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CYIIUJIbHBIN BYHKEP, A TAKXE PA3BMOJIbHO-CYIIUJIbHBIN KOMILJIEKC,
BKJIIOUAIOIHH B CEBS TAKOU BYHKEP

O6nacTh TEXHUKH

B nenom, Hacrosimee n300peTeHne OTHOCUTCS K CYIIMJIbHBIM OyHKepam IJisi
MPOCYIINBAHUS TPAHYJIHUPOBAHHBIX MAaTEPHANOB PA3JIUYHBIX TUMOB. Takue CyIMUIbHbIE
OyHKEepbl MOTYT UCTIIOJIb30BATHCS B PsJE CIyYaeB MPAKTUYECKOTO MPUMEHEHUS U,
MpeKJe BCEro, B pa3MOJbHO-CYLIUIBHOM KOMILIEKCE.

YPpoBEHb TEXHUKHU

I'panynupoBaHHBIE MaTepHUAJIbl HCTIOJNB3YIOT B PA3JIMYHBIX OTPACIISIX
MPOMBIIIJICHHOCTH M UX MOYHO MOJY4aTh U3 MHOr00Opa3usi MaTepHalioB, HapuUMep
W3 MUHEPAJbHBIX, OPTAHUYECKUX UJIH CHHTETHYECKUX MaTepuanioB. bonbmuHCTBO
I'PaHYJIMPOBAHHBIX MATEPHUAJIOB CONEPIKUT B ceOe CYLIeCTBEHHOE KOJTUYECTBO
YBJIEUEHHOMN BJIATH, & HEKOTOPbIEC U3 HUX JAXKE MPOSABISIOT TUIPOCKONMUYECKHE
CBOMCTBA.

[TosToMy rpanyaupoOBaHHBIE MaTePUAIbl TPAIULHOHHBIM CIIOCOOOM
MpeIBapUTEIbHO HArPEBAIOT U MPOCYLIUBAIOT B CYIIMJIbHBIX OyHKepax, MpoayBas
yepe3 HUX HarpeThbill (CyXoii) BO3ayX uiid, B Oojiee MHUPOKOM CMBICJIE, CYLIUIbHBIHI
ra3. Kak npaBuyio, CymImibHbIN ra3 mocTymnaer B CYyMIMJIbHbIN OyHKep Yepe3 ABOMHOe
IHUILIE WJIM COTLIA, PACIOJOKEHHbIe B HHJKHEH, CXOIsIIeNcsl Ha KOHYC 4acTu OyHKepa.
Cyxoii BO3yX yCTpeMJIsIeTCSl TOTOKOM BBEPX 4Yepe3 rpaHyJUPOBAHHYIO LIUXTY,
HarpeBasi TPaHyJHUPOBAHHBIM MaTepUa U yAAJsIs U3 HETO Biary. BiaskHbIl BO3IyX
BBIXOJUT 3aTeM U3 OyHKepa depe3 BhIMyCKHOE OTBEPCTHE B €0 KPbIIIE.

JI5iss MHOTHUX MPOMBILIJIEHHBIX TEXHOJOTHYECKHUX MPOIECCOB MPOCYIIUBAHUE
W/WJIM IpeBapUTEIbHOE MPOCYIINBAHNE HACBIITHOTO MaTepHUaia HMEET BaXKHOE
3HAa4YeHHE, MOCKOJIbKY OHO MOXKET BJIMSITh Ha paboune XapaKkTEePUCTUKH,
3¢ pexTUuBHOCTD U/MIH 6€30MaCHOCTh TEXHOJOTHYECKOro Mpolecca.

JIns HarnAAHOCTH PAaCCMOTPUM IPUMEpP U3 MeTalllypruueckoit
npoMmbimyieHHOcTH. B WO 2017/102810, HanmpuMep, pacKpbiTa CYIHOCTD
NpeIBapUTEIbHOIO NPOCYIINBAHUSA UCXOJHOTO MaTepuana, npexiae BCero HCXOAHOro
(cpIporo) yris, BhIIIE MO MOTOKY OT Pa3MOJbHO-CYIIHJIBHOTO KOMIIJIEKCA.

q)aKTI/ILIeCKI/I, MOBBIIIEHHOC COACPXKAHUEC BJIAard B UCXOOAHOM MaTE€pHale,
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NOABEPraeMOM TEXHOJIOTHUECKOH 00paboTKe, TO €CTh MOABEPraeMOM Pa3Moy U
NPOCYLINBAHUIO, OKa3blBA€T OTPULIATENBHOE BO3€IICTBUE HA MPOU3BOJUTEIBHOCTD
MeEJIbHUIBI TOHKOTO oMoJia. JIpyruMu cji0BaMU, MaKCUMAaJIbHO BO3MOJKHAsl BBIXOAHAs
MOIIHOCTb MEJIbHUIBI TOHKOT'O MOMOJIa YMEHBIIAETCs ¢ YBEIUYEHUEM COAEpKaHUS
BJIaTU B UCXOJTHOM MaTepuaje (BbIlle 3aJaHHOrO IOPOroBOr0 3HAYEHUs COJIep KaHus
BJIATH ).

3a cueT mpeaBapUTeIbHOTO MPOCYIIMBAHUS UCXOAHOTO MaTepualia B CyLIUJIb HOM
OyHKepe BbILIE IO MOTOKY OT MEJIbHHIIBI TOHKOTO MOMOJIa MOTPeOHAasi MOLIHOCTD, a
CIIeOBATEIbHO, U TUIIOPAa3Mep YCTAHABJIMBAE€MOI MeJIbHULIBI TOHKOI'O TOMOJIa MOTYT
OpITh yMeHbLIeHBI. [loTpeOHass MOITHOCTD MO MPOCYIIMBAHUIO, & CJIETOBATENBHO, U
pacxoja CyHUIMJIbHOTO ra3a B pa3MOJbHO-CYIIMIBHOM KOMIUIEKCE TaK)Ke€ MOTYT OBITh
YMEHBLIEHBI, YMEHbIIAsl TEM CAMBIM THIIOPA3MEPbl H MOIIHOCTH, IIPEXKAE BCEro, Tpyo
111 TEXHOJIOTUYECKOTO ra3a, 00opynoBaHus (HAIPUMeEDP, MHOTOCEKIIHOHHBIN LIUKJIOH
WJIN MEIIOYHBIA PUIBTP) AJISI cenmapanuu oTpabOTAaHHOTO CYIIUJIBHOTO Tra3a u3
MPOCYILIEHHOTO TBEPAOTO MaTepuaia U OCHOBHOIO BEHTUIATOPA CYIIUIBHOIO rasa.

B xondurypaunn kommnuekca cornacio WO 2017/102810 ropsiuunii ra3 ans
NpeaBaPUTEIbHOTO NMPOCYIINBAHNS HATHETAIOT B CYLIUJIbHBINA OYHKEp depes
HECKOJIbKO comes (Ha OAHOM MJIM HECKOJbKUX YPOBHSX) Ha BHEILIHEH OKPYKHOU
MOBEPXHOCTU LUJIMHAPUUECKOU UJIM YCEYEHHON HU)KHEN KOHUYECKOW 4acTHU KopIlyca
OyHkepa. [Ipu TOM, 4TO 3TO OUEHBb PACHPOCTPAHEHHOE pelIeHne, HaOI0AeHUs
NOKAa3aJH, YTO 3TOT CIOCO0 KOMIIOHOBKH He Bceraa obecrneynBaeT paBHOMEpPHOE
IPOCYLIMBAHUE IPAHYJIHPOBAHHOTO MaTepHuajia BBUAY CHELH(PUIHBIX CTPYKTYpP MOTOKA
CyHIUJIbHOrO ra3a. JlpyruMu cioBaMu, OompeaesieHHas 4acTh HCXOJAHOI0 MaTepuasa He
Oyner mpenBapuUTENbHO BBICYLIUBATHCS MJIM TOJbKO HE3HAYHUTEIbHO Oyaer
NpeIBapUTENIbHO BBICYLINBATHCS, B TO BpeMs Kak Apyras 4acTb MaTepHalia MOKeT
0Ka3aThCs MOYTHU MOJHOCTHIO MPOCYIIEHHON UJIM laxke neperpetoi. B cnyuae ecnu
5TOT MPEABAPUTEIBLHO HE PABHOMEPHO MPOCYIIEHHBII MaTepual He OyIeT JOBEIEeH 10
OJHOPOJHOIO COCTOSIHUSI BO BPEMsI BBITPY3KU B MEJbHUIY TOHKOTO MOMOJIa HUXKE MO
NOTOKY, paboune peXUMbl B MEJIbHHUIIE TOHKOT'O ITOMOJIa MOTYT MEHATBHCS BIUIOTH 10
XaOTUYHBIX U NPUBOJUTH K HEOJHOPOIHBIM CBOMCTBAM TOHKO Pa3MOJIOTOrO

MaTepuana.



10

15

20

25

30

Texnuueckas 3agada

3anaya HACTOAIETO H300PETEHUS 3aKI0YAETCsl B IPEJOCTABICHUH CYIIUIBHOTO
OyHKepa yJNy4dlIeHHON KOHCTPYKIHUHU, oOecnieunBarolleil, mpexae Bcero, domuee
OAHOPOAHOE MPOCYIINBAHNUE MUXThI U3 FPAHYJIHMPOBAHHOTO MaTepuana.

Obwmee onucanue u3odOpeTeHUs

Hacrosmee nzobpeTeHne HCXOOUT U3 TOro GakTa, YTO TPAAULMOHHAS
KOMITOHOBKA CYLIMJIbHBIX OYHKEpPOB, KaK MPOJAEMOHCTPUPOBaHO, Hanpumep, B WO
2017/102810 u onpenensieMasi €10 CTPYKTypa MOTOKA ra3a mpoOTUBOpEUAT
NPEANONOKEHUIO O MPOTOYHO-CKBO3HOM YCTPONUCTBE NMPEABaPUTENBHOTO
NPOCYLINBaHUs, B KOTOPOM ra3 u TBEpJbli MaTepuana ABUXKYTCS IO CYIIECTBY
NOTOKOM/TIEPEMENIAIOTCS B MPOTHBOIOJIOXKHBIX HAPABICHUSAX TOKA.

CoOcTBeHHO, aBTOp HACTOSIIETO U300pETeHUs MOAMETHII, YTO ra3 AJs
NpeIBapUTENbHOIO NPOCYIINBAHNS, HATHETEHHbINH Yepe3 BHEIIHUE CTEHKU TaKOTO
OyHKepa mpeaBapUTENbHOTO MPOCYIUBAHUS, TPOXOAUT Yepe3 NCXOAHBIH MaTepual
OoJspIIeil YaCcThIO B HANIPABJIIEHUH MOMEPEYHOr0 TOKA. DTO MPUBOAUT K TOMY, YTO
TOJBKO YaCTh MOTOKA UCXOJHOTO MaTepuana (Ta, KOTopas IpUXOAUTCS Ha caMoe
KpaiiHee KOJbLIeBOE MPOCTPAHCTBO B TOPU30HTAIBHOM ITONEPEUHOM CEUeHUHU OyHKepa)
HENPEPBIBHO «3a7€BAETCS» ra3oM AJs MPEeABAPUTEIbHOIO NPOCYIIUBAHUS C
TEeMIIepaTypOr BXOJHOIO YPOBHS, B TO BPEMS KaK UCXOIHBIM MaTepuas, CXOAA NN
OonpLIel YaCThIO B LIEHTPAJIbHYIO 30HY OyHKEepa, HeMpPepbIBHO KOHTAKTHPYET C Ta30M
A7 IPEeJBAPUTEIbHOIO NPOCYIINBAHUS C MEHBIIMMHU YPOBHSIMH TEMIIEPATYPbl U, HAAO
noJjiaraTh, C MeHblIE€H HHTEHCUBHOCTBIO nojgaun. Kak cieacrsue, B 3aBUCUMOCTH OT
SKCIUTYaTAlMOHHBIX YCIOBHI MPeIBAPUTEIbHOE MPOCYLIMBAHIE MOXKET He ObITh
PaBHOMEPHBIM, YaCTh UCXOJHOTO MaTepuaia MNpeaBapuTEeIbHO MOXKET He
BBICYIIMBATHCS UM MOXET MPeIBapUTENbHO BbICYINBATHCS TOJBbKO HE3HAYUTENBHO, B
TO BpeMs Kak Apyras 4acTb MaTepHalia MOXeT 0Ka3aThbCsl MOYTU MOJIHOCTHIO
NPOCYLIEHHON UM faxe neperpetoil. Kak ymoMHHaAIOCh BhILIE, HCIIOJNB30BAHUE
TaKOro HEe PaBHOMEPHO NMPEABAPUTENBHO MPOCYIMIEHHOTO MaTepruaia MOXET
NPUBOIUTH (K PA3BUTHIO) MEHSIOIIETOCS, XaOTUYHOTO MJIM AaXe OMacHOro pabodero
peXuMa Ha MOCIEeAYIOIIUX TEXHOJIOTHUYECKUX CTaANAX/3Tanax o0padoTKu.

