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JINHAMHKA BOCILIAMEHEHHS TBePIOro TOMINBa (Top¢a) MpH HMIYJIbCHOM
JIa3epHOM 00JIy4eHHUHM.

PaccMOTpeHO BOCIUTAMEHEHHE M TOPEHHE HATYpaJbHOrO TOIUIHMBA — Topda. [lomydeHst
CKOPOCTH TEIJIOBBIIETICHUS 3a CUET XMMHUYECKUX PeaKkiuii B KOHASHCUPOBAHHOM U Ta30BOM (a-
3ax, a TAKKe TEIUIOBBIE MOTEPH 3@ CUET TEIUIONPOBOIHOCTH B KOHAECHCUPOBAHHOH (asze u Temn-
JOOTAYM B OKPY:KAKIIYI0 cpeny. Beramcienue mpoBeneHO Ui YETBIPEX MPOCTPAHCTBEHHO-
BPEMEHHBIX (POPM JIA3€PHOTO UMIYJIBCA: MPAMOYTOJBHOTO, ABYX TPEXYTOJBHBIX ( ¢ OBICTPBIM
HapacTaHUEM WHTEHCHBHOCTU B MMITYJIbCE —1 MC W MEIUIEHHBIM — 4 MC) U rayccoBsIM. [IpoBe-
JIEHO CPAaBHEHUE MOYUYEHHBIX PE3yJIbTaTOB.

B Hacrosiieit padbote cienaHa MmonbITka, METOA0M YUCICHHOTO MOJICIMPOBAHUS,
BBISICHUTD BJIMSIHUE PHEPreTUYECKUX U MPOCTPAHCTBEHHO — BPEMEHHBIX MapaMeTpoOB
BHEIIIHETO TerioBoro ucrouHuka (s1azepa CO,) Ha BOCIIaMEHEHHUE U TOpeHHe 00-
pasioB Topda. KoMrbroTepHas Mo/ieiih, ONMUCHIBAIONIAsT TTPOIIECCHI ICCTPYKIIUU TOTI-
JUBA U MPOTEKAHUSI XUMUYECKUX PEaKIUil Kak B KOHJICHCHPOBAHHOM, Tak W B ra3o-
Bol (pazax, nocTaTrouHo MoaApoOHO onKcaHa B padoTax [1 - 4].

B kauecTBe BapbUpyeMbIX MapaMeTPOB ObLIM BBIOPAHBI MOIIHOCTH Ja3€pHOTO
manyuennst 1 (I mensiercst B mutepsaie ot 10° o 10* Br/em®) u dopma umiyiibea —
npsiMoyroJibHas (puc.la), pa3HOCTOPOHHUE TPEYTONBHUKH (pHc. 10, B) U rayccoBckas
KpuBas. J[IUTENIbHOCTh UMITYJIbCA T = 5 MC.

JlazepHblii Jyu, maaas Ha MOBEPXHOCTh MUILIECHU MO HOPMAJIM HABCTPEUy OCU Z,
oOpa3zyeTr cBeToBOe NATHO pajuycoM R = 0.5 cm. Ocu X u Y Jexxar Ha HUKHEH HE
o0JrydaeMoi ToOBEpXHOCTH (pHuc. 2), TodiruHa Mumenn H = 0,5 cM.

LW font 1, Wem T w/eme
i

I, T, 7,

e

D 4 2 3 4 5 4ms 0 4 2 3 4 6 £ms 0 4 2 3 4 5§ Ems

f

a. S 1

Puc. 1. PacnpeneneHyue 3HEPruu B UMIYJIbCE.
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Puc. 2. Cxema oOnydenus oOpasua sydom CO, — nazepa.

ITpy UHTEHCUBHOCTH JIa3€pHOTO UMNyJanca [ = 10° Br/em? oOpasell He pazpyllia-
€TCsl U HE BOCIUIaMEHsieTCs. BocruiameHeHue npoucxXouT Mpyu MOIHOCTAX 1,5 -10°
Br/cm’u Bbiiie. B unreppaie unrencusuocreii I = (1,5 = 3,0)-10° Br/cm® Temnepary-
pa moBepxXHOCTH 00pa3iia B 001acTH Ja3epHOro mstHa ObicTpo pacteT oT Ty = 293 K
10 T s =460 K. IIpu 3TOM aKTUBU3UPYIOTCS XUMUYECKUE PEAKLIMM HA IIOBEPXHOCTH
U JT0JbKHA HAOMIOJAThC  ACCTPYKIMSI KOHJACHCUPOBAHHOU ¢a3bl. [Ipu onMHaKOBBIX
no sueproskiaany, I=(1,75-3,0)-10° B—TQ, HO Pa3JIMYHBIX MO BpPEeMEHHOU (opme
cM

