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06mm1 xapaKTep11cT11Ka pa6oThI 

B 11aCTOJ1ll.leii pa5oTe snepB1>1e nonyqe111>1 H npoae.11e11 amuun 3KcnepnMeHT8JlbHblX .1laHHblX no 

o6pa30BaHHIO <J>parMeHTOB (4 s z F s 10) no.11 yrnar.rn 50, 90, H 120 °, npH B3aHMO.lleHCTBHH 

:meKTpOHOB c :meprneii 1.5- 4.5 r3B c .11.D;pmrn 
197Au. H3MepeHHll llCCJie}lyeMOH peaKUllH npoBO.llHJIHCh 

Ha BHyrpeHHeM nyqKe EpesaHCKOro CHHXpOTpOHa. 

AKTVllJlt.HoCTi. TeM1>1: HecMOTpSI 11a To, •rro npo6neMa o6pa3oBaHHJI <J>parMeHToB npoMe:>Kyroquoli 

MaCCbl (<l>IlM: 3 s z F s 20) npH B3aHMO.lleHCTBHll 3Hepn!'1HhlX HaJleT!UOIWIX 'laCTHU: c lI.1lpllMH, 

llBJl.l!eTCll Ilpe.llMeTOM HHTCHCHBHOfO 3KCIIepHMeHT8JlbHOro H TeOpeTHqecKoro H3yqeHHll Ha 

npoTH>KeHHH IlOCJleJlHHX - 30-11 JleT, OHa ocraeTC.11 aKzyaJibHOH no HaCTOJIIUee BpeMSI. HHTepec K 

HJyqeHHJO 3TOii npo6.neMbl 06ycnoB11eH TeM, 'ITO xapaicrepHble oco6eHHOCTI!MH 06pa30BaHH.1! <PllM 
TaKue KaK, HanpHMep, creneHHaSJ: 3asncHMOCT1> MaccoBhIX HJIH 3apll.llOBbIX pacnpe.nenemm, u cc A (Zl~ 
MHOJKecTBeHHhlii xapaKTep o6pa30BaHHll 3THX ljlparMeHTOB, npn .D;OCTaTO'lllO BblCOKHX 311eprn.11x 

B036Y>K.lleHWI (E* > 3 M3B/11yKJIOH), yKll3blBaIOT Ha B03MOlKHOCTh ocymecTBJleHH.11 B B036ylK.lleHHOH 

ll.llep11oi1 MaTepHH ci>aJOBoro nepexona iKH.llKOCTh-raJ [1-5]. XoTJI 3a 3TOT nepno.D; speMeHH u 6h1Jl 

llOCTHrnyr onpe.D;eneHHbIH ycnex s nOHHMaHHll npoueccos, npHBOllllll.lHX K cl>parMeHTaU:HH SI.llep. 

O,llHaKO Bonpocb!, CBll38HHbie c MexaHH3MOM o6pll30BaHHll H onpeneneHl!eM HCTO'IHHKa HCnycKaHHSI 

<PllM, see eme Tpe6yroT .llaJ!bHeihnero H3yqeHIDI. B HaCTOJill.lee BpeMll 60Jibll!Oe BHHMaHRe y11enlleTCSI 

113}"1eHHIO o6pll30BaHHH c/JflM B peaKUllJIX HHHl\HHposaH!lblX nerKllMH HllJ!eTa!Oll\HMH qaCTHUal\m, 

HCilOJlb30Ba!!He KOTOpbIX naeT Pll.ll npeHMymeCTs: 

• cjJparMeHTbl ncnyCKaIOTCSI TOJ!hKO H3 HCTQqH11Ka, CBl!3aHHOro c ll.llPOM-MHll!eHbJO; 

• qffCTO TeUJIOBOe B036Y>K.lleHHe S!.!lpa B CTOJIKHOBeHHSIX c TaKHMlf qaCTl!UaMH .llaeT B03M0)l(H0CTh 

npHMeHeHHll repMO.llHHllMH'ICCKl!X IlO.llXO.llOB ,l\llll HHTepnpeTallHH nonyqaeMb!X pe3YJibTIITOB (s 3TOl\! 

CJiyqae .lllfHliMHqecKHe 3cjJ<J>eKTbI, o6ycnosneHHble C)l(aTHeM, spameuHeM H .D;eljlopMau:neli SIJ.lpa 

npeHefipe>KHMO MaJibl). 
0.llHHM H3 npHMepoB ycnenIHoro HCilOJlb30BaHll nerKHX HaJieTa!Oll.lllX 'laCTllU: llBJIS!eTCll He.llaBHO 

n~se}leHHblH «ISIS» KOJU1a6opau:l:iei1 3KcnepHMeHT no o6pa30BaHHIO c/JllM B peaKUHH 8.0 I'3Blc 7C • + 
1 Au. PeJYllbTaTOM :noro 3Kcnep1meHTa 6b!Jlo o6irnpylKeHHe pMnnqH1>1x Macll!Ta6HblX JaKOHOB s 

BblXO.lle <PllM [6-8]. 3m Mac111Ta6H1>1e 3aKOHbl, B qacTHOCTH Tennosoii CKeH.lmHr, npollBJilllOlllHH 

csoiicraa npHc)'l.Ulle KaneJibHOli MO.D;eJIH <l>Hlllepa [l O], paccMaTpnBaJOTCll B KaqeCTBe secKoro .llOBO.la B 

noJlh3y ocymecTBJieHll.I! ci>aJOBOro nepexo.na )l(H.llKOCTh-ra3 B B036y:>K.!leHOH JUJ.epHOii Ml!TepHH [6-8]. 
CsoiiCTBa refiJlosoro cKelimmra. cornacyrowerocSJ c Kaneni,uoii MO.!leJihlO <l>Hwepa. KaK 6i.mo He11asHo 

IIOKaJaHO, Ta!OKe npOllBJI.l!IOTCll B BblXO,!le <PllM H3 KOMnayH.!l-SI.llep npH HH3KHX 3Heprnl!X 

so36ylK.lleHHll [8]. ,IWyrne HHTepecHbie pe3y111>TaTbl no Tennosoli MYJibTHcjJparneHTaIJ.Hll llJtep 6i.mH. 

HanpHMep, nonyqeHbI Kon11a6opauueli <«PA3A» np11 n3yqeHHH peaKU:Hlf 8 I'3B p + Au. 06pa3osatme 

<l>llM B 3TOH peaKUHH CBll3bIBaeTCll c !}>a30Bh!M nepeXO.!IOM X<H.!lKOCTb-TYMaH, npoHCXO,!lllll.lllM qepe3 

CfiHHO.D;aJlbHblH pa3BaJI B036ylK.!leHHOH .11.nepHOH MaTep!!H [9]. 3Tll npuMepb! fi0Ka3b!Ba!OT 

nepcneKTHBHOCTh H3}"1eHHll TeIIJIOBb!X acneKTOB .11.llepHOH <l>parMeHTau1m c HCfiOJ!b30BaH11eM 

pemrrnsucTCKHX nerKHX HaneTaiom11x qacTHl\. B CBll3H c 3THM, cJie.!lyeT OTMeTHTb, 'ITO 3Heprn•rni.1e 

3JieKTpoHbl TaioKe xoporno 110,llXOllllT .!lllll npose.neHHH TIIKllX HCCJie,!IOBaHHH. H:3yqeHHe o6p:nosaHHll 

<PllM. B peaKUHllX HHllUHHpOBaHHblX 3HeprnqHbL\lll 3JieKTp0HllMH, ,llaeT .nonOJIHHTeJihH)'IO 

