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OEIIWi XAPAKTEPMGI'HKA PAEOTl:l 

.A.KTy;aJII,HOCTL npo6JieM!i. IIpoBe.rteHHe aKcnep:m.teHTOB no nporpaMMe 
nOJIHoro Oill:,ITa sraJI!l8TC.fl O,ItHOtt H3 BaJ!tID1X sa,n;aq B ~H3HK8 HYKJIOH-HyKJIOH
HWC B3aHMO,ItettcTBHii npH npoM8JKYTO'llmX 8Heprruoc. B noMe,ItHee BpeM.fl HH
Tepec K aTOH npo6JieMe sHatIHTSJll,HO Bospoc B CB.fl3H c rnnoTesott .ItH6apn
ommx pesOHaHCOB, cymecTBOBaHHe KOTOp!lX npe,ItcKa3HBaeTC.fl p.fijl;OM Teope
TmeCKmC MO,IteJiett. IIepBlle 8KCnepHMeHTaJIJ,Hl:l8 pa6oTH, B KOTOp!lX no.nyqe.,
Jll,l YKB.38.HH.fl Ha cymeCTBOBaHHe .ItH6apHOH~ peSOHaHCOB, ITO.flBHJlllCJ, B 
I977 ro;rry. 3To, B nepBYJO oqepe.rtL, pa60TH, BI,1nOJIHeHHHe B AproHHCKOii 
HaJ.U:tOHMI,HOH Jia6opaTop:im (ClllA), B KOTOp!lX coo61l{aJIOCL O B03MOJKHOM Ha-
6JIRJ.I(emm 3F3 pesOHaHCa B HYKJIOH-HyKJIOHHOM B3aHMO,IteiicTBHH,H npoBe
,It8HHHe B .ffnomm Oill:,ITH no ~TopacmeITJiemm .rteiiTpoHa, ns KOTopmc 6wr 
C,It8JI8H BllBO,It O CYlll8CTBOBaHHH H30CKa.1UIPHOro 3+-pesOHaHca. Ilos,ItHee 
61:lJIO BI,IIlOJIHeHO 6QJil,WOe KOJIH'I8CTBO 8KcnepHM8HTMI,HWC H TeOpeTHtI8CKWC 
pa6oT, nOCB.flm8liHHX npo6JieMe ,ItH6apHOHHWC pesOHaHCOB. PesyJILTaTH 3THX 
HCM8,ItOBaHHH n03BOJilIJOT C,IteJiaTL BHBO,It B B03MOJEHOM CY1118CTBOBaHHH 3P-, 

3 F 3• 1 0 2• 1 G 4 - peSOHaHCOB B rMOH-HyltlIOHHWC B3aHMO,IteiiCTBH-
.IIX B o6JiaCTH aHeprntt 600-I300 MaB/r-3 • 

HsBeCTHO, tITO HaH60Jiee Ha,IJ;elltHl,le 3aKJIXltieHH.fl O CYllleCTBOBaH:im peso-
HaHCOB B N N -B38.HMO,IteiicTBIDI npn npoMeJKY!O"llillX 8Hepr:ruoc MOJKHO C,Ite-
JiaTL Ha OCHOBamm ~oBoro aHaJIH3a. BnepBI,le ~om aHaJIH3, B KOTO
poM 6wro ITOJIYtieHO pe30HaHCHOITO.rt06Hoe noBe,IteHHe 3HepreTHqecKott 3aBHCH-
MOCTH 1 D rn 3 F 3 - ~o/ ynpyroro pp -pacce.fllil!JI, 6wr BanOJI-
HeH H.XoWHsaKH B I978 ro.rtY.'_ 4 • Ilos,ItHee ipasoBI,1tt aHaJIHs 6wr npoBe.rteH 
eme HecKOJI1,KHMH rpynnaMH 75- 7/_ B nocJie;zurax pa6oTax: 6HJIH nQJIYtieHH pe
meHHH,6JIHsKHe K pememno H.XoWHsaKH. 0.rtHaKO ~0BI,1tt aHaJm3 np:e: aHeprn
.lIX wme 600 MaB ,ItO noMe,ItHero BpeMeHH OCTaBMC.fl H80,ItH03Ha'lllliM, tITO 
cymeCTB8HHO OCJIOlll:HJiJIO HHTepnpeTaumo nQJIYtiemmx pe3yJI1,TaTOB • .Il,nsi ycT
paHeHH.fl H80,ItH03HatIHOCTH !pa30BOro aHaJIH3a H YCTaHOBJieHIDI C ,ItOCTaTOtIHOH 
TO'!HOCTLD 3HepreTHtI8CKOH 3aBHCHMOCTH napJ.U:taJII,HllX BMIIJmTy,It ynpyroro 

PP -B3aHMO,It8HCTBH.fl He06XO,ItlJMO npoBe,IteIDle nm:pOKOtt nporpaMM!,1 no.rui:
pnaan;n:omwx nccJie.rtoBS.HHii, BKJill)t{ammett B ce6.fl npe~e Bcero HsMepeHHe 
KOMITOH8HT T8H30POB KOppe~ nomrpns~ • .rteno.rutpnsau;im H nepe,rtatIH 
nomrpnsarnm. 

05bEJlt,'tttfHHhH1 ~lHCT;,ff':lT 
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UeJll, pa6oTH - ncCJie,Il;OBrume aHepreTR1IecKott srumcRMOCTR napaMeTpa 
Cnn IIPR YJipyroM pp-pacceJllOO! B 06.:rracTR aHeprliii 550-950 MaB, 

r,Il;e Hrul:60Jiee OT~8T.7lliBO IIpOJIBJIJI8TCH pesOHaHCHOe B3aRMO,Il;e:ltcTBHe B 
cncTeMe ~yx npoTOHOB III. He~6xo.ItHMocTL 11pone,I1;emm STRX nsMepemm 
OIIpe,Il;eJWJiaCL CJie.ztYJOOlHMR IIpwnmaMR: 

- 11apaMeTp CIIRHOBOtt KOppeJIJIIJ;IDI Cnn .JmJtaeTCH 0611lHM aJieMeHTOM 
~ Bcex BapnaHTOB IIOJIHOrO OllliTa; 

- B YKa8aHHOM 8HepreTK'leCKOM RHTep:aane OTCYTCTBOBaJIR R3Mepemm 
Cnn C TO'!HOCTLJO, ,Il;OCTRDMO:lt C IIOMOlltI,ID COBpeMemmx IIOJIJJPR30BaHlWX 

