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PELHKIIMHTA - IPOIIECCa BO3BPAIIEHHUS OTXO0B, COPOCOB 1 BEIOPOCOB B ITPOLIECCHI TEXHOTEHE3a, IPEHMYIIECTBEHHO
Ha OCHOBE CIOCOOOB BBICOKOTEMIIEPATYPHOTO PEHUKIMHTa M YCTPOMCTB JUIS COKUTAHUS TOIUIMBA JUIS HOJTYYEHHS
TOPIOYMX Ta30B M3 TBEPAOTO YIICPOACOACPIKAIIETO TOIUIMBA. TEeXHHMUYECKOH 3afadeil sBisieTcst obecriedeHue
CTaOMIBHOCTH TpOIecca MOCIeN0BAaTEILHOCTH (ha3 BOIHOBOTO ABIDKEHUS ITyIbCAlli Ta30INIAMEHHOTO TIOTOKAa B
Ta30XOIHON KaMepe CTPYHHOTO PEe30HMPYIOIIETO ammapara M yIydlIeHHe KOHCTPYKTHBHBIX CITy)KEOHBIX CBOHCTB
CTpYHHOTO pe3oHupymomero anmnapara. CoracHo H300peTeHHIO CTPYHHBIN PEe30HUPYIOIINHA anmmapaTr BBIIOIHEH B
BHJE TPyOUaTO-yIIIOBOTO COPTaMEHTa, KOHEK (17) KOTOpOoro OCHAIEH 110 MEHBILIEH Mepe IBYMs MIETIEBBIMU aHKEPAMHU
(18, 19) mocpencTBoM HatshKHOM mTaHTH (20), cHabXeHHOI KprokoM (21) Ha 0HOM KOHIIE ¥ HAKHTHOHM MPOYIIHHON
(22) Ha mpyrom KoHIIE, CIETICHHI ¢ MeTaeBbIMU aHKepamu (18, 19) pesonatopa (16) u ¢ BEpTHKAIBHO IITHIPEBEIMU
3anenamu (23, 24), BCTpOSHHBIMH B IEPETHIONO M 3aJHIOI0 cTeHKH (25, 26) pyTepoBanHOro kopmyca (27). B ctpyiiHom
pe3onupytouieM ammnapare (16) B 60koBbIX creHkax (29, 30) pacmosioxKeHbl CTPOYEUHO MpPsIMble CKBO3HBIE THE3/a
(31), conpsxeHHBIE N0 TUIOTHOM TMOCAKE, ¢ IPSIMBIMH BCTaBHBIMM HIMNIaMH (32), pacrioJoKeHHbIMU B oxuHe (28),
OMNIO3UTHO THe3aM (31), ¥ CHapyKU 3aMKHYTBIMH YIJIOBBIM CBapHbBIM MIBOM (33) B mpocTpaHCTBE. bOKOBBIE CTEHKH
(29, 30) conpspkeHsl ¢ OaHHOH (28) ¢ BO3MOXKHOCTBIO 00pa30BaHuUs MEXK/y CO00i TpyOUaTo-yriioBOro COpTaMeHTa,
BHYTPEHHSIS TIOJIOCTh KOTOPOTO SIBJISET COO0M ra3oxoqnyo kamepy (34).
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MIIK F23G 5/00, 5/03, C10 J 3/00, F27B 9/2
BbICOKOTEMITEPATYPHbIN KOMITIEKC PELTUKJIMHI'A OTXO/ZIOB
OPI'AHUYECKOI'O 1 HEOPTAHMYECKOI'O ITPOU3BOJACTB

OBJIACTb TEXHUKHU, K KOTOPOW OTHOCUTCS U30BPETEHUE

I/I3o6pereﬁne OTHOCHTCA K (H3UKO-XHMMHYECKHM IIpoleccaM NepepaboTKH H30HMpaTelbHBIX
BH/JOB CHIpbsS MyTEM DPELUKIWHra — IIpollecca BO3BPAILEHHS OTXOJOB, COpPOCOB M BHIOPOCOB B
npounecchi texHoredesa. [[[OCT 30772 2001], npeuMyInecCTBEHHO Ha OCHOBE CIIOCOO0B
BBICOKOTEMIIEPATYPHOTO PELUKJIMHIA M YCTPOMCTB JUIS COKHTAaHUS TOIUIMBA JUIA IIOJIy4EHHS
TOPIOYHX ra30B M3 TBEPAOTO YIIIEPOJICOAEPKALIEIO TOIUIMBA B ra30T€HEPATOPHBIX OTONHTENbHBIX
PE30HAHCHO-YCKOPUTENBHBIX YCTAHOBKaX ¥ MOXeET OBITh MCIIONB30BaHA B OTONHUTENIBHO-
SHEPreTUIeCKOM 00OPYAOBAHMH Il 000rpeBa MPOMBIIIUIEHHBIX 00BEKTOB, aAIMUHUCTPATUBHBIX U
XHUJIBIX 3aHMI. |

IMPEAITIOCBIIKU CO3AAHVA U3OBPETEHN A

Poct motpebiieHus mpoayKToB, 0COOEHHO B arpKOMIUIEKCaX M KPYNHBIX FOPOAAx, NPUBOIUT K
YBEJIMYEHUIO. O0BEMOB 00pa30BaHUs B arpKOMIUIEKCAX OTXOJ0B OPraHHYECKOrO IPOHCXOXICHHS
¥ HEOPraHHYECKOTO MPOUCXOXIEHWS M B ropojax TBEPABIX OBITOBBIX 0TX010B-1BO, koTOpHIE
HETaTHBHO BO3AEHCTBYIOT Ha OKpPYXXalOIIYI0 Cpeny, IPYHTOBBIE U TIOBEPXHOCTHBIE BOJBI,
aTMoc(epHBIf BO3IyX M MOYBY, CO3/IaBas ONpPENEIEHHYIO YIpO3y 3/0pPOBBIO U JKHU3HU HACEICHUS
[1,c.16,18].

Cpeau crmocob0B 1 000pyIOBaHHS )1 TEPMHUECKOM MepepaboTKH 0TX0I0B HEOPraHUYECKOTO
IIPOMCXOXIEHHS, HAIPHMEpP AaBTOMOOHJIBHBIX IIMH, IIHPOKO HPHMEHSAETCS MX NHPOIH3 B
arperaTHbIX peakTopax MHpoJM3aropa ¢ mocieayromeid rasudukanuit [1c16], Tepmuyeckoi
nepepaboTKHA OTXOHOB OPraHMYECKOr0 IPOUCXOKACHHS HX BBICOKOTEMIIEpATypHast MOAU(UKAIIHS
— c)xuranue kax penukimar [1 c.18],

M3BecTeH cmoco® W yCTPOMCTBO PELMKIMHTA IyTEM TepMUYecKod InepepaboTKH-IMponn3a
M3HOLICHHBIX LIIMH, BKIIOYAIOLIMH M3MeNbUYeHNe 1IHH, T0Jauy U3 Yepe3 3arpy30uHbld GyHKep CO
[IHEKOM, [MpeIBapUTEIbHBI HAarpeB M3MEIbUCHHbBIX IMMH C [PHMEHEHHEM TOPEIOYHBIX
YCTPOMCTB, MX ITHPOJIA3 B arperaTHOM PeakTope MAPOJIA3aTOpa B Cpelie BOCCTARHOBUTENBHOI'O rasa,
pazfeneHne MpPOAYKTOB IHUPOJM3a Ha XKUIAKYIO (pakiuio KOHAEHCAlued M TBepAylo (paxiHio,
ylIaleHHe W3 TBEpAOH (PaKIMHd HEOPraHUYECKUX BKIIOUECHHUH, BHIOPOC [IBIMOBBIX TIa30B B
atMocdepy, XapaKTepu3yeMbIH TeM, 4TO Iepel HIUPOJIM30M H3MEIbYEHHBbIE IUMHBI HarpeBaroT
00paboTKO# NHPOIM3HBIM Ia30M, NHPOJIM3 OCYLIECTBISAIOT B TOPU30HTAIBHOM BpalarOLIEMC

arperaTHOM peakTope IHUPOJIM3aToOpa C BHYTPEHHHMM HaIpaBIsIOIMMH pebopiaMu IpH
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Temneparype 380-500°C; npIMOBBIE Tra3pl Teped BbIOpocoM B atMocepy OYHMIIAIOT OT
OpTraHHYECKHX COENUHEHHH IOXKHTOM B KHCJIOPOJAHOH Cpele IeYM JOXKHra, a OT KHCIOT H
AHTHIPHIOB KHMCIOT - 06paGOTKOM BOZOM; yrIEpOJHYIO YacTh TBEPAOH (pakiMh OTACIAT OT
METAJUIa ¥ MEHEPAIbHBIX BKIIOUEHUH BOAHOM (oTauueli, CONEPXHT, TENI00OMEHHNK, CKpyOOep
JUIS yOAJdeHHs M3 IbIMOBBIX Ta30B JIETYUMX KHCJIOT M aHTHAPHIOB KHCIOT, COOPHHK BOIEL
YCTPOMCTBO OTBOAA ABIMOBHIX Tra3oB B arMocepy. B pesynprare uero mpoucxoaut OGonee
3p}eKTHBHOE B3aMMOIEHCTBHE BOCCTAHOBUTEIHLHOIO MHPOJU3HOIO rasa C pE3HHOH U
3 hEKTHBHOCTL JECTPYKIMM 3arpy’KeHHOH MacChl 3HAYMTENbHO Bo3pacraer. Kak ciencTBHe,
Gonee 1oyHasg nepepaboTKa PE3UNHOBOTO CHIPbA, a TAKXKE CHH)KEHHME 3aTpaT BPEMEHU M MOLIHOCTH
Ha MpoBeJIeHNe Ipolecca nuponusa. [2]

3BeCTHOE TEXHHYECKOE PEIICHIE MOXKET UCIONB30BaThCA AJIA NEPepaboTKU H3HOLICHHBIX
INMH ¥ JPYTUX DPE3MHOTEXHUYECKHX H3JIENHH B JKHIKOE TOIUIMBO M TBEPIBIA YIIEPOIHBIA
IPOAYKT- MHPOKapOOH.

IMuponusa 3axmodaeTcs B HEOOpaTUMOM XMMHYECKOM H3MECHEHHH, HAlpUMEp, CTPYKTYpbI
aBTOMNOKPBIIEK I10J] JEHCTBHEM HOBBILEHHOH TemmepaTypsl (650-900°C). 6e3 moctyna wim ¢
OTpaHHYEHHBIM JOCTYIIOM KHCIIOPOJ@ C BBIAETICHHEM TOPIOYEro NMHpPOIM3HOro rasa-muporasa. C
IOMOINBIO IMPOJIH3a MOXXHO TepepabaThiBaTh TaKMe COCTABISIOLME HEOPTaHHYECKHX OTXOZOB
KaK aBTOITOKPBILUKH, TIACTMACCH, 0TPabOTaHHBIE Macia, OCAIKH CTOYHBIX BOI M T.II..

Ha Goplueii YacTH COBPEMEHHEIX 3aBOJIOB IO COKUTAHHIO TBEPHBIX OBITOBBIX 0TX070B-THO
HCIIOB3YETCS XOPOIIo cebs 3apeKOMEHIOBABIIMH CIIOCO0 PELMKIIMHIA IIYTeM C)KHTaHHS OTXOLOB
HEOPraHAYeCKOTO M OPraHW4YEeCKOro INPOMCXOXIEHHA B CJIOEBBIX TOINKAX ra3OreHepaTropoB Ha
KOJIOCHHKOBBIX DEIIETKaX B COBPEMEHHBIX MOJM(UKAIHAX, IIOCKOIBKY OH He Tpedyer
TpeBapHUTEILHOM MOATOTOBKH OTXO0,10B M OTIHYAETCs BHICOKOH HAEXHOCTHIO. B 00men3BecTHON
TEXHOJIOTHH PEUHKIMHra MPU TEPMHUYECKOH nepepaboTKe NPOMCXOAAT TaKHE IPOMECCHI, Kak
CYIUKa, ra3suUKalvs 1 C)XUTaHHE B PEAKTOPE MyCOPOCKUTaTEIbHOM [1€Yd HIIH B ra30reHepaTope.

