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· AKTY'AJILHOGT:O IIPO~~ 

.ItaHHaa pa6oTa nocMmeHa usyqeHHll rny6oKoHeyrrpyrHx peaK~ 
rrepertaqI,J c TJiJKenLIMH HOHaMH, OTKpHTllX .E .liffP Olliil1 npH HenoopeD;CT
BBHHOM yqacTHH 8BTOpa, a Tlllill!e HCll01Ib30B8HHD aTHX pellli!UIH U7III 
nonyqemm: nerKHX anep C 6om,mHM H3~LITKOM HBHTPOHOB, H8XOW!UIH:XCJi 
Ha rpaHHne HYJ(1IOHHOii ycToiiqHBOCTH. 

CBoeo6pa3He l'?JY60KOHeynpyl'HX peBK!Ulii nepenaqz nm OOCTOHT .E 
TOM, qTo B HHX COBMemalOTca OltHO.EpeMeHHO xapaKTepm.e qepTLl npa
MllX rrponeccoB H pacrrana KOMIIBYHlt-JllUJa. C onaon OTOpoHLl, KBR It 

B npaMLlx rrponeccax, B rny6oKoHeynpyrHx CTOnKHOBCHilliX Ha61111naeT
ca CH1IbH8Ji CM3b BXonaoro H BLIXOitHOro K8H81IOB peaKIUIH. Ilpon.YRTH 
nm coxpaMDT HarrpaBneHHe ItBHlKBHM 121cxomru:x JID;ep n: •ue 38.Cll,1Da11T" 

HX aTOMHllX HOMepoB H Maccomx tJHcen.· KaK npaBHno, yr110BL1e pac
npeneneHM RE7Illll'l'CJl pesKo acHMMeTpHqJruMn:. Jerrrne npon.YRT!l rny6o
KOHeynpyrHx, rrepenaq npe121MymecT.EeHHo mneTam non Ma1IL1MH yrnaMH. 
MaKCliMYMI,I 38pHD;O.E!lX (H1IH M8CCO.ELIX) pacnpeneneHHH nerKHX If TJlJKe-
1ILIX IIPOn.YRTO.E H8XOIUITC.fi .E61IH3lf 'l (HnH A) H81IeTavmeil qaCT;mbl 
If Silijla MHmeHH, COOTEeTOT.EeHHo. C !UJYrOii CTOPOHII, IIOD;06HO TOMY 
KaK aTo.Ha6m:inaeTCH E nenemrn: JID;ep, MaKCHMJM pacnpcl{cnemm: rrnHe
Tn:qecKHX aHeprHtt llPOlt.YRTO.E H8XOZl;HTC.fi .E67IH3H H1Ilf na~e HHXe mxon
HLIX KY1IOHOBCKHX 6apbepo.E. Ilpu aTOM II01IOllteHHC M8KCHMJM8 cna6o 
38EHCUT OT aHeprHH OTOnKHO.Eemm HCXOD;HLIX JlD;ep. fny6orcoHeynpyrne 
peaKIUfH nepev;aqI,J Ha61111namca npn: .E38HMOD;eiicTEHH JlD;ep c pas1IH1J
HLIMR l H A, rrpntJeM D;OM HX E no1IHOM cetJeHHU peart!UIH ( 6"R ) 
.E03paCT8eT O 3Heprn:eil H M8CCOH CT8nKlf.E8lllIUl:XCJI anep H lt7III T8KU:X 
6oM6apD;HpJlllllfX qacun ,itaK l<'t H Xe, Ha THJKelIUX SIIUJaX Mtt:illeHn: 
COCT8BJilleT OCHOBHYll IJ8CTb 6'R • Ka'JeCT.E8HHO H861IDD;aeMyll CO.EOKyn
HOCTb CEOHCTB E nponeccax, co.EMemakX!IHX E ce6e xapaKTeprrue oco-
6eHHOCTH ltBYX ll07IIIPHWC MeX8HU3MO.E .E38HMOD;encTBlilI C7IOlKIWX JID;ep 
(cmIJIHHe -·neneHHe H n,PSIMOil nponecc), MOllllIO o6~CHHTb, ecnn: 
npeD;II01IO:itHTb, qTo B rny6oKOHeynpyrruc CTOnKHO.EeHHJIX o6pasyeTC.fi 
KOpOTKOllWE.vuutlt rrpoMellfYTOIJHLIH KOMll1I6KC ( ltBOilHalI anepHaH CllCTeMB) • 
B H8CTOSllqee .EpeMJI. armrrepHMCHT81IbHLle 121 TeopeTuqeCKHe HCC1I8UO.E8HmI 
HOBoro MeX8HR3M8 .E38HMOD;eacTBHJi av;ep HHTeHCR.EHO llpO.EOW!TCJi B 
J{y6He n: E HaytJHLIX neHTpax IIO @H3I,JKe T.fillte1ILIX HOHO.E EI!po_rm ll CIIIA. 

HAY1Il!OE H IlPHKJIA.ll}IOE 3HATIEIDIB 
HocnenoEaHwr ~ny6oioHeynpyrHx peBK!Ulll rrepenaqH HMem .Eaz

Hoe sHaqeHHe D;JI!l p11ua @YH1t8MeHTam,HL1x npo6nm: anepHoii @n:BI,JKH. 

OheJ;.:EOJllIJJ f!!CnrryT 
s:,aep1idx rrcr .. 1znonamn1 

6Yl5,W!C/fEKA 



TaK ,m1yqeHlrn npouecCOB UliCCHnarmu KHHSTHqecKOii :mepr.11u OTHOCU- _ 
rem,Horo ItBlllXeHim E rny60K0Heynpyr11x srn;ep-.a:n;epHUX croJIKHoEerur.a:x 
,1;aer ueHHylD mnpopMarmto O BlI3.KOCTll an;epHoii MaTepHu. Bamia.a: Hmpop
Marm.a: MOlKeT 6uTb non:yqeHa rEiKl!Ce o napru.ieTpax noTeHIU{ana BSaUMo
n;eiic-rEu.a: .a:n:ep Ha·MaJIUx paccTo.a:Hwix. Hccnen;oEaHu.a: rlI,Y6oKoHeynpy
rHX peaRIUiil nepen;aqu m.1etoT riaEHoe ll.PllKJiaD;Hoe 3HaqeHH8. B D;Hccep
TaUHOHHOii paOoTe OHH HCII07I&3yroTc.a: !l;7Ili llOJiyqeHw:I nerKUX .a:n;ep C 
007I&WUM U30llTKOM HeiiTpOHOE. rn:y60KOHeynpyrHe E38UMon;eiiCTBll.ll rrep
cneRTUBHU T8KlKe n;,m non:yqeHl!fl .a:ziep C EllCORUM CIIHHOM. 