~KOB R IIOJIHPR30BaHlWX MmIJeHett, B TO BpeMII Kalt 6wro R3BeCTHO, ~TO 
R3MepeHRe Cnn c OTHOCRTeJILHOtt TO'!HOCTLIO IO% Heo6XO,ItHMO~ ycTpa
HeHRH He0~03Ha'!HOCTR qiasoBoro aHaJIR3a IIPR aHeprRR 630 MaB 8 ; 

- Be~a Cnn (90°) II03BOJIJJeT pas,Il;eJIRTL BKJia,ItU TPmIJI8THOro 
:II CRHI'JieTHOro B3aRMO,Il;ettcTBRii np:1:1: YJipyrOM pp -pacce~ 110,II; 8TRM 
yrJIOM; 

- 3KCIIepRMeHTaJILHH8 pesyJll,TaTH, R3B8CTHl:le ,Il;O Ha~ana ~oil pa6o
TH, YKaSHBaJIR Ha B03MOXHylO HeMOHOTOHHOCTL 8HepreTR1IecKott 3aBRCRMOCTR 

,3TOro IIapaMeTpa B pesoHaHCHOtt o6JiaCTR, O~aKO H8,Il;OCTaTO'!HO BHCOKM 
To~ocTL pammx aKcnepnMeHTOB He nosnOJIHJia C.Il:eJiaTL onpe,Il;eJiemme sa
KJIJO~emm O xaprutTepe 3HepreTH'l8CKOii 3aBRCRMOCT~ Cnn (90°) B 8TO:lt 
o6JiacTR aHeprRii. 

HaV'IHM HOBR3Ha R nPaKTH'l8CKrut ll8HHOCTL. B11epBHe C BHCOKO:lt TO~
HOCTLIO R3MepeHa 3HepreTH'l8CKM 3aBHCRMOCTL Cnn (40°- 50°) H CnnC9o0) 
B ~anasoHe 3Heprnii 550-950 MaB; IIpoBe,Il;eH qiaaoBHii aHaJIR3 pp -pac
cemmJI npH 8Heprnmc 630-950 MaB. IIPR 8TOM IIOKa8aHO, ~TO CYlll8CTBYJO!llR8 
3KcnepRMeHTaJI1,HH8 ,Il;aHHHe, B TOM ~cJie R pesyJILTaTH ,Il;aHHO:lt pa60TH no 
RsMepeHRJO Cnn , nosBOJIJmT n~TL e~HCTBemme pememm npn SHep
I'WlX 630 K 800 MaB. IIOKa3aHO TaKJJte, ~TO pemeHRH IIO,Il;06Horo TRna CYI!l8CT
BYJOT K npn 3H8PI'WDC 670, 720, 760 H 950 MaB, XOTH qiasoBlitt aHaJIK3 npH 
8TKX 8HeprKHX H80~03Ha~eH. 8HepreTR1IeCKrur 38.BKCHMOCTL napu;RaJll,HIDC 
aMIIJm~ ~ pememnl: 8Toro TKna He IIp0TRBOpe~T rRIIOT83e CYI!l8CTBOBa
HIDI ~poTOHHHX pesOHaHCOB B 1 □ 2- H 3F3 - COCTO.fIHIDDC. IIOJiy'I8HHHe 
pemeHRH xopomo · OnHCHBaIOT aKcnepm.ieHTaJI1,HHe .Il:aHH!ie no YJipyroM:f p p -
paccesmmo B HcCJie,Il;oBaHHoM aHepreTR1IecKoM RHTepnane. 

CTW(K'fYOO Jl!CC8PT!UlHH. Pa6oTa COCTOHT R3 BBe,Il;eHIDI, 4 rJiaB K sa
KJlll'l'.eHRH, CO,Il;epimT I30 CTpaHm:(, 2I PHCYHOK H 20 Ta6mm. EH6JIHorpa<IiR
~ecKRii CIIKCOK COCTOHT K3 III HaRM8HOBrumii. 

Armo6armg pa60TH. Pe3yJI1,TaTH ~ccepTau;RR ,Il;OKJia,ItUBaJIKCL Ha C8Mll:
Hapax B Jia6opaTopim ~epmrx: npo6JieM OIDIH K Ra6opaTopim BliCOKRX 8Hep
rnii mm~. Ha Me:ar,zzyHapo~ CHMn03nyMaX no qJH3KKe BHCOKRX 3HeprRil C 
IIpnMeHeHReM nOJIR:pn30BaHHHX ~OB H Mmll8He:lt B AproHHe (I976 r.) KB 
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liosrume (I980 r.), Ha Me:ar,zzyHapo~oM ClIMII03KyMe no nOJIJJpnsau;noHHHM 
HB.1I8HHHM IIPK B!lCOKRX 8H8PI'RIDC B ,1Ty6He (I98I r.). 

Uy6JIHKa1rmr_ IIo pesyJILTaTaM MccepTau;RR ony6JIHKoBaHo 7 CTaTe:lt. 

CO.n;EPJ[AHHE PAEOTll 

B rJiaBe r'KpaTKo KMoxeH 4JOJ)Malm3M cmniono:lt MaTpHD;l,t paccemnm 
~ CllCTeMli 10JYX HYKJIOHOB H 06cY3,ItaeTCJI.COBpeMeHHoe COCTOHHHe llCCJie
,Il;OBamnt IIp06JieM!i M6apHOHHl:CX: peSOHaHCOB B CKCT8Me ~ Ilp0TOHOB npn. 
npoM8JBYTO~ 8H8pI'RIDC. 

B rJiaBe IT paccMOTpeR!l MeTo,n;u nsMepemm napaMeTpa KoppeJIJIIJ;IDI 110-
JIHPRaa.rmii Cnn K IIPHBe.Il:eHo ormqrume aKcnepnMeHTa no HSMepeHHIO Cnn 
npn :=meJ)I'WDC 550, 6IO H 630 MaB Ha cmricpouirKJioTpoHe Jia6opaTop1m ~ep
mrx: 11po6JreM OIDIH. 

