Ounddy3rnoHHaa KMHETUKA.

Bremnss Z[Hd)d)V?»I/ISI. MeToa paBHOJOCTYIIHOM TOBEPXHOCTH.

[Ipennonoxum, 4To TMHEHHBIE pa3Mepsl 3epHa Ooublie uHb Auddy3un. Toraa pemaem oa-
HOMEpHYIO 3a7auy Tu(dy3uH K IUIOCKOH MOBEPXHOCTHU. ['a30BbIil MOTOK COCTOUT M3 sIJIpa C MOJHBIM
cMmeleHreM U 1 y3noHHON TUIEHKH, Yepe3 KOTOPYIO MPOUCXOIUT JU(dy3Hsl K TOBEPXHOCTH KaTa-
nusatopa. KoHLeHTpalys BelecTBa B sipe NOCTOSHHA U paBHa ¢. KOHIIEHTpalys y MOBEPXHOCTH C .
BcernesicTBrE IPOTEKaHUM Peakiuu ¢ > ¢- M 3a cueT 31oro BosHukaeT qud@y3noHHbiit motok. [ToTok
HanpasJIeH 0 HOPMaJIU K MOBEPXHOCTH. BOIM3K moBepXHOCTH 00pa3yeTcs ClIoi, B KOTOPOM ITPOUCXO-
JUT U3MEHEeHHEe KOHLeHTpauu: cioit HepHera. CBolicTBa 3TOrO €10 TOJIIMHOM O OMMCHIBAIOT OOBIY-

HO CBOMCTBaMM >KHJIKOCTH. HpI/IMeM JIMHEHHOE TTafeHHue KOHIOCHTpPAIIUH B 3TOM CJIOC.

c . . Ink  guddyaroHHas
f1l A 0fNacTk
KMHETIMY2CKaA
o oGnacTh
& /7
£
Juddy3nonHbIi MOTOK 10 IepBoMy 3akoHY Duka (3akoHb! 1uddy3un aHanoruyHsl ypaBHeHUsIM Dy-
pbe Ul TEIIONPOBOAHOCTH): j = —% =DS, % > 0. 3nech D - kooduiment gudpdysuu, cm2 / c,
t

Sx - momaae BHENIHEH MOBEpXHOCTH 3epHa. Co BpeMeHeM (CTporo nmpu 6ECKOHEYHOM BPEMEHH) yC-

TAHOBUTCSI CTAI[MOHAPHOCTh M KOHIICHTPAIIUS Y TOBEPXHOCTH CTAHET IMMOCTOSTHHON WHade WK TpeKpa-
tatcs Audy3us wim peakuus. [ pagueHT KOHIEHTPAIMK PeareHTa Py pacueTe Ha eINHUILY S orpe-
nemmM (He coBceM ctporo) Kak: de / dl = (c - ¢') /8, rie - TommuHa uddy3nonnoit muerku (10-3 -
10-4 cm). Venosue crarmonapHocta Dde/ dl = r(c') wmm, BBensa =D/ §, B(c - ¢') =r(c). B - koaddu-
IIUEeHT MacconepeHoca. T.e. ckopocth auddy3un paBHA CKOPOCTH XUMHUYECKON PEaKIINH.

Ecmu r = ke' (ancop6ums mo 3akony I'enpu), To r = kBe/(k + ).

[Tpu k <<  umeem r = kc, CKOpOCTB TIporiecca ONpeAeIsieTCsl CKOPOCThIO pEeaKINH (KHHETHYECKas ), a

ipu k >> 3 ckopocTtb onpenensercs nuddysueii r = Be (quddy3nonnas odnacts). Koaddunuent

mud¢y3un BTaze: D = EVK, V — CpemHsisi CKOpOCTh, A — JUIMHA Ipooera.

