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AHHomayusa. OxHolt n3 HanboJIee SHEPrOeMKHX OTpaciIelt MPOMBIIUICHHOCTH SBIISETCS YepHAs METAILTYpris. MeTamuryprudeckas IpOMBIIIICHHOCTD
HHYCTPHAILHO Pa3BUTBIX CTPAH €KErOJHO CHIXKACT YIEbHbIH pacxoj HEpruu Ha 1 T MpousBeAeHHOH npoaykuuu npumepHo Ha 1,0 — 1,5 %.
B Poccun ocHOBHOM MPUUMHOIN BBICOKOH YHEPTOEMKOCTH HMPOMBIIIIEHHON MPOTYKIMH SBJISIOTCS yCTApPEBIIHE TEXHOIOTUH. DHeprocOepexeHue
B IIPOMBIIIJIECHHOM IMPOU3BOJACTBE CBA3aHO C TEXHOJIOTUEH IMPOU3BOACTBCHHOIO ITpoLEcca, MaC[HTa6aMVl l'lOTpe6J'leHl/lﬂ TOIUIUBHO-OHECPIETUYCCKUX
pecypcoB, IIO3TOMY HMOKCK ITyTeil IOBBINICHUS YHEPro3(hHEKTUBHOCTH HAMIPABJICH HA CHIDKEHHUE 3aTpaT SHEPTUH JIF000TO BHA IIPU OCYILIECTBICHUH
KOHKPETHOT'O IpoLecca B KOHKPETHOM TEXHOJIOIMYECKOM HIIM TerIoBoM arperare. Obecrnedenre SJKOHOMUYHOM paboThl EUHbIX arperaToB Tpedyer
HPOBEICHHS JEeTAIbHBIX IIPEIBAPHTEIBHBIX U IIOBEPOYHBIX PACUCTOB, MOICPHU3ALUN U BHEIPEHUS COBPEMEHHOT0 000pynoBanus. [IpencrapieHst
cXema M 0COOCHHOCTH TEIJIOBOi pabOThl HOBOM KaMepHOH neun 6apabaHHOTo THIA JJIsl HArpeBa METAIIMYECKUX U3/ICNuiT 110]] 3aKaiKy. [IpuBeieHsbI
TEXHHYECKUE XapaKTEPHCTUKH II€YH, PEe3yIbTaThl TSINIOTEXHUYECKOTO pacueTa, TEIIOBOro OanaHca U yAeIbHOrO Pacxosia TOIUINBA IPUMEHHUTEIHO
K CO3/IaHHOH NPOEKTHON KOHCTPYKLMH. Pa3paboranHast cxema paboThl [eYH UMEET CyLIECTBEHHBIC IPEUMYIIECTBA B IIIaHe SHEProdhHeKTHBHOCTH
TOILIMBA II0 CPABHEHHUIO C POJIMKOBBIMU M KOHBEHEPHBIMU CIIOCOOAMU OpTaHU3aIIH IBIKCHHSA METallIa. 3a CUeT pa3MeleHNUs 3ar0TOBOK Ha Oapaba-
HE 3HAYUTENIbHO CHUJKEHA CIOXKHOCTb UX TPAHCIIOPTUPOBKU. [IpeioxkeHHass KOHCTPYKIIMS SIBIISIETCS KOMIIAKTHOM, yOOHOH K pa3MEIIeHHUIO B Liexe
Grarogapsi MaJIol IPOTSKEHHOCTH. [IpIMeHeHne peKynepaTHBHOIO TOIUIHBOCKHUTAIOIIETO yCTPOHCTBA MO3BOISLET 3(h(PEKTHBHO UCIOIB30BATh Te-
IUIO OTXOASILMX ra30B B Ipolecce Harpesa. PazpaboTaHHble KOHCTPYKIMS M CIIOCOO TPAHCIIOPTUPOBKU M3ENUH B paboyeM MpOCTPAHCTBE Medn
MOTYT OBITh HCIIOIB30BaHbI JUIsI TEPMHYECKOIT 00pabOTKH IPYTKOB, TPYO, IIOIOCHI, @ TAKXKe COPTOBOTO MPOKAaTa Pa3IuIHON (HOPMBIL.
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Abstract. One of the most energy-intensive industries is ferrous metallurgy. The metallurgical sector in industrially developed countries is reducing
its specific energy consumption per one ton of products by approximately 1.0 — 1.5 % per annum. In Russia, obsolete technology is the main
reason for the high-energy intensity of industrial product. Energy saving in industrial production is associated with production technology and the
scope of fuel and energy resources consumption. Therefore, ways to improve energy efficiency focus on reducing energy consumption of any kind
during a specific process in a specific process or thermal unit. Ensuring the economical operation of furnace units requires detailed preliminary
and verification analyses, upgrading and introduction of state-of-the-art equipment. The study presents a flow diagram and features of thermal
operation of a new drum-type chamber furnace for heating metal products for quenching. The technical parameters of the furnace, the results of
the thermo-technical analysis, the heat balance and the specific fuel consumption as applicable to the created design are also presented. The flow
diagram of the furnace has significant advantages in terms of the energy efficiency of fuel as compared to the roller and conveyor methods of
metal transportation. Placing blanks on the drum significantly reduces the complexity of their transportation. Thanks to its small length the
proposed design is compact and easy to place in a workshop. The use of a recuperative fuel burning device allows the efficient use of the heat of
waste gases in the heating process. The proposed design and method of products transportation in the furnace working space can be used for the
heat treatment of bars, pipes, strips, as well as rolled steel of various shapes.

