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(57) Crioco6 mosyueHuUs] METKOU3MENBIEHHOTO CYXO-
r0 MaTepuaja U3 KPYIHOKYCKOBOTO MaTepHaia, IpH-
94eM CIoco0 BKITFOUACT B ceOs ATAlbl: a) 00ecIeucHIe
HarpeToro CyIIMJIBHOTO Ta3a W3 MCTOYHUKA CYILIHIIb-
HOTO Ta3a, 0) obecrieueHne KPyMHOKYCKOBOTO Mare-
pHuana B HAKOITUTEIHHOM OyHKepe, B) IMogady KpyHmHO-
KyCKOBOI'O MaTepuaja M Harperoro CyIIMIBHOTO ra-
3a B CHCTEMY MEIKOrO IIOMOJIA, I') MEJIKHI ITOMOJ U
BBICYIIMBAaHHE KPYIHOKYCKOBOTO MaTepuaia BHYTpPH
CHCTEMbI MEJIKOI0 MOMOJIa IS TIOJIYYCHHUSI MEJIKOU3-
MEJBYEHHOTO CyXO0T0 MaTepHuaia, 1) cOop CMecH 3 Cy-
IIWIBHOTO r'a3a ¥ MEJIKOU3MENBIEHHOTO CYXOro MaTe-
pHasia U3 CHCTEMbI MEJIKOTO IIOMOJIa H [oada CMEeCH
Ha cemapaTrop A CeHapaldyd MeJIKOU3MEIFYEHHOTO
CYXOT0 MaTepHaia U3 CyIIHIFHOTO ra3a, IpuyeM CIo-
co0 Taroke BKIIIOYAET B ceOs TaKoKe 3Tall: €) PelupKy-
JSIUS IO MEHBIIEH Mepe YacTH CYIIMJIBHOTO ras3a u3
sTamna () B Ka4eCcTBe ra3a IpeaBapuTeIbHoi 00paboT-
KH ¥ TTOJjady 3TOTO ra3a IpeaBapuTeIbHON 00paboTKu
B HIDKHIOIO YaCTh HAKOIIUTEIBHOTO OyHKepa IS Ipe-
BapUTENbHOW 00pabOTKM KPYITHOKYCKOBOTO MaTepua-
na.
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PA3MOJIbHO-CYIIHUJIbHBINA KOMITJIEKC

O6nacTh TeXHUKH

Hacrosmee nzo0peTeHne OTHOCHTCS, B 00LIEM, K Pa3MOJIBHO -CY LIMIJIbHBIM
KOMILJIEKCaM, UCIIOJIb3YE€MBbIM JJIsl MOJTYYEHHUS] MEIKOU3MEIbYEHHBIX CYXHUX
MaTepHUaJIOB, MIPUTOAHBIX AJIs LIEJOr0 psAfa Cay4aeB NPUMEHEHMUS.

YpoBEHb TEXHUKHU

PasmanbiBaromue yCTAHOBKH HUCIOJNb3YIOT AJIsl MEJKOTO IOMOJIA ChITy4YuXx
MaTepHaIoB. 3a4acTy0 MOAOOHbIE Pa3MaJIBIBAIOIINE YCTAHOBKHU BKJIIOYAIOT B ce0s
TaKXXe CYIIHJIbHOE 000pYIOBaHHE JJIs1 OJHOBPEMEHHOTO YMEHbIIEHUS COAEPIKAHUS
BJIATH B CBHIMY4YUX MaTepuanax. Tumnoseie 00pa3mbl MOHOOHBIX Pa3MOJIbHO-CYIIHIbHBIX
KOMIUIEKCOB MCTIOJIB3YIOT JIsI TEXHOJOTHYECKOH 00pabOTKH rpaHyIUPOBAHHOTO
JOMEHHOrO 1lIaKa AJs NPOU3BOACTBA LIEMEHTA UM KaK TaK Ha3bIBAEMbIE YT OJIbHBIE
Pa3MOJIbHO-CYIINUJIbHbIE KOMIUIEKCHI JJIs TepepabdOTKH CHIPOTO KPYIMTHOKYCKOBOTO HE
00OrameHHoro yris B CyX0e IMblIeyroJbHOE TONJIUBO JIsI BIYBAHHS B JOMEHHbBIE NI€YU
WUJIA CO)KMTaHUSI HA DHEPreTUYEeCKUX YCTAHOBKAX.

B cnyudae ecnu pasMaiiblBa€Mblil U BBICYLIMBAE€MBbINH ChINYYUN MaTepHUal
rOpIOYMi, HApUMeEpP YT OJb, MOJIy4aeMblil IPOAYKT OKAa3bIBAETCS B3PbIBOOMACHBIM, U
AOJDKHO YAENSIThCS 0co00e BHUMaHUE pa3paboTKe TEXHOJOITHYECKOro npouecca u
KOHCTPYKLHMH YCTAHOBKH, YTOOBI MO0 MpeaynpekaaTh/He JONYCKAaTh B3PBIBBI,
NpexXae BCEro, 3a CYeT NoAAepKaHus KOHIEHTPALUU KUCIOpOaa B raszax,
KOHTAKTUPYIOIIUX C B3PbIBOONACHBIM MAaTEPUATIOM, HUKE TaK HA3bIBAEMOI'0 HUXKHETO
NpeaeJbHOrO 3HaUYE€HHUs IO B3PbIBOOMACHOCTHU (IIPEIOTBpALIA0IIee B3PhIB
KOHCTPYKTHBHOE BBITIOJIHEHHE), TNOO MpeIoXpaHsITh 000PYAOBAHNE U OKPYKAOIIYIO
cpeay OT BO3AEHUCTBHIl MOAOOHBIX B3PHIBOB (B3PbhIBO3AIIUIIEHHOE KOHCTPYKTHBHOE
BBITTOJIHEHUE).

B TUMOBBIX pPa3MOJIBHO-CYLIUJIBHBIX KOMIUIEKCAX MEJIKHI MOMOJ, OOBIYHO -
pasMalbIBaHUE M BBICYLIMBAHWE UCXOAHOI'O MaTepHaa, OCYLECTBISAIOT OoabLIe
4aCThIO MAapajIeIbHO, BHYTPHU APOOUIBHO-TIOMOJIBHOTO O00PYAOBAHUS UIIH
MenbHULBL. KpynmHOKYCKOBOM MaTepuall pa3MaiblBalOT MEXAY, HAIpUMeEp,

BPALAK IMUMHUCS BAJIKaAMH, Pa3MOJIbHBIMY IIapaMU U T. II. U TOBOPOTHBIM Pa3MOJIbHBIM

CTOJIOM UJIA NOMOJIbHOW Yalllel, a BJIATy UCHAPSAKT NPU KOHTAKTE C TOPSIYUM
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CYWHIbHBIM ra3oM. CyLUIUIbHBIN ra3 TPAaHCIOPTHPYET Pa3MOJIOThIA MaTepHai B
COPTHPOBAJNIBHOE YCTPOUCTBO, OOBIYHO BCTPOCHHOE B BEPXHIOK YaCTh MEJIbHHIIBL.
KpynHOKYyCKOBOW MaTepHuan yaaldsioT U3 MOTOKA CYLIMIBHOIO Ta3a U BO3BPAINAIOT Ha
Pa3MOJIbHBIN CTOJ UJIM B IIOMOJIBHYIO Yally, a MEJIKO3EPHHUCTBII MaTepral ¢ MOMOLIBIO
OCTBIBIIErO OTPaOOTAHHOTO CYMIMJIBHOIO ra3a ¢ yBeJIHYEHHBIM COJIepKaHUEM
BOJSIHBIX TIAPOB TPAHCIIOPTUPYIOT B PACIIONOKEHHYIO HUXKE MO MOTOKY CHCTEMY IS
cemapaluy ra3a U TBEPABIX YaCTHUII, KaK MPABHUIIO, - B MEIIOYHbIH (PUIBTP.

HecmoTpst Ha TO, YTO HA CErOAHSIIHUI JE€Hb B KOHIEMLUUIO U MPUHLKI pabOThI
NOOOHBIX Pa3MOJIbHO-CYIMIbHBIX KOMIIJIEKCOB BHECEHBI MHOTOYHCJICHHBIE
yCOBEPLIEHCTBOBAHUS, (PAKTOM OCTAETCS TO, YTO TEXHOJOTHYECKHI MPOLIECC, B LIEJIOM,
OKa3bIBAETCS OUEHb 3aTPATHBIM B IJIaHE MOTPEOIEHUS SHEPTHH.

TexHuueckas mpobiema

Takum oO6pa3oM, 1eJib HACTOSIIIEr0 H300peTeHUs 3aKII0UaeTcsl B pa3padboTke
YCOBEPLICHCTBOBAHHOI'O CMOCO0a U YCTAHOBKH ISl MOJYUYEHHS] MEIKOU3METbYeHHOTO
CYXOro MaTepuaja U3 KpyMHOKYCKOBOIO MaTepuaja, KoTopbie obecneduBaroT Oonee
SHEProd(PPEeKTUBHYIO IKCILTyaTAUI0 000PYIOBAHHS.

OO6mee onucanue u300peTeHUs

Hcxons u3 3TOrO0, HacTosiIee H300peTeHne B CBOEM NEPBOM acCleKTe Mpeajiaraet
crnocol Ui MOJyUYeHUsI MEJIKOU3MEIbYEHHOr0 CYyXOro Matepuala u3
KPYITHOKYCKOBOI'O MaTepHaja, Ipu4deM crnocod BKIYaeT B ce0s dTaIbl:

a) obecrneyeHne HaArPeTOro CyIUIbHOrO ra3a U3 HCTOYHUKA CYLIMIBHOIO rasa,

0) obecrnedueHre KPYITHOKYCKOBOI'O MaTepHalia B HAKOMUTEIbHOM OyHKepe,

B) MMOAa4y KPYMHOKYCKOBOTO MarepHaja U HarpeToro CyuujabHOro ra3a B
CHUCTEMY MEJIKOTO MOMOJIA,

') MEJIKHI TIOMOJI U BBICYLIMBAHUE KPYIMHOKYCKOBOTO MaTepualia BHYTPH
CHUCTEMBI MEJIKOTO MOMOJIa IJIsl MOJYUYEHHs] MEeJIKOM3METbYEeHHOr0 CYXO0ro MaTepuala,

1) cOOp cMeCH U3 CYIIMJIBHOTO ra3a U MeJKOM3MeTb4eHHOr0 CYXOro MaTepuaia
U3 CHCTEMBbI MEJIKOTO MOMOJIa, U MoJa4ya CMEeCH Ha cerapaTop AJisl Cenapaluu
MEJIKOM3MEJbYEHHOr0 CYXOro MaTepualia u3 CyIIHIbHOTO rasa.

