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(sauus TBepAoil (a3sl B Mpouecce crabuan3aaunu. [Tokasa-

efoBAHA NepeKpHCTaNIH
o e NepeKpHCTALIHIAIHN B TeYeHHe MepBhIx 40 gacos cra-

HO, 4T0 TBepiaas (asa noAapepraeTci
GHAH3AWIH,

Hccrenopada KHHeTHKa aacopOUHH KaJbLHA H3 HACHIIEHHBIX pacTsopos Na,SiO; na

noBepXHOCTH TBepaoil dassl npu 14, 25 H 35°C. TNoka3ano, 4TO KHHETHKA afcOpOLHH XOpOWo
OMHCHBAETCA YPABHEHHEM KHHETHKH H3OTONHOrQ NOBEPXHOCTHOrO o6uena. BoasoxHoCTh on-
CaHHA KHHeTHKH axcopGuiui STHM YPABHEHHEM, CBHAETE]LCTBYET O GIH30CTH MEXAaHH3MOB

STHX NPOLECCOB.

I[IpHpoaa MHKPOBK/IOUEHHH Pa3/MHYHBIX 3JI€MEHTOB B CTPYKType CH/IHKA-
TOB 70 HACTOALIEr0 BpeMeHH OKOHYATE/JbHO He BbiSICHeHA. DTO 0BbsCHAETCS,
B YaCTHOCTH, T€M, UTO CHJIMKATBI COCTAB/IAIOT KJAACC COEJHHEHHHA, B CHIY pf-
aa ocobenHocTell (CJA0XHOCTb CTPYKTYpBI, M/0Xas PacTBOPHMOCTb B BOIE
H OpraHHYeCKHX PACTBOPHTE/AX, BLICOKAs TeMIepaTypa IJaB/eHis u T. 1.)
C TPYZOM NOANAIOUIHXCSA KOJHYECTBEHHOH 06paGoTKe.

MHTepec K CHAHKATHBIM MaTepHasiaM, BO3POCIUHH 3a MOCJENHHE rOXbI,
NPHBOANT K HEOOXOAHMOCTH KOJHYECTBEHHOTO HCCJAeI0BAHHS MeXaHH3Ma
pacnpegesieHHs MHKPOBK/IIOYEHHH B CTPYKType CHaHKaToB. [TomuMo Teope-
THYECKOro HHTepeca, HCCJAeAyeMblid BOmpoc HMeeT GOJbLIOE MpaKTHYECKOoe
3HayeHHe, T. K. MO3BOJISET PELIHTh NPOGAEMY NOJMYYEHHS YHCTHIX CHJAHKATHEIX
MaTepHaJIoB. :

Hcecnenosanne agcopGuuH 3JeMeHTa BKJIOYeHHsI H3 PacTBOPOB Ha IO-
BEPXHOCTH CTaGHIH3HPOBAHHEIX KPHCTAJJIOB HOCHTE/If, ABJIAETCS YacThio 06-
1ie# npo6iemMpl H HauGoaee NPOCTLIM H AOCTYNHBIM CAy4aeM pacnpeneneHHs.

3KkcnepHMeHTaJbHAA YaCTh

Kak ykassiBasoch pauee [1], mpH HcC/leI0BaHHH H30TONHOTO H HOHHOTO
o6MeHa MeKAy MOBEpPXHOCTHIO TBEPHOH (hasbl H PACTBOPOM, NMEPBOCTENEeHHOE
3HayeHHe HMEET IOCTOSIHCTBO OGMEeHHBAIOLIEACH MOBEPXHOCTH B TeYeHHe
IKCIepHMeHTa.

OnuiTsl  no  HCCNENIOBAHMIO  NEPEKPHUCTANIH3AIHH  KPHCTAJJIOB
NapSiO; . 9H,0 B npouecce cTaGHIH3aUHH TPOBOAHINCH HAMH 10 METOAHKE,
onucaHHO# B nepBom coobuennn [2]. Crabuausauus TBepao#i hassl ocylle-
craassace npu 14°C B Tevenwe 53 wacos. ITo mMepe craGuausauus Kpucran-
JI0B, 4epes oOnpee/eHHble HHTEPBAJbl BPEMEeHH, MPo60OT6OPHHKOM OTOHpa-

