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AHAJIU3 ABPA3BMBHOI'O MU3HOCA JIETAJIEU

VK [621.793.72]:]621.651-2:539.538]

A. B. Kaaamuuxos, uik. ([Toatas. roc. Texu. ynu-T),

B. H. Kopx, i-p texu. nayk (Hait. texii. yn-t Ykpannbl «Kuesckuii 110JMTeX HHYCCKUM MHCTUTYT» )

AHAJIN3 ABPABUBHOI'O U3HOCA U METO/I ITOBBIIIIEHNA PECYPCA
PABOTbBI JETAJIEU PACTBOPOHACOCOB

Kawueewvre caoe6a: zasomepmuuecKue NOKpouimus, nid3mennas cmpys, pacmaeoponacocst, napvlt mpenus,

abpasusibitl usnoc, xkapbud opa, uccaedosanus, Yxpauna

Kak u3BeCcTHO, COXpaHEHUEe PecypcoB SIBJISIETCS
O/IHOIl M3 aKTyaJbHeHIIHX MpobieM COBpEMEH-
HocTH. /lOoCTATOYHO OCTPO OHA CTOUT, HAIIpUMEP, B
acriekTe yBesudeHusi pecypca obopynoBanus. IloJ-
TAaBCKUM TOCYJApPCTBEHHBIM TEXHHYECKUM YHHBEp-
CUTETOM COBMECTHO ¢ Kadeapoii BOCCTAaHOBJIEHUSA
gerasiel MaummH HanumoHaJIbHOIO TEXHUYECKOTO
yHHBepcHTeTa YKpauHbl «KHeBCKHil IMOJHTEXHH-
yecKUil MHCTUTYT» ObLIa TpoBefeHa paboTa, Ha-
MpaBJeHHasi Ha CO3/laHHe HM3HOCOCTOMKHMX Ta3o-
TEPMHUYECKUX MOKPBITHII C 1€JIbIO MTOBbIIIEHUS HA/-

-E@XHOCTHU U JJIMTEJIbHOCTH paéOTbI PaCTBOPO-

HACOCOB, MCIIOJIb3YEMbIX B CTPOUTEJIbCTBE.

Pecypc pa6oTbl pacTBOpOHACOCOB 06y C/I0OBIMBA-
eTcsl JJ0JTOBEYHOCThIO paboThl JeTajteil MUJIUHAPO-
MOPIIHEBOI TPYIIIbl, OCOOEHHO MITOKA IMOPIIHA U
LIJIMHAPA, KOTOPbIE MO/IBEPraioTCsl HHTEHCHBHOMY
abpa3BHOMY M3HOCY BCJ/IE/ICTBHE HEIOCPEeCTBEH-
HOTO KOHTaKTa € MEeJKUMH MHUHEpPAJbHbIMH 4Yac-
TUIIAMH, B OCHOBHOM I1€CKa, KOTOpPbI€ BXOJAAT B COC-
TaB CTPOUTEJIbHBIX pacTBOpoOB [1].

[TosTOMYy OCHOBHBIMHU 3aJa4yaMU I1POBEJIEHHOU
pa6oThI 661U aHATN3 (PAKTOPOB, BJIUAIONUX Ha CTe-
rmeHb a6pa3uBHOTO U3HAIIMBAHUS I1ap TPEHUA B pac-
TBOpOHAcocax TIPU MCIOJb30BAaHUM  CHIPbEBBIX
MaTepuaJioB Y KpauHbl, OlleHKa YCJIOBUIl Ipolecca
n3Hoca M paspaboTka abpa3uBHO-CTOMKOIO Tra3o-
TEPMUYECKOTO MOKPBITHSI, o6ecreunBaionero Heob-
XOAMMYIO JOJITOBEYHOCTb paboThl Mapbl TPEHUS.

