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3areM 3a/aeTcs HaTsHKEHHE TPOCOB TaKUM 00-
pa3oM, 4TOOBI B OT/IEIBHBIX MECTaX OTHOCHTE/b-
Hble cMmemieHus npesbicwin [W;]. Tlocne atoro
MPOU3BOAMUTCS  IOCJICOBATEIBHOCTh PACUYCTOB,
B KOTOpPBIX ompexensiercs KO ¢ W, > [W,]. XKecr-
KOCTHBIM XapaKTepUCTHKaM JaHHbIX KO mnpu mo-
CJIEIIYFOIIEM pacyueTe MPHCBAaWBaIOT HYJICBBIC 3HA-
YCHHUSL.
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AHanu3 pa3BUTHA pa3pyLIEHHUs] MEKTPOCOBBIX
CBsI3ell MOKa3bIBAET, YTO B OJHOCTYNEHYATOM Oe3-
JIe(EeKTHOM COECAMHEHWH Pa3pylIEHHE CBSA3U Pe3u-
HBI C TPOCOM HAuMHAeTcsd Ha KOHIaX KpalHUX Hap
TPOCOB U PACIpOCTpaHAETCA BIOJIb TPOCOB K cepe-
IUHE CcoeArHEeHMsA. TONBKO MOCie pa3pyLICHUs
CBS3M KpallHUX Nap TPOCOB HAUMHAETCs paspylle-
HHME Ha KOHIAx cocennux mnap. Takum obGpasowm,
OJTHOCTYIIEHYATOEe COEAMHEHHE MMEET IUIOXOE Iie-
pepacipeseneHue Harpy3Ku MEXIY MEXKTPOCOBBI-
MU 1npocioiikamu. Ecinu Haganoce paspylieHue
CBSI3U C TPOCOM OJHOI NPOCIOHKH, TO OHO IPO-
JOJDKaeTcs [0 TMOJIHOTO pa3pylleHus Ha Bcel
JUIMHE 3TOH ITPOCIIOUKH.

YK 621.9.06-082

AHaJIOTHYHBINA XapakTep MMEET IPOoLecC pa3py-
LIEHUS ABYX- M TPEXCTYIEHYAThIX COeAUHEHUH. Pa3-
pylIeHHe CBA3edl pe3uHBl C TPOCaMU HadWHAeTCs
B MeCTaxX HauOOJBIINX OTHOCUTEJIHLHBIX CMEILIEHUH
U TIPOZIOJKAETCS BAOJIb TPOCOB.
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CIIOCOBbI CTABUJIN3AIIMY PABOYEN ITOJAYH
CNJIOBBIX CTOJIOB METAJVIOPE KXYHIEI'O OBOPYIOBAHUA
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[IpuMeHeHne TIUIPONPUBOAA B MEXaHU3Max
10Jja4 TOPU30HTAIBHBIX CHJIOBBIX CTOJIOB METaJlI-
OpPEeXYIINX CTaHKOB CBS3aHO C €ro CYIIECTBEH-
HBIM TIPEUMYIIECTBOM IMEpea 3IEKTPOMEXaHu4e-
CKUM, a HMMEHHO — BO3MOKHOCTBIO IIOJyY€HHS
OONBIINX YCHIMHA M MOIIHOCTEH NMpH HEOONBIINX
MaccOBO-Ta0APUTHBIX IapaMeTpax TUAPOABHUIaTe-
1. K ToMy e ruzponpuBoj mo3BojsieT OeccTy-
MIEHYaTO pETYJIUPOBaTh CKOPOCTh IEepeMeIIeHus
CHJIOBOT'O y3/1a B IIMPOKOM JMana3oHe, odecredu-
BAeT IUIABHOCTh M CTaOWJIBHOCTH IE€PEMEILEHUS
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pabodero opraHa CHJIOBOTO y37a, paboTy B JUHA-
MHUYECKHX pEXUMax C TpeOyeMbIM KadyecTBOM
MEePEXOHBIX MPOIIECCOB, 3AIIUTY CUCTEMBI OT Iie-
PETpYy3KH U TOYHBIN KOHTPOJb JEHCTBYIOIINX YCH-
nui. KpoMe TOro, CMIIOBOM rUAPONpPUBOJ ELIEB-
JIe, YEM BJIEKTPOMEXaHUUYECKUH.

