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mapa ¥ BOJOPOAa M MOXKET OBITh HCIIOJIB30BAHO B PA3IMYHBIX YCTPOMCTBaX, HAMIPUMEpP AJS MPSIMOTO
MIPOM3BOACTBA '"3€JIEHOr0" BOJOpOJAa M3 BOIBI, JJis OecrnapoBOd TEPMHUUECKON KOHBEPCHH METaHa B
Bomopox, ans yrumusammu CO,, 1y ra3udukanud ¥ KOHBEPCHU OTXOAOB M OMOMAacchHl B "3€NCHBIH"
BOJIOPOJ, AJIsi IMPOM3BOACTBA "3€JE€HON" TEIUVIOBOM M 3JIEKTPUYECKOW SHEPruH, B METaJULypruu AJs
BBIIUIABKKM METAJUIOB, METALIO00paboTKe, B cdepe CTPOUTEIBCTBA I KOHBEPCHUHM IyCTHIHHOTO
Iecka B CTPOMTENBHBIN IIECOK, B J1epeBOOOpadaTHIBAIOICH IPOMBINUICHHOCTH JUISI TPOM3BOICTBA
TEPMOMOTU(PHUIIMPOBAHHON NPEBECHHBI, UIA OIPECHEHUS COJNCHOH MOPCKOH BOMBI, JJS OYHUCTKH
3arpsi3HEHHBIX CTOYHBIX BOJ, @ TaKKe B JPYrux obmactsax "3ejeHoW" SKOHOMMKH, HalpaBlICHHBIX
Ha OOppr0y ¢ M3MEHEHHEM KiIMMaTa. TeXHWYECKHil pes3ylbTar, JOCTHTAaeMBIH TMpPH OCYNIECTBICHUU
M300pETEHUS, 3aKITFOYASTCS B BOZMOKHOCTH MOTYYICHHUS CIIIBHO TIEPETPETOro apa TEMIePaTypoi OKOIIO
3500°C u Bomopoma HauOoJiee JACHICBBIM, M3 CYIICCTBYIOIIUX B HACTOAIICEC BpPEMs, CIIOCOOOM, Mpu
STOM TOJYYEHHBIH TMEperpeTeiii map, BOZOPOX W MPOXYKTHl TEPMHUECKON AMCCOLHAINH SBISIOTCS
SKOJIOTMYCCKH YHCTHIMU M HE COAEPIKAT BPSTHBIX M TOKCHYHBIX MPHMECEH, TaKKe BOJOPOI, ITOTyJacMbIit
B MPOIECCE TEPMHUUCCKON HCCOIMAIIMH BOBI, SIBJISCTCS YKOJIOTUUECKHA YUCTHIM M HaHOOJIee CIICBhIM,
W3 CYHIECTBYIOIIMX B HACTOSIIEE BPEMs, BHAOM TOIUIMBA. TE€XHWYECKHH pPe3yNbTaT 3asBIIEMOTO
M300pETeHUS TOCTUTACTCS 3a CUET HMCIOJIh30BaHUS Ta30JMHAMHUYECKOTO Pe30HaTopa IS JalbHEHIIero
neperpesa rnapa, peBapuTeIbHO MOJTYYEHHOTO IIyTEM OJHOKPATHOI'O YAaPHOTO IETOHAIIOHHOTO CYKaTHsI
JIETOHALIMOHHOW BOJTHOH, 10 TeMIepaTypbl okoio 3500°C 3a cueT MHOTOCTYIIEHYATOTO IETOHAITMOHHOTO
CYKaTHsI MHOTOKPATHO OTPa)KCHHBIMHU JCTOHAIIMIOHHBIMH BOJTHAMHE B Ta30IMHAMHYCCKOM PE30HATOPE.
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Cnoco6 nostyyeHusi meperpeToro napa u BoJA0poaa myTeM MHOTOCTYIeHYATOMH

JAETOHAIUHM U YCTPOIICTBO AJISI €ro peajim3anuu

N300peTeHne OTHOCUTCA K crnocobamM M yCTpOMCTBaAM AJid MOJTYYEHUA
CHJILHO TIEPETPETOr0 BOASHOTO Tapa W BOJAOPOAA M MOXKET OBITh MCITOJIL30BAHO B
Pa3IMUHBIX yCTPOMCTBAX, HAMPUMEP, I MPSMOTO TMPOU3BOACTBA ‘3EJICHOTO
BOJIOPO/Ia U3 BOJIbI, JIJIs OECApOBON TEPMUYECKON KOHBEPCHUH METaHa B BOJOPOJ,
s yruauszaruu CO», s rasuHuKalui 1 KOHBEPCHH OTXOJIOB M OMOMAacCHl B
“3eNEHBIH BOJOPOJ, Ul MPOU3BOACTBA “‘3€JICHONW  TEMJIOBOH M SJICKTPUUYCCKON
SHEPTrUH, B METAJUIYPTHH IS BHIIUIABKH META/UIOB M METALUIO00pabOTKE s
MTAMIOBKH W3eNNi, B chepe CTPOUTEIHCTBA IS KOHBEPCHH ITyCTHIHHOTO MeCKa
B CTPOUTEBHBIN TMECOK, B JepeBOOOPadATHIBAIONICH MPOMBIIIJIEHHOCTH IS
MPOM3BOJACTBA  TEPMOMOJTU(MUIIMPOBAHHONW  APEBECHHBI W IPOMU3BOJCTBA
AKOJIOTHYCCKHA YHCTHIX JPEBECHBIX IUTMT W IUIACTHH W3 ONWJIOK, JUIS ONMPECHEHUS
COJICHOH MOPCKOH BOJBI, JUId OYHCTKH 3arpsS3HEHHBIX CTOYHBIX BOJ, IS
00pabOTKH W YHHYTOXKCHHS COPHSIKOB TIEPErPeThIM IApOM, IS CO3JaHHS
BOJIOPOJHBIX JUPHKAOJIEH, a TakKe B APYrux 00JacTaX “3€Ie€HONM” SKOHOMUKH,

HaIpaBJICHHBIX Ha O0OPHOY C U3BMEHECHUEM KIIUMATA.

B Hactosimee BpemsA, MEpPErpeTsid Map MMPOKO HCMOJIB3YETCS B CaMBbIX
pa3HOOOpa3HBIX  OOJACTAX  SHEPreTHKM W TPOMbIIUICHHOCTH.  (OaHAKO
ce0ECTOMMOCTh €r0 TPOM3BOJACTBA SBJISAETCA BCE €IE BBHICOKOW, UYTO JeaeT
OTHOCHUTEIFHO BBICOKOW CE€0ECTOMMOCTh TPOW3BOJCTBA PA3TUYHONW MPOAYKITHH.
Hanpumep, cebectommocTs “ceporo” BOIOpPOAa, MPOU3BOAUMOTO CIIOCOOOM
HapOBOﬁ KOHBCPpCHHM MCTAaHa XOTb M ABJIACTCA HHIXKC, UYCM Ce6eCTOI/IMOCTB
MPOM3BOJICTBA “3€JICHOTO” M Jaxe “Toy0oro” BOAOPOJA, HO YIJIEPOAHBIN Clen U
HeraTuBHOe Bo3aelicTBre CO; Ha KIMMAT MOBBIIIAET KOHEUHYIO CeOECTOMMOCTh

“ceporo” BOAOPOJAQ, UTO OIPAHUYMBACT €r0 MUCMOJb30BAHKUE IS HYXKI “3€JICHON



SHEpreTHKH. Bricokas ce0eCTOMMOCTh TIEPErPETOro IMapa TaKXKe OTpaHWYHUBACT
€ro IIMPOKOE WCIONB30BAHWE JUIS YTHJIM3AIHH OTXOJOB, IPOHM3BOICTBA
TEPMOMOIU(PHUITUPOBAHHOW JPEBECUHBI W PEIICHUS APYTHX 3a7ad ‘3eJICHOW”

OKOHOMHKHMU.

