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CIIOCOBb U CUCTEMA JUIAA HATPEBAHMUA KEJIE3A ITPAMOI'O
BOCCTAHOBJIEHHUA (DRI) MEKAY HCTOYHHUKOM DRI 1
OBPABATBIBAIOIIIUM OBOPY/IOBAHHUEM IS DRI

ITEPEKPECTHAA CCBIJIKA HA POACTBEHHVIO 3A5BKY

[1] Hacrosimas 3asBka Ha TMAaTEeHT, HE SBISIOLIAACS NPEABAPUTEIbHON, 3asBIIAET
MPEeUMYIeCTBO MpHOpUTETa NpeaBapureNbHON 3asBku Ha mnateHT CIIIA Ne 62/993836,
nonanHoi 24 wmapra 2020r. u ozarmaeneHHoi «IDREX HOT DRI REHEATING,
cofiepKaHue KOTOpPOH B TMOJHOM OOBbEMe BKJIIOUEHO B AAHHBIA JOKYMEHT MOCPEICTBOM

CCBUIKH.
OBJIACTb TEXHUKHU

[2]  Hacrosmee wusoOpeTeHHe OTHOCUTCA B LEJOM K O0ONacTsaM keje3a IPsIMOTO
BocctaHoBjeHus1 (DRI) u mpousBoacTea cranu. bonee KOHKpETHO, HacTosIIEee H300pETeHNE
OTHOCUTCSL B LIEJIOM K IPOLECCY IMPSIMOTO BOCCTAHOBJICHHS] C HCIIOJNIb30BAHUEM CPEACTB
AJIEKTPUUECKOTO HarpeBaHus st nobasyieHus Teria kK DRI win pexyneparmu Teria U3 Hero

niepen; 00pabOTKOM METATMYECKOTO JKeJie3a MOCje MPOLEecca BOCCTAHOBIICHHUS.
IMPEAITOCBIJIKHN U3OBPETEHUA

[3] Iopsiuee  xenme3o mpsimoro BoccraHoeneHuss (HDRI) pacnpenensiercs  mpu
npubmu3uTessHo 700-750°C mocpencTBOM M30JMPOBAHHBIX CTAIBHBIX TPYOOIPOBOIOB WIIH
nutaromx BerBed ot meun DRI k, cpenu apyrux mpoueccos, OpUKETHUPYIOIIMM MalIHHAM
s hopmupoBaHusi ropstuedbpukerupoBanHoro kenesa (HBI), koropoe HeoOxommmo
dopmupoBate Tipu Temmepatype He MeHee 650°C. Jlpyrme mporecchl MOTYT BKJIFOYATh
rOpSYYI0 TPAHCIIOPTUPOBKY B KadeCTBE CPEACTB ISl CHAOXKEHUS IUIABWIIBHBIX I€YeH,
BIIEPEMEKKY, T€PMETHU3UPYIOLINE COCYIbl, KOHBEHEphl WM O€3HANOpHbIE KaHAJbI, IpyTue
CHOCOOBI  TOpPSYEr0 NPECCOBAHUS WM JOMOJHHUTENbHBIE MPOLECCHl  XHUMUYECKOTO

MPEBPALLEHYs], HATPUMEP Hay IJIEPOKUBAHUE.

[4] B onepauuy nnaBku C UCHOJB30BAHUEM MPENNOYTUTENBHO 3JIEKTPOAYTOBON IME4YU

(EAF), HO BO3MOXHO M Apyrux ruaBuibHbIX nedeil, HDRI mMokHO OXJia)kaaTe BIUIOTH O
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npubmuzuTensHo S50-600°C. HDRI nonmaercst B mpoOMeKyTOUHBIN OyHKEp ISl COmep KaHuUs
MaTepuansa M COXPAHEHHUs €ro Tella B MAKCHUMAJbHOW CTENEHM M 3aTeM JIJIs MOJAa4d B
IUIABMJIBHBIN anmapar 1o mMepe HeobxomumocTh. IIpeononenne moTepp Temia Mexay BbICIISH
Toukoil mpubnusurensHo 700-750°C W TOYKOM mTOAAYM B IUIABWIBHBIN ammapar,
npubmusutensHo  550-600°C, mpenmocTaBisieT BO3MOXKHOCTb — YIYUIINTH KadyeCTBO U
sHeprosdexruBnocts. Jlobaenenne Termmia B DRI mepenm rmutaBkoil  mpenocTaBiisieT

BO3MOKHOCTb YJIyYIIUTE 3PPEKTUBHOCTD U MPOU3BOAUTEIBHOCTD IJIABUJIBHOHN TEUH.

[5] Ha kauectBo DRI moxkeT oka3piBaTh HeOnaronpusitHoe Biusinue oxiaxkaeHne HDRI B
NUTAIOLINX BETBSIX, MPU 3TOM IJIOTHOCTh YIUIOTHEHHUS M NPOYHOCTh YMEHBIIAOTCSA U, BO-
BTOPBIX, YMEHBIIAETCSI COZlePKaHUe LIEMEHTUTA, KOTOPBIH HEOOXOANM Il Ka4eCTBa METaJlIa.
HDRI moxer oxnaxnmaThCs BIUIOTh 10 mnpuOmmsutenbhHo S50°C B MUTAOIIMX BETBSX B
3aBUCHMOCTH OT HECKOJBKHX (PAKTOPOB, KOTOPBIMH BO3MOYKHO MJIM HEBO3MOXKHO YIIPABIISTH B
pamMkax paboThl ycTaHOBKH. ONTHMAJIbHBIM SIBJISIETCS OpUKETHPOBAHNE NPU MPUOTU3UTETBHO
680°-720°C, HO He Mmenee 4yeM mpu 650°C, 4rToOBI MOJy4aTh IUIOTHOCTH OpHUKETa BbILIE
50 r/cM® u uTOBHI yJydmaTh 3HaueHHs KOIDDUIHEHTA TMPOYHOCTH MPH OMpPEIETICHHU B
Oapabane Ha BIIIOTH 10 3% 06e3 mpomoinkeHust padoTel Bbime npudnusurenasHo 720°C.
Bpukernbl, oOpasoBaHHble Tpu NpuOIU3UTENbHO 715°C, B LENOM SBISIFOTCS OpUKeTaMu
BBICOKOTO KAa4ueCTBa, JIEMOHCTPUPYIOIIMMHU OOJNBLIYI0 YCTOHYMBOCTb K aTMOC(EpHBIM
BO3JIEHUCTBHUSIM U 00Jiee HU3KYIO CKJIOHHOCTB K OO0, M3MEPsieMOMY TOTEPSIMU METAJLTH3ALHU
u oOpa3oBaHHEM MeJIOYH. XOTs NpU OPUKETHPOBAHUU TPU OOJiee BBICOKHX TEMIEpaTypax
MoxkHO monyunte HBI Oosee BBICOKOrO KauyecTBa, NPOMOJDKUTENbHAs pabora mpu
TemrepaType Bblme npudnuzutesbHo 720°C NMpUBOAUT K HETIPHEMJIEMO BBICOKHM 3aTpaTam
Ha OOCHyXHBaHHE OpPHUKETHPYIOIIEro OOOPYIOBAaHMs, HAmMpUMep TOMAOIINX [IIHEKOB

OpUKETHOIN MaIUHBI.

[6] Kpome Toro, omnyOJaMKOBaHO UCCIENOBaHKHE, KOTOPOE YKAa3bIBAET ONTHUMAJIbHOE
yaep:xkanue neMmeHtuta (kapbuma xenesza) npu npubmmsurensHo 750°C. CtaOuiIbHOCTH
LIEMEHTHUTA SIBJISIETCS] CaMOM BBICOKOM B quana3one ot 730 go 750°C, mpudeM AeKOMITO3ULIUS
MPOUCXOAUT ObICTpee BHE 3TOro Auama3oHa. l{eMeHTUT siBnsieTcs Haubojee KelaTeNIbHOU
dbopmoii coneprkanus yriepoaa B HBI nst npoussoactea cramn. ONTUMU3ALIS TEMIIEPATY PhI
HDRI oko5io 3TOro nuamnasoHa nomMoraet u30ekaTb TeKOMITO3UIUN LIEMEHTUTA Ha YTJIepOoa B

BUje rpadura.
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KPATKOE OIIMCAHME CYIIIHOCTH U30BPETEHUA

[7] CrnenoBaTenbHO, OCHOBHOM LIENIBIO  BapUAHTOB  OCYILIECTBJICHHUS  HACTOSILETO
u3o0perenus sBisieTcs pukcauus u noanepxkanue remnepatypel HDRI Ha ypoBHE mnu okoio
715-720°C  mocpeACTBOM  UCMOJIb30BAHUS  CPEACTB  MHAYKLUHUOHHOTO  HAarpeBaHMUs,
pacroJIOKEHHBIX Ha MUTAIOLIMX BETBAX MWJIM B KadyecTBe, HAaNpUMep, AOIMOJHUTENbHON
KOHCTPYKLIMH, WJIM B Ka4decTBE 3aMEIIAIOIlel KOHCTPYKLMU MUTAIOLIed BETBU. 3ajauyu,
pelaeMble NMPEeNMYINEeCTBEHHO, BKJIIOYAIOT: 1) MpeojojieHne MOTepb TeIula B IMUTAIOLIUX
BETBSIX Iepes MAIlUHAMHU Uil OpUKETHPOBAHUS; U 2) CIIOCOOCTBOBAHUE OCTHKEHUIO W/UITN

yAEpIKaHUIO JKeIaeMoro yposHs yriepoaa B HBL

[8] Jlpyroii OCHOBHO# LIENIbI0 BapUAHTOB OCYILIECTBICHHS 3TOr0 M300PETEHUS SIBJISETCSI

NOBTOPHOE HAarpeBaHue Wiu npeasapurenpHoe Harpesanue HDRI

nepen mnojavei B IUIABWIBHBIM ammapar C HUCIHOJIb30BAHUEM HOBOM KOHCTPYKLUMU IS

BBITPY3KH poMexxyTouHoro Oyakepa HDRI. JlononHuTenpHbIe

3a/lauy, pellaeMble MPEerMyINeCTBEHHO, BKJIIOYAIOT TO, Kak: 1) moBropHO Harpers HDRI
nepen MiaBwiIbHBIM amnmaparoM (BepHyTh HDRI k temmnepatype npubmmsurenpro 700°—
750°C); u 2) npenaBapuUTEIbHO HArpeTh MaTepHasl a0 Oojiee BBICOKOIO YPOBHs (Hampumep,

npubmu3uTensHo 1000°C) nuist mofayy B IUTABUIIBHBIN armapar.