Jlnst peneHus BhIIEYKa3aHHOH mpoOeMbl HaCTOAIee N300 pEeTEeHNEe MpeaiaraeT
CYIIMJIbHBIA OYHKEp IJIs MPOCYIINBAHUS I'PAHYJIHUPOBAHHOTO MaTepuana,

BKJIFOYAO LU B ce0si:
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- Kopryc OyHKepa, 3aal0Iuil HAMOPHYIO KaMepy I IPaHyJIUPOBAHHOIO
Martepuajia u I/IMelOI_I_[I/Iﬁ BEPXHKOK YaCThb U HUKHIOK YaCThb,

- BXOJJHOE€ OTBEpPCTHE MaTepuaja Ajs rpaHyJupOBAaHHOIO MaTepuana,
pPacmnooXeHHOEe B BEpXHEH 4acTH,

- BBIXOJHOM MOPT MaTepuana B HUXKHEHN 4acTH,

- CpeAcCTBa JUIsl BIIyCKa rOpsvero CYIMJIbHOIO ra3a B Kopnyc OyHKepa,
- BBITYCKHOE OTBEPCTHE ra3a, paclojioXKeHHOE B BEpXHEH 4acTH.

CornacHoO B&XXHOMY acCleKTy U300peTeHUs CPEeCTBA AJIsl BIyCKAa rOpsiuero
CYIIMJIBHOTO ra3a BKJIIOYAKT B c€0s HECKOJBKO ra30BbIX TPYOOK, PacloOKEHHBIX
NPOCTUPAO LIUMHUCS MO CYIIECTBY BEPTUKAJIBHO B BEPXHEHN 4acTH, NpUYEM Kakaas
razoBas TpyOKa MMeeT BBIITYCKHOE OTBEPCTHE Ir'a3a Ha €€ HM)KHEM KOHLIE U COeTUHEHA
Ha €€ BEpXHEM KOHIIe C KOJbLIEBbIM ra3onpoBOJOM, HMEIOIIUM ra30Bo€ OTBEPCTUE IS
npueMa NOTOKa CYIIMJIbHOTO ra3a, Ipu4yeM ra3opble TpPyOKH pacrpenesieHsl 1o
KOJIbIIEBOMY razomnposoay. IlpenmnoururenpHo, ra3oBbie TPYOKH NPOCTUPAOTCS BHHU3
10 30HBI 0T 25 % 1o 50 % no BeicoTe (H) xopmyca.

Kak 06110 MOSICHEHO B KOHTEKCTE YPOBHS TEXHUKH, Nepu(epuiHbIil BIyCcK
CYIIMJIBHOTO ra3a B TPAaAULIMOHHbIE CYUINJIbHBIE OYHKEPBI CO3aeT MPoOIeMBbl ¢
pPaBHOMEPHOCTBIO 00paboTku. ['a3 mMposABIAET TEHIEHLUNIO OCTaBAThCS BO BHEINHEH
nepudepun OyHKepa, Tak YTO TOJIBKO YMEHbIIEHHbIE PACXOAHBIE KOJIHYECTBA
CYLIMJIBHOTO ra3a JOCTHUTaIOT LEHTPAJbHON yacTH OyHKepa, UMesl CHU)KEHHbIE
TeMIepaTyphl.

B oTnudune oT 3TOro, MpeaioKeHHbIH CYyIIUIbHBIA OYHKEp BKJIFOYAET B ce0s
YCOBEPIICHCTBOBAHHBIC CPEACTBA AJIA BIIyCKa ropA4ero CymuJjJbHOIo rasa B
cymmibHbIA OyHKep. [IpuMeHeHne KOMIIJIEKTa BEPTHKAJIbHBIX Ta30BbIX TPYOOK
MO3BOJIAET BIIYCKATh HECKOJIBKO IMOTOKOB I'OpAvY€ro CyuunujJbHOIO ra3a B
I'PaHYJMPOBAHHBIA MaTepHal B HYKHBIX TOUYKaX, 4TOOBI CTOCOOCTBOBATH ero Ooiee
OJHOPOJHOMY TOKY Yepe3 rpaHyJUPOBaHHbIN MaTepuaid. KpoMe TOro, moCKoJbKy
ra3oBble TPyOKH MIPOCTHPAIOTCS BHYTPh BEpXHEH YyacTH Koprmyca OyHKepa, 4acThb
rpaHyJUpPOBAHHOIO MaTepHalia y)Xe OKaKeTCs peABapUTEIbHO HarpeToil 3a cuer
KOHTAKTa € ra30BbIMU TPYOKaMHM M KOJIBIIEBBIM ra30mpoBOAOM (IIPH YCIOBUHU
YCTaHOBKHU BHYTPHU KOpryca OyHKepa).

Kak nmpenmnonaraercs, ra3 ajis npeaBapUTEIbHOTO MPOCYIUBAHUSA OyaeT
NpOTEKaTh, I'NiaBHBIM o6pa30M, B HallpaBJICHUHW BBCPX MO BEPTUKAJIU HEPE3 HCXO):[HbIﬁ

MaTepual, obecreynBasi TEM CaMbIM 0OJiee OHOPOAHOE MPEeABAPUTEIbHOE
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IpOCYIINBAaHUE B HCXOJHOM MaTepHalje, nepeMemaruemcs yepe3 OyHKep B
HanpaBJI€HUU BHU3 MO BepTukanu. [lonHoe npocylinBaHue U neperpes 4acTu
UCXOAHOI'0 MaTepHaja UCKIUeHbl. PacnpenenurenpHas TpyOONpoOBOHAS pa3BoOKa
JUTSI TOPSYero CYIIMJIBHOTO rasa He TpeOyeT BHemHelH TenIon30sinuu. Temnnossie
NOTEePH MEePENATCsI B OTpaOOTAHHBIN ra3 i MpeIBapUTEIbHOIO IPOCY IINBAHMS,
BBIXOIAMUH U3 OyHKepa 1 0alaHCUPYIOTCS PeryIupoOBaHUEM TeMIEepaTypbl HA BBIXOE
oTpabOTaHHOTO rasa JIJis MPeABaPUTEIbHOTO MPOCYIUBAHUA. [ OpsIYNN CYIIHIbHBIN
ra3 He KOHTAKTUPYET HU C KOPNycoM OyHKepa, HU C Pa3TPy304YHBIM KOHBEHEPOM
BBITPYKHOTO MaHUIYJISITOPA, KOTOPBIH MOXKET OBITh TPEyCMOTPEH B OCHOBAHUH
KOpITyCa, KOTOpbIe OONbIIEH YacThIO SIBJISIOTCS MPEIOXPAHSIEMBIMH BJIAXKHBIM UITH
NpeIBapUTENbHO NMPOCYIIEHHBIM UCXOJIHBIM MaTepHaloM OT BO3AeHCTBUSA
CYIIECTBEHHO 00Jiee BHICOKMX TEMIEPATyPHBIX YPOBHEH.

Takast KOHCTPYKIUS CYIIUIBHOTO OyHKepa MpeacTaBisieT co00l 0coObIi
UHTEpPEC B OTHOIIEHUH OYHKEpOB ¢ K03 PuureHToM GpopMbl (BBICOTA, OTHECEHHAS K
auameTpy), paBHbIM 1,5 u MeHee Toro. Heckonbko pacmpeneeHHbIX MO KpyTy/mo
OKPY’KHOCTH T'a30BBIX TPYOOK ITOBOAUT MOTOK rOPsiYero CyUIMIbHOTO ra3a K
HECKOJIbKMM TOYKaM B CaMO TOJILe IPaHyJUPOBAHHOIO MaTepuaa.

KonnuecTBo ra3oBbIx TpyOOK U IUIOINAAb UX BHYTPEHHErO0 NONEPEYHOTO CEUEeHUs
MOTYT ONpPEAENATbCS, HalIpUMEpP, HA OCHOBE F'HPOJMHAMUUYECKUX PACYETOB WU
MOJEJINPOBAHUS C YUETOM XapaKTepUCTHUK UCXOAHOro Matepuaia. Kak ussectno us
YPOBHS TEXHHUKH, peajJbHOE pacnpenesieHne ra3a ajs nIpeaBapuTebHOrO
NPOCYLIMBAHUS BHYTPH HCXOJHOI0 MaTepuaia o0yClOBJIEHO, TJIaBHBIM 00pa3 oM,
XapakTepUCTUKAMHU UCXOJHOTO MaTepuaa, mpexae BCero pacnpeneieHueM Mo Kiaccy
KPYMHOCTH.

IIpeanoyYTUTENBHO, KOJNBLEBONW ra30MpoOBO PACHOJI0XKEH BHYTPU KOPIyca B €ro
BepxHel yacTu. IIpu 3TOM KOJBLIEBON ra3onpoBOA MOXKET pacroyararbes 3a
npeaesaMu KOpIyca ¢ MPOXOXKICHHEM BEPTHKAJIbHBIX Ta30BbIX TPYOOK depe3 KphIiy
Kopmyca.

Ha xonpLieBoM razonpoBoje NpelyCMOTPEHO ONpeaeeHHOEe KOJIMYeCTBO
BEPTHKAJBHBIX Ta30BbIX TPYyOOK. B BapnaHTax KOHCTPYKTHUBHOTO BBIMIOJHEHHUS], C
KOJIbLIE€BBIM Ia30IIPOBOIOM COEUHEHBI IO MEHbIIIEH Mepe YeTblpe TaKHUe ra3oBble

TpyOKH, MPENNOUYTHTENbHO, PABHOOTCTOSIIINE APYT OT JIpyra.
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I'azoBbIe TPYOKH MOTYT OBITh PACHOJIOKEHBI HA BOOOpaKaeMoOil OKPY>KHOCTH
(38.1) ¢ nmamerpom ot 0,45 no 0,75, Gonee npeanoururensHo ot 0,50 no 0,65,
BHYTPEHHEro AuaMeTpa Koprmyca.

B onHuMX BapuaHTaX KOHCTPYKTHBHOTO BBINOJHEHUS Ta30Bble TPYOKHU SIBISIOTCS
npsiMbIMH TPyOKaMu, OTKPBITBIMU Ha 000UX KOHIAX. B npyrux BapuaHTax
KOHCTPYKTHBHOTO BBIMOJIHEHUSI FA30BbIe TPYOKU UMEIOT PACIIUPSIIOIIYIOCS BHHU3
HUKHIOK 4acThb. [Ipeskae Bcero, ra3oBbie TPyOKH MOTYT OBITh 3a1aHbI Kak
BBITIOJIHEHHBIE B (POpMe YCEeUeHHOTO KOHyca TpYOKH, mpudeM y3KUil KOHEI COeANHEH
C KOJIBIIEBBIM T'a30MPOBOJOM, a ra3oBas TpyOKa Ha €€ BBIXOAHOM MOPTY MOJAET
IUTACTHHY Tas3a.

B BapuaHTax KOHCTPYKTHBHOTO BBIMIOJHEHHUs], HUKHSS YaCTh ra30BOi TpyOKu
MOKeT OBITh 000PYIOBaHA APOCCENUPYIOIMUM MPUCTIOCOOIEHUEM IJIs1 AAANTUBHOTO
peryaupoBaHus BBIXOJHOW CKOPOCTH BBIXOISINETO U3 TPYOKH ropsidero CyLUIuabHOTO
raza. Takue Apoccequpyrouue NpucinocoONeHus, NPeAnOUYTHTEIbHO, PACIIONOKEHBI
BHYTPH T'a30BBIX TPYOOK.

[IpeanodTUTENbHO, HUKE BXOJHOIO OTBEPCTUS MaTepHalia pacriosiokKeH
pacrpenenuTeNbHbIH 3JIEMEHT MaTepHuala, Mpexae BCero KOHyC-pacupeaenuTelb, s
pazOpaceIBaHUs rpa”HyJIHpOBaHHOrO MaTepuana. Konbuesoil ra3onpoBos u
pacnpenenuTeabHbIH 3IeMEHT, TPEATOYTHTENBHO, PACIONOKEHbl KOHIIEHTPUYHO,
HanmpuMmep NpUOIU3UTETBHO HA OIHOM BBICOTE.