B cymecTByromux TpaaWIMOHHBIX IMapOTreHepaTopax TNEPEerpeThlid map
TEMITEPATypPOn OKOJIO 1800°C MOy YaroT MyTEM TPAAULHOHHO N
HU3K0A((DEKTUBHOHN TerUIonepeaun, MPU KOTOPOW Tepeaava TEIUIOBOH SHEPTyr
BOJIHOMY Tapy OT HarpeTbiXx MNPOAYKTOB CropaHusi ropiouero. B
naporeHeparopax, padoTaromux Ha HOBBIX (PU3MUYECKUX MPHHIMIAX, MePerpeThii
nmap Temmeparypoir okoyio 2000°C mosydaroT MmyTeM OJHOKPATHOTO YJApHOTO
JNETOHALIMOHHOTO CXAaTHA BOJSHOTO Mapa C MOMOIIBI JICTOHAIMOHHON BOJIHBI,

BO3HHUKAOIIEH B IIPOIECCE OBICTPONPOTEKAIOIIETO IETOHAIMOHHOTO TOPSHHSI.

Opnnako, MaporeHepaTopsl, UCTIOIB3YIOMUE TOJBKO OJHOKPATHOE yIAapHOE
JCTOHAITMOHHOE C)KaTHE BOJSHOTO Tapa ¢ TOMOIIBIO JCTOHAIIMOHHOW BOJHBI HE

MO3BOJISIFOT MOJIyYaTh NEPErPETHIA map 001e€ BHICOKUX TEMIIEPATyP.

W3BecTeH cmocob® W YCTPOMCTBO UIsl €ro peajiv3aliu, MPeIIOKCHHbBIC B
nokymente W0O2011/070580, 16.06.2011 u B pabore «Performance-Stability and
Performance-Safety of a Practical Pulse Detonation Burner (based on patent WO
2011070580 A8)» // Michael Zettner / The 31st Annual Symposium on the Israel
Section of the Combustion Institute, December 14th, 2017, pp.73-76, B koTOpOM
nap TreHEPUpPYeTCs 3a CUET HarpeBa BOJBI MyTeM TEIIONMEPEIAud 4Yepe3 CTEHKY
KaMCpbl Cropanva OT MNOPOAYKTOB ACTOHAIWHKW, HArpCThiX 3a CUCT YAAPHBIX
JCTOHAIIMOHHBIX BOJH. Y CTPOWCTBO BKJIFOYAET CUCTEMY TIOJAUHl TOTUIHBA, CUCTEMY
NOJIa9M OKHCJIUTEIS, KaHAIBI MTOIa4YH TOTUTMBA U OKUCIIATENS B KAMEPy CrOpaHus,
KaMCpy CropaHuvsda € TJIaJKMMKW BHYTPCHHHUMH CTCHKAMH, HUCTOYHHK HCKPOBOTO

32)KATaHUs, BBIITYCKHOM KaHAJI, COSTUHSIONINA KaMepy CropaHus ¢ atMocdepoid, a



TaK)Ke TEIIOOOMEHHUK IJIs1 Harp€Ba BOAbI W/ mnapa, COCTO?I]J_[I/Iﬁ U3 BHCIIHCTO

KOXyXa u pe6ep, BBIIOJTHCHHBIX HA BHEIITHEH CTOPOHC CTCHKH KaMCPhbI CropaHusd.

OCHOBHOUM HEIOCTATOK croco0a W yCTPOMCTBA 3aKIIOYAETCS B TOM, UYTO
NEperpeB IMapa MPOHUCXOAWT TPAAUIIMOHHBIM IyTEM TEIJIONEPEIaul TEIUIOBOM
SHEPTHH, MOJYYEHHOH OT pa30rpeThiX MPOAYKTOB JETOHAIMM 3a CUET SHEPrUHU

JIETOHAITMOHHOW BOJTHBI.

M3Becten cmoco0 mMOaydeHUS BOJAOPOJA H  KHCJIOPOAAa W3 BOJBI C
UCIIOJIb30BaHMEeM  cojiHeuHou  sHepruu, US4053576A, 11.10.1977. B
MPEIOKEHHOM CIOCOOe MPOM3BOJICTBA U OTHACICHUA BOAOPOAA W KHCIOPOJa U3
BOJIbI, B KOTOPOM BOJA TMEPEKAYMBACTCA UYEpe3 COCYd CO CTECHKaMH,
MPOHUIIAEMBIMHU TSI COJIHEUHOTO CBETA, HArpeBaeMbIil A0 TeMMepaTypbl OKOJIO
2000°C ¢ moMOIIBI0 KOHIIEHTpPATOpPa COJHEYHOW SHEPryUW, MPH KOTOPOH BoOMaa
JUCCOIMUPYET HA BOJOPOI M Kuciiopoa. Bomopoa nuddyHaupyer dyepe3 CTEHKY-
MeMOpaHy COCy/Ja, BBIIOJTHEHHYIO M3 >KapOMpPOYHOrO Marepuaja, OTACNIIeTCS U
orBoauTCcA. Kucmopoa oTaensercss ¢ moMoIbo 0OBIYHBIX METOAO0B Pa3AC/ICHUS U

OTBOJUTCAL.

OCHOBHBIMH HEJOCTATKAMHU CIIOCO0A M YCTPOMCTBA 3aK/IIOYAIOTCA B TOM, UTO
npu temneparype 0kojio 2000°C Tonbko 0k0s10 2% MOJIEKYJ BOJIbI TUCCOLIMUPYET
Ha BOJOPOJ M KHUCJIOPOJ, a MPHU OTCYTCTBUM COJTHEYHOTO CBETA YCTPOHCTBO HE

MO3BOJIACT IOJIYYaTb BOAOPOA KU KHCIIOPO.

HaunbGonee Onu3kuMu aHajmoraMm cnocob0a M yCTPOMCTBA MOJyYEHUSA
MEPErPETOTO Mapa ABJIAIOTCA pelieHusA, packpbiThie B mateHTax PO RU2649494C1
n RU2686138Cl1.

B wm3BectHOM cmocobe m ycrpoiictBe “UMIyabCHBIM AETOHAITMOHHBIN

PaKETHBIM JBUTaTeNb , onucaHHoOM B mareHTte PO RU2649494C1, nns cozmanud



MHOTOCTYNIEHYaTOW JETOHAIIMM WCMOJIb3YETCA Ta30JMHAMUYECKUA PE30HATOP,
OCHOBAHHBIN Ha apdexre 'apTmana (Pacuernoe UCCIIEOBAHNE
ra3oIMHAMUYECKOr0 TEUCHUA B TUCKOBOM TeHepaTtope ['aptmana. ABTopedepar
muccepranmi.  CoxomoB  M.A.,  2006), cmocoOCTBYIOIIHMKI  MOBBIIICHUIO
TEMIIEpaTypbl MPOAYKTOB AECTOHALMA B kKamepe cropanua no 3500°C, a Takke
MOBBIIICHUIO JABJICHUS W CKOPOCTH HWMIIYJbCHBIX TOTOKOB TMPOIYKTOB
JE€TOHAIMOHHOTO TOPEHUs, 4TO MpUBOAWAT K moBbimeHuo KIIJ[ mmmymascHOro
JETOHALMOHHOTO PAKETHOTO ABUTaresid. [ a30AMHaMUYECKUA PE30HATOP BBIMOIHEH
U3 HAaHOMOJU(UIIMPOBAHHOTO YTJAEPOAHOTO MaTepHaia, MO3BOJIAIONMIET0 paboTaTh

npu Temneparypax okojo 3500°C.

OCHOBHOHM HEIOCTAaTOK OMMUCAHHOTO CMOCO0a M YCTPOMCTBA 3aK/IFOYAETCS B
TOM, UTO HCIHOJB3YEMbIA Ta30JUHAMUYECKUN PE30HATOP, IOBBIIAOLINN
TeMIiepaTypy npoaykroB aetoHauuu A0 3500°C, He UCnonb3yeTcs s MOTyUEHUA

CIWJIBHO MEPErpeToro mnapa Ao remneparypsl okosio 3500°C.

B npyrom m3BecTHOM cnoco0e M YCTPOMCTBE, OMMCAHHOM B mnareHte PO
RU2686138C1, mnonyuyeHue mneperperoro BOJSHOIO TMapa OCYIIECTBIACTCS C
NOMOIIBIO OJHOKPATHOTO YJAPHOI0 JAE€TOHALMOHHOTO C)KaTUs M pa3orpesa napa B
MUKJIAYECKOM WJIM  HEMPEphIBHOM paboueM TMpolecce, OCHOBAHHOM Ha

ACTOHAIWMOHHOM CKHI'aHWHU CMCCH «T'OPHOUYCC - OKUCIIUTCIIb) .

