B 50-x ronax Obuia co3nana teopusi PPKM: ycoBepiieHcTBOBaHHass MapKycoM MOJeb
Kaccens, Paiica u Pamcnieprepa, pa3BuTue u yCOBEpUIEHCTBOBAHUE KOTOPOU MPOJOJIKACTCS
U cenuac.

Skl( Cxema MOHOMOJIEKYJISIPHOM peakliud BO MHOTOM

E*—>E*+6E*)
A+M > AZ

* * * aHaJIOTNYHa MOACIN .HI/IH eMaHHa-XI/IHH_ICHBB -
E'>E +8E )+ M A A y

11a, HO 100aBIIeHa CTa/Ins, YUUTHIBAIOIIAs TIepe-

k 1
. -
A(E* 4 SE*) +M—>A+M pacripe/ieIeHUs] 3HEPTrUM B aKTUBHON MOJIEKYJI€.
" (E*) , KoHneHTpanuu aKTUBHBIX YaCTHII U aKTHBHPO-
a k
*
AE* - A" z P. BAaHHOI'O KOMIIJIEKCA MOJIaraloTCs CTAllMOHAPHBI-

Mmu. [Ipeanonaraercs, 4To MOJIEKyJla aKTUBUPY-
€TCsl B COyIapEHMSX, IPUYEM aKTUBALUA IPOUCXOANUT B HEKOTOPBIA MHTEpBaAI 3Heprun. Ecin
npruoOpeTeHHast YHEPTHUsl paBHA WIIM OOJIbIIE TOPOTOBOTO 3HAYEHUS, MOJIEKYJIa CIIOCOOHA K
npeBpateHuto. Ho ais npespanieHns Hy »KHO ONPEAEIEHHOE PaclpeesIeHue S3HEPTUHU 110
CTETIEHSIM CBOOOBI M KBAHTOBBIM COCTOSTHHSIM, T.€. JIOJDKEH 00pa30BaThCsl aKTUBUPOBAHHBIN
KOMIUIEKC, KOTOPBIH yxke U pacnazaercs. T.e. 0CHOBHOE oTiIM4Me OT cxeMbl JInHIeMaHHa-
XHWHIIEIbBY/A - BBEJCHUE CTaJNM MIEPEX0/1a AKTUBHON MOJIEKYJIbI B aKTUBUPOBAHHBIN KOM-
IUIeKe. B akTMUBMPOBAaHHOM KOMILIEKCE JTOJDKHBI OBITH coriiacoBaHbl M (pa3bl konedanuil. ITo-
9TOMY aKTHUBHAs MOJIEKYJIa HMEET ONPEACIECHHOE BpEMs )KU3HH, 3a KOTOPOE BCE OTU IPOLEC-
CBI IIEPEPACIIPEEIICHNS SHEPTUU IOJKHBI YCIIETh POU30UTH. J{J1s MCTIOIB30BaHUA anmapara
CTaTUCTUYECKON TEPMOJMHAMUKH HYKHO CIIy4allHOE BPEMS KU3HHU AKTUBHON MOJIEKYJIBI,
4ero HeT B cxeMe XHHUIENbBYja. AKTUBUPOBAaHHBINA KOMIUIEKC CYLIECTBYET Ha BEPLINHE
Oapbepa 1 He CTaOWJICH MPH JIBMKEHUH B JTI0OOM HAlpaBiIeHUU. Y HETO OTCYTCTBYET OIpe-
JIeICHHOE BpeMs JKU3HU M OH paclaaeTcsi CO CKOPOCThIO ero oOpa3oBanus. BosmoxxHo cy-
[IECTBOBAHNE HECKOJIBKIX aKTHBHPOBAHHBIX KOMIUIEKCOB - KpUTHYECKH KOH(UTYpauii MO-
JIEKYJIbI, OTJINYAIOUINXCSl KBAHTOBBIMH YUCIIAMH.

