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Onuc BuHaxony

[aHui BuHaxig BigHOCMTBCA OO Cnocoly KepyBaHHS MPOLECOM FOPiHHA Y HELUNakiBHOMY LUKIOHHOMY MarbHUKY
nicna 1Moro 3anycky.

MigirpiBanbHUiA abo TOMKOBWUWA NanbHUK LUWMKMNOHHOTO TWUMy MoXe OyTW onucaHui sk “"agiabaTuyHuin" Kpyrnui
naneHWK, SKUA Mae KaMmepy 3ropsiHHs, B SIKY TaHreHuianbHO BBOOAUTLCA ras, HeoOXiOHUI AN ropiHHA, AK, Hanpuknag,
NOBITPS AN YTBOPEHHSI BUXPOBOrO NOTOKY. YacTUHKM nanuBa BBOAATLCA Y ra3oBUM NOTIK i nig Aieto BigueHTpoBol
cunu 6yoyTe nepemiwiatucsa B3OOBX CTIHKM kamepu. MMannBo y LMKIOHHOMY NaribHUKY NepeBaXHO MiCTUTb noapibHeHi
YacTUHKW, ane B MOPIBHSAHHI 3 TBepgonanvBHWM NanbHWKOM, WO CTOITb OkpeMo, noTpeba y ApibHo3epHUCTOMY
mMaTepiani Habarato MeHLue.

Y GaraTboX BMNafKkax 3acTOCYBaHHA TemnepaTtypa BCepeAWHi LUMKIIOHHOTO NarnbHUKa € HAacTiflbkM BUCOKOD, Lo
nanvBHa 3ora po3NnaBnsAeTbCs | YTBOPKOE WakK, AKMN HeobxigHo GesnepepBHO BUAansATK 3 nanbHuka. Lle 3BuyaiHo
BinOyBaeTbCcs y BMNagKy, KON NanbHUK BUKOPUCTOBYETLCS OIS CNareHHs Byrinns. B iHWMX Bunagkax 3actocyBaHHs,
0cobnMBO NpU cnarneHHi AepeBuHW, TeMnepaTypy peryrnioloTb TakKUM YMHOM, WO6 YHUKHYTU HanMnaHHA po3anraBrieHol
3onu.

Y GinblWOCTi BUNaAKiB 3aCTOCYBaHHA LUMKMOHHWMIA NanbHUK Mae BOTHETPUBKY (yTepiBKy, Wo 3anobirae koposii i
3BOANTL A0 MIHIMYMY TENnoBi BTpaTh. Y CNosfy4YeHHi 3 TENSIOHANPYKEHICTIO Lje NPpUM3BOAWTL A0 NpUbnnsHo agiabatnyHol
TemnepaTypy BcepeaunHi nanbHuKa.

Y GaraTbox BuMNagKax 3acTocyBaHHS MOTPIGHO NigTpuMyBaTU TemnepaTtypy y BM3HadYeHoMy iHTepBani Temnepartyp
Ana Toro, Wo6 aocaAraTy 3afoBiNbHOMO 3ropsiHHA BYTMeLo, NpyU LUbOMY YHUKaK4YM HedonikiB, NoB's3aHMX 3 BUCOKOO
TemnepaTypolo, Hanpvknag, BUlle3asHadyeHoro HanunavHsa. Hanbinblia TemnepaTtypa QocsraeTbCsi fkpas npu
CTEXIOMETPUYHOMY pPEXUMI, TOGTO MpU pPeXUMi, KOMM KirbKICTb KACHIO B rasi, Wo BBOAWUTbCH, HeobXigHOMYy Aans
ropiHHs, abo y MOBITPi OOPIBHIOE KINBKOCTI KWCHIO ANsi MOBHOMO 3ropsiHHs nanvea. [py BBeAEHHI MeHLUOI KirnbKocTi
KUCHIO, TOBTO Npu JoCTeXioMeTpU4HOMY pexumi, Temnepatypa Oyaoe HWxYow, | Te came Mae Micue npu BBEAEHHI
OinbLUOT KiNMbKOCTI KMCHIO, TOBTO NpU HaACTEXIOMETPUYHOMY PEXMMI, OCKINbKM HagMipHUA KuceHb Oyde CryXutu siK
oxorogxytode cepegosuie. Lle nokasaHo Ha Pir.1.

BigHoleHHs poBounx Mex perynioBaHHs, TO6TO BiAHOLIEHHS MaKkcMMaribHOro po6oyoro HaBaHTaXKeHHs Mo nanvey
[0 MiHiManbHOro poboYoro HaBaHTaXXEHHs NO NanuBy ANA OaHOTrO LMKMIOHHOIO narbHuKa nNiMiTyeTbea notpeboo y
LUMPKYNALIT YaCTUHOK | IHTEHCUBHUM BUHECEHHSIM YacCTUHOK (NPOCKaKyBaHHSIM). |HWWMK cnoBamu, BuTpata rasy abo
WBMAKICTb ra3y NoBWHHA BYTW BULLE HUXHBOI Mexi Ana Toro, Wwob 3abesnedyBaTi 3axOnieHHsl YacTMHOK nanvea, npu
LbOMY He AOMycKaloun NOPYLUEHHA TaKoro 3axonfieHHd YacTMHOK ManuBa Yepes Ailo CUM TAXIHHA | TepTs, a Takox
MOBWHHa GYTW HWXYe BEpXHbOI MeXi Ang Toro, Wob He AonyckaTy BUXIA YaCTUHOK 3 Kamepu 3ropsHHS A0 X NOBHOMo
3ropsiHHS.

LLInakiBHA UWKIOHHWIA NanbHUK Mae Hanbinbll LWMPOKe 3acTocyBaHHA. BiH npautoe npu HapgcTexiomeTpudHoMy
PEXUMI, LLO MOSAICHIOETHCS, B OCHOBHOMY, HEOOXIOHICTIO YHUKHYTU YTBOPEHHS1 KOPO3iNHOrO cepenoBuLLia Npy BiOHOBHUX
YMOBaxX chnarneHHs BYrinnsa. 3BMYaiiHO MOXIMBUM € BiOHOLUEHHsi poOoYMX MEX peryntoBaHHs, sike gopiBHioe 2:1. Y
LrakiBHOMY LIMKIIOHHOMY NanbHWKY BiaOyBaeTbCA NOBHE MNaBfieHHst YacTUHOK 305U, fka BUAAnseTbCs, B OCHOBHOMY, Y
BMMAAI Wnaky. Y NpoTUMNEXHICTb LbOMY HELLNaKiBHUIA LMKIOHHUIA NanbHWK Npautoe Npu TakoMy pexuMi, npu skomy He
6yne BinbyBaTucs cunbHe LNaKyBaHHA BCepedWHi nanbHuKka. TuM caMum 3ona BUAanseTbCsl, B OCHOBHOMY, Y BUIMAgi
TBEPAUX YaCTUHOK rfeTkol 3omun. HewnakiBHi LUMKIOHHI NarbHUKM MOXYTb MnpautoBatv AK Npu SOCTEXioMeTpu4HoOMY
peXMMI, TaK i NpY HaQCTEXIOMETPMYHOMY PEXMMI, XOo4a YacTille 3a BCe - NPU HaAcTeEXiOMETPUYHOMY PeXMMi. 3BUYHanHO
MOXMMBMM € BigHOLWIEHHS1 pobounMx Mex perynioBaHHsa, ske pfopisHioe 4:1. [epeBaxHa pobota npu
AOCTEXIOMETPUYHOMY PEXMMi, TOMY L0 Y TakoMy BUMNagky nanbHWK Moxe OyTu BMIOTOBEHUN Ginbll KOMMAaKTHUM.
MoxHa BBaxaTu, Lo NMToMa 06'eMHa BUTpAaTa rasis yepes LWMKIOHHUA NanbHUK (M3/KMgnuee) NPMBNM3HO nponopuiiHa
CTEeXioMEeTPUYHOMY BIOHOLIEHHIO, |, TakMuM YMHOM, Oinbll BKWCOKE TENroBe HaBaHTaXEHHA MOXIMBE Mpu
AOCTEXIOMETPUHHOMY PEXUMI.

3rigHO 3 nonepenHiM piBHEM TeXHiKM 3abe3neqvyeTbCs HEBENUKa perynboBaHICTb BiQHOCHO MPOLECY FOPiHHS Y
LUMKIOHHOMY MarbHUKY, NpY LBOMY, MpaLioloyn Y HeobXigHOMY iHTepBani TemnepaTyp, BaXKO AOCATHYTW BigHOLLEHHSI
poboumx Mex perynioBaHHst Ginblue Hixk 4:1. OCHOBHI MPUYMHU LbOro NOMSralTb y TOMY, WO 4ac nepebyBaHHsA
YaCTUHOK NanuBa y kamepi 3ropsiHHA € oBMeXeHUM Npu BUCOKIN BUTPATI rady abo Wo LMpKYnauis y kamepi 3ropsiHHA
CTae HedoOCTaTHLOW MPW HWU3bKIN BUTpaTi rasy. OAHUM MOXMIMBUM TEXHIMHUM pilLEHHSIM Ana AOCArHEHHs BinbLlioro
BiHOLLEHHA pobounx Mex peryrnoBaHHsa 6yno 6 BMkopucTaHHa AoBLIoro nanbHuka. OfHak, Taka KOHCTpyKuia 6yna 6
poporoto, ob'emHoto | noTpebytodoto Benukoro npoctopy. Kpim Toro, 4OBLUMIA NanbHWK CTBOPOBaB 61 3HaYHY CKNagHicTb
Mo AOro PO3MILLEHHIO Y pasi HeOBXigHOCTI 3aMiHW HUM 3BUYaNHOIO iICHYHOYOrO NanbHUKa.

3apayeto [aHOrO BMHAxXody € CTBOPEHHs crnocoby, Akui 3abeanedvye MOXMIUBICTb Kpalloro KOHTpoOmo Ta
perynioBaHHa KOMNAaKTHOrO HeLUnaKiBHOro LIMKIOHHOMO NanbHUKa.

|HWolo 3apadeto JaHOro BMHAxXody € CTBOPEHHsi crnocoly, AKWW [03BONsA€ 36inMbLUMTU MOXIMBE BigHOLLEHHS
poBouNX MeX perynioBaHHs Ang AaHOro LUMKIIOHHOTO NanbHUKa.

Lli Ta iHwi 3agadi, sKki cTaHyTb O4YeBMAHMMMK 3 NOAArbLIOTO OMWCY, OOCAraloTbCA 3a AONOMOro crnocobdy,
BU3HAYEHOro Y NpUKnageHin hopmMyni BUHaxoay.

BuHaxin ocHoBaHW/A Ha TOMy, WO 3a [AOMNOMOIMoK 3MilleHHsi MK [OOCTEXIOMETPUYHWMM pexruMom Ta
HagCTEXIOMETPUYHMM PEXKMMOM B OLHIW i Til camili 30HI KaMepy 3ropsiHHSA HELUNaKIBHOTO LIMKIIOHHOIO NanbHUKa MOXHa
OOCATHYTW KpaLloi peryrboBaHOCTi i BinblIOro BigHOLWIEHHST pobounx MeX peryntoBaHHS, HiXK y nonepedHboMy piBHi
TEXHIKW.
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3BMYaliHO HeoOXigHO NiATpUMYBaTWM TemnepaTtypy y Kamepi 3ropsiHHS LMKIIOHHOrO narbHWKa B OOMeXeHoMy
iHTepBani Temnepatyp. Ynum HuxYe Temnepatypa y Kamepi 3ropsiHHs, TUM MOBINbHilLE LWBWAKICTE 3rOpsiHHS YacTUHOK
BYFifNA, WO AocAraeTbes, (3anvwok nicna niponisy), i, KpiM TOro, CMpuUYMHEHe LMM HakoMUYeHHs Byrinng y
naneHWKY, MOXIMBO, NPU3BOAUTE TAKOX A0 MEHLUOI NMPOAYKTMBHOCTI LUKITOHHOrO naneHuka. HuxHA Mexa iHTepBany
TemnepaTyp OOpiBHIOE, WoHanmeHwe, 700°C i nepeBaxxHo 900°C. OpgHak npu NeBHMX YMOBaXx, sk, Hanpuknag, ans
KOHKPETHOro BuAy nanvea, Us Mexa Moxe OyTU HaBiTb Huk4ow, Hanpukniag, 600 °cC. BepxHs mexa iHTepBany
TemnepaTyp 3anexuTb, MK iHWWM, Big NMaBfeHHs i HanunaHHa 3ropinoro nanveBa. BepxHa Mmexa iHTepBany
TemnepaTyp AopiBHIOE, Halbinbwe, 1300°C i nepeBaxkHo 1100°C. OgHak npu NEBHUX YMOBaXx, SIK, Hanpuknag, ans
KOHKpeTHOro BMAy nanueBa Us Mexa Moxe OyTu HaBiTb BMLOH, SK, Hanpuknag, 1400 °C. Lle osHavae, wo ans
niaTpMMaHHa Temnepatypu B OaxkaHOMy iHTepBani TemnepaTtyp KinbKicTb rasy, HeobxigHy Ans ropiHHs, noTpiGHo
perynoBat BIiAMOBIAHO OO KiNbKOCTI namuBa, MPUCYTHBOIO Yy KaMepi 3ropsiHHA. |HWWMK crioBamu, 3rigHO 3,
LOHaMeHLUe, OOHUM BapiaHTOM 3AiCHEeHHs1 BUHaxody, OAWH 3 ABOX CTEXiIOMETPUYHUX PeXUMIB - AOCTEXIOMETPUYHNIA
PEeXUM | HagCTEeXiOMETPUYHWUIA PEXUM - NIATPUMYIOTb 3a OOMOMOrOK PeryrioBaHHS KiNbKOCTI KUCHIO, WO NogaeTbes,
BiJHOCHO KiflbKOCTi Nanuea, Lo NogaeTbCs.