I{FJilf MCCJIE,JlOBAIOOt 

B UliCCepT8Imll npe!l;CTSB7Iellli pesyJI&TSTU HCC7Ie~OBaHHff rny6o
KOHeynpyrHX peaKUHii rrepen;aqrr E CllCTeMax (Th,O}, ( Th,Ne) ll 
( Th , sh. ) • BH6op T8KllX KOMOllHarmn B38llMOtteiicTEYIDlllllX .a:n;ep Il03BO
,meT npocnen;HT& B1Ill.a:Hlle BXOD;110ro RaHana peaKrmll Ha o6pasoBaHHe·, 
aE07IIDIUIID ll CEOiiCTBa pacnan:a ItBci:lmoii Hn;epHoii CllCTeMH (.llffC) B Wll~ 
poKOM UMana30He aCllMMeT.Pllll no !: _ ll A HCXO!l;HHX .a:n:e~ KpoMe ·Toro, 
neperpyl!CeHHI,ze HefiTpoHaMH .a:l{pa-MHWeHu (Hanp.riMep, 2 Th) .a:BllfIIDT
c.a: TaKl!Ce EeC&Ma 3qll)SKTllEHHMll D;llfI non:yqeHIDI nerRHX .a:n;ep c 6on&
illllM U30UTKOM HeiiTpOHOB. Eonee nerRa.a: ROMOHHarm.a: B38UMOD;eiicTBYD
U{llX .a:n;ep l-i + Ne 6una w6paHa D;llfI aHan.usa Bnu.a:Hwr aqxpeRTOB cna
.PllEBHu.a: H,VK7IOHOB H8°CHCT9M8Tll38UIIIIJ 3KCllepHMeHT87I&HUX D;HqxilepeHrm
an&HUX ceqeHllii o6pa30B8HIDI H30TOllOB. ' 

CO.IlEP1tAillIB PAIDTU 

IurccepTarm.a: COCTOHT H3 EBen;eHu.a:, qeTupex rnaB ll BUBO!l;OB. 
B Heft con;eplKIITCS! II2 CTpBHllU MBWllHOllllCHOro.TeRCTa, 60 .PHCJHKOB, 
COMb TB07IHU ll OH07IHOrpa~HqecKllii'CilliCOK 7IHreparypu (I79 HBUMeHO
B8Hllii). 

Bo BBeltCHlm n:aeTc.a: RpaTKa.a: xapaRTepHCTUKa. rn:y60ROHeynpyrrrx 
peaKrmii nepcn;aqH, HX 8RTY81I&HOCT&, HayqHoe H npHKJiall;!Ioe 3HaqeHlle, 
a T8RlK0 tp0pMym1py10TCR ueml' pa60TU. 

B nep.eoi,l rna.ee cn;eJIBH RpBTRlm. o6sop 3KCili'l'pllMeHT87IbHUX 'H 

TeopeTnqecmrx .uccnen:onaHHii rny6oKoHeynpyrux peaKi:mii nepen;aqll. 
B § I paCCMOTpeHU ocoOeHHOCTH HBHOOJiee BalXHUX aRcnep,IMeHTaJibHO 
HaOJiton;aeMUX xapaKTepHcrHK nm. a HMeHHO: aHepreTHqeCRHX cneRTpOB, 
yrJIOBUX, sapgn;o:eux H ll30T011HHX pacnpen:eneHHii 11.POn:yKTOB. § 2 
IlOCBlIU{eH RatJeCT.ECHIIOii llHTCprrperarmn uaomon;aeMoil COBOKynHOCTH 
c.eoicTB nIII Ha OCHO.ee rHIIOTe3U C?~P830B8HM npoMeley'TOqffOro ROM-
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IIJieKca. 06p830BBHHe HepaEHOBeCHoro OHHapHoro IWMllJieI,ca B .a:n;ep
.a:n;epHilX CTOJIKHOBemr.a:x HMeeT .eamoe SHaqeHne n;,m .usyqenHR .epeMe
Hll peJIBRCBUIIH .a:n;epHUX COCTB.EHUX CHCTeM, 3E07IIIJUIIOHll.PYIIJUIHX .E!l;O/Ib 
HeKOTOpUX KOJIJieRTHBHUX KOOp!l;HHBT ' uanpm,ep ROO.P!l;HHBTU HCiiTpOH
Horo us6HTKB N / 1:. H KoopD;HHaTu MaccoBoii (.uJill sapRn;o.eoli) acHM-
MeTpllH OHHapHUx CllCTeM. AHanus (§•3) UMelOOlerocR 3KCnepHMCHT87I&-
HOVO MaTep11a1Ia no B38HMOD;eiiCTEHIIJ TS!lKeJIUX llOHOE C .a:l{paMH B :n.upo'
ROM D;Hanasoue i .u A 110.xoll;lII,lx Rn;ep rroKasu.eaeT, qro rnn, Ha6mo
n;aEw11ec.a: BnepBue B .a:n;ep-.a:n;epHl:lX CTOJIRHOEOHl!lIX TS!JKeJIUX UOHO.E C 

