MoHoMoJIeKy IS PHbIE PeaKIuU

Kunernka peakuuu onuceiBaeTcs nNepBeIM nopsaakoM. @opManbHO U1l IPOTEKAHUS
peaknuu He TpeOyeTcs coyaapeHus Moseky. Ho HenmoHsATHO:

1. OTKyaa MOXKeT MOJIeKyJla IPHUOOPECTH YHEPTUI0 aKTUBALIUHU, 3HAYCHHUSI KOTOPOH IS 110-

TOOHOTO THTIA PEAKIIUA MOTYT OBITh BEIMKHU: JECATKH KKaJI/MOJIb.

2. Jlo6aBneHre HHEPTHOTO rasa, CHUXKAOIEe KOHIIEHTPAIMIO PearupyoInX BEIecTB, Ha-

MIPOTUB, YBEJIMYUBAET CKOPOCTh PEAKIIHH.

3. Koncranra CKOPOCTH MOHOMOJICKYJISIPHBIX PEaKIIMM 3aBUCUT OT JaBJICHUS. B kauecTBe

puMepa NpUBeieM JaHHble XHUHIIENbBY/IA M0 PA3I0KEHHUIO TUITHIIOBOTO 3¢upa npu

777K. (1€BBI PUCYHOK)
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4. ITpu BBICOKMX AABICHUSX peakys UJCT M0 1My HOPSKY, a IPU HU3KUX - 110 2MYy.

5. 3H€DFI/I$I AKTUBAalWH IMPpHY pa3HbIX JABJICHUAX pa3Hail.

6. B psne ciayuaes (Hanpumep u3oMepu3anus OyTeHa-2) B 00paTHBIX KOOPAWHATAX KOHLEH-
TpanusA-KOHCTaHTa B Hadayie HaOIr0aeTCs MPaKTHYECKH MPSMOJIHHEHHAs 3aBHCUMOCTbD, a

3aTCM OTKJIOHCHHEC B CTOPOHY OOJIBIINX 3HAYEHUH KOHCTAHTEHI. (HpaBBII‘/JI PUCYHOK BLIH_IC)
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cocraBisieT 10 " - 10 ¢ . (mepuon xonebanus). Hamo oObsACHUTD 7 ONMBITHBIX (aKTOB.

Teopus aKTUBHBIX COYJIAPSHUM HE TacT HUYETO KpOMC BTOPOI'O MOpAIKaA.

HDI/IMGHGHI/IG TCOPHH AKTHBHPOBAHHOT'O KOMILJICKCA. Cxema JAaHHOTO IMMPEBPAILICHUA

A <> A” - P. Cunras, 4T0 CyMMBI 0 COCTOSHHSAM pearupyromnieii Monexyisl 1 AK mpu-

MEpHO PaBHBI, JJI1 KOHCTAHTBI CKOPOCTH MOHOMOJIEKYJIIPHON PEAKIIUU MOKEM I1OJyYUTh

= Q ¢Q ¢Q *
k:kTTQ—exp(—Eo /RT):k—T - %P < exp(—E, / RT) urt.x. B AK Ha 1 ko-

QA h QAHQABQAK

kT
nebanue MeHble, K = o [1-exp(=hv/kT)]exp(—=E, / RT). IIpu hv << kT pasnaras

exp(-hv/kT) B pan nomyunm k = v exp(-E,_ /RT). 3nauenue v 00b14HO 10" 1/c. [Tpu hv >> kT
ouesuaHoe exp(-hv/ kT) = 0 u nomyunm k = (kT/h)exp(-E  /RT). 3nauenne kT/h npu 500 K
TaKXe MPUMEPHO PABHO 10" 1/c. Takum obpazom, TAK naet nmpaBuUiIbHBIN TOPSAIOK BETUYH-
HbI K , HO HE OOBACHSAET BCE IPYTHE ONBITHBIE (DAKTHI, B YACTHOCTU MIPUPOY aKTUBALMH.

Cxewma Jlunnemanna (1922 r.).

k, N
() A+M>A +M. [TepBas cragus - akTUBAIMS IPEBPALIAIONINXCS B COyaape-

HUSX, IpuueM M — ucxomHast MOJIeKyJia, IPOAYKT WK J00asi MpUMech, B TOM YHCIIE U CTEH-
ka. Konnenrparuio M MOXHO OTOXIECTBUTH C OOIICH KOHIIEHTPAIIUEH BCEX YaCTHII B CHC-

TEMC UJIHU C O6IJ_II/IM JaBJICHHUCM. Koncranra CKOPOCTH CHUTACTCA 110 TAC.

K
(2) A* +M — A + M. Cragus ne3akTUBAaLUU IPOUCXOIUT NPU COYAAPEHUH, TTPU-

YCM IIPpH KaXJAOM ydape TEPpACTCA BECh HU30BITOK OHCEPI'UH 110 CPAaBHCHUIO C 3a/1aBACMBIM paB-

HOBCCHBIM pacCripCaACICHUCM - THIIOTC3a CUJIIbHBIX COVI[a‘[)CHI/II\/JI. Torna KOHCTaHTa CKOpPOCTHU

IIPOCTO paBHA YUCITYy COYJapeHU.

k
% 2
3 A > z P . Ha Tpetbeli craquu npeanosiaraeTcsi, 4T0 akTHBHOE COCTOSIHUE UC-

XOJIHOM MOJIEKYJIBI CYIIIECTBYET HEKOTOPOE BpeMs (3a/IepKKa 10 BpEMEHHN) U OHO HeoOpaTu-
MO pacrnafaercs Ha CyMMY IMpoayKToB. Heo0xoqumMocTh 3a1ep:KKH BO BpEMEHH CYIIECTBO-
BaHMs aKTUBHOM YaCTHIIBI 00YyCIIOBIEHA TpeOOBaHUEM Tepepacipeaenenus sueprun. Ha-
puMep, MU pacraje 3TaHa Ha JIBa METUIIBHBIX PaJIMKalia B COyJapeHHUIX BO30YKAAI0TCS
ces3u C-H, a pa3psiBaercs cBsizp C-C. T.e. nomkHa nepepacinpeaeauTbCs SHEPTHs, A1 YETO
HE00XO0/IMMO HEKOTOpOe BpeMsl (HECKOJIbKO KosieOaHuit). DTa cTaaus, Kak U 2-asi, He TpedyeT

OHCPIMU aKTUBAllUHW, KOHCTAHTA CKOPOCTHU k2 HC 3aBUCHUT OT SHCPIUH aKTHBHOM MOJICKYJIBI.




I[anee npeanojaaracTCsa CTalMOHAPpHOCTD [0 AKTUBUPOBAHHBIM MOJICKYJIaM UCXOAHO-

r0 BEILIECTBA: d[A*] =k, [A][M] — k_l[A* ][M] -k, [A*] =0, oTcroia BeIpaskaem
ki[aM] 4P kiks[AM]
[ ] C [M] K, 1 CKOPOCTh PEaKIUM: T = d— [A m

Torna s dexkTrBHAS KOHCTAaHTAa CKOPOCTH MOHOMOJIEKYJIIPHOM peaKIiu:

kik,[M] kik,

S €00pa3oBaHHO e k = . 3aBuUCH-
wono: =1 Mk T PETPRIOPARION BIAE Ruono. =37, 1]

MOCTb 3()(PEeKTUBHONM KOHCTAHTHI OT AABJIEHUS B O0paTHBIX KOOpJIMHATAaX 33aJa€TCs B BUJE:

1 k_, I 1 .
= +—————=, T.€. I0JIy4YaeM ypaBHEHUE NPAMOIU.

Ckiky  ky [M]

k

MOHO.

AHaQJIOTMYHBIN BBIBOJ MOYKHO ITPOBECTH, €CIIA B KauecTBE M paccMaTpuBaTh BTOPYIO
mosekyry A. IIpu atoMm K op0. = LZ[A] .
k_lA + k2

W3 npeoOGpa3oBaHHOTO BBIPAKEHHSI BUIHO, YTO KOHCTAHTa CKOPOCTH MOHOMOJIEKY-

JSIPHOM peaknuu OyAeT pacTH ¢ POCTOM JaBJieHuUs (deM Oorbire M, TeM MEHbIIIe 3HaMeHa-
Tenb). [ToHSITHO TaKkke, YTO MHEPTHBIN Ta3, BBICTYMAas B POJIM YaCTUIBI M, MOXKET YBETUYH-
BaTh KOHCTaHTYy. Cxema OOBSICHSIET U CMEHY TMOpSAKA MIPH U3MEHEHHUH JIaBIICHHUSL.

kiky[A]

- =k [A] - 1-brii

Ipu Gonbuux nasnenusx npu k_[M] >> k, npubnuxenHo r ~

_kiky

nopsiIoK, K, =

, @ €CJTU BBIMOIHUMO ycnosue k_1[M] <<k, ([M] mana), npu6u-
-1

JKEHHO I ~ kl[A][M] - T.. 2-0i OpsIOK. K yiono = K1 =K 6mon-

Takum o6pa3om, cxema JInHIeMaHHa Ka4eCTBEHHO OOBSICHSIET OOBITUHCTBO YKCIIC-
PUMEHTAJILHBIX (JAKTOB: IPUYHHY aKTHBAIIUH 32 CYET COYAAPCHUIN, CMEHY MOPS/IKA, BIUSHHE
WHEPTHOTO Ta3a, 3aBUCHMOCTh U3MEPSIEeMON KOHCTAHTHI CKOPOCTH OT JaBieHus. Ho manHas
MOJIENIb HE OOBSCHSCT Pa3HUILYy B SHEPTHSIX aKTHBAIIUHU TPHU OOJBIINX U MAJIbIX JIaBJICHHUSX.

