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ocBif ykpaiHcbKOro Topdo-

OpPMKETHOT 0 BUPOOHUITBA
CBiJYUTH, 1110 3aBOJHU 3 THEBMO-
ra3oBUMH IWIAXTHUMHU MJIMHHH-
MU CylIapKaMM HaWJlinue BiZno-
BiJlaloTb yMOBaM BUPOOHMIITBA,
OCKiJIbKM BOHM NPOCTi ¥ HeJo-
poriy cnopy/pKeHHi Ta eKcraya-
Tanii, peHTabeJbHI HaBiTh NpH

YAK 622.331:504.062

[II1s1x1 3MeHIIeHH A MUI0BUX
BUKH/iB TOp(POOPUKETHUX 3aBOJIB

HaBeaeHO pe3ynbTaTi yAOCKOHANEHHA acnipaliiHoi cuctemn MaHeBuubKoro Topdo-
3aBoay, fie BAaNocs NiKsigyBaTh BUKMAM TOPHOBOro MMy B aTMochepy WAAXOM nosadi
Top$ONOoBITPAHOI CyMiLLi 3 acnipauiifHoOl cucTemu 40 nonepeaHbo MOAEPHI30BaHOI Ch-
CTEMMU CYLWiHHA Ta NU0ra3soo0YULLEHHA .

Kntouosi cnosa: Topdosuit N, acnipauis, UMKAOH, ckpybep, ekonoria foBKiNAA.
KoHTakTHa iHpopmauisa: volod-g@ukr.net

HeBeaukHX (moHazg 10-15 Tuc. T 3a pik) 06cArax BApo6GHUITBA OpH-
keTy. Ha BigMiHy Biz 6i/1b11 MeTa/0EMHUX Ta TPOMi3JKHUX THEBMO-
napoBosaHux «[leko» i 6apabaHHUX Tpy6yacTUX cymapok «Llemar»,
i CymapKy BUTOTOBJISIIOTE B YKpaiHi, 1[0 TaKOX € X MO3UTHUBOM.
[lepeBaru cymapok LbOro THIY 3yMOBJIEHI THM, 1[0 JUMOBI rasu
NMOEAHYIOTh QYHKII TEMJIOHOCIA, CyIIMJIbHOTO arelTa i TpaHCnop-
TyBaJibHOTO cepesoBuia. YacTuHku ppesepHoro Topdy, mo noja-
I0ThCA Yy BUCOKOoTeMIepaTypHui (moxnaj 500 °C) noTik AUMOBHX ra-
3iB, CHPUHMAIOTh 1€ TeIJIo, iIHTEeHCUBHO BTPa4yalTh BOJIOIY, Bi/j/ia-
1ouH ii AMMOBUM rasam, i pyxawThbcs y ckai TopdporaszoBoi cymiuii
Jl0 J0OCATHEHHA HUMHU KoHuiiHoi (20 %) BosOTOCTI.

YacTUHKH BUCYLIEHOT0 TOpy (CylIOHKA) Bi/IOKPEMJIIOIOThCA Bi/l
JMMOBHUX rasiB Crno4yaTKy B IUKJIOHAX epPUIOTO CTyMeHs OYMILeH-
H# (3Buyaiino BTU yu JIMOT), notim apyroro (3ae6inbumoro [[H-15
a60 CHUOT) i TpeThoro - LJIsIXOM MOKPOTO OYMIIeHHs B CKpy6epi
cuctemu BTH. [lepuui ABa cTyneHi MaloTh NepeBa)<HO TEXHOJIOTY-
He 3HAYeHHH: BiJJOKpeMJIEHUH Bi/Jj ra30BOr0 NOTOKY BHCYIIEHHUH
TOp} CIpsIMOBYETHCS Ha NnpecyBaHHA. TpeTid CTyNiHb OYHLIEHHS
ra3oBOro MOTOKY Ma€ CaHiTapHO-TirieHi4YHe i MpUPOJ00XOPOHHE
3HaueHHs, y6e3nedyro4yu atMocdhepHe cepeloBHIIE BiJi 3a06pyAHEH-
HA HaUAPiIGHIKMMH YacCTUHKaMK Topdy. 3aBAAKH LbOMY MiHiMi3a-
11il0 HEeraTUBHOTO BIJIKBY TOPPOOPUKETHOrO 3aBOJy Ha JOBKIiJIA
MO>KHa 06yJ10 6 BBaXKaTH NPHUHILMIIOBO BUPIIIEHOIO.