I. B 8KCll8PRM8HTe 6wr KCnQJI1,soBaH IIOJIR:pnsoBaHHH:11 ~OK C IIOJIR:
pnaau;neii 0,30-9~}6 H nOJIR:pnsoBaHHM MHID~HL c MaKCHMaJll,Ho:lt nOJIR:pnsa
uirett 0,98+0,03 • 

Ilpn paccemnm npoToHHoro ~a c. noJIHpnsau;ne:lt f's Ha MHmeHH 
C IIOJIR:pnsrume:lt f>r HHT8HCllBHOCTL pacceJIHWI Ha yrOJI ~ B CKCTeMe 
~eHTpa Mace OnHCHBa8TCH B!lpallteHHeM 

U,,.J = I 0( i7') [ 1 t !"i5a + i5i-J P(1') + Cnn P8 Pi-l , 
r,Il;e Io(1") - RHT8HCHBHOCTL paccemnm HenOJIR:pll30BaHHoro ~Ka•Ha Heno
mrpK30BaHHOii MHllleHH, 

p ( 1") - IIOJISipH3au;RH B YIIPYI'OM PP-paccemnm. 
BeKTopu P8 H Pi- HanpaBJieR!l 11epneH.IUieyJisrpHo IJJiocKocrn pacceJIHWI. 
.IT.n.lI onpe,I1;eJreHW1 Cnn HSMep!JJmcL ~empe HHTeHCHBHocTH I++ , I+- , 

I-+ , L_ , OTJIH'laJO!llReCH 3HaKOM IIOJIR:pll3au;RH MHmeHH (nepBHtt KH-

,!1;8KC) llJIH 3HaKOM nomrpK3au;RH n;}"IKa (BTOpoii KHJ(eKc): 

C _ 1 (I+++L_)-II+-+I-+l nn--
P8 Pr I+++ I+-+ I-++ 1--

CxeMa YCTaHOBKH ~ ll3M8peHWI C nn IIPHB8.Il:8Ha Ha PHO.I. . 
IIpOTOHH, paccemnme Ha IIOJIR:PK30BaHHO:lt Mlllll8HR IIO,II; yrJiaMH rs0, 

30°, 35° K 4I
0 

{JI.c.),perHcTpllpoBaJIHCL TeJieCKOnaMH KS~ Cu;RHTHJI

J!R!tHOHHHX c~eT~KOB TI-T4, BM!O~eHHllMl!: Ha COBna.zteHRe co c~e~K8MP! 
npoTOHOB OT,Il;a~ CI~C4. 

JI.nR npoBe,Il;elmJ{ H3MepeHH:lt 6wra HCIIOJll,30BaHa CT~apTHM 8JieKTpo
HHKa, paapa60TaHHM B Jia6opaTOpl!H H,Itepmrx: 11po6JieM arum:. Kallwi:lt KaHBJI 

perRCTpau;RR BKJIIO~M B ce6H TPH qiopi,mpoBaTeJIH RMnyJll,CQB Cu;RHTllJIJIHu;ROH-
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Pe:c.I. 061llrur cxeMa ycTa.HOBRH. 

_.. 

I - Mal'HHT, OTKJIOHSDJlllHff H8IlOJillpl'ISOB8.HHID1 nytiOKi 2 - RBa,I(PYfiOJII,
HWI mmsa; 3 - OTKJIOHJn!lIIRit MaI'HHT; C - yrJiepo,IU{rur MlDil8HI,-llOJm
pRSaTop;· 4 - KOJIJJ.HMaTop; 5 - OTKJIOHIIlOlllHit Ma!'lm:T c JKeCTK$ItyCH
PYDlltHM Ka.HaJIOMi 6 - RB~ynOJII,HruI mmsa; 7 - OTKJIOHSIDllliit MaI'HHT; 
8 - KOJIJIHMaTop; 9 - llOJmpRSOBaHHWI npoTOHHWI MHlll8Hl:,; TI-T4 -Te
JI8CKOilll H~ ,ItByx C~THJIJIJIUKOHH!il C'l8T'mKOB, perHCTpHpyilllllI8 pac
ceJnlH!le npoToHH; CI-C4 - C'l8T'mRH, perncTpHpyiolllHe npoTOHU OT'Aa
'!Hi IO - HOIDIS~omme K8M8,Pil, MOHHTOpl'lpy!OlllH8 H8llOJIJIPHSOB8.HHlIB 
nytiOK npOTOHOBi II H 12 - HOHl'IS~OHHI:le RaMeps, MOHHTOpHpyilllllI8 
noJmpHsoBaHiilltt :ayqoK; r5, r6 H c5 , c6 ·- 'AeTeKTops rroJm-
PHMeTpa. ' 

HHx: C'l:8T'!HKOB, TPH .mnmH Sa,I(8plEIGJ H CX8MY COBIIa,I(emm C paspemeHHeM 
2T = 24 HC8K. . 

.I(amme c BWCO'Aa Bcex 'A8T8KTOpoB nepe'AaBaJll'IOl:, B SBM HP-2II6 
'l:epes HHTepq>e:ttc KAMAI{. HCIIOJII,30BaHH8 S13M IlOSBOJIH.JIO KpoMe SanHCH 'Aa.H
HUX OT 'A8T8KTOPOB npoHSBO'AHTI, SaimCl:, Been H806XO'A:HMOR CJJYJ[86Hott HH
~~H. a TaRllt8 OCYII18CTBJI!iTl:, KOHTp0JII, IIOCTMHCTBa HHT8HCHBHOCTH 
ny'l:Ka, H3M8psI8MOi·pasmn.m MOHHTOpaMR, H IlOCTOffllCTBa B llp0'A8JIWC CTa
THCTZ'l:8CKHX OTKJIOHemrti CKOp0CTeii C~eTa ~8T8KTOpOB, 'ITO o6ecrre'!HB8JIO 
BOSMOJIHOCTl:, llOJIYll8HWI npe,ItBapRT8Jil:,Hl:lX pesyJIJ:,TaTOB no OKOH'l:aHHH 088.H
ca H CYII18CTB8HHO o6Jier'lBJIO IlOCJI8.JJYXIl1YJO o6pa6oTity pesyJIJ:,TaTOB H3M8-
pem. 

