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. K H8CTOSillteMy BpeMeHlr BblfiOIIHeHO 3H8'iHTe1IbHOe KOIIH'ieCTBO · SKCrrepH- . 

. MeaTanbHbiX pa6oT no uccnell~~aauro JlEmonSipuaau~u o~puuaTenbllbiX MJoo~oB 
' · ... ·- .·. . ' · . ·.· ' . . · . . ' Ill · 
B paanH'iHbiX BellJ~CTBa~. noJlp06HaSI .6u6nuorpa«f!HSI npHBeJleHa B ... Aaanua··. 

~KcrrepHMeHTanbHbiX Jl8HHbiX. noKaabiBaeT, 'iTO· JlerronSipH38UHSI MIOOHa · rrpH 
' . . ... ' . . ' " 

aaXBaTe ero Ha Jl8HHbl.H 8TOM c.yUieCTBeHHbiM o6paSOM 38BH~llT OT CTpyKTy-·· 
·- . ~ ' . ' . . . ~ . 

pbi. ·MOneKy1lb11 B COCT8B KOTOpoii: BXOi:IHT. STOT 8TOM. TaK 1 HarrpHMep, rrpH 

/23/' . . ./3/ .. · 
_38XB8Te ·MIOOlJOB KHCIIOPOJlOM ·B. BOlle 1 H :lKHJlKOM KHCIIOpOJle KOsifJ.;. . 

. «f!HUHeHTbl 8CHMMeTpHH sneKTpOHOB p.- ... e ~-p~CI_I8Jl8 paB~bl 1;7±.0,5% ~· 

0,4~0,5 COOTBeTCTBeHlJO. TaKoe paanH'iHe Heo6~SI~HHMo C TO'iKH apeHHSI Teo-
. . . /4 111 . . . . . 

flHH KaCK8JlHOH Jle1IOIISipH38UHH 
1 

1 KOTOpaSI Jl_BeT. BeiiH'iHHy OCT8TO'ill0.~: ;, 
. . -... ~ . . . ·' ' . 

nonSipuaauuu aa·K.~o6ono'iKe MeaoaToMa,p~BHyro_ 1/6 aaqanbaoii: nonSipuaa-

uuu MIOOH8o' 0JlH8KO JlO CHX riop He rrpoBe~eHO TeopeTH'ieCKHX HCCn~JlOB8HHH 
. • • • l. J ' • • -. ~. 

Jl1ISI BbJSICHeHHSI MeX8HH3MOB JlenonSipH38UHH. B peanbHbiX Cpe]laX • 
. · ,·,·/11· . . 

B pa6oTe. aBTopoM npeJJno~eao B Ka'ieCTBe JJononHHTenbHoro.K Kac-

KBJlHDMY paCCMOTpeTb K8K . B03MO:lKHbiH .MeX8HH3M 1 'BnHSIIOUIHH H8 ]lerronSipH-

. 38UHI01 Ba8HMO]leHC?TBHe Meaoa;roMa' C OKpy:lKBIOIIJeii: cpeaoii: H. BCTynneHHe ero . . . . 

· 1101ISipHaa~HIO H8 BOlte • 8BTOp rrpeJliiBI'8'eT o6~SICHSITb p·eaKUHSIMH Me30p8JlHKa

na.' aaoTa' ( Me~oaTo~ KHcnopoJla B ocHOBHOM sneKTpOHHOM cocToSIHHH HMeeT 

sneKTpOHHYID .o6ono'iKY .. l S 2 2 S 2 2 p l ;- Ha-aa ~Kpa~;poBaHHSI ~~·OHO~ o~H~H 
e]lHHHUhl aapSIJla SlllPS. T8K8SI. sneKTpOHH8SI CTpyKTypa COOTBeTCTByeT 8TOM.Y 

' ~ ' • ' '' ' I •' ' ' o I 0 

·' a~oTa, 1I09TOMY n' J::iasibHeii:JJJeM oyJleM H83b!B8Tb :r.aKyiO. micTeMy MeaoaaO"I:Ol\.1 
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Hllii Me30p8JlHK8llOM 830Ta) C MOlleKynaMH aOJlbl •. 0JlH8KO XHMH'IeCKIIe 

peaKUHH TepMa!IHSOaaHHOI'O Me30830Ta C aoJlOH SHepreTJPiecKH aanperueHblo 

Eonee Toro, OHH· aanpemeHbi Jla>Ke c y'IeTo.'M sHeprnn OTJla'In ·MeaoasoTa 

{~ 1 sa), KOTOpyro OH MO>KeT nony'IHTb ITpH HcnycKaHHH KaaHTa_ MeaopeHT~ 
/2 3/ 

reHOaCKOI'O HSny'IeHHSio 11 TeM He MeHee 1 TOT ¢aKT1 'ITO a SKcnepnMeHTe 1 
. 

Ha6nroJlaeTcSI npeueccHSI cao6oJlHoro cnHHa MeaoHa B nonepe'IHOM none, 

a He CyMMapHOI'O MBI'HHTHOI'O MO:\ieHTa napaMai'HllTHOI'O Me30830Ta
1 

I'OBO

pHT 0 TOM, 'ITO Heo6XOJlHMO y'IHTbiaaTb 6biCTpbie XHMII'IeCKHe asaHMOJleil-

CTBHSI Me30830Ta, liOCKO!IhKy !IHillb OHH Mory_T npnae~TH K KOMlleHCHpoaaHHID 

imcnapeHHhiX sneKTpoHoB · 'n ycTpaaeanro, TaKHM o6pasoM, napaMaraeTuaMa 

sneKTpoanoil o6o;xo'IKH. CneJloBaTenhao, ::tnSI KoppeKTHoro perneanSI npo6n_eMbi · 

Heo6XOJlHMO llpHB!Ie'Ib K8KHe_:TO JlOliO!IHHTenbHbie llpOUeCCbl 1 npOHCXOJlHiliHe 

npH aaxaaTe MIDOHa 8TOMOM BemecTaa H li03BO!ISIIDiliHe MeaopaJl~Kany BCTy

li8Tb B XHMH'IeCKYID _CBSI3h. ITo!IbiTKe T8KOI'O paCCMOTpeHHH Ha npnMepe aa- . 

XBaTa MIDO!Ia B BOlle H liOCBSIIlleHa .. H8CTOSIIli8SI pa6oTa. 

0TpHUaTenhHblll MIDOH1 3aMeJl!ISISICb B aemecTae, s_axaaTbiBaeTCH B CaH-

38HHOe COCTOHHHe. TaK KBK 38XB8T HJleT npeHMyruecTaeHHO nocpeJlCTaO.'M 
/5/ . 

0>Ke-MexaHH3M8 , TO ecTecTaeHHO npeJliTO!IO>KHTb1 'ITO MIDOH C8JliiTCSI a 06-

nacTb MllKCHM8!IbHOH li!IOTHOCTH sneKTpOHoa, T.e. B cpeJlHeM Ha ypoaHn a 
mp. .., · /6/ . 

n ~ V -- = 14 .. 15 • 0JlH8KO STO He HCKlliD'IaeT aoSMO>KHOCTH 
me 

pail:oae 

liOC8JlKH Ha 6onee BbiCOKO!Ie>Kautne ypoaJ:IH. nnSI onpeJleneHHH saceneJ:IHOCTH 

no n Heo6XOJlllMO 3H8Tb MeXaHH3M 3aMeJllleHIIH {a o6naC'J.'ll MIJ.!IbiX 3HeprHfi) 

H 38BHCHMOCTb Ce'IeHHSI 3aXBaTa J:Ia ypoBeJ:Ib C JlBHHbiMH n OT SHeprHH Me-

30J:Ia. Ecnif 38XB8TbiBaiDTCH TO!IhKO TepMann30BaJ:IJ:Ibie Mesoiibi 1 KaK STO pac-
. . . . . /7/ . . 

CMaTpnaaeTCH B MOJlenH 6onbiliHX Me30MOIIeKyn 1 TO aepOHTSOCTb rto_caJlKH 

B KaKyro....:im6o o6naCTh nponopunonanhaa nnoTHOCTH sneKTpOHOB B aToll: o6-:

n~CTH.- ·J1a TaKoro paccMoTpeanH cneJlyeT, 'ITO, aanpHMep, B MoneKyne BOllbi 
' . . . . . . 

B o6nacTb Ban.eHTHbiX sneKTpOIIOB C,9JlHTCH -~ 20% acex MIDOHOB. nn51 TBKHX 

ypoanell: n ·>_ 30. B ocTanhHhiX cny'IaSix MIDOH CBJlHTC::SI cpasy H~ paaJleneHHbie 

ypOBHll1 Jl!ISI KOTOpbiX n .< 30 H TOilbK'J T8KHe cny'Iall 6yJlyT paCCMaTpHBaTb-

4 

l 
{ 

l 

j 
1\ .. 

.·•. 

CSI 1 a BK!IBJlOM B O~TaTO'IHYID np:mpH38UHID OT .MIDOH:)~, .•KOTOpl 
. .. . 

Ha o6rueMoneKynH_pilble · ypo8Hn, 6yJleM npeHe6pe_raih.,. 

. nnst MIOOI:IjB, KOTOpl;Ie 6binll, aaxaa"tJeHbl Ha-.p83JleneHHble . . 

TeKaeT ·Hop:.!~IIhlii~Ifi· K~c~all O:l!(e· n pattnaulloH~hix nepexollo~> 
BepoHTHOCTb ·,JMlHBUllOHHbiX -nepeXOJlOB rranaeT C 'pocTo:\1'rmiaa. 

' : . . . . .. 
aoro 'Incna. n ( rpan.:"' n.-J ) ~ a aepoSITHOCTb·. 0)1-;e-rrepexonon H. 

'paCTdeT C poCTOM n . TO Ha abiCOKo· m!>KailiiiX YPOBHSIX Meao. 

HOCTb O>Ke-rrepexonoB sila'IUTenbHo • npenbxmaeT aepoSITH:>.:::Tb p~: 
.. ·- . . . /81 ,. . 

