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OO0mast xapakTepucTHKa padoThl

AKTYaJILHOCTb TeMBbI UCCIIeJOBAHUS

Texyiiue TeMIbl pocTa HACEIEHUS U CTPEMUTEIBHOE COLMAIBHO-
HSKOHOMHYECKOE MHPOBOE Da3BHTHE TMPHBOAAT K HEYKIOHHOMY
rmo0alkHOMY — poOcTy  cmpoca Ha  dHepruio. HecmoTps  Ha
[IPOIOJDKUTEIIbHBIE OOLIMPHBIE HHBECTULIMU B Pa3BUTHE AIbTEPHATUBHON
SHEPIeTHKH 10 BCEMY MHPY, JOJIsl SHEPTUH, MTOTydaeMasi OT HCKOMIAEMBIX
TOTUIMB, COTJIACHO €XETOIHBIM III00aIhHBIM 0030paMm British Petroleum
(BP) [1], crabumpHO coctaBmsier >80% oOT  00IEMHPOBOTO
dHEepreTHYeckoro mnorpednenus. [Ipu sTtoMm He MeHee 65% MHUPOBBIX
BpPEIHBIX  BBIOPOCOB  00pa3zyercsi OT  CXKHIMaHUA  HCKOMAEMBIX
YIJIEBOIOPOIOB [2], TIe 1ABE TPEeTH HMX COKUTaHWs, TaKk WM HHAYe,
MIPUXOIATCS Ha TPAHCIIOPTHBIN ceKTOop [3], omuparouuiics B OCHOBHOM Ha
CKUTaHUE >KUAKUX HEQTIHBIX YIJIEBOJOPOJOB — OCH3MHOBOTO U
IU3EBHOTO TOIUIMB. becKOHTpOIbHOE CKUTaHHUE YTIIEBOJOPOAOB, TAKUM
00pa3oM, yKe TIOBJIEKIO 3a COOOH: TOBBIIICHHUE YPOBHS MOpS HW3-3a
TasHUS JICASHBIX IIANOK;, HWCTOINEHHE O30HOBOTO CJIOS, BBI3BAHHOE
okcugamu yriepona (COx), azota (NOy), cepsl (SOx) U ap.; oOmIMpHBIE
MOJKUCIICHUs II0YBbI, BBI3BAHHBIE, OILATH K€, A30THBIMH, CEPHBIMU U
IPYTUMHM OKCHIAaMH; 0Opa3oBaHHE IPU3EMHOIO O30HA, BPEIHOIO HE
TOJIBKO JJISl YENIOBEKA, HO U JUIsl PACTHUTEIBHOCTH U JKUBOTHOTO MHPA;
HapylmieHHe TePEeHOCHUMOCTH KHCJIOpOJAa, paccTpoiicTBa cepaua M
LIEHTPaJIbHOM HEPBHOM cucTeMbl, BbI3BaHHbIe CO; Kalllellb, pa3apakeHue
r71a3, HapylLIeHWEe CHa, BBI3BAaHHbIC HECTOPEBLIMMH YTIIEBOJOPOJAMHU; U
Ipyrde MHOXECTBEHHBIE CEpbe3HbIE TPOOJIEMBI CO  340POBBEM,
BBI3BaHHbBIC BBIOPOCAMH TBEPABIX YACTHI[ CAXH, MOJMAPOMATUUYECKUX
yriieBo1opoaoB ([TAY) u BpeTHBIX OKCHIIOB B OKPYKAIOIIYIO cpeny [4].

HenaBuue ucciaenoBanus NOKa3ajid, YTO albTEPHATHBHAS YHEPTETHKA
B Ommkaiilied TMEepCreKTUBE NECITHISTHH HE CMOXET 3aMEHUTh
TPaJUIIMOHHBIC TOIUIMBA [5], MO3TOMY OT HHMX HEJb3sl OTKa3aThCsl, HO
MOJKHO CIeNIaTh IPOLECCHl X CKUTaHus yniie U dddekTuBHee. Pemenne
npoOJaeMbl, MOTEHIHMAIbHO, OBLIO HAWJEHO B BBICOKOTEXHOJOTMYHBIX
MOJYCUHTETHUYECKUX TOITMBHBIX CMECSX KHIKUX KUCIOPOACOAEPIKAIIUX
(ciuptel, 3¢Qupbl, ¢GypaHOBBIE COCOUHEHUS]) WHIM Ta3000pa3HBIX
(cunTe3-ras, 6uoras) OMOTOIUIMB C TPAAUIIMOHHBIMHU YIIIEBOAOPOAAMH.

Co3manne TakMX DKOJIOTHYECKH YHCTBIX TOIUIMBHBIX CMeceHd, B
KOTOPBIX J100aBKM OMOTOIUIMB CHOCOOHBI 3()()EKTUBHO MHIHOUPOBATH
oOpa3oBaHHe BPEIHBIX BEIOPOCOB, TpeOyer OOIIMPHBIX



9KCIIEPUMEHTAIBHBIX M TEOPETHUECKUX CBEJICHUN O AETAThHON KHHETHKE
TOpeHMs] KaKk HUX TOMOTEHHBIX, TaK M TE€TEPOreHHBIX CMECeH, YTO
OTIpEZIETUT HE TOJBKO BO3MOXXHOCTH IPOTHO3WPOBAHUS HYHCTBIX H
3G PEKTHBHBIX PSKUMOB UX TOPEHHS, HO U OYAyIIHMEe BEKTOPHI PAa3BUTHUS
MHUPOBOH SHEPreTUKU.

Pa3zpaGoTaHHOCTb TeMBbl HCCIeJ0OBAHUS

Kunetnka ropeHus KHCIOPOACOAEPXAIIMX OHOTOIUIUB AaKTHBHO
ucclieioBagach MUPOBBIM HAayYHBIM COOOIIECTBOM B mociieanue 15 jer
[6], omHAKO HCCIe0BaHUs OBUTH COCPEAOTOUYCHBI HA dTAaHOJIE U METAHOJIE,
TO €CTh Ha CaMBbIX IIPOCTHIX NPEACIBHBIX CITUPTaX, I'/1€ ObLIH JOCTUTHYTHI
3HAUYNUTENIbHBIE YCIEXH; TAKXKe [T0Ka3aHo, YTO IaHHbBIE CIIUPTH 001a1atoT
HEAOCTAaTKaMH, HC MMO3BOJIAIONIUECA UM CTaTh HOBBIMU OHEPTCTUYCCKUMU
CAVMHUIIaMH, BCJIICACTBHEC YCTO q)OKyC BHUMAaHUA TICPCIICTI U HA APYTHUC
TUIBl COCOUHEHUH: BBICIIME CIUPTHI, (ypaHOBBIC TOIUIMBA, Y(PUPHI H
Ouoras.

HccnenoBanust STaHosia U MeTaHONa CHOPMHPOBAIN MPOYHEHIIINIA
dyHIaMEHT i1 JalbHEHIIMX HCCICIOBAHMM KUHETHKM TOPCHUS
OonplIoro  pasHooOpasuss  MOTCHUUANBHBIX  BHAOB  OHMOTOIUIMB,
HCIIOJIb3YEMBIX B KAYECTBC JIOGaBOK WJIn B YUCTOM BHC. brito IIOKa3aHo,
qTo0 PpasiInYHbIC KJ1aCChbl COG}II/IHCHI/Iﬁ IIPOABJIAIOT Ppas3IMYHyIO
PEaKIMOHHYIO CIIOCOOHOCTh U MOT'YT HPUBOJUTH K Pa3IMIHOMY COCTaBY
3arps3HAIOIIMX BEILECTB, NMPH 3TOM OBUIO MOKa3aHO M TO, YTO MHOTHE
rmapaMeTpbl TOpPEHMs, HaIpUMEp BOCIUIAMEHIEMOCTh U CTPYKTypa
BBIOPOCOB, MOTYT OBITh CIPOTHO3HPOBAaHBl C  HCIOJIB30BAHHEM
NOAPOOHBIX XMMUYECKUX KUHETHYECKUX MOJEINEH, Tlie MCIONb30BaHHue
q)YHILaMeHTaJH)HOFO KHHETUYECKOI0O Ioaxonaa, a HE€ HWHKCHCPHBIX
Ipoueayp Ha OTAEIbHBIX MapaMeTpax, HalpUMeEp, OKTAaHOBBIX YHCIIAX,
BBISIBUJIO OCTPYIO HEOOXOAMMOCTh B OOIIMPHBIX JAHHBIX O KHHETHKE
AIIEMEHTAPHBIX PEAKINH, MPOTEKAIOIINX PH TOPEHUN OHOTOIUIUB [7].

Pa3paboTka Takux KHHETUYECKUX MOJEJICH TOPeHHUsT — CIOKHEHIIINIA
WUTEPATUBHBIA IPOLECC, BKIIOYAIOIIMKA OObEAMHEHHbIE LIEJIEBBIC
MOJIEJIbHBIE U IPUKIIAaJHbIE SKCTIEPUMEHTHI. Ha JaHHBIN MOMEHT CO3/1aHbI
XUMUYCCKUC KHUHCTHYCCKUC MOJACIM TOpCHHA BBICHIUNX CIIUPTOB,
(ypaHOBBIX COEOMHEHHH ¥ I(PHUPOB, OJHAKO CYIIECTBYIOIIHNA 00BEeM
(yHIAMEHTaNbHbIX KHHETHYECKMX JaHHBIX He NOKpeiBaeT u 20%
UCTIONB3YEMBIX B 3THUX MOJENAX JAaHHBIX, BBIHYXXIas IOJIaraThCsl Ha
OLICHKU W PEaKkHOHHBIE MOA0OUS C MCMOJIb30BAHUEM aBTOMATHUECKOU
TeHEpaLuy, CUIBHO MOBBIIIAs 00IIKEe HEONPEAETICHHOCTH KHHETHIECKUX
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Mozenen [8]. Tak, MHOTHE aBTOPHI YKa3bIBAIOT, YTO Ka)Khas HTEpaIlus
TOYHOCTH HAa WYTH K CO3JaHUI0 KOMIUIGKCHOM  XHMHYECKOH
KHHETUYECKON MOJIENIN TOPEHHs YTIIEBOIOPOIOB TPEOyeT 3HAUNTEIHHOTO
KOJMYECTBA KHHETHYECKHMX JaHHBIX, B OCOOCHHOCTH, MPSIMBIX
MPEUU3UOHHBIX H3MEPEHHH, CBS3aHHBIX C JJIEMEHTapHOW KHHETHUKOU
MPOTEKAIOUINX MPOLECCOB NPU TOPEHHH MEPCHEKTUBHBIX OMOTOILIMB,
KOTOpBIE SBIAIOTCS (YyHIAMEHTOM pa3pabOTKH JFO00H XHUMHYECKOH
KUHETUYECKOU MOJIEIIN.

enn u 3axaun padboThl

Hemp  paboTel  —  TOJYYUTh  HOBBIE,  TPEIM3HOHHEIC
9KCHEPUMEHTAILHBIE JaHHbIE M TEOPETUYECKUE CBEIEHHS O KUHETUKE
OKHUCIICHHS Pa3IMYHBIX KJIacCOB OWOTOIUIMB  MOJICKYJSIPHBIM U
aTOMapHBIM KHCJIOPOJOM B IIHUPOKOM JIHAMA30HE TEPMOAMHAMHUYECKHX
YCIIOBHH. Haubonee MEePCHEKTUBHBIMU IpeICTaBUTEISIMU
COOTBETCTBYIOIIMX KJIaCCOB OMOTOIUINB OBbUIN BEIOPAHBI: BBICILINE CITUPTHI
— H-/U-TIPOTIAHOJ, H-0YTaHOJ, H-/U-TIEHTaHOJT; (hypaHOBBIE COSTUHEHHS —
¢dypan, retparuapodypan (TT'D); npocTsie 3hUpPbI — TUMETHUIIOBBIH dDUP
(JAMD); buomeraH.