DHepreTuyeckas 1uarpaMma:



4poBEHE EPEArEHTA B teopun PPKM ucnone3yror annapar

E*, E*—Vr N CTATUCTUYECKON MEXaHUKH (CITydaiiHOe
r E

a1 BpEMS J)KU3HM aKTUBHBIX MOJIeKyJ). Pac-

YC€T BCACTCA C YUYCTOM HHCJIa COCTOSIHUH

=
E H ﬂ C pa3JInYHBIM PACTIPEAEIEHUEM SHEPTUN.
E* Otcrofa MOHATHO, 4TO Ba)KHA TOJIBKO
JHEPrus, KOTOpas MOXKET Iepepacupee-
JAThCA. DHEPrus HyJEBbIX KojaeOaTelb-

HBIX YPOBHEH U IIOCTyNaTENbHAs YHEP-

b, T'Hsl UICXOJTHOM MOJIEKYJIbI (PUKCHPOBAHBI.

KonebarenbHas 3Heprusi, kpome Gukcu-

POBaHHOU HYJIEBOW, MOXXET CBOOOHO
nepepacipenesiaThCs U MOITOMY 0003HAYaeTCs KaK TeKyllas sHeprus. Bpamienus aensaT Ha
7IBa THIIA: aadaTH4ecKue, IpU KOTOPhIX HA0OP KBAaHTOBBIX YHCEINl HE MEHSCTCS U KOTOpbIE
HE 0OMEHUBAIOTCS SHEPTHEH, U HeanabaTuyecKue, MPU KOTOPBIX MEHSAETCS MOMEHT HHEp-
IIMH ¥ KOTOPBIE BIMSAIOT HA CKOPOCTh PEaKINU. AKTHBHBIE MOJIEKYJIBI IPU COYAAPEHUSIX
npuobperarot sHepruto E*, xotopas Beime E . E* BkItouaeT Tekynue Koae0aTeNnbHyo U
BpamiatensHyto sHeprun. [lomHas Tekymas sneprus AK BKIIIO9aeT KpoMe COOTBETCTBYIOIINX
KoJIeOaTeNbHBIX U BpaIlaTeNIbHBIX BKJIAJ0B dHEpTHio ABkeHHs AK 1o koopanHaTe peak-

uuu: (E, = x) n ornnyaerca ot E* na E . B 3aBucHMOCTH OT ypOBHSI DHEPIMHU PEareHTa co-
OTHOUIEHUS MEXKy pa3IMuYHbIMU BUgaMu sHeprun B AK MoryT ObITh paznuyHbsiMu. B npun-
I[UIIE YPOBEHb SHEPTUU peareHTa MOKET OBbITh PaBeH OECKOHEUHOCTH, XOTS B IPAKTHUECKUX
pacuerax JJoCTaTO4EH y4eT NPEBhINICHNs SHEPTUH Hajl ypoBHEM Oapbepa akTuBauuu E_ Ha
30-40 xkan/monb. Bkiasg ot gactuil ¢ Oonblineit sueprueit Mmensie 5 %. W kak mokazanu pac-
YEeThl, OCHOBHOM BKJIaJ] B BEJIMYUHY KOHCTAHTBI CKOPOCTH JIAIOT YACTHUIIbI C IHEPTUEH, TIpe-
BBIIIAIONIEH Oapbep ~ Ha 5 KKaJl/MOJIb.
VYpaBHeHuUE 1151 KOHCTAHTHI CKOPOCTH TI0 BUIY HE OTJIMYAETCS OT pelieHus cxeMbl JIunme-
MaHHa-XuHIIeabByaa. [louemy?
[Touemy 3ameHsieM cyMMy Ha UHTETpaj U O Ha d ¥ IpeIeT HHTETPUPOBAHHMS O ?
1 dA]) T kadk kg
W TAIL a1k, (kM)
0

.31ech sl COKpAIeHUs 3aIiCH OITy-
E =E



IICHBI THACKCHI, OTHOCAIIIHUECA K DOHCPIUH Y KOHCTAHT CKOPOCTHU CTaIII/Iﬁ AKTHUBALlUU U IICPC-

X0/1a akTUBHOM MosekyJibl B AK.

Koncmanma cxopocmu desaxmusayuu (k_,) paccunteisaercs no TAC u ee nonaraioT paBHoM

Z,: 9iCIly BCeX COyJapeHui, a MHOTIa BBOAAT emle U kodddunmeHT A < 1(o0bruno = 0,5),
YUUTHIBAIOIINI HECUIIbHBIE COYAAPEHUs, T.€. TAKHE COyAapeHHs, IPH KOTOPHIX MOJIEKYJIa He
TepsieT B 1-oM yznape Bech U30BITOK 3HEPTUHU IO CPAaBHEHUIO C BEJIMUYMHON Oapbepa.