Cnoco0 cornacHo N300pETEHHIO BKIIOYAET B ce0s TaKXKe 3Tall €) PEUUPKYJISILHH,
0 MEHbLIEH Mepe, YaCTH CYUIMJIbHOTO ra3a 13 3Tana (1) B KauecTBe rasa
npenBapuTesbHON 00pabOTKH, U MOAaYy 3TOro ra3a nmpeaBapuTebHON 00paboTKU B
HIDKHIOK YacTh HAKOMUTENbHOTO OYHKEpa AJs ImpeaBapuTeabHON 00paboTku

KPYNHOKYCKOBOTO MaTepuana.
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B cBoem BTOpOM acnekTe nu300peTeHne npeniaraeT pa3MoIbHO-CYIIUIIbHBINA
KOMIUIEKC, MpeIHa3HAYEHHBIN JJIs1 OCYIIECTBIEHHs ONMMUCAHHOTO B HEM crocola.
IIpexxne Bcero, n300peTeHrne NpeayCMaTPUBAET PA3MOJBbHO-CYIUJIbHBIM KOMIJIEKC
IUTSL IOJTYYEHHS] MEJIKOU3MEJIbYEeHHOTO CYX0r0o MaTepualia U3 KPyImHOKYCKOBOTO
MaTepuaja, IpuYeM pa3MOIbHO-CYIIMIbHbBIH KOMIUIEKC BKIIOYAET B C€0sl: HCTOYHUK
HarpeToro CyluJIbHOTO ra3a st 00ecrnedeHust HarpeToro CyImuIbHOTO ra3a ¢
npeaBapUTENbHO 3aIaHHON TeMIEepaTypoi, HAKOTUTENbHbIN OyHKep
KPYIHOKYCKOBOT'O MaTepHuaia JJjisi BPEMEHHOTO XpaHEHUsI KPYITHOKYCKOBOTO
MaTepHaia, CHCTEMY MEJIKOTO TOMOJIa JJIsi MEJIKOTO TTOMOJIa U BbICY IIUBAHUS
KPYIHOKYCKOBOTI'O MaTepHuala ¢ IOJy4eHHEeM MEJIKOU3MEITbYEHHOTO CYXOoro
MaTepHaia, CHCTEeMY MOAaYu KPYIHOKYCKOBOI'O MaTepuaia JJisi mogayu
KPYIMHOKYCKOBOTI'O MaTepHualia H3 HAaKOMUTEJIbHOr0 OYHKepa KPYIMHOKYCKOBOTO
MaTepHaa B CUCTEMY MEJKOTrO IMOMOoJIa, TPyOOmpOBOAKI Al MOAAYU HATPETOrO
CYIIMJIBHOTO ra3a B CUCTEMY MEJKOTO IMOMOJIA, CeIapaTop HIXKE MO MOTOKY OT
CHUCTEMBbI MEJIKOTO TTOMOJIa [ cOopa U cenapaniuy MeJIKOU3MEIbYEHHOTO CYXOro
MaTepHaia U3 CyUIUJIbHOTO rada. Pa3MoabHO-CYIMNUIBHBIN KOMIIJIEKC COTJIACHO
N300pETEHUIO BKJIOYAET B ce0s TAKXKe PACIOJOKEHHBIE HUKE 110 TOTOKY OT
cernapaTropa peLUUpPKYyIsIHHOHHbIE TPYOONPOBOABI ISl PELUPKYIISILUY, 110 MEHbIIEH
Mepe, 4aCTU CYIIMUJIBHOTO ra3a B KaueCcTBe ra3a npeaBapuTeabHol oOpaboTku B
HIKHIOKO 4aCTh HAKONMUTEIbHOr0 OyHKepa KPYIMHOKYCKOBOTO MaTepHaa s
npeaBapuUTeIbHON 00pabOTKM KPYMHOKYCKOBOTO MaTepHuaa BHyTPU HAKOIUTEIbHOIO
OyHKepa KpyMHOKYCKOBOTO MaTepuala.

HacTtosimee nzo0peTeHre OCHOBAHO HA ABYX OCHOBHBIX 3aKJIIOYEHUSIX,
obecneunBalIINX ABa OCHOBHBIX MpeuMyLiecTBa. IlepBoe BaXKHOE MPEUMYIIECTBO
N300peTeHUs 3aKJII0YAETCSI B TOM, YTO 34 CUET PEHUPKYJISALNH, IO MEHbILIEH Mepe,
YaCTH CYIIMJIBHOIO ras3a IJisl NpeaBapUTebHONH 00paboTKH KPYITHOKYCKOBOTO
MaTepHaja BBIIIE MO MOTOKY OT CUCTEMBI MEJIKOTO IMMOMOJIa CUCTEMAa MEJIKOTO TTOMOJIa
WJIU MEJIbHUIA MOTYT OBbITh PACCYNUTAHBI HA 3HAUYUTEIbHO MEHBIIYIO MOIIHOCTH 0€3
YXYIIIeHUsI Ka4eCTBAa KOHEYHOr'O MPOAYKTA.

B 3T0ii cBsAI3M cienyeT 3aMeTUTh, 4TO 00YCJIOBINBAKOIIHE HEOOXOIUMYIO
MOIIHOCTb MEJIbHUIIBI (PAKTOPBI BKIIOUAOT B ce0sl, mpexae BCero, HeoOXOMUMBbIH
HOMHUHAJBHBIH PAacXOJ] MO BBIXOAY MPOAYKTA (Pa3MOJIOTOrO U BBICYIIEHHOIO
Marepuana), KodpGuuueHT pasManbiBaeMOCTH (MATKOCTD), COAEpKaHHUE BJIard B

UCXOJHOM MaTepHaje U MEJKOCTb IOMOoJa (TapaMeTphl paclnpeaeneHus 1no
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KPYIHOCTH) MpoAykTa. Tenepb, B TAMMYHOM Cily4ae, KOT/ia AHana3oH KPYMHOCTH
UCXOHOTO MaTepualia HAMHOTO MPEBBILIAET JUANa30H KPYMHOCTH MPOAYKTa,
HampuMep Ha HECKOJbKO EeCITUYHBIX MOPSAKOB (MM B CPAaBHEHUHU C MKM), BIUSHHE
KPYITHOCTH UCXOAHOTO MaTepHaia Ha MOLUHOCTb MEJIbHULIBI OKa3bIBAETCS
npeHeOPeKMMO MaJIbIM.

Kpome toro, onpexpensironie HeoOXOANMYIO MOLTHOCTD 11O BBICY LITUBAHUIO
(baKTOpBI BKIOUAOT B ce0si, Mpexkae BCero, HeoOXOAUMbII HOMUHAJIbHBIA PacXoa MO
BBIXOJY MPOAYKTa (pa3MOJIOTOTO U BBICYILIEHHOTO MaTepualia), CoaepKaHue BJIary B
HUCXOIHOM MaTepHaje U OCTATOYHOE COAepIKaHue BJiard B mpoaykre. B ciyyae ¢
yriiem, HarpuMep, 3aJaHHOE JJIs HEr0 OCTATOYHOE COAEPIKAHKE BJIard COCTABJISIET
00BIYHO BeTUUYUHY nopsiaka B 1 % (mpu 3TOM BeIMYHHA, KOTOPAsi MOKET OBITh
dakTuueckn obecrneveHa, o0ycnoBanBaeTCs PaKTUIECKON BIArOEMKOCTBIO
paccMaTpuBaeMOi MapKHU yriisl, OTpakaeMOi U30TepMaMu COPOLINN), TpUIEeM
BJIQXKHOCTb UCXOIHOTO YIJIsI MOYKET BapbHPOBATHCSA MpUMepHO 10 15% B ciayyae ¢
KaMEHHBIM yrjieM U ObITh fake OoJblie B cliydae ¢ JUTHUTOM H OYPBIM YTIJIeM.

CnenoBaTesbHO, BIMSIHUE COACPIKAHMS BJIATH B UCXOJAHOM MaTepuale Ha
MOIIHOCTb MEJbHHULIBI MOXKET OBITh MPHU 3TOM 3HaYUTeNbHbIM. [Ipumep Ha ¢ur. 1
NOKa3bIBAE€T YMEHbIICHUE BBIXOHOW MOIIHOCTH MPHU MOJYYSHUH MOPOIIKOOOPA3ZHOTO
YIJIE C OCTATOYHBIM COJepKaHueM Biaru B 1 % U pacrpeneiseHuem
rpa"ysnomeTpuydeckoro cocrana 80 % < 90 MKM npu napameTpax BO3JEeHCTBUS —
COZIep’KaHMH BJAru B HCXOJHOM Marepuase (Ha 3J€MEHTapHbIH COCTaB, TO €CTh
MPOLEHTHOE COMep KaHUEe BOAbI B CHIPOM MaTepuae) u kodpdunuenre
pPa3MaibiBAEMOCTH, OTpa’kaeMOM K03 PUIIUEHTOM Pa3MOJIOCTIOCOOHOCTH IO
Xaparposy (HGI).

[TocTaBIIMKU MEJBbHUL] OOBIYHO MpearatoT cBoe 000pyIOBaHUE CEPUSIMU
arperatoB (110 HOMEHKJIATYpe THIIOPAa3MEPOB MEJbHUI[) C TPaayHPOBAHHBIMHU
BO3pACTAOLIMMHU MMOKA3aTESIMU MOLHOCTH MJIM HOMHHAJIbHBIMHU MOKA3aTEJSIMHU 10
BBIXOJy MPOAYKTA C YYETOM ONpPEAeIeHHbIX CreluPUuKauii UCXOIHOrO MaTepuaia u
MEJIKO3epHUCTOro Marepuana (mpoaykra). [lapamienbHo ¢ 3TUM 3a7ak0T
(UKCUPOBAHHBIN qUAMAa30H PACX0Aa CYLIUIbHOTO ra3a, NpUeMJIeMbIil AJIs1 KaXKI0ro
arperata WM TUIIOpa3Mepa MEJIbHUL, MPUYEM C YBEJIUYEHHUEM ToKa3aTeaen
MOIIHOCTH HMJIM MOKa3aTeJied Mo BBIXOAY MPOAYKTA 3TH AUANA30Hbl YBEIHMUHBAIOTCS U

CIOBUTAIOTCS] HA YPOBHU O0Jiee BHICOKUX 3HAYEHUH.
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JApyruMHu CJIOBAMH, MOCKOJBbKY KPYITHOKYCKOBOM UCXOIHBIH MaTE€PHUAT MOXKET
CUJIBHO BapbHpPOBATHCA B IJIaHE COAEPIKAHUSA BJIAru, TO KOMIUJIEKC U, IIPEXKAE BCErO,
MeJIbHUIA TTapaMeTPUYECKU JTOJKHBI ObITh PACCYUTAHBI TaK, YTOOBI CIIPABIATHCS CO
BCEMHU MapKaMHU UCXOJHBIX MAaTEPUAJIOB, TO €CTh KaAK C OTHOCUTEJIBHO CYXHUM, TaK U C
OuYeHb BJIAXXHBIM MaTepuaoM. B kauecTBe nmpumepa, B ciiydae ¢ yrjieM U YCIOBUAMHU
cornacHo ¢ur. 1, yMeHbLIEHHE COAEPIKAHUS BJIArd B UCXOIHOM yTJie, Hampumep, ¢ 15
% 10 7 % Moryio Obl MPUBECTU K YMEHBIIEHUIO HEOOXOAUMOMN MOIIHOCTH Ha [1/(<
0.8)]-1 = (> 0.25),T0 ecTb Ha 25 % u Gosblie MO CPABHEHUIO C MEPBOHAYAIBHBIM
3HAYECHHEM B 3aBHCUMOCTH OT KO3 (P PHUIIMEeHTa Pa3MaJIBIBAEMOCTH. 3HAYUTEIbHBIC
NOKa3aTeJu SKOHOMUH MOTJIH Obl OBITh (PAKTUYECKH peaM30BaHbl HA YPOBHE
MEJIbHULBI B TOM CIIy4ae W MPHU YCIOBHH, YTO YMEHbIICHNE HEOOXOANMON MOLITHOCTH
(daxTUUEeCKH MPUBEIO ObI K YCTAHOBKE MEJbHHULIBI MEHBILIETO THIIOPA3MEpPa, YeM
TUIOpPa3Mep, IPUHIUMAEMBIH B pacyeT JJIs IePBOHAYAIBHBIX YCIOBUM.

Kpowme Toro, ecnu 3a1aTh QUKCUPOBAHHBINA AHAINA30H TEMIIEPATYP TOPSAUETO
CYIIMJIBHOTO ra3a Ha BXOJAE B MEJIbHHUIY, a COAEPKAHHUE BJIATH B HCXOJAHOM MaTepHuale
yK€ YMEHBIIECHO 32 CUYET MPEeABAPHUTEIbHON NOATOTOBKY BBIIIE IO MOTOKY OT
MEJbHUIIBI, 3TO B PE3YyJIbTATE TAKXK€ MPUBOAUT K 3HAUUTEIbHOMY YMEHbIIEHUIO
HEOOXOAMMOro pacxoa CyIMJIbHOIO ra3a U, Cliel0BaTeNbHO, TUIIOPa3Mepa
obopynoBaHuUs ISl Cemapaluy ra3a U TBEPAbIX BeleCTB (MeMOYHbIH QuiIbTp) 1
IPOU3BOAUTENBHOCTH TJIABHOI'O BEHTUJIATOPA AJISl CYLIUJIBHOTO ra3a, Ipu yCJIOBUH,
YTO YMEHBIIEHHBIH PacXo/ CYIIMJIbHOIO ra3a BIUCHIBAETCS B IIPUEMJIEMBbIH 115
MEJIbHULIBI AUAINAa30H PacXo/a CYMHUIbHOIO I'a3a, YTO BIIOJIHE BO3MOKHO B Cly4ae,
€CJIM THUIOPAa3MeP MEJIbHULIBI TAK)KE MOXKET ObITh YMEHbBIIEH, KaK Pa3bsICHEHO BBIIIE.

