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(54) CNOCIb NPOLUMBAHHA 3ATOTOBKU HA TrOPU3OHTAIIbHOMY TAPABJTIYHOMY MPECI

(57) Pedpepar:

Cnoci® npolwmBaHHA 3aroTOBKM Ha FOPW30OHTarlbHOMY FiApaBniyHOMY Mpeci BKIOYAE PO3MILLEHHS
3aroTOBKM B MaTpULi LINAXOM ii NepeMmilleHHs i NPOLIMBaHHSA 3aroTOBKM 3 YTBOPEHHSAM HaCKpPi3HOro
OTBOpY Y ABi cTagji. Ha nepwwuin ctagii 34iiCHIO T NPOLLMBAHHS 3aroTOBKU NPOLUUBHUM NMYaHCOHOM 3i
cdepnYHOIO TOMOBKOK 3 MIANOPOM Ha 3afHil TOpeub 3aroTOBKU 3i CTOPOHM OMOPHOrO MyaHCOHa 3
YTBOPEHHSIM OOHLUSA, NPOLUMBAHHA OOHUA Ha Apyrii ctagii 6e3 nignopy Ha 3agHin Topelb 3aroToBKM
32 paxyHOK NepemileHHA OMOPHOro MyaHCOHa B HanpsiMKy NpowwmBaHHsA. [pu LbOMY NPOLUMBAHHS
3aroTOBKM Ha MepLUiv cTagil 34iNCHIOITb 3 BUKOPUCTAHHAM CPEPUYHOT rOfIOBKM ONMOPHOTO MyaHCOHa 3
YTBOPEHHSIM JOHLIA, TOBLUMHA SIKOrO BU3HAYaETbCs 3 BUPaA3Yy:
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Ae Ron - pagiyc cepnyHOI rOfoBKM ONOPHOIo ponuka; Rn - pagiyc cdhepryHOi rofoBKM MPOLLUMBHOIO

NyaHCOHa; Dn - ,D,iameTp rOJT0BKM NMPOLUMBHOTIO NMyaHCOHa.
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KopucHa mopenb BigHOCUTbCSA OO0 OOpoOKM MeTaniB TUCKOM i Moxe OyTu BUKOPUCTaHUIA npwu
BUPOOHMLUTBI TPYOHMX 3aroTOBOK MNPOLUMBAHHSM MEPEBAXHO Ha MinirpuMoBmnx TpybonpokaTHMX
arperartax, 4o cknagy sikKmx BXoAATb rOpM3OHTarbHiI rigpasBrniyHi npeca.

Bizomuii cnoci6 npolmBaHHA 3NUTKIB LUNSAXOM il iIHCTPYMEHTY Ha 3MMTOK 3i CTOPOHU MOro AOHLUA i
Aii Ha Hboro 3ycunns nignopy (WesakuH 1O. ®., Puitukos A. M., Cenpanues ®. C. [pon3BOACTBO
Tpy6 n3 uBeTHbIX MeTannos. Mocksa: Metannyprumnsgat, 1963. 355 c.).

Heponikom Lboro cnocoby € noTpannsHHs AedeKkTHOro meTany B CTiHKY CTakaHa, Lo noripliye
AKICTb MPOAYKLIT, LLIO OTPUMYETLCS, | 30inbLUye KoedilieHT BUTpaTn meTtarny.

Bigomunii cnoci6 npolmBaHHSA 3NUTKIB LUNAXOM Aii iIHCTPYMEHTY Ha 3MUTOK 3i CTOPOHU MOro AOHUS i
npuKNagaHHa [0 HbOro 3ycunng nignopy, npudoMmy 3ycunng nignopy npuknagarTb nicng
NPOLUMBAHHA 3NUTKa OO BEPLIMHU YCALAKOBOI pakOBMHKM, a 3HiMawTb 6e3nocepeaHbo nicnsa i
3aKpUTTS, NpPU LbOMY 3yCUNnsa Nignopy NpurAMaroTb piBHUM 3ycunno npowwmBaHHa (A. C. 586956
CCCP, MKW/ B21 J05/10, B21 C23/08. Cnoco6 npowwuekm cnmtkoB / O. A. MNnaukosckuin, b. M.
Mannukmn, 0. C. lMukunep, B. T. lMaenosckuni n WN. C. Jletyuun. Ne 2097997/25-27; 3asen.
20.01.1975; ony6n. 05.01.1978, Bron. Ne 1).

Heponikom Bigomoro cnocoby € HeaouinbHICTb BUKOPUCTaHHA WOro Ans MpOLUMBAHHA KPYriol
3aroToBKK i3 HesnepepBHONMTOrO MeTany, B K BiACYTHi ycagkoBa pakoBMHA i nepegycagkoBa
NMOPOXHMHA.

Bigomui cnocib npolmBaHHSA Ha ropM3oHTanNbHOMY rigpaBniYHOMY Npeci, WO MiCTUTb PO3MILLEHHS
3aroToBKM B MaTpuui LWMASXOM i NepemilleHHs i NpoLIMBaHHA 3aroTOBKM B CTakaH NPOLUMBHUM
NnyaHCOHOM 3 MiAMOPOM Ha 3afHil Topeub 3aroToBKM 3 YTBOpPEHHAM AoHusa (Ob6opyaoBaHue LiexoB C
NUNUIrPUMOBLIMKU TpybonpokaTHbiMK ycTaHoBkamu / C. H. KoxesHukoB, A. B. lNpasgHukoB u ap.
Mocksa: MeTannyprus, 1974. 256 c.).