3anaun paboTHI:
1. DKcnepuMEHTATBHO  IMONYYHTh  TOYHBIE  KOHIEHTPAIIMOHHO-
BpeMeHHbIE Tpoduiu 00pa3oBaHHMsS W NOTPeOIEHHs OIHOTO U3
BOKHEHWIINX pPAIUKAIOB TOPEHHS — aTOMAapHOIO KHCIIOpPOAa, IIpH
OKHCIICHHW H-/M-TIpoTaHoja, H-OyTaHola, H-/H-TIEHTaHona, (ypaHa,
TeTparuapodypana, JUMETHIOBOTO 3upa U OHOMETaHa B Pa3lUYHBIX
TeMITePaTyPHBIX PEKUMAX.
2. Tlposectn YHCIICHHOE MOJIETUPOBAHNE HCCIIEIOBAaHHBIX
SKCIIEPUMEHTANILHBIX YCIOBUI MO HanOoJiee aKTyaJbHBIM XUMHUYECKUM
KAHETHYECKHM  MOJCNIIM ~ TOPEHHsS  YIJEBOJAOPOAOB M HX
KHCJIOPOJICOJEP KALINX TPOU3BOTHBIX.
3. ITlpoBecTH KWHETHYECKHMH aHAJIM3 UYWCIEHHBIX pE3yJIbTaToOB; Ha
OCHOBE TIOJIyYCHHBIX YHCJIEHHBIX M OSKCHEPHUMEHTAIBHBIX JaHHBIX
OIIPEAETHUTh CHEIU(PHUKY KHHETUKH OKHCIICHHS UCCIIETyEeMBIX OHOTOIIINB
aTOMapHbIM W MOJEKYJSIPpHBIM  KHCJIOPOJOM B pa3iMYHBIX
TeMITePaTypHBIX PEKUMaX.
4. TlpoBectH, B COOTBETCTBHHU C BBISBICHHON CIENN()UKON KHHETHKH
OKHCIICHUS OMOTOIITHB, MOCIEaYIONIHe TEOPETUUECKUE "
9KCIIEpUMEHTANILHBIE HWCCIICIOBAHUS, HAINpPaBJICHHbIC Ha YIy4IllIEHHE
NOHMMAaHMS KHHETHKHU KITIOUEBBIX PEAKIIMOHHBIX Iy TeH.
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5. CodopmynupoBaTh KOHKPETHBIC MPEIONKECHUS M PEKOMEHJIAIMU 110
MOBBIIIICHUIO TOYHOCTHU IMPEJICKA3aTEIbHBIX CIIOCOOHOCTEH XUMHUECKUX
KHHETUYECKUX MOJIeNIeil TOpeHus] ONOTOILINB.

Hayunas HoBH3HA
1. TlpencraBiieHbl HOBBIE SKCIICPUMEHTANbHBIC TaHHBIE [0 OKUCIICHHIO
H-/M-TIpOTIaHOJa, H-OyTaHoJa, H-/M-IeHTaHOMNa, JUMETHIOBOro 3hupa u
METaHa aTOMapHBIM KHCIOPOAOM B YJbTpapa3z0aBICHHBIX CMECSX MpHU
temneparypax 1600-3200 = 50 K u gasnenmsix 2-3 £+ 0.1 Oap; vH-/U-
neHTaHoma, pypaHa u TeTparuapodypaHa MOJIEKYISIPHBIM KHCIOPOJIOM B
yabTpapa30aBIeHHBIX cMecsax mpu Temmeparypax 1600-4000 = 50 K u
nasinenusx 1.5-3 = 0.1 Gap.
2. BnepBeie TpefcTaBiEHbl KMHETHYECKHE  JKCIICPUMEHTAIbHBIC
JaHHBIC TI0 cHelu(HrKe OKUCICHUs H-/U NpOMaHoia, H-0yTaHoja, H-/u-
MEHTaHOJa U TUMETUIOBOTO 3¢pupa B IpUCYTCTBUHU a30THOH NOx XUMHUH.
3. Pacmmpen nuama3oH TepMOAWHAMHYECKHX M XUMHUYECKHX YCIOBUH
AKCMEPUMEHTAITLHOTO UCCIIEIOBAHMUS OKUCIICHHUS alleTHIeHa U OMoMeTaHa
ATOMapHBIM KHUCIIOPOAOM B MPUCYTCTBUH NOx XUMHHL.
4. Ompenenensl oOmMe 3aKOHOMEPHOCTH M cCIEUU(HUKa OKUCICHHUS
BBICIIUX CIUPTOB, (PypaHOBBIX COEAMHEHWH M AMMETHIOBOTO 3(dupa B
HCCIIETyEeMbIX TEPMOIMHAMHYECKUX U XUMUYECKUX yCIOBHAX.
5. CoBpeMeHHbIE XUMUYECKHE KHHETUIECKUE MOJIENIN IPOTECTUPOBAHBI
Ha HOBBIX JaHHBIX; B COOTBETCTBUH C TIOITYYCHHBIMH pe3yIbTaTaMH, ObLIN
MpemIokeHsl W, B choydae wmozenu KonaoBa [9], peamn3oBaHBI
OpUTHHANIBHBIE ~ MOJU(PHUKALUK CO  3HAYUTENBHBIM  yIy4llIEHHEM
npezacKa3are’IbHOl d3QPEKTUBHOCTH JaHHOW MOJEIH.
6. Iloxazano, uto auccommanusi O, ompenenseT KUHETUKY OKHCICHUS
nccnenyeMbrx omoromumB yxke ¢ 3000 K, omeHka CKOpOCTH KOTOPOH
CHJIBHO DPAa3HUTCS MEXAY KHHETUYECKUMH MOJACISIMU HM3-32 BBICOKOH
HEONPENENeHHOCTH, B CBA3M C YeM  KOHCTAHTa CKOpPOCTH
MOHOMOJIEKYJISIpHON nucconmanuu kuciopoga O, + Ar = 20 + Ar
n3MepeHa B quanazone temmeparyp 2500-5000 + 50 K u nanenwmii 1.5-
2.5+ 0.1 6ap ¢ TOYHOCTHIO, MPEBBIMIAIONICH CYIIECTBYIOIINE U3MEPEHUS
B JJAHHBIX TEPMOJAMHAMUYECKIX YCIOBHAX HE MEHEE, YEM B TPH pasa.

TeopeTuueckasi M NPaKTHYECKAS 3HAYUMOCTb
[lomydeHHbIe KHHETHYECKHE TaHHBIE IO OKUCICHUIO TIEPCIIEKTUBHBIX
KJIaCCOB OMOTOIUIMB MOTYT OBbITh HMCIIOJIB30BaHBI JIJIsI BepUPUKAIIMH HE
TOJBKO CYUIECTBYIOIIMX XMMHUYECKHMX KHHETHMYECKHX MOJejieil, HO U
JMOOBIX  BIOCTEACTBMU CO3/JaHHBIX. TecTupyemMple B  HACTOALIEM
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WCCIIEIOBAHNY KWHETHYECKHUE MOJEIH, C OJHON CTOPOHBI, MOTYT OBITH
PEAYIUPOBAHBI JI0 MCIIOJE30BAaHUS B MPHUKIATHBIX PACUETHBIX 3a/layax
rOpeHwst OMOTOIUINB, a C IPYTOH, PACIIUPEHBI 10 YHHUBEPCAIBHON MOJIENH
TOPEHHsI YTJIEBOAOPOAOB M HMX KHCIOPOACOAEPKAIINX IMPOU3BOIHBIX,
SIBIISIACH €II[¢ OJHUM IIaroM Ha IMyTH K YUCTOMY H 3(PQPEKTUBHOMY
TOPEHUIO.

MeTopmo/10rusi 4 METOAbI HCCJICIOBAHMSA

Bce skcniepuMeHTHI POBOIMIIMCH Ha BBICOKOYHCTOW KHHETHYECKOI
yaapHoil TpyOe amadparMEHHOTO THIIA, KOTOpas HCIIOJIb30Ballach B
Ka4yecTBE PEeakTopa Ui CO3/IaHMsI HEOOXOAUMBIX TEPMOJIUHAMUYECKUX H
XMMUYECKUX ycnoBuid. Bee nccnenoanus nposoaniuce B Jlabopatopun
«Hepasuosecubix npoueccoy OUBT PAH. Ilpenusnonnbie uaMepeHus
KOHIICHTPAIMOHHBIX ~ mpoduiieli  oOpa3oBaHMs U HOTPEOJICHHS
aTOMapHOTO KHUCJIOPOAA MPU OKHUCICHUH MEPCHEKTHBHBIX OMOTOILIMB,
alleTWIeHa W JUCCOLHMALUM  MOJIEKYJSIPHOTO  KHCJIOpoAa ObuIn
BBITIOJTHEHBI METOJIOM aTOMHO-PE30HaHCHOU a0COPOIMOHHOM
cunektpockormuu (APAC). Ilapamerpbl 3a OTpaXE€HHBIMH YIapHBIMU
BOJIHAMH OTIPENIeJISUINCEH B MporpaMMHoM nakete Equilib. Kunetnueckuit
aHaM3 H MOJICITUPOBAHUE MPOBOJWINCH B MNPOTPAMMHOM  ITaKeTe
OpenSmoke++. Jannbie u rpaduygeckue WJUTIOCTpaLuU
CHCTEMATU3UPOBAIIMCH M 00palaThIBAJIMCh B NPOIPAMMHOM IIaKeTe
OriginPro.

