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BMeCTe C TeM
Fy = P/k,.

IpoandpepenunpoBas nociaesHee COOTHOIIEHHE N0 BPeMEHH, Haxo-

muM F, = P[k, Vckmouas tenepb Fo ¢ nomompio E = Fo 4 F), no-
ayyaem

P4k (Km+ S)P=kkES. (6,48)

B navaabHuifi mMomeHT kiks ESo = P(0). B camom nene, P(0)==
= kyF,(0), F1(0)= 0, E = F¢(0). CienoBare/bHO,

F (0) ~ k,SoF,0) = k,S;E u P(0) = kkyES,.
JBoiiHoe I/IHTeI‘pI/IPOBaHI/Ie no Bpemenu npu S = Sg naer
kq E

_ exp[—kl(KM—{-SO)t]——l
P)= Km + S [t + ki (K -+ So) (6,49
C pocrom ¢ ¢yukuus P({) acumnrtoTH¥ecKn npuHOanKaercs
K NnpsiMOH
__ kES, . 1
PO)= % s [t k,(KM+S)]’

KOTOpasi OTceKaeT Ha OCH ! OTPe30K
7, = 1/k; (Km -+ So)

M uMeeT TaHTeHC yraa HakjnoHa kES/(Km + S).

Usyuas npencTanMoOHapHYI0 KHHETHKY, MOXHO, OUeBHJHO, OIpe-
IeNUTh KOHCTAHTH k; U ko, €c/IH H3 CTalMOHAPHHIX HU3MepeHHH u3-
BecTHa noctosinHass Ky. Tem cambiM, HaX0AsiTCH Bce TpH KOHCTAHTHL
ckopoctu [11, 19].

§ 6.3. TEPMOAHHAMHKA PEPMEHTATHBHbBIX PEAKLLHH

TepMmonnHaMuuecKne XxapaKkTepHCTHKH (QepPMEHTAaTHBHHIX peaKuufl
HaxoaAT ¢ nomouibio gopmyas (6,22). Koncranter ckopocTh, onpe-
JejleHHble N3 KMHETHYeCKMX SKCIepHMEHTOB, HHTEPIPETHPYIOT, Ipej-
fonarasi, YTo paccMarpuBaeMslfl npouecc aguabatuues. CroGogHyio
SHEpTHIO, SHTANBNHIO K SHTPOIHIO AKTHBALHH HAXOLAT H3 TeMrepa-
TypHo#t 3aBucumMoctH k. CorJiacHo (6,22)

dink ___+ H*  H*4RT
dT ~— T RT2 — ~ RT?2 ¢

(6,50)

4TO CcOoBnajaeT ¢ ypaBHeHHeM Appenuyca, eciaun E* = H* 4+ RT.
Bmecre ¢ Tem

Fr=H"—T8=—RTInk+ RTIn(kT/h).
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Hccaenoanne sapucumoctH ln k ot T nosBossieT onpeneauts F*,
S* u H*. Ha puc. 6.5 u 6.6 nokasanb HafiieHHBle TakuM oGpasoM
KpHBbie CBOGONHOH SHEPruH W SHTAJbIHH /IS PeaKnHH npeBpalie-
uus pymapaTa B MaJaT, KaTaausupyemoii dpymapasoi [20]

HOOC—CH H,C—COOH

I + H,0 —> ]
HC—COOH HO—HC—COQOH

Boabumoe pasinune MmexAy [ABYMsi KPHBEIMH CBUAETEIbCTBYCT
0 BaXXHOH poJu 3HTponuiHoro ¢akropa. OH HACTOJBKO CYIIECTBeH

Puc. 6.5. KpuBas csoGoxnofi snepruu  Puc. 6.6. Kpusasa snTansnud nJ1s peak-
A5 peakuud dymapaT T=>* MaJjar. uuH hymapar === MaJart.

® —¢dpymapar, M—wmaaar, ®E, ME —ux xoM-
fiaekcel ¢ depMenToM. Uucla ¥ KPHBRIX yKa-
3BIBAIOT 3HEPI'HA B KKAA[MOAb.

B ()epMEHTATHBHEIX peaKUHsX, 4YTO IYTh PeaKUHHH MOXeT NPOHTH He
yepes CeA/0BYIO TOUKY C OTHOCHTe/bHO HaHMeHblllel NOTeHIHAAbHO
3Heprueil, a uepe3 TOYKY, oTBeyalomyio Oo/bllell 3HepruH, Ho H
Gosbluel sHTponkH [21].