B TpybHOMY BMPOGHMUTBI ONsi MpOLIMBaHHA 3aroToBOK (3NUTKIB) B MaTtpuui (KOHTEMHepi)
BVMKOPUCTOBYIOTb TifbKM 3anoBHIOIOYE NpOoLUMBaHHS. [NepeBarn NpecoBoro NpoLnBaHHA O0BYMOBIEHI
cxemor BCebIiYHOro CTUCKaHHs, Wo 30inblwye nnactuyHicTe Metany. [lpy npowwuBaHHi Benuvke
3yCUMMS Ha MPOLUMBHWIN NMyaHCOH BUKITMKaE MOro 3ruH, WO NPpMBOANTbL A0 Pi3HOCTIHHOCTI. Jedopmadis
BigbyBaeTbca B rnyxin (i3 3akputum gHOM) matpuui (KOHTerHepi), wo 3abesneyye nignop Ha
3agHbOMY TOpLUi 3aroTOBKM B MpOLECi npowmBaHHA. TOMYy MOBHE (HAacCKpi3He) NpoLMBaHHA He
AOCAraeTbCs i B pe3ynbTaTi OTPUMYETLCS CTaKaH.

Heponikamu BigoMoro cnocoby € HacTymMHi:

1. TligBMWEHa pi3HOCTIHHICTL 3agHbOro KiHUA cTakaHy (6ins goHus), Wwo o6yMOBREHO
0COBNMBOCTAMM MPOLLECY NPOLUMBAHHSA 3aroTOBKM Ha Ait04MX FOPM3OHTaNbHUX MgpaBnivyHUX npecax.

2. MNpolmBaHHs 3aroToBKW Y CTakaH 3 JOHUEM He [03BOSISE onepaTnBHO KOHTPOMOBaTH i ycyBaTu
NiABULLIEHY Pi3HOCTIHHICTb CTakaHa, sike Mae MicLle B OCHOBHOMY Y [IOHLIS.

3. HageHictb goHust ToBwmHOo 100+150 MM npuBoauTb A0 36inbLUEHHA OCbOBOrO 3YCUINsA Ha
CTPUXKEHb OMNpaBKW KOCOBANKOBOrNO pPO3KATHOrO CTaHa-enoHraTopa, BCTAHOBMEHOro B MiHii
ninirpumoBoro TpybonpokaTHOro arperaTy.

4. TMNigBuweHa KiHUEeBa Pi3HOCTIHHICTb CTakKaHiB i rinb3 NPUBOAWUTL A0 BiAMNOBIAHOrO 36inblUEHHS
Pi3HOCTIHHOCTI Tpyb, AKi MpOKaTylTbCA Ha MiNirpuMoBOMY CTaHi, WO 36inbwye BigbpakyBaHHA no
HEeBIANOBIAHOCTI TOBLUUHI CTiHKM BUMOram CTaHAapTiB i 36inbLUEHHI0 BUTPATHOrO koediuieHTa meTany.

Hanbinbw 6nn3bkMuM aHamnorom Ao Cnocoby MpoLMBaHHA 3aroTOBOK, AKMW MPOMOHYETbCH, MO
TEXHIYHIN CYyTi i TEXHIYHOMY pe3ynbTaTy, KOTPUA OOCAracTbCH, € CNOCIO MPOLIMBAHHA 3arOTOBKM Ha
ropn3oHTanbHOMY rigpaBniyHOMY Mpeci, AKMN BKMOYAE PO3MILLLEHHS 3aroTOBKW B MaTpuLi LWASXOM i
nepeMilleHHs i NPoLMBaHHA 3aroTOBKW B CTakaH 3 JOHLUEM MPOLMBHMM MyaHCOHOM 3 MiANOpOM Ha
3a[Hin TopeLb 3aroToBKM 3 BOKY OMOPHOrO NyaHCOHa 3 OTPUMaHHAM AOHLUSA ToBLWMHOW 100-450 MM,
nignop Ha 3afHi Topelb 3aroTOBKM 3HIMalTb 32 AOMNOMOrol MepeMillleHHs OMOPHOro MyaHCcoHa B
HanpsIMKy MpOLUMBaHHA | NPOLUIMBAaKOTh [OHLUE CTakaHa MpPOLUMBHUM MyaHCOHOM, FOfoBKa $KOro
BMKOHaHa cdepunyHoto (Cnocié npoLIMBKM 3arOoTOBKM Ha FOpPU3OHTANbHOMY rigpaBnidyHOMY Mpeci:
nateHt 99744 VYkpaina: MIK B21 J05/10, B21 C23/08, B21 B21/00. Ne u201413746; 3adsn.
22.12.2014; ony6n. 25.06.2015, bron. Ne 12/2015.).

CyTTeBUMM O3HaKamu HambnMk4oro adarnora, KOTpi chiBnagalTb 3 CYTTEBMMU O3HaKaMu
BMHaxXody, WO 3asBMSETbCS €. PO3MILLEHHS 3aroTOBKM B MaTpuUUi LWMASXOM ii NepemilleHHs i
NPOLUMBAHHS 3aroTOBKW 3 YTBOPEHHSAM HaCKpi3HOro OTBOPY B ABi CTafii, Ha NepLuin ctagii 34iNCHI0Tb
NPOLUMBAHHSA 3arOTOBKW MPOLUMBHUM MYaHCOHOM 3i C(PepUYHO0 TrONOBKOK 3 MiANOPOM Ha 3adHiin
TOpelb 3aroTOBKU 3i CTOPOHM OMOPHOrO MyaHCOHa 3 YTBOPEHHSAM [OHLA, NPOLUMBAHHS OOHUSA Ha
Apyriv ctagii 6e3 nignopy Ha 3afHil TopeLb 3aroTOBKM 32 paxyHOK MepeMIiLLEHHS OMOPHOro NyaHcoHa
B HanpsiMKy NpoLUMBaHHSI.