Ecnu noacraBuTh 3HaYSHUS CpeJHEN CKOPOCTHU M JUIMHBI CBOOOIHOTO Ipobera ¢ yueToM MOoNpaBKU
CazepiieH/1a Ha SHEPTHIO B3aUMOAEHUCTBUS MOJIEKYJI, TO OIYYHM, 4TO KO3 uireHt auddysuu npo-
1 T 1,5

nopuuoHaiieH p, T u sneprun B3aumoneiictsus (E): D ~ —

.———. Korddbunuent ou 3UU
p 1+E/RT b by

napos Bojbl B Bosayxe npu 00C pasen 2,3.10-5 m2/ c.
Hcnoneiyrot takxke popmyny: D = Doexp(- Eq/ RT), rne Ed = Eycrn/ 3.
[Tpuyem MOHATHO, YTO MPH JUMUTHUPYIOIIEH cTagun quddy3un Becerga Oynet 1-viit nopsaok. [pen-

TIOJIOKUM BTOPOiA TIOPSIOK HOBEPXHOCTHOH peakuuu: r = kc'2. Toraa P(c - ¢') = ke'2. Pemnenuem ¢



LI

. pu 4kec << 4%c+lz2kc/[3 uc =c.

y4eToM Toro, uto ¢ > 0, Gyaer 2k /B

T.e. B KuHETHYECKOI 0671acTH cKopocTh I = k2. B muddy3uonHoit o6nactu

k>>p /4%0“:2\/% U c':@, a r=_c

OnsTh NOTYYWIIN TEPBBIA TOPSIIOK CKOPOCTH UG GYy3UH. AHATOTHYHBINA PE3yIbTaT MOIYYUM, IPE/-

nonaras KHUHETHKY JIPHIMIOPOBCKoro Tuma. r = kbc'/ (1 + bc').

b bk 1+ (b bk lj2+4b
c—b—-— c—b—— c
. B B

CcC =

2b
B xpaliHux ciaydasx mojay4uM aHanorudnsie pe3ynbratsl. [Ipu k << 3 mpeneOperaem ciaraembiM bk/
B 1 momyyaem nocie npeo6pa3zoBaHus Mo KOPHEM C = C.
[Ipu k >> 3 mpeneOperas unenom befB/ k u B/ k u pasnaras B psa BeIpakeHHe M0JI KOPHEM MOJTydaeM

JJIs1 KOHOCHTpAUH Ha ITOBCPXHOCTHU:
2

2p
-k+kl 1+
. —kb+k2b% +4pZbc  — kb + kby1+4p2c/ bk k*b) e

€= 2bB 2bB 28 " kb

' 19 1
[ToxcraBnss ¢ B BeIpakeHUE AJIs yAETbHOM CKOPOCTH peakluu u npebperast bc B 3HameHaTtene (oye-

BHJIHO, YTO TTOBEPXHOCTHASI KOHIICHTPAIMS Majla) UMeeM: T = bc.

Wi Mo>xHO Tak: OyieM cunrtathb ¢ >> ¢’ n toraa Pe = kbe' / (1 + be'). Orcrona:
o Be 3 c
b(k—Bc)  b(k/B—c)

Ecmu k/ B=100,ab= 1, To mpu ¢ = 0,1 umeem ¢' = 0,0001. Ho npu cienmanHOM AOMYIIIEHUU Cpa3y

Hn II0CJIC IIOACTAaHOBKH I'=BC.

OYEBHJIHO, 4TO T = [3C.

Koaddurnment nuddys3uu crabo 3aBUCUT OT TeMIIEPATYPhl, U KaXKYIIAACS SHEPTUs aKTUBAIUN OyIeT
Mmana (= 0). Tommuaa auddy3nOHHON TJICHKH Oy IEeT 3aBUCETh OT CKOPOCTH TTOTOKA M ITEpEMEIIT-
BaHUs, YTO CITY’)KUT KpUTepUueM Ha Hanmmuue nuddy3uu, Takke Kak 1 Maiast JHeprus akTuBanuu. Ode-
BUIIHO, 4TO pouib audy3un Oyper 3amMeTHee PU BHICOKHX TEMIIEpaTypax, IOCKOJIbKY KOHCTaHTa CKO-
POCTH XUMHUYECKOW CTaIuM OBICTPO pacTeT ¢ Temneparypoii. [IpoBepka: a) npodiieHue 3epeH, CKO-
POCTh peaKIiy, OTHECEHHAs K YICIIbHOW MTOBEPXHOCTH, Bo3pacteT. 0). [IponopunonanbHOe yBennye-
HUE HaBECKH M MOJIa4H, TaK, YTOOBI IMHEWHAsI CKOPOCTh MO/Ia4H ocTaiach Ta xe. [Ipu nanmmann aud-
(by3un TaHHBIE COBMAAATh HE OyayT. Y CIIOBHSI, IPU KOTOPHIX CKOPOCTH BCETO MPOIIecca JINMUTHPYET
BHEIIHsIs AU y3us, OpenenstoT Kak BHEITHEKHHETHYECKY0 001acTh. [1ophl Ipu TOM HE y4acTBYy-

I0T B TIpoLecce. 3aBUCUMOCTD Kydhdp OT TEMIIEPATYPBI - TIPABBIA PUCYHOK BBILLE.