B BapuaHTax KOHCTPYKTHBHOTO BBINIOJHEHHs], CYyIMJIbHBIH OYHKEpP MOXET UMETh
OJIHY HJTH HECKOJIBKO CJIENYIOMNX OTJINYUTEIbHbIX OCOOEHHOCTEH:

- BXOJHOE€ OTBEPCTHE MaTepHualia PaCloOKEHO MO LEHTPY B KPbILIE KOpIyca
OyHkepa,

- BXO/JHOE€ OTBEPCTHE MaTepualia BKIKYaeT B ceds comio,

- Kopryc OyHKepa UMeeT IO CYLIECTBY IUIOCKYIO JOHHYIO CTE€HKY, B KOTOPOH,
NPEeANOYTUTENIbHO, IO LEHTPY PACIOJIONKEH BbIXOAHOH MOPT MaTepuana,

- Ha yIaJ€HUHU OT JOHHOU CTEHKH KOPIyCa PaCIOJIOKEH OTKIOHSIO U 3JI€MEHT,
PacCHOJIOKEHHBIH TaK, YTOOBI 3aKPBIBATh BBIXOJHOE OTBEPCTHE MaTepHaa,

- B HIDKHEH JacTu (KOopmyca) pacmojokeHo coduparomiee CpeacTBo, 4TOObI
NPUHYIUTEIbHO HANIPABJSATh MPAHYJHUPOBAHHBIN MaTepua B CTOPOHY BBIXOJHOIO
OTBEPCTHUS MaTepHaa,

- ra3oBble TPYOKH UMEIOT PACUINPSAIOMIYIOCS BHU3 HH)KHIOK YacTh.
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OTH U Apyrue BapUaHThl KOHCTPYKTHUBHOTO BBIMOJHEHUS] COTJIACHO HACTOSIIEMY
N300pETEHNIO U3JI0KEHBI B IPUJIAraeMbIX 3aBUCHUMBIX MYHKTax GOpMYyJIbl
n300peTeHus.

CornacHo IpyromMy acnekTy npeIMeTOM U300peTeHUs SIBISIeTCS TaKkKe
Pa3MOJIbHO-CYIIUJIBHBIN KOMIIJIEKC JUIsl MTOJIY4Y€HUsI TOHKOU3MEJbYEHHOI0 CyXO0ro
MaTepuaa U3 KpymHOKYCKOBOrO MaTepuaa, IpuyeM pa3MOJIbHO-CYLIUJIbHbBIN
KOMILJIEKC BKJIFOYAET B ceOsi:

- UCTOYHUK HATPETOTO CYIIMJIBHOTO raza JJisi o0ecrnedeHust HarpeToro
CYIIMJIBHOTO Ta3a ¢ 3aIaHHON TeMIepaTypoi,

- o0opyaoBaHNE TOHKOTO MOMOJIA JUIE TOHKOTO MIOMOJIa U TPOCYIIUBAHUS
KPYIHOKYCKOBOT'O MaTepHaja JJIsl MOJyYeHHs] TOHKOU3MEJbYEHHOr0 CYyXO0ro
MaTtepuana,

- CYIIHMJIbHBIA OYHKEp B COOTBETCTBUU C NEPBBIM aCIEKTOM H300peTeHMs,
NpeayCMOTPEHHBIH BBIIIE MO MOTOKY OT 00OpyAOBAaHUS TOHKOTO IOMOJIA, AJIS
NPOCYIIMBAHUS KPYITHOKYCKOBOI'O MaTepuana,

- TPAHCIIOPTHUPOBOYHBIE IPUCIIOCOOICHUS I TPAHCIIOPTHPOBKHU
KPYIHOKYCKOBOTI'O MaTepHualia u3 CYIIMJIbHOro OyHKepa B 000pyq0BaHNE TOHKOTO
noMoJa,

- TpyOONpPOBOABI AJIS MMOJa4YHM HArPETOro CYLUIUJIBHOTO raza B 000pyioBaHue
TOHKOTO MTOMOJIAa ¥ CYIIHJIBHBIH OyHKeEp, U

- cemapaTop HHXe IO MOTOKY OT 00OpyAOBaHMs TOHKOrO omoJia s cbopa u
cemapalnuy TOHKOU3MEJIbUEHHOTO CyXOro MaTepuala U3 CyLIUJIbHOrO rasa.

Kpatkoe onucanue ueprexen

JIOTIOJTHUTEJIbHBIE OTJIUYUTENIbHbIE OCOOCHHOCTH M IPEUMYILEeCTBA HACTOSIIETO
U300peTeHUs CTAHYT OYEBHAHBIMU M3 MPUBEIEHHOIO HUXKE AETAJIbHOTO OMHUCAHUS
HECKOJIbKUX — HE OTPAHUYUBAIOIUX CYIIHOCTh H300PETEHUs — BAPUAHTOB
KOHCTPYKTHBHOTO BBITMIOJIHEHHUS CO CCBUIKOM Ha MpHUjaraeMble Y€pTEKHU, T1e:

@ur. 1: 3CKH3 BapuaHTa KOHCTPYKTHBHOTO BBIMTOJHEHUS MPEATIOKEHHOTO
CYIIMJIBHOTO OYHKEDpA,

Qur. 2: cxema BapUAHTA KOHCTPYKTHUBHOT'O BBITTOJHEHUS Pa3MOJIbHO-
CYIIMJIBHOTO KOMIUJIEKCA, OTJIHYAKOMETOCS HAIMYHeM CYIIUIbHOTrO OyHKepa no ¢ur. 1,

@ur. 3. 3CKHU3 AJIBTEPHATUBHON KOHCTPYKLHUHU KOJBLEBOr0O ra3onpoBoaa ¢

ra3oBbIMU TPyOKamMu, U
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®dur. 4:  3CKU3 elle OAHOr0 BApHUAaHTa KOHCTPYKTHUBHOIO BBIMOJIHEHUS Ia30BOMH
TPYyOKH AJIs MPUCTIOCOOIEHHS O] BIYCK ropsidero CyuuabHOrO rasa.

Onucanue NpeanoOYTUTEIbHBIX BAPUAHTOB KOHCTPYKTUBHOTIO BBHIMOJIHEHUS

Ha ¢ur. 1 nokasana npuHIUNHAIBHAS CXeMa MPEIJIOKEHHOTO CYIIHIBHOIO
Oynkepa 10. On Bkirouaer B cebs kopnyc 12, nuMmeromuii, B neaom, Tpyodaryro
BHEIIHIOIO CTEHKY 14, mpOoCTHpAIIIYOCS BAOJb EHTPAJIbHON OCU A, KOTOPBIN
3aKpBIT HA 00OUX KOHIAX COOTBETCTBEHHO JOHHOW CTEHKOH 16 M BepxHe# cTeHKou 18
WK Kpbimel. [lpennouTuTenbHO, BHEIIHA CTEHKA 14 ABIsSETCSA KOJbLEBOU U
HE3HAYUTEIbHO CXOJUTCS HAa KOHYC B HUJKHEH 4acTH kopmyca (4acth B popme
yCeUeHHOro KOoHyca). [Ipu 3TOM naHHOE yCIOBHE HE SIBJISIETCS OTPAHUYUTEIbHBIM, U
BHEIIHSSI CTEHKA MOYKET UMETh MPSMOYTOJbHYIO WIH KBAAPATHYIO GopMy
MOINEPEYHOro CEYEHUs.

Kopnyc 12 3anaet HanopHyro kamepy 13 s rpaHyJMpPOBaHHOTO MaTepuana,
BPEMEHHO XPaHsALIEroCs B HeU A Leneld npocymusanus. Bxoguoe orsepctue 20
MaTepuana JJisi FpPaHyJMPOBAaHHOIO MaTepuaa pacrnojoXkeHo B BepXHel 4acTu
KOpIyca, IpexAe BCEero B LeHTpe KpbllK 18. ' paHyIupOBaHHBIM MaTepUal NOAAKOT
yepe3 MUTAKINYI TpyOy 22, KOTOpasi COeAUHEHA C BXOAHBIM oTBepcTHeM 20.
IIpeamouTuTeNBHO, BO BXOAHOM OTBepcTUU 20 MaTtepuana yCTaHOBJIEHO (He
NOKa3aHHOE) COIUIO MO/ HEMOCPEICTBEHHOE COeAMHEeHNEe KOHIAa MUTa el TpyOs! 22
C BXOAHOI 4acThio comua. B mponecce skcmyatauun nuratomas Tpyoa 22, kak
IPaBUJIIO, MOXKET OBITh COeIMHEHA ¢ (HEe TOKa3aHHBIM) HAKOMUTEIbHBIM OyHKEPOM
BBILIE IO MOTOKY, COAEP KALIUM MaTepHaj, MOANEKAIUNA NPOCYINBAHUIO B
cymmibHOM OyHkepe 10. [To xony nutaromeii TpyObl MOXKeT OBITh PACIOIOKEHA
MIOBOPOTHAsI 3aCJIOHKA 24 NSl peryJupoBaHus MOTOKA IPaHyJMPOBAHHOIO MaTepuasa
B CyIIUJIbHBIN OyHKep 10 u npenynpekaeHus BO3Mymarnmnx 3¢p(ekTos ot
BO3/IEHCTBUS Pa3IMIHOTO AaBJeHHUs (aTMocepHOoe, H30BITOYHOE HIIH TaBJICHUE HUXKE
aTMoc(epHOro) BHYTpHU BepxXHell yacTu OyHkepa mo padouell CBI3U ¢ HAKOMHUTEJIbHBIM
OYHKEpOM BBILIE O MOTOKY.

CcputounbiM o0o3HaYeHHeM 26 0003Ha4YeH BBIXOJIHON MOPT MaTepuaja B JTOHHOU
yacTu. B 5TOM BapuaHTe nOHHAas CT€HKA 16 ABAAETCA MJIOCKOH, & BBIXOJHON NOPT
MaTepualia pacrojioKeH B HEl Mo UEeHTPY, BAOAb ocu A. [locTtynaromuii uepes
BXOAHOE oTBepcTUe 20 rpaHyJUPOBAHHBIN MaTepUaa NOA ACHCTBUEM CHJIbI TSXKECTH

Oyner manath B OyHkep 10 1 HAaKamINBAaTHCS B HEM.



10

15

20

25

30

-9.

B HuxHel yacTu, Hal JOHHOW CTEHKOU 16 pacroioKeH OTKJIOHSIOMUN 3JIEMEHT
28, pacroy0KEHHBIN Ha yJAaJIeHUU OT Hee TaK, YTOOBI 3aKPbIBATh BBIXOAHOH MOpT 26.
B »>TOoM BapuaHTe OTKJIOHSAIOIMHHN 3JeMeHT 28 uMeeT KOHU4YeCKy Gopmy ¢
OKPY’KHOCTBIO (OCHOBaHHS KOHyca) OOJbIIe, YeM OKPY>KHOCTb BBIXOJHOT'O OTBEPCTHS
26. DTo ucki04aeT GpopMUpOBaHHUE CTOJNOA U3 MaTepHata Mo BEPTUKAIU HaJ
BBIXOJHBIM OTBepcTUEM 26. Hao00opoT, rpaHyIMpOBaHHbBIN MaTepuas OyeT HajleraTh
Ha riockoe nuume 16 mo nepudepun OTKIOHsOIMEro daemMenTa 28. IlpenycMoTpeHo
cobuparoiee CpeCcTBO, B JAHHOM Clly4ae — TOPU3OHTAIbHBIA CKPEeOOK Uiu
BBITPY>KHOU MaHUNYJsATOP 30 AJ BBIFPY3KU MaTepHualia yepes3 BbIXOJAHOE OTBEPCTHE
26. Kak nmpaBuio, ckpeboKk KOHCTPYKTUBHO MOJKET OBITh BBITIOJHEH B BUIE
rOPU30HTAJIBHON JIONACTH, YCTAHOBJIEHHON HAa MOBOPOTHOM Bally, IPUBOJUMOM B
nelcTBUE OT OJIOKA 3JIEKTPOJBUTATEIS.

B npouecce s3xcnnyaTtauuu K BBIXOAHOMY OTBEPCTHUIO 206, KaK MPaBUJIO,
MOACOEeNNHEeHA pa3rpy30uHas TpyOa 32, 4TOObI HAMIPABIATh TPOCYIEHHBIN
IPaHyJHPOBAHHBIN MaTepHal Ha CIAEAYIOMUHN y4acTOK 00pabOTKH UM UCTIONTb30BAHUS
B 3aBUCHMOCTH OT MPAKTHYECKOro MpuMeHeHuss/Texnpouecca. IloBopoTHas 3acioHka
34 mo3BOJISIET PEryIUPOBATh MOTOK, BBIXOISAIINN Yepe3 pa3rpy304unyo TpyOy 32 u
npeaynpexaaTh Bo3Mymaromue 3gp¢pexTs OT BO3AEHCTBHUS Pa3IUYHOIO AaBJIEHUS
(aTmocdepHoOe, N30BITOYHOE HIIH JaBJIE€HUE HUXKE aTMOC(epHOro) BHYTPH HUXKHEN
yacTu OyHkepa mo paboueil ¢Bsi3u ¢ 000OpyAOBaAaHUEM HUXKE MO MOTOKY, KaK MPaBuUIIO,
MEJbHULEH TOHKOrO MOMOJIA.

