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Paboyas nporpamma gMcuMniMHbLI COCTaBrieHa B COOTBETCTBUM C (peaeparnbHbiM rocyAapCTBEHHbIM 0Opa3oBaTeNbHbIM
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CoctaButens (u):

[okTop TexHMYeckux Hayk, npodeccop Cycnos B.A.
Ot kadenpbl cocTaBuTeNs: CmopoauH C.H.
3aBepayownii Kadbenpon NPOMbILLUIEHHON

Tenno3HepreTmkn

Ot BbinyckatoLlen kadeapbi: CmopoauH C.H.

3aBeayowmii kadeapon

MeToauuecknin otaoen: CmupHoBa B.T'.



1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Llenb AMcuMnnuHbI: - B nepefade cTyaeHTam o6béMa 3HaHuWit 0 Nnepenaye TENMOTLI M Macchl

- 0oBy4YeHulo CTYAEHTOB KBanuMUUMPOBaAHHO NPOBOAMTb pacyeTbl 3a4ad KOHBEKTMBHOIO TennoobmeHa,
TennoobmeHa npu asoBbiX Y XUMUYECKUX NPEeBPaLLEeHUsIX;

- B WCMOMb30BaHUM (paKTUYECKOTO Hay4yHO-TEXHWYECKOro MaTepuana Kypca Ans  He npepbiBHOM
MUPOBO33PEHYECKO U METOA0MNOrMYECKO NoAroTOBKN CTYAEHTOB.

1.2 3aaauv AUCUUNNMUHBIL:

MpuoGpeTeHne 1 TBOPYECKOE YCBOEHME CTyAeHTaMu BOMPOCOB TennoobmeHa npu hasoBbiX U XUMUYECKMX
npespaLleHusIX:

- TENNoo6MeH Mpu KoHAEeHcaumm napa;

- TENNOOGMEH MPY KUNEHNM XUOKOCTEN U pacTBOPOB;

- TeNno- 1 MaccoobMeH B ABYXKOMMOHEHTHbIX cpedax.

1.3 TpeboBaHuA K NpeaBapuTeNbLHOM NOAroToBKE Oby4aloLlerocs:
MpenBapuTensHasi NOAroTOBKa NpegnonaraeT co3gaHue OCHOBLI AN (DOPMUPOBAHMUS KOMMNETEHLIMIA, YKa3aHHbIX
B M. 2, NPU N3y4eHNN GUCLUMNIINH:

MaTemaTtunyeckoe mogenupoBaHue pa6oqu npoLeccoB B TENJI03HEPreTn4eCKmnx yctaHoBKax

|_|p06ﬂeMbI QHepro- wu pecypcoc6epe>|<eH|/|ﬂ B TennoaHepretTuke W OCHOBHble HanpaeleHuAa pa3BUTUA
TENJIO3HEPIeTUKn

TennomaccooOMeHHble npoueccChbl CyLKN U CylUUIibHble YCTaHOBKU

2 KOMNETEHUMN OBYYAIOWWEIoCsd, ®OPMUPYEMbBIE B PE3YJNIbTATE OCBOEHUA OUCLUUMNNHDbI

MKn-4.1: FT'oToB K 06ecneyeHnto 6ecnepeboHon paboThl, NPaBUNILHON 3KCNNyaTauuu, peMOHTa U
MoAepHU3auumM TennomMaccoobMeHHbIX YCTaHOBOK

3HaTb: - HOpMaTUBbI MO 3Hepro- 1 pecypcocbepexeHunio Ha 06 beKTax NPodECCMOHaNbHON AeATENbHOCTU

YMmeTb: - paspabaTbiBaTb BapuaHTbl 3HeprocbeperarwLwmx pelweHnin Ha obbekTax NpodeccuoHanbHON AeATENbHOCTH,
OLEeHMBaTb pe3ynbTaThbl X peanvsaumm

BnageTtb: - HaBblkaMy pa3paboTKy MEPONPUATUIA MO SHEPro- U pecypcocbepekeHmnto Ha obbekTax NPodeCcCMoHanbHoOM
OEeATenbHOCTU