-



Axcopbuns kaapuus . . 211

ance npobul TeepAoH Gasul ¥ MaTouHOro pacTBopa. OTOOGpaHHee NPOGH! TLLA-
TEJIbHO (PUALTPOBATHCE B BAKYYM2 A5 303MO;KHO MOJHOTU yJAaJeH# s MaTo4-
HOFO [ECTBopa H  OCTOPOKHO CYNIMJAHCh Ha (uabTpOBadbHO# Gymare mnpH
KOMHATHOH TeMnepaType B TedeHHe 3—4 gacoB. B TeueHHe 53 4acoB GbLI0
oto6pano 6 npo6. I'panyaomeTpuyeckn#t cocras TBepAo# $Paser HccaeaoBal-
cA MHKpocKomuyeckuM MetogoMm. Omnpejeasaucs d9HCA0 Kpuctaaiaos N,
o6bem V cM®, noBepxHoctb S ca?, macca m 2. PesyabTaThl Mnxpocxonnqecch
H3MepeHki NoKasasbl Ha pHCyHKax 1 u 2.
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Puc. 1. Masenenne o6bema, NOBEPXHOCTH M UHCAA
KPHCTa1J0B OCAJKOB B 3aBHCHMOCTH OT BpEMEHH
crabuansanui (1 — S em?, [1 — V cud, 111 — N).
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Puc. 2. M3menenve MHHHMANBHOTO, CPEJHEr0 H MaKCHMalb-
HOro O06EMOB KpHCTaJJOB B mporecce cTaGHAHSALHH

teepaoit Gass (I — Vain, 11 — V, 11l — Viax).

HccaenosaHne KHHETHKH aacopOuMH

Knuernka azcop6uuM  KajblHsd Ha.  CTaGHJBHOH  IOBEPXHOCTH
Na;Si03.9H;0 ncenenopanack ¢ NMOMOUIBI0 pagHOAKTHBHOIO HM30TONa KaJb-
unsi Ca®, npu Temnepatypax 14, 25 u 35°. MccienoBanue Besoch MO METOMH-
Ke, onucaHHoi Hamu paHee [2]. [OTOBHAKCH NMepechIleHHbIE TIPH TeMnepary-
pax 14, 25 n 35° pacTBOpH MeTacHIMKaTa HaTPHs KOHLEHTpauui 275, 322 n
392 2/a. TlepeceilieHne PACCYHTHIBAIOCH TAKHM 06pa3oM, 4TOGB! KOJHYECTBO

TBepAOH (ha3bi, BhMaBIeH B OCaAOK, INpPH BCEX TeMmepaTypax paBHAIOCH
32,6 a.
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Teepnas ¢asa crabuansnpoBaiach B teuenne 40 uacoaécr.:.(;znz qirzo;:_
peaxkuHoHHOro cocyia oT6HpaIoCh 30 s HACHIILIEHHOTO P . pa, £
Ca*Clg. Ilpn BHeceHun ax
phifi mepesocuaock 0,2 s aKTHBHOrO pacTBOPa lielecties L i
THBHOTO PacTBOpPa MTHOBEHHO 0GpasyeTcsi OCaa0K MeTacH: o
CaSiO;. ITocKoMbKY KOHUEHTpauusi KaJablis B pactBope Paﬁﬂi 9,5-10
s2/ma u nponssenenne pacteopunmoctH CaSiOs He nocmggf‘rt:ﬂ; ooK nﬁp:: :a-
rpeBannn 30 M4 aKTHBHOrO pacrBopa Na,SiO; 1m0 45— : :; -’lB cnp]c:
pacTBopseTcsi. AKTHBHBI# TOMOTeHHbIi pacTBOp TepMOCTaTHPOBAJCA NP
TemnepaType onmita B Teuenne 30 MHHYT, mocJje Hero NpH HHTEHCHBHOM
nepeMelIHBAHHH TEpPeHOCHJICH B peakiHOHHbIA  COCYA. Ias  onpeje-
JeHHsi aKTHBHOCTH pacTBopa B HauaJbHbiH MOMEHT BPEMEHH, 1O HCTe-
uenuu 15 cekynn or6upanach mepsas mnpoGa. Jansee yepe3 VCTaHOBJEHHLIE
NpOMeXKyTKH BpeMeHu oT6upannch eue 16 npob.
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Puc. 3. 3aBHCHMOCTb KOJAH4YeCTBAa aacoplu-
poBanHofi npuMecH ot BpemenH (I —¢ = 14°,
II—¢ = 25° Ill —¢ = 35°).
HanbHenmyio 06paboTKy npo6 H H3MepeHHe aKTHBHOCTH TPOH3BOIIIN
1o paHee onucayHoOM Meroxuke [2]. PesyabTaThl H3MepeHHA NOKAa3aHbl HA pH-
CYHKe 3.