[IperMymiecTBaMH CIIOEBOH TONKHK ra3oreHeparopa ¢ KOJOCHHKOBBIMHU PELICTKaMH SBJISIOTCS
€e MPOYHOCTh U HAIEXHOCTh, a TAKXKE TO, YTO HE TPeOyeTCs JOPOrocTosiias MpeaBapHTenbHas
HOArOTOBKA OTXOJOB - M3MeNbYeHHe; MOXHO 6e3 npofiieM mojgaBaTh Ha COKMIAHHE TOILIMBO
JMMHEHHBIM pasMepoM a0 1 Metpa. B Tomke rasoreHeparopa BO3MOXHO CXKHraTh Kak
NOArOTOBIEHHEIE (NpOIIEANIME CTAJWM CENEKTHBHOrO cbopa M  COPTHPOBKH), TaK H
HEMOJITOTOBJIEHHBIE OTXOB! OPraHHYeCKHX H HEOPraHHUecKHX mpomsBozacTB 1 THO ¢ mupokum
JIMAaa30HOM M3MCHEHUS TEIJIOTHl CrOpaHHs.

Tepmudeckoe 06e3BpeKUBaHHE OTXOJ0B Ha COBPEMEHHOM YPOBHE Pa3BUTHS HAYKH M TEXHHKH
rapaHTHpPYeT IPaKTHYECKH ITOJHOE pa3pyLIeHHe HaXO AKX S B OTXONAX OPraHMYECKUX BPEIHBIX

BEIECTB. DTO HOCTHUraeTcs ¢ MOMOIILIO BRICOKMX Temmeparyp (bonee 1 000 %C). 310 oTHOCHTCS
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TaKXe K IHOKCHHAM M (pypaHam, KOTopble paspymaiorcs 6omnee yeM Ha 90 %. [Ipu Temmnepatype
850°C mmoxcumbI pacHIeTUIAIOTCS Ha MX COCTaBHBIE YacTH. [3]

HenoctarkamMu HM3BECTHBIX CIOCOOOB M YCTPOMCTB pEUHKIHMHTa INYyTEM TepMHYECKOMH
nepepaboOTKH ¥ IUPONIH3a OTXOJOB OPraHWYeCKoro H He'oprannqecxoro HPOUCXOXKICHHS
ABAAIOTCS:  Oonbmioit 00veM otTxoasiux raszos (5000-6000 MHalT OTXOZOB) U 00pa3oBaHuE
3HAYUTEIBHBIX KOJMYECTB HIIaKoB (0kono 25% no macce uinu Mernee 10% mno o6remy).

TexHonOrUsa NpSIMOro BHICOKOTEMIIEPATYPHOTO CHKUTAHUSI KaK PEUUKIMHI TBEPABIX OBITOBBIX
orxonoB npu Temneparype 850-1300C Ha xonocHHKOBOH perueTke He TpeOyeT MpeaBapUTEIbHOM
IOATOTOBKA MYCOpa, OTJIMYaeTCs BBICOKOH HAIEXKHOCTBIO, O00ECIEeYHBAET BBHIMOJHECHHE
9KOJIOTHYECKHX TpeOOBaHMM Kak IO TBEPAbIM, TaKk M ra3o00pasHbIM IPOLYKTAM CrOpaHHs, M
IIO3BOJIAET PE3KO CHU3HUTh MOTPEOHOCT, B IIONHIOHAX M CKJIQMUPOBAaHHA OCTAaTKOB
nepepaborannbix ThO.[3, c.18]

MexaHH4ecKuit TEPEHOC 3TOTO | nponecca NpsAMOrO CXKHUTaHUS Ui ITHPOKOMAacIITaOHOM
tepmuyeckoi nepepabotkn TBO He Moxer ObiTh ocymectBier: KIIJ rasorenepatopos u3-3a
BBICOKOH TeMmmeparypbl OTBOAHMMEIX TI'a30B (1400—1600°C) OYeHb HM30K H3-3a TOTO, YTO B
nepepaboTKy IOCTYIIAeT NPEUMYILIECTBEHHO OpraHudeckoe cripbe, T.K. TBO Ha 70-80% cocTosat
U3 OpPraHMYeCKUX KOMIIOHEHTOB. [Ipy HarpeBaHUM MUHEpaIBHEIE BEIIECTBA MIEPEXOIAT B XKHUIKYIO
da3zy, a opranuueckue B razoo6pasuyo.[3]

Haubonee Onmakum K 3asdBiIseMOMYy OOBEKTY BBICOKOTEMIIEPATYPHOIO pELHKIHHIA

HEMOATOTOBJICHHBIX OTXOAOB OPraHHMYCCKHUX H HEOPraHMYECKUX HPOHU3BOJICTB IO TEXHUYECKOH

CYIIHOCTH 4BJIAETCA B BHIAC [IPOTOTHUIIA, KOHCTPYKIIMSA ra30reHepaTopHoﬁ OTOIUTEIBHOM

PE30HAHCHO-YCKOPHTEIBHOM yCTaHOBKH, BKIIOYAIOMICH (yTEepOBaHHBIH KOPIYC C TOIIMBHOM
KaMepOH, OCHAIIEHHOH 30JIbHUKOM; KJIallaHOM TIOJja4yl IIEPBUYHOIO BO3AYXa; JKapoBOM KaMepoi ¢
KJIalaHoM MOJa4d BTOPHYHOI'O BO3/lyXa; CTPYHHBIA pPE30HUPYIOIIMH anmaparT ¢ Ia30XO0MHOMH
KaMEpoH; cHuCTeMy I MOJa4yM TOIUIMBA, TeIIO0GMEHHAK AN OTOIUIEHHS HOTpeduTes,
ra30MHAMHMYECKH CBA3aHHBIH ¢ TOIUIMBHOM KaMepoi, B KOTOpOH razoxoiHas Kamepa CTPYWHOTO
PE3OHHPYIOIIEro ammapaTta BBIIOJHEHA TPEYrOJbHOIO COpTaMEHTa, a OOKOBBIE CTEHKH
ra3oXoJHOM KaMephl, CHU3Y 3aMKHYTHI MeXIy coO00# MoauHOM. [4]

l'azoreneparopHas OTONMTENBHAA PE30HAHCHO-YCKOPHTENbHAS YCTAHOBKA  pEalH3yeT
BBICOKOTEMIIEPATYPHBIH CII0COO PpENMKIMHIa OTXOJOB OpPraHUYeCKOr0 W HEOPraHHYeCcKOro
IPOM3BOACTB, BKIIOYAIOIMM IIPUTOTOBIEHUE KOMIIOHEHTOB TOILTMBHON CMECH M HX CXKUTAHHE B
BHIC KHMIKO-TBEPAOrO TOMIHBA B TOIUIMBHOM KaMepe Tra30reHepaTOpHOM OTOMMTEIbHOM
PE30HAHCHO-YCKOPUTEIBHON YCTAHOBKH, B KOTOPOH ITyTeM BBICOKOTEMII €paTypHOTO pe30HaHCa
ocymeCTanubT TEPMHUYECKOE Pa3IOKEHHUE TOIUIMBA HAa CMECh BBICOKOTEMIIEPATYpHEIX ra3oB (800

-1500° C) ¢ ux nocneayomUM JOXKUIOM B XKapoBo# TpyOe, KOTOpHIE MOJAIOT ra30ANHAMUIECKH B
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TeII00OMEHHHK JUIS OTOIUIEHHS MoTpebutens. JIpIMOBBIE rasbhl HCHOIB3YIOT [UIA PeKylepanuy
KOJIOCHMKOBBIX PELIETOK Yepe3 30JbHUKOBEIE KaMepsL. [4]

M3BeCTHBIN ypOBEHb TEXHUKH, KaK ¥ IPOTOTHII, OCHOBAHHEBIE HA METOAUKE C)KUTaHUS OTXON0B
TpefyeT HCHOJb30BaHHUE CIOXKHOTO B OOCTY)XHMBaHHH OOOPYJNOBAaHHSA M OTPaHMYEH OONacTbiO
IPUMEHEHHUS COCTaBa YIJEBOAOPOA-COAEPXKAMMX OTX0HOB. IIpH  BBICOKOTEMIIEPATYPHOM
PELMKIINHTe, 3HAUYMTENBHBIE KoNlebaBus TeMIepaTyp BiIeKyT 3a coOoil TepMuyecKue AepopMaluu
W TIPEXKIEBPEMEHHEIA BBIXOX W3 CTPOSI HEKOTOPHIX 3JIEMEHTOB KOHCTPYKUHM 00OpYIOBaHHA VIS
CKUI'aHHUs, B YaCTHOCTH, CBAPHOTO COEIWHEHMS ra30XOAHOH KaMephl TPEYTOJIBHOrO COPTAMEHTA,
OOKOBBIE CTEHKH KOTOPOM CHH3y 3aMKHYTHI MeXAy coboli moauHOH. CBapHOE COEIMHEHHE
TIOJHHEI ¢ OOKOBBIMH CTEHKAaMH HE BHIIECPKHBAET TEPMOJMHAMHMUYECKUX HArpy30K U Habmomaercs
YaCTHYHOE WJIM [TOJIHOE BBINAJCHUE IOJUHBI.

Kpome Toro, KOHCTpyKUHMS MoJBECa CTPYHHOr0 pPEe30HHPYIOLIETO ammnapara - pe3oHaropa, B
3aBUCHUMOCTH OT KOMIIOHEHTOB 11epepa6aTLIBaei§ILIx TOIUIMBHBIX OTXOJOB M MOHIHOCTH
BBICOKOTEMIIEPATYPHOTO KOMIUIEKCAa DELUKIMHIAa OTXOJ0B OPraHMYeCKOro W HEOPraHHYECKOIro
IPOU3BOJACTB, HE BCErJa TEXHOJOTHYHO obecieynBaeT  CTaOMIBHOCTH  Ipolecca
HOCNIEeNOBAaTEIbHOCTH (a3 BOJHOBOTO [ABIDKCHHS IIyJbCallM¥ TIa3O0IUIAMEHHOIO II0TOKa B
pe30HATOpPE, YTO HApyIIaeT TEXHOJIOTMYECKOe TEYEHHE MPOLECCOB TEIJIO - B MacCOOOMEeHa MeXAy
TOPSYMMH Ir'a3aMH U repepabaTbIBaeMbIMUA OTXOAAMHU.

OCHOBHBIMH HEIOCTATKAMH TPAJUIHMOHHBIX METOAOB pPELUKIMHIA IyTeM NHpOJH3a H
TEPMHYECKOU TMepepaboTKH OTXOHOB OPraHMYECKOro ¥ HEOPraHMYECKOro MPOHCXOXKIEHHS
SBJIAIOTCS: IIOBBIICHHBIE JHEPro3arpaTsl IyTEM IIPAMEHEHHS CHIELMAIbHBIX CPEICTB C
SHEPrOHOCHTEJISIMH 3JIEKTPUYECKOT0 WIIM Ia30Ma3yTHOTO MPOUCXOXAEHHS AJIs HHULIHMPOBAHUS,
HalpuMep, MUPOJM3a OTX0HoB; Conbuiod obveMm orxoasmmx rasos (5000-6000 MHa 1 T
OTXOJI0B) U 00pa3oBaHHE 3HAYUTEJILHBIX KOJMYECTB UUIAKOB (0KOJ0 25% M0 Macce MM MEHEE
10% 1o o6nemy).

KPATKOE HU3JIOXKEHUE CYIIHOCTW M3OBPETEHMA

Texuuyeckas 3aqada, Ha peEllEHHE KOTOPOM HAMpaBlIEeHO H300PETEHHE 3aKIIOYAETCS B
CO3JaHUN OOBEKTa, XapaKTEPHUCTHKH KOTOPOTO YIOBIETBOPSIOT 3aJaHHBIM TpeOOBaHMSAM K
BBICOKOTEMIIEpATYPHOMY TEXHOJOTHYECKOMY KOMILIEKCY PEIUKINHIA OTXOIOB H €70 3KOJIOTHH

Texuuyeckas 3ajaya, Ha pelleHHE KOTOPOH HAIpPaBIE€HO H300pETEHHE 3aKIIOYacTCs B
CO3IaHMHM OOBEKTa, XapaKTEPUCTHKH KOTOPOTO YIOBIETBOPSIOT 3aZaHHBIM TpeOOBaHMAM K
TEXHOJIOTHYECKOMY KOMIUIEKCY Kak croco0y BBICOKOTEMIIEPATYPHOTO pELUKIMHIA IIyTEM
HCIONB30BaHUS  BO30OHOBISEMBIX HMCTOYHHKOB »Hepruu HoBas TEXHONOTHS  SBIIETCA
OKOHOMHUYHOH M MOXET paccMaTpHBaThCs KaK; CO3/Al0NIAsl, MCTOYHHUK aIbTEPHATUBHON

3HEPIreTUKH.
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B ocHOBy wu3006peTeHMs IIOCTaBieHa TeXHHYeCKas 3alada oOecledeHHE CTabHIbHOCTH
Hpollecca Moc/ieI0BaTENFHOCTH (ha3 BOJHOBOIO JIBHXKEHMS My IbCAIlMH Ia30MIaMEHHOTO ITOTOKA B
rasoxXoJIHOH Kamepe CTPYHHOIO Ppe30OHHPYIOIIEro amnmapaTta U YJIydileHHe KOHCTPYKTHBHBIX
CIyXeOHBIX CBOKMCTB CTPYHHOTO PE30HHPYIOIUEro almapara, B YaCTHOCTH, CBAPHOTO COENMHEHUS
IIOMHBEI ¢ OOKOBBIMU CTEHKaMH Il UCKITIOYCHHS HApYIUEHHUs CTaOMILHOCTH TeYEHHS HPOLIECCOB
TEIUIO - ¥ MacCOOOMEHa MEXTy TOPSYUMH ra3aMi U nepepabarbIBaeMBIMH OTXOAMH.

