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· Pa6oTa Buno~eHa B ]a6opaTOPHR TeopeTz~ecxoA ~sHKK 

06~e~eHHoro HHCTHTYTa ~epHHX HCcne~OBaHHA. 

HayqHue pyxoBo~Te~: 

~()RTOp ~~HKo-MaTeMBTH~eCKJIIX Hayx, 
CTapmd! HayqHHI COTpy~ 

~OKTOp ~H3HKO-MaTeMBTH~eCKJIIX Hayx, 
npocpeccop 

Qqm.nl:am.Hue onnoHeHTH :. 

~OKTOp ~3HRo-MaTeMaTH~eCKJIIX Hayx, 
CTapwHA.HayqHHft COTpy~ 

~aT .~3HKO-MaTeMaTH~eCKJIIX Hayx, 
CT8pwHA HayqHHft COTpy~K 

P.B.)J.EOJIOC 

A.H.MyJ.nmoB 

B.M.KOJioMHen 

A.r.ApTilX: 

Be.ey~~~ee .Hay~o-zccne~OBaTeJI:LCKoe ~pe~eHHe: HayqHo-
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HCcne~OBBTeJIJ:.CKHA HHCTHTYT ~eJIHOA ~3HKK MoCKOBCKOro rocy~Jl-: 
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.~;:entiaoxo~ymtB81pCKTeTa,~~:M;D.·JioilcmocoB8. 
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ABTop~paT pasocJiaH "--" 1987 r. 

C ~ccePTanxeA MOXHO osaaxoMHT:LCH B 6H6JIHoTexe OHHH. 

Y~eHHI cexpeTap:L cneUHa~szpoBSHHoro CoBeTa 
~aT ~3Bxo-MSTeMa~eCKHX Hayx A~E . .lJ.opoxoB 

.. 

OEIUAR XAPAKTEP¥ICTHKA PAIDTU. 

AKTyam.HocT:L pa6oru. YcneXH B pasBHTHH ycxopzTem.Hoil TeXHHKH, . 
pacrnHpeHlte B03MOJJIOCTeft MJi ycKOj:leHlt.fl pas~ ~ep, COBepneHCTBo
BaHlte MeTO~OB perHCTpamm: npo~TOB CTOJIKHOBeHH.fl CIIOC06CTBOB8JIH HH
TeHCHBHOMY l'ICMe~OBaHH!l CBOiiCTB ~epHOft MaTePHR K ~epHHX ClifJI B peaK
Ul'I.flX C TRXeJIHMH KOH8MH. 

fipoBe~eHHHe 3KCIIepKMeHTH C T.FIEeJIHMH HOH8MK IIOK838JIH, ~TO Mexa
HKSM B38l'IMO~eftcTBK.fl ~yx CJIOJJIHX ~ep He yKJI~aeTC.fl B p8MKK;H3BeCT
HHX ~epHHX peaiUHA. Tax 6HJI OTKpHT HOBHA KJiaCC ~epHlbc nponecOOB ~ 
peaKUHH rJIY6oxoHeynpyrKX cToJIKHoBeHHA (Pre}. Pre no MexaHKSMY npoTe~ 
KaHK.fl OK838JIKCb npoMe~yTO~UMR Me~ IIP.fiMHMK pea~ K peaKUl'I.flMH, 
lf.ItYil1KMH C o6pa30B8HlteM COCT8BHOrO ~pa. CetreHlte PrC HBJI.fleTCSI ~OMHHH.;. 
PYKIIU!M .I\JI.fl T.FIEeJiux ~ep ( Ar >-:- 40) npH sHeprH.FIX HaJieTamtero noRa oxo
JIO IO MsB/HYKJIOH. 

OcHOBHHMH xapaxTepHUMH 'lepTaMH PI'C .flBJJ.IIJ)TC.fl:· 
- IIpl'ICYTCTBl'Ie ~Byx 'f8CTHU - npo~TOB B BUXO~OM K8H8Jie H IDHpo

KOe MaCCOBOe ( 38~0BOe) pacnpe~eJieHHe npo,eyKTOB, MaKC.l'IMYMU KOTOporo 
6.Jm3KH H.II.l'I COBII8,n8!lT C M8CCOft (38~0M) H8~8Jil>HHX ~ep; 

- nepexo~ OCHOBHO~ 'f8CTH KHHeTHtreCKOff 3HeprHH BO BHYTpeHH!l!l 3Hep
rn!l tlJparMeHTOB: cpe~Hae KHHeTH<reCKRe 3HeprHH IIpD~TOB 6JIH3KH K 3HeJl-: 
ram~ KY.IIOHOBCKOrO OTT8.1IKHBBHH.fl KOHe~HX ~parMeHTOBj 

- aHHSOTporra.FI yrJioBoro pacrrpe~eJieHK.FI npo,eyxToB; 
- nepe~aqa 60.1IblliOrO ~C.II8 HyKJIOHOB (~20) H yrJIOBOrO MOMeHT8 

(40+50 1\) oT o~oro ~pa ~pyroMy. 
Ha ocHoBe sTon axcrrepHMe~Ta.IIDHoH HHqopMaUHH 6HJI npe~oJioxeH cJie

~KI!IHl-1 MeX8HH3l\l PI'C: H8 H8~8.1IbHOH CT~ CTOJIKHOBeHK.fl npoRCXO~T <lH
CTpHn c6poc 60.IIblliOft 'f8CTK KHHeTH~eCKOft 3HeprHK OTHOCHTeJI:LHOrO ~B:Xe
HHR BO BHYTpeHH!l!l 3HeprH!l B036~eHK.fl ~parMeHTOB,06pasyeTC.fl ~O!HS.fl 
~epH8.fl C.l'ICTeV.a H ycT8H8Bn.l'IB8eTCR TeiiJIOBOe p8BHOBeOHe; BTOp8.fl CT~ 
xapaKTepHsyeTc.fl HHTeHCHBHUM o6MeHOM HYKJIOH~H, yrJIOBHM MOMeHTOM Mex
~ ~parMeHTBMH .lJ.HC,H HB TpeTbe~ CTanRK CHOTeMa, He.~OOTHra.FI COCTO.fl-. 
HH.fl CT8THCTH~eCKOro p8BHOBeCHR, pacn~aeTC.fl Ha ~Ba ~parMeHTa~ . 

B COOTBeTCTBHH C pa3~eJieHHeM nponeCCOB, IIpOTeKaOllRx B .lJ.HC, Ha . 
6ucTpue H MeMeHHHe TeopeT~ecKHe MO.IteJIH dwm. paspa6oTaH!i M.fl pa~
HHX CTanRA ee 3BOJIJJUHH. HaH60Jiee DOIIY.1IRpHliMH HBJI.fl!lTCH KJISCC~90KM 

3t.r~ellEtiNiH!;,;!l rm~ ( 
t.J!l.O:!J!l&!X u~c :m.Ronnur.h f 

6!.1SJlHOTEHA · ·· \ ............... _ ....... ______ " 



MO.D:eJil> C CWiaMJI Tpemm H .D:H@JY3HOHH8H MO.D:eJil>, ROTOplle HCITOJil>3YIYrCH 

,IVIH OnHCaHHH SRCrrepirMeHT8JII,HllX .D:BHHllX. ,UirH 60Jiee rJIY60ROrO ITOHHMBHHSI 

MexaHHsMa FTC H BHSIBJieHHH po.Jia CTPYRTYPHHX oco6eHHocTefl SI.n;ep :B aBo

JIXJIJ,RH .ll)IC JIYl!OIO npHMeHSIT::& MHRpOCKOUHTJeCRHe ITO.D:XO.D:ll. 3RcnepHMeHT8Jil>

Hll8 pesyJil>TBTll YR83llBaDT HB TJYBCTBHTeJI::&HOCT::& 38pSI.n;OBllX H MBCCOBllX 

pacnpe.n;eJieHHfl npo.n:yRTOB FTC R oco6e~HOCTSIM o6oJiotJetJHofl CTPYRTYPH 

CTBJIRHBamtHXCH SI.n;ep. KpoMe TOrO, B pBMRBX .D:R@JY3HOHHOft MO.D:e.Jia He y.n;a

eTCH o6~HC~T::& saBHCHM9CT::& cpe.n;Hero sHatJeHHSI napaMeTpa MaccoBoft acHM

MeTpxm oT :B~mi:~u noTepn: IqiHeTHTJecRo.lt aHeprM. 

