Hayka 00 orne

OroHb W DIEKTPUYECTBO — SBJISIIOTCS OCHOBHBIMH pblUaraMu |
JBUTATEISIMU TEXHUYECKOTO pa3BUTHUS denoBeuecTBa. OTKPBITHE OTHS U CIIOCOOBI
ero TMOJIYYCHHS CHACNAHO elle MEpBOOBITHBIMH JIIOABMH Ha 3ape pPa3BUTHUS
gyenoBedyecTBa. ONHO W3 BEMMYAWIINX COOBITUA B HMCTOPUU YEJIOBEUECTBA —
OTKPBITHS croco0a J00bIBaTh M TMOJACPKHBATh OTOHb — IO apPXEOJIOTHYECKUM
JaHHBIM TIPOU3O0IILIO OKOJIO CTa THICSY JIET HA3aJ, B OMIOXY CPEIHETO MajJeouTa.
DTO0 cTajJ0 UCTOYHUKOM MX HAyYHOTO MoabeMa. [I[puMeHsist OoroHb, JTIOAH
HAYYWJIMCh KOBAaTh METaJIJI, 00KUTATh TJIMHY U MHOTOE Apyroe. Mcmnonb3oBanne
CHJIBI OTHSI SIBJISIETCS LIEHTPAJILHOM JTMHUEH TEXHUUECKOT 0 Iporpecca
YeJI0BEYECTRA.

DnEeKTPUYECTBO OBLIO OTKPHITO B JIAOOPATOPHSX IyTEM HAYYHOTO aHAIN3a
SIBJIEHUI MPUPOJIBI U SABJISETCS OAHUM U3 MOCIETHUX JOCTUKEHU COBPEMEHHOTO
YeJIOBEYECKOT0 00IIECTBA.

Tem He MeHee, MOJIOZ0€ ANIEKTPUUECTBO Mbl 3HAEM TOpa3zo JIydllle, YeM
npeBHUM oroHb. OOBICHSS JTF000E SABJICHUE B 00JIACTH JICKTPOTEXHUKH HIIN
PaAMOTEXHUKH, TIEPE]l CAMBIMU TIPOCTHIMU SIBICHUSIMH B HayKe 00 OTHE, HEPEAKO
YeJIOBEYECTBO BCTACT B TYMHUK. ITO OOBACHSAETCS TEM, YTO B OTPOMHOM
OOJBIIMHCTBE padOTAET HE CaM OT'OHb, & CO3JaBa€MOE UM TEIUIO (HanpumMep, B
MapoBbIX MAIIMHAX U TYpOMHAX), TOCKOJIBKY MPOIIECC CKUTAHUS TPOTEKAET OYCHb
OBICTpO.

Apucrorens (384-322 r.r. A0 H.3.) TPUHSJI B KAyeCTBE XapaKTEPHBIX
BEILIECTB MEPBUYHOM MaTEpUM TEIUIOTY U XOJIOA, CYXOCTh M BIIaXKHOCTb.
HpeBHerpeueckue HATyppuiaocodbl CUMTAIU, YTO IJIaMsi - DJIEMEHT, Hapsay ¢
BOJIOM, 3eMJIEM M BO3AYyXOM. AJIXMMHKU CpPEIHEBEKOBbS BBIIBUHYIH TEOPUIO
“¢pnorucrona’.

Hauano uccienoBanmii ropenus - = 1660 r - skcnepumeHTs! OKChOpACKON
IKoJIbI BO riaBe ¢ Pooeprom boitniem (anri.). B 1756 r. - M.B. JlomoHocoB
(1711-1765 r.r.) OTKPBLI CYIIHOCTH MPOIIECCOB TOPSHUS M OKUCJICHHS;, B 3TO BpeMs
IPOUCXOIUT OYpHOE Pa3BUTHE XUMUU, Pa3BUBAETCS CBSI3b HAYKH C
npou3BoaAcTBOM. [loTpeOHOCTH B CO37]aHUM HAYKU O TOPEHUU BO3HUKIIN MPU
Pa3BUTHUH TOPHOTIO JIeJIa, CBI3aHHOTO C TEXHUKOW B3pbIBOOE30IIaCHOCTU U
3anpocamu apTuiuiepud. 25 mast 1812 r. B AHIIIMM npor301IENT B3PbIB B YTOJIBHON
mraxre, yHécmui 92 )xu3HM, B CBSI3U C YeM ObLIO YUPEkKIAEHO OOIIECTBO IO
npenoTBpanieHuto aapuii. B1814 r. Xamdbpu J[9BU BHINMOIHII psij
MCCJIeIOBAHMM TJIaMeHu, 300pén 6e3onacHyto Jamiy. B koniie 19 Beka Maisip u
Jle-aTense (Pp.) HaYaIM KCCIEAOBAHUS PACHPOCTPAHEHUS TUIAMEHH C IIOMOIIBIO
dotochEMKH 1 OsBUINCH epBbie padboThl Jle-1llarense u beptio B obnactu
CaMOBOCIIAMEHEHHS M paclipOCTPaHEHHUS [IJIAMEHHU.

Bo Bropoit momoBune XIX Beka HM300peTeH [BUTATENs BHYTPEHHETO
CropaHusi, MPUMEHSETCA HCKPOBOE 3aKUTAaHUE, YTO NPHUBOJUT K PACHIMPEHHIO
uccienoBanuss ropeHus. CKayoK B Pa3BUTHHM 3TUX HCCIEAOBAHUI MPOU3OIIEIN



nepes HadajaoM 2-i MHPOBOM BOMHBI C M300pETEHHMEM PEAKTUBHBIX U PAaKETHBIX
npurateneid. B cBsa3u ¢ akTUBHBIM ucnoib3oBaHueM JIBC u pakeT mnporecc
TOPEHUST OKazaJicsl JMMHUTHPYIOIIEH cTaauell M NpUBJIEK K cebe MpucTalbHOE
BHUMaHuE. VHTEHCMBHOE W3y4YE€HHE MPOIECCOB TOPEHUS MPOJOIKACTCS U B
HACTOSIIIIEE BPEMSI.

Kpome 3toro B 20-Beke BO3poCiau TpeOOBaHUS TEXHUKHU
B3pbIBOOE30NaCHOCTH. MHOTHE U HE MOA03PEBAIIH, YTO Jake Takue 0e300uIHbIe
BEIIIH, KaK MyKa, MaXxopKa, caxap, Ko’ka B BUJIE IIbUIH NPEJICTABISIOT CEPhE3HYIO
ONACHOCTb U MOTYT J1aBaTh COKPYIIUTEIbHBIE B3PhIBbI HA COOTBETCTBYIOIIUX
IIPOU3BOJICTBAX.

[TosTOMY 3HaHME Mpoliecca TOPEHUS, YMEHUE UM PALIMOHAIBHO YIIPABIIATh —
npo0semMa BecbMa aKTyalbHasl.

bosp1Iol BKnaa B U3y4eHUE BONPOCOB rOpeHus BHecn yuénbsie [[.U.
Menpnenees, H.H. Cem€nos, I'.I'. T'ecc, [.A. ®pank-Kamenenkuii, B.A.
MuxenscoH, f.b. 3enpnosuy, K.U. enkun, JI.H. Xutpun, ILI. lemunos,
B.T. Monaxos, B.WU. baunos, I'.H. Xynskos, A.I'. Bant-I'opd, A.H. bax, K.
Ournep, /M. Hdpanzgein u apyrue.

PaccMmoTpum nmeromuecs JOCTUKEHUS HayKU B 00JIACTH U3YUYEHUs OTHSL.

1. IIpexne Bcero noka3aH (pyHAaMEHTANbHBINA (PAKT, UTO TOPEHUE TOPIOUHX
BEILECTB B BO3/1yX€E CBSI3aHO C UX OKHMCIIEHUEM, T.€. XUMHUYECKUM COECIUHEHUEM C
kucaoposiom. [Ipu u30bITKE KUCIOPOIa B TOPSIUEM IUIAMEHU CTOpaHUE
OpPraHUYECKUX BEUIECTB UJAET J0 IMOJHOTO Pa3pyLICHUs MOJIEKYJ C BBIIEICHUEM
YTJIEKUCIIOTO T'a3a U BOJIBI.

2. IIponecc ropeHus OCYLIECTBISIETCS IPU PEAKLIMSIX, CBSI3aHHBIX C
BbIICJICHUEM OOJIBIIIOTO KOJIMYECTBA TeIa. XOPOIIO U3BECTHBI TOPEHUE U B3PHIBbHI
TaKUX BEIIECTB KaK 030H, OKHUCIIbI XJIOpa U APYrHe B3phIBUATHIE BEUIECTBA,
IPOTEKAIOUIUE B PE3YJIbTATE FIK30TEPMUUYECKHUX PEAKLIUN.

3. [IpuMeHeHre TepMOIMHAMHUKHU B 00JIACTH TOPEHUS TTO3BOJIMIIO BBIYUCISATH
TEeMIIepaTypy FOPEHHs U COCTaB MPOAYKTOB ropeHus. bblia u3ydena termnootaadya
IJIaMEHHU.

Qz2onb OvLL U 0ocmaemcs gerudaluiel co3U0amenbHOU U paspyuumenbHou CULol

[ToTeHmanbHBIMU OObEKTAMU aBAPUI SBIISIIOTCS XPAHUIIUIIA U CKIIA]IbI
B3pBIBO- U MOXAPOOIMACHBIX BeuecTB. OcoOyI0 OMaCHOCTh MPEACTABIISAIOT
HedTeba3sl u HepTecknabl. [10 B3pbIBHOM, B3pBHIBONOKAPHOM U MOKAPHOIM
OIACHOCTH BCE€ MPOMBIILJICHHbIE O0BEKTHI MOAPA3ICISAIOTCS Ha 6 KaTeropui — A,
b,B, T, 1, E:

-A — naubosee onacHbie: HeTenepepadaTHIBAIOIINE 3aBOIbI, XUMHUIECCKUE
MPEANPUATHS, CKJIAbI HEPTETIPOIYKTOB U T.]I.

-b — 11exa npuroToBIEHUs U TPAHCIIOPTUPOBKU YTOJIBHOU IBLUINA, IPEBECHOU
MYKH, CaXapHOH MyJpbl, BHIOOWHbBIE U Pa3MOJIbHbBIE OTJEICHUS MEIBHUIL U JIP.

-B — neconuibHbIe, epeBo0OpadaThIBaIOINE, CTOISIPHBIC, MEOCIIHHBIC
JIECOTAPHBIE U JIp. MPOU3BO/ICTBA.

ITpousBoacrsa kareropuu I', I, E HEe IpeCcTaBISAIOT CTOJIb CEPbE3HOM
OMacHOCTHU, KaK NEPBBIEC TPH.