B ra6a. 6.2 npuBejeHb 3HauYeHHs aKTHBANHOHHHX NapaMeTpoB
HecKOJbKHX (epMeHTATHBHEIX PeaKiufl, ONHChIBAeMblX B CTallHOHAp-
HbIX yciaoBHAx dopmyJioft THna (6,36), u BednunHbl pasnocTefl AF,
AH, AS, oTBeualomue «KOHCTaHTe paBHoBecHs» kofky [21]. CBoGox-
Hble 3HepPTHH M 3HTAJbIHM JAaHBl B KKAA[MOAb, SHTDPONHH — B
Kaa[mOre-epad. HanomuuM, uto npu 300 °K 33,3 snTponuiinbix exwu-
HHLDLI J3I0T BKJaj B CBOGOAHYIO 3Hepruio, paBHuH 10 xxas/moav.
Kaxk Mbl BHauM u3 1a6J. 6.2, sHTponuiinbe GakTOpH AefiCTBHTENbHO
BeCbMa CyIIlecTBeHHB (cM. Takxe [22]).

Baiomendensy npoananusuposas BOnpoc O AOCTOBEPHOCTH Tep-
MOIHMHAMHYECKHX [AHHBIX, HOoJyuaeMblX H3 KHHeTHUeCKHX H3Mepe-
uuf [23, 134}

TemnepaTypHasi 3aBHCHMOCTb KOHCTAHT CKOpOCTell 1/ (epMen-
TATHBHBIX peakuHil xapakTepusyeTcda psangoM ocobeHHocTeld. Bo MHo-
THX cAy4aax HaGJaogaloTCsl ONTHMAaJbHbie 3HAYEHHSI KOHCTAHT IpH
HEKOTOPbIX TeMIepaTypax, 3HAYHTEJbHO MEHBIUHX TeMIeparyphl



TepMogHHAMHIECKHEe MapaMeTpH NPOCTHX (depMeHTATHBHHX peakuufi!)

Ta6munma 6.2

Depuert Cy6erpar Fj H) 7 Fy H, S5 AF | am | as
XHMOTpPHIICHR MeTuargaporuHaaMaT 17,8 10,9 —23,2 | 19,7 16,2 —11,8 1,9 —5,3| —11,4
Merun-D-B-dennmrak- 16,6 2,5 —47,2 | 18,7 14,5 —14,2 —2,21—~12,0| —33,0
TarT
Memnir-L-B-dennsmak- 14,7 3,2 —385 | 17,5 10,5 —23,4 —-2,81 —7,31 —15,1
Tar
Bensona-L-tuposunstu- | 10,7 0,2 —38,5 | 15,0 8,6 —21,4 —3,3] —8,4{ —17,1
JIOBHIR 3(up ’
Benzoua-L-tuposun- 16,9 3,1 —43,0 ) 17,9 14,0 —13,0 9,9 —9,9{—30,0
aMH
AneTHiIXo/HR- Auernaxonun 2,5 [ (14—19)} (34—52) 8 |(14—19)] (16—34) —~55( 0 18,5
scTepasa JlvMeTHIaMHHOS THJTALe- 5,5 [(6,7—8) | (4—8) 9.9 |(6:7—8) | —(16,5—10,5) | —4,4 0 14,6
Tar .
AmuHO3THMAIETAT 9,7 9,5 —0,6 12,2 9,5 —9 —2,5 0 8,4
Kap6okcunenty- Kap6o6ensoken-L-Tpun- | 16 21 17 19,3 16 —11 —3,4 5 | —28
nasa " To(haH
Kap606er30KCHTITH~ 11,8 85 | —11 14,4 8,8 —18 —-2,5] —0,4| —7
HJI-L-heHnranranun
Kap6o6ensokenrm- 11,9 9,9 —8,5 15,3 9,3 —20 —3,4 0 |—115
uua-L-rpunropan
Tlencun Kap6oGensokcu-L-ray- 18,3 | 22,5 14,1 | 22,1 20,1 - —86,5 —4,7 1,41 20,6
TaMHJI-L-THpO3HH 5TH-
JIOBHIE 3duUp
Kap6o6ensoken-L-ray- 18,8 19,6 26 | 23,1 16,6 —21,8 —4,3 30| 244
TaMuaI-L-ruposun
Ypeasa Mouesuna 8,2 6,2 —6,8 11,3 9,1 —-7,2 —-3,2| —2,9 0,9
ATdasza ATo 73 20,4 44,0 14,4 12,4 —8,0 —75 8 52

') Huxupe wugekct | # 2 yKasHBAOT MepBHA H BTOPO#H

Gapbephl npoiecca.