MeTo.Ii XapTpH-iroKa . c ~simn:cHMocT::&D oT npeMeHH. MOlKeT ouT:& HcrroJil>

soBaH .n.IDt aTolt 'ue.mi' o.n:iumo OH. rrpe.n:no.TraraeT oo.iffimon' o6~eM-BHtmCJia

TeJil>HOlt p8 doTli, H. c' ero rioMoniro y.n;oBJieTBOpRTeJil>HO :Pa cc~~u:Bai:JTCH 
TOJil>KO cpe.n;HRe 3H8"!8HHSI O.n;HOTJSCTH'IHHX onepaTOpOB, TOr.n;a RBR aHa.JiaS 

llKCll8JlHM8HT8JII,IIHX .n;aHHllX MO~eT n6Tpe60BaT::& II BllXO.n;.sa paMRR O.n;HO~ac
TH~oro' ·npn:6JiallteH~IH. B TaK~fl QIITYruUrH 6yJteT no.iresiiHM. no.n:Xo.n:, ocHOBaH

nun HB O.n;HOTJBCTHTJHOM npH6JIIDKeHHH, HO ROTqp!lft, 6y.n:y~ 6oJiee llpOCTllM 

B npRMeHeHHH, -nosBOJIHT BKJIIOTJaT::& B paccMOTpeHIIe a@leKTll, OTCYTCTByKilllie 

B MO.n;em, OCHOBaHHHX ·Ha MeTo.n;e XapTjnr-:-il>ORa. 

HaY]HaSI HOBRsHa R npaRTIITJecRaH ueHHocT::&. B ,IUiccepTaUHH B o.n;Ho

TJacTRTJHOM rrpiiOJIRl!CeHHH paspa60T8H8 npOCTBSI MHRpoCROUHTJeCRaSI MO.D:8JI::& .n;JISI 

n:cCJie.n;oBaHHSI npouecca MHoroHYRJIOHHHX nepe.n;atJ, HMemmero MecTo B peaR

UHSIX rJIYOOKOHeynpyrHX CTOJIRHOBeHHft T.RlKeJillX HOHOB llpH SH8pl'HHX .OROJIO 

10 MaB/HyKJIOH. ll().JIYTJeHH npocTHe aHa.JIHTHTJecKae BHpal!teHHSI .D:JISI cpe.n;He~ 
KBB.n;paTIITJHOlt IPJ!YKTYBUHH b: = ( (.t.i) 2

) .- {td~) 2 , cpe.n;Hero 3HBTJeHHH 

l!HCJIB rrepe.n;aHHllX HyKJIOHOB <t:. :&) , ROTOplle HBHO CO.D:8plltaT 30BHCHMOCT::& 

OT.X8paRT8pHCTHK O.n;HOTJBCTH"!HllX COCTOSIHHft. Mo.n;eJil> R8"!8CTBeHHO npaBHJII,

HO OnHCHBaeT SBOJIXJIJ,RD BO BpeMeHH illHpHH H ITOJIOlKeHRfl MBRCHMYMOB 38pSI.D;O-_ 

BHX pacnpe.n;eJieHHft npo.n:yKTOB peaRUH!t rJIYOOKOHeynpyrn nepe.n;atJ. 

llOK83aHO, "'TO BKJIIOTJeHHe B paCCMOTpeHHe OCTSTOTJHllX CWI Me~ HYK

JIOHaMK, B OCHOBHOM, YCTpBHSieT pBCXOl!C.D:eHHe Me~ TeopeTRTJeCKHMH II SRC-

rrepirMeHTBJII,HllMH 3H8"!8HHSIMH ~~ • 

B. paMKBX paspa60T8HHOlt MO.D:e.Jia nOJIY"!eHll B!lpal!teHHH .n;JIH MSTpiiTJHllX 

aneMeHTOB rrepexo.n;a, BXO.D:HmKX B "MaCTep"-ypaBHeHHe, HCITOJil>syeMOe ,lVIH 

- OnHCaHHHrrpouecca MHoroHyKJIOHHHX nepe.n;atJ. 3TH BllpalKeHHSI co.n:epl!taT HH

cpop.~aUHD 06 O.n;HOTJBCTH"!HllX aHepr:IISIX H TJRCJIBX sanoJIHeHHH O.n;HOTJBCTH"!HllX 

COCTOSIHHft <J!parMeHTOB. 3TO IT03BOJISieT YTJHTllBaTl> B pactieTax OC008HHOC.TH 

OOOJIOTJetJHoft CTJlYKTYPH CTBJIRHBamtHXCH SI.n;ep li npo.n:yRTOB. 

Paspa60T8H rrpocToft MeTo.n: BlltJRCJieH:IIH RsMeHeHRlt rroTeHUHaJia B3BHMO

.n:eAcTBRSI SI.n;ep B npouecce OOMeHa HYrurOHBMH MeW iPparMeHTBMI! .ll)IC. 3TH 

pesyJI::&TaTH npe.n:cTaBJISIIOT nHTepec .D:JISI pactJeTa ceqeHRfl CJIHSIHHSI .SI.D:ep. 

2 

ITOJIYTJ8HO xopomee COrJiaCRe C llKCnepHMeHTBJI::&HHMH .n;BHHllMH rrpH OnH-:-
. -· . 2. . . . 

CBHHH 38BHCRMOCTH . Dt, H (A tp) OT BeJiliTJHHH noTepH KHHeTHTJeCKOft 

aHeprRR B mRpoKOM HHTepBaJie ee sHatJeHHfl · 6es .nono.mi:~rTeJI::&HmC npe.n;noJio

llteHRft o -MexaHHsMe peaKUHfl. 86K-z(5I5 MaB) + 
166

E'l. -·II s-
6

Fe (340 MsB) + 

·1% Al--L • 
.· PaspaOOTBHHBSI MHKpoCKOITRTJeCKBH MO.D:eJI::& MOlK8T Oh!Tl> RcnOJI::&30BaH8 

rrpn-nOCTPo8HHH MRKpoCKOITH'IeCKOA TeOpRH SI.n;epHhiX peaKUHJt C ytJBCTHeM 

TSil!C8JillX HOHOB npR HR3KHX aHeprHHX. llpocTOTa OKOHTJBTeJI::&HllX iPoiJMYJI .n;e

.JIBeT MO.D:eJI::& npaKTRTJHOA npH TeopeTHTJeCKOM 8H8Jla38 llKCUep:aMeHTaJI::&HHX 

pesyJil>TSTOB, n().JIYl!88MllX HB UHKJ!OTpoHe TSil!CeJillX HOHOB JIHP OlliM, IDtcTR-. -

TJTB BTOMHOft ~lHeprmt HM. H.B.KyptJBTOBa H .n:pyrmc HBytJH!lX UeHTpoB. 