I'paduk 3aBucumoctu 1/ k ot 1/ [M] momkeH ObITh MPSMOM (BBITIOTHHUMO JJIST Pa3IoxkKe-

MOHO
HUs 3(upa), HO Kak OOBIACHUTH OMBITHBIE JaHHbIE Ui OyTeHa-2? Kak Teopus coriacyercs ¢
npyrumu paktamu?

IIpexne Bcero nonpoOyeM OLEHUTH NOPANOK BennuuHel k,. IIpu pocte naBnenus
(koHIIEHTpau M) OmBITHAS BETMYMHA KOHCTAHTHI CKOPOCTH OYZET CTPEMHUTHCS K MPEIeIy:
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k. k

kik _
=172 Te. k2 = —%>-1 B coorseTcTBIN C MPEIOI0KEHUAMH BBIBOJIA 10
-1 1

Kyono = Koo

MOHO.
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TAC ky =Zye RT |ak,=Zy =~ Z. o Appennycy k,, = A e RT.Dueprus akrusa-
Y HE JOJKHA 3aBUCETh OT JaBJEHUs, T.€. mpuMeM, uTo E = E 1tac 1 Torna k, = A,.. Dke-

. N 12-14 -1
MEePUMEHTaIbHO HAWJCHO, UTO WIEH A,, AJ OOJBIIMHCTBA peakiuii paBeH 10 ¢ . Hna

HeoOpaTHUMOM peaKIMK MEePBOTro Mopsi/ika 0OpaTHas BEIMYMHA KOHCTAHThI CKOPOCTH €CTh
CpeliHee BpeMsl )KM3HU MOJIEKYJIbI, T.€. MOJIy4aeM, 4To BpeMs Ku3Hu AK cOOTBETCTBYET rie-
puony konebanus u cxema JInHneManHa He MOATBEP)KIAAECT OJHO U3 OCHOBHBIX MOJIOKEHUI

MOJIENH - 3a7iepxKa Bo Bpemenu it AK. OnHako 3TuM nosydaem 3HaueHue k COOTBET-

0 MOHO?

CTBYIOLIEE ONBITHBIM JAHHBIM.
Tenepp NOCMOTPUM KaK COIJIACYyETCSI MOJEIb C IPYTUMU OTBITHBIMU JAHHBIMH. D -

(I)GKTI/IBHaH KOHCTaHTa CKOPOCTU MOHOMOJIGKy.]'IHpHOﬁ peakuuun k MOJKET OBITH BBIpaxXe-

MOHO

Ha (HopmyJioi 1o nmpaBmiaM (popMaTbHON KHHETHUKH:

K 1 _ d[A] B ky [M] _ kq ITpu yMEHBIIIEHUH KOH-
MoRo- = [A] dt ) 1+k_ [M]/k, - 1 kK " uentpaunn M a¢pdexk-
[ ] ! 2 TUBHAA KOHCTaHTa CKOPO-

cru k. yMEHbIIaeTCs.

CreneHb YMEHBIICHUS BBIPAXKAIOT OOBIYHO OTHOIIICHUEM K TIPEIeIbHOMY 3HAYCHHIO YD dek-

THUBHON KOHCTAHTHI CKOPOCTH:

kMOHO. —
ke, 1+

1 ¥ BBOJIAT HOHATHE JaBJICHUE NIEPEXO/A, TPU KOTOPOM 3 exTHBHASL
k,
K [M]

xoHcTanTa k paBHa nonoBuHe K..: npu 3ameHe [M] noiHsm

naBieHueM umeeM: pin = ko/k = ko /k;.
Jlna nzomepusanuu nuc-0yreHa-2 B TpaHc-(hopMy OIMBITHBIM IyTeM ObLIO HalICHO,
YTO MpeeIbHas BETUYHMHBI KOHCTAHTBI CKOPOCTH TP OOJIBIINX JABICHUIX U 469°C paBHa
1,9. 10° c'l, a DHEPTHs aKTHBAIIMH COCTaBIIsACT 62,8 kkai/moib. s pacaera mo TAC nua-

o
METp COyJapeHHs NIpMHUMaeM 5 A U Torja BenuuuHa k; MoKeT ObITh BhIUMCIIEHA IO Qop-

6 -62800/RT
myne k,=7,66.10 e C Pa3MEPHOCTBIO 1/MM.PT.CT. B Takux ycioBusx p,, paBHAETCS

6
9.10 MM.pT.cT., a onbIT gaeT 0,04 mm.pT.cT. Pacxoxkaenue cocraBnser 6osee § MOPSAKOB.
Ecnu nocMoTpets Ha GopMyITy, ONIPEAENSAIONIYIO P, /5, TO IIOHATHO, YTO PacyeT KOHCTAHTHI

CKOPOCTH TEPBOU CTAINH TAeT OYCBUIHO 3aHWKCHHYIO BeU4IrHY. [l0CKOIBKY MOJIeKya Oy-
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TeHa OoJbIasl U CTeTeHel CBOOOABI MHOTO, TO JIOTUYHBIM IIATOM SIBIISIETCS TPEITIOI0KEHUE
00 yJacTu¥ BHyTPEHHHX CTEINEHEH CBOOOIbI B aKTUBAIIMH. BCrTOMHUM Teneph Kak MOKHO
YBEJIMYUTH YHCIIO aKTUBHBIX COYJIaPEHUH, €CJIM pacCMaTpPUBATh pacipeiesieHue SHEPTUH 110
HECKOJILKMM CTETIEHSIM CBOOOJIBI, O YeM YK€ TOBOPHIIOCH B paszzene “‘Kunernueckas Teopust
ra3oB”. Takyio nonpasky B cxemy Jlunaemanna BBen XuHmensBya (1927 r.).

Cxema peakuuu o mozaenu JInnaeMmanHa- XMHIIEIbBY 1 UMEET BU:

kl(E—>E+8E)
A+M - AERE—>E+8E) + M . 3xaech d, a He d (MasIbIi HHTEPBAN).

* k * ky

[Ipenmnosnaraercs, 4TO MoJIeKyJ1a aKTUBUPYETCsI B HEOOJIBIIONW UHTEPBAJ SHEPTUN U
KOHCTaHTa CKOPOCTH NIEPBOM CTainy 3aBUCHUT OT 3HEpruu. Jloiast MOJIEKYJI C SHEPTUsIMH B Ta-

KOM MHTCPBAJIC C npou3e0ibHbiM PACIPEACIICHUEM SHCPIUA IO S CTCIICHAM CB06OI[I)I orpe-

5 AN 1 (S)S_le‘m(&jc )
ACIACTCA QOPMYIIOU:. —— = —— | —— o 7= (.C Apyrom CTOPOHKLI JOJIs1 aKTHB-
PWIORNT T (s— kT k) PO EOP

HBIX MOJICKYJI B ITPCAIIOJIOKCHNHN PaBHOBECUA aKTUBAIUWS - JC3aKTUBALIUA IJIs1 MOJICKYJI B 3a-

JaHHOM UHTEpBAJIC YHEPIUil paBHA Skl( /k_; Ecnu npupaBHSITH ABA BEIPOKCHUS

e—&+8¢)

AT JOJIM aKTUBHBIX MOJICKYJI, CHHUTasA MaJIbIM UHTCPBAJI, B KOTOpHﬁ BO36y>KI[aeTCH MOIJICKY-

7a v upu 00bIIHX Earys 3aMEHUTH Skl( Ha dkl( U IPOUHTETPUPOBATH 110

e—>&+3¢) g—>&+3¢)