. rrepexoJloa. -IT/:> oueHKaM Eyp6uii>Ka n. _rie Eopne · · , ~ooTHOineiu 

poCTHMll O>Ke II pallHaUIIOHHbiX _nepeXOllOB a' ooixaCT,ll nerKHX HJJ 
. . .. . .. ,. s· . ,· . . . . . . 

ll!ISI. n ~- 8, r O>Ke I rpah:~JO ' If: CKopoc-rn O:Ke nepe:Xonoa IIOpSl 
. :te -t · · · · · · ·· · · 

'·' + 10 CeK • ITo. OJieHK8~1 'reX .mo aaTopOBt:l!IH nerKIIX Hllep 

HTHDCTh abi6paCbiBaHIISl :0>Ke-nepex.oita~llj. acex sneKTpOHOa aTot 
. . " ~~ 

l.JTo >Ke. nponsoi'!neT, e~nn MIODH sax~aTbiBaeTcH: 8TDMDM
1 

B cocT_ae Mo~e~ymx? Ecnn q>Ke_:..~epexonbl npi~a~n;T _K'<iac'~·n.JHI 
~oMy paapymeHnro.-'sneKTpoHHhix· o6ono'IeK acex aTo~oa, To sTo 

aonnTh K ee n~~encnBH~My Kyno.HoBcKo1-.ty pacna~y. · ileHic;anTeJJ 

CIITyauusi, IIMeeT MecTo, HanpnMep, npi1 o6pasoami1ui· aaK:aacun 

.. , non~, BXOllHmer~ -~ ~ocTa~ . ~oneK~-~hi: CH 
3

1; . ~ , ~nbtTax KapncoH 
. . . ~ ' " . - - ' . . 

.. Iia6~10llllnH~h. I!OHbl. H, c 'u I . c ~aJ~;IMll aapHllO~I II SHep~Hei'l, KO~ 
o6'hHCH~Th Tonhiw .. 6b!C~pbtM u nomlbtl\1 paa~y~·~HII~M .C a·a· ~~~T. 

•. -· . . . 
UHH) BaneHTHOI'f 30Hbi Bcex aTOMOB •. CpellHUe Slieprini. IIOHD~ :cc . . ~ . . ' . . ~ . . . ·. . 

_slieprnn KynoH~BcKoro pacTanKuaaHIIH ( "KynonoacKoro; s·apbxaa" 

>KeHnn, 'ITO ·p·aapymeHne sneKTpoHai:.tx o6ono'I~K npouao'm~ci 3a. E 
~ • - •• • " > • ,. '· ·, ; ~ ·!. • < • 

BeHHO MeHhillee 'BpeMeHU pcisneTiliiOHOB, • T;e •. 3a ,BpeMSI · .. < 10 

03Ha'IaeT, 'IT~ "'riollBII>KHO~T~ .. Bl;iieHTHJ,t~ sneK'rpoHoB ;B MOneKy 
. . "' . -~- - '- : . . . . . ' .. 

!IIIKa. 3$$eKT .. ~KY!IOHOBCKOI'O B3ph!Bll" Ha6niOll8!ICSI H8 MHDI'HX .1\ 

' · {ciM. T'aK>K~Itoi)~ . ~:: · .... :- · ·:. . . :· ~-

·.···. 
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tbi • · OnnaKo xrrMiPtecKrre 

fi: snepreTu'IeCKH 3arrpemeHbi. 

fleprrrrr oTna'Irr ·Me3oa3oTa 

:rrycKaHllll KBaHTa. Me3opeHT-
/2,3/' 

QaKT1 'ITO B SKCIIeprrMeHTe . 

30Ha B rronepe'IHOM none, 

arHHTHOI"O Me30a3oTa, I"OBO-

bie XllMH'IeCKUe B3aHMOJlefi-

nprrBe~Tll K KOMlieHCHpOBaHHIO 

.t o6pa3oM,. rrapl:lMarneTu3Ma 

ppeKTHOI"O pemeHHSI IIp061JeMbl 

• xe rrpoueccbi, ·rrporrcxonstmrre 

DnSIIOliiHe Me30paJl~Kany BCTy-

8CCMOTpe_HHSI liB IlpHMepe 3a

pa6oTa. 

UeCTBe, 3_aXBaTbiBaeTCSI B CBSI

MyliieCTBeHHO IIOCpeJlCTBOM 

>KllTh, 'ITO MIODII CaJlllTCSI B 06-

~.e. B cpenneM na ypoanrr B 

He llCKniO'l8eT B03MO>KHOCTH 

~ orrpenenenrrst 3acenennocTrr 

1 .( B o6n~cirr ManbiX sueprrrfi) 

.JlaHHbiMH n OT SHSpi"llll Me-

BaHHbie Me30Hbl1 KaK STO pac-
' /7/ 1 
IT TO BepOSITSOCTh no~aJlKll 

IOCTU aneKTpOHOB B STOH 06~ 
L 

, narrprrMep, B MoneK_Yne BOllbi 

!Q% BCeX MIOOHOBo llmi T8KUX 

anHT~SI cpa3y na pa3neneHHbie 

cnyqarr 6yayT paccMaTpHBaTh-

. , 

1 
' 

1 
!' 
I 

I 
j, 
:·,., 

l 
L .. 
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1 ' . 
j 
j. 

\ ... ~ 

, .. 

. · .... 
:t ··. 

._ ... 

est, a BKnaaoM B O(;;TBTO'IHYIO IIOlllipH3aUUIO OT .MIODIIOB1 -KOTOpbie caasiTCH 

na o6meMoneKynst_piibie ypoBnn, 6yaeM rrp.:me6pe.raib. 

lln11 MIOOI:IjB, ,KOTOpbi~ fibinll. 3aXBa'IeHbl Ha-. pa3JieneHHbie. ypOBHH
1 

rrpo-. ' 

~eKaeT ·aop:-.t~nbH·I;Iii' Kac~an O)!(e· il pan.naunoHHbix rrepexoao~> Ta~ KaK .. 
. . . . . ' . 

. . -.. ' ... ' . ' 

Bep'?SITHOCTb ·,JclilHaUHOHH.blX -IIepeXOJlOB rraaaeT C ·poc;::To\.1 'rnaBHOI"O KB8HTO.;.. 

B~ro 'IIICna n( Ipaa.:" n.-
3

); a BepoSIT!iOCTb' 0)'-;e-rrepeXOJlOB Hao6opoT, B03-

paCTdeT C pOCTOM n ·, . TO Ha Bb!COKO nemaliiUX ypOBHSIX MeaoaToMa Bepo~T':"' 

HOCTb 0>«e-rrepeXOJlOB 3iia'II!TenbHO IIpeBbiUiaeT BepOSITHO;::Tb paaUaUUOHHbiX ' . 
' . . • . . /81 ' . 

rrppexono13 •. n,o ouenKaM Eyp6rrn>Ka n ne Eopne , c;::ooTnouwnrre Me>Kny cKO-

.pocTSIMH Ome rr p~nrraurroHHbix _rrepexonoa a· oom:iCT.II nerKrrx ·staep · .:i :::::: ·::lQ,· 
. •: . ' ' .• 5 ' • . • : . . •' '·. 15 . ' 

nm1. n ;;:: · 8, f' o>Ke I f'paa~lO . n. cKopocTH O:Ke rrepexonoa rropstaKa 10 + · 
'16 ' . -1 . 

+ 10. ceK • no. mienKaM Tex _>Ke aaTopoa1,1nfl nerKHX stnep aenrrKa:,se_po;-

, st"rnocTb Bbl6pacbiBanl!si :O>Ke-nepexoi:ta~ni · acex sneKTponoB aToMa. 
. . ~ 

lfTo >Ke IIpOI130ilJieT, 9Cllll MIOOH 3axBaTb!BaeTCSI. aTOMOM
1 

BXOJlSIIUHM 

a cocTaB Mo~eKynbt? Ecn11 <?>Ke-~epexonbi npi~aenyT K '<iac'~ntln~My ·Hn-~ .non

HOMy pa3pyllleHI!IO''aneKTpOHHblX o6oni:>'IeK acex arpMoB, TO_ STO non>KHO ri~n:.:. 

BOlllfTb ,K ee IIHTeHcHBHOMy Kyno.noacKoi-.ty pacnany. ileiicTBuTenbHo,. TaKast 

cniyauiist, nM~eT · MecTo, na':lpnMep, npi1 o6pa3oaan1m· saH:aacnrr a · i< ::-~6;no-itKe 
. ~ . ,. :··. '· ' /9/ ~ 

. , nona, axoastmero a cocTas MoneKy.rii,t CH 3 1; .a orrbiTax Kapncona _n:,YaiiTa .· 
. . . ~ \ . . . ' . 

lia6n10Jiann~b I!OHbi H, C ·u I· c TaJ~~IMli 3apstno~I n sneprrre.ri,' KoTopbie MO>KHO 
'! . . • , • • • . • I . . , 

o6'bSIC~HTb TOnbKO 6bJCTp~lM ll IIOllllbll\1 pa3pyUieHII9M ( 3a · C'Ie~ llBTC>HOHll38- . 

unrr) aaneHTHoif 30Hbi scex aToMoB •. Cpen11ne s!teprmi. nonoa coo.TBeTcTByr1n 
' . ~ . . . ' . . . . . . ·. . . . ' "' 

atiepi"HH KynoHOBCKOI"O pacTan~ii~BllHIISI ( "KynOI!OBCKOI"O BapbiBa") B 'rrpearrono-

.. me_Hnn, 'ITO p·a~pyUieHne sneKTJoHHhiX o6ono;~·K rrpon:3rilll~ci. ~a. apeMst, cym~cT:-
8enno MeHbUie~ apeMenn pa3ne~a .llolloi3, T;e •. 3a apeMst · ::5 io.:. 15 'c~K.' 3To , 

03H8'IaeT, 'IT~ "IlOJlBli>KIIO~Tb" Bil.JieHTHblX aneKTpOHOB :B MoneKyn~ "O'ISHb Be-
·•· .. ' 

S<P<Pe'KT ."KynoaoacKoro B3pbtaa" 

TBK>K/10/) .•. ~-· ' .... 
nHKa. 

, ' ~ .. ·' 
·· · (eM. 

•'". 
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TaKHM o6pa30M ,npll nocanKe MIOOHa Ha n = 14 +-15 MeaoaTOMa KHCnO

pona MoneKynhi BOnhi BCe aneKTpOHhl )'fOneKynbJ neil:CTBHTenbHO MOryT 6b!Tb 

Bhi6poiiieHhi ilocpencTBOM 02Ke-nepexonoB K TOMy BpeMeHn, Korna MIOOH 

noCTHrHeT ypOBHSI n = 5 .... 8. IlpH ::tTOM 9HeprHSI aneKTpOHOB 02Ke 6yneT 
2 3 . 

ne2KaTb B HHTepBane oT 10 no 10 aB. TaKne aneKTpOHhi cnoco6Hhi o6pa-

, "/18/ 
aoBbiBaTh IIInyphi , pacnpeneneHHbie naoTponHo BOKpyr MeaoaToMa. 

