cnHpaJibHble aMIIJIHTY ,Ubl - 'Iepe3 

rrapuHaJibHble. TiorrpaBKH Ha BHpTyaJihHOCTh BBOJlHTCH Ha ypoBHe 

rrapuHaJibHblX BOJIH. B rrpennoJIOlKeHHH .UOMHHHPYIDIUeH pOJIH 

33-pe30HaHca B rrN-pacceHHHH, BblpaJKeH11e JlJIH rrapuHaJibHOH 

BHeMaCCOBOH aMITJiliTY.Ubl f (z ;K2
) 6epeTCH B B11.ne 

33 I I 
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f (z ·K
2 )= 

33 I ' I 

fe (z ·Kz 
33 1' I) 

fe ( • z . f ( z • z 
33 z

1
,-µ ) 3 3 1,-µ) = 

z z 
r(K1)·f33(z1;-µ) , 

r.ne f
8 -6opHoBCKH8 qReH, H n K2 J -nonpaeoqm,18 MHOKHTeRb Ha 
33 I 

cxo.n C Maccoeoii noeepXHOCTH. ~H3HqecKyID napuHaRbHYID aMITRHTy.ny 

rrN-pacceHHHH f33 (zl ;-µ
2

) MOKHO 3a,naTb HRH B 6peiiTBHrHepOBCKOii 

¢opMe, HRH Henocpe,nCTBeHHO HCITORb30BaTb 3KCnepHMeHTaRbHUe 

~HaqeHHH napuHanbHUX aMnRHTy,n. 

06mHii pe3ynbTaT cpaBHeHHH HMeIDmHXCH .naHHUX ,nRH 
+ peaKUHH p~nprr npH 3HeprHHX T=585, 660, 730, 800 

3cr rr 

( pHC. 2), 

991 H 1000 M3B ceH.neTeRbCTByeT o cornacnH e npenenax 10-157. 

OITHCUBaeMoro eapHaHTa OPEM C 3KcnepHMeHTOM npH n~paMeTpe 

eepWHHHOii ¢YHKUHH A=9, 

¢0PM¢aKTOp HMeeT BH,n 

T.e. euneneHHUii ITHOH-HYKROHHUii 

G(K
2

) 

z 9µ 

K2+10µ2 

~ 25 
., 
i 20 
;;:. 
" ~u.. 13 
5! . 
~ ... lrl'

0 

... ... 
-=-·5 

II 
... ~tc 0 

0 

pp - np,r• 
T = BOO M38 

s! = zo• 

JO" 

50° 

oo· 
100 zoo JOO qgg 

,' ,, 

500 fi ,M38/c 

PHc. 2. CpaeHeHHe pacqeTa 

cneKTpOB ITHOHOB no OPEM C 

3KcnepHMeHTOM cverna F.H. et 

al. (1981). cnnowHue KpHeue-

noRHUii BKna.n OT ,nHarpaMM 

OPEM, WTpHXOBUe- HCK~IDqeHU 

HHTep¢epeHUHH ,nHarpaMM 1,3 H 

2,4 (paHee He yqHTUBaRHCb), 

WTpHxnyHKTHp- ¢a30BUii o6n~M. 

PacqeTu noKa3aRH, qTo BKRa,n paHee He yqHTUBaeweiicH 

HHTep¢epeHUHH 3aBHCHT OT HaqanbHOii 3HeprHH TH yrRa BUReTa 

nHOHOB err, npHqeM B nepenHeii nonyc¢epe C yMeHbWeHHeM 3HaqeHHii 

3THX eenHqHH BKRa.n ,naHHoro HHTep¢epeHUHOHHOro qReHa 

eo3pacTaeT H npH T=670 M3B no.n err=20° .nocTHraeT 127.. 

cpaBHeHHe Mo,nenH C nepBUMH 3KCnepHMeHTanbHUMH ,naHHUMH 

5-nopH.nKa .nH¢¢epeHuHaRbHOCTH, COOTBeTCTByIDmHMH HenocpencTBeH-

6 

r-

) 
I 
1• 

'1 

' 

' + HO KeanpaTy MaTpHqHoro 3ReMeHTa npouecca p~nprr, noKa3ueaeT 

(pHC. 3) xopowee onncaHHe C TeM •e ¢0PM¢aKTOpOM, qTo H naHHUe 

3-nopHnKa nH¢¢epeHUHaRbHOCTH. OTMeqeno, qTo HMeeT MeCTO 

CHRbHaH qyBCTBHTeRbHOCTb npouecca OT eenHqHH yrnoe 

coena,neHHH. 