CremneHb OMacHOCTH OOBEKTOB 3aBUCUT KOJIMUECTBA MOTEHI[UATIHLHOM
HHEPruu, CIOCOOHOM peaan30BaThcs B BUAE MOXapa U B3pbiBa. B cBsi3u ¢ 3TUM
benepanbHbIM 3aKOHOM «O MPOMBIILIEHHON 0€30MacCHOCTH OMAacHBIX
pou3BOJICTBEHHBIX 00BekTOBY (OI10), mpunsaTeiM ["'ocynapctBenHoi Jymoit 20
utoHd 1997 r., onpenenens nBe kareropuu OIIO, Ha KOTOPBIX MOTY4arOTCH,
UCTIONB3YIOTCS, TIepepadaThIBAIOTCS, 00pa3yIOTCs, XPAHATCS M TPAHCTIOPTUPYIOTCS
CJIeTyIOIIHE OTACHbIE BEIIEeCTBA:

-BOCIJIAMEHSIOIINECS BEIIECTBA — ra3bl, KOTOPBIE P HOPMATTLHOM
JTABJICHUW B CMECHU C BO3JTyXOM CTaHOBSITCS BOCIUIAMEHSIOIIUMHUCS M TEMIIEpaTypa
KUIIEHUS KOTOPBIX IIPX HOPM. faBiieHun coctaisier 20° C u HIbKe;

-OKHUCJISIIOLINECS BEIIECTBA — BEIECTBA, [O1JIEP’KUBAIOIINE TOPEHUE,
BBI3BIBAIOIINE BOCINIAMEHEHUE WJIH CIIOCOOCTBYIOIINE BOCTUIAMEHEHHIO PYTHUX
BEILECTB B PE3YJIbTaTe OKUCIUTENbHO-BOCCTAHOBUTEIIBHON AK30TEPMUYECKOMN
peakiuy;

-rOpIOYKE BEIIECTBA — KUAKOCTH, Ta3bl, MbLIU, CHOCOOHBIE
CaMOBO3TOPaThCS, a TAKKE BO3TOPATHCS OT HCTOYHUKA 3aKUTaHUS U
CaMOCTOSATENLHO TOPETh MOCTIE €r0 yIaJeHUs;

-B3pBIBYATHIC BEIIECTBA — BEIIECTBA, KOTOPBIC ITPH OMPEACICHHBIX BUIaX
BHEIITHETO BO3JICHCTBHUS CIIOCOOHBI HA OYEHb OBICTPOE CaMOPACIIPOCTPAHSIONICECs
MIPEBPAIICHHE C BBIJICIICHUEM TeTia 1 00pa30BaHUEM Ta30B.

Hpyryto kateroputo OITO npenctaBisitoT 00bEKTHI, UCTIONIB3YIOITHE
obopynoBanue noa gasiaeHuem 6omuee 0,07 MIla unu ¢ Temneparypoii Bojs Oosiee
115° C. ®enpepanbabiM 3ak0HOM «O MPOMBINUICHHON 0€30MaCHOCTH OMACHBIX
IIPOM3BOJICTBEHHBIX OOBEKTOB) OINPEAEIEHBI MPeIeIbHbIC HOPMbI OMACHBIX
BEIECTB, HAJTMYUE KOTOPHIX SIBJISETCS OCHOBAHUEM Pa3paOOTKU JAeKIapaiiuu
MPOMBIIIUIEHHON O€301aCHOCTH.



XuMHYecKass KHHETHKA U TCPMOXUMMUS

['opeHreM Ha3bIBAIOT CIOXKHBIM  (U3MKO-XMMHUYECKUH Ipolecc, A
KOTOPOI'O XapaKTEpHbI TPU NMpPHU3HAKa: 1) BelIENECHUE TEIUIA, 2) U3IyYEHUE CBETA,
3) XuMHUYECKO€E peBpalicHuE.

[Io COBOKYNHOCTHM OJTHUX TMPU3HAKOB TOPEHUE OTIUYACTCS OT JPYTrHUX
MPOLIECCOB, HAIPUMEP: TOPEHUE AJIEKTPUUECKOW JaMIIOYKH HE COMPOBOXKIAACTCA
XAMHUYECKUM MPEBPALICHUEM, MO3TOMY HE BXOJUT B KPyr pPaccMaTpUBAEMBIX
Jiajiee SIBJICHUM.

C XUMHYECKOM TOYKM 3pEHUSI TOPEHHE COCTOUT W3 HIEMEHTAPHBIX
XUMHUUYECKUX PEaAKIUN OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO THUIA, B PE3YyJbTaTe
KOTOPBIX MPOUCXOAUT TMEpepacrpe/eiEHUe BaJCHTHBIX JJIEKTPOHOB MEXAY
rOprOYMM BEHIECTBOM U okuciaurteneMm. Ilpu stom roproyee BemiectBo (I'B),
OT/IaBasi CBOM BAJICHTHBIEC 3JIEKTPOHBI, OKUCISIETCS, & OKUCIUTEIb, MPUCOCTUHSSA
uX, BoccraHaBiuBaercs. [locie peakuuu 00pa3yroTCs TPOIYKTHI OKHUCIIEHUS,
KOTOpBIE SBJIAIOTCA 00Jiee YCTONYMBBIMU BEIIECTBAMHU B XMMHUYECKOM OTHOIICHUH,
yeM ucxoaHbie. KoHeuHble MPOAYKTHI PEaKIUU TOPEHUS] HA3BIBAIOT MPOIYKTAMHU
ropenus (I1I).

['openue oTauvaercst OT APYTrUux NPOLECCOB OKUCIEHUS (KOpPO3Usl, THUEHHUE,
Opo’KeHHe, JbIXaHWe) OOJbIIEH CKOPOCTBIO, 32 CYET YEro BBIACIAEMOE B XOJ€
peaKkuuu TEIIO, HE YCIeBash PacCeUBaThCAd B OKPYXKAIOILIYIO Cpely, IPUBOJIUT K
HarpeBaHUIO MIPOJTYKTOB TOPEHUS 10 CBEUCHHUSI.

J1J1s1 BOBHUKHOBEHHMS U MPOJIOJKEHUSI TOPEHUSI HEOOXO0UMO OJTHOBPEMEHHOE
coburofieHre TPEX YCIOBUM (T. Ha3. TPEYTOJbHUK FOPECHHUS):
1) HamM4YMe roprovero BEIeCTBa,
2)  JOCTAaTOYHBIN MPUTOK OKUCITUTES,
3) cooOmieHHe ToproYei CMecH OMNpEACIEHHOTO 3araca TEIUIOBOW SHEPIHH
(oBemeHME 70 OTMPECIEHHON TeMITepaTyphl).

JI71st Ka)K0ro KOHKPETHOTO ciiyyast 3T TpH (akTopa JOJKHBI HAXOJAUTHCS B
ONPENCIEHHOM HWHTEpPBAJIE KOJUYECTBEHHBIX COOTHOLIEHUW, 3aBUCSALIEM OT
CBOWCTB TOPIOYEro W YCJIOBUM ropeHus. HapyiieHwe xoTs Obl OJHOTO M3 3THUX
YCJIOBUHM TMPHUBOJUT K HEBO3MOKHOCTH Haydalla WM MPOAOJKEHHS] TOPEHHUS. ITO
00CTOSITEILCTBO TIOJIOKEHO B OCHOBY BCEX MEPONPHUATHH, HANpPaBICHHBIX Ha
PO HIAKTUKY TIOKAPOB U UX TYIICHHE.

OxwucnureneM B peakIMsAX TOPEHUs 4Yalle BCEro SBIAECTCS KHCIOPO/T
BO31yxa. Bo3nyx mpexacrasiser coboit cMech ra3oB, OCHOBHBIMU KOMITOHEHTaMU
KOTOpO# (B MPOIIEHTAX MO 00BEMY) SIBISIOTCS: a30T - /8, kuciopona - 21 apron -
0,9. [ns OONBIIMHCTBA BEIIECTB TOPEHHE HE MOXET NPOJOJIKATHCA TNpU
cojiep)kaHuu Kuciopoja Menee 15%. B kauecTBe OKUCIUTENS MOTYT BBICTyHaTh
KHUCTIOPOJICOICP)KAIIIE COCTUHEHHS,  JIETKO OTIIEIUIAIOMNE KHCIOPOA TpH
onpeAenEéHHBIX YCIOBUSAX (HampuMep, MEPEeKUCh BOAOPOAA, a30THAs KHCIOTA,
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nepxJiopaTbl, HUTPATHI), a Takxke GTop, XJjop, OpoM, ¥Hox (TajoreHbl, WA
TaJIOUJIbl).

H[!I/IMC[QBI . IIpaBUJIbHAA

Dxucaumens

TonmEs OpraHH3aIysl CKUT'aHUS; fﬁéﬁ:ﬂ‘ff ’
CcOOTI0ICHNE mpasut Q
yCTpOKCTBA
3IIEKTPOOOOPYTOBAHMUS;

HEJIOMYIICHUE CBAPOYHBIX PadoT
IIPU HaJUIUH BOJU3H TOPIOYHX
MaTEpUAJIOB; pE3UHOBBIE
NpoKiIaaku B muctepHax ¢ [7K;

Toproum#

Toewronumneorun IOPUKPBITHE TPU  IEPEBO3KE MaTEpHaT
OMacHbIX TI'PY30B; 3aMe€Ha TOPIOUMX BEIIECTB (PAaCTBOPHUTENCH) HA HETOPIOYHE;
NPUMEHEHUE OXJIAXKIAIOMIMNX, U30JIUPYIOLIUX U JIp. CPEICTB TYIICHHUS.

N X0Td B XMMHMYECKMX PEaKIUAX MpOolecca TOpPeHUs a30T BO3JyXa HE
y4acTBYET, €ro MPUCYTCTBUE B 30HE TOpPEHUsI 00S3aTENIbHO CIEAYET YYUTHIBATH,
TaK KaK OH y4acTBYET B (PU3HUECKHUX Ipolleccax. Bo-mepBbix, HA €ro HarpeBaHue B
30HE€ TOPEHMS 3aTpayuBaeTcs OOJBIIOE KOJIMYECTBO TEIUIA, BBIIEISEMOIO MpHU
TOpPEHUH (Ye€M B 3HAYUTEIBbHOW CTEIEHU OINpEIENsieTcsl TeMIepaTypa MpoayKTOB
TOpPEHUs); a BO-BTOPBIX, €T0 MPUCYTCTBHE B 30HE XUMUYECKUX PEAKIIUNA BIUSET HA
CKOpPOCTb UX MPOTEKAHUs, TaK KaK a30T BO3/yXa BBICTYIIAE€T B POJIM HEUTPAIBLHOIO
paz0aBuTENs pearupyrorxX KOMIIOHEHTOB: TOPIOYEro U okuciauTess. O4eBUIHO,
YTO CKOPOCTh TOPEHUS, UHTEHCUBHOCTD MPOIECCOB TOPEHUS B aTMOC(EPE YUCTOTO
KHMCJIOPO/JIa 3HAYMTENIBHO BBINIE, 4eM B Bo3ayxe. IloaToMy ypaBHEHME peakuuu
TOpEHUSI B BO3AYyX€ CJIEAYET 3alUChiBaTh, IPUOABIsis B JIEBYIO U IMPaBYIO 4YacTH
3THUX YpaBHEHUU 1O 3,76 MOJIA a30Ta HA KaXIbli PEArHPYIONIUKA MOJIb KHUCJIOPOA.
Teriora, BeIAEHSAIOMIASACS MPU TOPEHHUM, PACXOAYETCS B OCHOBHOM Ha HarpeB
MPOAYKTOB TOPEHHMS, HEKOTOpAass 4acTh €€ mepenaércsi TOPIYEMY BEIIECTBY HA
MOJATOTOBKY K TOPEHUIO, YACTh PACCEUBAETCA B OKPYNKAFOIIEM MPOCTPAHCTBE.