Texnnyeckas 3amaya peanm3yercss TEXHHYECKHM PE3YJIBTATOM, ONPENENSIOMMM HOBOE
CBOHCTBO yJNy4LIAIOIIEe TEXHMYECKUE XapaKTEPHCTHKH, NPOSBISIOMHKECH OPH HCIONb30BAHHU
n306peTeHm‘ B BHJe pa3pabOTKH W CO3JaHHsS BBICOKOTEMIIEPATYPHOTO KOMILIEKCA PEIMKIUHTA
OTXOJIOB OPTaHMYECKOI'0 ¥ HEOPraHW4YECKOTO IMPOH3BOJICTB IO3BOJSIOIIETO 3@ CYET YTHIIM3AIHH
Pa3IHYHBIX KaTeropui OTXOJIOB pacIIUpUTD TEXHOJIOTHYECKHE BO3MOXXHOCTH
BBICOKOTEMIICPATYPHOTO PELMKIMHIA JUIA BBIPAOOTKH HOBBIX HCTOYHMKOB 3HEPTHH, YTO
00eCIeYnT SHEPTeTHYECKY O HE3aBUCUMOCTh TIPENPHATHH OT JOPOTOCTOSIIAX SHEProHOCHTENeEH,
a IPU MAacCOBOM HCIOJIb30BAHHUH SHEPTETUYECKYIO 0€30MacCHOCTh TOCYJapCTBa B LETOM MyTeM
MaTepHaIH3aLHK TEXHONOTMYECKHH KOMIUIEKC GOJNBUIOH arperaTHOH NMpOM3BOXMTEIBHOCTH IO
nepepabaThIBA€MBIM OTXO/aM.

CymHocTs M300peTeHHs BBIPAXAETCS HOBOH COBOKYMHOCTBIO NMPH3HAKOB, HEOGXOMMMBIX H
AOCTaTOYHBIX IJIA OCYINECTBJCHHS M300PETEHHS C NOCTHIKEHMEM YKA3aHHOTO TEXHHYECKOTO
pesyibTaTa ¥ peajM30BaHa TEM, YTO B BHICOKOTEMIIEPATYPHOM KOMILIEKCE PELMKIHHTA OTXOLOB
OpraHH4EeCKOro U HEOPraHUYECKOro POU3BO/CTB, BKIIOYAIONIEM ra30r€HEPATOPHYIO PE30HAHCHO-
YCKOPHTENBHYIO YCTaHOBKY, (GyTepOBaHHEIH KOpIYC KOTODO# ¢ TOIUIMBHOM KaMepoll OCHALIeH
CTPYHHBIM DPE30OHHPYIOIIHM anIapaTtoM TPEyroJbHOIO COPTAMEHTa B CEYEHHH C Ta30XONHOM
KaMEpOH, 30JIBHUKOM, KJIAllaHOM II0fauM IEPBHYHOIO BO3/yXa, XAPOBOH KaMepoil ¢ KIamaHoM
HOZa4H BTOPHYHOTO BO3AyXa, CHCTEMaMM [UIS IOJAa4yd TOIUIMBA M BOABI M TEIUIOOOMEHHEIH
annapatr s OTOIUICHHs IOTpeOHTeNs, ra3’oqUHAMHYECKH CBA3AaHHBIA C TOIUIMBHON KaMepo,
COrJIACHO M300pETeHMI0, CTPYHHBIH Pe3OHMPYIONIA alapaT BHIUIONHEH B BHAE KOHCTPYKLHH
Tpy04aTo-TPEYrONbHOTO ~ COpTaMEHTa, B  GOKOBBIX CTEHKAX KOTOPOTO  BEUIOJHEHEI,
PacroIONEHHBIC CTPOYCUHO, IPAMBIE CKBO3HBIE I'HE3/@, CONPSIKEHHBIE IO IUIOTHOM IOCAJIKE C
PaciIoNIOXECHHBIMHE B NOJMHE NPSAMBIMH BCTABHBIMH LIMIIAMM, OIIIO3UTHO THE3JaM, U CHAPYXXH
3aMKHYTBIMH YTJIOBBIM CBapHBIM IIBOM, IIPUYEM KOHEK TPEYTONBHOTO COPTaMEHTA OCHAIIEH, MO
MEHbINEH Mepe, [BYMs NETAEBHIMH aHKEPaMH, KaXIbl W3 KOTODHIX MOCPEIACTBOM HATSKHOM
INTaHTH ¢ KPIOKOM Ha OJJHOM KOHLE U HAKHIHOH MPOYIIMHON Ha APYTOM KOHIIE, COOTBETCTBEHHO,
CLCIUICHbI C TETICBBIMH aHKEPaMHM CTPYWHOIO DE3OHHPYIOMIETO alnapara M ¢ BEpTHKANLHO
INTHIPEBBIMH 3alE€TIaMH, BCTPOCHHBIMH B IIEPEHIOIO U 3aHIOI0 CTEHKH (yTEpOBAHHOTO KOPIYyCa,

NPHYEM MEXY ra3or¢HEepaTOPHOM OTONMUTENBPHOH PE30HAHCHO-YCKOPHTENHLHOH YCTaHOBKOH H
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TEMIOOOMEHHBIM aNIapaToM NOMOJHHTENBHO BCTPOEHA NUPONH3HAs KaMepa As [MOJTydYeHHs
CMECH TIOpIOYMX TIa30B M TKENbIX YIJIEBOJOPOJHBIX COEAMHEHHH, BXOH KOTOpOit
ra3oMHAMMYECKH CBS3aH C XapoBOi Tpy6oi MOXHra TOIUIHBHBIX BBHICOKOTEMIIEPATYPHEIX Ta30B,
OIMH U3 BBIXOJOB NMHUPOJIM3HOM KaMephl Ta30AMHAMKYECKH 4Yepe3 BTOPHUYHYIO KaMepy JOXHra
M30BITKA BHICOKOTEMIIEPATYPHBIX Ta30B CBA3aH C TEIUIOOOMEHHBIM alllapaToM Ul OTOIUICHHS
notpeduTend, a JApyrod BBIXOA Ta30AMHAMHYECKH 4Yepe3 XOJOMWIBHYI  YCTaHOBKY
YITIEBOJOPOAHBIX COEIMHEHHH, COOTBETCTBEHHO TPEMS IOTOKaMH, 4Yepe3 BHIXOA A CBA3aH C
HaKOTHUTEJIEM CMECH I'a30B M KUCJIOTHBLIX COCIMHEHHH, Yyepe3 BBIXoJ B ¢ HakomuTeneM roprovnx
YIJI€BOJOPO/IOB, 4Yepe3 BhIXoA C ¢ yCTaHOBKOHM MU CXKHTaHHMsS BTOPHYHBIX YTJIEBOAOPOJIOB B
Ka4yecTBE IMEYHOTO TOILUIMBA ra3oXozoM J| M3 HaKOIMTENs IOPIOYH X YIJIEBOJAOPOIOB, OJHH M3
BBIXOZI0B E yCTaHOBKH, COOTBETCTBEHHO, CBA3aH C KAMEPOH KHCIOTHOTO BO3AECHCTBHSA OPSIHNMH
rasaMH Ha 30JIbHBIH OCTaTOK, a Apyroi BEIXoA F ycTaHOBKH CBf3aH C IIAPOBBIM TEIIOOOGMEHHBIM
annapaTrom BBIDA0OTKM ¥ II0Ja4¥ Tapa B TapoBYIO TypOWHY, COCIMHEHHYIO C
MapO3JIEKTPOreHEPAaTOPOM  JIsi MOJAAYM JIEKTPOSHEPTHH dYepe3 CTaOMIM3aTOp HalpsKeHHs
noTpebuTeNo.

B BBICOKOTEMIIEPATYpHOM KOMIUIEKCE DELHMKIMHIA IIETJIEBble AaHKEPhl MOTYT OBITH
pacmoyioKEHbl B y3Jie HaNpsXKEHMH IyJbcalMii TOpEeHHs IUIaMEHM 3BYKOBOHM 4YacTOTHI B
ra30X0JHOHM KamMepe CTPYHHOro pe30HUPYIOIIEro anmapara.

B  BLICOKOTEMIIEPATYPHOM KOMIUIEKCE pPELMKIHHIA TEeTIEBhIE aHKepbl MOrYT OBITh
PacnosIoXeHbl B IyYHOCTAX HANPSHKEHUH aKyCTHYECKHX IyJIbCallii TOPEHHsA IUIAMEHH 3BYKOBOM
YacTOThI B Fa30X0JHOM KaMepe CTPYHHOTr0 pe30HUPYIOIIEro allapara.

B BBICOKOTEMIIEpATYPHOM KOMIUIEKCE PELHKIMHIa KOHEK CTPYWHOTO PpE3OHHPYIOMIETro
amnmapara MOXeT OBITh OCHAIlEH, II0 MeHBINeH Mepe, ABYMd IapaMu IETIEBEIX aHKEPOB: OIHA
Tapa pacroyioXXeHa B y3ji€ HaNpPsOKEHHH aKyCTHYECKHX IyJIBCAMi TOPEHHUs IUIAMEHH 3BYKOBOM
4acTOTBI B ra30X0/IHOW KaMepe CTPYHHOI0 pE30HUPYIOIIETo anmapara, Apyras napa pacroioxeHa
B MYYHOCTSX HANPSKHUM aKyCTHYECKHX ITyJIbCalliif TOpeHHUs IUIAaMEHH 3BYKOBOH YacTOTHI B
ra30XOJHOM KaMepe CTPYHHOTO PE30HHPYIOIIETO allfapara.

B BBICOKOTEMIIEPaTYpPHOM KOMIUIEKCE PENHMKIMHIa KOHEK CTPYHHOrO pE30OHHPYIOIIEr0
ammapara yrjioBoro npogmuis MoXeT ObITh 00p a30BaH ABYMs LHIMHIAPHYECKMMH 3JIEMEHTAMH
apMaTypHOTO W/Wiy TpyO4yaToro COpTaMeHTa.

B BEICOKOTEMIIEPATYPHOM KOMIUIEKCE PELMKIMHIA IJIOCKOCTH KPIOKA HATSKHOM INTaHTH
U IUIOCKOCTb HAKUIHOM MPOYUIMHOM MOTYT OBITH PAacloJIOXKEHbl B B3aUMHO- IIEPECEKAIOIIMXCS

INIOCKOCTAX fIOI[ IpAMBIM YI'JIOM,
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YCTaHOBIIEHO, YTO 3asBJIEHHOE TEXHMYECKOE peIlEHHEe He CIeyeT SBHBIM 00pa3oM Hu3
U3BECTHOTO YpOBHA TexHMKH. ClieoBaTeNbHO, 3asBJICHHOE W300peTeHHE COOTBETCTBYET
KpUTEpHUIO "U300peTaTeNnbCKuil ypOBEHD' .