HsMepeHWI C nn 6wm mmOJIHeHH B C8MH C88HCax. HsMepeHWI rrpo-
BO'AHJIHCl:, IIJiTHMHHYTHUMR 8Kcnos~. IIpH 8TOM 3HaK IIOJilipl'IS~ Mmll8-
HH M8HIJJICH qepes xaz.ztli8 8-12 qacoB, SHaR IIOJIHPHS~ :ayqita - '1_71':3 
16-24 'l:aca pa6om. lIOJm,PRS~ Ml!llleHH HSMepsIJiac:1:, MeTO'AOM m.n/9 II.PR 
Krur,D;Oii CM8H8 ee 3Halta. IlOJmpR3~ IJY'llta OIIP8'A8JIR'Jiac:1:, IIO acHMMeTpHH 
B ynpyroM pp -pacce.mnm Ha yrOJI 20°(JI.c.). KoHTpoJII, rroJmpHs~ 
OCYJ118CTBJIHJICH Henpepmmo B XO'A8 8KCII8pHM8HTa. 
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2. PesyJII,Tam HsMepeHHH Cnn rrp:a :meprrun: 550, 6IO :a 630 MsB 
IIPHB8'A8HH B Ta6Jnm;e I. 13 onm6KH, YRasaHHUe B Ta6Jnm;e, KpoMe CTaTHCTH
'!8CKHX B.KJIJD'leHH onm6RH HSMepemm IIOJilIPlIS~ Mmll8HH ( A Pr /PT = 
= 0,03) H IIOJilipHs~ IJY'llta ( AP8 /P9 = 0,05+0,06). 

~ 

41° 
69° 
77° 
9I0 

Ta6mma I 
3Ha'leHWI napaMeTpa Koppe.run:am IIOJIJipHsruntll 
B ynpyroM pp -pacceamm nplI SHeprrun: 550, 
6IO H 630 Ma13 

550 Ma13 6!0 MsB 630 MaB 
Cnn ,,. Cnn ,,. 

Cnn 
0,54 ± 0,05 400 0,60 ± 0,05 40,6° 0,44±,0,05 
0,58 ± 0,04 67° 0,57 ± 0,04 69,6° 0,54±,0,04 
0,53 ± 0,04 78° 0,57 ± 0,04 78° 0,6D.t,0,04 
0,5I ± 0,04 90° 0,57.:t 0,04 9!0 0,66±0,04 

~- HcnOJII,soBaHHe rrOJiytieHHUX :matremm napru.ieTpa Cnn ( 1") ]t]IJI 

YTO'!HeHHJJ ipasoBoro a.HaJilisa pp -pacceaHHH rrp:a SHeprmr 630 MsB 
IIOSBOJIHJIO.HCm'!HTJ:, 0,IU{O HS 'AByX pememrli, IIOJiy'l8HHHX rrp:a 8TOll SHep
rHH B pa6oTe 8 • 

13 rJiaBe lli OIIHCUBaeTCH 8KCil8PlIM8HT ITO HSMepemno 8HepreTntr8CKOll 
SaBlICHMOCTH rrapaMeTpa Cnn B 'Al!arrasoHe 8Heprm1 690-950 MsB, BU
Il0JIH8HHUH Ha CHHXpOI{l'IKJIOTpoHe JlWii. 

I. 061llrur cxeMa 8KCII8PHM8HTa IIP8'ACTaBJieHa Ha p:ao. 2. 'OHa OTJIRtJ:a
Jiac:1:, 6oJiee CJIOJKHUM TpaKTOM IlOJmPHSOBaHHoro IIy'llia H, COOTB8TCTB8HHO, 
6oJiee CTporHM KOHTpOJieM sa IIOJIOlK8!Df8M IlOJIHPHSOBaHHOro rrytrKa. Ha IlOJm
PHSOBaHHOii MHmeHH. 

~TR1rJIIII{liJOHHUe Ctr8T'WKH C15- C22 6UJIH pas,neJieHU Ha ,ItBa KaHMa, 
perncTpHpoBaBmHX pp-pacceaH1Ie IIO'A yrJiaMH 90° :a 50° (c.u.M.). 
YroJI perncTpaI{l'IH O,ItHoro HS T8JI8CKOIIOB Kallt.Iloro KaHMa BU6HpaJICH pac
'l8THUM rryTeM, IIOCJie.orrpe,neJieHWI yrJia IlOBOpoTa IJY'IKa B MaI'HHTHOM IIO
JI8 IlOMpHSOBaHHOil MHmeHH. YroJI BToporo (COIIp!IllteHHoro)TeJieCKOila yc-
TaHaBJIHBMCH no MaKCHMYJ,zy' trHCJia pp -COBila,I(eHHii. 

IIpH IlPOB8,lt8HHH 3KCII8PHM8HTa HCIIOJihSOBaJiac:1:, H3M8PHT8JIJ:,HaH anrra
paTYPa,, BHIIOJIH8HH8H B CTaH,ItapTe KAMAK • .llaHHUe OT MOHIITOpoB IlOJilipR-
M8Tpa lI KaHMOB per:acTpaI{l'IH rrepe'AaBaJilICh B 8BM PDP -II. IIoJIHrur 
CTaTHCTHKa, Ha6paHHM ]t]IJI KaJK.I(Ott 3Hepr:a:a, rrpe:aumaJia·4•I04 C06UTRl1 • 
.IvrJI YMemmeHHJJ cncTeMaTRtJ:ecKoil rrorpemHocTH SHaK IIOJIJipHsamm rrytrKa 
HSMeHHJica JIH6o rrocJie Ha6opa 5.ro3 co6uTHil, JIH6o qepes Krur,n;ue ,ItBa tra-
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Pllc. 2. 3KcrrepHMeHTaJII,HaR YCTaH0BKa. 
MII - MllllleHI>-Il0JIRpHSaT0p, M1-l~4 - MarHllTH, JirJI3 - KBa,npyn0JII,HHe 
JllIH8H, KrK3 - KOJIJIUMaT0pH, IIIIM - Il0JIRpHS0BaHHM npoT0HHM Mll

meHI>, II!{I - ~ - rrponoprnroHaJII,HHe KaMepH, CrC22 - CUHHTllJIJIR
UH0HHHe ctteT~KH, M(CH2), M(CH2-C) - Mlililemr M0HllT0pa H rrOJmpH
MeTpa. 

ca npH .n;JIIITeJII,HHX 8KCil08ffil;IDlX. 
2. ITOJIY'-leHHHe saattemm napaMeTpa KoppeJIJIUHII noJIRpnsarnrii Cnn n 

noJIRpH8arnrH B ynpyroM pp -pacceRHHH npn aaeprnRX 690, 760, 804, 
840, 892, 950 MaB np.1rne,n;eHH B Ta6JIH[(e 2. 