W3MEHEHUIO SHEPTUH OT Erac 10 OECKOHEUHOCTH, TO UMeeM HOopMYIIy:

b fl f (B )
kool karogl (s—1)I\RT RT
311ech MBI JIOMYCTHIIN HEOOIBIIYIO HECTPOTOCTh - MIPUpAILIEHHE 3aMEHIIIN Ha Judde-
PEHINAJ, HO TIOCKOJIBbKY HEPTHH aKTUBAIMH BEJTUKH 1 YUCIIO YPHEPTEeTHIECKUX YPOBHEH Be-
JIMKO, TO MX pacHpeesicHHe MOKHO CUUTATh HENPEPHIBHON (yHKIIMEH.
3aMeHsI NepeMEeHHYI0 Ha SKCIIOHEHTY M HHTETPUPYS MO YacTAM, ITOJTydaeM:
K, | E s—1 | E s—2 B Ernc

_ TAC + TAC +...le  RT | Jlnsa ynpomenus popmy-

ko |(s=1)!\ RT (s—2)!\ RT

JIBI TOJIOKUM, 4TO B, - >> (s-1)kT, uro me coBcem ctporo: npu s =10 g (s-1)RT npoyunm

npuMepHo 10 Kkan/MoJIb, YTO y’Ke He TaK YK PEeHEeOPEKUMO ¢ BEIMYMHOMN SHEPIHM aKTUBa-



uu. Ho momyctum, 4to 310 npubmmkenue crporo. Toraa

Kk 1 E s=1 Erac
1 _ TAC RT -
= e v nonarasi Z _j= 7, 1oJly4aeM BhIp)KEHUE ISl KOH-

k. (s=1)!U RT

7 E s—1 _Erac

k= 01 TAC RT
CTaHTBI CKOPOCTH aKTHBALUK: K| = e .OTnruue JaHHOTO BhIpa-

(s—=1)!\ RT
1 E s—1
o TAC
xenus oT TAC onpenensieTcsi BEMTUYUHON ( 1)' RT , KOTOpas yxe npu HeOOJIb-
S—1)!

IIUX S MOJKET OBITh Benuka. KoHcTaHTa CKOpPOCTH B IpEACIC OOIBIINX ,Z[aBJ'IeHI/Iﬁ COOTBETCT-

K.k Kk E s—1 _ETAC
) _ 1R 2 2 TAC RT
BEHHO paBHa: k , = = € . BcnoMHUB, KaKk MbI CBSI3bIBAJIN

k; (s=1)!URT

Eac ¥ Eap, Ierko nomyunts quddepeHnposaniem jgorapupma KOHCTaHThl COOTHOIIEHHS
12 3
= : IPU HU3KUX JaBJICHUSIX = - s—= U IpU BBICOKUX JaB-
(Z=H(T) ):mp E6I/IMOJ'I. ETAC S 7 RT p

nenusx E,, = Eqac — (s - I)RT.

Pasnuna Mexay appeHUyCOBCKON BEIUYMHON SHEPIUH AKTUBALIMA U COOTBETCTBYIO-
IIMMHU 3HAYEHUSMH SHEPIUH 1o Mojienu JInHaeManHa- X HIIEIbBY/Ja MOXKET ObITh AOCTA-
TOYHO OOJIBIION, @ MEX/Ty SHEPTHsIMUA aKTUBAIIMK TIPU OOJIBIIMX M MAJIbIX JABICHHUAX HE TaK
BeJIMKa. XOTS ONBITHBIC JAHHBIC YACTO TAKOMY IPEATIONIOKECHHUIO O MAJIOM Pa3HMIIE YHEPTUI
AKTUBALMU IPU HU3KHUX U BBICOKUX JIaBJIEHUSIX HE COOTBETCTBYIOT. Jl€J10 B HEIOCTATOUHOCTH
MoJien XUHIIEIbBYIa.

OtmeTuM cpa3zy, YTO BBIBOJ IPOBEJEH NPU IPOU3BOJIBHOM PACIIPEAEICHUH SHEPTUN
IO CTETEHSAM CBOOO/BI. A MOHATHO, YTO SHEPIUs JOJKHA PACIPEAETUTHCS ONPEIEIeHHBIM
obpazom. Ecnu paccunTaTh BEpOSTHOCTh pacIpeeIeHHUs IO ONIPEIeTIEHHBIM CTETIEHSIM CBO-
00161, TO MHOT'/Ia TOJTYYaeTCsl BEJIMYMHA paBHAs WU OlM3Kas 0OpaTHON BEITMYMHE MONPAaBKU
XUHIIENbBY 1A.

OpnHaxko MOCMOTPHUM Kak NONpaBKa XHWHIIECIbBYA yIy4lInia Moaenb JIunaemManHa.
MBI BUzienH, 4TO 10 MOAienH JIMHIeMaHHa pacueT KOHCTAaHThl CKOPOCTH IIPEBPALIICHUS aK-

THUBHBIX MOJICKYJI HE JJaBajia 3aJIep>KKH 1o BpeMeHH. [1o XHHIIEeIbBY Ty Onpe/ieICHHE BeJTH-
13 -1
unHbl K, (ko = ko k.1 /k;) npu 3Hauennn 10~ ¢ mpeadKCNOHEHIMAILHOTO MHOKHUTEIS TIPH

BBICOKUX NABJICHUAX U SHCPIrUU aKTHUBALIUU IIPpU OOJIBIINX JaBJICHHUAX, HOpMHpOBaHHOﬁ Ha



. 13 -1
RT u pasnoit 40, npu s=1 ecrectBeHHo naet 3nadenue k, 10~ ¢ ', Ho npu s, paBHoM 5 1 10

9,5 6,5 -1 .
cootBeTcTBeHHO 10" 1 10 ™ ¢ , 4TO y’ke JaeT 3HAYUTEIHLHOE BPEMsI )KM3HU aKTUBHOU MOJIe-

KYyJbl, YTOOBI B HEH MPOU30ILIO NIepepacipeiesieHue SHeprui. Moenb 1aeT pa3HHIly B
SHEPTUSAX aKTUBAIIUH IIPH MAJIBIX U OOJIBIINX JTABJICHUSIX, HO HE BCET/Ia 3Ta pa3HUIA COOT-
BETCTBYET ONbITaM. Tenepb MOCMOTPUM, KaK OIHMCHIBAIOTCS SKCIIEPUMEHTAIbHbIE JaHHBIE 10
3aBUCUMOCTH 3()(HEKTUBHOI KOHCTAHTHI CKOPOCTH OT JABJICHUS M KaKas BeJIMYUHA MOJTyda-

CTCA AJIA D -

3aBucUMOCTb 3 (PEKTUBHON KOHCTAHTHI CKOPOCTH OT KOHIICHTPAIUH (JaBJICHUS )

1 1 1

= + . JIOJKHA JIaTh B COOTBETCTBYIONIMX KOOPAUHATAX NpaAMYyI0. Ecian
MOHO. k, kip

k

BCIIOMHUTb I'pa)uKy B HayaJle pasjiesa, TO ONBITHBIE JaHHBIE B JOCTATOYHO IIMPOKOM HU3Me-
HEHHMM KOHIIEHTPALUH MPH Pa3IoKeHUHU TUATUIOBOTO 3(upa AEHCTBUTEIBHO JIOXKATCS Ha
IpSAMYI0 B KOOpJMHATaX JAaHHOro ypaBHeHMs. Ho s muc-TpaHc u3omepusanuu OyTeHa
IIPSAMOJIMHEMHBIA Y4aCTOK OYEHb Y3KHUH.

|1 SN DTO0 MepBOC HECOTIIACOBAHKE OTBITA M MOJICIIH.
X

13 Bo BTOpBIX, XOpOLIEEe COBNAJACHUE 3HAYCHUN
s:

JaBJICHUS IEPEXOJa MOTYydacTCA IIPpHU YUCIIC CTC-

. neHei cBoOO B! S, paBHBIM 18, a B MoJieKyie Oy-

teHa-2 30 xonebanuii Bcero. Monens XUHIIEIb-

By/la HE JaeT CTPOTUX NMpaBUII BEIOOpA YncIia

1f .
P cTernieHeil cBo6obl. Hapsmy ¢ Tem, 4To npu BbI-

BOJIC HE YUUTHIBACTCSA HEOOXOUMOCTD OTpe/ie-
JICHHOTO pachpeesieHusl SHEPTHH 110 CTETIEHsIM CBOOObI BCE 3TO JIETIAET Ha COBPEMEHHOM
3Tane Mojesib XHUHILIEIbBY/Ia IIEHHOM TOJIbKO B OJJHOM OTHOILIEHUH: KOHCTaHTa CKOPOCTH
MIEPBOM CTaJIMM 3aBUCHUT OT SHEPTUU MOJIEKYJL.
W3 Buna GopMyIibl OUEBHUIHO, YTO YBEIMYEHUE KOHCTAHTBI CKOPOCTH aKTHBAaLUH K,
OyZleT MEHATH HAaKJIOH NpsAMoi. Eciu cuurats k| 1 k | moCTOSHHBIMM IIpY U3MEHEHUH JaBJIe-