Bayrpensss nuddvysna. 3amaya 3eapaosuya - Twire (1939 r.).

Ecnmu mumutHpyeT CKOpOCTh IMEepeHoca B opax, TO ATO SBJICHNUE HAa3bIBAIOT BHYTPEHHEH TUd-
(dy3ueit 1 COOTBETCTBYIOMIAS 00JIaCTh KHHETUKH BHYTPEHHE - TU(dy3nOHHAs.

Y,HCJ'IBHaH MMOBEPXHOCTh MHOTHUX KAaTaJIU3aTOPOB COCTABJISAICT COTHU M2/ r. Takue BeTMINHBI



00YCIIOBIICHBI CUCTEMON BHYTPEHHHUX TIOP U KaHAJIOB, AUAMETP KOTOPHIX (OT HECKOIBKUX A 0 COTEH
A) MoeT OBITh COU3MEPHUMBIM € pa3MepamMu MoJieKyJl. OueBUAHO, YTO NMPH TAaKUX pazMepax Mmop Mo-
JIEKYJIBI IPETEPIEBAIOT COYAAPEHUS CO CTEHKaMH, U CKOPOCTh KaTaIUTHYECKOTO MTPOIIecca MOKET OIl-
penensiTh CKOPOCTh MepeHoca B opax. Eciu aimHa cBoOo1HOTO Mpodera MeHsbIIe pa3Mepa Mmopsl, TO
NpoIiecC aHaorHyYeH BHemHel auddysun. [Ipu anuae cBoboxHOTO Mpodera OoblIe paanyca HopbI
JBIDKCHUE YaCTHII B TIOpe OyIeT MPOMCXOANUTH MTPU HETIPEPHIBHOM COYAApPEHUH CO CTEHKAaMH: KHY/JICE-
HOBKUU pexxuM AuQdy3un.

Paccmotpum Teneps kuHETHKY Anddy3un Takoro poaa. Beenem gonymieHus: mopsl - po-
MEXYTKH MEXITy KPUCTAITUTAMH, OJHOPOIHBIC MO BCEMY 00BEMY M COOOIIAIOIINECS MEKIY COOO.
JIst MpOCTOTHI BO3bMEM IMJIMHAPHYECKYIO TIOPY M TIOTOK HAIIPABJICH IO €€ OCH OT BHEIIHEW MOBepX-
HOCTH K IICHTpY 3epHa. Karanu3zaTop oqHOpOIHO TOPUCTHIi (paanyc Nop oauHaKoB). [loBepXHOCTH

1opsl Sg, paxuryc nopsl R, jumna nopst L ( mosoBrHa TonmuHe! 3epHa). Ipupoct komyecTsa Bele-

CTBa B DJICMCHTC O6’L€Ma dl I10 2-My 3aKOHy cDI/II(EI paBeH pa3HOCTI/I BXOOALICTO U BBIXOAAIICTO IIOTO-
2c
o . 2
KOB B pacCMaTpHUBaeMblii asieMeHT nopsl dl. —dj = R D@l—2 , R —pangnyc nopsl. CKOpOCTb peakuyu

Ha a51eMeHTe o0bveMa dl: dr = ry,dS,, 1 T.K. dS; = 2nRdl, To dr = kf{C)2nRdl. YpaBHeHue OanaHca A
obbema mumHoii dl: TR dl %—f = R Ddl 62_2C —kf (C )27:Rdl . B ypaBHeHUU BBIpaskeHHE CJIE€BA €CTh
KOJIMYECTBO BEIIECTBA B dJIeMEeHTE 00beMa, [IepBrlii WieH mpaBoil YacTh ecTh IPUPOCT 3a c4eT Aud-
¢y3un B 00BEM, a BTOPOI — YBOJT BEIIECTBA 32 CYET XUMUIECKOU peakiuu. [Ipu cranmoHapHOCTH
oC/dt=0m aaj—zc = Zkf(C)/RD . I'pannunsie yenosust Tune: dC/dl=0npu /=L u C= Coupu [ = 0.
Crporo 3xechk Drop - B opax u Drop < D B rase. Sg - OBEPXHOCTB MOPBI, IPUMEPHO paBHas 00w

HOBEPXHOCTH, T.K. Sggerr Malla OTHOCHTENBHO SoGyy. [lomyueHnble cTanMoHapHOE ¥ HECTAMOHAPHBIC

ypaBHEHHUS HE BCEr/la PEIaloTCs.