OCHOBHOM HeEIOCTAaTOK crocoba M YCTPOWCTBA — JICTOHAIMOHHOTO
MMApOreHepaTopa 3aKI0YaeTCA B TOM, YTO M3BECTHBIM JICTOHALIMOHHBIN
naporeHepaTop, MCIOIb3YIOMWA OJHOKPATHOE YJAapHOE ACTOHAIIMOHHOE CXKaTHe
BOJSTHOTO TMapa ¢ MOMOILBIO JETOHAMOHHOW BOJIHBI MO3BOJIAET MOJIy4aTh CMECH
NPOAYKTOB JE€TOHALMU W Teperperoro napa temmneparypoi okosno 2000°C u He
MO3BOJISIET MOJy4YaTh MEpPErpeThiii map Oojiee BBICOKUX MapaMeTpOB, HANpUMEp,

Temmeparypoi okosno 3500°C.



Jlpyroit HemocTaToK U3BECTHOTO CIOC00a W YCTPOWCTBA — JIETOHAIIMOHHOTO
nmaporeHepaTopa 3aKIr0vacTCs B TOM, YTO B TIOJTyUYEHHOW CMECH TIEPETPEeToro mapa
U TPOAYKTOB JACTOHAIIMKA COACPKHUTCA ABYOKHCH yriepoga COz, MOHOOKCHI
yraepona CO um okcuapl a3zorta (rpymmbl NOX), 9TO CHHIJKAET AKOJOTHUYCCKHE

IMOKAa3aTCIIN.

3ajaua, Ha peHIeHUuEe KOTOPOH HAMNpAaBJICHO M300pETEHHE, 3aKIHOUYaeTCs B
pa3paboTke BbICOKOA(D(PEKTUBHOTO, IEMIEBOTO U SKOJIOTHUECKH YUCTOTO crocoda u
YCTPOMCTBA JUIs TIOJYUCHHS TMEperpeTroro mapa temmneparypoi okono 3500°C u

BOAOPOAa C MUHUMAJIbHBIMHU 3aTpaTaMu.

TexHuueckuit pe3ynbTar, HJOCTUTAEMBbI MPH OCYIIECTBIEHUU H300PETCHHUS
3aKIII0YaeTcs B BO3MOXKHOCTH  MOJIyUYEHHS CHJIBHO  TIEpErpeToro  mapa
temneparypoir  okosnio 3500°C wu Bomopoma Haubosee  IELIEBBIM, W3
CYIIECTBYIOIIAX B HACTOSIICE BPEeMs, CIIOCOOOM, TIPH ATOM TOJYUCHHBIH
neperpeThii map, BOJOPOA W MPOAYKTHI TEPMHUYECKOW IUCCOIMAIAN SBJISIOTCS
HKOJIOTMUECKA YUCTHIMA M HE COAEPKAT BPEAHBIX M TOKCUYHBIX TpUMECEH, a
BOJOPO/I, TMOJTyYaeMblii B TIPOLECCE TEPMUUYECCKON MUCCOIMALIANA BOMABI, SBIISCTCS
HanOosIee ACHIEBBIM U AKOJOTHUECKH YHCTHIM, W3 CYIICCTBYIONINX B HACTOSIIEE

BpCMs, BUIOM TOILIMBA.

TexHuueckuit pe3ysapTar 3asgBASIEMOr0 HU300PETCHHMS AOCTUTaeTCs 3a CUeT
WCIIONB30BaHUsl Ta30JMHAMHUYECKOIO PE30HATOpa [Jisd JNAJbHEWILIEro IeperpeBa
rnapa, TMPEABAPUTENIBHO  MOJYYEHHOr0 MyTEM  OJHOKPATHOIO  YJAApPHOTO
JICTOHALIMOHHOTO CXKaTUs JCTOHAIMOHHOW BOJHOW, A0 TEMIIEPATypPbl OKOJIO
3500°C 3a cuer MHOrOCTYNEHYATOro JETOHAMOHHOTO CXaThUsi MHOTOKPATHO
OTPAXCHHBIMU JCTOHAIMOHHBIMU BOJIHAMH B Ta30JMHAMUYECKOM PE30HATOPE.

[Ipu MHOroctymeHuaToM meperpeBe mapa a0 Ttemneparypsl okojo 3500°C u



BBICOKOM JaBJICHMH IIPOUCXOJHUT HWHTCHCHUBHAA AUWCCOLHUAIIHA MOJICKYJI BOAbLI C

BBIZICJICHUEM BOJOPO/IA U KHCIIOPO/a.

B nHacTosmmem n300peTeHnu, yCTPOMCTBO AJIA MOYUCHHS TIEPErPETOro napa
W BOJOpPOAA TyTeM  MHOTOCTYNEHUYATOW  JETOHAMK -  WMITYJIbCHBIMN
JETOHAITMOHHBIM TEHEPATOP MEPETPETOTO Mapa ¢ ra30AMHAMHYESCKAM PE30HATOPOM
MOKET padoTaTh, KaKk B PEKUME I'eHEpPallMM MUMITYJIbCHBIX MOTOKOB IEPErpeToro
napa temneparypoit okosio 3500°C, Tak U B caMOMOJACPKUBAIOIIEMCS PEKUME

re¢Hepanmuu Boaopoaa.

B macrosmem n3o0peTeHnH, MOJlydeHHEe TIEPErPEeTOro mapa TeMrepaTypou
okoj10 3500°C 1 BoAopoJia, MyTEM MHOT'OCTYNEHUATOrO JACTOHALIMOHHOTO CHKATHS
MHOTOKPAaTHO OTPAKCHHBIMU JETOHAIMOHHBIMU BOJIHAMH OCYIIECTBJISETCS C
MOMOIIBKD MMMYJBCHOTO JACTOHAIMOHHOIO TEHEeparopa IMEpPerperoro mnapa,
COAECPXKAILECTO:  JICTOHAIIMOHHYKD  KaMepy  CropaHus, COBMEIIECHHYIO C
J€TOHAIMOHHBIM KAaHAJIOM, CHUCTEMY II0JJaud TOPIOYEro, CHUCTEMY I10Jaud
OKHMCJIUTENA, CUCTEMY 3KHIaHUA JETOHALMOHHOTO TOPEHUS, ra30qUHAMHAYECKHUI
PE30HATOP, COOCHO Pa3MEIICHHBIN HA BBIXOJIC JETOHAIMOHHON KaMEPhl CrOpaHus,
BBITIOJTHEHHBIH B BUAEC KOHHYECKOTO KOJIBIIEBOTO KaHajia, 00pa30BAHHOTO MEXTY
BHYTPEHHEH  MOBEPXHOCTHIO  JICTOHAIMOHHOW  KaMephl  CrOpaHus |
JETOHAIMOHHOTO KaHAJla W BHEIIHEW NMOBEPXHOCTBIO KOHMYECKOIO KOJIBLEBOTO
KaHaJja, BBITIOJITHEHHOTO n3 YKAPOMTPOYHOTO YIJIEPOAHOTO
HaHOMOAU(HUITMPOBAHHOTO MaTepraja; CUCTEMY IOJaud M HarpeBa MHUTATEIIbHON
BOJIbI, BKJIIOUAKOIIYID TPUTOYHBIM PE3€pByap, TMOJHOCTBIO  3aIlOJHCHHBIN
MUTATEIILHON BOJIOW, B KOTOPBIM TOJHOCTBIO TIOTPYKE€HA ACTOHAIMOHHAA KaMepa
CropaHusi, COBMEIIEHHAS C ACTOHALMOHHBIM KAaHAJIOM; MAPOrE€HEPATOP ¢ MAPOBBIM
KJIAIIAaHOM M TapoBOH (DOPCYHKOM, MOJAONICH BOJSHON IMap B JACTOHAIMOHHYIO

KaMepy CropaHusi, CHUCTEMYy IPOM3BOJCTBA BOJOPOJA W3 MHUTATEILHOW BOJIBI,



BKJTIOYAOINAsA KaMepy AMCCOIMALMN TUTATETbHOW BOJBI, BOAOPOIAHYIO Kamepy ¢
¢ dy3noHHON MeMOpaHOW IS OTACICHHUS W HAKOILICHHWS BOJOPOJA, CHCTEMY
pazzaeneHus BOAOPOAA OT MPOAYKTOB TEPMUYECKOH AMCCOLMALMHU TEPErpeToro
napa, BKJIIOYAOLIAs BOJOPOJHYIO Kamepy ¢ auddy3noHHOH memOpaHo# mis
OTJICJICHAS. W HAKOIUICHUS BOJOPOJA OT MPOAYKTOB TEPMUUYECKOW JTUCCOIHAIINH
MeperpeToro napa; yCTpoHCTBO OTBOJA U3 BOAPOJHOW KaMePHl U MOAAYH BOIOPOIA
B CUCTEMY TIOJ]aul TOPIOUYET0; YCTPOHCTBO OTBOJIA M TTOAAYHM KHUCIIOPO/IA B CUHCTEMY

nmoaavur OKHUCJIHUTCIIA.