11Hl}lopMal.lHJO, Heo6xonnMyJO JlJrn noHHMaHHll npoueccos ll.llepuofl cjJparMeHTaUHR. K colKane1111io, no 

11aCTOJ11I1ee speMJI, HMeeTCSI oqeHb Mano 3KCIIepnMeHTaJibHhlX H TeopeT11qeCKHX pa6oT no o6pll30BaHlllO 

c/JflM 3HeprnqHbJMH 3JieKTpOHa:.rn. no3TOM)' Te:.ia HaCTOS!ll.leH .llllCCepTaU:l!OHHOli pa60Thl. 

nocsl!IUeHHoli o6paJosaHHIO cjJparneHTOB (4 S ZF S I 0) Ha SI.!lpax 
197 Au 3JieKTpOHaMH c 3Heprneli 1.5-

4.5 I':JB, HBJilleTCll aKTyaJibHOH. 

j 
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lle~1b pa60Tb1: 

llony<1e1rn:e 'Jtteprem'!ecKnx c11eKrpoo, nmptpepeum1anLHLLX, da!dQ, H oueHKa noJIHLIX ceqeunii 

06pa1osa11m1 cj>pan1euroo (4 5 Z ,. SIOJ a HcCJiellyeMoif peaK1.um. 

• AmlIII13 JHepreTl!'l.eCKHX cnel\rpoo HJ~!epeHHblX cj>parMeHTOB. ,.'L1ll Bbll!ClleHllll HCTO'IHl!Ka HX 

l!CllYCKllilHll, onpeneneHHC ero pa1:-.1epa. CKOpOCTH H Te:-.mepaTypL!, a TaKiKC 3aBllCllMOCTil TfJIX 

se.111'111H or J11eprn11 11a1ermownx 1,1el\rpo11ou. 

.• Allal!113 yrnOBbIX, :rnepreTU'ICCKllX II 1apl!.11JBblX pacnpe.ue:ieHHH 111Mepe11Hb!X .Q>panreHTOB, BKillO'!:ll! 

cpaBHeHm:: c COOTBeTCTB}'IOl!UIMI! pacnpc.::re:iemlll>lll, no.1r1eI1Hbl~IU Ha npoTO!lllblX II HOHHb!X ny<JKax .. 

,\ua:nn 11u,1r1eHHLIX BhlXOllOB in>1epeHHb!X $parMeHTOB, .n,1l! Bb!llsm::mrn np1rrnaKOB, yKroi:.1eruom11x 

1rn so1>1m1mocrL 11x o6pa·msawrn a ucc:1.:.:1ye>10if peaKum1 'Iepe3 ~1examn:-.1 ciia:meoro nepexo;:ra 

;irn;1KUCTb-ra1. 

Hap111a11 11omnua pa60T1>1: 

B11epoL1e nony<JeHLI 11 npo8e;:rcH amL11n JKcnep11~1eura1LHbIX na11HLIX no 06pa1osai111to cj>pan1enros 

( 4 s; ZF :<;; I 0) no;\ yrnaMH 50 °. 90 ''and 120 ° 11a ll-'\pax 
197 Au 3JleKTpoua.'m c :meprneii 1.5-4.5 f3B: 

l. f1o,1y'!eHbl JHepreTll'!eCKl!e cm:KTpbl 113MepeHHblX q,parMel!TOB H !IOKa3aHo: (a) cj>pan.1eHTbl 

1norpon110 11cnycKa!OTCll 113 .lBIIiKylllefOCll B llllpe llCTO<JHHKa. KOTOph!H cyuleCTBCHllO Mel!b!Ue lll!pa­

>IH!Ut!llll; (6) CKOpOCTb II pa1>1ep HCTO'IHllKa, B .unano30He 311eprni! '.).qei..1pom1e 1.5-4.5 I'JB. 
cuornercrse11110, pas11L1: fJ - 0.01-0.015. A - 50 H)'KJI. 

2. l lo,1y<1eHL1 .u11cii¢epemu1a.1bHb1..:. dcrdQ. n oucHeHbI no1111ble ce'!e~mll 06p<no11a11m1 ll3>1epem1r,1x 

t!Jpan1e11TOB II nOKa3a110: (:t) CC'll:!Ulll lll:l'll!TeJlbHO MeHLUie (- I 0 ) COOTOCTCTllYllllllllX ce<ie11ni1. 

110:1yYe1111b1x 11a npornu11r,1x nyq1;ax; (fi) yrnoeL1e 11 3Hepren1'!eCKHC pacnpc:1e;1.:111u1 cpparMeHTOB, 

HaXO;lllTCll B Ka<1eCTCHllOM cornac1111 c pC3)'.1bTaTa'\fll, no:iy'!eHHblMI! HU npOTOl!llblX II l!Olll!b!X Ilyt!Kax. 

3. fIOKa3aHO Hailll'!l!e KOppenllUllll !\!eJK,::\Y Bb!XOllaMH H3MepeHHbIX cj>parMellTOll II HX Ky,10HOBCKmm 

'Jl!Cpnlll~lll. Ha OCHOBe KOTOpoii onpene.1e11a TC!\meparypa HCTO'IHl!Ka HCilYCKa!lllll <!>parMeHTOB T -
6.3 -7. 7 ,\hB, B .Qlla!I030He 111eprni1 uaqera!OlllllX JJI~KTpOllOB I .5-4.5 I'3B, COOTBCTCTl!CIIllO. 

.t. rioKa:iaHo npol!BJ1euue rennoeoro cKeii:.qnura s Bb!XOllaX H3MepemtLIX cj>pa1111e11ros, 

cornacytomerocl! c KanenLHOii :..ro.uenb10 <l>HUiepa. ~13 auan1na 3Toro cKeAmrnra, a rai..11\e 

no:l)"len11b1x 1apll.QOBL1x pacnpc11e.1e1111i! cppan1eHTOB, onpe11eneuL1 311a<1c1mll wrn: (a) KO:><pqm1111e11ra 

11onepx11ocTHOH 311eprnn npn uy;1e1mi1 r.:>mepaType, Co = 11.8 ± 0.8 .\hB; (ii) Kp11rn•1ecKoro 

1lOl(U'3aTe,1l1. a-= 0.56 ± 0.03 If (11) ll0:1y•1c11a OUCHKa KpllTH<JeCKOH TCMneparypbl. T, .. - 18 A/JB, KOTOphlC 

uaXO.'.lllTCll B llllUil030He nplllll!Tb!X 311a'!eHHii, llHTHpyeMb!X B Jll!Teparype. 

5. I hlK•rnmo. •no BO:lMOJ1mocrb mrr.:pnpcra111111 BLIXOJlOB <l>paD1c1rron. n 1x1>1Kax i.:a11e:1i.11oi1 ~10:1c:111 
<l>11111cpa. c nony•1c1111c\1 pc·1y:1i.TaToll. 11axu:vmu1xcl! a m1a1101011c 11p1111i1r1>1:-.. ·11ia11c111111, H11m1en:H 

cyllll:CTlll!lllll>IM llOBO!!O\I ll !lll.1!,"IY 06p:non:lllllll 1n~1epc1111r,1x <IJP:lf"MCI I rllll n 11.:c:1c;1yc>1oi1 pcaKl!llll 

•1cpc·1 :-.1cxamn~r qJ<rlOBoro ncpcxo:ta iKl!;lK\lCTh-nn. 

llpaKn1•1eci.;:111 l!CllllOCTh pafioThl. 