3 PE3YJIbTATblI OBYYEHUA NO ANCUUNNUHE

HanmeHoBaHue n cogepxaHue pasaenos,
TEM U Y4EBHbIX 3aHATUIA

Cemectp
(kypc gna 3A0)

KoHTakTHas

paboTa

Jlek.
(vachbl)

Mp.
(4achbl)

CP
(vachbl)

MHHoBaLU.

copmbl
3aHATUN

dopma
TeKyLLero
KOHTpOns

Paspgen 1. TennoobmeH npu KuneHun
XnaKocTn B 60nbLIOM obbeme

Tema 1. OcHOBHble  MOHATUS WU
onpeneneHust npu KAMEHUU XUOKOCTU B
OonbWOM ObObeEME: PEeXUMbl  KUMEHWS;
anarpammbl KUNeHus; napameTpbl,
XapaKTepusyoLmne KuneHue.

nn

Tema 2. KuneHve Ha nNOrpyKeHHbIX
NMOBEPXHOCTAX: KUMEHWE Ha OAMHOYHbIX
Tpybax; nykax Tpyb; NOpUCTbLIX
NMOBEPXHOCTSAX. MexaHunam npowecca
TennoobMeHa npu My3blPpbKOBOM KUNEHUM
xupkoctn.  CTpykTypa  noToka  npu
My3bIpbKOBOM  KMMEHWM  XWAOKOCTM B
HeorpaHudyeHHom obbeme. TennooTdaya
nMpu Ny3blPpbKOBOM KWUMEHUW >KMOKOCTU B
yCrnoBusx cBOGOAHOIrO ABMKEHUS

nn

Tema 3. Kputnyeckne TensnoBble MNOTOKM
npy kuneHun B  Bonblwom obbeme:
rmgpoauHamudeckas  Mogenb  Kpusuca
KnneHus, pacyeTHble 3aBUCUMOCTMW.
Kputnyeckme TennoBble Harpysku npwu
KuneHuu B 6onbLiom obbeme

nn

Paspen 2. TennoobmeH npu KuneHun
Xunakoctn B Tpybax n kaHanax

Tema 4, OCHoOBHbIE napameTpbl
OByxca3HoOro notoka Mpu KUMeHWM B
KaHanax: npuBeOEHHbIE CKOpOCTH,
CKOpPOCTb LUPKYNaumun, MacCcoBOE,
06BbEMHOE U WCTMHHOE NapoCoAepXKaHUs
OByxcasHoro noToka.

nn

Tema 5. Pexumbl TeyeHus AOByxdasHoro
NMoToKa pacTBOPOB U TennoobmeH B HUX:
ofHoasHas  XMAKOCTb;  MNy3blpbKOBOE
KANEeHWe, MeHHOoe KUMeHwe, OUCNEPCHO-
KONbLEBOE KUMEHME; PEXUM YXYALIEHHOW
TennooTgayn,  pacyeTHble  ypaBHEeHWs
TennooTAaun.

nn




Tema 6. KuneHue Hucxooslero notoka B
BepTMKanbHbIX Tpybax: pexumbl KUMNEHWUS;
OCHOBHble napameTpbl ABYX(asHOro noTokKa;
ypaBHeHus Tennootaayn. CtpykTtypa
OByxcas3Horo notoka U TennoobmeH npu
KUNEeHM  XKXUAOKOCTU BHYTpM  TpyG  npwm
BOCXOSLLEM TEYEHUM NOTOKa.

Tema 7. Kpusuncbl kKUNeHus XnakocTu B Tpybax:
BUAbl KPU3NCOB U YCNOBUS UX BO3HUKHOBEHUSI.
CT1pykTypa AByxasHOoro noToka u TennoodbmeH
Npyu KUMEHU XWOKOCTU BHYTpU Tpyd npu
rpaBUTaLMOHHOM TEYEHMUM NOTOKa

Pasgen 3. KoHaeHcaums naporasoBbiXx CMecen

Tema 8. Tepmuyeckue COMNPOTMBIEHMS MpU

KOHAeHcauumn naporasoBbix cmecen:
anddysmoHHoe, dasoBoe " NIEHKN
KOHOeHcarTa. OCHOBHblE MOMoXeHus.

TennoobmeH npyv NMEHOYHON KOHAEHCcaLMK
HEMOABWXHOIo napa.