BTopoe ocHOBHOE MpenMyIecTBO U300 pETEHUS 3aKI0YAETCS B TOM, YTO OHO
obecrneynBaeT OoJiee MPOCTON U CTAOUIIBHBINA XOJI TEXHOJOTHYECKOTO MpoIecca
pa3MaibIBaHUS M BhICYIIUBaHUs. be3ycioBHO, IBHO Hen30eKkHasi BApUATHBHOCTD
HUCXOAHOI'0 MaTepHaja CO3aeT CYyIeCTBEHHbIC MPOOJIEeMBbI AJIsl ONepaTopa YCTAHOBKH
U Tr00asi He KOHTPOJNIMpyeMasl BapHalus MOABEPTaeT PUCKY HEPEPBIBHBINA MPOLECC
NPOM3BOACTBA MEITKOM3MEIbYEHHOTO MaTepraia. be3ycinoBHoO, ecinu Marepuan
HEJOCTATOYHO MPOCYIIEH, 3TO OyeT MPUBOIHUTH K €r0 arioMepaluy U He TOJIBbKO K
MOJIYYECHHUIO HEMPUTOJHOTO MaTepHaa, HO U TaK)Ke K 3aKyIOPUBAHUIO 00OpyIOBAaHUA,
PacIiOJIOKEHHOTO HHKE IO MOTOKY, MPEKIe BCEro CernapaTopoB UK PUIBTPOB.

3TO BTOPOE OCHOBHOE NMPEUMYLIECTBO (PaKTHIECKU OOYCIOBJIEHO, C OJHOU

CTOPOHBI, YMEHBIIEHHBIM (M MEHEE MEPEMEHHBIM) IepenagoM TEMIIEPATYP BHYTPH
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MEJIbHULIBI BO BpEeMs BIIyCKa MaTepuala U, ¢ APYroil CTOpOHbI, Oojiee HaaeKHBIM
BBICYIIMBAHUEM C YMEHbIIEHHBIM PUCKOM 3aKyMOPUBAHHS 000pYyAOBaHUS U
HEe3aIIaHUPOBAHHOI'O OCTAHOBA YCTAHOBKH. Jpyrumu cioBamu, nzoOpereHue
obecrnieunBaeT crocod mpeaBapUTEIbHON MOATOTOBKH KPYMHOKYCKOBOIO MaTepuaia
IOCPEACTBOM €ro NpeABapUTEIbHOIO HArpeBa U/WUiIu MPeaBapUTEbHOTO
BBICYIIMBAHUS MJIM YMEHBIIEHUS €TI0 BAPHATUBHOCTH B IJIaHE KaK BJIAJKHOCTH, TaK U
TEMIIEPATYPhl, TEM CaMbIM OOJierdas XOa U yBeJU4YnBasi HaIeKHOCTh
TEXHOJIOTUYECKOTO MPOLecca B LIEJIOM.

B npyrom BapuanTe n3o0peTeHus 3Tan €) BKIYaeT B ceds nmopstan el)
CMELIMBAHUS ra3a MpeABapuTesIbHOM 00pabOTKH ¢ HArPETHIM CYIIMIbHBIM Ia30M U3
UCTOYHHMKA CYLIUJBHOrO ra3a nepej nojgaveil B HUXKHIOK 4aCTh HAKOMHUTEJIbHOTO
OyHkepa. CienoBaTebHO, pa3MOJIbHO-CYIIUIbHBIA KOMILJIEKC BKJIIOYAET B cebs,
NPEeANOYTUTENBHO, TAK)KE CMELINBAIOIIYI0 YCTAHOBKY B COCTaBE PELMPKYJISLIUOHHBIX
TpyOONPOBOAOB AJIsi CMEIIMBAHMUSI ra3a NpeABapUTENIbHON 00pabOTKH C HArpeThIM
CYLIMJbHBIM ra30M U3 UCTOYHHKA CYIIUJIBHOTO ra3a mepej nojaaveil B HUKHIOK 4acThb
HaKOIMMHUTEJIbHOTO OYHKepa.

Ecnu HeoOxonumo, 3Tam €) BKJOUaeT B ceOst moasTan e2) peryJiupoBaHus
JaBJIEHHS ra3a MpeaBapuUTelbHON 00paboTKu mepen noaaydeil B HUKHIOK 4acThb
HaKOMHUTEJbHOTO OyHKepa. PerynupoBanue naBjieHHs] MOXKET MOTpeOOBaThCS B
3aBUCHMOCTH OT KOHQUTrypalnu HAKOMUTEIbHOTO OyHKepa U COCTaBa
KPYITHOKYCKOBOT'O MaTepHaja sl HOJyYeHHsI COOTBETCTBYIOIIETro pacxoza (rasa)
BHYTPHU HAaKOTHUTEIbHOr0 OyHKepa. B HEKOTOPBIX BapHaHTaX KOHCTPYKTHBHOTO
BBITIOJIHEHUST PEryJIMPOBAHUE TABJIEHHS MOXKET OCYIIECTBIATHCS C MOMOLIBIO
BEHTHJISITOPA, YCTAHOBJIEHHOTO B TPyOONMpPOBOAHOM pa3BOAKE BBILIE MO MOTOKY OT
HAKOMUTEJIbHOTO OyHKepa (B CMbIC/Ie — MO XOAY ABHKEHHUs ra3a MmpeaBapuTeIbHOM
00paboTKM). ANbTEePHATHBHO UJIU JOMOJHUTENBHO, HHXKE O MOTOKY OT
HAKOMUTEJIbHOTO OyHKepa HIJIH Ja)ke HUXKe MO MOTOKY OT APYroro cemaparopa B
TpyOOMpoOBOJAE MOXKET ObITh YCTAHOBJIEH BCACHIBAIOLINN BEHTUISATOP (CM. Hajiee mo
TEKCTY).

B o6mem, ra3 npenpapurenbHoi 00paboTKU COOMPAIOT MOCE MPEeaBAPUTEITBHOM
MOATOTOBKY B BEPXHEH 4acTH HAKOMUTENbHOTO OyHKepa (moasTan e3)).
CnenoBaTesIbHO, HAKOMUTEJbHBIH OYHKEp KPYMHOKYCKOBOI'O MaTepHuala BKIOYAET B
ce0si, MPeaNnoOYTUTENbHO, BBITYCKHOE OTBEPCTHE IS ra3a, PACIOI0KEHHOE B €r0

BEepXHEW yacTu st cOopa raza npeaBaputenbHoi oOpadboTku. ITockonbky ras
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npeaBapuUTeNbHON 00paboTKH MPOXOAUT Yepe3 KPYIMHOKYCKOBOWH MaTepual, OH BCe
Oousbine u OOJblIE HAKATIIUBAET B ceOe BJIary M MOCTENEHHO OCTBHIBAET, TAK YTO
TeMIlepaTypa rasa npeaBapuTeabHONH 00pabOTKU MOKET yrnacTh HUXKE TOUKH POCHI.
ITosTOMY mpenuMyIIeCTBEHHBIM PEIIEHHEM MOXKET OBbITh yIalleHHe rasa
npeaBapuUTeNbHONH 00pabOTKH Ha BBICOTHOI OTMETKE HUJKE BEPXa HAKOMUTEJIbHOTO
OyHKepa, TO eCThb B TOYKE, B KOTOPOH ra3 mpeaBapuTeIbHOM 00paboTKHU He mpolue
Yepe3 BCIO BBICOTY HAMOJHEHHS KPYIMHOKYCKOBOTO MaTepuana.

Brixoasimuii u3 HAKOMHUTENBHOIO OYHKepa ra3 nmpeaBapuTebHOU 00paboTku BCe
elle MOYKeT COepPIKaTh MEJKO3EPHHUCTBIH MaTepUal, U €CJIH 3TOT a3 MOIJIEKHUT
BBIOpOCY B aTMOcdepy, TO MPHU 3TOM MOKeT noTpedoBarbes GunbTpanus rasa.
CrnenoBaTenbHO, CIIOCOO MPEATIOYTUTENBHO BKJIOUAET B ceOst moadTan e4) mopadyu
coOpaHHOIO Ha MoJdTare e€3) raza mpeaBapuTesbHOl 00paboTKku Ha IPYrou cemaparop
IJTs cenapanuy JIIoOOro OCTATOYHOTO MEJIKO3ePHUCTOrO MaTepuaa 13 rasa
npenBapuTesnbHON 00padoTku. Takum 00pa3oM, KOMILIEKC MPEANOUYTHTEIbHO
BKJIIOYAeT B ce0s1 mogoOHBIH ApYroi cemapaTop HUXKE MO MOTOKY OT BBIITYCKHOTO
OTBEPCTHS IS ra3a B HAKOMHUTEIbHOM OYHKepe IJIsl cenapanuu JI00ro 0CTaTOYHOrO
MEJIKO3€pPHUCTOr0 MaTepualia u3 coOOpaHHOTO rasa npeaBapuTeIbHON 00paboTKH.

Ilo aHamornuHOMU NPHUYHUHE, KaK U3JIOXKCHO BbIIIEC, IPECUMYIIECCTBCHHBIM
pelLIeHneM MOJKET OBITh BBIMIOJIHEHHE CMEIINBAHUS COOPAaHHOrO Ha moasTane €3) rasa
npeaBapuUTeNbHONH 00pabOTKH C AOMOJHUTENbHBIM HATPETHIM CYLIMIIBHBIM Ia30M U3
HMCTOYHHKA CYIIMJIBbHOIO ra3a nepeja nojgadeil B Apyroii cemapatop Ha nojasTarne e4),
4TOOBI UCKJIFOYUTH MaJeHUE TEMIIEPATyPhl ra3a HUKE TOUYKU POCHI B A PYyroi
cemapartope. B cuity 3TOro, B KOMILJIEKCE, MPEANOYTUTENBHO, MPEIYyCMOTPEHBI
COOTBETCTBYIOIIHME TPYOOMPOBOABI M CMELIMBAIOLIAs YCTAHOBKA.

HcTounuk CYHIHUJIBHOTI'O ra3a B KOHTEKCTE I/1306peTeHI/I$I MOXET NpEACTaBIIATb
co0oii 1000 COOTBETCTBYIOIINN HCTOYHUK FOPSIYUX Ia30B, TAKOH Kak reHepaTop
cymuibHOro rasa. [Ipexnae Bcero, mogoOHBIN HCTOYHUK TOPSUYUX Ta30B MOXKET
HCIIOJIb30BAaTh — B CJIyUac HAaJIU4YUA — ropsa4ue OTXOAAIUE ra3bl OT APYTUX MPpOUECCOB
BOJIM3H Pa3MOJIbHO-CYLIMJIBHOTO KOMILJIEKCA, MPEANOUYTHTEIbHO HU3KOKAJIOPUHHBIN
ra3 ¢ HU3KUM COAEpPKaHUEM BOAOPOAA, TAKON KaK TOMEHHBIN ras.

Ecnn HeO6XO):lI/IMO HJIN KEJIATCJIbHO, HCTOYHUK CYIIUJIBHOTO ra3a BKJIKOYACT B
ce0si CUCTeMY TOpeJIKH € JOCTATOYHOH MPOU3BOJUTENBHOCTHIO IO HATPEBY IS
HarpeBsa CYLIMJIbHOTO ra3a A0 TeMIEpPaTyp, NPUTOJHbBIX [JIsl BbICYIINBAHUSA

MEJIKOU3MENbUEHHOTO MaTepuana. Eciau cylnnabHbIN ra3 NocTynaeT oT Apyrux
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MPOLECCOB H YK€ UMEEeT OTHOCUTEJbHO BBICOKYIO TEMIIEPATYPY, MOKHO UCTIOJIb30BATh
MaJIOMOIIHYIO TOPENKY IJIsl peryJupOBaHUs TEMIEpaTyphl B clydyae HEOOXOAUMOCTH.