HayuHble mo/10:keHus1, BLIHOCUMbI€ HA 3aIIUTY
1. Pe3ynbTaThl KOHLIEHTPALUOHHO-BPEMEHHBIX U3MEPEHHUIM aTOMAPHOTO
KHCIIOpOJia TpPH OKHCICHHM H-/U-TIPOTIaHojia, H-OyTaHoya, H-/H-
NeHTaHoa, ¢ypaHa, TeTparuapodypaHa, TMMETHIOBOTO 3¢dupa, MeTaHa
Y alleTUICHA B LIUPOKOM JUANa30HE TEPMOIUHAMUYECKUX YCIOBHM.
2. Pe3ynbrarhl u3MepeHUil KOHCTAHTBI CKOPOCTH MOHOMOJIEKYJISIPHOM
JIUCCOLIMAIIMM  MOJIEKYJISIPHOI'O KHCJIOpOJa B AaproHe B IIUPOKOM
JlAara3oHe TEPMOJUHAMUYECKUX U XUMUYECKUX YCIOBUI.
3. Pe3ynbTarthl 4YHCIEHHOTO MOJEIHUPOBAHUS HKCIEPUMEHTANTbHBIX
JIAaHHBIX 110 KUHETHUKE OKHCIICHUS UCCIEAYEMBIX OMOTOIIIHB.
4. Pe3ynbTaTbl KHHETHYECKOI'O AaHAIM3d, PEAKIUOHHBIX MOyTed U
YYBCTBUTEJIBHOCTEN TECTUPYEMBIX XUMUUYECKUX KUHETUYECKUX MOJEIIEH
TOpeHus1 OMOTOTLIHB.
5. PesynbraThl MomM(UKAIMA XUMHUYECKONH KUHETHYCCKOH MOJENn
ropeanst OwotormBe KoHHOBa, pEKOMEHIAIMM TI0  TOBBIIICHUIO



MPOTHOCTUYECKUX APPEKTUBHOCTEH HCIOIB3YyEMBIX KHHETHUECKUX
MoJieTIeH TOpeHwsI OMOTOTLITHUB.

CTeneHb 1OCTOBEPHOCTH Pe3yJIbTATOB

JlocTOBepHOCTh ~ TOJMYYCHHBIX  PE3yJIbTaTOB  O0ECICUUBACTCS
COUYCTaHWEM TJIyOOKOBAKyYMHOW yJapHOW TpyOBl, OpUTHHAILHOU
CHUCTEMBI CMemeHus W Tmperu3noHHor APAC-amarHOCTHKH; Takas
JMIUATHOCTHKA HMMEHYETCS  «30JI0TBIM  CTaHAApTOM»  XUMHYECKOH
KHHETHUKHU. Jomnonusercs WCTIOJTb30BaHUEM HCKITIOYUTETHHO
CBEPXYUCTBIX BEUICCTB C A€TAJIbHBIM aHaJIM30M, YYETOM I/I/I/I.HI/I OHCHKOI;‘I
HCTOYHUKOB IKCIEPUMEHTAIBHBIX HeonpeieneHHocTel. JlocTOBEpHOCTh
MOATBEPKIACTCS COOTBETCTBHEM TIOJNYYCHHBIX JKCIEPUMEHTAIBHBIX
JAaHHBIX C UYHWCJICHHBIMH PpE3yjibTaTaMM, TaKXC IIOJIYYCHHbBIX C
HCIIOJIb30BAHUEM COBPEMEHHBIX MCTOJOB U IIPOrpaMMHBIX KOMILJIEKCOB,
COrJIacysiCh C aKTyalbHBIMH TEOPETHYCCKHUMU TIPEACTABICHUSIMH O
KHHETUKE TOPEHHUS YIJIEBOAOPOJIOB W UX KHCIOPOACOACPIKAIUX
MPOU3BOAHBIX. 3HAYUMOCTh O0CYKICHUH M BHIBOJIOB HACTOSIIIEH PaOOThI
IIpru3HaHa MHUPOBBIM Hay4YHBIM COO6IIJ;€CTBOM, YTO MOATBEPKAACTCA
Iy OTMKAIUSIMHU B BBICOKOPEHTHHTOBBIX PEICH3UPYEMBIX
MCKAYHAPOJHBIX M OTCYCCTBCHHBIX JXYpHajlaX, a TaKiKXE€ BBICOKUMH
OIICHKaMH Ha MEXJIYHApOJAHBIX W OTEYECTBEHHBIX KOH(EpeHIUsIX
MPO(UIBHBIX U CMEXHBIX TEMAaTHK.

AnpobGauus pe3yJbTaTOB

PesynmpTathl 1O MaTtepuanam  JHMCCEPTAIMOHHOW  paboThI
JOKIIA/IBIBATIICh HA PAa3IMYHBIX MEXAYHAPOJHBIX WM OTCUECTBEHHBIX
HayyHblX — KoH(epeHmmax: XXXII/XXXIV/XXXVI  International
Conference on Interaction of intense energy fluxes with matter (Elbrus,
Russia, 2017/2019/2021), XXXII/XXXV/XXXVII International
Conference on Equations of State for Matter (Elbrus, Russia,
2018/2020/2022), XXXVIII Fortov International Conference on
Interaction of Intense Energy Fluxes with Matter (Elbrus, Russia, 2023),
NEPCAP (Sochi, Russia, 2018/2019/2020/2022), Bcepoccuiickas
Hay‘lHO-TCXHH‘IeCKOﬁ KOH(bCpCH]_[I/ISI MOJIOABIX YYC€HBIX U CIICHUAIIMCTOB
«ABHWANIMOHHBIE JIBUTATENM M CHUJIOBBIE ycTaHOBKM» (Mocksa, Poccus,
2019), 9TH EUROPEAN COMBUSTION MEETING (Lisbon, Portugal,
2019), XV Bcepoccuiickuii CHMITO3UyM T10 TOPESHUIO ¥ B3pBIBY (MOCKBa,
Poccus, 2020), XI Bceepoccuiickast KOHGEPEHIHUS C MEXIyHAPOIHBIM
yuactieM ['OPEHUE TOIUIMBA: TEOPUA, DSKCIIEPUMEHT,
MPUJIOXKEHUS (Hoeocubupck, Poccus, 2021), ExxerogHas HaydHas

6



koH(pepeHnus otaena roperus u B3peiBa XD PAH (Mocksa, Poccus,
2022), XVI Bcepoccuiickuii CHUMIO3UYM 10 TOPEHHIO U B3PBIBY
(Cy3nmans, Poccus, 2022), 2d International Conference on Physics and
Chemistry of Combustion and Processes in Extreme Environments
(Samara, Russia, 2022).

My6ankanuu
ITo marepuanaMm muccepraly ObIIO ONMyOJHMKOBAHO 23 meyaTHBIC
paboThI, BKItOUAs 6 MyOIHMKAIMIA B PEIICH3UPYEMBIX HAYUHBIX U3AHUAX;
CITUCOK PEIEH3WPYEeMbIX Hay4HbIX pabOT TpHBENEH B KOHIIE
aBTopedepara.

JIMYHBIN BKJIAJ CONCKATEISI
JIMuHbI# BKJ1a]1 aBTOpA B MIPE/ICTABIIEHHBIE B HACTOSIIEH JUCCcepTallun
uccuefoBanus siBasieTcss BeayuuMm. Couckarenb MNPUHUMAaN aKTUBHOE
y4acTHe B HOCTaHOBKE LIEJIEH, 3a7a4 U IUTAaHUPOBAHUU UCCIECIOBaHU; BCe
PE3yJIbTaThI, IPEACTABIICHHBIC B paOOTE, MOTYYEHBI JIN0O TUUHO aBTOPOM,
00 TpY ero aKTUBHOM YYaCTHH.

CootBercrBue cnennaabHocTH 1.3.14 — Temodgusnka u
TeopeTHYecKas TeNJI0TeXHUKA

Huccepraunonsas pabora coorBercTByet 1. 1 "®dyHIaMeHTalbHBIE,
TEOPETUYECKHE U IKCIIEPUMEHTAIbHbIE UCCIIEIOBAHUS MOJEKYISAPHBIX U
MaKpOCBOWCTB BEIIECTB B TBEPJOM, KUJIKOM H Ta3000pa3HOM COCTOSHHU
it Oonmee TIyOOKOro MOHHUMAHHUSI SIBJICHUH, NPOTEKAIOLUIMX MpPU
TEIUIOBBIX TMPOLECCaX M arperaTHbIX M3MEHEHHAX B (U3NYECKUX
CHUCTEMaX.

CTpykTypa n 00beM AuCCEPTAMHA

Huccepranmonnass pabota BKIIOYaeT BBeAeHHE, 4  TJaBHI,
3aKJIIOUEHHNEe, CIHCOK JMTepaTyphl M JONOJHUTEIbHBIE MaTepHaibl B
YyeThIpex NpuiokeHusIX. OCHOBHOM TEKCT IUcCepTaluy U3JI0KEH Ha 168
CTpaHUI]aX MAIIWHOMHUCHOTO TeKCTa, ¢ 32 CTpaHHUIAMH CIIHMCKa
JUTEpaTyphl, BKIIOUawImero 527 HauMeHOBaHUHM, U coaepxkur 106
PHUCYHKOB U 8 TaOJHII; TEKCT AOMOJIHUTEIbHBIX MAaTEPUAIOB U3JI0KEH Ha
25 cTpaHMIaX MAalIMHONMCHOIO TEKCTa U COAEPKUT 14 pUCYHKOB U 5
TabnuI.