OcHOBHBIMH (haKTOpaMu, BJIUSIIOIIMMU Ha CKO-
POCTDb M3HOCA METAJLJIa HA TOBEPXHOCTU TPEHUS STUX
netaseit, spiasiores pasmep (d, MM) M TBEPAOCTb
(HV, I'lla) a6pasusnbix yactuil [2]. [leckn u3 pas-
HbIX PErHOHOB ITOCTABKH pA3JIMYAIOTCA MEXY
co6oii. [ToaTomy HEO6XOIMMO OIIEHUTDH BEPOSITHOCTH
KOHTAKTa 4acTUI[ MUHepaJia Olpe/le/IeHHbIX pa3Mme-
poB d u TBepaoctu HV ¢ NMOBEPXHOCTHIO JeTalIeil
IUUIS. OTIpe/ieJIEHHsT YCJIOBUHM 9KCILIyaTallii pacTBO-
poHacoca B ollpeJeJleHHOM pernone. BeposTHocTb

KaaamnukoB Aunarosmii BacuabeBny — Boinycknuk KIIN
1989 r., crapmwmii 1penojiaBatesb  Kadeapbl  TEXHOJOIHHU
manmmnoctpochusi [ITTY

Kopx Bukrop Huxosaesumy — sbiiycknuk KIIM 1962 r.,
npodeccop, 3asejyonimii kKadepoit BoccTaloBIICHUsA JIeTalch
Malui cBapoutoro ¢akyibTeTa.
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KOHTAKTa YacTHUI[ OIIpeJeJIeHHOr0 MHHepaia ¢
MOBEPXHOCTHIO, UMeOIlel momaab F, onpenens-
eTcsl KaK IOJIHAs BEPOSATHOCTh HACTYILJIEHHSI cOObI-
TUS 10 hpopMmy.ie

P(A) = P(B,)-PB(A) + P(B,)-PBJA) + ... + P(B,)-PB,(4), (1)

rae P(A) — nonnas BepositTHOCTb coObITust A (KOH-
TakTa yacTuibl Ha maomaaun AF); P(B,), P(B,),
..., P(B,) — BepoATHOCTb HACTYILJIEHUS COOBITHS
runore3bl B (BeposTHOCTh TMOMajaHusi Hacoca B
ofuH u3 15 pernoHoB moctaBku mnecka); PB,(A) —
YCJIOBHSI BEPOSITHOCTH HACTYTLIEHUsI cOOBITHSI A B
runorese B,.

PesysibTarthl pacuyeToB npuBezieHbl B Tabu. 1, a
rpacduK pacrpeie/ieHusi TBEPIOCTH TIPEACTABJIEH HA
puc. 1.

MareMaTnyeckKoe OXXKH/JaeMOe 3HayeHUe TBEp-
JIOCTH ompejieisieM 1Mo popMmy.ie

M =P(A)A + P(A,)A, + ... + P(A)A,, (2)

Ta6auuna 1. Pacnpexnesenue TBEpAOCTH MHHEPAJIOB B
CTPOMTEJIbHBIX NECKaX YKpaHHbI

”J/\{q" Hassanue Munepasion HV, TTla| P(A)
1 [unc 0,29 0,00002
2  WsBectHsik 1,23  0,00795
3  ®dDmoopur 1,72 0,00507
4 JlonOMUT 3,61 0,00502
S5  Mainranur 5,73  0,00267
6 Tematur 5,91 0,00166
7  Xanue/1oH 9,07 0,00063
8  Kpemenb 9,49 0,05629
9  Ksapuesblii 11ccok 9,52  0,90069
10  Ksapuur 11,07 0,00899
11 Ccpblii rpaHuT 13,62 0,00364
12  KpacHobypblii rpaiut 14,16 0,00149
13 Tona3s 14,45 0,00130
14  Po3oBblit rpanuT 15,58 0,00076
15 Poasosbiii rpauut c¢ npocsaoiikoi 16,46  0,00228
OKCH/Ia JKeJie3a
16 Kopynn 21,35 0,00001
17 Py6un 23,38 0,00010
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Puc. 1. Tpaduk pacupenenenus tBepoctn MHHCPAJIOB B
CTPOUTEJIbHBIX 11IccKkax Ykpauiibl (cm. Tab. 1)

rae P(A,) — BepoATHOCTb KOHTAKTA YACTHIIBI 72-TO
MHHEpaJia ¢ MOBEPXHOCTbIO AF; A, TBEPOCTh
n-r0 MUHepaJa.

ITo pesynbraram pacueros M = 9,53 I'lla, uto
COOTBETCTBYET yCJIOBHOU Cpe/iHell TBepAOCTH KBap-
L[€BOTO IIeCKa.

