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© EpesaHCKuu tJ>uau~ecKuu ·UHCTUTyT, 1983r. 

B rroc~e.n;im:e ro.n;H rroJJBRJIOCb 6o"n,moe KoJill'.~ecTBO pa60T,OTH0-

cmwuccsr K H3y~eHHJO liMITY~bCHHX xapaKTepHCTHK HJJ:ep OT;n:a1JJ1, HaH60• 

~ee rroJIHo rrpe;n:cTaB~eHH ;n:aHHHe a;n:poH-HJJ:epHHx peaKu;IDi: [r-4]. B 

06.JiaCTH ifioTOHJJ:epHHX B3a.HMO;n:efiCTBHii aHa.JIOrli'll!He HCC~e;n:o:eamrn: 

rrpoBO;n:RJIHCb ~ rrpO.IJYKTOB ;n:e~emm [5-7] • K tJHMY Ha.H6o~ee rrpoc­

TliX crroco6oB H3MepeHHR HJJ:ep OT;n:a'll'I OTHOCHTCR MeTO;n: yJJ.aMHBaIDil.lli~ 

qioJII,r. Ha pHCYHKe rrpHBe;n:eHa cxeMa 3KCrrepHMeHTa TaKOrO THITa! 

HJJ:pa OT;n:a1JJ1 ' !IOKH;n:aIOll(lie MHID6Hb' y JJ.aMHBaIDTC.fI H perRCTPHPYJOTC.fI 

B rrpe;n:Max TMecHoro yr.na ,..., 2 ~. B rrpocTeii:meM M~ae rrp:ir H3Me­

pelilili RHTer~bHHX xapaKTepHCTHK pea:icrzym TOJI!l(liHH MliilleHeH H y.na­

MliBaIOil(IDC qiomr BH6HpaIOTcsr HaMHOro rrpeBOCXO;n:.filllliMH rrpo6er:ir pe­

I'HCTp:0:pYeMHX sr;n:ep. Heo6xo;n:HMHM yCJIOBHeM rrpHMeHeHR1i sTnii: MeTo;n::ir­

KH .IIBJI.f!eTC.fI OTCYTCTBHe cpe;n::ir rrpo,IJYKTO'B peaKIJ;Jm: B MaTep~e y~aB­

JIHBa!OO(KX ~eHOK HCMe,nyeMIDC OCTaTO'Il!J:lX sr;n:ep. B HaCTO.llll(0H pa6oTe 

HCMe;n:OBMHCb xapaKTepHCTE:KH sr;n:ep 24 Na B pea.KUllli flt (r1 2pn)"24-Na. 

06.ny~eHHIO ITO;n:Bepra.nacb CTOIIKa' COCTO.lllI(ruI H3 Il.fITH;n;eCRTH c~oeB 

~eBoil: tiiomrH ( TOJUl(IDIO:il: 7 MK) ' rrpOM00HHHX MaiaJJ.apoBHMH 

y~oBHTeJIHMH ( TOJimHHOfi I5 MR). ~a.a MmIIeHb HMMa y~aB.mIBa.ICfllYro 

qx>m,ry crrepe;n::ir ( F ) H c3a,n11 (B) , ;n:ouoJllIHTMDHO, ,It.JI.II onpe;n;Me-
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HHH qoHoBHx yCJ10Bml: BCTaB.11J'LJIHCb rrpOMeJKYTO'll!hle Ma:fu:rapoBHe rrJieHIOI. 
24N Vl3M6pi!Jl8.Cb aKTKBHOCTb H30Tona a (Et =I368 KaB, 2760 K3B, 

T 1; 2 = I5 ,05 'i) B MllllleHH ( NT ) H B yJiaBJIID3aRJ11IDC WOJlbrax 

(NF H N8) c rroMOIIfbKJ no.nynpoBo,n;HHKOBoro G-e(Ll},n;eTeKTopa, coe,IJ;H­

HeHHoro c 4096-KaHMl>llliM aHa.JllisaTopoM cHcTeMR JJ IDAC., 06.ny'l:eHHe 

npoBO.D;HJIOCb Ha qioTOHHOM ny~e EpeBa.HcKoro cKHXpoTpoHa, rro~eH­

HOM rrpH TO~OlKemm: aJieKTpoHOB C MaKCHMMbHOH 3HeprHeli 4,5 faB. 