'fo.11 . t li A BilJIOTb n:o 18 .:rri , ll KB83HD;eJieHlle, OOHapylJteHHOe E peaRUH-
.a:x c Hau6onee T.a:llteJIUMH llOHaMu K1t H Xe , JIEJD1toTCJI pasmn.mMH 
.eapHBHTBMH en;HHOro rny6oROHeynpyroro npouecca CTOJIKHOBBHIDI C7IO~
HUX .a:n;ep. 3areM .B § 4 n;aeTc.a: RpaTKHii o6sop TeopeTzqecrmx non:xo
n:oB, KOTOpue llCil07I&3YIDTCS! n;,m OIIHCBHUS! rny6oKoHeynpyrux .E38HMO
n:eficT.emi TJil!CeJIUX UOHOB C S!l{pBMH. B Oel!lleM cnyqae BCll COBOKYIIHOCT& 
reopeTHQecKHx Mon:eneii MolKHo pasn;eJIHTb Ha ItBa Knacca: n;HHa-
MllqecKue MO!l;eJiu li MO!l;97IH lU$IJY3Hll. B !l;llH8Mllqec1rnx MOD;elD1X OCHOE
HOe .EHllM8Hll8 yn;eJD1eTc.a: !l;HHaMllKe OTHOCHT87IbHOro !l;.EUlKCHHR CT87IRH
B81WU1JCc.a: .a:n;ep ll npo6JieMe UliCCHIIBIWR KHHemqecKOii aueprurr CTOJIK
HOBeHHR. Il Mon;e,mx D;Hqxpy3llll am~eHTllpyeTCR EHHMBHHe Ha npoueccax 
OOMeHa HYKJIOHBMH ll T9II7IOBOii aHeprnefi Melltn;y S!IUJBMll E 6uHapHOM 
KOMllJieKce. OTMeqamc.a: B03MOlXHOCTH ll !l;OCTlllK9HHR Mon;enefi o6orrx 
TllIIOB,B HHTepnpeTBUHll aKcrrepllMeHT87IbHUX n;aHHUX. B § 5 n:aeTc.a: 
nepeqeHb OCHOBHUX HanpaBJieH.lfti HCC7I8!l;OE8HUii rn:y60It0Heynpyrrrx 
B38llMOn;efiCTBHfi C7IOlXHUX .a:n;ep: npo6JieMa BlI3KOCTH .a:n;epHoii MSTepurr; 
HCCJien;o.eaHu.a: M8K.PO- H MllKPOCKOIIuqecRoro MeXBHU3MOE !l;llCCllIIBUHH 
3HeprHH CTOJIRHOEeHu.a:; ll3yqeHH8 <pJHKIWOHBJibHOro .e.un:a H napaMeT
po.e .a:n;ep-Rn;epHoro noTeHIU{ana Ha MBJIUX paccTORHl!lIX; onpen:eneHlle 
MOIIIHOCTH H (pYHKIUiOH87IbHOro .Ell!l;B T_aHremmaJibHOii COCT8.EJD11001eil 
CHJI TpeHHR, OTEeTCTBBHHOfi 38 nepen;aqy op6UT87IbHOro yrnoBoro MO
MeHTa E CIIHHU .a:n;ep; ll3yqeHue o6pa30B8HHR, 3B07IIDUHH ll 38ROHOMep
HOCTett pacnan:a rrpoMeley'To~oro KOMIIJieRca a T. n:. 

B"rna.ee Il !l;8H KPBTKHH o6sop MBTO!l;OB .un;eHTHcpHKBUHU rrponyK
TOB .a:n;epHilx peaKrmfi u nol{po6Ho paccMoTpeH Meron ( .6£, E ) , a 
T8Kllte KOMOHHamw MeTon:a Cflc,c) C MarrurTHUM 8H87IH38TOpOM MA 
(Meron: LlE,E ,MA) u ero Mon;epHHSupoEaHHUii .eapHBHT c .EKJI11JqeHirer.1 
usMepeHu.a: BpeMeHU t (M~Ton; t1 E .£ ,MA,-/; ) • Ilocnen;Hlle TPH MeTo
n:a Hcnonoso.eanHc& .e D;HccepTarmoHHOfi pa6oTe n;JD1 perucTpauuu npo
n:yKTOE rn:y6oKOHeynpyrHX nepen;aq. 
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Ilpu B3aHMoneilCTBHH THJKe7IHX l'lOHOB C Hn_paMH C SHeprueil mme 
KY1IOHOBCR0['0 6apbepa B RaqecTBe nponyKTOB pearu:mu o6paayeTCH MHO
JKeCTBO pa31Il'lqHUx l'l30TonoB. IioJU,lliffHCTBO H3 HHX pannoaKTHBiill H pac
nanamCH c ucnyc1rnmrnM J, -qacTnu, ucrruTHBam fa -pacnan nu6o 
JKe ne11eH1Ie (Hn_pa c l~90). 061'lr.!rn B03MOlltHOCTefi, KOTopue MoryT 
npHBOIUfTI, K Ha6monaet,IOMY B aKcnepHMeHTe npOnyKTy. c OnHHM 11 TeM 

lltC A H l,, cosnaeT ~naq11Tem,Irue TPYnHOCTII npH ll3yqeHHH Mexa-
HH3Ma ero o6paaonamm u mrrepnpeTaUHH nonyqeHHUx naHHUx. IloaToMy 
RPOMC uneHTHipHRau1rn nponyKTOB no 2 l! A Heo6XOnHMO OnHOBpe·MeHHoe 
l!3Mepenue B03MOJKHO 6onomero qHcna KIIHeMaTl'lqecKHX xapaxTepHCTHR 
peaRUHH (mrneTH'!eCKHX aneprHil nponyKTOB, yrnomx pacnpenenemril, 
aHepreTH'!CCKHX H yrnoBUX KOppe7IIIIUtii conpsi:JKeHiruX Hnep H T.n.). 
1Lon01IHHTe1IbIIlle TPYnHOCTH B03HHKalOT npl'l usgqemrn a@ieRTOD C Ma7IHM 
BHxonoM (nanpuMep,nonyqeHne I4Ee, I 9c u 2 C). 3xcnepHKeHTaTopy 
npUXOnHTCH BUxon "Hyll!Horo" copTa l!aCTHU ("ajxpeKT") H3Mep,ITI, Ha 
(!JOHe ( "cpU3H'l8Citufi cpoH") B!ICOKOHHTeHCHBHOro B!IXO na qacTUU n_pyroro 
copTa (nponyKTOB peaRUHH l'l1IH ynpyro u Heynpyro pacceamrux uoHoD). 
IlepequcrreHHHe oco6eHHOCTH perHCTpaUHH nponyKTOB'npetcr,HBJIIIm' BHCO
KHC Tpe6o:eaHJIJI K xapaRTepHCTHKaM HCn01Ib3yeMUX MeTonoB. MeTonima 
norrJKHa 0611anaTI, B!ICOKOil lIYBCTBHTe1IbHOCTI,10, cerreKTHBHOCTI>IO, 6!ICTpo
neucTBl'leM, a TaRJKe D COCTOHHIIH HaneJKHo pa6oTaTI, npH B!ICORHX aa
rpyaKaX B TeqeaHe n1IHTe1IbHOro DpeMeHl'l. B HaCTOlltllee BpeM!i B pa3BH
THl'l aKcnepuMeHTaJU,HNX MeTonoB·Ha61110naeTCJI TeHneHUWI K coanairnlO 
BCC 6011ee MHoronapaMeTpuqecKHX perHCTPHPYIOOIHX YCTpOfiCTB. 