Cenaparop nus cOopa u cenapallMil MEJIKOU3MENIbYEHHOTO CYXOro MaTepuana us3
CyHIMJBbHOrO ra3a (mar (1)) MOXeT MPeACTaBIsITh COOOW OAHO MU HECKOJbKO
YCTPOHCTB JIFOOOTO COOTBETCTBYIOIIETO TUIA, HAPUMEP MEIIOYHBIA (PUIBTD,
NATPOHHBIA PUIBTP, UKJIOH U T. 1.

B Haubonee npeanoYTUTEIbHOM BapHAHTE KOHCTPYKTUBHOTO BBIMTOJIHEHUS BECH
CYLIUJIbHBIN Ta3 U3 3Tamna (1) HANpaBJSIIOT Ha PELUPKYJISILUIO, OOHY €TI0 4acTh
UCTIONIB3YIOT IJIsI TIPEIBAPUTENIHHOM MOATOTOBKH KPYIMHOKYCKOBOTO MaTepuaa B
HAKOMHUTENIbHOM OyHKepe, APYTYI €ro 4acTh UCHONB3YIOT JJIsl BHICYIIIMBAHHUS
MEJIKOM3MEJbUEHHOT0 MaTepHuaja B 000pPYJOBAHUH MEJIKOrO MMOMOJIA FJIH MEJIbHULE
(mrar (r)). IlpenmoyTuTeNnbHO, MO MEHbINEH Mepe, YacTh ra3a ISl UCTIOJb30OBAHUS B
paMkax sTana (T) CMEIIUBAKT C TOPSYUM CYIIUJIbHBIM T'a30M U3 HCTOYHHUKA
CYHIUJIBHOTO ra3a. bojiee mpeanouTUTENbHO, BECh 3TOT CYIIUIbHBIN ra3 CMEIINBAIOT C
yKa3aHHBIM TOPSIYUM CYIIHJIBHBIM ra3oM. II0CKONIbKY BeCh CyIIUIIBHBIN Ta3
HAMpPaBJISIIOT HA PEHUPKYJSIIUIO, JIsI KOMILIEKCa He TpeOyeTcs BhITsKHAsI TpyOa
OTXOJISIIHNX Ta30B MOCe cenaparopa. JJonoTHUTENbHOE MPENMYIIECTBO 3aKII0YAETCs
B TOM, YTO HET HEOOXOAUMOCTHU (PUIBTPOBATH CYLIHMJIbHBINA ra3 MPeayCMOTpP €HHBIM
CernapaTopoM A0 TOU K€ CaMOU CTeneHUu. JleCTBUTENbHO, TOCKOJIbKY BECH
CYIIMJIbHBIN a3 HAMPABJISIIOT HA PELUPKYJALHUIO, a He cOpachiBalOT B atmMocdepy, TO
IPUCYTCTBUE ONPEAEIEHHOTO KOJINYECTBA OCTATOYHOI'0 MEJIKO3EPHUCTOr0 MaTepuaa
WU TIBIIM B ra3e cuuTaeTcs npuemieMbiM. ClienoBaTeIbHO, MOJKHO HCIIOJIb30BATh
cernapaTopbl C MeHee KeCTKUMH TPeOOBAHUSIMHU K HUM, YMEHbBIIASI TEM CAMbBIM 3aTPAaThI
Ha MaTePUANbHO-TEXHUYECKOe CHAOKEHUEe U HKCITyaTallHOHHbIE pacXoabl (MeHee
3aTpaTHoe obopynoBaHue, TpedyrIinee MeHbIIero 00beMa TeX00C Ty KUBAHUS ) U
MOBBIMIAS HAZIE)KHOCTH (MEHbIIAs MOIBEPIKEHHOCTh 3aKynopuBanuio). B Haubonee
MPENMOYTUTEIbHBIX BAPUAHTAX KOHCTPYKTUBHOTO BBHIMIOJIHEHUS CEMapaTop
npencTaBisieT coOoi cemapaTop UUKJIOHHOIO THIA. B 3aBUCUMOCTH OT (aKTHYECKHUX
pPacxoa0B OYUIAEMOTO r'a3a CenapaTop Npu 3TOM BKIOUaET B ceds,
NPEeANOYTUTENBHO, OJUH WU OoJiee IIUKJIOHOB, ele Ooyiee MPEeanOUYTHTEIbHO ABA UIU
OoJsiee MUKIOHOB MapajljIebHOTO PACTIONOKEHHUS.

Conepxamuii KPyMHOKYCKOBOH MaTepuall HAKOMUTEIbHBIN OyHKEp MOXKET OBITh
J:000T0 COOTBETCTBYIOIIETO THUIIA, HAIPUMEP TPaAUIIUOHHBbIA OyHKEp-BOPOHKA C

CY’KMBAIOUIENCsl KHU3Y, KaK MPaBUJIO, KOHUYECKON BbIYCKHOMN YaCThIO.
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HaxonurenpHbiii OyHKEp MOXKET OBITh BBIIOJIHEH TAaK)XKe C MJIOCKUM AHUIIEM, KaK
IPaBHIIO, C MPUCTIOCOOTEHUAMU I TPAHCIIOPTUPOBKU MaTepHalia K BBIXOJHOMY
OTBEPCTHUIO0 HAKOMUTENbHOIro OyHKepa, HarpuMep, ¢ KOHBeHepoM co cOpachIBAIOIUM
pBIYAroM, NpeANnOYTHTEIbHO 000PYIOBAHHBIM PEryJIATOPOM CKOPOCTH.

OnucanHbIe 37€Ch CIOCO0 M Pa3MOJIbHO-CYIUJIbHBII KOMILIEKC, B IPUHLUIIE,
MOTYT UCTIOJIb30BATHCS B OTHOIIEHHH JIFOOBIX KPYMHOKYCKOBBIX MaTePHAJIOB,
NOABEPraeMbIX MEJIKOMY MOMOJIY U BbIcylrnBaHui0. Hanbonee npeanod4TuTeIbHBIMU
BAPUAHTAMM MCMOJB30BAHUS CUUTAIOTCS Pa3MaliblBaHNUE U BHICYLIMBAHUE IIJIAKA,
HanpuMep JOMEHHOrO LIJIaKa, Uld YIJis, HAIpUMep KaMEHHOTO yIJisl, IUTHUTA UJIH
Oyporo yrs.

Kpatkoe onucanue ueprexen

Huxe Ha OCHOBE mpuMepa NPUBEAEHO ONUCAHUE NPEANOUYTUTEIbHBIX BAPUAHTOB
KOHCTPYKTHBHOTO BBITMIOJIHEHHUS COTJIACHO U300PETEHUIO CO CCHIJIKOM Ha MpHjiaraeMble
4epTEeXKHU, Tae!

Qur. 1: aguarpamma, WUIOCTPUPYIOIIAst MPUMEP OTHOCUTENIBHOU BBIXOJHOMN
MOIITHOCTH MEJIbHHIIbI B 3aBUCUMOCTHU OT KO3 (ppHunmeHTa pa3mMajblBaeMOCTH
MaTepualjia U COAEepKaHUs BJIAru,

Qur. 2: cxema TPaAULHUOHHOI'O Pa3MOJIbHO-CYILIUJIBHOTO KOMIIJIEKCA ISl
MEJIKOTO IOMOJIAa KPYITHOKYCKOBOTO MaTepuasa ¢ MoJy4eHUeM MEJIKOU3MEIbUYEHHOI 0
CyXOoro Marepuana,

Qur. 3: cxeMa NepBOr0 BAPUAHTA KOHCTPYKTUBHOI'O BBIMOJIHEHUs PA3MOJIbHO-
CYIWIMJIBHOTO KOMILJIEKCA COIJIACHO HACTOAIEMY M300PETEeHHUIO ISl MEJIKOTO IOMOJIa
KPYIHOKYCKOBOI'O MaTepuala ¢ NOJy4YeHHEM MEIKOU3MEJIbYEHHOTO CYyXOTo
MaTtepuana, u

®dur. 4: cxema BTOPOro BapHMaHTa KOHCTPYKTUBHOTIO BBINOJHEHUS PAa3MOJbHO-
CYIINUJIBHOTO KOMILJIEKCA COIJIACHO HACTOSAL MY M300PETEeHHIO AJISl MEJIKOTO ITOMOJIa
KPYINHOKYCKOBOI'O MaTepuala ¢ NOJy4YeHHEM MEIKOU3MEIbYEHHOTO CYyXOTro
MaTepuana.

Jlpyrue OTINYUTENbHbIE OCOOEHHOCTH M MPEUMYIIECTBA HACTOSIIIETO
N300peTeHUs CTAaHYT OYEBUIHBIMU HA OCHOBAHWH NPUBEAEHHOTO HHM)KE NETAIBHOTO,
HO HE MCYEPINBIBAOLIETO ONMUCAHNUS HECKOJBKUX BAPUAHTOB KOHCTPYKTUBHOTO

BBIIIOJIHEHHS CO CCBhUIKOM Ha NpujIara€MbI€C YCPTECIKU.
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Onucanue NpeanOYTUTEIbHBIX BAPUAHTOB KOHCTPYKTUBHOTIO BBIMIOJHEHUS

Ha ¢ur. 1 nokasana quarpamMmma, HJUIIOCTPUPYIOIIAs MPUMEP OTHOCUTENbHOM
BBIXOTHO! MOIIHOCTH MEJIbHUIIBI B 3aBUCUMOCTH OT K03 PuuneHTa
pasMablBA€MOCTH MaTepualia u Coaepkanus Baaru. PakTUYECKHU, 3TOT IPUMED
NIOKA3bIBA€T YMEHBIICHNE BBIXOHOW MOIIHOCTH IPHU MOJYYEHUHU MTOPOIIKOOOPA3ZHOTO
yIJIsl ¢ OCTATOYHBIM COJlep:kaHueM Biaru B 1 % u pacnpeneneHueM
rpanynoMmeTpudeckoro cocrana 80 % < 90 mkm. [Tapamerpamu Bo3nelcTBUS
SBJISIFOTCS COAEPKAHHE BJIATH B HCXOJHOM MaTepualie (Ha 3JIEeMEHTaPHBIH COCTaB, TO
€CTh MPOLIEHTHOE CONepP KaHue BOABI B CBIPOM MaTepuane) u Kodpuiauent
pPa3MaibiBAEMOCTH, OTpakaeMblid K03 PUIHUEHTOM pa3zMOI0CIOCOOHOCTH MO
Xaparposy (HGI). Kak MoHO oTueTnuBO BUAETH Ha Qur. 1, a Takxke kak ObLUIO
Pa3bsACHEHO BhIIE, BO3AEHCTBUE COAEP KaHUs BJaru B UCXOAHOM MaTepuaje Ha
MOIITHOCTb MEJIbHHUIBI MOXKET OBITh 3HAYUTEJIbHBIM.

Ha ¢ur. 2 nokasana TpaguuOHHAs! KOHCTPYKIHUS Pa3MOJIbHO-CYIIUIBHOTO
komruiekca 100 mpenoTBpamanmero B3pelB THHA (YPOBEHb TEXHUKH), PEKIE BCETO
yrOJBbHOTO Pa3MOJIbHO-CYIINJIBHOTO KOMILJIEKCA.

Hcxonnbiii MaTepuall, HAIpUMep KPYMHOKYCKOBOH IIJIAK UJIU YIOJIb, XPAHST B
HaKonuTeNbHOM OyHkepe 110 mcxomHOro Marepuasia, pacinojJOKE€HHOM BbIIIE 110
noToKy oT MeabHULbI 130. [l BeimosHeHNs nepepabOTKU B BBICYIEHHBII
nopomkooOpa3HbIil MaTepuall, HampuMep B MOPOMIKOOOPA3HbIN LIJIAK WU YTOJb,
UCXOJHBII MaTepual NOAAT B MeabHULY 130, NpeanoYTUTeabHO, ¢ TOMOILBIO
KoHBeliepa 115 ¢ mepeMeHHON CKOPOCThIO NBUKEHUS (TIEPEMEHHOMN MPONYyCKHOM
CIOCOOHOCTBIO), HAIPUMEP € MOMOIIBIO CKPeOKOBOrO LIEMHOrO KOHBeHepa ¢
NEePEMEHHOW CKOPOCTHIO IBHIKEHHS M/UJIN POTALMOHHOrO nutaTtens. [IponyckHas
crocoOHOCTh KOHBeMepa 00yCIOBIMBAET — B Ipeaesax quana3oHa
MPOU3BOJAUTENBHOCTH KOMIIJIEKCA 10 pa3MaliblBAHUIO U BBICYLINBAHUIO —

3} dexTUBHYIO BBIXOJHYI MOIIHOCTH PAa3MOJIbHO-CYIIHJIBHOTO KOMITJIEKCA.