B nacrosimem nzo0perennn, mpu padoTe B peKUME TeHEPAIUA TIEPETPETOTO
mapa, JCTOHAIMOHHBIM TEHEepaTop IMEepPerpeToro mapa ¢ ra30AuHaMHYCCKAM
PE30HATOPOM TE€HEPUPYET CMECh MEPErpPeToro napa U MPOAYKTOB IUCCOLMALMU
BOJIbI Temnepatypor okosio 3500°C, koTopblii MOXKET ObITh HCMOJb30BaH JIs

TEXHOJIOTHUECKHUX IeJIeH B Pa3IudHbIX cepax MpOMBIILICHHOCTH.

B mHactostmem wu3oOpereHum, TpuH padoTe B CaMOMOACPKHBAIOIICMCS
pEeXXUME TE€HEPAllMKd BOJOPOJA, JETOHALMOHHBIA T'€HEpaTop MEPErpeToro mapa ¢
ra3oAMHAMUYECKAM PE30HATOPOM TEHEPHUPYET CMECh NPOAYKTOB JACTOHAIMH H
neperpeToro mapa temmeparypoi okoso 3500°C, mpu KOTOpOW MOa AaBJICHUEM
MPOUCXOTUT WHTEHCUBHOE TEPMHUCCKOE PA3JIONKCHHE (JAUCCOIHAIHS) MOJICKYJ
NEPErpeToro BOAAHOrO napa Ha aromapusiid (H) u monexymspusiii (H2) Bogopon u
Ha aromapHbiii (O) u monekymapHbiii (O2) KHCIOPOJ, KOTOPBIC Pa3ACISAIOTCA,
HANPUMEP, C TIOMOIIBIO CIEIUATBHON >KapocToikoi muddy3noHHor MmeMOpaHbl 1
HaNpaBJOTC ToTpeduresim. [Ipu 3ToM, ompeserieHHas 4acTh TEHEPUPYEMOTO
BOJOPOJAa MOXKET HCIOJB30BAThCA B KAUECTBE TOPIOYETO M MOKET TOJABaThCS B
cCUCTeMy  Mojauu  ropwouero,  olecreywBas ~ aBTOHOMHBIH  TIpoIecC

CaMOIIOAACPKUBAIOIICTOCA JCTOHAIIMOHHOTO TOPCHHUA.



B nacrosmem nzobperenun, npu paboTe B peKUME TEHEPAIMH TIEPErPETOTO
napa, JETOHAIMOHHBIA TeHEpaToOp TMEPEerpeToro mapa C Ta30dHAMHUYCCKUM
PE30HATOPOM T'€HEPUPYET SKOJIOTMUYECKH YUCTYIO CMECh MPOAYKTOB JETOHALUU U
neperpeToro mapa Ttemmeparypoil okosio 3500°C, npu KOTOpOW MPOUCXOAUT
UHTCHCUBHOE TepMmuueckoe pasnoxkerue CO; Ha yrimepon (C) u kucioposa (O2),
TEPMHUECKOE pa3jiokeHue MoHookcuaa yriaepoaa CO wa yriepon (C) u KUCIopos
(O), a Takke TEPMHUUECKOE pa3jIoKeHUEe OKCHIOB a3oTa (rpynmsl NOX) Ha a30T U

KHACJIOPO/I.

@ur. 1 wumocTpupyeT padoTy yCTpOWCTBa AJiA TMOJYYEHHUS TMEPErPeToro
napa, BOAOPOJA M KHCIOpOoAa € Ta30JMHAMUYECKUM PE30HATOPOM B PEKUME

TeHepaliy TePerpeToro mapa.

Odur. 2 wumocTpupyeT paboTy YCTPOWCTBA JUIsl TOJYUYCHHS TEPErpeToro
mapa, BOJOpPOJA M KHUCIOpOJAa C Ta30AMHAMUYECKAM PE30HATOPOM B
KOMOWHHUPOBAHHOM PEXKUME TEHEpALMU BOJOPOJA M KUCIOPOJA M3 MEPErpeToro

napa.

Ha ¢wur. 1 mokazana cxema ycTpoicTBa IS TOJYUCHHSI TIEPETPETOTO Tapa 1
BOJIOPOJA C Ta30IMHAMUUYECKUM PE30HATOPOM B PEXXUME TeHEpallii TMEPErpeToro
napa: ACTOHAIMOHHBIA KaHan [1]; neTroHanMoHHas kaMmepa cropanus [2]; cucrema
nogauu roprouero [3]; cucrema momaum okuciutens [4], crexmoMeTpuueckas
CMECh TOPIOYETr0 U OKUCIUTENS [5], cTeXxmoMeTpuyeckas CMeCh BOASHOTO TMapa
ropiodero u okuciautens [6]; maposas d¢opcynka [7]; maposoi kiaman [8];
NPUTOUYHBIN pe3epByap [9]; BBIXOAHOE YCTPOMCTBO MPHUTOUHOTO pe3epByapa [10];
naporeneparop [11]; cucrema 3akuranust 1eTOHAMOHHOTO ropenus [12]; ynapHas
JETOHALIMOHHAs BoiHA  [13]; mmmynbCHBIM TOTOK meperperoro mapa |[14],
NPEIBAPUTEIILHO  TOJYYCHHBIH IMyTEM  OJHOKPATHOTO  yJApHOTO  CXKATHS

JNETOHAITMOHHOW  BOJIHOM, Ta3oaWHaMudeckuii  pesoHatop [15], coocHO



Pa3MEILICHHBIA HAa BBIXOJE JICTOHAIMOHHOW KaMephl CrOpPaHUs, BBIMOJHEHHBIN B
BHJIE KOHMYECKOTO KOJIbIIeBOr0 KaHana [16], oO6pa3oBaHHOTO MEXIy BHYTpPEHHEH
MOBEPXHOCTHIO JECTOHAMOHHON KaMephbl CrOPaHMs M JAETOHAUMOHHOTO KaHalla U
BHEIIHEH MOBEPXHOCTHIO KOHUYECKOTO KOJIBLIEBOTO KaHajia, BBIMIOJHEHHOIO W3
APOTPOUYHOTO YTICPOAHOTO HAHOMOIU(DUITUPOBAHHOTO MaTepraja; MHOTOKPATHO
OTPAXEHHBIE AETOHAIMOHHBIE BOJHBI [17]; TypOyJeHTHBIA MOTOK MEPETPETOro
napa ¥ TMPOAYKTOB JAWCCOLMAIIMM, Temmeparypoi okoio 3500°C [18];
PE3YJABTUPYIONIAs CTOHAIIMOHHAA BOJHA [19]; BXOaHOE yCTPONCTBO MPUTOUYHOTO
pesepyapa [20]; TypOyJeHTHbIH MOTOK CMECH TNEPErpeToro mapa, BOAOpPOJA U

APYTHUX NPOAYKTOB Auccouuanmu [21].