Pacuer dk /k_; xax u B TAK npoBoJiT B IPpeANONI0KEHNT CTATHCTHYECKOTO PABHOBECHS A 1

A* YCpe3 OTHOMICHUC CYMM IO COCTOSAHMAM, HO B KOTOPBIX paCCMAaTPHUBAIOT TOJIBKO BKJIAQ

CTeNeHeH CBO6OI[LI, OTBCHUAIOMIUX 34 IMPOUECCC IMEPEPACHIPCACIICHUA SHCPTHH.

. Zgi exp(— E; /kT)
q E'>E +oE" N
—= . [ToueMy HET PKCITIOHCHTHI B WICHE, COACPKAIIEM CO-
2 q2

o

k

-1

=
el

OTHOLIEHHE CYMM IO COCTOSIHUSIM?
[TockonbKy 1o cxeme mpoliecca HHTEPBal JHEPTUH, B KOTOPBI aKTUBUPYIOTCSI MOJIEKYJIbI,

%
MaJl, TO MOKeM cYMTath, 4to E, = E* Ha sToM nnrepBane dE n

< exp(— E* /kT) E_>E2+%E ) N*(E*)exp(— E* /kT) N
2 a2 B a2

dk

-1

*

—_—

=
el

3/1ech CyMMHPOBAHUE 110 BCEM KBAHTOBBIM COCTOSIHUSIM aKTUBHOM MOJIEKYJIbI B MAJIOM MH-
TepBaJie YHEPTUIl 3aMEHIIA HEMPEPHIBHON (QYHKIIUEH MIIOTHOCTH KBAHTOBBIX COCTOSIHUN Ha
enuHuIly >HEeprun: N*(E*). IIpu 60nbmmx SHEPTHSAX 3TO JOIyCTUMO, T.K. IPHU YHEPTUH 65
KKaJI/MOJIb Ha | KKaja mpuxoaurcs 2. 10° cocrosmuii. [Ipu 3TOM O IPUHLIMITY HEONIPEAEIIECH-
HocTH [ ali3eHOepra ypoBHM SHEPTruH OyAyT MepeKphIBaThCA. Takoe JOMyIeHne He CTPOTro
IpH MaJlbIX 3HAYEHUAX SHEpreTHdeckoro dapwepa. Tak mis monexynsl CO, npu Bo3Oy:xe-
Huu Ha 10 kxan/monb OyAeT TONbKO 25 KonebaTeNnbHbIX YPOBHEH U JOMYIIIEHHE O HETIPEPhIB-
HOCTHU paclpeesieHusl JHEPreTUUECKUX YPOBHEH, KOHEUHO, HE UMEET CMbICIA.

Pacuem k

OcHoBoH pacucTa CIIYXKUT YiKC UCIIOJIb30BAHHOC JOMYIECHNUE CTAIUOHAPHOCTH KOHICHTpPA-

X A'] A']
wm A”. Torna ka[A*]zk#[A#] nk, =k¥| L— =%k# . . Toue-
2 2 A,

MY TTOSIBUJICS MHOKHTEND 1/27



Teneps Hano ydyects, uto B AK 3HEprust MoXeT ObITh paciipeesieHa MEeX/1y pa3HbIMU CTeTie-

E* A# #
1 # (Evr,x)
HSIMH CBOOOABL, T.€. k, =3 z K'x)| 7T/

N . HOH?[THO, YTO KOHCTaHTa CKOpPO-
E# — A *
vr 0 [ ( E ) ]

paBH.
ctu nipeBpaienusi AK 3aBucur Tonapko ot E 1 B mepByto ouepeap OT NOCTyNaTeIbHOH - X.
#
Pacuem k).
Pacnan AK paccmarpuBaeTcst Kak IBM>KEHHE YaCTULIBI B TOTEHIIMAIBHOM SILUKE ONPEEIICH-
HoOM mumHEL: Kak B TAK 3T0 Hekuii 0Tpe3ok Ha BepiinHe 6apbepa. Macca yacTHilbl 6epeTcst

KakK IMpUBCACHHAaA OJId BCEX aTOMOB. Ecmu x - OHEPTIUsA, TO CKOPOCTh ABHUKCHUA YaCTHUILIbI U

)1/2

BpEeMsl IPOXOXKACHHUS SIHKA PABHBL V = (2X /), =98/ (2x / ;,L)l/2 . Torna koHcTaHTa

1/2
CKOPOCTH k’(#x) = (2x/ MSZ ) .