YUIDIVED XI9HEMIVIHAWGES VIMWYHUTOWdAL €9 §

69¢
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neHatypauun. Ilpupona 3Toro MakcimyMma He sicHa. KnHeTHueckue
H3MepeHHs MOXKHO BeCTH JHUIb B Y3KOM TEMIEPATYPHOM HHTEpBaje.
AKTHBanHOHHBIe MapaMeTPH CHJIbHO 3aBHCAT OT HOHHOTO COCTABa
pacTBOpa, OHH pe3KO MeHAIOTCd NpH 3ameHe cyGcTpata APYTHM
CXOHHBIM € HHM COefiMHeHHeM M JaXe NpH 3aMeHe (depMeHTa TeM
XKe ¢depMeHTOM, HO MOJYYeHHBIM H3 APyroro uctounuka. Ilpu stom
CaMK KOHCTAHTHI & MOryT MeHATbCH MaJjo, HO MEHAIOTCA W 3Heprus
aKTHBALHY, H MPEASKCIIOHeHUHANAbHbIH MHOXuTenb. Hakonen, Ha-
Gniofaerca AHHefiHAad 3aBHCHMOCTb MeXAy 3HaueHuamu H* u S*%:

H*=o + T.S" . (6,51)

AtoT 3ddexT obeyxpaerca nanee,

JonycTuM, YTO HCTHHHBHIE AKTHBALMOHHHIA Gapbep IJf HaHHOH
cTaaun ¢depMeHTaTHBHOTO npouecca caabo 3aBHCHT OT TeMmepary-
DB, TOCKONBKY OpraHu3oBaHHas raobyna ¢epMeHta BezieT cebd Kak
KoomepaTHBHAsA cucTeMa. VIHBIMH cloBaMH, camMa CTPyKTypa riao6y-
ABl 3aBUCHT OT TeMmepatyphl. JlonyctuM TakXKe, YTO NPH 3TOM HCTHH-
Hoe 3HayeHHe S* He 3aBHCHT OT TeMIepaTypbl. B yskom mHrepBajne
temnepatyp 3asucumoctb H*(T) MOXHO CuHTaTh JAHHEHHOM, T. e.

*=H;—bT, b>0.
Torna ypasnenne Appennyca (cM. (6,1)) ‘npmmmaeT BHI
k = Aexp(b/R)exp(— Hy/RT),

M ONBIT . jaeT He MCTHHHOe 3HaueHHe H*, Ho Hj, W He HCTHHHOE
sHaueHne S, Ho S;=3S"+ b. MoxHo 3anucatb

Hi=H"+T(S—S)=F"+TS;.

Beanunna Hj nonyuyaercss myreM 3KcTpanosasinud ciabofi TeM-
nepatypHoii 3asucumoctd H* K T'—0°K. Ecan, Hanpumep, Mexny
20 u 30 °C uctuHHoe 3HauyeHHe H* Bo3pacraer Mano, TO H3Mepsemas
BennuuHa HJ) MoXeT BO3pacTaTh OyeHb CHJABHO. MBI BHAMM, 4TO
eCJ/IH HCTHHHBIE aKTHBAIMOHHbBIE NapaMeTpPhbl HCMBITEIBAIOT MaJjble H3-
MeHeHH B H3MepeHHs MPOBOIATCH B Y3KOM TeMMEepaTypPHOM HHTep-
Bajle, TO Kaxcymuecs 3HaueHus Hy u Sy CcBA3aHBl APYr ¢ APyrom
nAuHeftno, npuueM o’ B ypaBHeHun (6,51) ecTb cBoGonHas sHeprus
akTuBanuy, a Tx — TeMnepaTtypa OnbITa,