OcHoBHOe coaep:kanue padoTbl
IlepBasi raBa IOCBsIlEHa BCECTOPOHHEMY 0030py HMMEOLIMXCS
OKCIICPUMECHTAJIbHBIX W TCOPETUUYCCKUX PE3YJILTATOB 110 TOPCHUIO
ouortorB. B paszdene 1.1 paccMarpuBaeTcs WCTOpHA W JAWHAMHUKA
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MyOJMKAIMOHHOW aKTHBHOCTH, TaK WJIM MHAYe CBSA3AaHHAS C TOPCHUEM
OMOTOITUB; PACKPBIBAIOTCS ATAlbl POPMUPOBAHUS TEKYIIETO COCTOSHUS
o0nacTy, MOKa3bIBasi, Kak COBOKYITHOCTh HHTEpEca HaAyYHOTo coo0IecTBa
K C; crimpram, OBICTPO PACTyIINE SKCIIEPUMEHTAIBHBIN 1 TEOPEeTHIECKUH
0o0beMBbl 3HAaHWH, a TaKkKe 3HAYUTEIbHBIE YCIEXH B Pa3BUTUU
3¢ PEKTUBHBIX OMOXUMHUYECKHX METOAaX CHHTE3a MPaKTHYECKH JIIOOBIX
MOJIEKYJSIPHBIX ~ CTPYKTYp,  ONpPEICIMIM  COBPEMEHHBIH  BEKTOp
KOMIUTEKCHBIX HCCIIeI0BAaHUH MHOT000pa3us KJIacCOB
KHCJIOPOJACOAECPKAMX ~ YIJIEBOJOPOAOB.  PesyipraTaMu  Takux
WCCIIeIOBaHNH OBLTH OTpeie]IeHbl HauboJliee MepCIeKTHBHbBIC B KAUeCTBE
OMOTOIUTMB KJIACCHI COCIMUHEHWH — TIpeNeNbHbIe CIHPTHL, 3QUPHI,
¢ypaHoBble coequHeHHsT W Ouoras. B pasdere 1.2 paccMOTpeHBI
NPUHUMIIHAIBHBIE HMIOEH TOJYy4YeHHUs  crenu(uuecKu-pesieBaHTHON
WHPOpPMAIIUK O KWHETUKE TOpPEHHsT OMOTOIUIMB, KOTOpBIE TPUBEIU K
PasBUTHIO METOAMK HACATH3UPOBAHHBIX HKCIEPHUMEHTOB M Pa3BUTHIO
METOOB UX YHCIIEHHOT'O MOJEIMPOBAHNS, COBMECTHO PEATN30BaBILHUCH B
MOIITHEUIIINE MOJXOJbI MEPEAOBBIX HCCIECIOBAHNA KHHETHUKH TOPEHHS
Jajiee 1Mo pasiely PacCMOTPEHbl KakK JKCIePHUMEHTAJbHBIC, TaK H
YHCJICHHBIE METOJIBl UCCIICIOBAHUM, a TAK)Ke UTEPATHBHBIC TIPHHIUITBI 1
npoOnemMbl  pa3paboOTKM W COBEPIICHCTBOBAHUS  XUMHYECKHX
KHHETHYECKHX MOJIEJIell TOpEHUs, CTaBIIMX OJHUM U3 KIIOYEBBIX
MHCTPYMEHTOM HCCIICIOBaHMI TOPEHUS KaK NPHUKIAJHOTO, TaK U
(GyHIaMeHTaJIbHOTO Xapaktepa. B  pasdene 1.3 mpencraBieHbI
MPEUMYIIECTBA KaXKJIOT0 U3 PacCMATPUBAEMBIX KJIACCOB OMOTOIUIMB W
TPUBEICHBI COOTBETCTBYIOIINE JINTEPATYPHBIE 0030PHI M0 KKIOMY U3
BEIIECTB BHYTPH KJacca, IMOKa3aH OCTPBIH NePUIMT KUHETHYECKUX
JAHHBIX 110 OKHCJICHUIO WCCIEeIyeMbIX OHOTOIUIMB, XapaKTEPHO
pacTymii ¢ YBEIMYCHHEM CJIO0XKHOCTH MOJICKYIISIPHOW CTPYKTYPHI
COOTBETCTBYIOILIETO COCAMHEHUS; OOHAPYKEHO IPAKTHYECKH MOJIHOE
OTCYTCTBHE DKCIEPUMEHTAIBHBIX M YHCICHHBIX HUCCIICIOBAHUN TOPEHHUS
OouororuB B NpUCYTCTBUH NOyx XUMHH, KOTOPBIE SIBISIFOTCS Ba)KHOMN
00J1aCTBIO IPAKTHUECKOT0 3HAYCHUS. 3aKIII0UEHO, YTO (yHIaMEeHTaIbHOE
MOHUMaHNEe KHHETUKU TOPeHNUs1 OMOTOIUINB B IIEPBYIO OYepelb OCHOBAHO
Ha TOYHBIX SKCIIEPUMEHTAIBHBIX HM3MEPEHHSAX, KOTOPHIC ITO3BOJIIOT
BepUGHUIUPOBATh M  pa3padaTelBaTh KOMIUIEKCHBIE XHMHYECKHE
KHHETHYECKHUE MOJICNTN UX YUCTOTrO U 3P HEeKTHBHOTO TOpEeHUsL.



o Bropas riaBa mnoceseHa

T \ =i SKCIIEPUMEHTATEHOMY HU3y4EHHUIO
Squnmrers | o KAHETHKHU OKHUCJIEHUS H-/¥-

MporaHoja, H-OyTaHona, H-/H-

2 YpapHas Tpy6a OkHa MgF2 :/\/; HeHTaHOHa’7 TeTparHﬂpo(bypaHaﬂ
¢ypana, JUMETHIGHpa u
S péamaroxypm” g = €= wozone ouomerana. B paszoenax 2.1.1 u
‘$opBaKyyMHbIM
Hacocarn = 2.1.2 mpuBeneHBl TEOPETHUECKHE
OTKAHKA «— Taepnor;;n‘n;lﬂreuepavop OCHOBBI yﬂapHO'pr6HOF0
bopBakyym

OKCIICPUMEHTA 1 METOAa aTOMHO-

Pucynok 1. Cxema sxcnepumenmanvHou o .
pe3oHaHCHOM  abcopOIMOHHON

yemanosku, @IV - pomosnekmponnuiii

ymuoorcumens, IIKT npomounas CHEKTPOCKOIIH (APAC),
Keapyesasn mpybxa, Oz — monexynapuoi ~ OCHOBAHHOIO  Ha - TIOTTIOMICHHM
Kucaopoo, He — eenuii, MgF> — ¢pmopuo ~ 3OHAUPYIOLICTO HU3TyqdCHUA
MazHus. HEBO30YX/ICHHBIMA aTOMaMH B

ra3oo0pa3HOM COCTOSIHUM; Aajiee, B Havajie pasoeia 2.1.3, npuBeneHO
ONMHCAaHUE JKCHEPUMEHTAIBHOW  YCTaHOBKM (CM. pHUCYHOK 1),
BKJIIOYAIOIIEE MOATAITHOE PACCMOTPEHHE MapaMeTpoB yJIapHOI TpyOsl,
CHCTEMBI CMEIICHHUS M ONITUYECKON AUArHOCTUKH (CM. PHCYHOK 2); aee
- ﬂ”"” 10 pasjeny CIeayeT OIMCAaHue

Ve V——— ‘ KaJHUOPOBKH,  TOCKOJBKY,  Kak
U3BECTHO, APAC-n3mepenus
TpeOyIoT MIPOBEACHUSA
MPEIBAPUTEIBHON KaJIMOPOBOYHOM
MPOLEAYPHI, KOTOpas IO3BOJSET

omcaka MIEPEBOINTD H3HA4YaJIbHO
Pucynox 2. Cxema peanusosanno2o  TOIy4aeMbIe B 3KCIEPUMEHTE
memooda APAC na yoapnoi mpybe. a6cOpOLMOHHO-BPEMEHHBIE

npodun oOpa3oBaHHs ¥ TOTpeOJeHWS aTOMapHOTO KHCIOpPOJa B
COOTBETCTBYIOIIME KOHIIEHTPAIIMOHHO-BPEMEHHbIE NpO(UIN; Takue
U3MCPCHUA MNPOBOAMIIMCE 3a OTPAXKCHHBIMU YJAApHBIMM BOJIHAMHU
HECKOJIbKUMHM OCHOBHBIMM M BEpU(UKALMOHHBIMU CEPUAMH IpU
(hbMKCHPOBAaHHBIX TEMIIEpaTypax, MOKphIBaOMKX auamna3zoH ot 2000 £+ 50
10 5000 = 50 K B cmecsx N>O + Ar ¢ HauanbHOU KoHIIeHTpanuer N,O ot
0.1 mo 20 ppm, O, + Ar ¢ HaganpHON KOHIIeHTparuei O, ot 1.25 ppm no
20 ppm, Ha minHe BoiHBI 130.5 HM, KOTOpass COOTBETCTBYET JIUHHUU
PE30HAHCHOIO NEPEeXo/ida U3 OCHOBHOI'O TPUILUIETHOI'O COCTOSHHUS aToMa
kuciopona (*Pa.10— 3S). Tak ObUIM IIOCTPOEHEI 3aBUCHMOCTH YPOBHEH
nornomenus O-aTOMOB OT COOTBETCTBYIOIIEH MM KOHIIEHTPALMH (CM.
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PUCYHOK 3), KOTOpbIE OBLIN OIMCAaHBI MOIU(DUIIMPOBAHHBIM YPaBHCHUEM
JlamGepra-bapa
A=1-exp(—a(T)L[O]M),

rne o(T) =Ub(1+a’(TeT_Tb)) — BmepBble BBegeHHoe B APAC-
b

M3MEPEHUsI, 3aBHUCAIIEE OT TEMIICPATyPhl, CCYCHHUE MOTJIONICHUS aTOMOB
kucnopona. Pazden 2.1.3 3aBepiiaeTcs OIIEHKAMU U ONTMCAHUEM METOJIOB
y4era OJKCIePHUMEHTAIBHBIX  HEOIPEJCTCHHOCTEH  OTHOCUTEIBHO

B | 10ApOOHO PacCMOTPEHHBIX

1 calibration curve 2000 K i
| —20k — ek | uctouHukoB omubok. CpenHue

3100 K 4800 K 1
e16] ook ook / 3 CyMM&pHI:Ie OLINOKH MOJy4aeMbIX
| .// | mpoduneit OIIEHUBAIOTCS B
. = 1 ~ 0 j—
g Z = - O1g14-5812 ~ 12%, Osp12-5611 =
% 1E13 4 0 T 20% c yKazaHHEM
= F / ’ | KOHIICHTPALMOHHBIX TIpeIeIIoB

1E124 7/”/ ® N0 united experiment points (multicolor) HPUMCHEHUA.
] / N,0 united erification points (mulicolor) | B pag()e]ze 2.2 NPEJICTABIICHBI
* O, united experiment points (multicolor)
0, united verifcation poins (mulicolon | PE3YJIBTATBHI  DKCIIEPUMEHTAITBHBIX
IE1L 2 4« s o WCCIENOBAaHWM, C TOApa3JeiiaMu
A

JaHHBIX 10 KaXKIOMY KJaccy

OMOTOIINB, U, COOTBETCTBEHHO, 110

;g?uf}n}z;w”” amomos. Kuciopooa: Ka)KZIOMY BEIIeCTBY BHYTpPH Kiiacca
— CBeJIeHBI B TaOmuITy 1.

Tabnuya 1. Hccredyemvle cmecu 6UOMONIUBA ¢ OKUCIUMENEM.

Pucynox 3. Kanubposounsie kpugvie

IIpenenbHble CIUPTHI ®DypaHOBBIE D¢up Buoras
COCIMHEHUS
CH,0H | C4HoOH | CsH;OH | C4H4O | C4HO | C,HsOH CH4
NPONAaHOJI OyTaHo TIEHTAHOJI dypan TTo JAMD MeTaH

1/10 ppm | 10 ppm 10ppm | 10ppm | 10 ppm | 10ppm | 10 ppm
+ + + + + +

+
10 ppm 10 ppm 10ppm | 10ppm | 10ppm | 10ppm | 10 ppm
N2O N2O N>O (@)} (@)} N>O N>O
"
10 ppm
O,

Ha pucynke 4 npuBeneHsl 00beAMHCHHBIE PO 00pa30BaHUsI U
NoTpeOJIeHUsI aTOMOB KHCIIOpOJAa IPU OKHCJICHHUS HCCIIEAYyEeMbIX
OMOTOIIMB B cMecsax ¢ 3akuchbio azota N,O. KouieHrpaius aTomMoB
KHCIIOpOJia TIepecunTaHa B MOJBHBIE [IONIM, 4YTOOBI HCKIIOYHUTH
XapakTepHbI Al yZapHOH TpyOsl 3¢¢exT yMmeHblIeHHS oOuen
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IUIOTHOCTH ra3a IIPU MOBBILIEHUH TEMIIEPATYPhl U IIOHWKCHUN JIaBJICHUSL.
st ynoOCTBa onucaHue MPOBOIUTCA B OTHOCHTENbHBIX HHU3KO- (HT/,
~1800-2200 K), cpemne- (CT/, 2200-2600 K) u BEICOKOTEMIIEpATyPHBIX
(BTH, ~2600-3000 K) nnanma3zoHax nCCiIeIOBaHHM.