Bhlcm,rui HHiPopMaTHBHOCTI> Me.Tona ( tlE,E), T. e. BoaMoJKHocTI> 
H3MepeHIIJI aHepruu qacTHUhl E, ee aapHna t:' H Maccu A, a TaRJKe 
D03MOlKHOCTb perHCTpaUHH KOpOTKOllW:¥YlilllX, norrroJmBya:(llX H CTa6H7Ib
HHX rrponyKTOB, npocToTa MeTona 06ecnel!U1IH mupoKoe npuMeHeHHe ero 
B TeXIDIKe SKCnepm.ieHTa D !plf3HKe THJKe]lllX llOHOB. OCHOBHHMlf He,11;oc
TaTKaMH MeTona ( ,1£, f: ) JIBJUlllTCJI: orpaH1Ii;emrne B03MOJKHOCTll D 
paanerreHHll uaoTonoB no Macce (A ~ !6, Torna KBK no i!:6- 50) n He
OnHOSHal!HOCTH 11neHTHqJl!KaUHH, :El:l3BaHHHe nepeKpHTHeM B n1IOCKOCTH 
'1£,£ "runep6011" THJKe1IHx naoTonoB aneMeHTa ~ n '.'nirrepoon" 
rrerKHX uaoTonoB c ne nyl!lllero aneMeHTa l + i , a TaKl!te HanuqueM BU

coKHX sarpy30K neTe!tTOPOB TenecKona (Ac,£:) nOTOKOM ynpyro li He:.. 
ynpyro pacceHHHHX HOHOD. B nHccepTaUHoHHoii pa6oTe MeTon (LlE,1=) 
ucno1Ib30Ba1ICH nllll aneMeHTHO['O paaneneHHH nerKHX nponyKTOB peaK
rurn nepenaqu :e c11cTeMax ( Th, 0) u ( Th,1h). 

4 

"I 

.. 

'!Jy:ecTBliTem,nocTI> MeTona ( /\E, E ) , a Tait:11te nHanaaoH unen
THqmUHpyeMIIX Mace MOJKHO y:ee1IH'!HTb, ecnu npoH3H8C'l'li 11pen:eap11Te1Ib
HH:ii aHa1Ilf3 3apHJKeHHUX qacTHU Ma['HliTHHM aHam18aTopor11. l{IIl! STO['O 
MHmeHI, pacnonaraeTCH BO BXOnHOM cpo1,yce MA, a TelieCKOil neTCKTopo:e 
!J.£ u E -B ero :euxoztHOM cpoKyce (puc.I). B KOM61rnaUHOHHOM MeTo
ne ( .:1.E, E ,MA) HaM ynanoc1, DOIU!flTb qyDcTBHTononocTb no ro-32 

C~ H pacmHpIJ:Tb nHanasoH uneHTmpmU{pyeMUX Mace BIT1IOTb ,ltO A~ 50, 
coxpaH1U! rrp11 aToM B03MOJKHOCTlrI MeTona (A E,E) no uneHTl1!J!HKaUHn 
l nponyKTOB. MeTon ( .1 E, E ,MA) BnepBHe 6Hn peanusoDaH B JIHP 
Olliill n B nuccepTaUHOHHofi pa6oTe ucno111,a0Ba11CH nlIII paaneneHlifI 
no Z: n A nponyKTOB, o6paaymiuxcH B cucTeMax (Th,Ne) 11 ( 1-'l,Ne ). 
OcHOBHIIM HenocTaTKOM MeTona (LlE,E ,MA) H:eJIIIeTCH 'lYBCTEHTem,Ho-

cTb MA K aapanol!!IM COCTOHHl!HM aHa7IH3HpyeMHX IIPOnJKTOE, 'ITO IIPIIDO
IUIT K acixlJeKTaM HanoJKeHHJI B nnoc1cocTH (AE,E) T.fIJKe1I!Ix nsoTonoP. 
aneMeHTa 2 OCHOl!HOli sapsi:nHOCTH (aapHn Hn_pa) Ha nerK:1rn H30TOTI!I 
cnenymiero aneMeHTa l + 1. , HO Haxon1rn1erocH B sapSinoEolA cocTOJIHHH 
Ha nEe enHHm~ MeHI>me OCHOEHOii aapanHOCTH • .ll;pyrm.1 HeuocTaTitOM Me
Tona ( A E, E ,MA) srn/lfieTCJI ero HIJ:3KaH aqqieKTHEHOCTb. lllIII no:eHru3-
HM aqifJeKTHEHOCTH KOM6HH8Ul!OHHOii MeTOIUf!tlI !Ill'lpOKO CTanu l'lCII07Ib30-
1!8TI, IIO3lIUHOHHO-qyBCTBHTeJILHH8 neTeKTOp!I 607IblliHX IT7!0Ulaneii, pacno
naraeM!IX :e EHXOnH!IX q>OKycax aHa1In3aTOpOB. 

appeKTH uanommm B MeTono ( l::.E,E ,l,tA) THttC7IHX usoTonon 
Ha nerKHe nEYX cocenHHX aneMeHTOB, HaXOitffilll!XCH E pa31IH'IHHX sa
pHnOB!IX COCTO.fIHHHX, IAOitHO ycTpaHHTI, l'l3MCpeHH0M noII01IHUTe1IbHO['O 
napaMeTpa nueHTifcpuuupyeMblX qacTHU, a HMeHHO BfCl.!CHH. nponeTa npo
nyKTOB 6aau ananusaTopa. l{lIII STO['O Tpe6yeTCH pe□ Jill30B8Tb CKpoM
HOe :epeMeHHoe paapemeHHe, IIOCK01Il>RY Maccu COBnanakJU(lrX H30TOnOE 
3Hal!HTe1IbHO pasJillqalOTCH (na 6 enHHHU), a dasa nponeTa aHa/lil3aTo
pa COCTaEJIIIeT 4, MeTpa (B HameM cnyqae). OTO H IlOC7IYlKH1IO OCHOEO:il 
nlIII Monepiiuaauua KOM6uHaUHoHHoro MeTona B Eap11aHT ( liE, E,MA,t). 
MonepHH3HpOBaHHHii BapHaHT HMe1I 'lYBCTBl1TC1IbHOCTI, Ha HeCK01IbKO no
PHnKOE- BH!lle qyBCTEI1Te1IbHOCTH MeTona ( A E, EE,M~ H 6un 1cne!l1Ho uc
norrhao:eaH B a1ccncp11MeHTax no noncKy THJKe7IHX uaoTonoB 4ne, I 9c 
H 20c. 