Tema 9. KoHgeHcauusas Ha BepTUKanbHOW
NMOBEPXHOCTU: PEXMMbI TEYEHUSA KOHOEHCATHOMN
NNEeHKM W pacyeTHble YypaBHeHUs AOns 3TUX
pexumoB. PacyeTHble KpuTepuanbHble U
napameTpuyeckue ypaBHEHUsI ans
KoaghpuLmeHTa TennooTaauu.

Tema 10. KoHaeHcaumsa Ha ropum3oHTarnbHbIX
Tpybax: OAMHOYHble TPybbl U nydykn Tpyo;
pacyeTHble 3aBucumocTu. [Ouddy3noHHoe
TepMuyeckoe conpoTmerieHne. TennooTgaya
npyM  KOHAEHCAuuM napa Ha  Myykax
rOpM3oHTarbHbIX TPYO.

Tema 11. KanenbHas KOHAeHcauus: ycCroBus
BO3HWKHOBEHWS; OCHOBHblE napameTpbl
TennoobmeHa; pacyeTHble ypaBHEHMUS.
Tennoothaadya npu KanenbHOW KOHAEeHcauum
napa.

Tema 12. TennoobmeH npu MNNEHOYHOWN
KOHOEHCauMM napa BHYTpU TpyD: pexumbl
TEYEHUs TMMEHKM KOHAEeHcaTa; YypaBHEHMWS
Tennootgayn. CnyTHoe TeyeHue 1 NPpoOTUBOTOK
B BepTUKanbHbIX Tpybax. Pexumbl TeyeHust
NapoXWOKOCTHOW CMEeCU B TOPU30OHTasbHbIX
Tpybax

3 nn
3 nn
3 nn
3 nn
3 nn
2 nn
3,75 nn




UTtoro B cemecTpe (Ha kypce ans 3A0) 24 12 35,75
KoHcynbTauuu n npoMexyTovHas 025
atTecTtauus (3aver) '
Bcero koHTakTHas pa6bota u CP no 36,25 35,75
AVCLUMUNInHe

4 KYPCOBOE NMPOEKTUPOBAHUE
KypcoBoe npoekTupoBaHue y4eGHbIM NaHoOM He NpeaycMOTPEHO

5. ®OH[ OLIEHOYHbIX CPEACTB AN NPOBEAEHUA MPOMEXYTOYHOW ATTECTALUKU
5.1 OnucaHue nokasatenen, KpUTepueB M CUCTEMbI OLLEHUBAHUA pe3ynbTaToB 06yveHus

5.1.1 NokasaTtenu oueHUBaHUA
Kopn HanmeHoBaHWe oueHO4YHOro
MokasaTenu oueHnBaHUA pesynbTaToB 06ydeHus
KoMneTeHumn cpeactea
NmeeT npeacTaBneHue o) HopMmaTmBax no  SHepro- 7]
pecypcocbepexeHunto Ha obbekTax NPodeccMoHanbHON AeATENbHOCTH
CnocobeH paspabaTbiBaTb BapuaHTbl 3HeprocbeperatoLmx|Bonpocsl YCTHOro
MKn-4.1 MEponpuaTU Ha obbekTax npodeccrMoHanbHONM AOeATeENbHOCTH,|cobecegoBaHus,
oLeHuBaTb pe3ynbTaThl UX peanu3auum MpakTnko-opMeHTUpPOBaHHbIE
[leMoHCTpUpyeT HaBblkM pa3paboTkn MeEpPONPUATMIA MO 3apaHua
3HEepro- n pecypcocbepexeHnto Ha obbekTax npodeccMoHanbHON
[eAaATenbHOCTU
5.1.2 Cuctema n KpuTEpUN OLleHMBaHUSA
KpuTtepun oueHmBaHus coopMMpOBaHHOCTN KOMMETEHLNN
LLikana oueHnBaHus
YcTHOe cobecenoBaHune lMucbMeHHas paboTa
Obyvalowmnca OemMOHCTpupyeT AocTaTovHoe
NoHMMaHue  ycrnoBust  3ajauu, BrnageHue