Jlnst ymo6cTBa aHanmmM3a BBOJAT Oe3pa3MepHbIN mapameTp /. PasMepHOCTS A

1/2
MOJIB / C.oM2 (CKOpPOCTh peakinm)

{h} =cm / em(paauyc nop)emc(ko3d. 1udd)

MOJTB / CM > (KOHIIEHT paliusi peareHTa)

h, zlwf%, h,=0mpu C=C,uh; =h :LW/% B LIEHTPE I'PaHyJIbl , IPU ITOM

dC /dh; =0. Toraa BoOab MOPHI d*C/dh 12 = f(c) ¥ NpoBOAAT aHANIU3 TAKOTO YpaBHE -

Hus. J{ns peaknuu 1- ro mopsiika d>c/ dhl2 = C. Ina ynoocta 3ameaum  dC /dh; = Y2 -Pemre-

HUE JUTsl TeKYIIeH KOHIICHTpaK (Yepe3 TUNepOoTHIeCKUi KOCHHYC):

172 -1/2
Y T dC Y Y v _1dY gy Cocde, v =2 4,
dC dh, 2dC C

, dc /
= +A u = +A. ——==dh,. t= 24A. C= -A.
Y2 =C?+A u C =4JC?+A Ny dh,. t=vJC2+A. C=+t?-A
CZ+A




W dt :dhlezln
Ji2-A A2 -A ViZ - A

' 2h
VCZ+A +C=cMeB =BeM. Czu.

dC=

t+\/t2 —A‘+B:1n

C++C? +A‘:h1.

2BeM
MVL) L o=hIAIL) 1/ 1)
IMoacrasiisis TpaHUYHBIE YCIIOBHS, TIOJyYUM PEIIEHUE: —— = = .
Co e+ ch(h)
[Tpu Gonbmux h oueBuano, uto C/Cq = exp(-h) = 0.
1
— 0.1
08 4 :\\\ DH"““—%___L
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1] nz2 04 0E ne 1

/L
IIpu s = 0 nmonsatHo, uto C = Cg no Bece anune nopsl. [lpu 7 =0.1 1 0,2 u /L = 1 nonyunm, uto C/Coy
paBHO 0,995 1 0,980 cOOTBETCTBEHHO. 3€/1b10BUY MTOTYYHI aHAJIOTMYHBIE PEIIEHNUS], HO UCII0JIb30Bajl
rpannuHoe ycnoBue C = Co ipu 1 =0 u nipu / = oo (6eckoHeuHas 1mopa).
3Has C/Cp MOXEM OIpeNleUTh CKOPOCTh nporecca. CKOPOCTh peakiMy Ha MOJIOBHHE OPHI IPH CTa-

LIMOHAPHOCTH PaBHA CKOPOCTH C KOTOPOW PEarcHT BXOIUT B TOPY: Inudy = nR2D(8C/81)] = (. T.k. 1o

OTIpEICIICHUIO
el —eP oC Coh
th(thy=——"—, 10 -| — = th(h) u ckopocth muddy3un omnpenensercs
el 4¢P ol 1=0 L
2h 1
YPaBHEHUEM: T = Dth(h)C, u 1.x. Sz =27RL r; =—=—+RkD th(h)C,S,.

V2L

Beenem dakrop nuddy3noHHOT0 TOPMOKEHHS: OTHOIIEHHUE CKOPOCTH TIPU TOPMO -
keHun U y3ueil K CKOPOCTH Peakiiu, He OCIOoXHsIeMor muddys3uei, npuHIMas

TMOJHYI0 JOCTYITHOCTB MOBEPXHOCTH TOPBI pearupyromeMy BemecTy, (r=KkC,S,):

f=r, /r. Jlna peakuun nepsoro nopsaka = th(h)/ h.