Itn 0coOeHHOCTH B TeMNepaTypHBEIX 3aBUCHMOCTAX & CBHIAETE/b-
CTBYIOT O CTPYKTYPHHIX NepecTpofikax raoGynb. Mel BULHM, 4TO H3-
MepsieMble AKTHBAaLHOHHble MapaMeTPbl HMEIOT CMBICH JHIIb HEKO-
Topbix 3(dekTHBHHX BenanuuH. [as ycTaHOBAEGHHS HCTHHHBIX 3Ha-
YeHHH 3THX napamMeTpoB HeOGXOAHME [eTajbHble HCCAeA0BaHHA
KOHCTPYKIHH (epDMeHTa U MexaHH3Ma ero JeficTBud. Kuneruueckue
H3MepeHHud 3Jlecb HeLOCTATOUHEI.

Panom aBropor Gt 0GHapy:XKeH u H3ydeH TaK HA3bIBaeMHBIll KoM-
NeRCayuonHbLL dghpexT {24—26}. WsMeHeHusa 3HTaNbOHU B npoueg:
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cax, NpoTeKAaIoIHX B BOAHBIX PACTBOpAx, 3a4aCTy0 [PONOPLHOHAb-
Hbl H3MeHeHHAM sHTponudu. To ke OTHOCHTCS K SHTAJBIUU H 3HTpO-
nuu aktusanuu. Cobawonaercs yciaosHe, nojgobuoe (6,51):

AH =a + T AS. (6,52)

Peub uaer o mponeccax ¢ yuacTHeM Maabix MoJekyna. K HHM
OTHOCSITCS HOHHU3AIMf CJAAGLIX 3JEKTPOJNHTOB, COJbBATAUUA HOHOB
H He3JeKTpOJHTOB, peaKIHd THAPOJH3a W OKHCJIHTEIbHO-BOCCTAHO-
BHTEJbHblE DeakIHH, TYylleHHe ¢yopecueHIHHd HHAoaa H T. A. Bo
BCex cayuasax Iy, HaspiBaeMas TeMiepaTypoH KOMMeHCalHH, BapbH-
pyetr or 250 no 315°K. MsmeHnenre cBOGOAHON SHEPTHH PABHO

AF=AH — TAS=qa + (T, — T) AS, (6,53)
74 CBOGOlIHaH SHepI'PIH AKTHBAllUU
FP=H—TS=d +(Ti—T)S" (6,54)

Beanuunn o, o', a takke Tx— 7T u Ty —7T CpABHHUTEJbHO
Maabl. DddeKT KoMneHcanuy 3ak/JKuUaeTcsd B TOM, YTO CYIIEeCTBEH-
Hble H3MEHEHUs SHTAJbIHM M SHTPONHH KOMIIEHCHPYIOT APYT Apyra
H H3MeHeHHe CBOGOJHOH SHEprHH OTHOCHTENbHO MaJo.

Wsmenennss H u S mpu pacTBOpEHHH HENOJSIPHBIX BellecTB B
BOJIe MOKHO TIPeACTaBHTb COOTHOMIEHUAMH

X2 T
AH (T, x) =~ MH (To, O+ [ 22000 5) g [, (7, ) ar,
‘ 0 ° Ty

, T } (6,55)
, [ Acp (T, x3)
AS(T, x)= 83 (To, 0)4 [ 22900 5 gy, [ 220050 g, l
; A

T, )

rae To— TeMnepaTypa CpaBHEHHsl, Xp — KOHILEHTpPalHs PacTBOpeH-
HOTO BelllecTBa. Ech cnpasepauso (6,52), To

a=AH (To, ) — T8 (T o>+f(;’j{’ ~ 7, f(“s ar, +

A(,'p (T, x2)

f Ay (T, x)dT — T, f dT. (6,56)

Beanunna o Mana W npuGIHIKEHHO NOCTOSIHHA, ecad Acp caa6o
3aBHCHT OT TEMIIEpPaTypHl,

Jlampu un Pamxennep [26] OPEeRNOAOXKHAH, uTO 3PPeKT KoMmeH-
canud onpeneisieTcs cBoHCTBaMM BOABlL. JlonycTUM, 4TO peaknus
A — B conpoBoxpaaercs M3MeHEHHeM COCTOSHHS N MOJEKYA BOA

A +aw;— B+ nw,,
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Torga
AH = AHA—)B + n AHW1">W2’