[ lo:1y•1e11111>1c B pa Gore pc 1~ :11>Tm t.1 11 1qi.··1.111)1;.;1111i.1ii c11oc\lu lll1pc;1c:1c1111i1 uapa~terpon (CK\lp11r rn. 
pantcpa II TC\lllCp:rrypi.1) llC n"lllllO:a llCll~ l"l»llllUI cfipaDICll Hill ~1\l!'Y r LlJ.ITl> llC110.1h'lO!la!lhl ll :tpyrnx 

11cc·:1c:1uBa111rnx. c11H·::11111i.1.-.; ,. <l•11a1\lCll1 :uu1c·1 i 11 Wf' 
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OcnOBHbte noJJo:aceu11a BblHOCHMbte 11a 33WHTV: 

l. nony<JeHHe II llHailH3 :meprem<1eCKHX cneKTpoB cpparMeHTOB ( 4 s; ZF s; 10), BKJIIO<JaJI Bbfl!CHCHllC 

HCTO'IHHKa HX ucnyc1aiHHll; onpe.QeJieH11e pa3MepaH CKOpOCTll llCTO'IHiiKa. a TaKJKe 3aBHCHMOCTH JTHX 

BeJill'llfH OT 3Heprnu HaJieTa!OllIHX JJICKTpOHOB. 

2. nonytteHHe Jl11cpcpepeHUllaJibHhlX da1dQ. II oueHKa IlOilHl>IX ce'!eHHii o6pa:iosaHHll H3MepeHHhlX 

cj>parMCHTOB, a TaIOKe llH8Jl113 HX yrnoBblX, :mepreTH<JCCKllX II 3apllll0Bh!X pacnpe.Qene11uii:, BKJllO'lal! 

cpasHeHClle c J>C3YllbTiiTllMH, nony'!eHHbL'\fH Ha nporoHHblX H HOHHblX ny<JKax. 

3. Onpe.n:eneHHe TeMilepazypb! HCTO'IHHKa 11cnycKaHHJ1 H3MepCHHblX cj>parMeHTOB, OCHOBblBal!Cb Ha 

BblllBJICHHOH Koppemunm MCJKJzy BbIXO,!laMll cpparMeHTOB H BX K)'JIOHOBCIG!MH 3HepnmMH. 

4. AHanll3 rem10soro CKCRnHHra H 33pll,!10BbIX pacnpe.ueneHHH cpparMeHTOB B p3MKax IClllleJibllOH 

MOJleJIH <l>nmepa, B1CJH0113ll onpe.Qe11eu11e 311aqe1111il: W!ll KOO$$imHeHTa nosepxuoc1110il 3Hepnm np11 

HYJICBOH TeMnepazype, Co, KpHTll'ICCKoro IlOKa3aTeIDI, o; H nonyqenue oueHKll ll.!lepHOH KpHTil'lecKOH 

TeMneparyp1>1, Tc. 

5. 060CHOBaJIHe B03MOlKHOCTH o6pa30BaHHll H3MepeHHbIX cj>parMeHTOB B HCCJlellYCMOii: pea!CUllH '!epe3 
MexaHll3M 4Jroosoro nepexol{a )l<llllKOCTL-ra3. 

Jht'IHbru BKJJ311 asrnpa. 

l. Y'!aCTBOBan B C03)laHllll JKCnepllMCHTaJlbHOH ycraHOBKH II BO ocex ceattcax 113MepeH11il 

nccne.llyer:mif peaKUHH, a TaKJKe s o6pa6oTKe IIOJI)"!eHHblX 3Kcnep11111eHTaJJhULJX .QaHHLIX. 

2. Ilposen $H3H'lecKHii llHail113 no,1yqeHHbIX .!laHHblX, B J>C3YllbTaTe KOTOporo 6blllo IlOKll3llHO, '!TO 

H3MepeHHble cpparMeHTbl B HCCJie.QyeMOH peaICl.lllll H30TpOilHO ucnycKatoTCll H3 ,!lBlllK)'mCI'OCll B .11.llpe 

HCTO'UllllCa, pa3Mep KOTOporo cymecrQeHHO MeHbUIC (- 50 H}'KJI.) ll,!lpa-MnIUeHu, H npe.ztnOlKeHo: (a) 
onpeueneuue CKOpocTH HCTO'UIHKa H3 COB!llecTI!oro no H3!11epeHHhIM yrnaM cpirra 3HepreTll'lCCKHX 

CilCKTpoB lf>parneHTos; (6) onpel{ene1111e p33Mepa HCTO'lHHKa H3 COBMeCTHOro lf>irra 3HepretH'lecKHX 

cneKTpoB KaK no 113MepeHHMM yrna\I, TaK n cpparMeHTIW; (s) onpe.neneHHe reMnepazypLI HCTO'!Hmca 

113 BblllBJ!CHHOii HM KOppellllllllll MeJKlly BbfXO.!laMH <!>parMeHTOB n llX KYJIOllOBCKllMH 3HeprnllMll; (r) 
o60CHOB3HHC 803MOlKHOCTll o6pa30B3HHll qiparMeHTOB B HCCJie.z:tye111oii peaKUllll <Jepe3 MeXaHJl3l\I 

<jia>oaoro nepexolla JKIUlKOCTL-rro. 

CTpvi."TVpa 11 o6t.eM 1mccepTaun11. J{ncceprau11ll cooTOllT 113 eeenemrn, '!CTLrpex mas, 1a1U110Ye1111l! 

11 cn11cKa u11T11pyeMoii 11ureparypL1, co;replKamero 68 11a11MeHosam1il. Pa6oTa H3JIOJKeua 11a 87 
crparmuax. BKJIIO'llUI 32 pMCYHKa . 

Anpo6aum1 pa6oTid Pe1ynLraTL1 pa60TL1 JlOKJill,!J.Lisan11ci:. Ha 11ay'!Hb1X ceMnHapax OTlleJia 

3KcnepnMeHTaJILHOii cpH3HKH EpesaHcKoro <ji11311qecKoro 1111cnrryra. 

fly6.ltlfK31UIH llo MarepnanaM llllCCeprnu1m ony6:JHKOB3Hbl 3 pa60Tbl, CilliCOK KOTOpb!X npuse.z:teH B 
KOHUe aerope$epara 

Co;iep;i-;anHe pa6oTbl 

Bo BBe)!eHltH noKroi:.rsae-rcll, 'ITO H3y<Je1111e npo6neMbl o6pa3osaHHll <jipai:MeHTOB npoMelKyro'IHOil 

MaCCbl (<l>llM) npn B3llHMOllei1cTBHll 3Heprn'1Hb!X <Jae-mu c ll.!lp3Mll l!BlllleTCll 3ICT)'aJibHblM 

j 
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uanpasneHHCM HCCJlCl!OBaHHH B COBpeMeHllOH MepHOH $113HKe. B JTllX HCCJiellOBaHWIX, H3 3a Pllllll 
npettMytUeCTB, 6om.moe BHH~laHne s rrocneimne ro,ili.i y.!Iem1ercl! ucnoni.JOBaHHIO nenrnx 

uaneTa!OtUHX '!aCTHU. Or:.te"laCTCll rucrya'lbHOCTb TeMbl .nuccepmu1m, OCHOBaHl!aJI Ha TOM, 'fl'O 

1ueprn"l111Je JJieKTpOH&I, KaK H .npyrne nerKae penl!THBHCTCKne <1acrnuw, xopowo no.nxowrr wrn 
1nr-1eHHll Tennosi.ix acneKTos ll.!lepHoH $pan.teHTaunu H HX ucnoJ1D1osaHHHe )laer nonoJiffilTeJibHYJO 