Ha 38!l!H'£Y' BHHOCHTCH CJieliYJJI1He" pesyJil>TBTH: . _ • 

.:. . Me'io.n: pactJeTa cpe.n;HeKBa.n:paTHTJHHX <IuiYKTYaud oi z . cpe,ltiDIX 

SHSTJeHHft "!HCJIB nepe.n;aHHHX HiMoHOB (rrpoTOHOB) l3 pealW,l!.RX MHOrOBYRJIOH

HHX nepe.n;a"' no MHRpoCKOITH'IeCKOA MO.n;e.im' y-qHTllBSDitill . xapaKTepHCTHKH. 

O.n;HOTJBCTH'IHHX COCTOSIHHA CTBJIRHB81llltHXCJl SI,IJ;ep H OCT8TOTJHHe CHJill;' 

- HOB!lft no.n;xo.n; K"pac~eTy 38pSI,II;OBHX pacnpe.n;eJieHHA ~po.D:YRTOB peaK

Uii~ MHOrOHyKJIOHHHX rrepe.n;a~, OCHOBaHHHft H8 "MBCTep"-ypaBHeHRH C KO* 

iPRUneHTBMH, ROTopue HBHO 38BRCSIT OT xapaKTepHCTRK O.n;HOTJaCTHTJHHX coc

TOSIHHft CTBJIKHBBDmKXCSI SI.n;ep_H npo.D:YRTOB; 
- OnHCBHHe 38BHCHMOCTR noJIOXeHHSI UeHTpa sapnnoBOrO pacnpe.n;e~eHRSI-

#o ' • ~ 2 
npO.D:YRTOB ( 6 t P) R ero ,IUICrrepCRH 6" i!. OT Be.Jia"'HHll llOTepR _KHH8TR~ec-
KOfl SHeprRR OTHOCHT8JI::&HOrO .n;BHl!teHHSI B paMKBX npe.n;JIO~eHHOft MO.D:e.JIH; 

- pesyJil>T8Tll pactJeTa R3MeHeHHft noTeHUHBJI8 B38liMO.D:eftCTBRSI'CJIO~.;! 
HIDe SI.D;ep, CBSI38HHHX C.MHOrOHyKJIOHHllMH nepe.naqaMH. 

Anpo6agrut pa60TU. 0CHOBH!le pesyJil>TBTH .n;nccepTaUHR .n;oKJIB.iJ;HBa.JiaCl> 

Ha ceMHHapax ~ Ol-ffili, HHli AH YsCCP, liillilll> W'Y, · Ha MeJIOIYHBpo.n;Hoft KOH- · 

(pepeHUHH no SI.n;po-SI.D;epH!lM CTOJIKHOBeHHSlM (BHCOIO; lliBeiJ,RH,. 1985), H8 MelK

.n:yHapo.n;HOft mKOJie no CTPYKType SI.D;pa (A.1IyuiTa, 1985) , HS YJXYI coBeiitBHHH 

no SI.D;epHoA cneKTpoCKOITHH R CTPYRTYPe a.ToMHoro SI.D;pa (Xap::&KOB, 1986). , .. ... 

Ily6JiaKBl.I,RR· ITo pesyJil>TSTSM ,IUiccepTauan ony6JIHKOBaHO nSIT::& pa6oT. 

06~eM p800Tll. ~ccepTBUHS! COCTOHT H3 BBe.n;eHHSI, ITSITR rJISB, 38KJIIO

~eHHH R CO,IleplltHT 105 CTpaHHU MBIIIlilllOITHCHOrO TeKCTB, BKJIMBSI 0H0JiaOrpa- i' 

tlJHXl H3 58 HaRMeHOBaHHft, 2I pRCJROK, 3·Ta6Jianll. Kal!C.D:SSI rJISBa BKJilltJB8T 

B ce6SI iPOI:f.1YJiapoBKy rrpo6JieMH, ee pemeHne H BHBO.D:H. · 

COJLEP]tAIDIE JlllCCEPTAUIDl . 

. Eo BBe.neHHH npnBe.n;eHH OC¥0BHlle aKcnepHMeHTaJI::&HHe xapaKTepncTH

KR peaKUKA·rJIYOOKOHeynpyrKX CTOJIKHOBeHHft TSil!teJillX ROHOB C SI.D;paMR, .D:SH 

:l 



Rp8T~il-o6sop.OCHO~HX TeopeTH'leCKHX MO~e~e:IJ, IIOCB~eHHUX peaRUHRM 

MHOt:OHYruJ:OHH!lX nepe~a'l, <$lPMY~POBaH8 ue;u, pa60Thl. '' 

r~Ba I noCBRmeHa paspa60TRe IIpOCTOrO MKKpoCROnH'leCROrO MeTO~a 

~R OIIHC8HHR peaKUHfi MHOrOHyKnOHHUX nepe~a'!. 

B § . I C~pMy~pOBaHa MO~e;u,. MR o_IIHCBHHR BTOpoil_ CTB~H peaRxnrn, 

KOr~a .II,Ilpa 'J'Ke BCT~ B KOHT8KT, rumeTH'leCR8R ::meprnR. OTHOCHTe~bHO

ro ~BnllteHHR nepelliJia B :mepniiO BHYTpennero BosCi~eHHR, o6pasoBa~ac:& ' 

~BO:Ihi8R.ff.n8pH8R CHCTeMa H YCT8HOBMOC:& TeWrOB08 paBHoBecue. Ha_STOll 

CT~ ~BOllHM JI,nepH8H CHCTeMa -.SBOJIDilliOHHpyeT B H8IIpaMeHHH YCTaHOB- . 

~eHHR CT8THCTH'leCKOrO p8BHOB8CHR, IlpOHCX~JUIT ID!TeHCHBHhlll: 06MeH HJ'R- -· 
. . ., ' ' . . . 

~OHaMH H yr~OBhlM MOMeHTOM Me~ ee '18CTRMH. llpe~IIO~Ol!teHHe 06 ycTaHOB-

~eHHH TeMO~Oro paBHOBeCHR nos:ik~eT BBeCTH 38Blic'mJiHe OT TeMnepaTypu 

qn~a 38Il_o~'enl:m s>.D:Hcitiac;TRtmllX COCTORHHll CT8~UB8KUUfxCR smep. 3q¢eRThl 

lite o'dMSlta HYMOHHMu Mew Mpa.M'll paccMaTpuBaiOTCB Rat< BosMymeiine. 