IMMOAPOBHOE OITMCAHME TTPEANITIOUTUTEJIBHOI'O ITPUMEPA
OCYHIECTBJIEHMA U3OBPETEHMA

Jlis ydiiero moHUMaHus U300peTeHHs OHO IOSICHAETCS YEPTEKOM I/ie
¢ur.] npencraBieH oOmuHA BHI BBHICOKOTEMIEPATYPHOIO KOMIUIEKCAa PELIMKIMHIA OTXOAOB
OpPraHry4ecKoro U HEOPraHU4YeCKoro NpON3BOACTB;
bur 2 npencraBieH oOIUH BHUJA CTPYHHOIO pE3OHHPYIOINEro ammapara TpyO04aro-yrioBOro
COpPTaMEHTa, OCHAIICHHOTO JByMs IETIEBBIMH aHKEPAMH;
¢ur 3. 4 mpexncTaBneH GparMeHT CTPYHHOTO Pe30HHPYIOLIETO amnnapara, B KOTOPOM COEJUHEHHE
MOAMH C OOKOBBIMH CTE€HKAMHM BBIIIOJIHEHO MO NpPEIHANPSKEHHOW IIOTHOH KOMOMHHMPOBAHHOM
MEXaHHUKO-CBApDHOM IIOCaJKe IO THIly: B OOKOBBIX CTEHKAaxX BBHIIOJHEHBl pPaCHOJOXKEHBI
CTPOYEYHO IIPsMbIE CKBO3HBIE FHE3/a, CONPSIKEHHBIE MO IJIOTHOM MOCagKe, ONMO3UTHO THE3AaM, C
NPSMBIMH BCTaBHBIMHM IIUIIAMH, PACIIONOKEHHBIMHA B OAMHE U CHAPYXKH 3aMKHYTHIMH YTJIOBBIM
CBapHBIM IIBOM B IPOCTPAHCTBE;
¢bur 5npencraBieH ¢(parMeHT ra3oXOAHOM Kamepbl CTPYHHOrO PEe30HHPYIOWIEro aniapara, B
KOTOpOM IIOKa3aH BOJHOBOM XapakTep pe30HaHCa HaNpsHKeHHH B NYYHOCTAX H  y3jax
aKyCTHYECKUX I1yJIbCAllUii TOPEHHUs MJIaMEHHU 3BYKOBOH 4acTOTHI U1 obecneueHus CTabuIbHOCTH
TE4eHHs MPOIECCOB TEIJIO - U MaccoOOMEHa MEXAY TOpSYMMH razaMu M nepepabaThiBaeMBIMH
OTXOJIaMH;
¢ur.6 npencraBieH OOLIME BHI BBICOKOTEMIEPATYPHOU Ta30TE€HEPATOPHOM pPE30OHAHCHO-
YCKOPHMTEIIBHON YCTAaHOBKH.

Ilepeuens mosunuit Ha ¢urypax 1-6 u OOIIETIPHHATHIX YCJIOBHBIX O0O3HAYeHHH Y3JI0B H
arperaToB JIy4llero IIpUMEpPa BBICOKOTEMIIEPATYPHOIO KOMIUIEKCA PpEUUKIMHIa OTXOIOB
OpPraHUYeCKOro ¥ HEOPraHUIECKOro NPOU3BOJCTB
1.I'a3orenepaTtopHas OTONHTENBHAs PE3OHAHCHO-YCKOPUTENIbHAs YCTaHOBKA, B JaJbHeHIeM
Pe3ycT (pe30oHaHCHOE YCKOpPEHHE CXXUTaHHs TOIUTHBA, CBUIETENBCTBO 1Z Ne 58111-PE3VCT),
HanpuMep, MOmHOCThIO 250 KBT.
2.Xapopasd Tpyba ¢ KaMepoil Ie€pBOHAYAJBLHOI'O [OKHIa TOILUIMBHBIX BBICOKOTEMIIEPATYPHBIX
rasos.
3.ArperatHslif peakTop HHPOIHU3ATOPA.
4)apoBass Tpyba ¢  BTOpPHYHOM  KaMepoil  BTOPDHYHOTO  M30BITKA  TOIUIMBHBIX
BBICOKOTEMIIEpATYPHBIX I'a30B.

5.TennooOMeHHBIH anmapart.
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6.XonoaunpHask yCTaHOBKA.

7.HaxonuTens cMeCH ra3oB B T.4. (KUCIOTHBIE COCTHHEHUS).

8.Hakonurens ropro4ux yrieBoIOpOIOB.

9.YcTaHOBKa IO CKUTAHUIO BTOPHYHBIX YTJICBOAOPOAOB (I€YHOE TOILIIHEBO).

10.ITapoBoii TennooOMeHHBIH anmapar.

11.ITapoBas Typ6uHa.

12.ITapoanexTporeHepaTop HJIM JBUTaTelNb HIM TE€HEpAaTOp TOKAa, AaCHHXPOHHBIA JHOO
nocneaosaTehLHHﬁ.

13.Crabunu3aTop HalpsDKEHUS.

14. TlorpebuTens 3J€KTPOIHEPTHH.

15.Kamepa KucjioTHOro BO3AEHCTBHA TOPSYMMH ra3aMH Ha 30JIbHBIM OCTaTOK /ISl BHIPaOOTKH
TSDKEJIBIX METAJLIOB.

16.06mmit B CTPYHHOIO PE3OHUPYIOIIETO anmapaTra TpyO4aTo-yrioBoro COpTaMeHTa.

17. Konek Tpy64aTo-yrioBoro CopraMeHra.

18, 19./1Ba neTneBbIX aHKEpa, IO MEHBIIIEH Mepe.

20. HaTspxHble IITAHTH.

21. Kproku.

22. HakujHple IIPOYIIHHEI.

23, 24.BepTHKaNbHO WITHIPEBHIE 3allEITbL.

25, 26. llepennsist v 3aHSS CTEHKH.

27.dyTepoBaHHBIH KOPITYC.

28. Ilonuna Tpy64aToro yriioBoro cCopTaMeHTa.

29,30. BokOBBIE CTEHKU TPYOUATOrO YIIIOBOTO COPTAMEHTA.

31. IIpsmbie ckBO3HBIE THE3/1a B OOKOBBIX cTeHKax 29,30.

32. IIumns! npsamele BcraBHble. 33. CpapHo#t moB yriaosoid.34. 'azoxoaHas kamepa.

35, 36. llunuHapuyecKue 3JIEMEHTHI apMaTyPHOTO W/ TpyOYaToro copraMeHTa.

37. TonnuBHas kamepa.38 30/IbHHK.

39. KnanaH nogayu IepBUYHOrO BO3/IyXa.

40.Cucrema | 40 gna  pogayM  TOIUIMBA M BOABI M TEIUIOOOMEHHBIM  ammapar.
BricokoTeMnepaTypHbIi  KOMIUIEKC PEHHKIMHIA OTXOJOB OPraHMYECKOTO W HEOPraHMIECKOro
OpOM3BOACTB IO  ¢ur.l, BKIIOYaeT Tra3OreHEepPaTOPHYIO OTOMMTENLHYIO PE30HAHCHO-
YCKOPHTEJIBHYIO YCTaHOBKY 1, pyTepoBaHHBIN KOpIyc KOTOPOM C TOILIMBHOM KaMepoil OCHAILEH
CTPYHHBIM PE30HHPYIOLMM alllapaToM TPEYroJbHOTO COpTaMEHTa B CEYEHHH C Ta30XOHOM
Kamepo#, 30JbHHMKOM, KalaHOM I10j1a4H NEPBHYHOIO BO3JIyXa, )KapoBOH TpyOoi 2 ¢ kamepoit

NEPBOHAYAIILHOIO JOJKHI'a TOIINIMBHBIX BBICOKOTEMIECPATYPHBIX TIa30B C KIalaHOM IIOJa4du




10

15

20

25

30

9

BTOPHYHOTO BO3/lyXd, CHCTEMaMH sl MOIa4y TOIUIMBA M BOJBI U TEIUIOOOMEHHBIH annapar 5 s
OTOIUIEHHS ~ NOTpeOMTENs, Tra30[MHAMHUYECKM  CBS3aHHBIA C  TOIUIMBHOM  KaMepoii,
XapaKTepU3yeMBIi TE€M, 4YTO B BBHICOKOTEMIIEPATYPHOM KOMIUIEKCE PEIHKIMHIAa  MEXIy
ra3or¢HepaTOPHOM OTONUTEIBLHON PE3OHAHCHO-YCKOPHTEIBbHOW YCTaHOBKOH 1 M TeInooOMeHHBIM
annapaTroM 5 JONOJIHUTENBHO ﬁcrpoen arperaTHeId peakTop NUpoiu3aTopa 3, Wi nepepaboTKH
UCIIONB3YEMbId, HaIPUMED, aBTONOKPBILIEK IyTeM HX TEPMHYECKOTO OEeCKHUCIOPOIHOrO
Pa3sNOXEHMs C TONYyYEHHEM CMECH I'OPIOYMX Ta30B ¥ TSKENBIX YIJIEBOAOPOMHBIX COEIMHEHMIA,
BXOA KOTOPOTO ra30[MHAMHYECKH CBA3aH C apoBoil TpyOod 2 ¢ kamepoidl IepBOHAYABHOIO
JOKHUra TOIUTMBHBIX BBICOKOTEMIIEPATYPHBIX Ia30B, OJWH U3 BBIXOZOB arperaTtHOro peakTopa
HUPOJIM3aTOpa 3 ra3oAMHaMMYECKH 4epe3 JKapoByIO TPyOy 4 ¢ Kamepoil BTOPHYHOIO JIOXKHIa
M30BITKa BBICOKOTEMIEPATYPHBIX Ta30B CBA3aH C TEIIOOOMEHHBIM alllapaToM 5 Ui OTOIUICHHS
NOTpeOHTENA, a APYTOH BBIXOJ arperarHoro peakTopa MHPOJH3aTopa 3 ra30JMHAMHYECKH Hepe3
XOJNOAMIIBHYIO YCT@HOBKY 6 YIJIEBOJIOPOJHBIX COEIMHEHMI, COOTBETCTBEHHO TPEMS IIOTOKAMH,
uepe3 BBIXOJ A CBs3aH C HaKOIMTEJIEM 7 CMECH ra30B B T.4. (KHCJIOTHBIE COEIUHEHHS), 9epe3
BbIX0A B ¢ HakomureneMm 8 roprousmx yrieBOmOpomoB, yepe3 Bbixox C ¢ yCTaHOBKOH 9 s
C)KUTaHUsI BTOPHYHBIX YTIIEBOJOPOJCB B Ka4ECTBE IIEUHOIO MM PAKETHOrO TOILIMBA, ra30X00M
D u3 HakomuTensd 8 roprodmx yrieBOXOPOLOB, OJMH M3 BHIXOAOB F YCTaHOBKM 9 CBS3aH C
IapOBBIM TEIIOOOMEHHBIM ammapaToM 10 BEIpaGOTKE M IOJAuM napa B NapoByro Typbury 11,
COEIMHEHHYIO C MapO3JIEKTPOreHepaTopoM 12 11 1oiayd dMEKTPOIHEPIUy depes3 CTabUImu3aTop
HanpsokeHus 13 morpeburemo 14, npyro# Beixoq E ycranoBkM 9, COOTBETCTBEHHO, CBS3aH C
KaMepo# 15 KHCIIOTHOro BO3JeHCTBYS rOPSYMMHE Ia3aMH Ha 30JIbHBIH OCTATOK.

Jist yBenu4yeHus MpOM3BOAMTENFHOCTH U KOMIAKTHOCTH BBICOKOTEMIIEPATyPHBIH KOMILIEKC
PELIUKIIMHIa MOXKET OBITH OCHAIIEH, 110 MEHBIIEH Mepe, apoil apajulebHBIX ra30reHepPaTOPHbIX
OTONHTEJIBHBIX PE30HAHCHO-YCKOPUTEBHBIX YCTaHOBOK 1 - Pesycr.

Cornacno n306peTenuio 1o ¢ur.2 CTpyHHBIA Pe30HUPYIOMWMIA annapar 16 nanee pe3oHATOP
16, BBINONIHEH B BHAE KOHCTPYKIHH TPYG4aTo-TPEYTOJBHOTO COPTAMEHTa, KOHEK 17 KOTOpOTo
OCHAIlleH, 10 MEHbIICH Mepe, IByMs NETIeBBIMH aHkepamu 18, 19, koTopbie MOTyT OBITH
PacnonoXeHHs! B y3Jl€ HANIpPsDKEHHH aKyCTHYECKHX NYIBCAlUi TOPEHHS IUIAMEHH B CTPYHHOM
PE30HHPYIOIIUM anmnapare 16 win pacnoNOXEeHHBIMH B ITYYHOCTSX W/WIH y3li€ HaIpSKEHHH
aKyCTHYECKHUX IyJIbCAllHA FTOPEHHUS IIJIaMEHH 3BYKOBOM YacTOTH! B ra30XOMHON KaMepe CTPYHHOro
Pe30HMpyrOmero anmapata 16 mms coGmiofeHHs DPE3OHAHCA B 3aBHCHMOCTH OT IIPHPOJBI
KOMITOHEeHTOB TomuuBa. Kaxaeli nernesoit ankep 18, 19 mocpenactsom HarskHOH mranru 20,
CHabXEHHOH KpIOKOM 21 Ha ONHOM KOHIE H HAaKWIHOM MpOYIMHON 22 Ha JAPYroM KOHIE,

COOTBETCTBEHHO, CLEIUICHBI C METIeBbIMU aHKepamu 18, 19 pe3onatopa 16 u ¢ BepTHKAIBLHO -
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IITBIPEBBIMK  3amienaMu 23, 24 BCTPOCHHBIMH B IEPENHIO M 3aMHIOI0 CTEHKH 25, 26,
¢yrepoBanHOro KOpmyca 27.