[9] Takum 00pa3oM, B pa3IMYHBIX MPUMEPHBIX BAPUAHTAX OCYINECTBIICHHs HACTOSIIEE
H300peTeHre MPeaoCTaBIsIeT CrOCO0 HArPEBAHUS JKeJie3a MPSIMOTO BOCCTAHOBJIEHUS] MEXTY
UCTOYHHKOM >KeJie3a MPSIMOTO BOCCTAHOBJIEHHsI U 00pabaThIBarOIIuM OOOpYAOBAHUEM TSI
’Kejge3a  mpsiMOro  BoccTaHoBieHusi.  Cnoco0 — BKJIIOYAeT — MPENOCTaBICHUE — y3Jia
TpyOONPOBOIHOrO HArpeBaTelisi MEXKIy HCTOYHMKOM 3Kejie3a MPSIMOrO BOCCTAHOBJIEHUS U
oOpabarbBaOIIUM  O0OPYAOBAaHUEM, MPU 3TOM y3ell TPyOONPOBOIHOTO HAarpeBaTess
NPUHUMAET TOTOK JKejie3a IMPSIMOr0 BOCCTAHOBJICHHsS W3 HCTOYHUKA JKejie3a MPsIMOro
BOCCTAHOBJICHUS] U HarpeBaeT KeJe30 MPSIMOr0 BOCCTAHOBJIEHHs MPH MPOTEKAHUH >Kelie3a
NPSIMOTO BOCCTAHOBJICHHS Yepe3 y3es TpyOOoNpOBOAHOTO HarpeBaTeliss U B oOpabaTbiBaroiiee
obopynosanue. JKeje30 MpsiMOro BOCCTAHOBIICHUSI MOXKET ObITb TOPSTYUM SKEJIE30M MPSIMOTO
BOCCTAQHOBJIEHHS U3 LMIAXTHOU MEeUUn NpsAMOTO BOCCTAHOBIICHUS WJIW IIEYXU MMOBTOPHOI'O HArpeBa
IUIs JKeJie3a TPSIMOrO BOCCTaHOBJIEHHs. MICTOYHMK JKejie3a MPSIMOTO BOCCTAHOBJICHUST MOYKET
6bITb 0 MeHbIIeH MEpE OOHUM U3 IIAXTHON mNe4Yu nopsamMoro BOCCTAHOBJICHUA, IMEYU

MOBTOPHOI'0 HaArpe€Ba AJid KEJE€3a MNPAMOTrO BOCCTAHOBJICHUS, MPOMEKYTOUYHOIO 6yHKepa,
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NHUTAOLEro OyHKepa IJisi TOpsiuero jkejie3a MNpPsSIMOrO BOCCTAHOBJICHHS, pa3ieMTeNs |
Oapabannoro nuraress. ObpabareiBatomee 0OOPyIOBaHHE MOXKET OBITh IO MEHBIICH Mepe
OJJHMM M3 IUIABHJIBHOTO arnapara, OpHMKeTHPYIOLIel MalluHbI 1 000PYAOBAHHUS AJISl TOPSIUETO
NPECCOBAHUs IJIl NPECCOBaHMS 1O Ooyiee BBICOKOW IUIOTHOCTH. Y3es TpyOONmpOBOIHOTO
HarpeBaTesss MOXKET COAepKaTb TPyOONPOBOZ, BBIMOJHEHHBIH C BO3MOJKHOCTBIO TMpHEMa
MOTOKa JKejie3a MPSMOrO BOCCTAHOBJICHHSI, M HAarpeBaTeJbHbIH 3JIEMEHT, PaCIOJIOKEeHHbIH
CMEXHO ¢ TPyOONnpOBOOM; IIPU STOM HArpeBaTEIbHBIN 3JIEMEHT BBITIOJIHEH C BO3MOKHOCTBIO
niepesayy 3Heprum u3 O6Joka nuTaHus B GopMe Teria Ha TpPyOOIIpOBOJ U HATPEBAHUS ITOTOKA
JKejiesa TPSIMOrO BOCCTaHOBJIEHMs, NPOXOJsIiero uepe3 TpyOomposon. HarpeBarenbHbi
HJIEMEHT MOKET COZleprKaTh MHIYKIIMOHHBIE HarpeBaTebHble KaTyku. TpyOonpoBox MoXKeT
comepKaTh M30JIMPOBAHHYIO HAPY)XXHYIO TpPyOy M BHYTPEHHIOKO TpyOy, 00pasyromyro
BHYTPEHHUI TPyOOIPOBOA, PACHONIOKEHHYI) BHYTPH H30JMPOBAHHOW HApPYKHOH TPyOBl U
BBITIOJTHEHHYIO C BO3MOJKHOCTBIO TpPHEMa MOTOKA JKeJie3a MPSIMOrO BOCCTAHOBJICHUS, U TPH
5TOM HAarpeBaTeNbHBIH 3JEMEHT MOXXET OBITh PpACIOJIOKEH KOHIEHTPHYECKH BOKpPYT
HAPY>KHOM MOBEPXHOCTH BHYTPEHHEro TpyOONpoBOAa M BHYTPH H30JIMPOBAHHON Hapy KHOM
TpyObl. HarpeBaTenbHbIl 5J€MEHT MOXET COAEpKaTb IPOBOMNAINUE METAJTMIECKHUe
(HanpuMep, M3 MeNHBIX TPyOOK) MHAYKIHOHHBbIE KAaTyIIKH, NPUKPEIUIEHHbIE K HAPy>KHOMY
NepUMETPY BHYTPEHHEH TPpyObl BHYTPH U30JIMPOBAHHON HAPY KHOM TPYObI U BBITOJHEHHBIE C
BO3MOKHOCTBIO 00€CTIeYeHHsI MArHUTHOTO TIOTOKA JIJIsl OTIOCPEIOBAHHOIO HAIPEBAHUSI JKele3a
NPSIMOTO BOCCTaHOBJIeHUs1. HarHeraHre ra3oBoro kapOropHu3aTopa MOXKeT ObITh PeaTu30BaHO
Aajblie MO X0y MOTOKA MJIM PaHbIIE MO XOAY MOTOKA OTHOCHTENIBHO KaTyIIeK, 00ecrednBast
MOTOK Tra30BOro kapOropusaropa depes TpyOomposon. TpyOompoBom MOKeT MEPEXONUTh B
Iy Th MOTOKA KOJIbLIEBOH (HOPMBI IJIsl IPHEMa MOTOKA Kejie3a MPSIMOrO BOCCTAHOBJICHUS, TIPH
5TOM HarpeBaTEeNIbHBIN JJIEMEHT COIEPKUT Mapajuie/ibHbIii HA0OP MHAYKIHOHHBIX KaTyIIEK.
TpybonpoBox MOKET MepexomuTh B MyTh [OTOKA MPSIMOYTOJBHONH (OPMBIL, MPU 3TOM
HArpeBaTEJIbHBINA 3JIEMEHT CONEPKUT MPSIMOYTOJIbHBIE MHUCKOBbIE MHAYKIHOHHbIE KAaTyIIKH.
Xenezo mpsMOro BOCCTAHOBJICHUS MOXKET ObITh TMOBTOPHO HArpeTo 10 MPUOIM3HTETHHO
700 "C-750 °C u npenBapurenpHO Harpero 1o npuommsureasHo 1000 °C wnu 6onee. [opsiaee
JKEJIe30 TPSIMOTO BOCCTAHOBJIEHUSI MOXKET ObITh Harpero ao npuommsurensHo 730 °C s
CTaOMJIM3aLMK  COJNEP)KAHMSI LIEMEHTUTAa ¢ CBEACGHHsT K MHHUMyMYy JajbHeHIuei

JCKOMITO3UIIHU.

[10] B pasnuuHbIX NPUMEPHBIX BapHUAHTaX OCYLIECTBICHHs HACTOsIIee H300peTeHue

TAKXKE NMPEAOCTABIIACT CUCTEMY
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AJIsE Harpe€BaHUs KEJIC€3a NPAMOTrO BOCCTAHOBJIICHUSA MCEXKAY HUCTOYHUKOM KEJIE3a MPAMOIo

BOCCTaHOBJIEHUS] 1 00pabaThIBAIOLITIM

o0opyoBaHueM [ JKesie3a MPSIMOro BoCCTaHOBNeHHs. CHUCTEMa CONEPXKHUT HCTOUHHK
JKeJle3a MPSIMOTO BOCCTAHOBJICHUsT, oOpabaThiBaromee 00OpyAOBaHUE IS JKeje3a MPSMOTO
BOCCTAHOBJICHUSI, U y3eJ TPyOOIPOBOAHOIO HArpeBaTelis, COSNUHSIOIMII HCTOYHUK JKele3a
NPSIMOTO BOCCTAHOBJICHHsST U OOpalaThiBaroInee OOOpPYNOBAHUE WM PACTIONONKEHHBIH MEKIY
HUCTOYHHKOM >KeJie3a MPSIMOTO BOCCTAHOBJICHHsI M 0OpadaThiBaloIuM 000pyAOBaHUEM. Y3el
TpyOONpPOBOAHOrO HArpeBaTess BBIIOJHEH C BO3MOXKHOCTBIO MpUEMa IOTOKA >Kene3a
NpsAMOro BOCCTAHOBJICHHA M3 MCTOYHHKA JKEJI€3a NPAMOrO BOCCTAHOBJICHHUS W HArpCBaHUA
’KeJie3a TPSIMOTO BOCCTAHOBJICHHSI TIPH MPOTEKAHHUH JKejle3a MPSIMOTO BOCCTAHOBIICHUS Yepe3
y3en TpyOOmpoBOOHOrO HarpeBaTensi W B oOpabateiBaroimee oOopymoBaHue. Y3en
TpyOONpPOBOAHOIO HAarpeBaTessi MOXET CoAepkaTb TPyOOMpOBOA, BBIMOJHEHHBIH C

BO3MOXHOCTDBIO IPpUEMa IMOTOKA JKEJI€3a NMPAMOIro BOCCTAHOBJICHUS, U

HArpeBaTeJIbHBbIH SJEMEHT, PpACIOJIOKEHHBIH CMEXHO ¢ TpyOONpOBOOOM; NPH 3TOM
HarpeBaTeJbHBIN 3JIEMEHT BBINOJIHEH ¢ BO3MOJKHOCTBIO NEPefad SHEPTUH U3 OJIOKA TUTAHUS
B (hopme Tera Ha TPyOONPOBOX M HAIPEBAHMS MOTOKA JKejle3a MPSIMOr0 BOCCTAHOBIICHHS,
npoxosero 4yepes TpyoOompoBon. HarpeBaTenbHbIN 3J€MEHT COAEPIKUT WHIYKIHOHHBIE
HarpeBaTeNbHble KaTyInku. CucTeMa MOKeT ObITh BBIMIOJIHEHA C BO3MOKHOCTBIO BBITIOJTHEHUS
10 MEHbLIEeH Mepe OIHOTO U3 MOBTOPHOTO HArpeBaHMs jKejie3a MPSIMOTO BOCCTAHOBIICHHSI 10
npubmusutensHo 700 °C-750 °C ¥ mpeaBapUTENbHOrO HATPEBAHUS JKejIe3a IPsIMOTO

BOCCTaHOBJeHUs 10 npudamsureabHo 1000 °C wiu Oonee.

[11] B pasmuuHbIX NPUMEPHBIX BapHUAHTaX OCYLIECTBICHHUS HACTOsLIee H300peTeHue
JOTMOJHUTENBHO MPENOCTaBJsIET y3€Jl MUTAIEro TPyOONPOBOXHOTO  HAarpeBaTels,
cofep Kaluii  TpyOOIPOBOJ, BBIMIOJHEHHBIH C BO3MOXKHOCTBEO TIpHEMa TIOTOKa JKeje3a
npsAMOro BOCCTAHOBJICHUSA, U HaneBaTeﬂbeIﬁ SJIEMECHT, pacnono;eran‘/'I CMEXHO C
TpyOonpoBogoM. HarpeBaTenbHbIH 3J1€MEHT BBITIOIHEH C BO3MOXKHOCTBIO MEPEaavn SHEPTHU
u3 Oyioka nuTtaHus B (OpMe Teria Ha TPyOONPOBOJ M HArpeBaHUs MOTOKA jKejie3a MPSIMOTO
BOCCTAHOBJICHHS, Tpoxonsmero dvepe3 Tpybomposon. TpyOompoBony MoeT comepikaTh
M30JMPOBAHHYIO HApYXHYI TpyOy U BHYTpPeHHIOIO TpyOy, 00pa3yromyr BHYTPEHHUH
TPy OOMPOBOJ, PACTIONIOKEHHYO BHYTPU H30JUPOBAHHOW HAPYKHOUW TPYOBI U BBITIOJTHEHHYIO
C BO3MOXKHOCTBIO TpU€Ma IIOTOKa Jkejle3a MNPsSMOro BOcCTaHOBIeHHs. HarpesaTenbHbIi

SJIEMCHT MOXKET COACPKATH HWHAYKIHUOHHBIC KATYLIKH, PACIIOJIOXKCHHBIC KOHLCHTPUYCCKU
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BOKPYT HAapy»KHOH MOBEPXHOCTH BHYTPEHHErO TPyOOIpOBOJAa W BHYTPH H30JMPOBAHHON

Hapy KHOU TPyOBL
KPATKOE OIITMCAHUE I'PA®UYECKHUX MATEPHAJIOB

[12] Hacrosiee n3o0pereHne MpOULUTIOCTPUPOBAHO U OMTHUCAHO CO CCHUIKOM HA Pa3IMYHbIC
rpadUdecKkue MaTepHasibl, Ha KOTOPBIX NOAOOHBIE HOMEpPa CCBUIOK HCIOJIB3YIOT IS
0003Ha4YeHHUsI TOAOOHBIX JTANOB Crmoco0a / KOMIIOHEHTOB CHCTEMbl / KOMIIOHEHTOB

YCTPOWUCTBA B COOTBETCTBYIOIIMX CJIy4YasX U HA KOTOPBIX:

[13] w©a ¢ur. 1 mpeactaBieHO CXeMaTUYECKOe H300pakeHHe, WUIIOCTPUPYIOLIEE OIHH
MPUMEPHBIN BapUAHT OCYLIECTBJICHUSI HArPEeBAaTEJIbHOTO YCTPOMCTBA MUTAOIIEH BETBH / y3J1a

IMUTAOIICrO TpY60l’IpOBOI[HOFO HarpepaTeia COrjiaCHO HACTOALICMY 1/1306peTeHm0;

[14] Ha ¢ur. 2 nmpeAcTaBIeHO CXeMaTUYeCKOe H300paKeHUe, WILTIOCTPHUPYIOLIee APyTroi
NPUMEPHBIN BAPUAHT OCYIIECTBJICHUSI HAPEBATEIBHOTO YCTPOUCTBA MUTAOLIEH BEeTBH / y3ia
NHUTAOIEr0 TPyOONPOBOIHOIO HAarpeBaTelisi CO BCIOMOTATEJIbHBIM HAHETAHHEM Ta30BOTO

KapOropu3aTopa COrIacHO HACTOSIIEMY H300pPETEeHHIO;

[15] wHa ¢ur. 3 nmnpencraBieHO CXeMaTHYEeCKOe H300pakeHue, WILTIOCTPUPYIOIIee
NPUMEPHBIA BapHaHT OCYIIECTBJICHUS CHCTeMbl/crioco0a moBTopHOro HarpeBanuss HDRI

COIJIACHO HACTOSIIEMY H300PETEHHIO,

[16] wHa ¢ur. 4 nmnpencraBlieHO CXeMaTHYEeCKOe W300pakeHue, WLTIOCTPHUPYIOIee
NPUMEPHBI  BAPUAHT OCYLIECTBIEHUS Yy3Ja MPEABAPUTENIBHOTO HArpeBaHUs MOAAYU

aBwiIbHOTO anmnapata it HDRI cornmacHo HacTosimeMy H300peTeHHIO; U

[17] wHa ¢ur. 5 mpeacraBieHO cxeMaTHYeCKOe W300pakeHHe, WJUTIOCTPUPYIOIIee IPyrou
NPUMEPHBI BAPUAHT OCYLIECTBIEHUs Yy3Ja MPEABAPUTENBHOIO HArpeBaHUs MOAAYU

iaBriibHOTO anmapara 1y1si HDRI cornmacHo HacTosmemy u300peTeHuro.
IMOJAPOBHOE OITMCAHUWE U30BPETEHUA

[18] OnsTh-TaKy, OCHOBHOW LB BAPUAHTOB OCYILIECTBJICHUS HACTOSIIETO M300peTeHuUs
spisieTcs pukcanys U noanepxkanue temrneparypsl HDRI Ha ypoBHe nmm okosno 715-720°C
MOCPECTBOM HCMOJB30BaHUsS CPEACTB MHAYKLMOHHOIO HAarpeBaHMsi, PACIHOJOKEHHBIX Ha

NMUTAKOIUX BETBAX WM B KAaUECTBC, HAIIPUMED, I[OHOJIHI/ITCJII:HOI\/'I KOHCTPYKLHUHU, WU B
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KayecTBe  3aMellarollell  KOHCTPYKLUMM  NUTaIled  BeTBU.  3ajayd, pellaeMble
NPENMYIECTBEHHO BApUAHTAMHU OCYLIECTBJICHUS M MOAPOOHO ONMHUCAHHBIE HUKE, BKIFOYAIOT:
1) nmpeomoneHne NOTEPh TEIUIA B MUTAOIUX BETBSIX MEPe]] MAIIWHAMHE TSI OPUKETHPOBAHUS,
U 2) criocoOCTBOBaHHE JOCTIDKEHUIO W/ YIASPKAHUIO JKeJlaeMOoro ypoBHs yriepona B HBL
Jpyroii OCHOBHOH LEJIbI0 BAPUAHTOB OCYIIECTBIIEHUS OSTOTO W300PETEHHs SIBIISIETCS
MOBTOPHOE Harpesanue wiu mnpeasapuressHoe Harpesanune HDRI nepen nopauein B
IUIABWJIBHBIM ~ ammapaT ¢  MCMONb30BAHMEM HOBOM  KOHCTPYKLMM  JJi  BBITPY3KH
npomexxyTounoro  Oynkepa HDRI.  Takum  o0pa3om, OONOJHUTENBHBIE — 3a/ayH,
NPEUMYIIECTBEHHO pellaeMble BapHAHTAMH OCYILNECTBIIEHHS HACTOSLIEr0 H300pEeTeHUs U
noApoOHO ONHMCAaHHBIE HIKE, BKIKOYAOT TO, kak: 1) moeropHo Harperb HDRI mnepen
aBUIbHBIM anmnaparoM (BepHyTb HDRI k Temnepatype npubnusurensao 700°-750°C); u 2)
NpenBapuTeNIbHO HArpeTb Marepuan a0 Ooyiee  BBICOKOTO YpOBHS  (Hampumep,

npudmusurensro 1000°C) nist nogayy B IIABHIIBHBINA ammapar.

[19] IlpeumyuiecTBeHHBIE NMPU3HAKU PA3JIUYHBIX BAPHAHTOB OCYLIECTBJIEHHs HACTOSLIETO

I/1306peTeHI/IH OIMUCaHbI JaJIEC B JAHHOM OOKYMEHTE, OHH PCIIAOT BBIIICHU3JIOKEHHDBIC 3a1a4U.

[20] HupyxuumoHHOe HarpeBaHue mo3BosisieT HarpeBaTh HDRI, He Oecrokosick 0 mopaye
IMOTOKOB ra3a WM YIIpaBJICHUKW UMHU A HEp€aavu TeHH&.I(pOMe TOro, MHAYKIHUOHHOEC
HArpeBaHUE HCIOJNB3YET JJIEKTPHUECKYIO SHEPTHI0, OAMH W3 HauOoyiee SKOHOMHYHBIX U
5(p(EeKTUBHBIX  HCTOYHHUKOB SHEPrUM B  YCTAHOBKE, JJIEKTPHYECKass  MOIIHOCTD

HEMOCPEACTBEHHO NPeoOpasyeTcsi B TEMIOBYO MOLIHOCTh € BBICOKOH 3()PeKTHBHOCTHIO.

[21] DBbimojHeHHbIE W PACMOJIOXKEHHBIE  COMIACHO  OTAENbHbIM  TPeOOBAHUSM
WHAYKLUHUOHHBbIE KATYLIKU MPEUMYLIECTBEHHO HArpeBaIOT MaTepHuall NMUTAKOLIENd BETBH, a
takke DRI, nobaBisis M3ydaromuii ¥ NMPOBOASALINI KOMIIOHEHT Mepefayy Tella K MOTOKY
DRI. MaruTHelii MOTOK TOJNS HMHAYKUHUHA MOXET OBITh CIPOEKTUPOBAH TAKUM, YTOOBI
COOTBETCTBOBATh I'€OMETPUUYECKOW (POpME MUTAKOLIEH BETBH M CKOPOCTU IMOTOKA MAacChl B
KQ)KJIOM YCTAHOBKE Uil JOCTH>KEHMsI ONNTUMAJILHOrO NpOHUKHOBeHUs B DRI, B TO xe Bpems
NpEeOTBpaLlast PAHHIOK TUIABKY Ha TIOBEPXHOCTSIX OKAThHIIEH, KOTOpasi MOrJia Obl TPUBOANUTH
K OOpa30BaHHUIO CIYCTKOB MJIHM OTJIOXKEHHIO TBEPAOrO MaTephalia Ha CTEHKaxX MUTAroIIeH

BETBU.

[22] B kadectBe BTrOpHuHOrO 3¢dekra, npu noaaep:xkanuu temreparypsl HDRI Ha ypoBHe

npubmuzutensHo 700°C uiam BeIe, MOXKET OBITh MPEHMYIIECTBEHHBIM BBOAMTH Ta30BBIN
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kapOropusarop B mpotuBorok HDRI, uTo MOXeT ObITh MONE3HBIM ISl «IIJTH(OBAHHSD
ypoBHs yriepoma ¢ pobaBneHneM BILIOTH 10 mnpudmmsurensHo 0,1% C (orpanmyeHus
BpeMeHu TmpeObiBaHus). TemmepaTypa TOTOKa Ta3oBOro  KapOmpH3aTropa  MOXKET
NPEeACTaBIATh co00M, Hampumep, npudmusurensHo ot 700°C go 950°C wnum BhIIIE, WK
mMoOYyI0 JAPYIYIO MOAXOAAIIYI0 TEMIIEPaTypy Ui IMOIAAEPIKaHUS JKeJaeMOH TeMIepaTyphl
HDRI. HDRI Oyner, Takum o00pa3oM, OOCTaBJIEHO NPHU ONTUMAJIBHON TeMIleparype B

MAIIUHBI JJIs1 ropsiuero OpUKETHPOBaHUS, YTOOB! POPMHUPOBATH OPUKETHI BBICOKOT'O KA4ECTBA.

[23] [Ilopmaromass BeTBb MM  TPyOONmpoBOXA, Kak B  OTHOLIEHWM  IHUTAIOLIEH
BETBH/TPYOONpPOBONIa K MAILIMHE JJI1 OpUKETHPOBAHUs, Tak U B oTHomeHnH nogadu HDRI u3
nuratoitero OyHkepa aimst HDRI B mutaBusbHBIN anmapar, MOTYT OBITh BBITIOJHEHBI B BHIE
KOHLEHTPUYECKUX TPYyO, 4TOOBI MO3BOJISTh BBINOJHATH BHYTPEHHIOK TpyOy ((axkrudeckuit
NHUTAOIIUIA TPyOONPOBO) U3 YCTOWYHMBOTO K TEIUTy U KOPpOo3HH cruiasa aiist nepenoca HDRI,
TOr7Ja Kak BHEWHsAs TpyOa BBINOJHEHA W3 YIVIEPOAMCTONW CTajdu misl  OOecreydeHus
KOHCTPYKLMOHHOH TNPOYHOCTH. BHyTpeHHHMI TpyOOmpoBOA MOXeT OBbITh albTepPHATHBHO
BBITNOJIHEH U3 TBEPAOrO KEPaMUYECKOrO OTHEYIOPHOIO MaTepuana s JOCTHXKEHHUsS] TOU XKe
LeJU C APYrod MarHUTHON BOCHPUUMYMBOCTBIO K MHAYKUMU. ONTHMAIBHO BBIMOJTHEHHbIE
MHIYKLHUOHHBIE KaTYLIKH, OOBIMHO COAEp’Kallfe MPOBOASAIINE MeTaJUINYecKue TpyOKH,
BBITIOJTHEHHBIE B BHJE KaTYILIKH OnpeaeeHHONH Gopmbl, OyayT MpUKpErUieHbl K Hapy KHOMY
NepUMETPy BHYTpPeHHeH TpyObl B OMHOM miu Oojiee MecTax uisi oOecriedeHuss MarHUTHOTO
MOTOKA, HEOOXOIMMOro sl MHAYKIHOoHHOro HarpeBanusi HDRI. KaTymiku, BbIMOJTHEHHBIE
NPEATNIOYTUTENbHO M3 MENHBIX TPYOOK, HO MOTEHLHAJbHO TAK)KE M3 JAPYTHX MPOBOISLIMX
MeTaJuloB, OyAyT CHaOXKaTbCsl OXJIAKAAKOMIEH BOAOW IJIsl NPEAOTBPALICHUS Ieperpesa.
dopma u pasMep KaTyIKu OyAyT COOTBETCTBOBATh KOHCTPYKIMHU MHUTAOLIEH BETBU U MIOTOKY
maccel DRI, a Taxxe HEOOXOAMMOMY NOIABOJMMOMY TeIUly, Kak HeoOxoxmmo. Kartymku
MOTYT OBITh 3aKJIFOYEHBl B (DEPPUTHBIA KOHCTPYKLMOHHBIA MAaTepHaj, YTOOBI OH CITYKHJI
KOHLIEHTPATOPOM MAarHUTHOTO TOTOKAa JJsi (POKYCHUPOBKH HWHIYIIMPOBAHHBIX MAarHUTHBIX

noJieii BHyTpb OTHOCUTEJIbHO MaTepuala.