Heponikom Bigomoro cnocob®y €:
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1. lMpn HackpisHOMY MPOLUMBAHHI 3aroTOBKM Ha Mpeci MalTbCA BUMNAgKkuM BTpaTM MeTana B
pesynbTaTti YTBOPEHHSI BUYABKM, WO 36inbliye BUTpaTHUIA KoediuieHT meTana. [Npu BMKOpUCTaHHI B
AKOCTi BUXiAHOI 3aroToBkM Be3nepepBHONUTUIA MeTan, SKMA Ma€e Ha BiAMIHY Bif 3MMTKa CTaliOHapHOro
PO3MMBaHHA OAHOPIOHY SAKICTb BHACNIAOK BiACYTHOCTI YCaAKOBOI PAKOBMHW, iCHYIOYa TEXHOJOris
NPOLUNBAHHS EKOHOMIYHO HeaouinbHa.

2. YTBOpEHHS BUYaBOK MeTany Ha Jpyrin cTtafii NpoluvBaHHSA AOHLUS cTakaHy oOBymMOBMEHO
HeobOXiaHICTIO OTpMMaHHA 3HayHoro pfiameTtpa otBopy (160+240 MMm) npu  giametpax, ki
BUKOPUCTOBYIOTbCA, Be3nepepBHonuToi 3arotoBkn 380+470 MM i cniBBigHOWEHHA BHACMiQOK LIbOro
JdiaMmeTpy NPoLLMBHOrO NyaHCcoHa Ao aiameTpy 3arotosku 0,4+0,5.

3. IcHyto4a TexHonoria NpolUMBaHHA Ha nepuwin ctagii nepegbavyae oTpyMaHHsS TOBLUMHM OOHLUSA
ctakaHa pisHoto 100+150 mm. BHacnigok nignopa Ha 3afHin Topelb 3aroTOBKM 3i CTOPOHU OMOPHOrO
MyaHCOHY i 3ycunnsa 3i CTOPOHM MPOLUMBHOIO MyaHCOHY [OHUE CTakaHy YLWINbHIETbCA i npwu
3iNCHEHHI HACKPI3HOro NPOLUMBAHHSA NPU BiACYTHOCTI NiANOPY 3i CTOPOHM OMOPHOrO NYaHCOHY, AOHLEe
BMYABITIOETLCS MPOLUMBHUM MYaHCOHOM, WO MNPMBOAWUTbL OO MOPYLUEHHS WOro 3aB's3Ky 3 iHLUOH
YACTUHOI CTakaHa i YTBOPEHHIO Tak 3BaHOi BUYaBKW. 3i 3MEHLUEHHSIM [iaMeTpy HacKpi3HOro OTBOpY i
3HWKEHHSAM BiJHOLWIEHHS JdiameTpy TrOMOBKM MPOLUMBHOIMO MyaHCOHa [0 QJiaMeTpy 3aroTOBKM
MMOBIPHICTb YTBOPEHHSA BMYABOK METarna y BiaXoan 3HMKYETbCS.

B ocHoBy kopucHOI Moaeni noctaBneHa 3agava yaocKoHaneHHs cnocoby nNpoLIMBaHHS 3aroTOBKU
Ha ropu3oHTaNbHOMY FiApaBniYHOMY Mpeci ANA 3HWKEHHS BUTPATU MeTana 3a paxyHOK 3MEHLUEHHS
BTpaT MeTany y BiAXOAM MNPV YTBOPEHi BMYABOK LUNSXOM BUOOPY pauioHanbHOI TOBLUWHW CTiHKK
CTakaHa i ii KOHpirypauii npy BUKOPUCTaHHI CHEPUYHMX FOFTIOBOK OMOPHOTO i MPOLLMBHOIO MYaHCOHIB.

lMoctaBneHa 3agada BUpIWYETbCA TWMM, WO Yy cnocobi MpoLWMBaHHA 3aroTOBKM Ha
rOpM30OHTaNbHOMY riApaBriiYyHOMY MPECi, WO BKIOYAE PO3MILLLEHHS 3arOTOBKM B MaTpuui LUMASAXOM ii
nepemileHHs i NPOLWMBaHHS 3aroTOBKM 3 YTBOPEHHSM HacKpi3HOro OTBOPY Y ABi CTagii, Ha nepLin
cTafii 34iNCHIOTb MPOLUMBAHHA 3arOTOBKM MPOLUMBHUM MYyaHCOHOM 3i C(PEPUYHOK TOMOBKOK 3
nignopomM Ha 3afHii Topeub 3aroTOBKM 3i CTOPOHW OMOPHOIO MyaHCOHY 3 YTBOPEHHSAM [OHLUSA,
npoLwnBaHHA [OOHUSA Ha gpyriv ctagii 6e3 nignopy Ha 3afHii Topeub 3aroTOBKM 3a paxyHOK
nepemilleHHs OMOPHOro MyaHCOHa B HamnpsMKy MNPOLWMBAHHSA, 3rigHO BWHAaxXOA4y, MPOLUMBAHHSA
3aroToOBKW Ha NepLUin cTagil 3aiCHIOTbL 3 BUKOPUCTAHHAM CGEPUYHOT rOfI0OBKM OMOPHOrO nyaHCoHa 3
YTBOPEHHSIM JOHLS, TOBLUUHA SIKOrO BU3HAYAETHCS 3 BUPAXKEHHS

2 2
2 D 2 D
Ron ""Rn_JRon _Tn _JRH _Tn

0,72

Ae Ron - pagiyc cdepuyHOi ronoBkM OMOPHOrO ponuka; Rn - pagiyc cdepuyHOi ronoBKu
NMPOLUMBHOrO NyaHCoHa; Dn - AiameTp ronoBku NPOLUMBHOIO MyaHCOHaA.