CcputouHbIM 0003HaueHHEM 36, B LIEJIOM, 0003HAYEHO CPEACTBA AJIS BIyCKa
ropsiuero CyIMJIbHOIO ra3a B KOpnyc OyHKepa, KOTOp ble BKJII0OYAEeT B ¢e0sl KOJIBIEBOI
ra3onpoBoj 38 u onpeaeseHHOe KOJUUEeCTBO ra3oBbIX TpyOok 40, koTopbie
pPacmookKeHbl NTPOCTUPAIOLINMUCS 10 CYLIECTBY BEPTUKAIBHO B BEpXHEH 4acTH
koprnyca Oynkepa. Kaxnas razosas Tpyoka 40 umeeT BeimyckHoe oTBepcTue 40.1 raza
Ha €€ HMXKHEM KOHILIE U COEIMHEHA Ha €€ BepXHEM KOHIE€ C KOJbLEBbIM ra3onpoBOAOM.
Konbuesoii razonposon 38 uMeeT (31eCh HE MOKA3aHHBIN) Ta30BOE€ OTBEPCTUE AJIS
npreMa NOTOKA CYLIMIBbHOIO ra3a U3 MUTAMEero MarucTpajabHOTO ra3onposoaa 42,
NPOXOASILIEro yepes kppimy 18. B 3TOM BapuaHTe KOHCTPYKTHUBHOTO BbINOJHEHHUS
KOJIbIIEBOH ra3onpoBoa 38 mpeacrtasisier cOO0H KONbLEBOH TPYyOONPOBO C KPYTIIBIM
NONIEPEUHBIM CEYEHHEM (TOPYC), IPUUEM 3TO PEIIEHHUE HE SIBJISIETCS

OTPAHUYHUTENBHBIM U MOTYT OBITh IPEAYCMOTPEHBI ApyTrue KOHPUTrypauu.
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OtBepctue 44 st BbINyCKa ra3a pacloJiOKEHO B BEPXHEHW 4aCTHU, @ UMEHHO — B
kpbie 18. K orBepcTuto 44 nist Belmycka raza moAcOeJUHEHA ra3oBbIyCKHas TpyoOa
46 nns orBOAa OTPabOTAHHOIO CYLIMJIBHOTO ra3a Ha (UIbTPOBaJIbHOE 0OOPYIOBaHUE,
npexae yeMm coOpachiBaTh ero B arMocdepy.

Huxe BxogHoro orsepctus 20 maTepuaa pacnoilokKeH pacnpeaeauTeNbHbIN
3JIEMEHT 48, NpeANnOoUYTUTEIbHO OTHEHTPUPOBAHHBIN MO OJHON JIMHUU C OChIO A.
PacnpenenurenbHoMy 31eMeHTy 48 npumaHa ¢popma Jjisi paauaibHOTO pa3dpachiBaHUS
najamuero Ha Hero mMarepuajia. B jaHHOM ciy4dae oH umeeT GOpMy KOHycCa, MpU
5TOM €My MOKeT OBITh mpuaaHa Gopma Kymnoja Ui KOJOKOJa WIIH JIF00ast qpyras
(YHKIIMOHAIBHO aHAJIOTHYHAsA Gopma.

PacnpenenurenbHblll 31€MeHT 48 BBINOJIHEH C BO3MOXHOCTBIO 3aX0/1a BHYTPb
KOJIbIIEBOTO ra3omnposona 38, (pacmonarasch) MPUMEPHO Ha OTHOHN BBICOTE C HUM.
Takum oOpa3om, MaTepual, NOCTYNAKIIUNA U3 BXOAHOTO oTBepcTus 20 MaTepuana,
MajfaeT Ha pacnpeneIUuTeNbHbIN 3JIEMEHT 48 U palualbHO HANPABISAETCS MOA
KOJIbIIEBOH ra30mpoBoa 38, B CTOPOHY BEPTHKAJBHBIX Ta30BBIX TPYyOOK 40.

Hcnonb3oBaHHbIE B JAHHOM KOHTEKCTE BbIPAKEHUS! «BEPXHSIA 4aCTh» U «HUKHSAS
4aCTh» COOTBETCTBEHHO 0003HA4al0T 0OnacTn OyHKepa BhILIE M HUXKE LIEHTPOBO
nuHuM B (Ha paccTosiHUM mocepeanHe MeXy BEpXHEH M HUKHEH CTEHKaMH).

JInst yy4dIeHHOro pacrpeneieHus CyInIbHOTO ra3a ra3osbie Tpyoku 40 MoryT
OBITH pacIoOJIOKEHBI HA BOOOpakaeMoil OKpykHOCTH ¢ auamerpoM ot 0,45 no 0,75,
bonee mpeanoututespHo oT 0,50 no 0,65, pasMepa BHYTPEHHETO AHAMETpa KOpIyca
(OyHkepa). OTa BooOpaskaeMasi OKPYKHOCTh Ha (ur. 1 cooTBeTCTBYeT 0003Ha4Ye HHOM
CCBHUTOYHBIM 0003HaueHueM 38.1 KONbLIEBOUW LIEHTPOBOH JIMHUKM KOJBLIEBOTO
razonposoja 38.

[IpenmouTuTENbHO, Ta30BbIe TPYOKH NPOCTUPAOTCS BHHU3 10 30HBI OT 25 % mo 50
% mo BeicoTe (H) kopmyca. DTa 30Ha WM rOPU3OHTAJIbHBIN NOSIC YKa3aHbl HA QHUTYpe
CCBUIOYHBIM 0O03HaueHueM 41. 3nech HEOOXOAUMO OTMETUTB: MPH TOM, UTO ra30BbIE
TpyOku 40 MPOCTUPAIOTCS Yepe3 BEPXHIOK YacTh (TO €CTh, 110 MEHbIIEH Mepe depes
OJMH OTAEJ] BEPXHEH YacTH) sl KOHTAKTa C BXOISAIINM ITOTOKOM IPaHYJIUPOBAHHOIO
MaTepuaia, BeImyckHble oTBepcTus 40.1 razoBrix TpyOok 40 3a4acTyo MOTYT
HaXOAUTHCS B HUI)KHEH dacTu (HYKe JUHUH B, mpuxoasmencs Ha cepeanHy BbICOTHI),
npudeM BbinyckHble oTBepcTUs 40.1 TpyOOK HaXOOATCA B Mpenesax rOpu30HTAIBHOTO

nosica 41.
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Teneps oOparumces k ¢ur. 2, KOTOpast KacaeTcs NPAKTUUECKOr0 MPUMEHEHHS
NPEJI0KEHHOTO CYLUIUIIBHOTO OyHKEpa B YBSA3KE C Pa3MOJbHO-CYUIUIbHBIM
komruiekcom 100. ITpekae Bcero, CymunbHbIA OyHKEp HUCTIONB3YIOT B kKommiekce 100
KaK OyHKep NMpenBapUTEeIbHOTO MPOCYIIMBAHUS BJIAXKHOI'O KPYITHOKYCKOBOTO
HACBIITHOIO MaTepualia, HallpuMep yIJisl MU LIJ1aKa, MOABEepraeMoro
TEeXHOJIorn4eckon oOpaborke B kommiaekce 100.

B pazmonpHO-cymunnabHOM koMmmiiekce 100 ucxonHblii MaTepua, HanpuMep
KPYIMHOKYCKOBOH IIJIAK UJIM YTOJb, XPAHAT B HAKOMUTEJIbHOM OyHkepe 110 mcxomHoro
MaTepualia, pacnoJOKEHHOM BBIIIE MO MOTOKY nepea meapHuuen 130.
[IpenyoxeHHbII CyIUIbHBIA OyHKEp, HAIpUMeEp MpencTaBieHHbIH Ha ¢ur. 1 OyHKep,
0003HaueHHBIH CCBUTOYHBIM 0OO03HaueHNeM 120, pacroigokeH MeXAY HAKOMUTEIbHbBIM
Oyakepom 110 u menbHULeH 130. ns BeimosHeHUs nepepadbOTKU B BBICY IEHHBII
NOpOIIKOOOPa3HBIM MaTepHal, HaIpuMep B MOPOLIKOOOPa3HBIN NIIAK WM yTOJIb,
NPEeABAPUTENBHO NPOCYUIEHHBIM HCXOAHBIA MaTEepPHaJ MOXKET NOABAThCS U3
cymmibHOro Oyakepa 120 B menpau1y 130 ¢ moMombio koHBeiepa 125 ¢ nepeMeHHOM
CKOPOCTBIO IBMIKEHUS (IIEPEMEHHON MPOMYCKHOM CIIOCOOHOCTRIO), HATIPUMEP, C
MOMOIIBI0 CKPeOKOBOTO ENMHOr0 KOHBeHepa ¢ MepeMEeHHON CKOPOCThIO ABHIKEHUS
U/UJM POTALIMOHHOTO IMUTATENS.

OcranpnHolt cocTaB kommiekca 100, ckopee, TpPaAULIMOHHBIN U aHAJIOTUYEH
U3BECTHBIM Pa3MOJIbHO-CYIIHJIBHBIM KOMILIEKCAM, cM., Hanpumep, WO 2017/102810.

CyHmuapHy0 3HEPTHUIO MOABOAST C MOMOLIBIO reHeparopa 120 cymunbHOTO rasa
HepeMeHHON MPOU3BOAUTEIBHOCTH, pabOTAIOIEro Ha C)KUTaHUH TOPIOYEro rasa.
HackoJIbKO 3TO TOCTYIHO, TOPIOYUIA Ta3, IPEANOYTUTEIbHO, MPEACTABISIET COOO0
HU3KOKaJOPUNUHBINA ra3 ¢ HU3KUM COJIEP)KaHUEM BOAOPOJA, HAIPUMEP AOMEHHBIN ras.
Huskoe conepsxkanue BOAOPOAA OTPAHUYMBAET COAEPIKAHNE BOASHBIX N1APOB B
MOJIYYEHHOM CYIIUJIBHOM rase, YBeJIU4uBas, TaKUM 00pa3oM, 3¢ eKTUBHOCTD
npocymnBanusa. Kak mpasuio, reneparop 120 cymuipHOTO ra3a BKIOYAET B ceOs
TaKXX€ BEHTUJIATOP BO3yXa JUIsl TOPEHUS U NOMOJHUTEIbHYIO MAJIOMOIIHYIO TFOPENKY
IJ1s1 BBICOKOKAJIOPUIHOIO TOPOYEro ra3a, HapuMep NPpUPOAHOro ra3a Uil KOKCOBOro
raza, HeoOOXOAMUMOTro IJIsl pa3orpeBa YCTAHOBKH U, IO BO3MOXHOCTH, JJIS
NOJJIEPKAHNUS TOPEHUs HU3KOKAJIOPUHHOIO rOPHYEro rasa.

TpaauMOHHO, MOCKOIBKY B PEKHME, OJIM3KOM K CTEXHOMETP HIECKOMY TOPEHHUIO
C UCKJIIOYEHHUEM BBICOKOW KOHLIEHTPAL MU KUCJIOPOAA B TOIMIOYHOM rase, faxe Inpu

HCIOJIb30BAHUHM HU3KOKAJIOPUIHOTO TOPIOYEro raza ypoBHU TEMIEPATYPbl TOPAUUX
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TOMOYHBIX [a30B BBIXOJAT Ha BeauuuHy nopsaka 1000 °C u Beille, TO €CTh B
HECKOJIBKO pa3 OoJblle, 4eM 3TO MOXKET OBITh MPUEMIIEMO BHYTPU MEJIbHUIIBI U NIPU
KOHTAKT€ C BJIaXXHBIM MCXOJHBIM MAaTEPUAIOM, MPEKAE BCErO NPOCYLINBAEMBIM YIJIEM,
TO B TOpsAYMN TONOYHBIN a3, MOJYYE€HHbII BHYTpU reHepatopa 120 cymuiabHOro rasa,
AOJDKHO MOAMEMINBATHCS OONBIIOE PACXOAHOE KOJUYECTBO PELUPKYJIS IUOHHOTO
oTpabOTaHHOTrO CYLUIUJBHOTO ra3a ¢ Temrnepatypoii npumepuo B 100 °C.
PenupkynsiniuOHHBIN OTpaOOTAaHHBIN CYIIUIBHBINA ra3 MOCTynaeT u3 Tpydomnposoaa
170. DTO MO3BOJHUT BBINTH Ha COOTBETCTBYIOIIYIO TEMIEPATypPy CYMHUIbHOrO ra3a Ha
Bxone B MenbpHULy 130 B nuanasone ot npumepHo 200 °C no menee 400 °C B ciyuae
C yrjiem, IpH 3TOM ee (pakTHudeckoe noTpeOHoe 3HaYeHne 00y CIaBINBAETCS, TIPEXKIE
BCEro, COAEPIKaHUEM BJIaru B UCXOJHOM MaTepuale.