OpHak Ha TOpOOPUKETHUX 3aBOJaX yCiX THUIIIB € TaKOX BHYT-
pillHi /pKepesia BUKUAIB MHJY, 3yMOBJIEH] HEJOCKOHAJIICTIO repMe-
THU3alil TeXHOJIOTiYHOTO 06/1alHAHHS Ta HOr0 3HOCOM. Takux JiKe-
peJi siK NpaBUJIO TPH: PO3NOAIJILHUHI TpaHCIOPTEP HaJ pecaMu
(TPIT), wreMmnesi npecy 3 60Ky 3aBaHTa)KyBaJbHUX Kamep Ta 3iB
npecy - Micie BUX0oJy 6PUKETHOI CTPIYKH 3 MaTPUYHOTO KaHasy.
I xoua ToppOBUH NMUJ He 3araJbHOTOKCUYHUHN [ JoauHu [1],
NpoTe BUKJIMUKAE CYXiCTh i TPilMHYBATiCTh WKipy (npu iHdikyBaH-
Hi - pU3HUK nioepMiTiB), a NpU MOTPaANJIAHHI B 04i MPOBOKYE BH-
HUKHEHHS KOH IOHKTHUBITY. XpOHIUHUH iHraslinHUK BIJIMB TOP-
$OBOro NMUJIy NPpU3BOAUTD A0 3MiHM iIMyHOJIOTIYHOI pEaKTUBHOCTI,
BUKJIMKAE aJieprito, ceHcubiizanito. PO6ITHUKH TOPPOOPUKETHHUX
3aBO/[iB HallyacTillle XBOPilOTh HA XPOHIYHI OPOHXITH, pijlle - HA
eMmdiszemy JiereHb i nHeBMOCK1epo3 [1].
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HenpunycTumoro € HasiBHICTb
Ta HaKOMUYeHHs TopHoBOro nuy
y BUPOOHHUYUX NMPUMIilllEeHHAX
IO/10 MOXKeX0- Ta BUOYyXoHebes3-
neku. HaliepekTuBHIIKUN MeTO/
3MEHIIeHHS KOHILleHTpalil Top-
¢doBoro nuay - acmnipaiis, a came
Bi/ICMOKTYBaHHS MUJY BiJ| MiCllb
nuaoyTBopeHHs. Taki acnipanin-
Hi cucTeMHu GyaM po3pobieHi 1
BBeJleHi B Jlil0 Ha BCiX yKpaiH-
CbKHUX TOpOOPUKETHHUX 3aBO/AX,
30KpeMa ¥ Ha MaHeBHIbKOMY
topdosasoai All «BonuubTopdh»
(puc. 1). By3nu nuno3iioMy 3MOH-
TOBaAHI Ha 3aBaHTa)XyBaJIbHUX Ka-
Mepax npeciB (3HenuJIOBaHHSA
mTeMnesiB) i Ha BUXoJax Ma-
TPUYHHUX KaHaJiB (3HENUJIIOBaH-
Hs 3iBiB npeciB). 3jilicHIOBaTH ac- &
nipauito TPII He 6y/10 moTpe6u ye-
pe3 Te, 1[0 Ha MaHeBUILbKOMY
TopdoOGpUKETHOMY 3aBOJi /i Mo/la4i BUCylle-
HOTo TOpdy /10 NpeciB 3aCTOCOBYETHCS TBUHTO-
BUM KOHBe€EDP (IIHEK), repMeTUYHICTb AKOT0 Ha-
JiiHo y6e3nedye aTMocdepy npecoBoro BijAi-
JIEHH# BiJl Ha/[X0/)KeHHs TOpHOBOTro NUIY.