TakuM YMHOM, SIKLLIO 3MEHLLYETHCA HaBaHTaXeHHs!, TOBTO KiMbKiCTb Nanuea, Lo NoAaeTbcs Yy KaMmepy 3ropsiHHs, TO
Todi ANA NigTPUMaHHS OQHOMo i TOro CamMoro CTEXIOMETPUYHOIO PEXMMY MOXHa TakoX 3MeHLWTU BUTpaTy rasy,
HeobXigHoro Ansa ropiHHA. OTXe, HaMMeHLa MOXIMBa BUTpaTa rasy, abo WBMAKICTb rasy ans NigTpuMaHHa LupKynawuii
YaCTUHOK NanuBa 3BMYaNHO OyAe BM3HAYaTW HUXHIO MeEXY HaBaHTaxeHHs. MoTpibHO 3a3HauvTK, AKWO LMKITOHHUIA
nanbHWK npayle npu AOCTEXIOMETPUHYHOMY PEXMMi, TO MOXHa 3MEHWWUTU HaBaHTaXKeHHA He Tinbkn A0 MexXi
HaBaHTaXeHHs1, Npy AKiA BUTpaTa rady byna 6 Ha Mexi HeoCTaTHOCTI ANA CTBOPEHHSI BUXPOBOIO PyXy, ane TakoX A0
HaBiTb MEHLLOrO HaBaHTaXEHHs1 3a [OMOMOIOK 3MilleHHS [0 HaACTEXIOMETPUYHOro pexrMy Npu BKasaHin Mexi
HaBaHTaxeHHs. Lle o3Hayae, Wo panToBO NOAETLCA HagMIpPHWIA ras, HeoOXiOHWI ONS FOpiHHA, WO Aa€ MOXIMBICTb
3HAYHO 3HW3WTWU HaBaHTaXeHHs. TemnepaTypy MOXHa NiATPUMYyBaTM B GaaHoMy iHTepBani TemnepaTyp K npu
AOCTEXIOMETPUYHOMY PEXUMI, TaK | NpU Hag CTEXIOMETPUHHOMY PEXUMI.

Ak 3ragyBanocs paHiwe, poboTa LMKIOHHOMO nanbHuKa MiMITYETbCS: a) MiHIManbHOK abo HUXKHBOK FPaHWYHOK
WBMAKICTIO rasy, 3gaTHoto 3abe3neynTy LMpKynsLilo YacTMHOK nanvea, i 6) MakcumarnbsHow abo BEPXHBOK MPpaHWYHO
WBMAOKICTIO rady, Lo BCTAHOBIIIOE MEXY, NPW AKi BUHECEHHSI YaCTUHOK, O He 3ropinu, cTae Ayxe BenvkumM. Onsa aaHol
LMKIMOHHOI Mevi i gaHoro nanuea MoxHa Bubpatu abo poboTy Npu HaACTEXIOMETPUYHOMY PEXMUMI 3 NOPIBHAHO HU3bKUM
MaKkCUMarbHUM HaBaHTaXeHHsIM, abo poboTy Npu AOCTEXIOMETPUYHOMY PEXUMI 3 MOPIBHAHO BMCOKMM MiHIManbHUM
HaBaHTaXeHHaAM. MoeaHyo4M Li pexxumMmu poboTu, MOXHa 36iMbLUNTY BiQHOLLEHHS] POBOYUX MEX PerynioBaHHs.

3rigHO 3 OOHWM BapiaHTOM 34iACHEHHSI BUHaxoZy MPOMNOHYETLCA CrociO KepyBaHHS MpPOLLECOM TOPiHHS Y
LUMKNOHHOMY ManbHWKy. 3rigHo 3 UuM cnocoboM nanvMBo MNogalTb Y UWAIHOPWYHY Kamepy 3ropsiHHA LWMKIOHHOTO
naneHWKa, a KUCHEBMICHUIA ras, HeoOXigHWI ONs ropiHHA, SIK, Hanpuknag, MoBiTPs, BBOAATb 3 TaHreHuianbHoo
CKINagoBO LUBUAKOCTI Yy KaMepy 3ropsiHHS TakuM YMHOM, Wo6 3abe3neynTH, LoHalMeHLUe, YacTKOBY LMPKYMsLilo
nanvea B3HOBX CTiHKM Kamepu 3 MeTok rasudikauii abo cnaneHHa nanuea. [Ons rasy, HeobXigHOro Ans ropiHHS,
BM3HaYaloTb MOrO HWXHIO FPaHWYHY LUBUAKICTb i BEPXHIO rpaHuyHy wBuakicTb. LUBuakicte rasy, HeobxigHoro ans
FOPiHHA, NIATPUMYIOTE MK FPaHUYHMMW LUIBUOKOCTAMU rasy. Peryniotoun KinbKicTb KUCHIO, WO NOAAETbCH, BiOHOCHO
KinbkOCTi nanvBa, Lo NogaeTbesl, MOXHa NigTpMMyBaTn abo OOCTEXIOMETPUYHWUI pexnM, abo HaacTeXioMeTpUYHUIA
pexum. Kpim Toro, cnoci® 3abeanedye 3MilleHHS 00 iHLWOro O4HOMO 3 ABOX CTEXIOMETPUYHUX PEXUMIB, MPU LbOMY
3anobiratoun HabyBaHHIO ra3oM, HeoOXiOHUM AnA TropiHHSA, LWBMAOKOCTI 3a MeXamu AianasoHy, WO BM3Ha4aeTbes
HW>KHBOIO FPaHUYHOIO LUBUAKICTIO rasy i BEPXHbOK MPaHUYHOLO LWBUAKICTIO rasy.

Lle o3Ha4ae, WO He3anexHo Big HaNpsSMKY 3MileHHs, To6To Big [OOCTEXIOMETPUYHOIO pexumy Lo
HaacTexXioMeTpUYHOro pexumMy abo HaBnaku, LWBWAKICTb rasy, HeobXigHoro Ans ropiHHs, Byae He Huk4e, HiXK HUXKHS
rpaHuMYHa LWBWAKICTE rasy, i He BULLEe, HiXXK BEPXHA rpaHuWyHa LWBWUAKICTL rasy. Lle BigHOCUTBCS OO0 CcTaHy AK OO, TakK i
nicna Ail No 3MileHHo Bif O4HOro CTEXIOMETPUYHOrO PEXMMY L0 HLWOro, a TakoX A0 Yacy haKTUYHOMO 3MiLLeHHS.

Ons paHoi TemnepaTypu Y kamepi 3ropsiHHS TemnepaTypa pas3oM 3 rpaHU4YHWMK LUBUAOKOCTAMW rasy BU3Ha4ae
MOXIMBY NepexigHy 30Hy, TO6TO iHTepBan HaBaHTaXeHb MO NanuBy, B SIKOMY MOXIMBUIA nepexig abo 3MmilleHHa Big
OOHOMo 3 [BOX CTEXIOMETPUYHUX PEXMMIB OO iHLWOro BiAMOBIQHO A0 TEXHIYHMX pilleHb B, LOHaWMeEHLle, OgHOMY
BapiaHTi 3giicCHeHHA OaHoro BUHaxony. MiHiManbHe HaBaHTaKEeHHs Mo ManuBy i MakcUMarbHe HaBaHTaXKEHHsi Mo
nanuey B TakoMy iHTepBani 3anexartb Bif TemnepaTypu.

AK BCTGHOBMEHO, 3MILLYHOYN PELMUPKYSIIOYMIA NanuBHUIA ra3 3 KUCHEBMICHUM rasoMm, HeoOXigHWM ANs FropiHHA, [0
noaadi OCTaHHBOrO Y KaMepy 3ropsiHHA, MOXHa PO3LUMPUTW MOXIMBY NepexiaHy 30Hy. |HWwuMu crnoBamu, Ans KOXHOI
AaHoi TemMnepaTypyu AofaBaHHS peLypKYSoYoro nanvBHOrO rasy A0 KMCHEBMICHOTO rasy, HeobXigHOro Ans ropiHHs,
Oyae Npu3BOAMTU OO MEHLUOro MiHiMarnbHOrO HaBaHTaXeHHs Mo nanuBy, Hixk Ta, Aka 6yna 6 y Bunagky 6e3 gogaBaHHs
PeLVpKYIo4oro NanvBHOrO rasy.

[onaBaHHA peLUupKYmoYoro NanuBHOMO rasy BMMMBaE AK Ha [OCTEXIOMETPUYHUIA pexum, Tak | Ha
HaaCcTeEXioMETPUYHMIA pexxuM. BigHoleHHs poGounx Mex perynioBaHHs Npyu AOCTEXIOMETPUYHOMY PeXUMi Moxe ByTu
e binblle posWwMnpeHe, SKLWO PELMPKYIIOYI TONKOBI rasn 3MillyBaTW 3 ra3oM, HEOOXIOHWM Onst rOpiHHS, 4o nogadi
LbOro rasy y kamepy 3ropsiHHs. Llen BnnuB noapinHWi. Mo-neplue, peuupKyniolynidi TONMKOBUIA ra3 36inbluye BUuTpaty
rasy 6e3 30inblleHHs Tenna, Wo BuAINSeTbcs nanueom. CTexioMeTpuyHe BiOHOLWWEHHSsI 3anexuTb Big KirbKOCTi
KncHeBMicHoro rasdy. OcCKinbkM Aeska YacTUHa LpOoro KMCHEBMICHOTO rasy Moxe OyTW 3aMilleHa TOMKOBMM ra3oM, no
CyTi, WO He MICTUTb KuceHb (abo WO Mae AOy)Ke HEBENUKY KiMbKICTb KUCHK), TO OOCTEXIOMETPUYHUA pexum byne
OOCSPKHUM MPU HaBiTb MEHLLOMY HaBaHTaXEHHI, HiXX y BMNagKy, Konn He BiabyBaeTbCs HiAKOI peuynpKynsuii TonkoBoro
rasy, npudomy 6e3 wkoau ans Aii umpkynsauii. Takum YMHOM, MiHIManbHa Mexa BUTPaTU rady LOCAraeTbCs npu
MEHLLOMY HaBaHTaXeHHi. [Mo-gpyre, peuupKynoYMin TONKOBUIA ra3 crnyXkuTb sik 6anacT. Takum YMHOM, MOTPiIGHWIA
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[OOaTKOBUIA KUCHEBMICHUIA ras, HeobXigHUIA AnA ropiHHA, SK, Hanpuknag, nosiTps Ans Toro, Wob nanueo AaBano
Oinblie Tenna Ana NATPUMKA TUM CaMUM TeMnepaTypy, i, iIHWUMKU crioBaMu, CTEXIOMETPUYHE BiOHOLWEHHS 3MilLaeTbCs
Tpoxu 6nuxye Oo 1. Lle o3Havae, Wo MiHiMarnbHa Mexa [oCAraeTbes We Npu MEHLLOMY HaBaHTaXeHH.

Mpn HapcCTEXiOMETPUYHOMY peXUMI AOLaHWA TOMKOBUW ras Oyae 4acTKoBO 3amillaTi HagMipHe MoBiTps, LWo
nocTynae B 30HY ropiHHA. TonkoBuMi ras Oyge aiatu sk 6anacT, i e o3Havae, Wo ofgHa i Ta cama KinbkicTe nanuea
Oyne 3abesanedyBaTy HarpiBaHHs GinblIOl Macy, TUM CaMUM LAty MOXIMBICTb BMKOPWUCTATW A5 OXONOMKYBaHHS
MeHLLe NOBITPS, WO HaaXoAaTb B 30HY rOpiHHA. Y BMNagKy, SIKWO 3aranbHa BUTpaTa rasy 6yde sanuvwiatucs ofgHieto i
Tieto X camoto, To NepeBara byge nonsrati y aMeHLeHHi KOHLeHTpauil kncHio. OTxXe, YTBOPUTBCA MEHLLUE OKWUCY a3oTy.

OCHOBHVMM pe3ynbTaToM BMKOPUCTaHHS PeLMPKYIIoYOro TOMKOBOrO rasy € Te, o 36inmblyeTbca AianasoH
HaBaHTaXeHb, B MeXax SKOro MOXHa npautoBaTti npu AOCTEXIOMETPUYHOMY PEXMMI.

Ak anbTepHaTWBa peLvpKynioloHoMy nanuMBHOMY rasy 6yno 6 MOXIUBE OAepXaHHS CXOXOro pesynbTaTty, To6To
PO3LUMPEHHSA MOXIMBOI NepexigHoi 30HM 3a LOMOMOro 3MillyBaHHS rasy, HeobxigHoro onsa ropiHHs, 3 6yab-sikum
iHepTHUM rasom abo rasom, Lo Mae MeHLWWIA BiCOTKOBMI BMICT KUCHIO.

Xo4ya MOXHa 3MiHIOBATW KinbKiCTb rasy, HeoOXigHOro ANns ropiHHs (SIK, Hanmpukniag, noBiTps), Ans Toro, wob
perynoBaTti TemnepaTypy y Kamepi 3ropsiHHsl, anbTepHaTUBOI € BUKOPUCTAHHS PeLMpPKYIIOYOro TOMKOBOrO rasy (abo
iHepTHOro rasy, abo rasy 3 HU3bKMM BMICTOM KUCHIO) AN perynioBaHHs TemnepaTypu y kamepi aropsiHHsA. Lie HeobxigHo
B TUX BunNagkax, konu Tpeba nigTpMMyBaTu 3as3fgareridb BCTAHOBIEHE CTEXiOMETPWYHE BIOHOLIEHHS, MpU LbOMY
perynioydn TemnepaTtypy 3MiHOK KibKOCTI peuupKyrioodoro rasy, AodaHoi Ao rasy, HeobxigHoro gns ropiHHs.
LLBnakicTb rasy nigTpuMytoTb B 3a3ganerigb BCTAHOBIEHNX MeXax.