JJ1s pacyeTa OTHOIICHMS KOHIIGHTpALUK OMsTh HCIIOJIb3yCM HpI/IGJII/DKeHI/IG PAaBHOBCCHUA U

pacuer yepe3 CyMMBI [0 COCTOSAHUAM. OTMETHM, YTO MO ONPEIEICHNUI0 COOTHOIIECHHUS YHEP-

Ui 04EBUIHO, YTO Majible HHTEPBaJIbl SHEPTUil OyAyT OJUHAKOBBI: (dE* = dE#) Y 3HAYCHUS
HKCIIOHEHT B 00€UX CyMMax, BBIPa)KEHHBIX Yepe3 BBIPOKAEHHOCTh M SKCIIOHEHTY OT 3HEp-
rud, Oy/IeT OJMHAKOBBIMU. J[JIs1 aKTHBHOW MOJIEKYJIBI TAK)KE€ MOYKHO UCIIOJIb30BaTh IJIOT-
HOCTb KBAaHTOBBIX cocTosiHUM. {1t AK 3T0 y’ke HEBO3MOXKHO, T.K. JUI PacYeTOB IPUHUMAEM
BO BHUMaHHE, B OCHOBHOM, COCTOSIHUSI SHEPTUSI KOTOPBIX MPEBBIIIAET SJHEPreTUUECKUI Oaph-
ep Ha HeCKoJIbKO KKail. Ho B TO jxe BpeMsi, MOCKOJIbKY pacrpeeseHue SHePTruu MocTymna-
TEIBHOIO JBUKEHUSI MOXKHO CUUTATh HEMPEPBIBHBIM, TO /Il HETO MOXHO BBECTH HENPEPHIB-
Hy1o pynkuuto u uig AK. Torja oTHOIIEHHEe KOHIIEHTpaLUi paBHO

OKCIOHEHTHI B CyMMax I10 COCTOSAHUAM B 3TOM pa-

#
A # #
(Ef/r,x) B PlEy [N (X) BEHCTBE COKPAIIAIOTCH.
* * .
[A ZE*) ] N (E ) Pacnpenenenne cocTOSHUH MMOCTYNaTEILHOTO

paBH. JIBYDKEHUSI ONIPEICIISIEM U3 KBAHTOBOT'O PacCMOT-
w272 2
pEHUS IBIDKEHUS YaCTHUIIBI B MOTCHIIMATLHOM sIuKe: x =n-h*~ /8ud “, n - Habop KBaHTO-

BBIX COCTOSIHU, O - JUTMHA My TH Ha BepurHe. B mHTEpBane x — x + ox Oyner

&n = (dn / dx)ox = Nfc(x)SxH Nfc(x)(dn/dx): (2u6 2 /hzx)l/znTor)Ja



1/2
. 2 1.2
B 1 9 )2 PE r)(ms /h )

= — — = P(E . ). Orcrona cie-
' Egrzzo2 T NTED) N (E )E#Z

Iy€T, 4TO YeM BBIIIE YHEPTHSI BEPXHETO Mpe/Iesia CYMMUPOBaHHS, TeM Oobie k,.

[lepen BbIBOJIOM OKOHYATETHHOU (DOPMYJIBI BBEJIEM €IIIe JBA JOMOTHEHUS.