B TimoM· npil6~llteHHu MoTiioci:& "nyltJionoB B JLHC § MollieT 611Ti ripe".n..: 

cTaMena KaR CJMMa paBHOBecHoff f
0 

· li ~Tyupyi<ll{eil f' · qa"cTeil. Iloc

~e~sisi -.!acT:&, p' CBR38Ha c o6MeHOM nyMOHaMH MelK,lly Mp8MH. 

rHMMLTOHH8H, B3RThlll R8K. tlJyHKiurOH8~. TORa j li n~oTiiOCTH f 
HyKnOHOB, pa3~0l!t8H no CTeneHRM f' H COXpaHeH!l TOJII,KO ~efiHHe riO 

~enH: -

H~ T[t]\:+-f,/i E[fo(xJj + jJ 3
:i -s:~;~J f'(~) .· 

ITepB!le ~Ba . c~raeMux B STOM. B!lpallteHHH onnciHBaiOT ~Ba neBsaUMo~effcTBYJO- · 

IIlliS JI.Itpa H B3RThl B B~e cyw.m O~HO'laCTH'IHUX raMHJI:&TOHUaHOB KruK,ItOrO U3 

CT~Bai<ll{HXCR .II,Ilep. ~KUHR b'£ U'J/¢f.,(x)- O~O'laCTR'IHllt noTeHUHa~ 
.n;Bo:IJnoil .II,Ilepnoil czcTeMH. B TaKOM npu6JiiDKenmr rHMM:&"rOHHBH Hl\!SeT. ~: 

. -+ . + .. :' ·:,..·!<- . .. ·_ , '(I) 
H.=~ Epap aP + :L Er ar etT1 + r£: (~rT aP a 'I' t- t t )., 

. , p . T. · P1 r ·. · . . 
+ +( r.n;e ~· ET-' o~oqacTH'!Hhle :meprmr, ·ar (ap) H aor a,.)- onepaTopu 

po~eHHR (YHH'IT0llt8HHR) H8~8T8I<ll{ero JI.Itpa PH .II,Ilpa-MRrneHH T, COOTBeTCT

BSHHO • 

. M:JT:iurnm:IJ MeMSHT 

. . q. = Jd3-+ UJ *(i) ~E[Yo(xJ] f (x} 
dTP - X IT . of, p ) 

* r.n;e 'I' 'I' H \f'p - B~OB!le ~ O~O'UlCTH'IHHX COCTORJUd!, X8paKTepu-

syeT RHT8HCRBH_OCT:& nepexo,n;a HyKnOHOB H3 COCTORHHR j F' Ha~eTai<ll{ero 

ROHa B COCTORHH8 iT JmPS-MHWeHR. 

B §"2 Hal.n;eHO pemeHRe ypaBHeHRR re:l!sen6epra c MUKpoCKOIIR'!eCKRM 

rBJ.!WI!,TOHHaHOM (!) ~ onepaTOpoB a~(t) _H a~(t) • Jio~~lHhl B!lpa

lteHHR ~ Be.lm'mH o2 {t)=((Np(t)- <Np(t>))Z) :11 (Np(tJ) , r~e 
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A -~t.:t+a. 
Np = L.. Jp Jp 

• Jp" 

- onepaTop qn~a HyKnOHOB B ~erKOM ~parMeHTe: 

62(l)= " I ~lTJ/'12 ( . I - . ) . V(- . ·(t E ~~- \\ . 2!-. . . . ., rtt,.\1 11Jp t- (1J~(1-,nul') 1. CDS h( tor JS-)Jj 
L'T '~' lE - E' )_~ . - . J ,, LT • Jp . , 

<IVp{t>>==A P- 2I:. : j<rJii- _, .. (nJp-:_ nLr)(1 ~ cos(.j.(Etr-Ejp))\ . 
' i'T,jP Ei,l'- Ejp) ~ · · · n · ') 7 

r,n;e ~ .- ttHC~O HyMOHOB B Ha~eTaiOOieM IlOHe; l?i,.. H _.nit ..:. tm~ 38-

no~eHHR o~oqa~TH'IHhlX COCTORHHii B ·JI.Itpe-MIIDieHH FI B Ha~eT8IOI!IeM UOHe; 

cooTBeTcTBeHHO, KOTopue BU'!R~RIOTcR cor~acno 

n ( . ( Es - "),\- .1 
s -==- 1 + e-xp -T-) ., ') = i -r' j r ' 

T - TeMnepaTypa CHCTeMhl, · 1\ - XUMH'ISCKHii IIOTelilliTB~ COOTBeTCTBYJOJller<;~_ 
JJ;npa. 

B § 3 npHBe.n;enH·pesy~:&TBThl pacqeTa BpeMeHHOfl saBucHMocm Be~-
'IHHhl f5: (t) H 3H8"'eH:nil C.n;BFira M8KCHMJM8. 38PJI.IlOBOrO pacnpe.n;e~eHFIR 

npO.n:yKTOB peaKUHH; G-{(t) - rcTeT np:n6~3HTe~:&HO ~eflHO CO ,BpeMe,;.. 

HeM ~0 3H8'18HHii c ~ (IO 2 .-Ior19 c), T.e. T8K lite, KBK H B ~~y~· 
SFIOHHOii Mo.n;e~ ( s.; (tJ = 2 'Dz t ' 1>~ - 'KOS~UUIISHT. ~qxpy3H:n). xapaK-:_ 

TepHOe BpeMR r~60KOHeyrrpyroro CTO~OBeHHR He rrpeBh1lii88T Ior
2° C, ' 

llOSTOMY MOlKHO CR838T:&, 'ITO B 0Th10lli8Hlm BpeMeHHOii 38BHCHMOCTH BS~tllm',. 
xapaKTepusYJOIIIIDC MHOrOHyKnOHHUe nepe~a'lll, no~eHHhle pesy.m,TaTH no~-

TBepl!t,ll;aiDT ~qxpy3HOHHJID MO~e~:&. . 
. . . 2. . 

HsyqeHHe 38BHCKMOCTII 6~(t) OT H8'18JihHOrO OTHOCIITe~hHOrO yr-
~OBOrO MOM8HT8 , { llOK83h1BaeT, 'ITO C yBe~qeHReM {. H8MOH ~Hefl-

. 2 . . . 
HOfl '18CTH 5

2 
(t) JM8H:&lll8eTCR. ~0 06'bRCHReTCR TeM, 'ITO C . pocTOM . 

3H8'leHRR npHUe~HOrO napaMeTp8 yBe~'!RBBeTCR ,II;~ BpamaTeJihHOfl SHep

rim B no~o:IJ K:nHeTU'leCKOH anepriiH OTHOCIITeJII,HOro ~B:nllteHHR, "'TO Be~eT 
K JMeH:&llleHHD TeMnepaTyp!l ~BOllHOll R,IJ;epHOii CHCTeMU. C ~l8H:&lli8HHeM TeM

nepaTyp!l JMeH:&lli88TCR "pa3MliTHe" IIOBepxHOCTH iPSp.lll FI BC~e,n;CTBHe STOrO 

SaTpy~ReTCR 06MeH HJKHOHBMH· . 2 
~8MOH ~HeHHOrO Y'!8CTK8 H8 rpa~KKe S8BHCHMOCTH D2- OT t 

onpe.n;eJi!IeT aifxlleiT:nBHill! KOS~HUHeHT ~~ysun 1>_2 • Pac'!eThl ~ruoT -~ 
7>'t 3H8'leHHe, B 3-4 p838 MeH:&lJJee SKCnepHM8HT8JII,HOrO, Me~OBaT8JihHO, ' 

paCC'lllT8HHU8 no paspa60T8HHOii MO~e~. 3H8'leHHR 5: ~ pR.n;a peaK

uafl oRas~c:& B_3-4 pasa MeH:&llle, "!eM II3MepenHHe Ha aKcnepuMeHTe. 