[24] IIpu nepemeurernn HDRI uepes TpyOonpoBox u 30HY WHIYKIMOHHOTO HArpeBaHHUS
marepuan OynerT pearnpoBaTb HA MArHUTHBIA IIOTOK, BO-NEPBBIX, HHIYLUPOBAHHBIM

2

SJICKTPUICCKUM TOKOM B oKaThbIlax u BO-BTOPBIX, Hp606pa30BaHI/IeM 3TOroO
HHAY HUUPOBAHHOI'O TOKAa B TCIUJIO MPU €ro CTOJKHOBEHUHN C €CTCCTBCHHBIM COIMPOTHBICHUEM

okarbimeil. Okareli He OyayT pearupoBaTh enuHooOpa3Ho. Ojkumaercsi, 4YTO YacThb
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TEIUIONIEPEeIaYl MOKET ITPOUCXOIUTH OT OKAThIIIA K OKATHIIY U OT BHYTPEHHEH MOBEPXHOCTH
TpyOBI (€CiM OHA SIBISIETCS METAJUIMYECKOH) K OKaThIIIy IO Mepe MPOTEKaHUS MacChl Yepes
NOJIsI MHAYKUMU (T. €. MeTaJUTM4YecKast TpyOa M Hapy’KHbIE CIIOM OKATBILIEH BEPOSTHO OyayT
HarpeBaTbCsl ObICTpEe, YeM LEeHTpajbHAs Macca, JUIsI HarpeBaHHUs KOTOPOH MOXKET
NOHAJOOUTHCS AOMOJHUTENbHAS Teronepeaayda). UtoObl JOMONIHUTD 3TOT MPOLIECC, MOXKET
OBITH JKENaTeNbHO HCIONb30BaTh KATYLIKH pa3HOW (OpPMBI AJIsi HarpeBaHUs LEHTPAIbHOTO
marepuasa DRI mo cpaBHEHHIO C HAapy>KHBIMH CJIOSIMH, B 3TOM Cllydae HaOOpBI KaTyLIeK
OynyT ycTaHOBIEHbl ONM3KO Jpyr K JApPYyry Ha BHyYTpeHHed Tpybe. MarnutHas
NPOHULIAEMOCTh SIBJIIETCSl MAPAMETPOM MHAYKLWH, KOTOPbIH MOXKHO ONTHUMH3HPOBATH, U
BBINIOJIHEHNE KATylLIEK B BUJE Kackala MOXeT O0ecreduTbh BO3MOXKHOCTb HarpeBaHUs Ha
pasHbIX TiyOmHax. Karymku MOryT mosydaTh NUTaHHE OT CIELUANIbHBIX HCTOYHHKOB
NUTAHUS, HACTPOEHHBIX HAa ONTHUMAJbHYIO YacTOTy JJIsi BBINOJHEHMs HArpeBaHus. OJTHU
UCTOYHMKHM TIMTAaHHUS MOIYT OBITh pACIOJNIOKEHbI HAa BCIOMOTATENbHOW  IUIOIAKE
o0opynoBaHUsl BO3Jie NMHUTAOLIMX BeTBeHl min Ha paboueil margopme BO3JE MHUTAIOLIUX

Oynkepos aimst HDRIL

[25] AunbTepHaTMBHO NHTAIOIUE BETBU C KOHIEHTPUYECKUMH TpyOaMu MOIyT OBITH
3aMEeHEHBbl TPyOONpPOBOAAMHU C KOJBLEBBIM IIOTOKOM HJIM TPSIMOYTOJIbHBIM IOTOKOM IS
obecriedeHnss BO3MOKHOCTM MOHTa)Ka WHIYKIUOHHBIX KaTyLIeK Ipyrux BuaoB. Ecmu
HeoOxonumo Oojiee paBHOMEpPHOE WM 0OoJiee HMHTEHCUBHOE HArpeBaHUE, MeEHbIIee
NOMIEPEYHOEe CEYEeHHE MaTepuasia TO3BOJIUT MOHTHPOBATH KATYIIKH Ha OOEHX CTOpOHAax
TpyOomnposoaa. Hanpumep, KoJbLeBOil TpyOOIPOBO MOXKET COAEPIKATh MPUEMHBIH KOHYC H
LUINHAPUYECKUM COCYJ, PAacCHOJOXKEHHbI BOKPYI BHYTPEHHEIO BCTaBHOIO KOHycCa IS
o0JyierdyeHus1 OTOKA, YTOOB! PACLIMPSATH NMOTOK MaTepHaja U3 MUTAKOLIEH BETBH JUAMETPOM
400 MM B KONBLIEBOE IPOCTPAHCTBO C HapyKHbIM nuamerpoM 700 MM M BHYTPEHHHM
munamerpoM 550 mm. Takum obpasom, mmract okareimed aumamerpom 400 MM  Oyzper
NEPEXOAUTh MOCPENCTBOM KOHyCa B IJIACT OKATHINIEH MEHbIIEH IIMPUHBI, COCTABISAIOLIEH
75 mMm. KOHIEHTpHYECKH pPACIOJIOKEHHbIE BHEINHSST W BHYTPEHHsSI KaTYLIKA OyayT
UHJY IUPOBATh MAarHUTHBIE MOJISI ¢ OOEMX CTOPOH IUIacTa OKaThimeld u obecreunBaTh Oosee
WHTEHCHUBHOE M pPAaBHOMEpPHOE HarpeBaHHe. BHemHss karymka OyaeT NpUKperieHa K
HApPY’KHOW YacTH LIJIMHAPHUYECKOrO COCyAa TMOAOOHO KaTyIIKaM TIIOBOAA, OIMHCAHHBIM
panee. BHyTpeHHHe KaTyIku OyOyT YCTAaHOBJIEHBI BHYTPH BCTaBHOTO YCTPOHCTBA IUIs
o0JyierdeHus IOTOKa, KOTOpoe OyAeT MogAep KUBAThCS CTATUYECKUMHU CTEPKHAMHU, YTOOBI KaK

yAEPKMBaTh BCTABHOE MPUCIIOCOOJIEHNE HA MECTE, TaK U CIIYKHTb B KauecTBe TpyOomposoaa
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JOCTyINa AJIs1 MOJA4YM NMUTAHUS U OXJIAKAAKOLIEH BOABI K BHYTpEeHHEW kartywike. Harpersie
OKaThIM OyIyT 3aTe€M MOCTYIaTh B MOAOOHYI0 KOHUYECKYIO MEPEXOAHYI0 30HY, OOpaTHO B

TpyOonposoa nuamerpoM 400 Mm.

[26] Kpome TOro, KOHCTPYKLUSI C MPSMOYTOJIbHBIM IIOTOKOM, OCOO€HHO MOIXOASIIAs IS
BbIBOJIA MMOTOKA M3 murtaromux OyHkepos mist HDRI, Moker npemycmaTpuBarh mepexon OT
KpPyIJIOTO K NPSMOYTOJIbHOMY TpyOompoBoxy, Hampumep or auamerpa 400 MM 1o
BHYTpeHHUX pa3zmepoB 100 x 1250 Mm. DTOT mpsAMOYrosbHBIA KaHaid OyneT OCHAIleH
KaTylLIKaMH B BHJIE «OJMHa», KOTOpble 0003HAYAIOT KATYIIKH, BBIIIOJHEHHBbIE TaK, UYTO OChb
KaTYLUIKHd TEPIeHAMKYJSIpHA CTOPOHaM TpyOONpoBOAa, HA KaXIOH CTOPOHE, YTOOBI
obecreynBaTh NPOHUKHOBEHHE B IUIACT OKATBHIIEH MOCPENCTBOM Oojiee HHTEHCHUBHOTO
HarpeBaHMs. BBIMyCK MOXXHO MEPEeBOAMTH B JIOOYIO JKEAeMYI0 T€OMETPHUECKyIo (opmy.
BerlmensnoskeHHble anbTepHATUBHBIE reoMeTpudeckue (popMbl MOTYT OBITH HCIIOJIB30BAHBI,
eci HeoOXoauMo Oouplee KOJIMYECTBO MOABOAMMOIO TEIUId, HANPHMEpP INPU MOBTOPHOM

HAarpeBaHuM WM npeasapureapbHoM Harpesanuu HDRI

[27] Tenepp co cChUIKOI KOHKpeTHO Ha (ur. 1, pacKpbITO HarpeBaTebHOE YCTPOHCTBO
nuTaroei BerBu / y3en 20 muTaromero TpyOONMPOBOJHOIO HArpeBaTessi, BBITIOJHEHHBIN
CHeLMANbHO JUIsl MUTAIOIIeH BETBU K MammuHe JJisi OpukerupoBanust v moxsoxa HDRI ot
nurtatomero OyHkepa mist HDRI B miaBuiibHBIN anmapar, OJHAKO MPEATNONAraloTCs TaKkXkKe U
apyrue mnpuMmeHeHus. Y3en 20 COOEpKUT HW3OJMPOBAHHYIO HApy»KHYH TpyOy 22 wu
BHYTpPEeHHIOO TpyOy 24 mnwuraromeld BETBH, PACIHOJOXKEHHYIO BHYTPH H30JUPOBAHHON
Hapy kHOU TpyObI 22 nuist mpuema noroka 26 HDRI, kak nmoka3aHo Ha ¢ur. 1. Takum obpazom,
COIJIaCHO BapuaHTaM OCYILECTBJIEHUs y3en 20 CKOHCTPYHPOBAaH B BHAE KOHLEHTPUUECKHUX
TpyO, 4TOOBI OOECeYnTh BO3MOKHOCTH NPEUMYLIECTBEHHOI'O BBINOJIHEHHUS BHYTpPEHHEH
TpyOBI 24, KOTOpas ABJISIETCS (PAKTUUECKUM MHTAKOIIUM TPyOONPOBOAOM, U3 YCTOHYUBOIO K
TETUTy ¥ KOppO3uH crutaa it Tpancrnioptiuposku HDRI. BayTpennsis TpyOa 24 MoXeT Takxke
cozmep:KaTb TBEPAbIM KepaMUYECKUM OrHEyNOpHbIM Marepuan. Ysen 20 JONOJHUTENBHO
COZEPKUT HArpeBaTENbHBIN 3JIEMEHT, MOKA3aHHBbIM B BUAE MHIYKLMOHHBIX KaTyllek 28 Ha
¢ur. 1 Kax NPUKPEIUICHHBIH K HAPYXKHOMY NEPUMETPY BHYTpEHHeH mutaromeil Tpyost 24.
Karymwku 28 moryT conmepkarb TPyOKM M3 MEOM WJIM IPYTOro MPOBOISIIErO METajlia,
BBINTOJTHEHHBIE B BUZE JKeJIaeMOM (pOPMBI KaTYIIKH, U OHU MPHUKPEIUICHBI B OJHOM M OoJee
MecTax Ha BHYTPEHHel TpyOe 24 muraromieil BETBH IJIs1 0O0€CTIe€YeHNs] MATHUTHOTO TOTOKA,

HeoOxomumoro 11t uHAyKipoHHoro HarpeBanust HDRI. Kartymku 24 moryt cHaOXaTbes
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OXJIAXKIAIOIIEH BOAOH s MpeaoTBpalleHus neperpesa. bone Toro, katymku 28 MoryT ObITh
3aKJIFOYEeHBI B (PEPPUTHBIN KOHCTPYKLHMOHHBIA MaTepHall, YTOOBI OH CJIYKHJI KOHIIEHTPATOPOM
30 marautHOro moroka. Kak Taxke mpowsutrOCTpupoBaHO Ha ¢wur. 1, xatymku 24 moryT
NOJIy4aTh MUTAHUE OT CIELHAIBbHOrO OJIOKa WJIM UCTOYHMKA 32 NMUTAHMSA, HACTPOSHHOIO Ha
KEJAeMyI0 M ONTHMAJbHYI) YacTOTy Ui OOECIEeYEeHHs >KeJIaeMOro HarpeBaHHs. Takum
oOpazom, OJNOK WM HCTOYHUK 32 MHUTAHUS MOXKET OBITh COENMHEH C HarpeBaTeNIbHBIM
sneMeHTOM/KaTymkamu 28. KaTyiku 28 BHIMOIHEHBI C BO3MOKHOCTBIO NEpejavl SHEPTUH U3
6noka 32 nuTtaHus B (popMe Teruia IJIsl HarpeBaHUsI IIOTOKA JKeJie3a MPSMOT0 BOCCTAHOBJICHUS
yepes TpyOomposon. OmopHble ¢uaHpl 34 AOMOJHUTENBHO TOKa3aHel Ha ¢ur. 1, u

KaTyLIKH/y3€] MOTYT OBITh BCTABJIEHBI KaK TPyOHAas CEKIHs.