UMITyJibcax OOJy4YeHHUs MOBEPXHOCTh oOpaslia BocIuiameHsiercst uepes 12 Mmc, eciu
UMITYJIbC TIPSIMOYTOJBHBIN, uepe3 11 Mc st TpexyrojbHoro umilyiisca (puc. 10) u
yepes 11,5 Mc 11t TpexyroabHOro uMIyJsca (puc. 1B). 3aTeM BOCIJIAMEHSIIOTCS Jie-
Tyuue, T.€. ra3000pa3HbIe MPOAYKTHI paclajia, U TBEP/ble MEJIKOAUCIEPCHBIC YACTH-
bl Topda (ra3oB3BeCh), €CIAM KOHIEHTPAIMS JETyYUX JOCTUIaeT KPUTUYECKOrO
3HAUYEHHUS.

IlepBoHauaibHO BCE MPOLIECCHI MAYT 3a CUET HArpeBa JIa3epHbIM H3JIyUYEHHEM,
TaK KakK 3a BpeMsi HMITyJIbca XUMHUUECKOE TETIOBBIIEICHUE KOHACHCUPOBAHHOH (ha3bl
HeBeJNKO. Hamprmep, npH HHTEHCHBHOCTH JlazepHOro maydenns I = 2+ 10° Br/em®
OTHOILICHHE [/Q_, = 10°. TTociie OKOHYAHHMS HMITYJIbCA TEMIICPATYPA FOPCHUS PacTeT

32 CYET XMMHUYECKMX pEaklIMi raso3Becu. M3MeHeHue temieparypbl TOPEHHUs! CO

e 2
T.K 0.8 QWism
17504 . '|
r, 0,74
1500 4 0.6
1250 . 0.5 4
1000 4 0.4 1
0,34
750
T» 0’2 .
500-/,1’ 0,14
2504 (A1) y - - 1 . , Ly
T T T i T 1 Ls GO « 0O .02 3.03 0.04 0.05
LIRET] "ol naz nni nna a0s

Puc.3. a) U3meHenune temmepatypbl oOpasua 1 W Temmeparypbl OKpPYKalOLICH Cpeabl Tg c
TE€UEHHUEM BPEMEHU. 0) KOJHUYECTBO BBHIJAEAIOMIETOCS TeIia 3a CUET XMMHUYECKOW peakiuu

Ha MOBEPXHOCTH TBEPAOTO Tornmea Q. W moTep Terna B okpyxkarouyto cpeay Q..
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BpeMeHEM (MPSAMOYTOJIbHBIA UMITYJIHC OOJyUYEHHsI) IPUBEICHO HA pHUC. 34, a KOJIH-

UECTBO BBLAC/SIOLIETOCs IIPY TOpeHUU Temia Q , 3a CUeT XMMUYECKUX peakluil B
KOHJICHCUPOBaHHOM (paze M cymMMapHble TEIJIOBbIC MOTEPH Ha MPOrpeB TOIJIMBA U
TEIUIOOTJAa4y B OKpYKarolyro cpeay Q_, .- Ha puc. 30.

s,los

IlpuBeneHbl PacCUYCThl BpEMCHH 33/ICPKKH BOCIITAMCHEHHUS (1, MHIYKIMH) B 38~

BUCUMOCTH OT MHTEHCHBHOCTH JA3epHOr0 M3AyueHHs. Pe3ynbTaThl pacuera mpuBe-
JICHbI Ha puc. 4 0.

8Q/8t, W/(sm®s)

~ tig’ ms
150 1 /3 das, At
;! 6 7
r’ "v'u
Pt §
f 5
wod S % 4
l' H
+
: das, /di ]
504" 2 A
\
: |
t
1 0
0 " . ; 1 Ls — PR T T T R
0.00 .~ 0.0l 0.02 0.03 4-10° 340 5-40° 407 Wiem?

Puc.4. a) BpeMeHHbIe 3aBUCUMOCTH CKOPOCTEN U3MEHEHHS Qgch U Qgjos IIPH MHTEHCUBHOCTH
nasepHoro matyuenus 1=2- 10° Br/em®.

0) Bpems 3aJIEp’KKH BOCIIIAMEHEHUsI KOHIEHCUPOBAHHOM (a3bl Kak (PyHKIIUS WHTEHCHUBHO-

CTH JIa3€pHOT0 U3My4eHUs. [ITUTENbHOCTh UMITYJIbCA T = 5 MC, (JOpMa UMITYJIbCA - TPEYTOJbHHUK.