OpHako TpUMEHEHWE THAPONPHUBOAA B Kade-
CTBE CHJIOBOTO TPHBOJa METALTOPEXKYIIEro 000-
pPyIOBaHUS UMEET CBOM TPYMAHOCTH, KOTOPBIC CBSI-
3aHBbI, TJIABHBIM 00pa30M, CO CBOWCTBAMH HCIIONb-
3yeMoll paboueii cpeibl — MUHEPaIILHOTO Macia.

BectHuk BHTY, Ne 1, 2008
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Taxk, ucmonp30BaHrEe B THAPONPHUBOAE MMOJAYN CH-
JIOBBIX Y3JIOB B Ka4eCcTBE paboveil >KMIKOCTH MH-
HEPaJbHOTO Maclia JeJlaeT TaKoi IMPHBOJ MEHee
JKECTKUM, Ye€M DJIEKTPOMEXaHHYECKHHA TPUBOI C
XOJIOBBIM BUHTOM, BCJIEICTBHE YIIPYTOCTH Maciia
€ro CIoCOOHOCTH TPOHHKATH Yepe3 CaMble Majible
3a30pBI, UMEIOIINECS B PACIPEIENUTENSIX, THAPO-
OWIMHAPAaX W JIPYTHX y3max. B mpomecce paboTs
CHJIOBOTO y37la CKOPOCTh €r0 MOCTYIAaTeIhbHOTO
TMBIDKCHUS M3MEHSETCS. 332 KKIBIA ITUKIT paOOoThI
CHJIOBOM y3ell TiepeMeliaeTcsi cHavyana 0e3 BHeII-
HEW Harpy3KH, MPEo0JIeBasi TOIBKO CHIIBI TPEHHUS
B THAPOUMINHIIPE ¥ HAMPABIAIOMUX (IIPH TOABO-
JIe PeXYIUX WHCTPYMEHTOB K JETalli), a 3aT€M B
rporiecce 00paboOTKH ¢ HArpy3KoW, BeIMYMHA KO-
TOPOH OMNpPENENAETCS CYMMOW OCEBBIX COCTaBIIsI-
IOLINX CUJ PE3aHUS U TPEHHSL.

B npouecce anutenbHON paboOThl CHIIOBOTO Y3-
Jla HaxXoJAsIIeecs B THIPOCHCTEME Maciio Harpea-
etcsa. [lo Mepe pocta Temmeparypsl YMEHBIIAETCS
BSI3KOCTh Macja U YBEITUUMBAIOTCA YTEUKH B y3JlaxX
THIPONPUBOJA, a TakXKe pacxol Maciia dYepes
npoccenb. [Ipu 3TOM B 3aBUCHMOCTH OT CXEMBI U
KOHCTPYKIHUH y3JI0B THAPONPUBOJA, TOUHOCTH H3-
TOTOBJICHHA 30JIOTHUKOBLIX Iap, ICPMETUYHOCTH U
TEMIIepaTypHOH XapaKTEPUCTHKH JpOCCesell CKO-
POCTh TiepeMelIeHus] CHIIOBOTO y3/1a Mpu pabodeit
10Jjaue MOXKET TAK)Ke U3MEHATHCSL.

Ha puc. 1 mpuBeneHbl 3aBUCHMOCTH, WILTIO-
CTpUPYIOIIUEC BJIUAHUC HU3MCHCHUA HAIPY3KU U
TeMmreparypsl (BI3KOCTH Maclia) Ha CTaOWIbHOCTh
CKOpOCTH pabouell MoJauu CUJIOBBIX Y3JIOB C THJI-
paBinueckuM nipuBozoM [1]. Ha rpaduke B mioc-
KOCTH KOOpIWHAT Vf, TAE V — CKOPOCTh paboueit
1ojJauy; ¢ — TeMIeparypa Macia, BUAHO yBeJUde-
HHUE 3HAYEHUH V C POCTOM TeMIeparypsl paboueii
JKUJKOCTHU U MPU HArpy3Ke Ha cUiIoBoM y3en R =0
(xpuBas 1). B mrockoctn koopauHAT VR KpuBast 2
CBUJIETENBCTBYET 00 YMEHBIIICHNN 3HAYCHUN v TIPU
YBEJIUYECHUH Harpy3ku R u t = const. Bo3moxxHbIe
B TIpoIlecce JUIMTEIHHONW paboThl THUAPOIPHUBOJA
3HAYEHUS V HaXOMATCA Ha MOBEPXHOCTH, OTPaHU-
YeHHOU KpuBbIMH 1, 2, 3 u 4.