B rnaDe lli npencTanneiru aKcrre~11I11eHTa1Ibirue uccrrenoBarum 
MeX8Hll3Ma :eaaHMonencTBM HOHOB I6o, 2Ne lI 4°.:Ri C T.flllte7IHM Hn
poM 232Th H iiermfM 94Zi.. B Haqane (§ I) B CHCT.eMe co 3HaqfI
TelibHOi1 anHM'.ieTruefi no-~ u A HCXOnHHX a,u.ep (Th,0) uayqaeTCH 
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Puc.I. CxeMa 3KC!rnpm.!eHTaJif>HOil YCTaHOEKII: I - KOIIJill
MaTop rrygRa llOHOEi 2 - MlllllSHI,; 3 - MOHHTQPHUil neTeK
Top; 4 - ITOnE!1lKHl:l!1 TeJieCKOIT neTeRTOPOE; 5· - UHIIHHIIJl 
~apauen; 6 - KOJIJIIIMaTop MarHHTHoro aHamsaTopa; 
7 - rrepeXOZUil:lfi naTpy6oR; 8 - RaMepa MarHHTHoro aHa
nusaTopa; 9 - MarHHTHHil aRpaH; IO - nonroomiil 6aWMaR; 
II - MSCTO pacnOJIOlltSHlifI naTgmca nnepHoro pesoHaHCai 
I2 - RpMo 3JieRTPOMarHlITa; I3 - IIplieMHaa KaMepa; 
I4 - TeJieCROIT neTeRTOpoE; I5 - qJOK87If>Hall JilIHWij 
I6 -: ROJIJIHM8TOp TeJieCKorra; 17 - rrepeXOnHl:lil rraTpy601t; 
I8 - MarHHTHUU 3RpaH. 

IJec1, crreKTp Heyrrpynx peammii nepenagu OT REasHynpyrmc no rJiy6o
RoHeynpyrux (pim.2). Airnmrn peammii nepenag!I E CTOJII, lll!IpoRoM 
IU!arrasoHe HeynpyroCTll Il03EOJIReT lIOCJieUOEaTeJif,HO usygUTI, nttHaMHRY 
nepexoua OT ozuroro Kpaflliero cnygaa npnMoil peaRUHll (RBasuyrrpyrue 
rrepeuagll) R IIJlyroMy (Ilill). 13 uaJif>HeilmeM ( § 2) B 6oJiee CHMMeTpHtJ
Hoil KOM6HHaru,m BSaHMoueilcTEYRlllllX nuep (Th ,1h.) HSytJaroTC.II pearu:um 
rronnaTa rrpoTOHOB Ha HaJieTalO!!{ee .IIIIJlO Ai . Pesynf>TaTH HCCJieUoEa
HHil l! CllCTeMaX ( Th,O) H ( Th, sh ) l! COl!OKYIIHOCTll C 3RcrrepHMeH
TaJII,HUMlI UBHHl:lMH no cetJeHMM peaRWiil cpHEa B ClicTeMe ( Th,sh) 
SaTeM (§ 3) HCIT07If>3YIOTC.II IIpli 8H87IH3e HarrpaEJieHHll: rrepeuagu HYKJIO
HOE E CllCTeMaX C pa3HOil CTeITeHf>lO ac!IMMeTpHH no °i: ll A HCXOnHl:lX 
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PHO. 2. 3HepreT!ItJecmre cneKTPH (B CI.Lill) 3JieMeHTOl! c 
3 ~i~ 7, nonytJeHHl:le np!I ESawoneiicTl!lllI lIOHOE 160 
(Et. = !37 MaB) c 232-fh. CTpeJIKaMu YKasaHU sHeprim, 
COOTEeTCTEYIXI!lie EHXO!U{l:lM RYJIOHOECK!IM 6ap1,epaM. TOJI!llll
HB CTpeJIOR COOTESTCTEYST nHaITB30HY U3MCH8Hlif! RYJIOHOE
CRUX 6apb8pOE rtllfI pa3Jill'UlllX ll30TOITOE rtaHHOI'O SJieMeH
Ta • ri/o/{clE • o{,!l,) 3 JieMeHTOE ,YMHOl!teHU Ha C Jie eyrooi;re 
KoatiximrmeHTu: Li - 20° (xro-1), 25°(xro-2) ,so0cxro-\ 
Be - 25°Cxro-1),s5'txro-2).40°cxro-3) 5o0cxro-4)• 
B - 25°cxro-1), 45°Cxro-I),55°(xro-f),65°(xro.:S); 
c - 25°cxro-1),35°cxro-2),5a°Cxro-3), s5°Cxro-3); 
N - so0cxro-1),4o0cxro-2), 5o0cxro-3), 65°(xro-3). 

.!Irtep. CJiert.Vl01Ull UHRJI pa6oT 611JI ITOCEJiuteH lI3YtJCHHIO 3BROHOMepHOC
Teil pacrrana llffC. C SToii ueJif>D (§ 4) E cucTeMe ( Th, Ne) nsyqa
DTCSf 3HepreTUtJCCRHe crreRTpl:l lI rtl$pepeHUHBJII,HUe ceqeH!I.lI o6paso
EaHnR OTl:(CJII,!lliX H30TOITOB (clo/ri,Q.), l)UJICTBIOUUJX ITO rt YI'JIOM !20 
R HanpaEJICHUIO rrytJRB (puc.3). Ilou 3TliiA yrJIOM EHJieTa OCHOEHOii 
ERJI8U B pe8KU!Ill nepena•rn rtalOT nm. YcTBHOEJieHHl:le 38ROHOMepHOC
Tli B olfr/olSJ. - o6pa30EBHHli U30TOITOE ( G.a·1• - C!ICTCMBTUKB} 
npo,1teMOHCTpHpOBaJIH EBlKHYIO pOJII, rrapHUX ITOlipaEOR O(n) lI O(p) 
E CliCTeMaT!I3aUH!I 3RcnepUMCHT8JII,HHX rtaHHUX. C ueJII,k) rtaJif>He:i1iuero 
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P,rn. 3. 8ttepreTwrncrrne cneKTpll (E CUM) usoTonoE ne,B,C,N, 
O F , 11aMep,mHUe non yr1IoM ElllieTa 0,. =I2° npu o6nyg:emm 
2~2Th uouaMH 22Mc Ei. = I72 Mall. CTpe1IKaM.n JK83.fil!H auepr,m, 

COOTI!CTCTEYKllllflC I!llXOI{HllM KYlIOHOI!C.KHM 6ap1,epaM. Q. -cpenuen 

auatJcHne Q --peaimim no nuarrasouy usoTorroE KOHI,peTHoro ::rne-

1,1eHTa. ,i}5'f~•c(;!J..) U30TOIIOI! YMHOllteHll Ha Cllenyroume KoaMJu

rweHTll: 7ne, 11c, 13N ,150, 17F (xI,5•I03 )•10ncxr,s,ro2 )· 
9ne, 14.v,IBF(xI,5•I01 ); 10ne,IIBe,IIB,12c,1~o(xr,s)·12Be,faB, 
me ISA/ I6A,I70 rnF cxr 5 •10-r) .r3n I4B I4c I?., r~0 20 F ' '' ' ,., , , ' , , ' , '' ' ' 
(xI,5•I0-2). I5n~I5c,I8N, I9o, 2IF(xI 5•I0-3) ;I6c, I7c, I!w, 2(w, 

200, 22,= .2~F<xr,s•10-4); Isc,2Io,2~o:xr,s·Io-s). 