HUs, TO OUCBUAHO, UTO JJIA ITPABUJIBHOI'O OIMMCAaHW OIIBITHBIX JAaHHBIX HAAO YMCHBIIATH k2 C
YMCHBIICHUEM OAaBJICHUSA, T.C. HCKATb CII0CO0 U3MEHSTh KOHCTAHTY paciaja akTUBHBIX Yac-
THI] k2 C UIBMCHCHHUEM JIaBJICHUA: YUCCThb JOCTATOYHO OYCBHUAHYIO €€ 3aBUCUMOCTL OT SHECP-
TN aKTHBHOM YaCTHIIBI. }ICHO, YTO yeM OOJIbIIIe y aKTHUBHOU MOJIEKYJIBI SHCPI'UH BBILIC I10-

POrOBOT0 3HAYECHHS, TEM OBICTpEE OHa IOJDKHA pachaaThCsl. YBEIUYCHUE P AaeT yBeIuue-



HHUC 4yuciia coy;[apeHHﬁ N OUCBUIHO MOKCT YBCIMYUTH DHCPIUI0 AKTUBHBIX YaCTHII. T.e. npu

YBCIINYCHUU JaBJICHUA k2 JO0JIXKHa pacTu.

Taxue noneITku npeanpuHuManuch CiaTepom (B HaOOpe rapMOHUYECKUX OCLIMILIIS-
TOPOB CUATAETCS] BEPOSATHOCTD IIPEBBILICHNSI [IOPOIOBOIO 3HAYEHMSI SHEPTUN C MOCIENYI0-
MM paspsiBoM cBsizn), Kaccenem, Paiicom u Pamcnieprepom (pacdeT BEpOATHOCTH KOHIICH-
TpaLMKU HEPTUH Ha olpeesieHHOH cBs3u). OkoHuaTenbHO B 50-x rogax Obula co3/laHa Teo-
pust PPKM: ycoBepmencTBoBanHass Mapkycom monens Kaccens, Paiica u Pamcneprepa, pas-
BUTHUE U YCOBEPIIEHCTBOBAHUE KOTOPOU MPOJOJKAETCS U cefyac.

(B E" ) Cxema MOHOMOJIEKYJISIPHOM pe-

A+M - A/« _+ .«\+M axkuuu BO MHOTOM aHAJIOTUYHA MOJIENIH
(E"—E"+3E")
K JInnnemanHa- XHILEIbBY 1A, HO 100aB-
* -1
A(E* SE +8E*) +M->A+M JIeHa CTa/usl, yUYUTHIBAIONIAs Tiepepac-
(g npeeNeHNs SHEPTHH B aKTHBHON MOJIe-
. a(E ) K"
Ag — AF z P. kyne. [Ipeamonaraercs, 4To MoneKya

AaKTUBUPYETCS B COYJAPEHUSX, IPUUEM
aKTHBALMS IPOMCXOIUT B HEKOTOPBIM MHTEepBas 3Hepruu. Ecnu npuoOpereHHast sHeprus
paBHa WK OOJIBIIE TOPOTOBOTO 3HAYEHUS, MOJIEKYJIa CIIOCOOHA K mpeBpaiieHuto. Ho ms
IIpEeBpalleHHs Hy>KHO ONpeeTIeHHOE paclpeielIeHue S3HEPruy 10 CTENEeHAM CBOOO b U
KBaHTOBBIM COCTOSIHUSM, T.€. JOJDKEH 00pa30BaThCsl aKTUBUPOBAHHBIN KOMILJIEKC, KOTOPBIN
y’Ke U pacnagaercs. T.e. OCHOBHOE OTJIM4YNE OT cXeMbl JInHaeMaHHa- X MHIIENIbBY /1A - BBEJIE-
HUE CTaJIMU Nepexo/a akTUBHOM MOJIEKYJIbl B aKTUBUPOBaHHBIN KOMIUIEKC. B akTHBHpOBaH-
HOM KOMIUJIEKCE JOJDKHBI OBITH coriacoBaHbl M (pa3bl koneOanuil. [losToMy akTHBHas Mose-
KyJa UMEET OIpeIeIEHHOE BpeMsl )KM3HH, 3a KOTOPOE BCE 3TU MPOLECCHI IIepepacnpeesieHus
SHEPrUM I0JKHBI yCIIETh IPOU30UTH. [[71s1 McTionb30BaHus anmapara CTaTUCTHYECKOH Tep-
MOJIMHaMUKH HYKHO CIIy4ailHO€ BpeMsl )KU3HHU aKTUBHOM MOJIEKYJIbI, YErO HET B CXEME
XuHIIEeIbBYJa. AKTUBUPOBAHHBIM KOMIUIEKC CYLIIECTBYET Ha BepLIMHE Oapbepa U He cTabu-
JIeH TIPH ABIDKEHHUH B JTFOOOM HamnpaBJieHUU. Y HETO OTCYTCTBYET ONPEACTICHHOE BPEMS JKU3-
HU U OH PACIaJAETCs CO CKOPOCThIO €ro 00pa3oBaHusl. Bo3aMOKHO CyliecTBOBaHME HECKOJIb-
KHMX aKTUBUPOBAHHBIX KOMIUIEKCOB - KpUTHUECKU KOH(UTYpALUil MOJIEKYJIbI, OTINYAIOIINX-
Cs1 KBAHTOBBIMHU YHCJIAMHU.

DHepreTuyeckas 1uarpaMma:



4P0BEHE EPEArEHTA B teopun PPKM wucnons3yor

E* # T anmnapar CTATUCTUYECKOU MEXaHUKHU
r Er E*

a1 (cimydaiiHoe BpeMs KU3HU aKTUBHBIX MO-

nekyin). Pacuer Begercs ¢ yueTom yucia

=
E : { COCTOSIHUH C pa3iIN4HbIM paclpeeicH -
eM 3Heprun. OTCro1a MOHATHO, YTO BaX-
Ha TOJIBKO DHEPTHUsl, KOTOpask MOXET I1e-
pepacnpenensaTbesa. JHEPrusl HyJIeBbIX

KoJIeOaTeIbHBIX YPOBHEH H MOCTYTA-

b, TeJbHAsl SHEPTUs UCXOTHON MOJIEKYJIbI

¢uxcuposanbl. KonebarenbHas sHeprus,

KpoMme (PMKCUPOBAHHOW HYJICBOM, MOXKET
CBOOOHO TIepepacipeeNsiThCs U IOITOMY 0003HaUaeTCsl Kak TeKyIlas YHeprus. Bpamenus
JIeNIAT Ha JIBa TUMA: anadaTHUeCKHe, PU KOTOPhIX HAOOP KBAHTOBBIX YUCEN HE MEHSETCS U
KOTOpbIE He OOMEHMBAIOTCS SHEPTUEH, U HeaqrnadaTUYeCcKue, MpU KOTOPbIX MEHSETCS MO-
MEHT MHEPLUHU U KOTOPBIE BIUSAIOT Ha CKOPOCTh peaKUU. AKTUBHBIE MOJIEKYJIBI ITPU COya-
peHusax npuodperaroT 3Hepruto E*, koropas Beie E . E* BkIrodaer Texyiue konedarens-
HYIO U BpauaTenbHyto 3Hepruu. [lonnas tekymas sueprust AK BKIro4aeT KpoMe COOTBETCT-
BYIOLIMX KOJI€OaTEeNbHbBIX U BpalllaTeIbHbBIX BKJIAI0B 3Hepruto aBmxeHust AK no koopaunare
peakuuu: (E, = X) u ornmuaercs or E* ma E . B 3aBucuMocCTH OT ypOBHS SHEPIUH PearcHTa
COOTHOLIEHUS MKy pa3InuHbIMH BUaaMu sHeprun B AK moryT ObITh pa3nuyHbsiMu. B
MIPUHIIUIIE YPOBEHBb YHEPTHH PeareHTa MOXKET ObITh paBeH OECKOHEYHOCTH, XOTS B ITPaKTHYE-
CKMX PacyeTax JOCTaTOYEH YYeT NPEBBIIICHUS SHEPIMU HaJl yPOBHEM Oapbepa akTuBauuu E
Ha 30-40 xkan/monb. Bknax ot wactui ¢ 6osnbieii sHeprueit menblie 5 %. 1 kak mokasamu
pacyeTsl, OCHOBHOM BKJIaJ B BEJIMYMHY KOHCTAHTBI CKOPOCTH JAIOT YaCTHUIBI C SHEPTHEN,
IpEeBbIIIAIOIECH Oapbep ~ Ha 5 KKaJl/MOJIb.