B Ka)KlloM TaKoM "IIInype" Mo2KeT HaxonnThCSI no 8 nap pannKanoB H 

H OH 1141. 
u /12/ 

11cxonsr II3 o6menpliHHTOH Monenn MoneKynhl BOn hi _(eM., HanpHMep, ) , 

neTpynno noctJHTaTb aHeprnro "KynonoBcKoro B3phiBa" npii nonHoil: "o6niipKe .. 

aneKTpOHOB C MoneKynhi.3Ta 9HepriiSI _raBH8 220 9B1 npii'IeM no'ITII BCSI 9HepriiSI 

yHOCHTCSI o6pa30B8BIIIIIMHCSI npOTOHaMH1 T.K. OHH paaneTaiOTCSI non yrnoM,6nii3-

KIIM K: 11· .3aMennsrsrch, npoTOHhi coanaroT aoHy, HaChillleHHYIO o6noMKaMII MoneKynhi 
113/ 

BOnhi- panl!KanaMH HnOH.fpy6aSI oueHKa (no MexaHH3MY nn66II ) o6paao-

B8HHSI panHKanOB noKa3h!BaeT1 'IT::> B 30He aaMenneHHSI npOTOHOB C 9Hep

riieii 100 9B o6paayeTCSI B cpenneM OKOno 10 nap pannKanoB H H OH. 3aTeM-

pannmnhi Ha'IIIH810T peKOM6HHHpOBaTb C o6pa30BaHII8M MOneKynsrpHhiX npo-

nyKTOB II nii¢¢ynnnpoBaTb H3 peaKUHOHHOrO o6~eMa (o6~eM 1 B KOTOpOM HaXO

nsrTCR Bee o6paaoBaBIIInecn pannKanhl). KonntJeCTBeHHan o6pa6oTKa TaKIIX 

nBneniiil: otJeHh cno2KHa. Ona nponaaonnTcn MeTonaMn nu¢¢y3nonnoil: KHHeTIIKII 

/14/ 
( CM., HallpHMep, · ) • 

ITapannenbHO c o6paaoBaHneM paniiKanoB nneT n npouecc TepMannaa-

unii Me3oaToMa, KOTophii'I HO Mepe_ aaMenneHIIn B coynapennnx c oKpy2KaiO

meil: cpenoil: na6npaeT ce6e aneKTpoHHyro o6onotJKy. 3neprnn peKoM6nnauiin 

-13 6b!CTpO ( < 10 CeK) Bh!CB0602KnaeTCR nocpencTBOM nanytJeHHR y -KBaHTOB 

3a ctJeT ynapHoro MexaHnaMa. BpeMn Ha6opa aneKTpoHoB cpaBHIIMO c apeMe-
-13 

HeM coynapeHnil: MoneKyn B Bone, T.e. nopsrnKa 10 ceK. 06paaoBaBIIIHil:cn 

TaKHM o6pa30M Meaoa30T B OCHOBHOM COCTORHHH HMeeT TepM Sl/l • 3TO 03-

HatJaeT1 'ITO op6HTanbHb!e MOMeHThl BCeX TpeX aneKTpOHOB CKOMneHCHpOBaHhll 

a 'cnHHhi ycTaHaBnHBaiOTCR napannenbHO npyr npyry. 

Ecnn He ytJHThiBaTb nanbHeil:IIIIIX BaanMoneil:cTBIIil: Meaoa3 

2KaiOllleH Cpenoil:, B TOM 'IIICne C o6pa30B8BIIIIIMHCSI panHKanaMII 

K KOMneHC8UHH necnapeHHh!X MeKTpOHOB, TO B03M02KH8 nanbHE 

nsrpn3aunsr, o6ycnoBneHHasr nepexonaMII c onpoKIInhiBaHIIeM cnii: 

COCTOHHIISIMII CBepXTOHKOH CTpyKTypbl H3-3a B3aHMoneil:CTBHSI C 
u /4/ 

Ha K -o6onotJKe c MoMeHTOM aneKTpoHHOH o6onotJKII • OcTaT( 

pnaaunsr P c ytJeToM aToro MexaHIIaMa onpenensreTcH Bhipa2KeH 

P=~ F, 

rne ~ no.:ISipH3aUHSI K MOM eHTy OKOH'IaHHSI Me308TOMJIOro K 

2 
F =; (l + (2J + J)2 

) , 

J - nonHhiH MOMeHT aneKTpOHHOH o6onO'IKII. <f>II3IItJeCKHH CM: 

qaeTCSI B TOM, 'ITO B (J-F)cnyqaeB nponcxonnT IIOnHaSI nenonsr 

ocTanbHhiX oHa H:e nponcxonnT. '4ncnenHo Benii'IHHa F II3MeHSII 

no 1/3. '4acToTy nepeBopoTa cnnHa MeaoHa v 3a ctJeT caepx, 

neil:CTBIIR M02KHO onpenenSITb H3 COOTHOIIIeHHSI/ 
151 

w 
V=--

1; 

3necb W 

w ';, R. 
3 

llu lle 

1i ,3 

- 9Heprnn CBepXTOHKOrO B38HMoneiiCTBHR1 11 H /l rp • 
MOMeHThl MIOOH8 H aneKTpOHHOH o6ono'IKH1 f - pannyc napaMal 

notJKH. TaKOH pactJeT nnsr S3j2 COCTORHHSI Meaoa30Ta naeT 'laC~ 
~ 11 -1 

nhiBaHHR CTIHHa, paBHyiO V = 2,1.10 CeK • 

TaK. KaK B 9KCnepnMeHTe OCTaTO'IHYIO nonnpn3aUHIO H3Me] 

MeTonoM npoueccnn cnnHa MeaoHa B nonepe'IHOM MarHHTHOM n 

xonnMo y'IHThiBaTb n Ka2KymyiOCsr nenonsrpnaaunro, o6ycnoBneHH; 

CyMMapHoro MarHHTHOrO MOMenTa aneKTpOHHOH o6ono'IKH II MJC 



: 14 :.,. 15 MeaoaToMa KHcno

)lell:cTBHTenbHO MoryT 6b!Tb 

'{ ,BpeMeHH1 KOJ:'llB MIOOH 

;I, aneKTpOHOB ~)Ke 6y)leT 

aneKTpOHhi crroco6Hhi o6pa~ 

liTHO BOKpyr MeaoaTOMa~ 

10 .6 nap pallHKanoB H 

'' /12/ 
bi BOll!>! _(eM., uarrpnMep, ) , 

P?.I,~a" npnnonuoii "'o6JlHpKe' 

3~1 llpH'IeM IIO'ITH BCH auepl"HH 

JaaneTaJOTCH noll .yrnoM,6nna

:.uuenHyJO o6noMKaMn MoneKynhi 
'' ' ' /13/ ' ' 

'lHH3My. fln66n ) o6paao-

~llneHHH llpOTOHOB C ~mep-

ap pallHKanoB H u OH. 3aTeM 

>BanneM MoneKynHpHhiX npo-

3Ma (o6~eM 1 B. KOTOpOM H8XO

~TBeHHBH·06pa60TK8 TBKHX 

>ll8MH llH¢¢yaHOHHOll: KHHeTHKH 

rllleT n rrpouecc TepMannaa':"' 
, 

B coyllapeunHx c oKpy)K~JO-.· ~ . 

'IKY~. 3ueprHH peKOM6HH~UHH 

llCTBOM nany'IeHHH y -KBaliTOB 

>JieKTpOHOB cpaBliHMO C BpeMe..;. 
. -13' •- '' ' 
10 ceK. 06paaoBaBwnll:cH 

.·' j 

m nMe~T TepM S3/2. 3To ~a-

aneKTponoB CKOMIIeHCHpOB8Hhi, 

pyry. 

l 
1 
I 

'l 

I 
j 
·( 

I 

Ecnn ue y'IHThiBaTb llBJibHeiiwnx BaanMolleiicTBHll: MeaoaaoTa c oKpy

)KBJOUieii cpellOi1: 1 B .TOM 'IHCne C o6pa30B8BWHMHCH pa)lHKanaMH1 llpHBOJlHII!HX 

K KOMIIeHCaUHH HecnapellllbiX aneKTpOHOB1 TO B03MO)K!I8 llBJibHell:waH )leiiO.;, 

nHpnaaunH, o6ycnoBnennaH nepexoJlaMH c onpoKHJlhiBanneM cnnna Me)KllY 

COCTOHHHHMH CBepXTOHKOH CTpyKTyph! H3-3a B38HMO)leiicTBHH CIIHHa MIOOHa 

K 6 ' u '6 /4/ 0 Ha -0 OJIO'IK9 C MOMeHTOM aneKTpOHHOH 0 OJIO'IKH • CT8TO'IH8H IIOJIH-

pH38UHH p C y'IeTOM aTOI"O MeXaHH3M8 Ollpe)leJISI9TCH Bblp8)KeHHeM 

P=P F 0 , (1) 

rlle lg IIOJIHpH38UHH K .MOM eHTy OKOH'IBHHH Me308TOMIIOI"O KBCK8ll8 1 

F = L (l + --'.:....· 2--'_.;-
3 (2'J +' 1')2 

) , ( 2). 

J - nonHhill: MOMeHT aneKTpouuoii o6ono'IKH. cflnanqecKnll: CMhiCn F saKmo-

qaeTCH B TOM, 'ITO B (J-F)cny'IaeB llpOHCXOllHT IIOnHaH )leiiOJIHpH38UHH1 a B 

OCTanbHhiX OHB He llpOHCXOllHT. lJncnellHO BeJIH'IHIIB F H3MellSieTCH OT 1/2 

llo 1/3. lJacToTy nepeaopoTa cnnaa Meaoua v aa c'IeT caepxToHKoro aaanMo-
. /15/ 

)leHCTBHH MO)KHO Ollpe)leJISITb H3 COOTIIOWeHHH . 

w 
V=--

·1; 
";, 32 T. w (3) 

3JleCb W - aHepl"HH CBepXTOHKOI"O B38HMO)leHCTBHH 1 fL fL H fL. - Mal"HHTilbie 

MOMeHTbl MIOOHB H aneKTpOHHOfi. 060JIO'IKH1 r - pallHYC rrapaMBI"liHTHOH o6o

JIO'IKH. TaKOH paC'IeT llJIH .S3 j 2 COCTOHHHH MeaoaaoTa )laeT 'IBCTOTy OllpOKH-

"' 11 -1 
llb!BBHHH C11Hll8 1 paBHyJO V. = 2,1.10 Ce.K • 

TaK. KaK B 8KCIIepHMeHTe OCTBTO'IHYIO IIOnHpH38UHIO H3MepSIIOT 06bi'IHO 

MeTOllOM npoueCCHH CIIHHB Me30.Ha B IIOIIepe'IHOM MBI"HHT.HOM none, .T~ Heo6.:_ 

XOllHMO y'IHTbiBBTb H Ka)KyUiyJOCH llenonHpnaauHJO, o6ycnoane.n.ny10 npeueccneii 

cyMMap.HOI"O Mal"HHT.HOI"O MOMe.HTa aneKTpOHHOH o60JIO'IKH H MIOOHa. lJacToTa 

7 
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t {} TaKofi npeueccR~ IIpRMepHO Ha ltBa 'IIOpSiltK8 6onb1I!~ ·:_'IaCTOTbi• W rrpeueCCIIl! .. 

cBo6oaHoro c~nHa .. Me3oHa. HanpnMep, i3 n~rrepe~HOM rto'n~ 50 rc. qacToTa 
9 -1 . . 6 . -1· 

'{} •• 1,3•JQ . CeK , .B TO BpeMSI K8K W"" :5~ 10 CeK j TaK 'ITO K BpeMeHH 
, . . . . . . -7 ... 