T 
MaB 
690 
760 

804 
840 
892 
950 

, 

· 1'a6.7Il.!!!EL2 
3Hattemm napaMeTpa KoppeJIJIUHII nOJIRpHsarnrii C n n H 
Il0JIRPH8arnrll B ynpyroM pp -pacceRHllll npH aHepI'HlDC 
690-950 MaB 

(50°). (50°) (90°) (90°) 

0, 54□±.0, 030 0,525±0,0I4 0,740±,0,030 -0,020±,0,007 
0,520±0,030 0,475±,0,0I6 0,66(J..t0,040 -0, 049±0, 007 
0,558±,0,025 0,484;t0,0I4 0,589±0,033 0,0II±0,OI0 
0,56(J..t0,040 0,458±0,0I4 0,67(J..t0,060 0,062±0,0II 
0,55(J..t0,030 0,430±0,0II 0,6ID±0,040 -0,002+0,007 - . 
0,559±0,021 0,406±0,0II 0,554±0,025 0,0I9±0,0I2 

0lllH6IGI, yKaSaHHHe B Ta6mme 2, BKJIIO'-laIOT norpelllH0CTH ll8MepeID!:R 
noJIRpnsaumr nyqKa ~P81Ps= 0,025, noJIRpnsarnrH MnmeHH ~Pr/Pr= 
=0,04 ll CTaTHCTHtteCicyIO Olllll6ey ll8Mepe.HHfi. 
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3. PesyJU,TaTH HsMepemm Cn n (50°) n: Cnn (90°) n: npe,n;c1m-
samm aHepreTlr'IeCimit srumcm,1ocTH Cnn , c,n;eJiamme Ha ocHoBamru 
pesyJII,TaT0B qiasoBHX aHBJIBso:af5,6/, He npoTHBopettalllIDC rnnoTese .n;R6a
pnoHHWC pe80HaHC0B,npHBe.n;eHH Ha pnc.3. Ha6.mo.naeTCR CYIIleCTBeHH0e pac
X0JK,IJ;eHHe Melli,I(y npe.n;cKasrum.m.m nepBoro ns HHX n aKcrrepHMeHTaJII,HHMH 
.n:ammw, rrOJzytieHHHMH B Hanmx H3MepeHMX C n n (90°) npn aHeprnRX 
BHI1Ie 750 MaB. 

1,0 

0,75 

0.5 

[lZ5 

45 

c,,,, (500) CNN (80°) 

~75 1,0 T,Z5 ~5 0,75 1,0 1,Z5 
T, (38 

Pllc. 3. CpaBHeHHe pesyJII,TaT0B .D:aHH0fi pa6ow c 
npe.n;cKa8aHIDIM.II qiasoBHX aaamrsoB 
/4/ - CDeTJIUe KPYJl'.IG{, /5/ - TeMHh!e KPYJ!l'.IGI, 

0TtteTJIHBO np0RBJI.lieTCR MaKCHMyM B aaepreTH'-!eCK0H saBHCHM0CTll 
CnnC90°) npH aHeprHH 690-700 MaB. 3aatteHHe Cnn (90°) B MaKcn

MYMe paBHo 0,74 ± 0,03. 0THoruemre ,n;mlqiepeHUHaJII>HHX cetteIDili TpnITJieT
Horo H CHHrJieTH0ro pacceRHHR B MaKCHMYMe C0CTaBJIReT 

d6t/-d65 dJt d.si. = 6,69 ± 0,88. 

3HeprernttecKM 8aBlICHMocTI> CnnC5o0) He o6HapymmaeT. saMeTHll? oco-
6eHHOCTefi ll He npoT.IIB0pettHT rrpe.n;cKasammM qia80BHX aHaJllI80B/4, 5 • 

4. PesyJII,TaTH HSMepeHHR naPaMeTpa C nn H HSBeCTHHe H8 JIHTepa
TYPH CBe~eHM 0 C 11 H .n:RcMiepeHUHaJII,HllX cetteHIDIX ,It.7Ill paCCeRHHR Ha 
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900 ll03BOJIIIIDT pa3~eJiliT1, BKJI~ OT~eJII,Hl:lX MaTPR'IHl:lX 8~eMeHTOB npH pac
cemnm: Ha 8TOT yroJI: 

:~ (90°)[1-Cnnl90°1]·= 11Mssl2 

:~ (90°)[ 1+ c11 190°1] =IMo1'2, 

~~ (90°)[Cnnl90°)- C11{90°l]= IM101 2
, 

r~e M s 5 , MO 1 H M 1 o - cooTBeTCTBeHHo cm!I'JieTHWi H TpHllJieT
HHe sJieMeHTli MaTPIDV:l paccemooJ. M01 cop;epnT BKJI~ OT Bcex T,PlI

MeTHIDC COCTOJIH:irli, KPOMe 3 Po , a M10-JI1IlllJ, BKJIB,Itli COCTOJIIDIH c 
J = L + 1 , TO eCTl, He 38BllCllT OT 3 P 1- ll 3 F 3 - COCTO.amrli, 

3amic1IMocT1> MOJzyJieil MaTplitJHliX sJieMeHTOB M s s , M o 1 ll M 10 
OT m.mynca HaJieT8.lOllllDC qacTRU, nOJIY'leHHaJI C HCnOJI1>80B81IlieM Bcex H8-
BeCTHl:lX SKcnep.HMeHTaJil,HWC ~ammx. BRJIIOqa.a: pesyJII,TaTli ,wmHOH pa6oTH, 
npe~cTaBJieHa Ha puc.4. 

0TqeTJilIBO npo!IBJil!eTCJI MaKCHMYM B m.m:ym.cHott 88BllCHMOCTH M 5 5 , 
KOTOpliii 0611W0 CBR811BaeTCJI C B8aHMO~ettcTBHeM B 1 D 2 -cocTO.mnm: (o6-
pa80BaHIIe NA -CHCTeMli B 5 -COCTOmmH). B 38Bl!'.CllMOCTH TpH-
llJieTH.blX MaTP~ 8JieMeHTOB OT m.mym:,ca H8JieT0101ltllX qacTRU o6Hapyu
B010TCJI Bec1,Ma. noxoime MaKCHMYMli npu HMI1YJI1>ce p = I,2-I,3 rsB/c. 