O6cyxneHne pesy/bTaTOB

[Ipu HccaepoBanun reTeporeHHBIX NPOLECCOB CNOCOGHOCTL TBEPAOH (a-
3bl IOJABEPraThCsi MHOTOKPATHOM NMEepeKPHCTAJNIH3AUHH HMEeT NPHHIHNHAIb-
HOEe 3HaYeHHe, T. K. CMOCOGCTBYET yCTaHOBJEHHIO CTaGH/IBHON MOBEPXHOCTH
KpHcTaioB [3].

[locie MOAHOrO CHATHS MEPECHIIEHHS TI'PAHYJOMETPHYECKHA COCTAB.
TBEPAOH (asel Ype3BbiuafiHo CoKHBIA (pHC. 4). Haanure B nepechilienHOM
PA4CTBOPE KPHCTA/IJIOB MHHHMAAbHOrO Vpia, cpeanero V' u  makcumanb--
HOTO Vmex O6BEMOB NO3BOJISIET NPEANOJONKHTb, YTO MO Mepe CcTa6HIH3a-
UHH TBepias (asa NOJKHA IONABEPrHYTHCH HHTEHCHBHOR OCTBAJbIOBOMN
nepexpucraaausauny. IIps sTOM ¢ yMEHblueHHEM uHMCaAa KPHCTAMIO0B N
MHHHMaJbHBIA 06beM GyHer pacTH 3a CYeT HeKOTOPOH YacT KPHCTAJ10B,.
KOTOpbIE paHee BXOLHJIH B COCTaB cpelHero o6bema. JIefiCTBATENLHO Pe3y.b--
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TaThi MHKPOCKOIHYECKHX H3MEPeHHH (pHc. | H 2) CBHAETEAbCTBYIOT, YTO TBEp-
nas (hasa B TeyenHe nepsbix 40 yacos crabuAH3alMH HHTEHCHBHO MOJBEpraer-
ci nepekpucralanzaund. CyIecTBeHHO H3MEHAIOTCA YHCIC KpHCTadios N,
nopepxHocth S. CpelHHil H MaKCHMaJbHE 06beMbl KPHCTAIOB YBeJIHYHBA-
(OTCH TIOYTH BABOE. YKPYNHEHHEe KPHCTAJIOB CONPOBOKAACTCS CABHIOM MaK-
CHMyMd DACHpe/e/]eHHd KPUCTa/lI0B TBepAo# ¢asnl no o6beMaM B CTOPOHY
KPHCTAJJI0B MaKCHMaJabHOro o6bema (puc. 4). ITpumeyartened (akT oTcyT-
CTBHA YKPYNHEHHA KPHCTaJJIOB MHHHMAaJbHOro o0beMa, YTO MPOTHBOPEYHT
TEOPHH NEPEKPHCTANIH3aUnH. B npoxomKeHHs BCero mpouecca MHHHMA.Tb-
Hbift 06BeM KDHCTA/IOB HE H3MEHSeTCs,, a YHCJAO MX PaBHO B  CpEXHeM
0,025.107,
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Puc. 4. TpanynoseTpHueckuil coctaB TBeppoil (asml
NpH TMOJHOM CHSTHH Mepechlimenns (Bpems crabuausa-
wnn: 1 — 17,1 w; 11 — 26,0 u.; III — 51,8 u.).