['oprouast cmech, T.€. CMECh I'OPIOYEr0 BEIIECTBA C OKUCIUTENEM, JOJDKHA
ObITh Harpera J0 ONpeAeNIEHHOW TeMIlepaTypbl HCTOYHUKOM Temia. Hamie Bcero
ATOT HarpeB JOCTUIAETCs] HCTOYHUKOM 3aKHTraHusA. B ycTaHoBUBLIEMCS IpoLiecce
TOPEHUsI TOCTOSHHBIM HMCTOYHUKOM 3aKUTaHMs SBJISIETCS 30HA TOPEHUS, T.€.
00JacTh, I'7ie MPOTEKAET PEAKIIMSI, BBIACISAIONIAs TEIIO.

[IpoTekanue XuUM. peaKkIuii TOPEHHsS] YyBCTBUTEIBHO K IIEPEMEHAM YCIOBHU
IIPOTEKAHMUS NPOLecca M MEPEXON OT OAHOTO PEXMMA K JIPYyroMy IPUBOIAUT K
CKayKoOOpa3HOMY HW3MEHEHHIO Tpollecca. IOTO MOXKET ObITh B3pbIB, WU
BOCIUIAMEHEHUE, WIM IIOracaHMe IulaMeHH. lIpomecchl, mnpoucxopsduue npu
TOPEHUH, MONUYUHSIOTCA 3aKOHaM XHUMHUYECKOW KHHETHKH, TEPMOAVHAMUKH,
TEIUIONepeau, 3aKOHAM COXpPAaHEHUs MacChl M DJHEPIMM U JIPYTUM
(yHIaMEHTaJIbHBIM 3aKOHaM MpUpoAbl. B OCHOBE mpoleccoB TOpeHHs JeKar
OBICTPOTEKYILIME OKHCIUTEIBHO-BOCCTAHOBUTENBbHBIE peakiuuu. OKHUCIAoIeecs
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BEILECTBO (FOprOYEE) OTAAET CBOM BAJICHTHBIE 3JIEKTPOHBI OKUCIUTENI0, KOTOPBIM,
IpUHKUMAs MX, BOCCTaHaBIMBaeTcs. B pesynbrare arombl nepexoisT B HaubOosee
YCTOMYMBOE IIPU JAHHBIX YCIOBUAX COCTOSIHUE.

['oproune BemecTBa MOTYT pasiuyarbCs II0 COCTAaBYy, arperaTHoOMy
COCTOSIHUIO U [JPYrMM CBOHCTBaM. B 3aBUCHUMOCTHM OT HHUX MOI'YT MEHATBCSA
IIPOLIECCHI, IIPEALIECTBYOIINE OKUCICHUIO TOPIOYEro, a TAK)KE II0KA3aTeNIA OLICHKU
UX II0KapHOU OIACHOCTH.

TERROMA LUCITIOHHUNG BEOCTaIMEHEHUR
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TErRAOMma SoperU s

Camoﬁaegeﬁaﬁue

. CxeMa npoUeccoB, NPOTEKAWIUHX MPH ropeHHH.

B nannoit cxeme 6ykBamu o0o3HaueHbl: TH — HauanbHas Temieparypa I'B,
To — Temneparypa Hauana okuciaeHus, Tc — Temmeparypa caMOBOCIUIAMEHEHUS,
Tr — Temneparypa ropeHus.

PaccmoTpum dyHaamMeHTalIbHbIE TOHSATUSI TEOPUU TOPEHUSL.

Onucanue nNpoueccoB rOpPeHus ¢ MO3MIUNA MOJICKYJIAPHO-
KUHETHYECKOU TEOpUHU ra3on

C TOoYKM 3peHUsi MOJIEKYJIAPHO-KUHETUYECKON TEOPUHU CTPOCHUS MAaTEPUH
XUMHUYECKUE PEAKIIUN MEXKAY JBYMSI KOMIIOHEHTaMH, HaXOJAUUMHUCS B Ta30BOM
daze, cneayer paccMaTpUBaTh KaK B3aUMOJEHCTBUE MOJIEKYJI pearupyronmx
ra3oB. . I3BeCTHO, UTO CHJIbI MOJIEKYJISIPHOTO B3aUMOJEHCTBUS, T. €. B3AUMHOI'O
MPUTSHKCHUS ¥ OTTAJIKUBAHUS MOJICKYJI, HAXOASIINXCS B HETIPEPHIBHOM
XA0TUYECKOM TEIJIOBOM JIBHXKEHUU, TTPOSIBIISIFOTCS JIUIIH IPU OUYE€Hb MaJIbIX
PACCTOSIHUSX MEXKTy HUIMH, a C YBEJIMYCHHEM PAaCCTOSHUS PE3KO YOBIBAOT.
[TosTOMY B3aMMOECICTBUE MEXITY MOJIEKYJIAMU TOPIOYETO U OKUCITUTENS
BO3MOYKHO TOJIBKO TIPH MOJTHOM UX COJIM)KEHUH, KOTOPOE MOKHO paccMaTpyBaTh
Kak coyaapeHue Mojieky. be3 coymapenus MoyieKysl HEBO3MOXKHO KaKoe-T100 ux
B3aMMOJICUCTBHE, a TeM 00Jiee CTOJIb CUIIbHOE, KaK XUMUYECKast pEaKIus,
CBSI3aHHAS C Pa3phIBOM CYIIIECTBYIOIIMX B MOJIEKYJIE CBSI3€M MEX Ay aTOMaMH, Tie-



pepacnpeaeneHueM aToMoB U T. 1. CineqoBaTenbHO, XMMUYECKOU PeaKkIuu
B3aMMOJICUCTBUS TOPIOYETO C OKUCIUTENIEM JOJIKEH IPEAIeCTBOBATD MPOIIECC
CMEUIEHUS TOPIOYETo C OKUCIUTENIEM U (PU3NUECKUN aKT COMMXKEHHSI MOJIEKYT
TOPIOYEro U OKUCIUTEIISI, PACCMAaTPUBAEMBIHN KaK YIIPYroe coyAapeHue MOJIEKYI.

r+ S J"",2

\ N\ Puc. 1.1. Cxema covia-
NN, RO S,
o as (2)

HpaKTI/IKa JKC ITOKAa3bIBACT, YTO HEC BCC COYAAPCHUA HC IIPHUBOIAT K
XUMHYECKON peakinu. ITO 03HAYaeT, YTO YUCIO0 3P (PEKTUBHBIX COYAAPEHUI
MOJICKYJI IPU 3TUX YCIOBUAX HUYTOKHO Majio. MOJIEKYIIbI, KOTOPBIE TIPU
COYIapEeHUH C IPYTUMU MOJICKYJIaMH CIIOCOOHBI, BCTYMATh B PEAKITUIO, JTOJIKHBI
HaXOJHWThCA B «BO30YKIACHHOMY» COCTOSIHUU. [0 cBOCH mpupoje Takoe
BO36Y)KI[CHI/IC MOKET OBITh XUMHUUYCCKHUM, KOT'ZIa aTOMBI WJIW MOJICKYJIbI BCIICCTBA,
o0Jazast OJTHOM WIIH IBYMSI CBOOOTHBIMHU BaJICHTHOCTSIMH, Ha3bIBAIOTCS
panuKagaMu U (U3UIECKHUM, KOT/Ia 0 3aKoHaM MakcBesT-boIbIIMaHOBCKOTO
pacrpeneaeHns SHEPTUil 4aCcTh MOJIEKYJI B pE3yIbTaTe MEIJIEHHOTO HarpEBaHUS
ra3sa HpI/IO6peTaeT KHMHCTHYCCKYIO DHCPIUIO BbIIIC KPUTUYCCKOI'O 3HAYCHUS.

[Tpu XUMUYECKOM TPEBPALMICHHN TIPOUCXOTUT PA3PBIB MOJICKYIISIPHBIX
CBH3€I>1, YACPKUBAOIINX ATOMBI B OTHUX MOJICKYJIaX U O6pa3OBaHI/Ie HOBBIX
CBH3€I>1, BO3HUKAIOIMX B IIPOLCCCC TOPCHU. Yucao aToMOB IIpH PCaAKIMU HEC
HU3MCHACTCA, IIPOUCXOJUT UX IICPCTPYIIIIUPOBKA, KOTOPAsA CBA3aHA C
OHCPICTUYCCKUMM 3aTpaTaMu. CoxpaHeHHe QJICMCHTAPHOI0 COCTaBa MOXKHO
3aIIMCaTh B BUJC PABCHCTBA:

ZVi kNi=By , re

Vj k- YMCII0 aTOMOB K-ro 3j1eMeHTa B I1-TOH MOJIeKYIIe;
Nj- 9HCI10 I-TBIX MOJICKYJI B CUCTEME;
By- moytHOE 4KCIIO0 aTOMOB JJAHHOTO 3JIEMEHTA B CMECH.

PaBeHCTBO BBIMOIHSAETCS TIPH JIFOOOM COCTOSIHUU PEArupyIroIIei CMECcH: 10
HayaJia peakiiui — B HEPABHOBECHOM H B IMMOJTHOM XMMHUYECKOM PAaBHOBECHU TIOCIIC
ee 3aBepiuieHus. T.e. coOmomaeTcss MaTeprualibHbINA OajaHc.

Ecmu HCXOAHBIC BCIICCTBA B3ATHI B COOTHOIICHHNH, JAOIIIEM BO3MOXKHOCTD
NEPEBECTH UX ITOJTHOCTHIO B IPOAYKTEI pCaKIIMK, TO TaKass CMCCh HAa3bIBACTCA
cTexuoMerpuueckoi. OJHaKO 1aXe B CTEXMOMETPHUECKON CMECH BO3HHUKACT
JAWUHAMHWYCCKOC PABHOBCCHUC IIPSAMOTO U O6paTHOFO XUMHUYCCKOI'O IpCBpaIiCHusI.

HepeXO,Z[ M3 HAYAJbHOT'O COCTOSAHHUS B KOHCYHOC XapaKTCPU3YyCTCs
CKOPOCTBIO XUM. PCAKIIHNHN, KOTOPYIO MOKHO paCcCUUTATh 110 PA3JIMIHBIM
KOMITOHEHTaM CMECH

1 dN;
Wi e e -
VvV dt
N — 9rCII0 MOJIEKYIT I-TO UCXOHOTO BeliecTBa B 00beMe V B MOMEHT BpeMeHH {.



DKCIEpUMEHTATEHO CKOPOCTh XUMHUECKON peaKIMi HaXOST, OTPEIeIIsisI
KMHETUYECKYIO KPUBYIO N3MEHEHUS KOHIIEHTPALIMU KaKOTro-1100 pearnpyroIero
BelecTBa Bo BpeMeHH. CKOPOCTh PEaKIUK OMpeesieTcss 00beMHBIMU
KOHIICHTPAIUSIMH, T.€. YACIIOM MOJICKYJI PEarupyromnx BEeIecTB B
paccMaTpruBaeMoM 00beMe, TOCKOJIBKY B3aUMOICHCTBHE MEXKTY MOJICKYJIaMHU
MOJKET IMMPOU30NTH TOJIBKO MIPH CTOJIKHOBEHUH MOJICKYIL.