B THMOBBIX pa3MOJIBHO-CYIIHJIBbHBIX KOMILIeKcax 100 TOHKUH MOMOJ, OOBIYHO —
pasMalbIBaHUE U MPOCYIIMBAHNUE UCXOAHOIO MaTepHualia OCYLeCTBIAIOT, OONbIIei
4aCThIO MapaJUIeabHO, BHYTpHU MeabHULBI 130. MaTepuan pasmanslBarOT, HAIPUMED,
ME3KJly BpallaloIlMMUCs BaJKaMM, Pa3MOJIbHBIMU LIapaMu U T. II. U IOBOPOTHBIM
Pa3sMOJIBbHBIM CTOJIOM WJIM MOMOJIBHOM Yalllel, a BJary UCNapsT NPU KOHTAKTE C
ropsiYUM CYLIMJIbHBIM ra3oM. CyMIMIbHBIN ra3 TpPaHCIOPTUPYET Pa3MOJOTHIN
MaTepual B COPTHPOBAIBHOE YCTPOHCTBO, OOBIYHO BCTPOEHHOE B BEPXHIOK YaCTh
MenbHULBI 130. KpynmHOKYCKOBOM MaTepuan yaaasoT U3 NOTOKA CYILIMJIBbHOTO ra3a u
BO3BPALIAIOT HA Pa3MOJIbHBIN CTOJ WU B MOMOJIBHYIO Yally, a MEJIKO3€PHUCTBIN
(TOHKOM3MEIbYEHHbIH) MaTepHa C TOMOIIbIO OCTHIBLIET0 OTPaOOTAHHOIO
CYUIUJIBHOTO ra3a ¢ yBEJIUYEHHBIM COAEPKaHUEM BOJSHBIX NAPOB TPAHCIOPTUPYIOT
yepe3 TpybomnpoBon 135 B pacmnoyiokeHHOE HUXKe MO MOTOKY obopynoBanue 140 mis
cemapaluy ra3a u TBEPAbIX YaCTHUL], B JAHHOM CJIy4a€ — MHOTOCEKIIMOHHBIN LUKJIOH,
XOTSI MOYKET UCTIOJIb30BATHCSA M OOBIYHBI MEIIOYHBIH QUIBTP.

[TopomkooOpa3HbIii MaTepHal, CenapupoBaHHbIN U3 OTPabOTaAaHHOTO
CYIIUJIBHOTO ra3a ¢ moMombo obopynoanus 140, meperpykarwT B PacMOJ0XKEHHOE
HUJKE 110 TOTOKY obopynoBanue 150 aist XpaHeHUs MJIU TPAHCIIOPTUPOBKHU, HAIPUMED
B HAKOMHUTEJIbHBIH OYHKEP MEJIKO3EPHUCTOr0 MaTepHuaia/mpoayKTa
(mopomkooOpa3HOro yIiis), TPAHCIOPTHPOBOYHYIO BOPOHKY, HACOC AJISI TOPOIITKOBBIX
MaTE€pHaAJIOB U T. II.

HeoOxonumo oTMeTHTh, 4TO OTPaOOTaHHBIN CYIIMIbHBIN a3 HANPABIAIOT HA
peunpkysinuio yepes3 Tpydomposon 170 B reneparop 120 cymunpHOro rasa u

nNoaAMEIINBAaOT B FOpS[LII/Iﬁ TOIIOYHBIN ra3 AJIL NOJIYYEHUA TOPAYECro CymuJbHOTO ra3a €
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COOTBETCTBYHILIUM YPOBHEM TeMIIEpPATyphbl HA BXOJA€ B MeJNbHULY. bOnpyro yacte
3TOrO ropsiuero CyMUJIbHOTO ra3a nojarT 3aTeM, B OCHOBHOM, B MeiapHuLy 130, a
OCTaJIPHYIO YacTh MOJAIOT uepe3 Tpyoomposon 175 Ha Oynkep 120 npeaBapuTeaIbHOTO
NPOCYLIMBAHUS U HarHeTalT B Hero. Kak ObL10 mosicHeHo B mpuBsizke K ¢ur. 1,
ropsiYMi CYLIMJIbHBIN ra3, HarHeTeHHbIH B OyHKep 120 npenBapuTeIbHOTO
NPOCYLUIUBAHUS, IPOXOAUT Y€pe3 MOCTEIb UCXOAHBIX MAaTEPUAIOB, IOAOrPEBAET
HUCXOAHbIE MaTEepHUaAJbl, UCHAPSET YACTh BJAru U3 UCXOAHBIX MaTE€pPHUAIOB, OCTBIBAET U
BBIXOAUT U3 OyHkepa 120 B ero BepxHeil yactu. OTpaboTaHHBIN CYIIMIbHBIN ra3,
BbIXOASIIUN n3 OyHKepa 120 nmpeaBapUTEIbHOrO MPOCYIINBAHUS, OYULIAIOT B
PacCIOIOKEHHOM HUJKE IO MOTOKY Memo4YHOM (punbrpe 180 nis oTXOOAIINX Ta30B U B
KOHEYHOM cueTe cOpachiBalOT B aTMOoc(epy uepe3 BhITSKHYIO TpyOy 190 nus
OTXOJSLUX ra30B, MEJIKO3EPHUCTBIA TBEPABbI MaTepHall, CeNapupOBaHHbIN U3
OTXOJISIINX Ta30B, MeperpykarT B OyHKep 150 myst MENIKO3epHUCTOTO
MaTepuana/mponykra. MCXomHbIil MaTepual ¢ YMEHbIIEHHBIM COJEPIKaHUEM BIIATH
neperpyxarT u3 Oyakepa 120 npenBapuTenbHOro NpoCyIINBaHUSA B MeIbHUALY 130
115 iepepabOoTKH B BBICYIIEHHBIH MEJIKO3EPHUCTHIH MaTepUall.

bynkep 120 npeaBapuTenpbHOro NpOCyILIUBAHUS MO3BOJISIET YMEHbIIATH
COJleprKaHUE BJIAaru B UICXOJHOM MaTepuaJie BbILIE IO NOTOKY nepen MenbHunen 130, B
pesyabTaTe oOecreunBasi yMEHbILIEHHE Pacx0/a CYLIUJIbHOIO ra3a, oaaBaeMoro Ha
menbHuLy 130 (B mpenenax rpaHull GUKCUPOBAHHOTO AMAINa30HA Pacxonaa
CYLIMJBHOTO Ira3a, 3aJJaHHOr0 B HAIPAaBIEHUU MEJIbHULBI), 00YCIOBIEHHOE 3THM
pPacxoI0OM CYLIMJIPHOTO ra3a yMEHbIIEHHE MOIIHOCTH U TUIIOpa3Mepa 000py JOBaHUS
140 nns cemapanuu raza U TBEpAbIX BEIIECTB, YMEHbIIEHUE IPOU3BOAUTEIBHOCTH
IJIaBHOTO BEHTUJIATOpPA CYIIMJIBHOTO ra3a 171 u, B KOHEYHOM CUeTe, YMEHbLICHUE
TUIopasMepa MeabHuLs! 130.

YpoBeHb NaBJEHHs B KOHTYpE, B L[EJIOM, KOHTPOJIHUPYIOT (ITOCPENCTBOM
peryJupoOBaHMs MOTOKA OTXOISAIINX ra30B) TAKUM 00pa3oM, YTOOBI HUKE IO MOTOKY
oT reHepatopa 120 cymuapHOro ra3a u BbILIE IO MOTOKY nepea meabHuuen 130 u
HakomuUTeJNbHbIM 120 OyHKEpPOM MCXOJHOTO MaTepuana (BO3MOXKHO, HETOUYHOCTD -
cymmibHBIM 120 OyHKEpPOM — MPHUM. NMEPEBOIUYHNKA) UMETh COOTBETCTBYIOINIHNI YPOBEHD
N30BITOYHOTrO JABJIEHUS AJIS NMOJAauH CYIIHIBHOrO ra3a Ha 3aJaHHOM Pacxoje 4epes
HaKOMUTENbHbIN OyHKep 120 ncxogHOro Marepuala U pacroJIOKeHHbIH HUXKE 1O
noToky Memo4Hbid ¢GmibTp 180 co cOpocom B armocdepy depes BHITSIKHYIO TpyOy

190 (TpyOy nis OTXOISIINX ra3oB).
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OO0cyxnenne

Bepuemcs k yposHio TexHUkH. Kak ykasbiBanoch Beime, B WO 2017/102810
pPacKpbITa CYLHOCTb NPEIBApPUTEIbHOIO NPOCYIINBAHNUSA UCXOAHOIO MaTepuana,
IpeKJe BCero UCXOAHOTO YIis, BBIIIE MO NOTOKY OT Pa3MOJbHO-CYUIUJIbHOIO
KOMIUIEKCa. 3a CUeT MpeIBApUTEIbHOrO NPOCYLUINBAHUS UCXOJHOIO MaTepuaia B
CYIIMJIbHOM OyHKep€ BbILIE MO MOTOKY OT MEJIbHHIIBI TOHKOTO MOMOJIa TOTpeOHast
MOIIHOCTb, & CJIeA0BATENbHO, U TUIIOPA3MepP yCTaHABIUBAEMONW MEJIbHUIIBI TOHKOTO
1OMOJIa MOTYT ObITh YMeHbIIEeHbI. [ToTpeOHast MOIHOCTH MO MPOCYIIUBAHUIO, &
CJIe0BATEJBHO, U PACXOJ CYLIMJIBHOIO ra3a B pa3MOJIbHO-CYIIUJIBHOM KOMILIEKCE
TaK)K€ MOTYT OBITh YMEHBIUIEHBI, YMEHbIIAS TEM CAMBIM THIIOPAa3MEPbl U MOIIHOCTH,
npexae BCero, TpyO I TEXHOJOTHYECKOTO ra3a, o0opyaoBaHus (Hapumep,
MHOT'OCEKLIHOHHBIN [UKJIOH UJIA MEUIOYHbIH QHIBTP) IS cenmapauuu OTpabOTaHHOTO
CYUIMJIBHOTO ra3a u3 NpOCYLIEHHOTO TBEPAOro MaTepuana 1 OCHOBHOIO BEHTUJISATOpA
CYLIMJIBHOIO rasa.

B pasmonpHO-cymunbHOM KoMmIuiekce cornacHo WO 2017/102810 (cm. ¢ur. 2)
CHUCTEMA MPEABAPUTEIBHOrO MPOCYLUINBAHUS HCXOJHOIO MaTepraia n3Ha4ajlbHO Oblia
MHTETPUPOBaHa (HA y4aCTKe) BBILIE MO MOTOKY OT MEJIbHHIIBI TOHKOTO rmomouia. I'a3
A7 IPEeJBAPUTENbHOIO NPOCYIINBAHNS U CYLIMJIbHBINA I'a3 MOJy4Yal0T COBMECTHO B
OZHOM U TOM € I'eHepaTope CYILIUJIbHOIO ra3a. B ciydae ¢ ypeauueHUeM MOLIHOCTH
y’Ke CYIIEeCTBYIOLIEro Pa3MOJbHO-CYIIHUIBHOIO KOMIIJIEKCA B pe3yJbTaTe J0OaBICHHUS
o00OpyOBaHUS NMPEIBAPUTEIHHOTO MPOCYIIUBAHUS OTXOAMUN ra3 OT
CYLIECTBYIOLIEr0 KOMILJIEKCA ¢ MOMOIIBIO HOBOI'O BEHTUJIATOPA OTXOSILIETO
CYIIMJIBHOTO Ta3a MOKHO ObLIO OBl MOJaBAaTh HA HOBBIM T'eHEPATOpP ra3a s
NpeIBapUTENbHOrO NMPOCYIINBAHUSA, TOJOTPEeBATh €ro A0 BXOAHON TeMIepaTyphl rasa
175 IpeJBAapUTEIbHOIO NMPOCYIINBAHUS 3a CUET NOAMENINBAHUS TOPsiYero TOMOYHOr 0
rasa, OJIy4ueHHOTO B 3TOM reHepaTope rasa 1Jjs NpeaBapUTelbHOr0 NPOCYIINBAHUS U
HaIpPaBJIsATh 3aT€M B COOCTBEHHO 00OpYyOBaHHE MPEABAP UTEIBHOTO MPOCYIIUBAHHUS.