Ha'Ian8 perncTpaulin aneKTpoHoB pacrraa8 ( "" 10 ceK) aomKHa rrpou3oii-

. • TH .·nonHaSI aenonSipl!38UHSI' MIOOHa- Ha qacToT.e npe11eccnn -ero crrnHa. TaKo..:. 

_Bb! ltB8 OCHOBHbiX MeXaHR3Ma aenonSipii38UHU MIOOHa 1 aeiicTBYIOlllUe nocne 

. OKOH'I8HHSI M~3~~TOMHO~O K·~~Kalt~ H Ha6o-pa -~esoaTOMO~ ''a~eKTpOHHOii ~60~ 
nO'IKHo · 

PeaKURR Me3t;JaToMa c. paltnKanaMn, oqpasoBaHHbiMH B "rnrrypax" oT 

O:lKe~aneKTpoHoB n_ :npouecce TopMo:lKeHnSI ocKonKoB "Ky.iwHoBcKoro B3pbiBa'', 

paCCMBTpHB810TCSI"B.lt8HHOH CTaTbe·Ka~ IIpHqHHa Toro, 'ITO O~TaTD'IH8~ rronSI-

pH38UiiSI B BOlte, Ii3MepeHHaSI MeTOltOM npeueCCRH Ha qacToTe CB06DltHOrO 

CIIRHa MIOOH81 OTnH'IH8. OT Hyng.·· 

PaccMoTpnM B38HMoaei1cTime · paa·nKanoB H n OH Me>:(J:tY -co6ofi ·:n c Meso-- . . 

~soToM. · 3annmeM Htm6onee ._cy~~CTBeHHhiE~ pe8KUnn: 

• lei 
H+H.- H2 

. . "2 .. 
0H+H~H2 0 

' ·' 
(4) 

. "3 . . 
OH +OH · H 2 02 • 

·· -3aecb k 1 1 ~ 1 . k3 - KOHCTaHTbi cKopocTe~ cooTBeTCTBYIOIURX XHMH'IeCKHX 

· · K - · 116/ .. u 

peaKUiiHo. 8K Ii3BeCTHO Ii3 nRTepaTypHbiX 'lt8HHbiX '· B :lKiillKDH Ii TBepnon . 

«P~:~._s_ax na-sa 6onhiiiofi KoHueHTpatinn paanK8~oB, o6pa_syroum~cSI, HarrpnMep, · 

·B pesynhTaTe TopMo:lKeHliSI ·TSI:lKenofi qacTRUbi 1 .peaKunn c o6p830BaHneM Mo-·, 
• . . · . -l2 . -11 ) . . I 

neKynSipHbiX IIPOllYKTOB IIpDTeK810T O'IeHh 6biCTpci ( 10 +'' 10 .. ·ceK • 3To . . .. , . 
~pOiiCXOltHT· IIOTOMY 1 'ITO BenH'IRHa · pa60Tbl BbiXOlt8 paan~~n6B' Ii3 pasorpeTofi 

·3'oHbi .B KoHneHcnpoB8HHofi ¢ase sennKa. HanpnMep, 'mi:lKe ·anSI .:lKHltKofi Bo-
/14/ . ' -12 .. 

·llbl . npoueCCbi peKOM6RHaURii cymeCTBeHHbl TOnhKO B IiHTepB8ne DT ·10 ·· 
-10· -10 -8 

... >]:tO ·.10· · .. CeK1 a OT 10 · ltD 10 ·. CeK . KOHUeHTpaUHSI paltRKanoB H MoneKy-

nSipHbiX IIpDltyKTOB npaKTH'IeCKii IIDCTOSIHHao lloaTOMy 6yJieM npeano·naraTb/ 

8 

", 

.. I . 

. 1 

! 

'•i 

1 

" 

. •' 

"· 

'ITO K TOMY BpeMeHR1 Koraa pe8KURH C y'IaCTHeM Me30a30'f8 E 

.paTh cymecTBeHHyiO ponh,_ KOHUeHTIJ8UHSI paltHKanoB H MoneKyn 

ayKTOB IIp8KTnqecKn OK83biB8eTcSI He saBncSimefi :oT iipeMeHII. 

palliiKanoB He ltOn:lKHa 38BHCeTb H OT TeMnep8Typbi Cpe]:tbi
1 

IIO'I 

I 17/ . UeCCbl peKOM6HH8UHJI H8'IHHaiOTCSI B p830rpeTofi 'KynOHOBC 

o6nacT-n;'Tae TeMnepaTypa MHoro .6onhiiie TeMnepaTypbi cpeltbi. 

cpeltbi 6yaeT cKa3biBaThCSI Ha ·6onee nosaHeM 3T8ne, nocne oc• 

KOrll8 CyllleCTBeHHb!Mii CT8HOBSITCSI pe8KUHH p8ltiiK8nOB H MDneH 

ltyKTDB C IIpl!MeCSIMH ( B H8IIIeM cny'!8e C Me30830TOM) • 

B K8'!ecTBe Han6onee cymecTBeHHbiX _peaKunfi Me30830T8' 

MH H, OH II MoneKynSipHblMH IIpOltYKT8Mii p8CCMOTp1IM 

.11 N+·H 
,\ 
~ NH 

11 

,\ 

11 
N +OH ---L-. 

11 
NOH 

11
N+ H2 o22L.. 

11 
NOH+ oH. 

rne .\1 ·, .\
2 II ,\3 .. - KOHCT8HTbi XHMH'IeCKHX pe8KUHfi Me30830 

BeTcTBYIOIUHM paanK8noM IInii MoneKynSipHbiM nponyKToM. llocne 

II MHoroqacTII'IHbiX pe8KU1Ifi p8CCMaTpHB8Th He 6yJ:teM
1 

T.K. nx· l 

. .< -9 BeHHD MeHhiiie B paCCM8TpiiB8eMOM HHTepBane BpeMeHII 10 

unu BD BCSIKOM cnyqae 38 BpeMSI1 Cp8BHHMOe C BpeMeHeM. DIIpO 

CIIHHa 38 C'!eT CBepXTOHKoro B38HMOllefiCTBHSI. 

3anniiieM lliicPcPepeHUII8nhHOe ypaBHeHne ltnSI CKDpOCTII BCTy 

.830!8 B XHMH'IeCKYIO pe8KUIIIO 

__ a_[ N]..,,\ ['N][H]+ .\
2 

[ N ][OH]+.\
3 

[ N][H
2
'0

2
].., at 11 · 11 · IL IL 

..,~ N]. I,\ I [H]+,\2 [OH ]+,\3 [H2 0 2].. 

.. 9 



6cin~me · .. 'IacToTi:.r' w npeueccmr · 

e'IHOM rtone 50 rc 'lacToTa 

. '-1 
CeK ; , TaK 'ITO K BpeMeHJI 

7 • . .. . 
10- ceK) JlO.II>KHa npoH30ii- . 

np(meccnu •·ero cnuHa. TaKo..:. 

JOOH8 1 nel~cTBYJOlliiie nocne 

l308TOMOM'aneKTpOHHOii o6o-

IOB8HHbiMH B "mn.ypax" OT 

JIKOB "~yiwiioE:cKoro B3pf>u:;a ,; , 

a Toro 1 'ITO OCT8TO'IHD~ liO.IIH-
. •. ' .•. ' 

IIII 118 '18CTOTe CB060JlHOrO . 

~unu:. 

(4) 

OTBeTCTByJOUII!X XIIMH'IeCKIIX 

/16/ . ' . "' . 
>IX . . '· ~ >KIIJlKOil: II TBepJlOn . 

o6pa,3yrolliii'\CH,_•·uanpiiMep, 

'eaKuuu c .·o6pa3oBaHIIeM M-o-· 

. ·-i2·· -11 )' ' 
10 ( 10 · .·· F 10 ·• .·ceK • 3To. 

ona·panii~~n6~ II3 paaorpeToil: 

~ep1 'na)\Ce Jl.IIH >KIIJlKOfi BO-
.. ' -12 

TonhKo B IIHTepaane OT · 10 

HTpaUIIH paniiKanoB:H MoneKy-
.,. 

~ToMy 6yJi:M npenrrona~aTb/ 

< .. J 

I 
: ,_ 

j 
I 

. ._: 

l 
I 

'ITO K TOMY BpeMeHII1 KOr}la peaKUIIII C Y'I8CTIIeM Me30aaora H8'IIIH8JOT IIr

paTh cymecTBeHnyro ponh, KOHUeHTpaUIIH paniiKanoB n MoneKynHpHbiX rrpo

llYKTOB npaKTH'IeCKI! OK83biB8eTCH He 38BIIcsimeil: :oT speMeHII. KoHueHTpaUIIH 

p8JliiK8.1IOB He JlO.II>KHa 38BIICeTh II OT TeMnepaTypbl cpe}lbl
1 

110TOMy 'ITO· rrpo-

/ 17/ 
UeCCbl peKOM6IIH8UIIII H8'1IIH8JOTCH B pa3orpeTofi °KY.IIOHOBCKIIM B3pblBOM" 

o6nacTn;' rne TeMnepaTypa MHoro 6onhiUe TeMnepaTyphi cpenbr, TeMrrepaTypa 

cpenhr 6yneT cKa3biBaThCH Ha ·6onee ll03JlHeM aTarre, rrocne OCTbiBaHIIH 30Hhr, 

KOrJla CyllieCTBeHHbiMII CT8HOBHTCH peaKUHH paJliiK8.1IOB II MO.IleKy.IIHpHblX llpO

IlyKTOB C llpHMeCHMII ( B HaiUeM C.lly'lae C Me30830TOM), 

MH 

B KatiecTae Haii6onee cymecTBeHHhiX peaKunfi Meaoa3oTa c palliiKana-

H, OH n MoneKynHpHbiMII rrponyKTaMII paccMoTpiiM 

N H JL + 
,\1 
~JLNH 

JL N +OH ~ JL NOH 

JLN+ H2 022L. JL NOH+ OH, 

'• 

( 5) 

II ,\J. - KOHCT8HTbl XIIMII'IeCKIIX peaKUIIfi Me30830T8 C COOT-

BeTCTBYJOlliiiM p8JliiK8.1IOM II.IIII MoneKy.IIHpHbiM nponyKTOM, OocneJlOBaTenbHblX 