YCTaHOBHTl, BKJia.n; OT~eJIJ,HHX nap:u;HaJII,HWC BOJIH B MaTpR'IHHe aJieMeH
Tli M j K B o6JiaCTll MaKCHM.YMOB He npe~CTaBJI./!JIOCJ, B03MOltHW4 ll3-8a 
saMeTHoro pacxol!,I(eHHR npe~cKasaHHtt ~soBoro a.Hamrsa/4/ aHepreTif'!ec
.Koii 8aBHCHMOCTH napa.MeTpa Cnn(90°) H ~aHHliX 8.KCnepHMeHTa. 3TO 
06CTO.R:TeJibCTBO yKa311B8JIO Ha He06XO~OCTl, npoBe~emm HOBOrO wasoBoro 
aHaJmsa·~aHHl:lX no ynpyroMY pp -paccemrmo B yKasaHHOM HHTepBaJie 
aHeprmi. ,; 

B rJiaBe·ry HSJioxeHa npouema ~soBoro aHaJIHsa aKcnepm.,:eHT8JI1>HHX 
~aHHHX no pp -paccemnno npu aHepl'ltlIX 630-950 MaB H ero P,~·8Y,JI1>TaT11. 

I. '1?asoBlitt aHamrs npoBO.IUIJIC.R: no nporpaMMe FA 79a · 7ID7. Ha
xol!,I(eHHe ~aSOBllX C,IUlHrOB npOHSBO,IUIJIOCJ, nyTeM MHHHMH8aumI qiyHKUIIOH8Jia 

'\,2="' [1/NiYPSAh,.jl-yfXP{,,.jl]2 +L(Nj-1 )2 
'\ ~ 6sTAT . 5SYST 

~ ij I j 

r,ne y P SA ( 1" j) - ~cJieHHoe 3Haqeime Ha6.mo.naeMoii BeJIHqHIJll JI)IJI yrJia 
pa~ce.R:HH.R: ~j ; yfXP( il'jl -aKcnepm.ie~TaJII,HOe sHaqemre Ha6JIIOJJ:ae-
MOH BeJmtm:Hll JI)IJI yrJia pacce.R:HH.R: ,,.j B I. -M 8I<CnepHMeHTe i 

8 
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.. 1,0 
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.f .. 
C 
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ii'JI 
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I 

Ill I I I I 

. tiiJI ,·, I 
1 

0,5 1,0 1,5 z,o 1,5 
p,r~l!c 

Puc. 4. MoJzyJm MaTpHtJHliX sJieMeHTOB Ms s , M 1 o , 
Mo 1 yrrpyroro pp -pacce.R:HHR Ha yroJI 

90° B l!HTepBaJie 0,5 ~ p :E; 2,5 raB/c. 

6jrAT - CTaTHCTmeCI<8JI omn61<a BeJIHtmIW Yfxp( 1"jl ; Nj 

B~CJieHHM HOPMa 8I<CnepHMeHTa i (I<OHCTaHTa, paBHM I, I<Or~a HOP-
Ma JI)IJI ~aHH~ro a1<cnepm.,:eHTa He BBe~eHa); i - HOMep e1<cnepm.ireH-
Ta B <pHTHpyeMOM Ha6ope ~aHHIIX; j - HOMep TOql{H 8Kcne-

',,p.HMeHTa i ; 6i5YST - CHCTeMaTHqecI<M omn61<a HOpMHpoBI<H 8l{Cilep.HMeH-
Ta i .. • 

B . nporpaMMe FA 7 9 a npeJzyCMOTpeHa B08MOlKHOCTJ, nepeHopMHpOBI<H 
~aHHblX JII06oro s1<crrepHMeHTa, co~ep)lta!Jlero XOT.R: 611 .zuia H8Mepemm o~ott 
Ha6JID~aeMOH BeJIH<raHH, 

2. ~a30Bl1il aHaJIHs npoBO.n;HJIC.R: npu mecTH aHeprmu: 630±,20 MsB, 
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670±,20 MsB, ?20±I5 MsB, 760±,25 MsB, 80CJ±I2 MsB, 95CJ±20 MsB. 3Heprrui: 
H Be.IDI'IKHa sHepreTH'lleCiraX HHTepBMOB BH6HpaJmCL c yqeTOM npe,n:cRa3a
mtil: IDllPIDill ~POTOHHUX pesoHaHCOB ( ~ IDO MsB) H Ha.mrnIJI s1mnepm.,eH
TMI,HIDC ,n:a.HHllX, 

B ItaqecTBe HCXO~ 3HatieHml qla30BHX cnlll'oB 6wm l'ICilOJII,30Baml 
pemeHIDI,nOJIYTiemrue prui:ee*B pa6oTax P.Ap~Ta H ,n:p. (I980 r.), H.Xo-
1Dll3atrn: (I978 r.), i.K033HKa (I974 r.), H.El,rcTpmutoro H .zu>.(I979, 
I98I rr.), C.<])ypywm H ,Iij), (I9?6 r.), ].H.r~oHTH H .zu>. (I972 r.), 
P.H.3y~M<apHeeBa H .zu>, (I9?2 r.), H.C.EopHcoBa H .zu>. (I98I r.), 
M.H.JJJKrapKaBa H ,n:p. (I98I r.). IlpH STOM npe.n:no~araJIOCL, qTo noBepx
HOCTL 4JYHKnHOHMa \ 2 B npoCTPaHCTBe HCKOM!lX napaMeTpOB HCC~e.n:oBa
Ha B yKasaHHIDC pa6oTax .n:ocTaTO~O TmaTe~HO H noJIBJieHHe HOBWC HH3KO
~e.llt8.Illl'lX MIIHHMYMOB \ 2 MMOBepoHTHO. 

3. IlpH npoBe,n:eHHH qia:JOBoro aHaJmSa 6wm: HCilOJII,30B8.HH SKcnepHMeH
TMMrue ,n:aHirue, ony6~KOBaHH!le K KOHIJY I98I ro.n:a. l{on~Te~HO B 
cI>asoB!lli aHMR3 6wrn: BKJIKlqeH!l sHaqemur peMI,RHX qacTeii aMIIJIHTY.n: pac
ceSIHIDt no.n: o0, noJIY'{emme B .n:ncnepcnoHHOM aHaJmse I'peihra H K~a /II/. 