MpnYmMHHO-HaCNIAKOBMIA 3B'A30K MDK CYTTEBUMM O3HakamMmu BUHaxody, WO 3asBndeTbCs, |
TEXHIYHMM pe3ynbTaToM, KU A0CAraeTbCsl, NoNsArae B HACTynmHOMY.

3HWXEHHA BUTpaTK MeTany npv nNpoluvBaHHi 6e3nepepBHONUTOI 3aroTOBKM Ha rOPU3OHTaNbHOMY
rigpaBniyHOMy nNpeci, AKMA BXOAUTb OO0 CKnagy ninirpMMoBOro arperaTty OOCAraeTbCHA 3a paxyHOK
3MEeHLUEHHs BTpaT MeTany B TEXHOMOrYHI BiAXo4uW Npu yTBOPEHi BUMABOK B pe3ynbTaTi BiapuBY AOHUS
CTakaHa Bif, OCHOBHOI MOro 4YacTvHW. 3i 3MEHLUIEeHHAM TOBLUMHWU CTiHKM OOHUS Ha nepuin cragii
NPOLUMBAHHA 3HWXYETbCH WMOBIPHICTb YTBOPEHHA BWYaBKUM 3a paxyHOK BUTUCKAHHA [OOHUS
NPOLUMBHMM MYaHCOHOM, HO B TOM e 4ac 3pocTae 3yCcwunnsi NpoLIMBaHHSA, WO OOYyMOBIHOE MPOrUH
MPOLUMBHOrO MNYaHCOHY 3i 36iNbLUEHHAM Pi3HOCTIHHOCTI CTakaHy.

[ns yTBOPEHHS pauioHanbHOT TOBLUMHM CTiHKM CTakaHy 3a paxyHOK BMOOpPY kanibpyBaHb ronosok
MPOLUMBHOrO i OMOPHOrO0 MyaHCOHIB [OOATKOBO A0 CepuyHOi rOMOBKM MPOLUMBHOIO MyaHCOHY
BMKOPUCTOBYETLCA CdEepuYHa rosyioBka OMOPHOro MyaHCOHy. B pesynbTaTti uUpboro pauioHanbHa
TOBLLUMHA CTiHKM CTakaHy, siKy BUMIPIOEMO MO OCi 3aroTOBKW, BU3HAYAETbCH 3 BUPAXKEHHS

2 2
2 _D 2_D
Ron +RH_JROH _Tn _JRH _Tn

0,72

ae Ron - pagiyc cdepudHOi ronoBkM OMOpHOro ponuka; Rn - pagiyc cdepuyHoi ronosku
NPOLUNBHOrO NyaHcoHa; Dn - AiameTp ronoBku NPOLUMBHOIO MyaHCOHa.

CcpepunyHi ronoBkM MNPOLLUMBHOMO i OMOPHOrO MYaHCOHIB 3 OAHIET CTOPOHM 3HUXYKOTb OCbOBI
3yCUNNSA Ha NyaHCOHW NPW NPOLUMBAHHI Ha NepLin i cTagil, a 3 iHWOT CTOPOHU 3HUXKYIOTb CepeHio
TOBLUMHY CTiHKM NPOMINbHOro AOHUSA CTakaHy i 06'eM MeTana, akui gedopMyeTbca Ha Apyrin cragii
NPOLUNBAHHS.
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BupaxxeHHs A4ns BU3HaYeHHSA TOBLUMHW CTIHKM & CTakaHy Ha nepLuin cTagil NpowmnBaHHA OTpMMaHo
i3 YMOBM, MpU SIKOMY AOTUYHI HaMpPYXEHHs, WO AiloTb B AOHUI B HanpsMKy MpOLUMBaHHA OyayTb
OiNblWMMK HanpyXeHb PO3TArHEHHS, WO AiloTe B pajianbHOMY HanpaBfeHHi. B ubomy Bunagky He
BinOyaeTbCs BMYABMIOBAHHA OOHLSA NPOLUMBHUM NMYaHCOHOM, a PO3pMB AOHLS i NepeMilleHHs meTany
OOHLUS Ha nepudepito, TO6TO A0 CTiHKM CTakaHy, NOAOBXYHOUM NOro. 3i 3MEHLLIEHHAM TOBLUMHW OOHUSA
d NoninwyTbCsa YMOBU Ans 3anobiraHHs YyTBOPEHHS BUYaBOK MeTany B BiAXOAM.

MopiBHAHHSA cnocoby NpOLUMBAHHA 3aroTOBKWM Ha FOPU3OHTanNbHOMY MPOLUMBHOMY MpEcCi, SKWN
3aABNSAETHCH, 3 MPOTOTUMOM MNOKa3ye, WO BiH BiOPI3HAETbCA TUM, WO MNPOLUMBAHHS 3arOTOBKM Ha
nepLui ctagii 34iNCHIOITb 3 BUKOPUCTAHHSM ChepryHOT rofioBKM ONMOPHOrO NMyaHCOHa 3 YTBOPEHHSIM
OOHLISI TOBLLMHA SIKOFO BU3HAYaETLCH 3 BUPAXKEHHS

2 2
> D > D
Ron ""Rn_JRon _Tn _JRH _Tn

0,72

ae Ron - pagiyc ccepnyHOi ronoBkM OMOPHOro ponivka;, Rn - pagiyc cdepudHoi ronosku
NPOLUNMBHOrO NyaHcoHa; Dn - AiameTp ronoBku NMPOLUMBHOIO MyaHCOHa.

Takum 4mHOM, cnocobi NPOLUMBAHHS 3arOTOBKM Ha FOPU3OHTANbHOMY MPOLUMBHOMY MpPECi Lo
3asBNSETLCA Bignosigae kputepito "HoBM3HA".