bru10 npennoxkeHo oCyIlecTBIATh IpeaBapUTElbHOE NIPOCYINBAHUE BHYTPHU
OyHKepa mpeaBapUTENbHOTO MPOCYIHBAHUS, PYHKIIHOHUPYIOIIEro KaK MPOTOYHO -
CKBO3Has CyLIMJIKA, TO €CTb FOpsAYUil ra3 sl NpeABapUTEIbHOTO IPOCYLINBAHUSA
ABUXETCS MOTOKOM IO CYIIECTBY B HalpaBJIE€HUU BBEPX IO BEPTUKAIH Uepe3
comepkamuiics B OyHKepe HACBITHON MaTepuall, B TO BpeMs KaK 5TOT HACBIITHOM
MaTepuaj MeAJEHHO CXOAUT B HalpaBJI€HUU BHU3 N0 BepTukanu. C nepemelieHuem

rasa yepes HaChIIHOH MaTepua TeIUIO OT rasa nepeaaeTcst Ha TBEpAbId MaTepHall,
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TBEPABII MaTepHual U Bjara B )KUJKOH (paze HarpeBarTCsA, a MOBEPXHOCTHAS Bjara
YaCTUYHO UCHAPACTCA U 3aXBAaTbIBACTCA Ta30M. OcThIBLINH Ta3 AJIs IPpEABAPUTECIBHOTO
npocCyuinBaHusAa C MOBBIMICHHBIM COACPIKAHUEM BJIard BBIXOAUT U3 6yHKepa B €I0
BEpXHEH 4acTH, a NPeABAPUTEIbHO MPOCYIIEHHbINH U (B OTPAHUYEHHON CTENEeHN)
HOJIOTPEThIH TBEPABIH MaTEepUaJl BHIIPYKAIOT B OCHOBAHUU OyHKepa M HAINPABJSIOT B
MEJbHUILY TOHKOTO ITOMOJIa HUXE MO IOTOKY.

VcenoBus npeaABaprUTCIbHOTO NIPOCYHIMBAHUA CUJIBHO 3aBHUCAT OT PaCpPCaACICHUA
HCXOJHOTO MaTepuala 1o rpaHyJOMEeTPUIeCKOMY COCTaBy. UeM Menbde 3TOT
WUCXOJHBIN MaTepual, TeM OoJiblIe MIoINaab TeJI0- U MapOOOMEHHOW MOBEPXHOCTH HA
ennHuIy o0bema matepuana. C gpyroil CTOpOHBI, TEMIEPATypa OCTBIBLIETO ra3a JJIs
NpeaBAPUTEIBbHOTO MPOCYMIUBAHUS, BBIXOISIIET0 U3 OYHKepa, JOJKHA
NOANEPKUBATHCS HA JOCTATOYHO BBICOKOM YPOBHE, UTOOBI HCKIIOYUTH JIF000E
NOCTYIJIEHUE BOJBI B KUAKOH (paze B pacroioKeHHOEe HUXKE 110 TOTOKY 000pya0oBaHHe
C MEIIOYHBIMH GUIBTPaAMH (MU aHAJOTHYHOE 000PYyIOBAHHE IS CeNapalyy ra3a u
TBEPABIX BEIIECTB), KOTOPOE NMPEIHA3ZHAYEHO Il OUMCTKH ra3a JJisi
NpeaBapUTENbHOTO NMPOCYIIUBAHUS ITEPea TeM, Kak cOpachiBaTh €ro B aTMochepy.
JTo, ecnu B pacyeT He NPUHUMAETCS MOBTOPHBIN HarpeB OTXOJAIIEro ra3a aAjs
NpeaABAPUTECIIBHOTO NPOCYIINBAHUA HHUXKE 1O MMOTOKY OT 6yHKepa NpeaABApPUTEIIBHOTO
NPOCYIIMBAHUSA, O3HAYAET, YTO B 3aBUCHUMOCTH OT PacCIpeleseHUsI HCXOAHOTO
MaTepuaja Mo rpaHyJIOMETPUYECKOMY COCTaBY JOJKHA KOHTPOJIUPOBATHCS U
OTPaHUYMBATHCA IUIOLAb TEIUIO- U TapOOOMEHHOH MOBEPXHOCTH BHYTPHU OyHKepa, a
CJIeIOBATEJIbHO, B KOHEYHOM CUYEeTe, M BICOTA HAIIOJHEHUsI UCXOIHOTO MaTepuana,
HaxonsAmerocs B OyHKepe U ImepecekaeMoro MoTOKOM ra3a JJisl MPeIBapUTEIbHOTO
NPOCYLIUBAHUSL.

[Torpebnenue 3Hepruu MpeaBapUTEILHOTO MPOCYIMBAHUS, OTIaBaEMO
HUCXOAHOMY MaTepHally U OTPAHUYEHHE [0 BXOJHOW TeMIepaType rasa s
NpeaBaPUTENbHOTO MPOCYLUIUBAHUS, O0YCIOBIEHHOE TEMIIEPATY PHBIMU
OTPaHUYEHUSIMU CO CTOPOHBI 00pabaTeIBa€MOro MaTepuaa, a TAk:ke CO CTOPOHBI
o0OpynOBaHUS, B Pe3yJIbTAaTE ONPENEAI0T AUANa30H BO3MOXKHBIX 3HAUEHUN JJIs
pacxoja rasa Ajs NpeJBapUTEIbHOTO NPOCYIINBAHUS, & CIE€J0BATENbHO, H ANATIA30H
3HAYEeHU U AJIg TIoaAu BHYTPEHHETO MONIEPECIHOTO CEUCHUA U BHYTPEHHETO
nuaMeTpa OyHKepa MpeaBapUTEIbHOTO NMPOCYLUINBAHUS, OCHOBBIBASICh HA UAaNa30HAX
MpUEeMJIeMbIX 3HAUYCHUU IJIs1 CKOPOCTeH raza BHyTpU OyHKepa U pe3yIbTUPYIOIIUX U3

OTOTO NOTEPb AABJICHUS.
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[1nomanb BHYTPEHHETrO MOMEPEYHOTO CeueHus1 OyHKepa NpeaBapUTEeIbHOTO
IPOCYIINBAHUSA B 3TOM CiIydae 00yCIaBJIMBAET TAKXKe M MOAJIEKALUTUNA KOHTPOJIIO
YPOBEHb 3alOJHEeHUs1 OyHKepa, KaKk OTMEYEHO B IpeNIlecTByoIeM ad3are.
HeoOxonumblli KOHTPOJIb H OTPAaHUYEHHE BBICOTHI HATIOJHEHUSI HCXOAHOTO MaTepHaa,
BKJIIOUEHHOI'O B IIPOLECC MPEABAPUTEIBHOIO NPOCYIINBAHUS, TO €CTh B IPOLIECC
nepeHoca Temia U Macchl (BOASIHOTO Mapa), CTadu NPUYHHON pa3aeaeHus: 0ObIYHOTO,
BMeINarmero B ce0st UCXOAHBIA MaTepuan o00pyAOBAHUS BbILIE MO MOTOKY OT
MEJIbHULBI Ha BEPXHHUI OyHKep IJIsl XpaHEHUs UCXOAHOT'0 MaTepuaia Uiu
HAKOTIUTEJIbHbIN OyHKEp U HIKHUN, PACIOJOKEHHBIH HUKE O TOTOKY OYHKep
NpeaBapUTENbHOIO NMPOCYIIUBAHUSA UCXOJHOTO MaTepuaia, BHyTPU KOTOPOTO
OCYIIECTBJISIIOT (PaKTHUECKOE MPEABAPUTEIbHOE MPOCYLUINBAHNUE U B KOTOPOM
MJIOLAaAb NOBEPXHOCTHU AJIl MEPEHOCA TEMJa U MacCChl, & CIE0BATEIbHO, U BBICOTY
HaMoJIHEHUs MOKHO JIETKO U3MEPSATh U KOHTPOJUPOBATh B 3aBUCUMOCTH OT YCJIOBUH
IepeHoca Temla U Macchl U pe3yJbTUPYIOIMUX U3 HUX TEMIEPATYPHBIX YPOBHEMN.

st orpaHuueHus: TpeOyeMon BBICOTHI Kak OyHKepa I XpaHEHUsI HCXOTHOTO
MaTepHaia UM HAKOMUTEJIbHOr0 OyHKepa, Tak 1 OyHKepa MperBapuTebHOTO
NPOCYIIMBAHUS HCXOAHOTO MaTepHaia, ObUIOo IPpeaIokeHO 000pyIOBaTh KaXKAbIH U3
HUX JOHHBIM Pa3rpy304YHBbIM YCTPONHCTBOM BBITPY>KHOIO MaHUMYJISATOPA, UCKIKOYas,
TakuM 00pa3oMm, rpomMo3ikue, OONbIINE 110 BHICOTE HMXKHUE KOHMYECKUE 4acTH,
KOTOpPBIE€ O0YCJIOBIMBAIOT UCIIOIb30BAHNE TOMOJTHUTEIbHBIX JOPOTOCTOSIIIUX
METAJUIOKOHCTPYKLHMN, Npeajiaras Npu 3TOM TOJbKO OTPAHUYEHHbIN JOMOJTHUTEIbHBIN
00beM JJIsT XPAHEHHUS.

B OyHkepe npenBapuTenbHOro npocyiuBanus corisacio WO 2017/102810
ropsiuMi ra3 sl MpeaBAPUTEIbHOTO MPOCYIIUBAHUS HATHETAIOT B OyHKeEp
NpeaBapPUTEIbHOTO MPOCYLUIUBAHKS Yepe3 HECKOJIBbKO comel (Ha OTHOM WU
HECKOJIbKUX YPOBHSX) Ha BHEIIHEH OKPYKHOW MOBEPXHOCTH LIMJIMHAPUIECKON HIIH
YCEUEHHOHN HI)KHEW KOHMYECKOHW 4acTH Kopryca OyHKepa. DTa KOMIIOHOBKA U
onpezensiemMas €0 CTPYKTypa NMOTOKA ra3a, OJHAKO, IPOTUBOPEUYAT NPEANOIOXKEHHUIO O
MPOTOYHO-CKBO3HOM yCTPOICTBE NpeIBapUTEIbHOIO NPOCYIINBAHUSA, B KOTOPOM ra3 u
TBEPABII MaTepHal MO CYIECTBY ABHMKYTCS MOTOKOM/IIEPEMEIIAIOTCs B
IPOTUBOIIOJIOKHBIX HAPABICHUAX TOKA, KaK OBIJIO OMUCAaHO BbllIe. PaKTUUECKH, ra3
A7 IPeBApPUTEIbHOIO NPOCYIINBAHNS, HATHETEHHBIN Yepe3 BHELIHNE CTEHKHU
(Takoro) OyHKepa MpeaBapUTEIbHOTO NPOCYIIHUBAHUS, MPOXOIUT Yepe3 UCXONHBIN

mMaTepuai OoyblIel 4acThIO B HANPABJIEHUH MOMEPEUYHOr0 TOKa. DTO MPUBOAUT K
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TOMY, YTO TOJIBKO YaCTh IOTOKA UCXOJHOrO MaTtepuaia (Ta, KoTopas MPUXOIUTCS Ha
camoe KpaliHee KOJIbLIeBO€ IPOCTPAHCTBO B TOPU3OHTAJIbHOM MONEPEUHOM CEYEHUHU
OyHKepa) HENPEPBIBHO «3aA€BAETCS» Ta30M IJIs NIPEABAPUTEIBHOrO MPOCYIIUBAHUS C
TeMIIepaTypOil BXOJAHOIO YPOBHS, B TO BpeMsl KaK UCXOAHBINH MaTepHal, CXOAAIMMN
OonpLIel YaCcThIO B LIEHTPAJIbHYIO 30HY OyHKepa, HeMPEepPbIBHO KOHTAKTHPYET C Ta3oM
A7 IPeABApUTEIbHOIO NPOCYIINBAHUS C MEHBIIMMHU YPOBHSIMHU TEMIIEPATYPbl U, HAAO
noJjarath, C MeHbIIeH HHTEHCUBHOCTBIO ofgauu. Kak ciencreue, mpeaBapuTelbHOE
NpOCYIIMBaHUE HE OyAeT paBHOMEPHBIM, YaCTh UCXOJHOTO MaTepuaia He Oyaer
NpeaBapUTENbHO BBICYIINBATHCS UM OyeT MPEeaBapPUTEIbHO BBICYLIUBATHCS TOJBKO
HE3HA4YUTEJIbHO, B TO BpeMsl Kak Jpyras 4acTb MaTepuaja MOXKeT 0Ka3aTbCs MOYTU
MOJHOCTBIO MPOCYLIEHHON WIN Ja)e neperpetoil. B ciyyae ecnu 3T0T
npeaBapUTEIbHO HE PABHOMEPHO MPOCYIIEHHBIH MaTepral He OyAeT NOBEAEH 10
OJHOPOJHOTO COCTOSIHUSI BO BPEMsI BBITPY3KU B MEJIbHUIY TOHKOTO MOMOJIa HUKE MO
NOTOKY, paboune peXUMbl B MEJIbHULIE TOHKOT'O TIOMOJIa MOTYT MEHATHCS BILIOTH 10
XaOTUYHBIX U IPUBOJUTH K HEOJHOPOAHBIM CBOIICTBAM TOHKO Pa3MOJIOTOTO
matepuaina. Kpome toro, o0euaiika OyHKepa MpenBapuTeIbHOrO NPOCYIIHBAHUS, IO
MeHblIell Mepe, Ha y4acTKax COIeJ AJs BIyCKa rasa Ajs NpeABapUTeIbHOTO
NPOCYLINBAaHUS AOJKHA BBIIEPKUBATD BXOAHONW TeMIEpaTypHbIH YpOBEHb rasa JJis
NpeIBAPUTEIbHOIO NPOCYIINBAHMUS.