Ha ¢ur. 2 nokazana cxema ycTpoiicTBa AJis MOJIyUSHUS TIEPETPETOTo napa u
BOJOpOAA C Ta30JMHAMUYECKHM PE30HATOPOM B KOMOMHUPOBAHHOM pPEXUME
reHepalMy TMEPEerperoro mapa W BOAOpPOJAA W3 MUTATEIbHON  BOJIBL:
NETOHAITMOHHBIM KaHanm [l]; meroHamuonHas kamepa cropanms [2]; cuctema
nojaur roprtouero [3]; cucrema momauu okucnutens [4]; crexmomeTpuueckas
CMECh TOPIOYET0 W OKUCIUTENS [5], CTEXMOMETPUYECKAass CMECh BOASHOTO Iapa
roprouero u okumciurens [6]; mapomas dopcynka [7]; mapoBoid kmamaH [8];
NPUTOUYHBIN pe3epByap [9]; BBIXOAHOE YCTPOMCTBO MPUTOYHOTO pe3epByapa [10];
naporenepatop [11]; cucrema 3axuranus AeTOHALMOHHOTO ropenus [12]; ynapHas
AeTOoHalMOHHAass BojHa [13]; wMmynbCHBIM MOTOK meperpeToro mapa |[14],
NPEABAPUTENIBHO  TOJIYYEHHBIM IMyTEM  OJHOKPATHOIO  YAAPHOIO  CXKaTus
JNETOHAIIMOHHOW  BOJIHOM, Tra3oJuHaMuyeckui  pesoHarop [15], coocHo
Pa3MEILCHHBIA HAa BBIXOJE JICTOHAIMOHHOW KaMepbl CrOpPaHUs, BBIMOJIHEHHBIN B
BH/IC KOHMYECKOTO KOJBIIEBOTO KaHajia [16], 0Opa3oBaHHOTO MEXaAy BHYTPEHHEH
MOBEPXHOCTHIO JICTOHAIIMOHHON KaMephl CTOPAaHMS M JCTOHAIMOHHOTO KaHajla U

BHEIIIHEH MNOBCPXHOCTHEIO KOHHUYCCKOI'O KOJIBIICBOI'O KaHallda, BBIIIOJTHCHHOI'O H3



APOTIPOUYHOTO YTICPOAHOTO HAHOMOU(PUITUPOBAHHOTO MaTeprajia; MHOTOKPATHO
OTPaXEHHBIE JETOHAIMOHHBIC BOJHBI [17]; TypOyJE€HTHBIN MOTOK TEPETPETOrO
nmapa W MPOAYKTOB AWCCOIMANMM, Temreparypoit oxkono 3500°C [18];
PE3YJAbTUPYIOINIAs JIETOHAIIMOHHAA BoJHA [19]; BXOgHOE yCTPONCTBO MPUTOUHOTO
pesepsyapa [20]; TypOyJeHTHBIN MOTOK CMECH TEPErpeToro mapa, BOAOPOAa U
ApYyTUX MPOAYKTOB auccormanuu [21]; cuctema mNpoW3BOACTBA W Pa3ACiCHUA
BOJIOpOAA MW KHCIIOpPOJa W3 TIEperpeToil muTareabHOM BOoabsl [22]; kamepa
JUCCOLMAIIMN  TEPEerpeTod MUTAaTEabHOW BOABl [23]; yCTPOHCTBO TOAAYH
NUTATENLHOM BOABI [24]; skaponpounas nuddy3rnonHas memOpaHa Ui OTACICHUS
BOJIOpOAA W3 MEperperodl murarenbHON BoAbl [25]; BoAopoaHas kamepa [26];
CHUCTEeMa pa3ACNICHUS BOJAOPOJA M KHCIOPOJa U3 NPOAYKTOB auccommarun [27];
MpUEeMHAsT Kamepa MPOAYKTOB aucconuaruu [28]; xapompounas auddy3noHHast
MeMOpaHa IS OTACJICHHS BOJOPOJAa W3 NPOAYKTOB auccoumanuu [29];
BoJopoaHas kamepa [30]; ycTpoiicTBO 0TBOJA BOJOPOJA M3 BOAOPOJHON Kamephbl
[31]; ycTpoiicTBO OoTBOAA KHCIOPOJA W MPOAYKTOB AWCCOIMAIMHN W3 TPHEMHOMN
KaMephl TMPOAYKTOB gucconuanuu [32]; ycTpoHWCTBO OTBOJA BOJOPOJA U3
BOJOPOAHOM Kamepbl [33]; ycTpoHCTBO OTBOAAQ KHUCIOpPOJAa M TMPOJYKTOB
JUCCOLMAIIMN M3 KaMepbl JHUCCOLMAIMKA TIEPErpeTol MuTaTeIbHONH BOABI [34];
YCTPOMCTBO TMOJA4YM BOJOPOJA B CHUCTEMY MoAauu roprouero [35]; yCTpoHCTBO

MO/auy KUCIIOPO/Ia B CUCTEMY NOAauu OKucauTens [36].

Our. 1 wumocTpupyer paboTy YCTPOMCTBA I MOJIYUYEHHUS MEPETrPETOTO
napa M BOJOPOJA € Tra30JMHAMHUYECKUM PE30HATOPOM B PEXUME TIEHEpaluu
NEPErpeToro mnapa, rae, B UMIYJIbCHYIO JETOHALMOHHYIO Kamepy cropanus [2],
COBMEIICHHYIO C ICTOHAIMOHHBIM KaHaJioM [1], u3 cucTembl mojauu roprouero [3]
IIUKJTUYCCKH TIOIAeTCs TOPIOUHiA ra3 (HarpuMep, IPUPO/IHBIN Ta3, METaH, BOAOPO/,

npomad, OyTaH), W3 CHCTEMBl TMOAQUU OKHCIWTENA [4] IUKIWYECKH TMOJAeTCA
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OKHUCITATENH (HAMPUMEP, KUCIOPOA WM BO3AYX, OOOTAIEHHBIH KHCIOPOIAOM),
o0pazysi CTEXHMOMETPHUYECKYIO CMECh TOPIOUETro | OKHCIHuTens [5]; mamee,
00pa30BaBIIASCH CTEXUOMETPUUECKAS CMECh TOPIOYETO M OKUCIIUTENS LUKINUECKH
MOKUTACTCA CUCTEMON 3a)KUTaHUs JACTOHAIMOHHOTO ropenusd [12], odecneunsas
PEXKUM UMIYJIBCHOTO JIETOHAIIMOHHOTO TOPEHHUS; Iajiee, MUTaTelbHasA BOJA, Yepe3
BXOJHOE YCTPOWCTBO MPUTOYHOrO pe3epyapa [20] momaeTcs B NPUTOUHBIN
pesepByap [9] rme HarpeBaeTCs W, 4Yepe3 BBIXOAHOE YCTPOMCTBO MPHTOUYHOTO
pesepByapa [10], momaercs B maporeHneparop [11]; manee, cinabo meperperbii
BOAsHOU map (¢ Temmepatypoii okosio 120°C) u3 maporenepaTtopa, 4epes napoBoit
knaraH [8] m mapoByro ¢opcyHKy [7], HUKIMYECKHA IMOJAETCA B HMITYJIBCHYIO
JICTOHAITMOHHYIO KaMmepy cropaHus, o0pa3ysi CTEeXHOMETPUUYECKYIO CMECh
BOJITHOTO TIapa, TOPIOYETo W OKHCIHTENS [6]; mamee, OCyIECTBIISICTCS TEPErpPeB
rmapa 3a C4eT OJHOKPATHOrO YAAPHOTO CKATHUA BO3HUKAIOLICH NETOHALMOHHOM
BojHOM [13] ¢ oOpasoBanuem TypOyJICHTHOTO MMOTOKA TMEPErpeToro rmnapa Hu
npoayKToB AetoHauuu [14]; manee, TypOyJeHTHBIH MOTOK MEPErpeToro mapa u
NPOAYKTOB JAeTOHAIMH, Temmeparypoi okono 2000°C, compoBokaaeMbli
JETOHAIIMOHHOW BOJIHOM, PacIpPOCTPAHAETCS BAOJb ACTOHAIMOHHOTO KaHajla Co
CBEPX3BYKOBOM JIMHEMHOW CKOPOCTBIO; Aajiee, NETOHAIMOHHAA BOJIHA TOCTYIAET B
ra3oMHaMU4ecKuii pe3oHaTop [15], BHIMIONIHEHHBI B BUIE KOHHYECKOTO
KOJIbIEBOr0 KaHaja [16], oOpa3oBaHHOTO MEXIy BHYTPEHHEH MMOBEPXHOCTHIO
JICTOHAITMOHHONW KaMmepbl CropaHusi W JCTOHAITMOHHOTO KaHaJla W BHEITHEH
MOBEPXHOCTHIO  KOHWYECKOTO  KOJIBIICBOTO  KaHallia, BBHIMIOJIHEHHOTO M3
KAPOMPOUYHOTO  YIVIEPOJHOTO  HAHOMOIU(UIIMPOBAHHOTO  Marepuajia |
MHOTOKPATHO OTPa)kaeTcs OT CTEHOK Ta30JAMHAMHUYECKOTO PE30HATopa; MJajiee,
MHOTOKPATHO OTPaXEHHBIC JCTOHAIMOHHBIE BOJHBI [17] ¢okycupyroTcs B
ONPEACIICHHOW TOYKE PE30HAHCA, KOTOpas OMNpeAesieTcs pa3MepaMu |

