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PexomenoBaHo 10 BUIaHHS
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JOCJIIIIKEHHA AKOCTI 3AXUCTY IIPU APTOHO-
AYIOBOMY 3BAPIOBAHHI TUTAHY

1 META POBOTH

BuBumMTH OCOOIMBOCTI TEXHOJOT1] 3BaplOBaHHS aKTUBHUX METalliB Ha
NpUKIaAl THTaHY, BU3HAYUTH YMOBH SKICHOI'O 3aXHCTY 3BaprOBaJIbHOI
BaHHM, INBY, KOJOLIOBHOI 30HM Ta KOPEHIO IIBY, BWU3HAYWTH BIUIUB
BIJICTaHI COIUIa TOPUIKM BiJi TOBEPXHI Ta pPO3XOJYy aproHy Ha SKICTh
3axHCTy MO IUISAMi HarpiBy.

2 3ATAJIBHI BIJOMOCTI

l'onoBHOIO YMOBOIO OTpUMAaHHS SIKICHUX 3BApPHUX 3'€THAHD 3 TUTAHY
€ 3aXUCT BiJ B3a€MOJii 3 MOBITPSIM HE TUIBKH PO3IUIABIEHOIO METalTy
3BapHOrO MIBY, a 1 JIUILHUIL MeTaily, siki HarpiBarotecsi Buiie 350°C -
TEeMIIepaTypy AKTUBHOTO IIOTJIMHAHHS Ta3iB 3 MOBITPs: KUCHIO, a30Ty,
BOJHIO SIK 3 JIMILIEBOI, TAK 3 KOPEHEBOI CTOPOHH 1IBY.

TutaHn moOYMHAE B3aEMOJII0 3 KHCHEM Ta BOJHEM MpH
temmneparypax Buiie 350° C, 3 azorom - Bume 400° C. HacuuenHns razamu
Iy’)Ke OKpHUXYy€ THTaH 1 € TONOBHOIO NMPHUYMHOIO pyHHYBaHHS 3BapHHUX
BHpPOOIB 3 THUTaHy Ta WOro CromiB. Y 3B'SA3Ky 3 IIUM, HEOOXIiTHO
HANaro/)KyBaTH LIUJIbHUKA 3aXUCT 30HM 3BapioBaHHS, OOMEXKEHOi
temnepatyporo Buine 350° C. OCHOBHUM Bi3yalIbHUM TOKa3HHUKOM SKOCT1
3axHCTy € CpiOHO-MerajeBWil Konip 3BapHoro 3'eiHanus. Komip Bin
COJIOM’ STHOT'0 /IO CIpOro BH3HAYa€ HACHYEHICTh METaTy ra3aMH.

A30T pi3KO MiABHUILYE MIIHICTh 1 3HMKYE IUIACTHYHICTH THUTaHY.
IMpu Temmnepatypi 800° C yTBOPIOETBCS HITpUJ THUTaHy, TeMmIepaTypa
miaBneHHs skoro gocsrae 2950° C. Tomy MakcMMalbHHH BMICT a30Ty B
TUTAHOBHX CIIJIaBax He nmoBuHeH nepesuinysatu 0,04-0,05 %.

Bonenb, HaBiTh IpH MaJOMy BMICTi Y THTaHi, CIPHUSIE MiJBUILIEHHIO
KPUXKOCTi i HETAaTHBHOMY BIUTMBY KHCHIO I a30Ty Ha 3JaTHICTh THTaHY
MOTJIMHATY BENHMKY KUTBbKICTh BOIHIO MPHU3BOIUTH 0 YTBOPEHHS TiApUAY
tutany (TiO,). Ilpu HarpiBaHHI MPOXOAWTH PO3MAi TiAPHIY TUTAaHY Ta
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BIJTHOBIIIOETHCA yAApHA B'A3KICTh. [P, 1110 HAKOMTUYYIOTHCS yCepeanHi
3€pPeH 1 Ha X MeXKax, MalOTh BEIMKHUI 00'€M, 1110 BUKJIMKAE TIOSBY TPIIIUH.
BoneHp Takox € JoKepenoM yTBOpEHHs mop. Tomy Ui 3BaprOBaHHS
HEOoOX1JHO BUKOPHCTOBYBATH CIUIABU 3 MIHIMAJIbHOIO KUTBKICTIO BOAHIO (HE
oinbire 0,010 %), a enekTpoaHuUil OpiT NMijAaBaTH Binamy.