3HA4YHO NOJINIIMUBIIK CUTYaILil0 3 AKICTIO MOBIT-
ps y BUPOOHUYMX NMPUMIillleHHsAX 3aBOJy, acmipa-
LjiiiHa CUCTeMa, Ha »KaJlb, BUSIBUJIACs TOJIOBHUM 3a-
6pyaHioBaYeM aTMocdepu: pibHOAMCTIEPCHI Yac-
TUHKH cyxoro Topdy, aKi nepeBaxawTb Yy BHYT-
pilHiX BUKK/AX, TOTAHO BilOKPEMJIIOIOTHCS BiJ|
MNOBITPSIHOTO MOTOKY B IIMKJIOHI ¥ NOTPaNJIsAOTh
y noBiTps. KinbkicTb Topdy, 110 BAKUAAETHCS B
aTMocdepy, MO>KHAa BU3HAUUTH OPIEHTOBHO, CIIH-
palyYKuch Ha HOPMU BTPAT CyXOi peYOBUHHU IiJ
yac npecyBaHHs, siKi cTaHOBAATb 1 % Macu, 1o
NpoXoAUTH Yepe3 npec. Jlua MaHeBUIIbKOTO
Topdo3aBo/y, HOpMAaTHUBHA IPOJAYKTHUBHICTb KO-
ro craHoBuTh 30 THC. T OpUKeETY 3a piK, Lie 03Ha-
4ag, 0 piyHa KiJbKicTb BUKMAIB Topdy B aTMOC-
depy carae 300 T. Asie npo6JieMa He TiJIbKH Y 1bO-
My: BBaXKA€EThCH, 10 36UTOK, AKHHU 3aBAAIOTH
BUKH/IM HABKOJIMILIHbOMY CepeJl0BUIY, Ha Ops-
JIOK i BHIIle epeBUILY€E BapPTiCTh BTPaYyeHOl CH-
poBUHH [2].

YnoBaoBaTH ApibHOAKUCIEPCHI CyXi YaCTHH-
K1 Topdy, 110 MICTATHCA Y BUKH/AAX acmipawuin-
HOi CMCTeMH, MOHa, 3apoBa/JUBIIHN APYTUH
CTYNiHb OYHMILEHHH i3 3aCTOCYBAaHHAM MOKPOTO
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Puc. 1. Bupo6uuunii kopnyc ManeBHIbKOro TOpGo6PUKETHOTO 3aBOAY.

ckpy6epa. Binbu iHHOBaLliHHUH IHIIKMK BapiaHT:
o4HMIeHHsI TOpPOMOBITPAHOI CyMilli 3a A0M0-
MOIO0I0 eJIeKTPOCTAaTUYHUX QinbTpiB. OgHAK y
nepiuioMy BUNAAKy BUHUKAE noTpeba y BCTAHOB-
JIeHHI J|0/laTKOBOT0 CKpy6epa 3 BiAMOBiJJHUMH
BOZONOCTa4YaJbHUMHU i KaHai3aliHHUMHU KOMY-
HiKaliAMHU Ta HacocaMH, 110 YCKJAAHIOE i 3710~
pPOXKy€ BUPOOGHUITBO, a B IpyromMy — nepcoHal
MOXeX0- Ta BUOGYXoHe6e3neyHoro Toppobpu-
KeTHOTro 3aBOJAY CTUKAETbHCSA 3 HEOOXIiZHICTIO
6paTu Ha ceGe J0/aTKOBI PU3UKH, NOB'A3aHI 3
OCBOEHHAM eJIeKTPOPiNbTPiB - HOBOI TEXHIYHOI
CUCTEMH, ITOKH He anpo6oBaHOl Ha yKpalHCbKUX
Top¢do3aBozax.