PesyJil>TaTH R3MepeH1Ili 

Pesy~TaTH HSMepemm, rrpHBe,n;eHHHe B Ta6JI.I,BKJIJUtia.IOT: 

a) OTHOCHTeJibHOe KOJIH'ieCTBO R;D:ep OT,IJ;a'l:H, saperHCTp:HpOBaHHOe. B . N 
nepe,n;He:l! y.Jia.BJIHBa.1001eli !PoJibre (B npori;eHTax): F = ~ 

6) OTHOCHTeJibHOe ROJI:Ht!eCTBO R;D:ep OT,n;a'l:H, saperHCTPHPOBa.HHOe B 

B NB 
sa,n;Heli ipo~re (B rrpori;eHTax) : = N + N + N F B · T 

B) OTHorneHxe F /B . 
B pa6oTe [sJ aBTOPH_ rrpoBe.JIH rro.I(po6Hoe Cpa.BHe.1:me pesy~TaToB 

asMepemm HMIJY~CHoro H yrJioBoro pacrrpe,n;e.JieHIDi H,n;ep 24 Na c pac­

'l:eTaMH itaCita,IJ;Ho-HcnapHTe~Holi MO,n;eJIB ITPH aHeprHH rrpoToHoB 0,36 

H I,84 raB. Y~oBJieTBOpllITe~Hoe cor.nacze 6H~O ,IJ;OCTHrHyTO rrpH 

3Heprmr 0. 36 raB' [ (Fla\ =6 'I ' ( F/a) =7' 4]. B 06J18.CTH BHCOW l/311cn. meop. 

aHep!'ltil: Teopmr rrpe~citasHBaJJa 6Mee pesito BapallteHHyID HarrpaBJieH-

HOCTb BJiepe,n;, 'i6M Ha.6.JllQll;aJIOCb B 3KCrrepHMeHTe. Oco6eHHO CHJ!bHOe 

pacxOJK,D;eHHe 6HJIO rro.ny'l:eHo )J.JI.ll yrJIOBoro pacrrpe,n;e.JieHHH H,IJ;ep OTJJP­

'l:H •. AHlllsoTporrmo B pacrrpe~e~eH>IH ocTaTO'lHHX H,n;ep c rrpeHMJmecTBeH­

HHM BHJieTOM BITepe,n; aBTOpH [s] 06'hf.£CHHJIJII BJIIDIHHeM rrepeHOCHOli 

CKOpOCTH ITOCJI6RaCK8,n;HOro H,IJ;pa, TaR ItaK HcrrapHTeJibHBJl CTa,n;HH 

KapaKTep:rrsyeTCR H30TpoIIHHM pacrrpe,n;eJieHKeM rrpo,n;yKTOB. MaitCHMaJib­

Hoe sHa'l:emie OTHomemm F / B na.6.JllQll;Mocb rrpH aHepnm IIpoTOHOB B 
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odJJacTR 80-IOO MaB,.c pocTOM aHeprHH aTa BeJIB'l:HHa IIJiaBHO crra­

JJfiJJa' ,IJ;OCTHraH 3Ha'i6HID! ..,,. I' 9 rrpn 3HeprHH 28 raB. Yitasrumyro 

aHepreTH'i6CKYKJ 3aBRCHMOCTb aBTOPH [12] CBR:3RBMH c H3MeHeHH­

eM M6XaHH3Ma peaKIJ;HH rrpH yBeJIB'ieID'Ili aHeprH:I! IIa,IJ;aKII1IDC 'l:aCTm:i;; 

c poCTOM 3HeprHH pacTeT rrpo3pa'iHOCTb .II,IJJ)a, MeIIBeTCH xapaKTep 

rrepBH'l:HOro Bsru!MO,IJ;eHCTBKfI R' CJle,n;o:saTeJI:bHO' xapaitTepHCTRKH rrpo­

M6JKYTO'iHOro R.P;Pa. EcJil'I B o6JiacT:H HK3IGIX aHeprd pea.mi;ru:i: rrpo­

TeRaeT, B OCHOBHOM, 'l:epe3 o6pa30BaHHe COCTaBHOro si;IUJa, TO c 

pOCTOM 3Hepr:im IIa,D;B.IOIIlIDC traCT:mJ; 6Mee rrpxrro,IJ;HO:I!: OKa3HBaeTCH MO­

,n;e~. corJiacHo KOTopo:I!: Be.JIWmHa aHeprma:, rrepe,n;a:saeMO:I!: R,D;py, 

coxpaHH:eTCH ITOCTOHHHO:I!:, 'l:TO rrpH YBe.JIH'i9HKil 3HeprHH HMeTaro~e:I!: 