ITpu untencuBHoctH obmydenus ot 1,5+ 10° Br/em® 1o 3.5+ 10° Br/em” cnauana
BOCIUIAMEHSIETCSI IOBEPXHOCTh 00pasiia, 3aTeM Yepe3 HEKOTOPOE BPEMSsi — ra30B3BECH
(puc.4a), rae 1-blif MAKCUMYM Ha KPHUBBIX — BOCIIAMEHEHHUSI KOH/IEHCUPOBAHHOM
(a3bl; BTOPOH — BOCIUIAMEHEHUE U TOPEHUE Ia30B3BECH.

Ilpu umnyascax momuoctu I = 3,5: 10° Br/cM® 1 Bblllle cHAuana BOCILIAMEHsI-
€TCsl ra30B3BeCh. B 3TOM cilyyae ropeHue B3BeCH B 00bEME IOJIABJISIET TOPEHUE HA

an,ch > a(Qs,ch
ot ot

Ha 6 Mc HaunMHaeTCs MHTEHCUBHOE TOPEHUE Ta30BOM B3BECH U TEIUIOBBIICICHUE
JIOCTUTAeT MaKCUMaJIbHOW BeJMYMHBI (puc. S). [IpumepHo B ATO ke BpeMsl KOHIIECH-
Tpalysi FOPIOYMX I'a30B TAKIKE UMEET MAaKCUMAIbHYIO BETUUUHY (pHC. 6).

[To mepe BbIropaHus JETyuyux Temmeparypa ¢akeila CHUXKACTCS M CpaBHUBA-
€TCA C TeMIepaTypodl moBepXHOCTH. CKOPOCTh M3MEHEHHSI TEMIIEPATypPbl 3aBUCHT
0T (OpMbl U MHTEHCHUBHOCTU JIa3€pHOTO HUMITYJIbCA.

B 3aBUCMMOCTH OT MHTEHCHUBHOCTH UMITyJIbCca 3aTyxaHue (akena Habio1aeTcs
B uHTEpBaEe OT 10 Mc g0 50 Mc. Tak, Ipu MHTEHCUBHOCTU UMILYJIbCA, UMEIOLIETO
BPEMEHHYIO TpeyroJibHyto gopmy, I =3,5- 10° Br/cm” nepBoe 3aTyXaHue HauMHaeT-

IMOBCPXHOCTH, T.C.

s.ch

cs Ha 40,5 MC, MUHUMYM 3HAUYECHUS Ha 44,0 mc. [ToBTopHas nHTEeHCUPHKa-

uMsi ropeHust HaOuro1aetest Ha 50 Mc. Kpome Toro, rpu orpeieicHHbIX YCIOBUSX Ha-
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Q,Wism' C kg/sm’

80'- -10
3,0x10™
60 4
2,0x107"
40
20 Loxlo™-
i} . . r . ;LS
Oy (0] 0,02 0403 i) {LUS 0.0 T T is
14,00 [eR)) ] Q.02 003 [EXsE3 .05
Puc. 5 TeHJ’IOBBIZ[eJ'ICHI/IC pu rOPCHUU Puc.6 UsmeHeHue KOHUCHTpALUUH «JICTYUYUX»
ICTYUUX» BO BpEMsA WUMITYJIbCA U TOCJIC.

0JII0/TaeTCsl TOPEHUE KaK KOHJIEHCUPOBAHHOM, Tak U razoBoi a3 oaHoBpemenHo. B
HaUIMX pacyerax 3To HalJrojaeTcsi B uHTepBaiie 37 +~ 40 mc u 50 + 55 Mc B 110JIHOM
pPacyETHOM BPEMEHHOM HMHTEPBAJIE OT KOHIA UMITYJIbca 5 MC H 10 33JIaHHOTO KO-
HeyHoro Bpemenu 100 mc, T.e. B uHTEepBajie 5 + 100 mc.

[lpuracanue ropeHus TOMIMBA HAOJIOAAIOCH U JIDYTMMHU aBTOPAMHU. JKCIEpHU-
MEHTaJIbHO ObLIO TOJyuyeHO B pabore [S5], Ipu KOMIIBLIOTEPHOM MOJIEJIUPOBAHUU — B
paborax [6,7].