~ 

"' a. 
u 

(J 

6,----------------, PHC. 3. CpaeHeHHe 3KcnepHMeHTanbHUX 

~4 

1'.lp=27.5° 

'11n=45° 

HMnynbCHl,I~ cneKTpOB npOTOHOB 

(cpenHHii yron 27,5°) e coenaneHHH c 

ITHOHOM t cpenHHii yron 45°) nRH (') 
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+ peaKUHH p~pnrr npH T =800 M3B 
p 

::;: 2 
(Hancock A.O. et al. ( 1983)) C 

. 
.,ba. 

"O 

pacqeTOM. CnRowHue KpHeue- pacqeT 

nRH nap yrnoe e HHTepeane 3KcnepH-
_'1>;_0_;, - - - -

o - - - - · MeHTaRbHoro yr noeoro pa3 peweHHH ±3°, 
400 600 800 1 000 

Pe MaJ:Vc nyHKTHp- ¢a30BU8 o6n~M nRH cpenHHX 

yrRoB. 

noKa3aHO, qTo euneReHHe ITHOH-HYKROHHoro ¢opM¢aKTOpa 

G( K2
) B03MOKHO TORbKO npH ycROBHH, eCRH H3BeCTHa nonpaBKa 

r(K2 J, yqnTuBaIDmaH cxo.n c Maccoeoii noeepxHoCTH aMnnHTynu 

BHpTyaRbHOro rrN-pacceHHHH. )leiiCTBHTeRbHO, H3 3 KcnepHMeH-

TanbHUX naHHUX .nnH peaKUHii NN-NNrr, npH ycROBHH npHMeHHMOCTH 

OPEM, H3BReKaeTCH e,nHHaH ¢YHKUHH BH.na 

!£( K 2
) =r( K

2
) G( K2

) 

3aBHCHmaH TORbKO OT nepenaeaeMoro HMnynbca K
2 

H He 3aBHcHmaH 

OT HaqaRbHOii 3HeprHH. Oco6enHOCTb COCTOHT B TOM, qio HMeHHO 

.nnH 33-pe3oHaHcHoii aMnRHTynu rrN-pacceHHHH nonpaeKa r(K2 J 

MOKeT 6UTb onpe.neneHa H3 .nHcnepCHOHHUX COOTHOWeHHii C 
+ TOqHOCTbID ~107.. JlRH peaKUHH p~nprr npH6RHKeHHe yqeTa TORbKO 

eKnana 33-aMITRHTy.nu o6ecneqHBaeT ToqHQCTb ~17.. qTo H 

no3BORHeT npoeecTH nonHUii aHaRH3 

Bcex nopH.nKOB nH¢¢epeHUHaRbHOCTH, 

¢opM¢aKTOp. 

3KcnepHMeHTdnb~l,I~ naHHUX.· 

H eu.nenHTb ITHOH-HY_J\'.,1.JO~Hl!~ 

Bo BTopoA rRaBe onHcaHa ycTanoeKa .nnH Hccnenoe-HHH 

B3aHMoneiiCTBHii npoTOHOB npoMeKyTOqHl,IX 3HeprH8 C HnpaMH: 

)lnH perHCTpauHH BTOpHqHl,IX qacTHU 6unH HCITORb30BaHU 

CUHHTHRRHUHOHHUii B peMH-nponeTHU8 cneKTpOMeTp . H : cneKT,p.JJMeTp 
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r10Jrnoro nornomeHHH. cxeMa 3KcnepHMeHTa npe.ncTaBJieHa Ha 

pHC. 4. Buae.neHHUR ny40K npOTOHOB CHHXpOUHKJIOTpOHa nHn OHHH c 

3HeprHeR 650 M3B 3aMe.llJIHJICH c IlOMOIUbIO yrnepO.llHUX ctJHJibTpOB, 

.naJiee npOXO.llHJI qepe3 OTKJIOHHIOIUHR MarHHT, CTaJibHOR KOJIJIHMaTop, 

qepe3 ctJOKYCHPYIOIUHe JIHH31,1 H na.naJI Ha MHWeHb. 

cqi;f.frt, 
r1:. ,,,,,,>11,ttt 

~clrq,, o1y41¥4 

PHC. 4. CXeMa 3KCnepHMeHTaJibHOR ycTaHOBKH. 