Pesy.m,TaTu pacqeTa (b. i > cor~acyroTcii 9 aKcnepRMeHTa;u,HliMH .n;aHHUMH. 

BpeMeHa npoTeK8HHR peaKUHil B MO~e~ He Bhl"'RC~C:&, 8 6unR B3RThl :1!3 _· 

~HOMeHO~orH'leCKn oueHOK. Pac'leThl, BUno~eHHUe B paMKax .. npu6JIIDKeHHR 

XapTpH-4?0Ka, C 38BUCHMOCT:&D OT BpeMeHH B I0 p83 He~OOU8HFIBtmT Q: 
no cpalineHHIO c sKcnepHMeHTOM, HO y~oB1IeTBopiiTe~:bno onzcHBaDT sHatie

HHR <._f,. ~ 7 • 8TO CM38HO C TeM, 'ITO ~aUHhlil nO.IOCO~ H MeTO~ X8pTpH-4.>0K8 
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OCHOBaHU H8 O.llHO'I8CTH'lHOl1 MO.ll8JIH. CJie.nyeT OTM8THT.h, 'ITO cpe.mree trnC

JIO ltepe.ll8HHUX HYR.JIOHOB OK838JIOCb qyBCTBUT8JI.hH!lM K BeJUtt!lllie XIIMlt'leC

KOrO TIOT8HUH8JI8. 

Bo IT rJiaBe UCCJI8.ll0B8HO BJIHRHHe OCT8TO'lH!lX CRJI H8 mupnHU 38pnno

EHX pacnpe.neJieHnl1 llpOJlYKTOB pe8KUHl1 MHOrOHYKJIOHH!lX llepe.naq. 

ri §I B raMHJIJ>TOHHaH (I) BKJID'!eH 'IJieH H: L , cooTBeTCTB~l1 
, tn~ 

OCTBTO'IHUM CHJIBM. lfM JIBJIH8TCJI C.7I8JlYIOIIIlil1 :tJJieH p83JIOlK8HUJI HCXO.llHOrO 

raMRJIJ>TOHnaHa, rrponopun:oHaJIJ>lilll1 ( f') ~ . YtJHTUBaJI RBHuil an:.n pi 
H llpHHHM8JI BO BHHM8l!Ue, "'TO 'f/clfJ/or}· COOTB8TCTByeT HYKJIOH-HYK-

JIOHHOMY B38HMO.ll8llCTBHIO B RJlPBX~ H:nt llp8.llCT8BHM CJI8JlYl(lllHM o6pa30M: 

H' -= ~ ) " (u To -r a+ a. ) ~ ~ ( -r ·t- q ) . 
tnt ::. ·'--' _,'-,ri. Jp , 7 t'i" JF> z__. _:,c..J •.• ai' o£:,. r of,. J; 

1 Jp,~T 'I' . Jp,i.:,. f-lT f- I I 

r.ne 
i . . . . 

· · l' c:: ..R.. (J f..c:)- fJ~-;: t.r(.X)f.:.r(:i){it,.., f'.,(xJ t- fe)( (i- Y.,(:t)'\\ 
. H p fl 7 J E F .f.,< • J"u<· /} 
f.,c, - TIJIOTHOCTb CHCT8MU H3 09PMH-"l8CTI1Il;, £ F - ::meprnJI ~epMH, 3Ha

"l8HHJI 6e3pa3MepH!lX ltapaMeTpoB f;., H . f., H3B8CTHU .lr3 Oll.lrC8HHJI 

60JI.billOtl COBOKJllHOCTII llKCll8piiM8HT8JibH!lX .ll8HHUX B p8MK8X TeOpHH KOHeq

H~ Qep:.m-CilCTeM; fPYHKUHH SL),tr"' e.xf-(-IE,.,-Et,l/A) BBe.neHU .llJIJI yqeTa 

y6UBaHIIJI M8TpH'lH!lX 3JI8M8HTOB ItO Mepe J.ll8JI8HRJI COCTORHH!1 OT.llOBElpXHOC

TH ~epMII, 1!. ~ 8 M3B. . 

B § 2 npiiB8.ll8HO pemeHne ypaBH8HHJI rel1seH6epra c raMHJI.hTOHH8HOM, 

co.neplKBIUHM H ;n t .ll.7IR onepaTopa tJHCJia qacTHU it l t J • Pacc"lltTaHa ae

JIH'U!Ha \... 6-::(i)=((N(f) -(~(1-1>):<) 1'1 llOK838HO, 'ITO H8J11'!'nte OCT8TOtiH!lX .CHJI 

M8lKJlY HYKJIOH8MH llpltBC.ll8T K ltepeHOpMJipoBKe M8TpH'lH!lX 3JI8M8HTOB q _ 
~ J~l 

B BHp8lK8HHH .llJI.fi 5 ~ : z . 

o,~ ( t) = 2 /_" ( 11 t' ( 1- n ,.)T 17 '!' ( 1- n r.v ':J; I' 
. f','T' 

t ,\ (1- Co$ ( ~ ( fJp- E 1 .,.)); 

X 

(Er-E"r)z 

"( "' ( 11 p'- ''1 T') r--, 2 ) - ::!. 
X i- 2_ :1.' ,>_ ~)- --'~t--'T' 

f T' ( E >" - E 'I" . •·. 
B § 3 o6cyJKnamcn pesyJIJ>TaTu pac•reTa .llHCllepcmt 'll!CJia rrepe.naHHUX 

~ 1~;:.. 1~.:.: J\" 1'J6 -llpOTOHOB 6" 7 , ltpoae,neHHOro ,nJIJI peaKUHff Xe+ S11 , ~)(f f- 1},. , 

n-~')(e + ::o9 6 ; u 2.c·s 1 t-' 
1 

zo8f'B • · 

B TaelJIHue I rrpHae.neHa saancHMOCTJ> OTHO!JJeHHJI fi: K .nncrrepcHu 

o}~ , pa~C"'HT8HHOJ\ 6e3 yqeTa OCT8TO'lH!lX CILII OT paCCTOJIHHSI M8JK.ItY 

U8HTPBMH nnep ~ • c JM8H.hllleHHeM R OT Rmt .no ~ "' t- - ( 2-t3) ~·1 2./ 2 
0THOW8HHe 6" z 6"0 z II3MeHJI8TCSI B 2-2,5 p838. :!TO 03H8"188T, 'ITO C 

JB8JIH"l8HHeM 06)!8CTII nepeKpHBBHHSI IIJIOTHOCTet! nnep BJIIIJIHHe OCT8TO'IHUX 

CHJI YCRJIHBaeTcsr. B TaelJIHUe 2 IIO:K838HO Cp8BH8HHe TeopeTH'IeCKHX H :lKC-

6 

~.J··.'. 
'' ' 

\ 

.I 

-tj " Ta6JIHga I. 3aaucHMoCT.h ,OTHomeHn:sr .llHcnepcHff (_6'2 6'..,;. ) , ·pac-

PeaKUHJI, 
EJI.c., . 

MaB/HyKJ.IOH 

n2Xe +- w.os n 

5,9 

~~zXe + 209St 

7,3 

C"'IITBHHUX C yqeTOM ( o; ) .lr 6e3 yqeTa ( 6"''1.."2 ) OCTa

TO'IHUX CKn,OT paCCTOJIHHSI MeJK.llY UeHTp8MH CT8JIKHB810-

Dn!XCR nnep R 

R. ~-
61! PeaKUHR, 

R, ll>M 
6'2. 