[28] Takum oOpa3om, B OHOM NMPUMEPHOM BapUaHTE OCYINECTBIICHUs, U KaK MOKA3aHO Ha
¢ur. 1, npernMyLIeCTBEHHbIM MPH3HAKOM SIBJSIFOTCSl BHEINHHE WHJYKLHOHHBIE KaTyLIKH 28
BOKPYTI' BHyTpeHHeH TpyObl mHTaromeid BeTBU (BHYTpEeHHHMX TpyOompoBoaa/TpyOsr 24).
JIOTIOTHUTE IbHBIE MTPEUMY IECTBEHHbIE ACTIEKThI 3TOr0 BAPHAHTA OCYINECTBIECHUS BKIFOUAIOT
BHYTPEHHIOK TPyOy (M3 CIulaBa WJIM JKapOCTOHMKYI0), CHAOKEHHYIO KaTyILIKOH, KaTYLIKy C
BOZSIHBIM OXJIQXKJCHHEM, 3aKJIFOUEHHYI0 B KOHLIeHTpaTop 30 moToka u3 (eppuTHOro cocrana,

1 010k 32 mMUTAHUS IJIST KATY IIKH.

[29] Tenepr cO CCHUIKON KOHKPETHO Ha (UT. 2, PaCKPBIThI HArpeBaTEbHOE YCTPOHCTBO
nurtarouiei Bereu / y3en 40 muraromero TpyOOnpOBOAHOIO HArpeBaTess ¢ JOMOJIHUTEIbHBIM
HarHeTaHueMm 36 raszoBoro kapOropmszaropa. Kak B ciydae ¢ ¢ur. 1, y3en 40 BbImonHEeH
CHELMANbHO JUIsI MUTAIOIIEeH BETBU K MammuHe JJIsi OpukerupoBanust u noxsoxa HDRI ot
nuraromero OyHkepa st HDRI B miaBuiibHBIN anmapat, OJHAKO TaKKe MPEATIONaratoTcs U
apyrue mnpuMeHeHus. Ysen 40 ComepXKUT HW30JMPOBAHHYI HApyKHYK TpyOy 22 u
BHYTpPEeHHIOO TpyOy 24 mnwuTaromeld BETBH, PACIHOJOKEHHYIO BHYTPH H30JIMPOBAHHON
Hapy kHOU TpyObI 22 nuist mpuema notoka 26 HDRI, kak nmoka3aHo Ha ¢ur. 2. Takum obpazom,
COrJacHO BapuaHTamM ocyliecTsiaeHuss y3en 40 Takke CKOHCTPYUPOBAH B  BHIE
KOHLIEHTPUYECKHUX TPYyO IJIsi oOecredeHns: BO3SMOKHOCTH MPEUMY IECTBEHHOTO BBITIOJTHEHUS
BHYTpeHHeH TpyObl 24, kotopas siBiseTcsi (PaKTUYECKUM MHTAOIIMM TPYyOONPOBOIOM, H3
YCTOWYHUBOTO K TEIUTy M KOpPPO3uU cruiaBa auist TpancnoptupoBku HDRI. Buytpennsisi TpyOa
24 MOXeT Takke COAep KaTb TBEPAbIM KepaMUYECKUN OTrHEyNOpHbIM Marepuan. Ysen 40
JOTIOJIHUTENBHO COAEPKUT HATPEBATENBbHBIN 3JIEMEHT, MOKA3aHHBIA B BUAE MHIYKIHMOHHBIX

kaTymek 28 Ha ¢ur. 2 Kak NPUKPEIUICHHbIH K HAPY)KHOMY IE€PUMETPY BHYTPEHHEH
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nuratomeir Tpyosr 24. Karymkum 28 MoryT comepkartbh TPyOKM W3 MenU HIIM JPYyroro
NPOBOJSIIEr0 METajlla, BBIMOJHEHHbIE B BUAE JKelaeMOod (OpMbl KaTyIIKW, U OHHU
MPUKPEIUICHBl B OJHOM MJIM OoJiee MeCTaxX Ha BHYTpeHHeW TpyOe 24 muraromieil BeTBU IS
o0ecriedeHnss MArHUTHOTO TOTOKA, HEOOXOIUMOro JJIsi MHAYKIHOHHOro Harpesanus HDRI
Karymku 24 MOryT cHaOKaTbCs OXJIOKIAIOIIEH BOAOH JUIsl MPENOTBPAINEHUS Teperpena.
bone Toro, karymku 28 MOryT ObITh 3aKIIFOUEHBI B (DEPPUTHBIN KOHCTPYKLIMOHHBINA MaTepHal,
yroObl OH  CHyXXHJ ~ KOHUeHTpatopoM 30 marHutHoro motoka. Kak  Taxke
NPOWJUTIOCTPUPOBAHO Ha (ur. 2, KaTymIKd 24 MOTYT MOJy4aTh IMUTAHUE OT CHEHaIbHOTrO
O50Ka MJIM UCTOYHHUKA 32 MUTAHMSA, HACTPOCHHOI'O HA JKENAEMyI0 M ONTHMAJBbHYIO YacTOTY
s obecnieueHus JkeaeMoro HarpeBanusi. Takum oOpa3om, OJOK MM UCTOYHHK 32 MUTAHUSA
MOXeET OBbITb COEIUHEH C HarpeBaTeNbHbIM 3JeMeHToM/karymkamu 28. Karymku 28
BBITIOJTHEHBI C BO3MOKHOCTBIO Tepenauu SHepruu u3 Ojoka 32 nuraHus B GopMme Tera At
HAarpeBaHMsl TIOTOKA JKejle3a MpPsIMOTO BOCCTAHOBIEHMS uepe3 TpyOomposoa. OmopHble
(naHub! 34 NONMOTHUTENBHO MOKa3aHbl Ha (Ur. 2, U KaTyIIKW/y3eld MOTYT OBITh BCTaBJICHBI

Kak TpyOHas CeKLus.

[30] Cnenyer ormeruTh, 4YTO XOTS HarHetaHue 36 ra30BOro KkapOrwopuzaTopa
NPOWJLTFOCTPUPOBAHO Ha (Ur. 2 Aajblie IO XOAy IOTOKA, OHO MOXET TaKKe MPOHCXOAUTH
paHbIIIe MO XOAY NMOTOKa OTHOCHTEJIBHO KaTyIuek 28. Takke npu moaaepkaHuu TEMIIEPaTy Pbl
HDRI Ha ypoue mnpubmmsurenabno 700°C wnm  Bblle MOXKET OBITh  OCOOEHHO
NPEUMyLIeCTBEHHbIM O0ecreunBaTh HarHeTaHue 30 Ta30BOro KapOropuszaropa B BHIE
BCTPEYHOro mnotoka oTHocureabHo HDRI, uToOBI «mumngoBate» ypoBeHb yriepoaa ¢
nobasnennem no npudbmusutensHo 0,1% C  (orpaHuueHWs: BpeMeHH MpeObIBaHUS).
Temmepatypa TmOTOKa Tra30BOro KapOopuszaTopa MOXKET COCTAaBJIATb, HAIPUMED,
npubnmm3utenbio ot 700°C nmo 950°C wnu mpencTaBisiTh JIOOYEO APYTYH MOIXOISIIYIO
TeMnepaTypy Uia noxanepxkanus cxenaemon temnepatypel HDRI. HDRI moxer, Takum
oOpazoMm, OBITH JOCTaBJIEHO MpPU ONTHUMAJIBHONH TEMIIEpaType B MAIIWHBI JUJISI TOPSIUEro

OpukeTnpoBaHus 1Js1 POPMHUPOBAHUS OPHKETOB BBICOKOTO KAueCTBaA.

[31] Taxum oOpas3om, B 5TOM MPUMEPHOM BAapHAHTE OCYLIECTBICHUS M KaK IMOKa3aHO Ha
¢dur. 2, 3T0T BapuaHT 00ECNEeUnBAET BO3MOXKHOCTDH YIIYUIIEHHOH 00palOOTKH MOCPENCTBOM
HATHETAHMS  ra3oBOro  kapOmoopuzaropa B~ HArpeBAEMYH0  IHTAOIMYKD  BETBb.

HpeI/IMYH_[eCTBeHHbIe ACIICKTbI 3TOI'0 BapHUaHTA OCYLIECCTBJICHUA BKJIFOUAKOT HAT'PEBATCIIBHOC
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yCTpOICTBO MuUTaroLIeldl BETBU / y3es MHUTAOINEro TPyOONPOBOAHOrO HArpeBaTeNs Kak Ha

¢ur. 1 1 30Hy HarHeTaHus ra3a JAJisi HATHETAHUST HAarpeToro ra3oBoro kaporopusaropa 36.

[32] Tenepp co cCHUIKOH KOHKPETHO Ha (ur. 3, pacKpbIThl cucTeMa/criocod 60 MoBTOPHOTO
Harpesanuss HDRI. Otor mnpumepHBlii BapuaHT OCYLIECTBJIEHUS IPEUMYIIECTBEHHO
MO3BOJISIET OCHAIATH BBIMTYCKHBIE BETBU nuraromero OyHkepa nimst HDRI uHayKIMOHHBIMU
HarpeBaTeNbHbIMU KaTylIkaMU. (COOTBETCTBEHHO MPEUMYILECTBEHHbIE aCHEeKTbl 3TOrO
BapUAHTa OCYINECTBJICHHs MPENyCMATPUBAIOT 3aMEHY pPas3rpy30uHOM NHTaroled BeTBH /
TpyOONpoBOJa HArpeBaTENbHBIM YCTPOHCTBOM NHUTAKOLIEH BETBU / Y3JIOM IHTAIOLIErO
TpyOONPOBOAHOIO HarpeBaTesisi, NOAOOHBIM IPENCTaBIEHHOMY Ha (ur. 1, 1y moBTOpHOTro
HarpeBanuss HDRI, pasmemienue BeTBW/TpyOOmnpoBOAa TMOBTOPHOIO HArpeBaHUs I1OCHE
OapabaHHOrO nHTaTEeNs W 30HY HArHeTaHUs] rasa IJii HArHETaHUs HAarpeToro ra3oBOTO

KapOropuzaropa.

[33] @ur. 3 MoxeT Takke ObITh ONMHUCAHA B KOHTEKCTE CrOcoOa HArpeBaHHs JKeje3a
NPSIMOTO  BOCCTAHOBJIGHUS MeEXJy HCTOYHUKOM JKeje3a INPsSMOro BOCCTAHOBJIEHUS U
obpabaTsIBarOIUM 00OPYIOBAHUEM UL JKejle3a MPsIMOro BoccTaHOBIEHHs. Criocod MoxkeT
BKJIFOYATh TPEAOCTABICHHE HArpeBaTeIbHOrO YCTpPOWCTBA mHTarouieil BeTBu / ysma 20
NHUTAIOLIEr0 TPyOONPOBOAHOTO  HArpeBaTeNs, KOTOpPbIe MOAOOHBI  HArpeBaTEIbHOMY
YCTPOHCTBY mUTaroIiei BeTBU / y3ay 20 muraromero TpyOOMpOBOIHOIO HarpeBaTels,
MpeACTABJICHHBIM Ha (1)1/11". 1, MEXKAY HUCTOYHUKOM IXKEJIC3a IPAMOro BOCCTAHOBJICHHUA U
obpabarbIBaroIUM 000pYIOBaHUEM, TIPU 3TOM TpyOomnposox y3na 20° (1Ba MoKa3aHbl B HEM)
NPUHUMAET TOTOK JKejle3a MpPSMOr0 BOCCTAHOBJICHUS M3 HMCTOYHHKA JKeje3a IpsIMOTrO
BOCCTAHOBJICHHUS U HArpeBaeT JKeJie30 NPSIMOTO BOCCTAHOBJICHUS] TPU MPOTEKAHHUU JKejie3a
NPSIMOTO BOCCTAHOBJIEHUS depe3 TPyOompoBoa U B obpabareiBaroiee 000pya0BaHUE, TAKOE
KaK IUIAaBUJIbHBIM amnmapar, 4epes3, HalmpuMep, TOYKM 68 mojaydu IUIAaBUJIBHOTO amnmaparta.
Cnenyer moHMMAaTh, 4YTO XOTS CCBhUIKA OCYINECTBJIsIETCS Ha (ur. 3 Ha KOHKPETHOE
obOpabaTbiBaroiiee 0OOpyIOBaHHE, MOTYT OBITh HCIOJB30BaHBI Jpyrue obpabarbiBaroiiee

obopynoBaHue U pacnoioskeHue y3na 20’.