OcHOBHOE ypaBHEHHUE KHHETHUYECKOW TEOPHH ra30B UMEET BUI:

2
oy 2, 23 mek
3 3= 2
rane:  Wx — cymmapHasi KHHETUYECKast SHEPT sl IIOCTYIAaTeIbHOTO JBUKE-
HUS N MOJIEKYJ rasa, HaXxoJsIierocs B oobeme V;
M;, Uj —Macca U CKOPOCTh JIBIIKCHHUSI 1-TOH MOJICKYJIBI.

B pesynbrare Gecniopsgo9HOrO IBMKEHHUS U COYAApEHUH Tra3a MPOUCXOAUT
WU3MEHEHHUE CKOPOCTH M SHEPTU 4acTHil. BOSHUKAIOT SBIICHUS HANPaBIEHHOTO IIe-
peHoca BHYTPEHHEH dHEPTHH, T.€. TEIUIONPOBOJIHOCTh, M TIEPEHOCA MACCHI YaCTHII,
— muddy3us ¢ BBIpaBHUBAHUEM TOTO U JPYroro B 00beMe BEIIeCTRA.

OpmHako He KaXJ10€ CTOJKHOBEHUE MPUBOJIUT K 00pa30BaHUIO HOBBIX MOJICKYIL.
Momnekyibl, 001a1ar01Kre HeOOXOAUMBIM 3aTIACOM DHEPTHH, IOCTATOUYHBIM JIJIs
pa3phiBa WK OCIA0JIEHUS CYIIECTBYIOIINUX CBA3EH, HA3bIBAIOTCS aKTUBHBIMU
MOJIEKYJIAMU WJI AKTUBHBIMHM IEHTPAMU XUMHYECKUX peakiui. Pa3HOCTh Mex Iy
CpPEIHMM YPOBHEM 3araca YHEPTUr, MOJIEKYJI B aKTUBHOM, BO30YKICHHOM
COCTOSIHUM U CPETHUM YPOBHEM; SHEPTUH OCTAJIBHON MAaCChl MOJIEKYJL,
HaXOJIAIINXCS B «<HOPMAJIBHOMY, T. €. HSaKTUBHOM, HEBO30YKJICHHOM COCTOSIHUH,
HAa3bIBACTCS SHEPTrUEH aKTUBAUU £, . UeM BbIlIE yncCIeHHOE 3HaueHue £, , TeM
TPYAHEE 3aCTaBUTh JAHHYIO APy KOMIOHEHTOB BCTYNUTh B XUMUYECKYIO
PeaKIIo, YeM HUKE, TEM JIErYe 3TH KOMIIOHEHThI BCTYIIAIOT B XUMUYECKOE
B3auMoJielicTBre. [103TOMy BelMuMHA YHEPTUU aKTUBAIUU SIBJIICTCS KaK OBl
KOCBEHHBIM ITOKAa3aTEIEM CTENIEHH MOKapHON OMAaCHOCTH JAHHOTO BEIIECTBA.
UtoObI Tpoun30IILIa PEeaAKIKs, MOJEKYJIbI TOJAKHBI 00Ja7aTh JOCTATOYHO OOJIBIIINM
3aracoM YHEPTUH, HEOOXOAUMBIM JIJIsI PEOI0JICHUS TOTEHIIMAIBHOTO Oapbepa.
[ToTenuanpHbIN Oapbep XapakTepU3yeTcs dHeprue aktuauu E u
OMUCHIBAETCS COOTHOIIEHNEM AppEeHHyca:

K:koe-E/RT

Ko- TpempKcroHeHIMAIBHBIA MHOKUTEND, R=1,986 kan/mMonb rpax —
yHUBEpCaJIbHas Ta30Basi MOCTOsIHHAA, T- TeMIieparypa.
[TperPKCIOHEHIIMATBLHBI MHOKHTEb Ko XapaKTepu3yeT MOJIHOE YHCII0
CTOJIKHOBEHHUI MOJICKYJI, MOJICYNTAHHBIN 110 CPEAHEN CKOPOCTH UX TEIIIOBOTO
JIBYDKCHUS.



Pue. 1.2, CxeMa MeXaHHUeCKOH aHa/JOTHH 3IHEPTHH aKTHBALHH
a — HeyCTOHUHBOe COCTOSIHME CHCTeMB; 6 — ycTOf4HBOE CO-
cTOAHHE CHCTEMBl C TepexojJoM uepe3 Gapbep SHePTHH aKTHBAIHH

Taxum o6pazom, TemmepaTypa sBISETCSI OCHOBHBIM (haKTOPOM, BIUSIOIIUM
Ha CKOPOCTb

E
2 N\

E;

H,+0, N , .

1 N 2

AHP,
~ Y10

HUCXOOHBIC aKTHBHpOBaHHLIﬁ 3

BEIIECTBA KOMIIJIEKC TPOAYKT

CornacHo npasuiy Bant - 'odda (1884) npu moBbiieHHH TemmepaTyphbl
Ha kaxzpie 10 °C cKopoCTh peakinu yBeaIuuuBaeTcs B 2...4 pasa.

7

e-E/RT A
Hanpumep, npu snepruun aktupanuu 40

E'> E? KKaJI/MOJIb, TATUYHOM JJIS1 peaKIMK1 TOPEHUS U
T=500 K, maoxxutens eXp(-E/RT) paBen 10°
2 17,4
,
a mpu T=1000 K — 10®’, 1.e. ckopocts
peaKkiuy BO3pacTaeT MOYTH B MUJUIUAP/ TIPH
W3MEHEHUU TEMIEPATYPHI B 2 pasa.
UpesBblyaliHO CUIIbHAsL 3aBUCUMOCTD
CKOPOCTHU pPeaKkluu OT TEMIIEPaTypbl
MPOSIBIISIETCS TIPU HEU3OTEPMUUYECKHUX
YCIIOBUSIX MIPOBEICHUS, YTO M UMEET MECTO
TIpU B3pPbIBaX U TOPCHHUH.
CKOpOCTh XHMHUYECKUX PEAKINA U CKOPOCTh TOPEHHUST HEOOXOMMO
paccMaTpuBaTh C MO3UINNA KOHEYHBIX 3(h(HEKTOB XMMHUECKHUX MPEeBpaIICHUN

T, T /T



BEIIECTB, T. €. OpyTTO-TIporiecchl. Ecnu n1Ba BelecTBa (Harpumep, roprouee u
OKHUCJIUTEIND), YCIOBHO A U B, BCTYNalT B peakiuio, B pe3yibTaTe KOTOPOM
00pa3yroTcs JIBa HOBBIX BEIIECTBA, MPOAYKThI TOpeHusi, yciaoBHO M u N, u nipu
HTOM BO3HUKAET KaKOi-TO TeriaoBor 3 @exT £Q, ToO MOKHO 3anucaTh:

A+BMA+rN+Q.

B aTOM ypaBHEHHMH CTaBUTCS 3HAK (<), TaK KaK peakluyd FrOpeHusl,
o0paTuMbIe B TOM CMBICJIE, YTO MPHU JOCTATOYHO BBICOKOHM TeMIeparype
HPOUCXOUT TUCCOIHAIIHS MPOIYKTOB ropeHus. 3Hak (+) mwim (—) nepen Q
03HAYaeT, YTO 3TO IK30TEPMUYECKAs WU IHAOTEpMUYECKas peakunn. Kak
U3BECTHO, PEAKLIMU TOPEHUS, KaK IPABUIIO, DK30TEPMUYHBI.

TenJioBoe paBHOBecHEe NIPOLECCOB FOPEHMS.

TensonpoBOAHOCTH BO3HUKAET B BEIIECTBE NMPHU HAIMYUU TpajUeHTa TEeM-
neparyp:

dQ=kd—T~dS~dT ,
dx

rae: dQ — KonMMYecTBO TEMJIOTH MepeHOoCHMol 3a Bpems dT depes MmoBEepXHOCTh
dS mo HampaBneHHIO HOpMamu X K 3TOH MOBEPXHOCTH B CTOPOHY YyOBIBaHHS
TEMIIEPATYPHI;

(dT/dx) — TpamueHT TeMIepaTypsl;
k — ko3pduIUEHT TEMIONPOBOJHOCTH, PABHBIA  KOJMYECTBY  TEIUIOTHI,
TICPCHECCHHBII Yepe3 eIMHUILY TIOBEPXHOCTH 3a CIUHHILY BPEMEHH TIPU TPATUCHTE
dT/dx=1.

CornacHo KHUHETHYECKOM TCOPHHU I'a30B:

1
k :Eu/lpCV , JIx/(cM-cex-rpajm)

rJIe:. 0 — CPEAHSSA CKOPOCTh TEIJIOBOTO JBM)KCHUS MOJICKYT;
A - cpenHss JIMHA CBOOOJIHOTrO Mpobera MOJICKYIT,
0 - TUIOTHOCTb Ta3a;
Cy — yenpHas TEIJIOEMKOCTh Ta3a MPH MOCTOSIHHOM 00beMe.
Ten10eMKOCTbI0 HA3bIBAETCSA KOJIUYECTBO TEINIA, HEOOXOIUMOE Ui MOBbI-
IIICHUS TEMIIEPATYPhI BEIIECTBA HA OJWH IPaayc:

_dQ :
C= = , Jx/(r-K)

Pazmuuaror Cp — TemoeMkocts npu P=const u Cy — TEMI0EMKOCTh IMpHU
V=const, KOTOpbIE 0ObETUHAIOTCA COOTHOILICHUEM:
C,=C, +R,
rne: R — yHuBepcasibHas razoBas IIOCTOSIHHAsA, paBHas padbore, coBepiiaeMon 1

MOJIEM HJIeaJIbHOTO Ta3a npu nu3o0apHoM HarpeBe P=const Ha 1 rpagyc:
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_ e 0819 gas— KM g gg7 K4
KMOJb - 2pao MOJIb - 2paod MOJb - 2pao MOJb - 2pao

[TonsiTuss «Mosb», «R» BBITEKAIOT U3 OCHOBHBIX 3aKOHOB HJCAJIbHBIX TI'a30B
(uIeanbHBIM Ta30M HA3bIBAETCS a3, MOJIEKYJBI KOTOPOTO HE B3aUMOJEHUCTBYIOT
JIPYT C IPYrOM).

Kpowme 3akona bonng-Mapuorra 310 cleyromme 3aKOHbI:

1. 3akon ABoraapo: PaBHbIe 00bEMBI Ta30B NIPHU OJUHAKOBBIX TEMIIEPATypPe
U JTaBJICHUM COJEPKAT OJMHAKOBOE YHUCIIO MOJIEKYII.