HauGosee mousmoii xapakTepictukoii cocrasa
IIeCKa SIBJISETCSA paclpe/ie/leHle YacTUll 110 pa3Me-
pam. HabmmogeHusimu yctaHOBIIEHO, YTO pacupee-
JIeHne (PpakIuil 4acTUI[ TecKa 1o UX pa3mepam B
GOJIbIIMHCTBE CJIy4aeB UMeET O/NH SIBHO BbIpa’keH-
HBIII MAKCHMYM aCHMMETPUYHOIT hOPMBI ¢ KPYTBIM
CIIAIOM B CTOPOHY MEJIKUX U TIOJIOTUM — B CTOPOHY
KPYIIHBIX YaCTHII.

/1151 pacueToB aCHMMETPUYHBIX KPUBbIX pacrmpe-
ACJIEHUS 9aCTUL] [10/1b30BaIiCh opmyroit Kosmo-
TopoBa [3]

1
(%) = g xpl=(Inx - p)2/ 207, (3)

rae f(x) — IJIOTHOCTH pacipeseneHus BEPOSITHOC-
Teil HENpPEepbIBHO-CIyYallHOH BEJINYMHBI, + —
CPE[IHMII pasMep YacTUI[ IleCKa, MM; L — MarTe-
MaTHYeCKOe OXXHaHMe HATYpasbHOro Jorapudma
HETIPEPbIBHO-CJIyYalHOM BEJIMYUHBI; G — CpeJHEK-
Ba/|paTHIHOE OTKJIOHEHHE JIorapudMa HellpepbIBHO-
CJly4alHOU BeJn4uHbl. BepositHocTh BCTPEYU B MecC-
TOPOXIACHUSAX 4YacTHIl IIeCKa JaHHOTO JuaMeTpa
OIIpE/IeJISIEM IO OCTATKAM HA CTAHAAPTHBIX CHTaX,
BbIPDA)KEHHBIM B IPOIIEHTaX MO Macce.

OmnpenensieM MaTeMaTHYeCKH OXHJaeMoe 3Ha-
YeHue jorapudma pasMepoB YaCTHIBI IS KasKIOTO
MECTOPOK/IEHU S :

n (4)
iy = Zlnxij(P i)

j=1

rae i — HOMEp PErHOHA MOCTABKH; j — KOJMYECTBO
(pakumii B recke.
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Ta6auua 2. BeposTHocTs pacnpeznesieHHss pa3Mepos
HacTHIl NECKa Mo YKpauHe, C y4eTOM BCEX PEerHOHOB MNOC-
TaBOK

Ne uamepenuii Ipanynsiuns d, mm [Trornocts f(x)

1 0,1 0,515

2 0,2 2,118

! 0,3 2,315

4 0,4 1,771

S 0,5 1,191

6 0,6 0,762

7 0,7 0,479

8 0,8000001 0,301

9 0,9000001 0,19

10 1,0 0,121

11 1,1 0,078

12 1,2 0,051

13 P 0,034
[Ipumcyanmue. Marematuueckoe  oxkmaime M { =
= 0,3974195.

MatemaTuyeckoe oxugaHme Jorapudma pasme-
pa i BceX peruoHoB

=2 ©)

J=1

Cpentiee KBazipaTHYHOE OTKJIOHEHUE LTSI KaK-
AIOTO PETHOHA IOCTABKU OINpPEEJIeHO 3aBHCHMOCTBIO

d; = Z(lnxij = M)-Py. (6)

J=1

Cpe,aHee KBaZ[pATHYHOE OTKJIOHEHHE I BCeX
PETUOHOB IMOCTABKH COCTAaBJISIET

c:N/.Z—d;. (7)
=

Ilo npuBeenHbIM hopMYIaM € HCITOIB30BAHMEM
II9BM paccynranbr [IapaMeTpbl paclpe/e/IeHus
Pa3MepOB YaCTHUIL B CTPOUTEIbHbIX [IECKaX Y KpauHbl
B KaXXJIOM U3 peruoHoB noctaBku (tabu. 2) u mnoc-
TpoeH rpacduk (puc. 2).