AHanu3 3KCIepHMEHTAbHBIX JaHHBIX MO3BOJIAET OAHO3HAYHO Pa3pellHTb 3TO
npoTtHBopeyne. JlefCTBHTEIbHO, HHTEHCHBHOH NepeKpHCTa/IM3alHH NOABep-
ralTCs KpHCTAJIbI, KOTOpble 06J1a1al0T HepaBHOBECHOH (opMoi, a clreqosa--
Te/bHO, 3HaYHTEJIbHOM NOBEPXHOCTHOH 3Hepruedt. Kpucranasl MHHHMaIbHOTO
o6bemMa Vmin, HMeEOIIHe paBHOBECHYIO ¢(opmy, Moryr GeckoHeYHO [0/ro
(nMpH KaHHBIX YCJIOBHSIX) COCYLIECTBOBATh C KPHCTA/NIaMH CpEXHEro H Mak-
CHMaJbHOro 06bEMOB, He IOJBEprasich pacTBOpPeHHIO HaH pocty. MHTeHcHB-
Hasf NepeKpHCTaIH3aIHA HAET B OCHOBHOM 3a CYeT HEKOTCPO# 4acTH KpHC- .
TaJJIOB. CpeflHero o0bema, HMEIOIMX HepaBHOBecHyl ¢opMy. CBuaereb-
CTBOM STOTO SBJSETCS CMelleHHe MaKCHMyMa paclpefefeHHs KPHCTaJI0B
no o6bemam (puc. 4). ,

[IpuBefleHHEIA BhILIE aHAJH3 corJyiacyeTcs ¢ paHHEbIMH Knanna [4], koro-
phiil, HCC/IeAysl PACTBOPHMOCTb KPHCTAJJIOB B 3aBHCHMOCTH OT 06bemMa, mno-
Ka3aJl, YTo KpHCTa/J/ibl MHHHMaJbHOro o6beMa, HMelole paBHOBECHY O (op-
My, MOTYT GECKOHEYHO JOJITO COCYILeCTBOBATB B PacTBOpe C KpHCTalaami,
HMeUMHE 06beM 6oJMbLIe Fyp (7kp — KPHTHYECKHHA pasmep).

Io ucrevennu 40 yacos craGuaH3aLHH TBepAask Ga3a MMeeT NPaKTHYeC-
Kn crabuabHylo noBepxHocTh. Ha oTcyTcTBHE MepeKpHCTaMIH3alllH yKa3bBa-
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er cuMbartHoe HameneHHe Vin, V i Viex (puc. 1 # 2). Uucao kpHcrada-

A08 N H MOBEPXHOCTb S MOCTOSIHHEL.
ITpu uaTEpnpeTanuy 3KCrepHMeHTa
ILHH KaJbLHs Ha cTabuJH3HpOBAHHOH MOBEPXHO

eTcsl HeoB6XOAHMOCTh KaueCTBEHHOH OLEHKH pexKHM SR i
Te/bHbLIMH ONMBITAMH GBLIO MOKa3aHO, YTO KHHETHKA ajacopOLHH P

—6). &
HOTO K4/bIHA He 3aRHCHT OT HHTEHCHBHOCTH nepememunzfrr::l:[ﬂ [zayalri('rilil
pasi, npeacrasiennas Ha pHcynke 3 (I KpHBas), RB-’”‘EH ag}mx iy
' HECKOIBKHX TOC/eA0BaTeAbHbIX OMBITOB, BbIMOJHEHHBIX NpPH P p

CTAX MNepeMellHBaHHA.

JBHBIX AAHHBIX IO KHHETHKE a1cops-
crn NagSiO;. 9H:0 nosBas-
a npouecca. Ilpeasapu-

Puc. 5. Ha pucynke 1 —¢#=14° 1l — £ = 25°, IIl — ¢ = 35°.

DKcnepHMeHTa bHBIE JaHHBE, NOJYYeHHble IPH HCCIEA0BAHHH ancop6-
UMH KaJblHA Ha crabuansnpoBanHO# mnoBepxHocTH NagSiOs.9H0, 6wian
o6pa6oTaHbl C MOMOLUBIO YPaBHEHHS:
e KX, [1 — e—K—Kt] (1)
K]_ + Kg .

rae X; — KOHUEHTPAUWA KaJblHUfA HA MOBEPXHOCTH TBEpAOA (haskl B Mo-
MEHT BpeMmeHH £ B %,; X, — KOHueHTpauus kaapuua npu £ =0; K, u K,—
KOHCTAHTBl CKOpOCTe mpsiMoft H o6paTHOX peaxiHi.

Kak BHIHO H3 pucyHKa 5, B npefesax olIMGKH ONBITA, IKCIIEPHMEHTA b
Hble JlaHHble XOpOLJO OMHCBHIBAIOTCS YPABHEHHEM.