Konebanus ckopoctu pabodeii mogadu He J0-
MTyCTUMBI, TaK KaK MPUBOJIAT K W3MEHEHUIO 3a/IaH-
HOTO BPEMEHHU IWKJA, YXYAIICHUIO YUCTOTHI (TIIe-
poxoBaTtocTH) 00pabaThIBAEMON IOBEPXHOCTU U
WHOT/A K ITOJIOMKE WHCTPYMEHTA.
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# 4

R 3

Puc. 1. 3aBHCUMOCTb CKOPOCTH HEPEMEILEHHS CHIIOBOTO y37Ia
OT Harpy3KH U TeMIepaTypsl (BI3KOCTH) pabodeil KUIKOCTH

TpynHOCTH CTaOMIM3alMK CKOPOCTH padodeit
MOoIa4yyl TPU TIEPEMEHHBIX YCIOBHUSAX pabOTHI, Xa-
PaKTEpHBIX U CHIIOBBIX y3JIOB C TUAPOIPHUBOIOM,
NPUBOIAT K TOMY, YTO MHOTJAa METaJUIOpEeXyIee
000pyIoBaHNE KOMIUIEKTYETCS CHIIOBBIMHU Y3JIaMHU
C DJJIEKTPOMEXaHMYECKHM TPHUBOJIOM C TMOTepei
yKa3aHHBIX BBILIE MPEUMYILIECTB THIPABIMYECKO-
ro mpuBoga. Ilostomy Ha PVYII «M3AJI nmenun
I1. M. MamepoBay» MakCUMAJIBHO HCIIONB3YIOT HO-
BbIC KOHCTPYKTUBHBIC CXCMHLIC PCIICHHA, ITO3BO-
JISONINE TIOBBICUTH CTaOWIBHOCTh PaOOTHI TH-
PaBINYECKOTO MPUBOJIA MOJIAY.

Kak w3BecTHO, U3MEHEHUE CKOPOCTH IepeMe-
MIeHHs TUAPOPUIIMPOBAHHOTO CHIIOBOTO y3Ja TpPH
YBCIMYCHUN UKW YMCHBIICHUN BHEIIHEH Harpy3kKu
CBSI3aHO C HM3MEHEHHWEM IIepernajioB JaBICHUS H
yTeueK Ha OTJIENBHBIX ydYacTKax M B armaparax
THJIPOTIPUBO/IA.

PaGoThI 10 MOBBIICHUIO CTAOMIBHOCTH CKOPO-
cTH pabodyell MMoJauM CHIIOBBIX Y3JIOB BEIYTCS B
TPEeX OCHOBHBIX HAIIPABIICHHUSX: OTCEYKA M JIOKa-
JU3aIMs yTeYeK Maclia; yiayqlleHue TepMeTU3aluu
y3JI0B TUAPOIPHUBOAA; TMOCTPOCHHUE CXEM U CO3a-
HUE KOHCTPYKIUH THAPOIPHBOIA, MO3BOJISIOIINX
MIOJIHOCTHIO MCKITIOYNTH BIUSHHUE TEPEMEHHBIX IO
BEJIMYMHE YTEUEK HA CKOPOCThH IBMXKEHUS CHIIOBO-
o y3Ia.