H MHOrOtl8CTII'IHblX peaKUIIil: paCCM8TpiiB8Th He 6yJleM, T,K, IIx· BK.II8Jl cymeCT-

( -9 -12 ) BeHHO MeUhiUe B p8CCM8TpiiBaeMOM IIHTepBane BpeMeHII J0 ... 10 CeK 

~.IIH BO BCHKOM cnyqae 38 BpeMH1 cpaBHIIMOe C BpeMeHeM. orrp_oKIIJlbiBaHIIH 

Clli!Ha 38 C'leT CBepXTOHKOro B38IIMOJlefiCTBHH, 

3aniiiUeM Jlii$$epeHUII8.1IhHOe ypaBHeHIIe Jl.IIH CKOpOCTII BCTyrrneHIIH Meao-

830!8 B XIIMII'IeCKyJO peaKUIIJO 

( 6) 

9 
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Bbrpa)KeHHSI B KBaapaTHhiX ·cKo6Kax osJia'la.roT KonuenTpaum'r cooTBe_TcTByro-
. • . • . t,. • ~ ' ... ' c ' 

IIIHX ripoi:lyKTC>Bo BBeae'M o6o3Ha'leHlie . 
.:· . : .;_ 

···- .\ =.\· [H]-+.\ [ OH ]_; .\· [H -0 ·] . .-o. , . • ·2 3 2 2.' 
' ( 7)· 

.\
0

·_ .:.; 8enH'IH}I8 1 o6paTH8SI 'BpeMeHH BCTyrrneHHSI Me_~0830T8 B XHMH'IeCKYIO "' 

peaKunro. P_eUiaSI rrpe/lbi/ly;mee ypaB~enne o~n~cnTefibHO ~H], · m:iSI cKopocTH 

peaKunn· rrony'IHM 

. a • . -.\ot 
-·-. [ H]=[ H] 0 • .\ 0 ·e at JL -JL -

(8} 

. CKopocTb rrpoTeKaHHSI peaKUHH B · aaHHbiil: MOMenT BpeMeHH •.onpeaenSieT Bepo-

SI.THOCTb peaKUHH W N • .llnSI HOpMHpOBKH 6yi:leM pacCM8TpHB~Tb peaKUHH, · 

TOnbKO. B peaKUHOHHOM 06'heMe y ~ • Toraa, HCXO/lSI H3 T_Df0 1 'ITO ·)3 STOM 
-.-.. 
·o6'heMe H8XO/lHTCSI -TOnbKO 0/lHH 8T_DM Me30830T81 

. l . .[ H] =--•. 
..• JL o .. vp . 

T.e~ 

(9) 

.BepOS!THOCTb . BCTynneHHSI Me30830T8 B ·x~MH'IeCKyiO p~8KUHIO B MOMeHT Bpei-· 

MeHH f · MO)KHO -381IHC8Tb B BH/le 

WN(t}~' ·.·-"at' "o • e ( 10) ·.•· 

Tipeueccnro na qacToTe w MO)KHO na6nroaaTb,·· KaK y)Ke yrroMnilanocb, TonbKO 

Toraa, Koraa MesoasoT o6pa3yeT an.aMarnii'rHt)e coeaH:iienne. QqeBn.nno; 'ITo 

BepoSITHOCTb WNJ o6pa30B8HHSI .UH8M81'HHTHOI'O 1IpO/lYKT8 MO)KHO• 381IHC8Tb 
.; . :r 

. .. 

}'t ., 
~~ 
:,';. 
I· 
'· :;-
~. 

-· 
~ -~ . 

. L i . 
'•( ···.·' . ' . l . __ 

t· .• 

)( 

11 ' 

'li· 

. \· 
·. rr 
. . . ...... ~~ 

.;;-~ .J. 
• t 

I 

-~~,·~-\;;~~3 

,;: ; . lt. 
- !'. ·./. . . :·t 

· . . {\ 

·;· ___ ···{(·.·. 
., 

. 

l' 
~ K8K ~. 

' '. .... ~~ .:. . . . t J . - . 

WN_(t}=.\•e~' (l_l) 

3.necb. ,\ ·, 
BenH'IHH8 1 o6paTHBSI BpeMeHH BCTyiineHHSI Me30830T8 B ·XHMH'IeiC-

Kyro·peaKUHIO C o6p830B8HHeM .UH8M81'HHT}IOI'O rip~.UyK'ra. 

.• _._ 

10 .. . ;;~ 

. I 
'''t'l 
·I· 
. v ;\ 
,I,'J 

·I ,.y 
(, 

,, 

-· 

-PaccMoTpliM Terrep!',· KaKHM o6pa3oM BcTyrrnenne ~Me.3oa 

qecKyro peai<uuro BnuSieT · Iia aerronSipnaaunro Mroona. ·a MeTo.ne 
' ~ . . • I ' 

cumin Mroona na OIIhiTe. naMepSieTcSI · BpeMennoe pacnpeaenenn'e 
; ·· . 

pncnaaa 

cHe(t_f =H
0 

• e-r ~ 'l + 8 cos( wt + ¢} 1. 

3aecb· He (t} H H0 - C'leT · sn:~TP?H~B, cooTBe~cTBeHno, B ·~ 

Menw t n · B nyne BpeMenn0 r . . - BpeMSI )Kii3HH .MIOOH8 B Jl8HHC 

·.' .. · 8 - nn6nroaaeMbiil: Ko9¢¢nunenT acnMMeTimn n 

uec'c-nn lin '18C.TOTe w·:BTopoil:' q_ne'u. B -~mrypHb!X 
¢ -: na-.Janblll 

CK06KaX. ( 060:: 

npeacTaBnSieT co6oil:rrpeueccnroBeKTopa; narrpaBnenne KoTopo 
. . . . 
MnrnnTHI>IM JI.10MeHTOM_' Mrooiia, a.· a6conroTHaSI· Benu'llfHa paBna 

aCIIMMeTpiilf sneKTpOHOB·,-pacrraaa.- BenH'IIiH8 ·8 SIBnSieTCSI_ pes~ . ,. .. . ' · .. '. . . . ... ··, . · ... ·. . . 

H~HHSI (no' !3p_eMeHH. BCTyrrneHHSI B. X,HMH'IeCKYIO: peaKUHIO Me30I 

!jlnunen:ra :lCIIMMeTpHH 80 , C~OTBe;CTBYIOIIIei'O IIOnSI_PH3.~U~H 'I 

nne ami'. x ( t} . B . cnyqae Ka)Kymeil:cSI napaMarHJITHoil: · aerronSipH 

BH/l: 

. XJ ( t} = 8 O· •COS ( Cl.l t_-; {} f J } • 
; >~ 

,· 

3aecb : t 
1 

- BpeMSI ·BcTyrrneHHSI MeaoasoTa B. XHMI-I~ecKyro pea~ 

30B8HH~~ nro6oro anaMarHHTHoro npO/lYK!a~· .:f aKHM o6pa3~~. ·. 

SIBnSieTCSI H8'18nbHOil: <jla30il: IIpeueCCHH /liiSI K8)KJl0PO OTJlenbHOJ 

·~eCKOil: peaKUHHo Tio. orrpeaeneHH~ ·cpean.eil: BenH'IHHbl. 
·, c • . T . • . • ·.··-

. 4-- f cos(wt+Ot1 }·A· e-Ao!i. Jt
1 

X ( t}= 8 " O .. . . • • • 
J • · 0 • · T · . -~-~ J . ' 

· f"- •. e .. Jt 
0 : . . '·_.• • J 

_ ..... 
~· I" 

3aecb T - BpeMSI HIPiaJ_Ta ·ua6nroriennSI sneKTJJOH.oB pacnaaa, a 

BpeMSI na6m~~enHSI• Jlpn· ycno~H~, 'ITO K H~!lany ita6nroaeHHSI.' 

" a3oTa' y)Ke neT. .T.e. rrpn .. ·ycn_oBH~ .\0T >> ,· ··. I;:~.reeM~.-
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IT_ BpeMeHH '.onpeJienSieT sepo-

..{ pacc·MaT_pnsaTh peaKunn. · 

WJlSI• H3 T.Qf,Oi 'I'fO ·B STOM 

( 9) 

:KyJO pe:aKUll!O B MOMeHT Bpe-· 

. . . 

(·10) •· 

:aK y)Ke ynoMuilanoch, To.in~Ko 
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meHUSI ,Me30830T8 B ·XUMll'IEiC-

·. 

· ... · 

:. ·~· •• f • .. ' ' ::,. 

,· - . 

. -PacCMOTpHM Tenepb1 ' K8KHM o6pa30M BCTynneHHe 'Me.30STOMa- B XHMH-
. ' 

'<wcKyJO peaKU~IJO s.rlim~T ·. Iia · JlenonHpnsaun~. MJOOH~. ·~ MeToJle npeueccnn · • 

cmmn MJOoHa Ha onbiTe. llsMepHeTcH · speMeH:uoe pacnpeJleneune. aneKTpoHOB · 

'' 
pncnaJla 

( 12) ·. ·' 

3JleCh H., ( t) n 

Mell)f' t II. B Hyne BpeMeHH1 r': - BpeMSI )Kll3HH MJOOH8. B i:taHHOM Me30BTOMe •. 