HHcjiopMaUHIO, aeo6xo,ilHMyJO ):Ulll DOHHMaHHll npoueccos, npHBO.!lllIUHX K o6pa30B!UIHIO <PIIM. 
B r.1ase 1 llaH KpaTKHii ofoop 3KcnepHMeHTllJThHblX H TeopeTn'leCKHX pa6oT no o6pa30BaHHIO <PII.41 
HU iupax, BKJIIO'lall Kp8TKOe paCCMOTpeHHe HCKOTOpb!X TCOpeTH'ICCKHX MO)leneii, WHpoKO 

upm1eHl1CMldX B IlOCJie)lHHe fO.!lbl JlJlll HHTeprrpeTaUHH 3KCrrepmreHT3.JlbHblX ):taHH!dX no ll,!lepHOH 

qiparMeHTaUHH. Hatt60JI1>mee BHll~taHHe y.lleneHo Mo.nenH ll.llepttoro <lm1oeoro nepexo.na JKH.ll.KOCTb-ra3, 

B 'IUCTHOCTll, KaneJibHOH MO,!ICilll <l>.Hwepa, B pa'>!Kax KOTOpoi1 npOBO,!lHTCll aH8JUl3 BblXO,!lOB 

q1parne11TOB B HCCJl<~.!lYCMOH peaKUllH. 

B r.1aue 2 KpaTKO OOHCaHa 3KCnep!!MCllTaJlbl!llll ycmHOBKa, KOTOpall l!Cll0.1b30BaJiaCb B ll3Mepe111111x 

11cc;1e;iyeMoH peaKuHH Ha BHyrpe1rne~1 ny<1Ke EpeeaHcKoro c1mxp0Tpoua. B Ka"!ecTse MHwe1m 

m:no;1b1osa1aci. TOHKal! (-3mg/cm
2
) rrneHKa 113 30JIOTa. MneHTmjrnKaum1 cpparMeHTOB ocymecTBJill..1acb 

no,1ynpOBO.!lHHKOBblMH LJE-E-A TeJICCKOOaMH, o6ecne'IHB8!0!IU!l\.!H 'ICTKOe p::t3.!leJJeHHe cl>pan.1eHTOB no 

3Upll.!1Y BITJJOTb .ll.O ZF = 10 . .l{narra:mH H3MepeHHEdX KllHeTH'leCKllX 3Hepruil <l>parMeHTOB COCTaBllllll - 2-

7 MJB/uyKJ10H. MoHHTOpuposauue 3JieKTpoHOB ocymeCTBJIJ!J10Cb npH noMOlllH raycc-KBaHTOMeTpa, 

KOTOpblH pernCTp.Hposan TOpM03Hble y-KBaHTbl, BbIXO)lllIUHC H3 Ml!WCHH BO BpeMll !13MepeHHH. 

B rnase 3 paccMaTpHsaeTCll: (a) rro;iy'!enue H auanuJ ::1ueprer11qecK11x cneKTpOB cl>parMeHTOB 

( 4 s z F s I 0), BICJllO'la.l! Bbll!CHCHHC HCTO'IHHKa HCIIYCKllHHll 3THX $pan1eHTOB H onpeneirenHe ero 

pa1Mepa II CKOpoCTH; (6) Il0;1y'!CHHe .z:u1<1>ct>epeHUHaJihHblX, duldfl, .II oueHKa IlOJIHb!X CC'ICHHH 

o6pa30BaHHll .H3MepeHHb!X cpparMeHTOB, a TaK>Ke aHaJIH3 HX yrnoBblX H 3HepreTH'JeCKllX 

pacnpe.neneHHit 

Puc. I H.'1JllOCTpllpyeT TlllIH"IHbIC 3HepreT11"1eCKHe cne1rrpbl <ppan1el!TOB, KOTOpble ):Ulll yrna 90 ° Ii 
Jllcpnm Ha.'ICT3!0IUHX JJieKTpOHOU 4,5 I'3B IIOKaJaHbl KaK c HC!IO:lb30BU!llleM (Pnc.la), l'llK H 6e3 

llCl!051b30B::tHHll (P~c.15) MaC!ll1UOllblX K03$cl>11u11eHTOB, llOKa3aHHblX ua pucynKe. 

r
' ' ' ' . ' . ' . l 
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Puc I. 311ep2em11'1eC1>:lle cnei,:mpbl cfapa2Ate111noa noo Y?JIO.\I 90° 11p11 JIU!p.'1111 3.iei,:mpOHOB 4.5 I':JB: (a) 

t·ne,.,-mpbl no1>:a.1a11b1 c ucno.1bJ0<1a1111e.11 .\WCU1ma611b1X KOJ<ftifm1111e11molf, (6) cnek·mpb! n01w3aub1 6e1 
11c110,1bJ06a111111 ::imux i,:o:iif1if;111111ewnoa. 

KaK Bll.IlHO 113 Puc. l(a), cneKTpbl HMelOT Tunuq11y10 cpop~1y MaKcBcn11-Eon1>UMa.HOBCKoro 

pacnpe.IIeJieHHll no Klll!eTH'leCKHM 3Heprnl!M c wupoKllMll MUKCUMy~m~rn II 3KCIIOHeHUHa.llbHO 

cna.na1oumMn XBOCTOBblMH 'laCTllMU, a 113 puc. l (5) BH.!ll!O nepcKpb!TllC XBOCTUBblX 'IUCTeli CITCKTpOB 

pa3HbIX cppaflltCHTOB, KOTopoe a11an111npyeTcl! B rnaae 4. Ila P11c.2 l!OK:rnma nm11<111all yrnou::t.11 

1~11l11cmt0cTh nony<1cHHhIX cncKrpoa. Amuun yrnouoii 1~m11c11~!l)C rn nony<1cHnb1x cneKTpOB. 

'I.. 
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11pm1e.1e1111h1ii c 11cnoJJh3onam1eM ,111a1paMM .!lJlll n11sapumm11.1x cc•1e1111i1 (d:a /df2 dE) Ip= f(v :1 • 

\'_). 1·.ne p - HMllYJlbC <jlpanteHTU. a v ii Ii VJ. - npO.!IOJlhllUll H IlOllCpe•mall KOMIJOIH!HTbl CKOpOCTII 

1Jipan1e11m. YKaJbmaeT Ha a10Tponttoe ncnycKaHHe 111Mcpe1111&1x <jipan1e11TOB 113 neKoToporo 

.numKymerocl! HCTO'IHHKa [ 11 ]. OcnoBb!Blll!Cb na 3TOM, 6&mo c,1enauo npe:moJIOJKem1e o 
uo3!1.IO)l{HOCTH annpoKCl!Mru.um cneKTpoB KalK,!loro <jlparnc11Ta no.n 11·1~1cpe1111b1M11 yrna~m o611111M 

BblpalKe1111eM H onpe.neneHHll 113 JTOH annpoKCHMaI.lHH napaMeipon 3TOro !ICTO"IHllKB [12]. 

t>-+-... u-s+x 

.. -· ~·- r.~':1:~ " I.--~~-··•·!• . ._.,I .. -1 . '"';-~"''1.. 1 j ; 

• r j'--1 -· - ! 
-;• ..... ...... ~~~ .. ~,~1 i ...-
~ 3 ...... 