MOpPIBHSAHHS 3 IHWMMK TEXHIMHUMW PILLEHHSAMM Y Ui 0bnacTi TEXHIKM He BUSIBUINO Yy HMX O3HaK,
KOTPi BiAPi3HAOTb PillEHHS WO 3asBMSETbCA Big NpPOTOTUNY. TakMM YMHOM, Mae€ Micue KpuTepin
"BUHaXigHULBKOIO piBHS".

BuHaxig nosicHI0eTbCA KpecneHHsamMmM: Ha dir. 1 306pakeHOo 3aKiHYeHHS NMPOLLUMBAHHSA 3aroTOBKM Ha
nepLin ctagii; Ha gir. 2 306paxxeHo NPYXKHIN CTaH B AOHLI MK ChePUIYHMMM rONOBKaMu NPOLUUBHOTO i
OMOPHOrO NMYaHCOHIB; Ha ir. 3 300paXeHO 3aKiHYEHHA NPOLUMBAHHA AOHLUS Ha APYrin cTagii.

lMpowmnBaHHA 3aroTOBKM Ha TrOPU3OHTanNbHOMY rigpaBniYHOMY Mpeci y BiANOBIAHOCTI i3
3anpornoHOBaHUM  CMOCOBOM  3MINCHIOETBCSA  HacTymHMM  4YuHOM. Harpita go Temnepatypu
1250+1280 °C 3aroTtoBka MO TPaHCMNOPTHUM poOfbraHram Micns kamepw rigpo3buBaHHS OKanuHu
HaAX04MTb Ha NPOLUMBHMUIA NPEeC i NOTIM LUTOBXa4YeM 3ilUTOBXYETbCS Ha NpUNMarbHi BaXeni MexaHiamy
3aBaHTaXEHHs!, KOTPi OMycKal4duch Mg KONIOHW Npecy, BCTAHOBIIOKOTbL 3aroTOBKY Ha MpuAManbHUN
CTin (Ha pUCyHKax Mpouec 3aBaHTaXXEHHs1 3aroTOBKM Ha MpUAMarnbHWIA CTin He nokasaHun). MoTim
Matpuusa 1 HabkoKae Ha 3aroToBKy 2. [licns po3MmilleHHs 3aroToBkM 2 B MaTpuui 1 Npu HasiBHOCTI
nianopy Ha 3afHin TopeLb 3aroTOBKM 3i CTOPOHM HEPYXOMOIO OMOPHOrO NyaHCOHY 5 3 rofoBKoto 6, WO
Mae ccpepuydHy pobo4vy NMOBEPXHIO, MOYMHAETLCS MPOLEC NPOLUMBAHHA B NEpLUi cTagii NPOLNBHUM
nyaHCOHOM 3 3i ChepnYHOIO FOMNOBKOK 4 B CTakaH, CTiHKa SIKOr0 Mae 3MiHHY TOBLUMHY: MiHIManbHy &
Ha OCi cTakaHy i MakcuManbHy H y BHYTpILWLHIN noBepxHi matpuui (dir. 1).

MaTpuus 1 mae giameTp BHYTpiWHLOI poboyoi noBepxHi Du y ronoBkM ONOPHOrO MyaHCOHY, Lo
BM3HAYaETbCA 3 ypaxyBaHHAM KOHycHocTi 1:100 3i 3MeHLWeHHAM BHYTPILWHLOrO AiaMeTpy BiA
nepegHbOro A0 3aAHbOro Topus. [onoBka 4 MPOLWMBHOMO NyaHcoHa 3 Mae€ HacTymHi napameTpu:
adiameTp ronoeku - Dn, pagiyc chepnyHoi YacTuUHK - Rn | LOBXUHY ronoBku - 1n. [onoBka 6 onopHoOro
nyaHcoHa 5 Mae HacTynHi napameTpu: giameTp ronoskun - Don, pagiyc cepuyHOi YacTvHM - Ron,
AOBXWHY rONOBKU - Lon i 3aranbHy AOBXUHY - (Lon + Ha).

Bnbip pagiyciB cpepuiHuX OinsiHOK rofloBOK NPOLUMBHOTO i OMOPHOIO MyaHCOHIB BM3HAYaeTbCcs 3
ypaxyBaHHAM MiHiMi3aLil 0CbOBMX 3YyCUMb, WO Ait0Tb Ha NPOLUMBHUIA i OMOPHUI NYaHCOHW, CTINKOCTI
rONOBOK i OTPMMaHHS [OHUSA CTakaHy Ha MepLlin cTtagii npowmnBaHHA 3 NPO@IiNbHUMKU TOPUAMU, AKi
3a6e3nevyloTb pauioHarnbHy TOBLLMHY CTIHKM 8, L0 NEePELLKOAXXaE YTBOPEHHIO BUYABKM MeTary.

BHacnigok cepuyHnx noBepxoHb rOfIOBOK MPOLUMBHOMO i OMOPHOrO MyaHCOHIB Npodini AoHUs
KOHIPYEHTHI cheprUyHMM rofioBkam 000X MyaHCOHIB 3 OAHI€E i iHLLIOI CTOPOHM.

B ubomy BuMnagky MiHiManbHa TOBLUMHA 8 AoHUA Oyaoe Ha oci 3aroToBku (Oci maTpuui npecy).
ToBLMHA JOHLSA 6 BUSHAYAETHCH 3 BUPAXKEHHS

2 2
2 D 2_D
Ron ""Rn_JRon _Tn _JRH _Tn

0,72 , (1)

Ae Ron - pagiyc cdepuyHOi TrOfnoBKM OMOPHOro ponuka; Rn - pagiyc cdepuyHOi ronoBku
NPOLUMBHOrO NyaHCoHa; Dn - AiaMeTp ronoBKM NPOLLMBHOIO MyaHCOHa.