Bo-nepBbIx, pacueTsl KOHKPETHBIX peakluil MoKa3alu, 4YTo ainadaTHueCcKUe BpaIICHUs TOXKE
BHOCSAT BKJIa/l B KOHCTaHTY CKOPOCTH, IPaB/ia, B OCHOBHOM NPHU BBICOKUX AaBieHUsX. [1o-
3TOMY B TpyOOM MpHOIMKEHUN HAJIO JOMHOKUTH HAa OTHOIICHWE COOTBETCTBYIOIINX CYMM
10 COCTOSIHUSIM U1l aKTUBUPOBAHHOI'O KOMIUIEKCA M UCXOJHOU MOJIEKYJIBI: ql#/ql. Bropas
MOTIPaBKa YYUTHIBAET TO, UTO AKTUBHUPOBAHHBIA KOMIUIEKC MOXET 00pa30BhIBATHCS U pacma-
JaThCsl HECKOJIBKMMHU PAaBHO3HAYHBIMU My TSAMU. Bce 3TH My TH 01IMHAKOBbI SHEPTETUUECKH U

#
10 CKOPOCTHU. DTO YUUTHIBACTCS BBEACHUEM KOd(pUIeHTa L - 4McI0 KWHETUYECKH paBHO-

> *
3HauHBIX MyTel peakuuu. [Ipu n3omepuszanuu nuknonponasa L” = 7. OKOHYATENbHO MOTY-

Lﬁq#
! ZP(Er)TK(E +E")=E’u
hq;N"(E, +E*) 5i 2,

qaem: k, =

E+

> P(E®.) |exp(-E* / KT)dE"
L#q#f exp(-E, /kT) T E* =0
0 vr

hq;q; B0 I+k, /(k_1[M])

MOHO. —

[Tonyuennbie hopMyITbl - OCHOBHOM pe3yabTaT Teopun PPKM.

IIpenen BBICOKMX JaBJICHUN.

Ecam monoxxum koHIeHTpanuo M cTpemsiieiicss K 06CKOHEYHOCTH, TO BTOPOH WICH 3HaMe-
HATCJIA 110l 3HAKOM MHTCIrpajia CTPEMUTCA K HYJIIO U BBIPAXKCHUEC IJISI KOHCTAHTBI CKOPOCTU

MOHOMOJIEKYJISIPHON peaKIuu MPHoOpeTeT BUA:

# o0
L'q GXP( E, /KT) J’ ZP(E o) |exp(— E” /kT)dE# Jns BBIYMCIIEHUS

ko =
hq1q2 E#ZO E#\#/r_o

MCHSAIOT ITOPAJOK onepaunﬁ: CHavaJla BBIYUCIAIOT UHTCTPaJl SKCIIOHCHTLI, @ IOTOM CYMMU-

PYIOT. Jexp(—E# / kT)dE# =kT exp(—E?\#,r / kT), 1.x. npu E = 0o BepxHumii npeaen pa-
E*=0

# o4
_LarexpE, 7KD ) o ZP(E # Yexp(~E*. / kT)

BeH 0, To 3Hak +. Torma k "
9192 E =0



HOHSITHO, 4YTO B TOM YPaBHCHUU CyMMa CCTb HU YTO MHOC, KaK CTATUCTUYCCKAaA CyMMa 110

COCTOSIHMSIM aKTUBHBIX KoseOanmii u Bpamenuit AK. Torna

4o# o4 #
_L'diq; exp(=E, / kT) wropt XKLd

ko, —exp(—E, / kT).C y4erom paznnuuii B
hqq, h q

cymmax 1o coctosiusiMm B TAK u PPKM (8 PPKM Tonbko BpamieHus: U KojeOaHusl, He-

CKOJBKO oTimyaeTcs U E 0) " MOABJICHUEM MHOXUTCIIA, YUUTBIBAIOIICTO PA3HBIC BAPHUAHTBI

obpazoBanust AK, pesynbrar ananorndeH TAK. [Ipu BRICOKHX TaBICHUSIX JOKHA OBITH
00JIBI1I0I BEPOSTHOCTH COyAapEHU aKTUBHOM MOJIEKYJIIBI C IOCTEAYIOIIEH 1e3aKTUBAIUECH,
MMOATOMY MPEBPAILCHUE MPETEPIEBAIOT TOJIBKO MOJIEKYJIBI C SHEPIUEN 3aMETHO BBIIIE aKTH-
BallMOHHOTO Oapbepa: OIbITHAS SHEPTHUS aKTUBalMuU OyaeT Oomnbine Oapbepa mo [1I19.

Ilpenen HU3KUX NABICHUN.

[Tpu HU3KMX HaBiaeHUsX 1 =k [A][M], addexTHBHYIO KOHCTAHTY CKOPOCTH MOYXKHO TTPH

OUMOJT.

BECTH K BULY .