KOH(Urypammeit ra3oAMHAMHUYECKOTO pe30HaTopa W O0ECHeuuBalOT TPOIECC
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MHOTOCTYTIEHYATOH JETOHAIMW, TPH KOTOPOM oOOpaTHas OTPaKCHHAs BOJTHA
MHOTOKPaTHO B3aWUMOJCUCTBYET C MPEABIAYIIEH OTPAXECHHOW BOJIHOW, 4YTO
NPUBOJUT K PE3KOMY PE30HAHCHOMY IMOBBIIICHUIO AABJICHUA, IMHEHHOW CKOPOCTH
U TeMreparypbl TYpOYJICHTHOTO MOTOKA MPOIYKTOB ACTOHAIMH M TEPErpeToro
napa okoio 3500°C; mamee, mpu meperpeBe mapa M MPOAYKTOB JACTOHAITUU O
temrneparypbl  okojio  3500°C, mnOpoucXOAUT HWHTEHCMBHOE  TEPMUUECKOE
pasnoxxenue nByokucu yriaepoga CO; na yraepox (C) wm xuciopon (Oz),
TEPMUYECKOE pa3jiokeHne MoHookcuaa yriaepoaa CO H yriepoa (C) u Kuciopon
(O), a Takxke TEPMUUYECKOE passiokeHne oKcuaoB a3ota (rpynmnsl NOx) Ha azot (N)
u kucmopon (O), manee, mpu meperpeBe mapa W NPOAYKTOB JECTOHAHMH IO
temrneparypbsl  okojio  3500°C, mnOpoucXOAUT HWHTEHCUBHOE  TEPMUUECKOE
pasnokeHue  (AMCCOIMalda) MOJICKYJ TEpPerpeToro BOAAHOTO Mapa ¢
o0pa3oBaHUEM aTOMAPHOTO M MOJIEKYJIIPHOTO BOAOPOJA, KHUCIOpOAa WU APYTUX
NPOIYKTOB AUCCOIMAIINM, Aajiee, TYPOYJICHTHBIM MOTOK CMECH TEPETrPeToro mapa,
BOJIOPO/JIa, KUCJIOpOJAa M APYTUX NPOAYKTOB Auccormanuu [21], TemmepaTtypoi
okos10 3500°C, conpoBOXIAOIUNUCS PE3YIBTHPYIONICH TeTOHAITMOHHON BOJIHOM,
JBUXKETCA CO CBEPX3BYKOBOM JIMHEHHOW CKOPOCTBIKO BAOJIb ACTOHAIIMOHHOTO

KaHaJjia K MOTPEeOUTEIO.

@ur. 2 wunocTpupyeT padoTy YCTPOWCTBA AJiA TMOJYYEHHUS TMEPErpeToro
mapa ¥ BOJOPOJA C Ta30JWHAMHUYECKHUM PE30HATOPOM B KOMOMHHMPOBAHHOM
pEeXUME TEHEPALMKM BOJOPOJA W KHUCIOPOJA W3 MEPErPeTOd MUTATEIbHOW BOJBI,
r7€, B UMIYJbCHYIO JCTOHAIMOHHYIO KaMmepy cCropaHus [2], COBMEIIECHHYIO C
JETOHALIMOHHBIM KaHasioM [1], U3 cucTeMbl Mojauu roprodero [3] HUKINYECKH
MOJIaeTCsl TOPIOUYWH ra3 (HampuMmep, MPUPOITHBIA Ta3, METaH, BOAOPOJI, MPOIaH,
OyTaH), U3 CHCTEMBbI TTOAAUNA OKUCIUTENS [4] NMKIMUECKH MOJAETCA OKUCIUTEND

(HampuMep, KHCIOPOJA WM BO3AYyX, OOOTAIIEHHBIA KHCIOPOAOM), o0pa3ys
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CTEXMOMETPUUYECKYIO CMECh TOpIOUero U okuciutens [5]; manmee, oOpa3oBaBiasics
CTEXHOMETPUYECKAs CMECh TOPIOUETO M OKHUCIUTEN IUKIHYCCKH ITOHKATACTCS
CUCTEMOM 3aKUraHWs JETOHALMOHHOrO TopeHus [12], obecneuuBas pexuM
UMIYJbCHOTO JETOHALIMOHHOTO TOPCHHUA, Jajiee, MNUTaTelibHas BOJAA, uepe3
BXOJHOE YCTPOWCTBO MPUTOYHOro pe3epyapa [20] momaeTcss B MPUTOUHBIN
pesepyap [9] rme HarpeBaeTcAa W, Yepe3 BBIXOAHOE YCTPOWCTBO MPHTOUYHOTO
pesepyapa [10], momaercs B maporeneparop [11]; mamee, cmabo meperpersiit
BOJsTHOM map (¢ TemmepaTypoit okojo 120°C) u3 maporeneparopa, uepe3 napoBoi
knanaH [8] u mapoByro ¢opcyHKy [7], HUKIMYECKHA IMOJAETCA B HMITYJIHCHYIO
JCTOHAITMOHHYIO KaMmepy Cropanus, o0pa3ysi CTEeXHOMETPHUYECKYI0 CMECh
BOJITHOTO TIapa, TOPIOYETO W OKHCIHTENS [6]; mamee, OCyIIECTBIISICTCS TEPErpeB
mapa 3a CYeT OJHOKPATHOTO YJApHOTO CXKaTWd BO3HUKAIOIIEH JACTOHAIIMOHHON
BojiHOM [13] ¢ oOpa3zoBanuem TypOyJIEHTHOTO MOTOKA NEPErperoro Inapa |
npoayKkToB AetoHauuu [14]; nanee, TypOyJeHTHBIH MOTOK MEPErpeToro mapa u
OPOAYKTOB JAeTOoHalMH, Temmeparypoi okono 2000°C, compoBokaaeMbli
JICTOHAITMOHHOW BOJTHOM, PAacHpOCTPaHsIeTCs BIOJb JIETOHAIMOHHOTO KaHajga Co
CBEPX3BYKOBOM JIMHEHHON CKOPOCTHIO;, JAJiee, NETOHAIIMOHHAS BOJIHA TTOCTYNAET B
ra3oJlMHAMUYECKUi pe3oHatop [15], BBHIONHEHHBIH B BHJAE KOHHYECKOTO
KOJBLEBOr0 KaHaja [16], oOpa3oBaHHOrO MEXKIy BHYTPEHHEH MMOBEPXHOCTHIO
JICTOHAITMOHHONW KaMmepbl CropaHusi W JCTOHAIMOHHOTO KaHAJla W BHEITHEH
MOBEPXHOCTHIO ~ KOHMYECKOTO  KOJIBIIEBOTO  KaHAja,  BBIMIOJIHEHHOTO W3
KAPOMPOYHOIO  YIVIEPOJHOTO  HAHOMOJM(MUUMPOBAHHOTO  Marepuaiia |
MHOTOKPAaTHO OTPA)KaeTcs OT CTEHOK Tra30JMHAMHUYECKOr0 Ppe30HATOopa; Aaliee,
MHOTOKPAaTHO OTPa)KEHHBIC JETOHAIMOHHbIE BOJHBI [17] dokycupyoTcs B
OTPENEICHHOM TOUKE PE30HAHCA, KOTOpas OMNpeAessieTcss pa3MepaMu |
KOH(HUTYpaIe ra3oqMHAMHUECKOTO Pe30HaTopa HW 00ECIEUMBAIOT IPOIECC