B cmecsix ¢ 10 ppm 6uotorunBa, pucynok 5, B HT/] monbHas nons

10 ppm n-proparol + 10 ppm N,O + At

[0], ppm

[O], ppm

10

[O], ppm

0 200

— 181
——1971/2.7

Lps

400
1 us
10 ppm N0 + Ar

600 800 1000

10 ppm CH, +

0 200 400 600 00 1000

s
10 ppm n-butanol + 10 ppm N,O + Ar
74, K/ pg, bar
—— 1885/2.85

267

3
2830/2.30
—3097/2.12

0 200 400 500 1000

A

[O], ppm

[O], ppm

0], ppm

o 10 ppm i-propanol + 10 ppm N,O + Ar

10 ppm i-pentanol + 10 ppm N,O + Ar

T, K/ P, bar
—— 1845/2.80
8 ——1949/2.57
2159/2.40

2397/2.26
2605/2.17
——3080/2.09

0 200 400 600 800 1000

10 ppm DME + 10 ppm N,0 + Ar

T4 K/ pe, b
1730

Pucynox 5. Ipogpuau

0bpaszosanus u
nompebnenus amomos
Kuciopooa npu
okucnenuu 10 ppm
ouomonausa c N;O.

aTOMapHOTo KHCI0poaa
YBEIUYNBACTCA TUIABHO H
MmemnenHo; konerp HT/L
o0macTi  XapakTepusyercs
MOCJIEAYIONTUM HEOOJIbIIUM
naJicHueM [O],
00yCJIOBJIEHHBIM ~ Ha4yajioM
BTOPUYHON KHHETUKH, B
CTJH noxaneubie iy [O]

HAaYMHAIOT  TPOSBIATHCS
Oonee OBICTPO u
BBIPaXXCHHO, TaKKe
OTYETIINBO BUJTHO
YBEIUYCHHUE CKOPOCTH

noTpeOIeHUsI aTOMapHOTO
KHCIIOpOoZa OMOTOILIMBAMHU
7 TPOIYKTaMH WX pacrajaa
rmocie JTOCTIKEHUS
JIOKAJIbHOU MUKOBOM
KOHUEHTpAUUU [O]max; IpH
JanbHEHIIIEM pocte
temnepatypsl, B BT/,
METaH © JTUMETHIOBBIN
3¢up TEpSAIOT B CKOPOCTH
noTpebnenuss [O] mocme
JOCTHXXCHU S JIOKAJIBHOT'O
MHKa KOHIICHTPAIVH,
ocTaJbHbBIE XK€ OMOTOTUIHBA
COXpaHSIOT KaK CKOpPOCTh
obpazoBaHwus, TaKk u

ckopocth motrpednenus [O]. OTmenpHO CTOHT
OTMECTUTH, YTO IO COOTBETCTBYIOUIUM JIOKAJIbHBIM
MUKaM [O]max MOXKHO CYJUTH O PEAKIIMOHHON CIOCOOHOCTH OMOTOILITHBA.
Tak, H-ponaHos 00JaaeT HAMMEHbBLIEH PEaKIIMOHHON CTIOCOOHOCTHIO C

11



[0]. ppm

[O], ppm

10 ppm [O]max, JaJI€E CIECAYIOT H-IICHTAHOJ, H-OYTaHOJ ¥ METaH ¢ 8§ ppm

[Olmax, auMeTwioBbiidi 3dup ¢ 7 ppm [Olmex, #u Hamboce

PEaKIMOHHOCTIOCOOHBIE HM30(OPMBI  COSJMHEHHH — U-TIPOMAHON, U-

mmeHTaHoJ ¢ 6 ppm [O]max, 9TO COTIIACYETCS C OOIMIUMHU CBEACHUSIMH 00 HX

PCaKTUBHOCTH, TIOKa3bIBas, YTO ATOMAapHBIA KHUCIOPOJ NPaKTHYECKU

MOMCHTaJbHO  BCTyHmaeT B  peakud ¢  OWOTOIUIMBAMH H
COOTBETCTBYIOLIUMH MTPOIYKTAMH UX pacraja.

Ha pncyHKe 6 TpuBe/ieHBl O0BEAMHEHHBIC U3MEpPEHHbIE TpoduiIn

e T T e o0Opa3oBaHHs U MOTPEOICHUS

; \ ; aTOMOB  KHCJIOpOJa  TIpH

EE e } A wnan | OKHCIICHHS UCCIIEAYEMBIX

!

l

|

——1685/2.68
4 —— 19097240

2/2.68
217

g OHOTOILIMB B CMECIX C
W = MOJICKYJISIPHBIM KHCJIOPOJIOM
AV
| il WW""“““":” 1 /WW g O,. dypaHOBBIC COCTMHCHHS
N Wm% Wm% ObLTH HCCJICIOBaHbI B

0 200 400 600 800 1000 1200 ) 200 400 600 800 1000 1200

fus JOIIOJITHUTCIIBPHOM JHAIIa30HC

al

1, us
10 ppm furan + 10 ppm O, + Ar 10 ppm tetrahydrofuran + 10 ppm O; + Ar
, (ABTI, ~3000-4000 K).

2.10

2 i;'; o HT XapaKTePU3yeTCs
mn A | \ o6 aHAJIOTHMYHBIM MEJJICHHBIM U

= Mg iaBHbIM poctom [O]; B CT/L

Mm\/» R W, mmaBHbIH poct [O] cMensieTcst

WMW \'\W\m "~ HE3HAYHMTEIBHBIM IaJICHUEM,
“'{!Mm : OOYCIIOBJIEHHBIM  HAyajoM

Lws b BTOPUYHOM KHHETHUKH, 34
Pucynox 6. Ilpoduru  obpasosanusa U ycxmroueHHEM H-TICHTAHOIA,
nompeoOnenus — amomos8  Kuciopooa — npu e HaGmoMaeTCa

okucnenuu 10 ppm 6uomonauesa c O:. o o
PP : JanpHedmuii  poct  [O],

XapaKTepHBIﬁ IOJId BCEX HMCCIICAYEMBIX TEMIICPATYPHBIX AHUAIIa30HOB, B
BT/] HaunHatoT NposBIAThCA NUKU [O]max ¢ yCKOpPEHHEM 00pa30BaHuUs U
noTpedeHuss atoMapHoro kuciopona; BT/l ¢bypaHOBBIX OHOTOILIHMB
XapaKTEPHU3yETCs] POCTOM JIOKATHHBIX MAKOBBIX KOHIEHTPAITAN [O]max C
COXpaHeHHWEeM CKopocTH mnoTpebnenus O-atomMoB 1 ¢ypaHa, u
najicHueM i TeTparuipodypaHa. XOpomo BHIHO, YTO B YCIIOBHUSX
okuciaeHuss O, 3HaueHUSA [O]max 3HAYUTEIBHO HIDKE, TpH OoJjiee
MPOJODKATEIPHOM  00Opa30BaHMM  JIOKAJIBHBIX  KOHIIEHTPAIIMOHHBIX
MMUKOB,  YTO  SBISAETCS  MPSAMBIM  CIEJACTBHEM  MEJUICHHOM
MOHOMOJIEKYIISIpHO# tuccormanuu O; u/viiu OUMOJIEKYJIIPHO KHHETUKH
oOpazoBanus O-aTOMOB.
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Tperbss rnaBa  guccepraluu  IOCBSIIEHA  KMHETHYECKOMY
MOJICJIMPOBAHMIO M aHAIHM3Y MOJYUYCHHBIX Pe3ynbTaTtoB. B pazdene 3.1.1
paccMOTpeHbl AeTald KMHETHUYECKOIO MOJEIHMPOBaHMA, Ul KOTOPOTO
UCIIOJIB30BAJICS  PEAKTOp HOCTOSIHHOT'O o0beMa, YHCIIEHHO
peann3oBaHHBIA B mporpaMMHoM makere OpenSMOKE++ [10]. B
pasdene 3.1.2 TpUBENCHO OIMUCAaHHWE WCIOJNB3YEMBIX  METOJIOB
KHHETUYECKOTO aHaJIM3a, KOTOPhIE COCTOSUT W3 HHTETPAITHHOTO aHAIN3a
MyTeW peakivii — onpejeseHne BKIala KaKI0W 3JIEMEHTApHOM peakuu
B OOLIyl0 KOHLECHTPALHIO AaTOMAapHOro KHCJIOpoJa, M aHauu3a
YYBCTBUTENBHOCTH — ONPEACNICHHE BIHUAHUSA KAKIOW 3JIEeMEHTapHOU
peakuuu U e€ CKOPOCTHBIX MapaMeTpOB Ha KOHLIEHTPAIUIO aTOMapHOTO
kuciopona. B pazdene 3.1.3 TpuBeneHO OIMCAHUE HCIOIb3YEMbIX
XAMUYECKAX KHHETHIECKUX MOJIeieii ropeHus: OMOTOIUINB, Tabmuia 2.
Tabnuya 2. Beibpannvie Kunemuueckue Mooeau u Mooeaupyemole CMecu.

Moaenn Ornucanmne Moaenupyemble cMecu
TTommmu Monenb HU3KO- U H-mpomanon + N,O
[11] BBICOKOTEMITEPATYPHOTO TOPEHUS H-npomanon + N,O
Ci-Ci6 (HT+BT) yrneBogoponos ¢ | H-6yranon + N,O
MOJIMOJIENBIO a30THON XUMHUH NOx H-nenranon + N,O/O;
(537 coenunenus u 18250 peaxkiuii) | M-nenranon +N,O/O;
Hdumernmoup + NoO
buomeran + N.O
Konnos Mopens ropenust Ci-C3; (HT+BT) | H-nponanon + N>O
[9] yrneBojoponoB ¢ NOx (203 | U-npomnanon + NoO
coeauHeHHs U 2295 peakuuii) HMumernmup + NoO
Bromeran + N,O
By Mopens  ropenust  (ypaHoBbIX | @ypan + O,
[12] tormmB  (HT+BT) 6e3 NOx (439 | Terparuapodypan + O
coenrHeHnH U 2434 peakuuii)
Commepc | Mogenb ropeaust  ¢ypaHoBeIX | Dypan + O
[13] tormmB (HT+BT) 6e3 NOyx (545 | Terparuapodypan + Oz
coemMHeHUH ® 2768 peakiuii)
I'puMex | Mogenbs ropenus npupogHoro raza | buomeran + N,O
[14] (HT+BT) ¢ NOx (53 coenunenus u
325 peakuui)
B  pazodene 3.2 nmnpencraBieHbl pe3ynbTaThl KHHETHUYECKOTO

MOACIIUPOBAHUA Ka)XAOTO OKCICPUMEHTA C OIIHMCAaHHUEM CHeHI/I(i)I/IKI/I
COOTBCTCTBUS YUCJICHHBIX U SKCIICPUMCHTAJIbHBIX JAHHBIX, Pa3ACJICHHbIC
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N0  KakaoMy  OHOTOIIMBY.  BBIOOpPOYHO  mpencTaBiIeHBI IO
TEMIIepaTypHBIM Iuara3oHaM Ha PUCYHKE 7; TJIaJIKUe [IBETHBIEC KPUBBIC —
MOJIEJH, YePHBIH 3aIIyMIICHHBIH — SKCIIEPHUMEHT, CEphIe 3allyMJICHHBIC —
HKCTIEPUMEHTATbHAS IOTPEITHOCTb.