B cnyudae ecnu pasMaiblBaeéMblil U BBICYIIMBAE€MBbIN ChIMYYUH MaTepHUal
roprOYMiil, HapUMep YIJIOJb, MOJIy4YaeMblil MPOAYKT OKa3bIBA€TCs B3PbIBOOMACHBIM, U
IOJDKHO YIENSIThCSl 0c000e BHUMaHUE pa3padoTKe TEXHOJOT HYECKOTO Mpouecca u
KOHCTPYKLIMHU YCTAaHOBKH, 4TOOBI THOO Mpenynpek1aTb/He JOMYCKATh B3PbIBHI,
IpesKJe BCEro 3a cyeT NoAJepKaHUsl KOHLIEHTPpaLMu KUCI0pOAa B ras3ax,
KOHTAaKTUPYIOIUX C B3PbIBOOMACHBIM MAaTE€PHUAJIOM, HUXKE TaK Ha3blBAEMOI'0 HUXXHETO

NpeaeabHOrO 3HaU€HHUs M0 B3PhIBOOMACHOCTH (MPEIOTBPALIAOINETO B3PhIB
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KOHCTPYKTHBHOE BBINIOJIHEHHE), TNOO NMPenoXpaHsITh 000pyAOBaHNE U OKPYKAIOIIYIO
cpeay OT BO3AeHCTBHIl MOAOOHBIX B3PHIBOB (B3PbhIBO3AIINIIIEHHOE KOHCTPYKTHBHOE
BBITIOJIHEHHE).

CyWHIbHYIO 3HEPTUIO TOABOASAT C MOMOIIBIO MeHepaTopa CyWMIbHOro raza 120
NepeMEeHHON MPOU3BOAUTEIBHOCTH, pabOTAIOINEro Ha CKUTaHUH TOPIOYero rasa.
HackoJibKO 3TO TOCTYIHO, TOPIOYUIA Ta3, MPEANOYTUTEIbHO, MPEACTABIsIET CO0O0i
HU3KOKaJOPUNUHBIA ra3 ¢ HU3KUM COJIEP)KaHUEM BOJAOPOJA, HAIPUMEP AOMEHHBIN ras.
Huskoe conepskanue BOOOpPOa OTPAHUYNBAET COAEPKAHUE BOASHBIX N1APOB B
MOJIYYEHHOM CYLIUJIbHOM rase, YBeJIU4uBas, TaKUM 00pa3oM, 3¢(eKTUBHOCTD
BbICYIIMBaHUs. [ eHepaTop cymmibHOro raza 120 BkiarouaeT B ce0st, Kak MPaBHIIO,
TaKXX€ BEHTUJIATOP BO3yXa JJIsl TOPEHUS U NOMOJHUTEIbHYIO MAJIOMOIIHYIO FOpPEIKY
IJ1s1 BBICOKOKAJIOPUMHOTO FOPIOYEro ra3a, HapuMep NPpUPOAHOro ra3a ujiu KOKCOBOIro
ra3za, HeoOOXOQUMOTro IJIsl pa3orpeBa YCTAHOBKH U, IO BO3MOXHOCTH, JJISI
MOJJIEPKAHUS TOPEHUsI HU3KOKAJIOPUHHOIO roprouero rasza. IIockonsky B pexume,
OJM3KOM K CTEXHOMETPHYECKOMY TOPEHHUIO C UCKJIIOYEHHEM BBICOKOH KOHIEHTpPALUU
KUCJIOPOAA B TOIMOYHOM rase, 1a)xe MpHU UCHOJIb30BAHUHM HU3KOKAJIOPUHHOIO TOPKYEro
raza ypoBHU TE€MIEpaTyphl FOPSAUYUX TOMOUYHBIX T'a30B BbIXOJAT HA BEJUUMHY MOPsAKA
1000 °C u BpILIE, TO €CTH B HECKOJBKO pa3 OoJblIe, 4YeM 3TO NMPUEMIEMO BHYTPHU
MEJIBHULIBI U IPU KOHTAKTE C BJIA’KHBIM UCXOAHBIM MaTE€PHAJIOM, IPEXKAE BCErO
BBICYIIMBAEMBIM yIJI€M, TO B IIOJYUYEHHBII BHYTPU reHepaTopa CymuabHoro rasza 120
rOpsTYUH TOMOYHBIHN ra3 JOJKHO MOJAMEIIHBATHCS OONbIIOE PACXOAHOE KOJUYECTBO
pPEeLUPKYIALHOHHOIO OTPaOOTAHHOTO CYIIMJIBHOTO r'a3a ¢ TeMIepaTypoil IpUMEpHO B
100 °C u3 Tpy6onposoaa 170, 4ToObI BBIHTH Ha COOTBETCTBYIOIIYIO TEMIEPATYPY
CYLIMJIBHOIO ra3a Ha BXOJ€ B MeJbHULY B AuanazoHe npumepHo ot 200 no 350 °C B
clly4ae C yriieMm, Mpu 3TOM ee paKkTUuUIeCKoe HeoOXOoIuMOoe 3HaUYeHUe
obycliaBnuBaeTCs, MPeXkae BCEro, COAEep)KaHUEM BJIArd B UCXOJHOM MaTepHale.

IIpy HAnM4YUM ropsiyuxX OTXOASIIUX ra30B OT APYIUX MPOLECCOB C
COOTBETCTBYIOIIUM JHANA30HOM TEMIEPATyp U OrPAHUYEHHBIM COAEPKAHUEM
KUCJIOPOAA UX MOXHO HCIOJIb30BAaTh ISl 3aMEHBL, IO MEHbIIEH Mepe, YACTUYHO, B
UJ€ajbHBIX YCIOBHUSX — MOJHOCTBIK BCErO CYIIMUJIBHOIO ra3a, moJy4eHHOro
MOCPEACTBOM CXKMIAaHUs TOPIOYEro ra3a B reHepaTope CyUIHJIbHOIO rasa.

B TUMOBBIX pa3MoONbHO-CYIIUIBbHBIX KOMIUIeKcax 100 Menkui momMosn, 0OBIYHO —
pasMaibIBaHUE M BBICYLIMBAHUE UCXOAHOI'O MaTepHala OCYLECTBISIOT OONbIIei

YaCThIO MapajyiesibHO, BHYTpU MeabpHULbl 130. MaTepuan pazmManblBarOT, HaIlpUMep,
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MEXJly BpallaloIlMMUCS BaJKaMM, Pa3MOJIbHBIMU IIapaMH U T. M. U TOBOPOTHBIM
Pa3MOJIbHBIM CTOJIOM HJIM MIOMOJIBHOMN Yallel, a Bjaary UCHapsitoT Ipu KOHTAKTE C
ropsiYUM CYIIMIbHBIM ra3oM. CyIIUIbHBIN ra3 TPAHCIOPTUPYET PAa3MOJIOTHIH
MaTepual B COPTUPOBAIBHOE YCTPOHCTBO, OOBIYHO BCTPOEHHOE B BEPXHIOK YacCTh
MenbHULBI 130. KpynHOKYCKOBON MaTepuan yAaaldaoT U3 MOTOKA CYLIMIBHOIO rasa u
BO3BPALIAIOT HA Pa3MOJIbHBIM CTOJ WU B MOMOJIBHYIO Yally, a MEJIKO3€PHUCTBIN
(MenKOM3MeNbUEeHHBIH) MaTepUa C MOMOLIbIO OCTBHIBIIET0 OTPaOOTAHHOTO
CYLIMJIBHOTO ra3a C yBeJUUYEHHBIM COJEpP KaHUEM BOJSIHBIX MapOB TPAHCIIOPTUPYIOT
yepes Tpybomposoa 135 B pacmoioKeHHYIO HHKE MO MOTOKY (QHIBTPOBAIBHYIO
cucteMy 140 nns cemapanuu raza U TBEpAbIX YaCTHUL, KaK MPaBUJIO, B MEIIOYHbIN
bunbTp.

IMopomkooOpa3HbIil MaTepuas, OTASICHHBIH OT OTPAa0OOTAHHOTO CYIIUJIBHOTO
rasa, meperpy;armT yepe3 Tpydomnposon 145 B pacmosioKeHHYIO HUXKE MO MOTOKY
cucteMy 150 must XxpaHeHHs UK TPAHCHOPTUPOBKHU, HAIPUMEP HAKOMUTEIbHBIN
OyHKEep MEJKO3epHHCTOrO MaTepuaia/mpoaykra (mopomkKoodpa3HOro yris),
TPaHCIOPTUPOBOUYHYIO BOPOHKY, HACOC JIJIsl MOPOIIKOBBIX MaTe€pUajIoB U T. II.

OTpaboTaHHBIN CYIIUIBHBIA T'a3 OTCACHIBAIOT INIABHBIM BEHTUISATOPOM
cymmibHOro raza 171, ogHy ero 4acth cOpachIBalOT KaK OTXOJSIINN ra3 yepes
BBITSDKHYIO TpyOy 160 B armocdepy B oObeMe, paBHOM MOABOJY rOPsiY€ro TOMOYHOIO
rasza, MCIIapeHHOH Bjare, NOACOCY BO3JyXa U T. ., @ OCTAJbHYI 4aCTb BO3BPAILAIOT
yepes Tpybomnposoa 170 B reHepaTop CymuabHOro rada 120 nis mogMeluBaHus B
ropsiYMi TOMOYHBIN ra3, MOJy4YeHHbIH B ropesike (-ax) ykazaHHOTro reHeparopa 120.

B cnyuae pazmaneiBanus yris kommiekc 100 nepea 3anyckom npoayBaroT ¢
MOMOII[bI0 HHEPTHOTO ra3a, Kak MpaBUJIO a30Ta, C JOBEJEHHUEM KOHLIEHTPALUH
KHCJIOPOJa HUKE HUXKHErO MpeesIbHOro 3Ha4eHus 1o B3priBoonacHocTu. Ilpu
SKCIUTyaTalMy KOMIUIEKca OOblIas 4acTh MOABOAUMOrO ra3a, TOOYHOTO ra3a u
NnapoB BOABI UMEET OIPAHUYEHHYI0 KOHLEHTPALHMIO KUCJIOPOAA, YTO B KOMOUHAIINH C
OTBOZOM KHCIJIOPOZIA B COCTaBe OTPabOTAHHOrO CYUIMJIBHOTO ra3a, COpOmeHHOT0 KaK
OTXOISIINI ra3 4yepe3 BETsDKHYI0 TpyOy 160, monnepkuBaer KOHLIEHTPALUIO
KHCJIOPOJa HA HU3KOM YPOBHE U, CJI€J0BATENbHO, NPEJOTBPALA0UIl B3PbIB PEXKUM
UHEPTHOH aTMOCc(epbl B KOMIUIEKCE.

IIpu moanepkaHUM KOHTYpa CYHIMIBHOTO ra3a B peKUMe HHEPTHOH aTMoc(epsl
MOJIE3HBIM MOJKET OKa3aThCsl BIYCK JOMOJHUTEIBHOIO BO3/1yXa, 3a4acTyHO

Ha3bIBAEMOTO BO3IYXOM sl pa3baBieHus APYyrux ra3os, uepes Tpyodonposoxn 172 B



10

15

20

25

- 13 -

3TOT KOHTYP 40 HabOpa MaKCUMAJIbHO JONMYCTUMONH KOHLEHTPALMU KUCIOpoaa. DTOT
BBOJI XOJIOJHOT'O BO3AyXa AOMOJHUTENbHO (HE3HAYNTENBHO) YBEINUYNBAET
HEOOXOAMMYIO BBIXOAHYIO MOIIHOCTb T€HEpaTopa cymmuibHoro raza 120 mo
CYIINUJIBbHOW SHEPTUH, TO €CTh MPOU3BOAUTCS OOJIbIIE TONOYHOTO rasa.
COanaHCUPOBAHHBIN YBEIMYEHHBIM PACXOIOM OTXOASIIHNX ra30B KOMOMHHPOBAHHBIHI
JONOJHUTENbHBIA BBOJA BO3/lyXa U TONOYHOIO ra3a yMEHbIIAET COAEpKaHUE NMapoB
BOJBI B CYIIMJIBHOM ra3e, TO4ka pOChl B CYLIUJIBHOM T'a3e NOHUKAETCS, a

s pexTUBHOCTH BRICYIIMBaHMS Bo3pacTaeT. [logauy Bo3ayxa ais pasOaBieHuUs
OCYIIECTBJISIIOT ¢ MOMOIIBIK CHEUHAJBHO NPOJAYMAaHHOro BeHTuiaATopa 173,
MOKa3aHHOT'O PSIIOM C T€HEPaTOPOM CYIIHJIbHOTO ra3za 120 na ¢ur. 2.