AS == ASA—)B + n AS\V1-—)W:-

Ecan Beanuvibl AHa.p 1 ASa,p MaJbl, a nepexoj w;— wp; NOA0-
6en pa3oBOMY, TO

AH

TK=¢—>~Wi n AFWx—)Wz (T= TK)=0-

AS

Wi—> W2

KoMnencauuonubil sG@ekT cBolcTsed ¢epMeHTaTHBHBIM IIpO-
neccaM. Tak, npy rugpoONUTHIECKOM paclllellJIeHHH 3TWIOBOrO adupa
N-auermn-L-tpuntodana xumorpuncuioM AF ouenb Mano, a AH n
AS Benuku. B cyuiHocTH, nOYTH BCe HaHHbIE, NpliBejeHHBlE B IIO-
cleaHux Tpex cronbmax Tabsa. 6.2, cBUAETENbCTBYIOT O KOMIEHCA-
uuu. CBsisbiBaHHE psifa MHIHOUTOPOB aueTHJIXOJHHICTepa3ol TaKxke
conpoBoXKaaeTcss KomneHcauueli — AH BapbupyeT B 5THX Hpomeccax
of —7 10 +2 kkasa/moae, a AS ot —10 go +20 xas/nose-2pad [26).
Ecnu 31ech COpaBefJyuBO NpeAnoJoxkeHue o6 ompege/sionied poau
BOALl, TO HYXKHO YCTAHOBHTb, KaK BJHSET Ha NOBeAeHHE OeJKOBHIX
MOJIEKYJ OKpyxKalomiasi BOZHas cTpykrypa. JlamMpu u Paxkengep
CUHTAIOT, UTO CBA3b GeNlKa ¢ BOJON NpOABJAseTcs B H3MeHeHUH 06b-
eMa OeJKOBOH MOJeKyJb B xoze peakuud. Kak OyneT nokasaHo
B §§ 6.5 1 6.7, hepMeHTaTHBHAsA aKTHBHOCTb 3aBHCHT OT KoudopMa-
HOHHBIX HpeBpalileHuil Genka #, TeM CaMbIM, IJOOYJbl MOTYT H3-
MeHSITb CBOH oO6beM. M3MeHenue sHepruyu BOAHO-0€TKOBOR CHCTEMBI
MOXHO NpPeACTaBUTb B BHAE

dE=TdS —pdV + Wy dVy + W,dV,+0dA,  (6,57)

rae Wy — ynenbHass pa6orta up3MeneBHs cBOGOJHOrO ofGbeMa BOJH
na dVsw, Wp— ananornunas BeJuuuHa JJasa 6eaKa, o — yaejabHas
paboTa u3MeHeHHA NOBEPXHOCTH, pasjefsiiollefi HelKOBble MOJeEKy-
Jbl # BOAY, Ha dA. Vi3aMenenue cBOGOXHOH SHEPruH paBHO

dF =dH —TdS— SdT=dE + pdV + Vdp—TdS —SdT
u, coraacto (6,57), '
dF =—SdT + Vdp+ Wy dVy + W,dV, + cdA,
a npH HOCTOSIHHBIX T u p / N
dF =Wy dVy + Wy dV, + o dA. (6,58)

B (epMeHTaTHBHBIX peakKuusix, u3yueHHbix BacaoBniM u [ospTu
[27], makcuMasbHOE H3MepeHHoe u3MeHenne H, KoMilencupyemoe AS,
npu6IU3HTENbHO paBHO —27 KKaA[MOAb U COOTBETCTBEHHO AS &
~ —100 xaa/morv-epad. TlosHoe MakCHMaJbHOe H3MeHeHHe OOD-
ema BOAbl, OlEHEHHOE 1O CTPYKTYDHOH peJakcauu, coCTasJsieT
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—83 majmoars, uto Menee 0,5% ot obGbeMa Gesaka. Henocpencrsen-
Hoe HabjiofeHue aToro addexra 3aTpyXHUTeNbHO. TeM He MeHEe
BhiCKa3aHHble NPEANONoKeHus PuU3HIecKH ocMbicieHHbl. MaMeHenue
kKondopManuu Gejka, BbiTecHeHHe BOJAbl H3 BHYTDEHHEH MOJOCTH
ryo6yJabl MOJIEKYJ0H cyfcTpaTa MOTYT BhI3BaTh NepecTpOHKY OKpy-
XK awuel BOGHOH CTPYKTYpHI.