Bubip pauioHanbHOT TOBLUWHM SOHUSA 6 HEOOXigHUI Anga 3anobiraHHst yTBOPEHHS BUYABOK MeTany
Ha Apyriv ctagii npowmnBaHHs. B uboMy BUNagky BUYaBKM yxoasiTb y Biaxoaw i 30inbLUuytoTb BUTPATHUIA
KoeilieHT meTany.

PauioHanbHa BenuunHa & BM3HA4YaETbCs i3 HACTYMHMX MipKyBaHb. [licna BiaBeAeHHs ONOpHOro
MyaHCOHY HaniBo (B HampsMKy MPOLIMBAHHA) Ha 3agHbOMY TOpUi 3aroTOBKM € BinbHa BWUrHyTa

6<
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noBepxHsa 3i cdepudHuM pagiycoMm Ron. Pyx mpolmBHOro nmyaHCoHy HaniBo y nepiog gpyroi cragii
NpoLUMBaHHA CTBOPIOE B AOHLI ABa BUAY HanpyxeHb (dir. 2). Bagosx niHil BB aie HanpyxeHHs 3cyBy
(OOTMYHI HanpyxeHHA), a nepneHanKyNapHoO niHii Al 4iloTe HOpMarnbHi HanNPYXeHHs PoO3TArHeHHs. B
3anexHOoCTi Big TOro, Ha SKi NiHii paHile BMHUKHYTb HaMpYyXeHHs TeKy4ocTi, 6yae po3BuBaTuCA
BiONOBIAHUA BWUA PYMHYBaHb. AKWO Ha niHii BB HanpyxeHHs 3CyBYy AOCATHYTb MeXi TEeKy4OCTi Ts
paHiwe, aHiX Ha niHii Al HOpManbHi HanPyXeHHA OOCArHYTb MEXi TEKYYOCTi Gs Ha PO3TArHEHHS, TO
NMOYMHAETLCA MNpPOLEC BUTUCKAHHSA [OOHUS [ONOBKOIO MPOLUMBHOrO MyaHCOHY. B pesynbrari
YTBOPIOETLCH BMYABKA, AKa Mae Yy Biaxoau. FAKLWO X HaNpyXEHHS PO3TArHEHHd, NeprneHauKynsapHi o
niHiT Al', JOCArHYTb MeXi TEeKY4OCTi Gs paHile, aHik HanpyxeHHs ts Ha niHil BB, To Bigbyaetbca
pO3puB AOHUSA i NepeMilleHHss MeTany AOHUS Ha nepudepito, To6To A0 CTiHKM cTakaHy. B ubomy
BMNaZKy BUTUCKAHHA MeTany He BiaOyBaeTbCs i BUYaBKa, sika nae y Biaxoam He yTBOPKETLCSA. Takum
YMHOM, YMOBa BIACYTHOCTI BUTUCKaHHSA AOHUSA MPOLIMBHUM MYaHCOHOM 3 YTBOPEHHSAM BUYaBKM
BN3HAYAETLCHA BUPAXKEHHAM
BB-ts>Al"-cs, (2)

abo
BB os
Ar ‘ES . (3)

3rigHo ymoBu TekyyocTi Miseca Mexi TekydoCTi Ha pO3TArHEHHS os i 3CyB Ts MNOB'A3aHi
cnisBigHoweHHAM (Teopusa obpaboTku metannos gasneHuem / U. A. TapHosckui, A. A. MNMosgees 1
ap.; nog pea. . A. TapHosckoro. Mocksa: Metannyprusgar, 1963. 673 c.)

V3

1:5:?03:0,5805

(4)
3 ypaxyBaHHsAM cniBBigHOLWeEHHS (4) BUupaxkeHHs (3) npuime Bug
@ >172
Al . (5)
Al

Ak BUNnmBae 3 KpecneHHs Ha gir. 2
EB:hon+8+hn; (6)

» D
hon:Ron_ Rorl_TrI
; (1)
2
h, =R, — 2_Dn
4.0
Al=4.

MipctaBnsaoun BupaxeHhs (7) i (8) B (6) i, BMpiwyoumn BupaxeHHs (2) BiGHOCHO &, OTPUMaeMo

2 2
> D > D
Ron +RH_JROH _Tn _JRH _Tn

0,72

wo signosigae BupaxeHHO (1) npu npunHATMX napameTpax Ron, Rn, Dn ronioBOK NPOLUMBHOIO i
OMOPHOro MyaHCOHIB. Po3paxyHkM nokasanu, o npu npunHATUX napameTpax Ron=368 mMm, Rn=144
MM, Dr=180 MM paLioHanbHa BENUYMHA TOBLLMHN JOHLS

368 +144 — \/3682 _180° _ V1447 ~1807
4 4 ~59,42
0,72 MM

Takum YMHOM TOBLLUMHA CTiHKM 8 MOBWHHA OYTK B LIbOMY BMNaAKy He BinbLuoto a Hixk 59,42 mm, a 3i
3MEHLUEeHHAM 3§ YMOBM MpPOLUMBAHHA AOHUSA Ha Apyrid cTafil noninwylTbes, WO nepelikogkae
YTBOPEHHIO BUYaBKK, SIKa ide Y BiAXoam i 3MeHLLYye BUTpaTHUIA KoedilieHT meTany.

ToBLMHA JOHUA cTakaHy H y BHYTPILLHIN NoBepXHi MaTpuLi cknagae

H=H1+5+hn, (9)

ae Hi - Bucota cdepuyHOi MNOBEPXHi FOMOBKM OMOPHOrO MyaHCOHa, sika BU3HAYaeTbCH 3
BUPAXKEHHS:

6<

6<

2 D n
H _R R Ol

Mpu npunHATMX napameTpax BennymHa Hi=56,86 Mm i ToBLMHA CTiHKM H=147,88 mMm.
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Mpwn HackpisHOMY MPOLUMBAHHI AOHLUSA CTakaHy 6e3 YyTBOPEHHS BUMABKM BifOyBa€eTbCsl MOOOBXEHHS
1 NOpPOXHBOI 3aroTOBKM, AKa MPW MNOCKMX TOPLUSX AOHUA TOBWMHOW H moxe 6yTn Bu3HayeHa 3
BUPaXXEHHS

1=H'p.r|,

e un - KoedilieHT BUTSAryBaHHA Ha Npeci.