Byrnenp chopusie 3HIKEHHIO IUIACTHYHOCTI TUTaHy Ta WOTO
cruiaBiB. Hu3bka po3uMHHICTH HOTO B TUTAHI (JIE€KLIbKA JECATHUX BiJICOTKA)
MPU3BOAUTEL 10 BUIUICHHS KapOifiB, MiJBHINCHHS MIIHOCTI W 3HIMKEHHS
TTACTHYHOCTI.

VY pe3ynbTaTi akTHBHOCTI TUTaHy J0 MOTJIMHAHHS KHCHIO, a30Ty Ta
BOJIHIO MPHW 3BapIOBaHHI HEOOXITHUI O0COONIMBO HAIMHUI 3aXUCT Bijl IIMX
rasziB. Takuii 3aXUCT 3AIHCHIOETHCS TIPU JYTOBOMY 3BapIOBaHHI B iHEPTHUX
raszax (apromi, remii) abo ¢uroc-macTor, SKy HAHOCATH Ha KPOMKH
3BapIOBaHUX JIETAJIEH.

TexHiuHUI TUTaH 3'€AHYIOTH aPrOHOAYTOBHM, JYTOBHM IIif
¢urocom, 3BaproBaHHs TUCKOM (Iudy3iitHUM Ta iH. )

Jns 3BapHUX BUPOOIB BUKOPUCTOBYIOTH TEXHIUHUI THTaH, SIKUi
MICTUTh JIOMIIIKM KHCHIO, a30Ty, BoaHi wmapok BT1-00, BT1-0 i 3
JIOMIIITKaMHU aJIFOMIHIFO, OJIOBa, MapraHIlio, BaHajilo, nepiro mapok BT5,
BT5-1, BT6, BTS, BT14.

Bumorn gm0 TexHonmorii CKJIaJaHHA THUTAaHOBHX BHUPOOIB 1
MPHUCAIKYBaTBHOTO MaTepiaiy.

Koncrpyknii 3 TuTaHy Ta HOro cruraBiB HEOOXiIHO CKJIAaTd 3
0COOJIMBOIO BiJIMOBIIAJBHICTIO TOMY, IO TOYHICTh CKJIQJaHHS ¥ 4YUCTOTA
KPOMOK BH3HAYarOTh SIKICTb 3BAPHOTO 3'€ IHAHHSI.

Jns 3axucTy Big OKHCHEHHS 3BOPOTHOrO OOKYy 3'€HAHHS Ta
3MEHIIICHHS JedopMallii BUPOOM CKJIANAIOTh Ha CTAJIEBUX a00 MITHUX
MiIKIIaIKax, 4epe3 CEepeHI0 YaCTHHY SIKMX MpPU 3BaprOBaHHI MPOAYBaIOTh
iHepTHHH Ta3. [Ipy oMy 3a0e3MedyIoTh MIIbHE MPUISTaHHS KPOMOK J10
MMAKIaI0K 110 BClil JOBXKHHI.

CknazaTi peKOMEHAYIOTh Y TIPUCTOCYBAHHSX, a 3a iX BiJICYyTHOCTI
3aCTOCOBYIOTh MPUXBATKU. JleTasi 3 TEXHIYHOr0 TUTAaHY - 0€3 MpUCaIKH, a
JIeTOBaHI TWUTAHOBI CIUIABH MPHUXBAYYIOTh TUIBKH 13 BUKOPUCTAaHHSM
MpHUCaJKyBaIbHOro MeTany. JlopxkuHa npuxBaTok craHoBUTH 30-50 MM,
kpok — 300 MM, iX BUKOHYIOTH i3 3BOPOTHOI'O OOKY LIBa JUIsi YHUKHEHHS
neperpiBy. Ha mouaTky i B KiHII CTHKY NpUXBauyylOThb TEXHOIOTiUHI
IJIACTHHY, TIPU3HAYCHI JUIs 3aMalFOBaHHS JYTH 1 BUBOJY KpaTepa. 3a30p —
He Outbie 0,3-0,5 mm, a nputymineHHs kpomok — He Outbmie 10 %
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TOBIL[THHA MeETaly.
3BaproBaNbHUI APIT, MPYTKH i TUTACTHHU TTOBHHHI MaTH YUCTY, HE
HACHUEHY BOJHEM 1 He 3a0pyAHEHy MaclioM TOBEpXHIO. Y BHIIAAKY
3a0pyqHEHHS MPUCAKYBAIBHUM MeTall YHCTATh MICKOCTPYMHUHHOIO
00pOOKOI0, MPOTPABIIIOIOTH 00 3aCTOCOBYIOTh MEXaHIYHY 00pOOKY.