Paznmuune B Maccax BEIIECTB OMpPENENseTCs pa3HbIMU BECAMU WX aTOMOB U
MOJIEKYJI. 3a €UHUILY MAcChl B MOJIEKYJISIPHOM TEOPHM MPUHSAT MOJIb (T-MOJIEKY-
7a). 1 Moip — Takas Macca XMMHUYECKH OJHOPOHOTO BEUIECTBa, KOoTopas (B rpam-
MaXx) YHCJIEHHO paBHA €T0 MOJICKYJISIPHOMY BeECy.

NHuorma 3akoH ABOrajapo riacuT Tak: «[Ipu oguHAKOBBIX JaBICHUSX U TEM-
neparypax rpaMM-MOJICKYJIbI Pa3IMYHBIX HJICATbHBIX T'a30B UMEIOT OJMHAKOBBIC
00BEMBIY.

Yncao ABoragpo: B 1 More rasa comepxures 6,02-10% Mosiekyi. Toraa 1
MoJ1b J1ro60ro rasza mpu 0 °C u 101,3 kITa 3anumaer 06beMm 22,414 1.

JIpYriMH CIOBaMH, MOJIEKYISPHBI Bec — 310 Bec 6,02-10%° monexyn rasa,
BRIp@KEHHBIH B rpammax. Torna PV=22,4 i-arm/moms mipu 0 °C.

Hanpumep: atoMmHbIi Bec kuciaopoaa — 16. Monekynsipusiii Bec 16x2=32 r.
Torna B 32 1 O, conepxutcs 6,02-1023 Mosteky Os.

MOXHO paccuuTaTh yAeIbHbIN BeC (MJIOTHOCTH) Ta3a MPU HOPMAIbHBIX (u-
3MYECKUX YCIOBHSIX:

w2 )
N VYA
P =204 22,4 7\

rAe: M - MOJEKYJIIPHBIM BEC rasa.
2. 3akoH ['eii-JIroccaka: mpu P=const 00beM Macchl raza mpsiMo MPOMOPIHO-
HaJleH ero abCoII0THOM TemMmneparype:

R=8,31-10°

, (2.8)

roe: To=273 K;
V, — o0bem raza npu T.
3. 3akon lapns: npu V=const naBjeHuEe TaHHOW MaccChl raza MpsSMo Ipo-

MOPLIMOHATILHO €ro a0CONMIOTHOM TemMneparype:

p- poTl, (2.9)

0
rae:  Po— naBnenue npu To=273 K.
4. YpaBHEHHE COCTOSIHUS HACAIBHOTO Ta3a Juis 1 MoJIs rasa:
PV, =RT, (2.10)

rae: P, V, u T - naBneHue, MOJEKYJSIPHBIA 00beM M aOCOJIIOTHAsS TeMIIe-
paTypa rasa.
5.YpaBHenue Menneneesa-Knannepona i IPOU3BOJBHOW Macchl TIasa
(M):

11



pv = Mgt (2.12)
U

Peakuys ropeHusi MpOUCXOOUT MPU ONPEIAECIIEHHOW TEMIIEPATYPE, 3aBUCILICH
OT B3aMMOCBS3M MEXJYy TEIUIOBbIIETeHHEM U TeruiootAadeil. [Ipu cBobomHOM
VCMAHOBUBUEMCST  20peHuy  TEIUIOBBIICICHUE paBHO _TemiooTnade (ckopocmb
menjiogbloesienuss paBHa CKOPOCTH TEIUIOOTHa4yM). Takoe paBEeHCTBO Ha3bIBAETCS
TEIUIOBBIM PABHOBECHEM.

Kaxmomy  TemnoBoMy  PaBHOBECHIO  COOTBETCTBYET  OMpeEACTICHHAsS
Temnepatypa TopeHus. C  yBeIMUEHHEM  TEIUIOBBIZCIICHUS  TOBBIIIACTCS
TEMIIepaTypa TOPEHHUS U YBEIMYMBACTCS TEILIOOTAAada 0 HOBOTO TEILIOBOTO
paBHOBecusi C yMCHBIICHHEM TEIUIOBBIICTICHUS TOHMKACTCS TEMIIEpaTypa
TOPEHUS ¥ YMEHBINIAETCS TETUIO0Tava.

[Ipr cHWKEHHMU TeMIlepaTypa MOXET JOCTUTHYTh KPUTHUYECKOTO 3HAYCHHMS,
Ipd KOTOPOM TOpPEHHME IIpeKpaimiaercs. KpuThueckoe 3HAYCHUE Ha3bIBACTCS
TEMIIEPATYPOI IMOTYXAHHUSL.

TeMnepaTypa MOTYXaHHS - 370 HAUMEHbWAS MeMNnepamypa 8 30He
20penus, Hudce KOmopou CKOpOCb MenaoebloeseHus_byoem Hudce CKopocmu
Meni00moayu.

Temnepatypa MOTYXaHUs 3HAYUTEILHO BBIIIIE TEMIIEPATYPEI
CaMOBOCIJIAMEHEHHSI TOPIOYET0 BEIIECTBA U HUXKE TEMIEPATYPLL TOPEHUS C
MIOSIBJICHUEM IIAMEHU.

[ToctpouM THMOBO# TpadUK 3aBUCUMOCTH MEXIY TeIUIOBBIAEJIeHHEM U
TeMIIePaTyPoil BOSHUKHOBEHUS 1 TIPEKPAIICHUS TOPCHHUS.

I'paduk 3aBHCHMMOCTH TEIUIOBBIAEJICHUS OT TEMIIEPATYPbl TOPEeHUS
Touka A - cOOTBETCTBYET Haually HarpeBa.
Touka C- COOTBETCTBYET TEMIIEpaType CaMOBOCIIJIAMEHEHUS

AC - 005acTb HU3KHX TEMIIEpaTyp ISl pEaKIUu TOPEeHUS U
TEIUIOBBIICTICHUSI.
Touka II- coOOTBETCTBYET TEMIEpAType MOTyXaHUs
CII - o0nactb ¢ OBICTPHIM TMOBBIILIEHUEM TEMIIEPATypbl H

YBEIMYECHUEM TEIuloBblAeneHusA. Ilpm 3TOM  CKOpOCTH  Tem-
JIOBBIACIIEHUS OCTAETCA MEHBIIE CKOPOCTH TEIUIOOTIAYH.

III' — o0nactp TrOpeHUss C HATUMYMEM I[UIAMEHM U BBICOKHUX
TEMIIEpaTyp.

12
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Ha MonexkynsipHO — KHHETHYECKOM YPOBHE MPEACTABICHUH O XUMUYECKUX
peakiusXx BO3MOXKHOCTh BO3HHKHOBEHHUS W TPOTEKAHHsI TOPEHHS OOYyCIOBIIEHA
YHUCIIOM M JHEPrHel CTOJKHOBEHUS MOJIEKYJ TOPIOYETO0 M OKHCIUTENs. B cBoro
ouepenb 00a 3TUX MapaMmeTpa SBIAIOTCS QyHKIued Temneparypsl. C yBeInmueHUEM
TEeMITepaTyphbl BO3PACTAET CKOPOCTh TETUIOBOTO JABMKEHUS MOJICKYJI, YBETUINBACTCS
gucio A(G(EKTUBHBIX COYAAPCHUMN, TMOSBISIOTCS YCIOBUS JJIsl pearupoBaHUS
TOPIOYEr0 C OKHCIUTEIEM, T.€. BOSHUKHOBEHMSI M Pa3BUTHS TOPCHUS. 37ECh
YMECTHO BCTIOMHHUTH 3aKOHBI XUMHYECKOW KMHETHKHU.

[IpeacTaBuB, Kak MPOTEKAIOT PEaKIUd B TOPIOYEH CMECH Ha MOJEKYISIPHOM
YpOBHE, CTAHOBUTCS TOHSTHBIM CMBICI CyMMAapHBIX XapaKTEPUCTUK Iporecca —
ckopocTu u TeraoBoro 3ddekra. Ilpu u3ydeHUHM HTOr0 Marepuajia 00paThum
BHMMaHHEC Ha OCHOBHBIC 3aKOHBI XMMHYECKOW KWHETHKH, 3aBUCHMOCTH CKOPOCTH
peakIuy OT TeMIIepaTyphl (3aKOH AppeHHyca) W JaBJICHHS TOPIOYCH CMECH, 3aKOH
JIEHCTBUS Macc, T.€. YBEIMUCHUE CKOPOCTH PEAKIIMU C BO3pACTAHUEM KOHIICHTPAITUU
peareHTOB. CKOpPOCTh pPEAKIIMM MaKCUMajbHa TMPHU CTEXMOMETPUYECKOM COCTaBE
cmecu. COOTBETCTBEHHO TIPH 3TOH KOHIICHTpAIlMM MaKCHMaJlbHa ¥ MHTCHCHBHOCTH
TETJIOBBIJICTICHUS YK30TEPMUUYECKUX PEaAKITHH.
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Knaccudpukanus BUIOB ropeHusl.

3aKkoHaMU XMMHUYECKON KHMHETHKU CTPOrO0 MOYKHO OIHCATh TOJIbKO OJHMH BHUJ
TOpEHUs1 — TOMOI€HHOE KMHETHYECKOE, KOTJJa FOPIoYee U OKUCIUTENb HAXOASTCS B
OHOM (pa3e W TPEaBAPUTENBHO TIEpPEMEIIaHbl, TOIJa CKOPOCTh COOCTBEHHO
XUMUYECKOM peakUuu 3aBHCHUT OT MPUPOJABI pearupyrommx BemecTB. Ho
MOCKOJIbKY HMHTEHCHUBHOCTh NPOTEKaHUsS Ipoliecca TOPEHHUs 3aBUCUT B 00IIEM
Cly4dae OT XapakTepa IepeJayd BEUIECTBA W TEIUIA B 30HY PEAKUHH, T.€. OT
JBIKEHUS rasza, mapa, Bo3ayxa, IUPQy3ud U TEIIONPOBOJHOCTH, TO CTENEHb
MOJATOTOBJICHHOCTH TOpIOYEe CMeCH B Ta30JMHAMUYECKUE YCJIOBHS, B KOTOPBIX
HaXOJUTCA TOpHOYasi CMECh, OKa3bIBAIOTCS (paKTOpamH, OMNpPENESIOIIMMHA BCE

napaMeTpbl TopeHuss Ha mnoxape. Crnedyem pasziuvams oughghysuonnoe u
KUHemuyeckoe 20peHue, 20MO2EHHOe U  2eMepo2eHHoe,  JaMUHApHoe U
mypoOynienmuoe, 3HamMvb, YMO CMeneHb MmypoyIU3AYUU  2A308020 NOMOKA

onpedensiemcs yuciom Petinonboca u 3asucum om njiomHoCmu U 813KOCMU Cpeobl,
ckopocmu nomoka, e2o nonepeunozo cewenus. Ilpu Re<Re,, pasnozo 2300,
0gudiCeHUe Hocum JaamuHapHuvlil xapakmep. Ilpu 6onee 6vicokux uuciax -

mypOYIeHMHUbLU, YMO 8 3SHAUUMENbHOU CIeneHU ONnpeoeisiem Pedcum 2opeHusl.