Tpe6yeMaH 3HeprHH na.naIOIUHX npoTOHOB ycTaHaBJIHBaJiacb C 

IlOMOIUbIO no.n6opa TOJIIUHHl,I yrnepO.llHUX ct>HJibTpOB. Cpe.nHee 3Ha4eHHe 

H pa36poc 3HeprHR npoTOHOB onpe.neJIHJIHCb nyTeM H3MepeHHH 

npo6excHOR KpHBOR CUHHTHJIJIHUHOHHUM TeJieCKOilOM. npH cpe,nHeR 

3HeprH~ npOTOHOB 237 M3B IlOJIHaH WHpHHa cneKTpa Ha IlOJIYBUCOTe 

COCTaBJIHJia 12 M3B. 

nnH H3MepeHHH a6cOJIIOTHOro 4HCJia na,naIOIUHX Ha MHWeHb 

npoTOHOB HCil0Jlb30BaJICH MeTO.ll H3Mepemrn pacceHHHOro nyqKa C 

· IlOMOIUblO CUHHTHJIJIHUHOHHOrO TeJiecKona ( pHC. 4). BllJIO 

ycTaHOBJieHO 3KCnepHMeHTaJibHO, 4TO npH 3a,naHHllX 3HeprHHX 

npoTOHOB, THne MHWeHH H yrne pacceHHHH K03ctJctJHUHeHT nepecqeTa, 

C_BH3llBaIOIUHR 4HCJIO na,naIOIUHX H pacceHHHllX npOTOHOB, He 3aBHCHT 

OT HHTeHCHBHOCTH npHMOro nyqKa. 

nnH onpe.neJieHHH Ko3cpcpHUHeHTa nepecqeTa 6llJIH HCil0Jlb30BaHll 

TPH cnoco6a: MeT0.11 MOHHTOpHpoaaHHH npHMoro nyqKa npH 

IlOHHllteHHl,IX HHTeHCHBHOCTHX, aKTHBaUHOHHUR aHaJIH3 H MeTO.ll 

H3MepeHHH 4HCJia TpeKOB OT OCKOJIKOB .neJieHHH npH B3aHMO.neRCTBHH 
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ny4KOBUX npoTOHOB co CBHHUOBOR MHWeHbIO. 

OWH6KH B onpe.neJieHHH K03ct>ct>HUHeHTa nepec4eTa KallC.llllM H3 

yKa3aHHUX MeT0.110B oueHHBaJIHCb B 10%. nnH nonyqeHHH 

a6COJIIOTHOro 4HCJia npoTOHOB, na.naIOIUHX Ha MHWeHh B pa604HX 

H3MepeHHHX, 3Ha4eHHH K03cpcpHuHeHTa nepec4eTa, IlOJiyqeHHlle TpeMH 

cnoco6aMH, ycpe.nHHJIHCb. 

HHTeHCHBHOCTb npoTOHHoro ny4Ka Ha MHWeHH B pa604HX 

H3MepeHHHX COCTaBJIHJia 0<3 • 108 c-1
• • H3MepeHHH npoBO.llHJIHCb .llJIH 

MHWeHeR pa3MepOM 3x3 MM H3 Me.llH H yrnepo.na TOJIIUHHOfi 1, 73 H 

1,64 r/cM
2

, COOTBeTCTBeHHO. 