MHOTOCTYTICHYATON JETOHAIIMH, NPH KOTOPOM oOpaTHas OTpaKCHHAsl BOJIHA
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MHOTOKPaTHO B3aUMOJEUCTBYET C MPEABIAYIIEH OTPAKEHHOW BOJIHOW, YTO
MPUBOANT K PE3KOMY PE30HAHCHOMY TOBBIIICHHUIO JAABJICHUS, TUHEHHON CKOPOCTH
U TeMIlepaTypbl TypOyJICHTHOIO MOTOKA MPOAYKTOB AETOHALMH M MEPETPETOro
napa J1o Temrneparypsl okosio 3500°C; nanee, npu neperpese nmapa M MpPOJIyKTOB
AeTOHAUMK 10 Temneparypel o0kojo 3500°C, mnpoucxoauT WHTEHCUBHOE
TEPMHUECKOE pa3jiokeHue nsyokwcu yriepoaa CO; Ha yriepona (C) m KHCIOPO
(O2), Tepmuueckoe pasznoxeHre MoHookcmaa yriepoaa CO Ha yraepox (C) u
kuciopon (O), a Takke TEPMHUECKOE Pa3JIOKEHHE OKCHUIOB a3oTa (Tpymnmsl NOX)
Ha a30T (N) u kucnopon (O); nanee, npu neperpese mnapa u MNpoayKTOB ASTOHAIUN
no temmepatypsl okono 3500°C, mopa nmaBICHWEM TPOMCXOAWT WHTCHCHUBHOE
TEPMUYECKOE AWCCOLMALMS MOJIEKYyJl TEperperoro rmapa ¢ 0Opa3oBaHUEM
aTOMApHOTO W MOJIEKYJIIPHOTO BOJOPOJA, KHUCIOPOJa W JPYTHUX TPOIYKTOB
JUCCOLMAIIMY; Jajiee, TYPOYJIEHTHBIM MOTOK CMECH MEPErPEeTOro napa, BOAOPOAa,
KHCIIOPOJla M JPYruX MPOAYKTOB Auccoumanuu [21], Temmeparypoil OKoOJO
3500°C, compoOBOXAAOIIUANUCS PE3yJbTUPYIOMIECH JIETOHAIMOHHOW  BOJIHOM,
JIBHXKETCSI CO CBEPX3BYKOBOW JIMHEMHOW CKOPOCTBIO BJOJIb JETOHALMOHHOTO
KaHajla M TOCTYyNaeT B CHUCTEMY TMPOW3BOJCTBA M pa3JelieHHs BOJOPOJAA H
KHCJIOpOJa U3 MEPErpeTor MUTATeIbHON BOBI [22]; nanee, TypOyJIE€HTHbBINA MOTOK
CMECH  TMEpEerperoro rmapa, BOJAOPOJA, KUCIOpoJa M APYrMX MPOIYKTOB
JUCCOLIMAIIMU HArpeBaeT KaMmepy AMCCOLMALNM MEPErpeToil MUTATeIbHOW BOIBI
[23], B koTOpYyIO MOAaeTcs mUTaTeNbHAsA BOJA MO AABJICHHUEM Yepe3 YCTPOUCTBO
MoJa4Yu MUTATEIbHOW BOIbI [24]; manee, B KaMepe OUCCOLMAIMU TEPErPETOM
MUTATEIbHON BOJABI MOJ JABICHUEM IPOUCXOAUT HHTCHCUBHOE TEPMHUECKas
JUCCOLIMAIMSA MOJIEKYJI MEperpeToro mapa ¢ o0pa3oBaHUEM AaTOMapHOTO U
MOJIEKYJIIPHOTO BOJAOPOJA, KHUCIOpOAA W JPYTUX TMPOAYKTOB TEPMUUYECKOU
JUCCOLIMAIMY; JaJiee, aTOMApHBIM W MOJIEKYJISIPHBIM BOAOPOJA MPOHUKAET Yepe3

xaporpounyio auddysuonnyo memOpany [25] B BogopoaHylo kamepy [26] u
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yepe3 YCTPOMCTBO OTBOAA BOJopoaa [33] w3 BOAOPOAHOM KaMmephl MOCTYMAeT K
MOTPEOUTENIO; Aajiee, KUCIOPO U IPYTHE MPOIYKTHI TACCOMMAIIANA OTBOJATCS U3
KaMephl AUCCOIUALIMKM TTEPErPETON MUTATEIBHON BOJBI YEPE3 YCTPOHCTBO OTBOJA
KHCJIOpOJa U MPOIYKTOB aucconumanvu [34]; nanee, TypOyJIeHTHbIA MOTOK CMECH
MEPErPETOTo Mapa, BOAOPOAA, KUCIOPOJAa U TPOAYKTOB JUCCOIMAIUN TTOCTYIIACT B
CHCTEMY TIPOM3BOJCTBA M Ppa3JeiCHUS BOJOPOJa W KHCIOpOAAa W3 CMECH
MIEPErpeToro Mapa U NMPOAyKTOB Auccolmanum [27]; manee, TypOyJACHTHBIA MOTOK
aTOMApHOTO W MOJIEKYJIPHOTO BOJOPOJA, KHUCIOPOJAa W APYTUX MPOIYKTOB
JUCCOIMAIIMN TOCTYIAaeT B MPUEMHYI0 KaMepy MNPOAYyKTOB aucconuanuu [28];
Jajee, aroOMapHbIdA M MOJICKYJISIPHBIM ~ BOJIOPOJA, UEpPe3  KAPOMPOUHYIO
middy3norayo MmemOpany [29] noctynaer B Bogopoanyto kamepy [30] u uepe3
yCTPOMCTBO OTBOAA Bomopona [31] mocTymaer k moTpeOWTeO; Aajee, 4YacTh
BOJIOPOJIA, YEPE3 YCTPOMCTBO IMOJauu BoAopoa [35] momaeTcs B cucTemMy mojaaduu
roproyero, oOecrneuyuBas MPOIECC CaMOIOICPKUBAIOIIETOCA ACTOHAIMOHHOTO
TOPEHHS, najee, KUCIOPOa W JAPYyTHe MPOAYKTH JUCCOIMAIMHN OTBOIATCS U3
MPUEMHOM KaMepbl TPOAYKTOB AUCCOIMAIIMM Yepe3 YCTPOWCTBO OTBOJA
KHCIOpPOAa W TPOAYKTOB auccomuanuu [32]; manee, 4yacThb KHCIOpOJa, 4depes
YCTPOMCTBO MOAQUHM KKCIIOpoaa [36] moaaeTcs B CUCTEMY MOAAUM OKUCIUATENS JIJIs

oborameHus Bo3ayxa KUCIOPOJIOM.
[Ipumep ocylIeCTBIICHUA 3asABISIEMOT0 U300PETEHUA:

Ha naGoparopHoii ycraHoBke, 00OpPyAOBaHHOW MNpUOOpaMHU H3MEPEHUA
JABJICHUS, TEMIIEPATyphl W pacxoja, a TaKKe Ta30aHaTU3aToOpoOM, ObLIH

NPOBCACHBI UCIILITAHWA, O6IJ_Ia$I JJIUTCIIBHOCTh KOTOPBIX HE IMPCBBIIIAIA 5 gacos.

B ummnynbCHYIO JETOHAIMOHHYIO KaMepy cropanus, auameTpoM 150 mwm,
COBMEIIICHHYIO C JICTOHAIIMOHHBIM KaHajoM, oomen amuHou 3500 MM, COOCHO ObLT