4. 0T6op H HOpMHpoBKa .n;aHH!lX. B nponecce OT6opa .n:ammx .n:M BCeX 
.n:onyCKaKllJtl'IX nepeHOIJMlipoBey SKcnepHMeHTOB BBO,n:HJiaCL HO!)Ma KaK CB06o.n:
mnt napaMeTp H Ha TaKOM sKcnepHMeHTaJII,HOM MaTepHMe npoBO,n:HJICH qiaso
Bllli aHMH3 npH L max= 6. HecoBMeCTm.11:lMH c OCTMDHllMH SKcnepl!MeHTa.MH 
(no~o.tt COBOeyIIHOCTDD .n;aHimX) C'IHTMHCL SKcnepHMeHTH,]I)Ui KOTOpl:DC 
BKJ!a.zt B \ 2 Ha TOTJKY npeBl:l!IlaJI 2 npH ~WC HatzMDHWC YMOBIDDC, Ewm 
HCKJIDtreH!l T8.IOlte OT,n:e~LH!le SKcnepm.mHTMLH!le TOllKH, BKJ!a.zt KOTOpl:DC B 

\ 2 npeBl:llilaJI 9. Ko~eCTBO HCKJIID'leHHWC ToqeK COCTaBJI/JJIO MeHee 5% 
OT o6mero tmc~a sKcnepHMeHTMI,HllX .n;aHHHX. 

IlPH npoBe.n:emm cI>asoBoro aHMH3a HOJJM!,I BBO,n:HJIHCL TOJII,KO ]I)Ui .Itllg/
<I>epeHnHaJII,HliX ceqeHml H B HeKOTOpHX MYtJMX ]I)Ui .n:aHimX no IlOMpHsa
nJ!H, YKa3aHHM nepeHOIJMHPOBKa sKcnepHMeHTMI,RHX .n;aHHllX B npe.n:e
~ax OIDll6oK He MeHR:eT cpe.n:rmx sHatzeHml cI>asoBHX C.n:BHrOB, Hafi.n;emrux 
pememrtt, Ho nosBoMeT saMeTHO noHHSHTL sHaqeHHe " 2 .n:M,dfa;g,n:oro 

'\. " Ha6opa. .~ 
5. Iloc~e no,n:rOTOBRH SKCileIJl™eHTMLHOro MaT8PHMa 6wro ripoH3Be.n:e

HO YTO~eHHe Bcex nepetrn:c~erumx Blil!le pememtil: IlPH COOTBeTCTBYl!mIDC 3Hep
rzmc. IIpe.n:nOJiaraJIOCL, 'ITO Me30H006pasoBaHHe H,n:eT R3 HaqaJI!,HHJt COCTOH-
m c L E. 5. cl)asoBHii aHMH3 npoBO,n:HJICH npH L max= 5, 6, 7. C 
IlOMOmLD KPHTepHH \ 2 6wro YCTaHOMeHo, qTo HrotJIY1Illl1™ 3Ha'l!eHHeM op-
6HT8~Horo MOMeHTa,npH KOTOpoM Be,IteTCH IlOHCK qia:JOBWC C.n;BHrOB,HBJI!!eT-
CH Lmax= 7. 

B pesy~TaTe qJa30BOro aHamt3a B ,n:HanaSOHe SHeprHH 630-950 MsB 

*ccwrRH Ha nepe"IlrM8HHH8 pa6oTH CM. B pa6oTe aBTOpa H .n:p/7~ 
10 

6wm noJIY'leHH pememur nsTH T:mIOB A , B , C , D , E • 3Hepre-
TmecRM 3aBHCHMOCTL qia:JOBHX c,n:BHrOB npe~CTaMeHa Ha pHc.5. 

l13P21 

1D' '~-----+ 

, 11 1u 112 '•l3F21, , , , , 02 '~JFJI , , , .,t~~JF<I, 700 ilia illfo !Ilk 
500 IOO 700 800 900 TIM.J 500 600 700 800 900 TIM•I 500 600 f 

113H41 1llrl13H51 

D'I ... ,J~•~ I. ' l 

,ol 1 ,.,.; :'& ~ ••I ~.~. .. -, 
OIi 

Q• 

ID'\-IIJH61 

-uJ"r 

-ID' 

I 1 lO 

Q 

.,I 

(cM,npo,i:toJIJKeHHe Ha c~e,n:yuneii cTpaHHne) 

II 

• 
• 
-.-
t 



. - . 

f~$ ~j'"~ 
' t l 0' 

o, 

-14 
acx,01 <.O'I a'1x,11 I "+: ·!~~- r-

• ••o't, , , , , u'";;,.---.:,.----;;;;---;;;;.-.:.,---.t.,~·"'.11"1 , , I •~m~m ~mmmm-

PHc. 5. :3HepreTH'l:eCR8H 3aBRCHMOCTl, <I>aso:awc 
cmmroB. 

• - pememre A , . & - pememre B 
x - pememre C , o - pememre D , 
l:i. - pememre E , -- - peruemre APH.ltTa R ;u;p/5/, 

--o-o- - peme:ime XoWRs~ 4/. 

Bll,IteJIHTl, pememm O,ItHoro Tmra B paCCMaTpRBaeMOM 8HepreT:llll:eCROM RHTep
BMe, RCllOJll,3YJI CTaTHcffllrectme RPRTepRH, H8B03MOJ[HO. TeM He M8Hee 
BJI8JIR3 8HepreTR1IecRott 3aBRCRMOCTH cpaso:awc C.ImRrOB ll03BOJI.II8TOT,ItaTl> 
npe.i:tno"'ioremre pemeHHml! Tima A • Pememm THIIa A .IIBJI.RIOTCJI _ e,ItRHcT
Bemnnm: npR ?s?I'WIX 630 R 800 MaB R xopomo corJracyx:,TcH c pememreM 
ApH,!tTa ll ;u;p. 5 npll 8TRX 8Hep:rn.ax. BHyTJ)l'I RHTepBaJia 630-800 M~;e
meHRR: THIIa A. H8CROJil>RO OT.7m'I8JOTCH OT pememm APH,ltTa R ;u;p. 5 • 
"'iTO, llO-mr.i:tHMOMY, CM3aHO C He,ItOCTaTROM 8RcnepRMeHT8Jil,HWC .ItaHHHX B 
yita3aHHOM liHT8PBaJI8 8H8pI'litt H napaMeTpHs~ett 8HepreTH"'i8CROtt 3aBHCH
MOCTR ~aso:awc C,ImRrOB B q>a30BOM aHaJIR3el51. 