Keywords: chamber furnace, recuperative burner, energy efficiency, resource saving, ferrous metallurgy, combustion, heat exchange, heat balance
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[ BBEAEHKE

UYepHast Meramnyprus sBisieTcss OAHOW u3 Haubonee
JHEPrOEMKUX OTpaciiell IMPOMBIIUIEHHOCTH. MupOBOi
IPOrpecc METALUTypru4ecKoi MPOMBINIEHHOCTH HUHIYCT-
PHATIBHO Pa3BUTHIX CTPAH 33JaeT TEMIT Ha HEYKIOHHOE CHU-
JKEHUE YJEIbHBIX PACXOA0B PHEPIUH Ha | T IPOU3BEIEHHON
npoxykuuu npumepHo Ha 1,0 —1,5 % B rox. OcHoBHOM
MPUYUHON BBICOKON AHEPTOEMKOCTH HMPOMBIIUIEHHOW HpPO-
JyKIIUH, IpoU3BecHHON B Poccuu, SIBISIIOTCS yCcTapeBIlne
TEXHOJIOTUH (TEXHOIOTUYECKUE U TEIIOBbIE arperaTsl) Uis
MOTY4EHHsI AJICKTPOIHEPTUH U TeIIa. DHeprocoepexeHue
B IPOMBIIIJICHHOM TPOU3BOJICTBE CBA3aHO C TE€XHOIOTUEH
MIPOM3BOICTBEHHOTO IIpoIlecca, MacuradaMu moTpeodie-
HUSl TOIUTMBHO-3HEPreTUYECKUX PECYPCOB, OITOMY IOHCK
IyTeil MOBBIMIEHHUS SHEPro3(h(HEKTUBHOCTH HAIIPABICH Ha
CHIDKCHHE 3aTpaT JHEPTHH JII000ro BHIA IPU OCYIIECT-
BIIGHHMM KOHKPETHOTO MpoIlecca B KOHKPETHOM TEXHOIO-
THYeCKOM HJIHM TeIUIoBoM arperare. Bee a1o Tpedyer mpo-
BEICHUS JCTANBHBIX IPEABAPUTENBHBIX U IMOBEPOUYHBIX
pacyeToB MEYHbIX arperaroB, MOJACPHU3ALUM U BHEIPEHUS
COBPEMEHHOTO 000pYy/IOBaHMS W Y3JIOB Uil 0OecCTiedeHHs
9KOHOMHYHOCTH PaboTHI Me4HbIX arperaros. [lo MHeHHIO
MHOTHX OTedecTBeHHBIX [ 1 — 3] n 3apy0OexxubIx [4 — 20] nc-
clleioBaTeel 3HAUNTEIbHOE COKPALIEHUE YHEPTOEMKOCTU
METAJUIONIPOIYKIIUA MOXKET OBITh JOCTUTHYTO TOJBKO 3a
CUYeT BHEAPEHHs NepenoBhIX dHepProd(HeKTUBHBIX MeTal-
JTyprHYECKUX TEXHOJIOTHH.