[TopoGHble (MprUBEACHHBIM HAa PUCYHKE 7) MPOQHIN ObLIH MOTYUYEHBI

1E+H14 1819 K/2.77 bar el 2367 K/2.49 bar IE+14 2971 K/2.09 bar

experiment

experimental error

8113 Konnovmodel | sEi13
—— POLIMI model

experiment experiment
experimental error N experimental error
Konnov model SEH3 Konnov model
—— POLIMI model —— POLIMI model

GE+13 GE+13 4

, cm™

], cm™

[0], eom*
0

(S 4EH13

[

2E+131 2E413 26413

0E+0 E+0 - 0F+0 1 —

] o S N E— ]
0 200 400 600 800 1000 0 2000 400 600 800 1000 0 200 400 600 800 1000
hus 1 us 1, us

Pucynox 7. YHucaemmnvie u dKcnepumeHmanvHvle npouau 006paszosanus u
nompebnenus O-amomog 6 cmecu 10 ppm H-nponarnona + 10 ppm N>O + Ar.

JUTSL KaXKI0r0 OMOTOILIMBA ¢ HEOOJIBIIMM TeMIIepaTypHbIM 1maroM B 200-
300 K. CpaBHeHHE YHCICHHBIX M DJKCICPUMEHTAIBHBIX pPE3yIhTATOB
MOKa3ajao, 4YTO TpeJAcKa3aTelbHbIe CIIOCOOHOCTH MOJEIeH CHIILHO
: paznuyaroTcs B 3aBHCUMOCTHU oT
TEMIIEPATYPHOTO JMara3oHa, THIIA
OMOTOILJIMBA M TUIIA OKHUCITUTEIISL.

Hanee, nns omnpeneneHust crenuduku
MIPOTEKAIOIICH KHHETHUKHU OKHCIICHUS
ouoromnuB, B paszdene 3.3 TpPUBEACHHI
JMarpaMMbl aHaJTU30B IyTel o0pa3oBaHUS U
oL S = YyBCTBUTEIBHOCTH ISl K&XKJI0U HCCIIeNyeMOn
cMecu OWOTOIUIMBA C OKHUCIUTEIIEM BHYTPH
Pucynox 8. Ilpumep évibopa  gaxnoro n3 HT, CT, BT u JIBT (s
¢as  obpazosanus.  u (ypaHOBBIX TOIUIMB) JHAIa30HOB, KOTOPHIC
nompebnenus 014 anamisd.  pooponypcs B (asax  AKTHBHOTO
obOpa3oBanus (CHHSA 00JIACTH — MO BPEMEHH OOpa3oBaHUs JOKAIBLHOTO
nuka KoHIeHTparmuh [Olmsx) ¥ MOTpeOneHus (KpacHas o0iactb —
MIPEUMYIIECTBEHHO 10 TOYKH MaaeHus [O]max B € pa3) aToMapHOTO
KHCJIOpoaa (CM. PUCYHOK 8).

[Ipumepsl Takux aHAIW30B MOKA3aTeNbHO TPUBEACHBI MM H-
OyTaHOja NpH HHU3KUX TeMIileparypax, pucyHok 9; ROP — anamus
peakIoHHbIX myTei, SENS — aHaan3 4yBCTBUTEIIEHOCTH.

tenns O-atonion

132 aKTHBHOTO 1
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ROP 1885 K / formation phase ROP 1885 K / consumption phase

N20+M=N2+0+M —— N20+M=N2:0+M \
O+CH3=H+CH20 |  mommmm 0+CH3=H+CH20 [
H2+0=H+OH - 0+C2H2=H+HCCO -
0+C2H2=H+HCCO u 0+C2H2=CO+CH2 "
O+C2H4=CH3+HCO ' 0+C3H3=CH20+C2H 1
0+C2H4=H+CH2CHO [ 0+C2H4=CH3+HCO 1
0+C2H4=OH+C2H3 1 0+CH2=2H+CO I
0+C3H3=CH20+C2H I 0+CH2=H2+CO [
0+CH20-OH-+HCO ' O+C2H4=H+CH2CHO [
0+C2H2=CO+CH2 \ ® Polimi 0+C2H2=0H+C2H 1 mPolimi
JLOE-04  00E+00  1.0E-04  20E-04  3.0E-04 1L0E-4 0.0E+0 1.0E4 2064
SENS 1885 K/ formation phase SENS 1885K / consumption phase
N20+M=N2+0+M EE— N20+M=N2+0+M E—
O+CIB=HICH20 |  mumm 0+CH3=H+CH20 —
COMDHAHCC
NC4H9OH=C2H5+PC2H4OH - O C2H2EHHHCCO —
H+N20=N2+OH —
H2+0=H+OH ]
NC4H9OH=C2H5+PC2H40H |
NC4HIOH=H20+C4HS-1
0+C2H2-CO+CH2 -
NC4H9OH-CH20H+NC3H7
NC4H9OH=H20+C4H8-1 =
OFC2H4=CH3HHCO ' O+C2H4=CH3+HCO u
O+C2H2=H+HCCO 1 0+C3H3-CH20+C2H .
® Polimi ®m Polimi
O+C2H4=H+CH2CHO 1 NC4H9OH=CH20H+NC3H7 " Polimi
02 -001 0 01 02 03 04 05 06 03 02 -01 01 02 03 04

Pucynox 9. HTJI. Bepxnue — ROP 6 [kmons/m*/c]; nusicnue — nopmanusoeaniole
xoahuyuenmor yyecmeumenvrnocmu [O].

Pesynbprarhl  MOmOOHBIX  aHAIW30B IyTed  oOOpa3oBaHUsA H
YYBCTBUTENBHOCTH  MOJAENeH ObUTM  TPOBEACHBI UISI  KaKIOTO
OMOTOILINBA, U, B YCJIOBUAX okuciaeHus N>O — cBefieHsI B Taduuity 3, O
— B Tabnuy 4.

Tabauya 3. Pesynomamol Kunemuyeckux anaiuzos cmeceti ¢ N>O.

H-nponanon H-nponanon H-6ytanon H-nenranon H-nenranon JAMD

KPIl | KPY | KPII | KPY | KPII | KP4 | KPIl | KPY | KPIl | KPY | KPIl | KPY

CH, | C;H, | CH; CH; | CG;H, | CH; | GH, | GH, | CH, | CH; CH; CH;

CH; CH; +M CH; CH, CH; CH; CH; NOy -R -R
NOx NOx NOx NOx C,H,
+M +M +M +M
CH, | CH; CH; CH; CH;3 CH; | CGH, | CG;H, | CH; CH; -R -R
CH; | GH; +M CH, | C;H, | CH; CH; | CH, | GH, | CH; CH;
+M NOy -R NOx -R NOx -R NOy CH,
NOy CH, -R CH, +M CH, +M

CH, | +M -R CH; | GH; | GH; | GH, | GH, | GH; | GH, -R CH,
CH | CGH; | CH; CH, -R CH, CH; CH; CH CH; CH, O

CH, CH; | C:H; -R CH CH; NOy -R CH | CH; | CHs
CH CH CH; CH CH, -R +M CH -R CH -R

CH, CH +M CH CH +M CH; CH,

+M
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*KPII — xmo4eBble peaKIMOHHBIE MyTH TOTPEOICHUS aTOMAPHOTO KHCIOPOAA
gepe3 COOTBETCTBYIOIIEE COSANHEHHE B TIOPSIKE YOBIBAaHHS ero 3HaYMMocTH (-R
— peakliHMy BETBICHHS IICNH, NPUBOMANIME K MOTPEOJICHUIO aTOMapHOIO
kuciopona, +R — mpuBogsmue k obpazoBaHmio, +Or — MOHOMONEKYISPHBII
pacmaj KHCIopoaa).

*KPY — KkmoueBas pEaKkUMOHHAS  4YyBCTBUTENBHOCTh K  KMHETHKE
COOTBETCTBYIOIIETO COCIMHECHHS B MOPSIKE YOBIBAaHUS €ro 3HAYMMOCTH (+M —
YYBCTBUTEIHHOCTh K CIICIU(PIYSCKUM PEaKIUsIM MOHOMOJCKYJISIPHOTO paciaja
ouotoruimBa, NOy — a30THOM KWHETHKE, -R — peakmmsM BETBICHHS IICIH,
MIPUBOAMIAM K MOTPEOJICHUI0 aToMapHOTo Kucioponaa, +R — k oOpazoBanwmro,
+0, — MOHOMOIEKYISpHOMY pacmany kuciopoga, OH'/CH' — peaxuusam c
y4acTHeM BO30Y)KICHHBIX PaIrKaoB).

Tabauya 4. Pesyromamol kunemuyeckux anaauzos cmeceii ¢ O..