3rigHO 3 LWOHaNMMeHLWe OfHUM BapiaHTOM 3AiNCHEHHS BMHAxody CTEXIOMETPUYHWUI PEXWM KOHTpOmwwTb 6e3
3MillyBaHHA SKOro-Hebyab A0OaTKOBOro iHEpTHOro rasy abo peuMpKyriolyoro TOMKOBOrO rasy 3 rasom, HeobxigHuM
ONsi TOpiHHA. Y UbOMY BUNaAKy MOXHa MigTPMMyBaTW MO CyTi NOCTINHE CTEXIOMETPUYHE BIOHOLIEHHA MK KUCHEM i
nanuBoM, fike He AopiBHoe 1, TOBTO Npu OAHOMY 3 OBOX PEXUMIB - AOCTEXIOMETPUYHOMY Ta HagcTexioMeTpUuyHOMY,
perynioyn KinekicTe rasy, WO MNOAaeTbCs, HeoOXigHOro AnA TopiHHA, B 3aneXHOCTi Big KiNbKOCTI nanusa, LWo
nogaeTtbcs. OgHe No CyTi NOCTIMHE CTEXIOMETPUYHE BiOHOLWIEHHA NIATPUMYIOTE A0 Ail 3MILLEHHS, a iHWe BigHOLIEHHS -
nicna Ail aMileHHs Big, 0QHOro CTEXIOMETPUYHOIO peXMMY A0 iHWoro. Taknm YMHOM, AKLWO Mae Micle NOpPIiBHAHO HU3bke
HaBaHTaXeHHsi, TOOTO y Kamepy 3ropsiHHS NOAAETbCA HEBeruKa KinbKicTb nanuWBa, TO MO CyTi MNOCTiMHe
HagcTeXioMeTpuMyHe BiQHOWEHHS MOXHa nNigTpUMyBaTW ax [AO0 Yacy 3MileHHAa [0 no  CyTi  MOCTiHOro
AOCTEXIOMETPUYHOIO BiAHOLLEHHS, MPMYOMY Yac 3MILLEHHSI, K NpaBuo, 3aneXnTb Big po3Mipy HaBaHTaXeHHs. TepMiH
"No cyTi NOCTiHEe CTeXiOMETpUYHE BIOHOLWIEHHS" Cnig po3yMiTM SK LOMNYLWEHHA Takol 3MiHW CTEXIOMETPUYHOrO
BiOHOLeHHS, sike 3abe3nevye TemnepaTypy B Mexax neBHoro 6axaHoro iHTepBany Temnepatyp. Hanpuknag, nuwe sk
iNtoCTpaTMBHUIA MNpuknag pobuTbcsi nocunanHa Ha Pir1, Ha skl gns iHTepBany Temnepatyp 1200 ©C-1300°C
pocTexioMeTpuyHe BiAHOLEHHS NoBWMHHe 6yTn 6nusbko 0,4-0,45, a HapcTexiomerpuyHe BigHOWEHHS - 6nmabko 1,8-2.
TakuM 4uHOM, [0 | nicns 4acy 3MilleHHs, ane He nig 4ac 3MIWEHHSl, KONMW HaBaHTaXeHHs 36inblyeTbes abo
3MEHLUYETLCS, KiMbKIiCTb rasy, HeobOxigHOro Ansi ropiHHs, BiANoBiOHO 36iNbLUYETLCS | 3MEHLIYETHCA ANA NIATPUMKK MO
CYTi NOCTINHOIO CTEXIOMETPUYHOIO BifHOLLEHHS.

ICHylOTb pi3Hi BapiaHTV perynioBaHHs KiNbKOCTi rasy, WO HeoOXigHWA Ons ropiHHS i WO nogaeTbcs y kamepy
3ropsiHHA. JTIMITYIOUMMN haKTopaMn € HUXKHS rpaHuYHa LWBUAKICTb rasy i BepXHs rpaHnyHa LWBUAKICTb rasy y kamepi
3ropsiHHa. LLBuakicTe rasy, Wo HeobXigHUM Ans ropiHHA | WO HagxoauTb Big BMYCKHOrO OTBOPY ANs Uporo rasy, 6yae
no cyTi 36epiraTncs Npu MOro BXOAXKEHHI Y KaMepy 3ropsiHHSA | TaHreHuianbHOMy nepeMilleHHi B Hild, To6To BTpaTth
MOXHa po3rnagaTth AK HikdeMHi. MaeTbca Ha yBasi, WO nNpocTa KOHCTPYKLiA noBuHHA OyTun 3abeaneyeHa BMyCKHWUM
OTBOPOM AN rasy, HeoOXigHOro AnA ropiHHA, KM Mae NOCTIHY nrowy nonepeqHoro nepepisy. 36inbwytoun abo
3MEHLUYIOYM KiMbKiCTb rasy, Lo HeobXiOHUIM Ons ropiHHA | Wo BBOAWUTBCA Y KaMepy 3ropsiHHS, MOXHa perynioBaTti
WBKUAKICTb rasy. 3 iHworo 60Ky, MOXHa 3 MOCTIHOW LWBMOKICTIO NogaBaTu ras, HeobXioHWA Ans ropiHHS (3i WBMAKICTIo
MK FPaHUYHMMU LIBUAOKOCTAMU rasy), i nullie 3MiHIoBaTu NIoLWy KUBOrO Nepepisy BMyCcKHOro oTBopy. Benwuky nnouy
XWBOro nepepisy BUMKOPWUCTOBYIOTb B TWUX BMNagKkax, Konu NoTpidHa Benuka BuTpaTta rasy, TobTo Benuka KinbKicTb
rasy, B TOW 4ac sik HeBENUKY MSIOLY XXMBOTO Nepepisy BMKOPUCTOBYIOTH B TUX BUNagkax, Konmu noTpibHa HeBenwuka
KinbKicTe rasy. £k onucyeanocs BUlle, HeobOXigHa KinbKiCTb rasy 3anexuTb Big KinbkocTi nanuea. |HWUM
anbTepHaTUBHUM CMOCOBOM perynioBaHHsi € 3MiHa K NIoLLi NonepeyHoro nepepisy BMNyCKHOro OTBOPY, TakK i WBMAKOCTI
nogaui rasy, HeobxigHoro Ans ropiHHA. TakuM YMHOM, y BCIX TPbOX BUMNagKax MOXHa peryrnoBaTtu BUTpaTty rasy, Tobto
o6'eM 3a ognHULIO Yacy.

[nsa BuMiptoBaHHS i NigpaxyHKy LWBUAKOCTI rady, HeobxigHOro Ans ropiHHS, MOXHa BMKOpPUCTATU LWBKAKOCTEMIp abo
BUTpaTOMip Ha TpybonpoBsogi Ans nogadi rasy. BignosigHo Ans nigpaxyHKy KinbKOCTi Nanuea, Lo NOOAeThCa Y Kamepy
3rOPSIHHA, MOXHa BMKOPUCTATW Taki BUMipOBaribHi NpUCTPOI, K WBMAkocTeMip abo BuTpaTomip. Taki BUMIpOBaHHS i
PO3paxyHKWN Cry>aTb K OCHOBa A1 NPUNHATTA PilLeHHS Mpo Yac 3MilLeHHS Bif OAHOro CTEXioMeTPUYHOro peXxumy Oo
IHLIOrO CTEXIOMETPUYHOTO PEXMMY.

OnucaHuii cnoci6é KepyBaHHSI NPOLECOM FOpPiHHSA Y LMUKIMOHHOMY NanbHUKY 3aCTOCOBHWIA OO TBepporo, pigkoro abo
rasonofibHoro nanuea. Ak BCTaHOBMNEHO, BiH 0COGNMBO NiAXoOWUTb AN BUKOPUCTaHHA 3 TBepaAuM nanueom. MpuaatHum
TBEpAWM NanuBoM € OyAb-AKUA BUA OpraHiyHoro nanuea. TBepde nanuBo Moxe OyTu y BMIMAAi YaCTUHOK, Hanpuknag,
AEePEeBHNX YaCTMHOK, NepeBaXHO AepeBHUX TabreTok, 3BMYaliHoO nodpibHeHuX AepeBHUX TabrneTok AiameTpoMm ax Ao
4MM.

[Mpn BUKOPWUCTaHHI YaCTUHOK TBEPAOro nanuvBa HaWMeHLLY LWBWAKICTE ONs NigTPUMKMA LMPKYnauii, LWoHaliMeHLe,
BiNbLIOCTi YaCTUHOK NarnuBa y Kamepi 3ropsiHHS BCTAHOBIIOIOTb SK HYKHIO MPaHUYHY LIBUAKICTb rady. HuxHSA rpaHuydHa
WBMAKICTb ra3y Moxe GyTW TakoX BCTAHOBIEHa Ha OCHOBI HAMBINbLUIOro po3Mipy YacTUHOK nanuea abo Ha Akin-Hebyab
iHWin ocHoBi. Hanpuknag, 4YacTuHkK nanvea Oyab-aKoro BUAY NPV BXOMKEHHI Y Kamepy 3ropsiHHs 6yayTb LUBUAKO
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BUAINATM NETKY PeYOBUHY, O MICTUTBCA B HMX, LLO NPU3BOAUTL OO 3MEHLUEHHS LWiNbHOCTI YacTuHOK. OTXe, B TaKuX
BMNagKax MoXxe BUABMTUCS NPUOATHUM Te, Wob OCHOBYBATW MiHIManbHy abo HWXHIO TaHreHuianeHy WBMAKICTb rasy Ha
LWINBHOCTI YaCTUHOK Nicnsa BUAINEHHS 3 HUX NETKOT PEHOBUHU. Y AEPEBHUX YaCTUHOK LA LWiNbHICTb 3BMYaiHO CTAHOBUTL
250kr/m3, To6TO BNN3bKO YBEPTI LLINBHOCTI YaCTUHOK A0 X HAAXOMKEHHS Y KAMEPY 3ropsiHHS.

[Ona "nexa4oro" UUKNOHHOIO NanbHWKa 3 KAMEpOl 3ropsiHHS, WO Mae LeHTparibHy BiCb cMMeTpIl, WO NpoxoanTb
FOPU3OHTANBHO, HWXHIO TPaHWYHY LUBUAKICTH rady BCTAHOBMIOKTb TakMM YMHOM, LOG 3a00BOMBHANMCSA BU3HAYEHI
KpuTepii 3BepXxy kamepm 3ropsiHHs.

[ns LUKITOHHOTO narbHUKa 3 KaMepolo 3ropsiHHS, WO Mae ropu3oHTarbHy LeHTpanbHy BiCb | KPYrMUA nonepeyHnn
nepepia y BepTUKarnbHiN NIOLWMHI, LUPKYIOYMIA ra30BUA NOTIK Y Kamepi 3ropsiHHA MOXHa po3rnsaaaTu SK Takui, Lo He
PO3LLUNPIOETLCS, i, OTXe, TaHreHuianbHa OKpY>KHa LBMAKICTb AOPIBHIOE WBWAKOCTI rasy Ha BXxopgi.

Ha YyacTuHku nanuea gitoTb N'ATb CUM, @ came;

cuna TAXiHHSA Fg=-mpg;

BioUeHTpoBa cuna F.= ;
AUEHTP! c mp‘_u"th
R
cuna TepTa F=-umyay;
TaHreHuianbHa cuna ranbMyBaHHS [\i ,-v_,]’ ;
F”_ E.A-P. #
pagianbHa cuna ransMyBaHHs [v" ““qu :
F., -DI.&'p'T
ne:

My, - Maca YacTUHKK;

g - NOCTiliHa cuna TSXKIHHS;

R - pagiyc kamepu 3ropsiHHS LMKIOHHOIO narnbHuKa;

ngt - TAHreHuianbHa WBWAKICTL rasy;

ngr - pagianbHa WBMOKICTE raay;

prt - TaHreHuyianbHa WBNAKICTb YaCTUHKH;

prr - pagianbHa WBNAKICTb YaCTUHKM;

u - KoediLieHT TepTs,

ayn - NPUCKOPEHHS B NepneHanKyNsipHOMY HanpsiMKy;

Cy4 - koedilieHT ransMyBaHHS;

Ap - MrioLa nonepeyHoro nepepisy YacTuHKM nanvea;

Pg - WiNbHICTb rasdy, HeobXigHOro AN ropiHHS.

HWXHIO rpaHWYHY WBUAKICTL rasy BCTAHOBMIOKTbL TaKUM YMHOM, WOG AK pas 3anobirt nagiHHIo YacTUHKW Y
HanBuULoOMY Micui (3Bepxy). Lle mae micue y ToMy BMnagKy, KOnM cuna TSKIHHS | pagianbHa cuna ranbMyBaHHs
BPIBHOBaXYlOTb BIiOLEHTPOBY CuWMy, WO MNPW3BOAWTbL OO0 HYNBOBOrO TepTs. [paHWYHa TaHreHuianbHa LWBUAKICTb
YaCTUHKN CTaE:

PapianbHy cuny ranbMyBaHHS MOXHa NPUUAHATU K HEXTYBaHO Many, i To4i rpaHu4YHa TaHreHuianeHa LWBMAKICTb
4acTUHKKN (V1) BUSHAYAETLCS TaKUM YMHOM:

VPI=‘\'{Q_R

OpHak, TaHreHuianbHa LWBWOKICTb rasy BCepeauHi Kamepu 3ropsiHHA NOBMHHA OyTU GinblUok, HiXK rpaHu4Ha
WBMAKICTb YaCTUHKN. HWXHSA rpaHuyHa LWBWUAKICTE rasy Moxe OyTW BCTaHOBMNEHA PO3B'A3AHHAM HUXYeHaBedeHOro
AvndepeHUianbHOro piBHAHHSA, WO, TAKUM YMHOM, OO3BOMSE BM3HAYMTU WBMAKICTb rasy, Lo 3abesnedye HeoOXigHy
LWBMAOKICTb YaCTMHKN 3BEPXY LMKIOHHOIO NarnbHUKa.

Taknm YMHOM:

E.-ME"—,LP-%[S-WH-{;-]-M#&}-MMﬁ
TyT ¢ - KyT Qo BepTukani, To6To 180° 3Bepxy Kamepu 3ropsiHHA | S - BiAcTaHb, fIKy NPOXOAMTb YaCTUHKA No

nepudepii.
PilleHHa Ans TaHreHuianbHoi WBMAKOCTI ragy V gy, Wo Aae HeoOXigHY WBUAKICTL YaCTUHKU 3BEPXY Wy = JOR
) bt = o

nokasye, Wo BoHa (Vg1) 36inbluyeTbea i3 36inblUeHHAM papiyca Kamepn 3ropsiHHA LUKITOHHOTO NarbHuka i AiameTpa
YaCTUHKH.