Tomy JaJisi 0JaTKOBOrO OYMIIEHHSA acnipa-
nidHoi TopdonoBiTpsaHOI cymiwi cnpobyBanau
BUKOPHUCTATH IIMKJIOH i ckpy6ep BiAMOBiAHO
JIPyroro i TpeTboro CTyNeHiB OCHOBHOI cUCTe-
MU nuJiorasooduiieHns (puc. 2). OgqHak peanti-
3alnig 1iei npocToi i sioriyHoi npono3uiii He Mae
noripmyBaTH ePeKTUBHICTbL POGOTH LUKJIOHY
JIPYTOTO CTYIHeHs OCHOBHOI CHCTEMH IHJI0raso-
O4YMILeHHs. MOrJIM BAHUKHYTH TaKi yCKJIaJJHEH-
HA: Mo-Tneplie, TYpOYJeHTHICTb Yy BXi/IHOMY na-
TPy6Ky LIMKJIOHA APYTOTo CTyNeHs OYHIeHHs 8
npu 3yctpivi TopponoBiTpsAHOI cyMilli, 110 10-
JIAETHCA HATHITaJbHOIO BITKOIO 3 acmipauninHoil
cUCcTeMH 110 TpyO6i 7, 3 TopdoraszoBoro CyMillIlo,
siKa pyXa€TbCsl BCMOKTYBaJIbHOIO AiJISHKOIO CHUC-
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TeMH 3 IMKJoHa 6. [lo-gpyre, npo6aeMoI0 MOT-
JIO CTaTH MOTipUIeHHs poOOTH LJUKJIOHA 8 yepes
HaJZiIMipHe 3pOCTaHHs cyMapHOro 06’emy Topdo-
ra3oBoi (3 CUCTeMU CyUIiHHA Lcym) i Topdomno-
BiTpsiHOI cyMime# (i3 cuctemu acnipanii L, ), Aki
NigadaraloTb OYUILIEHHIO B LIUKJIOHI,

LCyM = Lcym g Lac %

Jlnst nonepemKeHHs LIUX HebaKaHUX HACAiAKIB
BUKOHAJIM PO3PaxyHKH Ta NiATOTyBaJH TeXHiUHI
pekoMeHAaLii 040 y3roJ»>KeHHs FOJIOBHUX Xa-
pPaKTepUCTHK acnipaLiiiHOI CHCTeMH Ta OCHOBHOI
CHUCTEeMH NMuJora3ooduieHHs 3asoay. Hacamne-
peA y3roKyBaJi WIBUAKICTb pyXy TOpGOMNOBiT-
psiHOi i TopdorazoBoi cyminel: BoHa MaJa 6yTH
MaKCHMaJibHO GJU3bKOI0 | He mepeBUIYBaTH
y BXiJHOMY NaTpyOKy IJUKJOHY 8 peKOMeH/j0Ba-
Hoi mwBHAKocTi 15-18 m/c [3].

Sk BiloMoO, IBUAKICTB pyXy rady v B Tpy60Ipo-
BO/i BU3HAYAETHCA 3 PIBHAHHA
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v = Q/S = 4Q/nD?,

ne Q - o6’eM raasy, 10 MPOXOAUTH Yepe3 nepepis Tpyou
3a OAMHHIO Yacy (MPOAYKTHBHICTb BeHTHIsATOPa), M>/C;

S - nuiowia nepepisy Tpyow, Mm%

D - piameTp Tpyo6H, M.

[lnouy nepepisy Tpy6u (giametp) Tpeba BU-
3HayaTH Ha MiJicTaBi peKOMeH/0BaHUX 3HaY€Hb
WBUAKOCTEN rasy B TUX YM IHLUIMUX eJIeMeHTax
cucteMu. PekoMeHZ0BaHa WBKU/KICTb Topdomno-
BiTpsiHOI cyMili B Tpy6onpoBoAax CUCTEMH NHU-
JIOTAa3004YHIIeHHSA Ta acnipaliiHOl CUCTEMH v
BH3HAYAEThLCS 3aJI€KHO BiJl IIBUAKOCTI BUTAHHHA
U HaWKpPYyNHIIKX YaCTUHOK TOPQY, AKi BJIOBJIIO-
I0TbCs ¥ TpaHCHOPTYWOThCsA [4] y Tpyb6onpoBo-
JlaX TOPU30HTANbHUX ¥ = 27, ; i BepTUKaJIbHUX
Yy = (1:2:.1,5) v