CHrHaJIU 

perHcTpHpyIOmeR 

OT acex .neTeKTopoa 

3JieKTpOHHKH H .nanee 

nocTynaJIH 

Ha 3BM 

Ha 6JIOKH 

HP-2116C H 

3ailHCUBaJIHCb Ha MarHHTHYIO JieHTy. nayMepHue pacnpe.neJieHHH 

"apeMH npoJieTa-3HeprHH 11• OT06paxcaJIHCb Ha 3KpaHe .llHCilJieH .llJIH 

npe.naapHTeJibHOR o6pa6oTKH HHcpopMaUHH H au6opa pexcHMOB pa60Tl,I 

cneKTpOMeTpH4eCKHX TpaKTOB. 

npoeKUHH Ha OCH apeMeHH H .3HeprHH o6JiacTeR ,nayMepHUX 

pacnpe.neJieHHR, COOTBeTCTBYIOIUHX IlHOHaM, ,naIOT apeMH-npoJieTHUe H 

3HepreTH4eCKHe cneKTpll IlHOHOB, H3 o6eHX npoeKUHfi MOllCHO 

BOCCTaHOBHTb 3HepreTH4eCKOe pacnpe.neJieHHe IlHOHOB, 06pa3oaaH

HUX B MHWeHH. CpaaHeHHe pe3yJibTaTOB BOCCTaHOBJieHHl,IX o6oHMH 

cnoco6aMH pacnpe,neJieHHfi HBJIHeTCH .llOilOJIHHTeJlbHl,IM KPHTepHeM 

KoppeKTHOCTH KaJIH6pOBKH H aceR MeTO.llHKH a UeJIOM. 

B Ka4eCTBe KOHTpOJibHllX H3MepeHHfi H .llJIH npoaepKH 

B03MOllCHOCTefi MeTO.llHKH 6UJIH npoae,neHJ,I H3MepeHHH BllXO.llOB IlHOHOB 

H npoTOHOB no.n yrJIOM 120° H3 Me.nHoR ,MHWeHH npH 3HeprHH 

na.naIOIUHX npoTOHOB 620 M3B c a6COJIIOTHOR T04HOCTbIO "'15%. 

noJiy4eHHOe 3Ha4eHHe ,nHcpcpepeHUHaJibHOro ceqeHHH BllXO.lla npoTOHOB 

c 3HeprHHMH a1,1we 70 M3B d~/dn=3,7 M6Hlcp 6JIH3KO K 

JIHTepaTypHllM .naHHl,IM, 

B TPBThefi rnaae npHae.neHU OilHCaHHe MeTO.llHKH o6pa60TKH 

3KCDepHMeHTaJibHOfi HHctJOpMaUHH H noJiy4eHHJ,Ie 3KcnepHMeHTaJibHlle 

.naHHlle. 

AHaJIH3 .nayMepHllX pacnpe,neJieHHfi E-t Il03BOJIHeT .llOCTaT04HO 

Ha.nexcHo npOBO.llHTb H,neHTHctJHKaUHIO qaCTHU. Ha pHc. 5 noKa3aH 

npHMep ,nayMepHoro pacnpe,neJieHHH "noJIHaH 3HeprHH"-"apeMH 

npoJieTa". BH.llHll xopowo pa3,neJIHIOlllHecH o6JiaCTH, COOTBP' ~TBYIOIUHe 

IlHOHaM, npoToHaM H .neRTpOHaM. 
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TTpH pacqeTe aKcenTaHca ycTaHOBKH H 3gJgJeKTHBHOCTH 

perHCTpaUHH ITHOHOB y•rnnrnaJJHCh: a) pacna'.ll IlHOHa Ha JJeTy H npH 

OCTaHOBKe; 6) MHoroKpaTHOe pacceHHHe a MHllleHH H )leTeKTOpax; 

B) H)lepHoe B3aHMO.lleHCTBHe B MHilleHH Ii )leTe!<Topax. Ha pHC. 6 

npHBe)leHU pacqeTHUe 3HaqeHHH 3gJgJeKTHBHOCTH perHcTpaUHH 

ITHOHOB. ToqKaMH C OlllH6KaMH Ha pHCYHKe OTMeqeHU pe3yJihTaTU 

MO)leJJHpoaaHHH, a KPHBaH - pe3yJJhTaT gJHTa. npH 3HeprHHX ITHOHOB 

6oJJhllle 100 M3B 3~eKTHBHOCTh npH6JJH~aeTCH K 3HaqeHHID reoMeT

pHqecKoro aKcenTaHca ycTaHOBKH (2,3 Mcp). 

npH BOCCTaHOBJieHHH 3HepreTHqecKHX cneKTpOB ITHOHOB B 

MHllleHH yqHTUBaJIHCh 

cqeTqHKax, 

pacceHHHe. 