Torumso H-nenranon N-nenranon Dypan TIro
/
Junanazon

KPII KP4 KPII KP4 KPII KP4 KPII KP4

HT +R +R +R CH; +R +M +R +R
C;H, C;H, CH; +M C:H, +R C:H, +M
CH3 CH3 Csz +R CHZ -R CH3 Csz

+M C,H, OH" -R CH;

CH -R

CH,

CT C:H, C:H, +R C:H, +R +M +R +R
+R +R C:H, +R C;H, C;H, C;H, C;H,

CH; C;H, CH; C;H, CH, +R -R +M

CH; CH, CH; CH CH CH, C,H

+M +M CH CH -R

CH, CH CH,

BT C:H, +R C:H, +R +0, +0, +R +R
+R Csz +R Csz +R Csz +02 CzH
CH C;Hy CH C;H, CH CH CH C,H,

CH CH CH, +M CH, +R C;H, +M

CH CH" -R CH,

JBT +0, +0, +0, +0,
CH CH CH CH

CH, CH, +R +R

-R CH’ CH +M

CH, CH CH,

Takum 00pa3oM, U3 OOLIMPHBIX PE3yJBTATOB ICTAIBLHOIO aHAJIM3a,
KWHETHKA aleTHJIeHa, TI0Ka3bIBaloIas ONpECISIONyl0 pOjb B
OKHUCIICHHHM TIPAaKTHYECKH BCEX pPaccMaTpHBaeMbIX OHOTOIUIMB IO
BCEM TEMICPATYPHBIM pEXKHMaM HCCIeJOBaHMs, ObUTa BBIOpaHa
JUIsL  TaibHEHNIIero H3yYCHHS. JIONIOJTHUTENBHO, MOCKOJIbKY
ObUT0  OOHApYKEHO, 4YTO MOHOMOJIEKYJsipHas muccormanust  Oo
CTAHOBUTCS OCHOBHBIM HMCTOYHHKOM aTOMOB Kuciopoja yxe ¢ 3000
K u nmeer 16




KpaiiHe BBICOKYIO YYBCTBUTENBHOCTH I MOJEJEH, OHa Takke Oblia
BBIOpaHa IS MaTbHEHIIIIX UCCIICIOBaHU.
10 ppm C;H; + 10 ppm N,O + Ar Tak, yeTBepTas rjaBa JucCcepTallMOHHON
—sn  paGOTBI  TIOCBSTIEHA SKCIIEPUMEHTATBHOMY
s HCCIEI0BaHUIO KHHETUKH OKHUCJICHUS
aneTHieHa, YTOYHSIONUM TPEIM3NOHHBIM
HM3MEpEHHSIM KOHCTAHTHI CKOPOCTH
JTUCCOITUAITNH MOJIEKYJISPHOTO KACIOPOa U, B
COOTBETCTBHH C TIOJYYCHHBIMH JIaHHBIMH,
, oo OOIIMM  PEKOMEHJIAIUSM 110 TTOBBIIICHHUIO
Comm T ™™ mpenckazaTenbHBIX CIIOCOOHOCTEH MOJEIei;
Pucynox  10.  Ipogunu MOAM(UKAIMM  KUHETHYECKOH  MOAEIH
obpazosanus u nompebrenus ropeHus ouororus Konnosa [9].
amomos  Kuciopooa — npu Pazoen 4.1 TOCBAILIEH  KUHETHKE
OKUCHeHuu 10 PPM  oxucneHus areTwuieHa, rae B pazdene 4.1.1
ayemunena ¢ NO. CHayaga IPHMBEIEHO 3aKIIOYEHHE 0030pa
JUTEpATypsl 1O €ro  OKUCJIGHHIO, a 3aTeM  [PeACTaBJICHBI
KOHIIEHTPAIMOHHO-BPEMEHHbIe PO 00pa30BaHUs U TOTPEOICHUS
atomapHoro kuciopona B cmecu 10 ppm C,H, + 10 ppm N,O + Ar B
nuarazone Temmneparyp 1700-3200 = 50 K u maBmenuit 1.8-3 £ 0.1 6Gap,
pucynok 10. [lamee, B pazdene 4.1.2 TpenctaBiIeHbl pPe3yJbTaThl
KHHETUYECKOTO MOJCTUPOBAHHUS C TNPUMEHEHHEM JOTIOJIHUTEIIBHOM
monenn [nmapOopra [15] — npeacraBieHsl BeiOOpouHO, cormacio HT/,
CTO u BT/, na pucynke 11. Mognens KonnoBa [9] moka3biBaeT
CYIIECTBEHHBIE OTKJIIOHEHHS OT OKCIHEPUMEHTAIBHBIX JaHHBIX H
OCTAJIBHBIX MOJIENIEH 1O Mepe pocTa Temmepatrypol. B paszdene 4.1.3
MPUBEICHBI CPABHUTENBHBIC 110 MOJIEIISIM aHAJIU3bl YYBCTBUTEIIBHOCTH B

2193/2.65
——2414/23
——2598/2.04

2815/ 1.9
3063/2.02

[O]. ppm

1960 K /2,59 bar 2598 K /2.04 bar . 3179 K/1.82 bar

experiment
experimental error B3

experiment

o experimental error
Konnoy model Konnov model
e —— Polimi model
Glarborg model

Konnov model

6 —— Polimi model
Glarborg model

B3 —— Polimi model
Glarborg model

0 200 400 600 00 1000 0E+0 1
1 us

o 200 60 a0 s00 1000 o 200 60 a0 s00
Lps (AT

1000

Pucynox 11. Yucnennvie u 9KcnepumeHmanbuvie npoguau 06pazosanus u

nompebnenus O-amomog 6 cmecu 10 ppm C>H> + 10 ppm N>O + Ar.
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N20(sM)=N2+O(+M)

PPy — —t— HTJ u BT/, pucynoxk 12,
C2H240=CH24CO - —

CHYO=COMH i —.I__I C HOCJ'IC}_IYIOI].II/IM

1 = JIeTATbHBIM

i = JTUTEPaTYPHBIM aHAJIH30M

P t ~=  BBISABICHHBIX  KJIFOYEBBIX
CORCHIMHCCO(M) I o = 9]
i e — - peakuuii.

B e T R T Onwmpasich Ha
Pucynox  12.  UYyecmeumenvnocms — gpazpr KOMIUICKC — TOJTYICHHBIX
akmuenozo oopasosanusn — cieea 1960 K, ¢pazer AAHHBIX  TI0  OKHCJICHUIO
aKmueHozo nompeodaenus - cnpaea, 3179 K. OMOTOILIUB U AlLlETUIIEHA, B

COTpYIHHUYECTBE ¢ co3daTessiMu Moaenu ropenust Konnona [9], moxens
OblTa TEepecMOTpPEeHa ¢ TMepeolleHKor 28 peakmuii, CBS3aHHBIX C
KUHETHKOM OKUCIICHHMs AaleTWIeHAa W/WIM HW30MEpPOB IPONAHONA;
MomuduKanus mMoaenu [9] mpuBena K 3HAYUTETHLHOMY YIIYYLICHHIO €€
MpeNCKa3aTeNbHBIX  CIIOCOOHEH B BOCIPOM3BEACHWUU  JIUHAMUKH
00pa3oBaHUs ¥ TOTPEOJICHUS] AaTOMapHOTO KUCIIOpoia Ipu okucieHuu Ci-
GCs YTIIEBOIOPOIOB — MPOJIEMOHCTPHUPOBAHO CpaBHEHHEM
R T MIPOTHOCTHYECKUX
iwi., obbexmmerocteii crapoii
B ~ o0OHOBIEHHOM Mojeneil Ha
[ aleTusIeHe, pucyHok 13.
Y [l | Pazoen 4.2 mocssieH
\\\ wsl | \\ JUCCOIMAINKA  KUCIIOpO/a,
I S . Nebd L™ rtae B pazdere 4.2.1
. s

Pucynox 13. Cpasnenue npocHO308
OPUSUHATBHOU U MOOUDUYUPOBAHHOU MOOEU.

2815 K/ 1.98 bar

—e ent

SE3 K

MIPUBEIECHO 3aKJIIOUEHUE
o030pa nuTeparypel Mo eé
UMEIOIIIMCS I3MEPEHUSIM U
oueHkam. [lanee, B paszdene 4.2.2 paccMOTpEHBI HCIOJIb3yEMbIE B
COBPEMEHHBIX MOJENAX TOPEHUS BBIPAXKEHUS KOHCTAaHTHI CKOPOCTH
qucconmanuu O, rze MokKa3aHo, YTO OHU CHJIBHO OTJIMYAIOTCS MEXIY
c000i#i M3-3a OTCYTCTBUS COTJIacHs B €€ N3MEPCHUSX U OlleHKaxX. B pazdene
4.2.3 nmnpuBeneHbl pPE3yNbTAaThl JKCHEPUMEHTAIBHBIX H3MEPEHHUH
KOHCTaHTHI CKOPOCTH aucconuanuu peakmuu O, + Ar = O + O + Ar B
cmecsx 1.25-20 ppm O, B Ar, nuamazone temrepatyp 2500-5000 = 50 K
u pasiaenuit 1.5-2.5 + 0.1 ©Oap. Ilpenmsuonnsie u3mepenus APAC
METOZOM I103BOJIMIIH MTOJYUYUTh BBIPAXKEHNUE KOHCTAHTBI CKOPOCTH

kcal
kdiss(ilz%) =1.3-10%. exp (—108950 m]/RT)
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ln(kdiss)

T/10000, K

p 6555 45 4 3.‘5 3 2.5 HOHy‘-IeHHBIe pe3yanaTLI

| O exp. Paillard YTOUYHAIOT HUMCIoIuecAa
24 — Paillard line

| O exp. Watt JIMTCPATYyPHBIC JAHHBIC. Taxxe

—— Watt line
2 exp. Roth IIPEICTABIICHBI pe3yIbTATHI
1 Roth li Y 9

201 oxp. Hanson CpPaBHECHUI CKOPOCTEH 0Opa3oBaHUs

« 1 THanson line aTOMOB Kuciopoaa COrj1aCHO
exp. Camac

Camac line MHOJKECTBY COBPEMEHHBIX Moaelen
TOpEeHUs c HACTOSAIIIMHU
WU3MEpPEHMSIMH, PUCYHOK 15 - cieBa.

Hanee B pasgene mnpeacraBiieHbI
® SERIES 1 - MAIN/ 1.25-20 ppm

10+ o SERIES 2 - VERIF./2.5-10 ppm pe3yHBTaTBI HOBTOPHOFO

| — experimental line MOJEIAPOBAHUI C HMCHOJIB30BaHUEM

$ 20 25 30 35 40 YTOUHEHHOM B HaCTOSIIEN

10000/ T, X! JIUCCEePTAllMM KOHCTaHTBI CKOPOCTH

Pucynox 14. Huacpamma Appenuyca TACCOIUAAIA O, Tlokazano

oannvix kaiss 6 cw’ mor” ¢!, 3aMeTHOE MPUOIMKEHHE MPOrHO30B

s 3692 K/ 1.83 bar s 4001 K /161 bar Mojienen K

Cxpimenlcror — pemwen | OKCIIGPUMEHTY,  9TO
—— Polimi, Wu and other from Tsang 86 rev oo mokl

N3 oo rom B T, = Narerid HPOACMOHCTPUPOBAHO

3

Somers revised

=== This work

Ha OKHCIICHHU (ypaHa,

E

é‘*“ S pucyHok 15 - cmpasa.
To ecTh KCHONB30BAHUE

= aBTOpaMH B CBOHX
ol "™ Mogensax  yTOYHEHHOHN
o CT W™ "™ KOHCTaHTBI NPUBEIET K
Pucynox 15. Cneea - cxopocmu obpasosanuss O- YIYUIICHUIO J20:¢
amomoe Cco2cnacHoO MO()eJl}lM,' cnpaea - nNpPoOcHO3bl HpeIICKaSaTeHBHLIX
Mmooeneti ¢ HoB01L Kaiss. CIIOCOOHOCTEH pu

OKUCIICHUW  OHOTOILUTMB, B  OCOOGHHOCTH TPH  MOBBIIICHHBIX
TeMIleparypax.