[Tockonpky AK (ctanmonaprocth mo AK) pacnagaercst co CKOpOCThIO 00pa30oBaHUs,

TO CKOPOCTb BCETO MIPOLIECCA ONPEAEIAETCS CKOPOCTHIO CTaUH NEpeXoja aKTUBHOW MOJIEKY-
abl B AK, T.e. ypaBHEHHE ISl KOHCTAHTBI CKOPOCTH IO BUJLy HE OTJINYAETCS OT PELICHUS
cxemsl JIungemanna - XunuiensByaa. [lepBoe ynpolieHue 3akiro4aercs B TOM, 4YTO 3aMEHs-
€M CyMMy HHTerpasioM u O Ha d (Tepexo/ OT JUCKPETHOCTH K HEMPEPBHIBHOCTH ), T.K. YPOBHEH

OHEPTUU MHOI'O U pa3HUIla MCKAY HUMHU MaJia:



. 3IIeCI> AJI1 COKpallCHUA 3allMCH OIly-

_ 1 dA]) T k,dk,/k_,
A PN G Lp, Trky / (kg [M])

E
M EHBI UTHACKCHI, OTHOCAIIIHUECA K 3Hepr1/11/1 y KOHCTAHT CKOpOCTI/I CTaIII/Iﬁ aAKTUBAIlUU U Hepe-
X0/1a akTUBHOM MoJsiekyJibl B AK.

Koncmanma cxopocmu oesaxmusayuu (k_,) paccuntsiaercs no TAC u ee nonararor

paBHOM Z,: 4HUCITy BCEX COyAapeHUil, a MHOTAA BBOISAT elie U KodpduimeHt A < 1(00bIyHO =
0,5), yYUTHIBAIOIINI HECUIIbHBIC COYAapPEHUS, T.€. TAKUE COYIaPECHUs, IIPH KOTOPBIX MOJIEKY-
Ja He TepsieT B 1-oM ynape Bech H30BITOK SHEPTHUH TI0 CPABHEHHIO C BEIMIMHON Oaphepa.

Pacuem dk,/ k _, xak nu B TAK npoBOAAT B IpeNONI0KEHNH CTATUCTUYECKOTIO PABHO-

BecHst A 1 A* yepe3 OTHOIIIEHUE CyMM IO COCTOSTHUSIM, HO B KOTOPBIX PACCMaTPUBAIOT TOJIb-

KO BKJIaJ CTCIICHEH CBO6OI[H, OTBCHUAIOMIUX 3a NPOUECC MCPEPACIPCACIICHUS SHEPIUH.

. Zgi exp(— E; /kT)

dk * * *
k_l q_ = E SF +oF . HOCKOJ-H)KY II0 CXEME HpOHCCC& I/IHTepBaJ'I 3HepFI/II/I,
-1

2 q2

Q

B KOTOpHﬁ AKTUBUPYIOTCA MOJICKYJIbI, MaJl, TO MOKEM CUUTATb, YTO Ei = E* Ha stom HUHTCP-

%
sane dE" u & = q_ = ( ) E*_)E*+81E* = N (E )exp(— B kT) dE . 3xecw
ki dqp q2 q2

CYMMMPOBAHHE 10 BCEM KBAaHTOBBIM COCTOSIHUSIM aKTUBHOM MOJIEKYJIBI B MaJIOM HHTEpBAJIe
SHEPruil 3aMEHWIN HENPEPHIBHON (QyHKIMEN MIIOTHOCTH KBAHTOBBIX COCTOSIHUN Ha €IMHUILY
sHeprun: N*(E*). [Ipu 601bMIMX SHEPTUAX 3TO TOMYCTUMO, T.K. IPU SHEPTUH 65 KKaI/MOIb
Ha | KKajn npuxoauTcs 2.10” cocrosmuii. [Ipu 5TOM 1O IpUHLMIY HeonpeaenaeHHOCTH ["ai-
3eHOepra ypoBHM SHEPTUU OyayT MepeKphIBaThesl. Takoe JoMyIieHre He CTPOro Py MaJlbIx
3HAYECHUAX dHEpreTudeckoro 6apeepa. Tak g monexynsl CO, npu Bo30yxaeHuu Ha 10
KKaJI/MOJIb OyI€T TOJIBKO 25 KoseOaTeIbHBIX YPOBHEW U IOMYIIEHUE O HETIPEPHIBHOCTH pac-
IpeJesIeHHs SHEPTeTUYECKUX YPOBHEH, KOHEUHO, He UMeeT cMbIcia. Takum obpa3om, pacyer
OTHOILIEHHUSI CKOPOCTEH aKTUBAIMK U JI€3aKTUBALIUN CBOJAUTCS K PAaCU€Ty CyMMBI 110 COCTOSI-
HUSM UCXOAHOM MOJIEKYJIBI M INIOTHOCTH KBAaHTOBBIX YPOBHEH.

Pacuem k(a).

OcHOBOMH pacyeTa CIyKUT YK€ UCTIOIb30BaHHOE JOMYIIEHUE CTAIIMOHAPHOCTH KOH-
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[CHTPAIUH A" Torma ka[A*] k" [A_;] nk, = % @ _ Ek# @
A *

BHGCB OPpCANOJIOXUIN, YTO CTAllUOHAPHAA KOHICHTPAIUA aKTUBUPOBAHHOT'O KOMIIJICKCA, T1C-

paBH.

pecekaroniero 0apbep B CTOPOHY NMPOAYKTOB, paBHA 1/2 KOHLIEHTPALMK [IPU yCTaHOBUBILIEM-
csl paBHOBecuu akTuBHOM Mouiekyisl 1 AK. B paBHoBecun AK ¢ paBHOI BEpPOSTHOCTBHIO

JIOJKEH pacnagaTbes B IPOAYKTHI U MPEBPAIAThCS B A.B CYLIHOCTH YYHUTHIBAaE€M PaBHOBE-
POSITHOCTB IOCTYTNATENBHOIO JBMKEHUS 110 00OUM HAIPABIIEHUSAM IO KOOPAUHATE PEaKIUu.

Teneps Hano yuyects, uTo B AK 3HEprust MoxxeT ObITh pacipeesieHa MEeX/1y pa3HbIMU CTerle-

#
B, AEr )
HSIMU cBOOOABL, T.€. k, = 5 z k™(x) T 1 . IloHSITHO, YTO KOHCTaHTa CKOPO-
E}=0 [A(E*)]

paBH.
ctu npeBpaiieHuss AK 3aBUCHUT TOJIBKO OT S3HEPTHU U B IEPBYIO O4YEpEab OT MOCTYNATEIbHON
- X.
P K
acuem k).
Pacnan AK paccmarpuBaeTcst Kak IBH)KEHHE YaCTULIBI B TOTEHIIMAIBHOM SIIUKE OIl-
peneneHHol uMHEL: Kak B TAK 3T0 Hekuii oTpe30k Ha BepmuHe Oaphepa. Macca 4acTHITBI

GepeTc;I KakK IMpUuBCACHHAad IJIA BCEX aTOMOB. Ecau x - OHEPIus, TO CKOpOCTb ABHKCHUA YaC-

)1/2

THIIBI K BPEMSI TPOXOKIACHUS SAIINKA PABHBL: V = (2X fu)", =38/ (2X / u)l/z . Torma

" 7 1/2
KOHCTaHTa CKOPOCTH K (y) =(2X / ud ) .

st pacuera OTHOIIEHUS KOHIIEHTPAIIMH OMATh UCIOJIb3YyEM NPUOIMKEHUE paBHOBE-

CHA U pacCyYCT UCPe3 CYMMBI 11O COCTOSHUAM. OTMeTI/IM, 4TO 110 OMPEACICHUTIO COOTHOIICHUA

SHEPTUHA 0YEBUIHO, YTO MAJIbIE MHTEPBAJIBI YHEPTUN Oy IyT OJIMHAKOBBI: (dE* = dE#) Y 3Ha-
YCHUS DKCIIOHCHT B OGCI/IX CyMMaXx, BbIPAKCHHBIX YCPE3 BBIPOKICHHOCTD U SKCIIOHCHTY OT
SHEepruu, OyeT OAMHAKOBBIMU. [[JIs1 aKTHBHON MOJIEKYJIBI TAK)KE MOXHO MCIIOJIb30BATh
IUIOTHOCTH KBAaHTOBBIX cocTosiHU. [{nst AK 310 y’e HEBO3MOXKHO, T.K. ISl pac4eTOB IIPU-
HUMaeM BO BHUMaHKE, B OCHOBHOM, COCTOSIHHSI YHEPTUsI KOTOPBIX MPEBBIIIACT YHEPTeTHYIC-
CKuil 6aphep Ha HECKOJIBKO KKal. Ho B TO ke BpeMmsi, MOCKOJIbKY pacmpeelieHue YSHEPT U
MOCTYTATEIILHOTO JBM)KEHUSI MOKHO CUMTATh HETIPEPBIBHBIM, TO JIJISI HETO MOYKHO BBECTH