Ha ocHoBanuu nposenennoii 06paboOTKH cTaTiic-
THYECKUX  aHHbIX MOXKHO yTBEpP’KAATh, YTO
Han6OIbIIAS BEPOSTHOCTD BCTYILIEHUS B KOHTAKT y
HacTUIl Tmecka ¢ TBepaoctbio HV =952 I'Mla u
anametpom d = 0,3 mM. BeposTHocTh KOHTAKTA 110
TBepaoctH  P(A) = 0,90069, a MaTemaTuyeckoe
oxnjanue no nuamerpy M, = 0,297. Otu pesy.s-
TaTbl IMOJIOXKEHbI B OCHOBY ITPOBEIEHUS HCCJIEN0-

BaHUU U3HOCOCTOMKOCTH PacTBOPOHACOCOB U ITOBBI- -

IIEHUS HAAEKHOCTH UX pPaboTHI.

M3yuyenne mporeccoB aGpasuBHOIrO H3HAILIN-
BaHUS  TApbl  TPEHUS  IUIyHXep-UHINHAD B
IPUCYTCTBUU BOJDBI M abpa3uBa MeX/y IOBEPXHOC-
TAMH TPEHUS NMPH MepPeKayKe CTPOUTEJNbHBIX pact-
BOPOB NMPAKTUYECKH HHKEM He MpoBoAu/uch. Cy-
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AHAJIN3 ABPA3MBHOI'O U3HOCA JIETAJIEN
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Puc. 2. Tpacduk pacripejenennsi pasmMepoB 4acTUIl MUHEPATIOB B
CTPOMTCbHBIX Neckax Yipautint (M. taba. 2)

[ECTBYIOT HECKOJBKO paboT, IMOCBAIIEHHBIX 3TOMY
BOIIPOCY, HO TOJIBKO TI0 OTHOLIEHHIO K Oy POBbIM Ha-
cocam.

[Ipu mepekayke CTPOUTEIBHBIX PACTBOPOB M3HA-
IMBAHUE TIPOMCXOAUT BCJEACTBHE TPEHUA IIPH
MOJIYKU/IKO CcMa3Ke B MPHCYTCTBUU abpa3uBa,
Korjia abpa3muBOM SIBJISIIOTCS MUHEpPaJIbHbIE BBICO-
KOIPOYHbIE YacTHIbl 3amnoJHuteseid. Ilpu takom
BU/le TPEHUsl JIBe IOBEPXHOCTU ITOJHOCTBHIO HJIH
YaCTUYHO OTAEJEHbl JPyr OT Jpyra IIJIEHKOU
YKUJIKOCTH C BKJIIOUEHHSIMU a0 pa3vBHBIX YaCTHULL, KO-
TOpble Pa3pyMIAOT IJIEHKY KUJAKOCTU U BCTYIAIOT
BO B3aMMO/IEHCTBHE C ITOBEPXHOCTHIO TPEHUS.

Paspy1aroimm TeJIoM IIPH 3TOM BI/IE U3HOCA SBJIS-
FOTCSI MUHEPAJIbHbIE BHICOKOTBEpP/Ible YaCTULBI C HEMe-
TAJINYECKUMHU CBSI3SIMHU, Y KOTOPBIX Q/Ir€3usi U CLeIl-
JIEHIe OYeHb He3HAUYMTEeJIbHbI, YTO, B CBOIO OYepe/b, U
06y CJIOBJIMBAET OTHOCUTEIBHYIO IIPOCTOTY (PU3NYECKUX
IIPOIECCOB, BO3HUKAIOUINX HIpU u3Hoce [4].

Ha ocHoBanuu aHajausa oieHok (1o cyuiecTBy-
FOLLM METOMKAaM) CKOPOCTH H3HOCA TI0/] BJHSIHUEM
pa3JM4YHbIX (HAKTOPOB IpejJaraercs: opmy.ia AJs
orpejie/IeHusi MHTEHCHBHOCTH H3HOCA B 3aBUCH-
MOCTH OT (pHU3UYECKUX CBOICTB IMOBEPXHOCTH
TPEHHUSI:

IS U L TR (8)

r(q — L
p-HV (1 — 5B

rae i — BbICOTA CJIOST, KOTOPBI N3HOCHUJICS 3a BECh
Mepyo/i dKCILIyaTalluu IIYH)XKepa; p — JaBJIeHHE,
MIla; S — myTtb TpeHusi, M; d — AUaMeTpP YACTUILbI
abpasuBa, MM, HV — TBep/lOCTb MOBEPXHOCTH
tpenus, MIla; ¢ — KoaduumeHT pornopInoHaib-
Hocti (3aBHCUT OT CBOMCTB Mapbl TpeHUs); ¢ —
BpeMsi paboThl, 4; p — ILJIOTHOCTb ITOBEPXHOCTH,
kr /m*; Il — mopucTocTh MOKPBITUS, Yo; B — 1IMpUHA
NMOBEPXHOCTH TpeHust, MM (JIJIsT KPYTJIbIX TIOBEPXHOC-
teit B = n-D, D — auametp IJIyH)Xepa, MM.

[Ipn wucmo/b30BaHUU TAa30TEPMUYECKHX ITOK-
portuit  (I'TII) aast co3gaHus CTOMKMX IPOTHB

ABTOMATHUYECKAS CBAPKA, 1998, Ne 6 (543)

Puc. 3. Pa3pes n1akupoBaHHO#M HUKeJIeM YacTHILbI Kapou/1a 6opa

(X280)

abpa3uBHOrO M3HOCA TOBepXHOcTell aTa popmy.ia
JIaeT BO3MOXKHOCTb C JOCTATOYHON JOCTOBEPHOCTHIO
c/leJIaTh MTPOTHO3 UX JOJITOBEYHOCTH.

Koadduuuent nponopimonaibHoct (n3Hoca)
C OJTHOBPEMEHHO SIBJISIETCSI U KPUTEPHEM U3HOCA [1JIs1
pa3JIMYHbIX MAaTEPUAJIOB.

Takue Benumuyunnl, Kak h, D, t, p, d, nerko
MOKHO n3Meputh. Beauuunnl p, 11, HV 3aBucar ot
mapamMeTpoB TEXHOJIOTHYECKOTo IIpoliecca HaHe-
CEHHS MOKPBITHSI, K KOTOPBIM OTHOCATCS [ — cuJja
TOKa B IL1a3marpoHe, A; L — JUCTAHI[USI HAIlbI-
nexusi, MM; G — pacxo/ 1m1a3mMoo6pasyolero rasa,
M’ /4; J — pacxoi MOpONIKA, KI/4, a TaKxke
XUMHYECKHII cocTaB ropomika. B HameMm ciydae
BJIMSHUE COCTaBa IOPOIIKA OIpe/esisieTCsl MPOLeH-
THBIM COJ€ep>KaHMeM HUKeJs B IMJIAKHPOBAHHOM UM
nmopoike kapbue 6opa.

Ilns  obecriedyeHusT  JOJITOBEUHOCTH  a30-
TEPMHYECKOTO TMOKPBITUSI HA MOBEPXHOCTU TPEHUS
HCITOJIb30BAJICS CHEHAIbHO pa3paboTaHHbI KOM-
[TO3UIMOHHBII ITOPOIIOK Ha ocHOBe Kapbuaa 6opa,
YaCTHUI[BI KOTOPOTO IJIAKUPOBaHbl HHKeJseM. Ha
puc. 3 MoKas3aH pa3pe3 Takoil yacTuibl [J].

OcHOBOIl /I TIOJIy4YeHHs Topollka Kapbuzaa
6opa SIBJSIIOTCSI OTXOAbI Ipou3BojacTBa. Pasmep
qacTHIl (PPAKIUU CBIPbsSI COCTABJSIET J... 15 MKM.

Jlu1st 3anuThl YacTUIl Iopoiika kapbuaa 6opa ot
JIeiICTBUSI BBICOKOH TeMIlepaTypbl MJIa3Mbl UX [IOBEP-
XHOCTD TIP€/IBAPUTETHHO IJAKNPOBAIACH HHUKEJIEM.
KoHIleHTpallHi0 HUKeJs MPUHUMAJIUA B IPOLIEHTaX
OT MacChI IMTOPOIIKA. YYUTBHIBasi TpeOOBAHUS TEXHO-
jgorum HanbLaeHus ['TII, mopoiok u3rotosJisiiu nnpu
pa3mepe dactuil 80... 120 Mxm.