«BoxHbili» KOMIeHcal#OHHBIH 3(¢eKT MOoXKeT uMeTb Ba’kKHOe
thusnogIoruiecKkoe 3HayeHne A8 TENJOKPOBHHIX OPTaHH3MOB H, TeM
caMBbIM, /5 3BOJIONHMM B HeJoM. MajocTb u3MeHeHHii CBOOORHOMH
SHEepruM BCJAEJACTBHE KOMIEHCANHM 03HauaeT MaJylo YYBCTBHTEIb-
HOCTb COOTBETCTBYIOWIMX (ePMEHTATHBHBIX MpOIECCOB K TeMmepa-
TYDHBIM H3MEHEHHSIM B OKpYyXKalolle# cpexe.

CyuiecTBOBaHMe KOMMEHCANNOHHOTO 3 deKTa u ero ofbsicHEeHHe
HeJjb35, OJHAKO, CUHTATb CTPOro AOKa3aHHHIM. DdekT MoxkeT 06b-
SICHITbCH [POCTO HENpaBH/IbHBLIM NpUMeHeHueM ypaBHeHus Appe-
Huyca, Kak 3710 nokasaa Daiomendensn (cm. crp. 370). Bompoc
OCTaeTcsl OTKPBITHIM, [TI0KAa HET NOCTOBEpHBIX OnpejneqeHull HCTHHHBIX
TepMOLHHAMHYECKHX mapaMeTpoB. TeM He MeHee pe3yJabTaThl pac-
CMOTpDeHHusl KOMIleHcanuoHHOro sddexkTa YKasbBalOT Ha BarKHbIe
0co6eHHOCTH (hepMEHRTAaTHBHBIX HPOLECCOB.

Kak yxe oTMeuasoch, NOHHNMaHKe CTPYKTYPbl ¥ CBOHCTB GeaKo-
BbIX MOJIEKYJ HEBO3MOXKHO 0€3 yueTa HX BOLHOTO OKpyXKeHus (CM.
ria. 4). Paccmorpenne ¢epMeHTOB B BOZHOM pAaCTBOpE KakK LEIOCT-
HOH cHCTeMbl HeOOXOQHMO H A/ H3YUeHud TepMOJHHAMUKH (epMeH-
TaTHBHBIX HponeccoB. Takof CHCTEMHBIA HOAXOL XapaKTepeH mAJsi
METOROJOTHH COBpeMeHHOH ¢u3uky. Bbluienenune GeJKOBBIX MOJe-
KyJ u3 OKpyXkaloumeil uX BOAHOH cpeibl He3aKOHOMEPHO B CTPOrof
Teopuu. DTO OTHOCHTCH M K KuneTuke. Teopus aGCOJIOTHBIX CKOpO-
cTell peaknufl, nepeHocsimas Ha (epMEHTHl NOJOXKEHHS, CpaBef-
JigBble AJ1f1 FAa30BbIX peaKuuH, NPHrofHa JHlb AJfA TpyObIX OLEHOK.
Teopuss ¢epmenTaTuBHBIX peaknuéi TpeGyer yuera (H3HYUECKHX
CBOMICTB CPe/bl.

6.4. XHMHYECKHUE ACMEKTDI
GEPMEHTATHBHOH AKTHBHOCTH

XapakTepHble 0COOEHHOCTH (PEPMEHTATHBHOrO KaTaJuza — GoJlbe
1rasi aKTHBHOCTb M CTpoOrast cneunquﬂocn, N0 OTHOLIEHHIO K CyO-
cTpaTy wiu rpynne cy6cTpaToB.

MonekynspHol akTHBHOCTBIO ()epMeHTa Ha3biBaeTCHd YHCIO MO-
neKya cybcTpata, npeBpaliaeMblXx B | mum ogHoll Modekyao# dep-
MEHTa NpH ONTHMaJbHOH KOHIEHTpaumuu cyfcrpata. Modekyaspuas
aKTHBHOCTb MOXeT ObiTb Bbipa’KeHa u Kak uqucao o6oporos (Bap-
Oypr) — YuCJO MOJIedl MpeBpalieHHoro cyGcTpaTa, Hpuxossileecs
Ha MoJb depMmeHTa 3a | mun.