Bnusnue BHyTpeHHel auddy3un 3aBUCUT OT napameTpa h, BeTMyrHa KOTOPOTO ONpeesieTcs pa3Me-
POM 3epeH, JIITMHOW M PaIIyCOM II0p, a TAK)KE COOTHOILICHUEM KOHCTAHThI CKOPOCTH XUMHUYECKOH CTa-
mun 1 kodpdunuenta nuddysun. @akrop Auddy3n0OHHOTO TOPMOKEHUS ONPEAEIAETCS MapaMeTpoM
h.

IIpu 4 £ 0,2 3nauenue th(h) = h, f= 1 u muddy3us He OyaeT BIUATH HA CKOPOCTH BCETO IMpoliecca: Ku-
HETHUYECKas 00IacTh U CKOPOCTH TpoLecca 1 = Sgkco. KOHIEHTpauus y NOBEPXHOCTHU OPbI OCTOSH-
Ha U paBHa 00beMHOM. [Tepexon kK TakoMy peKUMY 3aMeTeH OT /1 MeHbIe 1.

h 0.1 0.15 0.2 KAHeTHYeCcKas 00J1acTh
4



thh 0.099668 0.148885 0.197375
f 0.99668 0.992567 0.986877

h 0.5 1 1.5 nepexoiHas 001acThb
thh 0462117 0.761594 0.905148

f 0.924234 0.761594  0.603432

h 2 3 4
thh 0.964028 0.995055 0.999329  nuddysuonnas obractb
f 0.482014 0.331685  0.249832

th h
0.
0.6
0.4 f
02 -
O T 1 h
0 1 2 3 4

[Ipu / > 2 3nauenwue th(h) = 1 u f = 1/h: Habnronaemas CKOPOCTh MpoIlecca paBHA CPEeHEMY F'eOMeT-
pudecKoMy ckopocTeit peakinn 1 tupQysun u r = TRC,N2RkD ? ky,q = f (\/ kD).

Jl51g peakiuy BTOPOTo MOPsAIKa TaKKE BO3MOXKHO pEIICHHUE.

. . 1 |2
Jlyist ObICTpOY peakuu B mopax /2 >1 most JOCTyTHOM MOBEpXHOCTH paBHa: f = — . [—, 777

h \'3
hy = L\J2kC, / RD.

KpuBas n3menenus f kak pyHkuuu /# OyaeT HIKE KPUBOH JUIS IEPBOTO MOPSIIKA.

Jnst peakiuu ¢ aacop6oumeit o JIsurmiopy dakrop auddy3noHHOTO TOPMOKEHHS

1 |RD (1+bp)? 2kRD
= U CKOPOCTHh 11 3UUA: =TnR S E—
T= 0\ Tk s "eRoPocT Abbys rp = mRp T T

[IpoBepka Hanmuus AuQGy3UOHHOTO peKUMA: APOOIECHUE, HO 111 HEOJHOPOIHO MOPUCTHIX

3TO HEOJHO3HAYHO. TaM UrpaeT posib pacCTOSSHUE MEXKY KPYIIHBIMU [I0PAMH, 4 €r0 YCTAHOBUTH
TpyAHO. TouHee MEHATh pauyc MOPHI, HO CIOXKHO AeaTh KaTalIn3aTopbl OHON (U3UKU U XUMHHU, HO
¢ pa3HbIMU niopamu. CTpoOro Jyisi OLEHOK CKOPOCTH HAJ0 3HATh PAJINyC MOP, KOTOPBIN JETKO BbIUUC-

JUTH Yepe3 BeIMYUHBI TOBEPXHOCTEH U aCOPOIIMOHHBIN 00beM, K03 UIMEeHTH BHyTpeHHEN auddy-
- B _

s M3 D= vi(l-e 2R7%y 999 R <\ momyunm D =2RvA/3.2.2. 2pu R <\ () - ;iHa cBO-

6o1HOTO MpoOera), ypaBHEHHE 1aCT BO3MOXKHOCTD ONpeenuTh ko duiueHT nuddys3un, ananorny-

HBII IPUBEZCHHOMY BBIPa)KEHHIO B pa3jiesie «BHEIHA Tupy3us».
5



ITockonbky ko3puureHT quddys3un Ui peakuuil ra3 - TBep0e TeJIO MaJlo 3aBUCUT OT TEM-
nepaTypsl, TO ONBITHAsI SHEPTHsI AKTUBALMM IPUMEPHO paBHA MOJIOBUHE YHEPTUU aKTHBALUU XUMUYe-
CKOM (KuHeTHdeckoi) ctaanu. Takoil mporecc npoTekaeT BO BHyTpeHHE AU(PPy3MOHHOI 0bIacTu.