8HepreTR1IecRM 3aBRCHMocTI> 1 D 2 R 3 F 3 naprnra.m,mJX aMIJJra'l'Y.I( 

12 

l1,7IJi peme!DllJ TRna A llO.ItTBepJll;ll;aeT BUBO.It O B03MOlmOM CY1118CTBOBamm 
,ItRITpoTOHHWC pe30JraHCOB B 8TIDC cocTOmm:s:ix • .I(RarpaMMU ApraHa 'A,liil 

1 Dz
H 3 F 3 - naPn:Ha.rn,HllX BOJIH np:ime.i:teHll Ha pirc. 6, 7. 

ImTu 

Jr-so 
0,2 

0,1 

0 0,1 

-0,3 -0.2 :0.1 

102 

0,2. 

lmTu 

0 

PHc.6. ,lJ,HarpaMMa 
Aprrum ,l1,Jlll 1Dz-nap-

- UliaJII,HOit aMIIJmTY.Itll: 
......... -pememre ApH.lt
T/5/, ---o--<>- - neme
mre XOWH3ruol47, 

e - ,ItamJM pa-
60Ta. 

PHc. 7. ,lJ,Harp~ 
ApraJia l1,7IJi 3F 3 -
napU1IaJII,HO:li aMIJJmTY
,Itll: - - pememi:e 
ApH,ItT/S/, -o--<>- - Je
memi:e Xom:irsatm I , 

• - .ItaJIHM pa6oTa. 

EOJI1,ll[He omR6RR B onpe,IteJiemm ~aso:ewc C,ImRrOB He ll03BOJIIIllT C,ll;8-
JUl:l, onpe,ll;eJieHHillC 38KJIXJ'l8HD 06 8HepreTH"'ieCRO:li 38.BllCHMOCTll 

3 Po,1.2 -
napJ:t11am.HWC a.MII.lmTY.lh 

B 3aitJIIO"'i8HRR np:ime,ll;eHH OCHOBHH8 pe3yJI1,TaTH pa6om, ROTOp!l8 
npe,ll;CTaBJI8Hll R SaIItHT8: 
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I. Coa.n:rui:a aKcnepRMeHTaJII,HaJI YCTruIOBRa ,n;JIII H3MepeH:WJ 8Heprem
tJeCROi SaBHCHMOCTH napaMeTpa cIIRHoBott Rop~, BRJIID1Iruomaa_ B cecm 
IIOJI.flPHSOBrumyIO npoTOHHyIO MlillleHI, Ii: CHCTeMy c~~ommx CtJeT'mROB 
.n;.,m peI'licT~ co6HTd ynpyroro pp- pacoeJDIIDI. YcTrui:OBRa npopa6o
TaJia Ha nyqRaX nOJIJJpHSOBruIHWC II!)OTOHOB YCROPRTeJiett .mm: OIDlli H JIIDI~ 
AH CCCP,OROJJO 2000 tJacoB. 

2. C nOMOlllI>D coa.n:rumott ycTaHOBRH BHnOJIHeHO HSMepe1me napaMeTpoB 
C nn,,,.) H P (50°) npu 8Hepl'WDC 55~950 MaB. 

3. BrrepBHe c BHCOROff TOtJHOCTLD HSMepeHa SaBHCRMOCTL napaMeTpoB 
C nn<9o

0
) H C nnC5o0) OT aHeprxm B ,nHanaaoHe 550-950 MaB. IIoRaaa

HO, ttTo aHepreTR1JeoRaJI SaBHCRMOCTL C nnC90°) RMeeT MaROBMyM B6JIHsH 
700 MaB. SHepreTll'!eCKaJI SaBHCRMOCTL Cnn<50°j B npe,n:eJiax OIIIH60R He 
RMeeT oco6eHHOCTett B YRMaHHOM ,nH8Ila30He SHeprm!:. 

4. JipoBe.n:eH q,asomlil aHMRS .n:ammx no pp-paccemnm npn mecm 
aHepI'WDC B .nHanaaoHe 630-950 MaB. B peayJILTaTe q,asoBoro aH8Jlllsa no.ny-
tJeHH pememm na:nr TRIIOB A , B , C , D , E • Jipn 8TOM Ha aHep-
I'IDIX 63D;t20 MaB H 80D;tI2 MaB no~eHll e,n:RHCTBemme pemeH:WJ TRIIa A • 

5. Ali8Jllf3 8HepreTnqecRoff 3aBRCRMOCTR qJa30BWC C,n:BHI'OB nOSBOJilieT 
BH,n:eJIHTL HaR60Jiee B8p0.flTHOe pememre ( TRIIa A ) , . CYlJl8CTBYJlmee BO BC8M 
HSytteHHOM ,nHanasoHe 8Heprd 630-950 MaB. SHepreTRttecRaJI SaBHCRMOCTL 
rra~aJII,HWC aMIIJmTY.D: .n;.,m no.nyqemroro pemeH:WJ YRMHBaeT Ha BOSMoimoe 
CYlJleCTBOBrume .D:Rllp0TOHHWC pesr4'11COB B COCTOJJJOODC 1 D 2 H 3F3 • 
B OTJIH-ime OT pememm XoII1HsaRR Haff,n:emroe pemeHRe xopomo corJiacyeT-
C.fl c aKcnepRMeHTaJII,HHMPr .rtrumm.m no C nn, D , R H A npn 
8HepI'rutX T ;as 800 MaB. 3H81fflTeJILHH8 OIIIK6RR B onpe,n:eJieHRH q,aso-
BWC C,n:BHI'OB B P-BOJIHe He noSBOJIJmT c.n:eJiaTL onpe.n:eJiemme 3aRJml!e-
lmJJ O peSOHaHcax B P-cocTO.flmmX CHCT8Mll .n;Byx IIp0TOHOB. 

6. PeayJILTaTH qJa30BOro aHaJIHSa IIPR 8Heprmr 630 H 800 MaB IIORa-
8liB8lOT·, tJTO ,n;JIII YCTPaff8HIDI Heo,n:HOSHaqnocTR qJaSOBOro aHwmsa npn 8Hep
I'WfX 670-760 MaB H 850-IOOO MaB Heo6xo.IUlMo, rrpe~e Boero; npoBe,n:eHHe 
HaMepem rrapaMeTpoB D , R H A c roqnocTLD Ha ypoBHe 0,03 -
0,04. 
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