Pe3yabTaThl M BBIBOIBI
1. BBICOKOUYYBCTBUTENIBHBIN MPEU3UOHHBIN METOJ aTOMHO-
pPE30HAHCHOW aOCOPOLMOHHON CHEKTPOCKONMH Ha BBICOKOBAKYYMHOM
KHHETHYECKON ynapHOi TpyOe ObUT YCIEIIHO MPUMEHEH JIJISl H3MEPEHHUS
BpEMSI-pa3pelIeHHbIX  a0COpPOIMOHHBIX  Tpoduiael  aTOMapHOIro
KHCIIOpOJia; Takue Mpo(uian ObUIM TOJYYCHBI B YJbTpapa30aBiIecHHBIX
CMecsiX H-/M-TIpomaHoa, H-OyTaHoJia, H-/U-TIEHTaHOJa, AUMeTUdUpa,
MeTaHa, QypaHa u tetparuapodypana ¢ O, w/mmum N,O B KkadecTBe
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okuciurens. [lokazaHo, YTO JWHAMHKA OOpa3oBaHHs M MOTPEOICHUS
aTOMOB KHUCJIOpOJa CHJIBHO 3aBUCHT OT BHJIA OHOTOIUIMBA, THIIA
OKHCIIUTEIS U TEMIIEPATYPHOTO PEXXMMa OKUCIICHUSI.

2. IlomydeHsl HOBBIE OKCIEPUMEHTAIbHBIE JMJaHHBIE TI0 KHHETHKE
OKHUCIICHHSI TMEPCHEKTHBHBIX OWOTOIUIMB B IIUPOKOM JHAara3oHe
TEPMOJNHAMUYECKUX YCIOBUH B MPpUCYTCTBUU NOx-XUMHU.

3. C ucmoiap30BaHUEM HAaN0OJIee COBPEMEHHBIX KHHETHUECKUX MOJIEIIeH
TOpeHUs] OMOTOTUTHB TIPOBEJICHBI KHHETUYECKUE PacUeThl 00pa3oBaHHs U
noTpeOJieHUs]  aTOMapHOrO  KUCIOpOJa MpPU  COOTBETCTBYIOILUX
JKCIIEPUMEHTAIBHBIX TEPMOAMHAMUYECKUX M XHMHUYECKUX YCIOBHUSX
OKHCIIEHUS H-/U-TIpOIIaHoJIa, H-OyTaHoa, H-/H-TIEHTAHOJIA,
quMeTwupa, MeTaHa, pypana u Terparuapodypana ¢ O, w/mmu N>O B
kadecTBe okucaurens. [lokazano, uro nporHoctuyeckue 3h(HeKTHBHOCTH
WCTIONB3YEMBIX ~MOJIENIed TOpeHHs] TakXKe CHJIBHO MEHSIOTCS B
3aBUCHUMOCTH OT OMOTOIUTMBA, OKUCIUTENS U TEMIIEPATypHOrO PEeXUMa
okuciuenus. [IpoBeaeHpl HHTErpaIbHBIE aHATH3BI MyTeld 00pa3oBaHUs U
YYBCTBUTENHHOCTH, KOTOPBIE TIO3BOJWIA OMNPEAETUTh KIIIOUEBbIC
peakiuyu  OKHCIICHUS  UCCIENyeMbIX  OWOTOILIMB.  YCTaHOBIICHA
OTIpPENEIISIONIas POIb KMHETHKH OKHCJICHHs aleTH/IeHa W METHJIBLHOTIO
pagukajia, TakKXXE IIOKa3aHO, 4YTO HX KHWHETHKa OTBCTCTBECHHA 3a
OTIpeJIeIISIoNIee BIMSHUE Ha Pe3yNbTaThl MOJeJiell B MPOTHO3UPOBAHUT
noTpeOJIeHUs] aTOMapHOTO KUCIopoaa. BelsiBieHa 3HaUnTeNbHASL, CHIIBHO
OTIMYAIOIIAsICS MEXIY KilaccaMH OWOTOIUIMB, POJIb CIELU(PUUECKUX
peaKkMii HMX MEPBUYHOTO M BTOPUYHOIO pasnoxeHuil. IlokasaHo
OTIpeaeIsIoNIee BIUSHIE KUHETHKH MOHOMOJIEKYJISIPHOH AMCCOLHUALNN
O, Ha OKHCIEHHE HCCIEeAYeMbIX OHOTOIUIMB MpPU MOBBIIIECHHBIX
TeMIlepaTypax.

4. TlpoBeneHb! SKCIIEPUMEHTHI M0 MCCIIEIOBAHUIO KHHETHKN OKHCICHIS
anetwieHa B npucyTcTBUU NOx-XUMHU B yIbTpapa30aBIeHHBIX YCIOBHIAX
B auarasone temmnepatyp 1700-3200 + 50 K u naBnenumii 1.9-3 = 0.1 Oap.
Ha ocHOBaHMH MONyYEeHHBIX JaHHBIX MOTU(PHUIIMPOBAHA KUHETHYECKAs
MoJieJIb ropeHust OnoToruB KoHHOBA pH 3HAUNTENFHOM yIyUIICHHN €€
npeacKa3aTe’abHOl d3PPEKTUBHOCTH.

5. TIpoBeneHbl MpENU3UOHHBIE HU3MEPEHUs CKOpPOCTH
MOHOMOJIEKYIIIpHOH muccommanuu O, mpu Temmeparypax ot 2500 mo
5000 = 50 K u maBnenmsx 1.5-2.5 + 0.1 Gap, KoTOpbIE MO3BOJIMIN
MOJy4YUTh  BBIP@KEHHWE  KOHCTAHTHI  CKOPOCTH  JUCCOIHAINH

kg (£12%) = 1.3 - 1014 - exp( 108.950 [‘“a‘]/RT) ¢ TOUHOCTHIO,
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HPEBBIIAIONICH TOYHOCTH MPONUIBIX W3MEPEHHI HE MEHee, YeM B TpH
pasa.

ITy6aukanumu aBTopa Mo TeMe JuccepTALUU
1. Bystrov N.S., Alekseev V.A, Emelianov A.V., Eremin A.V., Yatsenko
P.I., Konnov A.A High-temperature oxidation of acetylene by N»O at high
Ar dilution conditions and in laminar premixed CoH, + O, + N flames //
Comb. Flame 2022, V. 238, 111924.
2. Bystrov N.S., Capriolo G., Emelianov A.V., Eremin A.V., Yatsenko
P.I., Konnov A.A. High-temperature oxidation of propanol isomers in the
mixtures with N>O at high Ar dilution conditions // Fuel 2021, V. 287,
119499.
3. N. Bystrov, A. Emelianov, A. Eremin, B. Loukhovitski, A. Sharipov, P.
Yatsenko, Experimental study of high temperature oxidation of dimethyl
ether, n-butanol and methane // Comb. Flame 2020, V. 218, P. 121-133.
4. beictpoB H. C., EmensanoB A. B., Epemun A. B., Suenko II. U.
DKCIEpUMEHTAIBHOE MCCIe0BaHIE PeaKkLMi H-OyTaHoIa ¢ KUCIOPOAOM
3a ynmapubiMu BosiHamMu APAC wmertogom //  ®usnko-xumudeckas
KHWHETHKa B ra3oBoi nuHamuke 2019, T. 20, Boim. 1.
5. beictpoB H. C., EmenssnoB A. B., Epemun A. B., fAnenxo II. U.
UccnenoBanre KHHETHKH OKUCICHUS TeTparuapodypaHa 3a yaapHbBIMH
BOJTHAMHU METO/IOM aATOMHO-PE30HAHCHOM abcopOIMOHHON
cnekrpockoruu // ['openne u B3pbiB 2021, T. 14, Ned, c. 30-45.
6. Bystrov N.S., Emelianov A.V., Eremin A.V., Yatsenko P.I. Refined
data on O, dissociation rate measured by O-ARAS behind shock waves //
Combustion and Explosion 2023, V. 16, Nel, P. 3-10.

Jlureparypa
1. British Petroleum Statistical Review of World Energy 2022 | 71st
edition.
2. United States Environmental Protection Agency (EPA). Report on the
Environment (ROE) / United States Environmental Protection Agency
(EPA). —2008.
3. International Energy Agency. World energy outlook 2022.
4. Effects of long-term exposure to air pollution on natural-cause
mortality: an analysis of 22 European cohorts within the multicentre
ESCAPE project / R. Beelen [et al.] // The Lancet. — 2014. — Vol. 383. —
Effects of long-term exposure to air pollution on natural-cause mortality.
—Ne 9919. — P. 785-795.

21



5. Covert T. Will We Ever Stop Using Fossil Fuels? / T. Covert, M.
Greenstone, C.R. Knittel // Journal of Economic Perspectives. — 2016. —
Vol. 30.—Ne 1. —P. 117-138.

6. Alcohol combustion chemistry / S.M. Sarathy [et al.] // Progress in
Energy and Combustion Science. —2014. — Vol. 44. — P. 40-102.

7. Westbrook C.K. Chemical Kinetic Modeling Study of the Effects of
Oxygenated Hydrocarbons on Soot Emissions from Diesel Engines / C.K.
Westbrook, W.J. Pitz, H.J. Curran // The Journal of Physical Chemistry
A.—2006.—Vol. 110. — Ne 21. — P. 6912-6922.

8. Wang H. Combustion kinetic model uncertainty quantification,
propagation and minimization / H. Wang, D.A. Sheen // Progress in
Energy and Combustion Science. — 2015. — Vol. 47. — P. 1-31.

9. An experimental and kinetic modeling study on nitric oxide formation
in premixed C; alcohols flames / G. Capriolo [et al.] / Proceedings of the
Combustion Institute. — 2021. — Vol. 38. — Ne 1. — P. 805-812.

10. OpenSMOKE++: An object-oriented framework for the numerical
modeling of reactive systems with detailed kinetic mechanisms / A. Cuoci
[et al.] / Computer Physics Communications. — 2015. — Vol. 192. —
OpenSMOKE++. — P. 237-264.

11. New reaction classes in the kinetic modeling of low temperature
oxidation of n-alkanes / E. Ranzi [et al.] / Combustion and Flame. —2015.
—Vol. 162. — Ne 5. — P. 1679-1691.

12. Ignition delay time measurement and kinetic modeling of furan, and
comparative studies of 2,3-dihydrofuran and tetrahydrofuran at low to
intermediate temperatures by using a rapid compression machine / Y. Wu
[et al.] // Combustion and Flame. — 2020. — Vol. 213. — P. 226-236.

13. A comprehensive experimental and detailed chemical kinetic
modelling study of 2,5-dimethylfuran pyrolysis and oxidation / K.P.
Somers [et al.] / Combustion and Flame. — 2013. — Vol. 160. — Ne 11. —
P. 2291-2318.

14. GriMech3.0 / Gregory P. Smith [u mp.].

15. Modeling nitrogen chemistry in combustion / P. Glarborg [et al.] //
Progress in Energy and Combustion Science. — 2018. — Vol. 67. — P. 31-
68.

22