B "cToauomy" LMKMOHHOMY NanbHWUKY, TOOTO LIMKIOHHOMY NanbHUKY 3 KAMepOolo 3ropsiHHS, O Mae LieHTparnbHY Bicb
CUMETPIl, WO NPOXOAWUTL BEPTUKANBHO, i KPYIMUWA MONEepevYHnin nepepia B ropuU3oHTarbHIN NAOWMHI, cunu, dilodi Ha

7-

79967 C2

UA



v N

966 L

1]
'S

[ARS

170

15

20

25

30

35

40

45

50

55

60

65

YaCTUHKY, CXOXi 3 cMnamu B "nexadvyomy" LUKNOHHOMY NanbHWKY, ane 3 AoAaBaHHSAM BepPTUKanbHOI CUin ranbMyBaHHS.
OpgHak, Ang NpocToTW, AK padianbHa cuna, Tak | BepTuKanbHa cuna BBaXaloTbCA K HexTyBaHo mani. Mpu Takomy
AONYLEHHI TaHreHUianbHy HWKHIO TPaHUYHY LUBMAKICTL rasy Vgi OBYUCIIIOTE PO3B'ASEHHAM HWKYEHABEOEHOro
piBHAHHA (sike Oyne gonaTkoBo OBroBOpHOBATMCA B 3B'A3KY 3 CynpoBomKytodoto dir.11):

ne:

ngt - TAHreHuianbHa WBWAKICTE rasy;

g - NOCTiliHa CUNK TAXKKOCTI;

R - pagiyc kamepm 3ropsiHHs LMKNOHHOTO NarnbHUKa;

o - KyT 4O ropusoHTani

M - koedilieHT TepTs;

dp - OiameTp YacTUHKKM nanuea,

pp - WIMBbHICTb YaCTUHKK Nanuea;

pg - WinNbHICTb rasy, HeobXiAHOro AN ropiHHS;

Cy4 - koedilieHT ransMyBaHHS.

3 iHworo OGOKy, HWXHS rpaHWYHa WBMAKICTE raly Moxe OyTW BU3Ha4YeHa eMnipuyHO, TOBTO NpoBeneHHSM
BMNPOOYyBaHb 3 MEBHWM LMKIIOHHUM MNarbHUKOM, B SIKOMY ChasnoeTbcsi neBHe nanveo. Cnoci® 3rigHo 3 gaHuMm
BMHaxo4aMm Moxe GyTH 3aCTOCOBaHWI HE3arnexHo Big TOro, AK BUBHAYaETLCA HUKHSA rPaHWYHa WBUAKICTb rasy.

BepxHsi rpaHnMYHa WBMAKICTb a3y BCTAHOBMIOETLCS SIK HAMGINbLUa WBMAKICTb, sika AO3BOSSE 3BECTM A0 MiHIMyMy
KiMbKiCTb YaCTMHOK NanuBea, WO He 3ropinu, Lo NoKWAalTb KaMepy 3ropsiHHS, NpU LsOMY BKa3aHa LWBUAKICTb AOPIBHIOE
20-50m/c, nepeBaxHo 25-40m/c, Ak, Hanpuknag, 6nuasko 30M/c. |HWe BU3HAYEHHS BEPXHBLOI MPaHN4YHOI WBUAKOCTI rasy
- e WBKNAKICTb, sika B 3-6 pas binblue HXKHLOT rpaHWYHOT WBWAKOCTI rasy, 3BUYanHo - B 4 pasu.

MokHa nepenbaunty, Wo edeKTUBHICTb Noainy, To6TO TeHAeHUis YacTUHOK NepemillaTtucs B3AOBX CTIHKM KaMmepwu
3ropPsAAHHA, HeCcKiH4YeHHO 36inbluyBanacsa © 3 3pOCTaHHAM TaHreHuiansHoil WBUAKocTi ragdy. OgHak Ha npakTuli NoBTopHE
BMHECEHHS! YaCTMHOK Y HanpsiMKy A0 LieHTparbHOI OCi kamMepw 3ropsiHHS CTae OOCUTb MOMITHMM NpW BU3HaYeHil
LWBWAOKOCTI BHAcHigok 36inbLlieHol TypOyneHTHOCTI i pyMHYBaHHA BUXOPY Y LUNIHOPWYHIA KaMmepi 3ropsiHHS LMKIOHHOMO
naneHWka. HaBiTb AKWO HEMOXNMBO NPAMO pO3paxyBaTW BEPXHIO TPaHWYHy LWBWAKICTb rasy, To 3 Jocsigy
nepenbavaeTbes, Wo 1l TUNOBE 3HAYeHHS CTaHOBMTL 6rmabko 30m/c.

|HWMM acnekToM, Lo NiMITYE MOXIMBY BEPXHIO LUBUAKICTb rasy, € ob'eMHa KOHLUEHTpaLia YacTMHOK nanuea, Lo He
3ropinu, y kamepi 3ropsiHhs. Lie nosicHioeTbca 0BMeKeHUM YacoM 3ropsiHHA BYTINMA (3aruvLuKy nicna BUOaNeHHs NeTKnx
peyYoBUH 3 nanuea). [nsa gaHux Temnepatypu i CTEXiOMETPUYHOro BiAHOLWIEHHS KiNbKICTb BYrinns, WO He 3ropino, Yy
Kamepi 3ropsiHHS LMKIOHHOIO nanbHuKa 6yae nponopuinHa HaBaHTaXKEHHIO i, OT)Ke, TaKoX i TaHreHuianbHin WBUAKOCTI
rasy. [pn NeBHOMY HaBaHTaXEHHi KOHLEHTpaLia 4acTMHOK NanuBa, Lo He 3ropinu, CTaHe HacTinbKy BENMKolo, Lo
NMOBTOPHE BUHECEHHA CTaHe AOCUTb MOMITHUM. [pW HagocTexXioMeTpUYHOMY PeXMMi NMOBTOPHE BUHECEHHsI BHACMiAoOK
BUCOKOI TaHreHuiansHoil WBUAKOCTI, MMOBIPHO, MOBUHHO OYyTU NiMITYy0MMM (hakTopoM. Mpu JOCTEXIOMETPUYHOMY pPEXUMI
6inbLU BiporigHe NOBTOPHE BMHECEHHS BHACNIQOK 3abUTTa YacTMHKamMu nanvea.

MeTogunka BM3HA4YeHHS BEPXHbO| MPaHW4YHOI LWBMAKOCTI rasy moxe OyTu pisHOW, Hanpuknag, Moxe nonaratv y
npoBefAeHHi BUNpobyBaHb 3 NEBHUM LMKIIOHHWM NarbHUKOM, B IKOMY CNanioloTb nesHe nanueo. Cnocib 3rigHo 3 AaHuM
BMHaxoOoM Moxe OyTU 3aCTOCOBaHMI He3anexHo Bid TOro, ik BU3HAYaeTbCs BEPXHSA abo HUXHA rpaHuyHa WBMAOKICTb
rasy. Lli wBmakocTi mMaTb pYHKLiKO TPaHUYHUX BeENWYUH. Hanpuknag, 3rigHO 3, LOHaWMeHLe, OOHWM BapiaHTOM
30iiCHEHHA BMHaxody Ais No 3MillleHHIo Bif OQHOro 3 ABOX CTEXIOMETPUYHMX PEXMMIB [0 iHLWOro CTeXioMeTpuYHOro
peXUMY 30JIACHIOITE SIKpa3 Ao TOro, K ra3 AOCsArHe OAHIET 3 rpaHUYHMX LWBUAKOCTEN. 3rigHo 3, LWOHaNMeHLUe, OOaHUM
iHLWMM BapiaHTOM 3L4INCHEHHS BMHaXOAY 3MilLEHHSA OO iHLWOro 3 ABOX PEXMMIB 34INCHIOKTL, KONK KiNbKiCTb nanuea, LWo
noaaeThbCsl, NPM NOTOYHOMY CTEXIOMETPUYHOMY pexuMi Mana notpeby 6 Anga iHWOoro cTexXioMeTpUYHOrO PeXrMy B Takii
KinbkocTi HeobxigHoro Ana ropiHHA rasy, ska BignoBigae LWBWMAKOCTI NOTOKY rasy, WO 3HAaXOAWTbCsS B Mexax
AianasoHy rpaHUYHKX WWBUAOKOCTEN rasy.

Ak obrosoptoBanocss Bulle, CMoci6 3rigHO 3 AaHUM BMHaxodoM 3abeanedye BiOHOWEHHA pobounx Mex
perynioBaHHs, ke 3Ha4yHo Oinblue, HiXX Te, SIKoro MoXHa Oyro OoCArHyTW nNpu nonepenHboMy piBHI TeXHikM. HagiTb
AaKkwo BaxaHo nNigTpMMyBaTU TemnepaTypy B BM3Ha4eHOMY iHTepBarni fK Npu OOCTEXIOMETPUYHOMY PeXxuMi, Tak i npu
HagcTeXioMeTPUYHOMY pPeXuMi, TO iHTepBan Mo cyTi Moxe OyTu OyXe KOPUCHUM ANs Nopanblioro 36inblUeHHs
BiOHOLWWEHHA poGounx Mex perynioBaHHs. HaBiTb SKWO nepeBaxHO iHTepBan TemnepaTtyp y LUKNOHHOMY MNarbHUKY
mMoxe 6yTm 900-1100°C, uei iHTepBan Moxe OyTU NPUAHATHO poswupeHuint go 700-1300 °C abo HaBiTb 6Ginblue.
Hanpuknag, aKwo XToce Moxe JonycTuTh Binbll BUCOKY, HiXk HOpMarnbHa, TemnepaTypy nig 4Yac OOCTeXiOMeTpUYHOro
pexumy, K, Hanpuknag, 6nmsbky go 1300°C abo Taky, Wo AopiBHE 6nmabko 1300°C, 1o Oyae Oinblue KUCHIO, Hix
noTpibHO 3BMYalHO, ANs Toro, Wob nigBuWMTM TemnepaTtypy Ana Tiel camoi BenWYUMHU HaBaHTakeHHs. OcKinbku
[OMNYyCKaeTbCA BBOAUTU Y LMKIOHHUIA NanbHWK Binblue KUCHEBMICHOTO rasdy BiAHOCHO BENMYMHU HaBaHTaXEHHs, TO Le
O3Hayae, WO CTexioMeTpuyHe BiOHOWEHHs Onuxye A0 1, WO Mae Hacnigok B TOMY, WO OOMYCKaeTbCs MeHLUe
MiHIManbHe HaBaHTaXKeHHsl, OAHaK MpW BBeAEHHi OOCTaTHbOI KiNbKOCTI rasy Ana nigTpPUMKU LMPKYNSaUil YacTUHOK.
AHarnoriyHo UboMy, nNif Yac HaACTEXiOMETPUYHOrO pexumy Moxe OyTM gonycTuma nopiBHAHO Oinbll HW3bka
Temnepatypa, To6To bGinblue KUCHIO BiQHOCHO HaBaHTaxeHHs. Lle Takox 6yge npvssoguTv A0 MOXIMBOro 6Ginblu
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HU3bKOIO MiHIManbHOrO HaBaHTaXKEHHS.

HaBiTb AKWo MoxyTe ByTW 3acTocoBaHi TemnepaTypu, Lo 3MiHIWTLCH, B 6araTbox BMNagkax MoXe BUSBUTUCS
HeoOXigHUM MNiATPUMKa NO MOXITMBOCTI PiIBHOMIpHOT TeMnepaTypu. Lle Moxke ocobnueo ctocyBaTmca pakTUYHOrO Yacy
3MilLeHHA Big cyOCTEeXioMETPUMYHOIO BIOHOLWEHHA OO HaACTEXIOMETPUYHOro BigHOWEHHSA | HaBnakn. OTxe, Take
3MileHHA NoTpPiIOHO 3aiicHIOBATM LWBMAKO, TaK Wob niagTpMMyBaTh MO MOXIMBOCTI piBHOMIpHY Temnepatypy. Lle moxe
OyTu OocArHyTe 3a AONOMOroK CUCTEMU PEryritoBaHHs, Hanpuknag, cUcTemMu, Wo MICTUTb KoMM'toTep, BUTpaToMipu ans
nanuea i rasy, HeoOxigHoro Ans ropiHHA, i knanaHn. Cuctema moxe OyTu nporpaMoBaHa TakuM 4YvHOM. [lpu
HaacTeXioMeTpPUYHOMY PEXUMi poBOTM BUHUKAE CTaH, NMPU SIKOMY 3MEHLLEHa KinMbKiCTb rasy, Lo BBOAMTLCS, HeobXigHoro
ANa TOpiHHA, NpW3BOAUTbL OO MNigBWLIEHHA Temnepatypu. Kpim Toro, BCTaHOBMIOKOTb MiHiManbHe AonycTtume
cTexiomeTpunyHe BigHOLWEHHS, sike gopiBHoe Binbwe 1,0. MNpn AoCTEXIOMETPUHHOMY PEXMMI TaKUIN CTaH 3MIHIOETLCS A0
Toro, Wo 36inblueHa KinbKiCTb rasy, WO BBOAWTLCH, HeOoOXiOHOro AnA TopiHHSA, Npu3BoAUTb HO NiOBULLEHHSA
TemnepaTypu, a MiHiManbHe CTexioMeTpU4He BIOHOLUEHHS 3aMIHIOETHCS MakCUMyMOM, SiKMA Hukde 1,0. Y MOMeHT
3MilLeHHs 4O AOCTEXIOMETPUYHOIO PEXMMY CUCTEMa PeryroBaHHA BMUTb NPU3BOAUTL 40 HOBOMO PEXMMY, O O3Ha4Yae,
O 3MillleHHs OOCArHYTe HacTiNbKX LUBWMAKO, HACKINbKM KnanaH (knanaHu) Moxe 3MiHUTU NOroXeHHA. 3BOpoTHa 3MiHa
CTaHy i rpaHMyHa Benuv4MHa MalTb Miclue Npu 3MilleHHi Big OOCTEXIOMETPUYHOIO PEeXMMY A0 HadcTeXioMeTpUYHOro
pexumy.

3 BULLEBMKIAOAEHOro ONKUCy Tenep NOBMHHO ByTW 3po3yMino, Wwo cnocib 3rigHo 3, LoHalMeHLle, OOHWM BapiaHToM
30iiCHEHHA OaHOoro BMHaXoA4y Aa€ MOXIMBICTb 3AiMCHIOBaTWU nepexig Mix rasudikauieto (To6To gocTexioMeTpuHHUM
pPEXMMOM) NpU BiNbll BUCOKMX HABAHTAKEHHAX i FOPIHHAM NPW MEHWNX HaBaHTaXeHHAX. BuHaxig nae MoxnmBicTb
agilicHioBaTK Ue nig Yac poboTu LUUKMOHHOTO NanbHWKa, a He TinbkKu nig Yac woro 3anycky. KpiM Toro, Ha BigMiHy
Bif iHLIMX NarbHWUKIB, BIGOMMX 3 NONEPEnHbOro PiBHS TEXHIKM | 34aTHMX nNpauloBaTi Npu OCTEXIOMETPUHHOMY peXuMi B
OfHIN 30HI i HAOCTEXIOMETPUYHOMY PEXMMI B iHLLIM 30HI, 4aHUA cnoci6 pobuTb MOXIMBMM BUKOPUCTAHHS ofHiel i Tiel
CaMO| 30HU LMKITOHHOMO NanbHUKa A9 3MILLEHHS MK ABOMAa PiSHUMU CTEXIOMETPUYHUMU PEXUMaMU.