BBO.llHJlHCh 

IlOTepH 3HeprHH 

nonpaBKH Ha 

B MHIIIeHH, 

pacrran H 

B03.llYXe H 

MHoroKpaTHOe 

YqHTUBaJJOCh TaK~e IlOCTOHHHOe 3HeproauneneHHe, 

BHOCHMOe MIDOHOM OT pacrrana IlHOHa. npoaeneHa oueHKa BJIHHHHH Ha 

qiopMy 3HepreTHqecKHX cneKTpOB ITHOHOB H Ha BeJIHqHHY 

.llHgigiepeHuHaJihHUX ceqeHHH cnenyromHx gJH3HqecKHX npoueccoa: 

01! I :Jll 
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PHC. 5. npHMep .llByMepHoro pacnpe)lijJieHHH co6UTHH (E,t). 
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a) Heynpyroro B3aHMO)le8CTBHH ITHOHOB H npoTOHOB B )leTeKTOpax; 

6) nocnenoaaTeJibHoro rr~µ•-e•-pacnana; Bl reHepauHH rr=Me30HOB. 

2.0 
a. 
u 

'b 
* 
c 1.0 

0·0 o 20 40 60 80 100 120 

Tff , MGB 

PHC. 6. 3gigieKTHBHUH TeJieCHUA 

yroJI ycTaHOBKH. TTyHKTHp-

aeJIHqHHa reoMeTpHqecKoro 

TenecHoro yrna. 

Pe3yJihTaTU H3MepeHHH nonpaBJieHU Ha gJOH, KOTOpun 

H3MepHJICH 6e3 MHllleHH. OH COCTaBJIHJI ~3% 3gJgJeKTa OT yrnepona H 

~1% 3gJgJeKTa OT Me.llH H CBH3aH C ITHOHaMH, o6pa30BaHHUMH B 

o6oeMe B03.llyxa, npocMaTpHBaeMOM neTeKTHpyromeH CHCTeMOH. 

npHBe.lleHU H3MepeHHUe cneKTpU 3apHXeHHUX ITHOHOB npH 

3HeprHH nanaromHx npoTOHOB 240 M3B JlJIH H.llep yrnepona H Me.llH 

ITO.ll yrJiaMH 60, 90 H 120°, 3HepreTHqecKaH 3aBHCHMOCTb BUXO)la 

ITHOHOB JlJIH H.llpa Me.aH ITO.ll .yr JJOM 90° npH 3HeprHHX nanaromHX 

npQTOHOB B o6nacTH 240-500 M3B c lllaroM 25 M3B, yrnoaoe 

pacnpeneneHHe ITHOHOB JlJIH yrnepona H Me.llH npH 3HeprHH npOTOHOB 

240 M3B. 

qeTaepTaH rnaaa conepxHT o6cy~neHHe 3KcnepHMeHTaJibHux 

pe3yJihTaTOB H cpaBHeHHe HX C pe3yJihTaTaMH npyrHX 3KcnepH

MeHTOB, BUITOJIHeHHUX Il03~e. H C MO)leJibHUMH pacqeTaMH. 