· •. ' .. · B - nn6.iiiOJlaeMbiii Koa¢<j:Jnune~T acnMMeTim~ n ¢ ~ · ua~anbHaSI $a sa . n~e..;; ' 
cKo6Kax. ( o6o~:Ua'I~M ·ero x(tJ ) /. . . . . . 

rrpeJlCTnBnSieT co6oii npeuecCHJO Be~Topa, HanpaBneune KOTOporo 3aJiaeTCSI · . 
• • ' > • • • • ., • • •• • • ~ 

MtJriiiiT!!I>IM JI.,{OMeHTOM · ~JOOHa 1 a a6conJOTH8SI BeiiH'IHHa paBHa KoacfJ<jlnu.i!!3HTY· 

acuMMeTpnu aneKTpouoa-,pacna)la. Bemi'IHHa ·B .SIBnSieTCSI pesynhTaToM ycpell":' 

~~~USI (no.· B~e~~Hll. B~Tynne~H~· B. X~~U'Ie6KYJO. peaKUll!O Me30830T8) KO~:.;, 
q'umwnTn ncnMMeTpnn 80 , c~oTBe;cTBYJOIUero rronSipua~m~n · P0 , . if· ·~blpa)Ke- .. 

HUe JliiSI x(t} B _cnyqae Ka)KymeiicSI rrapaMarJHITHOii ·Jlerromipnsauuu uMee'r .. 

(13) 

3JleCb : t I - BpeMSI 'scTynneHUSI Me30830T8 B. XllMU'IeCKYJO peaKUllio C o6pa-_ 

·. : 3osauu~M n106oro JlUaMarunTiioro rrpollYK!a~· -~ aKUM o6pasor\-f~ · •in~H · ri t1 

SIBIISieTCSI H~~8IIb~Oii <jlasoii npeUeCCHll JliiSI K8)KJl0T'O OTJlenbHOT'O 8KTa·XUMll-

peaKUHH. Do' onpeJleneHUID 'cpeJlHeil BenU'IHHbl ' 
., , .)\ T . . . .· . . -11.

0
·, (. 

-r- f cos(wt+fi t1 ).A. e . Jt 1 x ( t) = S . "0 0 . . 
I ·- 0- 'T·. -~;iJ 

·fA ~ e: . .. Jt 1 0 ,. . ·: ' 

{ i4) 

3necb T - BpeMSI HQ'Ian.a Ha6nJOJleHUSI aneKTpOHOB pacrrana, at . ..; TeKylltee. ·' . 

BpeMSI ua6n~peanSI• Dpu· y'cno~Ii~, 'ITO. K ~~~any -ua6nJOneuu~. cBo6onuoro Meso

'· asoT;;· y)Ke HeT: . T.e. npu · ycnoBnn A0T >> i . n:.reeM: 
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· x (t)=8 •· A [A0 cosiDt-UsiniDt]. 
. ' o A2o+n 2 . . 

C noMOlllbiD npeo6paaoBaHHH 

cos ¢
0 

Ao 

VA2 +fi2 
0 

n sinifb 
vA2o+fi 2 

nony'lnM 

rne 

x_ (t) =8 • ~ • • • cos( w t+cp }., 
1 o A o 

0 yl+(E_)2 
Ao 

8,=8o. ~ • ' -
o vl + ( n 12 

. Ao 

n ,~.. -arctg----
'1'0 - 1\0 

( 15) 

( 16) . 

( 17) 
: 

( 18) 

cooTBeTcTBenno xoaqxpnunenT acn:MMeTpun· n naqanbHaH ¢aaa npeueccnn cao-

.6onnoro (ocao6o>Knenaoro sa C'leT XHMH'lecxofi peaxunn) crrnua Meaoua 

C 'JaCTOTOii CiJ , cooTBeTCTByromne nonepe'IHOMy MarnnTHoMy nonro H l. 

KaK y>Ke 6bmo· noxaaauo Bhillle, TaKofi MexaunaM Ka>KymeilcH napaMarunT

nofi nenonHpnaaunn neilcTayeT B F% cny'laHx (B cnyqae Meao11aoTa J = { 

n F = 37,5%). 

B ocTanbHhiX O-F) cny'laHx, Korna nenonHpnaaunH o6ycnoanena caepx-

TOHKRM B38IIMonefiCTBHeM M8l"'HHTIIOI"'O MO~eiiTa MIDO!Ia H aneKTpOHHOH 060-

no'IKH Meaopannxana,. nnH npeu.eccnn MariiHTnoro MOMenTa. Mrooiia MO>KHO. 

II8ITHC8Tb 

t 
x
2 

( t) = 8 
0 

cos CiJ t • f( ~) • ( 19) 

t 
3.r:teCb f( _l_) - ¢yHKURH 'JaCTOTbl nepexo.r:tOB Me>K.r:tY ypOBHHMH CBepXTOIIKOii v ' 
CTpyKTyphi V H BpeMe!IH BCTynneiiRH B XHMH'leCKyiD 

t 
IIHeM .[lHaMal"'IIHTHOI"'O ilpO.r:tYKTa. f( _!) T8KOB8~ 'ITO 

- v 
'leTHa, To· "((.i)=+l n ecnn ueqeTna, To l(i)= -1. 

v . v. 
cao6onuoro Mrooua MO>KHO aaimcaTh B BH.r:te: 

12 

peaxunm c o6paaoaa-
. t J 

ecnn. uenaH 'laCTb v ·· 
Toraa rrpeueccnro cnnua 

·:., . ~,·..... ) :..~ . - :. '~ ~ t". 

'.• 

·AT t, -_'\J,· .· 
·r .f f (v.=-J. •A•e dtj 

.. · o o · · A . .\ o 
~(t)=80 -~· ··T .\ •cosiDf= B0 ·T·th2 .cos 

, f .\ • e- o t J Jt, o . v 
0 

' .\ . .\ci ' .. • 
3.r:teCb B 2 = 8 0. r· thzv .- Koa¢¢nuneHT ~Cll!'!MeTpnn. aneKTpouo 

. 0 .· • ' ' ' . . .. . . ·•. ', '· .... 
·:rrpn nerro~~pn~aunn,o6yc~OBH~HHOH CBepXTOHKH~B38HMO.r:tefiCTE 

pa6oTaeT, a (I-F j · % cny~ae~ ·(anH MeaoaaoTa .. 62,5%).-::·. · 

•• B ~e~yn'b~a,:e .r:teilcTa'~~ .o5oux~ MexaunaM~~-- ua .· onhiTe ua 

cyMMapnaH· rrpeueccnH c aMnnnTy.r:toil:, paauoii B: 
( . 

2 • 2' . . . ' . ":·. 
8 = v (F8 7 ) + W-F)~2], + 2[F8

7
(1-F_}8

2 
]. co~ 8

7 
8

2 = 

= 8 .\ o-
. . . .\o 

I F 2' 

v .. + 
.. (I+( _Q_f 
. . .\ · . 

. 0 

·--~- -·. A . 
·· · · · · · th-0 

O-Ff th .\o +2i:(J..;'F) 2v 
. 2v.' vl+(~_.:)2 

' . . ' 0 . 

H ,HaqanhHOH ¢aa'ofi1 : o'rrp~.r:tenHeMofi: H3 COOTHOmeHHH . '. ~ . 

tg ¢ ~ sin ¢ 0· 

:82 +8
7 

_cos ¢
0 

.... : . 

Ha' pnc. '1 npnBe.r:tena aaBHCHMOCTb, OTHOCHTeribHOii BenH'll 
.\ . 

UHeHTa _acHMMeTpHH :O -~ .\_o :,n HaqanbHOii_, ¢a3bl rrpeueccnn f/ 

.\0 ; o6p~THOH BpeMeHH BCTyimeHH~ · Mea_oaaoTa ~. XHMH'l8CKYID 

nsyx' auaqeunil uanpsi>KeH.Hod;n nonepequ~ro Mal"'HHTH~ro nonH, 

cooTBeTcTayroT qacToThr· npeueccnn cyMMapnoro MarunTuoro· N 
... 
n n; . Bnlino; 'ITO cymecTBeHHhl no Kpailueil Mepe .[{Be penepHl 
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·~ 

J 
( 15) 

( 16) 
'2 

( 17) 

0 
( 18) 

lnbHaH ~a3a rrpeueccnn cao

·eaKUHH) emma Me3oHa 

MarHHTIIOMy rroiuo H l. 

Ka~ymeficH rrapaMarHHT-

3 B cnyqae Me30~3oTa J = 7 

pn3aUHH o5ycnoaneHa caepx

~rooHa H aneKTpOHHOH 060-

MOMeHTa · MIDOHa MO~HO .. 

( 19) 

lY, ypoBHHMll CBepXTOHKOfi 

rro peaKunro c o5pa3oBa-
. t l 

TO • eCJIH. uena~H 'IBCTb . "ji- ··. 

1. · Tor.ila rrpeueccnro cnnHa 

I 
i 

I· r 
l ' 

.. ; 

,; 

A T t 1 '-Aur . 
.. r 0 0

J f ( Jj--).·A·e cltt_ 
A -Ao . · 

ic.. (t) 8 • • coswt= 8o'·-·th--··cosw t • ... (20) 
" = o· ··T -AotJ cl A -2v 

· f A • e t1 o 
0 . 

· · A Aci · ·· 
3necb 8 2 = 8 0 • -x:-· thzv - Koa#nuneHT ~cHMMeTpnn. sneKTpoHoB, p_acrrana. 

0 . . 
': rrpn ;aerro.1.~pH38UHH 1 o5yc~oBneHHOH CBepXTOHKH~ B3BHMO.llefiCTBlleM;. KOTopoe .. 

· paooTaeT, a (I -FJ: % cny'laes (niH Me3oa3oTa~ ~2,5%) ,· 
' . 

B pe::iynbTa~e nei!CTB-~H o6onx MexaHH3MOB Ha Ollb!Te Ha6nronaeTCH 

cyMMapHaH rrpeueccHH c aMrrnnTynofi, paaHofi 8: 
' . 

2 
I F v . + . !J_f 
(I+(

A . 0 . 

-·----: 
'· Ao 

) A th-
{1-FJ th _.2 +2F.(l..;F)--=2"-v __ 

· 2v · V 1 + ( .!L_ )2 
. Ao 

n ,naqanl,iiofi ~a3oh, · o'npenenHeMofi H3 cooTHomeHnH 

tg ¢ S, sin ¢r/ 

( 21) 

( 22). 

Ha,.pnc, '1 rrpnaeneHa 3BBHCHMOCTb OTfiOCHTenbHOfi BenH'IHHbl Koa#n-
. 8 A . 

uneHTa acnMMeTpnn ~: A 0 •. n Ha'lanbHOfi, ~a3bi rrp~uecc~m ¢ ciT aenn'IHHhi .: .. 
. 0 .. 

A0 , . ~6t;J_BTHOfi BpeMeHH Bc;ynneHH~ Me3.0B30Ta B. XHMH'l3CKyiO peaKUHID, .llnfl 

ni'IYX. 3HB'ICHHH H8Ilfl5I~eHHOCTH rrorrepe'IHOro MarHHTIIOrO 'rronH, KOTOpb!M· 

COOTB~·TCTBYIOT 'l8cTOTbl. rrpeuecCHH CYMMapHoro MarHH~Horo: MOMeHTa n I 