HenpepriBHYI0 QyHkuo u st AK. Torga oTHOIIEHHE KOHIIGHTPAIIHA PaBHO

11



" DKCIOHEHTHI B CyMMaX MO COCTOSIHUSIM B 9TOM pa-
A
vr, X)

(EY B BEHCTBE COKPAIIAIOTCS.
- * * :
[A (E' )] N (E ) Pacnpenenenue cocTosHUM MOCTyNaTEb-
paBH. HOT'0 ABMDKEHUSA ONpelIeiIIeEM U3 KBAHTOBOT'O pac-

21.2 2
CMOTpPEHHMS JIBUKCHHUS YaCTHIIBI B TOTEHIMAIBLHOM smuke: X =n~h* / 8ud~, n - Habop

KBAaHTOBBIX COCTOSIHUH, O - IJIMHA MyTH Ha BepiiuHe. B unTepBane x — x + 0x Oyzaer

1/2
5n = (dn / dx)ox = N* (x)oxu N* (x) = (2u82 / hzx) 1 Torma

1/2

B 1 2 )2 P(Eﬁr)(zuaz/h%)
a = z — 5 Pa— = ZP(E ). Orcrona cie-
Er—02\ud N (E") BNC(E” ) Ef =0

Iy€T, 4TO YeM BBIILIE SHEPIHs BEPXHETO Mpeziesia CyMMUPOBaHHUs, TeM OoJbIie K,.

[lepen BEIBOIOM OKOHYATENBHOM (POPMYIIBI BBE/IEM €IIe J1BA JIOTIOTHEHUSI.
Bo-nepBbIX, pacueThl KOHKPETHBIX peaKlnii oKa3alu, 4YTo ainadaTHuecKue BpalleHUs TOXe
BHOCSAT BKJIa/l B KOHCTaHTY CKOPOCTH, IPaB/ia, B OCHOBHOM MPHU BBICOKUX AaBieHUsX. [1o-

3TOMY B ITpyOOM NpUOIMKEHUH BbIpa)KEHUE HA/I0 TOMHOXKUThH Ha OTHOILIIEHHE COOTBETCTBYIO-

o #
muXx CyMM IO COCTOSHMAM JUUIsI aKTHBUPOBAHHOT'O KOMILJICKCA M UCXOAHOHN MOJICKYJIBI: (; /ql

Bropas nmonpaBka yunuTBIBAaET TO, YTO AKTUBUPOBAHHBIN KOMIUIEKC MOKET 00pa30BBIBATHCS U
pacnagarbcsi HECKOJIbKUMH PaBHO3HAYHBIMM My TAMU. Tak npy H30MepHU3alMy HUKIONIpona-
Ha 6 aTOMOB BOAOPOJa MOT'YT CMECTUTBCS K IBYM aTOMaM yTiepoja: T.e. BO3MOXKHO 12 ane-
MEHTapHbIX aKTOB. Bce 3Tu My TH 0AMHAKOBBI PHEPTETHUECKHU U 10 CKOPOCTU. DTO YUUTHIBA-
eTcs BBeJIeHHeM Kod(dduimenTta L’ - ancro kuneTHueckn pPaBHO3HAYHBIX ITyTEH peakuy.
JU1st IMKJIONPOTIaHa OH paBeH MPOU3BECHUIO YHCET CUMMETPUHN UCXOIHON MOJIEKYJIbI

(3*%2%*2 = 12). OxoHUYATEJIBHO MOTYYaeM:

Iﬁq?
k, = ZP(E ), T.K (B, +E) E'n
hqlN (E, +E” )E#
E+
> P(E®.) |exp(-E” / KT)dE"
L*qf exp(-E, /kT) % |E%=0
kMOHO. =

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

[Tonyuennbie hopMyITbl - OCHOBHOM pe3yabsTaT Teopun PPKM.

IIpenen BBICOKMX JAaBJICHUN.

Ecam monoxxum koHIeHTpanuio M cTpeMsiieics: K 06CKOHEYHOCTH, TO BTOPOH WiieH
12



SHaAMCHATCIIA IO 3HAKOM MHTCrpajia CTPEMHUTCA K HYJIIO U BBIPAXKCHUC IJI1 KOHCTAHTBI CKO-

POCTH MOHOMOJIEKYJISIPHOM peakluy MpHoOpeTeT BU.:

Lq? E, /KT £
1 exp(-— ) z P(E;\#Ir) exp(—E# / kT)dE#. s BerancieHus

kg, =
hq;q; E*=0| E%.=0

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

PYIOT. Jexp(—E# / kT)dE# =kT exp(—E?\#,r / kT) T.x. npu E = oo Bepxuuii nmpeen pa-
E*=0

# o4
_Larexp(E, TKD) ) o ZP(E # Yexp(~E*. / kT)

Ben 0, To 3Hak +. Torga k "
9192 E =0

HOHHTHO, 4YTO B TOM YPaBHCHUHU CyMMa €CTb HHU YTO MHOC, KaK CTATUCTUYCCKAsA CyM-

Ma TI0 COCTOSIHUSIM aKTUBHBIX KoseOanuit u Bpamiennii AK. Torga

L*q}q} exp(~E, / kT) ot KT q"

k, =
hq,q,

exp(—=E, / kT).C yuerom pasnuuwuii B

cymmax no coctostHusiM B TAK 1 PPKM (B PPKM TtonbKko BpamieHus u koyie0aHus, He-
CKOJIbKO OTJIMYAETCS U E ) U MOSBIEHMEM MHOXKUTENS, YUUTHIBAIOILETO PA3HbIE BAPHAHTEIL
obpazoBanus AK, pesynbrar ananornueH TAK. [Ipu BeIcOKMX aBIeHUSIX JOMKHA OBITH
OO0JIBIIION BEPOSTHOCTH COYAAPEHUN aKTUBHOW MOJICKYJIBI C TIOCTIEAYIOMICH Ie3aKTUBAIUCH,
MO3TOMY IPEBPAILEHUE MPETEPIIEBAIOT TOJIHBKO MOJIEKYJIbI C SHEPTHEN 3aMETHO BBIIIE aKTH-
BaIlMOHHOTO Oaphepa: OIBITHAS SHEPTHs aKTUBAUK Oy et Oonbie 6aprepa mo T1119.

IIpenen HU3KNX JaBICHUN.

[Ipy HU3KUX TABAEHUAX T = [A][M], 3pdexTHBHYIO KOHCTAaHTY CKOPOCTH MOXK-

6HMOJ1

HO NPpUBCCTU K BUY:

o ()

[A] dt

kdkk 1[IM]
]+k)I/IHpI/I[M]

es]
| —— 8§
[TJ

k,dk[M] T
1+, /(k -

e 0]
0 Kyono, = | dk;[M], anput [MI50: Kgyon, = | dKj., T KounioaM] = Kyoreo-
E'=E, E'=E,

DTOT pe3ysbTaT 03HAYaEeT, YTO NMPU HU3KUX JIaBICHUSIX PearupyroT Bce aKTUBHbBIE MO-

JICKYJIBI - OIIbITHAA SHCPIrusa aKTUBAllUU 6yI[eT MCHBIUIC, YCM ITPH BBICOKHX JABJICHUAX. Cko-

POCTE p€AKIUHU OIIPEACTIACTCA CKOPOCThIO aKTUBAIIH. Ecnu BcCmOMHUTE OCHOBHOE ITOJIOKE-
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HHE TEOPUH U CIEACTBUE PACCMOTPEHUS CTALIMOHAPHOCTH 110 IIPOMEXKYTOUYHOMY IPOIYKTY
JUTSI CXeMBI TTOCJIETIOBATEILHOM IBYXCTAIUHHOMN peaKIuu ¢ 00paTUMOCTHIO Ha TIEPBOM CTaIUH

IIPU MaJIOW CKOPOCTH BTOPOM CTaAMH, TO MOKEM CKOPOCTh aKTUBALMU CUUTATh IPUMEPHO

ky *
PaBHOM CKOPOCTH JE€3aKTUBALMU U TOTAA, T.K. k_ =K , nmomxydaem Juisi HU3KHX JaBJICHUI
-1
%
a2 -
Keumon. = —k_j¢€ AE/RT [Tpu 5TOM MBI y4UTBIBAEM TOJIBKO KOJIEOAHUS U HeaauabaTuue-
- q