.3c 
EJI.c., 

z. 
02.. 6' z.. 
0~ MaB/HYKJIOH oz 

I4,7'< ' I,25 nzxe + 1%/lu I5,4o* I,38 
I4,45 .I,32 7,5 I4,90 I,!)3 
I4,20 I,42 I4,40 2,02 
I3,95 I,49 I_3,90 2,60 
I3,70 I,64 ·I3,65 2;88 
I3,45 I,82 I3,40 3,I8 
I3~2o I 98 ' , I3,I5 3,I6 
I2,95 2,34 I2,00 2,68 

I5,5?* I,26 217~ PB + 2.0Rp8 I6,o2* I,49 .. 
I5,07 I,43 7,9 I5,62 I,82. 
I4,57 I,68 I5,I2 2,29 
I4,07 2,I3 .I4,87 ·2,60 
I3,82. 2,31 I4,62 '2,97 
I3,57 2,35 I4,37 3,07 

. I3,32 . 2,24 I4,20 2,97 
I3,07 2,04 . I3,87. .2,44 

IlpHMetJBHHe ~ 31-!aKOM lE OTM8"18H!l p8.llHJC!:1 B38.1fMO.ll8tiCTBHSI nnep _ f <nt 

Ta6JIHUB 2. 

PeaRinm 

E.Tiad., M'Jll/HYK.JI. 

00~ 
~. nz 

5~ 
-, ).Ct.O 

2 . 
CpaaHeHHe TeopeTH~ecKHX, pacc'!HTBHHUX. c ytJeTOM ( oz ) 

2 • . 
H 6e3 yqeTa ( 60 c ) OCTBTO'IHllX CHJI,- H 3KCIIepHMeHT8JI.h-

H!lX 3H8"18HI'Iff ( 6: 3.:cn ) Cp8.llH8KBB.llp8TH'lH!lX i[l.nyKTyaUHtl 

"'HCJIB llpOTOHOB B ~erKOM llpOJlYKTe.peaKUHtt 

20~PB +'-V'f8 132 Xe + 196A~ uzl<e + 2.09 Bt 132. Xe + 1zoSn 

7,6 ' ?,5 ?,3 : 5,9 

I4,?6 6,53 9,60 7,89 
28,2 I7,0 .. 23,6 I8,46 
30,4 I8,0 32,2 20,4 

: ~; 
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nepHM6HT8JI:OH!lX 3H8'16HHi( .nucnepcnil 'll!CJI8 npOTOHOB. B JierKOM iipO,nyJ{Te· 
peaKIU:!tl. · 

TaKHM 06p830M (§ 4), yqeT OCT8TO'IH!lX CHJI ITpll p8C'I6T6 ,nncnepcnil 
'IUCJia nepe.naHHHX HJKJIOHOB nosBOJIReT YJIY'IllillT:O corJiacne TeopeTll'lecKUX 
pesyJI:oTaToB c :mcnepnMeHTaJI:OHill.~n; 

fJiaBa III nocBSillleHa H3Y'IeHifr1 BJIHmnm cTpyRTypu smep Ha ce"!emm 
peaKUHtl MHOrOHYKJIOHHI~ nepe,na-q. B § I noKasaHo, 'ITO MaTpH'IHHe sJie
MeHTU ."MBCTep!!.ypaBH6HlUI,- OITHC!-IB8Kl!lero npouecc nepe,na'IU HyKJIOHOB,. MO
ryT 6UT:O BU'IHCJI6HH B p8MK8X paspa60T8HHOfi B I, IT rJiaBaX MHKpOCROffir
qecKOil MO,neJIIf. 3TO ,naeT B03MOJKHOCT:O HCCJie,ntJBaT:O BJIHmiHe 060JIO'I6'Ii10tl 
cTpJKTypu smep Ha·aapsmoBue pacrrpe.neJieHifJI npo,njll{TOB peaKIUrH rJIY60KO-
Heyrrpyrnx ·CTOJIKHOB6Hl!fi. . . 

B § 2 aHaJIIf3Hpymca pesyJI:oTaTu pac'leTa sapsmoBux pacnpe,neJieHHii 
npo,njll{TOB peaRu;Id~ 132 Xd778 MsB) + 12cSn , 86 l<"t(5I5 MsB) + w>h n 

S"~ Fe( 460 MaB) + 'I% n H ' KOTOpue Cp8BHHB810TCJI c :mcrrepHMeHT8JI:bHUMH .nn¢
!lJepemmaJI:OHHMH Ce'IeHH.flMU BHXO,na ITpO.nJKTOB pe8Rl.U:!ii ( qS /<-/?; ) • Teope
TH'I6CKH6 pesyJu,T8Tl1 R8'16CTBeHHO COrJIBCYIOTCJI C 3KCITepHM6HT8JI:bHl1MH ,naH
HUMH. Hx 8H8JIIf3 IT03BOJIReT c,neJI8T:O BHBO,n 0 cymeCTB6HHOM BJ!llffi!Hll OC0-
6eHHOCTetl CTPJRTypu cTaJIKnBaKI!lllXCR smep Ha Buxo.n npo.nJKTOB. Ha6JIIO,nae
MaJI acHMMeTpna sapsmoBHX pacnpe,neJieHHtl npo,njll{TOB peaxu;HH 5~FeT 1~tA~ 
o6~JICHJI6TCJI 60JI:blliOtl p83HHIJ;etl B 3HeprHJIX CBR3H HYRJIOHOB B Jmp8X Stfe 
H 1 %1l~1 : I0,2 MaB H 5, 7 !AaB, COOTBSTCTB6HHO (pnc.I). 

MaTpH'IHUS 3JISM6HTU nepexo~a, p8CC'IHT8HHl18 MHKpOCROITH'ISCKH, cy
mecTB6~0 OTJIIf'I8DTCJl OT HCITOJI:OSyeMUX B !lJeHOM6HOJIOrH'ISCRHX MO,neJIRX. 

B rJiaBe IY B paMRax paspa6oTaHH6tl MHRpocRonn:qecRotl Mo,neJIR pac
CMOTpeHo BJIIfRHHe MHOrOHYKJIOHHHX rrepe,na-q H8 ITOT6HIJ;ll8JI B38HMO,netiCTBHJl 
smep. 

B § I .nJIR pac"!eTa nsMeHeimtl B noTeHUHaJie BsaHMo.neilcTBHR ncnoJI:o
soBaHa npou;e.nypa ,nBOtiHOtl CB6pTRH HYRJIOH-HYKJIOHHOrO ITOTSHIJ;ll8JI8 C ITJIOT
HOCT:OIO HYRJIOHOB.B ,nBOtiHOtl smepHOii CHCTSMe. l1CITOJI:03YR Bl:lp8lKSHIJ:e ,nJIR 
ITJIOTHOCTH . 9 ~ f 

0 
+ f ' , ITOT6JIUR8JI B38HMO,netiCTBHR npe,nCT8BHM B BH,ne : 

'V-:o'Vo+'8V Vo= ~'J~xr.(x)F (.::..)r.;;_(xJ 
'"'I J .. ~ ~~q.l ....,_ Jv ) 

'li V- "' j. d 
3 

:X "' ( "'' F ( -) · ' ( -) ·- .<. - '~ :>j 'J'1''1' :l ~ :X 

r.ne J:~"~''f'(:i)= (df~~y1(. Jtn f'~(x) -t- f€-1< (i- P~<:i'>\)-
.. Jtf. )",~ . p.,,.) 