3ayTeHo

MonHbIN, ucyepnbiBalOWMA OTBET, SBHO
OeMOHCTpupyoLwmi rnybokoe noHnmaHve
npegmetTa U1 LWIMPOKY 3pyauuuio B
oueHuBaemon obnactn. Kputnyeckun,
OpuUrMHanbeHbI  NOAXOA4 K MaTepuany.
3agava pelueHa BepHO

HaBblkaMW ero aHanusa, BbiGopa opMyn ansa ee
pelleHns, 3HaHWe pasMepHOCTEN (OU3NYECKUX
BENNYMH. HonyckaeT HesHauuTenbHble
NOrpeLLIHOCTN NPUNPUMEHEHUN MATEMaTUYECKOro
annapaTa AN peanusauMu nnaHa peLueHus
3agaus [lonyunn npaBunbHbLIA  OTBET, HO
ucnbiTbiBaET 3aTpyaHeHus c ero
WHTepnpeTauuen.

He 3auteHo

Obyuvalowmiica He umeeT [OCTaTOYHOro
YPOBHSA  3HAHWUSI  OUCLMMNIUHBI,  MNSIOX0
OPUEHTUPYETCA B OCHOBHbIX MOHATUAX U
onpegenexHnsx, NNoxXo 3HakoM C OCHOBHOW
nuTepaTypow, AOMNyckaeT npu OTBETE Ha
3a4eTe CylecTBeHHble ownbkn u He
MOXET  YyCTpaHuTb WX Jdaxe nopj
PYKOBOACTBOM MpenogasaTens. 3apava
He peLueHa.

Obyyvaowmiics He MOXeT npoaHanu3npoBaTb
ycrnoBue 3ajauyu, HaMeTuUTb MNaH ee peLleHus,
BblbpaTbh hOpMyIbl U MAOXO OPUEHTUPYETCS B
humanyeckux BENMYMNHAX, He Brnageet
mMatemaTudeckum annapatom. [lpeacTtaBneHue
Yyxol paboTbl, 0TKa3 OT BbINOMHEHUS 3a4aHUs

5.2 TunoBble KOHTPOJbHbIE 3aA4aHUA UMM UHbIe MaTepuarbl, HEOGX0ANMbIEe ANSl OLIeHKN 3HAHUN, YMEeHUN,
HaBbIKOB U (MNK) oNbiTa AeATEeNIbHOCTH
5.2.1 Nepe4yeHb KOHTPONbHbLIX BONPOCOB

Ne n/n |

®opMynMpPOBKM BONPOCOB

Cemectp 4

Tennootgava npu KanenbHOW KoHAeHcaunn napa.

Ownarpammbl kunexms: a-q; g-AT; g-TcrT.

JlokanbHble XapaKkTepucTukn npouecca napoo6paaoBaHMﬂ B 6onblom obbeme.

OndpdepeHumanbHble ypaBHEHUS, ONUCbIBaloLLME NpoLiecc TennoobMeHa Npu Ny3bipbKOBOM KUMEHWN.

nopobus

O6o6watome YpaBHEHUA TennoobMeHa npu Ny3blpbKOBOM KUNEHUN B fonbwom obbeme. OCHOBHbIE Kputepun

PacueTHble YpaBHEeHUA TenyiootTaauun npu KMNeHnn XXngkoctu B 6onbLomM o6beme

TennooTtaava npu KMNEeHN Ha NOPUCTbIX NMOBEPXHOCTAX.

O[N] O |[Al|WIN|F

Tennootgava npuv KMNEeHNN Ha ny4Kkax pr6.




9 TennooTaaya npu KUNeHUn Ha peGpucTbIx TpyGax

10  |KpuTuueckue Tennosble Harpy3ku Npu KUneHun B GonblloM obbeme.

11
OCHOBHbIE NapameTpbl ABYX(asHOro noToka.

12 Pexumbl TeyeHns agnabartHoro LI,ByXCba3HOFO NOTOKa: ropu3oHTanbHoOE, BepTUKarbHOe N HUCXoasdllee Te4eHne.

PexuMbl TeyeHUsa n TennooTaada npu KMNeHum Bocxogsilero AsyxdgasHoro notoka B 060rpeBaeM0|71

13 BepTuKanbHou Tpybe. YpaBHeHue H.I". CTiowinHa

14 Pexunmbl TeueHns Huexogasiero AByxdasHoro notoka B oborpeBaemMoin BepTukarnbHon Tpybe. MexaHuambl
nepegayn TensnoTbl B 3aBUCUMOCTU OT PEXUMOB TEYEHMS.