Ecayn BCIOMHUTE OCHOBHOE IOJIOKEHUE TEOPUH U CIEACTBUE PACCMOTPEHHUS CTALIMOHAPHO-
CTH I10 MPOMEKYTOUYHOMY IIPOAYKTY I CXEMBI ABYXCTaJHUHOM MOCIIEI0BATEIEHON peak-
UK ¢ 0OPaTUMOCTBIO Ha NIEPBO CTaMU MPU MAJIOW CKOPOCTH BTOPOIl CTaANHU, TO MOXKEM

CKOpOCTB AKTHUBAIIU CUUTATH HpI/IMepHO paBHOP'I CKOpOCTI/I JC€3aKTHBallMM U TOraa, T.K.
3
ky * q2

- K HONyHacM i HHSKHX naBineHudt Kgyvon =~ k_le_AE/RT. ITpn 5TOM MBI
-1

YUUTBIBACM TOJIBKO KOHe6aHI/IH u HeaI[I/Ia6aTI/ILIeCKI/Ie BpaIlcHu. Ecmn BBI6paTB 34 HA4YaJio

q* E,
5 _o
OTCHUCTA DHCPIUO OCHOBHOI'O COCTOAHHUA UCXOAHBIX MOJICKYJI, TO k6I/lMOJ1 = k_le kT ,a
- q

*

q2 *
—=>>1, T.K. CyMMa 10 COCTOSIHUSIM A OOJIbITIIE CYMMBI JIJIs1 A (C pOCTOM SHEPTHH PacTeT

q2

TUIOTHOCTH YPOBHEH - BRIPOKACHHOCTH 00IbIe). T.e. ’TO OTHOIIEHHE CyMM, B CYIIIHOCTH,

E

s-1
a”aJior IoIpaBKU (k—;) / (S — 1)! B cxeme JIunnemana - XuHIIEeapBy 1a.

Teneps MokeM 00BSCHUTH KpUBYIO Ha rpaduke 1/kyono OT 1/p. O6mIast popmyia 3aBHCUMO-
1 k_4 I 1

= + —

kMOHo. k1k2 k1 [M]

CTH . L1t ananm3a moctpouM cHavasa 3aBucuMocts 1/k = 1/k; p



- HWKHAA npamast. [Ipu Goneiux p k, Oyzer Benuko (Masno)?. BepxHss myHKTUpHAs TpsMast
- pacueT Ipu 3HadeHuu k, B ipeziesie MajbIX JaBJICHUH.

JI1 MpakTU4ECKUX PacueToB 110 TEOPUU
PPKM Hazo cuutaTh CyMMBI [0 COCTOSIHUSIM
UCXOJHBIX MOJIEKYJ M AKTUBUPOBAHHOTO
KOMILJIEKCa, YU CIIO YHEPT€TUUECKUX YPOBHEH
Y 337jaBaTh dHEPIUI0 akTUBaLMU. Pacuer
cyMM 1o coctoaHusiM AK BcTpedaeT Te ke

TpyaHoctH, uto 1 TAK: Hano 3amaBath reo-

Metpuro AK u genate qomyiieHus o 4acTo-
Tax KoJcOaHHIA.

PaccMoTpuM, Kak MOKHO pacCUMTATh YHCIIO COCTOSHUM C ONpeesIeHHOM sHepruei. [leproe
A0ONYHICHUEC COCTOUT B TOM, UTO CHHUTAIOT KOHGGaHI/IH 1 BpallICHUA HC3aBUCHUMBIMU U YUCJIO

BpalarensHo-KkonedaTensnbx yposueil W (E ) paBHo:

Evr EVr
W(E,;) = Z P(E,)W,(E,, —E,), 3necp z P(E, ) - cymma (amcio) koxedaTenbHbIX
E,=0 E,=0

ypoBHeli ¢ aHepruen ot 0 1o Ey;. Tak BpamaTenbHbIX ypOBHENH MEHBIIIE, TO 3AIUCHIBAIOT

ypcio Bpamarenbubx yposHeill kak W, (E . — E ) - mig Bpamenuii ¢ saeprueii ot E, 1o
T vr \%

E, .. Pacders! nokasanu, uto npu E Beie 300 kan/mons ( mpu KOMHATHOM Temneparype E

Tpex BpameHuit 900 kan/Moub) JoCTaTOYHO Xopoio ( B mpeaenax omuodku 2%) aucio Bpa-

HIaTeIbHBIX COCTOSIHUM onpenensercs popMysoi KIaCCUHYeCKHX POTaTOPOB:

1/2 1/2 1/2

87TZIA 87[:21]3 87[21C
h? h? h?