B KOHCTPYKTUBHOM BBINOJHEHUHU PA3MOJBHO-CYIIHIBHOIO KomIiekca 200,
NMOKa3aHHOM Ha (ur. 3, BMECTO BBIITyCKAa YaCTH OTPA0OTAHHOTO CYIIMJIBHOIO ra3a
yepes BBITSDKHYIO TpyOy 160 oTxomsmux ra3zos (cM. ¢ur. 2), paCrojg0oKeHHYIO HUXKE
10 TOTOKY OT TJIABHOTO BEHTHJISITOPA CYLIMJIBHOTO ra3a, BeChb OTpaOOTaHHBII
CYIIMJIBHBIN Ta3 HAMPABJISIOT HA PEHUPKYISAIUI0 Yyepe3 Tpybonposoa 270 B reHepaTop
CyWIMIBHOrO rasa 220 u nogMemnBaT B TOPAYUNA TOMOYHBIN a3 Ajs NOJYy4YeHUs
ropsiuero CyuJIbHOTO ra3a ¢ COOTBETCTBYKOLIUM YPOBHEM TEMIIEPATyPbl HA BXOAE B
MeJbHULY. bOMbIIYIO 4aCTh 3TOr0 ropsivero CyIMUJIbHOTO ra3a MoJawT 3aTeM, B
OCHOBHOM, B MeJbHHUIY 230, a OCTaJIbHYIO 4acCTh NOAAIOT HA HAKOIUTENbHBIN OyHKEp
210 st MCXOAHBIX MaTePHUAIOB Yepe3 TpyOonpoBoa 275 U HATHETAIOT B HUIKHIOKO
(koHM4eckyr) yacTb OyHkepa 210 yepes BryckHble oTBepcTus 276. [N'opsaunii
CYyUIUJIbHBIN Ta3, BOyHIEeHHbIH B OyHKep 210, MpOXOOUT Yepe3 MOCTeb HCXOTHBIX
MaTepHaJIOB, MOJOTPEBAET UCXOAHbIE MAaTEPHUANIbI, UCIIAPSET YaCTh BJAaru u3
UCXOAHBIX MAaTEPHUAJIOB, OCTBIBAET U BBIXOIHUT U3 OyHKepa 210 B ero BepxHei 4acTH.
OTpaboTaHHBIN CYIIUIBHBIA T'a3, BBIXOASIUINNA U3 HAKONMUTEIbHOTro OyHKepa 210 mus
HUCXOAHBIX MaTE€PHUAJIOB, OYUINAIOT B PACTIOJOKEHHOM HHMXE IO NOTOKY MEIIOYHOM

¢unpTpe 280 OTXOASIINX ra30B U, B KOHEYHOM cueTe, cOpachiBalOT B atMochepy

yepes3 BBITSDKHYIO TPpyOy 290 OoTXOASAIUX ra30B, MEJIKO3EPHUCTBIN TBEPABIH MaTepHal,
OTZIEJNIEHHBIH OT OTXOISAIINX T'a30B, MEPEeTrpyKarT B OyHKep 250 1JIs1 MENKO3EPHUCTOTO
mMaTepuana/mponykra. McXomHbIil MaTepual ¢ YMEHbIIEHHBIM COJEPIKaHUEM BIIaTH
BBITPY’KAIOT M3 HAKONMUTEJNbHOT0 OyHKepa 210 st HCXOOHBIX MAaTEPUAJIOB B MEJIbHUILY
230 nns nepepaOOTKU B BBICYIIEHHBIH MEJIKO3E€pHUCTHII Marepuas. HakonuTenbHbIi
Oynkep 210 MoxeT mpeacTaBaATh cCOOON TPaAULUOHHBIN OYHKEP-BOPOHKY C

CYKUBAIOLIEHCs KHNU3Y BBIMTYCKHOHN YacTbhiO, KaKk MOKa3aHo Ha ¢ur. 3 u 4.
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AnbTepHATUBHO, HAKOMHUTENbHBIH OyHKep 210 MOKeT ObITh 3alyMaH C MJIOCKUM
IHUILIEM U B 3TOM CJly4ae OH, KaK IPaBUJIO0, BKIOUYAET B ceOst MpUCocoOneHus A
TPAHCIOPTUPOBKU MaTepHasa K BBIXOAHOMY OTBEPCTHUIO HAKOMHUTEIbHOTO OyHKepa,
HampuMep KOHBelep cO cOpachIBAIOIIMM pPbIUATrOM, MPEANOYTUTEIBHO
000OpYyIOBaHHBIN PETYIATOPOM CKOPOCTH.

ITo cpaBHEHUIO C TPATUIIMOHHONW KOHCTPYKLUHEH HA GUT. 2, YyMEHbIICHUE
COJleprKaHUs BJard B UCXOJHOM MaTepuaje Bbllle MO MOTOKY OT MeabHULBI 230
NPUBOAUT B PE3yJbTATE K YMEHBIIEHHUIO Pacxoda CyLIMIbHOIO ra3a, nojaBaeMoro Ha
menbHULY 230 (B mpeaenax rpaHull GUKCUPOBAHHOTO AHANAa30HA Pacxoaa
CYIIMJIBHOTO Tra3a, 3aJJaHHOTO B HAIPaBJICHUU MEJbHUIBI), (00YCIOBICHHOMY 3TUM
pPacxoaoM CYLIUJIBHOTO ra3a) yMEeHbIICHUIO TUopasMepa obopynosanus 240 ms
cernapanuy ra3a u TBEPABIX BEMECTB (MEIIOYHbIH UIBTP), YMEHbIIECHUIO
NPOU3BOAUTEIBHOCTH INIABHOTO BEHTUJIATOPA CYLIMJIBHOTO rasa 271 u, B KOHEYHOM
cueTe, K YMEHbIICHHUIO TUNIOpa3Mepa MenbHuLbl 230. MomHuocTs reneparopa
CyLIHJIBHOrO rasa 220 npu 3TOM OCTaeTCs, MO CYLECTBY, TON K€ CaMOM.
JlonmonHUTENbHAS CYIIWIbHAS SHEPTHs, MOJBOANMAs B HAKOMUTENbHbII OyHKep 210
111 NCXOJIHBIX MaTE€PUAJIOB U, COOTBETCTBEHHO, 001ee KOJINYECTBO yAANseMOl Blaru
(HeoOXOIMMBI TOOOTPEB UCXOAHOIO MaTepualia, HeOOXONMMBIH HarpeB U UCMapeHUe
BOJIbl), OCTAIOTCSI HEM3MEHHBIMH.

VpoBeHb aBJIeHUs B KOHTYPE KOHTPOJIUPYIOT (MOCPEACTBOM PEryIupOBAHHUS
NOTOKA OTXOIAIIHUX ra30B) TAKUM 00pa3oM, 4TOOBI HHXKE IO IIOTOKY OT TeHepaTopa
CYWMUJIBHOTro ra3a 220 u BhIlLIE MO MOTOKY OT MeJbHULBI 230 U HAKOMUTEJIBbHOTO
Oynkepa 210 UCXOAHOTO MaTepHaa HMETh COOTBETCTBYIOLUIUI YPOBEHb U30BITOYHOTO
NaBJIEHUS AJIs NOJa4u CyLIMJIBHOIO ra3a Ha 3aJJaHHOM pacxojie yepe3 HaKOMUTEIbHbIN
OyHkep 210 UCXOOHOTO MaTepuaia U PacloOKEHHbIH HUXKEe MO MOTOKY MEIMIOYHbBIH
¢unbTp 280 co cOpocom B aTMochepy depes BRITSKHYIO TpyOy 290 (TpyOy
OTXOJISIINX Ta30B). AJBTEPHATUBHO UJIU JOMOJHHUTEIbHO, YPOBEHb AABJICHUS HUXKE 11O
MOTOKY OT F€HepaTopa CyMWMJIbHOro raza 220 u Bbllle MO NOTOKY OT MeJbHULbI 230 u
HakonuTeabHOro OyHkepa 210 ucxogHOro Marepuaia MOXHO 3a)MKCUPOBATh Ha
OoJyiee HU3KOM yPOBHE, OCYINECTBIISIA MIPU 3TOM MOAa4Yy NOTOKA CYUIUIBHOTO rasa
yepe3 HaKonmuTeNbHbIH OyHKep 210 UCXOMHOTO Marepuaja U PacroJOKEHHbBIH HUKE
1o MOTOKY MemouHblid GunbtTp 280 co cOpocom B aTMOchepy depe3 BBITSIKHYIO TPYyOy

290 (TpyOy OTXOAAIIMX ra30B) C MOMOIIBIO TOMOJHUTEIBHOTO BCACHIBAIOIIETO
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BEHTHJISITOPA (3/1€Ch HE TTOKa3aH), YCTAHOBJIEHHOTO HUIKE MO MOTOKY OT OyHkepa 210
WM Memo4vHoro ¢punaprpa 280 OTXOAAIIMNX Ta30B.

B 3aBuCHMOCTH OT yPOBHSI HAaIOJHEHUs] HAKOMUTENbHOro OyHKepa 210
HUCXOAHOTO MaTepuaa, B MOMEHT, KOIla HAUUHAIOT BIIyCK rOpsiYero CyIIMUJIbHOTO ras3a
B 3TOT OyHKep, BBIXOASAIMNI U3 OyHKepa oTpaOOTaHHBIN CYLIMIIBHBIN ra3 MOXKET ObITh
OCTBIBIIUM JI0 TEMIIEPATYPHOrO YPOBHS, OJM3KOTO K UM HUKE TOYKH POCHI, YTO
MOET Cepbhe3HO YXYAIMHUTh paboTy PacHONOKEHHOTO HUKE IO TOTOKY MELUIOYHOTO
¢unprpa 280 oTXOASMIIUX ra30B. B mpennodTUTENbHOM KOHCTPYKTHBHOM BBIMIOJTHEHUH
MOKET OBITh YCTAHOBJIEHA IOMOJHHUTEIbHAS JIMHUS TOPSAYETo CYIMIHJIBHOTO Iasa,
obxoxnsImas HaKOMUTeNbHbIA OyHKep 210 MCXOAHOTO MaTepHaia U MO3BOJISO A
CMEIIHUBATh XOJIOJHBIH OTPabOTaHHBIA CYIIMIbHBIN a3 ¢ TOPSYUM CYLIHUIBHBIM ra3oM,
4TOOBI BBIHTH HAa COOTBETCTBYIOIIHUI TEMIEPATYPHBIH YPOBEHB MEPEa MEIIOYHBIM
¢unpTpom 280 oTxoasmux ra3os. B ciyuae ¢ HAKONMUTENbHBIM OYHKEPOM UCXOIHOTO
MaTepuaia OOJbLIONH €MKOCTH TaKKe MPEAyCMOTPEHA BO3MOKHOCTD ITOJIBO/A
CYIIMJIBHOTO ra3a Ha TEII00OMEH C TBEPABIM MAaTEPHAJIOM H OCYIIECTBICHUE
UCIIapeHus BOABI TOJBKO B HUJKHEH 4acTu OyHKepa M BbIXOaa OTpabOTaHHOTO
CYIIMJIBHOTO ra3a u3 OyHkepa 210 Ha ypoBHE HMXE OTMETKH €ro Bepxa.