~ 
-!; 

-: "'"»" ··-
! .... .. ~~1 

a~~ ~:,; . ·~:::--.... . ., .... , 
. " .. ~....... I -L_ ~,,,._~ I 

~w.-1 
Puc.2. Ywoam1 Jaaucw.wcmb 311ep?emu'leCKUX cnei,:mpoa 6opa npu 311ep?1111 3.7e1anpo11oa 1.5- 3 I':JB. 

c 3TOH ueJiblO 6b!JI nposeneH COBMeCTHb!H no yrnaM $HT 3Heprem'ICCKHX crreKTpOB KBlK,!J,Oro 

<jlparneHTa si.1paJKeH.11eM MaKcseJin-EoJibUMaHOBCKoro-Tnrra [12] 

cl1o NiJ~r- 1 1<.l:H~ , \ ---= ·t,., E'v 
rl.Q dE: 2(7tT)J/:? 2!>.. \.1:)-t. (£, - kB>·· exp (---:r) ci~ 

(I) 

E. =E1-k B +m1P112 -2{(m1/3212)· (E1-kB)J 112 cos 0, 

r.ne N - HOpM.llpOBO'IHal! KOHCTaHra; E 1 H E ·- KHHeTH"lecKne 3Hepnm <jlparMCHTOB s na6opaTopHoli 

CHCTeMe H B CHCTeMe HCTO'IH.HKa, COOTBeTCTBCHHO; T - napaMeTp HaKJIOHa cneKTpoil; B - HOMHHa,,bHblH 

KY noHOBCKHii 6ap1>ep; k H LI - .ZlOJill H p83~1bITHe eynoHoBCKoro 6api.epa, coorneTCTBCHHo; P = v I c -
cKopOCTb llCTO"IHHKa; m 1- Macca <jlparMeHra; v =As I (As -A J) - K03QHjmunc11T, y'!HT&IBalOIUHil 

0T.!l8'1)' <jiparMeHm; 0- yron HCil)'CKaHHll cpparMeHTa B Jia6opaTOpHOil CllCTCMe. 

11'3 3TIIX <jiHTOB 6b!JIO OOJIY'ICHO: (a) CKOpOCTh HCTO'IHHKa p = v I c !IC 3a1mc11T OT 3apiil18 cjiparMel!Ta 

II. B ;:mana3oHe JHeprnil HaneTa!OIUllX :meKTpOHOB 1.5-4.5 I'3B, B03j):JCT::lCT OT - 0.01 .110 - 0.015; (6) 
llUK.lOilbl CITeKTpOB Jll!HCHHO y~tellblllBIOTCll C B03p3CTallllC~! 3Up5I.1.U cjip::trMCHTa. ilOJI)'"ICHHbie 

pe·3y:11>TaTbl YK83b!BalOT, Ha B03MOJl(HOCTb ncnycKal!Hll scex H3MCpe111!LIX cJ1parMCHTOB (npn 38.!lailllOii 

:meprm1 3JleKTpOHOB) H3 o6mero HCTO'IHHKa. Y'IHThlB8ll JTO, J(Jlll KmlCJ.011 JHeprnH, fiblJI npose;i.eu 

COBMCCTHblll <jJHT cnef,.ipOB KaK no H3MepeHHblM yrnaM, TaK !I no <jlpan1ema~1 [12], ll3 KOTOporo 6blJIO 

!IOJIY'ICHO: (a) .113MepeHHblC cpparMeHTbl B HCCJ1e,11yeMOH peaKUl!H HCIIy'CKa!OTCll 113 o6utero HCTO'IHl!Ka: 

(ii) pa3Mep llCTO'IHl!Ka cymecTBeHHO Me!lbWe (- 50 HYKJI.) pa3M<!pa llJtpa- Ml!UICllll II, B npe1tcaax 

oum60K, !le 3l!BHCHT OT 3HeprHll HaaeTalOIUHX 3JICKTpOHOB. 

lknOJib3)'ll no.,y"leHHble napaMeTpbl 11(..'TO'IHllKa, 113 H111lHBlf.1l)'aJlbllOii a1111pOKCl!Mau1111 CTICKTpOB. 6h1:111 

onpeJie.ieHbI .llH<ji<jlepeHUHaJI&Hbie, dc;/dQ, ceqeHHll 06pa:mea11m1111~1cpemu,1x cppan1e11TOB, KOTOpb1e: (:1) 

- Ha 4 l!Opll.rtKa MCHbWe COOTBCTCTBYJOlllllX CC'leHnil, IIOJ!y'!Cllllb!X Ha npoTOllllhlX ny'!Kax; 

I 
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(6) 3KClloHeHWlaHbHO yMeHblli8IOTC$1 c pocTOM yrna HCnycKaHH!I lfiparMeHToB. AHanHJ yrnOBbIX H 
311epremqecKHX pacnpe;ieneHHH HJMepeHHblX <l>parMeHTOB noKll3a.II Ka'fecTBeHHoe cornacae c 

COOTBeTCTByIOU!HMH pacnpe.!leJieHHHMH. nonyqeHllbl~IH Ha IlpoTOHHLIX H HOHHblX IlY'fKllX. 11cnOJib3Yll 

3KcnoHeHUHaJibH}'IO yrnosyio 3asacHMOCTb no,1y'leHHblX daldJ2 ce'leHHH, ObJJJH oueHeHLJ noJIHbte 
ce"!eHIUI 06pa30saHHJI H3MepeHHblX cppru"MeHTOB B HCCJie,ilyeMoii peaKUHH H HX JaBUCHMOCTb OT 3Heprna 

HaHeTlllOIUHX :meKTpoHOB, KoTOpllll noKa3aHa Ha pHC. 3. 

10~ ' 1 ) 
~ 

I • 
I t . 

• • 
E [: • ~ ; \ 
~ le • + . ,J 
~1rN t + 

t:> i. 0 F+ 

f 
0.1 L_,__ 

1 2 3 4 5 

E.(llfe\/) 

PHc.3. 3aeucuuocmo no11Ho1X ce'leHuii 06pCl306a11UJl U3.\tepe1111btX <fJpaz.ueHmo6, CJi, om 311epzuu 

B rJiaee 4 npoee.a:eH aHanHJ nony'leHHhIX 3Heprern'leCKliX cneKTpos H BbIXOJlOB <l>pan1eHTOB, c UeJibJO 

BbIJIBJieHHll npH3HaKOB, YKaJbIBalOIUHX Ha :1.1exaHH3M o6pa30BaHHJI HJMepeHHblX cpparMeHTOB B 

HCCJ!e.!{ye~toii peaKUlill. AHanH3 Ha'lt!HaeTCJI c paCCMO"IpeHHll nepeKpbITHH XBOCTOBLIX 'faCTeii cneK"IpOB B 

na6opaTOpHOii CHCTeMe (p11c. J 6). BH.!IHO, '!TO 3TO nepeKpblTlle Ha'IHHaeTCJI CpaJy 38 MaKCllMyMaMH 

cneK"Ipoe. Koropb1e 3Kcno11eHutta;1bHO na.a:aior c pocrnM JapllJia 1ppan1eHTa. CnenyeT OTMeTHTb, 'ITO 

nono6Hoe nepeKphITHe cneKrpoe Q>parMeHTOB (C - Ar) prurnee Ha6JIIO.!lanocb a pa6oTe Poskanzer et al. 