Paccmotpum Oostee oapoOHO Kakaoe U3 yKa-
3aHHBIX HaNpaBICHUH JesTenbHOCTH. B mobom
THUIPABIMYECKOM TIPUBOJIE, MEXaHW3ME WJIM arma-
paTe Bcerma MMEIOT MECTO YTeukKH W (WIIH) Tepe-
Teuku pabouell xunkoctu. Ha puc. 2 npencrasieH
(hparMeHT MPUHLIMITHAIEHOW CXEMBI YTE€YEK U Tie-
peTedeK B THIPOIPHUBOE ITO1ad CHIIOBOTO Y37a.

YTeuku, BAMSAIOUIME HA CKOPOCThH IEpeMellie-
HUS TIOPITHS, MOTYT OBITH CBEICHBI B JIBE TPYIIIIHL:
yreukn AQ, , KOTOpbIE IIOCTYNAIOT B IOPLIHEBYIO

m?
MOJIOCTh THAPOLUMIWHApPA B O0XOX Ipoccens |
YBCIMYUBAIOT CKOPOCTb MNCPEMCIICHUSA IMOPIIHA,
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yreukn AQ, W3 TOPIIHEBOM IOJIOCTU T'MIPOLU-

muHApa B 06aK, yMEHBIIAIOIMINE CKOPOCTh TepeMe-
LICHUS TIOPIITHSL.
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Puc. 2. Cxema yTeuek B THIPONPHUBOAE OAAYH
CHJIOBOTO y3/1a

daxtnyecknii 06beMm Macia (O, , MOCTYyMa0-

Iwid B pabovyro MOJIOCTh THAPOIIIMHAPA TOAa9n
U OMpENENAIONIUN 1eUCTBUTEIBLHYIO CKOPOCTD Ie-
pEMELIeHNsT TOPIIHSA TUAPOLIIUHIPA, MOXKHO
HAWTH crenyromuM o0pa3om:

Q¢=QiAQ_Q1+Q2_Q3’

rae ) — HOMMHQJIBHBIN pacxof Macia uepes Apoc-
cenb peryistopa pacxona; AQ — U3MEHEHUe pac-

X0Jla Macia 4epe3 Apocceib; (1 — yTEUKH B IIeie-
BOM 3a30pe ruapopacnpenenutens; (J, — TO xke
30JIOTHUKA PETYJISITOpa CKOPOCTH; (J5 — TO XK€ B
y3J1€ YIUWIOTHEHUH MOPLIHSA THAPOLMINHAPA.

Kaxxnprit mapameTp NpuBeIeHHOW BhIE (Hop-
MYJIBI ABJsieTCs QYHKIHEH HeCKOIbKUX (aKTOpPOB.
YacTb U3 3TUX (HaKTOPOB — ATO NOCTOSIHHBIE BEJIU-
YUHBI, ONpEACNIIEMbIE CXEMOU, KOHCTPYKLHEH U
Ka4eCTBOM M3TOTOBJICHHUS Y3JI0B THAPOIPHUBOAA (B
MIEPBYIO OYepeab — 3TO BEIHMUMHA AUAMETPATILHOIO
3a30pa B 30JIOTHUKAX), @ 4aCTh — IIEpEMEHHbIE, 3a-
BUCSIINE OT OCEBOM HAarpy3KH U YCIOBHM 3KCIITya-
TaIlUi CUJIOBOTO y37a.