Ecan He moanuThIBaTH MOBEPXHOCTHOE TOPEHHE MOCICIYIOIUMH JA3ePHBIMU
UMIIYJbCAMH, TO MYJbCAIMOHHOE rOpeHue 0e3 0coO0H CKOPOCTH (T.€. «BsIOE» rope-
HUE) MOXKET MPOJOIKATLCS JIO TOJHOTO BBITOpaHUs, T.€. TJIeHHE Topda ¢ BOZMOK-
HBIMM BCTIBIIIIKAMUA CMECH <JICTYUYMX» U JIMCIEPCHBIX vacTuil Topda. DTo mojarBep-
JKIAETCS AHAM30M CKOPOCTEH TEIUIOBBIACIEHUS 3a CUET XMMHUUYECKOM peakuuu W
CKOpPOCTEH MOTEPH TEIIOBOW SHEPrUU HA MPOrPEB TOILUIMBA M TEILIOOTIAYH B OKPY-
JKAIOLLYIO Cpeny.

C 11e/1b10 BBISICHEHUS BIMSIHUS BPEMEHHOU ()OPMBbI JIA3EPHOTO UMITYJIbCA HA TeM-
godusznueckre u PU3MKOXMMHUUECKHE TPOIECCHl BOCIIAMEHEHHUsSI U TOpeHHus Topda
HaMH MPOBEJCHO COTIOCTABIEHUE HEKOTOPBIX PACUETHBIX BEJIMUUH JJIS1 TPEYTOJIBHOU
(OpMbI HMITyJIbCA [PH MOIIHOCTH B HMIyJbce | = 3,5+ 10° Br/cM® , ATHTEIBHOCTD
UMILYJbCa T = 5 MC. Pe3yJbTarsl CONMOCTaBICHUS TPUBE/ICHBI B TAOIUIIE.

U3 tabauiibl BUIHO, uTO opMa UMIYJbCa CKA3bIBAETCS HA FOPEHUU TBEPJOH
(a3bl TOJBKO BO BpeMsi JEHCTBUSI HEMOCPEJICTBEHHO CaMOI'o MMIIyJibca, T.€. B IPO-
mexyTke 0 + 5 mc. Ilpu ObicTpoM HapacTaHuu Makcumyma (puc. 16) CKOpoCTh BblI-
JIeJIeHUs TeIUla 3a CUET XMMMYECKOH peakiiMd B KOHJIEHCUPOBaHHOU (hase B Makcu-
MyME€ W B KOHIIE UMIIYJIbca MEHbIIE, YeM Mpu 0ojiee MEIJICHHOM HapacTaHUU UM-
nyJsibca (puc. 1B). (cMm. 3-it u 4-it HoMepa Tabnuilbl). B nanbHeiniem, yxe Ha 11 mc,
MPOCTPAHCTBEHHO-BPEMEHHAsi popMa JIa3epHOr0 UMITyJibca HEe ckasbiBaercs. [Ipo-
L[ECC TOPEHUSI NPAKTUUECKU OINPEIENSIETCS TOPEHUEM ra3oB3BecH. | opsimias raso-
B3BECh YXKE HE «IIOMHUT» (POPMbI MIEPBUUYHOTO UMIYJbca. OJHAKO BpeMs BOCILIaMe-
HEHUsl Ta30B3BECH W MHTEHCUBHOCThH €€ TOPEHUs 3aBUCUT OT (OpMbI HMIYJIbCa.
DTO MO3BOJISIET BIUATH HA MEXAHU3M TOPEHHUSI U TIEPEXO0JT TOPEHUST U3 IIOBEPXHOCTHO-
ro B 00bEMHOE  HA00OPOT.
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[Tpu uHTEHCUBHOCTH M3iyueHus 107 + 10* Br/em® u paccMaTpuBaeMbIX UHTEPBA-
Jax BpeMmeHu t < 200 mMc mpoliecchl TOpeHUst MOBEPXHOCTH U ra30Boit da3bl B mpeje-
Jax nsaTHa oOJIydeHMs MOJIIepKUBAIOT APYT JpyTra Osarojiapst oOpaTHOM CBSI3H.