[Ipy uM3roToBJIEHHU IIOPOIIKA MCIIOJIb30BAIN
pekoMeHgaiuu  VHCTHTYyTa  MarepuaJOBeleHUs
HAH VYkpauHbl 10 IPUMEHEHUIO B KadecTBe
aacTHUKATOPA S Yo-HOTO PacTBOPaA KapTodeIbHO-
ro KpaxmaJsia.

Hanecenue I'TII Ha pgeranb ocyliecTBJIANH B
MJja3Me IPOAYKTOB CXKUTaHUSI YIJIEBOJAOPOAHbBIX
ra3oB C MCIIOJIb30BAHUEM I1JIA3MOTPOHA C MEX3JIEK-
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TPOJHOM BCTaBKOW. B orinume OT IJIa3MEHHbBIX
cTpyii, o6pa3dyeMbIX MPU TPAJUILHOHHBIX CHOCO6ax,
IJIa3MEHHAsl CTPYSI MPOALYKTOB CXKUTAHUS uMeeT 6oJtee
yJJINHEHHYIO BBICOKOTEMIIEepaTypHyio 30HY [6].

BceaenctBue 6GoJiee paBHOMEPHOTO —paciipeje-
JIEHUSI TeMIIepaTypbl U CKOPOCTH B IOMNEPEYHOM
CeYeHUH IJIA3MEHHOW CTPYU MPOAYKTOB CrOPaHHS
co3ztalorest 6oJiee 6J1aronpusiTHbIe YCJIOBUS /IS Ha-
rpeBa U  YCKOPEHHSI 4YacTUI[  HAIbLISEMOTO
MaTepHaJia, B pe3yJbTare 4ero gocturaercs 6oJiee
BBICOKAsI CTENeHb €ro OTJIOXKEeHUs B MOKpbITHE [7].

Pa3paboTaHHbIil MeTOJ| IO3BOJISIET YBEJUUYUTD
pecypc paboTbl MOBEPXHOCTH IIUJIUHAPOIMOPITHEBOH
TPYIIIBI PACTBOPOHACOCOB IPH BO3AeicTBUN abpa-
3auBa g0 275...315 4, nmpu 3HAYEHUSIX TBEPOCTH
HV = 24...26 T'lla, mopucroctu Il =276 % u
nasjgenusa © = 2,0 MlIla.
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Coemecmuvim npuxasom I'ocydapcmeennozo Bwvicuwezo Ammecmauuonnozo Komumema
Poccuiickot Dedepayuu u Boicweii Ammecmayuonnot Komuccuu ¥ kpaunvt 6 Hucmumyme
anexkmpoceapxu um. E. O. Ilamona HAH Yxpauwer co3dan ouccepmauuonuwiii coeem c
NpaAsoM NPUHAMUSL K PACCMOMPEHUIO U NPOBEOCHUIO 3AUUM HA COUCKAHUE YUeHOT CMeneHu
doxmopa (kanouoama) mexHuueckux Hayx no CneuudaibHOCMAIM:

05.03.06 — TexHos0rus M MalIUHBI CBAPOYHOIO IIPOU3BOACTBA;
05.13.07 — ABTOMaTH3anMs TEXHOJOTHYECKHX NPOIECCOB U
NPOU3BO/ACTB (B TOM YHCJIE 110 OTPACJISIM).

Couckamenu npoxodsm ammecmayuio 6 coomsemcmeuu ¢ mpebosanusmu BAK
Poccuiickoti Dedepavuu u noayuarom ouniomst Poccuiickot Dedepavuu.

B cayuae 3aunmepecosanrnocmu 6 3awume duccepmavyuu 8 cnevucoseme UIC um. E. O.
ITamona HAH Yxpaunwvl u ¢ ueavio noayuenus 6oaee noopobnoi ungopmauuu

— 3BOHUmMb no meaegony: 220 84 11

— nucamb NO agpecy:

252650, Ykpauna, r. KueB—150, I'CII, yAa. boxenko, 11.
Hrncmumym saexkmpocBapku um. E. O. Ilamona HAH YKpauHnbhi,
HAy4YHO—OPraHU3AUUOHHbIU OMgeA.
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