B BEICOKOTEMIEPATYPHOM KOMILIEKCE PELMKIIMHIA IJIOCKOCTh KproKa 21 HaTsKHOM
mraHrd 20 ¥ IJIOCKOCTh HAKUAHOM NpPOYINHHBI 22 MOTyT OBITH pacroOJIOKEHH B B3aHMHO-
TIEPECECKAOINXCSL TIIOCKOCTSAX IO NMPSAMBIM YTJIOM UL COOIIONEHHS PE30HAHCA,

B c1pylinom pesonmpyromem anmnapare 16, coenaenne TomUubl 28 ¢ GOKOBLIMH CTEHKaMH
29,30 BBHIIONHEHO MO NPEAHANPSIKEHHOM TIUIOTHOH KOMOHHMPOBAaHHOHM MeXaHHHKO-CBApHOI
liocamke mo cnepyiomemy Tumy. B Ookoeix creskax 29,30, mo dur. 3.4 pesoHaropa 16
BBITIOJIHCHEL, PACIIONIOKECHHBIE CTPOYEYHO, MPSAMBIE CKBO3HbIE THe3na 31, CONMPSIKEHHBIE MO
IUIOTHOW [OCajKe, C MPSIMBIMM BCTaBHBIMH L munamMmd 32, ONMNO3MTHO THe3jaM 31
PacroIOXCHHBIMU B NOAMHE 28, ¥ CHApYXH 3aMKHYTHIMH YIJIOBBIM CBapHbIM IIBOM 33 B
npocTpancTse. bokoBele crenkm 29,30, compskeHBl ¢ NOXMHOM 28 € BO3MOXHOCTBIO
00pa3oBBIBATH MEXIY COGOM Tpy6yarhIii COPTaMEHT TPEYTONBHOM TPYOBI, BHYTPEHHSAS IOJOCTh
KOTOpOTro SBJISIET CO60H ra3oXoqHyIo Kamepy 34.

B BbICOKOTEMIIEPATYpHOM KOMIINEKCE PELMKIMHTA KOHeK 17 CTPYHHOTO pPEe30HHPYIOLIETO
anmapata 16 Tpy64aTo-yriaoBoro npouis ans yBeandeHHs KOHCTPYKTHBHOH NPOYHOCTH MOXET
ObITE 00pa3oBaH ABYMS WATHHIPHYECKHMH 3J1EMEHTAMH 35, 36 apmarypHOro W/mmm Tpy64aToro
COpTaMeHTa.

OnucaHHBI BEIIE KOHCTPYKTHME CTPYHHOTO PE3OHHUPYIOLIEr0 anmapara, Kax [HOKa3aid
HCIILITAHUSA, TapaHTHPYET KOHCTPYKTHBHYIO NMPOYHOCTh Ha HAAEKHOCTh paGoOThHI CTpYHHOTO
PC3OHUPYIOIICTO anmaparta IPH BO3JCHCTBHH IHKINYECKUX TEPMOIHHAMUYECKHX Harpy3ox u
HCKIIIOYaeT 4YaCTUYHOE MJIM IIOHOE BBINAJICHHE IIOJHHBI BHE 3aBHCHMOCTH OT [IPHPOJBI H
TEIIOTBOPHOM CIIOCOOHOCTH TOIJIMBHBIX KOMITOHEHTOB.

["opu3oHTaNBHBIE TOPIEBbIE COETMHEHHS MexJy coboi 6okoBEIX cTeHOK 29,30 ¢ moauHoi 28,
BLINIOJTHEHHOE IO NPEJHANPSIKCHHOM IJIOTHOH KOMOHHHPOBaHHOM MEXaHHKO-CBApHOH mocanke
THNA «mUn 32-rHe3f0 31» BBIAEPXKHBAIOT KOMILIEKCHBIE TEPMOMEXaHHYECKHE Harpy3kd Ha
CKaTHe, pacTsDKEHHE U Ha M3THO.

KoHcTpyknus mozgseca B COBOKYIHOCTH ¢ KOHCTPYKTHBOM YIJIOBOTO COPTaMEHTa CTPYHHOTo
PESOHHPYIOIIEro  annapata NpOTOTHIA BOCIPHHMMAET KOMIUIEKCHBIE TEPMOMEXAHHUECKHE
HATPY3KA TOJIbKO Ha PaCTSDKEHHE, YTO He 00ecrednBaeT HafeXXHOCTh paGOoTHI IIpHU YBEJIUYCHUH
MOIIHOCTH KoMILIeKca cBbime 200xBT. x

Koncrpyxums monseca B coBokymHOCTH € KOHCTPYKTHBOM TpPY04aTo-yIJIOBOr0 COpTaMeHTa
CTPyHHOr0  pEe3OHMpyIOIlero  anmapata 16 rapaHTHpyeT  CTaOHIBHOCTH  Ipolecca
TNOCNCAOBATEILHOCTH  (pa3  BONHOBOrO [BMXKEHHS My/NbCANMI Ta3oMIAMEHHOTO MOTOKA B

ra3oxogHou KaMmepe 34 B He 3aBHCHMOCTH OT IIPUMCHCHHS B OTIAECIBHOCTH WIH B COBOKYITHOCTH
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PasIHYHOM NPUPOIBI KOMIIOHEHTOB IepepalaThiBaeMBIX TOILUIMBHBIX OTXOJOB M TAKHM obpazom
obecrieynBaeT 3aJaHHYIO OSHEPreTUKY TedeHHS IPOLECCOB TEIUIO - H MaccOOOMeHa MEXIy
TOPSYMMH I'a3aMH U NepepabaThIBaeMBIMH OTXOHAMH.

B BBICOKOTEMIIEPATYPHOM KOMIUIEKCE PELMKIHHIa KOHEK 17 CTPYHHOIO PE30HHPYIOIIETO
ammapara 16 Tpy6yaTo-yrioBoro copraMeHTa OCHAIEH ABYMS II€T/IEBBIMH agkepamu 18, 19,
PACTONOXKEHABIMH 110 (UI.5 B y3e HANPDKEHHH aKYCTHYECKHX MyJIbCALHH TOPEHHs [UIaMEHH
3BYKOBOH YacCTOTHI B ra30X0JHOU Kamepe 34 cTpyHHOro Ppe30oHHpYIOLero anmapara 16.

Ha ¢ur 5 npencrasnen ¢parmest rasoxonHo#t kamepsr 34 CTPYHHOIO PE30HHPYIOLIETO
annapata 16, B KOTOpO# Moka3aH BOJNHOBOM XapaKTep pe30HAHCA HaIpsHKEHUA B MYYHOCTAX H
y3J71ax aKyCTHHECKMX IyJbCalluil IIaMeHH Ayl ofecriedeHus CTaGHIBHOCTH TEYEHHs IPOLECCOB
TEILIO - ¥ MAacCOOOMEHA MEX Ty FOPSYHME Ia3aMHi M [epepabaThIBAEMBIME OTXOAMH.

B BbICOKOTEMIIEPATYPHOM KOMIUIEKCE PELMKINHIa KOHek 17 CTp YHHOIO PE30HUPYIOIIETO
annapatra 16 Tpy64aro-yrioBoro copTaMeHTa OCHANIEH NBYMS IET/IEBBLIMH aakepamu 18, 19,
PACTIOJIOKEHHBIME 110 (UI.5 B TyYHOCTAX HANPSKEHHH aKyCTHUECKHX IyJIbCArmit ropeHus
TUIaMEHH 3ByKOBOH YaCTOTHI B Fa30X0/IHOM KaMepe 34 CTPYHHOTO pe30HHPYIOLIEro anmapara 16.

B BBICOKOTEMIIEPAaTYPHOM KOMILIEKCE PELHKIMHIA KOHEK 17 CTPYHHOIO pPE30OHHPYIOIIETO
anmapara 16 Tpy64aTo-yrioBOro COpTaMeHTa OCHAIIEH, MO MeHbIIeH Mepe, AByMS MNapamu
NETIEBbIX ankepoBl8, 19,: no ¢ur.5 omna mapa pacnonoxena B y3ie HanpsoKeHwHit aKyCTHYECKHX
KoneOaHUA IMyNbcalMif rOpEeHHMs IIaMEHH 3BYKOBOM YacTOTHI B ra3oxXogHon kamepe 34 B
CTPYHHOM pe3OHMpYIOweM ammapate 16, Apyras mapa pacHoONOXeHa B MyYHOCTSX HaIpsHKEHHM
aKyCTHYECKHUX KOJIeOaHHil MyJbCalliii TOPeHHs IUTAMEHH B Ta30XOMHOM Kamepe 34 cTpyiiHOro
PE30OHUPYIOLIETo annapara 16

B BRICOKOTEMIeEpaTypHOM KOMILIEKCE PELUKIIMHTA, KOHEK 17 CTp yHHOTO pe30HMpYIOLIEro
anmapata 16 yrioBoro npoduis ocHalleH, 10 MEHbIIEH Mepe, ABYMS THE3NAMH JUI IETICBEIX
aHkepos 18, 19.

BricokoTemMnepaTypHbIi KOMIIEKC PELHKIMHTA OTXOJOB OPraHHYECKOTO H HEOPTraHUYECKOro
OpOH3BOACTE 10 Gur.1,2,6 BKIOYAaET Tra30reHEPaTOPHYIO OTONHUTENBHYIO PE30HAHCHO-
YCKODHUTENIbHYIO yCTaHOBKY 1, ¢yTepoBaHHEIH Kopiyc 27 KOTOPOH C TOILIMBHOM Kamepo#t 37
OCHALEH CTPYHHBIM DE3OHUPYIOIIMM ammaparoM 16 Tpy6uaTo-TpeyroibHOro copTaMeHTa B
CCHCHHH C Ta30XONHOH Kamepod 34, 301mpHuKoM 38, xianaHoM 39 mojadus mepBHYHOrO BO3/yXa,
XapoBod TpyOOH 2 ¢ KaMepoil NepBOHAYAIBHOTO JOXHIA TOIUIMBHBIX BBICOKOTEMIIEPATyPHBIX
Ta30B C KJIallaHOM ITOJa4¥ BTOPHYHOIO BO3[ayXa, cucTeMaMu 40 IS MOZaYM TOILUTHBA M BOBI U
TEIIOOOMEHHBIA amnmapaT 5 171 OTOIUIEHMA IIOTPEOUTENs, ra3OJWHAMHUYCCKH CBS3AHHEI C

TOIUIMBHOH KaMepoit 39,
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B BbicoKkoTemMnepaTypHOM KOMIUIEKCE DPENMKIMHIA KOHCTPYKIHS TpPy6YaTo-TpeyroibHOro
COpPTaMEHTa CTPYHHOrO PE30HMPYIONIEro ammapata 16 MoXeT ObITh H3TOTOBJIEHA COENMHEHHEM
3JIEMEHTOB Ha OCHOBE LITPUIICOBBIX CTEHOK-IIOJOC.

Kpatkoe onmcanue paGoThl BLICOKOTEMNEPATYPHOrO KOMILIEKCA PEUMKIIMHTA OTXOJOB
OpPraHU4YeCKOr0 ¥ HEOPTaHHUYECKOIO IIPOU3BOCTB.