Ypasnenne (1) BbIBeJeHO HAMHM /I ONHCAHHS KHHETHKH H30TOIHOTO
noBepXHOCTHOro o6meHa [2]. Bo3MOXHOCTh ONMHCAHHSI KHHETHKH aACOp6Lmuu
C MOMOLIBIO ypaBHeHHs (1), B mepBoM NpHOG/IHKEHHH, CBHAETEJLCTBYET O
61M30CTH MeXaHH3MOB H30TONHOrO NMOBEPXHOCTHOTO O6MeHa H aacopOuHH.

IIpu ycTaHOBNEHHH AHHAMHYECKOTO PaBHOBECHS:

= KXG
| 1+ K
rae X, — KOHUEHTDAUHS KaJAbLMs HA TOBEPXHOCTH TBepao# (asel B MO- .
MeHT paBHOBecHs B %,; K — xoncranta paBHosecusn (K = K,/K,).

' 2

- T
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C nomomplo ypaeHeHu#t (1) u (2) MOXHO pacCyHTaThb TaKHE BaXKHbIE
XapaKTEPHCTHKH npouecca, kak Koncraute K, K’, K; u K, (raéanua 1).
tn 1

o

Ta6auya 1

Conssol | 2igge 35°
20|

K | 0,408 | 0,595 | 0,681
Ky | 0,057 | 0,08 | 0,142
K, | 0,023 | 0,059 | 0,09 : L2 ee

34 22 a9 a4 15 xé
K’ | 0,080 | 0,157 | 0,238

(1

e

Puc. 6. 3aBucumocTh JorapHdma KoH-
cTanTel paBHOBecHs or 1/7.

Bocnosnb3oBaBiunchk ypaBHenHeM AppenHyca (puc. 6), no M3BeCTHBIM
snavenusim K, Jerko noxcuurats sHepruio aktupauun E. Beauunna E okasa-
aach pasHo#t 9,1 Kkaa/moae. Takoe sHaYeHHe SHEPrHH aKTHBALUH XapaKTep-
HO AJIs peakuHii xemocop6uHn H H3oTonHoro o6Mena [7]. Ha ocHoBaHuH 3TO-
ro pakTa MOXKHO CeJaTb NPeANoJoXKeHHe O CXOACTBE NPOLEccoB aacopOunn
1 H3oTonHoro o6mena. CnpaBeAJHBOCTb STOTO NPENOJOKEHHS MOMKHO ole-
HHTb IyTEeM BBISIBJIEHHS] MeXaHH3Ma aJCOpOLHH H onpejesieHHsl - aKTHBHOM
nosepxHoctd Na,Si0,-9H,0, yuacreyiome# B peaxkuus.

Jlas CHJIMKATOB XapaKTepHO H30MOp(HOe 3ameuienne B psaay K, Na,
Ca, Mg u 7. a..[8]. W3 sHepreTHueckux coobpaxenufi, sameuenue Na
Ha Ca JIOJIKHO HATH IO CXeMe:

9Na+ —> Ca?t .

C nomMoulbl0 AaHHHX 1O MHKDOCKOIIHYECKOMY HCCJeNL0BaHHIO KpH--
CrasnoB TBepAOH a3kl MOXKHO PACCUHTATh CTENEHb 3aNOoJHEHHs NOBEepX-
HocTH Na,Si0O,-9H,0 nomamu Ca®*t, a Takxke oTHomeHHe HOHOB.Na®™ u
Ca’* na nosepxnoctH. Koauwectso Ca?* nepemweamero Ha MOBEPXHOCTD-
TBEpAOH (pasHl paBHO:

X, = X,-C/100, (3)-

rae Xp — KOJHYECTBO KaJbLHs, Nepeliefiliero Ha NOBEPXHOCTb TBEPHOR
¢dasw B paBHOBeCHHA MoMeHT BpeMeHH B % C — obmee KOJHYECTBO- *
CTa0H/JBPHOTO H PpAaJHOAKTHBHOTO KaJbIHA, HMEIOLIErocs B CHCTEME MpH
t=0.

UHc0 HOHOB KaJblHg Ha moBepxHocTH 1 2 Na,Si0,-9H,0 pasHo:

Nca = X:-NJa, (4):

rae N —unciao ABarajipo, 4 — aTOMHBH{ BeC KaJbLHs.