nonyqeHHue ceqeHHH po~)leHHH ITHOHOB Ha H.llpax H 

HHKJIID3HBHUe cneKTpU ITHOHOB HH3KHX 3HeprHH npencTaBJIHIDT co6oH 

nepaue 

350 M3B. 

3 KcnepHMeHTaJibHUe )laHHUe npH 

o6p~_IUaeT Ha ce6H BHHMaHHe 

3HeprHHX 

CHJlhHaH 

npOTOHOB HH~e 

3HepreTHqecKaH 

3aBHCHMOCTh BUXO)la ITHOHOB npH 3HeprHHX nanaromHX npoTOHOB .llO 

300 M3B ( pHc. 7), KOTOPYID cnenyeT yqHTUBaTb npH npoeKTHpo

BaHHH 3KOHOMHqHux CHJihHOTQqHux ycKOpHTeJieH JlJIH rtpaKTHqecKoro 

HCITOJib30BaHHH ITHOHHUX nyqKQB. CpaBHeHHe C )laHHUMH O poxneHHJ.I 
+ 

IT -Me30HOB npH 3HeprHH 585 M3B IlOKa3UBaeT, qTQ .llHgigiepeHUHaJib-

HOe ceqeHHe npH 3HeprHH 250 M3B MeHbllle npHMepHO B 80 pa3. 

BeJIHqHHa .llBOHHOro JlH¢giepeHUHaJibHOro ceqeHHH ITHOHOB 3HeprHH 
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30-40 M3B COCTaBJIHeT OKOJIO 57. ceqeHHH npH 3HeprHHX np□TOHOB B 

o6JiaCTH 600 M3B. 

o.. 1000 
CJ 

' '° ~ 
:i 

C 100 
,:;, 

' ,}' 
,:;, ~ <D 

1~oo 3DD 400 500 
Tp , M:.B 

PHC. 7. 3HepreTHqecKaH 3aBHCHMOCTb 

auxona nH□ HoB Ha MenH non 

yrnoM 90°. KpHBaH npoaeneHa 

no ToqKaM. 

rrpoBeneHO cpaBHeHHe nH~¢epeHUHaJibHUX cneKTpOB nHOHOB npH 

3HeprHH nanaK>mHX npoTOHOB 240 M3B C pacqeTaMH no M□neJIH 

HMITYJibCHOro npH6JIHJKeHHH c HCKaJKeHHUMH BOn!IaMH. YqHTUBaJIOCb 

HCKaJKeHHe BOJIHOBUX ¢YHKUHH OT npoTOH-HnepHoro H ITHOH-HnepHoro 

OITTHqeCKHX noTeHUHaJIOB, aMITJIHTyna poJKneHHH ITHOHOB Ha Hnpe 

BUpaJKaJiaCb B HMITYJibCHOM npH6JIHJKeHHH qepe3 T-MaTpHUU Ha 

Maccoa·oH nbBepxH□CTH nnH aaKyyMHUX nonnpoueccoB pN-NNrr• H 

p~arr·. 3JieMeHTU T-MaTpHUU peaKUHH cqHTaJIHCb ITOCTOHHHUMH 

(qTQ B OKOJIOnopor□ BOH o6JiaCTH BITOJIHe onpaBnaHO) H 6uJIH 

HaHneHU nyTeM o6pa60TKH 3KCnepHMeHTaJibHUX naHHUX. 

rronyqeHo KaqecTBeHH□ e 

3KCnepHMeHTaJibHUMH 

3JieMeHTOB. ITpH 

naHHUMH 

yrne 120° 

cornacHe pe3yJibTaT□ B pacqeTa c 

npH yrnax 60 H 90° nnH nByx 

HMeeTCH pacxoJKneHHe,K □Topoe, 

no-BHnHMOMY, MOJKHO o6oHCHHTb KaK HeyqTeHHUMH KOppeJIHUHHMH 

HYKJIOHOB B Hnpe, TaK H npH6JIHJKeHHOCTbKl HCITOJib3yeMOH MonenH. 

Bo BTOpOM aapHaHTe pacqeTOB HHKJIKl3HBHUX cneKTpOB nHOHOB 

yqTeH T□JibKO BKnan oT KBa3Hcao6onHoro nonnpouecca pH-nNrr• c 

npHMeHeHHeM M□neJIH OPEM. rronyqeHo KaqecTaeHH□e cornacHe 

pacqeTHUX cneKTpOB C 3KCnepHMeHTaJibHUMH naHHUMH (pHC. 8). 