3/2
EJ © .Ilpeanonaraercs, 4To uucia CUM-

W(Er) =

METPHUH BXOJAT B KOAPPHUIIUCHT L’ st xmopuctoro Metusia npu 3uepruu 600 xan/mMouib
yucio yposHeit npumepHo 7000. He ctporocts MeTo1a - IOMYIIEHUS O )KECTKUX pOTaTopax
1 CBOOOJTHOTO BpaICHUSI.

B knaccudeckoM npuOIMKeHUH TAPMOHUYECKHIX OCIUIUIATOPOB PAcueT Yncia YPOBHEH Be-

S
yT 1o opmyie: W(E V) ~ ———— Jlnsa pacdeTa yncia KonebaTeIbHBIX YPOBHEH KIacCH-

S
s![Jhv
i=1



YyecKoe MpUOIIKEHHE I10X0 paboTaet: GpopMyiia gaeT OOJBIIYIO OUIHOKY MPU MaJIbIX 3HA-
YEHUSX SHEPTHH.

Pacuer SO,.

Hnsa COCL, npu sneprun 10 kxan/mMonb uncio yposrei yxe 1045, a mpu sneprum 60

. . 8
KKaJ/Monb 1 nopo6noi monexyasl CHCl, uncno yposaeit cocrasnser 2,57.10 . OueBun-

HO, YTO BPYUYHYIO 3TO clieaTh IPaKTUYECKH HEBO3MOXHO, a pacyeT Ha OBM Oyner noporum,
a TJaBHOE, HEHYKHBIM, T.K. HMEIOTCS (JOPMYIIBI sl MPUOIMKEHHOTO, HO JOCTATOYHO TOYHO-
ro pacyera.

Haubonee TounsiM npubnmxenueM sisiercs popmya Butrena-PabunoBnya:

, TIIe azl—w

S 2
S!Hhvi s(v)

i=1

(E, +aE,)’

W(EV) = OJ(EV / EZ). a <1.3xaech yuuTsiBaroT

TOJIBKO HCKOTOPYIO OOJIKO SHEPTHUU HYJICBBIX KoJIeOaHHii - a. I[J'Iﬂ €€ pacycTa paCuUUuThIBAIOT

CPEIHIOI0 YaCTOTY M CPEIHUIN KBaJIpaT YacTOTHI, @ TAKKE UCIIONIB3YIOT (DYHKIIUIO CBSI3U 4 U

)1/2

-
sneprin: o(E, /E,) =[5EV /E,+2,73(E, /E, +3,51] . (01<E, /E, <10)

u (;)(EV /EZ):exp

- 2,4191(EV /EZ)1/4], (1,0< E,/E,< 8,0). Jnis manpHEHUIX

YHIPOILIEeHUH OJIU3KKE YaCTOThI TPYNITUPYIOT 10 OAHOT0 3HaYeHUs. Hike npuBeieHsl pe3yib-
TaThl pacueTa 4ncia KojaedaTeabHbIX COCTOSIHUM JIsl MOJIEKYJIbI IMKJIONPOIaHa, MOJIy4eH-

HBIC pA3HbIMHU croco0aMH.

E, xxan/mons Kiace.mpu6. Mapkyc-Paiic Burr.-Pao. Touno

0 4.10° 545.10° 7,17.10° 8,02.10°
30 0,02 20,9.10° 2,65.10° 2,69.10°
50 8,2.10° 21,5.10° 6,15.10° 6,12.10°
100 1,72.10° 9,94.10" 5,9.10" 5,84.10"
200 3,61.10"° 427.10" 3,56.10' 3,54.10"

[Ipu 3TOM HcnONAB30BaNM TPyNNUpoBKY 21-i yactoTe1:3221 oM - 6,1478 -3,1118 -7, 878 -
3,749 - 2. E,=51,061 xxan/mMoJs.
Taxum 00pa3oM, MOKHO TOCTaTOYHO TOYHO PACCUUTATh YHUCIIO SHEPTETHUECKUX YPOBHEH KaK

JUISl aKTUBHOM MOJIEKYJIbl, Tak U 11t AK.