[ HoBASA KOHCTPYKLMAA KAMEPHOM MEYM
BAPABAHHOIO TUMNA

[Ipumensiemble B HacTosIIee BpeMsl KOHCTPYKIIHHU Tep-
MHYECKUX Teueil MMEIOT MHOXKECTBO HeqocTarkoB. Pac-
MIPOCTPaHEHHBIMH CHOCO0AMH TPAHCIIOPTHPOBKH MeTall-
Ja B TaKUX Ieuax sBISIIOTCS POJIMKOBBIC U KOHBEHEpHbIC
nozel. HarpeBarenbHbIe POIMKOBBIE TI€YH, yCTaHABINBAC-
MBI€ B ITIOTOKE NMPOKATHBIX CTAHOB, UMEIOT OOJIBIIYIO MPO-
TSDKEHHOCTB, TOATOMY HX CIIOKHO Pa3MellaTh B JeHCTBYIO-
IIMX [eXax.

Yyenbimu OAO «BHUUMT» coBmecTHO ¢ Kadenpoi
«Tennodusuka u HHGOPMATHKA B METAJLTYPrUN» YpalbC-
Koro (heeparbHOTO YHHBEPCHTETa pa3paboTaHa HOBas
KOHCTPYKLIUSI KaMepHOH meun GapaGaHHOTO THIIA JUIS Ha-
rpeBa 3aroTOBOK Mepe] 3aKaIKOH.

[Ipu peanuzanuy npeaIoKeHHOW KOHCTPYKIUH C TPaH-
CIIOPTHUPOBKOH MPOKAaTa B TEPMHUIECKUX Iedax ¢ OapabaH-
HBIM MEXaHNU3MOM, CYIIECTBEHHO YMEHBIIAIONINM rabapu-
THl TI€YH, YIPOLIAIOMNM MEXaHU3MBI TPaHCHOPTHPOBKH
U HE HMMEIOIIUM BOJOOXJIAKIAEMBIX AJIEMEHTOB, MOXHO
OKM/aTh 3HAYUTENPHOTO CHIDKEHHS 3aTpaT TOIUIMBHO-
SHEPreTUYeckux pecypcoB. KoHCTpykimst obecrednBact
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MOCTOSTHCTBO TEMIIEPATyPhl B pabOUeM MPOCTPAHCTBE TIEUH
3a CYeT BBIJAYM HATPETOTO METAIa MEJIKUMH MOPIHSIMH.
3aroToBKa MPOXOAUT CBOI MyTh B meun 3a 30 MHH, OTHOB-
PEMEHHO OCYIIECTBIISIETCS 3arpy3Ka HOBOM XOJIOAHOH 3aro-
TOBKH U MPOBOAUTCSI BEITPY3Ka HATPETOH.