B § 2 npnBe.neHU pesyJI:oTaTu pac"!eTa BJIHRHHR o6MeHa HYKJIOHaMn: 
Mex.ny H.npaMH Ha · noTemmaJI :i33aHMo.neiicTBHJI .nJIR "!eTupex nap smep: 
132 Xe + '20!I B i., 132 'l( e + 196 ll u ,, HSF't' + 20 ' f' B n: '<cfh T ~~,, f ff • 

Ha piJ:C • 2 ITpn:Be,neHil ITOTSHUH8JI B38HMO,nefiCTBHJI ~nt H era H3M6-
HSHHe a lJ ,nJIR pe8RUHH 20

.; F't t- zo~· P t ,nJIR O,nHoro 3H8'I6HifJI H8'I8JI:O-

8 

ro3 ~ 
n 
Xj 

- 102 

af 
~ 
J: 
0. 
ro 

\0 
l: 
N 

~ 
\(j 
"'0 101 

,._, .1 

I I 

'n' x,~ r\\" .. ~ 

r 
X fi.1 

X /;'! 
/' . I 

/I 
·I 

\b 'x"·~ X xX ' 
\X Xx --·~xX...: X X 

\ "'· .,r ' ~}c "' I . 
/J 

/' . I 
I I 
. I 

I I 
. I 

I I 
. I 

/I 
. I 

/ I 
·I I . I 

\./'~ '-." 
\ . 
\ \.. 
\ 

"':'\ 
\ 
''\ 

', ' 

. .I/' 
10ol I 1--· 

I 10 I I I I I I . ~ u. 18 22 24 30 34 38 .z 

10-1 

10-3 

Prrc .I 3apsmoBue pacnpe.neJieHHJI P 2 U) npo.nyKTOB peaxmm 
sc Fe{460 MaB) + 196 1)~ , pacc'IHTaHHUe .nJm Tpex sHa

'IeHnt! :$PeRTHBHotl TeMrrepaTypu T = I M3B, I, 5 MaB u 
2 MsB (----- T ::; I MaB; - .. -·- T = I ,5 IA3B, 
--- - T '::; 2 !.bB). ]J.JrJI Cp8BH6HHJI npRBe.neHil 3KC

nepRMeHT8JI:OHUe C8'18HRJI BUXO,na rrpO.nJKTOB p88RUUt! 
dfl/j-=- ( >( ) • 

Horo yrJioBoro MOMeHTa C. , xapaRTepHoro .nJIR r.'!Y60IWHeynpyrnx cTOJIK-

HoBeimii. H3MeHeHH. R,nepHOft COCT8BJ!JlKI!lSt! ITOTSHIJ;ll8JI8 B38ltMO,netlcT!3HJI, 
~ . 

o6ycJioBJieimoe HaJIRqueM rmoroHyK1IOHHHX nepe,na-q, MOJKeT )~OcTnran 20% 
H YCHJIIrBaeT rrpltTJilK8HHe •. 

' B rJiaBe Y paccMoTpeHu sapsmoBile pacnpe.neJieH.HJI rrpo.nJKTOB peaK-
un:tl MHO~OHYKJIOHHHX nepe,na-q npn 60JI:blliHX 3H8'18HHRX ITOTep:o RnH6TH'I6CROt! 
::meprnu. B § I o6cYJK,naeTCJI rrpo6.7IeM8 MaJIOCTR HJIH B006llle OTCYTCTBU8 
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2o8Pb + 2o8Pb 

10 

a l,.o\ 13 14 15 16. R(¢M) 
I I ----

~ -10 ~ \ ------.- .-
::J ..-

<0 . 
c -20 
~-

-30 

·L.O 

-50 
r 

PHc.2 2eBRC:rrMOCTH noTeHIJ.Ha..JI8 B38HlvlO,!(e£lcTBliR smep Vint 
H BeJIIPinHI-l -s-v OT R .ll.JIR pearoum 20~rt+ zc;·re 
(-- - v~,t , - --- - ov ). 

c.nBRra ueHTpa sapsmoBoro pacripe.ne~eHHR npo.nyKTOB npn 6o~moM sHa'le

HHH runpHHU pacnpe.ne~eHHff. 
B § 2 B MKKpocKonl!'leCKOM no.nxo.ne.ncc~e.nyeTcR saBRCHMOCTb G: 

H (fl. i p) OT Be~qJIHU IIOTepb KHH8TH'l8CKOll :lHeprHit OTHOCHT8~bHOrO 
,1l;BI!JK8HHR. 

B § 3 npnBe,!(eHU . pesy.ThTBTU pacqeTa 5 ~ H ( i p '> ,!(.'III peaKUH£! 
>11: I\-~ ( 5I5 M3B) + ,.~. E, n ,. Fe ( 340 MaB) + zt-') Pf • BpeMR BsanMo

.nellcTBIIR H MUHHMB~bHOe paCCTORHHe M8l!\!1Y U8HTp8MH R,11;ep BHqnMeHU no 
rrporpaMMe THAJEC, OCHOBBHHOtl Ha MBCCH'l8CKOll MO,!(e~.C CUJIBMH Tpel:tnff. 
Pac'leTU noKasa~, 'ITO cpe.nHee 'IJIC~O nepe.naHHUX npoTOHOB ( Zplt))- "l p 

'IJBCTBRTe~HO K 3HB'l8HHRM.KX 3HeprHtl CBR3H B CTB~HBaDmffXCJl sutpax. 
TaR KBK K MOMeHTy KHT8HCHBHOrO 06MeHa HJMOH8MH R,11;p8 ,!(BOllHOtl CHCT8MI-l 
C~Ho B036YJK,IJ;eHu n .neftopmpoBBHil, TO 3Heprnn CBR3U HJMOHOB ( At- ) 
B HKX MOryT'OT~'IBTbCff OT COOTB8TCTBJD~tx Be~'IHH ~ HeB03MJm8HHUX 

I() 

R,!(ep. no ,3TOtl IIpU'IKHe B ,!(HCCep~aUHH HCM8,1(0Ba~acb.38BRCHMOCTb-Be~'IItH 
6~lt) u ·· < Zp(t)) oT · sHeprtffi: cnir~H IiYMOHoB • .Uorro~Te~bHUX irpe.nncmo

lKeHHff opacnpe.n\}JieHHH sHeprnn B036YJK,IJ;eHHR MeJ!U1Y .ff.npaMn Ha nepBotl.cTa-
. '~ - 'l". ·. . ; ' ·, - • . 

.nHII peaKUHn He .ne~aJiocb •. 
'. . . '2.. ·~ A ! 

B pac'leTax 6 2 n < z,.(t)> BapbHpOBaJiacb Be~'IItHa ~f • Pe-
3Y~TBTll, npnBe,!(eHHlle Ha p:uc.3, nO.JJY'l8HU npu YM8Hbl!I8HUH ftp sutPa 

~t. 1(-z Ha 2,3 MsB (IIJHKTHp) H 2~ 7 MsB (cn~omHa·R) no OTHOI!IeHHD K He-
B03MYm8HHOMY R,!(py. . 