Bentunstop MB-10, 1m0 Mae NpoAyKTUBHICTb
10 Trc. M3 /rog, 3a6e3nedye HafiliHy po6OTY acmipa-
L[ii{HOI CMCTEMH 3aBOJy, CTBOPIOIOYH JJOCTATHIN
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Puc. 2. [I[pyHLMIIOBA cXeMa Mo/epHi3alii cucTeMH MUJI0ra3004mIeHHs Ha MaHeBUIIbKOMY TOp$OGpHUKeTHOMY 3aBO/i: 1 - 6yH-
Kep CUPOBMHM; 2 - GyHKep-cenaparop; 3 - 4aCTKOBO 3He30JIeHUH BUCYIIeHUH Topd; 4 - MOBITPONpOBi/j acnipaliiHOi cCHCTEMH;
5 - UMKJIOH acnipauiiHoi cucTeMH; 6 i 8 — LMKJIOHU MepIIOoro i [Pyroro CTyneHiB ounieHHs Topporasosoi cymiuli; 7 - BUXJIOM-
Ha Tpy6a acnipauiiHoi cucTeMu; 9 — BUXJIOMHUI TPyGONpPOBi/J, CHCTEMH NUJI0ra3004rIeHHs; 10 — ckpy6ep TPeTboro CTyrneHs
ouMIeHHs TopdorazoBoi cyMiui; 11 - JUMOCMOK-BEHTHATOP; 12 - po3noAibHUI TpaHCcHopTep Haj npecamy; 13 - o6agHaH-
Hsl /151 3BHENMJII0BaHHS IITeMIIesiB 6pPMKeTHUX NpeciB; 14 - o6s1ajHaHH [J1s1 3HENUJII0BaHHs 3iBiB 6pyMKeTHUX npecis; 15 - pa-
JiasbHUI BEHTUATOP acnipaliiHoi cucTeMu; 16 — cucteMa nofadi 30/1bHOro Topdy 0 TexHooridHoi Tonku; 17 - Topporaso-
Ba cyMil y cywapui; 18 - sumoBi rasu; 19 - ¢ppesepHuid Topd y nifcyuyBaabHOMy pyKaBi; 20 — TEXHOJIOTIYHA TOMKA.
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BaKyyM y MicLSIX BiICMOKTYBaHHs TOPOBOTro MUy
i mepeMily0Yy NUJIONOBITPSIHY CyMill 1Mo Tpy6o-
[IPOBOJAX i3 WIBUAKICTIO, AKa BUKJIIOYAE OCiaHHSA
Ta HAKOMUYEHHS] YaCTUHOK TOpdy Ha CTiHKaX TPyO
iy dacoHHUX esleMeHTax CUCTEMH.

06’eM AUMOBHX rasiB, 1110 NOCJAiZJOBHO MPOXO-
JASATb Yepes CyllapKy i BCi eIeMeHTH CUCTEMHU NHU-
JIOTa3004YHLIEeHHSA, BU3HAYAETHCA PO3PaXyHKOM
CyHUIHUJbHOTO mnpouecy. Ha BUTpaTH AUMOBHUX ra-
3iB IK CyIIMJILHOTO areHTa Haubisble BIJIMBAE
noyaTkoBa BoJioricTh Topdy. B pesyabraTi pos-
PaxXyHKY CYyLIMJILHOTO nporecy A MaHeBUIbKO-
ro Top$o3aBoay BbI3HAYEHO, 1110 NMPU BOJIOTOCTI
CUPOBUHU B Mexax 42-50 % (3a CTY 2043-92
OCTaHHE 3HAUYeHHs rPaHUYHO gonycTtume [5]) He-
00XiZAHUM JJ151 CyLIiHHS NPOTSATOM OJ{Hi€l FTOqUHHU
06’'eM IUMOBMX ra3iB ctaHOBUTb 12-18 THcC. M3,

BctaHoBsieHHH Ha Topdo3aBoJi AUMOCMOK-
BeHTUAATOp JJH-12,5 Mae npoAyKTUBHICTb A0
28 Tuc. M3/1"0}1. Jlo npoBeieHHS1 peKOHCTPYKILLii
CUCTEMH CYIIIHHSA | MUMJI0Ora3004YHUIeHHS BiH 3aB-
XU NpanloBaB 3 TAKOK NPOAYKTHUBHICTIO, fKa
dakTHUUHO 6ys1a HAZAMIPHO HABITH Mij Yac nepe-
po6ku Topdy HalBHUILLOI KOHAULIKHOI BOJIOTOCTI.
BignoBigHO 11 TUIOPO3MipU LIMKJIOHIB epIIOro 1
JAPYroro CTyneHiB o4uIlleHHd i ckpybepa niaibpa-
JIM TaK, 106 1i anapaTH YCHILIHO LOTOJUHHO 04YHU-
masin 28 Tc. M3 3aNMMJIEHOTrO i 3ara30BaHOro 10-
BIiTpA.