Kpim Toro, noBMHHO 6yTW 3po3yMmino, Wo 3rigHo 3 AaHUMM BMHaAxodoM 3abesneqyeTbesl ofepXkaHHsi 36inbleHoro
BiHOLLEHHA poBoYnX MexX perynoBaHHs (3anexHicTe Mk HanbinbLIMM Ta HaRMEHLWUM MOXIMBUMW HaBaHTaXKEHHAMU
nMpu cnaneHHi Yy UWKIOHHOMY narnbHWKy). Lle Moxe OyTW KOPWCHUM, Hanpukniag, Todi, Konmu 6axaHo 3MIHWTK
TennoBigaavy Ao TOMKW, 3'€QHaHOT 3 LMKMOHHWMM ManbHUKOM, 3BMYalHO B PaWOHHIN onarntoBarnbHin ycTaHoBLUi (ax Oo
30-50MBT) abo HaBiTb y BogorpinHoMy koTni nobyToBoro npmaHadeHHs (napa no 100kBT). MNig vac poboTn TemnepaTypy
Yy NanbHUKY MOXHa NIATPUMYBATM BIiOHOCHO MOCTIMHOK, OOHAK KinMbKiCTb nanuea i, oTXxe, Tennosigaada MOXYTb
3MiHIOBATUCS, HanpuKnag, B 3areXHoCTi Big poboTn BAeHb abo BHoui. 36inblueHe BigHOLWIEHHS pobo4Mx napameTpis
perynioBaHHs LUMKMOHHOMO NanbHUKa nonerwye nepexig Mk notpebamu B Ginbwin abo MeHWin Tennosigdadi. Y
BMNaAKy nNanbHWUKIB, BiOOMMX 3 MomnepedHboro piBHSA TexHikW, iHogi Moxe OyTu noTpibHe nepepuBaHHA poGOTM
nanbHWKa, TOMY LO HEeMOXIMBO 3abe3neunTn AOCUTb HU3bKYy TensoBigaady, i, OTXe, Konu 3HOBY noTpibHa 6Ginblu
BMCOKa Tennosigaaya, AOBOAWTLCS MOBTOPHO 3amyckaTu nanbHuk B poboTy. OpHak AaHui BuHaxin 3abesnedye
OiNblLUNA MOXITMBUIA Aiana3oH PerynoBaHHs.

Ha @ir.1 306paxeHa giarpama, Lo iNOCTPYE 3aNEXHICTb MiXK CTEXIOMETPUYHUM BIOHOLIEHHAM Ta agiabaTu4Hoo
TemnepaTypoto Npu BUKOPWUCTaHHI AepeBHUX TabneTok sk nanvea.

Ha ®ir.2 306paxxeHa fgiarpama, Lo iNCTpye TEOPETUHHY MiHIManbHY LWBUAKICTb YACTUHKN 3BEPXY KaMepy 3ropsiHHs
K OYHKL 0 giameTpa kaMmepn 3ropsiHHSA.

Ha ®ir.3 306parkeHa giarpama, Lo iNCTPYE PO3PaxyHKOBY HUXHIO PaHUYHY LWBUAKICTL rasy sk yHKLio giameTpa
YaCTUHKW i fiameTpa KaMmepu 3ropsiHHS.

Ha ®ir.4 3o0paxeHa iHwWa giarpama, Wo inocTpye po3paxyHKOBY HWXKHIO FPaHUYHY LUBUAKICTb rasdy sk hyHKLUilo
AiameTpa YaCTUHKW | fiaMmeTpa Kamepy 3ropsiHHS.

Ha ®ir.5 3o0bpaxkeHa piarpama, WO iNOCTPYE BigHOWEHHS poOOYMX MEX PEryroBaHHA B 3areXHOCTi Big
CTeXiOMEeTPUYHOrO BiOHOLWLEHHS i BIGHOCHOT BUTpaTH rasy.

Ha ®ir.6 306paxeHa iHWa giarpama, Lo inNtoCcTpye BigHOWEHHS poOOYMX MeX perynioBaHHs.

Ha @ir.7 3obpaxeHa giarpama, WO iMNOCTPYe BIiOHOWEHHS PoBOHUX MEX PerynioBaHHs Yy pasi AogaBaHHs
pPeLupKyroloYMX TONKOBKX rasiB Ao rasy, HeoOXigHOro Ans ropiHHS.

Ha ®ir.8 3obpaxeHa iHWa pgiarpama, WO iNCTpye BiOHOWEHHA pobounMX MeX perynoBaHHa Yy pasi AoAaBaHHs
PeLVpKyroo4MX TONKOBKX rasiB Ao rasdy, HeoOXigHOro Ans ropiHHS.

Ha @ir.9 306paxeHa We oaHa giarpama, Lo inoCcTpye BiAHOWEHHA poBo4YnX MeX peryriioBaHHS Y pasi AogaBaHHs
pPeLMpKyIooYMX TONKOBKX rasiB Ao rasy, HeoOXigHOro Ans ropiHHS.

Ha ©@ir.10 300paxeHa gopaTkoBa fAiarpama, WO iNMOCTPYE BiOHOLWEHHS pobounx MeX perynioBaHHa y pasi
AofaBaHHsi PeLMpPKyIioUNX TONKOBMX rasiB Ao rasy, HeobxigHoro Ans ropiHHs.

Ha ®ir.11 306paxeHi cunu, aki QitoTe Ha YaCTUHKY Y "CTOSIHOMY" LIMKIOHHOMY NanbHUKY.

Ha ®ir.1 nokasaHa giarpama, WO iNOCTPYe 3amnexHiCTb MK CTEXIOMETPUYHUM BiOHOLIEHHAM Ta agiabaTu4HO
TemnepaTypoto Npy BUKOPUCTaHHI AepeBHUX TabrneTok sik nanuea. [lepeBHi TabneTkn MOXyTb MaTu HUXYY TEMNNOTBOPHY
30aTHICTb (abo HUMXYY TennoTBOPHICTE) B 18,2MIx/Kr. AK nokasaHo Ha giarpami, HansBuLa TeMnepaTypa AOCAraeTbCs
npu CTEXIOMETPUYHOMY BigHOLWEHHI NpnbnnaHo B 0,95. Akwo nogaetbes Binblue KUCHKO BiGHOCHO TOro, WO MOrpiGHURA
AN NOBHOMO 3ropsiHHA nanuea, TO6TO NpW Haf CTEXIOMETPUYHOMY peXxuMi, To TemMmnepaTtypa cTae Hux4olo. Hanpuknag,
cTexioMeTpuyHe BigHOLWEHHS, Wo aopiBHioe 2,0, Aae apiabatnyHy Temnepatypy B 1200°C. AHanorivHO UboMY, SIKLIO
Oyne nogaBaTUCA MEeHLLE KACHIO A Toro, o6 JoCArHyTU GinbLu JOCTEXIOMETPUYHOMO PEXUMY, TO TeMNepaTypa Takox
Oyne CTaHOBUTUCS HWXK4YOK. Hanpuknag, cTexiomMeTpudHe BiOHOLWEHHs, Wwo popisHioe 0,5, gpaBano © Temnepartypy
npnbnuaHo B 1400°C. Ak onucyBanocs paHile, Ons AOCATHEHHs 3a00BiflbHOI KEpOBaHOCTI MOXe BuUMaraTucs
niaTpyMKa TemnepaTtypu y neBHOMY iHTepBani. Takum YMHOM, SIKLWO NPU LibOMY KOHKpeTHOMY nanuei 6yno 6 HeobxigHo
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npautioBati B iHTepBani TemnepaTyp 1100°C-1300°C, To O0- i HaOcTexioMeTpuuHi BigHOLWeEHHs niaTpumysanu 6
npubnuaHo npu signosigHo 0,37-0,45 Ta 1,8-2,25.

Ha ®ir.2 nokasaHa giarpama, Lo iNtOCTPYe TEOPETUYHY MiHIManbHY LWBUAOKICTE YACTUHKN Y BEPXHI YacTUHI Kamepu
3ropsAHHA "nexadvoro” LMKIOHHOro nanbHWKa AK hyHKUilo diaMmeTpa Kamepu 3ropsHHA. AK ONUCcyBarocs paHille, HUXHS
rpaHuU4Ha BUTPaTa rasy BU3HA4YaeTbCH TUM, LLO NPU HbOMY SAKpa3 3anobiraloTb NafiHHIO YacTUHKWM B HaWBULLOMY
NONOXeHHi (3BepXy) kamepu 3ropsiHHA. FAKWO papianbHa cuna ranbMyBaHHs NPUAMAETBCA HEXTYBaHO Mariow, To
TaHreHuianeHa WBUAKICTL YacTuHkK (V1) AopiBHIoE Vp: =@ . Lle nokasaHo Ha ®ir.2. Hanpuknag, npu giametpi

kamepu 3ropsiHHa 0,3m, 0,6m 60 1,2M MiHiManbHa WBUAKICTE YaCTMHKMA 3BEpPXY CTaHOBWUTL BignosigHo 1,2m/c, 1,7m/c
Ta 2,4m/c.

Ha ®ir.3 nokasaHa giarpama, Lo intoCTpye po3paxyHKOBY HUXHIO rpaHMYHy LWBUAKICTL rasy sk dyHKuito giameTtpa
4acTUHKW | fiamMeTpa KaMepy 3ropsaHHA B “nexaqomy” LUKNOHHOMY narnbHuKy. TaHreHuianbHa WBeuAkicTe rasy (V gi)
MoBMHHa ByTn BULOIO, HK MiHIMareHa WBMAKICTE YacTuHKM (V1). SIK onucyBarocs paxille, TaHreHuiarneHa WBKAKICTE
ragy Vgt NoBUHHa GyTW Takow BUCOKOK, WOG WBUAKICTE YacTUHKU Y BEPXHBOMY MOMOXKEHH (p=180°) y Kamepi
3ropAHHA  LMKIIOHHOMO  nanbHuka 6yna Bulie, HDK pospaxyHKkoBa MiHiManbHa WBKMAKICTE YacTuHk (V. py).
BukopucToBytoun Le sik rpaHnyHy YMOBY, LBMAKICTb rasy BU3Ha4alTb NpU po3B'A3aHHi HAacTyNnHOro AvdepeHLianbHoro
PIBHSAHHSA:

FK BMABUIIOCH, HWXKHSA rpaHWYHa WBNAKCTb rasy (V gy) 36inblwyeTbes i3 36inblueHHam pagiyca Kamepn 3ropsiHHs
LUMKMOHHOIO nanbHuKa i giametpa 4YacTuHkW. Lle nokasaHo Ha @ir.3. Mo ropusoHTanbHin oci giarpamu BigknageHi
3HA4YeHHSA fOiaMeTpa YacTUHKM B MM, a NO BEPTUKAsbHIN OCi - 3HAYEHHS HWXKHBOIT MPaHU4YHOI LUBMAKOCTI rasy B M/C.
[MpoBeneHi Tpu KpuBI, cepen AKNX HUXKHA KpUBa BIOHOCUTBECA A0 KaMepu 3ropsiHHa giametpom 0,3M, cepenHsa kpuea - 4O
Kamepu 3ropsHHSA Aiametpom 0,6 | BepxHA KpuBa - OO Kamepu 3ropsiHHa Adiametpom 1,2Mm. [na pospaxyHkiB
npunMaloTbes: KoedilieHT Tepts - 0,5, koedilieHT ranbmyBaHHa - 0,44, winbHicTb rasy - 0,28kr/m 2 i winbHicTb
YacTuHoK - 1000kr/m3. Sk nokasye giarpama, npv giameTpi YacTuHKKU, Hanpuknag, 2,0mMMm (Hanpuknag, noapibHeHol
OEPEBHOT TAbMNETKN) HUXKHS FPpaHWYHa LWBMAKICT rasy cTaHoBUTb 11-13M/C B 3aneXHOCTI Big, po3mipy Kamepu 3ropsiHHS.
Mpn MeHWwoMy AiameTpi YacTuHKK, Hanpuknag, 0,5MM (K, Hanpuknag, noapibHeHoi TabneTkn) HWXKHSA rpaHu4Ha
LWBMAOKICTb rasy € Takol HU3bKO, K 6-8Mm/C.

Konun yactuHku nanusa 6yaoyTe BXOAWTU Y KAMepy 3ropsiHHS LIMKIOHHOTO NarlbHUKa, BOHU GyayThb LWBUAKO BUAOINSATM
NETKY PEHOBUHY, O MICTUTLCS B HMX. OTXe, MOXe OyTU OOUINBHUM OB4YMCIEHHS HUKHBOT FPaHWYHOT LWBUAOKOCTI rasy Ha
OCHOBI LWINBHOCTI YaCcTWMHKM MiCNs BUAINEHHS NETKOI peYoBUHW. NS AepeBHUX YaCTUHOK US LWNBHICTb 3BUYaNHO
cTaHoBUTL 250kr/M°3. Lle nokazaHo Ha ®ir.4. Takum YMHOM, BCi OaHi, WO BBOOATLCH, € TaKUMU CaMUMMK, GK | Ha
piarpami, nokasaHiii Ha ®ir.3, 3a BUHATKOM Toro, WO Ha Pir.d NUMAbHICTE YacTUHOK cTaHoBUTb 250kr/M 2 3amicTb

1000kr/M3, Mpu piameTpi YacTUHOK O0,5MM HIDKHS rpaHWYHA LWBWUAKICTb rasy CTAHOBUTb GnM3bko 3-5M/c, WO €
AOCTaTHIM Ona OOCATHEeHHs MiHiManbHOI WwBuakocTi YactuHok (1,2m/c, 1,7m/c Ta 2,4M/C), po3paxoBaHMX BuULLe AnA
Pi3HUX OiameTpiB KamepKn 3ropsiHHA. AKWO BEpXHS rpaHu4Ha LWBWAKICTb rasy, ska BCTaHOBMeHa eMnipuyHoO, AOPIBHIOE
6nunabko 30M/c, TO BiQHOWEHHSA pobounX MeX peryroBaHHsA Npu AaHii TemnepaTypi ropiHHS | giameTpi YacTuHkn 0,5mMm
Oyno 6 6nmabko 30:5, To6TO 6:1. BigHOLWEHHA POGOHUX MEX peryrnoBaHHA Moxe OyTH We Binbll poslmnpeHe, SKLO,
KpiM TOro, 4ONyCTUTW 3MiHY TeMNepaTypy ropiHHA 3 HaBaHTaXKEHHAM.