BCTPOCH ra3oquHAMUYECKU pe3oHaTop, nuamerpom 130 mm u anuuo# 280 mm. B
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CHUCTEMYy IIOJa4M TOploYero MUKiIndeckn, ¢ dacroror 10 I'm, momamancs
IMPUPOIHBIN a3, a B CHCTEMY MOJaYH OKHCIUTENSA MUKIHUECKH, ¢ yacToToi 10 I,
MOJIaBAJICS BO3YX, OOOTALIEHHBIH KUCIOPOAOM, CJIabo MeperpeTsii BOASHOMU map
(remneparypoit okono 120°C) w3 maporeHepaTopa, depe3 MapoBOM KilamaH |
napoByro (popcyHKy, IukIHdeckn, ¢ yactoroi 10 ', momaBaics B UMITYIbCHYIO
JICTOHAITMOHHYIO KaMmepy CropaHus, o0pa3ysi CTEXHOMETPHUYECKYI0 CMECh
BOASHOTO  Tapa, TOPIOYEro ©  OKHUCIHTEIS;,  jJanee, oOpa3oBaBIIasics
CTEXHMOMETPUYECKAs] CMECh TOPIOUETro, OKUCIUTENS U BOASHOTO Tapa MUKIHYECKH,
¢ yactoroi 10 "1, 3akuragack CUCTEMOM MCKPOBOTO 3aKUTAHUA JIETOHAIIMOHHOTO
TOPEHUS, coJaep)kamie 5 aBTOMOOWJIBHBIX CBEUCH 3akMraHws, obOecreumBast
PeXKHM  HMITYJIbCHOTO JIETOHAIIMOHHOTO TOPCHHS, Jajiee, IIEPerpeB mapa
OCYIIECTBJISJICS MyTEM  OJHOKPATHOTO YJIApPHOTO  CXKaTHS  BO3HUKAIOIICH
JETOHAIIMOHHON BOJIHOM C oOpa3oBaHueM TypOYJIEHTHOTO IMOTOKA MEPErpeTroro
napa ¥ nNpoJayKTOB JIETOHAIMH, Temieparypoit okojio 1700°C u oOmuM pacxoaoM
oKkos0 13 M* / wac, KOTOPBIN PacIPOCTPAHSIICA BAOJb JETOHALMOHHOIO KaHaIa co
CBEPX3BYKOBOM JINHEHWHOM CKOPOCThIO 0K0j10 3000 M/C ¥ J€TOHAIIMOHHOM BOJIHOM,
JaBlieHHEM OKOJI0 12 kr/cM? ¥ mOCTynajn B KOHMYECKHM KOJBLEBOM KaHal
ra30IMHAMUYECKUOTO PE30HaTOpa M MHOTOKPAaTHO OTPaXaJicd OT CTEHOK
ra30IMHAMUYECKOTO PE30HATOpPa, YTO MPHUBOAWIO K PE3KOMY PE30HAHCHOMY
MOBBIIIICHHIO TEeMIEPaTypsl TypOyJIEHTHOTO IOTOKA MPOAYKTOB ACTOHAIIMH U
neperperoro mapa m0 3470°C nmasnenus mo 27 Kr/cM? W JIMHEHHOM CKOPOCTH,
npkebimaomeid 5600 m/c, obmmm pacxomom okono 13 m*/gac. Ha Breixozme
JECTOHAIIMOHHOTO KaHajia, B TypOyJCHTHOM IOTOKE MPOAYKTOB JCTOHAIMHM W
NEPErpeToro mapa Ta30aHaIn3aToOpoM (UKCHPOBAIOCH OOBEMHOE COJEpPKAHUE
BOJIOpoIa okoio 25%, kucnopoaa okoso 29%, yriepoaa okojo 9% u azora 0KoJ0
31%. CoctaB u 0O0beMHOE coAep kaHHE OCTABITUXCSA 6% TPOMYKTOB METOHAIIMH HE

OIPEIEIISIOCH.
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®opmy.Jia u300peTeHust

1. Cnoco0 mnofiyueHus TEpPErperoro rmapa ¢ BOAOPOAA MMyTEM
MHOTOCTYIICHYATON ACTOHAIMH, BKIKOYAKOIINKA MPEABAPUTEIIBHBIN MEPETPEB Tapa
MyTeéM  OOHOKPATHOTO  YJAPHOTO  CXXaTusd  ACTOHALMOHHOHW  BOJIHOM,
OMAUYAIOMUIICA MeM, Ym0 TPEABAPUTEIBLHO NEPErpeThidi Mmap MOJABEpraeTcs
JAJbHEUIIEMY TEPErpPeBy MYTEM MHOTOCTYNEHYATOrO0  yAAPHOTO  CHXKATHS
MHOTOKPaTHO OTPA>XKECHHBIMH JIETOHALIMOHHBIMU BOJIHAMH, KOTOPBIE CO3JAKOTCS
MPUA MMOMOIIY Ta30JUHAMHAYECKOTO PE30OHATOPA, COOCHO PA3MELLEHHOIO HA BBIXOE
JETOHALMOHHOW KaMepbl CrOPAaHWS W BBINOJHEHHOTO B BHJIE KOHHUYECKOTO
KOJIBLICBOTO  KaHajla, OOpa30BAHHOIO MEXKAY BHYTPEHHEH MOBEPXHOCTHIO
JETOHALMOHHOW KaMePhl CropaHus W BHEIIHEW MNOBEPXHOCTBIO KOHHUYECKOTO
KOJIBLIEBOTO KaHajla, B PE3yJIbTaT€ MHOIOCTYNEHYATOrO0 TNeperpesa mnapa
o0OpazyeTcsi BOAOPO/, KAUCIOPO U APYTUE MPOAYKThl TEPMUUECKON JUCCOIUALIAN,

2. YCTpOWCTBO Uil TOJNYUEHMs TMEPErpeToro mnapa W BOJOPOAA,
colepKalee  JETOHALMOHHYK)  KaMepy  CropaHMs,  COBMEILIEHHYKO ¢
JETOHALMOHHBIM KAaHAJIIOM, CHUCTEMY MOJa4d TOPKOYEro, CUCTEMY NOJa4YM
OKMCJIATENSA, IPUTOYHBIA PE3EPBYAp C MUTATEIBHONU BOAOM, B KOTOPBIN ITOJIHOCTBIO
MOrPYy>K€Ha JECTOHAIIMOHHAS KaMepa CropaHusA, COBMEIICHHAA C JICTOHAIMOHHBIM
KaHAJIOM, TIapOTeHepaTop C TApPOBBIM KJIAMAHOM © TMapoBOH  (HOPCYHKOM,
MOJAIOIIEH BOJAHOM TlAp B JACTOHAUMOHHYIO KaMepy CropaHus, CHUCTEMY
3QKATAaHUA JETOHAUMOHHOTO TOPEHUsA, OMUIUYAouieeca memM, 4UHO BKIOYAET
ra30IMHAMHAYECKUI PE30HATOP, COOCHO PA3MEIIEHHBIA HA BBIXOAE JICTOHAIIMOHHOMN
KaMepbl CrOpaHUsA, BBIMIOJHCHHBI B BHJE KOHWMYECKOTO KOJIBLIEBOTO KaHaJa,
00pa30BaHHOIO MEKJIYy BHYTPEHHEH TMOBEPXHOCTHIO JIETOHALIMOHHOW KaMepbl
CrOpaHUs W BHEIIHECH MOBEPXHOCTHID KOHWYECKOTO KOJBLEBOrO KaHAJIA,
BBITIOJITHGHHOTO M3  YKAPOMPOYHOTO  YTJIEPOJHOTO HAHOMOIA(PHITMPOBAHHOTO
Marepuana.

3. VYerpoiicTBO mo 1. 2, omauuawouieeca mem, YmoO Ha BBIXOJE
JETOHALMOHHOW KaMepbl CrOpPaHWs, COBMEIICHHONW € JETOHALMOHHBIM KAaHAJIOM

MOET OBITh pasMCIICHa CHCTCMA IMPOU3BOACTBA BOAOPOAA U3 MUTATCIILHON BOAHKL,



BKJTIOYAIOIIAS KaMEPY AMCCOLUMALMU MUTATEIBHON BOJBI, BOOOPOJHYIO Kamepy C
mupy3rnonHONH MeMOpPaHOH /TSl OTACICHHS M HAKOTUTCHUS BOJIOPO/A.

4. YcerpoiicTBo mo M. 2, omauuaruieeca mem, 4mo Ha BBIXOJHE
JETOHALIMOHHOW KaMepbl CrOpPaHWs, COBMEIICHHOW C JETOHALMOHHBIM KaHAJIOM
MOXET ObITh pa3MelleHa CHUCTeMa pa3JesieHUud BOJOpPOJa OT MNPOAYKTOB
TEPMUYECKON AUCCOLMALAM MEPErPETOr0 IMapa, BKIKOYAOIAA BOAOPOIHYIO
kamepy ¢ auddy3noHHON MeMOpaHOW AJIA OTASICHNUS W HAKOTUICHHS BOJOPOAA OT
MPOAYKTOB TEPMHUUECKONU TUCCOLHUALINYI MTEPETPETOro Mapa.

5. YcerpoiicTBo 1m0 M. 2, omauuawuieeca mem, 4mo TPUTOUHBIN
pe3epByap C MHUTATENIbHON BOJOH MOXKET OBITh BBIMIOJHEH B BHJE TpyOUaTOM
KOHCTPYKIIMM W3 TEIUIOMPOBOIAIIETO MAaTEpUalia, COUPAIbHO HABUTOW BOKPYT

HGTOHaHHOHHOﬁ KaMCPbI CropaHus, COBMGH.[GHHOﬁ C ACTOHAINMOHHBIM KaHAJIOM.
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