15 OcHoBHble kpuTepumn nogobust onpegensowne TeENOOTAAYY K MCMAPSAOLWLENCS KUOKOCTU B YCIOBUAX

rpaBUTalMMOHHOIO TE4YEHUA.

16 Buabl koHgeHcaummn. Tepmmuyeckne ConpoTUBIEHUS MPU KOHAEHCaLNN.

KoHgeHcauwms Ha BepTVIKaJ'IbHOVI NOBEPXHOCTU NP NaMUHAPHOM TEYEeHUU NIEeHKN. PacuyeTHble KputepuarbHble

17
1 NapameTpuyecKne ypaBHeHUs ANs koauumMeHTa TeNIooTaaun.

18 BonHoBOWM pexnm TeveHuss KoHAeHCaTHOW NneHkn. Ero BnuaHmne Ha tennootaavy.

KoHgeHcauus Ha BepTVIKaJ'IbHOIZ NOBEPXHOCTU NpU Typ6yﬂeHTHOM TeyeHumn NneHkn. PacyeTHble KputepunanbHble

19
N napameTpuyeckne ypaBsHeHuna Oond KOQdDd)VILI,VIeHTa Tennootaadu.

20 OunddysmoHHOe TepMryecKoe ConpoTuBIieHue.

21 |TennooTtaaya npu KOHAEHCaLMW Napa Ha ropusoHTanbLHoi Tpy6e.

22 Tennootgava npu KOHOeHCaUuun napa Ha ny4vykax ropu3oHTarnbHbIX pr6.

I'Ipouecc KOHOEeHCauun napa B pr6ax. CnyTHoe Te4YeHne N NPpOoTUBOTOK B BEPTUKAJIbHbIX pr6ax. Pexumbl

23 o
Te4YeHNA NapoXnOKOCTHOM CMeCH B TOPU3OHTAalbHbIX pr6ax

24  |TennooTgaya npu KOHAEHcauumn napa B TpyGax.

5.2.2 TunoBble TeCcTOBble 3aAaHNA
He npegycmoTpeHo

5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3afaHuNA (3agaym, Kenchbl)

Paccuntatb k0adhdULMEHT TENNOOTAAYM NPU KOHAEHCALMN HEMOABWXHOIO HACbILLEHHOrO napa npu gaBrneHum
3+:10-5 Na Ha BepTukanbHOW cTeHke, anuHon 3 m 1 Temnepartypou 80 0C.
a =[p2+A3:g-r/(u+H*At)]1/4 =[9722+0,673+9,81x2159000/(35510-6 - 3:55)]1/4= 4187 B1/(M2:K)

HalnTn koacbuumneHT TennootTaaumn npy KMNeHMn Boabl Ha Tpyoke ncnapuTens ¢ NAOTHOCTLIO TEMNIOBOrO NOTOKa
g = 2 kBT/M2, ecnu Boga HaxoguTcsi Npy TeMnepaType HacbiweHus ¢ gaenexdmem 3+ 10-5 Ma. HapyxHbin anameTp Tpyoku
33 Mm

a=3,0-q0,7:p0,15 = 3,0:20000,7+ 30,15 = 724 B1/(M2-K)

5.3 MeToanyeckue maTtepuansi, onpegensiolime npouenypbl oleHMBaHUA 3HaHUW, YMeHUI, BnaaeHU (HaBbIKOB
1 (Mnn) NpPaKTUYECKOro onbiTa AeATENbLHOCTH)

5.3.1 YcnoBus gonycka oby4arowierocsi K npoMexxyTo4Hom atrectauMu U NopsaoK NMKBUAALMY akageMmyeckomn
3a10/MKEeHHOCTHN

MpoBeaeHe MPOMEXYTOYHON aTTeCTauun pernameHTUPOBaHO JfoKasibHbIM HOpMaTuBHbIM aktom CII6IYMNT[
«lMonoxeHune o0 NpoBeAEHMM TEKYLLLETO KOHTPOSSA YCNEBAEMOCTM M NMPOMEXYTOYHON aTTecTalmm obydaroLwmxcsa»