.raytJeHIDI ~ertTOE 6(11.) H O{p) 6,rna. I!ll6paua 601Iee 1Iermm cucTeMa 

( r.t,Ne.), E ROTopoii OTHOCHTem,Han: pom, .KYlIOHOECKl'IX aqxpeKTOE E 

CUCTe~aTH3aUHH aKcnepl'!MCHTalII,HllX EClill'Ilill dff/dfl. RI!IIfICTCJI CJUlCCT

I!CHHO 11eH1,meR, 11eM Ha Th • ll;,m aToro non yr1IoM EUlieTa r2° E 

Cl'ICTeMe ( "l.i,Ne) 6UlIU HSMepeHU 3HepreTll'3:CCKUe cneKTPU il rmrMie-
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peurwam,HUe cetJ:eHIDI o6pasoEaHIDI .rsoTonoE (pnc .4). 

rliaEa IY IIOCBHll!CHa rroey'3:eHHKl 1IerKHX anep c Cl01Ib!JJUM ,I36UTROM 

HefiTpOHOE, H8XOWill!lfXCH Ha rpau.rue HJKlIOHHOH YCTOM'l'.liI!OCTll, UHTe

pec K STUM HllJl8M oelycrrOBlICH I!03MOxtHOCTb[() non:yqemm. I!8lKHOii uurpop

Marw.r no pany qiyunaMeHT81IbHilX rrpo61IeM snepuoil ~H3ilKn, HanpH11ep: 
rrpo<1J1e1te CJ'J18CTEOI!aHHH CI!.ll38HHOro QOCTO.ffiIIDI · CllCTer~ll HCiiTpOHOE 

c A = N , T.e. HeilTpOHHllX Karrellb 11,1tep1mx pasMepoE .r "uopMalib

Hoil" anepHOH IIlIOTHOCTH, YCTOll'3:UEOCTb KOTOpUX 06ecrretJ1IEaeTCH snep

HllMli CHliaMH; npoBepxe pom-1 pasrrU'IHllX 'IJICHOE I! HJIOIOH-HYKlIOHHOM 

lJOT8HIU181Ie; rrpo61IeMe rpaH~ HYKlIOHHOH YCTOH'l'.HI!OCTII rrerrrnx Hyr,

lIHnoE; npoBepKe H Bhldopy HalleytJ!llero E8pli8HTa MaCCOEhlX ({JOPMYlI, 11c

II01Ih8yeMh!X n,m npencKasaHIDI Mace 1IerKUX snep C 60llbl!UM H36UTltOM 

HCMTPOHOE. EoliblIHHCTI!O M_8CCOI!llX qJOpMylI li MoncrrI>HllX pactJeTOE 

npencK83llI!aeT CJUjCCTI!OI!aHHe 60lib!JIOro KOlilitJ:eCTI!a HeilTpOHOU36hlTO'I

HllX li30TOnOE, OI{Ha.Ko IlOlIOlKeHIDI rpaHmu,I HJK7IOHHO:ii yCTOH'3:III!OCTU 

ClilibHO pa31IH'IaKlTCR I! aTffX rrpencK838HII.HX. IT03TOMY I!8lK!HllI pOlib OT

I!OI{HTCR a.KcrrepliMCHTalibHllM MCTOnBM noliy'3:eHim I!Ce 601Iee HCHTPOHO

H36llTO'l'.HllX anep 1IerKHX 31ICMCHTOE. Cpel{H TaKHX MeTonoE EllCOKYKl 

sqxpeKTliI!HOCTb rrponeMOHCTplipOI!81Ill MHOrOHJKlIOHHllC peaKIU111 nepena

'IH. IT01IOlitHTe1II>HllM qiaKTopoM RI!lilIOCh ycTaHOI!lICHHe G3.3. -c.rcTeMaTH

Kli n11qipepeHIU1a1IbHllX ceg:eHHii o6pa30I!aHHJI HSOTOIIOE,·KoTopa.H naeT 

I!03MOJKHOCTb oueHliI!8Tb ounaeMll:ii I!hlXOn Cll!C He H3B8CTHWC HeRTpOHO

H36h!T0'3:HhlX li30TOIIOI! 1IerKHX a1IeMeHTOE. 

3Ha'3:HT81Il>HllH lIHTepec npe,1tcTaBJlllllT aKcneplIMCHTalibHUe noKa

saTelibCTI!a CJUlCCTI!OI!aHIDI .anep 14Be, 19c u 20c, OTHOCI-ITClibHO yc

TOii'3:HI!OCTll KOTOpllX 11M0KlTCR npoT1rnopetJHI!lle npencR838HHH Monelib

HllX pacg:eTOI! li SKCTpaIIOIDIUHii M8CCOI!llX (!)OpMyiI. ITepElle a.KcrrepHMeH

Thl no IIOHCKY 14Be I! r.rnoroHyrrnoHHUX peaKIWHX rrepenaq11 C nocTHrHy

TOH I! TO EpeMiI tJ:yECTI!lITClibHOCTI,[() nalIH OTp.ruaTelibHUil pesyrrhT8T, 

0I{HaKO I!CKOpe aMepHK8HCKHMlI HCC1IenoEaTemIMlf I! peaI,UWIX paclljen

lICHIDI RllJl8 slu IIPOTOH8MU I!hlCOKlfX SHeprH:ii 6UlI IIOlIJ'l'.CH 
14

lle. n 
n.rccepTaIWOHHOll p~60Te THlKClIUil H30TOII 1 4n::i 6fllI IIOlIJ'ICH I! MHOro