·~ .{}

2 
• Bntx~o,. 'ITO, c'ymeCTBeH.Hbi ITO KpafiHefi Mepe .llBe perrepHbie TO'IKH .llnfl 
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onpelleneHli£1 BpeMeHli BCTynneHIHJ Me30a3oTa B XHMH"'IeCKYIO peaKUHIO; 3TO 

. eenH'lHHbl, o6paTHble qacToTaM n n v. KaK. BHilHO n3 pncyHKa, Ha'lanbHaSI 

!jlaaa npe·ueccnn qyecTBHTenbHa K naMeHe_HHIO nanpSI:lKeHHOCTH MarHHTHoro 

nonSI, ecnn epeMSI BcTynnemiSI MeaoaaoTa B xn:M n'leCKYIO peaKUHIO 6onbiJie 
-11 . . 

"" 10 CeK 1 a OTHOCHTenbHaSI eenH'lliHa K03!jl!jJHUHeHTa aCliMMeTpliH - llmi. 
- -11 

epeMeHH •>., 5.10 ceK. Panee 6&mo Cllenano npellnono:lKenne, 'lTO Koanen-

-- nnTepeane 

pallHKaliOB H MoneKymipHblX 
/14/ 

npOilYKTOB H::iMeHSieTCSI He 6onee 'leM B 1,5 paaa , TO nony'{eHHy!O KpH-

ey101 noKaaaHHYIO Ha pncynKe nyHKTnpnofi nnnnefi, cnellyeT C'lHTaTb npellenb-

no ft. 

DpHB81leHHyiO 3aBHCHMOCTb OTHOCHTenbHDfi BenH'lHHhl Kos!jl!jlnuneHTa 

acnMMeTpHn sneKTpOHOB pacnalla DT epeMenn BCTynneHnSI MeaoaaoTa B xn

MH'leCKYIO peaKUHIO MO:lKHO cpaBHHTb C 3KcnepHMeHTanbHO nonyqemi:ofi B pa-

6 
/2/ • ,y, - B 

OTe TeMnepaTypHOH 38BHCHMOCTbiO K03't"t'HUHeHTa 8CHMMeTpHH. _ ylleM 

paCCM8TpHB8Tb yqaCTOK 3TOH 3BBHCHMOCTH TOnbKO llnSI TeMnepaTyp HH:lKe 
0 -

273 K. 3KcnepnMeHT noKa3hlBaeT, 'lTD npH naMeneHHH TeMnepaTyp&I nblla 
. . . . . . 0 . 

npHMepHO B 3,5 paaa, T.e. OT_TO'lKH nnaBneHHSI nbll8 (273 K) llO TO'lKH 

Knnenns aaoTa ( .. 80°K) ocTaTo'lnaSI nonSipnaaunSI MIOOHa naMeHSieTCSI npn-

Mepno B 2 paaa, a oTHocnTenbHaSI eenn'lnna ocTaTo'lHofi nonSipnaannn, Bhl-

pa:lKeHHaSI B ellllHHnax B ( T) /8 rile B (T )- Kos!jl!jlnunenT aCHMMeTpnn sneKT-
c , . . . 

poHoB pacnalla B Bolle npn TeMnepaType T, a B c - Kos!jl!jlnuHeHT acnMMeT-

pnn e rpa!jlnTe (na ecex nccnellOBaHHhiX eemecTB nan6onbmnfi Kos!jl!jlnunenT 

8CllMMeTpllll Ha6n!Oilae~CSI B rpa!jlnTe) MeHSieTCSI C pOCTOM TeMnepaTyp~I OT , 

.. 0,2 Il(> .. -0,4. nocKonbKy CKOpOCTb palliiKan-pallHKanbHbiX XllMII'leCKllX peaK-
/18/ . . . 

unfi nponopunonanbHa TeMnepaType , To ee naMenenne B 3,5 paaa npneo-

lliiT .K TaKOMY :lKe ll3MeHeHHIO cpellHero BpeMeHH BCTynneHHSI B XHMH'leCKYIO. 

peaKUHIO. YqacTKOB · npnMepno c TaKnM HaKnOHOM na npnBellennoii aaencnMo

cTn llB8. DepBbi~i- ( BQn~3li 0 1 HnH 0 2 . ) o6yC~OBneH KOHKypeHuHefi Ka:lKY

mefic~ napaMarHHTHOH llenonSipH3BUHH 1 a BTOpOH (oKono V ) - KOHKypennnefi 

llenonstpnaaunn, o6ycnoenennofi cee~XTOHKHM eaanMolleficTBHeM, 

BcTynneHHH MeaoaaoTa B XliMH'leCKYIO peaKUHIO c o6paaoeanneM 

Horo npollyKTa. Ecnn HaHeCTli na rpa!jJHK ( pnc. ·1) OTHOCHTenbH 

OCTaTO'lHOH nonHpH38Ulili llnH pa3Hb1X TeMnepaTyp TaK, 'lT06bi 0 

nH'lHH A O llnH llBYX KpaHHliX ~H8'leHHfi TeMnepaTypbi TaK:lKe 6&1 

lla 3KCllepHMeHTanbHbie 3Ha'leHliH OKa3biBaiOTCSI llOCTaTO'lHO XOp 

lliliMliCH C HaKnOHOM TeopeTH'leCKOM KpliBOft B 060HX BbllleneHHbl 

yqacTKa?t• 113 conocTaBneHnSI aKcnepnMeiiTanbHhiX naHHhiX c pac 

KpHBOfi cnenyeT, _ 'lTD y"<:IaCTOK TeMnepaTypHOH 3aBHCHMOCTli OT 
0 . 

273 }( ylloBneTBopnTenbHO y'Knall&IBaeTCH B cnelly!Omne HHTepea 

Cpennero BpeMeHH BCTYllneHHSI B XliMli'leCKYIO peaKUHio: ft. tv"' (' 
-12) . ( -9 . -10) . + 2.10 ceK nnn M. n."' 1,5.1 0 + 4,3.10 ceK anSI 1 

EcTecTBeHHo, OllH03Ha'lHbifi B&I6op Me:lKlly, aTnMn llBYMH p• 

HeT B03MO:lKHbiM1 eCnli SKCnepHMeHTanbHO liCCnellOBaTb 38BHCHil 

TO'lHOH nonHpnaanHn n !jlaa&I npeueccnn oT Elenn'lHHhi HJ.. B en: 

BneHHH nepeoro pemeHliH .(ft. tv ) 38BHCHMOCTb OCTaTO'lHOH. no. 

H ·1- npaKTH'lecKn non:lKHa oTcyTCTBOBaTb, a naqanbHaH !jlaaa np· 

Ha 6b!Tb ne6onblliOH. OnnaKO MO:lKHO nonbiT8TbCSI oTnaTb npenm 

na pemennft, eclin cpaBHHTb a6coniOTHbie ( nnn no OTHomeHHIO H 

anaqeHnSI ocTaTO'lHOft nonSipnaaunn B Bone c pacqeToM, ncnonb: 

npennono:lKeHHSI ami oueHKH eennqnn&I J!.-. ~. TaK, MO:lKHo c 
, Po 'A . • 

i3ennqnna s
0 

coenanaeT c naMepennofi nnH cnyqaSI rpa!jJHTa, a 

nocKOnbKy eenn'lHHhi 'A 1 , 'A 2 n 'A 3 npnMepno paBHbi , a [ OH + 

Torna anSI T = 273°K anaqenne ~ ,JL ';, 0,4 6yneT cooTeeTC' . , · · . Po s 
S "0- c 

'leHHIO So •r :0,8, 'lTD CBHlleTenbCTByeT B nonb3Y pemeHHH C 

na6n!OllaeMaSI TeMnepaTypnag 38BHCHMOCTb OCT8TO'lHOH nonSipli 

onpenenSieTCSI KOHKypennnefi xnMH'leCKHX peaKnnfi c nenonSipH3l 

neHHOH CBepXTOHKHM B38liMOll~HCTBHeM. 

B paMKax paaeneaeMofi Monenn llenonSipnaannn TO'lHOCTb 

cpeanero epeMeHH BCTynneHHSI MeaoaaoTa B XHMH'leCKYIO peaKI 



XHMH'l9CKYID peaKUHID; 3TO 

:nHO H-3 pHCYHKa, Ha'laJlbHaSI 

anpSI~9HHOCTH MarHHTHOrO 

~ H'l9CKYID peaKUHID 60Jlblll9 

HUH9HTa aCHMM9TpHH - nnst. 

1pennono~eane; 'iTO Koauea

cnn C'lHTaTb1 'iTO B HHT9pBaJle 

panHKaJIOB H MOJl9KYJISipHblX 
/14/' . -

3a , TO nonyqeHHYID KpH-

3ft, cnenyeT C'lHTaTb npenenb-

1{ .• B9JlH'lHlibl Koa<jlifJHUH9HTa 

lCTynneHHSI M930a30Ta B XH

:MeHTaJlbHO nonyqeuaoft B pa

tneaTa acHMMeTpHH. ByneM 

ibKO .OJISI TeMnepaTyp liH~e 

teaeaHH- TeMnepaTypbi nhna 
. .._ 0 

~ nbna ( 273 K) no TO'lKH 

3aUHSI MIOOlia H3M9liSI9TCSI llpH-

:TaTO'lHOft llOJISipH3aUHH, Bbl-

3<jl<jJHUH9HT aCHMMeTpHH 3Jl9~T-

8 c - K03#HUH9HT aCHMM9T

CTB'HaH60JlblliHfi K03<jl<jJHUH9HT 

SI C pOCTOM TeMnepaTypbl OT 

'a.OMKaJlbHblX XHMH'leCKHX peaK-

H3MeHeHHE:i: il_ 3,5 pa3a -npnBo

HH BCTynneHHSI B XHMH'leCKYID • 

OM_lia ripHBeneaaofi 3aBHCHMO

:noBnea KoaKypeau~el!: Ka~-

,fi .( ~KOJlO V ) - KOliKypeHUHefi 

3 UHH 0 6YCJlOBJieaaoft CB9J;1XTOliKHM B3aHMonefiCTBHeM, CO CKOpOCTbiD nenonstpH a , 

BCTynneliHSI Me30a30Ta B XHMH'l9CKYID peaKUHID C o6pa30BaliH9M nHaMarHHT

HOrO nponyKTa. EcnH HalieCTH Ha rpa<jJHK ( pHC. ·1) OTHOCHT9JlbHbie 3lia'l9HHSI 

OCTaTO'lHOH llOJISipH3aUHH nnst pa3Hb!X TeMnepaTyp TaK, 'lT06bi OTHOlli9HHe Be

JlH'lHH Ao nnst nBYX KpafiHHX 3Ha'leHHfi TeMnepaTypbi TaK~e 6bmo 3,5, Tor

na SKCnepHM9liTaJlbHbl~ 3Ha'leHHSI OKa~biBaiOTCSI nocTaTO'lHO XOpOlliO cornacyro

IIlHMHCSI c HaKJIOHOM TeopeTH'l9CKOli: KpHBOfl B o6oHX BbineneHHblX paaee 

yqacTKaX. l-fa COTIOCTaBneHHSI 9KCnepHM9HTaJlbliblX naHHblX C paCC'lHTaHliOH 