HarpeB Mmerammuecknx w3AeTui B KaMEpHOW TeUn
OCYILECTBIIETCSl PEKYIEPATUBHBIMUA TOPETOYHBIMH YCT-
poiicteamu THa ['CP-150, xoTOpble pabOTaIOT CIIEAYIO-
MM 00pa3oM: ra3 UCTEKaeT U3 COIUia B KaMepy TOPSHHs
U CMEIIUBAETCS C YacThIO BO3IyXa, MMOJOTPETOTO B TEILIO-
0OMEHHUKE JIO BBICOKOW TEMITEpaTyphl, M YaCTUYHO Cropa-
eT. JlomomHUTENnbHBIN BO3AYX IMOJACTCS Yepe3 KOJIbIIEBOH
3a30p MEXIy COILUIOM KaMephbl TOPEHHS ¥ TOPLEBOW CTEH-
KO TOPEJKH U TOKUTAET TOIUIMBO B paboueM MpOCTPAHCT-
BE IEYH, CMEIINBASICh C MPOIYKTaMHU HETOIHOTO TOPEHUSL.
[TponykTsl ropeHust U3 pabovero MpoCTPAHCTBA YAATSIOTCS
4yepe3 BCTPOCHHBIC B TOPENKH PEKyIepaTtopbl B COOPHBIN
METaJUTHIECKUH, TETIION30IMPOBAHHBIN TBIMOIIPOBOI.

CXeMaTu4HO KOHCTPYKIHS pPaccMaTpHBAaEeMON TEpMH-
YEeCKO TeUH /TSl HarpeBa MeTalIa o/ 3aKaJIKy Mpe/ICTaB-
JieHa Ha puc. 1.

Bpamatomuiics 6apabaH OCYIIECTBISCT TPaHCIOPTH-
POBKy IpoKara [Uis Ipoliecca HarpeBa. bapabaH m3roTos-
JIeH W3 >KapoIpOYHON CTaji, BBIMOJIHEHHONW Ha OCHOBE
HUKEJISI, U CIIOCOOCH K JONTOCPOYHOM paboTe Mmoi Harmpsi-
’KEHHEM B YCIIOBUSX MOBBIIICHHBIX TEMIIEpaTyp 0e3 3aMeT-
HOU OCTaTOYHOU JehOopMaIiK U pa3pyIICHUs.

MeTanamyecKie W3Aeus B PoIecce TPAHCTIOPTHPOB-
KH pa3MeNIaloTCsl paJualibHO TI0 OTHOLICHUIO K OapabaHy
B CIICIIMAJIBHBIX THE3/[aX C 3aIleTIaMHt, PACHIONIOKCHHBIMH Ha
HapYKHOM oBepXHOCTH. Takol crocob TPaHCIOPTHPOBKU
obecrieynBaeT paBHOMEPHBIN JIByXCTOPOHHUH HArpeB Me-
Taya. 3a c4eT MHUHUMH3AIMH BPEMEHH HarpeBa CyIIecCT-
BEHHO COKpPAIIAIOTCSl Tab0apHUTHI TEYM W yrap MeTaja.
MeramnokoHCTpyKIK OapabaHa BBITOJTHEHBI U3 JKapo-
MIPOYHOM CTaJIM, IIEHTpalibHAs 4acTh OapabaHa — B BHUJC
CIIHII M3 KAPOMPOIHOH CTaH, PyTepoBaHa BOIOKHUCTHIMU
OTHEYTIOPHBIMH MaTepHATaMH.

Bpamenue 6apabana mpou3BOAUTCS IIATOBBIM JIBUTATE-
JieM, 9TOo 00eCIieunBaeT yCTaHOBKY OapabaHa B MOJIOKEHUE
«3arpy3Ka — BBITPy3Ka» C BBICOKOH TouHOCTBIO. Llamgs
OapabaHa M MOAIIUITHUKOBBIC Y3761 BRIHECEHBI 3 TIPEICITBI
pabovero MpOCTPAHCTBA, YTO YBEIUUUBACT CPOK UX CITYK-
Ob1. J171s1 oOecriedeHus: HOpMaJIbHBIX YCIOBHIA PaOOTHI MOI-
IIMITHAKOBBIX Y3JIOB MPUMEHSCTCS BO3IYIIHOEC OXJIAXKIC-
HUe Bajia OapabaHa, BRITIOJIHEHHOTO B BHJIE TOJICTOCTCHHOM
TPYOBL.