J7ist 3py4HOCT1 3BaproBaHHs APIT pyOaloTh Ha CTEP>KHI JTOBKUHOIO
300-400 mm. [lpit miamerpom Big 1,2 no 7,0 MM mocTavarOTh IMiCHs
BakyyMHOro Binnany npu temmnepatypi 900-1000° C mpotsarom 4 rog.

Pyune 3BapioBaHHS THUTaHy BOJb(PPaMOBHM  EIEKTPOIOM
BUKOPUCTOBYIOTh JUII KOPOTKMX KPHBOMiHifHMX 1mBiB. [Ipu ToBUIMHI
tutany 0,5-1,5 MM 3BaproBaHHS BUKOHYIOTH 0€3 MpPHCaHKYBaIbHOIO
Merany i 0e3 3a3opy; mpu ToBmuHI 1,5-4,0 MMm. YV neskux Bumnajakax
3aCTOCOBYIOTh TPHUCAJAKYy; IpPH TOBIIMHI TMOHaJX 4 MM BHKOHYIOTH
PO3YMIIAHHS KPOMOK i3 3aCTOCYBaHHSM MpPHUCAKYBAIBHOIO MeTajy 3a
nekinpka npoxoais. [liaroToBka KpoMok Bka3ana B Ta0m. 2.1.

Tabmuus 2.1 - IligroroBka KpOMOK TMpH aproHOAYTOBOMY

3BapIOBaHHI TUTAHY HEIUIABKUM €JIEKTPOIOM

CtukoBe Tosmuna |3a3zop, |[Ipurymienns Kyt po3unianss,

3'eIHAHHS MeTally, MM| MM MM rpaj

be3 ckocy

KPOMOK Ho4 |do0,5 - -
3Vemoxibmnt |y 4 1ga1| 152 70-90
PO3UUIIAHHIM
3 Xemomibuns | 405 1105|152 50-70
PO3UUIIAHHIM
3Umnombrini | o5 | o5 | 152 30
PO3UUIIAHHIM

3axuCHUW ra3 MOBHHEH MOJABAaTHCS [0 IMOYATKy 3aMasllOBaHHS
IyTu. 3BapioiOTh MOBEPXHEBOIO abo0 3aHypeHow ayroto (i meraseit
TOBIIMHOIO TIoHa 3 MM). [Ipu 3BaproBaHHI MOBEPXHEBOIO TYTOKO JIOBKUHA
ii moBunHa Oyt B Mexkax 0,5-2 mwm. [Ipu 3BaproBaHHI 3aHYpPEHOIO YOO
SIIEKTPOJ] 3aHYPIOIOTh Yy Kparep 1 mnepeMinlyrorh 1o JiHil mBa. Komwu
TOBIIMHA MeTany Oinbiie 3 MM, 3BapIOIOTh Y JICKUIbKAa TPOXOIiB 0e3
KOJTUBAJILHUX PYXiB 13 HACTYITHUM OXOJIOJDKEHHSM 110 Temmnepatypu 100° C
1 32UMIIaHHAM METATY MiCJIs KOKHOTO POXOAY.

O3Hako10 3aJJ0BUIBHOT SIKOCTI 3BapIOBaHHS TUTaHY Ta HOTo CIUIaBiB
€ BIJCYTHICTh KOJBOPIB MIHJIMBOCTI Ha TOBEpXHi IBa. TeMHI KOIbOpH
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MIHJIMBOCTI @) JI0 CHHBOT'O CBi4aTh MPO HEAOCTATHIN 3aXHCT METAIy MpH
3BapIOBaHHI.