CKHC BpalllCHHA. Ecnn Bbl6paTL 34 HA4YaJIO OTCYCTA SHCPIrur0 OCHOBHOT'O COCTOSAHWA UCXO-
* E, *

q - 4
-2 k_je kT 3 -2 >>1, T.K. CyMMa 0 COCTOSTHUSIM A" 6oib-

HBIX MOJIEKYI, TO Kgion. =
q2

I11e CyMMBI It A (C POCTOM 3HEPTUM pacTeT IIIOTHOCTh YPOBHEH - BBIPOXKAEHHOCTh 00JIb-

-1
E S
mre). T.e. 3TO OTHONIEHHE CYMM, B CYIIHOCTH, AHAJOT IOIPABKH | — / (s - l)! B CXeMe
Jlunnemana - XuHIIEIbBYA.
Tenepb MokeM 00BACHUTH KpUBYIO Ha Tpaduke 1/Kyono 0T 1/p. O6mas gpopmy:na 3a-

L _ky 11
kik, kg [M]

BUCHUMOCTH . Jlns ananuza noctpoum 3aBucumoctsb 1/k = 1/k; p -

MOHO.
HIDKHsA npsaMas. [Ipu Gonbiuux p OyneT Benuko k, 1 jo6aBka k npsimoit mana. [Ipu ManbIx p
MOy YMIIH, 9TO K, Mano u qobaBka Oosbine. BepxHsisi yHKTHpHAS MpsiMast - pacdeT MpH 3Ha-
yeHuu k, B ipeziesie MajbIX JaBJICHUH.

HOBTODI/IM OCHOBHBIC OOITYIIICHUA

teopun PPKM.

1. CBOOOIHBIN OOMEH YHEPTUU MEKTY
CTETICHSIMHU CBOOO/IbI, B TIEPBYIO OYEepEIb Me-

KAy ocunuisitTopaMu. OOBIYHO AJIsL ATOTO

-1
JIOCTaTOYHO BpeMeHHOro otpeska 10 c.

2. CunbHbIE COyJapeHus, 4TO pe-

moJiaraeT nepenady B KaKJIOM yAape dSHEPTHH
MHOTO O0Jbiie kT. OGBIYHO MOJIEKYJIBI TIPU

COyJapeHUsIX MepeaaroT ~ 5 KKaJl/MOJb, a TOCKOJBKY IPU pacueTaXx OCHOBHOH BKJIaJ B KOH-

CTaHTY JJAIOT MOJIEKYJIbI C TAKMM W30BITKOM SHEPTHH HaJl OaphepoM, TO TIPEATIOIOKEHUE

JIOCTATOYHO OOOCHOBAHHOE.
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3. PaBHOBecue Ha nepBoii ctaguu. OOBIYHO 3TO 00OCHOBBIBAIOT TEM, UYTO TYT HY>KHO
HE TePMOJMHAMUYECKOE PAaBHOBECHE, & MAKCBEIUI-00JIBIIMAaHOBCKOE pacrpeiesieHue 1o
SHEPIUsM U C IPUBJICUCHUEM MTPUHIIUIIA MUKPOOOPATUMOCTH YTBEPHKAAETCS, YTO MOTOKU
MOJIEKYJI B IPOTUBOIIOJIO)KHOM HampaBiICHUH HE 3aBUCST OPYT OT Apyra. MoieKyJibl BXOAAT
B 00macth AK co cKOpPOCTBIO TEPMOAMHAMHUYECKOTO paBHOBeCHs. Bbun IpoBeieHbl pacyeThl
¢ yuetoM HepaBHOBecHOCTH. [lokazano, uto npu E_ > 10RT npubnmkenue He 1aeT OOIbIION
omm0Oku. Tak, npu E_ ~ SRT ommbOka B KOHCTAHTE CKOPOCTH COCTaBIIsna 8%.

4. CityqaiiHOE BpeMs KU3HU aKTUBHOM MOJIEKYJIbI 10 npeBpaieHus B AK. O1o Hyx-
HO JIJISL TOTO, YTOOBI TTEPEXO/T A" B A" Moo Gbi10 paccMaTpuBaTh CTATUCTUYECKHA. AHAIU3
OTBITHBIX TAHHBIX MTOKAa3aJl, YTO MPUOJIMKEHNE XOPOILIO PadOTALT 3a UCKIIOUEHUEM PEIKUX
ciaydaes, korza E / RT oduenp Mano uiam 1 IByXaTOMHBIX M HEKOTOPBIX TPEXaTOMHBIX MO-
JeKyJ (TyT He HaJl0 3HAYUTEIbHON 33aJIep’KKH BO BPEMEHH, HEOOXOJUMOM ISl IiepepacIipe-
nenenus sHeprun ). OOBIYHO ke cydyau OBICTPOTo pacrnaja Mmocjie akTUBalluy PEeIKH, a TOT1a
€CTh HEKOTOPBIM MHTEpBaJl BpEMEHH JKU3HU aKTUBHOM YaCTUIIbl, BHYTPU KOTOPOI'O OCYLIECT-
BIISIETCS CITy4allHOE paclpe/elieHne BpEMEHH JKU3HHU 10 SKCIIOHEHITHAILHOMY 3aKOHY. Bepo-

ATHOCTh paclpesie/ieHust BpeMeH ku3Hu umeet Bul: P(t) =k exp( -k, 7).

5. HenpepriBHast (DyHKIMS pacIipeIeIeHUs YMCiia KBAaHTOBBIX COCTOSIHUIM Ha eIMHUILY
sHeprun. OYeBUIHO, YTO ITO MPHUOIMIKEHNE JOCTATOYHO 0OOCHOBAHO NP OOJIBIIIOM YHCTIE
COCTOSIHMI U TPUMEHMMO AJIsl pacueTa TOJIBKO JUIsl aKTUBHBIX MOJIEKYJI IPU SHEPTUSAX HE-
CKOJIBKO JIECSITKOB KKaJI/MOJIb.

Jliia mpakTuaeckux pacueTos 1o reopun PPKM Hano cuntath cyMMBI 110 COCTOSIHUSAM
HCXOJIHBIX MOJIEKYJ M aKTUBUPOBAHHOI'O KOMILIEKCA, YUCIIO SHEPIeTHUYECKUX YPOBHEH U 3a-
JaBaTh HEPIUIO akTUBalMU. PacdyeT cymm no cocrosiHusaM AK BCTpeuaeT Te ke TPy IHOCTH,
yto 1 TAK: Hano 3anaBath reomerputo AK u nenaTh AOMyIIEHUS O YacTOTaX KoJieOaHUH.

PaccMmoTpuM, Kak MOKHO PaCCUUTATh YUCIIO COCTOSTHUM C ONPEAEICHHOU JHEprUeH.
[lepBoe nomyIieHne COCTOUT B TOM, YTO CUUTAIOT KOJIEOAHUS U BpAllleHUsI HE3aBUCUMBIMU U

4MCIIO BpalareabHo-KonebarenbHex yposuedn W (E, ) paBHo:

EVr Evr
W(E,,) = z P(E,)W,(E,, —E,), 3necp Z P(E,) - cymma (aucio) koaedatenbHbIX
E,=0 E,=0

ypoBHei#t ¢ sueprueit ot 0 10 E,; Tak BpamaTenbHbIX YpOBHEH MEHBIIIE, TO 3aITUCHIBAIOT YHUC-

1o BpamatenbHblx yposaed kak W, (E , — E ) - mns Bpamenuii ¢ sueprueii ot E, 110 E,,.
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Pacuertsl nokazanu, uro npu E Beime 300 kan/mons ( mpu KOMHATHOM Temriepatype E Tpex
BpaieHuit 900 kayi/MoIb) JOCTaTOYHO XOpoIo ( B mpeenax omuoku 2%) 4ucio Bpamia-
TEIBHBIX COCTOSIHUN ompeensercs GopMyIoi KIaCCHUECKUX POTATOPOB:

1/2

1/2 1/2

8n21A 8n21B 87:21C
h? h? h?

W(E,) = E 3/2 Ilpexamonaraercsi, 4To YKCIa CHM-
METPHUH BXOJAT B KOIPPUIIMESHT L. s xnopucroro Metuia rnpu sHeprun 600 kai/mMoib
yucno ypoBHe# nmpumepHno 7000. He ctporocts MeToza - OMyIIEHHS O )KECTKUX pOTaToOpax
¥ CBOOOJIHBIX BPAILLICHUSX.