[ 15]. ,llJill BhrncneHHll npH'IHHhI :noro nepeKphITHll 6bmo nposeneHo npeo6paJOBaHHe nonyqeHHbtX 

cneKTpOB HJ na6opaTOpHOH CIICTeMbl B CHCTeMy- HCTO'fllHKa, npu'leM KYJJOllOBCKHe :meprnH, 

npennonaral! TeilJIOBOH xapaKTep acnycKaHHll, Bhl'lHTaJIHCb H3 KHHeTH'leCKHX 3Heprnii $parneHTOB [12]. 
Puc.4 ffJ1J110CTp11pyeT pe3yJlhTaT TaKoro npeo6paJOBaHllll cnei..-rpos, nOKaJaHHbIX Ha pffc.1 (6). 
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Puc. 4. 3uep?emu'leci.:ue cnei.:mp1>1 cftpa1.11e11moB Be-Na, 11oc.1e npeo6pa3oeau1111 1a 11a6opamopuoii 
cucme.11bl (pnc.1 6) a cuc111e.11y 11cmo•11111M1. 

KaK BHllllO In puc.4, B CllCT<!~IC llCTO'llllll'a OTCyTcrnyeT uepeKpb!Tlle cneK'IpOB (ZF > 5). cnei-·Tpbl 

11.'lt!HTll'llll>l 110 <pop~te, a MilKCll~IYMbl HilXO.lliTCll llU'!Tll npl! o;uwli II TOii )KC Klllli!Tll'ICCKOH ·111eprm1. 

) 
) 
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TaKoii xapaKTep crreK"IpOB THIDl'leH .!VIH HCnyCKaHllll cppanieHTOB 113 o6mero narpeTOrO HCTO'IHHKa. 

111 cpae11e1111li crreK"IpOB B Jia6oparopHOH CHCTCMe H B CHCTeMe HCTO'IHHKa 6bUlO caenaHO 
npenno,10JKCHHe [13,14], '!TO IlepeKpLJTlle cneK"IpOB B ;1a6opaTOpHOH CffCTeMe o6yCJioB,leHO 

HaJIH'IHeM KOppeJIJIUHH MC:lK.!lY BblXO,naMH (ce'!eHHllMll) <l>parueHTOB ff HX KyJIOHOBCKHMH 3HeprllllMll. 
Ha puc.5 ,ilJIJI yma 90°, IlOKa3aHLI UOJiy'!eHHble 3aBHCffMOCTH BLIXO.llOB (ce'!eHHli) <!>parMeHTOB OT ffX 

KynouoecKHX :meprnH. 
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PHc. 5. 3aeucu.Mocmb BblXOOOB (ce'lenuu) </Jpaz.'WeHmOB (ZF > 5, e = 90°) om coomeemcmey10111ux 
KY:WHOBc1.:ux 3Hepzuu: (•) E 0 = 4.5 f3B, ce11eHW1 </JpaZMeHm06 (C - Na) y.~moJK:eHbl Ha 3; ( .... ) Ee = 3 
flB, ceqeHHll (C - Ne) x 2; (•) Ee= 2 f3B, ce'lCHffll (C - F) x 11a l.5; ( .... ) Ee= 1.5 flB, ce'leHIDI (C 

- 0). CruwlllllbL'llll lll/HWl.Mll noKCl30Hbl pe3y11bmamb1 <Puma, om1caHnozo 6 mei.:cme. 

KaK BHilHO 113 pffc. 5, Ha6JIIO.QaeTcll 3KCIIOHeHUHanbHLJii cna.n ce'leHffi1: c eo3paCTaHHeM Kynonoec1mx 

3Hepruii. '.3m 3aBHCHMOCTH cpHTTHpOBaJiffCb Bbipa)l(eHneM daldQ = N exp (- E c I T,), rne .V -
Hop~mpoeo•rnall KOHCTaHTa, E c - KYJIOHOBCKaJI 3Heprnll $pan1enTa ff Ts - ceo6ollHhiii nap&\!eTp. 11.3 

<!>HTOB ObIJJll nonyqeHLJ JHa'leHffll JlJlJl T,, KOTOpb1e s ,!lHanaJoHe 3Heprnii mmerarom11x lJieK'IpOHOB 

l.5- 4.5 I':JB so3paCTaIOT OT - 6.3 no - 7. 7 M3B. AHanH3 nonyqeHHbIX 3Ha'lem1ii .illill T, yKaJbIBaeT Ha 

803MOJKHOCTb npffHJITHJI 3T0f'O napaMeTpa B Ka'leCTBe TeMnepaTyphl HCTO'lHffKa HcnycKaHHll 

ff3MepettHbIX <j>parMemoe [13]. OcHOBbIBal!Cb Ha 3TOM, 6bm11 nocTpoeHhI 3as11c11MOCTI! norapmpMa 

Bbrxo.a:a $parMeHTa OT o6parnoii TeMneparypLI JIT (6-8, 13], KOTOpb1e .illill <j>parneHTOB C, N, 0 11 F 
flOKaJaHbl Ha PffC. 6. 

-.:­., 
"E 10·• 

! 
c: 
32 
-8 ~ 

10-
2 E I • I I I F -J 

0.13 0,14 0,15 0,16 

11T, (Mev·•i 

Puc. 6 3c11mc1L11ocmb 6blxoooe </Jpaz.ue11mo8 C, N, 0, F noo y2Ro.\/ 9d1 om o6pamumi me.1111epamypbl 
d.rn :mep?Uzi uW1ema10Z1Ju.x 311ei.:mpo11oa: ( .... )Ee= l.5 f3B; ( .... ) E c = 2 fJB; (•) Ee= 3 f3B; 

(•) E c = 4.5 fJB. Cn11oumbL11u mmwu111 noi.:ma11bl pe3y11bmamb1 rjJUma, 011uc0111t0<~0 a mei.:cme. 

KaK Bll!UlO m puc. 6. Ha6mo.a:aeTcll 111meiinb1ii cnan norapw!>Ma Bb1xo:1a 1!1panie11rn c pocwM 
oiipaTHOli re~mepaTypbl /IT.. 'ITO llllJil!Cl'Cll xapaKTCpllbl~I 11p11111aKO~! TCfl51Ul101'0 c1<eii.11mra. 

I 
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Termosoii CKCllJllllff OTpaJKaCT TOT ¢aKT, 'ITO cpe.n1mil Bb!XO.U cj>parMellra B 3UBllCllMOCTll OT 
Te~mepaTypbI ne.ner ce6st KaK 6onbUMa11oncK11ii MHO)Kl!Tenb: <Y> oc exp (- B I T), r)l.e B - 6apbep 
11cnycKaH11ll cj>parMeHra (6-8]. Tennonoii cKeiiJI1111r npHcym KanenbHOii MonenH ¢1m1epa (10], 
cornacHo KOTopoii Bb1xo.n $parMeHTa c 'IHCJIOM 11yKJ10HoB A .naeTCJI Bbipa)KeH11eM [7], 

Y(A) = Y0 A., exp (A Aµ!f- c A"/T), (2) 

r.:ie Y0 - HOpMHpOBO'IHali KOHCTrutra, r - KpHTU'leCKHil noKaJaTeJib <l>mnepa; T - TCMneparypa 
tjipanie1rmpy1omeii CHCTC.Mbl; LJµ = µ g - J.11 - pa3HOCTb XHMH 'ICCKHX IlOTCHl.{11aJIOB ra30BOi1 II )1(11.!J.KOil 
tjiaJ; c - nnOTHOCTb cso60.n.11oii nosepXHOCTllOll 311epnm <jlparMeHra, 3UBHCSIU.{USI OT Te~meparypb1; 
u -KpHTH'IeCKHli nOK83aTeJib, xapaKTep1nyiom11ii OTHOUJeHHe p83MepHOCTH nonepxHOCTH K 

pa3MepHOCTH o6'bCMa. 
B o6nacTH cocymeCTBOBaHHJI cj>a3 (Aµ= 0), npH napaMeTpH3aUHH c = c0 (1 - TI Tc) [7,] r.ne c0 -

Ko::i$q>HUHCHT nonepx110CTI1oii 3HepmH npH TCMneparype T = 0, a Tc - KpHT1111ecKaS1 TeMneparypa, 
BblpmKeHHe (2), .ltlUI 3llllaHHoro $parMeHra, npHHHMaer BH.n, xapaicrepHbIH JlJIJI rennosoro cKeHn:1111ra 

Y(A) oc exp (- c 0 A 0 IT), (3) 

r.n:e B = c0 Aa - "6apr:.ep" BblXo.na $par111eHTa. 