Jdns  3BapioBaHHS THUTaHy TOBIIMHOIO 3 MM B  SIKOCTI
MPHUCAKYBATBHOTO METaly BHKOPHUCTOBYIOTH TEXHIYHHH THUTaH MapKH
BT1. Ilpu Oinpmiiii TOBUIMHI 1 A7 3BaploBaHHS TUTAHOBHX CILIABIB, SIKi
MawTh rpaHuio MiqHocti Outerie 900 MIla, BUKOPUCTOBYIOTH
MPUCAKYBAJIBHUIA METaJ, 3a XIMIYHMM CKJIQJIOM HAaOJMKEHHA JI0
OCHOBHOr0 Metany a0o yieroBanuii amominiem (Mapku BTDS) ta iHmmmu
eNIeMEHTaMH.

3BapHi  3'emHaHHS,  BHUKOHAaHI  PYYHUM  aprOHOAYTOBHM
3BapIOBaHHSM, IIJUIal0OTh BiANANy JUIsl 3anoOiraHHs TIOSBU  TPIIIUH.
Temmnepatypa Biamany 3BapHux jaeranei i3 Turany BT1, OT4-1 ctaHoBUTH
550-600°C, i3 tutany mapok BT5, BT5-1, OT4, BT4, OT4-2 - 600-650° C.
Butpumysanus npu Binnani gopiBHioe 20-40 xB, OXONOMKEHHS — Ha
MOBITPI.

PexxuMu pydHOro aproHOIyroBOrO 3BaprOBaHHS BOJB()PAMOBUM
SJIEKTPOJIOM TUTAHOBHUX CILJIABIB HaBEJCHO B Ta0J. 2.2

Tabnuus 2.2 - OpieHTOBHI PeXXMMHU aproHOAYTOBOTO 3BapIOBAHHS
CTHKOBHX 3'€/IHAaHb TUTAHOBUX CIUIABIB

Tosuwna|  Jliamerp Hiamerp Butpara aprony
MPUCAKYB (n/xB) nast 3axucTy
MeTaly, [BOJb(hpPamMoBOro AILHOTO s A |U, B 3BOPOTHOTO
MM €IeKTPOoa, MM apOTY, MM IyTH A
be3 po3unniaHHs KpOMOK
0,8 1,0 0,8-2,0 | 30-50 |12-15| 8-12 3-4
1,0 1,0-1,5 1,0-2,0 | 40-60 |12-15| 8-12 3-4
1,5 1,5 1,0-2,0 | 60-80 |14-16| 8-12 3-4
2,0 1,5-2,0 2,0 90-100 (14-16/10-12 3-4
2,5 2,0 2,5-3,0 |110-120|14-16/10-12 3-4
3.0 2,0 2,5-3,0 |120-140|14-16/12-14 3-4
V-mojibHa miiroToBKa KPOMOK 11ij1 kKyroM 60°
4,0 2,0 | 2530 [120-130[14-16]12-12]  3-4

BukopuCTOBY€EThCS 3BapIOBaHHS TUTAHY HETUTABKHM €ITEKTPOJIOM i3
3acrocyBanHsaM ¢uitociB-niact (AH-TA, AH-T17A, AH-T23A Ta iH.).
Jeski TeXHOJOriyHi BKa3iBKM 31 3BapiOBaHHA THTaHy Ta WOTO
CIIaBiB BOJIB(PAMOBUM €JIEKTPOIOM B aproHi HaBeACH1 HIXKYE.
1. 3BaproBaHHs BHPOOJISATH TMOCTIHHHUM CTPYMOM TIpH MpsIMiid

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

MOJIIPHOCTI.

2. 3anamoBaHHS OYI'M BUPOOJISTH JOTHKOM  BOJb(pPamMoBOIro
eNeKTposia Tpo BUPIO, 110 3BAPIOETHCS, MPUUOMY TUIBKH TPH HASBHOCTI
ra3oBOr0 3aXUCTY.