OTomyicHHE TIEYH MPOBOIAT Yepe3 aBTOMATHUCCKUE
CKOPOCTHBIC PEKYICPATUBHBIC TOPEIKH, ITO3BOJISIOLINE
3(Q(PEKTUBHO MCIIOIB30BATh TEILUIOTY TOPEHHUS, TTOJ0TpeBast
BO3IyX, MAYIINA Ha TOpPEHHE, IO BBICOKHX TEMIECparyp.
[TponyKTHl TOpEeHHs YIAISIOT Yepe3 BCTPOCHHBIC B TOPEIKH
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Puc. 1. Cxema KOHCTPYKIMH TEPMUIECKON MeUH:
1 — 6apabaH ¢ 3yObsMHU; 2 — TOIUIMBOCIKHUIAIOIIE YCTPOUCTBA; 3 — BHIIPY30UHOE OKHO; 4 — OKaJINHOCOOPHUK;
5 — 3arpy304HOe OKHO; 6 — TOJIKaTelb; / — HarpeBaeMble 3ar0TOBKU

Fig. 1. Scheme of the heating furnace:
1 — drum with teeth; 2 — fuel combustion device; 3 — discharge window; 4 — scale collector; 5 — charge window; 6 — pusher; 7 — heated billets

pexyrnepartopsl B COOPHBIN METaUIMYECKHH, TeTUION30IIH-
POBaHHBIN ABIMOIIPOBOL.

CBox meun u TOpIeBBIE CTEHBI (DyTEPOBAHBI BOJIOKHH-
CTBIMU OTHEYIIOPHBIMM MaTepuajlaMy, YTO [IO3BOJISET CHU-
3UTH TIOTEPH TETIIa TETIONPOBOAHOCTHIO Uepe3 GyTepoBKy
MIeYH B OKpYXaromyto cpeny. Hiknee ctpoeHue neun ¢y-
TEPOBAHO OTHEYIOPHBIM KUPIIUYOM.

-TEI'IIIOTEXHVI‘-IECKME PACYETbl HOBOW KOHCTPYKUUU
KAMEPHOM NMEYU BAPABAHHOTO TUMA

TennoTexHUYECKHE pacdyeThl BKIIOUAIOT B ceOs pacdeT
TOPEHHS TOIUIMBA, HATpeBa METaJlIa, CTaTeil TeIIoBoro Oa-
JIaHCa U YZIeNbHOTO pacxoja Tomusa [21 —23].

B pesymprare pacuera ropeHus MpUPOIHOTO Tasa OIpe-
JienieH 00beM MPOJYKTOB TOpeHUst Ipu KoddduiMeHTe pac-
xoza Bo3ayxa o = 1,05, koropsiii cocrasun V= 10,94 M3/,
B pesynbrare pacueta HarpeBa MeTaia OnpeaesieHbl Mac-
ca cajKu GM = 522 kT, ynenpHas POU3BOIUTEIHHOCTD MIEYN
P, =135,348 kr/(m*-u).

[To i — ¢t muarpammam [21 — 23] onpeieneHbl OalaHCOBBIE
(tg; %) TeMIIepaTypbl TOpPEeHus tg’ = 1940 °C; £° = 2000 °C.

Temmeparypa ABIMOBBIX Ta30B ompexaeneHa [23] mo
opmyne 7 = t:nlmp =2000-0,58 = 1160 °C, rne n,,, = 0,58
(nmst KaMepHBIX Tieuel) — Oe3pa3MepHBId MUPOMETpHUYEC-
K1 K03()(DUITHEHT.

Temmeparypa MeTainia Ha BBIXOJC U3 TIEIH COCTABIISIET
880 °C. IlockonbKy pacueTHast TemMIieparypa JAbIMOBBIX Ia-
30B Ha 280 °C mpeBbIIaeT KOHEUHYIO TEMIIEPATypy Harpe-
TOTO MeTalljia, TO MPEAJIOKEHHBIM TEXHOJIOTMYECKUI Mpo-
[IECC OCYIIECTBUM IIPH BHIOPAHHOM TOIUTHBE H YCIOBHUSX
€T0 COKUTaHWUSL.