A11am13 Tennonoro cKelin1111ra (pHc.6) H 3apst.D.OBr:.1x pacnpe.n:ene1111ii H3MepeHHblX qiparMeHTOB 
npOBO,D;HJICll B paMKaX Kanen&HOH MO,D;CJIH ¢111nepa II 6bJJIH nonyqeHbl 3Ha'ICHHSI .nm1: 
(a) K03$$HUHCHTa nonepx11ocTHOH ::iueprn11 npH uynesoii TeMnepaType, c0 = 11.8 ± 0.8 M::iB; 
(6) KpHTH'lecKoro IlOK83aTeJIJI u= 0.56 ± 0.03; (s) oue11Ka KpHTll'ICCKOH TeMneparypbl Tc - 18 M3B. 
CTony'IeHHbJe pe3yJibT8Tbl H8XO].{l!TCSI HaXO.D.SITCSI B JJ;Hail830He IlpHHSITblX 3Ha'ICHHH, l.\llTHpyeMbIX B 

mneparype (6. 7]. Hcnonb3YSI nony11eu11y10 oueHKY Tc - 18 M3B, 6bJJIH onpe.neneur:.1 311a11eHHll lIJlJI 

napaMerpa & = (1-T/ Tc). xapaKTepH3)'101Uero Mepy yJiane1111ocTH <l>parMeHTHpy10rueii c11cTeMbI OT 
KpHTH'ICCKOH TO'IKH, II 6bIJI8 nocrpoeHa 3aBllCllMOCTb np11Be)leHHblX BblXO.UOB (ce11eHHH) qipan.i:eHTOB 
daldil I A- 'OT np11Be.D.e1111ow reMneparypbl, A" VT ( 6-8], noKa:iaHHM JlJIJI yrna 90° 11a pHc. 7. KaK BHJJ:HO 
113 pHCYHKa, npHBCJJ:eHHble BblXOJJ:bl JlJlSI scex qiparMeHTOB (Z F > 5) II 3Heprnii HaJieTlllOIUllX 
3JleKrpOHOB (J.5-4.5 r::iB). B JaBllCHMOCTH OT 3Ha'leHHH np11Be.UeHHOH TeMneparypbl, Jie:lKaT Ha O.!(HOH 
npSIMOH, B COOTBeTCTBHH c KaneJlbHOH MO)leJib!O <l>11wepa [l OJ JJ:JISI <Pa:msoro nepexo.na JKH.UKOCTb-r83. 

< 
c 

10'' 

~ 1(};-
~ : 

• ;. ...... 
. \~-· 

o=w0 

, •. ; I 
' . 

Q3 Q4 Q5 

A
0

c/T 

PHc. 7. 3a6UCUAIOCmb npueei>eHHblX ce'leHuii o6pa306Q/1Wl </Jpa;:,11e11moe ( z F > 5, e = 90 °, E. = 1.5, 2, 
3 H 4.5 f38) om coomaemcmey1011Jux 311a'1e11uii 11puaeoe1111oii me.,mepamypb1: (•)Ee= 1.5 f3B; (•) E. 
=2fJB:(•) E.=3f::iB;( ..... )E.= 4.5fJB. 
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BbIBOllbl: 

Bnepsb1e nony<teHbI H nponene11 a.HaJIH3 3KcnepHMeHranbHblX .D.aHHblX uo o6pa:ioBaHHIO qiparMeHTOB 
(4 s; ZF s; 10) no.11 yrnaMH 50 °, 90 °H120° Ha S1.npax 197 Au ::ineKTpOHaMH c 3HeprneH: 1.5-4.5 f3B: 

1. £1ony11e11b1 ::iaepreTH'leCKHe cneKrpbl, .nmJ><PepeHUHaJI&Hbie, daldQ, H oueHeH&I noJIHbie ce11e11J.1S1 
o6pa30BaHHSI H3MepeHHbIX q,parMeHTOB B 11ccneeyeMOH peaKUHH, 3.Hl!JIH3 KOTOpbIX Il0Ka33JI, '!.TO 
H3MepeHHbie !jlparneHTbl 1130Tp0IlHO HCilYCKa!OTCSI J.13 .D.BllJKYIUerocg (jJ = - 0.01 - 0.015) B smpe 
HCTO'IHHKa, KOTOpblH cymeCTBeHHO MeH&Ule (A- 50 HYKJI.) S1.Upa-MHU1eH11; yrJIOBbie H 3HepreTH'lcCKHe 
pacnpe.D.eneHHSI <JiparMeHTOB HaxOJillTCSI B Ka'leCTCHHOM cornaCHll c COOTBCTCTBYIOll.\HMH 
pe3y.'lbTaTaMH. nony'leHHbIMH Ha npOTOHHb!X llOHHb!X nyqKax; a6coruOTHb!e ce11eHHSI - Ha 4 llOPS!JIKa 
MeHbll!e COOTBCTCTBYIOll.\HX CC'ICHHH, no,1yqe11HbIX Ha npoTOHHblX ny'IKax [9,12]. 

2 BbrnBJieHa KOppenSll.lllll Me)K)ly Bb!XO)laMH <l>parMeHTOB H HX Ky.'IOHOBCKHMH 3HepnrnMn. Ha OCHOBe 
KOTOpoii onpe.D.ene11a Te~mepaTypa llCTO'IHHKa HCilYCKal!HSI cpparMeHTOB T - 6.3 -7.7 .\rf:JB, B 
HCCnenyeMO~l !lllano30He 3Heprnii HaJICTaIOIIlHX JJieKrpOHOB 1.5-4.5 I':JB, COOTBCTCTBellHO (13]. 

3. CTOKa3aHO, 'ITO B BblXO)la"< H3MepeHHblX fj>parMeHTOB Ha6mo,llaCTCSI TeIIJIOBOH CKCHJIHHr, 
COrJiaCyJOIUHHCSI c Kane.m.HOH MO,D;eJlblO <1>11mepa. 113 aHaJIH38 rennosoro CKeHJIHHra a TaIOKe 
nony<teHHb!X 3apSIJIOBblX pacnpe.D.eJieHHH qiparMeHTOB, npose.neHHOro B paMKax KaneJibHOH MO)leJIH 
<l>mnepa, onpeJieneHbl 3Ha'IeHHSI JJ:J!SI KOJ<PcliHUHeHTa nosepXHOCTHOH JHepmH npH H}';leBoii 
Tel\meparype, Co= 11.8 ± 0.8 M3B, KpHTH'IecKoro noKa:iarenSI, u = 0.56 ± 0.03, H non)"leHa oue11Ka 
Kp11T11•1ecKoii Tei.mepaTypbI, Tc.- 18 M3B. TionyqeHHble pe3yJI&TaTbl 11axo.D;S1TCS1 B .D.Hano3oue npHHJ!TblX 
3H8'1CHHH, l.\llTHpyeMbIX B JIHTepaType. [6-9, 13]. 