'Ia.CTHI.U:l rrp:1mo,n;HT K yMem:.rne1000 HMny~ca. coo6maeMoro HT>;TJ MR­

rueHH [a] . 
V!s ,n;ammx HalllHX H3Mepemm, rrpe,n;cTaMeHHHx B Ta6JI. I, BH.ItHO, 

'l:TO HarrpaMeHHe BJiepe,n; rrpeo6JJa,IJP.eT H B pa.crrpe,n;e.JI~HHH OCTaTO'i­

HliX npO,n;yKTOB @OTOpac~e~eHWi, XOTH 3Ta TeH,IJ;eHIJ;Wi BHpa.JKeHa Ha­

MHOro CJ1a6ee, 'l:eM B H:l!3K03HepreT:HtJ:ecKOK 06JIB,CTH a,n;poH-jijJ;epHRx 

peaitn;d. OTHomeHHe F/a ' ITOJJy'ieHHoe B Hamme JII3MepeHIDDC, 6JIB3KO 

TIO BeJIK'Cllme K ,n;aHHHM a,IJJlOH-H,D;e:pHRX B3aHMO,n;e:l!:cT:sd rrplll 3Heprma:, 

Ha.MHoro rrpeB~aJlllle:I!: M8.KCHMBJI.bHYJO ?HeprJl[I) @c>TOHOB B TO~OSHOM 

CII8KTIJ8. AHa.Jm3 3KCI18pHMeHTa.Jll>JlliX ,IJ;aHHHX MOZHO npo:elfuTH B paM­

KaX .l(BYXCTYileHtiaTOi! ll8KTOPHO:I!: MO,IJ;eJm [8-II] • COl'JJ.aCHO KOTO­

poit HaJ.IeTalJIJ;aJI 'l:aCTIDJ11 BH3Hlla8T B'B.CK8,ll; ll HJQ;>e, IIOCJle KOTOpe'!:'O 

ocTaeTCR: Bos(jylmeHHoe H.J:tpo, .JtBDYl!leeCJI B Ha.IIpiBJleKlllf! nepBH'i­

Hoit 'llaCTHnH. B CHCTeue 9TOI'O a.n;pa pacCM!lTPBBS.8TCH ~Heitmee . 

:a:cmpem1e 11ac~ :e: o6pasol38!Dle smm-ocmTita. 

Kcxonir HS HeXOTOJlll :.vm>O!llEIDllU ~o.IOZeHd, B pa6oTe [9] 
6HJza no.zryireHa CHCTe:Ma ypam1eHd, ROTO~ ll08llOJ!S'.0T piCC'iHTa.Tl> 
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OT~e~bHHe rrapaMeTpH, cBJisa.HHH:e Herrocpe~CTBeHHo c orrpe~e~eH-

HHMH sTarra.MH perurn;1ra. 

F + B = !w ( 1+1. 23rz 2
) 

R 
F- B = 1. 07 w 'l, 

r~e w - To.mnmm MilllleHH B Mr/ CM2' 17.. = ~ ( Cf - CKOPOCT:b' ITe­

pe~a.HHa..li B;IJ;PY B rrepBH'IlIOM B3aHMO~eHCTBRH, v - CKOpOCT:b .fJJJ:pa -

- OCTaTKa, B CHCTeMe ITOMeKa.CKa,ItHOro B;IJ;pa, IlpH06peTeHHaR B rrpo­

~ecce HcnapeHIDI). 

CBJI3b cKopocT:b-rrpo6er BHpa.JKaeTCH B !flopMe R =I< V N ( K, N -

- ITOCTomnrue, 3a.HMCTBOBaIIHHe llI3 JlllITepaTYPH) . 3Ha'!eHHe N 6H~o 

BH6pa.Ho pa.:a!illM 1,2 corJiacHo ~a.HHHM pa6oTH [8] . Be.IDf<IHHa ·~ 
RMeeT OTHOIIIeHHe K rrepBOH CTa,IUlli p~. B rrpo~ecce ROTOpOH 06-

pasyeTCH IIpOMeJK:yTO'!HOe R;IU)O, 06.na,IJ,a1001ee CROpOCT:bID (j' llI Hecymee 

HH!lJopMau;ruo o rnrre JI sHeprlillI HaJ.IeT8.!0lllHX '!aCTmi;. Ilpo6er R llI RH­

HeTl<ft!eCKaH :mepl'IDI E, Blij)a.JKeHHHe -qepe3 CKOPOCT:b v ' OTHOCJ'ITCJ'I 

R CTa.n;im: llICITapeHHR. Pesy~TaTH pac'!eTOB, rrpoBe~eHHHx B Ha.CTOH­

meil: pa6oTe COBMeCTHO C
0 

.rr,a.HHHMlI a.BTOpoB [8] ' rrpHBe~eHH B Ta6.JI.l. 