B BbICOKOTEMIIEPAaTYpDHOM KOMIUIEKCE PpEUHKIMHIA [UIS W3TOTOBJICHHS KOHCTPYKITHH
Tpy04aTo-TPeyroNbHOTO COpPTAMEHTa CTPYHHOTO pPE3OHHPYIOIIEro anmapata 16 npuUMeHsIOT
BBICOKO TEXHOJIOTHYHOE COEIMHEHHE DJIIEMEHTOB OOKOBBIX CTOPOH H IIOAHHBI Ha OCHOBE
IITPUICOBBIX CTEHOK-NONOC. COENMHEHMS 3JIEMEHTOB INTPHIICOBBIX CTEHOK KOHCTPYKIHUEH
CBapHBIX TPYyO HA3BIBAIOT NOcaaKaMH. YacTH KOHCTPYKIMH B MeCTaxX COeIMHEHHS JeTaleil
KOHCTPYKILIUH CBAPHBIX TPYO TPEYTONBbHOIO COPTAMEHTa HA3BIBAIOT - TPYGHbIE Y37BL

JIns TOYHOCTH M BBICOKOM NPOYHOCTH KOMOGHHHPOBAHHOIO MEXaHHUKO-CBAPHOTO CTAJIbHOT'O
COCIMHEHHS]  TPYOYATO-TPEYTONBHOTO COPTAMEHTA pE30HATOPa  Ta30XOMHOI KaMepsl ¢
TOBBIIICHHBIMA TPeOOBaHUST K BOCHOPHATHIO ITUKITHYECKHX TEPMOJAMHAMMYECKUX pabouux
Harpy3ok CHayaijia, B 00erx OOKOBBIX CTEHKaX - CTOPOHAX Tpy04aTo-TPEyroabHOro CopTaMeHTa,
HanpuMep, (Gpe3epyroT MM BBIPE3alOT Ja3epoM THE3JA WM HHBIM H3BECTHBIM CIIOCOGOM JUIs
OTIIO3ATHRIX BCTABHBIX THE3MIAM IIMIIOB B 00eMX GOKOBBIX CTOpPOHaX IOAMHEL Ilpu coenuuenuu
ACTajielt Ha «yc» (MOA paBHOGEIPEHHBIH Yroi GOKOBBIX CTOPOH 30-60°) yrmoByro BA3Ky ciemsr,
4TOOBI OIHA CTOPOHA NOIMHBI BXONHUIA B ONHY OOKOBYIO CTOPOHY TpPY6YaTO-TpeyroIsHOro
COPTaMEHTa, a pyrast CTOPOHA IOAMHEEl — B IPYTYI0 GOKOBYIO CTOPOHY TPY64aTO-TPEeyroisHOrO
copramenTa. [5] Takum 06pa3oM rapaHTHpPOBaH mpenen MPOYHOCTH HA PasphIB 110 MEHBIIEH Mepe
760 MIla

Cornacto n3o6pereHuto no ¢ur.2, crpyHHbIH PE30HUPYIOIIMH annapar 16 BEHINOIHEH B BUJE
KOHCTPYKLMHU TpyOUYaTo- TPeyroibHOro COpTAMEHTA, KOHEK 17 KOTOpOI'0 OCHAIIIEH, 110 MEHBIIEH
MEpe, AByMs NCTICBBIMH aHKepamu 18, 19, xoTopsle MOryT OBITH pacHONOXEHH B y37e
HaNpOKCHUH ITyJIbCAlMid TOPeHHs [UIAMEHH B CTPYHHOM PE30OHHPYIONIMM anmnapare Hjiu
PAacHoJIOKEHHI B IyYHOCTSAX W/WIIH Y31 Hanpxxcennﬁ aKyCTHYECKHX KoJeOaHu# ra3oliaMeHHOro
NOTOKAa JIs CTa0M/IM3alMM BOJHOBOTO XapakTepa pe30HAHCA [OCHEIOBATEIBHOCTH ¢a3
paclpeneNne s HANpsSOKCHUH aKyCTHYECKHX IyNbCAlWii I[NIAMEHM B pa3idYHbIE MOMEHTBHI
BPEMEHU.

B BbICOKOTEMIEpAaTYpHOM KOMIUIEKCE PEIHKIMHIA ILIOCKOCTH Kproka 21 HarsxHO
mtaHrd 20 ¥ II0CKOCTh HAKHIAHOW MPOYLIHHEI 22 pacnonoxce}m B TIIEPECEKAIOIMXCS TUIOCKOCTIX
IO MPAMBIM YIJIOM Ul CTaOHMIM3allMy BO3JECHCTBUS BHEINHHMX CHJIOBBIX HArpy3oK OT MacChl

TOILIMBA Ha CTPYHHBIA pe30HMpyIouIuif ammapar 16.
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B BBICOKOTEMIIEpPATYPHOM KOMIIIEKCE PEIMKIHHIA KOHEK CTPYHHOIrO PEe30HHPYIOIIETrO

anmapata 16 mMoxer ObITh 00pa3oBaH IBYMs CTE€PKHEBHIMH 3JIEMEHTAMH apMaTYpHOTO H/HIIH
Tpy64aToro ComeeHTa HapajUlebHBIA OCH KOTOPHIX JIEXAaT B BEPTHKAJIbHOM ILIOCKOCTH B
3aBHCHMOCTH OT TEPMOIMKINYECKUX HAarpy30K M MOIIHOCTH KOMILIEKCA.
CornacHo u300peTeHHIO Ha Gur 5 mpexacraBieH ¢parMeHT ra30XOAHON KaMephl CTPYHHOTO
PE30OHHUPYIOIIETO  ammapara, B  KOTOPOH IIOKa3aH BOJHOBOM  XapakTep pe3OHaHca
IIOCIIEN0BATENBHOCTH (a3 paclpeieeHNs HaPsHKEHUN B IYYHOCTSAX W/WIIH y3JlaX aKyCTHYECKHX
IyJAbCallMi IJIaMEHH JJI HECKONBKHX Pa3IMYHBIX MOMEHTOB BPEMEHH Ha MPOTSIKEHHH OJHOIO
IOy epHO/a, OTBEHAIOLIMH 32 CTAOUIIBHOCT TEYEHHUS IIPOLIECCOB TETLIO - B MAacCOOOMEHa MEXTY
rOpsYMMH T'a3aMH U TTepepabaThIBAEMEIMU OTXOIaMH.

3oupl Y1 um Y2 Ha ¢ur 5, B KOTOPBIX CyMMapHOE HaIpsOKCHHE BCer[a pPaBHO HYIIO,
Ha3bIBAIOTCH y3JIaMHM HAIpPsOKCHUS aKyCTHUYECKMX ITyJIbCAllMil IJIaMEHH, a 30HBI HaubobIIeH
aMmIuIATy A6l HanpspkeHu# [11 u [12 Ha3pIBatoTCS MyYHOCTSIMH.

VY356l M NMyYHOCTH HANpPsOKEHHH OCTAalOTCS B OIHHMX M TEX )K€ 30HAX BOJHOBOM IPHPOJIBI
pe30HaHCa aKyCTHYECKHX IIyJbcalMi ropenus miuameHd. IIpm pe3oHaHce wacToTa ITylnbCanuii
ITaMeHH, 00pa3yIoIEerocs B KaMepe TOpeHus, paBHa WM KpaTHa 4acToTe IyJbCaluil [IaMeHH
HHULAMPYEMOM CTPYHHBIM DE30HHMPYIOIIMM ammapatoM. B cBsasu ¢ stuMm  Habmomaemoe
yBEJIMYECHUE aMILUIATY A1 I1yJIbCAllMH [UIAMEHH, MHULAMPYET BO3MYIIEHHOE I'OPEHHME H CPEXHSA
CKOPOCTh I'OPEHHUs BO3pacTaeT MakCUMalbHO B 2—4 pa3za.[ 6]

Bo36yxenne pe30HaHCHBIX aKyCTHYECKHX KOJeDaHWM B IUIAMEHH SBIACTCS ONHHM H3
(aKTOpOB, CONPOBOXAAIOMIMX pa3BATHE TOpPEHUsS, AKyCTHYecKHe KoJeOaHHS B IUIaMEHH
SIBJISIIOTCS.  THIHYHBIM TIPUMEPOM TEIUIOBBIX aBTOKOJCOAHHiH, BO3HHUKAIOUIMX B CHCTEME C
TEIUIOBBIM MCTOYHHUKOM M PE30HATOPOM, B KOTOPOM BO3MOXKHO OCYINECTBIIEHHE OOpaTHOM CBS3M
MEXIY KOoneOaHUAMM JaBlEHHs, KOJNEOaHMAMH CKOPOCTH TEIUIOOTAa4d H IIEPHOJMIECKHM
U3MEHEHHUEeM CKOPOCTH XMMHMYECKOH peakiuu. AKyCTHYeCKHe KoJieGaHHUs OKa3bIBAIOT Pa3IMyHOE
BO3JEHCTBHE KaK Ha IPOIECC B Ta3OXOJHOH KaMepe TaKk ¥ Ha NPOIECC TOPEHHS B IEJOM.
[10JI0XUTENBHOM CTOPOHOH 3TOTO SBJICHHS MOXET SBISTHCS YBEIMYEHHUE IIOJHOTHI CrOPAHUS MPH
YMEHBUIEHHH CKOPOCTH TOPEHHS

B 3aBUCHMOCTH OT HPHPOJBI HCIIONB3YEMBIX OPraHHYeCKMX OTXOJOB B KayecTBE TOILIMBA,
Harpy3kH OT €ro Beca M OT MOLIHOCTH BHICOKOTEMIEPATYPHOTO KOMILIEKCA B IIpoIecce
BBICOKOTEMIIEPATYPHOr0 PELHUKIIMHTA B Pa3HbIe TEXHOJIOTUYECKUE MEPHOIBI BpEMEHH H3MEHIETCS
TOJIbKO BCTIMYWHA HANPHKEHHMS B KaXJI0H 30HE IyJbCallMii TOpeHHs IamenH. [lostoMy s
obecnieyeHus pe3oHaHca HalpsHKEHHH NeTIeBbie aHKeps! 18, 19, pacmonararor B my4HOCTSX W/HIH
y371ax HanpsuKeHHH aKyCTHYECKHX ITyJbCAllMii FOPEHHs IUIAMEHH B CTPYMHOM pE30OHHMPYIOILIHMM

arnmapare.
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KOHCTPYKTHB NMapHBIX HACHTHUHHIX HATSKHEIX MOJIEPKHBAOIMX WTaHT 20, CHAGKEHHDIX
KprokoM 21 Ha OJHOM KOHIIE M CHadXEHHBIX HaKUJHOH NpOYIIHMHOH 22 Ha APYroM KOHIE B
COBOKYIHOCTH C TApHBIMH, 110 MEHBIUCH Mepe, ABYMs TIETIEBBIME aHKepamH 18, 19 npenHa3Haven
U GUKCALMKA WM JUTA OCHM/UIALMOHHOTO MEPEMEIIEH s CTPYHHOTO PE30OHUPYIOLIETO amapara
16.

B cBf31 ¢ TeM, YTO BEICOKOTEMIEPATYPHBIH KOMILIEKC PEHUKIHHIA IIPOM3BOJHUT TETUIOBYIO
SHCPIUIO M3 HU3KOKAIOPHHHBIX OTXOLOB PAasIMYHBIX NPENPUATHHA (aCHMpAMOHHAS IIBUTb,
JIUTHHH, KYPHHBIA IIOMET, ONMIIKH U T.I.) C BIAXHOCTBIO 70%, 3TO MO3BOISET B IHOJHOMN Mepe
obecreynTh CTaGHIBHOCTD MPOU3BOACTBA KOMIUIEKCOM AOTOMHUTEBHBIX HCTOUHHKOB JHEpPTrUuU
IIyTeM YTHIH3aIMH Pa3iUYHBIX THIIOB OTXOIOB.

BricoKOTeMIIEpaTypHBIil KOMILIEKC PEIMKIHHTA OTXOI0B OpPraHr4YeCKOro ¥ HEOpraHUIeCKOro
IOPOM3BOJACTB  pealu3yeT Ccrnocod "b PEUMKINHIa OTXOZOB, BKIIOYAIOIIHH PHIOTOBJICHHE
KOMIIOHCHTOB TOIUIMBHOH CMECH H €€ CXKHraHHE B BHIE JXUIKO-TBEPIOTO TOILIUBA B TOILTHBHOM
Kamepe rasOreHEpaTOpHOH OTONHTENBHOH PE30HAHCHO-YCKOPHUTENBHOH YCTAHOBKH yTeM
BBICOKOTEMIICPAaTypPHOTO ~ pE30HAHCA OCYINECTBIISIOT TEPMHUYECKOE pa3OXKEHHE Ha CMeECh
BBICOKOTEMIIEPATypPHBIX ra3oB (800 — 2200°C) C ¥X TIOCJIEAYIOIIUM [JOXKHTOM B XKapoBoi TpyGe 2 ¢
KaMepoi nepi;onaqanbnoro AOXKHUTra TOIIMBHBIX BBICOKOTEMIIEPATYPHBIX Ia30B, KOTOPBIE HOAIOT
Ta30/IHHaMHYECKH B TEIIOOOMEHHUK 5 JUIs OTOILICHHs moTpebuTesns. [Ipi 5ToM mocie MoXKHra B
XapoBod TpyOe 1 ¢ KaMepoll NepBOHAYAIBHOTO MOXHIA TOILTHBHBIX BBICOKOTEMIIEPATYPHBIX
Ta30B CMECh BBICOKOTEMIICPATYPHBIX ra30B B KayeCTBE TOILTMBA MONAIOT B arperaTHbIA PeakTop
muponu3aropa 3, HanpuMep, s IepepaGoTKH aBTONOKPHINEK C HAXOMAIIAMHCS B Hell
HEOPraHMYECKUMU OTXOJaMHM (HMJIM MEHMIMHCKUMH MM OBITOBEIME HIIH CEJTbCKOXO3SHCTBEHHBIMU
W BOCHHO-IPOMBINIICHHBIMA WM MIACTHKAMA H [Ip), B KOTOPOH NOJBEPraeT TEPMHUECKOMY
GECKHCIIOPOIHOMY Da3JONKEHHIO, 06pas3yst cMech TOPIOHX Ta30B M TKENBIX YIJIEBOXOPOIHBIX
COCIMHEHHUH, HM30BITOK KOTODBIX B BHIE BBICOKOTEMIIEPATYPHBIX TA30B HanpaBJseT Yepes
XKapoByro TpyOy 4 ¢ KaMepoil BTOPHYHOTO JOXWT4 Ta30B B TeIIOOGMEHHBIH ammapar S, a
TIOJTyICHHbIE TUPOJI30M YIJIEBONOPOHBIE COCIMHEHHS B arperaTHOM PeakTope MHPOIH3aTopa 3
(Yepe3 XONOMUNBHYIO YCTAHOBKY 6 HANPAaBIIAIOT TPEMS IIOTOKAMH, COOTBETCTBEHHO, B HAKOIIUTEb
7 cMecH Ta30B B T.4. (KHCJIOTHbIE COEIMHEHH), B HAKOMHUTEIb 8 TOPIOYHX YTJIEBOAOPOJAOB, NIPH
9TOM TAXEJIBIC YIIIEBOAOPOAHBIE COECIMHEHHS HANPABISIOT B KAa4eCTBE IIEYHOrO TOIUTHBA B
YCTaHOBKY 9 IUIsl C)KMTaHHsS BTOPHYHBIX YIJIEBOAODPOJOB, FOPSHHME Ta3bl U3 KOTOPOH NOJaroT,
COOTBETCTBEHHO, B KaMepy 15 KHCIOTHOro BO3meHCTBHS Ha 30JBHBII OCTATOK H B [1apoBOif
TeII0OOMEHHBIH ammapar 10, HCmons3ys s BeIpaGOTKH mapa B TemnooOMeHHuKe 10, ¢
TIOCICAYIOMWMM HaNpaBIeHHEM B MapoByio TypOuHy 11, 3amyckas maposiekTpo-reHeparop 12,