Ha ®@ir.5 nokasaHa pgiarpama, WO iMOCTpye BIiOHOWEHHA PoOOOYMX MEX PErynoBaHHS B 3aneXkHOCTi Big
CTEXIOMETPUYHOIO BIOHOWEHHSA | BiQHOCHOI BUTpaTtW rasy. ¥ UboMy npukniagi nepenbadaetbes, Wwo apiabatuydHa
TemnepaTtypa y Kamepi 3ropsiHHS UWKIOHHOrO nanbHuKa cTaHoBUTb Ormabko 1300 ©C. [lo ropusoHTanbHin oci
BiOKNageHi 3Ha4YeHHsi BiOHOCHOrO KoedilieHTa HaBaHTaXKEeHHS LUUKMOHHOro nanbHuka. o niBil BepTuKanbHIA oCi
BiOKNageHi 3Ha4YeHHA CTEXIOMETPUYHOIO BIOHOLUEHHS BCepenuHi Kamepu 3ropsiHHA. Mo npaBiil BepTUKanbHIA OCi
BiOKnageHi 3Ha4yeHHA BiOHOCHOI BUTpaTW rasy BCEpEAVHi Kamepu 3ropsiHHs, TOOTO BIOHOWEHHS MK hakTU4HO
BUTPATOL rasy i MiHiManeHo BUTpaTolo rasy abo B OinblIOCTI BUNAAKiB - BiOHOLIEHHA MiXK pakTUYHO WBUAKICTIO rasy
i HUXKHBOIO FPaHMYHOLO LLIBUAKICTIO rasy.

Ak BUAHO Ha niBili YacTWHI giarpamun, KOnM y Kamepy 3ropsiHHS BBOOAUTLCS BiQHOCHO HEBENUKAa KinbKiCTb nanvea,
TO6TO NpM HEBENUKOMY HaBaHTaXeHHi, NOAaEeTbCA BiQHOCHO BernvKa KiNbKiCTb KUCHEBMICHOrO rasy, HeobxigHoro ans
ropiHHSA, IK, Hanpuknag, NoBiTPs, TaK WO Y KaMepi 3ropsiHHA Mae Micle HaacTeXioMeTpuyHuin pexum. Ons Toro, Wwob
nigTpumyBatn TemnepaTypy 6nmabko 1300°C, crexiomeTpudHe BigHOLWEHHSA 36epiraoTe piBHUM 6nunabko 1,8, gk ue
noKasaHO NYHKTUMpPHO NiHieto L1. 3i 36iNblUeHHAM HaBaHTaXKEHHSA TakoX 36iNnblUYOThb KiNbKiCTb rasy, HeobxigHoro ans
FOPiHHS, MiOBULLYHOHYM LWIBWAOKICTb, 3 AKOK BiH NOOAETHCA Y KaMepy 3ropsHHs, 3a AOMNOMOIo Yoro MiaTpuMyloTb
HapcTexioMeTpuyHni pexxuM. Lle nokasaHo Noxmnow fiBoK YacTUHOK KpuBOT L2. Y LbOMYy BUNaAKy CTEXIOMETPUYHE
BiOHOLIEHHS MiATPUMYETbCA MO CyTi MOCTiMHUM npu 1,8, BenuunmHa HaBaHTaKeHHsl, 3AINCHIOBaAHOro mnpu
HagCcTeXioMeTPUYHOMY PEXUMI, BUSHAYaETLCA HUXHBOK MPaHWYHOK LBUAKICTIO rasy i BEPXHbOK rpaHUYHO LWBMAOKICTIO
rasy, sika 3BumyanHo B 4 pasu Oinblue HWXKHBOT FpaHWYHOT LWIBMAKOCTI rasy. Ha giarpami rpaHuudHi LWBMAKOCTI rasy
noKasaHi ropu3oHTanbHUMK NiHiaMu L4 (HWxHA Mexa) Ta L5 (BepxHs mexka). Takum YMHOM, i3 306inblUeHHSIM
HaBaHTaXKEeHHS Bif BiQHOCHOTO koedillieHTa HaBaHTaXKeHHS, Lo AOPIBHIOE 1 Ha rOpU3OHTanbHIN WKarni, i, oTXe, TakoX i
LWIBMOKOCTI rasy OCTaHHs, 3pelwToto, Oyae gocaratv BepxHbO! rpaHnyHol WeuakocTi rasy. Lle sinbyBaeTtbes npu 4 Ha
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rOPU3OHTambHIMA WKani. TakuM YMHOM, LUKMOHHWUIA NanbHUK, WO Npautoe Npu HapgcTexioMeTpudHoMy pexumi, 6ye 6u
OOMEXKEHWI BiHOLWEHHAM poboUMX MeX peryrnoBaHHs, Wo gopisHioe 4:1.

Mpn QOCATHEHHI BEPXHBOI MPaHUYHOI LWBUAKOCTI rasy npu HaACTEXIOMETPUYHOMY PEXMMI 3LINCHIOTL onepauito
3MilLeHHs AN JOCATHEeHHs OOCTEXIOMETPUYHOIO PeXuMy, TUM CaMWMM Hadaloudu MOXIMBICTb We Oinblie 36inbwnTu
HaBaHTaXeHHs. [lilo No 3MilLeHHI0 O AOCTEXIOMETPUYHOIO PEXUMY 34iNCHIOTb 3a AONOMOrol0 3MEHLLEHHS LWBMOKOCTI
rasy Ao Toro, sk WBMAKICTb rasy OOCSArHe BepXHbOI MpaHWYHOl LWBMAKOCTI rasy abo nepeBulMTb 1, AK Le nokasaHo
NiHieto L6. Y uboMy BMNagKy BOHa CniBNagae 3 HWKHBOK TPaHWYHOK LUBUAKICTIO rady npu LOCTeXioMeTpu4HoOMY
BigHOWeEHHI 6nmabko 0,45 (Npy 4 Ha ropu3oHTarbHIM WKani), Tak Wwob nigTpuMmysaTn Temnepatypy 6nuabko 1300°C.
Tenep 3aMmiCTb HagfMLLKY KUCHIO € Moro Hectada. [ocTexioMeTpu4yHe BIiOHOLIEHHS, Lo AopiBHoe 6nusbko 0,45,
niaTPMMYETBCA MO CYTi NOCTIMHUM, SIK Lie NoKasaHO NYHKTMPHOM MiHiew L7, B TOM Yac sk AonycKaeTbcs nogarblue
36inblIeHHA KiNbKOCTI nanvea, WO NOQaeTbCsl Y Kamepy 3ropsiHHA. KinbkicTe nanvea i, oTXXe, Takox i BuTpaTa rasy
MOXYTb 36iMblUyBaTHCA, SK Le nokasaHo miHielo L8, ax Ao Takoro HaBaHTaXeHHs, NpU SIKOMY AOCAraeTbCsl BEPXHS
rpaHnYHa WBMAKICTb rasdy. Lle BinbyBaeTbcs npu 16 Ha ropv3oHTanbHil Wkani. Lle o3Havae, Wo AKWO LUKMOHHWA
nanbHWK npaytoBas 61 TiNbKWM NpY LbOMY AOCTeXioMeTpUYHOMY BigHOLEHHI, To 6yno 6 ogepxaHe BigHOLWEHHS poGounx
MEX peryrioBaHHs, LWo f[opiBHoe 16:4, To6TOo 4:1. O6'egHytounm paBa pexumu poboTu, BignosigHux obom
CTEXIOMETPUYHUM peXMMaM, MOXHa ofepXaTu TeopeTUYHe BIQHOLIEHHs1 poBOoYMX MeX peryrioBaHHs, WO AOPIBHIOE
16:1.

Lleli npouec € 3BOPOTHUM. TakMM YMHOM, MOXHA NMOYMHATM 3riQHO 3 NPaBOK CTOPOHO KpuBOi Ha dir.5, Tob6TO Npn
AOCTeXiOMEeTpUYHOMY pexuMmi. 1o Mipi TOro, AK 3MEeHLYEeTbCH HaBaHTaXKEHHSs i, OTXKe, TakoX i LBWAKICTb rasy,
[OCSAraeTbCsl, 3PELUTOl, HWXKHS rpaHuYHa WBUAKICTb rasy. Y Lei MOMeHT pobnaTb 3MilLeHHS A0 H3ACTEXiOMEeTPUYHOro
BiHOLLEHH: 3a AonoMoroto 36inbLUeHHs WBUAKOCTI rasy. lMicna uboro MoxHa e Ginblue 3MeHLYBaTu HaBaHTaXeHHs,
OOKU ONs NigTPUMKK MO CyTi NOCTIMHOMO HaACTEXIOMETPUYHOIO BiAHOLWEHHS LWBUAKICTL ra3y He 3HU3WUTLCS A0 HUXKHBOT
rPaHNYHOI LWBMAKOCTI rasy

Ha ®ir.6 nokasaHa iHWa fiarpama, WO iNoCTpye BigHOWEHHS poBoUMX MEX PerynioBaHHs. Y LbOMYy BUMNagKy
3aCTOCOBYIOTbCS T€ CaMe NarvBo i Ta camMa kamepa 3ropsiHHs, Wwo i Ha dir.5. OpgHak Tenep HeoOxigHo, wWob
apiabaTnyHa TemnepaTypa BcepenuHi kamepu 3ropsiHHa Oyna 6nuabko 1100 oC. Lo TemnepaTypy oaepXyloTb npu
HagCcTeXioMeTpPUYHOMY BigHOLWEHHI 6nn3bko 2,2 | npu gocTexioMeTpuyHOMY BigHoWweHHI 6nnsbko 0,38. Ak MoxHa
6aunTtn Ha Pir.6, 3MillleHHs, NoKasaHe HanpaBrieHO BHM3 CTPINIKO, Bif HAACTEXIOMETPUYHOIO PEXMMY MpU BEPXHI
rPaHUYHIN LWBUAOKOCTI rady A0 OOCTEXIOMETPUYHOMO PEXMMY NpU3Beno 6 A0 LBMAKOCTI rasy HUXKYEe HUXKHBO! FpaHUYHOl
WBMAKOCTI rady. AHamnoridyHo LbOMY, 3MilLeHHsl, NoKasaHe HanpaBIieHO Bropy CTPIfkow, Bifg LOCTEXiOMEeTpU4HOro
PEXUMY, KON € HWXHS FpaHWYHa WBMAKICTb rasy, A0 HaACTEeXIOMETPUYHOro peXxumy npusseno 6 Ao WBWMAKOCTI rasy
Habarato BULLe BEpXHbOI rpaHWYHOI WBMAKOCTI rasdy. Lle o3Havae, Wwo ons nigTpumkn HeobXigHOT Temnepatypu i ons
ofepXKaHHA Nons NepeKkpUTTS NpU 3MilLEHH Bif OAHOMO CTEXIOMETPUYHOrO pexmnMy [0 iHWoro wemakicte rasy Gyae
NPOXOAUTU 38 BEPXHIO i/ab0 HUKHIO MPaHUYHI LBUOKOCTI rasy.

Mpobnema, wo BigHocuTbes o Dir.6, BUPILYETHCA OOAABAHHAM PELUPKYOYNX TOMKOBMX rasiB, WO MaloTb
HU3bKWIA BMICT KUCHIO abo WO He MICTSTb Moro, Ao rasy, HeoOXigHOro ANs TOPiHHS i WO Mae BMCOKUA BMICT KWCHIO,
AIK, HanpWknag, 4o NoBiTps.

Takum 4nHoM, Ha Oir.7 nokasaHa piarpama, WO iNOCTpYe BigHOWEHHS PoBoYMX MeEX peryrioBaHHs Yy pasi
OOLaBaHHS PeuupKynolYnX TOMKOBMX rasiB Ao rasy, HeobxigHoro gns ropiHHs. Ak nokasaHo Ha ir.6, HeobxigHa
TemnepaTtypa y kamepi 3ropsiHHa gopieHioe 1100 °C. lMocTilHy KinbkicTb peuupkymtotodoro Tonkosoro rasy (15% Big
MiHiIManbHOT BMTpaTK rasy) OOMIlYOTb A0 HeoOXigHOro AnA FOpiHHS rasy Ao Woro nogadi y Kamepy 3ropsiHHS.
KinbkicTb peunpKynol4oro TONKOBOMO rasdy nokasaHa y BUrmagi NpsiMol ropu3oHTanbHOT NyHKTUPHOT NiHil L9 B HWXHIR
YacTuHi giarpamu. JTiHil, BignosigHi NiHiam Ha ®ir.5, no3HayeHi ogHaKoBMMK NO3NLIAMU.

Ak MoxkHa 6aunTn 3 giarpamu Ha Dir.7, Tenep nNpyv BUKOPUCTaHHI PELMPKYOYOro TOMKOBOMO rasy MiHiMarbHe
HaBaHTaXEeHHs1 Mpu AOCTEXIOMETPUYHOMY pexuMi € Binbll NPOTSXKHUM. PeunpKyrniolo4vnin TOMKoBUA ras 36inbliye
3aranbHy BUTpaTy rasy 6e3 36inblueHHs Tenna, Wo BUAINSAETLCA NpW cnarneHHi nanuea. TakMuMm YMHOM, MiHiManbHa
MeXxa BUTpaTW rasy, TO6TO HUXHA rpaHuyHa LIBUAKICTb rasy, AoCAraeTbCs Npu MeHLOMY HaBaHTakeHHi. Kpim Toro,
PELMPKYIIOIHNA TONKOBUIA a3 crnyxkutb fk Ganact. OTxe, Ana NATPUMKM HeobXigHoOI TemnepaTtypu noTpibHuMi
OOLaTKOBUIA ra3, HeobxigHuin ans ropiHHs. Lle pnomaTkoBo 306inbluye 3aranbHy BUTpaTy rasy, i MiHiManbHa Mmexa
pocaraeTbca npy LWe Binbll 3MeHLWeHOMY HaBaHTaXKeHHi. 3rigHo 3 giarpamoto Ha Pir.7, us mexa Ha ropuM3oHTanbHil
Wwkani mae micye npu 6nmabko 3,5 3amictb 6nnabko 6 Ha ir.6.