3. mpu  HaIUIaBJICHHI  BaJiMka  BOJIb(paMOBHI  €IEKTPOJ
posraimoBysaty Hoa Kyrom 70-85° 10 moBepxHi BUpOOY, 1110 3BAPIOETHCS, a
npucaauuii Matepian mix 90-100° no oci enekrpona.

4. Bumit Boib(ppaMOBOro eleKkTpoja Mmae OyTd piBHEM 6-8 mm.
JloB>XKMHA JIyT'¥l TOBUHHA MiATPUMYBATHCS TIOCTIHHOIO B Mexax 1-2 mwm.

5. llpucamounnii  MaTepiaml BBOAWTH B  30HY 3BaplOBaHHS
piBHOMIipHO, 0€3 MonepeyHNX KONKUBaHb, CIIUPAIOYNChH KIHIIEM CTEp)KHS Ha
Kpail 3BaproBajibHOI BaHHHM. HarpiTuil KiHellb MPUCAOYHOTO CTEPKHS He
MOBHHEH BUBOJIUTHCS 3 30HU Ta30BOT'0 3aXUCTY.

6. IlanpHUK MepeMilaTH PIBHOMIPHO-TIOCTYNAILHO 0€3 MonepeuHnx
KOJTUBaHb.

7. Tacutn ayry ciij BUMHKaHHSAM 3BaplOBAIBHOIO CTPYyMY
KHOIIKOIO, Ha TIaJIbHHUKY, MOMEPEAHbO 3aMlJIaBUTH KpaTep.

8. IpunuHATH 1Mojavyy 3aXUCHOTO Ta3y yepe3 MaJIbHUK 1 BiIBEICHHS
ii Big BUpOOY 3xilicHIOBaTH e uyepe3 5-10 ¢ mics moTeMHiHHS 1IBa.

9. Ilpu OaraTompoxigHOMY 3BapIOBaHHI MiCI KOXXHOTO TMPOXOAY
BHUPOOJISTH pPeTeNbHY 3a4UCTKY 3BAPHUX LIBIB BiJ] OKUCHOI IJTIBKH.

Jlyis 3aXuCTy 3BOPOTHOI CTOPOHM IIBa JIOOPE MiAraHSIOTh MifHI i
CTaJIeBl MIAKIIAJKY, SKi 3aJUIIAIOTHCS, MIJAKIAIKU 3 TEXHIYHOTO THTaHY, B
skuX (a00 B KHMIICHSX y3/I0BXK 3BApPHOrO IIBA) MO CHEIiaJIbHUX KaHaBKaX
MiJJTyBAIOTh aproH.

I[lpy  BUKOHaHHI  KYTOBHX 1  HaxJECTOYHMX  CIHOIYK
BEIIMKOTa0apUTHUX  BHPOOIB, KOJW MiAAyB aproHy yTpYAHCHHI,
3BapIOBaHHA MOXKHA pOOWUTH 0e3 3aXHMCTy 3BOPOTHOI CTOPOHHM IlIBa Ha
JinsiHKax AoBxuHOo 15-20 MM 3 mepepBaMy IpW MiHIMaJIbHOMY PO3irpiBi
3BapIOBaHUX CJICMCHTIB.
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3 MATEPIAJIU, IHCTPYMEHT, IPUJIA/INA,
OBJATHAHHA