Jns Bei6opa 3HaYeHus E  Mcnons3yroT To cOOOpaXkeHue, YTo B IIPEIEIIE BBICOKHX JNaBICHUM

ypaBHEHUE 1l KOHCTaHThI ckopocTH 1o Teopun PPKM coBnagaer ¢ TAK. Torna, 3Has

ONBITHOE 3HaYEHNE SHEPTUHM NpH Oonbiuux nasineHusx (E,), naxonat E

> dIn(qiqs / q19,)
dT

E, =E, + kT +KkT =B, +KT+(E") - (E), rx

dIn(k) E
T "R KT - cpeHsisi S9HEPTHUsI OTHOCUTEIBHOTO MTOCTYATEIBHOTO JBHKCHUSL.

Cpennue sHEpryuy BpalleHUu 1 KoJieOaHWii HaXOIT U3 OIICHKW BpallaTeNIbHBIX U KoJie0a-
TEJBHBIX CYMM I10 COCTOSIHUSIM:

dlnq,
dt

» dIlnq,
— U
dt

B OLIEHKE CyMM 110 cocTostHUAM AK 1 3a cuer npeanonoXeHui 0 ero CTpOSHUH, U 3a CUET

(Ey)=kT (E,)=kT?

. TTockosbKy MOXET ObITh HEOIIPEIEIIEHHOCTh

Tor0, uTo AK MOXET OBITH HECKOJIEKO, BEIOOP PHEPTUH aKTHBAIIMH TOCTATOYHO MPOU3BOJICH.
Jlist onenku cBoiicTB AK ncnons3yroT npubnmkenue, yxe onucanHoe B TAK kak I1C-2C. (s
- CUMBOJI OMHAPHOM CBSI3M). T =1 - 0.26In(n), n - mopsa0K cBsi3U, HO He 1o Teopuu MO, cu-

O(VS_r)/biyj b

JIOBasi MOCTOSIHHAS BAJICHTHBIX KosleOanuii F = F 1 , bij 17151 GONBIIMHCTBA pPeak-

it paBao 0.6010.05. [{ns nedopMallnoOHHBIX U KPYTHIBHBIX KOJIeOaHUH, K COXKAIECHUIO, Ta-
KHMX IPOCTBIX U JOCTaTOYHO TOYHBIX KOPPEJSILUMA HET. MIcIonb3yI0T TaKkKe pa3uyHbIe MOJTy-
SMIIUPUYECKHAE COOTHOLIEHUS U IIpaBUjla OpraHM4eCcKOi U Heoprauudecko xumud. [Ipu
ynagHoM noadope cBoiicts AK teopus PPKM nocrarouno TouHO nepenaeT 3aBUCUMOCTb
KOHCTaHTBI CKOPOCTH MOHOMOJIEKYJIIPHON PEAKIIMH OT J1aBJICHUSI.

Jnst uzomepuszanuu 1,1-guxnopuukionponasa B uatepsaie aasiuenuii 0,1 - 100 mm.pT.cT. 1
temmneparypax 632,4 u 697,6 K mpakTuuecku COBIAJIM OMBITHBIE U PACUETHBIC 3HAYCHUS
KOHCTaHTBI CKOPOCTH MOHOMOJIEKYJISIpHOi peakiuu. [Ipeaen koHcTanTsl - k. MMeeT npu
3THX TeMieparypax mopsgok 10~ 1/c. TIpuuem pacdeTs! 3HAYCHHS KOHCTAHTHI k, (k,) noxa-
3aJIM, 4TO JICHCTBUTENIbHO HAOMIOAAETCS €€ POCT C YBETUUYEHUEM Pa3HUIIbI SHEPTUH YacTHUI]

AKTHBHPOBAHHOTO KOMILIEKCa 1 Oapbepa E':

E#, KKaJ1/ MOJIb 0,025 5,025 10,025 | 20,025 | 30,025 |39,975

k, {1/c} 3,06.10° | 1,32.10° | 3,03.10° | 1,32.10° | 1,45.10° | 7,92.10°