B knaccnyeckoM npuOIMKEHUN TApMOHHYECKIX OCHMIIISITOPOB pacyeT YMCia ypOB-

S

Heill BeayT no ¢opmyIe: W(E V) ~ ——— Jlng pacueTa yucia KonebaTebHbIX YPOBHEil

S
st Jhv
i=1

KJIACCHUYECKOE MPUOIKEHHE TT0X0 padoTaeT: popMyna naet O0IbIIyIo OMHMOKY MPU MaJIbIX
3Ha4YeHUsAX sHepruu. CTporo roBops, YUCIO KojaeOaTeNbHBIX YPOBHEH "MpocTo" paccunTarh

nepebopoM PHEPTUH I BeeX cocTossHui. BosemeM monekyny SO,. HacToTsl konebanuii

paBHbl 1361, 1151 u 524 CM_I numu 3,891, 3,291 u 1,498 kkan/mMons. Bozbmem st mpumepa
B030yxeHre Ha 10 KKaJl/MOJIb CBEpX OCHOBHOI'O COCTOSIHUS. Toraa OCHOBHOE COCTOsIHUE - |
ypoBeHb. Bo30yaum 1-it konebarensHblil ypoBeHb 4acToTa 524 oM = 1,498 xkan/mounb. 2-i
= 2,996 xkai/moinb. 1o 10 kkay/ MOJIb MOKHO BO30YIUTH 6 YPOBHEH - BCEro yke ceMb. Bo3-
OyaMM BTOPYIO 4acTOTY - 3/I€Ch ITOCIIEI0BATEIbHO BO30Y X 1asi 1-10 4acToOTy, MOIy4YHUM ele 5
ypoBHe# U T.11. Beero, mocienoBarenbHO niepedupast Bce BO3MOKHOCTH KOMOMHAIIHM BO30Y-
KJIeHUs KoJjeOaTeIbHbIX COCTOSIHUM, MoyYuM 25 ypoBHel. [IoHATHO, 4TO ¢ yBeTUUYEeHUEM
4ycia KoneOaHui ¥ SHEpruy Bo30yKIEHHs 3TO YHucIo crpeMuTtensHo pacret. Jna COCl,
npu 3HEepruu 10 Kxay/MoJb 4nuciio ypoBHe# coctaBut yxe 1045. A mis moxoxei MOJIeKyJIbl
CHCI, npu sneprun 60 KKaj/MoJIb YMCIIO YPOBHEH cocTaBiseT 2,57. 10", OueBugHO, UTO
BPYYHYIO 3TO CJENaTh MPAaKTHYECKU HEBO3ZMOXKHO, a pacyeT Ha DBM OyzaeT noporum, a
IJIaBHOE, HEHYKHBIM, T.K. UMEIOTCS (hOPMYJIBI ISl IPUOIMKEHHOT0, HO JIOCTATOYHO TOYHOTO
pacuera.

Mapkyc u Paiic npeioXuin y4ecTb To 00CTOSITEIbCTBO, YTO KBAHTOBBIM OCLIMIIIS-

Top umeer >Hepruto E +E , rne E - sneprus nyneseix kone6anuii. Torma
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E, +E,) s
W(EV) ~ M , Tne E, = H 1 hv; . Ho ¢opmyrna takxke naet ommoky.

S

st ] [hv; =1

i=1

Haunbonee TounsiM npubimxenueM spisercst popmyna Buttena - Pabunosuuya:

(E, +aE,)* easl (s-1)(v?)
s!f[hvi | S<V>2

i=1

W(EV) = (D(EV / EZ). a <1.3xaecs yunrsiBator

TOJILKO HEKOTOPYIO JI0JII0 SHEPTUU HYJIeBBIX KoseOaHui - a. [ ee pacuera onpeaenstoT

CPEIHIOI0 YaCTOTYy U CPEeIHUM KBaJIpaT YacTOThI, @ TAK)KE UCIOJIB3YIOT (DYHKIIMIO CBSI3U a U

-1
sneprun: (B, /E,)=|5E, /E, +2,73(E, / E,)"? +3,51] . (01<E, /E, <10)

u OJ(EV /EZ) =exp —2,4191(EV /EZ)1/4], (1,0< E,/E, <8,0). Jliis manbHENIIX

YOPOILEHHH OJIN3KHE YacTOThI IPYNIUPYIOT A0 OAHOTO 3HaueHus. Huke npuBeeHbl pe3yib-

TaThI pacycTa 4yuciia KoJ1e0aTeIbHBIX COCTOSHUM AJI1 MOJICKYJIbI HUKJIOIIpOIIaHa, ImoJIy4eH-

HBIE Pa3HBIMU CIIOCOOAMH.

E, Knaccuueckoe Mapkyc - Paiic Burren- Touno
KKaJ/MOJIp | TPUOJIIDKEHHE. PaGunoBUY Ha OBM
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 Hcnob30BaIy rPynnupoBKy 2 1-it yacToTh:3221 oM - 6,1478 -3,1118 -
7,878 -3,749 - 2. E,= 51,061 kxan/mouns.
Taxum 00pa3oM, MOKHO TOCTATOYHO TOYHO PACCUUTATH YUCIIO IHEPTETUUECKUX

YPOBHEM Kak JJisl aKkTUBHON MOJIEKYJIbI, Tak 1 111 AK.

Z[J'IH BLI60pa 3HaA4YCHUA Eo HCIOJIB3YIOT TO COO6pa)KeHI/IC, 4TO B IPCACJIC BBICOKHX

JIABJICHUH ypaBHEHHE JJIs1 KOHCTAHTBI CkopocTH no Teopuu PPKM coBmamaeT ¢ BbIBEIEHHBIM

B TAK. Torza, 3Has onbITHOE 3HaU€HUE SHEPTUHM 1pu Gonbiux nasnenusx (E_ ), naxonsat E
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» dIn(qiq3 / q19,)
dT

E, =E, +KT+kT =E, +kT+(E") - (E), 1

din(k) E
7 = W . kT - CpC)IHHH BHCPFI/IH OTHOCHUTCJIBbHOI'O HOCTyrIaTeJ'IBHOFO JABUXXCHUA.

CpenHue »HepruM BpalleHU U KoineOaHui HaXOAIT U3 OIICHKU BpaIlaTeIbHBIX U KoyeOa-

TCJIIBHBIX CYMM I10 COCTOSHUSAM:

dln dIn
<EV> — kT? d—?V u <Er> — kT? Tqr IToCKOIBKY MOXKET ObITh HEONPEACICHHOCTh

B OLICHKE CyMM 110 cocTossHusAM AK 3a cueT npeanonoxkeHuil 0 ero CTpOEHHUH, U 3a CUET TOrO,
4y10 AK MOXeT OBITh HECKOJIBKO, BBIOOP SHEPIHH aKTUBALMK JOCTATOUYHO ITPOU3BOJIEH.
Jnst ouenku cBoiictB AK ncnonb3yror npubnmxenue, yxxe onucanoe B TAK kak

I1IC-3C. (s - cuMBOJ OJIMHAPHOM CBS3M). T = T - 0.26In(n), n - MOPSAIOK CBSI3U, HO HE IO TEO-

—r)/bi’j

o I
pun MO, cunoasi HOCTOSHHAsI BaJIeHTHBIX konebanuii F = F 10( s , bij s 60b-

mmHCTBa peakuii papao 0.60+0.05. s neopMarimoHHBIX U KPYTHIIBHBIX KOJIeOaHui, K
CO’KaJICHUIO, TAKUX MPOCTHIX U JOCTATOYHO TOUHBIX KOPpesiMii HeT. Icronb3yoT Takxke
pa3UYHbIE MOJY3MIINPUYECKIE COOTHOLICHHUS U MTpaBUiia OPraHMYECKOW U HEOPraHUYEeCKON
xumun. [Ipu ynaunom nogdope coiicte AK teopust PPKM nocrarodno TouHo nepenaer 3a-
BHUCUMOCTb KOHCTAHTBI CKOPOCTH MOHOMOJIEKYJIIPHON peakuy OT JaBJICHUS.

Tax, nns uzomepuzanuu 1,1-nuxnopuukionponata B uHTepBane nasienuii 0,1 - 100
MM.pT.CT. 1 TeMnepatypax 632,4 u 697,6 K onbITHbIE U pacyeTHbIE 3HAYEHUSI KOHCTAHTHI
CKOPOCTH MOHOMOJIEKYJIIPHOH peakiiy MpakTudecku coBnaiu. [Ipenen koHcTaHThI - Ko,

HMMEET IIPHU ITUX TEMIIEpaTypax MOPsA0K 107 1/c. IIpryemM pacyeTsl 3HaYEHHUS KOHCTaHTHI k|
(k, B cxeme JIungemanna) TOKa3alu, 4To JeHCTBUTEILHO HAOIIOIAETCS €€ POCT C yBeauyde-

HYEM Pa3HHUIIBI SHEPIHH YACTHII AKTHBHPOBAHHOIO KOMILIEKca 1 Gapsepa E:

E#, KKaJl/ 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°
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