H~ItlIOI!HhlX ~eaKUl1lIX rrepena'If.l'. (-3p,2n) IIPH E8a11Mone:iiCTEl1li l10HOE 

I N c 23 Th (p.rc.5). B sRcrrepuMeHTax ucrrorrr,soEarrach EUCOKO

'IJECTEHTerrhHaJI MeTonuKa ( l:i.E, E ,MA, t ) ; 3aTeM npllEOll;ITCH nim

HUe no noliytJ:eHHto 19c u 20c E peaKIWH Th + Ne . D saKlIKltJemrn 

OTMetJaeTCJI, 'l'.TO nna 3lI8M~HTOI! C ~ ~ 6 IIOlIY'IGHll npaRTH'ICCim ECO 

rrpencKa3aHlille Teop.re:ii TRlltelllle li30TO!lli C npenelibHllM il36UT.KOM 
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Puc .4. ItwppepeHIU1a1IbHJ1e ce'Iemm o6pa3oEaHIIB H30TO[IOE 0, 
N,C, Il H Be E CHCT8Me ( ~i,Ne) E 3aEl1CHMOCTH OT a} 
QH· -pa3HOCTH Mace Ha!JaJibHUX 11 ROHe'IHliX Rnep II 6) Q,.,. 
c rrorrpaEitaMll Ha ::meprmo pa3_puEa rrap rrpoToHoB o(p) H neii
TPOHOE O{"-) , rrepenaHHUX l'l3 ll,D;pa0,D;0H0pa E Jl~0-a1t1ten-
TOp. Yron BllJieTa rrponyKTOE Eh =12 • • 

HefiTpOHOE (8tte, 11L;,14Be, 17B, 2° C). TaRHM o6pa3oM, E Hac

TOJ!lflee EpeMJI He cyt11ecTEJeT pe3RHX pacxoJKneHl!H MeJKny oueHROll 

IIOJIOJKeHIDI rpaHHUli HYKJIOHHOll YCTOH'IllEOCTl'I, paCC'IHTaHHOH IIO Mone

lIH o6OJIO'IeK 11 orrpeneneHHOH mtcrrepJIMe_HTalibHO. Jfumb E HerrnTOpliX 

1!3 OIITl!MllCTJI'IeCKl'IX pac'IeTOE rrpencKa3li.BaeTCJ! E03MOJKH8JI RnepHaJ! 

CTa0H1IJ,HOCTI, ISiB H 22 c:. -
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P.1:1c .5. Dlixol{bl n:soTorro.a Be, Li , He. L rrony'IeHHlie IIJrn o6ny
'IeHHH 232 Th uoHaMu l'vN c :meprHeH I45 MaB rrpH MaI'HHTHofi 
JKecTKOCTH BR= I0,5 KI'c.M. ilymtTUPHOH nn:Hueft IIOKB3BHl:l pe-
3J7IbTaTH Kanu6po~O'IIWX H3MepeHHll oes nHCKpHMHHaIU1U ITO 
BpeMeHH rrponeTa lpelllliM (6.E, I: ,MA)). 38!!1TpUXOE8HHll8 Ill1Kl1 
IIOJiy'IeHU B, OCHOEHUX H3Mepemmx C nHCKpHMUH8IU1Cll no BpeMC
Hlf nponeTa. IlOTOI< UOHOE, npomen!!IUX qepe3 MU!lleHb E OCHOE
HliX lf3Mepemmx, E 30 pas 607Ib'.lle, qeM E K87IH6poEO'IHliX. 

B EUBonax C(!)OPMYllliPOEBiill 

0CH0HillE PE3YJJ1TAT!:l mICCEPTAUH0HH0il PAFOTl:l: 
' I. I) !IpOEeneHU uccnenoBaHWI BMIIJIUTYnHllX H EpeMeHHUX xapaKTepnc

TllK IIOJIYIIPOEOnHUKOEUX neTeKTOpOB nJIJ! EU6opa OIITlfM87IbHl1X 

ycnoEu!i pa6oTu TenecKorra AE,E Ha rry'IKBX TJ!JKeJiliX uoHoE. 

2) lfayqerru x'apaKTepncTHK.1:1, npoae,D;eH!l OT7I8nK8 H 38IIYCK MBI'IIUT

HOro aHaJIH38Topa nlill pa6oTU Ha IIY'IKBX TJ!lKeJIUX HOHOE B KOM-

6UH8IU1U c MeTonoM (AE,E). HoEHli uneHTuqimrnTop rrponyKTOE 

RnepHUx,1-eaRIU1li, o6na nBHlllH:11 B!lCOKHIIH OucTpo,iteDcTBHeM 

( ;,.. IO- C ) , CeJieKTlfEHOCTblO H 'IYECTEHTeJibHOCTblO (,-,ro-32 

c~). ll03E07IH7I 38 KOPOTKOe EpeMlI HaneJKHo HneHTUqJlfUlfPOEaTb 

28 HOEUX HeliTpOHOH36UTO'IHliX H30TOIIOE JieI'KHX aneMeHTOB. 

3) C U87Ibl0 naJibHelimero IIOEU!lleHIDI 'IYECTEHTeJibHOCTlf KOM6UHBIU1-

0HHOI'O MeTona CLlE,E ,MA) aETopoM 6uno cnenaHo rrpennoJKe

HHe, pa3pa60T8H8 dJIOK-CXeMa H rrpoEeneHa OTJIBnKB .BpeMiI-npo-
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JieTHOii 3JI6KTpOHHOll CMCTeMU. MonepHM3HpOEaHHI,Iil Mlt6HTmpHKa

TOp ( .6E,E ,!,IA, t ) rrosEoJIMJI HattelitHo mi;emm'pm.mpoEaTh Hit-
· pa I4ne, I9c 11 20c. . 

11. UsMepem,1 aHepreT11qemrne crre1tTpu, yrnoEue pacrrpeneneHRH H ceqe

HWI 06pasoEaH11H nerKnx aneMeHTOE E cucTeMe (Th,O). 
I) Uorrnsnao, qTo .E Cl1CTeMe co 3HaqHT6JibHOii ac11MMeTp11eii IIO t 11 

A 11cxourrux nuep. c saMeTHUM ceqemreM peaJIHSJDTCJI rrpoueccu 

pasn11qaoil CTerreH11 neyrrpyrocT11. )J.oJIH rrpou;ecco.e .eospacTaIOU1eii 

ncyrrpyroCTII E cyMMapHOM CII6HTpe ynem1q1rnaeTCH C OTKJIOHeHHeM 

yrJia I!h!JieTa IJpOnyKTa OT e,.p. =500 (E)rP.• · - yroJI. yrrpyroro pac-
. '1&0 252Th ce.fIHJ,t;I Ilp11 KaCaTCJII,HOM CTOID<HOI!6Hl111 g C 901 ) ,a TaKJKe 

C q11cJIOM rrepeuaHHHX IlpCTOHOE. Ilill Ha6JIIOl{atoTCJI B cneKTpax 

IlpOnyKTOI! UJIH .ECeX yrJIOI! EUJICTa f} H ltOMl1HMpyroT E MHOrOHJK

IIOHHilX peamumx rrepeuaqu. 