VYiydiieHue repMeTH3aluu y3J10B THAPONPH-
BOJIa MO3BOJIACT UCKIIIOYUTH BJIMAHUC BHYTPCHHHUX
yTe4YeK W Imeperedek padodell KUAKOCTH MpH Iie-
pememiennn nopmHs. Kak mpaBuio, HOBBILIEHHE
repMEeTH3alliU y3JI0B THIPOIPHUBOIA OCYIIECTBIIS-
€TCsl C TIOMOIIbI0 KOHCTPYKTHBHOTO YCOBEpPIIEH-
CTBOBaHHMA y371a. Tak, B 4aCTHOCTH, 3aME€HA YyT'yH-
HBIX MOPIIHCBBIX KOJICI] HA PE3UHOBBLIC IIPpAKTHUYC-
CKM MCKIIIOYWIA TEepeTeuku mno mnopiiHio. Kpome
TOT0, PE3MHOBBIE KOJIbIIa UMEIOT 3alUTHBIE HIaii-
651 n3 monuterpadTopatuiena PTFE wmu apyroro
0JO00HOIr0 MaTepuana, YTo CYIIECTBEHHO CHIKa-
eT K03()(QUIHEHT TpeHHs B NOPIIHEBOH TIpyIe
TUIPOLMINHIPA.
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[Jpyroe HanpasiieHHEe B 00JIaCTU F'epMETU3ALUU
U JIOKAIU3alK yTeUeK — 5TO MPUMEHEHHUE THAPO-
anmapaTypsl, UMEIOLIEN HYJIEBbIE YTEUKH — TaK
Ha3bplBaeMble KjanaHbl Oe3onacHocTu. Takoil kia-
[IaH MPOCT MO0 MPHUHLUIY AEUCTBUSA, HO CI0XKEH 10
KOHCTpyKIuH. IloaToMy wu3-3a cBOEHl BBICOKOH
CTOMMOCTH JIaHHBIM THII THApPOANIapaTypbl MOKa
HE Hallesd MHUPOKOTo MPUMEHEHHS B THAPOIPUBO-
JI€ CUJIOBBIX y3JIOB.

Haubonee vacto st ctabMiM3anyi CKOPOCTH
pabodeil mosaun UCTOIB3YIOTCA CXEMHBIE W KOH-
CTpYKTHBHBIE pelieHus. B mepByio ouepens 3T0
KacaeTcs PpacloJIOKEHHs JApoccens (perymnsropa
pacxopna) B ruapoiauHud. Haubonee mnaBHOe ABU-
JKEHUE TOPIIHSA MOJIy4aeTCsl IPU YCTaHOBKE peETy-
JATOpa pacxoia Ha BXOAE B CHUJIIOBOM THIPOLM-
JUHAP U 0053aTENbHOM HAIWYUHM MOIMOPHOTO
KJIaraHa, 00ECIeunBAIOIIET0 MPOTHBO/IABIICHIE B
CIUBHOW JIMHMKA. HeMaloBaXkHyIO POJb HUIPAET U
BenM4rHa monopa. OOBIMHO PEKOMEHIYETCs MO/~
nepkuBaTh noanop Ha yposHe 0,6 Mlla [2]. Taxoit
MOJNOP MOBHIIIAET YCTOMYMBOCTh U CTAOMIIBHOCTD
ckopoctH paboueil mogauu. lanpHeliee ero yse-
JUYEHHE YK€ HE BIHUSET Ha CTa0MIBHOCTD U
YCTOMYUBOCTD MOJJaYH.

CyIecTBEHHYIO pOJIb UTPal0T U KOMITOHOBOY-
Hble pemeHus. Jid yBeIu4eHus )KECTKOCTH IpH-
BOJIa KOHTPOJIBHO-PETYIIHMPYIOLIYI0 THApOAIapa-
Typy HEo0XO0IMMO pacrojaraTb MaKCUMAaJIbHO
ONMU3KO K WCIIOJHUTEIHHOMY OpraHy — CHJIOBOMY
ruapoumnuapy [3]. Ha puc. 3 nokasana npuHUu-
MUaibHasg cxXeMa THIPOINpPHBOAA MOJa4 CHIOBOIO
y3I1a, UMEIOIIETo (IIaHIEBBIi MOHTaK THIIpOAra-
paTypsl yIpaBiIeHHS LHUKJIOM. JTa CXeMa HIMPOKO
MIPUMEHSAETCS B TUAPONPUBONAX CHIIOBBIX Y3JIOB
arperaTHeIX CTaHKOB mpowmsBozcTBa PYII « M3AJI
umenu [1. M. MamepoBay.

I'maBHasgs 0COOEHHOCTH THIPOCXEMBI — PacIio-
JIO’)KEHUE THIpoanmnapaTypbl Ha 3aJHEN KpBbIIIKe
CHJIOBOTO TMAPOLMINHpa. Takoe KOMIIOHOBOYHOE
pelieHne TO03BOJISIET MAaKCHUMAaJbHO YMEHBIINTH
paccTosHUE TUAPOIMHUHN OT YIpaBIAIOUIed ruapo-
anmapaTypsl JO THIAPOLMIMHAPA, 9YTO 3HAYATEIBHO
YBEJIUYUBAET J)KECTKOCTh MPUBOJA U CTaOMIBHOCTh
CKOpOCTH pabodelt mojavu.