Ilone3noe TEMIOBOE HANPSKEHHE ¢, — TIOBEPXHOCTH
MoJla HAJIEHO C YyYETOM NPHUPALICHHS TEMJI0COIEPIKaAHHS
MeTaJljia 3a BpeMsl Harpesa 1o gpopmyie [23]:

qM.l’I = pnAiM’

IIe p, — yAenbHAs IPOU3BOAMUTENBHOCTD, KI/(M*4); Al —
MpUpalleHue YHTAJIBIINKA MaTepuaia B UHTepBaJie TeMIepa-
Typ Harpesa ot £ 110 ¢ (T) € y4eTOM CPEIIHETO JUIsl paccMmar-
pUBAEMOTO WHTEpBaJIa 3HAYCHHS YACTHHON TEIIOEMKOCTH
¢, Marepuana.

Vnenbras Temnoemkocts ¢, = 0,1645 kkan/(kr-°C) [26]
Juts cramu ['aaduibaa B uaTepBaie temmeparyp 20 — 880 °C.
B oToM cnyuae TemsoBoe HampsiKEHUE ¢, COCTABUT
33 685,67 Bt/M>.

TeroBoe HampsbkeHHE CBOOOIHOTO 0ObeMa HaHACHO
C YYETOM ompeneneHrsT Kod(PQHUIIMCHTA TTOIE3HOTO IeHCT-
BUS 1) 11e4U 10 hopmyIie

n=lh 218 6 30571 Boar,
7b 7100

rae b — yAenbHbIA Pacxo/l yCIOBHOTO TOIUIHBA, KI' Y.T./T.

Takum 00pa3om, TEIIOBOE HAIPSDKEHHE, OTHECEHHOE K
cBOOOJTHOMY 00BeMy pabodero mpocrpaHncTBa (06e3 yuera
TOPEIOYHBIX KAHATIOB), COCTABHT

28964,47
0,30571-0,727

qM,ll
nH,

9o = =130 321,37 Br/m’,

p

TIe an — MaKCHMAaJIbHBIN TMameTp (axesna, M.

C yueToM HaliIeHHBIX BEJIMYMH JUTUHBI (pakena / 0= 3,175m
M TEIIOBOTO HANpsyKeHus neun ¢, = 130 321,34 Br/m®
MIPEATIOKEHO UCTIONB30BaTh CEMb PEKYIIepaTHBHBIX TOPEIoy-
HbIX ycTpoicTB ['CP-150, koTOphIe HEOOXOMMO Pa3MECTUTD
Ha TiepeHel 1 3afHel creHkax neur. KoHcTpykuus ropern-
Kd, paspaboranHas corpymHukamu OAO «BHHUHMTy,
Npe/ICTaBlieHa Ha puc. 2.

O6muit pacxom Tommua B cocrasun 0,131 m3/c
(124,2 m3/4), pacxox TOIUIMBA Ha OJHY TOPEJKY b.=
=17,74 m*/4. C y4eToM pacxozia Mmoiy4eH CBOAHBIA TEIIO-
BOI1 Oasianc neun (cM. Tabnuity). CTaThs MONE3HO 3aTpayuu-
BAaCMOM TEIUIOTHI IIPH TAKUX YCIOBUSIX U PACXOAC 3HAUH-
TEJIBHO BBILIE TI0 CPABHEHHIO C TEPMHUYECKON 00pabOTKOM
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Puc. 2. 'openka ckopoctHas pexyneparusHas I'CP-150:
1 — maTpyOoK 0TBOJa MPOAYKTOB ropeHusi; 2 — BHYTPEHHsIs TpyOa TermiooOMeHHrKa; 3 — Hapy)KHasi TpyOa TermIo00MeHHHUKA,
4 — pazzienuTeNbHAS CTEHKA; 5 — KepaMuUuecKasl KaMepa FOpeHHs; 6 — 3IEKTPO POIKHUTa U KOHTPOJIS INTAMEHH; / — Ia30BOE COILIO;
8 — KOJIeKTOp MO/IBO/A Ta3a; 9 — ra3oBbiil MaTpy0oK; /() — BUHTOBAs Tieperopoaka; 1/ — TypOynu3upyroiiye Koiblia; /2 — COOpHBI KOJUIEKTOP
JIBIMOBBIX I'a30B; /3 — BO3/YIIHBIN KOJUIEKTOP