2) 3Rcrrepm.!eHTaJII,HUe uamrue ITO ceqeHUJIM o6pa30EaHrm IlPOlt.VKTOE 

rroRa3u.ea10T, qTo E cucTeMe co :maq11Te1II>Hoil ac11MMeTp.11eii rro l 
If A ucxourrux Jill6P OCHOEHUM rrpoueccoM rrepeuaqu HYRJIOHOE .fIEJIJI

CTC.fI cpuE HYKJIOHOE c rrcrrmro napTHepa peamurn. 

ill. ll 6orrec c11MMeTp11qnon cHcTeMe EsauMoueiicTEYIOutHX mi;ep ( Th,~7.) 
rrnyqeau peaRUMU IlOUXE8T8 IlpOTOHOE (u HeilTpOHOE). 

I) Anamrn HMGIO:l1HXCJ1 :meprOTUqecrmx cueKTPOE rrpOnyKTOE IIOK83UEa-

6T, qTQ E peamurnx ITOUXE8T8 Tpex H 6oJiee rrpoTOHOIJ UOM!IHl1PY

[OT rrry60ROHeynpyrne ncpeuaqu HYKJIOHOE. Ha6JIDU86TC.fl T8KJK6 pe

ry/IflpHoe CMemenue SHepreTaqecKUX crreKTPOE OTHOCl1T6JII,HO KYJIO

HOBCimro 6apbepn E CTopo11y MeHblllHX sHeprnii, qTo, IlO-EHUlfMO-. 

MY, CBUUeTeJibCTEYCT O p83El1Tl11I 3i1MCTHOil ueqiopMarum pacrrauaro

moiic.fl .UiIC. 
\ 

2) AH8Jil13 3EOJilDUMH 38P.fIUOEhlX pacrrpenenemfii npo,zyKl'OB .E Cl1CTe-

M8X (Th,0) 11 (Th,!S!l) rroKasu.eaeT, qTo c yMeHhllCHHeM acuMMeT

pna no l u A 1:1cxourrux .flttep HB6JIR'.lllaeTC.fI TeHUOHUH.fI 1, BupaEHH

EaHu~ ceqeHHii peaKUHli Cpl:lE8 l:! IIOUXEaTa HYRJIOHOE 11 U/Ifl Cl1C

T6MU (Th,cjji) aT11 EeJI11ql:!Hll cTaHOMTM cpaEHHMUMH. KaqecTEeH

Ho OTMeqeHH8.fI 3E07IfOU!tll E Harrpa.eneHl:!l:! rrepeuaq11 HYKJIOHOE ocn.

JICH.fl6TCJI CTpeMJieHHOM K MHHHMyMy IIOT6HUHaJibHOii 3HeprHH pacrra

uarouieroc.fl 61:1HapHOI'O KOMIIJI6KCa. 

IY. B imcrrepl:!M6HT8X C pasneneHHeM JieI'RHX rrpoeyKTOB.Ilill rrol lI A 

rrpenrrpHH.fITa IIOilliTKa 11syq1:1Th CEOiiCTEa pacrraua JJjIC. C STOii 
uerrr,ro .e c1:1cTeMax (Th,Nc) 11 ( li,Ne) non yrrroM EhIJieTa 12°, 
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rue .ocHOBHoii .nnnau E peaRD;HH rrepeuaq11 uatoT Illll,6wm 1:1sMepenu 

sHepreT11qecR1:1e crreKTpll ,1 ump:pepe11ruianr,HHe ceqemur o6pasoEaHWI oT

uerrI>HUX 1130TOITOB. 

I) YcTaHOEJieHHI,Ie E c11cTeMe (Th,Ne) saKoHOMepHOCTH E ump1rnax sncp

reT1:1qecKHX CII6KTPOE H30TOilOE C 60Jibilll:!M il36UTl<OM HeiiTpOHOE il 

E Ul1fpi)epeHUH87IbHUX ceqeHWIX ilX o6p830B8HlifI ( Q3.3. -CUCT6M8Tl1-

Ka) JK83HBaDT Ha cTaT11cT.1:1qcc1,ui1 xapaKTep pacrraua 11,IC. Ilmcasa

ao, qTo yqeT sHepr1:1.1:1 crrapuEaHl:!.fl rrap rrepettaHHUX Hei1Tpoaono(nJ 

1:1 rrpoTOHOB O(p) rrp1rnouHT R rryqillei1 c11cTeMaT11sauu11 mwrrep11ue11-

TaJII>HhIX nuiMJepeHUH8JII,HblX ceqen11i1 odpa30BaHV./I ll30TOITOE 

( Q3.3.- 6°(1t) - O{p) .- Cl1CTeM8Tl1Ka). 

2) I(arree IIORasaHo, qro B CHCTeMe C MBJIUM rrpmI8ECU6Hl1eM ( ~-l,i) 
E3al:!MOU6iiCTEYKlllllIX .f!Uep ( r.:z,Ne) acppeKThl crrapHEBHl:!.fl H,VI\/IOHOE 

0(11.J 11 6[p) OK83UEaKJT 6orree Cl17IbHOe BJIWIHHe Ha CllCTeM8Tl138Ufl'Kl 

UHrpiJepeHUH87IbHblX ceqe1rni1 o6p830B8Hl:!.fl l:!30TOIIOB, qeM scp.peRTl:l 

li3M6H6HWI RYJIOHOECKOil 8Hepru11 BXOUHOro H EUXOltHOI'O RBHaJIOB 

peaKu;n11. 

Y • B MHOI'OHylrnOHHUX peam:;,mx rrepeuaq11 rronyqeH T.fllKe JIUi1 1130T0Il 
1

4Be, 

KOTOPhli1 IIO rrpeucKa3aHWIM pa3Jil:!qHllX MOl{6JII,HllX pacqeTOE .f!EJIJIGT

C.fl rpaH11qHllM .flll6PHO-CT86I:!JII,Hlll/l il30TOIIOM 87I6M6HTa Be. Ilonyqen 

HOEhIH T.fllK6JIUi1 }130TOII 20c 11 IIOltTBCPlKUGHB nuep118.fl CT8611JII,HOCTI, 

l:!30TOITa 19c, 8H6PI'l1.fl CE.fl3l:! Hei1TpOHa B KOTOpOM no TeopeTuqec

RllM oueHKaM He npeEOCXOUHT 20 R3B. 

0CHOEHll8 pesyJibTBTH u11ccepT8UllU 6UJil1 rrpeUCT8EJI6Hll E UOl{

Jiauax Ha 24-25 elKerottHUX COEelllaHl:!.fIX IIO .fIUepHOii ClICRTpOCKOillll1 l! 
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