Jlng pacueTa uYHC/Ja HOHOB HATPHS HA NMOBEPXHOCTH O/IHOrO rpaMma
ocazka GHJH HCNOJb30BAHH 3HAYEHHA Snoms., NOJYYEHHHE C NMOMOLIBIO
MHKDOCKONIHYECKHX H3MepeHHHA:
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Shoan. . (5)

Dai.

I\’,\*a =

OJEKVJIhl Na,510;:9H,0 (Ssp. =

rae S.p. — sdexTHBHag MOBEPXHOCTb M
¥ s adauue 2.

- — T
= 35,0-10™"° cu?). PeayabTaTsl pacueToB NMPHBEACHE B
Tab auya 2

—-17 17
t.°C | X, 9y | X+103, 2|5-1072, car? | Ny, 10 171 Ng,-10
14 29,0 | 0,55 12,0 3,4 2,5
95 |37,3 | 07 10,7 3,0 3.3
35 (40,5 | 0,77 7,9 2,3 3,6

Kak BMAHO 43 TAG/IL 2, UHCJAO HOHOB HATPHS NN H KaJbUus Ne, na
MOBEPXHOCTH CTAGHIM3UPOBaHHO#A TBepaofl (hasbl MPAKTHUECKH PABHO, 4TO
B NepBOM IpPHG/IMIKEHHH, MOXKET CIYXKHTb JOKasaTeJbCTBOM YHaCTHs BCei
TNOBEPXHOCTH B mpouecce aacopGuun. OaHako, BEBOA O NOTHOM 3aMEIIEHHN
HOHOB HATPHS HA NOBEPXHOCTH HOHAMH KaJjbuis HE TPEACTABIAETCH BO3-
MOKHBIM. JIefCTBHTENBHO, N2 IHEPreTHYecKHX COOGpaKeHHH s MOJTHOro
3aMelleHHs] HOHOB HATPHS HOHAMH KaJbllHsl, KOMIHYECTBO MOCACAHEro IOJIA-
HO GuTb B ABa pasa Mmenbme. Bamsocts BeanunH Nya B Nca CBHIETENB-
CTBYET, 4TO B npouecce o6MeHa y4acTBYIOT HOHB! HATPHS, PACNOJOKEHHbIE B
Gomee riybokux caosx. [loaTBepikaeHHeM 3TOro CJAYZKHT IOCTOSHCTBO M0-
_BEPXHOCTH B TeueHHe Bcero skcnmepumenta (puc. 1).

Anasornunsle pe3yabTaThl OBVIH  IOJYYeHbl HAMH TPH HCCAEJOBAHHH
H30TONMHOrO NMOBEPXHOCTHOro o6Mmena Hatpusi—Na# co CTaGHJIBHOA MOBEpX-
HOCTBIO KpHCTaa10B NagSiO;. 9H,O [2]. B nepBom NpHOAHIKEHHH 3TO SiB-
JEHHEe MOYKHO OOBLACHHTH HaJAHYHEM KPHCTAaAJH3aHOHHOH BOJALI B CTPYKTYpe
JEBSITHBOJHOTO MeTacHJIHKaTa Harpus. JlanabHeilee HCC/Ie0BaHKe facT BO3-
MOZKHOCTb NMOATBEPAHTh NPABHABHOCTL 3TOrO MPEANOJOKEHHS.

'Efﬁenaucxuﬁ Hay {HO-HCCAe [oBATENbCKHit
HHCTHTYT XHUMH:: MMoctynuno 22 XI 1966

Na,Si0;-9H,0 R8NRPHALLEPh ULULPEULEPR 4 L.
YULSPARUD UAUNPRBUUY 2bSULNSNRAEARLL YU ShARUD
Ca® MUPNULSHY, bNSAMD 0%LNRP-SUUR

U. %. RURLSWY, U. IT. 2UPARPBARLBIYG L U. 9. LU bLBI
Udhnphnoed
Sbomiisgrindfmd & wyhlog  Gusgugfy b ploqguagmdp Qo ooy wb ph-

[Py pouid'; Bm."g b wpdmd, np wyhlon $ugust pionkSufu) b pmppmphguwgda E
b5 f wus prlyaf ol hpymSsmgil % wnwg % 40 dudfm plifdusg pomd';
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