KoHCcTpyk1usi pa3MOJIbHO-CYIIUJIBHOTO KOMILIEKCA C 3TAlIOM NPEeABAPUTEIbHON
MOATOTOBKHU B COOTBETCTBUHU C U300pETEHUEM MCKIIIOYAET N YMEHBIIAET
CyLIEeCTBEHHBIN HEAOCTATOK TPAAULMOHHON KOHCTPYKLMHU, TApaMeTPUIECKH
paccYMTaHHOW Ha (MOTEHIMAJIbHO) BBICOKOE CONepIKaHHE BJard Ha BXOJe: B Cliydae,
KOrJla yCTAHOBKA C 3TOW TPaJUIIMOHHON KOHCTPYKIUEH NOJKHA paboTaTh ¢ UCXOIHBIM
MaTepHuaioM, GakTHYECKOe CONepKaHue BJIard B KOTOPOM 3HAUHUTEIbHO HHIXKE, YeM
pacyeTHOE COAEepIKaHME BJIATH WU/HJIU PacXOJ KOTOPOTO Ha BBIXOJAE 3HAUUTEIbHO HHKE,
YeM pPaCUeTHBIN pacXOJ Ha BBIXOAE, STOT HEJOCTATOK CYLIECTBEHHO YBEIUYUBAET
yAeIbHOE MOTpeOIeHNe 3IEKTPOIHEPTUH MENIbHULEH, €CIIH 3Ty MEJIbHULY
3KCIJIYaTUPYKOT HA YPOBHE MOIIHOCTHU UJIH C MOABOJOM MOLIHOCTH HA Pa3MaJIbIBaAHHUE,
KOTOPBII 3HAYUTEIBbHO HH)KE, YEM €€ HOMHHaJIbHAsA NOTpedasieMass MOIHOCTb.

Pemenue, B o0mux yeprax mMpeACcTaBISHHOE BbIIIE H HAIPABICHHOE Ha
YMEHbLIEHHE TUIIOPAa3MepPa U MOIMHOCTH O0OPYIOBaHHMS, YCTAHABIMBAEMOIr0 HA HOBOH
YCTAHOBKE B pacyeTe HAa JOCTUXKEHUE 3aJaHHOU NPOU3BOAUTEIBHOCTHU MO
MEJIKO3EPHUCTOMY MaTe€pHUaNy WUJIH BBIXOAY NPOAYKTA, MOXKET, B IPUHILHUIIE,
HCIOJb30BATHCS TAKXKE AJIS YBEJIUYEHUs NPOU3BOAUTEIBHOCTH CYLIECTBYHOIIEN

YCTAHOBKH IIPU YCIIOBUHU, YTO NPHUYINHA OTPAHUYCHUA NPOU3IBOAUTEIIbHOCTU KPOETCA B
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MEJIBHULIE U BbI3BAHA BBICOKUM COAEPKAHUEM BJIaTd B UCXOAHOM MmaTtepuaine. B atom
clydae MOXKET MOTpeOOBaThCA YBEIMUYEHNE MOIHOCTH I'eHEPATOpa CYLIUIBHOTO Iasa,
COOTBETCTBEHHO, MOXKET MOTPeOOBaThCS YCTAHOBKA JOMOJHUTEIBHOTO reHepaTopa
CYLIMJBHOTO ra3a JUlsd Harpesa rasa, mofgaBaeMoro B HAKOMHUTENbHbII OyHKep
UCXOJHOro MaTepuaia. B ciaydyae ecinu B CylIecTBYIOIEM HAKOMHUTEIbHOM OyHKepe
HUCXOAHOI0 MaTepHajja HEBO3MOXKHO PACIIOJIOKHUTh HEOOXOTUMOe ISt
MPEeABAPUTENIBHOTO BBICYLIUBAHUS UCXOAHOTO MaTepuaja JOMOJHUTEIbHOE
obopynoBaHue, MPUEMJIEMBIM MOKET OBITh TAK)KE peIleHUEe ¢ YCTAHOBKOM
JTOTIOJTHUTEJIBHOTO OYHKepa, CreHalbHO MPOAYMAHHOTO H apaMeTPUUYECKHU
PAaCCUMTAHHOTO HA Nepeaavy Temnjaa OT CYLWIUJIbHOTO ra3a B UCXOAHBIN MaTepHual u
PaCIIOJIOKEHHOTO BBIIIE MO MOTOKY OT CYI[ECTBYIOIIEro HAKOMUTEIBbHOTO OyHKepa
HUCXOAHOTO MaTepuana.

Taxske BO3MOKXHA MOTEHLHMAJbHASI 3KOHOMHS 3aTpPaT B CJIy4ae ¢ MOKa3aHHBIM Ha
¢dur. 4 KOHCTPYKTHBHBIM BBITIOJTHEHHEM. DTO KOHCTPYKTHBHOE BBITIOJIHEHUE
Pa3MOJIbHO-CYIUIBHOTO KoMIUTekca 200a BKItOYaeT B ¢e0sl yCTAHOBKY
MHOTOCEKIIHOHHOTrO HUKI0oHA 240a BMECTO MEIMIOYHOTO (PUIBTPA, PACTIOIOKEHHOTO
HUJKE 110 TTOTOKY OT MeNbHHIBI 230, TOCKOJNBKY BECh OTPAOOTaHHBIN CYIIUIbHBINA ra3
HAIpPaBJsOT HA PELUUPKYJISALNUI0 B MeJbHULY 230 WM NOAA0T B HAKOMUTEJIbHbIN
OyHkep 210 ucxogHOTO Marepuana U, COOTBETCTBEHHO, HUKAKOW OTpabOTaHHbIH
CYLIMJIbHBIN a3 He cOpachIBAIOT B aTMOC(Epy HUXKE MO MOTOKY OT MEePBOHAYAIBHO
IpeArnoiaraeMoro Memo4Horo ¢puabrpa. OcTaTo4HOE CONepIKaHUE TBEPABIX
MaTepHajIoB B OTPaOOTAHHOM CYLIMJIBHOM ra3e HHXKE MO MOTOKY OT
MHOT'OCEKLIHOHHOTO I[IUKJIOHA 3HAYUTEJbHO OOJIbIIE, YeM HUIKE MO MOTOKY OT
MELIOYHOTO (PUIIBTPA, OJHAKO CTOMMOCTb OOOPYIOBAHUS 3HAYUTEJIbHO HUXKeE. 1
Hao0O0pOT, mpeanojaraeMoe Coaep KaHue MblJIM B OTPAa0OTAHHOM OTXOASIIEM
CYIIMJIBHOM Ta3e HUXKE IO MOTOKY OT HAKOMHUTEJIBHOTO OYHKEepa HCXOIHOTO
MaTepHajia HU3KOe, M YCTAaHOBKA MAaTPOHHOTO UIbTPA, a HE TPAAULUOHHOTO
MELIOYHOTO (UIBTPA MOXKET CHU3UTH CTOUMOCTb OOOPYAOBAHHS HA TOM Y4YaCTKeE.

OnucanHas 37€Ch KOHIENIUs NpeJBapUTeIbHON MOATOTOBKU HCXOAHOTO
MaTepuaia Obula MPOAHAIM3UPOBAHA B ClIy4Yae C CYLUIECTBYIOIIUM YIOJIbHBIM
Pa3MOJIbHO-CYIIUIIBHBIM KOMIIJIEKCOM C MPOU3BOAUTENBHOCTBIO 50 T/4,
NPOM3BOASAIIUM NOPOIIKOOOpa3HbIil yroab ¢ ppakuuein 80 % < 90 MKM U3 UCXOOHOTO
yIJisl C HOMUHAJBHBIM coaepkaHueM Bonbl B 12 %. IlpencrasiseTcss BO3MOXHBIM

3aMCHUTDH MEPBOHAYAJIbHO BOCTpe6OBaHHy1-O MEJbHUNY €€ CICAYH UM, MCHbIIIUM
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TUIOPA3MEPOM U YMEHBIIHUTD MPOU3BOAUTEIBHOCTh MELUIOYHOTO (PUIBTPA U IIIABHOTO
BEHTHJISITOPA CYUIHMJIBHOTO ra3a. B HOMUHAJIbHBIX YCIOBUAX, TO €cTh 50 1/4
nopomkoobpazHoro yris ¢ ppaknueit 80 % < 90 MKM M3 UCXOIHOTO YIS C

ko3¢ dunuentom pasmornocnocodnoctu 50 mo Xaparposy (HGI) u conepxanuem
BOABI B 12 % Ha 3JI€eMEHTapHBIH COCTaB, yMeHbIIeHHe 001eld HeoOXOIUMOCTH B
3JIEKTPOSHEPTUH [JI1 TEXHOJIOTHYECKOTO MPOLECcca MO OLIEHKAM COCTABUJIO BEIUYUHY
npuMepHo 10 22 %, mpekae BCero, u3-3a yMEHbIIEHHS €€ HeOOXOAUMOCTH IS
MeJIbHULBI (MEHbIIEe COAEPIKAHUE BJIATH) U TJIABHOIO BEHTUJISATOPA CYIIHJIBHOTO rasa

(MeHbIINH pacxon OTPabOTaHHOrO CYIIUIBHOTO rasa).
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CIIMCOK CCBIJIOYHBIX OBO3HAYEHUM

Ccpin. No OOGo3HaueHue/anbTepHATUBHOE 0003HAUCHHE

dur.

100
110

2 (ypOBEHb TEXHHUKH)

paSMO.HbHO-CYU.II/IJ'IbHHﬁ KOMIIJIEKC

OyHKep-BOpPOHKA JJIsl KPYMMHOKYCKOBOIO MaTepuaia/HaKOMUTEIbHbIA OYHKED

KPYMMHOKYCKOBOTO Marepuaa

115
120
130
135
140
145
150
160
170
171
172
173

dur.

200,
210
215
220
230
235
240

2

245
250
270

KOHBeHep KPYIMHOKYCKOBOI'O MaTepHaa
reHepaTop CYLIUJIbHOIO rasa

CHUCTEMa MEJIKOro MoMoJia/MeJIbHHIIA
TpyOompoBoOn
cemapatop/puiabTpoBaNbHAs CUCTEMA

TpyOompoBon

OyHKep-BOPOHKA JIJIs1 MEJIKOU3MEIbIEHHOIO MaTepuana

BBITSKHASI TPyOa/BBITsIKHAS TpyOa OTXOMSIIINX Ta30B
PELUPKYJISILHOHHAS JIMHUS

IJIAaBHBIN BEHTUJISTOP B PEUUPKYJISIHUOHHON JTMHUU
TpyOOMmpoBO BO3AyXa Jisi pa30aBieHuUs

BEHTHUJISATOP BO31yXa IJisi pa3OaBieHMs

3u4

200a pa3sMOJbHO-CYUIUJIbHBINA KOMILIEKC
OyHKep-BOpPOHKA AJISl KPYIHOKYCKOBOTO MaTepuaia
KOHBeHep KPYMHOKYCKOBOI'O MaTepHuaja

reHepaTop CYLMHUIBHOTO ra3a

cHUCTEeMa MEJIKOrO IMOMOJIa/MeTbHULA

TpyOompoBoa

240a cemapatop/PpunbTpoBalibHasA CUCTEMA

Oosee KOHKpPETHO, 240: MEIIOYHBIA PUIBTD

bonee KOHKpeTHO, 240a; HUKJIOH

TpyOompoBoOn

OyHKep-BOPOHKA JJI1 MEJIKOU3MEIbYEHHOIO MaTepuaa

PELUPKYJISILIMOHHAS JIMHUSA
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IJIaBHBIM BEHTWIATOP B PEUUPKYIALUOHHON JIMHUU

TpyOOMpOBO BO3AYXA JJIsl pa30aBieHuUs

BEHTHJISITOP BO3AyXa JJis pa3OaBieHHs

TpybompoBOg

BITyCKHBIE OTBEPCTHUS BIIyCKHbIE OTBEPCTUSI HAKOUTEIbHOIO OyHKepa
APYro# cemnaparop/npyroi Memo4YHbIH GUIBTP

BBITSDKHASL TPyOa/BhITsIKHASI TPyOa OTXOASLINX ra30B
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DOOPMVIJIA U3OBPETEHHNA