Mpn npolwmBaHHi 3rigHO 3anpPonoHOBaHOro cnocoby nicnga ii nepLoil cTagii Mae Micue HasBHICTb
chepuyHMx 3anaguH 3 OBOX CTOPIH OOHUA, SKi MalwTb pi3Hi napameTpu, WO BignoOBigawTb
chepudHOMy KanibpyBaHHIO rONOBOK NPOLUMBHOIO | ONOPHOrO MNYaHCOHIB.

B ubomy BMnagky nogoBxeHHs1 11 nicns npowmBaHHA NpodinbHOro A0HLUA CTakaHy BU3HAYaeTbCs
HacTynHUM YnHom. OB'emun 3anaguH 3i CTOPOHU NPOLLMBHOIO V1 i ONOPHOro V2 NyaHCOHIB BU3HAYaOTb
sk 06emMun cermeHTiB cchepu no bopmynam:

vlzl.n-hn-(s-Rﬁmﬁ)

6 ; (11)
Vs, :l-n-H1~(3.R§n+Hf)
6 . (12)
Tak sk Ui 3anagnHy 3aMeHLWYTb 06'eM V3 NpoginbHOro A0oHUS, TO MOro BenuynHa
V3=V-V1-Vz, (13)
ae V - 06'eM OOHUSA 3 NnacknMy TOpUsiMU, SIKUIA BU3HAYaeTbCs SK

vy RZ.H
6 . (14)
O6'em V3 OoHUS B pe3ynbTaTi HACKPI3HOMo NPOLUMBaHHSA MOXHA NpeAcTaBuTh y BUTNSAI

Vs =§-|1-(os—oﬁ)’ a5

Ae l1 - N0QOBXEHHSI NMOPOXHBOT 3aroTOBKW.

B pesynbtaTi cninbHOro piweHHs BupaxeHb (11) - (15) MOxHa BU3HAYNTM MNOAOBXKEHHSA |1
NOPOXHBOT 3aroToBKM (CTakaHa).

Takum 4vHOM, NpW OTpUMaHHI MPOMdINBHONO AOHUSA CTakaHy 3i 3MIHHOK TOBLUMHOK CTiHKM
KoediliEHT BUTANYBaHHA Ha ApYriv cTadii NpoLMBaAHHSA 3MEHLUYETLCH Y MOPIBHAHHI 3 MPOLNBAHHAM
CTakaHy 3 NOCTINHOI TOBLLMHOK CTIHKW, NPWU HE3MIHHOMY CyMapHOMY BUTSAryBaHHI Ha NepLlin i gpyrin
CTafiax i piBHOMY Lin 3 NOAOBXEHHAM

1=L3'Hn,

e Lz - 4OBXWHA 3aroTOBKM; Lin - KOEMILIEHT BUTAryBaHHSA Ha npeci.

B pesynbTaTi Hackpi3HOro MpoLMBaHHA 3afdHiA KiHeub 7 MOPOXHbOI 3aroTOBKWM Mae BUrMsag,
HaBefeHuWI Ha dir. 3.

Mpuknag KOHKPETHOro BMKOHAHHSI 3anpornoHoBaHoro cnocoby. Ha TpybonpokaTtHomy arperaTi 5-
12" 3 minNirpuMoBUMKM CTaHaMK, OO CKnagy sIKoro BXOAWUTb MPOLUMBHUK MiApaBivYHUA rOPU3OHTaNbHUN
npec 3ycunnam 20 MH, 3givicHioBanu npokatky Tpyo poamipom 299x8,0 mm no ACTY 8938:2019 3
Kpyrnoi 6e3nepepBHONUTOI 3aroToBkM AiameTpom 450 MM i AOBXUHOI 843 MM.

lMicns HarpiBaHHSA 3aroTOBKM A0 Temnepatypu rapsyoi gedopmadii (~1280 °C) i rigpo3busaHHs
OKanuHu 3 ii NOBEPXHi, BOHA HaAXOAWTb Ha FOPM3OHTAaNbHUN FigPaBniYHMA Npec ANns NPOLNBaHHS B
NMOPOXHIO 3aroToBKy. [NpolnBaHHA 34INCHIOITE B MaTpULi, Ska Mae LMMiHOPUYHY OiNsSHKY 3i CTOPOHU
OonopHoro nnyHxepa, gosxuHoto 300 mm i giametpom 460 mm. [JoBXuHa maTpuui cknagae 2760 mm.
[liameTp romnosku OMOPHOro mMyaHCcoHy Don=455 MM, Bucota ronoskn 1on=357 MM. [onoBska
NPOLUMBHOrO MyaHCOHY Ma€ HacTynHi napameTtpu: giametp Dn=180 mm, Bucota 1,=150 mm, pagiyc
Rn=144 mm.

MpowmBaHHA 3aroToBKM 3AdicCHIOBanNM B [Ba eTanu. Ha nepwomy eTani 3giicHoBanu
NPOLUMBAHHSA 3aroTOBKWU MPOLUUMBHMM MYyaHCOHOM 3 MNiANOPOM Ha Ti 3aHil TopeLb 3i CTOPOHU OMOPHOro
NMyaHCOHY 3 YTBOPEHHSM KPUBOSMIHIMHONO [AOHUSA i3 3arnnbneHHsMW, BignoBigHMMM pagiycam
chepuyHMX NOBEPXOHb FOMOBOK BiAMOBIAHO OMNOPHOrO MyaHCOHY - 3MiBa i MPOLUMBHOIO MYaHCOHY - 3
npasa. [pn UbOMY TOBLLMHA OOHUSA 3MIHIOETLCS Bifi MAKCUManbHOro 3HavyeHHs piBHoro Hi=H+5+hn=
=56,86+59,42+31,6=147,88 MM y noBepxHi MaTpuui A0 MiHIManNbLHOro 3HayeHHs 6=59,42 MM Ha OCi
3aroToBKM.