BBIpabaThIBas 3IEKTPOIHEPTHIO Yepes crabunusatop HanpsDkeHMs 13. 30JBHBIM  OCTATOK
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00pa3soBaHHbIl B TOIUIMBHOH KaMepe BBICOKOTEMIIEPATYPHOTO KOMILIEKCA PELMKIMHIa | u B
NMPONM3HOH KaMepe arperaTtHoro peakTopa ITMPONHM3aTopa 3 NOIBEPraloT KHCIOTHOMY
BO3/ICHCTBHIO B KaMepe 15 KHCIOTHOTO BO3NEHCTBHS, pasiioras €ro Ha pasHble BHABI METAILIOB.

IlpumensieMble oTXOzpl. B TommmBHYI0 Kamepy KOMIUIEKCA PEHHKIHHTA 3arpyKaroT
Pa3IUYHEIE OTXOIBI KOMOHMKOPMOBBIX, PallCOBBIX 3aBOMIOB, B TOM YHCIIE OTXOAbI 3EPHO IPHEMHBIX
TIOPTOBBIX 3J1€BATOPOB. JIJAHHEIC OTXO/BI B KOMILIEKCE 34 CHET BHICOKOTEMIIEPATYPHOTO PE30OHAHCA
pasiararoT Ha CMeCh BBICOKOTEMIEpaTypHBIX raszoB (900 — 2200° C) ¥ moxuramor B XapoBoii
Tpybe 2 ¢ kaMepo# IepBOHAYANBHOTO JIOXKKTa TOILTHBHEIX BRICOKOTEMIIEPATYPHBIX [a30B, obpazys
3HAYMTCNBHYIO CYMMAapHylO OJHEPrHIO, KOTOpas IpOXOAs dYepe3 arperarHelii peakTop
nnponmaToﬁa 3 Moxer nbzuseprau. TEPMUYECKOMY pPa3jIOKE€HHIO U HMHEBEIE OTXOAbl B Hel
Haxozsmuecs (MeAULHHCKAE, OBITOBBIE, CETbCKOX03AHCTBEHHbIE, BOCHHONPOMBILILICHHEIE 1 ap.),
B TOM YHCJI€ MJIACTUK M aBTOIIOKPBIIIKH.,

M36bIToK  00pa3soBaHHOM OJHEPrHM HaNpaBNsSETC depes XapoByio TpyOy 4 ¢ kamepoi
BTOPHIHOIO JOXUId TOIIMBHBIX BBICOKOTEMIIEPATYPHBIX Ta30B B TEIUIOOOMEHHBIH ammapaT 5
ofecre4nBas rops9MM BOJOCHAGKEHHEM TOTPEOHTES.

B arperatHom peakTope muposmsaropa 3 38 CYET TEePMHUYECKOro OECKHCIOPOAHOrO
Pa3ioXeHUs 00pasyeTcs CMech TOPIOYHX [a3oB M TKENBIX YIIEBOJOPOIHBIX COCIUHEHHUN,
KOTOpBIE B JATBHEHIUEM CIIy)KaT B Ka4eCTBE MEYHOTO TOILIMBA B YCTAHOBKE 9.

Best 30ma obpasoBanHas B rasoreHepatope | M THAPOIH3HOM Kamepe 3 moaBepraercs
KHCJIOTHOMY BO3JEHCTBHIO B Kamepe 15, passoras ee Ha pa3Hble BUABI METAIIOB.

A3pONMHAMHYECKHH TPAKT Pe30HAHCHOM CHCTEMBI TEXHOIOTHIECKOTO KOMITIEKCa PELMKINHTa
OTXOJI0B OpraHW4ECKOr0 M HEOPraHWYeCKOro IPOM3BOACTB paboTaeT Mo CleAyromell cxeme.
["'oprounii ra3 U3 TOILTUBHOM KaMeps! rasoreneparopa 1 uepes CTpyHHBIH pe3OHHPYIOMIHH annapaT
16 nonaror B xapoByio TpyOy 2. SIBIeHMe pe3oHaHCA HAGIONAETCS B TOM cilyyae, KOrma Io
XKapoBo# Tpybe 2 momaercs IpeABapUTEIHLHO IOATOTOBICHHAS CMECh BBICOKOTEMIIEPATYPHOIO
TOPIOYETr0 TUIAMEHHOTO Ta3a ¢ BO3AYXOM 4EPE3 COOTBETCTBYIOLIMM KIIAIAHHEBIN CMECHUTEb.

BricokoTemneparypHast cTpys cMecH roprodero H1aMeHHOTo rasa, pa3orHa”Has B rO30X0JHOM
kamepe 16 ¢ pe3KuM yBENHYEHHEM NABICHHs Ha BHIXOE, BPE3aeTCS B HCXOIHBIE MaTepHakI,
HaNpuMEp aBTONKPEHINIKH, B 30HE IMPOIHHU3ALMH [€ B arPETaTHOM PEaKTOpe 3 MUpOJIM3aTopa 3a
CYET PasHHLB! JaBICHUH HCXOJIHBIA MaTepuasl BCKHIAST M 00pa3yeT ICEBIOKHISIIAN CIOH C
npoaykraMu nepepaborTku. TemnoBas SHeprus IEpexoguT B mHemqecxon, YTO IMPUBOAMT K
PaspeiBy  MOJIEKYN TONMMepa C 00pasoBaHMEM KOHJEHCATa M YCKOPEHHIO IpoLecca
ACTIONINMEPH3ALIMK, MPOUCXONUT (TEPMONUHAMHUYECKUH» KPEKHHT. KpeKuHr WHHMIMMpOBaH He
TOJNIBKO IPH HAJWYMH BBICOKOH TEMIEPATyphl, HO M KMHETHYECKOH 3HEpPIHH CTPYHM HOTOKA

TOPIOYEro IIAMEHHOTO Ta3a, YTo eIe DoJiee YCKOPAET Hpolece MUponu3a. [Ipa 3TOM IpOayKThI
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KPeKUHra B BUIC KOHJCHCATA HANPABIISIOTCS HAa XOJOIMIBHYIO YCTaHOBKY 6 11 pasroHa Tpems
TOTOKaMH 110 (paKuMsM, a OYHMLIEHHBIH C MOMOIIBIO $umeTpa 8 BO3mYX BHIGpackBaeTcs B
atMocdepy.

IIpoMeImineHHOEe  WcnONB30BaHHE BBICOKOTEMIIEPATYPHOTO TEXHOJIOTHYECKOTO KOMILIEKCA
PCLUUKIIMHTA 110 HACTOAINEMY M300DETEHHIO IIPHBOAMT K CHEDKEHHIO 9HEPrOEMKOCTH,
CeOCCTOMMOCTH H  YHMBEPCATH3ANMM TEXHONOIHMH PCUUKIMHIA TIEPEBOAS €€ B Kjace
BO300OHOBJISEMEBIX HCTOYHHKOB 9JIEKTPOSHEPTHH.

I'enepupyemuble akycTHYecKHe HH3KOYACTOTHEIE KOJIEOaHHS Pe30HATOPOM Ta30XOMHOM
KaMepbl MHULHUPYIOT ABICHHE PE3CHAHCA B PEIIETKAX KOMIIOHEHTOB CBIPBSl Ta30BO3YIUIHOM
TOIUTMBHOH CMECH, OCOGEHHO B pelIeTKax TKEIbIX YIJICBOOPOJIHBIX KOMIIOHEHTOB CHIPBS,
aKTHBHDYS TEM CAMBIM B HUX BBLIENEHHS TEILUIOBBIX HEPIHI.

Ilpumenenne u3o6perenns mo3sonser 3a cuer yTHIH3ATEY Pa3INYHBIX KaTETOPHU OTXOMOB
PacCllMpUTE TEXHOJNOTMYECKUE BO3MOXHOCTH PELMKIMHIA UL BBIPA0OTKH HOBBIX HCTOYHHMKOB
SHEPTHH, YTO OOECHEYHT JHEPreTHYECKYIO HE3aBHCHMOCTD OPEANIPUATHA OT AOPOTOCTOSIIHUX
OHCPrOHOCHTEJICH, a IIPH MAaCCOBOM HCIIOJIL30BAHUH SHEPreTUECKYIO OE30MaCHOCTh TOCyAapCcTBa
B IIEJIOM.

Ilonyqaemsle B rasoremepatoproit YCTaHOBKE Trasel HA3BIBAIOTCA IE€HEPATOPHBIMH, a B
UPOJIM3HOM peaKTope-NuporazamMu. I'Openre TBEPOro TOMIHBA B ra30reHepaTOPHOM YCTAHOBKE
B OTJIMYHE OT JIO6OH TONKM OCYIECTBIAETCS B 6OIBIIOM CIIOE H XapaKTepH3yeTcd NOCTYILUICHHEM
KOJIMYECTBA BO3MyXa, HEAOCTATOYHOTO JUIS HOJHOTO CHUTAHHS TOIUINBA, HAIPUMED, IpH paboTe
Ha TNapOBO3AYLIHOM HYThe B Ta30reHepaTop MNomaéres 33——35% BO3JyXa OT TEOPETHYECKHU
Heobxomumoro. O6pasyromumecs B TA30TCHEPATOPHOH YCTAHOBKE Ta3hl COAEPHKAT MPOLYKTHI
TIOJTHOTO TOPEHHs TOIUIMBA: YIIEKHUCIEI a3, BOIY, IPOAYKTE X BOCCTAHOBICHHS H NPOAYKTHI
HCMOIHOTO ropeHUs M MNPOAYKT MHPOrEHETHYECKOTO DA3NOKeHHs TOILIUBA - yTapHBIA ras,
BOZOpOZ, METaH, yrnepoA. B reneparopHble rassl NepexomuT Takke asor Bo3ayxa. Ilpouecc,
IIPOUCXOMAIINHA B ra30reHepaTtopHoil YCTAHOBKe XapaKTepu3yeT ra3u(puKaLMo TOIIHBA.

BoicokoTemnepaTypHbIit KoMITekce PCLMKIMHTA OTXOA0B OPraHMYECKOTO H HEOPraHUYeCKOro
NPOU3BOACTB paboTaeT Ha mpumepe OTBITHO-NPOMBIIUNEHHON ycTaHOBKH THIa «PE3YCTy. s
HOPMAJIbHOH paboTEI ra30TeHEPaTOPHOM OTOMUTENBHOMN PE30HAHCHO-YCKOPHUTENbHAS YCTaHOBKH,
Pesyct, 1 ycramaBmusaror TpedyeMoe paspsikeHHE B TOILIMBHOlM Kamepe. Jlng yBennyeHus
TCTUIOTEI  CrOpaHMs rasa B Ta30rCHEPATOPHOH OTOMHTENIBHOMN P€30HaHCHO-YCKOPHTEILHOH
YCTaHOBKE CUCTEMa II0JJa4yH TOIUIMBA CHAGXeHa CHHXpPOHH3UPOBaHHOW CHCTEMOM IIOJaYH BOJHI HA
TOIUTHBHYIO MacCy B 30HY 3arpy3KH TOIUINBA TOIUTMBHOMN KaMephl HaJl paboyeii MOBEPXHOCTHIO
CTPYHHOTO PE30HHPYIOLIETO ammapara 16. IIpu pa6ote rasoremeparopa Ha BO3yXe C yMEPEHHOH

06aBKoO# K HEMY BOJSHEIX IapoB MMOJy4YaeTcss CMeHIaHHbIH ras, TeIiuoTa Cropa”us KOTOpOro (B
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3aBHCHMOCTH OT HCXOAHOIO TOILIHBa) KoneGnercs ot 5 10 6,7 Mmx/M3 (1200—1600 KKan/m3).
IIpu noaade B packanéHHBIA CII0H TOIIMBA ra3oreHeparopa BOASHOIO Mapa MONydYaloT BOASHOM
ras ¢ TemIoTo# cropanus ot 10 no 13,4 Mmx/m3 (2400—3200 kxan/m3.