ITo arperatHomy ITo ITo xapakrepy ITo monHoTE ITo ckopoctu
COCTOSIHUIO B MOJITOTOBJICHHO MOTOKa CropaHus pacnpocTpaHeH
MOMEHT CTU CMECH K Re = wx/ Ysl 30HBI
OKHUCIICHUS TOPEHUIO T v peaxkuuu
TOPEHUS
rOMOTe | rerepor iy | KHHETH JaMuH | TypOyna | | mojHO | Hemou | | medumar | 1eToH
HHOE €HHOE 3HOHHO | YECKOE apHOE | EHTHOE € HOE palvoH | arimoH
e HOC HOE
T
. nr 02\4 {:‘\V_, ) v
/\A ‘(‘/.f(‘ by AN <
- Oi W
1
OZHO- | MOBEPX Re < Re > CO, |CO,C, 00BIMH | ymapH
pomHas | HOCTb N N 2320 | 10000 Hz0, | HCN, oe ast
CMeCh | pasjena = T¢ | b= Tx N2, H,S TOPCHU | goyiHa
HCI e
Kumrocru | Koke, Kunkocr | 'azoBo3 Caeua, Bornopon | Kayuyk, Ot 0,5 | Corau
rassl, JIpeBECH H JIyILIHbIE ropeska KOCTép METaH, | gedren 10 50
TBEpALIE i & TIADTHIL.
- pa Bl yromib TBEpPABIE | CMECH, Majoro Toskap S POLYKT M/c TBICSYH
1IeCTBa BCIHICCTBA CBapka AnaMeTpa bl H0>Kap M/C
[Moxap Ioxap | B3pois [oxap Baphis

[Tpr TOMOT€HHOM TOPEHUH TOPIOYEe U OKUCIUTENb 00pa3yloT OJHOPOIHYIO
CMECh, TP TETEPOTEHHOM - Y HUX UMEETCS IIOBEPXHOCTh pasjiena.
[Ipn KUHETHYECKOM TOPEHUU B IJIaMsl TTOCTYIAET TOTOBAs TOPIOYasi CMECH,
npu audgdy3noHHOM - CMeCh oOpasyeTcsi B Iporecce TopeHus. Perymupys
COOTHOIIICHUE TOPIOYEr0 W OKHUCIHUTENSA, MOXXHO JOOWUTHCS TOJHOTO CrOpaHUS.
Kunernueckoe TOpeHHE TMPOUCXOAUT C OOJIBIION CKOPOCTHIO,

CyMMapHas
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CKOPOCTh TOPEHUS OTIPENIETISETCS CKOPOCTHI0O XUMHUECKOU peakiuu. B 3aMKkHyTOM
00BEME Takoe TOpeHne OOBIYHO BOCIIPHHUMAETCS KaK B3PbHIB, T.K. BBIICIAIOIIASCS
DHEPrus HE YCIEBAET OTBOJUTHLCS, JABJICHUE PE3KO BO3PACTAET M YacTO MPUBOJIUT
K pa3pyIIeHHIO KOHCTPYKITHA.

JlamuHAapHOE TOpEHUE BO3HUKACT MPHU MAJBIX CEUYCHHUSAX TMOTOKA MapOB WIIH
ra3oB, JIBIJKYIIUXCS ¢ HEOOJBIIION CKOPOCThIO (TOPEHHE CIIMYKU, CBEYH ).

Ecnmm 00pa3yroTcsi TOIBKO TPOAYKTHI IIOJHOTO TOPEHHUS, TO TOpPEHUE
Ha3bIBAIOT MOJHBIM. Kak mpaBmiio, o0pa3yroTcs U MPOAYKThI HETIOJHOTO TOPEHUS,
TOT]Ia TOPEHUE CUUTAIOT HETIOTHBIM.

JlednarpaiiioHHOE TOPEHHE XapaKTePU3YeTCS CPABHHUTEIHHO MEICHHBIM
pacnpocTpaHEeHHEM 30HbI XUMHYeckux peakuuid (ot 0,5 mo 50 w/c),
JIETOHAIIMOHHOE - CO CKOPOCTBIO yJIapHOW BOJHBI (OT HECKOJBKHX COTEH M/C J0
HECKOJIBKHUX KM/C).

Ha peambHBIX moxkapax dame Bcero HaOMIOJAeTCs TOMOTEHHOE
nuddy3uoHHOE TypOYIEHTHOE HEMOIHOE AedarpaliioOHHOE TOpEHUE.

B razax B COOTBETCTBHUM C 3aKOHOM AppeHHyca U MaKCBEJI-
OO0JILIIMAaHOBCKOTO pacipeiesICHHUs YaCTHI] T'a3a 10 SHEPTHUsIM, B PEAKIIUIO MOTYT
BCTYIUTH JIMIIIb HE3HAYUTEIIbHAS BEICOKOAHEPTeTHIECKAs TOJISI MOJICKYIL. A eCiu
YYUTHIBATh OCOOCHHOCTH JBUKEHUS YACTHI] B Ta3€, TO JaXKe IS
BBICOKODHEPTETUIECKUX MOJIEKYJ OMMOJIEKYJISIpHAS PEAKIIHs TOCTATOYHO PeJIKa.

Ecnu KoMIOHEHTHI, y4acTBYIOIIUE B IPOIIECCE TOPEHUS HAXOSTCS B
ra3000pa3HOM COCTOSIHHH, TO OOBIYHO X CUMTAIOT HJI€aJbHBIM I'a30M, KOTOPBIi
MOTYUHSACTCS 3aKOHY:

PV=NRT, rne

P-naBienue;

V-00bewMm;

N-4gmc0 MoJei raza, paBHOE YaCTHOMY JICJICHHUS Beca raza Ha ero
MOJIEKYJISIPHBIN BEC;

R- yHuBepcanbHas ra3oBas MMOCTOSHHAS;

T-abcoustoTHaAs TeMmeparypa.

Ecnu cMemmBaroTCs HECKOIBKO Ta30B, 3aHUMAFOIIIHE MPU CTAaHAAPTHBIX YCIOBHIX
o6wvemsbl V, Vy, Vi, To 00muii 00beM cMecH paBeH:
V=V a+Vt.... +Vi

YtoOsl paccUnTaTh PABHOBECHBI COCTAB CMECH TIPH 3aJaHHBIX
TEeMIIepaType, JaBICHUH U SJIEMEHTAPHOM COCTaBE CMECH, HEOOXOAMMO PEIIUTh
CHUCTEMY YpPaBHEHU JIeTaIbHBIX PABHOBECUH (TEPMOAMHAMUYECKUI 3aKOH
JEUCTBYIOUIMX MAcC) U YpaBHEHUSI COXPAHEHUS YKCIIa aTOMOB Kax0ro 3JIEMEHTA
CHUCTEMBL.

3aKOH JEHCTBYIOIIMX MACC ONMCHIBAECTCS YPABHEHUEM:

Ntak, MOXHO JTyMaTh, 4TO OOJBIIMHCTBO IJIAMEH IIEMTHOI0 XapakTepa
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JHepreTuYeCcKuil 0aJIaHC U TEIJIOTA PeaKUnM.

B ropennu 066IYHO UMEIOT €TI0 € HK30TEPMUUYECKUMU PEAKIIHSIMH.
[ToaToMy Ba)KHO 3HATH TEKYILYIO TeMIEpaTypy ropenus. OQHON U3 TTIaBHBIX
BEJIMYMH, XapaKTEPU3YIOIIUX TEPMOIUHAMUYECKIE CBONCTBA CUCTEMBI, SIBIISIECTCS
SHTAJBITUS WIIH TETUIOCOIEpKaHuE!

H=E+PV

['ne E- monHas BHyTpeHHSs d)HEprus rasa, P- naBneHue. DHTAIbINS
Ka)KJI0T0 XMMHYECKOTO 2JIEMEHTa B CTAHIAPTHOM COCTOSIHUY TPUHUMAETCS 32
HYJTIb.
3aKOH COXpaHECHHS SHEPTUHU YCTAaHABIMBACT, YTO YHEPTHsI HE CO31AeTCs, HE
YHHUTOKAETCS M UTO OJHA (DOpMA SHEPTUU MOXKET MEPEXOAUTDH B APYTYIO, IPUUEM
IpEeBpalIeHUE SHEPTUU U3 OJJHOTO BHJIA B APYTOil MPOUCXOAUT BCEria B CTPOTO
ompeenEHHBIX, IKBUBAJICHTHBIX KOJIMYECTBEHHBIX COOTHOMEHUAX. [lepBoe
HAYaJI0 TEPMOJUHAMUKY MPECTABIAECT COOO0M 3aKOH COXpAaHEHHS SHEPTUU IS
TEIIOBBIX SIBIICHUMU.

[Ipu moaBOE TETIOTHI K Cpeie, HAPpUMeEp, Ta3y, HaXOASIIEMYCS O]
HEKOTOPBIM BHEITHUM JIaBJICHHEM, I'a3 PacIIUPSETCS U TEMIIepaTypa ero
BO3pacrtaet. [Ipu 7TOM mpOUCXOAUT yBEIMUECHUE BHYTPEHHEH SHEPTUH Ta3a
(cpenbl) U UM coBepIaeTcs padoTa.

Ecnu anemMeHTapHOE KOJIMYECTBO TEIIOTHI, MOABEICHHOE K cpeze paBHo dQ,
TO AJIEMEHTAPHOE U3MEHEHUE BHYTpeHHeH sHeprun cpeasl dE u anemenTapHas
pabota dA, coBepiaecmasi Ipu TOM CPEJIOii, CBA3aHbI ypaBHEHHEM

dQ = dE + dA.

BryTtpenHsist sHeprust ra3a (cpesl) £ uMeeT JBe COCTaBISIONIHE:
KUHETUYECKYIO SHepruto K, KoTopas sBIseTCs PYHKIHEH TeMIepaTypsbl, U
NOTEHUUATbHYIO SHEPTHUIO S, KoTOpas siBisieTcs PyHKIKUeH B3auMOACHCTBHS
YaCTHUIL Cpelpl, T. €.

E=K({T)+II

Jlnia uaeanbHO# cpenpl (0€3 XUMUYECKUX U (PU3NYECKUX MTPEBPALICHUI)
CIIPaBEUIMBO COOTHOUIEHUE IS €UHULBI MACCHI:

dA = pdyv,

riae V = \/p — yaelbHbIi 00bEM.

IlepBoe Ha4anO TEPMOAMHAMMKH ISl €IMHULIBI MACChl B 3TOM CIIy4ae MOKHO
3amnucaThb B BUJE

dQ = dE + pdv. (1.2)

Tax xak BHYTpEHHSS SHEPrus rasa siBisiercs QyHKUuuen yaenbHoro oobéma

U TEMIIepaTypHl,
E = E(v,T),
TO MOJHBIN TuddepeHuan BHyTpeHHENH YHEPT U PaBEH

OFE oFE
dE = (8—T>vdT+ <%)Tdv.
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U Tenepb OKOHYATENILHO YpaBHEHHE, BRIPAKAIOIIEE NTEPBOE HAYAJIO
TEPMOJUHAMUKH JJIS1 UACATbHON CPEJIbl, 3alUIIIEM B BUJIC

OF OF
dQ = (51:) dT + <%>Tdv + pdv.