Y pesynabTaTi panioHanizanii cymujabHOTro
TpPaKTy, BCTaHOBJIeHHA 6yHKepa-cenapaTopa
(auB. puc. 2) Ta Big6opy cyxoro 30jbHOro Topdy
JUJ1s1 DKM BJIEHHS] TONKY (eTaJibHille Npo Le 1o-
BifoMJssisioch y ny6uikanii [6]) Baasocss Mmakcu-
MaJIbHO 3MEHIIUTHU NPOAYKTHUBHICTb JUMOCMOKA
Ao 19 Tuc. M3/I‘OA. YacToTHUM perynsaTop Aae
3MOTry peryJiloBaTH 4aCTOTY 06epTaHHS eJIeKTPo-
JIBUTYHA NMPUBOAY AUMOCMOKA, OTXKe 3MiHIOBATH
MOro NpoAYKTHUBHICTb 3aJ1€2KHO Bi/i BOJIOTOCTI CU-
POBHMHHY, 110 NOTPAIJISE HA CYIIiHHS.

JlocarHyTa €KOHOMisl BUTPAT CYUWIMUJbHOTO
areHTta (JMMOBMX rasiB) gasia MOXJUBICTb 3HU-
3UTH CyMapHHUM 06’€M 3aNuJIeHUX JUMOBUX rasiB
i moBiTpA 10

LcyM =19 + 10 = 29 THC. M3/l"01.1,
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1110 NpaKTUYHO BiZIOBiJa€ NPOAYKTUBHOCTI amna-
paTiB nepuworo ¥ Apyroro (LLMKJOHHU) i TpPeTHOTrO
(ckpybep) cTryneHiB ounuieHHs. OTxe, 6yJsia ycy-
HyTa Hebe3neka HeBiJJOBiAHOCTI CyMapHUX BHU-
TpaT 3alUJIeHOro ra3y i noBiTps NpogyKTUBHOC-
Ti (MponycKHi# 3aTHOCTI) LIUX amapaTis.

3 MeTo10 3anobiraHHsA NposiBaM iHLIOrO Hera-
TUBHOTO YUHHUKA — MOTipLIEHHS aepoJAMHaMiKHU
CUCTEeMH - BBeJIeHHS] BUXJIONHOI TPy6HU acnipanin-
HOI cUCTeMHM 7 y BXiJHUH MaTpyOOK LIMKJIOHA APY-
roro CTyneHsi OYMIIeHHs 8 6y/0 3JiHCHEHO Mij
roctpuM (20 °) KyTOM i B HANPSAMKY pyXy MHJIO-
ra3zoBoi cyMii (AuB. puc. 2). lle MiHimMi3yBaJio0 Bi-
pPOTriAHICTb BUHUKHEHHS TYypOyJI€HTHOCTEH y LU~
KJIOHI 8, iki Mor/iv 6 3aBaZJUTH HOr0 HOpMaJIbHIH
po6oTi. [locBig ekcnyaTanii 3aBoay micaist BUKO-
HaHMX y/I0CKOHaJIeHb T0Ka3aB CTabiNbHY U edek-
TUBHY POOOTY CUCTEM CYIIiHHA, acnipanii Ta nu-
JIOTa3004HUILeHHS.

KiHneBu# pe3ynbTaT BUKOHAHUX pO6GIT - 1jiJ-
KOBUTE NMPUINHUHEHHS BUKU/IB TOPHOBOTo MUy
B aTMocepy 6e3 3poCTaHHSI BUTpPAT eJIeKTPO-
eHeprii, AKOro JOCATIJHY TiJIbKX BHACJI0K paljio-
HaJsi3alil BUKOPUCTAHHS CTAaHAAPTHUX eJleMeH-
TiB CUCTEMH NMUJIOTa3004YHUILEHHS.
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