DddexTs OT U300peTeHuUs

IIpennokeHHBINH CYyMIUIbHBIA OyHKEp, KaKk MOSICHEHO, HAapUMep, CO CChUIKOH Ha
¢ur. 1, ocHOBaH Ha MUCIOJB30BAHUH YJIYULIEHHONH CXE€MBI BIIyCKa U PacIpeneseHus
ra3a Juisi IpeIBapUTEIbHOTO MPOCYIINBAHUS, PACCUUTAHHONW Ha 00Jiee paBHOMEpPHOE
pacrpenesieHUe ra3a u Telia, YTO MPUBOAUT K Oojiee OJHOPOAHOMY
npeaBapuTeNbHOMY mpocyuuBaHuo. [logBepraemelil npeaBapuTeIbHOMY
NPOCYIIMBAHUIO UCXOAHBIH MaTepral uepe3 pacrojoKeHHOE B Kpbllie OyHKepa
LEHTPaAJIbHOE BXOJHOE OTBepcTHE 20 UCXOAHOr0 MaTepHaja MoJaT BHYTPbh OyHKepa
10 u pa3OpachBalOT ¢ MOMOMIBIO KOHYCa-pactpenenutes 48 B KOJIbIEBYIO
LUJIUHIPHUYECKYIO 30HY, FPAaHUYAINYI0 ¢ TpyOkamu 40 1Iist BIyCcKa ropsiaero
CYLIMJIBHOIO rasa. ['opsiunii CyINUIBHBIN ra3 BBIXOAUT U3 BBIMYCKHBIX oTBepcTUil 40.1
B HIDKHUX KOHLAX TPYOOK, MPOHUKAET B HACBITHON MaTepuall, paCpOCTPaHsIETCs,
ABHMKETCS TOTOKOM BBEPX Yepe3 HACBIIMTHON MaTepual, BBEPXY BBIXOAUT U3 00BbeMa,
3aIMOJHEHHOTO HACHIITHBIM MaTEPHAJIOM U, B 3aBepIIeHHe, UCTeKaeT U3 OyHKepa uepes

pacmosoxeHHoe B kpbiine 18 orBepcTue 44 nns Beimycka oTpabOTaHHOIO rasa s
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NPEeABAPUTENIBHOTO NpocymnBaHus. IIpeaBapuTeabHO NPOCYIIEHHBIA MaTEpHUal
cobuparoT koHBelepoM 30 BRITPYKHOIO MAHUMYJIATOPA B JOHHOHM YaCTH U BBITPYIKAIOT
4yepes3 LEHTPAJbHBIN BBIXOJHOU MOPT 26 HCXOAHOIO MaTepHaa.

CxopocTe MOTOKA Yepe3 BXOJHOE OTBEPCTUE MCXOJHOIO MaTepuaita MOXHO
peryiaupoBaTh, KaK MPaBUio, C IOMOIIBIO U3MEHEHHUsI CKOPOCTH MOBOPOTA MOBOPOTHOM
3aCJIOHKHU 24 HaJ COIJIOM JJIS BIIyCKa HCXOAHOTO Matepuana B OyHKep
NPEABAPUTENIBHOTO NPOCYUIUBAHNS B COOTBETCTBUHU C BEJIUUYMHON YCTABKU IO BBIXOY
NOPOIIKOOOPA3HOTO YISl U3 PAa3MOJIbHO-CYLUIUJIBHOTO KOMILIEKCA HUXKE IO MOTOKY.

IIpon3BOAUTENBHOCTD Fe€HEpATOpPA ra3a IJisl IPeIBaPUTEIbHOIO NPOCYIINBAHUS
PEeryJHpPYIOT B COOTBETCTBUH C BEJIMYMHON YCTABKHU MO TEILIOOTOOPY OT rasa JJis
NpeaBAPUTEIBbHOTO MPOCYIIUBAHUS 110 YCJIOBUAM 00ecrnednBaeMOll HHTEHCUBHO CTH
NPEeABAPUTENIBHOTO NPOCYLUINBAHUS U CKOPOCTH MOTOKA YepPe3 BXOJHOE OTBEPCTHE
HUCXOAHOI'0 MaTepuaja. Y pOBEHb HAMOJHEHU HCXOAHOIO MaTepHrala BHYTpU OyHKepa
PETryJUPYIOT C MOMOIIBK U3MEHEHHSI CKOPOCTH AOHHOIO pa3rpy304HOrO YCTPOUCTBA
BBIIPY’KHOTO MaHHUIYJIATOPA B CAMOM HM)KHEH 4acTu OyHKepa B COOTBETCTBUU C
BEJIMYMHON YCTaBKH MO BBIXOAHOU TeMIlepaType OTpabOTaHHOTO ra3a JJis
peaBapUTENbHOTO MPOCYMUBAHUS (BBIXOHAS TeMIlepaTypa oTpabOTaHHOTO ras3a JJis
NPEABAPUTENIBHOTO NPOCYLUIUBAHUS 3aBUCUT OT IUIOLIaAU OBEPXHOCTHU TEILIO- U
MaccooOMeHa B HACBITHOM MaTepuale U, CJIeA0BATENbHO, OT YPOBHS HANOJHEHHUS).

Kaxk npennonaraercs, ra3 1js NpeaBapUTEIbHOTO NPOCYIIUBAHUS OyneT
IPOTEKaTh, TNIaBHBIM 00pa30M, B HAIPABJIEHUH BBEPX 10 BEPTHKAJIN Yepe3 UCXOIHBIN
MaTepual, obecreunBasi TeM caMbIM 00Jiee OJJHOPOAHOE MPEeaBAPUTENHHOE
NPOCYIIMBAHUE B UCXOJHOM MaTepHalje, nepeMeanuemMcs yepe3 OyHKep B
HamnpaBJIEHUU BHU3 MO BepTukanu. [lonsHoe npocymnBaHue U neperpes 4acTu
UCXOAHOI'0 MaTepHaja UCKIUeHbl. PacnipenenuTenpbHas TpyOONPOBOIHAS Pa3BOJIKa
IJISl TOPSIYEro CYUIMJIbHOTO ra3a He TpeOyeT BHEeMHeH Terion30asanuu. Temiosbie
NOTEPH MepenarTcs B OTPa0OTaHHBIN ra3 AJs NPEeABAPUTEIbHOrO MPOCYIINBAHUS,
BBIXOASIIUN 13 OyHKepa U OalaHCUPYIOTCS PEryJupOBaHUEM TEMIIEPATyphbl HA BBIXOJE
oTpaboOTaHHOrO rasa i MPeABaPUTEIbHOTO NPOCYUBaHUA. [ opsAunil CyIIUIbHBINA
ra3 He KOHTAKTUPYET HU C KOpIycoM OyHKepa, HU C Pa3Tpy304HbIM KOHBEepoM
BBITPYKHOTO MaHUMYJISITOPA, KOTOPBIE OOJNBIIEH YaCThIO SIBJISIIOTCS
NpPEeAOXPAaHAEMBbIMH BJIAKHBIM UJIHU NPEABAPUTEIBHO NPOCYIIEHHBIM HCXOAHBIM

MaTepHaIoM OT BO3JEHCTBHS CYIECTBEHHO 0OJiee BBICOKMX TEMIIEPATyPHBIX YPOBHEH.



10

15

20

25

30

- 19 -

KonnuecTBo BepTHKaNbHBIX TPYOOK 40 115 BIycKka ropsiuero CymHIbHOIO ra3a u
IUIOINA/b UX BHYTPEHHETO MOMEPEUHOro ce4eHust, 00yCIOBINBAIOINAsl CKOPOCTh
CYIIMJIBHOTO ra3a Ha BBIXOJAE U3 TPYOOK, MOTYT ONpeaeNAThCs, HallpuMep, Ha OCHOBE
rUAPOAUHAMHUYECKUX PACUETOB UJIM MOJEIUPOBAHHUS.

B BapuaHTe KOHCTPYKTHUBHOI'O BBIMOJHEHUS Ha Gur. 1 razossie TpyOku 40
IPEeACTABIAIOT COOOH MPOCTHIE MPAMBIE TPYOKH KPYTJIOrO MOMEPEYHOTO CEYEHHUs C
ABYMsI OTKPBITBIMU KOHLIAMM: HUXXKHUHI KOHel 40.1 3amaeT BBINyCKHOE OTBEPCTHUE, a
BepXHUH KoHel 40.2 coeANHEH C KOJbLEBBIM ra3onpoBoaoM 38, 3a7a01umM
yCTPOMCTBO MOABOJAa FOPSUETO CYUIUJIBHOIO rasa.

Ha ¢ur. 3 nokazan 3cku3 ycTpoiicTsa 38’ 11 BycKa ropsiuero CymuJibHOTO
raza. Konbresoii razonposoxa 38 aHamornuen TakoBomy Ha ¢ur. 1. B naHHOM ciyuae
razosbie TpyOku 40’ 3aaHbl, B LIEJIOM, KaK BBITTOJHEHHBIE B (POPME YCEUEHHOTO
koHyca TpyOku. Kak MoxHO BuaeTh, TpyOka 40 mmeer nepexoqHol npoduib — OT
KPYTJOro WM KBaApPaTHOIO BXOJAHOIO MOMEPEUYHOTO CEUEHUs Ha €€ BEPXHEM KOHILEe
40.2’ K 1eNIeBUAHOMY BBIXOJJHOMY MONEPEUHOMY CEUEHHUIO Ha €€ HUKHEM KOHIIe
40.1°, mpuuem TpyOka 40’ ymupseTcs B HaNpaBJIeHUH BHU3. [IpenMymecTBo Takon
KOH(UTYpaLUH 3aKJII0YAETCS] B TOM, UTO ra3 JUis MPeaBapUTEIbHOTO MPOCYILUBAHMS
pacrpoctpaHsieTcs no OosbIineil KONbLeBOH MOBEPXHOCTH B popMe nucka s
pacrpeneneHus ra3a, 4eM MOXKHO OXKUJATh OT HIXKHUX CEKUHUH TPyOOK KPyTrioro
MONEPEYHOr O CeYEHUs.