Mpu HapgcTexioMeTpu4HOMY pexuMi OAaHWI TOMKOBUWM ra3 Byage YacTKoOBO 3aMiHATW HagMIipHUIA ras, HeoOXigHWI
ONst TOPiHHA. TakMM YMHOM, 3aranbHa BUTpaTa rasy byae sanuwaTucs Takow Camoto, AK i Npu BigcyTHoCTI Byab-akoi
peLmpKynsLii TONKOBOro rasdy, ane i3 3MiHOK HaBaHTaXEHHsi CTEXIOMETPUYHE BigHOLWEHHS Oyae 3MiHIBaTUCH MiX
onunabko 1,8 Ta 2,1 (AnMB. NYHKTUMPHY niHito L1). MNepeBara nonsirae y ToMy, WO i3 3MEHLIEHHsIM HaBaHTaXeHHs1 byae
3MEHLLYBaTUCH KOHLUEHTpaLisl KUCHIO, Lo NPU3BOANTE A0 MEHLUOrO YTBOPEHHSI OKUCY a30Ty. TakMM YMHOM, Ha Aiarpami
Ha ®ir.7 i Ha giarpami Ha Pir.6 BepxHA Mexa HaBaHTaXKEHHS NpU HagCTeXioMeTpUYHOMY peXMMi JocAraeTbesa npu 4 Ha
FOPU3OHTArbHIN WKani. Y Toh 4ac ak Ha dir.6 Hemae Hiskoro nomnsi NepekpuTTa, Ha giarpami Ha Pir.7 € none
nepekpuTTa i, OTXe, Moxnuea nepexigHa 3oHa (MI13) BHacnigoK PO3WMPEHHS MiHIMarnbHOrO HaBaHTaXXEHHSA Mpu
pocTexioMeTpuyHoMy pexumi. MoxrnmBa nepexigHa 30Ha BU3HAYAETBCA HWXKHBOIO TPAHUYHOIO LUBMAKICTIO Mpu
AOCTEXIOMETPUYHOMY PEXUMI | BEpPXHbOK TPaHUYHOK LUBUAKICTIO NpU  HagcTexioMeTpu4HOMY pexunmi. 3amicTb
HaaBHOCTI "TOHKO" niHil L6, nokasaHoi Ha ®ir.5, y Bunagky, nokasaHomy Ha &ir.7, BuxoguTb Oinbll WMpoka
MOXIMBa nepexigHa 3oHa. Lle o3Havae, Wo y BUNagKy, nokazaHoMy Ha giarpami, AN BUKOHAHHS 3MilLeHHs1 A0 iHWWoro
CTexioMeTpu4Horo pexmmMy HeoboB'a3koBO MOTPIOHO YekaTw, Aoku ByAe AocArHyTa rpaHWYHa WBUAKICTb rasy. 3amicTb
LbOro 3MilLleHHs1 MoXe ByTu 3giicHeHe Y BinblU paHHIn MOMEHT NpK Takil KiNbKOCTI Nnanvea, sika He BUXOOAUTb 33 MEXY,
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BCTAHOBJSIEHY HLIOK PaHUYHO LUBWAKICTIO ra3y Ans iHWOro cTexioMeTpu4Horo pexumy. Hanpuknag, npu 3miHi Big
AOCTEXIOMETPUYHOIO pPeXnmMy OO HagCTEXiOMETPUYHOrO pexuMy Le 3MilleHHs Moxe OyTu 3gificHeHe npu BenUYMHI
HaBaHTaXKEHHS, BignoBiOHIA 4 (BEpXHS MeXa, HaACTEXIOMETPUHHUIA PEXUM) Ha FOpU3OHTarbHIN Wwkani Ha dir.7, abo
nisHille Npu e MeHLUIA BENWYNHI HaBaHTaXXeHHS, BiQNOBIOHIA 6rnabko 3,5 (HUXKHS MeXka, AOCTEXIOMETPUYHUI PEXKNM)
Ha TrOpPW3OHTanbHIA LWkani. MoxHa 3as3Ha4uTh, Wo 3rigHo 3 Aiarpamoto Ha ir.7, BigHOWEHHA pobo4nx Mex
peryrnoBaHHa craHoBUTb 18:1. OpHak, OCKINMbKA OaHUi LUKIOHHWWA NanbHUK Mae MakcumanbHe [onycTume
HaBaHTaXeHHs1, TOBTO KoediLieHT HakoNUYeHHs BHACMIAOK HaKOMUYEHHS TOpHoYMX YaCcTUHOK, 3 SKUX BUAINMNaca neTka
pPeYoBMHA, | OCKIMbKM LWBMAKICTb raly nponopuiiHa HaBaHTaXKEHHIo, TO LiNKOM MOXIMBO, WO LUe MakcuMmarbHe
HaBaHTaXeHHs Oyge AocArHyTe o TOro, AK LBWAKICTb rady npu AOCTEXIOMETPUYHOMY PeXMMi JocsirHe BepXHbo!
rPaHUYHOI LIBUAKOCTI rady. Takum YMHOM, MakcumMarnbHe AONYCTUME HaBaHTaXeHHs abo MeXa HaKoNMUYeHHs Henpsmo
BM3Ha4aloTb Mexy LBuakocTi. OaHak, nepeBara nonarae y ToMy, WO po3WMPSAETLCS Aianas3oH (BigHOWEHHA po6oumnx
MeX peryriloBaHHA), B Mexax SKOro MoXHa npauioBaTi Npyu AOCTEXIOMETPUYHOMY PEXKMMI, O NEPEBAXHO 3 TOYKU 30pYy
OXOPOHWU HaBKOMULLHBOrO cepeaoBuLLLa, OCKINbBKN YTBOPIOETLCA MeHLLe oKucy a3oTy. Lle gani intoctpyetbea Ha Pir.8.

Ha ®ir.8 nokasaHa iHwWa pgiarpama, WO iNOCTPYE BIOHOLWEHHA PoBoYMX MEX perynioBaHHA y pasi gogaBaHHs
peuupKysoloYMX TONKOBKUX rasiB [o rasdy, HeobxigHoro Ans ropiHHs. Y uUboMy BuUnagky HeobxigHa Temnepatypa
popisHioe 1300°C i pgiarpama nobynoeaHa Ans TOro caMoro nanvea B TOMY CaMOMY LMKIOHHOMY ManbHUKY, AK | Ha
®ir.5. OgHak Ha ir.8 nokasaHa 15%-Ha peLupKynsLia TONKOBOro rasy B ras, HeoOXigHWIA NS ropiHHA. 3 NopiBHAHHS
Aiarpam Ha uux ABOX dirypax o4eBMAHO, WO NPpU BUKOPUCTaHHI peLupKynioloHoro TOMKOBOroO rasy MoXrnvBa nepexigHa
30Ha cTae OinbLUoo, OCKINbKM MiHIManbHe HaBaHTaXKeHHS NpW OOCTEXIOMETPUYHOMY peXUMi 3MilyeTbecsa Aani nisopyd
Ha giarpami Ha ®ir.8. HaBiTb SKLWO NepeBaxHo NpauoBati No MOXIUBOCTI Binblue npu HaacTEXIOMETPUYHOMY PEXKUMI,
BMKOPWUCTaHHS TOMKOBOTO rasy MoXe HeraTMBHO BMIIMHYTW Ha 3araribHe BifHOLIEHHs poboYmX MeX peryroBaHHs, SKLLO
PEeLMpPKYNsSLis TOMKOBOMO rasy He BUKMOYEHa Npu OGinbll BUCOKOMY HaBaHTakeHHi. Hanpuknag, Ha Pir.8 saranbHe
BiOHOLLUEHHS pobounx MeX peryritoBaHHs CTaHOBUTbL 6nnabko 12,5:1 3amictb 16:1 Ha Pir.5.

Ha ®ir.9 Ta 10 nokasaHuin BNNnB GinbLUOT YaCcTUHM BBEOEHOrO rasy, Lo € PeuupKyroYnM TOMKOBUM rasom. Y Lux
NpuKnagax peLupkynioloynid TONKOBMA ra3 craHoBUTb 45% MiHiManeHoi BuTpatu rasy, i Ha Oir.9 HeobxigHa
TemnepaTtypa gopisHioe 1100°C, B To Yac sk Ha Pir.10 HeobxigHa Temnepatypa fopisHioe 1300°C.

Ak MOXHa 3a3Ha4MTW, ua Binbll BUCOKa peunpKynsuis TOMKOBOro rasy npuaBoguTb A0 Oinblioi MOXNUBOI
nepexigHoi 30HW. 7K MOXHa TakoX 3a3HaunTn Ha Dir.10, pobounin iHTepBan npu [OCTEXIOMETPUYHOMY TFOpPiHHI
PO3LUMPSAETHCA Malke 00 BiGHOCHOTO koedilieHTa HaBaHTaXKeHHS, Lo AopiBHIOE 1.

Hapani 3 nocunaHHsam Ha ®ir.11 6yne obroBoptoBaTUCH BU3HAYEHHSA HWMKHBOT MPaHUYHOT TaHreHLUianbHOT LWBMOKOCTI
rasy y "ctosdoMy" LMKIOHHOMY ManbHWKY, TOOTO SIKUA MICTUTb Kamepy 3ropsiHHSA, WO Mae LieHTparbHy BiCb CUMETPIT,
WO MpOXOoAWTb BEepTUKarbHO, i KPYrWA MNONepedHUin nepepia B TOPU3OHTasNbHIM nrowmHi. Ak iy "nexadomy"”
LUMKIOHHOMY NanbHUKY rpaHUYHa LWBWAKICTb rasy BiANOBIAHWM YMHOM BU3HAYaETbLCA BEPTUKaANbHUM NagiHHAM YacTUHOK.

Hapani npuiimaeTbes, WO YaCTUHKU NanuBa He BUHOCATBCS Yepe3 BUHYCKHWUIA OTBIp Kamepu 3ropsiHHA. 3 MeToto
CMNPOLLEHHS MOTIK rasy OnuUCYeTbCs K FOPU3OHTanbHUA 06epToBMI NoTiKk (6e3 BepTukanbHOI CUNM rarnbMyBaHHs), a
pagianbHWin NOTiK rasy po3rMsafaeTbes AK HEXTYBAHO Marnui, Wo nNpu3BoduTb A0 piBHOBAru cun, ki AiloTb Ha YacTUHKY
2, nokasaHy Ha ®ir.11. YacTuHka nanvea nNpMMUKae A0 BHYTPIWHLOI CTiHKM 4 kamepun 3ropsiHHs. [na 3anobiraHHs
NagiHHIO YaCTUHKKU cuna TAXiHHA F g BpiBHOBaXyeTbCA cunoto TepTa F¢ i BinLeHTpoBo cunoto F B Hanpamky noxunoi
NSOWMHK, sika HaxurneHa nig KyTom A 4o ropu3oHTaneHoi nnowmHy H.

FtFocos(a)=F gsin(a)

BioueHTpoBa cuna F¢ i cuna TskiHHA Fg MOoxyTb ByTy BUpaXKeHi TakuM YUHOM:

-..'I,-Z
Fo=1try %I

Fgtmeg

Ae m, - Maca 4YacTuHku, Vi - TaHreHuianbHa LWBWAKICTb 4acTuHKM, R - padlyc kamepu 3ropsiHHS LIMKIOHHOMO
nanbHWKa i g - NocTinHa cunu TsxkocTi. Cuna Tepta F; nponopuiiiHa HopmarnbHin cuni Fy 3rigHo 3:

FuFN

Fn=Fgcos(a)tFcsm(a)

Vi
Fi =y, gcns(m}+?smm

ae . - koedilieHT TepTa. Lle npu3BoanTb A0 HACTYMHOIO PIBHSAHHS:
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TaknM YMHOM, MiHiMarbHa TaHreHuiansHa WBWAKICTbL YacTUHKK Oyge:

tanioy —
Wiy = gﬁﬁ
plandoe) +1
3 BULLEBUKITAOEHOMO ACHO, WO MOXHA MaTu GinbLU KPYTUIA Haxun, SKWO a) 3aMeHLWyeTbes pagiyc R, 6) 36inbyeTtbes
TaHreHuiarneHa WBUAKICTb YacTUHkKU Vi, 860 B) 36iMblIyeTeCs KoediLlieHT TepTa .

Onsa  nigTpumkn  TaHreHuianbHOi  WBUAKOCTI YacTWHKA TaHreHuianbHa cuna ranbMmyBaHHa F 4 MoBUHHA
BpiBHOBaxyBaTu cuny TepTa Fr. Cuna TepTa ogHakoBa y BCiX HanpsiMkax.