IlpuMeHeHHEe  BBICOKOTEMIIEPATyPHOTO KOMILIEKCA PCUMK/IMHIA IIO3BOJIIET 3a CYET
YTHIM3AIlUK  Pa3IUYHbIX KaTeroOpud OTXOJAOB pACIHMPHUTL TEXHONOTHUECKHE BO3MOXHOCTH
PCLUKIMHTA 111 BBIPAOOTKM HOBBIX HMCTOYHHMKOB 3HEPIHH, YTO OGECHEuHT 9HEPreTUYECKYIO
HE3aBUCHMOCT  [PCINPUATHH  OT JOPOTOCTOSIIMX SHEPrOHOCHTENEH, a IPH MAaccoBOM
HCTIOJIb30BAHUH SHEPTETHYECKYIO G€30IIaCHOCTh TOCYAAPCTBA B LETIOM.

HpOM},ImneHHoe . AcHOTB30BaHHE 00beKTa  NPOMBIIUIEHHOH  COGCTBEHHOCTH
3aIIaHAPOBAHO Ha TeppUTOpHH benapycu u ctpan CHI™.

HWctounnku nadopmanyn.
1. EBpocrar: Jlannsle 0 MatepuansoM pemuxiuare THO 3a 15 et Europian Statistical System
[Onextponnsi pecypce] URL: http://epp.eurostat.ec.europa.eu/tgm/refresh TableAction [c.16, 18]
2.Ilarent P® 2391359-my6:1.10.05.2010, B21B17/00.
3.Cnoco6 HCmONb30BaHUS  BO30GHOBJIIEMBIX HCTOYHHKOB OSHEPIHH C)XXHTaHHE OTXOJOB Iu-
ecology.inforterm/10920/ u3 Vareprera 05092017.
4.I"'azoreHepatopnas OTONUTEbHAS PE30HaHCHO-YCKOPHTEIbHAS yCTaHOBKa,3asBKa
Ne201600395 Bromerens 012018 : Espasuiickas maTenTHas OpraHu3anus
eapo.org>ru/publications/bulletin. .. 1600395 html
5.CapHusie TpyOBI TPEYTONIBHOTO COpTaMEeHTa- ru.czweiheng.com 1i0)0
freepatent.rwpatents/2312724- TPEYroabHas CBapHas Tpy6a U3 IOJIOCOBHIX JIEMEHTOB.

6. ITynscanus nnamenn - CripaBounnk xumuxa 21, chem?1.infosinfo/647373/.

. %
3asBuUTENH H.H.BopotHukos

IlaTenTHBIH HOBEPEHHE

A Xnebuesuy -




10

15

20

25

30

®OPMYVIJIA U30BPETEHUA

1.BoicoKkOTEMIIEpaTypHBIf ~ KOMIUIEKC  PENMKIMHTA  OTXOJIOB OpraHM4YecKOoro  u
HEOPraHUYECKOTO IIPOU3BOACTB, BKIIOYAKOIIHHA ra;éreneparopnyro PE30HAHCHO-YCKOPHUTEIBHYIO
YCTaHOBKY, (yTEpOBAaHHBIH KODIYC KOTOPOH C TOIUIMBHOM KaMepoH OCHaIIeH CTPYHHBIM
PE3OHUPYIOWMM  alNapaToM TPEYTONBHOTO COPTAMEHTA B CEYEHHMHM C Ta30XOOHOM KaMepoi,
30JILHHKOM, KJIallaHOM IOJa4¥ NEPBUYHOIO BO3/YyXa, JKapoBOM KaMepoll ¢ KIIallaHOM IMOJadu
BTOPAYHOIO BO3MyXa, CHCTEMaMH 15 NI0/Ia4M TOILUIMBA M BOJBI M TEIUIOOOMEHHBIH ammapar s
OTOINICHMS ITOTPEOUTENS, ra30ANHAMHYECKH CBA3AaHHBIA C TOIIMBHOM KaMepo#, OTIIMYAIOUINHCS
TEM, 4YTO CTPYHHBIA pE3OHMPYIOLIMH anmapaT BBIIONHEH B BHJIE TpyO4YaTO KOHCTPYKLUH
TPEYTONIBHOrO COPTAMEHTAa, B OOKOBBIX CTEHKAaX KOTOPOIO BBINOJIHEHBI, PACHONOKEHHBIE
CTPOIEHHO, NPAMBIC CKBO3HBIE THE3/1a, CONPSDKCHHBIE 110 MIOTHOM MOCAIKE C PACIIONIOKEHHBIMY B
TIOZAMHE NIPSIMBIMM BCTABHBIMH INNIIAMH, ONIO3HTHO IHE3JaM, M CHApYXKH 3aMKHYTHIMH YIJIOBBIM
CBApHbIM IIBOM, NPHYEM KOHEK TPEYTONBHOrO COPTAMEHTa OCHAIIEH, II0 MEHbIIEH Mepe, IBYMs
NETICBLIMH aHKEpaMH, KaXIbId M3 KOTOPHIX MOCPENCTBOM HATSXKHOM IUTAHTH C KpIOKOM Ha
OIHOM KOHUE M HAKMIHOH INpPOYIUMHOH Ha JAPYrOM KOHIE, COOTBETCTBEHHO, CHEIVICHBI C
NCTJICBRIMA  aHKEPAMH CTPYHHOTO DE30HHPYIONIEr0 AaMNMapara ¥ ¢ BEPTHKAIBHO IITBIPEBBIMH
3allcliaMyd, BCTPOCHHBIMH B NIEPEIHION M 3aJHIOI0 CTEHKH (YTEPOBAHHOIO KOpIyca, HpHYeM
MEXIy Ta30reHepaTOPHONM PE30HAHCHO-yCKODHTENBHOH YCTAaHOBKOM M  TEINIOOOMEHHBIM
alnapaTtoM JIOMONHUTEIBHO BCTPOGHA NMHPONM3HAs KaMepa JUIS IIOJNYYEHHS CMECH TOPIOYHX
Ta30B U TOKCIBIX YITIEBOXOPOAHBIX COEIUHEHHH, BXOJ KOTOPOHM Ia30qMHAMHMYECKHM CBS3aH C
KApoBOH TPYOOH [OXHra TOIUIMEHBIX BBICOKOTEMIIEPATYPHBIX Ta30B, ONMH U3 BBIXOJIOB
NHUPONM3HOA ~ KaMephl — ITAa30MHAMHYECKH Yepe3 BTOPHUHYIO KaMepy  goxwura H30BITKa
BBICOKOTEMICPATypPHBIX Ta30B CBA3aH C TEMIOOOMEHHBIM alIapaToM Uil OTOILIEHHS
notpebuTens, a Apyrod  BBHIXOX rasonnHaMﬁqecxn 4epe3  XONOAMIBHYIO  YCTaHOBKY
YTIICBOIOPOJHBIX COENUHEHHH, COOTBETCTBEHHO TpeMs IIOTOKAMHM, 4Yepe3 BHIXOX A CBf3aH C
HAKOIHTENIEM CMECH Ia30B H KHCIOTHBIX COSNMHEHHH, Yepe3 BHIX0A B ¢ HakomuTeneM roprounx
YrIeBO4OPONOB, 4Yepe3 BhIX0X C C yCTAaHOBKOH IS CKHUTAHHS BTOPHYHBIX YTJIEBOJOPOJIOB B
KauecTse ICYHOro TOILIABA ra3’oXozoM [l M3 HaKONHMTENs TOPIOYMX YIJIEBOJOPOLOB, OAHH U3
BBIXOJIOB E yCTaHOBKH, COOTBETCTBEHHO, CBS3aH C KaMepOl KHCIOTHOTO BO3IEHCTBHS TOpSTYUMU
rasaMi Ha 30IbHBIH OCTaTOK, a Opyroil Belxos F ycTaHOBKM  cBs3aH ¢ [IapOBBIM
TTEIIOOOMEHHBIM allapaToM BRIPaGOTKH M MMOAAYH Iiapa B apoOBYIO TypOHHY, COENUHEHHYIO C
TIapOSIEKTPOTCHEPATOPOM  JUISL TOZAYH JNIEKTPOIHEPTUM dYepe3 CTabHIM3aTOp HANPSIKEHHS

roTpedurenio.
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2. BBICOKOTEMIIEPATYPHBIH KOMIUIEKC PELHKIMHTA 110 1.1, OT/IHYAIOMmMiics TeM, IETIEBbIE
AHKEPBI, PaCIIOJIOXEHBI B y3/I€ HAllPSHKEHUM IyJIbCaliMii TOPEHHs IIIAMEHH 3BYKOBOM 4acCTOTHI B
rasoXOAHOH KaMepe CTPYHHOro pe30HMPYIOLIEro ariapara.

3. BbicokoTemmepaTypHbli KOMILIEKC PELMKIMHIA 10 1.1, OTIHYAIOLMHCS TeM, METIEBhbie
aHKEpBI, PaCNONOKEHbl B ITyYHOCTAX HANPKCHHM aKyCTHYECKHX IIyJIbCALM TOPEHHs IJIaMEHH
3BYKOBOH JacTOTHI B I'a30XOJHOH Kamepe CTPYHHOTO Pe30HHMPYIONIETO anapara.

4. BbICOKOTEMIIEpaTypHBIH KOMIUIEKC PELMKIMHra Mo m.l, OTIMYAIOHiCA TeM, KOHEK
CTPYHHOTO PE30HMPYIOIIEro alnapaTta OCHAIICH, 10 MEHBIUEH Mepe, ABYMS IIapaMH IETIEBBIX
AHKEPOB: OJlHA IIapa paCIONIOKEHA B y3/le HANPSXKEHUH MyJIbCAllMi FOPEHMUs! IIaMEHH 3BYyKOBOM
YacTOThI B ra30X0/JHOH KaMepe CTPYHHOIO pe30HMPYIOIIETo aNliapara, Apyras Iapa paclojioxeHa
B NYYHOCTAX HANPOKHHH aKyCTHYECKHX KoneOaHWi B ra3’0XOHHOHW KaMepe CTpPYHHOTO
PE30HHPYIOIIETO allapara.

5. BricokoTeMIepaTypHBI# KOMIUIEKC PENHKIMHTa 10 1.1, OTIMYarommics TE€M, KOHEK
CTPYHHOTO PE3OHUPYIOLIETO anmnapaTa yrioBoro npoduis o6pa3oBaH IByMs IUIHHAPHYECKUMHU
37IEMEHTaMHU apMaTypPHOIO /MM TPYOUaTOro CopraMeHTa.

6. BeicokoTeMIIepaTypHBIi KOMIUIEKC PemUKIHHra o 1.1, oTMyaromumiics TEM, IUIOCKOCTH
KpIOKa HATSXKHOM INTaHTH W IUIOCKOCTh HAKUIAHOW NPOYIIMHBI PACIONOXEHBl B B3aHMHO-

IIEPECCKAIOIIHNXCA IITTIOCKOCTAX O IPAMBIM YIJIOM,
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BBLICOKOTEMITEPBHY PHBIM KOMILIEKC TEXHOTOT'H PELIMKJIMHI'A OTXO/J0B
OPTAHMYECKOI'O U HEOPTAHUYECKOT O NPOU3BOIACTB.
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BBICOKOTEMITEPATYPHbBII KOMIUIEKC PELMKJMHI'A OTXO/J10B
OPIAHUYECKOI'O 1 HEOPTAHUYECKOI'O INIPON3BOJACTB
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BBICOKOTEMIEPATYPHLIN KOMIVIEKC PEHAKJIHHIA OTXO10B
OPFAHWYECKOIO ¥ HEOPTAHUYECKOTO IIPOM3BOACTE
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BBICOKOTEMITEPATYPHbBIH KOMILIEKC PEIMKIAHEIA OTXOA10B
OPIAHUYECKOTO 1 HEOPTAHWYECKOIO HPOH3BOACTB
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BLICOKOTEMIEPATYPHBLIT KOMILIEKC PEUHKJIHHTA OTXO/IOB
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