[na 3AinCHEeHHs HACKpi3HOro NPOLUMBaHHA OOHLSA CTakaHy Ha ApyroMy eTani BigBoAUNN OMOpHUN
nyaHCcoH Ha BiactaHb 300 MM B HanpsMKy NPOLUMBAHHS i 3AiMCHIOBaNM HacKpisHe NPoLIMBaHHA OOHUSA
npw BiACYTHOCTI MiANOPY Ha 3aAHi TopeLb 3aroToBkW. [1pu LibOMY 3aroToBKa YTPUMYETLCA B MaTpuLi
cunamMum TepTS Ha KOHTaKTi 3 MaTpuuelo, YoMy TakoX CMpUSE HanpAMOK KOHYCHOCTI Martpwuui
(3MEHLLEHHs Ti BHYTPILUHLOrO AiameTpa B HanpsiMKy NpoLUMBaHHS).

B pesynbTaTi HaCKpi3HOro MPOLUMBAaHHA AOHUS NPodinbHOI hopmu, 3 pauioHanbHOK TOBLUMHOK &
(Ha oci 3aroToBkM) 3a paxyHOK CEpPUYHMX FONIOBOK MPOLUMBHOIO i OMOPHOr0 MyaHCOHIB 3HA4YHO
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3HUXKYETBCS KiNbKICTb BUMAAKIB YTBOPEHHS BUYABOK, Ki 30iNnbLUylOTb BUTPATHUIA KoedilieHT meTany.
Mpn ubomy BiOOyBaeTbCs PO3PUB AOHLUS B 30HI 3 MiHIMANbHOK TOBLUMHOK (Ha OCi 3aroTOBKM) i
nepemiweHHs meTany Ao CTIHKU CTakaHy, Wo 36inbLye NOro AOBXMHY.

[Micnsa nigirpiBy NOpoXHbLOT 3aroTOBKM B KinbLeBil nevi oo Temnepatypu 1280 °C BoHa nocnigoBHO
npoxoauTb AedOpMyBaHHS Ha CTaHi-eNoHraTtopi 3 OTPUMAHHAM Tinb3u, Ha MiNIrPUMOBOMY CTaHi 3
OTPUMaHHAM YOPHOBOI TpYyOM i micna 1T nigirpiBy B neyi 3 KpokyrouMn H6ankamu Ha n'aTUKNITbOBOMY
KanibpyBanbHOMY CTaHi 3 OTPUMAHHAM YMCTOBOI TpyoW.

lMpokaTka Tpy® 3 MOPOXHIX 3aroTOBOK, OTPUMAHMX Ha FOPWU3OHTaNbHOMY TligpaBniyHOMY Mpeci
NMO3NTMBHO BMJ/IMBAE HA 3HWMKEHHSI MOMEpPEeYHOi Pi3HOCTIHHOCTI TPYD, a TaKoX 3HWXKXYE BUTPATHUN
KoeilieHT MeTany 3a paxyHOK 3MEHLUEHHS MOro BTpaT Y Bigxoau BHACNIAOK YTBOPEHHS BMYaBOK Npu
HaCKpi3HOMY MPOLLUMBaHHI 3aroTOBOK.

®OPMYIA KOPUCHOI MOJEN!

Cnocib npolwmBaHHA 3aroTOBKM Ha rOPU3OHTaNbHOMY rigpaBriyHOMY Mpeci, L0 BKHOYAE PO3MILLIEHHSA
3aroToBKM B MaTpuui LWIASXOM ii NepeMillleHHs i NpOoLUMBaHHSA 3aroTOBKU 3 YTBOPEHHSAM HACKPi3HOMo
OTBOpY Y AOBi CTagii, Ha NepLin cTtagii 34iNCHIOTE NPOLUMBAHHA 3arOTOBKM NPOLUMBHMM NMYaHCOHOM 3i
cchepuyHOO rONMOBKOK 3 NiAMOPOM Ha 3agHii TOpelb 3arOTOBKM 3i CTOPOHM OMOPHOrO NnyaHcoHa 3
YTBOPEHHSIM AOHUSA, NPOLUNBaHHA AOHUA Ha APYrin cTagii 6e3 nignopy Ha 3agHin TopeLb 3aroToBkM 3a
paxyHOK MepemilleHHs ONOPHOro NyaHCOHa B HAMPsSMKY NPOLUMBAaHHS, SKUA BiApPi3HAETbCA TUM, LWLO
NPOoLIMBaHHA 3aroTOBKM Ha Mepuwin cTtagii 34iNCHIOITb 3 BUKOPUCTAHHAM CHEPUYHOI TOfOBKMK
OMOPHOTO NyaHCOHAa 3 YTBOPEHHSAM [OHLSA, TOBLLMHA SIKOrO BU3HAYaETLCS 3 BUpa3y:

2 2
R0n+Rn_\/R(2)n_Dn_JR§_Dn
5 < 4 4 ,
0,72
ae Ron - pagiyc cdepuyHoT ronoBkM onopHOro ponuka; Rn - pagiyc cepuyHOoi rorioBkM NpoLLMBHOMO

nyaHcoHa; Dn - /J,iameTp FOJTI0BKM NPOLUMBHOIO nyaHcoHa.
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