[34] Kak npasuno, HDRI mony4aroT mocpencTBOM BOCCTAHOBIIEHHSI OKATBILIEH, OJIOKOB
W/WIIN arjioMepaToB OKCHIA kKejie3a B MIaxTHOH meun DR wim mocpencTBOM MOBTOPHOTO
HAarpeBaHusl XOJIOJHBIX OKaTblmel, O6mokoB w/mmn armomeparoB DRI B meun moBTOpHOrO
HarpeBa s DRI (He mokasana). Kak mokasano Ha nmpumepHo#i ¢wur. 3, HDRI moxer ObiTh

pa3Memneno B muraromux OyHkepax A, B nmns HDRI Xors moka3aHo 1Ba MUTAIOIINX
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OyHKepa, clenyer IMOHWMAaTh, YTO MOXKET OBbIThb HCIIOJNB30BAHO MEHbINEE WM OoJbInee
konuuecTBo. Ilutaromume OyHkepsl A, B amgs HDRI moryt ObITE IpOMEKYTOYHBIMH
OyHkepamu, mnpuHUMarmmuMu 1O0ToK HDRI, co  CcKOJp3AmuUMH  3aciiOHKaMu 62,
WCIIOJB3y eMbIMU 1151 yripaBiieHus: noTokoM HDRI B kanans! 64, npuanmaromue notok HDRI
u3 nuraromux OyHkepoB A, B mns HDRI nns npoxosknenus: matepuana k OapabaHHOMY
nurateno 66. bapaOanHblii muraTens 66 MOXXeT OTBe4YaTh TPEOOBAHUSAM IUIABUIBHOTO
anmapara (He TOKa3aH), pacloyIoKeHHOTO Jablie 1Mo xony noroka. Kak nokasano Ha ¢ur. 3,
HDRI, BeiTekatomee u3 OapabaHHOro mutarenss 066, MOXKET MOCTYINAaTh B HArpeBaTEIbHOE
yCTpOHCTBO muTaromell BerBu / y3en 20’ mwmraromero TpyOONMpPOBOAHOIO HarpesaTels,
KOTOpbI€ MOJOOHBI HArpeBaTeIbHOMY YCTPOMCTBY nuTaromed BeTBU / y3i1y 20 NMUTArOIIEro
TpyOONPOBOAHOIO HarpeBarens, NpeacTaBieHHbIM Ha ¢ur. 1. Takum o0pa3oM, MOKHO
CCbUIAaThCSl Ha onmcaHus y3na 20 ajst 3TOro BapuaHTa OCYIIECTBICHUsS] ¢ NoOaBleHHEM
MeXcoenuHeHus1 61 Kak B OTHOLICHUH IABYX COEAMHEHHBIX TPyOONPOBOIOB, MOKA3aHHBIX HA
¢ur. 3. Hanpumep, y3zen 20° MoxeT momoOHbIM 00pa3oM COIEpKaTh H30JIMPOBAHHYIO
Hapy KHYIO TpyOy 22 ¥ BHYTPEHHIOW TpyOy 24 muTarouieil BeTBH, PacIONOKEHHYI0 BHYTPH
W30JIUPOBAHHOM Hapy KHOH TpyObl 22 st mpuema notoka 26 HDRI, kak syuiine Bcero BUAHO
Ha ¢ur. 1. Takum 0Opa3om, COrJIacCHO BapHaHTaM OCYIIECTBJICHHUs y3ed 20’ MOXKeT Takke
OBITb CKOHCTPYHPOBAH B BUAE KOHLEHTPUUECKUX TPyO IUIsi obecredeHus: BO3MOKHOCTH
NPEUMYIIECTBEHHOTO BBIMOJIHEHHSI BHYTPEHHEH TpyObl 24, KOTOpas sIBIAETCS (PaKTHUECKUM
NUTAIOMNM TPyOONPOBOAOM, M3 YCTOHYMBOrO K TEIUly W KOPPO3UH CIUiaBa ISt
TpancnoptupoBku HDRI. BryTpennsist Tpyba 24 MOXKeT Takke COAEpKaTb TBEPIbIH
KepaMUYECKU  OTHEYMOpHbI  Marepuan. Y3en 20°  AONMOJHUTENBHO  COAEPIKUT
HarpeBaTeNbHbIN 3JIEMEHT, TOKAa3aHHbIN B BUI€ MHAYKLHUOHHBIX KaTylleK 28, KOTOPbIe MOTYT
OBITH MPHUKPEIUIEHBI K HAPY)KHOMY MEPUMETPY BHYTpPEHHe# mutaromeil Tpyos! 24. Katymku
28 MOTYT cozep:kaTh TPyOKH U3 MEIU WM JPYTrOro MpOBOMSIIEr0 METaJlla, BBIIOJIHEHHBIE B
BUJIC ‘KelaeMOW (pOPMBI KATYIIKH, W OHH IMPHUKPEIUICHbI B OAHOM WM Oojiee MecTax Ha
BHyTpeHHeH TpyOe 24 nuraromed BeTBU [JIsi OOeCmeueHHsi MAarHUTHOTO —IIOTOKA,
HeoOxomuMmoro st uHAyKuuoHHoro Harpesanuss HDRI. Karymku 24 moryT wuMeTh
MHUHHMAQJIBbHYIO JUIMHY 4 MM H MOTYT CHaOXaThCs OXJXKAAKOLIEH BONOW IS
NpeoTBpaLIeHUs eperpesa. bose Toro, karymku 28 MOryT OBITh 3aKJIFOUEHBI B (PePPUTHBIH
KOHCTPYKLUMOHHBIH MaTtepuas. Kak Taxke NpomumocTpupoBaHo Ha ¢ur. 3, karymkm 28
MOTYT TIOJly4aThb THMTaHHE OT CHENHMAJbHOTO OJIOKa WJIM WCTOYHHKA 32 TMUTaHu,
HACTPOEHHOTO Ha JKEJAEMyK0 M ONTHMAJIBHYIO YacTOTy IJIsi OOECHEeueHUs >KelaeMOro

HarpeBaHusi. Takum oOpa3om, OJIOK MM UCTOYHMK 32 TMHUTaHHUS MOXKET OBITh COEAMHEH C
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HarpeBaTeNbHbIM 3yeMeHToM/Kartyinkamu 28. Kartymku 28 BBIMONHEHBI C BO3MOXKHOCTBIO
nepenayn >Hepruu u3 Onoka 32 muraHus B (GopMe Terula JJisl HArpeBaHHs IMOTOKA JKele3a
NPSIMOTO BOCCTAHOBJICHUS Uepe3 Kakablid Tpybonposoa. Crenyer OMOJHUTENBHO OTMETHTD,
4TO HarHetaHue 36 ra3oBOro kapOpHU3aTOpa, MOKA3aHHOE U OMHCAHHOE BBIIIE CO CCBUIKON
Ha ¢ur. 2, MOXeT TakXke OBITh NPEHMYIIECTBEHHO FMCIIOJIb30BAHO B 3TOM BapHaHTE

OCyHIECTBJICHUS, €CIIU HGO6XOI[I/IMO.

[35] Temneps co cChbUIKOI KOHKPETHO Ha (GUT. 4 B €Ie OAHOM JIOTOJHUTEIbHOM IPUMEPHOM
BapHaHTe OCYIIECTBJIEHUS TOKa3aH KOJIbLIEBON TpyOompoBon / HarpeBaTeNbHbI y3en 70 ¢
aJbTEPHATHBHBIM TIOTOKOM, BBIIIOJHEHHBIH B BUAE TPyOONPOBOAA C KOJBLEBBIM IMOTOKOM U
0COOEHHO MOAXOASIIUI JJs1 NpPEeABApUTENPHOrO HarpeBaHus / IOBTOPHOTO HarpeBaHUs
BBICOKOH MoIHocTH. CrenyeTr M3Ha4ajdbHO OTMETUTb, YTO 3Ta KOHQUTYpaIHs MOXKET ObITh
aIbTePHATHBON KOH(pHUIypauuu NUTaoLed BeTBH / TpyOompoBoma ¢ KOHLEHTPHYECKOM
TpyOoii, onmcaHHoi B orHomeHuu ¢ur. 1. Karymxu 28 moryt ObITh mnpenocTaBieHbI
napaulebHO KaK BHEINHWH M BHYTPEHHUH HAOOpBI KaTylIeK, KaK JOMOJHHUTEIbHO ONHCAHO
HIDKe M TOROOHBIM 00pa3oM, kKak omucaHo it ¢ur. 1 m 2, HO C JONOJHHUTEIbHBIMU
katymkamu. Kak mokazano Ha ¢ur. 4, morok HDRI mocrymaer B mepByr 4Yactb 72
TpyOonpoBoga 70 ¢ mepBbIM gUAMETPOM, U ero (opma pacIIupsieTcss B KOHHYECKOMH
NePEeXONHON 30He A0 OONbLIMX AHAMETPa/IIMPUHBI BO BTOPOH uactu 74, mepexons B
KOJIbLIEBYIO (hOpMy, OOECTeYHBAIOINYIO MyTh MOTOKA KOJBLEBOH (HOPMBI AJISi TOCTY IUICHUS
HDRI. B Tpertbeii uactu 76 ero ¢popma cykaercsi BO BTOPO KOHUYECKOH MepexOHON 30HE U
3aTe€M TMEepPexXOAUT B 4eTBEPTYHO 4acTb /8 nus Bbixoma noroka HDRI ¢ nuamerpom mo
CYLIECTBY TakKUM K€, KaK U y MEPBOH 4acTH 72, B KOTOPYIO M3HAYAJbHO MOCTYMAET MOTOK
HDRI. DToT BapwaHT OCYLIECTBICHHUS NPEUMYLIECTBEHHO O0ECIeYnBAaeT BO3MOYKHOCTD
pa3MelIeHrs BHEUTHEW M BHYTPEHHEW KaTywiek 28 misl yJaydIIeHus mpoQuuisi HarpeBaHUs

MarepHasa, Kak nokasaHo Ha ¢ur. 4.

[36] bonee Toro, 3TOT BapUAHT OCYIIECTBIIEHUS, NPEICTABICHHbINH Ha ¢ur. 4, sBiseTcs
OCODEHHO TMpPEeNMYIIEeCTBEHHbIM, eciu Tpedyercs Oojiee paBHOMEpHOe WK OoJjiee
WHTEHCHUBHOE HArpeBaHHe, IOCKOJIbKY MeEHbIee IONepPevHoe CEYeHHe Marepuaja Oynaer
obecrieunBaTh BO3MOXKHOCTh YCTAHOBKHM KaTymek 28 Ha obeux cTopoHax TpyOomposona.
Hampumep, xonbueBoii Tpybompoon 70 MoOKeT comepkaTh TMPUEMHBIH KOHYC U
TMHAPWYECKUN COCYJ, PACIOJIOKEHHBIM BOKPYT BHYTPEHHErO BCTABHOTO KOHyCa IS

oOJierueHust II0TOKaA, 4TOOBI pacmirpATh MOTOK MaT€puajia U3 HI/ITaIOLI_IefI BETBU JUAMETPOM
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400 MM B KOJBLEBOE MNPOCTPAaHCTBO 71 ¢ HapyxHbBIM auameTpoM700 MM M BHYTPEHHHUM
mnamerpoM 550 mm. Takum obpasom, mract oxareimed aumamerpom 400 MM Oyzer
NEPEeXOAUTh MOCPEICTBOM KOHYyCa B IUIACT OKATHIIEH MEHbIIEH IIUPUHBI, COCTABISIOLIECH
75 MM. KOHLIEHTpUYECKH PACIIONIOKEHHbIE BHELIHSSI U BHYTPEHHSA KaTyIIKU 28 HHAY UUPYIOT
MarHUTHbIE TIOJISI ¢ OOEMX CTOPOH IJIacTa OKaThIIIeH U 0OecredunBaroT 0ojiee HHTEHCHUBHOE U
paBHOMepHOe HarpeBaHue. BHemHsas katymka OyneT NpHUKpeIUIeHA K Hapy’KHOH YacTh
IUTMHAPUYECKOTO COCY1a MOJOOHO MUTAKIINUM KaTyIukam 28, n3obpaxeHHsM Ha ¢ur. 1 u 2.
BryTpennue katymku 28 MOryT OBITP yCTaHOBJIEHBI BHYTPHU BCTaBHOTO YCTPOWCTBA IS
o0JierdeHust oToKa, KOTOPOe MOXKET MOAAEPIKUBATHCS ONOPAMHU 73, TAKUMH KaK CTATHYECKHE
CTEP>KHHU, YTOOBI KaK yAEpP>KUBAaThb BCTABHOE NMPUCIOCOOJIEHHE HA MECTE, TaK M CIYXXHUThb B
Ka4yecTBe TPyOOnpoBoaa AOCTyIA AJIs MOAAYU MUTAHUS U OXJIAKAAIOLIEH BOABI K BHY TPEHHEH
karymke 28. Harperble okarbimy OyayT 3aTeM IOCTYNaTh B IMONOOHYK KOHHUYECKYIO
NepeXOHYI0 30Hy, 00paTHO B TpyOomposoa auamerpom 400 mm. Katymiku 28 BBITOJHEHBI C
BO3MOJKHOCTBIO Iepefiayy dHepruu u3 Osoka 32 nutaHus (He mokas3aH) B (opme Tera ams

HarpeBaHus1 MOTOKA XKeEJI€3a MpsaMOro BOCCTAHOBJICHUA.