1. YcraHoBKa aproHo-ayroBoro 3saptoBanus Y JJ['Y-251.
2. baJioH 3 aproHoMm.
3. IlnacTuHM 3 TUTaHY.

4 TIOPAJOK MPOBEJEHHA JABOPATOPHOI
POBOTH

1. BrumB BijicTaHi COIUIa BijJi MOBEPXHI Ta PO3XOIY aproHy Tpeda
JOCITIKYBATH 10 MisiMi HarpiBanHs. [Ipu mepeBipii mo misiMi HarpiBaHHs
BONB(PAMOBHI  €NEKTPOJ, TOBHHEH 3HAaXOAWUTHCA MEPHEHIUKYISIPHO
MOBEPXHI JieTalli, Ky Tpebda peTeyibHO 3a4YUCTUTH JI0 METAJICBOro OJIMCKY.
3amanutu Iyry i AepKaTH ii, JOKH PO3MIp IJISIMH PO3IUIABICHOI'O METaly
He ctane Oinpme AE 10 mM. 3racutu ayry 1 OXOJOMKYBATH PO3ILIABICHHN
MeTaJl MiJ] CTPYyMOM 3axucHoro raszy He menme 15 c. Ilicis moBHOro
OXOJIO/I)KYBaHHSI MPOBECTU OIJIA] IUIAMM Ta 30HHM HABKOJIO ii, 1aTH OIKUC
KOITbOPY Merajy. SIKIIo moBepxHs Mae CpiOHO-MeTajeBHi Koiip - 1o0pe;
KOBTHH, CHHIil a0 cipuii - HEAOMYCTUMO.

2. Bincranb Bij coruia 70 aeraii 3miHoBaTH y Mexax 5, 10, 15, 20,
25 mM. 3poOUTH BUCHOBKH.

3. BrumB po3xony aprony Q Ha SIKiCTh 3aXMCTy JOCTIIKYBaTH Y
Mexkax 2, 5, 10, 15, 20 n/min. Pe3ynpraTi icnuTiB 3aHecTH 10 Tadi. 4.1.

Tabnuis 4.1- PesynbTaTil TOCHIIKEHD
Orminka pe3yabTaTiB, | Ominka

KOJIIp SIKOCTI
ls, A | Q, n/xs | [, MM IBY | KIII3 3aXUCTY

N YMOBU MPOBECHHSI TOCTIIKEHb
0
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5 3MICT 3BITY

VY 3BiTi HaBeCTH YMOBM BHUKOHAHHS AOCIHI/KEHb Ta PE3YyIbTaTH Y
BUTIAA1 TA0JL.; BUCHOBKH 3 IOSICHEHHSAMHU.

6 KOHTPOJIBHI 3AIIMTAHHSA

1. IIlo cTaHOBUTH OCHOBHI TPYHOIIIl 3BapIOBAHHS TUTAHY?

2. Sk BIUIMBa€ MOBITPS Ha BIACTUBOCTI 3BapHUX 3'€/IHAHP i3 THTAHY?

3. Slki 3arambHi TEXHOJOTIYHI TPYAHOIII BHUHUKAIOTH MpPH
3BapIOBaHHI aKTUBHUX METAJTIB?

4. SIxi METOM BUKOPHCTOBYIOTHCS JJIS 3aXUCTY 30HH 3BAPIOBAHHSA?

5. Slki 3aXHCHi ra3u BUKOPUCTOBYIOTBCS IIPH 3BapIOBAHHI THTAHY?

6. s SIKUX TEXHOJIOTTYHUX BUIPOOyBaHb MOXe
BHUKOPUCTOBYBATHUCSI METOJIMKA JAOCIIIKEHb 0 TUISIMi HAarpiBy?

7 BKA3IBKH 3 TEXHIKH BE3IIEKH

1. lo naGopaTtopHOi pOOOTH IOMYCKAaIOTHCS CTYACHTH IMICIs
THCTPYKTaKy 3 OXOPOHH Tpalli Ta MOXKEeXHOT 0e3MeKH.

2. 3a00poHS€ThCI BMUKATH €ISKTPUYHI MPHJIAZM Ta OOJaJHaHHS
0e3 103BOJTY 3aBiAy0Y0ro JJabopaTopiero abo BUKIIAaaua.

3. V BUmaaKy BUSBJICHHS HEMOIaI0K 00JIaHAHHS CTYACHT IOBUHEH
HEraifHO MOBIJIOMHUTH BHKJIaJlaua a0do 3aBigyr0doro jgadopaTopiero.

4. 'V BumajKy BHUHUKHEHHS MOXeXi ab0 TMOpa3KH EIeKTPUUIHUM
CTPYMOM, CTYJNSHTH TOBHHHI MdiATH Yy BIANOBIAHOCTI 3 3aTBEPAXKEHOIO
iHcTpyKuiero Ne 47 3 0XOpoHi mpaili Ta TOXKEKHOT Oe3MeKH.
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