DTO ypaBHEHHE SIBJISIETCS aHAIUTHYECKUM BBIPAKEHUEM [IEPBOT0 HayaJla
(3aKoHa) TEPMOAMHAMUKH, KOTOPBIM YCTAHABJIUBAET, UTO MPHU MOJABOJE K razy
(cpene) TemIOThl OJIHA YaCTh €r0 PacXOyeTcsl Ha YBEJIMUYEHNUE BHYTPEHHEH
JHEPIUHM rasa, a ipyras — Ha COBEpILIEHHUE ra3oM (Cpenoii) BHEIIHEN paOoThI.
OueBHIHO, YTO IEPBOE HAYAJIO TEPMOJUHAMUKY SIBJISIETCS BBIPAKEHUEM 3aKOHA
COXPaHEHHUS SHEPTUU PUMEHUTENBHO K TEIIOBBIM IIPOLIECCAM.

ITepBoe Ha4anO TEPMOJMHAMUKY HAXOAUT IIMPOKOE MPUMEHEHHUE KaK B TEOPUH,
TaK U B IPAKTHKE TEPMOJIMHAMUYECKHX PACUETOB.
Paccmotpum vactHble cinydau ypaBHenus (1.4).

HN3oxopHbIi npouecc. M130X0pHbIM Ha3bIBAETCA NPOLIECC, MTPOTEKAIOIIUN
IpY IOCTOSTHHOM 00BEME, T.€. V = const, u dv = 0.

Ecnu cropanue mpoucxouT B 3aKpbITOM 00beMe (KaJOpUMETPUUECKHIE
SKCHepUMEeHTHI), T0 dV=0 U TeIIoTa peakiuu BeIPAKACTCS KaK

Q=-AE

Torma ypaBHeHHE TIEPBOTO 3aKOHA TEPMOJAMHAMUKH JIJIsI HK30XOPHOTO
Ipouecca NpUMeET CIEAYIOIIAN BUI:

)
dQ = (8—T> ) dT

[TpeoOpasyem 310 ypaBHEeHHUE, pa3aeiuB 00e ero yactu Ha dT

().~ (ar).

ITo OIIpCACIICHUIO, JIs1 N30XOPHOI'O IIpoHecca

dQ\ _ (OE\ _
(@), (&),

BennuuHa C, siBiIsI€TCA yACIBHON TEIUIOEMKOCTBIO I U30XOPHOIO
npolecca.

Tak kak BHYTpEHHsISl JHEPTUs UACATBHOTO ra3a py U30XOpHOM IpoLecce
ABIIETCS TOJMBKO (QYHKIIMEH TeMIeparypsl, T. €.
E =E(), (1.6)
TO MBI MOKEM 3aIMCaTh ISl UICATBHOM Cpeibl (COBEPIIEHHOTO ra3a) Mpu
M30XOPHOM MpoLecce

dE(T) _
ar v

(1.7)
YMHOXHM JICBYIO U MpaByto 4actu Ha AT u mosyyum
dE = ¢, dT. (1.8)




B obmem ciydae ¢ynkums C, = Cy (v, 7) sBnsercs cinaboit ¢pynkuueid otV u T (T.
€. OYEHb MaJIO 3aBHCUT OT U3MEHEHUs napamerpos V u.T), moaTomy, npuHuUMas B
HEKOTOpOM auarna3zoHe temnepatyp AT, uro ¢, — CONSt, MOXKHO MOJIyYUTh

E-Eo = cu(T-To), (1.9)

rae Eq U T, — HavyanbHbIE TapaMeTPBI.

Ecimu E, = C, Ty, TO MOkeM 3anucaThb

E=cT. (1.10)

N306apHbIii nponecc. V306apHbIM Ha3bIBAE€TCS MPOLIECC, MPOTEKAIOIINN MTPH
TIOCTOSTHHOM JaBJICHHUH, TO €CTh p = CONst, nu dp = 0.

YpaBHeHUE MepBOTo 3aKoHa TepMoArHaMUKH (1.2) MOKHO 3amucathb, ¢ y4€ToM
(1.8), B BUIIE

dQ = ¢, dT + pdv. (1.12)

Jl1st mpeoOpa3oBaHus 3TOr0 YpaBHEHUSI BOCIIOJIb3YyEeMCsl YPABHEHHUEM JIJIs
€IMHUIIBI MACChl COBEPIIIEHHOTO Ta3a:

pv=RT

rae R = Ry/u, Ry = 8,31 Jlxx/MonpK — yHUBepcanbHast ra30Bast OCTOSIHHAS, (i—
MOJIIpHas Macca.

Jli1s n306apHOTOo mpoiiecca TO ypaBHEHUE UMEET BU/T

pdv = RdT.

Torna ypaBHeHHE IEPBOTo 3akoHa TepMoauHaMuku (1.11) moxkHO 3anucars B
BUJIC:

dQ = ¢, dT + RdT.

Pasnenum JieByro 1 paByro 4acTh 3TOro ypaBHeHus Ha AT u, npuHUMAas BO
BHMMaHHeE, YTO MPOLIeCC Y HAac U300apHbIi (p — CONSt), MoIy4duMm:

(g%) =c +R=c.
p (1.12)

Benuuuna ¢, no onpeenenuo, Ha3bIBAETCS yAEIbHON TEMIOEMKOCTBIO MPU
n300apHOM Mporiecce. Mbl osryduiiu Gopmyiy
c,=C,+R. (113)
Ota popMyJia yCTaHABIMBAET COOTHOLIEHUE MEX Y TEMJIOEMKOCTSMU I'a30B ¢, U
Cy.

N3 popmymnst (1.13) cnexyet, uto n3obapHas TEIIOEMKOCTD ¢, 00IbIIIe
M30XOpHOI C, HA BEIMYHUHY-Ta30BOM MOCTOSHHOM R.

Ecnu pa3znenuTs neByro U NpaByro yacTh ypaBHeHus (1.13) Ha C,, To moxyyum
Ly B
Cy Cy
U J1ajnee, mpeodpasys 3TO BhIpaKEHUE, MOXKHO HAIKMCATh
R = (k-l)c,,.
JIJ1s1 COBEpIIEHHOTO Ta3a BEIPAa3uM TEMIIEPATYPY U3 ypaBHeHUs MeHaeneena-
Knanelipona

7=

R
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Y IIOZICTABUM €T0 B II0Jy4EHHOE HAMU BBIPAXXEHUE JJIs1 BHYTPEHHEW SHEPTUU

(1.10):

E=c¢T= C”}g”.
C nomopto (1.15) momyuum
__pv
k=1 (1.16)

Mp&1 nonyunu BeIpaKeHUe ISl BHYTPEHHEH YHEPTUN €UHUIBI MACChI
coBepiieHHoro rasa. [Tockonbky V = |/p, mo
__ D
p(k=1)"(1.17)
JUTSL € TUHALBI 00BEMA
p

k—1"(1.18)

Iumanwvnun. Eciiu B HpaBOﬁ JaCTHU YpaBHCHH IICPBOro Hadajia TCpMOANHAMUKHA
dQ = dE + pdv
npuOaBUTh U BBIYECTH VAP, TO, TTOCIIE IPOCTEHIIEro PpeoOpa30BaHus, TTOTYIHM:

dQ = dE + d{pv) — vdp,

17001
dQ =d(E + pv) — vdp.

O003HauMB

E + pv=nh, (1.19)

OKOHYATEJIHO 3aITHUIIEM:

dQ = dh-vdp. (1.20a)

Jliis aquabatudeckoro mnpoiecca (0e3 ooOMeHa ¢ okpyskaroteit cpenoit) dQ =0 u
dh = dp/p. (1.20b)

Benunuuna h, onpenensiemast BeipaxkenueM (1.19), 3aBUCHT TOJIBKO OT COCTOSIHHS
raza (cpenpl) ¥ He 3aBUCHUT OT XapaKTepa mpoiiecca, B HEM MPOTEKAOIIETO.
3HauuT, OHA, MOJOOHO BHYTPEHHEH SHEPTHUH, ABJISCTCS (PYHKITUEH COCTOSIHUS Ta3a
(cpenbl). JTa BeIMUYMHA HA3BIBACTCS yICJIbHOW SHTAIBIIUEN WUITU
TerocoaepkanneM. OHa U3MEPSIETCS KOJIMYECTBOM TEIUIOTHI, KOTOPOE
HEO0OXOIMMO COOOITUThL €AMHUIIE MACChI Ta3a (Cpebl) MPU MOCTOSTHHOM JIaBJICHUH,
4yTOOBI TEMIEPATYpPA €0 NOBBICKIACH OT 11 A0 7.

[Tpumennm Beipakenue dQ= dh- vdp x nzo6apraomy mnporeccy (p = const, dp = 0),

MOJIy4UM
dQ =dh. (1.21)

Bwmecte ¢ Tem, 15 aTOrO Ipoiiecca, corjiacHo (1.12),
dQ = C,dT.

CraenoBaTteibHO,

dh =c,dT. (1.22)

Ecmu C, = const, o

h-hy = c,(T-To). (1-23)
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Ecnu ropeHue npoucxoauT Npu NOCTOSIHHOM JaBJIEHUH, TO TEIJIOTA
peaKkiMy paBHA PA3HOCTH MOJIHBIX SHTAJIBIUN CUCTEMBI B HAUAJIbHOM U KOHEYHOM
COCTOSIHUH:

Q=-AH

Ecin Q=0 1 mpoucXoauT yBeIHMUEHUE SHTATBITNHI — PEAKIIHS
3HAOTepMUYecKas, Q2 U PHTaJIbIHUS YMEHBIIACTCA - PEaKIHs SK30TepMHUUECKasl.

TennoBeiM 3¢ PexTOM TMpoliecca cropaHus Ha3bIBAETCS TEIIOBOM AP QeKT
AK30TEPMUUYECKON PeaKlud MEKy TOIUIMBOM M KUCIOPOJIOM, UAYIIEH 10
o0Opa3oBanus Hanbosee YCTOMUMBBIX OKUCIIOB. DTa BEJIMUYMHA HA3bIBAECTCS TAKXKE
TEIUTOTBOPHOM CIIOCOOHOCTHIO TOTUIMBA. JIJIs oTpesieNieHust CTAaHIaPTHON TETUTOTHI
npolecca ropeHus: MOKHO MOJIb30BAaThCs 3HAUCHUSIMU YHEPT UM XUMHUYECKUX
CBsI3€il.

BTopoe Haya/10 TEPMOANHAMHKH.