5.3.2 ®opma npoBeaeHUs NPOMEXYTOUYHOM aTTecTauum No gucumnnmHe

YcTHasa X MncbmeHHas X KomMnbloTeEpHOE TECTMPOBaHNE UHas

5.3.3 Ocob6eHHOCTU NpoBeAeHUs1 MPOMEXYTOYHOM aTTecTauMm No QUCUUNINHe

Bpems Ha noarotosky 40 MUH, B 3TO BPeMS BXOAMT NOArOTOBKa OTBETa Ha TEOPETUYECKME BOMNPOCHI U pelleHme
3agauu.

6. YHEBHO-METOOAU4YECKOE U MH®OPMALIMOHHOE OBECNEYEHUE OAUCLUUNIIUHDbI
6.1 YyebHas nutepatypa

ABTOp 3arnaswue | M3patenbcTBO [oa nspaHna | Ccbinka
6.1.1 OcHoBHas y4yebHas nuTepaTypa
B.A. Cycnos TennomaccoobmeH [TekcT]:[ M-Bo o6pasoBaHus u http://www.nizrp.naro
y4ebHoe nocobue Hayku PO, CMN6ITYPI. — 2008 d.ru/teplomassoobm
Cno.: CrerTyprrl en.htm




B.A. Cycnos TennomaccoobmeH [Tekct].| M-Bo o6pasoBaHus u http://www.nizrp.naro
Y.1.: yuebHOE nocobue Hayku PO, BLUT3 2016 d.ru/metod/kpte/19.p
cneryntA. — Cre.: df
BWTS Crerynrtag
B.A. Cycnos TennomaccoobmeH [Tekct].| M-Bo o6pasoBaHus U http://www.nizrp.naro
Y.2.: yuebHOE nocobue Hayku PO, BLUT3 2017 d.ru/metod/kpte/20.p
cnerynrtpg. — Crie.: df
BWT3 CNeryntn
6.1.2 lononHuTenbHasa y4yebHasa nutepaTtypa
l'ybapeBa  B. B.,| TennomaccoobmeHHoe Benropoa: benropoackun http://www.iprbooksh
lNy6apes A. B. obopyaoBaHMe NpeanpusaTUin rocyaapCTBEHHbIN op.ru/80447 .html
TEeXHOMorn4yeckuni 2016
yHuBepcuteT um. B.I.
Lyxosa, O6C ACB
lN'y6apes B. A.,|TennomaccobmeH Jlvneuk: JNuneuknn http://www.iprbooksh
Apsamacues A. T rocyfapCTBeHHbI 2014 op.ru/55162.html
TEXHNYECKUI
yHusepcutet, O65C ACB

6.2 MNepe4yeHb NpodeccMoHanbHbIX 6a3 AaHHbLIX 1 MH(OPMALMOHHO-CNPABOYHbLIX CUCTEM

OnekTpoHHO-6nbnmoteyHas cuctema IPRbooks [QnekTpoHHbin pecypc]. URL: http://www.iprbookshop.ru/
OnekTpoHHas 6ubnuoteka BLUTO CIB MNYMTAO [QnekTpoHHbI pecypc].  URL: http://nizrp.narod.ru

6.3 MNepeyeHb NULEH3UOHHOIO U CBOOOAHO pacnpocTpaHAeMOoro NnporpaMmMHoOro oéecneyeHus
MicrosoftWindows 8
MicrosoftOfficeProfessional 2013
Microsoft: Windows Professional 10 Russian Upgrade OLPNL AcademicEdition

6.4 OnncaHue maTepmanbHO-TEXHUYECKOMN 6a3bl, HEO6X0AMMOW ANA OocyLlecTBNEeHNA obpa3oBaTeNnbLHOro
npouecca no gucumnnuHe

AyouTtopus OcHalleHune

MynbTumeaniiHoe obopynoBaHue, cneunannaMpoeaHHas mebenb, gocka
JlekumoHHas ¥ A PYA H P A
ayauTopus

YyeGHas ayautopus

MyanVIMeLI,I/IVIHOG O60pyLI,OBaHVIe, cneunanm3npoBaHHas mebenb, Aocka
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