Fig. 2. GSR-150 high-speed recuperative burner:
1 —branch pipe for combustion products removal; 2 — inner tube of heat exchanger; 3 — outer tube of heat exchanger; 4 — dividing wall;
5 — ceramic combustion chamber; 6 — electrode for ignition and flame control; 7 — gas nozzle; § — gas supply collector; 9 — gas pipe;
10 — screw shape partition wall; /7 — turbulizing rings; /2 — prefabricated collector of flue gases; /3 — air collector

TenuoBoii 6ananc kKaMepHOii neyn 6apadaHHOIO THUIIA

Heat balance of a drum-type chamber furnace

IIpuxon Pacxon
Cratbs puxoza kBT % Cratbs pacxona kBT %
XuMuueckas TeIrjaoTa TOrIMBa 145,9 | 75,4 | [lonme3Hble 3aTpaThl TETUIOTHI 97,8 50,6
[Torepu TEIJIOTHI C yXOAAMUME razamMu | 74,6 38,6
duzndeckas TEII0Ta MOAOTPETOT0 BO3IyXa 47,6 24.6
[ToTepyn TEmIOTHI TEMIONPOBOAHOCTHIO 21,1 10,8
Urtoro 193,5 100 | Uroro 193,5 100

B POJIMKOBBIX MJIM KOHBEHEPHBIX Ieyax. ITo oOyciaBinBa-
eTCs MPUMECHEHHEM BO3IYIIHOTO OXJIaXICHHS BaJia IICHT-
panbHO YacTh OapabaHa BMECTO CIIOKHOTO U IOPOTOCTOS-
IETO BOISTHOTO OXJIXKICHUSL.

- BbiBOAbI

B pesynsrate pabOThI BBIIOJHEHBI TEIUIOTEXHUYE-
CKHE pacueThl KaMEpHOU meyu OapaOaHHOTO THIA IPH-
MEHHUTEIBHO K Pa3paboTaHHON MPOEKTHONH KOHCTPYKIIUH.
IpexncraBineHHas cxema pabOThl MMEYH HMEET CYIIECT-
BEHHBIC MPEHMYIIECTBA B IUIaHE YHEProdPpPeKTUBHOCTH
MCIIONIb30BAaHUSI TOILUTUBA 110 CPABHEHHIO C POIUKOBBIMH

U KOHBEHEPHBIMHM CIIOCOOAMH OPTAaHU3AIMH JBHKCHHUS
MeTauia. 3a CUeT pa3MelleHHs 3aroTOBOK Ha Oapabane
3HAUUTENIFHO CHIDKEHA CIOKHOCTh HX TPAHCIOPTHPOB-
kn. [IpeanoxxeHHas KOHCTPYKIHS SABISAETCS KOMIIAKTHOM,
yao0OHOHM K pa3MENICHHIO B IIeXe Onarojmaps Malloi mpo-
TSOKEHHOCTH. [IpuMeHeHHe peKylnepaTHBHOTO TOIUIH-
BOC)KHTAIONIETO YCTPOHCTBA MO3BOISIET Y(PPEKTUBHO HC-
MOJIb30BATh TEIUIO OTXOAALINX ra30B B IPOLIECCE HATPEBA.
PazpaboTannble KOHCTPYKIHS U CIIOCOO TPAHCIIOPTHPOB-
KN u3/esuil B pabodeM MpOCTPAHCTBE I€4N MOTYT OBITh
WCTIONB30BAHBl JUISI TEPMHUYCCKONH 00pabOTKH TPYTKOB,
TpyO, MOJOCHI, a TaKXkKe COPTOBOTO IpOKaTa Pa3IN4HOM
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