1. Cnoco0 nonyueHuss MEJIKOM3MENbUEHHOI0 CyXOro MaTepuaia us
KPYITHOKYCKOBOI'O MaTepHaja, IpudeM crnocod BKIYAeT B ce0s dTarbl:

a) obecneyeHHe HArpeTOro CyMMIBHOTO ra3a U3 HCTOYHUKA CYIIHUIBHOTO
rasa,

0) obOecnedeHue KPYIMHOKYCKOBOTO MaTepHaja B HAKOMUTEJIbHOM OyHKeEpeE,

B) MOJxa4y KPYMHOKYCKOBOrO MaTepualia ¥ HarpeToro CyLUIUJIbHOTO ra3a B
CHUCTEMY MEJIKOT'O TOMOJIA,

r)  MeJKHUil MOMOJ M BbICYIIMBAaHUE KPYIHOKYCKOBOIO MaTepuajja BHYTPU
CHUCTEMbI MEJIKOTO TIOMOJIA [ TIOJIYUYEeHHUSI MEJIKOU3MEJIbUEHHOr0 CyXOro MaTepHana,

n) cOop cMecHu U3 CYLIMJIBHOTO ra3a U MEJIKOU3MEIbYEHHOTO CYXOro
MaTepHaia U3 CUCTEMBbl MEJIKOTO IMOMOJIa, M TToAa4a CMECH Ha CerapaTop s
cenapaiuy MeJIKOM3MeJIbUYeHHOr0 CyXOro MaTepuana U3 CymuiIbHOTO rasa,

OTJIMYAIOIUIICSA TEM, UTO OH BKJIIOUAET B CeOsl TAKIKE 3TAIT:

€)  peuupKyJSLus, O MEHbIIEH Mepe, YaCTH CYIIMJIbHOrO ra3a u3 sramna (1) B
Ka4ecTBe rasa rnpeaBapuTeIbHON 00pabOTKHU, U MoJady 3TOr0 ra3a npeaBapuTebHOMI
00paOOTKH B HMKHIOIO YaCTh HAKOMHUTEIbHOTO OyHKEpa sl MpeABAPUTEIbHON

00paboTKH KPYMMHOKYCKOBOTO Marepuana.

2. Cnocob mo m. 1, mpuyem 3Tam €) BKJIO4YaeT B ceOst moasTamn el)
CMEIIUBAHUS ra3a MPeaBapUTEIbHON 00pabOTKH ¢ HAMPETHIM CYIIUIBHBIM Ia30M U3
HCTOYHHKaA CYIIUJIBHOTO ra3a nepen HOI[a‘{efI B HUKHKOK YaCTh HAKOIIUTCJIBHOT'O

OyHKepa.

3. Cnocob mo n. 1 unu n. 2, mpudem 3Tan €) BKJIOYaeT B ceds moxsrarm e2)
peryJupoBaHUs NaBJEHHS ra3a npeaBapuTeabHON 00paboTku nepen mopavyen B

HIDKHIOK YaCTh HAKOMUTEJIBHOTO OYHKEpa.

4. Cnocob mo onHOMY 13 m.1. 1-3, mpuueM 3Tam €) BKJIIYaeT B ceds moadTan
e3) cbopa raza mpenBapuTeNbHON 00pabdOTKH B BEpXHEH YaCTH HAKOMHUTEJIBHOTO

OyHKepa.
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5. Cnoco0 mo m. 4, mpu4eM 3Tan €) BKJo4aeT B cedst moasTan e4) mogauu
cobpaHHOro Ha moxsTane €3) ra3a npeaBapuUTeIbHON 00pabOTKU B IPyroil cemapaTop
IUTsL CemapaLmy JII0OOT0 OCTATOYHOTO MEJIKO3EPHUCTOrO MaTepuaja U3 raza

npeaBapuTeNbHON 00paboTKH.

6. Cmnoco0 mo n. 5, npudem coOpaHHBIN Ha moxdTamne e3) ras
npeaBapuTeNbHON 00pabOTKH CMEMIMBAIOT C HATPETHIM CYIIMJIbHBIM Ia30M U3

HUCTOYHHKA CYIIMJbHOIO ra3a nepeja nojgaveil B Apyroi cemapatop Ha nmoupdTamne e4).

7.  Cnoco0 mo ogHOMY U3 .M. 1-6, MpUYeM UCTOYHHUK CYIIUIBHOrO rasa
obecneuynBaeT NoAavYy ropsiaux OTXOASILIIUX ra30B OT APYTHX MPOLECCOB,
NPEANOUYTUTENBHO HU3KOKAJTOPUIMHOTO ra3a ¢ HU3KUM COAEPKAHUEM BOAOPOAA, TAKOTO

KaK JOMEHHBIU ras.

8.  Cmocol mo ogHOoMy U3 m.m. 1-7, mpuyeM UCTOYHHUK CYIIHJIBHOIO ra3a

BKJIFOYAET B Ce0s1 CUCTEMY TOPEJKH.

9. Cnoco0 no onHOoMy u3 I.1. 1-8, mpuyueM UCIONB3yeMBbIil Ha 3Tale €)
cemapaTop BKJIOYAaeT B ceOst ONMH UM 0ojiee LUKJIOHOB, MPEANOYTUTEbHO 1BA HIIU

0osiee UKJIOHOB napajji€JbHOro pacrnoJOXKEeHUA.

10. Cnocob nmo ogHomy u3 1.1, 1-9, mpuyeM KPyIHOKYCKOBON MaTepual
npeacTaBisier coOOH LIak, HaMpUMep JOMEHHBIN LIJIaK, 1N yroJib, HAIpUMEp

KaMEHHBIU yTOJib, IUTHUT UJIU OYPBIH yroJb.

11. Pa3smMoOJbHO-CYWIUJIbHBIA KOMIUIEKC AJISI NOJYUYEHUS MEJKOU3MEIbUYEHHOTO
CyXOro MaTepuaja U3 KpynmHOKYCKOBOTO MaTepuajaa, IpudeM pa3MOJIbHO-CYIIUIbHbIN
KOMILJIEKC BKJIIOYAET B ceOsi:

- UCTOYHHUK HATPETOTO CYIIUJIbHOIO ra3a JIJjisg o0ecrneueHust HarpeToro
CYLIMJIBHOIO ra3a ¢ NpeABapuTeIbHO 3aJaHHON TEMIIEPATypOH,
- HAKOMHUTENbHBIA OYHKEp KPYIMHOKYCKOBOTO MaTepualia AJisi BpEMEHHOTO

XpaHEHHUsI KPYIIHOKYCKOBOI'O MaTepuana,
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- CHUCTEMY MEJIKOT'O MTOMOJIA JUJII MEJIKOTO TTIOMOJIAa U BbICYIIMBAHUS
KPYTHOKYCKOBOI'O MaTepHaja ¢ MOJIy4YeHHEM MEIKOU3MEIbYE€HHOr0 CyXOro
MaTepuala,
- CHUCTEMY IOJauM KPYMHOKYCKOBOI'O MaTepuasa Ajs MoJauu KPymHOKYCKOBOTIO
MaTepualia U3 HaKOMUTEJIbHOT0 OyHKepa KPYMHOKYCKOBOTO MaTepHaia B CHCTEMY
MEJIKOI'0 TIOMOJIa,
- TpyOONPOBOABI AJIsl MOAYH HATPETOrO CYUIUJIBHOTO ra3a B CUCTEMY MEJIKOTO
IOMOJIa,
- cemapaTop HUXe 10 MOTOKY OT CHUCTEMBI MEJIKOTIO IMOMoJIa Ans cbopa u
cemnapanyuy MEJIKOU3MEeJIbYeHHOr0 CyXOro MaTepuala u3 CylImIbHOTO rasa,
OTJIMYAKO IUICS TEM, YTO Pa3MOJIbHO-CYIIHUJIbHBII KOMIIJIEKC BKJIIOYAET B ceOs
PacIOJIOKEHHBIE HUJKE 110 TIOTOKY OT Ceraparopa peUupKyISHUOHHBIE TPYOOTPOBOIBI
ISl pELUPKYJSLUH, IO MEHbIIEH Mepe, YaCTU CYIIMJIBHOTO ra3a B KaUeCTBE ras3a
npeaBapuTeNbHON 00paboTKH B HUIKHIOK 4acCTh HAKOMUTENBHOTrO OyHKepa
KPYITHOKYCKOBOTI'O MaTepHala JJisl peIBapuTeIbHON 00pabOTKN KPYITHOKYCKOBOT'O

MaTepuaia BHyTPH HAKOMUTEJbHOrO OYHKepa KPYMHOKYCKOBOTO MaTepuaa.

12. Pa3MOabHO-CYIIMJIbHBIA KOMIUIEKC O 1. 11, BkItovaromuii B ceds
CMEIINBAIOIIYI0 YCTAHOBKY B COCTaBE PELUPKYJISILUOHHBIX TPYyOONPOBONOB IJIs
CMELIMBAHMS ra3a MpeaBapuTeNbHOH 00pabOTKM ¢ HArPeThIM CYMIMJIBHBIM I'a30M U3
HUCTOYHHUKA CYHUIUJBbHOIO ra3a nepes nogaveil B HUXKHIOK 4aCTh HAKOMUTEJIBbHOTO

OyHKepa.

13. Pa3smoJbHO-CYWUIbHBIN KOMIJIEKC 1O 1. 11 unu n. 12, Bkarovaromui B
ceOsi yCTpOWCTBA peryIUPOBAHUS NaBJIEHHUS JJIsI PEryJIUPOBAHUS AABJIEHUS ra3a
npenBapuTesbHONU 00pabOTKU mepes nmoxavyel B HUKHIOK YaCTh HAKOTUTEJIbHOTO

OyHKepa.

14. Pa3MOJbHO-CYLIUIBHBIA KOMIIJIEKC 1O OAHOMY u3 m.m. 11-13, npuuem
HAKOTIUTEJbHBII OyHKEp KPYITHOKYCKOBOTO MaTepuaa BKIOYAET B ceOsl BBIMTYCKHOE
OTBEpCTHUE JJIS ra3a, pacloJOKeHHOE B €ro BepxHel yacTu ans cbopa rasa

npenBapuTeNbHON 00pabOTKHU.
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15. Pa3MOAbHO-CYMMIBHBIA KOMILIEKC MO M. 14, BKIOYAOUINNA B ceOst Ipyrou
cernapaTop HUXKE MO NOTOKY OT BBIIYCKHOTO OTBEPCTUA IJIs ra3a [AJis cenapanuu
J1000r0 OCTATOYHOTO MENKO3EPHUCTOTO MaTepHana u3 COOpaHHOTO rasa

npeaBapuTeNbHON 00paboTKH.

16. Pa3MOJbHO-CYWIMIBbHBIA KOMIUIEKC IO OAHOMY U3 m.m. 11-15, npuuem
HCTOYHHK CYIIHNJIBbHOI'O rada BbIIIOJIHEH IJIA O6eCHeLIeHI/I$[ nogavu ropavdux OTXOOsAIINX
ra3oB OT APYyrux nmpoueccos, NpeaAnOUTUTEIIbHO HHSKOKaHOpHﬁHOFO ra3a ¢ HU3KuM

colepKaHUEM BOAOPOAA, TAKOr0 Kak TOMEHHBIH ras.

17. Pa3MOIbHO-CYIIUIBHBIA KOMIUIEKC IO OAHOMY U3 .. 11-16, npuuem

HCTOYHHK CYIINJBHOI'O ra3da BKJIIOHYACT B cebst CUCTEMY TOPEJIKHU.

18. Pa3smMOIbHO-CYIIUIBHBIA KOMIUIEKC IO OAHOMY U3 n.1m. 11-17, npuuem
cemapaTtop Ajs cbopa U cenapanuy MEJIKOU3MEIbYEHHOr0 CyXOro MaTepuana u3
CYLINJBHOTO ra3a BKJIIOYAeT B ceOst oquH unu 0ojee LUKIOHOB, MPEANOUYTHTEIbHO BA

unu dojee LHUKJIOHOB MapajljICJIbHOTO PACIIOJIOKECHUA.

19. Pa3MOJbHO-CYLIUIbHBIA KOMIUIEKC IO OAHOMY U3 m.1m. 11-18 nus
pasMaJibIBaHUS U BBICYIIMBAHUs LIJIaKa, HAIIPUMEP JOMEHHOIO IjaKa, UiH yIis,

HanmpuMep KaMEHHOIO YIJIs, IMTHUTA MK Oyporo yris.
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