4. TI0KaJa110, 'ITO B03MOlKHOCT& m1TepnpeTauJ.111 BbIXO.ilOB qiparMeHTOB, B pa\rKa"< K:me.rr&Hoil :>.IO!le.:t11 
<l>nwepa.. c nony'leHHeM pe3yJibTaTOB, H8XO)lllll.\HXCSI B JlHail030He npttHSITblX 3Ha'ICHHH, lIBJ!lleTCSI 
cyrueCTBeHHblM .D.OBO.UOM B Il0Jlb3Y o6pa30BaIIHSI H3MepeHHb!X <l>parMeHTOB B 11cc,1e!lyeMOii peaKUHH 
'Iepe3 MexaHH3M <l>aJOBOfO nepeXO)la :lKH)lKOCTb-fa3 [6-9, 13]. 
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Utf!J:tmhnuf 

U1.11hl.11.ujunum.pt]Wh tlJ.2 wnw2J:ih wliqwtf uuiwgtJ.ht hb 1}mpc:\.wpwpwqwb mt!Jw1uhp 197 Au 
tlJ:i2mq]:i 4Jl111 so·. 900 h 120° 111h4.Jmbhhpp. tn111q 1.5-4.5 q.t"-l tb.hpq]:iw1J:i t1hq1.11pnhhhpm.J. 
(4 $ Z F $ IQ) :j>pwqtfhhlllhf:qiJi. OUUUlU tj_hpmphp]Wl lJ. qw1.11111ptj_h1 t llJ1UlU9 tj_hptntOnLptjnth{!: 
flrnnufuwu]:iptj_nq nh111qg]:iw1J:i }_wtJini.tfuhp{! 4wuiwptJ.h1 hb. bpliwb.1wli uJ:ih!upmnpnlip. hhpp]:ih 
¢.h2J:i tj_pw, :j>pwqtfhhtnhhp]:i hntJl.nugt.fwli hwtfwp, oqtnwqnpbh1ntJ. LlE-E-A 
lj]:iuUihUiqnpl'}]:i}.UIJJ:ib. I}htnhqtnnpuhp).l U:hptnq]:iqwb., Jmq {!liqb.nq qhq1.11pnb.hhp]:i 
tfnh]:iumpUigtfUih hUIU:mp • q.wmu-ptj_whtnntfh1.11pJ:!: '.2w¢.tj_wo :j>pwqtfhhuihhp).l hwtfwp utnwgtJ.ht 
h\i t\.ihpqhtnj:iq UUJ. hljmpuhp{!. dc;/dQ WU4JnLUUl]j:ih ljwjumtfuhpJ:! \i qhwhwuitj_wo hu OUUUlU 
lJlJ:iti. t:j:>hlji.n]:itj_ lp.nptj_wophhp{!: l::hhpqhmJ:i4 UUJ.hljuiphhpp. tj_hp1mompt]ntb.{! gm19 tntj_hg, np 
:j>pwqtfhb.tnhhp{! ]:iqnuipnUJ. wpc:\.wljtjmu hh tf]:i2mq]:i tfh2 2wpdtJ.nIJ. wqp]mp]:ig, nph bm11hu 
¢.npp t pt]:ipwjuw]J.lh tfJ:i2mq]:ig: Cb.4hnq q hquipnb.hhp]:i mumtfuwu]:i.ptJ.nIJ. thhpqln.n]:i.q 
U1J:ipnqptmtf npn2tJ.wo hb. Ul]I} UlflFJnLp]:i wp111qn{p1mb.I! li }_w¢.uhp{!: Uuiwgtj_Uio qmptj_Uiophhp]:i 
tJ.hp1ni.onqa1mhI! gni.19 mtj_hg, np hpwhp U:nui 4 qUipqntj_ t}mpp hb. hUitfwUJ.1111.11111ujumh 
ljmptj_111ophhppg' u1.11111gtj_1110 tqpnmnb.w1J:ih ¢.h2hr]:i 4Jlw, J:iuq :j>p111qtfhhuihhpfi wh4.Jmhw1J:ib. li 
l::b.hpqhui]:il.J. Fut2jumtfuhpl} npwqwUJ.hu hwtfwc:\.w1b.tJ.mtf hh UJ.pnmnhw1J:ib. h ]:inhwif.u t}ib.2hp]:i 
tj_pw uui111gwo wp11Jmhphhp]:i hhui: 5m19 t mptj_wo :j>pwqtfhb.uib.hrJ:i hwhp]:i li hp111b.g lf.nqnh1wh 
tb.hpq]:iwhhp]:i tf]:i2li qnphuwgJ:iwiJ:i wnqw]nt.pt]mb.J!. np]:i h]:itf111h 4Jlw nrn2tJ.h1 t }_wt}njwo 
.'.ppUiqtfhb.mlthp{! wpawqnIJ. wqp]mp]:i 2hptfwum]:i6:wh{!: 5nqg t mptj_mo :}>pwqtfhltmb.hp]:i 
twhpnu.f 2hptfw1J:ib. uq hnJihq]:i 11pulinrmu, npJ! hwtfw&.w1htJ.nu.f t :b]12hp]:i l.J.wpt]11w1J:ilt tfnqhl.J:i 
hhlll: Up:i uqh11.J:ihq]:i, ]:ih}.UJ.hu b.wli :j>pwqtlhliuib.hp]:i uuiwgtj_wo l.J:i912w1rlt pwzjumtfuhp]:i l>J:i2hp]:i 
ljwp]11w1rb. tfn11htJ:i 2r2wltwqhhpmtf wligqwgtJ.wo tj_hp1momptJmh]:ig npn2tJ.h1 hlt qpn1wqwh 

2hrt.fwui.n]:i6:whnuI tfmljhrlimptwJJ:ih thhpq):imir qnrowljg]:i · co, ljprmJ:il.J.wljwlt gmg~ • a 
tupdh12lthp{!. qb.wh111uitJ.h1 t hwli Tc l.J.pJ:imrljwljwb. 2hptfwutn]:i6:uih{!. npnb.p {!hquio hb. 
qruiljuihmpt]tnh tfh2 hJ:i2wtnwqtJ.nIJ. I!\uimhtJ.wo wpdhplthp]:i m]:irm1pmtf: 5m19 t tnptJ.wo, np 
:j>pwqtfhb.tnb.hp]:i hwhp]:i t.fhqb.mpwhtfw\.i huwpwtj_npmpimb.J! l>r2hp.]1 qwp]11w1J:iu tfnqhl.J:i 
2P2WUWljuhpmtf, npp duitfw\.twlj UtnWgtJ.ht h\.t qpwqwltnLj<t]Wh Lfh2 J!hl'}ntUtj_WIJ wpdhphhp]:i 
uiJ:ipmwnuf qt.nhtJ.nIJ. wpI}Jmhphhp. hwl.u}fimultmtf t twqwh t}iwutnwplj ]1 oqmm W]h pwh]:i, np 
}_wifttj_wb :j>pwqtfhltmlthp.J:i wnw2wgmlf{!. hhmwqnmtj_nq nhwljg]:iw1mtf l.J.wtnwptj_nuf t hhqmq­
qwq t}inqw1fih whguw\.i tfhjuwurqt.fntj_: 
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