B nononaHeHHe K KOHCTPYKTUBHBIM M CXEMHBIM
pelIeHUAM CYIIECTBEHHOE BIHSHHE Ha CTaOWIIb-
HOCTb CKOpPOCTH paboueil momauyd OKa3bIBalOT U
npyrue hakTopsl.

BectHuk BHTY, Ne 1, 2008
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Puc. 3. T'unponpuson nogau: I'P — pacnpenenurens; I'PII — pacnpenenurens nepexmodenus; '] — rupponununap; I1IK — npenoxpa-
HUTENBHBIN Kianas; [1P — pactipenenurens nepexmouenust; PIT1, PII2 — perynsrops! notoka; OK1-OK3 — o6paTHbIC KIanaHs!

OpnuH U3 HUX — IPUMEHEHHEe CIIeNUaIbHBIX Ma-
CeJI JUTsl HaIPaBISIIOIINX CKOJBKEHHUS, MIMEIOIINX B
CBOEM COCTaBE aHTHCKAYKOBBIC MpHCAIKH (Macia
UHCII-40, UHCII-65, MHCII-110). 310 cBa3ano
C TEM, YTO Ha YCTOMUYMBOCTH JABM)KEHHUS CyIle-
CTBEHHO BIIMAIOT MOJIIpHAs U XUMHYECKas aKTHUB-
HOCTh Maclla, CMa3bIBAIOIIETO HAMPABIIAIONINE TI0
OTHOIIECHHUIO K MaTepHajaM TPYIIMXCS IMOBEPXHO-
creil. [lonsipuzoBaHHbBIE MOJEKYJIbI, COAEpXKaIIre-
Csi B Maclie, CBSI3aHBl 3HAYMTENbHBIMH CHJIAMH C
3JIEKTPUYECKU aKTUBHBIMU MOJIEKYJIAMU TPYILIUXCS
MOBEPXHOCTEH M 00Pa3yrOT NPOYHBIN MpeaeIbHbIH
CJIOH, MpPEeNOTBPAIAOMUN NPU MaJbIX CKOPOCTSIX
WIH B COCTOSHUHU IIOKOS HEMOCPEICTBEHHOE CO-
MPUKOCHOBEHUE 00X MOBEPXHOCTEH, a, CJICIOBA-
TEJIbHO, M BO3HUKHOBEHHE CYXOro TpeHHs. TakuM
00pa3oM, HEyCTOINUMBOCTh JIBUXKEHHSI BOSHUKHYTH
He MoxeT. Kpome Toro, Takme macia obecriedu-
BAIOT MPAKTUYECKH IOCTOSHHBIA KO3((PHUIMEHT
TPEHHUS.

BBIBO ]

OmeIT pa3paboTOK METaLUIOPEKYIIET0 000py-
noBanus Ha PYII «M3AJI umenu I1. M. Mamepo-
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Ba» TIOATBEPIWI BO3MOXXHOCTh U CYIIECTBYIOIIUE
pe3epBHI MOBBIMICHUS €r0 dPHEKTHBHOCTH 32 CUET
obecrieueHusl BBICOKOW CTaOWIBHOCTH (DYHKITHO-
HUPOBaHUS THUAPABIMYECKOTO MPHUBOA MOJAY CH-
JIOBBIX CTOJNOB. TakuM 00pa3oM yaanoch WCIONb-
30BaTh OTMEUYCHHBIE BBIIIEC MPUCYIIHE THAPOIIPH-
BOJly IIpEHMYILIECTBA IE€peN APYIMMHU THUIIAMH
MIPUBOJIOB, YTO 00ECIICUYNBAET HEOOXOAUMYIO KOH-
KYPEHTOCIIOCOOHOCTh OTEYECTBEHHOTO 000py/I0-
BaHUA.
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