~pHBofi cnenyeT, 'iTO yqacTOK TeMnepaTypaofi 3aBHCHMOCTH oT 80°K no 

273°K y.OOBJleTBOpHT9JlbHO y'KnanbiBaeTCSI B cnenyiDIIlH9 HliTepBaJlbl 3HaqeHHH 
. -12 

cpenHero BpeMeHH BCTyTIJleHHSI B XHMH'leCKYID peaKUHID: /!tv"' ( 7.10 -t 

-12 . -9 . -10) ·n - 50 .. 2.10 ) ceK HnH M-n."" (1,5.10 -t 4,3.10 ceK nnn 1 - .-

EcTecTBeHHo, onao3lia'llibiH Bbi6op Me~y. STHMH nBYMSI pellleHHSIMH eTa

ReT B03Mo~HhlM, eCJIH 3KCnepHM9HTanbHO HCCnenoBaTb 3aBHCHMOCTb OCTa

TO'lHOfi nonstpR3aunn H <jJ~3bi npeuecCHH oT 13enH'lHHbi H:l.. B cnyq~e ocymecT-

BneHHSI nepBoro pelli91IHSI _(/!tv ) 3aBHCHMOCTb OCTaTO'lHOil: TIOJISipH3aUHH OT 

H·~ npaKTH'leCKH non~a oTcyTcTBOBaTb, a aaqan~Hast <jla3a npeueccHH non~

aa 6b!Tb ae6onblliOi1. OnaaKO MO~HO llOfibiTaTbCSI oTnaTb npennoqTeHHe ~nHoMy 

H3 pellleHHH, . eCJIH cpaBHHTb a6COJliDTHbi9 ( HJlH llO OTHOlll9liHID K rpa<jJHTy) 

3 aaqe}{HSI OCTaTO'lliOH TIOJISipH3aUHH B Bone C paC'l9TOMI HCTIOJlb3ySI HeKOTOphle 

B Ao T npennono~eHHSI nn.11 oueHKH BenR'lHHbi ""B: • T. aK 1 ~o~ao C'lHTaTbl 'ITO 

·. sennq~aa B coBnanaeT c H3~epeaaoii n~SI cnyqast rpa<jlnTa, a. -~o ~ 2, 

nocKOJibKY :enR'lHHbl A
7 

,A 2 H A3 npRMepao paBHbi 1 a [OH+.H 202 1~TA11 • 
Torna .nn51 T = 273°K aaaqeHRe i:- =.JL ~ 0,4 6yneT cooTBeTCTBoBaTb 3Ha-

. A . o ~ . 
qe}{HID !_._! =0,8 

1 
'iTO CBHneTeJlbCTByeT B fi0Jlb3Y pellleHHSI C /!tv 1 T.e. 

Bo A 
aa6nronaeMast ieMnepaTypaasi 3aBHCHMOCTb ocTaTO'lHOH nomtpn3aUHH Mrooaa 

- peaKUHH c nenonSipR3auneii, o6ycnoB_ -onpenensteTCSI KOHKypeliUHeH XHMH'leCKHX 

neHHOfl CBepXTOHKHM B3aHMOn~ii:CTBHeM. 

B paMKax pa3BHBaeMofi Monenn nenonSipH3aUHH TO'lliOCTb onpeneneaHSI 

cpenaero BpeMeHH BCTynneHHSI Me30a30Ta B XHMH'leCKYID peaKUHID npH naHliOH 
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TeMrrepaType onpe~enReTcR Kopu~opoM Me~~y crrnowHoft u·ny 

Bb!MH H8 pucyHKe B o5naCTH ~O "'v(;!:)5%) H CTaTH"JeC~HMH 
crrepnMeHTa, KOTOpbie MOI'YT 5b!Tb Y"'T9Hhi nyTeM i:u)nyCTHMOr 

CM9lli9HHR 9KCIT9pHM9HT8nbHhiX TO"JeK B HarrpaBneHHH OCH .\0 • 

• 0 - ( ) -12 . 0 -
T = 273 K t 

1 
:= 2,5:!:_0,4 .10 ceK, a ~nR . .T = 80 K . t 

-12 
+ 1,2) .10 ceK. 

Cne~yeT OTM9THTb1 "'TO H85nJOJl89M8R • Ha OllbiTe TeMnep. 

cnMoCTb orrHChiBaeTcR yqacTKoM Kpueoft, HMeromeft MaKCHMam 

Hy. 3To o5CTORTenbCTBO ll03BOnReT YTBep~~8Tb1 "'TO BKna~· I'l 

Mea0830T8 HeBenHK 1 ITOCKOnbKY B llpOTHBHOM cnyqae 38BHCHMI 

Hoif rronRpH3aunn 6hina 5bi Gonee rronoroft. ·CneaoeaTenbHo, · 01 

qeft 30Hbl B MeCTe "KynOHOBCKOI'O B3pbiB8" ITpOHCXOJlHT 38 Bp 

-12 • • /19/ 
10 ceK, "'TO H8XOJlHTCR B K8"'9CTB9HHOM cornaCHH C 

YMeHbW9HHe BenH"'HHhl OCT8TO"'HOH rronSipH38UHH B BO~e 

3
0 /2/ . . . 

nepaTyphi BhJWe T = 27 K Mo~eT 5_hiTb CBR3aHo c H3MeJ 

pRJlO"'9HHeM) CTpyKTyphl BO~hl H yBenH"'eHHeM· CKOpOCTH ~Hijlql) 

rrpUBOUSIUlHM K yMeHblli9HHIO UX KOHU9HTp8UUH B pafioHe 'Kyno 

Ba". 

M3no~eHHhie Bhiwe coo5pa~eHUR, rro-BHJlUMoMy, Mo~Ho 

Ka"JeCTBeHHOI'O o5~SICHeHHR pa3nH"JHOH OCT8TO"'HOH rronRpH38UH 

/20/ 
poaax · • YMeHbWeHue 9T£?fi eenn"'HHhi rrpu rrepexo~e oT UHK 

~HHeHHH K apOM8TH"'9CKHM MO~eT 5b!Tb" o5ycnoBneHO yMeHbii 

Tpauuu paauKanoB e5nu3u Me3opaauKana 38 cqeT Mnrp~uuu aJ 

"K:ynoHoBcKoro B3pbiBa~. KaK H3BecTHo, Haunyqwne ycnoBUSI J 

Ul9CTBnRIOTCR UM9HHO B. ITOCne~HHX C09JlHHeHHRX. AHanOI'll"'HhJ:I 

HO o5~RCHUTb H yMeHblli9HH9 BenH"'HHhl OCT8TO"'HOH ITOnRpU38U 

Jl9 OT CTUpOn~ (MOHOMep) K nonUCTUpony (nonnMep). 

Cne~yeT, no-BH~HMOMy, o~HJlBTb onpe~enmomeft ponn RI 

HOBCKOI'O B3pb!Ba* H COITYTCTByJOUl9I'O eMy o5pa30B8HHR 30Hhl 

JlHKBnOB ~nR o6~SICH9HUR henonSipH38UHH OTpUU8TenbHhiX MIOOE 

KOH~9HCHpOB8HHhiX BeUleCTBax, HM910UliiX cno~Hy!O MOneKynRpE 



,.;.,: . '. '. 

TeMnepaType onpeaensreTcH KopnaopoM Memay cnnowHofi n nyHKTHpHofi Kpn

BbiMH Ha pncyHKe B o6nacTn .-\ 0 "'v(;!:)5%) n cTaTn'Iec~HMH own6Ka~~ ·aK

cnepnMeHTa, KOTOpbie MOI"YT 6b!Tb Y'ITeHbi nyTeM aonyCTHMOI"O B IIX paMKaX 

cMeweHHH sKcnepnMeHTanbHbiX TO'IeK B HanpasneHnn ocn Ao • TaK, ansr 
• 0 -12 . 0 

T = 273 K t
1 

= (2,5±..0,4).10 ceK, a ansr .T = 80 K t 1 = (8,3 ±.. 

+ 1,2) .w-12 
ceK. 

CneayeT oTMeTHTb1 'ITO Ha6moaaeMasr Ha onbiTe TeMnepaTypHasr aasn

CHMOCTb OllHCbiBaeTCH yqacTKOM KpllBOfi 1 HMeJOWefi MaKCH.ManbHYIO KpyTH3-

Hy. 3To o6CTOHTenbCTBO fl03BOnHeT YTBepmaaTb 1 'ITO BKnaa I"OpH'IHX peaKUHfi 

Me30830Ta HeBenHK 1 flOCKOnb'Ky B npoTHBHOM CJiyqae 38BHCHMOCTb OCT8TO'I:.. 

. Hofi nonsrpn3aunn 6btna 6bi 6onee nonorofi. -CneaoaaTenbHO, ocTbiBaHne ropsr

qefi aoHbi B MecTe "KynoHosc~oro B3pbiBa" nponcxoanT aa BpeMsr, MeHbwee 
-12 /19/ 

10 ceK, 'ITO HaxoanTcH B Ka'IeCTBeHHOM cornacnn c 

YMeHbrneHne senn'IHHbi ocTaTO'IHofi nonsrpnaaa~m B soae c pocToM TeM
o /2/ 

nepaTypbi Bhtwe T = 273 K MomeT 6biTb cssraaHo c naMeHeHneM ( paayno,.. 

psraoqeHneM) cTpyKTypbi soab! n ysenn'IeHneM cKopocTn anqxpyann. paanH:anos, .. 
npUBOUHIIIHM K yMeHbWeHHIO HX KOHUeHTpaUUH B pafioHe "KynOHOBCKOI"O B3pbl-

aa". 

I13nomeHHbie Bbtwe coo6pameHnsr, no-suauMoMy, MomHo npnMeHUTb ansr 

KaqecTseHHoro o6osrcHeHHH paanH'IHofi ocTaTO'IHOfi nonsrpnaaunn B yrnesoao-
/20/ u 

poaax· •• YMeHbwemre ST~?H senH'IUHbi npn nepexoae oT unKnnqecKnx coe-

anHeHnfi K apoMaTH'IeCKUM MomeT 6biTb" o6ycnosneHo yMeHbWeHneM KoHuen

Tpaunn paanKanos s6nnan MeaopaanKana aa C'IeT Mnrpaunn sHeprnn n3 aoHb! 

"KynoHoBcKoro B3pbiBa~. KaK nasecTHo, Hannyqwne ycnosnsr ansr sToro ocy

mecTBnHJOTCH HMeHHO B · nocneaHnx coeanHeHnsrx. Auanorii'IHbiM o6paaoM Mom

Ho o6oHCHiiTb n yMeHbweHne senn'IHHbi ocTaTO'IHOfi nonsrpn3aunn· npn nepexo

ae oT cTnpon~ (MoHoMep) K nonncTnpony (nonuMep). 

CneayeT, no-snanMoMy, omnaaTb onpeaensrJOIIIefi ponn srsneHnsr "Kyno

HOBCKoro B3pb!Ba" H conyTCTBYJOIIIero eMy o6pa30B8HiiSI 30Hbl CBo6oaHbiX pa

anKanOB ansr o6osrcneHnH henonsrpnaaunn oTpnuaTenbHbiX MJOOHOB. B apyrnx 

KOHaeHCiipOB8HHbiX BelJleCTB8X1 HMeJOIIIHX CnO)I<HyiO MOneKynHpHyJO CTpyKTypy. 
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