[37] IlpeumyuiecTBEHHO STOT BapHaHT OOECHEYMBAET BO3MOXKHOCTb aJbTEPHATUBHBIX
reoMeTpUYeCcKuX (OpM BBIMYCKHBIX BeTBeH / TpyOONMPOBOAOB MHUTANOINEro OyHKepa Jis
HDRI  nns  ueneii  npenaputenpHoro  HarpeBanuss HDRIL  JlononHuTenbHbIE
NPEUMYLIeCTBEHHbIE ~ aCMEeKThl ~ 3TOr0  BapUaHTAa  OCYLIECTBJEHHs  (BapuaHT  A)
NpeayCMaTPUBAIOT Tocie 0apabGaHHOrO MHTATENsl MEePeXO] OKPYIIIbIX MHUTAKOIINX BETBEH B
KOJIbLIEBYIO 30HYy HarpeBaHus C JAByMsl HaOopamMu Karymek 28, KOHLEHTPUYECKH

PaCIoJIOKEHHBIX B BUAC BHCITHUX U BHYTPEHHUX HAIrPE€BATCIbHBIX KAaTy LICK.

[38] Temepr cO CCBHUIKOW KOHKpeTHO Ha (ur. 5, B emle OJHOM JOMOJHHUTEIHbHOM
NPUMEPHOM BAapUAHTE OCYINECTBJICHUS PACKPBIT NPSIMOYTONbHBIA y3en 80 HarpeBaHus
TpyOonpoBoaa / momauu riaBwibHOTrO ammapara it HDRI ¢ anpTepHaTHBHBIM MMOTOKOM,
BBITTOJTHEHHBIN B BHIE TPYOONpPOBOAA C MPSIMOYTOJIBHBIM MTOTOKOM M OCOOEHHO MOAXOSIIHUI
IUISL TIPEABAPUTENLHOTO HATPEeBaHUs1 / TOBTOPHOTO HArpeBaHMsI BBICOKOH MomHocTh. Crenyer
U3HAYAJIbHO OTMETUTh, YTO 3Ta KOH(Urypamus MOXKET TakKe OBITb aJIbTepPHATHBON
KOH(pUTyparmu nuTaromeil BeTsy / TpyOonpoBoa ¢ KOHIEHTPUIECKOM TPy OO, ONMUCaHHOH B
orHomenun ¢ur. 1. Karymka Moxker ObITh mpenocTaBieHa B KOHQUrypauuu «OivHa» Ha
KaXXJIOi CTOpOHE TPyOONpoBOna, Kak MOKa3aHO Ha (Ur. 5, U Kak JOMOJIHUTEJbHO OIMUCAHO

ke, Kak nokaszano Ha ¢ur. 5, morok HDRI nmoctymaer B mepByro 4acth 82 TpyOornposoaa
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80 ¢ mepBbIM AMaMeTpPOM M ero (opma pacmmpsieTcss B NEPEXOIHOW 30He 10 OOoJbIueit
IIMPHUHBI BO BTOPOH YacTu 84, mepexoas B MpsMOYTOJbHYI0 (opMy, o0ecTieqrBaroIy o myTh
NOTOKa NPsIMOYTOJIBHOM (opmbl it noctyruiennss HDRI. B tperweit wactu 86 ero ¢opma
Cy>KaeTCcsi BO BTOPOM MNEPEXOAHOM 30HE M 3aTE€M MNEPEXOAUT B 4YETBEPTYI0 4acTb 88 A
Bbixoga noroka HDRI ¢ auameTpoM mo cymecTBy TakuM k€, Kak y NEpBOM 4acTu 82, B
KOTOpyI0 wu3HadanbHO mocTtymnaer norok HDRI. OpHako BBIXOA MOXKET TakKe HMETh
OTJIMYAIOINMECS] KPYTJIble, KBaApaTHble WM Apyrue mnoxaxomsamue ¢opmbel. Karymku 28
BBINOJIHEHBI C BO3MOXKHOCTBIO NEpeauy 3Hepruu u3 Omoka 32 nuraHus B GopMe Tera A
HAarpeBaHusl MOTOKA JKeJie3a MPSMOT0 BOCCTAHOBJIEHHs 4yepe3 TpyOOompoBoa. DTOT BapHAHT
OCYIIECTBIIEHHS IPEUMYIIIECTBEHHO 00€CIeunBaeT BO3MOXKHOCTh Pa3MELIeHUs KaTyIek 28 B
KOH(pUrypamu «OJarHay A yJIydlleHus: NpoQuiis HarpeBaHus MaTepuana, Kak Moka3aHo Ha

¢ur. 5.

[39] Kpome TOro, 3Ta KOHCTPYKLHSI C MPSMOYTOJBbHBIM MOTOKOM, OCOOEHHO MOAXOASIIAs
AUl BBIXOAHOTO TOTOKa M3 mnutaromux OynkepoB s HDRI, moxeT npenycMarpuBaTth
nepexo OT KPYTJIOro K MPsIMOYTOJbHOMY TpyOompoBoay, HampumMep ot auamerpa 400 MM K
BHyTpeHHUM pasmepam 100 x 1250 MM. DTOT NpsIMOYTOJIbHBIN KaHAT CHAOXKEH KaTyLIKaMH B
BUne «OnMHA», KOTOpble OOO3HAYAIOT KATYIIKH, BBIMOJHEHHBIE TaK, YTO OCh KATYIIKH
NEePIeHIUKYJIIPHA CTOPOHAM TPYyOOINpOBOJA, HA Ka)IOH CTOpOHE, uTOOBI 00ecrevnBaTh
NMPOHUKHOBCHHUE B ILIIACT OKaThIIIEH MoCpeaAcCTBOM 0oJ1ee UHTEHCUBHOTO Harp€BaHUs. BbIHyCK
MOKHO TIePEBOJUTH B JIOOYHO JKEIaeMYyH TIe€OMETPUYEeCKy (GopMy. BrimensnoskeHHbIE
aJbTEepHATHBHbIE T€OMETpHYECKHEe (OPMBI MOTYT OBITH HCIOJB30BAHBI, €CIH HEOOXOIHUMO
Oonbliee KOJMYECTBO MOABOJUMOIO TeIUla, HANPUMEP TNPH MOBTOPHOM HArPEBAHUU WU

npeasapurenbHoMm Harpesanu HDRI

[40] IIpeumymieCTBEHHO  S5TOT  BapUaHT  TaKke  O0eCrneunBaeT  BO3MOXKHOCTB
AJIbTEPHATHBHBIX F€OMETPUUECKUX (POPM BBIMYCKHBIX BEeTBEH / TPyOONMPOBOAOB MUTAIOINETO
oyukepa nnsi HDRI nnst ueneit mpensaputensHoro narpeBanuss HDRI. JlonomHuTEIbHBIE
NPEUMYIIeCTBEHHbIE ~ aCMEeKThl  3TOr0  BapuUaHTa  OCYIIECTBICHUS  (BapuaHT B)
NpeayCMaTPUBAIOT mocie O0apabaHHOTrO MUTATeNss MEePeXol] KPYTJbIX MUTAKOIIUX BETBEH B
NPSIMOYTOJIbHYIO 30HY HarpeBaHUs C IBYMsI HAOOpaMH KaTyIleK B BUe «OIMHAY, IO OHOMY

Ha Ka)X0¥ CTOPOHE COCyAa.
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[41] Xors Hacrosimee M300peTeHHE MPOWLTIOCTPUPOBAHO M OMUCAHO CO CCHUIKOH Ha €ro
NPEANOYTUTENbHbIE BAPUAHTHI OCYIECTBJICHHS U KOHKPETHbIE UX MPUMEpHI, CIIELUaINCTaM B
JaHHOW 00jacTH TeXHWKH OyJeT OYeBHIOHO, YTO JAPYrHe BAapUAHTHI OCYLIECTBICHHUS WU
NPUMEPBI MOTYT BBITIOJIHATH MOAOOHbIE (PyHKIIUN W/HUIM JOCTHraTh MOJOOHBIX PE3yJIbTaTOB.
Bce Takue 3KkBUBaJIEHTHbIE BAPUAHTHI OCY LLIECTBJICHUS U IPUMEPDI HAXOAATCS B paMKax UJeu
U 00BeMa HACTOALIEr0 M300pETEeHUs] U NMPEeNyCMOTPEHbl MM, U TPENIONIaraeTcsi, 4YTO OHHU
OXBAaTBhIBAIOTCs cieayromeid Qopmynoit u3zobperenus. Kpome Toro, Bce 3JIeMEHTHI U
NPU3HAKY, OINWCAHHBIE B JAHHOM JOKYMEHTE, MOIyT OBIThb HCIIOJNIb30BaHbl B JIFOOOH

KOM6I/IHaLII/II/I B BapuaHTax OCYILICCTBJICHUS.
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OOPMVIJIA U30BPETEHHA

1. Cnocob HarpeBaHusi skeje3a TMPSIMOTO BOCCTAHOBJIEHHSI MEXKIYy HCTOYHHMKOM Kelie3a
NPSIMOTO BOCCTAHOBJICHHsT U oOpadaTbhIBarOINM OOOPYIOBaHHEM Ui JKejie3a IPSIMOTrO

BOCCTAHOBJICHUSI, BKJTIOUAIOTITUIN:

IPEIOCTABJICHHE y3J1a TPYOOIPOBOJHOIO HArPEBATENs MEXy HCTOYHHKOM JKeje3a MPsSMOro
BOCCTAHOBJIEHHUSI U 00palaThIBaIOIIMM OOOpPYIOBaHHEM, NMPU 3TOM y3es TPyOOmpOBOAHOTO
HarpeBaress NPUHUMAeT TOTOK JKejle3a MPsIMOrO BOCCTAHOBJICHHMs M3 HMCTOYHHKA JKele3a
NPSIMOTO BOCCTAHOBJICHUSI U HAarpeBaeT JKeJie30 MPSIMOTO BOCCTAHOBJICHHS MPH MPOTEKAHUU
’Keje3a IPSIMOTO  BOCCTAHOBJIEHHS 4Yepe3 y3el TPyOONpPOBOAHOIO HarpeBaTelst U B

oOpabaTbiBaroiiee 000pyaOBaHUE.

2. Cnocob mo m. 1, oTMyaromuiicss TeM, 4TO JKeJe30 MPSIMOrO BOCCTAHOBJICHUSI SIBIISIETCS
rOpsYMM JKeJIe30M IPSIMOrO BOCCTAHOBJIEHUS] U3 LIAXTHOW €YU NPSIMOrO BOCCTAHOBJICHUS

WM TI€YU MOBTOPHOI'O HArpe€Ba AJiA KEJI€3a NPsAMOro BOCCTAHOBJICHUS.