B uenoM, nonyqeHHUe pe3yJibTaTU yKa3UBaKJT Ha TO, qTQ 

HHKJIKl3HBHUe ceqeHHH o6pa30BaHHH nHOHOB Ha Hnpax npH 3HeprHHX 

npOTOHOB HHJKe nopora poJKneHHH Ha cao6onHoM HYKJIOHe M□ryT 6UTb 

ynoBJieTBOpHTeJibHO OITHCaHU B paMKaX npocTOH MonenH HMnyJibCH□ ro 

pacnpeneneHHH HYKJIOHOB B Hnpe. 
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'° ~ PHC. 8. CpaaHeHHe pacqeTa cneKTpOB 

2 0.2 
'1, 
1-
,:;, 

i 
~ 

40 

I l I 
60 80 100 

T,,, M:.B 

nHOHOB B KBa3HCB06onH□M 

npH6JIHJKeHHH c 3KCnepHMeHTOM 

nnH Hnpa yrnepona npH 

3HeprHH nanaK>mHx npoTOHOB 

240 M3B. 

B 3aKJIKJqeHHH H3JIOJKeHU OCHOBHUe pe3yJibTaTU, nonyqeHHUe B 

nHccepTaUHOHHOH pa6oTe: 

1. Bnepaue H3MepeHu naoHHUe nH¢¢epeHUHaJibHUe ceqeHHH 

o6pa30BaHHH 3apHJKeHHUX nHOHOB B coynapeHHHX npoTOHOB C HnpaMH 

yrnepona H MenH non yrnaMH 60, 90 H 120° npH 3HeprHH 240 M3B. 

2. ll3MepeHa 3HepreTHqecKaH 3aBHCHMOCTb auxona 3apHJKeHHUX 

nHOHOB non yrJIOM 90° B npOTOH-HnepHUX coynapeHHHX nnH Hnpa 

MenH npH. neBHTH 3HeprHHX B o6JiaCTH 240-500 M3B c maroM 

25-50 M3B. 

3. YcoaepmeHCTBOBaHa MoneJib onH□nHOHHOro o6MeHa nJIH 

npouecca NN-NNrr C yqeTOM Bcex HHTep¢epeHUHOHHUX BKJianoa. Ha 

ee ocHoBe co3naH naKeT nporpaMM nnH pacqeTa MaTpHqHoro 

3JieMeHTa H nH¢¢epeHUHaJibHUX ceqeHHH. IlpoaeneHO neTaJibHOe 

cpaBHeHHe C HMeK>mHMHCH 3KCnepHMeHTaJibHUMH naHHUMH, qTQ 

IT03BOJIHJIO onpeneJIHTb o6JiaCTb npHMeHeHHH M□neJIH H auneJIHTb 
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¢YHKUHKJ ITHOH-HYKJIOHHoro ¢opM¢aKiopa. ITOKa3aHO, qTo rrpH rrpoBe

neHHH COBITanaTeJibHUX 3KCITepHMeHTOB Tpe6yeTCH o6ecrreqHBaTb 
aucoKoe yrnoaoe pa3pemeHHe. 

4. 3KcrrepHMeHTaJibHUe pe3yJihTaTu o6pa3oBaHHH ITHOHOB 

rrpoToHaMH Ha Hnpax yrnepona H MenH rrpH 3HeprHH 240 M3B, T.e. 

HHJKe rropora o6pa3oBaHHH Ha cao6oniioM HYKJIOHe, ynoaneTaopH

TeJihHO OITHCUBaKJTCH pacqeTaMH Ha OCHOBe HMITYJihCHoro rrpH6JIH

lKeHHH C HCKaJKeHHUMH BOJIHaMH H B KBa3HCB06onHOM rrpH6JIHlKeHHH C 
rrpHMeHeHHeM pa3pa6oTaHHOH MonenH OPEM. 

5. Co3naHo MaTeMaTHqecKoe o6ecrreqeHHe 
MepHUX naHHUX. 

aHaJIH3a MHoro-

B rrpHJIOJKeHHe BUHeceHU HeKoTopue ¢0pMynu, ITOJie3HUe rrpH 

auqHcneHHH MaTpHqHoro 3JieMeHTa nnH cnyqaH TOqHoro yqeTa Mace 

rrpOTOHa H HeHTpOHa B peaKUHHX NN➔NNrr. 
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