[TepBoe Hayamo TePMOANHAMHUKH TOBOPHUT 00 M3MEHEHUHU BHIOB SHEPTHH, 00
UX KOJHUYECTBEHHBIX COOTHOIICHHUX TPH MEPEX0Ie OJHOTO BH/A B APYTOM,
yCTaHABJIMBAET MOCTOSIHCTBO DHEPTUH W30JUPOBAHHON crcTeMbl. Ho 3TOT 3aKkoH
HE yKa3bIBaeT HAMpaBJICHUE MPEOOPA30BAHUS SHEPTUU U HE YCTAaHABIMBAET
YCIIOBH#, HEOOXOMMBIX IS OCYIIECTBIICHHUS TOTO WJIM HHOTO Tporiecca. Kak
MIOKa3bIBAET OIBIT, IEPEXO]] TEIlIa OT 00JIce HArPETOro Teja K MCHEE HarpeToMy
OCYIIECTBIIIETCS caM COOOF0 MPU OTCYTCTBUHU BHEIIHETO BMEIIATEIILCTBA,
0OpaTHBIH MPOIIECC caM OO0 HE OCYIIECTBIIACTCS.
DTO YTBEP)KACHHE U SIBIIICTCS OJHUM U3 OIPEICICHUI BTOPOTO Havasa
TEPMOIUHAMMKH.
Aumponus. Beeném nousitue SHTPONUH. MHOTOYHMCICHHBIE HCCIIEI0BAHUS
mokassiBaroT, 4to maTerpan JdQ/T He 3aBHCHT OT XapakTepa mporecca, a
OTIPENESIETCs COCTOSHUSAMHE Teja B Touke 1 U B Touke 2. Takum 00pa3om, 3TOT
UHTErpaj IBiIseTCs PyHKIMEH COCTOSIHMS Tena, a, cieaoBatenbho, dQ/T sBuseTcs
HOJHBIM AU HepeHIaIoM HEKOTOPOU (DYHKIIUH COCTOSIHUS TeJla, Ha3bIBAEMOi
SHTpOMHEH 1 BBIUHUCIsIEMOH 10 hopmyite S =[ dQ/T =S, — S,
371ECh S; — DHTPOINHS HAYAIBHOTO COCTOSTHHS TeJia, Sy,— SHTPOIHS
KOHEYHOTO COCTOSIHUS TeJIa.
3amnuiieM H3MEHEHHE SHTPOITUH 11 OECKOHEYHO MAJIOro MpoIecca:
ds = EJQ
T (1.24)

M3MeHeHue TeIIOThl B CUCTEME, KaK U3BECTHO, CKJIaIbIBACTCS U3 MPUTOKA
TEIIOTHI M3BHE U TEILUIOBBIX MIOTEPh B CAMOM CUCTEME, TO

€CThb dQ = dQ BHEI ~ dQ OTepPh-

Torz:a N3MCHCHHNEC DOHTPOIINH MOXXHO BBIPA3UTL CIICAYIOIIHUM 06pa30M:
dS _ dQBHeLU + dQnm‘epb

T ©(1.25)
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[TycTh Halla cucTeMa MOJMHOCTHIO U30JIMPOBAaHA OT BHEIIHETO MUPA, TO eChib
dQgHeui = 0. TermoBbIe MOTEPH, KaK MOKA3bIBACT OIBIT, BCETAa OOJIbINE HYJIS, TO
ecTh dQ,omepsb > 0, ¥ TOT/IA JJIS1 H30JMPOBAHHOM CUCTEMBI MBI MOYKEM 3aIUCaTh
dS > 0.(1.26)
Takum 00pa3oMm, B TEINTIOM30JIMPOBAHHON CUCTEME IHTPOIUS HE MOKET
YMEHBIIATHCS.

Kak BuAHO M3 mOCIEAHETO HEPABEHCTBA, CYLIECTBYIOT JIBa BUJIA ITPOLIECCOB
B TEIUIOM30JIMPOBAHHOU CUCTEME:
1) dS > 0 — sHTpONHMS BO3pacTaeT B pe3ysbTaTe mporecca. Takoii mporecc
HA3bIBACTCS] HEU30HTPOMUUYECKIM U HEOOPaTHUMbIM.
2) dS =0, To ecTh S — CONSt — 3HTpONHUS HE U3MEHACTCS (OCTaeTCS
noctosiHHoM). Takol mporecc Ha3bIBAETCA U30IHTPOIIMUYECKUM U OOPATUMBIM.
Mo3kHO MOKa3aTh, YTO YeM OOJIbIIE CKAYOK SHTPOMHH B PE3yJIbTaTe MpoIecca, TEM
HeoOpaTUMOCTh Mporecca 6ombiie. Takum 00pa3oM, SHTPOIUS ABIISIETCS MEPOH
HEOOpPaTUMOCTH JTAHHOTO Tpoliecca (TaK Kak U3MEHEHUE SHTPOIUHU B
U30JMPOBAHHON CUCTEME CBSI3aHO C BHYTPEHHUM TPEHHUEM).
Ha ocHoBe cratuctuyeckoi TepmoinHaMuky boJibMan BbiBel Gopmymy JJst
TEIUIOU30JIMPOBAHHON CUCTEMBI:
S = kglnW, (1.27)
rae S — SHTpONHUs CUCTeMbI, Kg — mocTosiHHast, W — BEpOSITHOCTh PAaBHOBECHOTO
cocTosiHus cucteMbl. CoracHo 3Toi popmyJie, B 3aMKHYTOM cHCTEMeE
BO3pACTaHUE SHTPOIIUHU CBSI3aHO C IEPEXOI0M CUCTEMBI OT MEHEE BEPOSTHOIO
COCTOSIHMSI (HEpAaBHOBECHOI'0, KOI'/Ia TEMIIEPATypa B Pa3HbIX TOYKAX CUCTEMBI
pa3nuuHa) Kk 0osiee BEpOATHOMY COCTOSIHUIO (PaBHOBECHOMY, KOTJ]a TeMIIepaTypa
OJIMHAKOBA BO BCEX TOYKAX M30JIMPOBAHHOUN CHCTEMBI).
3aKOH BO3pacTaHUs SHTPOIIMHU B U30JIMPOBAHHON CUCTEME SIBIISIETCS CIEACTBUEM
000011IeHHs] TaHHBIX OMbITA JIJI1 KOHEYHBIX CUCTEM.
O4eBHIHO, YTO PHTPOMHMS sBiIsgeTCs QyHKIMEH naBaeHus u oo0béma S = S(p,v). s
COBEPILIEHHOI'O T'a3a ATy CBSI3b JIETKO HAUTH ¢ oMoIIbio ypaBHenus (1.11):

dQ = ¢, dT + pdv. (1.28)
C npyroit CTOpOHBI:
dQ = Tds, (1.29)

raiec S — OHTPOIHA €AUHUIBI MACChl CPEADLI.
[TpupaBHsieM mpaBble YaCTH NOCIEAHUX JABYX YPAaBHEHHM U, pa3/ieIuB 00 4acTu
Ha T, IMOJIYYHM AJIA CAMHHIIBI MAaCChbI:
ds = cviz + £dv.
T T (1.30)
BOCHOJ’ILByeMCH YPAaBHCHUCM COCTOSIHHA COBCPHICHHOI'O I'a3da u CACJIacM

criemyroiee mpeoOpa3oBaHUE:
ds = cvflg: + Edv.
T v (1.31)
Jlst manpHelero mpeoOpa3oBaHus BOCIIONb3yeMcs cooTHOIeHueM (1.15),
R=(k-)c,, (1.32)

Y TOT/A MOJIYYHM CIIEAYIOLIEE YPABHEHUE:
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ds = ¢y <%+(k— 1)@)
v/ (1.33)
[IpouHTErpUpyeM 3TO BBIPAXKEHUE U MOTYUUM
s:cv(lnT—l-lnvk_l)—F_C—, (l 34)

rae C — HeKoTopas MOCTOSTHHAsI HHTerpupoBanus. [Ipeobpa3oBas 310
BBIPAKEHHE, ITOTYIUM
s=c,InTvF 1 +C.
Hcnonb3ys ypaBHeHue pV = RT, 3anuieM 3To ypaBHEHUE B BUJIE:
s=c, Inpv"[ + C, (1.35)
rae C — HoBasi NOCTOSIHHAS. HHTETPUPOBAHUS.
Ecnu B KakoM-TO JaHHOM TIPOIecce IHTPOIHUS MOCTOsiHHA (S = COoNnst), Toraa Mel
MO>KEM 3aInCcaTh
pv¥ = const= A(S)), (1.36)
roe i1=1,2, 3,... ,00.
WTak, Mbl TOJyYWJIM YpaBHEHHUE U30HTPOIIBI, e k= C,/C, = 1 + R/ ¢, ecTbh Tak
HA3bIBAEMbIN MTOKA3aTENb U309HTPOIIHI.
3aMeHUB B ypaBHEHUU U303HTPOIBI V HA 1/p, MOTYyYUM U303HTPOITY Jist Sj = CONst

B BUJIE:
% = A(s;) = const,
(1.37)

i p = A, T1e Kax10i SHTPOMHH S; = CONSt COOTBETCTBYET CBOE YpaBHEHHE
Aj=const.

OT0 COOTHOILIEHHE Ha3bIBaeTcs ypaBHeHHeM IlyaccoHa niam M303HTPONOM
COBEPILEHHOIO Tra3a.

Ha (p-p)-nuarpamme (cM. puc. 1.1) nokazaHo ceMeicTBO H303HTPOIL.

Bronp kax ol KpUBOM Ha 3TOM MarpaMMe 3HTpONus noctosiHHa. Onpenenum
TENeph CBA3b MEXY AABICHUEM U TEMIIEPATypOi BJIOJIb H303HTpoMNbL. Hanumem
YPaBHEHUE COCTOSHUSA ra3a JUisl OJHOM TOYKH M303HTPOIIbI, HA30BEM €€ HYJIEBOU
(HaYaIbHOE COCTOSIHUE Ta3a):

DA
§,=const
S, = const
Puc. 1.1

JUTSL KAaKOM-HUOYIb IPYTOM TEKYIeH TOUKH TOH K€ CaMOi M303HTPOTIBI
p = pRT.
Teneps pa3nenuM BTOPOE ypaBHEHHUE Ha I1EPBOE:
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p_rT
po  poTo (1.38)

JIns HayanbHOM TOYKM ypaBHEHHE U303HTPOIBI [IyaccoHa MOYKHO 3amucaTh B BUIE

Po = A(So)po",
a JUIS TEKYIIeH TOYKU — B BHUJIC
P = A(So)p*. U3 a1ux ypaBHEHUH CJIETYET, 4TO

r_(r)"

po (po> '

(1.39)

W13 nomyuennoro Hamu ypasaenus (1.38), p/p, = PT/P, T, BBIpa3uM OTHOIICHHE

P _ p/po

o T/To (1 40)
Y, MIOJICTaBUB €r0 B ypaBHEHHE U303HTpoMbI (1.39), momyuyum:

P _ (p/Po >k
po \T/To)
(1.41)
[Tocne HEKOTOPOTO MPEOOPa30BaAHUS MOTYUUM

<£>(k“1)/k B _T_
Po "0 (142)

N OKOHYAaTCJIBbHO

D <T>k/(k—l)
Po TO (143)

OTO ypaBHEHHE U BBIPAXKAET CBSI3b MEK/Yy JIaBIICHUEM U TEMIIEpATypOi BIOJIb
WU303HTPOIIBI.

M305HTpONA 0TpakaeT COCTOSTHUE PABHOBECHS TEPMOJMHAMUYECKON
CUCTEMBI, KOT/Ia CKOPOCTh PSIMON peakiMK paBHa ckopocTu obpaTHou. [lpu
YBEJIIMYEHUH SHTPOIUHU MPOLECC XapaKTePU3yeTCs Kak HeoOpaTUMBbIH.
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