JleBblii pUCYHOK.

Inkadd.

In k
BHewn, o, C onHeko k0 3 KPEKWHE Kyhona

E ,LI,HEIJ ¢| :”2 E kHK Ha amoA0GKAKEaTa s

srewnn, e, ~
BHEL H.Hub\ I

1T 673

E=E kHH. R=5874
EHYTPH. O.
EHYTPH. KUH, MEMKHE 380
[l - penko, T.K nopkl P=273
Mo aTomM d nop = & KPYMHEE = B
P H nopb 1T R=11

Kpusas | oTHOCHTCS K MEIKOMIOPUCTBIM Katayin3aropam, Il - kpynmHonopucTeiM. B KpynmHO NOpUCTBIX
MO>KET TOPMO3UTh CTaUs IPEBPAIICHUS Ha BHEIIHEH MOBEPXHOCTU. TOIBKO MpU AadbHEHIIEM CHU-
KEHUH TeMIIepaTypbl HAUHET BIAUATH MU y3us B mopax.

B nepsom npubmmkennn mo TAC kg onpezensieTcst 4uciom coyapeHui, 1 OyIyT OJJHOTO TopsIKa
BEJIMYMHBIL. T.€. MpU HU3KUX TeMIlepaTypax HUkKe KOHCTaHTa ckopocTu peakuuu. Ha kpusoii 11 epe-
XO/JI BO BHELIHE - TG (Dy3UOHHYIO 00J1aCTh CBSI3aH C HEJIOCTYITHOCTHIO MOp. /ISl KHHETUYECKUX CXEM,
0oJiee CI0KHBIX, YeM PEaKIHs MePBOTo MOPSIAKa, B TOM YUCIE U JUIsl KHHETUKH JIDPHTMIOPOBCKOTO TH-
11a, BO3MO>KHBI TOUHBIE PEIICHHUS, TIPUBOSAIINE K 3aBUCIMOCTH CKOPOCTH OT KOPHS U3 IPOU3BEICHUS
kD, xak 1 AJi1 KHHETUKU [IEPBOTo Mopsaaka. T.e. TOT pe3ysbTaT, yTo HabioaemMasi JHEprusl aKTHBa-
LMY paBHA IPUMEPHO MOJOBUHE YHEPTHH aKTUBALIMH CTAINH XUMHUYECKOTO MTPEBPALEHUS, OCTAETCS B
cuie. DTo MOXET ObITh KpuTepueM BHeHEe Tudy3HOHHON 00J1acTH, TOCKOIBKY U3MEHEHHS panyca
IOp U pa3Mepa 3epHa 0e3 U3MEHEHHUS CBOMCTB KaTAIUTUYECKU aKTUBHBIX IIEHTPOB IOOUTHCS CIOMKHO.
Ha amomocuinkaTax ¢ pasHbIMU pa3MepaMiy MOp U3ydaliu KPeKUHT KyMmona. JlelcTBUTEIbHO SHEPTUI
aKTUBALMU OTIMYAIUCH MPUMEPHO B 2 pa3a U, Kak ClIeyeT U3 MPUBEACHHBIX BbIlIe HopmMy, C
YMEHBIIIEHUEM pa3Mepa Mop Nepexo]l pexkuMa MpoXoAuiI Ipu OoJiee HU3KOM TeMIieparype.

Paccmotpum, kak auddy3us MOKET MEHSITh CEIEKTUBHOCTH. J{iist peakumit 4 — P u
B — P otHOmeHne o0pa3yomuxcs MPOAYKTOB B KHHETHIECKON 00JIaCTH paBHO OTHOIICHHIO k4 / kB ,

a npu BHewHe uddy3rnoHHOM pesxume pasHo (kg D4/ kpDp)1/2 . Torna, ecnu k4 / kB pasro 1/9, a

kod(urmentsl nuddy3un paBHbI, TO OTHOLIEHHE 00pa3yIOMIMXCS MPOAYKTOB cTaHeT 1/3.