B HexoTOpBIX clydasix, a UMEHHO, €CJIM pacnpeaeieHue (Marepuaia) mo
IrpaHyJOMETPUYECKOMY COCTAaBY HE U3BECTHO WJIHU €CJIU HEJb3sl PACCYUTHIBATD HA TO,
YTO OHO OyJET OCTaBaThCsS HEU3MEHHBIM B TEUEHHE SKCIJIyaTAlHOHHOTO CPOKa
Cay>kObl CymHUIBbHOTO OYHKEpAa, MPEANOYTUTEIbHBIM SIBJISIETCS] BKIOUYEHUE B KAKIYIO
BEPTHKAJIBHYIO Ta30BYIO TPYOKY MPUCIOCOONICHUS T PEryJIHPOBAHUS BBIXOJJHOM
CKOPOCTH BBIXOASIIIETO U3 TPYOKHU ropsiyero CymuiabHOTO rada. Bosmosxkuas
KOHCTPYKIHSI TAKOTO NMPHUCTIOcoOeHus npouJuirocTpupoBana Ha ¢ur. 4. (Ha durype)
MOXKHO PacCMoO3HATh KOJbILEBOU razonposod 38" u mpsAMyI0 BepTUKAIbHYIO TpyOky 40"
C ee BEpXHUM KOHLIOM 40.2", mpucoeanHEHHBIM K razonposoay 38" u HUXKHUM
BBIMYCKHBIM KOHIIOM 40.1". B cBoei HuxkHel yactu TpyOka 40" uMmeer BHy TpeHHEE
KOoJIbLIeBO€ yToameHne 50 ¢ KOHMYEeCKOU MOBEPXHOCTBIO 52, pa3BEPHYTOU B
HammpaBJIEHUH BBEPX (TO €CTh, BBEPX MO MOTOKY). Jpoccenupyromuii snemMent 54 ¢
KOHMYECKOIl OOKOBOI MOBEPXHOCTHIO 56 B3aMMOAEHCTBYET C MOBEPXHOCTHIO 52

YTOJLIEHUs], 3a7]aBasi KOJbLEBON Npoxoa 58 asd CyuuabHOTO rasa. Jlpoccenupyromuii
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3JIEMEHT 54 ABIsAETCSA aKCHAJIbHO MepeMeinaeMbiM B TpyOke 40" mo OTHOLIEHHIO K
YTOJIIEHNIO, 00ecrneynBasi TeEM CaMbIM U3MEHEHHE LIMPUHBI KOJIbLEBOro mpoxonaa 58
U, TAKUM 00pa3oM, peryJupoBaHHe BBIXOJHONW CKOPOCTH, & B PE3yJIbTATE U Paguyc
pacnpeneneHus ropsiyero CyIniIbHOr0 ra3a, BbHIOpachIBa€MOI0 U3 BBIITYCKHOTO
orBepcTus 40.1" B TpyOke. AKCHAIBHOE/MIPONOIBHOE NTepeMeIeHIe
APOCCENUPYIOIEro 3JIEMEHTa 54 MOXKET BBI3bIBATHCS, HAIPUMEP, C MOMOIIBIO INTOKA
60, mpeacTaBAeHHOTO Ha QUT. 4 TYHKTUPHOU JTMHUEH, TPOCTUP AIOINETOCs Yyepe3
TpyOKy 40" 1 KOJbLEBOMH razonposox 38", uepe3 BepXHIOK 4acTh OYHKepa U CKBO3b
kpbimry 18. IITok 60 MOXKeT OBITh CBSI3aH C UCMOJHUTEIbHBIM 3JIEMEHTOM 52,
PacHOJIOKEHHBIM 32 IpeaenaMu OyHKepa.

HeoOxoaumMo OTMETHTB, UTO HCXOAHBIN MaTepual, 3aChITaHHbINA B OyHKEp U
CXOISIIIUN BHU3, MOXKET CO3/1aBaTh OOJbIINE HATPY3KH, MPEXKAE BCETO, HA
BepTHKaNbHbIE TPYOKHU 40 mist Bycka ropsiuero rasza. [losromy Tpy6ku 40 moryt
OBITH ApMHUPOBAHBI PAITHATBHO PACTIONOKEHHBIMU peOpamMu JKECTKOCTH U/Un
CTaOUIIM3UPOBAHBI C TOMOIIBIO PACIOPOK C UCIOJIB30BAHNUEM, HAIPUMED, OTTSIKHBIX U

MPUKUMHBIX CTePIKHEH COOTBETCTBYIOMEH (GOPMBIL.
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OOPMVYIJIA U30BPETEHM A

1. CyumunbHbIF OYHKEp AJIS MPOCYLUIMBAHUS IPAHYJIUPOBAHHOIO MaTepuana,
BKJIFOYAIO LU B ce0s:

- kopnyc (12) OyHkepa, 3anaromuiit HanmopHyw kamepy (13) nus
I'PaHyJMPOBAHHOTO MaTepHaa U UMEIOUN BEPXHIOK YaCTh U HUXKHIOIO YacCTh,

- BXxOoaHOe oTBepcTHe (20) MaTepuaa ajisi TpaHyJIUPOBAHHOIO MaTepuana,
PacnoJIOKEHHOE B BEpXHEH 4acTH,

- BBIXOJIHOH mopT (26) MaTepuana B HUXKHEH 4acCTH,

- cpeactsa (36) nus BIycKa ropsiuero CymUJIbHOTO ra3a B Kopnyc OyHKepa, u
- BBIITYCKHOE OTBEPCTHE ra3a, pachojoKeHHOE B BEpPXHEH 4acTH,

OTJIMYAKO IUICS TeM, U4TO cpeacTra (36) o BIyCcKa ropsvero CyIHJIbHOIO ra3a
BKJIIOYAIOT B c€0sl HECKOJIbKO ra30oBbIX TPyOOK (40), pacroaoKeHHBIX
NPOCTHUPAIOLTUMHUCS 1O CYIIECTBY BEPTHUKAJIbHO B BEPXHEH YaCTH U
NPOCTUPAIIIUMHUCS BHHU3 10 30HBI OT 25 % 1o 50 % mo Beicote (H) xopmyca, nmpuduem
Ka)kzasi ra3oBasi TpyOka nMmeeT BbinyckHOe oTBepcTue (40.1) raza Ha €€ HUXKHEM
KOHIIE U COeINHEHa Ha €€ BepxHeM KoHue (40.2) ¢ KoapueBbIM razonpoBoaom (38),
MMEIOIINM Ia30BO€ OTBEPCTUE AJIS NMPHUEMa MOTOKA CYIIMJIBHOTO ras3a, mpuiemM

ra3oBble TPYOKHU pacrpenesieHbl 0 KOJbLIEBOMY I'a30NpOBOAY.

2. CywunbHbll OyHKep o 1. 1, mpudem razossie TpyOku (40) pacronokeHsbl
Ha BooOpaskaemoit okpyxkuoctu (38.1) ¢ nuamerpom ot 0,45 no 0,75, Gonee

npeanoututesbHo oT 0,50 no 0,65, BHyTpeHHEro fuaMeTpa Kopmyca.

3. CywmwunbHblil OyHKep 1o 1. 1 mim . 2, mpu4yeM KoJibIeBOi razomnposon (38)

PAacCIoJIOKEH BHYTPHU KOPIyCa B €r0 BEPXHEH 4acTH.

4. CywmunbHBIN OYHKEP IO OAHOMY M3 MPEAIIECTBYIOIIUX MYHKTOB, IPUYEM C
KOJIbIIEBBIM T'a30MPOBOOM COEUHEHBI 10 MEHbIIEH Mepe YeThIpe ra3oBble TPYOKH,

NPEeANOYTUTENBHO, PABHOOTCTOSIIIME APYT OT Apyra.

5. CymwunpHblH OyHKEp MO OJHOMY U3 NPEAUIECTBYIOIMMUX NYHKTOB, IPUYEM
BXxoaHOE oTBepcTue (20) MaTepuaa pacrojokeHO MO LEHTPY B KPbILIe KOpIyca

OyHKepa.
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6.  CymwunapHbI OYHKEp IO OAHOMY U3 MPEAIMECTBYIOMHNX NYHKTOB, IPpUYEM

BxoaHOe oTBepcTue (20) Matepuana BKIKOYAET B ce0s COIIIO.

7. CywunabHbli OYHKEp MO OJHOMY M3 MPENUIeCTBYIOIINX NyHKTOB, MPUYEM
HHU’KE BXOIHOTO OTBEPCTHSI MaTepHaja pacloioKeH pacipeaeuTebHbII 3JI€MEHT
(48) maTepuaa, mpekae BCEro KOHyC-pacnpeneauTeib, s pa3OpachiBaHUs

I'pPaHyJHMPOBAHHOTO MaTepUaa.

8.  CymmnpHbIN OyHKEp Mo 1. 7, mpu4eM KoJibleBOi razonposon (38) u
pacmpeneNuTeNbHbINH 31eMeHT (48) pacmoioKeHbl KOHIEHTPUYHO, MPEATOYTHTEIBHO

INPUMEPHO Ha OAHOU BBICOTE.

9.  CymwunpHbIA OYHKEpP MO OAHOMY U3 MPENIIECTBYIOIINX MyHKTOB, IPUYEM
kopryc (12) mmeer mo CyImecTBy MIOCKYIO JOHHYIO CTeHKY (16), B KOTOpOH,

NPEANOYTUTENBHO, IO IIEHTPY PACIIOJOKEH BBIXOAHON NopT (26) MaTtepuana.

10. CyumunbHbIF OYHKEP IO OAHOMY U3 NPEAMECTBYIOMUX MYHKTOB, IPUYEM
Ha yJaJIeHUuU OT AOHHOU cTeHkHu (16) kopmyca pacmoiokeH OTKJIOHSIO U 3JIEMEHT

(28), pacmoaoKeHHBbIH Tak, 4TOObI 3aKPbIBATh BBIXOJHOE OTBepcTHE (26) MaTepuaia.

11. CymunbHbiii OyHKEp MO OMHOMY M3 NMPENIIeCTBYIOIINX MYHKTOB,
BKJIFOYAIO UK B ce0si coduparoiiee cpenctso (30), pacnosioKeHHOE B JOHHOMN 4acTH,
YTOOBI MPUHYIUTEIbHO HATIPABJATh IPAHYJIUPOBAHHBINA MaTepuall B CTOPOHY

BBIXOJJTHOTO OTBepcTHs (20) MaTepuaa.

12. CywunbHBIH OyHKEP IO OAHOMY M3 NMPEAIMECTBYIONX MYHKTOB, MPUYEM

razoBbie TpyOku (40’) UMEIOT PACIIUPSAIOIYIOCS BHU3 HUKHIOK YacCTh.

13. Cywmunbabiil Oyakep no n. 12, mpudem ra3ossie TpyOku (40°) 3amaHbl Kak
BBINIOJITHEHHBIE B OpPME YCEUEHHOr0 KOHyca TPyOKH, MpUUYeM Y3KUH KOHEI] COeIMHEH
C KOJIBIIEBBIM T'a30MPOBOJOM, a ra3oBas TpyOKa Ha €€ BBIXOAHOM IOPTY MOJAET

IJIaCTUHY rasa.
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14. CyumunbHbIF OYHKEpP MO OAHOMY M3 MPEAIIECTBYIOLUIUX MYHKTOB, IPUYEM
HUJKHSISI 9acTh ra3oBoi TpyOku (40") obopynoBana qpoccenupyrmum cpeactsom (54)
ISl alalTUBHOT'O PETYJMPOBAHMS BBIXOJHONW CKOPOCTH BBIXOISIIEro U3 TpyOKH

ropsi4ero CyIIUIbHOTO ras3a.

15. TlpuMeHeHHe CYUIUIBHOTO OyHKEpa MO OAHOMY M3 MPEALIECTBYOLIUX

NMYHKTOB, B Pa3MOJIbHO-CYIIUJIBHOM KOMIIJIEKCE, MPECXKAC BCCro AJId yIJid UK LIJIaKa.

16. Pa3smMoOJbHO-CYLIHJIBbHBIN KOMIUJIEKC JJISl MOJYUYE€HUSI TOHKOU3MEJIbUYEHHOTO
CYyXOro MaTepuajia U3 KPYyIMHOKYCKOBOIO MaTepuala, NIpudeM pa3MOJIbHO-CYIIHIbHbBIN
KOMILJIEKC BKJIIOYAeT B ceOsi:

- uctoyHuk (120) HarpeToro CymuJIbHOTO ra3a s o0ecrneueHnust HarpeToro
CYIIMJIBHOTO Tra3a ¢ 3a1aHHOH TeMIlepaTypoi,

- obopynosanue (130) TOHKOro moMoJia Ajisi TOHKOTO TTOMOJIa U MPOCYITUBAHUS
KPYIMHOKYCKOBOT'O MaTepHuajia JJIsl MOJyYeHHUs] TOHKOU3MENbYE€HHOr0 CYyXO0ro
MaTtepuana,

- cymnibHbINA OyHKep (120) mo onHomy U3 m.m. 1-14, mpeaycMOTpEHHBIH BbILIE 11O
NOTOKY OT 00OpPyAOBaHUS TOHKOrO ITOMOJIA, AJIsI POCYINBAHUS KPYITHOKYCKOBOTO
mMaTtepuana,

- TPAHCIOPTUPOBOUHBIE pHrcTiocobnenus (125) nias TpaHCIOPTUPOBKU
KPYITHOKYCKOBOI'O MaTepHaja U3 CylmIbHOTO OyHKepa B 000pya0BaHHE TOHKOTO
nomoua,

- Tpybomnposoasl (175) anst mogaum HarpeToro CymUIbHOTO ra3a B 000pyIoBaHHe
TOHKOT'0 TOMOJIa U CYIIHJIbHBIA OYHKEp, U

- cemapartop (140), pacnoyio’KeHHBbIN HUKE MO MOTOKY OT 000pyIOBaHUS TOHKOTO
nomoa, s cbopa u cenapaniyu TOHKOU3MEJIbYEHHOTO CYXOro Marepualia u3

CYLIMJIBHOTO Ta3a.
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