No
1/ Bpemennas popma
i HUMITYJIbCA
du3nyeckas BeJIMYMHa
Y €€ YUCJIEHHOE 3HAUCHUE
1 | T,; — Temmeparypa nOBEPXHOCTU 00- 533.5 534.0
pasua K KoHiy umnyJjnca 1, K
2 g;;;g;iig;paﬂm ICTYRHXY KCKOH= 15 1,107 kr/em® | 2,2 107 kr/en?
3 a()s ch
—— | npu l =1, nazepHoro um- ) 5
ot i, 3.3 Bt/cm 6.9 Bt/cm
myJibca
4 aQs ch 2 2
7’ B KOHIIC UMITyJIbCa 1,6 Br/cm™c. 6,0 Br/cmc.
5 aQS Cl
—h Ha 11, 2 mc. 18,0 Br/em’c. 18,2 Br/cm’c.
at t=11,2ms
6 0
Qs Ha 40 Mc 0,82 Br/cm’c. 0,72 Br/cm’c.
at 1=40ms
7 0
& Ha 44 mc 0,03 Br/cm*c. 0,06 Br/cm’c.
8t 1=44ms
8 a()s ch 2 2
. Ha 50,2 mc 0,86 Br/cm“c. 0,93 Br/cm’c.
1=50,2ms

[IpH JIOCTATOUHO MOIIHBIX MMITyJbcax (cbime 10* Br/cm®) BociiameHeHHe u
roperue Topga HaYMHAETCS C ra30B3BeCH Topda, B TO BpeMs Kak B KOHJECHCHUPOBAH-
HOW aze JOKHBI HAOMIOIATHCSl OT/ICIbHBIE BCIBIIIKH, HE MPUBOJSIIUE K CTAUO-
HapHOMY T'OpPEHUIO 00Jy4aeMOl OBEPXHOCTH.

[IpoBeneH Takxke KOMIIBIOTEPHBIM SKCIIEPUMEHT 10 BO3JACUCTBUIO JIA3EPHOTO UM-
nyJibCa, BpeMeHHasi opMa KOTOPOro UMEET BHJI KpUBOi ["aycca

1/2 1/2
I(t) = Imax (lnsz CXpy— r(ln 2) (t — tmﬁX)

tp

rac tp = BpEMsl JOCTUIKCHU S MMOJIOBUHHOM MOIITHOCTH, t - BpEMs JOCTHUIKCHHUS MaK-

max

CUMaJILHOM MOIIHOCTH.

101



[TonyueHHbIE pe3yJIbTAThl PACHPEACICHUS TEMIEPATYPbl U TEILIOBBIX MOTOKOB
JUIsl TayccOoBOM (hOpMBbI UMITYJIbCA MPUMEPHO TaKUE KeE, KaK M IpPH TPEyroibHOU
dbopme umIyIbca, 0COOEHHO IpH BpeMeHax Oojee 5 mMc. OTiauyure He OoJiee YeM Ha
1-3%, B CBA3M C 4YEM MbI UX HE MIPUBOJIUAM.
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JInHaMika 3anaJl0BaHHA TBepPAOro najausa (Topdy) npu iMmmyJIbCHOMY Jia-
3epHOMY BHNPOMIiHIOBAHHI.

AHOTAILILA
Po3risinyTo 3anaitoBaHHs Ta FOPiHHS NPUPOJHBOTO NaiuBa — Topdy. OTpuMaHo
MIBUAKOCTI TEMJIOBUJIJIEHHS 3a paXyHOK XiMiYHUX peakiliii B KOHJICHCOBaHil Ta ra-
30BiH ¢azax, a TaKOXK TEIJIOBI BTPATH 3a PaXyHOK TEILIONPOBIIHOCTI Y KOH/ICHCOBA-
Hil (da3i Ta TemIoBiAMadi B HAaBKOJHUIIHE cepenoBuine. OOUMCIIOBaHHS TTPOBEACHO
JUISL 4YOTUPHOX MPOCTOPOBO-YACOBUX (OPM JA3epHOrO iMIMyJibca: MPSMOKYTHOTO,
JIBOX TPUKYTHMX (i3 HIBHJKUM HaApOUIyBaHHSM iHTEHCHBHOCTI B iMmyJibci — IMc Ta
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MOBUIBHUM — 4 MC) Ta raycoBCbKOro. IIpoBeeHO MOpiBHSHHS OJCP)KaHUX Pe3yabTa-
TiB.

L.I. Ryabchuk, T.F. Smaglenko, M.N. Chesnokov , S.G. Orlovskaja,
LS. Andrianova

Ignition and burning dynamic of the solid fuel (peat) under laser
radiation impulse .

SUMMARY
Ignition and combustion of peat tables was investigated on the basis of the model
described earlier [1 — 4]. Rate of heat production due to chemical reactions and heat
losses by conductivity and radiation were calculated. The calculations were fulfilled
for different spatial-temporal impulse shapes: rectangular one, two triangular-shaped
impulses and Gaussian one. The results obtained were presented in table.
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