CpaBHeHHe IIOKa3IIBaeT, 'ITO xapa:KTepHCTIDGI OCTaTO'!HIDC ~ep., o6yc­

~o~eHHHe HcrrapHTe~bHOil: cT~eil: xopomo cor~acyioTcH c pesy~~a­

Tar.ra, ITOJiy'!eHHHMH B rrpOTOH-B;D;epHHJt peaKIJ;WIX, Be~Ha lite '1 
ROTOpa.R: y'tfilTHBaeT BJ.IIDIHHe rrepBH'IlIOro B3a.HMO~eil:CTBHI!,· cymeCTBeH­

HO MeHhme 3Ha'!eHHR, rrOJiy'!eHHoro B pa6oTe [8] . YBeJIK'!eHMe ri, H 

COOTBeTCTBSHHO ~OJillI OCTaTO'!HHX H,14ep, ~eTml(IDC BITepe~. c pocTOM 

MaCCH HaJ.IeTaromett '!aCT~ OTMe'!a.IDI aBTOPH pa~OTH [12] .. rrpllI llI3Y­

'!9HMJII pea.ItIJ;ID! pacmeIJJieHRff ITO~ ~eil:cTBHeM IlpoTOHOB, ~ei!:TPOHOB llI 

cl - tJaCTml;' 3TO Me~eT Ta.Kllte H3 ~aHHHX [ 3 '4] • 3Ha.-qe:ime 'l 1I3 

!lioTOH.IJ:epHHX pea.ItIJ;ID! 6Jm:3RO ITO BeJillI'!lIHe K .rr,aHHHM JII3 rrpOTOHHOro 

pacmellJlemm: rrpx :mepnm, HaMHoro npeBHIIUllOlllei!: :rpalilf'IHYIO 3Heprmo 

i; 

B CITeKTpe !lioTOHOB. 

Ta!G'IM o6pasoM, KcMe~o:srume MeXaHH3Ma pacme11JleHJIIJ1 rryTeM 

llI3MepeHlIJ'I :IIMIJY~ClillX xapaxTeJ>HCTlIK ~ep OT.rr,a'!H ITOKa31lBaeT, 'ITO 

B par.max ~yxczyrreH'!aTOM MO~e.Jm: ITOJiy'!eHH!le .rr,a.HHHe ITO~TBepllf,ll;aIOT 

IT0~06He llICITapllITe~HOi!: CT~ p~ lI cymecTBeHHOe pa3JIJII'lKe 

B MexaHH3Me ITepBH"IHOl"O BsaHMO~eil:cTBHH. 

Ta6.mru,a 1 

E (MsB) F C%) B (%) FJB 
E;a'":: 4500 8,1 ;t 0,16 3,9 ± 0,12 2,1 .:!: 0,00 

~* = 340 14,7 2,4 6,1 

1000 II,7.:!:0,6 3,4 :!: 0,2 3,4 
2900 IO, 7 :!: 0,2 4,0 :!: 0,1 2,7 
28000 10,1 :!: 0,2 4,5 :!: 0,1 2,2 

Ta6.Jrmi:a 2 

'1. R(m/cM~ E (M3B) 

E;~;,4500 M3B 0,18 .:!: 0,004 442 :!: 61 1,5 :!: 0,2 

~ =340 0,38 :!: 0,02 514 :!: I8 1,99 :!: 0,07 

1000 0, 29 :!: 0,01 480 :!: 22 1, 74 .:!: 0,08 

2900 0,22 :!: O,OI 490 :!: II 1,77 :!: 0,09 

28000 0,19 :!: 0,01 490 .:!: II 1,77 .:!: 0,09 

• ,UaHHHe pa60TH [o] 
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~- n'j'IOK 

<P . <P 

~I~ ~i~ 
CxeMa. 06JJY11eHIDI: M- Mill!lemr, F, B - Mafu.rapoBHe Wo.JI:brH .n;IDI 

3aXBaTa OCTaTOtJ:HHX H.IJ;ep, BHJieTaromruc li3 MWJl€Hli "Birepe,!1;" 

H "Ha3a,II;" OTHOCHTeJibHO Harrpa.BJiemm IIy'!Ka, q,_ IIJ>OMe.leyTO'tffilie 

ilx:>JI:bI'H ,n;JllI li3MepeIIIDI ~OHa 
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