5 wl

Ae Cy - KoedilieHT ranbMyBaHHs, A, - Nrolla nonepeqHoro nepepisy 4YacTUHKU nanvea, Py - WNbHICTE rasy,
HeobXxiaHOro Ana ropiHHa, i Vgt - TaHreHuianbHa WBUAKICTb rasy.

i Gy, 1

¥

Takum YMHOM, MiHiMarbHa TaHreHuianbHa WBUAKICTL rasy oyae:
. .,

3amiHioloun Macy m, WInbHICTIO YacTUHKA pp, MOMHOXEHOK Ha 06'eéM YacTUHKKM 3 BUKOPUCTaHHAM dj, - AdiameTpa
YaCTUHKM, | NEPEnUCyoYM NIOLLY NONEPEYHOro nepepisy A, YaCTUHKM, OLEPKYEMO:
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Yum Ginbwi abo Baxkdi 4acTUHKM, TUM HeobxigHi Oinbli pagiyc kamepu 3ropsiHHS | TaHreHuianbHa LWBUAOKICTb
rasy. KpiMm Toro, HUKHS rpaHn4YHa WBMOKICTb rasdy 3pocTae i3 36inbLUeHHSM KyTa A | 3BMEHLLEHHSIM KoedilieHTa TepTs.

dopmyna BuHaxoay

1. Cnocib KepyBaHHS NPOLIECOM FOpPiHHA Y HeLUMNakiBHOMY LIMKIIOHHOMY ManbHWKY MiCrnsi MOro 3anycky, KM BKIToYae
HacTynHi onepawii:

nogady nanuea y LUNiHAPUYHY Kamepy 3ropsHHS LIMKIIOHHOTO NanbHUKa,

nogaqy KWCHEBMICHOro rasy, HeoOXigHOro ANnsi ropiHHs, 3 TaHreHuianbHOW LUBUAKICTIO Yy KaMepy 3ropsiHHs, npu
LUbOMY BM3Ha4YaloTb HUXKHIO FPaHWYHY LUBUAKICTb rasy i BepXHI0 rpaHuYHy LIBUAKICTb rady Ans rasy, HeobxigHoro ans
FOPiHHSA,

niaTpUMaHHA LWBWAKOCTI rasy, HeobXigHOro Ans ropiHHA, MiX rPaHUYHWMK LIBUAOKOCTAMU rasy,

nigTPUMaHHA OOHOro 3 ABOX CTEXIOMETPUYHMX PEXUMIB - LOCTEXIOMETPUYHOTO PEXMMY Ta HagcTeXioMeTpU4YHOro
peXumMy, 3a OONOMOroK PeryrioBaHHS KiNbKOCTI KUCHIO, WO NogaeTbes, BiAHOCHO KiNbKOCTi nanvea, Wo nogaeTbes,
TOBTO HaBaHTaXeHHsA Mo Nanuey,

3MilleHHs OO OpYroro 3 BKa3aHWX ABOX CTEXIOMETPUYHWUX PEXUMIB, NpW LpOMy 3anobiraiodn 3abesnedeHHio rasy,
HeobXxigHOro Anga ropiHHSA, LWBUAKOCTI 38 MeXamu Aiana3oHy, SKUiA BUSHAYaETbCH HUXHBOK MPaHUYHOIO LUBUAKICTIO rasy i
BEPXHBOIO FPaHUYHOIO LIBUAKICTIO rasy.

2. Cnoci® 3a n. 1, SKMA [OOATKOBO BKMIOYEE MIOTPMMAaHHS TeMnepaTypu y Kamepi 3ropsiHHa B iHTepsani
TemnepaTyp 700-1300 °C, nepeaxHo 900-1100 °C, npu UbOMY KOXHa TemnepaTypHa Touka B iHTepBarni Temneparyp
pasoM 3 rpaHUYHUMKU LIBUAKOCTAMW rasy BU3Hadae BignoBigHe MiHiManbHe HaBaHTaXeHHs No nanuBey i BignosigHe
MaKkcUMarbHe HaBaHTaXeHHs MO nanuvBy ANA 3MilleHHs! Big OAHOMo 3 OBOX CTEXIOMETPUYHMX PEXMMIB A0 OPYroro
CTEXIOMETPUYHOTO pPeXMMY.

3. Cnoci6 3a n. 2, SKMA JOOAaTKOBO BKOYMAE 3MILLYBaHHS PELUPKYMOYNX TOMKOBMX rasiB abo iHWoro rasy 3
HM3bKMM BMICTOM KUCHIO, abo iHepTHOro rasy 3 KWCHEBMICHUM rasoM, HeoOXigHUM AnA ropiHHs, Ao nopadi rasy,
HeoOXigHOro AN ropiHHS, Y Kamepy 3ropsiHHSA, TUM CaMUM 3HWXYIOUM MiHIMarnbHe HaBaHTaXKEeHHsi NMo nanuey npu
[OCTEXIOMETPUHHOMY PEXUMI.

4. Cnoci6 3a n. 2, KM O0OaTKOBO BKIOYEE 3MilLyBaHHS PELMPKYIIOIYMX TOMKOBUX rasis abo iHworo rasy 3
HM3bKUM BMICTOM KUCHIO, abo iHepTHOro rasy 3 KWCHEBMICHUM rasoM, HeoOXigHUM Ana ropiHHs, A0 nopadi rasy,
HeoOXigHOro AnSA ropiHHS, Yy Kamepy 3ropsiHHA, TUM CaMUM 3MeHLLUYYM NpU OOHAaKOBIW 3aranbHin BUTpaTi rasy
KOHLiEHTpaLito KUCHIO | 38 JONOMOTO LibOro YTBOPEHHS OKUCIB a30Ty NpU HaACTEXioMeTpPUHHOMY PEXUMI.

5. Cnoci6 3a n. 1 abo 2, npu AkoMy Aia 3 NiATPMMYBaHHS CTEXIOMETPUYHOIO PEXUMY ABMsie coBO NiaTPUMYBaHHS
Mo CYTi NOCTIAHOIO CTEXiOMETPMYHOIO BiAHOLLEHH:A ANs TOro, Wob perynoBaTtu Temnepartypy.

6. Cnoci6 3a n. 2 abo 3, Npu AKOMYy CTEXIOMETPUYHE BiOHOLUIEHHS NIGTPUMYIOTH B MEBHUX MeXax, B TOM 4ac K
TemnepaTypy B Kamepi 3ropsiHHS perynioloTb 3a AOMOMOrolo KinbKOCTi peLMpKyriolHoro TonKoBoro rasy abo iHworo
rasy 3 HU3bKMM BMICTOM KWCHIO, 860 iHepTHOrO rasy, 3millaHoro 3 KUCHEBMICHUM ra3oM, HEOBXIAHUM As FOpPiHHS.

7. Cnoci6 3a Oygb-akuM i3 nn. 1-6, akMiA BKOYae nodaqy nanvea y BUMSAI YacTMHOK TBepaoro nanvea, sik,
Hanpuknagd, OepeBHUX 4YacTUHOK, MePeBaKHO OepeBHUX TabneTok, 3BMYanMHO noApibHeHUX AepeBHMX TabneTok
AiaMeTpom 0 4 MM.

8. Cnoci6 3a n. 7, AKMIA BKMOYae HaACTynHi onepauil: nNpyu nogadi NOpPIBHAHO HEBENUKOI KiNbKOCTi nanvea y
Kamepy 3ropsiHHs peryrnolTb KinbKiCTb rasy, HeoOXigHOro Ansi ropiHHSA, TakMuM YMHOM, oG y Kamepi 3ropsiHHS
nepeBaxaB HaACTEXIOMETPUYHUA pPexXUM,

npu 30inblIeHHI KiNbKOCTI nanuBa 36inblUyloTh KiNbKiCTb rasy, HeobxigHoro Ans ropiHHs, 3a OOMNOMOrow
36inblUeHHs LWBWAKOCTI, 3 AKOK BiH NOAAETHCA Y Kamepy 3ropsiHHsA, Npu LbOMY MIATPUMYIOYM HagcTeXioMeTpUYHWI
peXUM,
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3MilLYIOTb 4O OOCTEXIOMETPUYHOrO PEXMMY, 3MEHLUYIOYN BIiOHOCHY KinbKiCTb rasy, HeoOxigHoro Ans ropiHHs, 3a
OONOMOIOK 3HWXKEHHS LUBUAOKOCTI rasy, HeobXigHOro AnA ropiHHSA, OO0 TOro, SK LWBWAKICTb rasy OOCSArHe BepXHbOl
rPaHWYHOIT LWBUAKOCTI rasy, abo Komnu KinbKiCTb NanvBa € Takow, WO A0CATaeTbCa AOCTEXIOMETPUYHUIA PEXUM, SKURA
3a[0BOSIbHAE KpUTEpiAM TeMnepaTypu y Kamepi 3ropsiHHsa, aka gopiBHioe 700-1300 ©C, nepeBaxHo 900-1100 °C, i
LWBWAKOCTI rasy, sika OOPIBHIOE HWXKHIW MPaHUYHIN WBMAKOCTI rady abo GinbLuUil, HiXK LS WBUAKICTb.

9. Cnoci6 3a n. 8, npyu KoMy nicna 3MiLEHHS 00 AOCTEXIOMETPUHHOIO pexnmy 3abeanedyoTb Npu nogansomy
30inbLlUeHHI KinbKOCTi nanvea 36iNblLUEHHS KiNbKOCTI rasy, HeobXigHOro Ons ropiHHs, 3a OOMNOMOrok 36inbLUeHHs
LUBUOKOCTI, 3 AKOK BiH NOOAETLCA Y KAMEPY 3rOPSHHS, NPU LbOMY NIATPUMYIOHMU OOCTEXIOMETPUYHUIA PEKUM.

10. Cnoci6 3a n. 7, SKMA BKMNoYae HaCcTynHi onepaudil: npu nogadi MOpPIBHSHO BENWKOI KiNbKOCTI nanuvea y
Kamepy 3ropsiHHA peryniolTb KinbKicTb rasy, HeobXigHOro Ans ropiHHs, Takum YUMHOM, WoO y kamepi 3ropsiHHA
nepeBaykaB AOCTEXIOMETPUHHUNA PEXUM,

NPV 3MEHLLEHHI KINbKOCTI nanuea 3MeHLUYOTh KiMbKiCTb rasy, HeobxigHoro Ans ropiHHs, 3a JONOMOTOK 3HUXKEHHS
LWBUOKOCTI, 3 IKOK BiH NOOAETLCA Y KAMEPY 3rOPSHHSA, NPY LbOMY MIATPUMYIOHMN OOCTEXIOMETPUYHUIA PEKUM,

3MilLylOTb A0 HagCTEeXiOMETPUYHOIO pPeXnmMy, 30inbluytouM BiGHOCHY KiNbKIiCTb rasy, HeoOXigHoro Ansi ropiHHs, 3a
AONOMOrol 36inbLUeHHs LWBMAKOCTI rady, HeobXigHOro Ansi ropiHHA, A0 TOro, K LWBWAKICTb rasy AOCArHE HUXHBLOI
rPaHN4YHOI WBMAKOCTI rasy, abo KoM KinbKiCTb Nanuea € Takow, WO AOCAraeTbCs HaaCTEXIOMETPUYHWIA PEXUM, SKURA
33a[0BOSIbHAE KpUTEPIAM TemnepaTypu y Kamepi 3ropsiHHA, wo gopisHioe 700-1300 °C, nepeBaxHo 900-1100 °C, i
LWBWAOKOCTI rasy, sika AOPIBHIOE BEPXHIN rPaHUYHIN LWBUAOKOCTI razy abo MeHLUIR, HiXX Us LBMOKICTb.

11. Cnoci6 3a n. 10, npu skoMy nicnsa 3MilleHHA O HaACTEXIOMETPUYHOIO pexumMy 3abeanedyoTs Npyu noganbsLlomy
3MEHLUEHHI KiNbKOCTi nanuBa 3MEHLUEHHS1 KiNbKOCTi rasy, HeoOXigHOro AOnsi ropiHHS, 3a LOMOMOIOK 3HUXKEHHS
LWUBUOKOCTI, 3 AKOK BiH NOOAETLCA Y KAMEPY 3rOPsIHHS, NPU LUbOMY MiATPUMYOHMN HBOCTEXIOMETPUYHWI PEXNM.

12. Cnoci6 3a 6yab-akum i3 nn. 7-11, Npu SKOMY HWXKHSI FPaHWYHa LUBMOKICTb a3y € HaMHWXKYOK LWBUAKICTIO Ana
NiaTPMMYyBaHHSA LMpKYnaLii WoHanmMeHLwe GinblOoCTi YaCTMHOK Nanuea y Kamepi 3ropsiHHS.

13. Cnoci6 3a Oygb-akuM i3 nn. 7-12, npu AKOMY ANS UUKIOHHOIO narbHMKa 3 KaMepok 3ropsiHHs, Wo Mae
LUeHTparbHy BiCb CMMETPIl, WO NPOXOAMTb FOPM3OHTaNbHO, OOUMCHIOTL TaHreHUianbHy HUXHIO MPaHUYHy LWBUAOKICTb
rasdy Vgt 3BepXy kKamepu 3ropsiHHsl, WO BU3HAYaETbCA HACTYNHUM AUdepeHLianbHNM PIBHAHHSAM:

V _V Vﬂ W y

fe:
H - koedpilieHT TepTs;
Cd - KoediLieHT ranbMyBaHHS;

A - nrouia nonepe4Horo nepepisy YacTMHKK Nanvea,
7

2. LWiNbHICTb rasy, HeoOXigHOro AnS ropiHHS;
E

¥ - KyT 0o BepTukani, To61o 180° 3BepXy Kamepu 3ropsiHHs;
;r:- TaHreHuianbHa WBNAKICTL raay;
E

oo TaHFEHLlia.I'IbHa WBWAKICTE YaCTUHKN;
H

My - Maca HacTUHKY,
£ - NOCTIiNHa cuna TAXKIHHS;

R - pagiyc kKamepu 3ropsiHHS LIMKIIOHHOTO NanbHUKa;

S - BigcTaHb, Ky NpoxoauTb YacTuHKa no nepudepil.

14. Cnoci6 3a 6ygb-AkuM i3 nn. 7-12, npu AKOMY ONS UUKIOHHOIO narbHMKa 3 Kamepotl 3ropsiHHs, WO Mae
LeHTparbHy Bicb CMMETPIl, Lo NPOXOANUTb BEPTUKANbHO, OBUMCIIOITL TaHreHUianbHy HUXKHIO TPaHUYHy WBUAKICTL rasy
Vg1, LUO BUBHAYAETECHA HACTYMHAM PIBHAHHAM:

plal@-—u 4, B M
granfey+1 3 7 g, C,

tan( &) — i

Litan( ) +1 sin( &)

[g cos(@) + g
ne:

;,r;- TaHreHuianbHa WBUAKICTL raay;

E.

£ - NOCTiNHa cuna TAXKIHHS;
K - pagiyc Kamepy 3ropsiHHS LUKNOHHOMO NanbHUKa,;
. - KyT 4O rOpU30OHTan;
K - koedilieHT TepTs;
d,” OiaMeTp YacTMHKM Nanuea,;

a2, LWiNBHICTb YaCTUHKN NanuBea,;

¥

2. WiNbHICTb rasy, HeobOXigHOro Ans ropiHHS;
E

Ca‘ - KoediLieHT ranbMyBaHHS.
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15. Cnoci6 3a 6yab-akMm i3 nn. 7-14, npyu AKOMY BepXHS rpaHuYHa WBMAKICTb rady € HanBULLOK LUBUAKICTHO,
ponyctumMol ans 3anobiraHHa BUHECEHHIO BENUKOT KiNMbKOCTI YaCTMHOK NanvBea, Wo He 3ropinuv, 3 KaMepu 3ropsiHHs, i
wo gopisHioe 20-50 m/c, nepeBaxHo 25-40 m/c, Ak, Hanpuknag, 6nmasko 30 m/c.
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