. B paCCMOTpeHHUX pea~ Ha6JI~8DTcff co6~THff c O'I8Hb 60~illHMH 
noTepRMH KUH8TH'l8CKO£l 3HeprUH, ROr,!(a CYMMapHaJI RKH8TH'leCRBR 3HeprnR 

npo.nyKTOB. Ha 20.:3Q. MsB. HIDKe. Hx 3Hepr~ .· RYJIOHOBCKOro OTTS_JIRHBBHHR, , 

pBCC'IHTBHHOff ,1l;JIR ,ItByX conpHKSCB!OOUtxCR cij!epH'l8CKKX R,!(ep. 3To OS.Haqa_: 
eT, 'ITO B CTO~Ho~eHHRX c 6o~miiM~ noTepm~H sHepruH smpa ,IteijlopMH~ . 

•• • ' j • • ' ' 

pyiDTcR, B pe3y~TaTe qero JM8HbruaeTqR sHeprnR nx Ky~oHoBcKoro ,OTTa~-
KHBaHHR • .Ueij!opMaUUR BH3UBaeT H3M8H8HHR CTpJKTYPll R,11;ep, c~e,!(CTBHeM 
KOTOpH:X MOlKeT 6UTb H3MeHeHne ~lHepriiJI CBR3ll npoTOI!a. 

B 38~'l8HHU IIepe'IHCJieHil OCHOBHHe pesyJibT8TU, no~eHHUe B ,!(HC
cepTaUJIH. 
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PHc.3 2KcrrepHMeHTa~Hue :u TeopeTn'lecKne 3HB'leHHR BeJIH'IIDI 
6'~ ll < i_p':> ,ItJIR p83JIH'IHUX 3HB'l8Hl'Ifi IIOTepb KHHe

TH'l8CKOfi 3Heprnu /\.E" 1111 B peaKUIIH 8bJ('l(5I5MsB) + 
IE>~E~ ; . /':,. - 3RCnepnMeHT,.---- - TeOpl'IR (t.:>t' == .· . r 

== 2,3 MsB), - TeopnR (~>.j. == 2, 7 MsB). 
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I. Paapac5oTan 1\UIKpocKomr<mcKH:Ii MeTo.n ormcaHH.II npouecca MHoro

HJK.'IOHHux nepe,na'l·, II03BOJiJ:narUIH ytmTUBaT:b B p8C'l8T8X OC068HHOCTH 

CTpyKTYPll CT8.1IKlUlDYJJtHXC.II R,llep. · 

2. IToJiy•reHHaiJ anBHCll:MOCT:I. ,niicnepcmt '!licJia npoTonoB B JierKOM 
' 2 

ti-'PnrMeHTe fl2 oT BpeMenn ·rro.n:TneplK,l{aeT npe.nnoJioJKeHniJ, JieJKallllie B oc-

1IOBe ,nmiJJiY3;tOHHOtl MO,ll8.1Ili MHOrOHYKJIOHHHX IIepe,lla'l. 

3. Paapa60T8HHHil M8TO.D; YCOBeprneHCTBOBaH BKJIPJ'lCHHeM B p8CCMOTpe

HHC OCT8TO'lHllX CU.'!, ,ll8llCTBYI<liiiDC Mexmy IIYKJIOH8Mli B R,llp8X, 0TO II03B0-

.7Ii:WT YJIY'l!lll!TL corJiacue TeopeTir<IeCKiiX peayJILTBTOB ,nJIII lllHPHH aap.II.D;OBHX 

pacrrpe.neJienni! c ::mcrrepnMeHTa.1!l>HilMR. 

4. Ha6JI~aeMaiJ3KcnepJIMeHT8JI:bHO 38BHCHMOCT:b IIOJIOJK8HRIJ ueHTpa 

38p.II.D;OBOrO pacrrpe,neJieHH.II OT B8.1Ili'lliHil IIOTep:b KHH8TH'l8CKOll 3HeprHH .IlJIII 

HeKOTOpux peaKUHll, He HM8IDma.II .no ~HX nop o6merrpliH.IIToro o6~.1IcneHH.II, 

B paMKaX IIpeJtJIOJKeHHOn t(.UKpoCKOIIli'l8CKOH MO,lle.IIli OCl'b.IICHIIeTCIJ yB8.1Ili'!8HH

eM cTenemr .ne~pMauun i)JparMeHTOB no Mepe sospacTaHH.fl neynpyrocrn 

CTOJIKHOB8HH.fl, KOTOpa.fi X8p8KTepnsyeTC.fl B8.1Ili'lliHOH IIOTepn KllH8TH'l8CKOH 

::meprHH OTHQCUTeJI:bHOrO ,lJ;BHJKeiDt.fl CT8JIKHB8!01lUiXC.fl R,llep, 

5. PaCC'lMT8H BKJIB.li npouecca 06MeHa HYKJIOH8Ml! M8l!'Jzy" .II.D;prom B Be;

Jill'lltHY IIOT8Hll,l'la.l!a ll381Th~O,lletlcTBH.fl .II.D;ep, 'ITO Bal:\HO .IlJIII IIOH!I!.l8HH.fl 3H8'!e

HliM napaMeTpOB OIITlr<I8CKOrO IIOT8HUH8JI8, IllUpoKO HCIIOJI:b3Y8MOro B aa,naqax 

pacceiiH!IR. 

Ocnosmw peayJI:bT8T!l .uuccepTaUHH orry6Jnmosanu n CJie.nyl<l!l}o:: pa6oTax: 

l. JbKoJioc l'.B., Hnc:rpon A.K. l.llioroeyK.Jionnue nepe.uaqu B peaKunm rJIY-

6oKoneynpyno:: CTOJIKHOB8HHii T.fllK8JIUX l!OHOB. - ffi>, !984, T.40, c.72I-

727. 
-2. ,IT,:~oJ:OC P.B., Hacapon A.K. B.nnmine OCT8TO'IHHX ClfJI Ha WHpHHl.i aap>mo

BUX pa cnpe.neJreHaii npo.nyKTOB peaKJJ,ID1 r.moroHYKJIOHHHX nepeJJ:a q. -

H<li, 1985, T.42, c.I75-I80. 
3. )llKo;roc P.B., ~tw:mon A.M., Hacnpon A.K. B.mmnne cTpyKTypu R.nep na 

ceqemur peaRU:Ii~ rmoroHyKJIOHHHX nepe.UIPI. - HI>, I 986, T. ·14, .c. 357-

36!. 

4 • .lJJ;to;roc P.R., Hamrpos A.K. YtJeT BJIIrmnm o6MeHa HJY..'IOH8MVI Ha noTen

UliB·1 B38MMO)Iei1CTB!HI .II.D;ep. , - }Jy6na, 1986. - 6 C. (fTpenpliHT/06oe.ll. 

nn-T >mepH. VICCJie.rt.: P4-8f,...255). 

5 • .Il.Jr.o;roc P.B., Hac:rpoB A.K. 3apii,JJ;OB!le pacnpe.neJiellllR npo.nyKTOB peaK

UHf! MHOrOHYKJIOHHUX nepe)l8'l !IpH OOJI:b!JUX 3H8'l8HlJIJX IIOTep:b K>!HCT!f'IeC

KOff anepruu. - )Jy6ira,.I986. -?c. (ITpenpHHT/06oe.n. nH-T .II.D;epn. 

HCCJie,ll. : P4-86-546), 

PyEOilliC:b TIOCTyllil.Jia B ll3,IJ;a TeJI:bCKIDi OT,UM 
12 .neKa6p.fl I9d6 roAa. 
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