3. Cnocob mno m. 1, OTIMYArOIMIACS TeM, YTO MUCTOYHHUK jKejie3a MPSIMOrO BOCCTAHOBJICHUS
SIBJIIETCSL MO MEHbIIEH Mepe OJHMM W3 ILIAXTHON Neud MpPSIMOro BOCCTAHOBJIEHHS, ITE€YU
MOBTOPHOI'O HArpeBa MJisl JKejie3a MPSMOro BOCCTAHOBJIEHHS, MPOMEKYTOUYHOIrO OyHKepa,
nUTaIero OyHKepa MAJisi TOPSYEro Kejie3a MPSMOrO BOCCTAHOBJIECHHS, DPa3deNUTeNs |

OapabaHHOTO TTUTATEJIS.

4. Crocob mo 1. 3, omnyaromuiicss Tem, 4to odpabdarbiBaromee 0OOpyIOBaHHE SBISIETCS IO
MEHbLIEH Mepe OOHUM U3 IUIABWJIBHOTO armapaTta, OpUKETHPYIOINEH MaIlluHbl |

000pyIOBaHUs 11 TOPSTUEro NMPECCOBAHMS AJIS IPECCOBAHMS 10 00Jiee BBICOKOI IIOTHOCTH.
5. Cnoco0 mo 1. 1, OTAMYArOIMIACS TeM, UTO y3el TPyOOIPOBOIHOTO HATPEBATEISI CONEPIKUT:

TpyOONMPOBOJ, BBHIMOJHEHHBII C BO3MOMKHOCTBIO TIpUE€Ma IIOTOKA JKeje3a MPSMOro

BOCCTaHOBJICHUST,

HArpeBaTEeNIbHBIA 3JIEMEHT, pPACIIOJNIOKEHHBII CMEXHO C TPyOONMpPOBOOOM, IPH 3TOM
HarpeBaTeNbHBINA 3JIEMEHT BBIIOJHEH ¢ BO3MOXKHOCTBIO TIepeadl SHEPTHH U3 OJIOKA MUTAHUS
B (popme Tera Ha TpyOONMPOBOA M HATPEBAHUS IMOTOKA JKEJe3a MPSMOTO BOCCTAHOBIICHHMS,

MPOXOASIIEro Yepe3 TpyOOompoBOI.
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6. Cnoco0 mo m. 5, OTIMYAIOINMICS TEM, YTO HArPEeBATENbHBIA 3JEMEHT COAEPIKUT

WHAY KHUOHHBIC HAI'PEBATCIIbHBIC KaTy LIKH.

7. Cnocob mo m. 5, OTIMYAOLIUICA TeM, YTO TPYOONpPOBOA COMAEPKUT H3OJUPOBAHHYIO
HApPY’>KHYIO TpyOy M BHYTpPeHHIOIO TpyOy, o0Opasyroumyo BHYTPEHHUH TpyOompoBox,
PACIIONIOKEHHYI0 BHYTPH W30JHMPOBAHHOW HAPY)XKHOM TpyObl M BBINOJHEHHYIO C

BO3MOKHOCTBIO IIpHUEMaA IOTOKA KEJIE3a MPAMOro BOCCTAHOBJICHUS, U

IIPU 3TOM HArpeBaTENIbHBbIA 3JIEMEHT pPACHOJOXEH KOHLIEHTPUYECKU BOKPYTI Hapy KHON

MIOBEPXHOCTH BHY TPEHHETO TPYyOONpOBOAa U BHYTPU H30JIUPOBAHHOMN HAPYKHOH TPYOBI.

8. Cnoco0 mo m. 7, OTIMYAIOIIUICS TeM, YTO HArpeBaTeNbHBbIH 3JIEMEHT COAEPKUT
VHIYKLUHUOHHBIE KAaTYLWIKH M3 TPYyOOK M3 MPOBOMSINEr0 MeTajula, MPUKPEIICHHbIE K
HAPY>KHOMY MEepPHUMETPy BHYTpeHHEH TpyObl BHYTPH H3OJHPOBAHHON HAPYXKHOH TpyOBI U
BBITIOJIHEHHBIE C BO3MOXKHOCTBIO OOECHEYEeHHS MArHUTHOTO IMOTOKA JUIS ONOCPEIOBAHHOTO

HarpeBaHus XKEJI€3a NPAMOro BOCCTaAaHOBJICHUS.

9. Cniocob 1o 1. 6, OTIUYAFOIIUICS TEM, YTO AOMOJHUTENBHO BKIFOYAET HArHETAHUE ra30BOr0
kapOropu3aropa, peajM3yeMoe Aayiblie MO XOAy IOTOKAa MJIM PaHbLIe MO XOAy IOTOKA
OTHOCHUTEJIbHO KaTyllIeK, KOTOpoe o0ecrednBaeT MOTOK Ta30BOro KapOrwopusaropa dyepes

Tpy OOTIPOBOI.

10. Croco6 mo m. 6, OTIMYANOIUICS TeM, YTO TPyOONpOBOX MEPEXOAUT B MyTh IMOTOKA
KOJIbLIEBOW (POPMBI JUIsl TpHEMa TIOTOKA JKeJie3a MPSIMOTO BOCCTAHOBJICHUS] M HATPEBATEIbHBIN

AJIEMEHT CONEPIKUT MapajuleIbHbIH HAOOP MHAYKIIHOHHBIX KaTyIIEK.

11. Crocob mo 1. 6, OTJIMYAIOUIUICS TeM, 4TO TPyOONpPOBOA MEPEXOAWT B MyTh MMOTOKA
NPSIMOYTOJILHON ()OPMBI U HATPEBATENBbHBIA 3JIEMEHT COMEPIKUT MPSIMOYTOJIbHBIE TUCKOBBIE

HWHAY KIHUOHHBIC KaTy IIKH.

12. Cioco® mo m. 6, OTJIMYAIOUIUICS TeM, YTO BKJIFOYAeT TMOBTOPHOE HATPEBAHUE JKeje3a

IPSIMOTO BOCCTAHOBJIEHHS IO TeMIiepatypol npudnusurensHo ot 700 °C mo 750 °C.

13. Cnoco® mo m. 6, OTIMYANOIIUICS TEM, YTO BKIIKOYAET MPEIBAPUTENIbHOE HATrpPEeBaHHE

JKeJe3a IPsIMOTro BoccTaHoBIeHUs1 10 npudmmsutensHo 1000 °C wnu Gonee.
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14. Cnoco0 mo m. 1, oTiauyaromuiicss TeM, YTO BKIIOYAET HArpeBaHUE TOpPSUEro Kejes3a
NPSIMOTO  BOCCTaHOBJIeHUs1 A0 mnpudnusurenpHo 730 °C mnisg crabwinzanuu  COAep KaHHS

LHEMECHTHUTA U CBCACHNSA K MUHUMYMY HaHbHefIIHeﬁ JACKOMITO3UIIMH.

15. Cucrema AJIs1 HAarpE€BaHUA KEJI€3a MPAMOro BOCCTAHOBJICHUSA MEXKAY UCTOYHHUKOM KEJIE3a
NPSIMOTO BOCCTAHOBJICHHsT U 0OpadaThIBarOIINM OOOPYIOBaHHEM Ui JKejie3a MPSIMOTrO

BOCCTAHOBJICHUSI, COZeprKaIlas:
HCTOYHHK KeJie3a MPSIMOr0 BOCCTAHOBJICHHS,
oOpabaTbiBaroiee 000pyAOBaHUE IJISI XKeJjie3a MPSIMOTrO BOCCTAHOBJICHUS,

y3ea TpyOONMPOBOOHOrO HArpeBaTeNis, COEAMHSIOIIMI HCTOYHHMK Keje3a IPSIMOrO
BOCCTaHOBJIEHUs1 U oOpabaThiBarolee 000pyIOBaHUE U PACTIONOKEHHBIH MEKIY UCTOYHUKOM
JKeJiesa TPSMOr0 BOCCTAHOBJICHHMsST M 00pabaThIBaOIUM OOOPYAOBAaHHEM, MPU 3TOM y3el
TpyOONPOBOIHOIrO HArpeBaTeNisl BBIIOJIHEH C BO3MOJKHOCTBIO IpHEMa IOTOKA JKeje3a
NPSIMOrO BOCCTAHOBJIEHHUsI M3 MCTOYHHKA JKEje3a MPSMOr0 BOCCTAHOBJIEHHS M HArpeBaHUsI
’KeJie3a TPSIMOTO BOCCTAHOBJIEHHsI TIPH MPOTEKAHHH JKejie3a MPSIMOTO BOCCTAHOBIICHUS Yepe3

y3es TpyOOnpoBOAHOrO HarpeBaTelisi U B oOpadaThiBaroliee 000py10BaHUE.

16. Cucrema mo 1. 15, oTiuMyaromasicss TeM, 4YTO y3ed TPyOONMpPOBOMHOIO HarpeBaTesl

CONEPIKUT;

TpyOONPOBOJ, BBHIMOJHEHHBII C BO3MOMKHOCTBIO TIpUE€Ma IMOTOKA JKeje3a MPSMOro

BOCCTAaHOBJIEHUST,

HArpeBATENIbHBIA 3JIEMEHT, pPACIOJNIOKEHHBI CMEXHO C TPyOONpPOBOOOM, IPH 3TOM
HarpeBaTeNIbHBIA 3JIEMEHT BBIIOJHEH ¢ BO3MOYKHOCTBIO TIepeNayl SHEPTHUH U3 OJIOKA MUTAHUS
B (popme Terma Ha TpyOOMPOBOA M HATPEBAHUS MOTOKA JKEjle3a MPSMOT0 BOCCTAHOBJICHHS,

MPOXOASIIEro Yepe3 TPyOOompoBO.I.

17. Cucrema mno 1. 16, oTiuuarolascs TEM, YTO HArpeBaTeNbHBbIH 3JIEMEHT COAEPKUT

HWHAY KIHUOHHBIC HAI'PEBATCIIbHBIC KAaTy IIIKH.

18. Cucrema mo m. 17, oTiauyaromasicss TeM, YTO CHCTE€Ma BBITIOJHEHA C BO3MOKHOCTBIO
OCYILECTBJEHUs] MO MEHbLIEH Mepe OJHOr0 M3 MOBTOPHOIO HArPEBaHMS JKejie3a MPSMOro

BOCCTAHOBJICHHMsT J0 Temreparypsl mnpudbmusurespio ot 700°C  go 750°C wm
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NpEABAPUTCIIBHOTO HArpe€BaHUs KEJI€3a MPsAMOro BOCCTAHOBJIICHHUA MO0 HpI/I6J'II/ISI/ITeJ'IbHO

1000°C wnm Gonee.
19. V3en nuraromero TpyOONpOBOIHOTO HATPEBATENIS], CONSPIKAIIUMN:

TpyOONPOBOJ, BBIMOJIHEHHBII C BO3MOXHOCTBIO TIpUE€Ma IIOTOKa JKejie3a TPSMOro

BOCCTaHOBJICHUS, U
HarpeBaTeNbHBIN 3JIEMEHT, PACIIOJIOKEHHBIH CMEXKHO € TPYOOIPOBOAOM; U

IPU 3TOM HArpeBaTESbHBbIM 3JIEMEHT BBINOJHEH C BO3MOXHOCTBIO MEpelayvd SHEPTUU U3
HCTOYHUKA MTUTAaHUS B OpME Teria Ha TpyOOIIPOBOJ U HArpeBaHMs ITOTOKA JKeJje3a MPsIMOro

BOCCTAHOBJICHUS, MPOXOSILETo Yepe3 TpyOomnpoBo.
20. Y3en nuraroiiero TpyOOnpoBOAHOIO HarpeBaress mo m. 19,

OTJIMYAIOIINICS TEM, YTO TPyOONpPOBOA CONEPXKHUT H3OJHPOBAHHYIO HAPYXKHYIO TPyOy H
BHYTpPeHHIO TpyOy, 0Opas3yrolyr0 BHYTPEHHHI TpPyOONpPOBOI, PACIOJIOKEHHYIO BHYTPH
M30JIMPOBAHHOM HAPY KHOM TPYOBI M BBIMOJIHEHHYIO ¢ BO3MOYKHOCTBIO IIPHEMa TIOTOKA JKee3a

MnpsAMOro BOCCTAHOBJICHUSA, U

IIPY 3TOM HArpeBaTEIbHBIM 3JIEMEHT COAEPKUT HHAYKLUOHHbIE KATYLIKM M PACIOJOXKEH
KOHLIEHTPUYECKH BOKPYT HAPY’KHOW TMOBEPXHOCTH BHYTPEHHEro TpyOOMpoBOAa U BHYTpPHU

U30JIUPOBAHHOMN HapPy KHOU TPy ObI.
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